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PREFACE 

Since the discovery of Australia antigen and its association with 

type B hepatitis, molecular characterization of the components making up 

hepatitis B virus (RBV) have been pursued with worldwide interest. Over 

the past two decades, such characterization has led to the development of 

sensitive assays to screen and exclude contaminated units from blood banks 

and has recently resulted in the licensing of several RBV vaccines. That 

more than 200 million people worldwide are chronically infected with RBV, 

and that they are at a high risk for the development of chronic hepatitis 

and hepatocellular carcinoma, still represent formidable problems in our 

understanding of host-virus relationships on the molecular level. In the 

absence of a suitable tissue culture system, and with a very limited host 

range of infection, characterization of RBV on the molecular level has 

made remarkable progress recently with the advent of genome cloning, 

sequencing and expression of individual virus genes by recombinant DNA 

technology. The presence of hepatitis B-like viruses in an expanding 

number of animal hosts, and the possibility of virus replication in cells 

other than hepatocytes, provide great promise that future work will 

elucidate the molecular mechanisms operative in the various outcomes of 

RBV infection. In an effort to help develop this background upon which 

such future work depends, this monograph was written to present a detailed 

description of each RBV gene and gene product, to discuss how the various 

gene products might interact during the virus life cycle and in disease, 

to review various models, and to pose unanswered questions for future 

research. The monograph discusses the molecular characterization of 

RBsAg, RBcAg, RBeAg, RBsAg associated receptor for polymerized albumin, 

RBV DNA, RBV DNA polymerase activity, core associated protein kinase 

activity, the relationship between RBV and hepatocellular carcinoma, 

RBV gene expression in disease and by recombinant DNA techniques, the 

5' covalently bound protein of RBV DNA, and the replication scheme for 

RBV and related viruses. Although the approach is comprehensive, and 

information from earlier portions of the monograph are integrated into 

later sections for clarity, the monograph is constructed in the hope 

that it will be useful to all who have an interest in the field. 

ix 
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THE MOLECULAR COMPONENTS OF HEPATITIS B VIRUS 

MARK FEITELSON 

Division of Clinical Research, Fox Chase Cancer Center, Philadelphia, PA 

INTRODUCTION 

The search for new antigenic polymorphisms among different human 

populations, undertaken by B. S. Blumberg and colleagues in the early 

1960's, resulted in the discovery of a substance in the sera of an 

Australian aborigine which reacted in immunodiffusion analysis with a 

component in the serum of a hemophilia patient in the United States 

(1-3). The finding of this "Australia antigen" (Au) in the sera of 

leukemia prone Down's syndrome patients, and the seroconversion of one 

patient from Au- to Au+ associated with raised serum transaminase 

levels, suggested liver involvement, and first established a link 

between Au and acute viral hepatitis (4). Further work confirmed these 

findings (5-8) and revealed that Au is, or is part of, a transmissible 

agent capable of establishing evidence of infection (serum Au or anti

Au) in drug addicts (9, 10) and in patients undergoing hemodialysis 

(11, 12) or otherwise exposed parenterally to blood or blood fractions 

(5, 13-16). The subsequent screening for Au+, or hepatitis B virus 

surface antigen (HBsAg) positive sera, dramatically reduced the inci

dence of post-transfusion hepatitis (3, 17) and paved the way for both 

isolation and characterization of HBsAg as well as future vaccine 

development. 

The antibody directed against surface antigen, anti-HBs, detects 

three forms of HBsAg in the sera of individuals with acute or chronic 

hepatitis B virus infection. The predominant form observed by immune 

electron microscopy consists of 18-22 nm diameter spherical particles, 

while smaller amounts of variably long filamentous particles of the 

same diameter were also present (18). In much lower concentrations, 

many HBsAg positive sera also possess larger spherical or Dane parti

cles (19), which are 42 nm in diameter (Figure 1) and contain an outer 
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1A 1B 
envelope (having HBsAg reactivity) and an inner core, or nucleocapsid 

(having HBcAg reactivity) which are antigenically distinct (20). The 

HBsAg, present on all of these particles, consists of a group specific 

antigen "a" (present in all HBsAg preparations (21-23» and at least 

two subtype determinant systems, "d/y" and "w/r," which behave in a 

quasiallelic manner (only one or the other subtype found in HBsAg from 

a single source) and may represent the expression of distinct HBV 

genotypes (22, 24-28). HBsAg also contains host lipid and possibly 

host serum or hepatocyte cell surface proteins and/or glycoproteins (3, 

29-40). In addition to HBsAg, Dane particles alone possess an electron 

dense inner core (HBcAg) which is approximately 28 nm in diameter, have 

several protein components of distinct molecular weight (41-45, 56), 
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1C 
have a small circular, partially double stranded DNA molecule which is 

1.6 x 106 daltons in size (42, 46, 47), and have associated DNA 

polymerase activity (48-50, 557) (Figure 1). Further, both Dane and 

liver derived core particles possess a serologically defined e antigen 

(HBeAg) activity, which is cryptic in nature (51-53), as well as associ

ated protein kinase and apparent protease activities (54, 55). Addi

tional information that core particles have been found in the nuclei of 

infected hepatocytes (57-60), that Dane particles display virus-like 

morphology, and epidemiological evidence linking DNA polymerase con

taining Dane particles with the development of anti-HBc (61-63) and 

clinical disease (64, 65) strongly support the Dane particle as the 

infectious agent of hepatitis B. Since the 22 nm spherical and 

filamentous forms do not contain core components (HBcAg, HBeAg), DNA, 

or any of the associated enzyme activities, it is widely held that 

these forms represent incomplete viruses produced in large excess after 

infection. A subset of patients with acute hepatitis and some HBsAg 

chronic carriers, however, have been found to contain yet another 

serological specificity, delta antigen, cryptically associated with 

HBsAg in the absence of other HBcAg associated ant~.genic or enzymatic 

markers (66-69). Although transiently found in serum, delta antigen, 

like core antigen, is found in the nuclei of infected hepatocytes. 
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1. HBsAg: 
Particles with 
HBsAg (a, diy, w/r) 
on thei~ surfaces. 

2. HBcAg: 
Dane particle core 
with HBcAg on its 
surface and DNA poly
merase activity. 

15-25 nm -20 x 20-200 nm 

"Dane particle II 

1 ~~~!~~!~t 
(NP 40) 

28 nm -.-
"Dane particle" core 

3. DNA and DNA Polymerase: 
Circular, double stranded 
Dane particle DNA with a 
single stranded gap up to 
1/3 of circle length. 
DNA polymerase reaction 
makes the single stranded 
region double stranded. 

HBeAg : 

N 3 x 10 5 dalton protein 
antigenically and physi
cally distinct from HBsAg 
and HBcAg. 

l ~:~~~~ent 
(SDS) 

o row - 2.0 x 10 6 daltons 

Figure 1. The major serum forms associated with HBV infection. 
(A) Electron micrograph of 22 nm small spherical HBsAg particles; 
(B) Electron micrograph of variably long filamentous HBsAg particles. 
Bars indicate 100 nm lCopyright 1980 by Alan R. Liss, Inc. (ref. 244)]; 
(C) Electron micrograph of intact Dane particles [Reprinted with per
mission from Robinson, W.S. in Comprehensive Virology 14:471-526 (ref. 
974). Copyright 1979 by Plenum PressJ; (D) Diagrammatic representation 
of serum derived particles from infected patients (from ref. 974). 
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Electron microscopic evidence shows that when the human liver is 

infected with hepatitis B virus (HBV), dilation and disruption of the 

rough endoplasmic reticulum with the detachment of ribosomes and 

concomitant decrease in hepatogenous protein synthesis occurs (70), 

eventually proceeding to necrosis of single and small groups of hepato

cytes and their replacement by inflammatory lymphocytes and histiocytes 

(71). In hepatocytes, HBsAg has been found in association with the 

nuclear envelope, along the rough surfaced endoplasmic reticulum (ER) 

and in the cisternae of the ER. Particulate HBsAg was observed only in 

the ER cisternae, suggesting that polypeptide synthesis occurred at the 

rough ER followed by secretion into the cisternae (512, 772-776). 

Further, these results suggest that the membranes of the rough ER 

actively participating in HBsAg synthesis, processing and secretion are 

those areas which become dilated and disrupted. Damage to the hepato

cyte plasma membrane also occurs and results in the release of amino

transaminases as well as other enzymes during acute hepatitis. The 

release of hepatocellular antigens from tissue becoming progressively 

necrotic may stimulate autoimmune or autoaggressive immune responses 

and thereby produce, at least in part, the chronic, self-perpetuating 

form of viral hepatitis (71, 72). While the production of HBsAg/anti

HBs immune complexes in persistent HBV infection might also contribute 

to the stimulation of autoaggressive immune responses (85), their 

presence is associated with low frequencies of extrahepatic syndromes 

such as polyarteritis nodosa (/3-71), membranous glomerulonephritis 

(73, 74, 78-80), and infantile papular acrodermatitis. The latter 

condition has been characterized by mixed cryoglobulinemia and cryo

precipitates containing HBsAg (81-83) in most but not all cases (84). 

In addition, lymphocytes sensitized to viral (85) or altered self 

antigens (86) on infected hepatocyte cell membranes may cause immunolog

ically mediated hepatocyte destruction (71, 87). Although a direct 

cytopathic effect (CPE) is not completely ruled out by the available 

evidence, the long incubation periods during which evidence of viral 

replication is observed in the absence of illness or tissue injury 

argue against direct CPE as being central to the pathogenesis of HBV 

infection (88). The most important component of this massive liver 

inflammation is fibrosis which often leads to postnecrotic cirrhosis 

(71), usually of the macronodular type. Many epidemiological studies 
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have demonstrated an association between macronodular cirrhosis and 

primary hepatocellular carcinoma (PHC), which suggests a possible 

etiological relationship of HBV to PHC (89-98). As the HBV associated 

antigens were discovered and their detection became possible by sensi

tive radioimmunoassays, many studies reported a relatively high fre

quency of HBsAg among patients with PHC throughout the world (93, 97, 

99-102). Further investigation showed a relationship between anti-HBc 

and PHC (97, 103, 104). Furthermore, reports that HBsAg, cirrhosis and 

hepatoma occur more commonly in males than females and that they often 

cluster if families further suggest that all three may be causally 

interconnected (97). The hypothesis put forth that HBV infection leads 

to the sequence of acute hepatitis -> chronic hepatitis -> cirrhosis -> 

hepatoma, then, is not only supported by the results already discussed, 

but is also substantiated by the fact that neoplastic cells make their 

first appearance in areas of long-term cirrhosis (71), and that viral 

DNA sequences have been found in association with high molecular weight 

DNA in chronically infected human livers and in PHC tissue (105-112). 

The establishment of the human hepatoma cell line, PLC/PRF/5, which has 

viral sequences associated with high molecular weight DNA, possesses at 

least some viral specific transcripts (114-116), secretes 22 nm spheri

cal HBsAg particles into the culture medium (113), and forms tumors in 

nude mice (117-119), also supports the close association between hepa

titis B virus and primary hepatocellular carcinoma. The recent finding 

of a hepatitis B-like virus in association with hepatocellular carcinoma 

in woodchucks (120-123) further demonstrates this type of association. 

There are more than 200 million carriers of HBV throughout the 

world (as indicated by the presence of serum HBsAg, anti-HBs or anti

HBc). Since acute and chronic hepatitis are often debilitating 

diseases, associated primary hepatocellular carcinoma often fatal, and 

adequate treatments still lacking, infection with hepatitis B virus is 

still a major public health problem. An adequate understanding of the 

molecular biology, biochemistry, replication, immunology and molecular 

pathogenesis of disease with HBV have been hampered by the lack of a 

suitable tissue culture system (124-131) and restricted host range of 

infection. The PLC/PRF/5 (113) as well as other human hepatoma cell 

lines that secrete HBsAg into the culture media (141-146) have thus far 
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shown little evidence of virus replication (147). Further, the 

consistent finding of HBV replication in hepatocytes (59, 149) and less 

suggestive data delineating an association between HBV and the pancreas 

(150, 151) point to a narrow tissue and cell tropism. Host range is 

also very narrow, consisting of man and several lower primates (134, 

139, 140) including chimpanzees (132-136, 140), gibbons (133, 137) and 

African green monkeys (132, 138). Despite the difficulties present in 

being able to study various molecular parameters of the virus and 

host-virus interactions with only infected biopsy or autopsy material 

and HBV containing blood bank units from infected patients, the dis

covery of related viruses in woodchucks (120), ground squirrels (152) 

and Pekin ducks (151) have provided more suitable models for experi

mental manipulation (153, 154). The molecular cloning and restriction 

endonuclease mapping of the mammalian hepatitis virus DNA's (47, 161-

166), and the recent nucleotide sequencing of HBV (155-157), woodchuck 

hepatitis virus (WHV (158-160», ground squirrel hepatitis virus (GSHV 

(913» and duck hepatitis B virus (DHBV (912» DNA clones, have 

resulted in considerable information concerning their relatedness and 

genetic organization. Recombinant DNA technology has also permitted 

assessment of the state of viral DNA in acute and chronic hepatitis as 

well as in hepatoma tissue (105-112). The detection of HBsAg and HBcAg 

in bacterial or mammalian cells transformed by a variety of recombinant 

phage vectors or plasmids, respectively, is being used to study expres

sion of the various HBV genes, used for vaccine production, and used to 

further characterize HBV associated polypeptides now available only in 

minute quantities (167-179). The recent characterization of some hepa

titis virus associated polypeptides by sodium dodecyl sulfate-poly

acrylamide gel electrophoresis (SDS-PAGE) and tryptic peptide mapping 

has further established the relationships of the various animal viruses 

to each other and to HBV as well as suggested the possible genetic 

organization on these viral genomes leading to expression of the char

acterized polypeptides (55, 56, 180, 181). The deduction of sequential 

determinants in polypeptides from the nucleic acid sequence of HBV, 

their synthesis in vitro, and testing of their abilities to produce 

protective and neutralizing antibodies (182-187) represent the hope 

that a future synthetic vaccine against HBV can be made. The recent 
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suggestion that the hepatitis B-like virus from duck liver may use 

reverse transcription in part of its replication cycle (188, 189) would 

not only be unique among DNA viruses, but will permit study of the 

enzymology of replication and a clearer understanding of the mode of 

replication which may be common to all hepadnaviruses. In this mono

graph an attempt will be made to describe the molecular characteristics 

of the various HBV associated components in order to better understand 

HBV itself and virus-host interactions on the molecular level. 

HEPATITIS B SURFACE ANTIGEN (HBsAg) 

Nature of the "a" determinant. 

The observations (a) that antibody directed against surface antigen 

(anti-HBs) becomes most prevalent following recovery from acute type B 

hepatitis; (b) that it is often present in asymptomatic carriers with

out detectable HBsAg and (c) that anti-HBs may persist for many years 

after initial exposure to HBV suggest that anti-HBs containing serum 

contains protective antibodies (3, 353, 354). Further, some high risk 

human populations could be protected from infection with HBV by immuni

zation with highly purified HBsAg particles (3, 274-279) and by injec

tion of immunoglobulin preparations containing a high titer of anti-HBs 

(280, 281). In contrast, the persistence of serum HBsAg following 

acute infection has often signaled procession to chronic hepatitis, and 

similar persistence of HBsAg in chronic hepatitis (with or without an 

acute disease phase) has been associated with continued chronic liver 

disease, indicating that persistent HBsAg expression can be associated 

with progressive disease (3). Therefore, studies directed toward the 

isolation and physiochemical characterization of HBsAg particles (mostly 

the spherical, 22 nm forms) for the purposes of eventual vaccine produc

tion were undertaken in many laboratories. 

The association of serum components with 22 nm spherical HBsAg par

ticles, and repeated attempts to purify HBsAg away from these compo

nents, has resulted in only partial agreement as to the physical and 

chemical properties of these HBV associated forms (29, 557). Some of 

these properties are listed in Table 1. Small spherical HBsAg parti

cles have been isolated in part by gel filtration through Sepharose 4B 

(224), Sephadex G-200 (197, 231) or Biogel A5-M (180, 181), by rate 
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Table 1. 80me physical and chemical properties of spherical 22 nm 
HBsAg particles. 

Parameter measured/treatment 

1. particle diameter 
surface subunit diameter 
particle diameter and ether 

2. particle molecular weight (da1tons) 

- by 8epharose 4B 
- after 50%, 1, 1', 3, 

3'-tetramethy1urea 

3. particle density (gm/m1), CsC1 
CsC1 

- in e antigen positive sera 
- in anti-HBe positive sera 

sucrose 
potassium tartarate 

amido trizoate 
- after 50%, 1, 1', 3, 

3'-tetramethy1urea; CsC1 
- in immune complexes; CsC1 

4. particle sedimentation coefficient 

1% 8D8, 65mMDTT, 100uC, 2 min 
- 2% Triton X-100, 37 u C overnight 

5. particle isoe1ectric point(s) (pH) 

- 15-19 nm diameter 
- 20-22 nm diameter 

- 1% Tween 80 

212 
18 

214 

196 
196 
220 
224 
221 

45 

260 

419 
216 
873 
873 
199 
216 
217 

260 
190 

190 
218 
19 
220 
221 
222 
222 
261 
210 

419 
196 

196 

197 
197 
198 
198 
265 
33 

result 

16-25 nm 
3 nm 

12-21 nm 

3.7 x 106 (ad) 
4.6 x 106 (ay) 
2.4 x 106 
2.5 x 106 
2.74 x 106 
3.6 x 106 (ad) 

3 x 106 

1.18 
1.20 
1.213 
1.202 
1.17 
1.15 
1.19 

1. 27 
1. 25 

548 
34.18 
30.88 
40.28 
40.58 
338 (ad) 
40.18 (ay) 
258 
3.98 

3.6-4.0 
3.9,4,4.2,4.5, 
> 6 (ad) 
3.9,4.1,4.2, 
4.4,4.9,5.3, 
> 6 (ay) 
4.7 (ad) 
4.9 (ay) 
3.65 
3.95 
4.8-5.0 
4.7-5.2, 
5.3-5.7, 
4.2-4.6 
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Table 1. (Cont.) 

Parameter measured/treatment 

6. half life; in vivo, humans 
in-vivo, rabbits 

- in rabbitS-with prior neuraminidase 

7. electrophoretic mobility 

8. extinction coefficient (280 nm) 

9. concentration in blood; mg/kg 
(ave) particles/ml 
(ave) )lg/ml 

10. diffusion constant; cm2/sec 

11. alpha helical content (ORD/CD) 

12. total protein content 

13. total carbohydrate content 

- fucose ()lg/mg HBsAg) 
- glucose ()lg/mg HBsAg) 
- mannose ()lg/mg HBsAg) 

(n/mg p26-29) 
- galactose ()lg/mg HBsAg) 

()lg/mg p26-29) 
- N-acetylglucosamine ()lg/mg HBsAg) 

()lg/mg p26-29) 
- sialic acid ()lg/mg HBsAg) 

()lg/mg HBsAg) 
% of carbohydrate 
% of carbohydrate 

- total hexose ()lg/mg HBsAg) 
- total neutral sugar (% of 

14. total lipids 

carbohydrate) 
(% of carbohydrate) 

- neutral lipids (% of total lipid) 
- cholesterol (% of neutral lipid) 
- acid phospholipids (% of total 

lipid) 

215 
376 
376 

220 
197 

221 
223 
192 

220 
220 
220 

220 

242 

29 
769 

195 
364 
375 
375 
375 
375 
298 
375 
298 
375 
298 
376 
375 
295 
375 
375 

295 
375 

364 
221 
221 

221 

result 

3.3d 
10-l2 hrs 
< 10 min 

el Z-Sglo bulins 
el2 globulin 

29.9 
25 
37.26 

2.1 
3.35 x 1013 
194 

2.278 x 10-7 

70-80% 

40-70% 
70% 

3.6-6.5% 
7.5% 
7.6% 
1.1 
trace 
12.1 
8.41 
8.3 
12.06 
45.8 
28.35 
0.19 
8.5 
1.64% 
0.87% 
25 

2.4% 
2.15% 

22.5% 
19.3% 
36% 

78% 
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Table 1. (Cont.) 

Parameter measured/treatment 

- phosphatidyl choline (% of phos
pholipid) 

(% of total lipid) 
- sphingomyelin (% of total lipid) 
- lysophosphatidyl choline (% of 

total lipid) 

221 
31 
31 

31 

result 

82% 
65% 
30% 

5% 

zonal centrifugation on sucrose gradients (220), by density equilibrium 

ultracentrifugation (180, 181, 216), by DEAE-cellulose chromatography 

(218, 232, 233), by polyethylene glycol precipitation (180, 234, 237), 

isoelectric focusing (196, 235), and by affinity chromatography (236-

238, Table 1). This heterogeneity or physical polymorphism was examined 

more closely under controlled conditions where alterations in the physi

cal properties of HBsAg particles were assessed following exposure to 

various ranges of pH or ionic strength, to various peptidases and 

nucleases, and to a variety of organic denaturing agents (213) (Table 

2). The repeating cross striations observed by electron microscopy in 

filamentous HBsAg particles, and the progressive uncoiling of these 

particles by exposure to low pH (sodium acetate, pH 5) or to increasing 

ionic strength suggest that HBsAg contains helical protein structures 

which may partially unwind under these conditions. The disappearance 

of filamentous forms and stability of the small spherical forms at low 

pH suggest a dissociation of filamentous forms to small spherical HBsAg 

particles. The finding that these variably long filamentous forms, but 

not Dane or small spherical HBsAg particles, bind to the SDS exposed 

hydrophobic interior of 22 nm spherical particles further suggests this 

relationship (244). The nearly identical chemical and antigenic compo

sition of the filamentous forms and small spherical HBsAg particles 

also suggests a close relationship. Other properties are also shared 

among spherical and filamentous HBsAg (Tables I and 3). The enlarge

ment of small spherical HBsAg particles following treatment with 0.1% 

chymotrypsin (213), complement (245), or exposure to high ionic strength 

solutions suggests that HBsAg particles could be uncoiled by these 
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Table 2. Effects of various treatments upon the integrity of 22 nm 
spherical HBsAg particles. 

Treatment 

1. heating; 6 hrs, 37°e 
1 hr, 56°e 
6 hrs, 56"e 
18 hrs, 56 v e 

85°e 
85 v e 

1000e 
- rema~n~ng activity, 

5 min, 100"e 
15 min, 1000e 

- remaining activity, 
20 min, 100"e 

- remaining activity, 
40 min, 100"e 
autoclave 

2. freezing/thawing (40 cycles) 

3. putrefaction (rm temp, 4 wks) 

4. enzymes/detergents; pepsin 
pepsin, 3 hrs, 37"e 
1% SDS, then pepsin 
pepsin, then RNase + DNase 
pepsin, then trypsin 

trypsin 
- RIP buffer, 0.1% trypsin, 

4 hrs, 37"e 
1 mg/ml trypsin 

trypsin 
1% SDS, then trypsin 

chymotrypsin 
2% SDS, then 1 mg/ml 

chymotrypsin 
1 mg/ml chymotrypsin 
1% SDS, then chymotrypsin 

subtilisin 
1% SDS, then subti lisin 

subtilisin 
subtilopeptidase 

1% SDS, then subtilo-
peptidase 

0.2% bromelin 

A 

A 

morr~hology 

+ (246) 

+ (246) 

± (213)* 

± (213)* 

- (213) 

antigenicity 

+ (30) 
+ (246) 
+ (30) 
+ (216) 
- (246) 
- (283) 
- (246) 

50% (283) 
- (248) 

25% (283) 

10% (283) 
- (248) 

+ (30) 

+ (30) 

+ (30) 
± (283) 
± (30) 
+ (30) 
+ (30) 
+ (30) 

- (32) 
+ (204) 
+ (283) 
± (30) 
+ (30) 

+ (204) 
+ (204) 
± (30) 
± (30) 
± (30) 
± (204) 
± (30) 

± (30) 
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Table 2. (Cont.) 

Treatment 

- RIP buffer, 0.1% bromelin 
4 hrs, 37"C 

pronase 
ethanol:HoAc (3:1 v/v), 

then pronase 
pronase, 16 hrs, 37°C 

1% SDS, then pronase 
pronase 
lysozyme 

1% SDS, then lysozyme 
pancreatic lipase 

1% SDS, then pancreatic 
lipase 

RNase and DNase 
RNase 
DNase 

alpha-amylase 
wheat germ lipase 
neuraminidase 
glycosidases/neuraminidase, 

24 hrs, 37"C 
phospholipase C 

5. acids; pH 2-5, 3 hrs, 37°C 
sodium acetate, pH 5, O.lM 
sodium acetate, pH 5, 0.25M 

pH 2.7 
periodate 
periodate, pH 5.7 
pH 1. 8, 2 wks 

6. reduction/alkylation; DTT, 
then alkylation 

O.lM DTT, then iodoacetamide 
O.lM DTT, 8M urea, 

then iodoacetamide 
0.2M 2-ME, then 0.2M iodoacetamide 

immunogenicity, humoral 
0.05M DTT, then 0.2M iodoacetamide 
O.lM DTT, then O.SM iodoacetamide 

immunogenicity, humoral 
O.lM DTT, 8M urea, then 

iodoacetamide 
immunogenicity, humoral 

1% 2-ME, then iodoacetamide 
0.1 M DTT, then O.lM iodoacetamide 
2-ME, 5%, rm temp, 24 hrs 
4% DTT 
DTT 

morphology 

± (213)* 

+ (213) 

± (213) 
- (213) 

+ (242) 

- (233) 

+ (240) 

- (240) 

± (213)* 
- (213) 
+ (242) 

- (239) 

- (240) 

± (240) 

antigenici ty 

+ (32) 
+ (30) 

- (246) 
+ (283) 
± (30) 
± (204) 
+ (30) 
± (30) 
+ (30) 

± (30) 
+ (30) 
+ (283) 
+ (283) 
+ (246) 
+ (246) 
+ (246) 

+ (283) 
+ (283) 

+ (30) 

+ (216) 
- (252) 
± (283) 
+ (248) 

- (242) 
± (241)*** 

- (233) 
- (239) 

- (239) 
- (240) 

- (240) 

- (243) 
- (283) 
+ (30) 

- (242) 
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Table 2. (Cont.) 

Treatment morphology 

7. 

8. 

O.lM DTT, 8M urea 
O.lM DTT, 8M urea, then reoxidized + (233) 
0.2M 2-ME 
O.OSM DTT 
reduction, then dialysis 
O.SM iodoacetamide + (240) 

immunogenicity, humoral + (240) 
O.SM iodoacetamide, 8M urea + (240) 

immunogenicity, humoral + (240) 
0.2M iodoacetamide 

Detergents; 0.1% SDS, rm temp, 
24 hrs 

O.S% SDS, rm temp, 24 hrs 
1. 0% SDS, rm temp, 24 hrs + (213) 
1.0% SDS, rm temp, 24 hrs 
2% SDS 

(aggregated) 2.0% SDS, rm temp, 
24 hrs 

1% SDS, then diethyl ether 
1% SDS, then S% chloroform 
1% SDS 
1% Tween 80 ± (33) 
1% Tween 80 + (32) 
1% Tween 80 
1% Tween 80 (2 hrs, 25°C) ± (266) 
1% sodium deoxycholate - (213) 
1% sodium deoxycholate 
2% Triton X-lOO, 18 hrs, 

37"C, pH 7.3 
50% 1,1',3,3' tetramethy1 urea + (204) 
N-cocoyl-L-arginine ethyl ester, 

DL-pyrog1utamic acid salt 
benza1conium chloride, 5 min 
8M urea, rm temp, 3 hrs 
8M urea + (242) 
4M urea ± (243)* 
6M urea, 3 hrs, 37"C 
delipidation + (204) 
delipidation with aggregation 

Other treatments; 
diethyl ether, 2 hrs, O°C 

ch1oroform:methanol (2:1 v/v) 
water + (213) 
O.lM NaC1 + (213) 
0.2SM-0.sM NaCl ± (213)** 
O.OsM magnesium chloride + (213) 
O.lM-O.SM magnesium chloride ± (213)** 

antigenicity 

- (233) 
+ (233) 
+ (239) 
+ (239) 
± (283) 
+ (240) 

+ (240) 

+ (239) 

+ (30) 
+ (30) 
± (30) 
- (242) 
+ (204) 

- (30) 
± (30) 
- (30) 
- (246) 

+ (32) 
+ (30) 
- (266) 

+ (30) 

+ (210) 
+ (204) 

- (247) 
(248) 

+ (30) 
+ (242) 

+ (239) 
+ (204) 
- (30) 

+ (30) 
- (30) 
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Table 2. (Cont.) 

Treatment morphology 

phosphate buffered saline, pH 7 ± (213)** 
periodate, pH 7.2 
chloroform:methanol (2:1) + (204) 
formalin, undiluted, 1 hr 
formalin, 1.5%, 7 days 
80% ethanol, 3 hrs 

ether, 5 hrs 
phenol, 2%, 24 hrs 

chloroform, 3 days 
ether, chloroform + (246) 

ether 

antigenicity 

+ (283) 
+ (204) 
+ (248) 
+ (248) 
+ (248) 
+ (248) 
+ (248) 
+ (248) 
+ (246) 
+ (216) 

*native conformation absent, multistrand and ring form of antigen 
present (multistrand particles are unwound forms showing four 
strands). 

**ring forms, which stain penetrates; and uncoiled forms, which are 
large particles displaying loose coiling, were observed. 

***a determinant resistant to reduction and alkylation is noted as 
AuRe. (The common "a" and subtype determinants are sensitive under 
these conditions.) 

+ property retained following treatment. 

± property decreased following treatment. 

property destroyed following treatment. 

Table 3. Some physical properties of variably long filamentous HBsAg 

Parameter measured ref(s) result 

1. particle diameter 212 20 nm 
diameter of nonhelical transverse striations 212 3 nm 

2. particle length 18,212 50-200 nm 

3. particle density (in CsCl) 194 1.20 

4. particle isoelectric point(s); (pH) 198 4.1 
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these various procedures. However, the resistance of small spherical 

HBsAg particle morphology and antigenicity to a variety of denaturing 

agents, proteolytic enzymes, and to penetration by phosphotungstic acid 

following negative staining for electron microscopy (29, 213, Table 2) 

suggest a highly compact physical structure and remarkably stable anti

genic structure for these particles. Most of the morphological forms 

in which a suggested helical content of the protein was preserved (by 

electron microscopy) following physical or chemical treatment of HBsAg 

particles still agglutinated with anti-HBs. The appearance of amor

phous conglomerates of protein following treatment of HBsAg with dithio

threitol (DTT), and their failure to agglutinate with anti-HBs under 

these same conditions (233, 239-241) suggests that a secondary struc

ture or a tertiary structure necessary to "lock in" the configuration 

of one or more antigenic determinants was required for neutralizing 

antibodies to bind to the "helical" structures of HBsAg, independent of 

the different morphological forms of surface antigen. The conformation 

of small spherical HBsAg particles, studied by optical rotating disper

sion (ORD) and circular dichroism (CD) showed that 70-80% of the 

protein is alpha-helical in nature (242). However, treatment of intact 

HBsAg with 1% SDS, DTT or by carbamidomethylation rendered the parti

cles nonantigenic while not affecting their ORD or CD spectra. Protein 

secondary structure, then, may playa role in forming critical anti

genic sites, but the tertiary structure may play an equally important 

role in bringing two or more of these helicies into the correct juxta

position for antibody binding. 

The importance of tertiary protein conformation to both the common 

and subtype specific determinants of small spherical HBsAg particles 

has been demonstrated by the consistent finding that reduction and 

alkylation results in loss of antigenic activity with respect to these 

determinants (233, 239-241, 343, Table 1) and that reoxidation of the 

reduced disulfide bonds often results in the re-establishment of at 

least some of this serological activity. In some studies, however, 

particle morphology, as studied by electron microscopy, became 

indistinct following reduction, or reduction and alkylation (213, 233), 

while other studies showed no alteration in the morphology (240, 242) 

or sedimentation coefficient (239) of small spherical HBsAg following 
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identical modification (Table 2). While reduction and alkylation of 

HBsAg abolished binding to most anti-HBs containing sera, the finding 

of a delayed type hypersensitivity response in guinea pigs (239) and 

the precipitation of such chemically modified HBsAg with a subset of 

antibodies in sera directed against native HBsAg (241) has resulted in 

the designation of "Re" determinant(s) which are resistant to reduction 

and alkylation. Further studies using intact HBsAg or reduced and 

alkylated HBsAg as immunogens, followed by testing homologous or 

heterologous antisera with each antigen, were used to study the rela

tionship among these determinants in greater detail (243). Reduced and 

alkylated HBsAg not only failed to bind antibodies directed to the 

common "a" and subtype specific determinants of native HBsAg, but also 

failed to elicit antibodies to these determinants. In contrast, 

reduced but nonalkylated forms of HBsAg bound antibodies to native, but 

not reduced and alkylated antigen, suggesting that alkylation results 

in the appearance of new antigenic sites in HBsAg. HBsAg reduced in 8M 

urea, but not alkylated, generated antibodies reacting with both intact 

and reduced plus alkylated antigen, suggesting successive appearance of 

new antigenic determinants after unfolding, reduction, and finally 

alkylation. If the type of immunological response to HBsAg is depen

dent upon the proportion of differing morphological forms of antigen 

appearing early after infection, then the appearance and titer of 

neutralizing antibody, which would limit the spread of virus in the 

liver, as well as the kinetics and final levels of virus specific cell 

mediated immune response, which would be instrumental in eliminating 

productively infected cells, may be partially regulated in such a 

fashion. 

The high percentage of alpha helical content in HBsAg, the presence 

of disulfide bonds essential to its antigenicity, and the resistance of 

the 22 nm spherical forms to a variety of physical and chemical treat

ments (Table 2) suggest a very compact physical structure for surface 

antigen and the likelihood that its major immunodominant determinants 

are largely conformation dependent. The chemical modification of 

various surface amino acid residues of HBsAg, as well as the fragmenta

tion of surface antigen by physical or chemical means were carried out 

in an attempt to deduce and/or directly identify conformation dependent 
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antigenic determinants. Since HBsAg possesses a high extinction 

coefficient (239), an absorption shoulder at 290 nm in a continuous 

scan of purified antigen which is characteristic of high tryptophan 

content (250), and a high percentage of tryptophan by amino acid 

analysis (29, 192, 199), the role of tryptophan residues in the sero

logical activity of surface antigen was assessed by titration with 

N-bromosuccinimide (NBS) at pH 4 in 8M urea (249). Under the condi

tions of chemical modification, the great majority of the tryptophan 

residues were derivatized. Cleavage at trp residues did not generate 

major dialyzable peptides, and serological activity remained intact. 

Recent experiments exposing intact HBsAg particles (in the absence of 

urea) to N-chlorosuccinimide, which modifies and affects cleavage only 

at tryptophan residues (250a, 792), however, destroys the antigenicity 

of 22 nm spherical HBsAg completely. In other studies, exposure of 

HBsAg to periodate treatment eliminated both common "a" and subtype "d" 

serological activity, while subtypes "w" and "r" were resistant (251, 

252). Although it was suggested that the carbohydrate chain(s) attached 

to some of the polypeptides of HBsAg (see below) may be responsible for 

the periodate sensitivity of "a" and "d" activity, the exposure of pro

teins to periodate can also result in very rapid oxidation and cleavage 

at tryptophan residues (253-256) and can also result in oxidation of 

serine, threonine, methionine, cystine, tyrosine as well as other amino 

acid residues in an intact protein. The reaction of intact HBsAg with 

2-hydroxy-5-nitrobenzyl bromide (HNB-Br), a reagent highly selective 

for externally facing tryptophan residues (257-259), also resulted in 

the blocking of serological reactivity (792). Since HBsAg particles 

possess a major polypeptide component 22-25,000 daltons in size (p22-

25) and a major glycoprotein 26-29,000 daltons in size (p26-29) which, 

by all criteria measured thus far, is a glycosylated form of p22-25, it 

would be predicted that p26-29 should give rise to anti-a and anti-d 

while p22-25 would not if the attached carbohydrate carries these 

antigenic specificities. The production of antibodies to both common 

and subtype specificities by either of these individual polypeptides 

suggests that the carbohydrate moieties are not directly involved in 

the expression of these immunogenic specificities. These results 

suggest that the periodate sensitivity of the "a" and "d" determinants 



19 

is not the consequence of carbohydrate sensitivity to this treatment. 

Recent results have shown, however, that tryptophan residues modified 

by 2,3-dioxo-S-indolinsulfonic acid did not result in a significant 

reduction of HBsAg antigenicity (260). It is possible that the differ

ent results obtained in several laboratories could be a consequence of 

using different reagents and experimental conditions for modification 

and the fact that HBsAg has a relatively large number of tryptophan 

residues which may be derivatized to various extents in each study. 

Since the conformation of HBsAg was not studied in parallel to any 

changes in antigenicity following protein modification, the relative 

importance of conformational changes and direct blocking of one or more 

antigenic sites by reagents used is difficult to ascertain. 

Treatment of HBsAg with citraconic anhydride (260) or with succinic 

anhydride (2S7a), which react with the primary epsilon amino groups of 

lysine residues in surface antigen, dramatically reduces the antigen

icity of HBsAg. Decitraconylation resulted in complete restoration of 

antigenic activity. Cyanogen bromide (CNBr) cleavage of HBsAg 22 nm 

spherical particles resulted in fragments reacting with antibodies to 

native, but not denatured, HBsAg (243). Approximately 10-4% of the 

antigenic activity in native HBsAg was recovered following CNBr cleavage, 

while further characterization was not possible due to strong aggrega

tion. The possibility that this very low percentage of residual anti

genic activity was a consequence of incomplete cleavage, unfortunately, 

could not be evaluated. In recent experiments (792), CNBr cleavage of 

HBsAg particles resulted in total loss of antigenic activity in the 

commercial assay (Ausria II) for surface antigen. Carboxyl groups 

modified by carbodiimide-promoted amide formation using l-ethyl-3-(3-

dimethyl-aminopropyl)-carbodiimide followed by addition of ethylenedi

amine resulted in a 19 fold decrease in antigenicity (260). Similarly, 

cleavage of HBsAg at aspartic acid residues in dilute acid for 6-18 

hours resulted in total disappearance of antigenic activity (792). 

Reaction of HBsAg with 1,2-cyclohexanedione or phenylglyoxal, which 

specifically modify arginine residues, resulted in no decrease in 

antigenic activity (260). Reaction of tyrosine residues specifically 

with tetranitromethane (260) or N-acetylimadazole (792) did not alter 

antigenicity. Cleavage at reduced cystine residues with 2-nitro-S

thiocyanobenzoic acid resulted in a loss of antigenic activity; a 
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result consistent with the requirement of disulfide bond integrity for 

the expression of complete antigenicity. Although most of the reac

tions employed were chosen to react specifically with rarely occurring 

amino acid residues in HBsAg, it is not proven whether alteration in 

antigenicity following treatment is a consequence of conformation 

changes or blockage within an antigenic site. However, modifications 

of a single or very small number of residues usually results in anti

genic alterations limited to the molecular domain of the determinant 

where modification has occurred (263). The partial sequence of the 

major polypeptide components in small spherical HBsAg (p22-25 and 

p26-29 (264», combined with the nucleic acid sequence of the HBV 

genome cloned by recombinant DNA techniques from Dane particles 

(155-160), has permitted further localization of the tentative common 

"a" determinant(s) in the deduced sequence of the major surface antigen 

polypeptide. 

The antigenic complexity of HBsAg can be appreciated not only from 

the serological heterogeneity of the common "a" determinant designated 

as al, a2 and a3 specificities on antigen preparations from different 

patients (25), or the frequent appearance of subtype determinants d, y, 

rand subspecificities wl, w2, w3 and w4 (22, 24-28), but from the 

observation of rare subtype determinants q, g, n, x and t as well as 

the finding of unusual or mixed subtypes in an individual infected with 

two or more subtypes of HBsAg (25, 27, 268-270). The most common 

subtypes of HBsAg usually found are ayw, aYW2, aYW3, aYW4, ayr, adw2 

and adr (269), while examples of unusual subtypes such as awr, adwr, 

adyw, adyr and adywr may be the result of either phenotypic mixing 

and/or genetic recombination among two or more viruses in a multiple 

infection (271-273). The knowledge of this antigenic complexity 

combined with the conformation sensitivity of the "a" determinant(s) 

resulted in continued efforts to fragment intact HBsAg particles in an 

attempt to simplify this complexity and isolate antigenically active 

fragments. The disruption of intact surface antigen in 8M urea by 

sonication produced a fragment approximately 6000 daltons in size by 

Sephadex chromatography which retained antigenic activity in a hemag

glutination inhibition assay (200). Although amino acid analysis 

revealed high tryptophan and no detectable cysteine, cystine or 
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proline, attempts at further characterization have resulted in the 

finding of a number of polypeptides in this material which have not 

been adequately resolved for conclusive identification of the active 

component (29, 282). In another study, intact HBsAg in 8M urea was 

reduced with DTT, but not alkylated, and then exposed to 0.3M HCl for 1 

hour at room temperature (240). Analysis by rate zonal sedimentation 

in sucrose and Sephadex G-200 chromatography demonstrated the presence 

of a small fragment 4000-10,000 daltons in size which retained anti

genic activity by radioimmunoassay, but was not characterized further. 

Treatment of intact HBsAg with chymotrypsin (1 mg/ml) in the presence 

of 1% SDS resulted in cleavage of the small spherical surface antigen 

particles into fragments much smaller than the starting material (204). 

SDS-PAGE of affinity chromatography purified fragments revealed two 

major low molecular weight peaks at 8500 and 7800 daltons. The results 

of gel electrophoresis were identical whether or not 2-mercaptoethanol 

(2-ME) was used in dissociation of the sample, suggesting the presence 

of serological activity in this case was not dependent upon intact 

disulfide bands. It should also be noted that prior to affinity 

chromatography on columns of anti-HBs linked to Sepharose, the chymo

tryptic fragments of HBsAg particles were labeled with the Bolton

Hunter reagent, which modifies the epsilon amino groups of lysine 

residues and the N-terminal amino group in each of the fragments (267). 

If, as other studies suggest, the lysine residues of HBsAg are required 

for anti-HBs binding, then modification of these residues with this 

reagent and their binding to affinity columns raises the question of 

the requirement of free lysine residues for binding to anti-HBs. Of 

course, if the amino termini of a subpopulation of the HBsAg chymo

tryptic fragments were labeled in the absence of epsilon amino modi

fication, a free lysine residue would still be available for binding to 

occur. Unfortunately, parallel analysis of HBsAg chymotryptic fragments 

not bound to the affinity column was not carried out to see if labeled 

8500 and 7800 dalton bands (among others) were observed by SDS-PAGE. 

When chloramine T iodinated HBsAg particles were subjected to a solution 

of 1% trypsin in 1% SDS, the particulate nature of the antigen was 

disrupted and considerable anti-HBs binding activity was observed at 

the top of rate zonal sedimentation gradients used for analysis (283). 



22 

The antigenic activity of the released material was stable to 

proteolytic enzymes (pepsin and pronase) and boiling (50% activity 

remaining after 5 minutes), while mixed glycosidases and neuraminidase 

or periodate (16 hours, 4"C, pH 4.5) treatment resulted in small vari

able reductions in antibody binding activity. Reduction alone or 

reduction and alkylation resulted in nearly total loss of serological 

activity. Sephadex G-200 chromatography of the released material sized 

it in the range of 5000 to 15,000 daltons. It is interesting that at 

10 mg/ml trypsin, HBsAg is sensitive to proteolysis by this enzyme in 

1% SDS (283), while replacement of chymotrypsin by trypsin at 1 mg/ml 

under similar conditions did not result in any detectable cleavage 

products from HBsAg (204). Further, in many of the serologically 

active cleavage fragments where substantial characterization has been 

carried out, carbohydrate was often present. The resistance of intact 

HBsAg to mixed glycosidases and neuraminidase and the relative sus

ceptibility of cleaved material (283) to these enzymes may point to a 

role for carbohydrate in the stabilization of one or more antigenic 

determinants. Notwithstanding the discussion above, the oxidation of 

carbohydrate chains in HBsAg glycoproteins may contribute to decreased 

anti-HBs binding for the same reasons. 

The appearance of autoaggressive immune responses in patients with 

chronic HBV infection and the association of many serum (host) compo

nents with HBsAg particles has prompted detailed study of the compo

nents which are viral in nature and those that originate from the host. 

Only in this manner can the complex antigenic nature of HBsAg be under

stood in molecular terms and host components eliminated in future 

vaccine development. In recent years, the nonionic detergents Triton 

X-IOO and octylglucoside have been used to disrupt the envelope of many 

animal viruses for the purpose of recovering the envelope proteins or 

spike glycoproteins in antigenically active form, free from host con

stituents, for vaccine production (284-289). Disruption of purified 

22 nm spherical HBsAg with 2% Triton X-IOO and analysis of the products 

by sucrose rate zonal sedimentation resulted in material having a sedi

mentation coefficient of 3.9 S (210). Since similar disruption of 

Semliki Forest virus resulted in the appearance of 4.5 S complexes 

consisting of a single spike protein bound to 75 molecules of Triton 
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X-lOa (284), it is likely that the slowly sedimenting peak of complexes 

resulting from Triton X-lOa treatment of HBsAg particles generates 

similar complexes. Further characterization of these Triton X-lOa 

solubilized complexes by anti-HBs affinity chromatography and SDS-PAGE 

showed that the major polypeptide components, p22-25 and p26-29, were 

the major constituents in which serological activity resided. When 

purified 22 nm HBsAg particles were treated with 1% SDS for 2 hours at 

37°C in the absence of any reducing agent and the treated material 

analyzed by gel filtration on Sephadex G-200, two peaks of HBsAg 

activity were observed (290). The leading peak was characterized by 

roughly spherical HBsAg particles with an irregular surface, as seen by 

electron microscopy, and possessing an average diameter slightly less 

than untreated particles. When the second peak, which contained 

approximately 10% of the HBsAg serological activity in the column, was 

subjected to SDS-PAGE in the absence of reducing conditions, a major 

component at 49,000 daltons in size, which retained antigenic titers of 

common "a," subtype "d" and "r," and reduction plus alkylation resis

tant "Re" comparable to those in intact HBsAg, were observed. Other 

polypeptide components seen by gel electrophoresis of this second 

chromatographic peak possessed little or no serological activity to any 

of the same determinants present in the native antigen preparation. 

Further analysis of p49 by gel electrophoresis under reducing condi

tions yielded the two major components of HBsAg regularly seen under 

reducing conditions, p22-25 and p26-29. p49, then, is likely to be at 

least one of the major polypeptide complexes possessing all of the 

serological specificities of intact antigen found on the surface of 

HBsAg particles. Further, when guinea pigs were immunized with intact 

HBsAg, p49, p22-25, or p26-29, it was shown that p49 induced the same 

titers of humoral antibody response as intact antigen, while p22-25 or 

p26-29 induced only about 10% of the titers seen with intact antigen or 

p49. The isolation of the p49 complex, either by treatment of HBsAg 

with SDS or Triton X-lOa, then, may yield polypeptide complexes free of 

both host components and viral nucleic acid suitable for polypeptide 

vaccines. 

The absence of a suitable tissue culture system for HBV has 

prompted further research into the development of a semisynthetic or 
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completely synthetic HBV vaccine by further characterization of the 

antigenicity, immunogenicity and structural relationships among the 

various proteins and glycoproteins making up surface antigen. Although 

many studies have been directed toward enumerating the polypeptides 

associated with HBsAg, and individual investigations have reported 

anywhere from 2 (192, 206) to 11 (201, 208) bands, there has only been 

consistent agreement to the presence of the major polypeptide pair, 

p22-25 and p26-29 (180, 190-196, 199, 201-211, 261, Table 4). Several 

reports have shown differences in the polypeptide profiles of ad and 2Y 

subtypes (195, 196, 202, 203); yet others have not shown any consistent 

differences (193, 209, 211). SDS-polyacrylamide gel analysis of sur

face antigen polypeptides associated with Dane particles, variably long 

filaments, and small spherical HBsAg particles have shown small but 

reproducible differences in one study (198) and no differences in 

another (33), but work has not been carried out to confirm or extend 

these observations. The relatedness among independent isolates of 

HBsAg and some of the component polypeptides was further studied by 

amino acid composition data. When various isolates of small spherical 

HBsAg particles were hydrolyzed and quantitative amino acid analysis 

carried out, each of the isolates showed similar composition (29, 192, 

203, 264, 291, 292, 298, Table 5). The relatively high percentage of 

proline residues, whose presence in a protein sequence signals inter

ruptions in alpha and beta helical secondary structure, suggests that 

helical protein domains separated from each other by a series of 

proline (or prolyl-glycyl) residues may exist (293, 294). The most 

common amino acid in HBsAg particles is leucine, which has a strong 

tendency in helical structures to be associated with alpha helicies. 

The presence of a larger than average percentage of tryptophan in HBsAg 

and its tendency in helical structures to be associated with alpha 

helix formation, also suggests a high percentage of this type of 

secondary structure. The very high percentage of serine residues in 

HBsAg, which is interesting because serine tends to disrupt beta 

secondary structure, is also consistent with the above results, 

suggesting high alpha helical content in intact surface antigen 

particles and with the ORD and CD spectra discussed above, which also 

indicate high alpha helical content (242). The existence of 14 amino 
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30 

acid residues of cysteine in p25 (Table 5), the failure to resolve the 

major surface antigen polypeptides on SDS polyacrylamide gels in the 

absence of a reducing agent (292), and the resistance of HBsAg parti

cles, even in the presence of 6M urea or 1% SDS, to undergo carboxy

methylation, suggest that most if not all of the cysteine residues 

present in p25 are involved in disulfide bonding. That ORD and CD 

spectra of reduced and alkylated HBsAg are unaltered even though these 

particles are nonantigenic suggests spatial separation of otherwise 

intact protein domains which make up one or more recognizable antigenic 

determinants. Additionally, reduced and alkylated HBsAg retained its 

morphology while losing both antigenicity and the ability to elucidate 

anti-HBs (240). Only by further treatment with 8M urea was morphology 

lost. Since the overall amino acid composition of HBsAg suggests that 

at least two thirds of the residues are hydrophobic or neutral in 

character (Table 5), reduction and alkylation alone may cause altera

tions in the antigenically important alpha helical domains of HBsAg 

without affecting the strongly hydrophobic core, while further treat

ment with 6-8M urea would be needed to denature the sequestered hydro

phobic regions. The progressive unfolding of HBsAg described here is 

consistent with the changing immunological specificities noted when 

intact HBsAg was reduced or reduced and alkylated in the presence or 

absence of urea, and these treated forms used to raise antibodies 

(243). 

Another approach utilized to dissect the antigenic complexity of 

HBsAg so that immunodominant, protective determinants could better be 

defined on the molecular level involves the isolation of individual 

surface antigen associated polypeptides and their subsequent characteri

zation by structural, antigenic and immunogenic means. A number of 

studies have indicated that the amino acid composition of p22-25 is 

very similar to that of p26-29 (264, 291, 292, 298). Limited N-terminal 

and C-terminal polypeptide sequencing of p22-25 and p26-29 demonstrated 

identical sequences in the amino terminal 30 and carboxy terminal 3 

amino acid residues (264, 292). The presence of carbohydrate associ

ated with p26-29 and absent from p22-25 (201, 208, 210, 292, 295) 

suggests that the major and perhaps only difference between the two 

major HBsAg polypeptides is glycosylation. Tryptic peptide mapping in 
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one (292, 298) and two dimensions (180, 181, 292) also suggests a high 

degree of homology among these two major polypeptides. Although the 

glycosylation of p26-29 may be responsible for the differences seen on 

this level of analysis, the exact relationship of these components to 

each other requires further investigation. It is interesting to note 

that the major polypeptide pair of ground squirrel hepatitis surface 

antigen (GSHsAg (152» and woodchuck hepatitis surface antigen (WHsAg 

(120», which migrate slightly faster on SDS polyacrylamide gels than 

the corresponding major HBsAg polypeptide pair, also yielded peptide 

maps in their respective pairs that shared a large degree of homology 

(180, 181, 768). Since HBsAg, GSHsAg and WHsAg serologically cross

react with anti-surface antigen immunoglobulins derived from immunized 

guinea pigs (anti-HBs), mice (anti-GSHs) and from convalescent wood

chucks (anti-WHs), one or more antigenic determinants must be shared 

among these surface antigen particles (181). Peptide mapping of the 

major "nonglycosylated" polypeptide of each showed that human and 

animal virus surface antigen particles are structurally related and 

share at least 25% of their amino acid sequences. Perhaps one or more 

common neutralizing determinants are within these shared regions of 

peptide structure. Other investigators have also demonstrated sero

logical cross-reactivity among HBsAg, GSHsAg and WHsAg particles, but 

the results obtained in each case showed considerable variability 

related to the immunological reagents used as well as assay type and 

sensitivity. Several studies suggest substantial cross-reactivity 

among HBsAg, WHsAg and GSHsAg by immunodiffusion and RIA (368-370). 

In contrast, while purified WHsAg particles reacted with sera from WHV 

infected animals by immunodiffusion (ID) or counterelectrophoresis 

(CEP) and observed as immune aggregates by electron microscopy, no 

cross-reactivity was seen between the same antigens and heterologous 

antisera in the same assays (299). Passive hemagglutination, however, 

demonstrated a low level of cross-reactivity (1/1000 of homologous 

reaction) between these two surface antigen particles. The assay of 

heterologous antigens by RIA (181, 300), the detection of GSHsAg by 

immunoelectrophoresis using sheep anti-HBs (180), the fact that the 

commercially available Ausria II assay for HBsAg also reacts with WHsAg 

and GSHsAg positive sera (181, 300, 301), and the finding that anti-WHs 
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and anti-GSHs containing sera could be detected by reagents ordinarily 

used to assay anti-HBs (300), suggest a substantial serological cross

reactivity among these antigens. Further, the recent establishment of 

a panel of anti-WHs monoclonal antibodies and the testing of these 

clones with each of the mammalian surface antigen particles revealed 

that some of the monoclonal antibodies (3 clones) bound specifically to 

WHsAg, all of the others cross-reacted with GSHsAg (8 clones), and that 

one antibody clone in the latter group also cross-reacted with HBsAg (7 

of 8 major subtypes), defining a group specific antigenic determinant 

(301). The monoclonal antibodies described here, in addition to one 

specific for GSHsAg (180, 181), and several having specificities 

restricted to HBsAg (302-306), further reflect the antigenic complexity 

of these particles and provide molecular probes for the dissection of 

this complexity so that the relationship between neutralizing determi

nants, serological cross-reactivity and amino acid sequence homology 

among the major surface antigen polypeptides of each virus could be 

ascertained. They also suggest the possibility of using a heterologous 

antigen as a source of human vaccine. 

Antigenic and immunogenic properties of HBsAg associated components. 

If it is assumed that all of the HBsAg associated polypeptides 

observed in most studies (see Table 4) are unique molecular entities 

encoded for by the virus genome, then the amount of genetic information 

required to encode these polypeptides would far exceed the coding 

capacity of the HBV genome. To be certain, a number of host derived 

serum components have been variably detected in HBsAg particles, 

depending upon the extent of particle purification and the sensitivity 

of assays used to detect these constituents. Differences in the number 

and size of many bands observed following SDS-PAGE in addition, may 

also be due to differences in HBsAg polypeptide solubilization or 

storage prior to gel electrophoresis. Differences in solubilization, 

in turn, have resulted in varying degrees of reaggregation, with 

resultant differences in gel profile (206, 298). Reaggregation is also 

dependent upon the amount of HBsAg polypeptides subjected to solubili

zation and tends to increase with increasing amount of polypeptides 

under the same conditions (792). Further, direct radioiodination 

subjects polypeptides to both oxidizing and reducing conditions, 
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which may alter their behavior on polyacrylamide gels. Other factors, 

including differences in post-translational processing or modification 

(glycosylation, acetylation, etc.), or the variable effect of proteo

lytic degradation from blood born leukocyte proteinases (307), may 

affect the results obtained in analyses of HBsAg polypeptides. 

The immunogenicity and antigenicity of HBsAg associated polypep

tides were studied using individual components isolated from polyacryla

mide gels as immunogens in guinea pigs and mice as well as antigens in 

serological assays (Table 4). In early work, p22-25, p35 and p40 of 

subtypes adw and ayw, as well as p19 of adw elicited group specific 

(anti-a) antibodies in guinea pigs which reacted with intact adw and 

ayw particles (203, 207). Similar results were independently published 

(193, 209). Some of the polypeptides used as immunogens also elicited 

antibodies reacting preferentially with the homologous subtype antigen, 

indicating the presence of both common and subtype determinants on 

single HBsAg derived polypeptides (203, 207). These results were later 

extended, suggesting that virtually all of the HBsAg associated poly

peptides share similar immunochemical and antigenic characteristics 

(202, 208, 209). In another investigation, isolated p22-25, p26-29 and 

p64-72 reacted with antibodies directed against the individual polypep

tides as well as HBsAg (297). General characteristics of antibodies 

raised against individual polypeptides include (a) induction of lower 

titers of anti-HBs with each polypeptide than with intact surface 

antigen, (b) reaction of anti-polypeptide antibodies with the homolo

gous polypeptide more than heterologous polypeptides, (c) the presence 

of both group and subtype reactivity in antibodies raised against most 

of the HBsAg polypeptides, and (d) the indication from titration curves 

using anti-polypeptide antisera that p64-72 contains one or more other 

components in addition to the one reacting with anti-HBs. 

Observations that reduced but unalkylated polypeptides were 

resolved by gel electrophoresis and that both reduction and alkylation 

were required to destroy both antigenicity and immunogenicity with 

respect to group specific "a" determinant(s) (239, 240) suggest that 

the polypeptides used as immunogens partially refolded and perhaps 

reaggregated to yield complexes behaving as suitable immunogens. 

Further, the anti-HBs titers elicited by the polypeptides were often 
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2-3 orders of magnitude lower in titer than using equivalent amounts of 

RBsAg, again suggesting partial renaturation, but also indicating that 

the presence of repeating antigenic determinants may be important in 

elucidating a high titer of anti-RBs (208, 263). Although some studies 

describe a failure of p26-29, the major glycosylated component, to 

elicit anti-RBs (203, 207), other studies claim this polypeptide to be 

the most immunogenic (202, 208, 209, 296, 297). Although the reasons 

for these differences are not clear, the anti-RBs titers achieved in 

the studies where the glycosylated component was immunogenic did not 

differ much from the nonglycosylated counterpart, suggesting that the 

presence of carbohydrate did not contribute to immunogenicity. 

The preferential reaction of anti-polypeptide derived antisera with 

the homologous polypeptide may reflect variable reaggregation or renatu

ration discussed above, or it may be a reflection of antigenic determi

nants present on some polypeptides but not on others. Tryptic peptide 

mapping of the surface antigen components larger than the major pair of 

polypeptides in RBsAg, GSRsAg and WHsAg particles indicates a high 

degree of homology with their respective major components, but also 

reveals additional unique polypeptide spots (768). These unique spots 

indicate that at least some of the minor components are not aggregates 

of RBsAg polypeptides, nor are they host derived, but may be larger, 

distinct (precursor) surface antigen polypeptides. The genetic organi

zation of RBV, GSRV, DRBV and WHV DNA and the recent size of RBV specific 

transcripts seen in cells transfected with recombinant RBV DNA as well 

as those recently isolated from the PLC/PRF/S hepatoma cell line suggest 

that partially unique polypeptides larger than the major component 

demonstrated in each surface antigen could be present. 

The presence of antibodies to common determinants elicited by 

individual RBsAg polypeptides do not distinguish between "a" and "Re" 

specificities; and this distinction is an important one to make, since 

the nature of the immune response against the envelope antigens of Dane 

particles or on the surface of infected cells may considerably alter 

the outcome of infection. For example, cell mediated immunity in 

guinea pigs injected with individual RBsAg polypeptides and measured by 

macrophage migration inhibition (296), or lymphocyte transformation in 

response to individual polypeptides or intact surface antigen (208), 
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may be directed to one or more conformation insensitive determinants, 

as suggested by an early study in which reduced and alkylated HBsAg 

induced a delayed type hypersensitivity response in the absence of an 

anti-HBs response (239), and because antigenic recognition in a cellu

lar immune response is less dependent upon protein conformation than is 

a humoral immune response (308, 309). The finding of anti-Re in some 

patients' sera (241, 243) and the induction of a cell mediated immune 

response in guinea pigs inoculated with Triton X-IOO solubilized HBsAg 

(310) suggest the possible importance of conformation insensitive 

common determinants in the induction of a cellular response by intact 

antigen as well as the possible blocking of such induction by anti

bodies of the anti-Re specificities. 

Host components in HBsAg particles. 

One of the major components often seen in the gel profile of HBsAg 

polypeptides is p64-72 (Table 4). It possesses an amino acid composi

tion very similar to each of the major polypeptides of HBsAg (291, 298, 

Table 5), and recent digestion of p64-72 with papain yielded p22-25, 

p26-29 and a small amount of p44 by gel electrophoresis (298). While 

p44 may have been a dimer of p22-25, the actual constitution of p64-72 

may be one molecule of p26-29 and two molecules of p22-25 in a non

covalent association. However, when p64-72 was used to inject guinea 

pigs, and the resultant antisera used to immunoprecipitate purified, 

radiolabeled p22-25 or particulate HBsAg, the antibody titration curve 

for p64-72 was not parallel to the curves generated from antisera 

against the other individual polypeptides in the preparation, sug

gesting a different antibody avidity in the antisera raised to p64-72 

(208). Since the presence of a host component at this molecular weight 

value would lead to such immunochemical results, and since human serum 

albumin possesses both a similar size and has been found tightly associ

ated with purified HBsAg particles (34-36, 210, 243, 266), it is likely 

that the molecular composition of p64-72 includes host as well as virus 

specified components present in variable amounts. The actual presence 

of human serum albumin as an integral component of HBsAg particles has 

been demonstrated by its detection in 20-40% of highly purified small 

spherical HBsAg (36), by its appearance in 1% Tween-80 treated HBsAg 

serologically negative for albumin prior to detergent treatment (266), 
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and by its release from Triton X-IOO treated HBsAg and subsequent 

characterization by size and tryptic peptide mapping (210). Further, 

antibodies raised against human serum albumin precipitate both intact 

surface antigen and p64-72 isolated from polyacrylamide gels (201), and 

antibodies raised to reduced and alkylated HBsAg also bind to denatured 

serum components, including albumin (243). However, the role of serum 

albumin in surface antigen particles, if any, remains to be elucidated. 

The first generation of hepatitis B vaccines consist of purified, 

inactivated, 22 nm spherical HBsAg particles purified from high titered 

carrier sera (274-279, 319-321, Figure la). Although these have been 

highly effective in inducing protective immunity in small populations, 

the detection of HBsAg associated nucleic acid (69, 322-324) in a small 

proportion of infected patients suggests that if the nucleic acid 

enclosed is viral, then small amounts of it present in these vaccine 

preparations may be transferred during vaccination and successfully 

infect a certain number of individuals so exposed. Further, the pres

ence of many host serum components with highly purified HBsAg particles, 

including albumin, rheumatoid factor, lactoferrin, beta lipoprotein, 

alpha2 macroglobulin, IgG, IgM, beta la/lc globulin (of complement), 

and transferrin (3, 32-40, 201, 266, 322-324a-c), many of which are 

polymorphic, as well as the association of undesirable autoaggressive 

or autoimmune reactions to some of these constituents further point to 

possible dangers to individuals exposed to several immunizing doses of 

the vaccine. Vaccine trials, however, have failed to demonstrate any 

problems with the presence of these host constituents. In addition to 

serum components, up to 30% by weight of small spherical HBsAg is 

composed of polar phospholipid and glycolipid components derived from 

the hepatocyte plasma membrane (30, 31, 221, 769), which probably 

accounts for the low buoyant density of these particles in density 

equilibrium gradients. Detailed characterization of these components 

was undertaken with the view that such information could be essential 

to the construction of subunit or synthetic vaccines, since the 

apparent role of lipids in modifying antigenicity or potentiating the 

immunogenicity of HBsAg virus encoded polypeptides had already been 

suggested (770). Several studies have identified phosphatidyl choline 

(30, 31, 221), sphingomyelin (30, 31), and cholesterol (221) as major 
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components and phosphatidyl ethanolamine (30), lysophosphatidyl choline 

(31), and other variably present lipids as minor components. Two 

nonsialic acid containing glycolipids have been found associated with 

HBsAg particles, the major one having been identified as dihydrospingo

sine, and seem to contain at least one determinant specific to surface 

antigen particles (325). In a more recent study, HBsAg purified from 

the plasma of two different carriers at different times over a period 

of several weeks demonstrated a lipid:protein average weight ratio of 

0.34 and a phospholipid:cholesterol average molar ratio of 2.1 (769). 

HBsAg isolated from pooled sera at a single time point yielded similar 

results. The fatty acid content of total lipids extracted from indi

vidual HBsAg isolates were also similar among the isolates and included 

major components of palmitic, stearic, oleic and linoleic acids, which 

together accounted for more than 85% of the total fatty acids. Analysis 

of the major lipid classes in HBsAg demonstrated the presence of phos

pholipids (67%), free (15%) and esterified (14%) cholesterol, and 

triglycerides (3%). Phosphatidylcholine made up approximately 90% (by 

weight) of the fatty acids in the phospholipids; the remainder being 

divided among phosphatidylethanolamine, phosphatidylserine, sphingo

myelin, and other minor components (769). In contrast to other studies, 

glycolipids were not detected. These results showed that the lipid 

composition in different HBsAg preparations from pooled carrier sera or 

from individual carriers at different times was very similar, indi

cating that HBsAg particles possess a definitive lipid composition. 

Certainly, the variable presence of serum components with intact HBsAg, 

the retention of antigenicity following delipidation (204), and the 

association of antigenic and immunogenic activity with individual HBsAg 

polypeptides suggest that the important neutralizing determinants of 

HBV are probably not associated with host determinants. However, the 

appearance of rare subtype determinants (q, g, n, x, t) and the overall 

antigenicity or immunogenicity of HBsAg particles in a primary infection 

may depend to a substantial extent upon the number and amount of certain 

host derived components associated with HBsAg and whether they are seen 

as foreign or "self" determinants by antigen specific or nonspecific 

components of an intact immunological network. The physical and chemi

cal heterogeneity of HBsAg particles, which is undoubtedly greater in 
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identical experiments, using polyvinylpyrrolidone as control antigen, 

no differences in the rate of clearance were seen. Since the animals 

were not primed with either antigen prior to experimentation, it is 

possible that antibodies cross-reacting with human host components 

present in HBsAg and/or by macrophages responding to "nonself" deter

minants on these particles may account for the clearance of HBsAg (and 

possibly Dane particles) prior to induction of antigen-specific immunity. 

In any event, a male antigen associated with HBsAg may account for 

these differences. A recently described serum glycoprotein, referred 

to as hepatitis B binding substance, has been identified in many 

animals but not definitively in man, suggesting another route by which 

HBsAg could be cleared in the absence of a specific immune response 

(349). The response to HBV infection, therefore, may consist of two 

major stages insofar as HBsAg is concerned. In the first stage, the 

rate of HBsAg and Dane particle clearance, which may alter the incuba

tion period prior to clinical disease and the state of the specific 

immune response when viral replication and clinical disease finally 

appear, depends upon the antigenicity or "foreignness" of HBsAg with 

regard to nonantigen-specific immune and nonimmune clearance mecha

nisms. The effects of specific immunity against HBsAg, in the second 

stage of response, would depend upon the magnitude, nature (mostly 

humoral or cellular), and timing of the response with regard to virus 

replication. For example, it has been suggested that an overwhelming 

immune response to HBV (very high titers of anti-HBs (346» in fulmi

nant hepatitis or an improperly regulated immune response (in agamma

globulinemic patients (347» often leads to fatal hepatitis. In con

trast, intact humoral and cellular immunity against HBsAg in acute 

hepatitis usually results in resolution of clinical disease, while 

chronic active hepatitis is characterized by the presence of insuffi

cient immunity to completely eliminate the virus and chronic passive 

hepatitis or asymptomatic carrier state is often associated with no 

immunological response against HBsAg and/or other HBV gene products 

(348, Figure 2). 

Possible vaccines lacking host components. 

In an attempt to produce a vaccine lacking host cell and serum 

components but having HBsAg polypeptides present in a highly 
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Figure 2. Diagrammatic representation of the four basic reaction types 
to HBV infection. (A) Type and severity of inflammatory reaction; 
(B) Extent of nuclear HBcAg and membrane associated HBsAg in relation 
to efficiency of the immune response; (C) The four proposed reaction 
types include (1) elimination of infected cells followed by recovery in 
acute hepatitis, (2) the presence of predominantly liver cell associated 
HBsAg, (3) focal areas of core antigen expression, or (4) widespread 
HBcAg expression. Each expression pattern predominates in different 
forms of chronic hepatitis; (D) HB associated antigens and antibodies 
in blood. [Reprinted by permission from Bianchi, F. and F. Gudat in 
Progress in Liver Disease, Vol. 4, Chapter 20, pp. 371-392. Copyright 
1979 by Grune & Stratton, Inc. (ref. 348)J. 

immunogenic form, several polypeptide vaccines consisting of p22-25 and 

p26-29 isolated from preparative SDS gels (351, 352, 355) or by Triton 

X-lOa treatment of HBsAg particles (350) were used as starting material. 

Guinea pigs immunized with aqueous polypeptide vaccine yielded antibody 

titers at least 100 fold less than intact HBsAg under the same condi

tions and did not show a cell mediated response by inhibition of macro

phage migration (352). However, the polypeptide preparation incor

porated into liposomes (356, 357) or mixed with alum resulted in both 

humoral and cellular immunity against HBsAg (352), although the 
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liposome vaccine was more potent (366). Challenge of susceptible 

chimpanzees with HBV after immunization with two to three doses (40 ~g/ 

dose) of polypeptide vaccine protected them against infection (351), 

suggesting the feasibility of these adjuvants, which are otherwise safe 

for human use, for further development of this second generation vaccine. 

Solubilization of HBsAg particles in Triton X-lOO, separation of the 

p22-25 plus p26-29 complex by centrifugation, and reconstitution of 

this protein complex into micelles, resulted in pleomorphic forms that 

competed with 22 nm intact HBsAg in a radioimmunoprecipitation assay 

(350, 367). The competitive ability of these micelles against HBsAg 

particles was 40%, which may reflect differences in the number, density 

and conformation of these determinants in relation to HBsAg particles, 

while injection of alum precipitated micelles into mice resulted in 

anti-HBs titers higher than those obtained with similarly prepared 

22 nm particles. Although the reasons for this enhanced immunogenicity 

are not clear, the absence of competing immunogenic determinants in 

host components, which may partially block hepatitis determinants 

directly and/or result in blocking due to the binding of non-neutral

izing antibodies to one or more of these polymorphic host determinants, 

might favor persistence of the micelle over the 22 nm particles and 

allow more assured induction of antigen-specific immunity. Further 

testing with this micelle vaccine in guinea pigs demonstrated a cell 

mediated response, measured by transformation assay, equivalent to that 

against 22 nm particles, as well as protection in chimpanzees chal

lenged by HBV (367). 

The partial sequencing of p22-25 and p26-29 (264, 292) and identi

fication of the termini of these polypeptides in the nucleic acid 

sequence of HBV (156-158, 166) have permitted deduction of the total 

amino acid sequence of the major polypeptide pair encoded for by the S 

(surface antigen) gene and identification of hydrophilic sequences 

which may playa role in inducing neutralizing antibodies (Figure 3). 

The S gene, which encodes a polypeptide 226 amino acids long and 25,400 

daltons in size, contains three regions of beta sheet structure included 

in residues 1-31, 75-109 and 157-226, as well as two regions of rela

tively hydrophilic beta turns (residues 45-80 and 110-150) separated by 

a hydrophobic stretch of amino acids (residues 80-110) in the center of 



44 

1 MET GLUIASN ILE THR ISER GLY PHE LEU GLY PRO LEU LEU VAL LEU GLN ALA GLY PHE PHE 

21 LEU LEU THR ARG ILE LEU THR ILE PRO GLN SER LEU ASP SER TRP TRP THR SER LEU ASN 

ser pro thr c::-:::: 
41 PHE LEU GLY GLY i~~ i~~ VAL CYS LEU GLY GLN ASN SER GLN SER PRO I~: SER ~ 

ile 
61 ~ PRO THR SER CYS PRO PRO THR CYS PRO GLY TYR ARG TRP MET CYS LEU ARG ARG ~ 

thr 

81 ILE ILE PHE LEU PHE ILE LEU LEU LEU CYS LEU ILE PHE LEU LEU VAL LEU LEU ASP TYR 
thr pro 

101 GLN GLY MET LEU PRO VAL CYS PRO LEU ILE PRO GLY SER ~~~ THR THR SER THR GLY ::~ 

1 ys thr pro •• n phe 
121 CYS ARG THR CYS MET THR THR ALA GLN GLY THR SER MET TYR PRO SER CYS CYS CYS THR 

erg thr thr pro ile tyr BIll 

141 LYS PRO SER ASP GLY ~SN CYS TH~ CYS ILE PRO ILE PRO SER SER TRP ALA PHE gr~ LYS 
aer 

tyr val 
161 PHE LEU TRP GLU TRP ALA SER ALA ARG PHE SER TRP LEU SER LEU LEU VAL PRO PHE VAL 

phe ala 
thr 

181 GLN TRP PHE VAL GLY LEU SER PRO THR 
1le 

ale 
VAL TRP LEU SER VAL ILE TRP MET MET TRP TYR 

val 1le 
val 

201 TRP GLY PRO SER LEU TYR SER lLE LEU SER PRO PHE LEU PRO LEU LEU PRO lLE PHE PHE 
leu 

val 
221 CYS LEU TRP VAL TYR lLE STOP 

ala 

Figure 3. Amino acid sequence of the major nonglycosylated HBsAg 
polypeptide derived from nucleic acid sequences. [Reprinted with 
permission from Tiollais, P., et al. in Science 213:406-411. Copyright 
1981 by the American Association for the Advancement of Science (ref. 
358)J. 

the polypeptide (263, 293, 294, 358). The contrast between these 

results, which predict little or no alpha helix content, and those of 

ORD and CD spectra, which indicate a very high precentage of alpha 

helical content (242), suggests that although HBsAg polypeptide is com

posed of beta structure, the folding of these structures with respect 

to each other in the context of a lipid bilayer may result in globular 

proteins with various domains (the two beta turns) yielding the spectral 

data discussed above. Further, protein-protein and protein-lipid associ

ations in intact particles may result in some alpha helical content 

which is segregated from beta secondary structure along the polypeptide 

chains. Indeed, this type of structure is characteristic of alpha and 

beta type proteins, most of which, like HBsAg, are secreted (294). 

That two hydrophilic domains are separated by an extremely hydrophobic 

stretch and that both the N- and C-terminal beta sheets are hydrophobic 
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as well further suggests a very tight packing for HBsAg polypeptides, 

since it has been shown that chain hydrophobicity and packing density 

are highly correlated (359). Further, if the sequence 80-110 containing 

hydrophobic residues represents a local maxima in hydrophobicity, it 

will tend to bury itself in the core of the folded protein and thereby 

permit proper juxtaposition of the hydrophilic domain to either side. 

The presence of a considerable number of cysteine residues within these 

hydrophilic regions, combined with the previous observation that virtu

ally all cysteine residues are in disulfide bonds, suggest that they 

may be disulfide bonded together. If this is so, reduction of the 

disulfide bonds alone would not necessarily reduce antigenicity if the 

hydrophobic core of the polypeptide maintained close approximation of 

sulfhydral groups. Under these conditions, one or more antigenic 

determinants spanning disulfide bond(s) would lose their integrity only 

after further modification by alkylation or exposure to denaturants 

such as urea. 

Recent experimental evidence discerning the environment around the 

major surface antigen polypeptides supports many of the theoretical 

considerations of HBsAg particle structure based upon nucleic acid and 

deduced amino acid sequences. Using the photoactivatable, hydrophobic 

probe, pyrenesulfonyl azide (PySA) in its unlabeled or tritiated form, 

both the major HBsAg associated polypeptides and the lipids associated 

with HBsAg particles were detected following SDS-PAGE by fluorescence 

or radioactivity (769). The stoichiometry of labeling the major pair 

of HBsAg associated polypeptides was the same as that observed for 

Coomassie blue staining of the same gel, in which the p22-25:p26-29 was 

2:1 (769). These results suggest that both polypeptides are associated 

with the lipid bilayer and that the association of each polypeptide 

with lipid was similar since their ratio remained unchanged following 

PySA labeling. It is no surprise that the combination of compact 

structure and association with lipid renders HBsAg particles totally 

resistant to trypsinization (771). Mild reduction and alkylation under 

conditions which did not alter particle sedimentation velocity, buoyant 

density, electron microscopic image, or CD spectrum, however, resulted 

in increased susceptibility to trypsinization and the appearance of 

both soluble and insoluble fragments on SDS-gels. Partial sequencing 
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Partial sequencing of soluble fragments isolated by high pressure 

liquid chromatography (HPLC) demonstrated that the tryptic site at 

residue 122 in either of the major polypeptide pairs was exposed to the 

environment in the intact particle (771). The tryptic digestion of 

3H- PySA labeled HBsAg under these conditions yielded two fragments 

corresponding to the amino terminal 122 residues and the carboxy termi

nal 104 residues, which both contained radiolabel, suggesting that 

regions within both halves of the major polypeptides were buried in the 

lipid matrix, while the hydrophilic region extending from residues 122 

through 150 is exposed on the HBsAg particle (769). 

The generation of hydrophobicity curves (359) for surface antigen 

polypeptide (182-187), combined with the antigenic alterations observed 

in intact antigen following modification or cleavage at specific amino 

acid residues, resulted in the selection, synthesis and testing of 

candidate surface antigen peptides for antigenicity and immunogenicity. 

In one study a synthetic peptide containing residues 138-149 bound up 

to 9% of antibodies directed against ad and ay subtypes (184, 362). 

Since the synthetic peptide remained bead bound, the low percentage of 

radiolabeled anti-HBs (from Ausria II) binding to the resin may have 

reflected limited exposure of the peptide on the surface of the bead 

(360). However, this low amount of binding could be due to the pres

ence of a subset of high affinity antibodies in a heterologous serum 

binding to a minor determinant or to antibodies binding with low 

affinity to a subset of the epitope(s) comprising a major determinant 

(361). Alternatively, the use of guinea pig anti-HBs may reflect major 

and minor determinants different from those seen in patients. Further 

antigenicity studies with a smaller "H" peptide (residues 141-146) 

demonstrated 50-75% absorption of anti-a and anti-d but little absorp

tion to anti-y specific antibodies (187, 363). The injection of mice 

with H peptide coupled to aldehyde-treated human erythrocytes with 

glutaraldehyde polymerized peptide, followed by boosting, resulted in 

up to 50% of the mice producing anti-HBs. Although these experiments 

demonstrate antigenicity and immunogenicity, the limited ability of the 

H peptide to absorb antibodies and effectively immunize mice suggests 

that the conformation of this peptide was different from the same 

sequences in HBsAg particles. Independent synthesis of peptide 134-146 
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also resulted in binding to anti-HBs in both hemagglutination and AUSAB 

(commercial anti-HBs detecting) assays (364). However, binding was 

observed at levels approximately 103 fold less than for p22-25 or p26-29 

and 106 fold less than intact HBsAg under the same assay conditions. 

Nonetheless, the presence of eight substitutions in the major hydro

philic domain of HBsAg (residues 110-156), deduced from the nucleic 

acid sequence of HBV DNA clones published thus far, suggest a basis for 

"a" determinant heterogeneity and/or the presence of different subtype 

specific epitopes detected by appropriate specific antisera (187, 363, 

364). The alterations in antigenicity of intact HBsAg following various 

chemical modifications, described in detail above, resulted in predic

tion of a major antigenic determinant within residues 135-155 in the 

major hydrophilic region of HBsAg polypeptide (260, 365). In another 

investigation, 13 peptides from the sequence of the major HBsAg poly

peptide were synthesized, coupled to KLH carrier, and injected into 

rabbits in order to assess the anti-peptide response and to test the 

binding of these antisera to intact HBsAg (182, 183). Peptides con

taining residues 221-226, 212-226 and 31-35 failed to elicit anti

peptide responses judged by immunoprecipitation of homologous radio

labeled peptides. A peptide containing residues 140-148, within the 

area of the major hydrophilic region, yielded only a marginal anti

peptide response which did not immunoprecipitate intact radiolabeled 

HBsAg. Peptides containing residues 48-81, 2-16, 22-35 and 95-109 

elicited relatively high titers of anti-peptide immunoglobulin which 

also bound to intact surface antigen. These results suggest that 

antibodies raised against residues 2-16, 22-35 and 95-109 recognize and 

bind to exposed regions of beta sheet structure in the amino terminal 

portion of the molecule, as well as to the minor hydrophilic domain of 

HBsAg polypeptide (residues 48-81), but not to regions in the carboxy 

terminal portion of the molecule. These results may be indicative of 

an exposed amino terminus and buried carboxy terminus in intact parti

cles. The finding of anti-peptide immunoglobulin following immuniza

tion with residues 38-52, 47-52 and 104-109, which did not bind to 

intact surface antigen, suggests that these regions are not exposed on 

the surface of HBsAg; but lack of appropriate peptide conformation 

might also have contributed to these results. It is interesting that 
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the peptide having residues 48-81 was successfully used as an immunogen 

without coupling to carrier protein, suggesting that it may have 

refolded into a domain-like structure, aggregated and elicited a sub

stantial humoral response. This peptide, being 34 amino acids long, 

probably elicited at least some antibodies against conformational deter

minant(s), while the other synthetic peptides, being 15 amino acid 

residues or smaller in size, probably elicited antibodies directed 

against only sequential determinants, which mayor may not be present 

as such on exposed areas of HBsAg particles. The synthesis and disul

fide bond cyclization of peptides having residues 122-137 and 117-137 

have recently been accomplished to examine the effects of "locking in" 

secondary (beta turn) conformation upon immunogenicity in mice (186). 

Presentation of either cyclic peptide in complete Freund's adjuvant, 

liposomes, or in alum absorbed preparations resulted in detectable 

anti-HBs titers in 50% of the animals after 7 days, independent of the 

adjuvant used, and with antibody levels comparable to those seen using 

p22-25 as immunogen. Clearly, in this case, the polypeptides were 

immunogenic in the absence of carrier protein which, in any event, 

might sterically hinder the "correct" refolding of any synthetic 

peptide into a conformation dependent determinant. 

A deeper appreciation of the complexity and conformational require

ments of the common "a" determinant has been illustrated by the synthesis 

and immunological characterization of various other synthetic peptides. 

When a synthetic peptide spanning HBsAg residues 135-155 (p135-l55) was 

coupled to a variety of common carriers and injected into rabbits, anti

HBs was detected by the commercial assay for anti-HBs, AUSAB (777). 

However, polyclonal rabbit or human anti-HBs as well as most mouse mono

clonal anti-HBs did not react with the synthetic peptide, nor did HBsAg 

inhibit the p135-l55 anti-p135-l55 reaction. Further, mice immunized 

with the synthetic peptide in conjugated form failed to show enhancement 

of their anti-HBs response. In contrast, the majority of both anti

p135-l55 and anti-HBs were adsorbed and eluted from an affinity column 

containing p135-l55 coupled to aminohexyl-Sepharose, suggesting that 

only a subpopulation of anti-p135-l55 reacts with HBsAg and that the 

degree of cross-reactivity was dependent upon the conformation/steric 

constraints of the synthetic peptide in each conjugate and assay. 
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Independent synthesis of seven overlapping peptides spanning the same 

hydrophilic region, from HBsAg residues 122-158, yielded three peptides 

defined by residues 139-147, 139-158 and 140-158 which partially 

neutralized human anti-HBs reactivity at concentrations greater than 

1 mg/ml (778). These three peptides, coupled to a protein carrier by 

their amino or carboxy terminus, each Yielded an anti-HBs response in 

rabbits which was low and similar to those obtained when isolated 

structural polypeptides of HBsAg were used as immunogens. Since 

different subtypes of HBsAg demonstrated identical behavior, it is 

likely that the binding involves the common "a" determinant, although 

whether the low binding was due to strictly conformational differences 

in comparison to native HBsAg or to the presence of only part of a 

common determinant which is larger, discontinuous, or both, remained 

unresolved questions. Reaction of a linear or intrachain disulfide 

bonded HBsAg synthetic peptide spanning residues 122-137 with a panel 

of 14 anti-a monoclonal antibodies showed that six of the antibodies 

bound the cyclic peptide, and that after linearization by reduction and 

alkylation, only one of the six still demonstrated binding (779). 

Although on a weight basis, several thousand fold more cyclic peptide 

than HBsAg was needed to block anti-a activity to the same extent, the 

differences in antibody binding between cyclic and linear species of 

peptide are consistent with there being a conformation dependent 

antigenic determinant possessing group "a" specificity in the cyclic 

component. Interestingly, three monoclonal antibodies preferentially 

reacting with the "y" subtype determinant bind equally well to both 

cyclic and linearized peptide, suggesting that the "y" epitope is 

sequential. The fact that a majority of the anti-a monoclonal anti

bodies do not bind either form of the peptide implies that group "a" 

reactivity may include other epitopes along the HBsAg polypeptide. 

Significantly, a number of the monoclonal antibodies binding to the 

cyclic peptide share a common idiotype with anti-HBs antibodies 

generated in humans naturally infected with HBV, suggesting that the 

epitope associated with the cyclic peptide is recognized in a natural 

infection (779-781). That intact HBsAg, micelle reconstituted p22-25 

plus p26-29 aggregates, and cyclic p122-137 bind to anti-HBs of a given 

idioptype, in contrast to reduced and alkylated forms of these species 
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which do not, indicates that the binding is conformation dependent 

(781). Partial inhibition of an idiotype-anti-idiotype reaction by 

these HBsAg forms suggests that the common anti-HBs idiotype is 

associated, in part, with the antibody combining site, and that 

regulation of the anti-idiotypic response during infection may 

significantly alter the progression of disease. The finding of a 

cross-reacting anti-HBs idiotype in a number of mammalian hosts 

immunized with HBsAg (e.g., mice), or as a result of natural infection 

(e.g., chimpanzees), provide opportunities for experimental manipula

tion of the anti-HBs response (782). Indeed, the injection of anti

idiotypic antibody into mice prior to HBsAg exposure enhances the IgM 

anti-HBs response, while two injections of anti-idiotype in the absence 

of antigen exposure yields an anti-HBs IgG response approximately 12 

fold over that of similar treatment with pre-immune IgG (783). 

The sequence discontinuity of the common "a" determinant(s) was 

further indicated by the observation that antibodies raised to peptides 

spanning HBsAg ~ p22-25 residues 2-16, 95-109 and 110-139 bound intact 

HBsAg particles of various subtypes (784). While residues 2-16 compose 

the amino terminal fragment of p22-25 HBsAg and residues 95-109 include 

the junction betweeen the central hydrophobic region and the major 

hydrophilic sequence, residues 110-139 span a portion of the major 

hydrophilic region of HBsAg proximal to a glycosylation site (residues 

146-148) and contain residues which differ among surface antigen sub

types as deduced from nucleic acid sequences. Indeed, reference anti-y 

but not anti-d sera precipitated radiolabeled residues 110-139, indi

cating the presence of the "y" determinant on the peptide (784). 

Further, substitution of amino acids in this peptide deduced from ad 

derived nucleotide sequences resulted in specific precipitation with 

anti-i, localizing these subtype determinants to this region of the 

major polypeptide. In contrast to the cyclic peptides described above, 

the "a" determinant reactivity in these linear peptides may depend upon 

local conformation, suggesting that cyclization may not be necessary to 

e'.icit the appropriate "a" specificities (784). Injection of peptide 

110-139 (coupled to a protein carrier in the presence of adjuvant) into 

three HBV seronegative chimpanzees, followed by challenge, yielded 

protection in one chimp, attenuated infection without disease in 
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another, and typical acute hepatitis in the third animal (784, 785), 

suggesting the potential for synthetic vaccines. 

HBsAg associated carbohydrate. 

The binding of 1251 labeled small spherical HBsAg particles to 

Concanavalin A (Con A (237, 372», the positive reaction of HBsAg in 

the anthrone reaction (373) as well as by the phenol-sulfuric acid 

method (195, 252), and the detection of some HBsAg constituents in 

polyacrylamide gels with the periodate Schiff reagent (PAS (371» 

suggest the presence of carbohydrate in HBsAg (31, 195, 196, 201, 203, 

208, 210, 292, 325). In order to discern the biological role of the 

carbohydrate in HBsAg as well as better define the antigenic and 

structural relationships among the glycosylated and nonglycosylated 

polypeptides, detailed chemical characterization of the associated 

carbohydrate was undertaken. The binding of HBsAg particles to Con A, 

followed by their specific elution with N-acetylglucosamine, mannose or 

glucose, which bind specifically to Con A (374), suggested that each of 

these sugars was present in HBsAg (372). While the total carbohydrate 

content of HBsAg was determined to be 3.6-6.5% in one study (195) and 

7.6% in another (375), further analysis by gas chromatography showed 

N-acetylglucosamine as the major component, mannose, galactose and 

sialic acid as less prevalent sugars, and fucose as a minor constituent 

(Tables 1, 2 and 4; 237, 375). Glucose was detected only in trace 

amounts. Similar results were obtained with delipidated HBsAg. Al

though serological activity was originally attributed to carbohydrate 

(252) by virtue of periodate sensitivity, substantial evidence presented 

above indicates no role for carbohydrate in the common "a" determinant(s) 

of HBsAg; and preliminary evidence suggests that carbohydrate might 

account for one or more of the minor determinants (325). Treatment of 

the HBsAg producing human hepatoma cell line PLC/PRF/5 with tunicamycin 

(which inhibits glycosylation at asparaginyl residues) yielded antigen 

containing both "a" and "d" activity, further suggesting that carbo

hydrate is not essential to antigenicity (260). The presence of sialic 

acid in the carbohydrate analysis of HBsAg suggested that if some of the 

associated polypeptides were typical sialoglycoproteins, then sialic 

acid should be the terminal sugar and galactose the penultimate residue. 

Indeed, HBsAg was adsorbed to insolubilized sialic acid-specific 
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hemagglutinin derived from the haemolymph of Limulus polyphemus, and 

sialic acid was released following treatment with neuraminidase (260, 

376). Only neuraminidase treated HBsAg incorporated radioactively 

labeled sialic acid in the presence of sialyl transferase and cytosine 

monophosphate-1 4C-sialic acid. Neuraminidase treated HBsAg exposed to 

galactose oxidase, followed by reduction with tritiated sodium boro

hydride, resulted in the labeling of the penultimate galactose residue 

(295). That 82% of the incorporated counts precipitated with TCA and 

only 1.5% extracted in chloroform-methanol mixtures suggest that the 

vast majority of the carbohydrate is protein bound and the carbohydrate 

composition of glycoproteins in HBsAg differed substantially from that 

of glycolipids. These results also suggest that these carbohydrate 

moieties are exposed (and thereby sensitive to enzymatic activity) on 

intact HBsAg. Although these enzymatic treatments did not alter the 

serological activity of HBsAg particles (295), neuraminidase treatment 

drastically reduced the half life of circulating HBsAg injected into 

rabbits some 10-20 fold (376). Neuraminidase treated HBsAg used as an 

immunogen in rabbits also induced a higher humoral response than 

untreated antigen and yielded lymphocytes capable of undergoing trans

formation in the presence of untreated antigen to a greater extent than 

when untreated antigen was used as immunogen (376). The rapid antigen 

nonspecific clearance of asialoglycoproteins is a well documented 

phenomenon in glycoprotein metabolism (377, 378) and may reflect the 

extent to which 22 nm HBsAg and infectious Dane particles are removed 

from circulation. The presence of heterogeneously glycosylated surface 

antigen polypeptides in 22 nm forms or Dane particles could alter the 

incubation period between infection and the onset of acute hepatitis, 

the titer of Dane particles (and DNAp levels) in active disease, as 

well as both the titer and persistence of HBsAg in carriers. If the 

stimulated humoral and cellular immune responses against HBsAg elicited 

by asialoglycoproteins occur in infected patients, the immunopathogenesis 

of HBV infection could be substantially altered. Since an intact cell 

mediated immune response is important for recovery from HBV infection 

(348, 382), the presence or absence of terminal sialic acid residues 

may playa central role in this respect. Alternatively, if the asialic 

carbohydrate chains are themselves an immunogenic moiety which directs 
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production of non-neutralizing antibodies, these antibodies may 

effectively block the binding of neutralizing antibodies to Dane 

particles and thereby permit persistent infection even in the presence 

of high neutralizing titers (379). Autoantibodies directed against 

polymerized serum albumin (380, 381) or other altered host components 

associated with HBsAg polypeptides in Dane particles or on the hepato

cyte cell surface may have similar ramifications upon immunopathology 

in both acute and chronic hepatitis (348). The integrity of carbo

hydrate incorporated into any second generation polypeptide vaccine may 

also be an important parameter to consider in the consistent generation 

of optimal protective immunity. 

Further characterization of HBsAg polypeptide associated carbohy

drate by SDS-PAGE and PAS staining revealed a variable number and size 

of glycoproteins (Table 1; 376). Most studies show that p26-29 is the 

major glycosylated component of surface antigen, although glycosylated 

components at molecular weight values of 22,000 (195, 196, 203), 30-

32,000 (195, 196, 201, 208, 210), 35,000 (203), 52,000 (201, 208) and 

64-68,000 daltons (210, 292) have been reported (Table 4). Considering 

that the PAS reagent could undergo nonspecific reactions in SDS gels 

(292, 371), that the molecular weight estimates of HBsAg derived PAS 

bands do not vary when the extent of gel cross-linking is varied (211) 

while estimates for known glycoproteins do vary under these circum

stances (382a, 383), and that amino acid analysis of the PAS stained 

components fail to reveal amino acid sugars (211) may contribute to the 

apparent discrepancy in results among various studies. Therefore, 

further work focused upon characterization of the carbohydrate attached 

to the major component, p26-29. 

The digestion of isolated p22-25 and p26-29 with trypsin followed 

by analysis on polyacrylamide gels revealed partial cleavage into lower 

molecular weight fragments (292, 384). Further characterization of 

these fragments by amino acid analysis and limited Edman degradation 

suggested that tryptic cleavage took place at residue 122 in the iso

lated polypeptides and in intact HBsAg. All of the published nucleic 

acid sequences of HBV indicate either lysine or arginine present at 

this position. Carbohydrate staining of these gels revealed a low 

molecular weight PAS positive digestion product of p26-29 which was 
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localized to somewhere within the carboxy terminal 104 amino acids of 

the major glycosylated component. Cleavage of reduced and alkylated 

HBsAg with trypsin yielded a single PAS positive fragment spanning 

residues 122-150 in the major glycosylated component, suggesting the 

presence of glycosylation within this region (771). Introduction of 

tritium label into the sialic acid component of HBsAg, followed by 

SDS-PAGE analysis, revealed most of the protein associated label to be 

in p26-29. Tryptic cleavage of p26-29, followed by separation of 

soluble peptides by high performance liquid chromatography, yielded a 

peak of radioactivity corresponding to a peptide spanning residues 

140-147 as determined by amino acid analysis (771). Further, the pres

ence of approximately 2 nanomoles of glucosamine/nanomole of peptide 

140-147 in samples of HBsAg adw and ayw, in addition to terminal sialic 

acid, suggests that the asn-x-thr(ser) sequence at position 146-148 is 

at least one of the sites of glycosylation in HBsAg. Independent 

studies, in which HBsAg p26-29 isolated from polyacrylamide gels was 

digested with nagarse and pronase P, yielded a single glycopeptide 

approximately 15 amino acids in length which sequence analysis showed 

to begin at HBsAg residue 141 (786). Although the isolated peptide 

contained two possible sites for asparagine linked glycosylation, 

peptide sequence analysis localized the carbohydrate attachment point 

at asn 146. Immunization of mice with the glycopeptide (in adjuvant 

with or without prior coupling to carrier) yielded antibodies which 

bound HBsAg p22-25 isolated from several subtypes, indicating that the 

antibodies bound a common determinant on all HBsAg isolates independent 

of subtype or presence of carbohydrate (786). 

Further evidence suggests the presence of asparagine linked sugars 

in HBsAg p26-29. The presence of N-acetylglucosamine as a major compo

nent in HBsAg associated carbohydrate and the absence of N-acetylga

lactosamine suggested that asparagine-N-acetylglucosamine but not 

serine- or threonine-O-acetylgalactosamine linkages were present in 

HBsAg (375, 786). HBsAg particles containing tritiated terminal sialic 

acid and treated with sodium hydroxide plus sodium borohydride did not 

release any radiolabeled saccharide components, indicating that the 

carbohydrate linkage involved in the radiolabeled moieties were not 

through the hydroxyl groups of serine or threonine (260, 385). In 
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addition, alkaline sulfite treatment of isolated p22-25 and p26-29 

yielded equivalent serine and theonine contents for both polypeptides, 

suggesting that carbohydrate was not attached by a-glycosidic bonds to 

these amino acid residues (292, 384). Further, treatment of the human 

hepatoma cell line (PLC/PRF/5) with tunicamycin, a drug which specif

ically inhibits the dolichol pyrophosphate mediated glycosylation of 

asparaginyl residues in glycoproteins (386), resulted in 19 fold reduc

tion in the incorporation of tritiated mannose (260), suggesting that a 

considerable amount of this sugar was in carbohydrate moieties bound to 

asparaginyl residues. Since the polypeptide sequences of p22-25 and 

p26-29 are available from the published nucleic acid sequences of HBV 

DNA clones (155-157) and all sequences contain asn-x-ser(thr) with asn 

at positions 3, 59 and 146, multiple sites for glycosylation at as par

gine residues exist. The isolation of a single peptidoglycan approxi

mately 3900 daltons in size following pronase digestion of 3H-sialic 

acid labeled HBsAg (260), and the presence of most of the carbohydrate 

of p26-29 in the carboxy terminal half of the molecule (292) further 

suggest that the attachment site of this major carbohydrate moiety is 

at asn 146 (292, 384) within the major hydrophilic domain of HBsAg 

polypeptide. Although the structure of this carbohydrate is not known 

at present, the data from carbohydrate composition and analysis suggest 

a complex, branched structure characteristic of A-type oligosaccharides 

(295, 387). The large quantities of N-acetylglucosamine and mannose, 

the presence of two other glycosylation sites within the minor hydro

philic stretch of amino acids (residues 45-80) and near the N-terminus, 

the occurrence of simpler B type oligosaccharide structures containing 

these sugars as major components, and the failure to label any B type 

oligosaccharide with galactose oxidase and tritiated sodium borohydride 

still leaves open the question of whether other points of glycosylation 

occur. 

The presence of asparaginine linked oligosaccharides in a major 

HBsAg polypeptide combined with amino acid analysis, sequencing and 

tryptic peptide mapping suggest that the only difference between p22-25 

and p26-29 is glycosylation. Anhydrous hydrofluoric acid treatment of 

HBsAg followed by polyacrylamide gel electrophoresis resulted in a dis

appearance of p26-29 and an increase in p22-25 (292, 384). Treatment 
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of isolated p22-25 and p26-29 with periodate followed by gel 

electrophoresis, however, resulted in the disappearance of p26-29, 

while p22-25 remained completely resistant (298). Further, periodate 

treatment of a mixture of the two resulted in no definite increase in 

the amount of p22-25, suggesting non-identity among these major poly

peptides. Preliminary evidence in another study also questions whether 

the difference in molecular weight between p22-25 and p26-29 is due 

solely to the presence of carbohydrate and suggests that p26-29 may 

contain repeated amino acid stretches not present in p22-25 (388). In 

addition, the presence of tryptic peptides in the maps of p26-29 but 

not in the maps of the corresponding p22-25 component could be explained 

entirely by heterogeneity in glycosylation, but the presence of addi

tional primary sequence would also be consistent with these results 

(298, 388, 768). Tryptic peptide mapping of the major polypeptide pair 

in various HBsAg, GSHsAg and WHsAg isolates showed that the larger com

ponent of each pair differed from the respective smaller component in 

5-30% of its spots, depending upon the isolate (768). In another study, 

HBsAg particles treated with neuraminidase were chromatographed on a 

column of immobilized peanut lectin specific for terminal D-galactose 

residues (204). Approximately 15% of the HBsAg particles did not bind 

to this column, even after rechromatography, suggesting that neuramini

dase-treated particles are not homogeneous with respect to exposed 

D-galactosyl residues. Whether this result reflects incomplete 

cleavage of sialic acid despite extensive neuraminidase treatment or 

the presence of penultimate residues other than galactose is not clear. 

Only further characterization of the HBsAg bound oligo saccharides will 

reveal whether heterogeneity in glycosylation among different isolates 

really exists and whether this heterogeneity plays any role in the 

outcome of infection. 

HBsAg and the receptor for polymerized albumin. 

Sera from patients with chronic liver diseases often possess one or 

more factors which bind human polymerized serum albumin (PSA) but not 

its monomeric counterpart (510, 850-854). At least some of these 

factors were identified as antibodies which bound albumin modified by 

aging or by glutaraldehyde treatment, suggesting that they react with 

a determinant generated in the aging or polymerization process, and 
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remove such modified albumin from circulation (381, 510, 850, 855, 856, 

860, 866, 870). Although these antibodies were present at low titers 

in some normal individuals, their titers were increased several fold in 

patients with hepatic injury, suggesting that they correlate with liver 

cell dysfunction (381, 857-859). Further characterization has shown 

anti-PSA to be of the IgG and IgM classes; the latter increasing in 

titer more than the former in the presence of liver pathology. Inter

estingly, the affinities of these antibodies were higher in normal sera 

than in serum derived from patients with liver disease (859), suggesting 

that there may not be complete clearance of polymerized albumin from 

diseased patients. 

Examination of sera from HBV infected patients also revealed an 

activity that binds homologous PSA. In these experiments some HBsAg 

positive sera agglutinated erythrocytes coated with polymerized human 

serum albumin (381, 510), suggesting that autoantibodies in HBsAg parti

cles directed against polymerized or denatured serum albumin molecules 

accounted for the binding. Affinity columns using anti-IgG or anti

IgM, however, did not bind HBsAg particles which bound PSA, suggesting 

the absence of these classes of antibody (317). Unfortunately, the 

same experiment was not conducted with an anti-IgA affinity column, 

since IgA containing mononuclear cells are often present in many types 

of liver disease (863), and since IgA may complex with albumin in an 

immunologically nonspecific manner (864, 865). Independent observa

tions, however, are consistent with the absence of IgG and IgM and also 

with the apparent lack of IgA from receptor bearing HBsAg particles 

(873). Receptor activity was not affected by anti-human IgG, IgM or 

IgA reagents, indicating no role for these Ig classes in receptor 

activity (862). 

The association of HBsAg and PSA has been independently demon

strated by the finding of HBsAg particles binding to human PSA adsorbed 

onto a solid phase (35). It has been postulated that HBV infection may 

interfere with albumin synthesis in hepatocytes, indirectly resulting 

in the generation of PSA (35, 380, 381). The ability of PSA to bind 

intact HBsAg and Dane particles (35, 316-318, 380, 868) implies that 

the generated complexes form an immunogenic array of repeating haptenic 

determinants in which HBsAg is the carrier and PSA the hapten (35). 
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Since receptors for polymerized albumin have been detected on both 

rabbit (507) and human (871) hepatocytes, the potential for such 

complexes to boost the anti-PSA titer may result in autoantibody 

production which might clear infectious Dane particles from the serum, 

thereby reducing infectivity (867), and/or may exacerbate hepatocel

lular damage by binding PSA present on hepatocyte plasma membranes. 

Alternatively, if liver damage affects the ability of hepatocytes to 

bind and remove PSA from the circulation, the accumulation of serum PSA 

might trigger increased production of PSA autoantibodies (507). 

The binding activity of HBsAg for polymerized albumin differs 

substantially from that expected if adsorbed autoantibodies were 

responsible. For example, the temperature dependence of the HBsAg-PSA 

reaction differs from that of HBsAg-anti-HBs (35). The binding of 

HBsAg particles to human PSA coated erythrocytes in a hemagglutination 

inhibition assay was blocked by human antibodies against homologous PSA 

but not by xenogeneic antisera, suggesting that the human antibodies 

bound to one or more sites at or near the site in which human PSA binds 

HBsAg. In contrast, the finding that HBsAg did not block the reaction 

between a variety of xenogeneic antibodies having human PSA reactivity 

and human PSA coated erythrocytes suggests that these antibodies bound 

to determinant(s) other than those recognized by the HBsAg receptor for 

polymerized albumin (867). When various polymeric and monomeric albu

mins from different species were tested for binding HBsAg, the HBsAg 

associated receptors for PSA bound only human and chimpanzee PSA (317, 

867, 870), suggesting that the HBsAg receptor binds polyalbumin from 

very few species. Both human and xenogeneic antibodies having human 

PSA reactivities reacted with glutaraldehyde polymerized albumin from 

many different species, suggesting that the binding characteristics of 

PSA antibodies lacked species specificity (867). This species specific 

binding of human and chimpanzee polymerized albumin to HBsAg (311, 313, 

317, 870) correlates well with the restricted host range and organ 

specificity of HBV, if polymerized albumin bound to the surface of Dane 

particles or to the hepatocyte cell surface functions as a bridge by 

which Dane particles could specifically attach to the hepatocyte 

(315-317, 870). The strong correlation between the presence of HBsAg 

associated PSA binding sites and high infectivity of HBV carriers (872) 

independently supports this hypothesis. 
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The ability of Dane and 20 nm diameter HBsAg particles from e 

antigen positive sera to bind polymerized albumin to a much greater 

extent than similar particles from anti-e positive sera (317, 318), 

combined with the tendency of HBeAg to be associated with albumin (53, 

849), indirectly suggest a possible relationship between e antigen 

reactive material and the receptor for polymerized albumin. Fractiona

tion of HBsAg positive serum containing e antigen through a column of 

immobilized human PSA demonstrated binding of Dane particles and small 

spherical HBsAg but not of e antigen (317), suggesting that HBeAg itself 

does not bind PSA. Ultracentrifugation analyses have shown that HBsAg 

particles capable of binding polymerized albumin were heavier than simi

lar particles which could not, and that the receptor for polymerized 

albumin could be destroyed by exposure to proteolytic enzymes under 

conditions where HBsAg reactivity was unaffected, suggesting that the 

receptor was protein in nature and that it was discrete from the major 

determinants of HBsAg (317, 873). Although the receptor for polymerized 

albumin was present most often in sera containing high HBsAg concentra

tions and tended to be absent from sera with low HBsAg concentrations, 

its appearance was most closely correlated with the e antigen/e anti

body status and not the concentration of HBsAg per se (869, 873). 

However, the demonstration of Clq binding to polymerized albumin (313) 

and HBsAg (312), combined with the presence of antibodies against 

polymerized albumin in HBV infected patients (380, 381, 850), suggest 

that polymerized albumin-complement complexes on the hepatocyte cell 

surface or Dane particle may serve as targets for autoaggressive immune 

responses independent of a patient's e antigen or e antibody status. 

The expression of an HBsAg associated receptor for polymerized 

albumin is an early event in the natural course of acute and chronic 

HBV infection (861, 862, 869). Serial sera from HBeAg positive patients 

with clinically acute hepatitis demonstrated a high receptor:HBsAg 

ratio (862). Upon recovery from acute disease and seroconversion to 

anti-HBe (within three weeks from onset), the ratio dropped several 

fold, indicating a shift in receptor expression upon resolution of 

acute hepatitis (862). Patients with higher-than-average levels of 

receptor activity in acute disease progressed to chronic hepatitis 

more often than those who recovered without complications (869). 



60 

Sera highly positive for receptor activity were also positive for 

HBeAg, HBV specific endogenous DNA polymerase activity, and were highly 

infectious, suggesting that the HBV associated receptor may playa 

critical role in the life cycle of the virus (861, 862, 869, 871, 872). 

In natural acute infection, the PSA receptor became undetectable well 

before seroconversion to anti-HBe and eventual clearance of HBsAg, sug

gesting that the receptor titers were predictive of coming HBe/anti-HBe 

seroconversion (869). Interestingly, low levels of receptor activity 

have been detected in some anti-HBe positive sera (316, 869), and it is 

possible that this observation correlates with low levels of virus 

replication and the infectivity of such sera. Patients with persistent 

HBeAg and high PSA receptor titers presented a more prolonged phase of 

active virus replication than those with lower titers, suggesting that 

the receptor may facilitate virus attachment to susceptible hepatocytes 

and spread throughout the liver (317, 861, 869). As in acute hepatitis, 

chronic carriers who are HBeAg positive and demonstrate other markers 

of virus replication also have initially high titers of receptor which 

decrease over time as virus replication slows down (862). In acute 

hepatitis this occurs within a few days following onset of disease, 

while in chronic hepatitis, much the same process occurs over a period 

of years (862). Although the presence of the receptor correlates with 

infectivity and viral replication, the ultimate infectivity of an HBsAg 

positive inoculum depends upon a number of factors including the e 

antigen/e-antibody status, the HBV PSA receptor titer, as well as the 

levels of anti-polyalbumin antibodies present in the serum of the 

normal recipient (508, 509). 

To further understand what role, if any, the HBsAg associated 

receptor for polymerized albumin plays in the life cycle of HBV, a 

number of studies have focused upon its chemical characterization. The 

finding of such a receptor on HBsAg and Dane particles from chimpanzees 

and patients (317) as well as on HBsAg particles isolated from an HBV 

infected human hepatoma cell line (314), suggests that the receptor is 

virus encoded. Analysis of receptor activity on individual HBsAg poly

peptides separated by SDS-PAGE showed that the surface antigen parti

cles from e positive sera contained more than 10 fold more p3l and p35 

than particles derived from anti-e positive sera. The same species 
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specificity in PSA binding was observed with these isolated polypeptides 

as seen in intact HBsAg (874). Further, this activity was not suscep

tible to heat or reducing conditions, suggesting that the receptor was 

sequential and not conformational in nature. The amino terminal amino 

acid in p3l was methionine, while the carboxy terminal sequence was 

-val-tyr-ile; the latter being identical with the carboxy terminal tri

peptide of HBsAg p22-25. Combined with amino acid composition data on 

p3l, the finding of N-terminal methionine suggests that p3l is encoded 

for by the S gene and included 55 amino acid residues adjacent to the S 

gene in the pre-S region (874). This suggests that the HBsAg associated 

receptor for polymerized albumin might be encoded for by sequences 

mapping to the pre-S gene region of HBV DNA, since p22-25, encoded only 

by the S gene, does not demonstrate binding activity (874). The finding 

of relatively large quantities of HBsAg p3l on Dane particles is also 

consistent with the hypothesis that its function may be that of a virus 

receptor (317). The suggestion that one or more HBsAg associated poly

peptides are partially encoded for by pre-S sequences has gained fur

ther support by independent analyses of these components by 1- and 

2-dimensional peptide mapping (768, 876). Small spherical HBsAg parti

cles isolated from viremic carriers were separated into constituent 

polypeptides on SDS-gels (876). Individual bands further digested with 

trypsin or V8 protease and analyzed on similar gels showed several 

bands in p33 and p36 digests corresponding in size to fragments which 

would have been generated based upon the deduced amino acid sequence of 

the pre-S region (876). In a larger study, two dimensional tryptic 

peptide mapping of surface antigen associated polypeptides from HBsAg, 

GSHsAg, WHSAg and DHBsAg particles demonstrated that HBsAg p33, p36 and 

p43; GSHsAg and WHsAg p39; and DHBsAg p38.5 were probably unique trans

lation products encoded for by both pre-S and S-gene sequences (768). 

Recent amino terminal sequencing of HBsAg p33 and p43, as well as 

DHBsAg p38.5, prove that these large minor polypeptides are initiated 

within the pre-S region of their respective virus genomes (792). 

The original finding that HBsAg particles from e antigen positive 

sera differed in density and PSA receptor binding properties from simi

lar particles in anti-HBe positive sera suggests that there are two 

populations of HBsAg particles (317, 873). One population, from HBeAg 
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positive viremic donors, often contains HBsAg p33 and p36 as the most 

prominent of the minor components (875). The other population, from 

anti-HBe positive donors, often demonstrates little or no p33 and p36 

(875), again suggesting a strong correlation between the appearance of 

these polypeptides and the receptor for polymerized albumin. If the 

virus uses a polymerized albumin bridge to successfully infect hepato

cytes, then the ratio of these HBsAg populations should be variable 

among carriers and within a single carrier. Variable protein composi

tion of HBsAg particles has been documented among different donors 

(875), and two populations of HBsAg separated by size on Biogel A5M 

also differ with respect to p33, p36 and p43 from single carrier sera 

(792). If these same surface antigen populations are described in one 

or more of the animal models infected with a HBV-like virus, then 

direct biological experiments could be carried out to discern whether 

their respective receptors for polymerized albumin alter the infec

tivity of an inoculum or the course of acute or chronic hepatitis. 

The realization that polymerized albumin may act as a bridge 

between HBV and susceptible hepatocytes suggests that antibodies to 

polymerized albumin might block formation of this bridge and thereby 

alter infectivity or the natural course of infection. Certainly a 

large variety of animals resistant to HBV infection possess a hepatitis 

B binding substance (349); usually an IgM antibody reacting with 

polymerized serum albumin (877, 878). IgM with polymerized albumin 

binding characteristics has also been documented in HBV associated 

acute hepatitis, chronic persistent hepatitis, and primary biliary 

cirrhosis (868). Although one study suggests that the IgM antibodies 

from various animals possess anti-HBs subtype reactivities (877), 

characterization of the IgM from HBsAg-IgM complexes in some acute and 

chronic patients' sera found no anti-HBs reactivity (879, 880). Indeed, 

the blocking of the HBsAg-IgM reaction by human PSA is consistent with 

these antibodies having anti-PSA reactivities (879, 880). In natural 

infection these antibodies were observed transiently in nearly all 

patients with acute hepatitis, in approximately one quarter of those 

that progressed to chronicity, and in nearly half of those with 

inactive and asymptomatic chronic infection. Although these antibodies 

provided a marker for transition to chronicity, their presence did not 
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correlate with markers of viral replication (879, 880). In case 

reports, low levels of apparently anti-HBs IgM (800, 801), much like 

those levels of anti-HBs IgM documented in animals (877, 878), failed 

to protect individuals from acute hepatitis B following exposure. 

Although it has not been demonstrated, if these antibodies are against 

polymerized albumin, then they were clearly not protective under these 

circumstances. The finding of anti-HBs in the absence of anti-HBc in 

other groups of people (881, 882) suggests that they may not be immune 

to HBV in all cases, and that those susceptible individuals experi

encing acute hepatitis have a greater chance of progressing toward 

chronicity (879, 880). 

DANE PARTICLE "SPECIFIC" ANTIGENIC DETERMINANTS 

It is generally recognized that the determinants of HBsAg are 

shared among small spherical HBsAg, variably long filamentous forms, 

and Dane particles (19). However, there is accumulating evidence 

indicating that Dane particles and, to some extent, filamentous forms 

also possess distinct antigenic determinants not found on small spheri

cal surface antigen. For example, the serum from some patients with 

acute hepatitiS B contained antibodies which specifically precipitated 

radiolabeled Dane particles (389). A high frequency of individuals 

having self-limited acute HBV infection (71% of 31 patients) possessed 

this type of antibody specificity, which usually disappeared in those 

cases progressing to chronicity. Further, 42% of asymptomatic carriers 

with normal liver histology and 13% of those having chronic hepatitis 

demonstrated this type of specificity (390). Aggregates composed 

almost entirely of Dane particles have been observed by electron 

microscopy in HBsAg positive sera in the absence of anti-HBs (391-394). 

Treatment of Dane particles with 0.01% mucasol, chloroform, or 0.25% 

deoxycholate resulted in greatly increased aggregation, suggesting that 

most if not all of these specific antigenic sites are cryptic in nature 

and that they become exposed following partial denaturation of the 

envelope components (391). Independent observations have demonstrated 

that native Dane particles show a line of identity with 22 nm HBsAg 

spherical particles by immunodiffusion, while a distinct precipitation 

line was formed following mild Tween 80 treatment of Dane particles 
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but not after like treatment of small spherical HBsAg (395). The 

antibody specificities against Dane particle determinants were further 

shown not to be cross-reactive with any known reactivities in the 

nucleocapsid of HBV, including HBcAg and HBeAg (395). At least some of 

these antibodies have recently been shown to bind the Dane particle 

associated receptor for polymerized albumin (973). 

ANTI-HBs MONOCLONAL ANTIBODIES 

The generation of monoclonal IgM antibodies against small spherical 

HBsAg particles has resulted in the establishment of a highly sensitive 

assay for the detection of surface antigen (302, 305). Further studies 

with this assay soon revealed a high binding activity in the sera of 

HBV infected individuals which was unreactive with conventional anti

HBs in standard assays (396). Characterization of the material by 

immune electron microscopy and SDS-PAGE revealed surface antigen-like 

properties (396), suggesting that the determinant recognized by IgM 

monoclonal antibody 5D3 was different from that recognized by hetero

specific anti-HBs raised in guinea pigs. Isolation of 5D3 binding 

"HBsAg" by affinity chromatography was accomplished from the sera of 

patients showing acute and chronic inflammatory liver diseases without 

evidence of HBV markers and from the sera of asymptomatic individuals 

suspected of transmitting acute hepatitis (397). This material weakly 

cross-reacted with HBsAg following 100-fold concentration (by volume) 

and using heterospecific anti-HBs. These results indicate that HBV 

infected patients possess additional HBsAg-like particles virtually 

lacking antigenic reactivity with reagents used to detect the common 

"a" determinant(s) of HBsAg. Whether these particles are an altered 

form of HBsAg or represent an HBV associated but distinct infectious 

agent present in HBsAg negative acute and chronic liver disease is 

still to be determined. 

The association of HBsAg with the membrane of infected hepatocytes 

in chronic HBV carriers often demonstrating one or more markers of 

viral replication suggests that HBsAg may serve as a target for 

specific humoral immune responses, leading to the eradication of at 

least some HBV infected cells (348, 452, Figure 2). Anti-HBs mono

clonal IgM 5D3, IgG2a or IgGI antibodies were individually tested for 
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their ability to specifically bind to and lyse target cells in the 

presence of complement (787). The target cells used were from the 

human hepatoma cell line PLC/PRF/S, which possesses membrane associated 

HBsAg (788, 789). Although each of these monoclonal antibodies bound 

to different antigenic determinants on HBsAg particles, and all bound 

specifically to PLC/PRF/S cell membranes, only IgM and IgG2a monoclonal 

anti-HBs specifically lysed the cells in the presence of complement. 

Balb/c male nude mice injected intravenously with IgM anti-HBs or 

intraperitoneally with IgG2a anti-HBs, followed by challenge with 

PLC/PRF/S hepatoma cells, resulted in suppression of tumor growth or 

formation in more than half of the mice (760). Although nearly all of 

the control mice injected with PLC/PRF/S cells grew large tumors, 

suggesting that the effects of antibody injection were statistically 

significant, the mechanism(s) by which these monoclonal antibodies 

altered tumor growth remain(s) to be elucidated. Interestingly, 

lymphocytes from HBsAg carriers produce anti-HBc but not anti-HBs in 

pokeweed mitogen stimulated cultures (791). Further investigation of 

this result using mixed cultures containing control or carrier B or T 

cells demonstrated an apparent specific B lymphocyte defect in anti-HBs 

production in some cases and a defect in T helper function in others 

(791). Since the serological profiles of many chronic carriers are 

positive for HBsAg and anti-core, a partial or total shutdown in 

anti-HBs production might permit persistence of scattered groups of 

infected cells which could eventually expand into clones of preneo

plastic or neoplastic tissues. 

Monoclonal anti-HBs have been made that detect different deter

minants on HBsAg particles and are being used to better resolve the 

antigenic complexity of surface antigen. In one study, for example, 

clone BX182 anti-HBs reacted with the "d" subtype determinant, clones 

BX2S9 and CN324 reacted with the group specific "a" determinant(s), and 

clones BX248 as well as DN296 reacted with the "w" subtype determinant 

(303). Since the group specific "a" determinant is complex in nature, 

and monoclonal antibodies possessing anti-"a" reactivity probably vary 

in their neutralizing capabilities, it is possible that production of 

an antibody subset during infection could partially determine whether 

virus is cleared from circulation or whether persistence leading to 
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chronic disease results. Indeed, a proposed explanation for the 

simultaneous presence of HBsAg and anti-HBs in chronic carriers is that 

such carriers suffer from an inadequate antibody response or a defect 

in T helper function (382, 791, 793), resulting in progression toward 

chronic liver disease (794). Perhaps some of the same immunological 

alterations are present in those individuals unresponsive to the com

mercial vaccine as well as those having anti-HBs but still susceptible 

to HBV infection (800, 801). The finding of heterotypic antibodies in 

chronic carriers of HBV (795) as well as those with HBsAg positive 

fulminant hepatitis (796) further suggests a qualitative deficiency in 

anti-HBs response whose missing reactivities may eventually be defined 

by a panel of human monoclonal anti-HBs from vaccinated individuals or 

those having resolved infection. 

DANE PARTICLES AND HEPATITIS B CORE ANTIGEN (HBcAg) 

The discovery of 42 nm diameter, double-shelled HBsAg (Dane) parti

cles in the sera of some HBV infected patients (19, 20, 392) consisting 

of an outer envelope of HBsAg determinants, an inner 27 nm diameter 

nucleocapsid possessing antigenically distinct HBcAg (20), and a small 

circular, partially double-stranded DNA genome (42, 46) suggests the 

Dane particle as a putative virion of HBV. Some of the physical proper

ties of Dane particles are listed in Table 6. In addition, Dane parti

cle cores possess an endogenous DNA polymerase activity (48), a protein 

kinase activity (54, 55, 409), a protease activity (54) and e antigen 

activity (401, 408). In attempts to characterize each of these HBV 

associated activities, various methods have been employed to separate 

and purify Dane particles free from serum contaminants and from the 

other HBsAg forms. Most studies have reported the existence of at 

least two major populations of Dane particles. Density equilibrium 

centrifugation in cesium chloride (CsCl) has resulted in Dane particle 

peaks at 1.20 and 1.25 glml (194). DNA polymerase activity was only 

found associated with the heavier of these two peaks, suggesting the 

presence of DNA in the heavier peak and its absence in the lighter Dane 

particle fractions. Attempts to demonstrate DNA polymerase activity by 

addition of exogenous templates have yielded mostly negative results, 

making it impossible to assess the presence or absence of polymerase 
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Table 6. Some physical properties of Dane particles. 

Parameter measured ref(s) result 

1. Particle diameter 19 42 nm 

2. Particle density (gms/ml); CsCl 194 1.24-1.25 
198 1.26-1.27 

41 1.24, 1. 27 
225 1. 24 
418 1. 23-1. 24 

major peak 419 1.28 
minor peak 419 1.25 

3. Particle sedimentation coefficient 225 58.5S 

4. Particle isoelectric point(s) (pH) 198 3.82 

in light Dane particles (410). Examination of sera from HBV carriers 

exhibiting low levels of polymerase activity in their blood has 

resulted in the finding of frequently high numbers of "empty" Dane 

particle cores, suggesting that the low DNA polymerase activity of 

these sera was due to the absence of nucleic acid in these particles 

(271, 410-412). Independent observations have shown light and heavy 

Dane particle peaks at buoyant density values of 1.22 g/ml and 1.24 

g/ml respectively (410, 412). Similarly, Dane particles have been 

detected at densities 1.24 and 1.27 g/ml (41). Two Dane particle 

populations have also been detected by rate zonal sedimentation (406). 

When partially double-stranded core associated HBV DNA was made fully 

double stranded in the presence of radioactive nucleoside triphosphates 

by the endogenous DNA polymerase reaction (48, 49, 557), labeled DNA 

was found only in the Dane particle fraction having greatest density. 

The variations in density values for light and heavy Dane particle 

peaks among these studies prompted closer examination of the associated 

nucleocapsids. 

Removal of the HBsAg containing envelope from purified Dane parti

cles by mild detergent treatment (20, 41, 226, 228, 399, 406, 410, 413) 

or by shearing forces (398) releases 27 nm diameter core particles, 

which possess an overall hexagonal shape and apparent icosahedral 
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symmetry by electron microscopy (Figure 4, Table 7; 226, 228, 715). 

Evidence from electron microscopy further suggests that approximately 

180 densely packed capsomers, each composed of a single core poly

peptide, make up the core particle (715). The larger capsomeric 

structures, characteristic of pentamer-hexamer clusterings, were not 

observed. Cores released from Dane particle preparations and analyzed 

by density equilibrium centrifugation resulted in populations at 

1.30 g/ml and 1.36 glml (229). Examination of each population by 

electron microscopy showed that the lighter cores were penetrated by 

stain, suggesting they were "empty" and, therefore, lacking DNA, while 

heavy cores did not take up stain and probably contained viral DNA 

(228). Further, light cores showed smooth surfaces and reacted with 

human anti-HBc by immunodiffusion, while heavy cores showed a ragged 

surface and did not form a precipitin line. It is possible that the 

ragged surface of heavy cores may be due to the presence of incom

pletely removed envelope components, to the presence of bound anti-HBc, 

or to the presence of as yet uncharacterized "matrix" protein which may 

block HBcAg reactivity in immunodiffusion (228, 229). The presence of 

anti-HBc in moderate to high titers in the sera of HBV carriers (414-

417) and the lack of ragged surface structure on core particles iso

lated from an immunosuppressed chimpanzee liver (226) suggest that at 

least some of the density heterogeneity in core particle populations 

isolated from Dane particles or liver under varying conditions could be 

due to the presence of bound anti-HBc. The presence of variable levels 

of DNA polymerase activity in light core gradient fractions, then, may 

be related to aggregation of some fraction of heavy cores with anti-HBc 

and their migration to the light core peak during centrifugation (229). 

In another study, DNA polymerase positive heavy Dane particles (1.27 g/ml) 

yielded a single peak of radiolabeled core particles at 1.38 g/ml in 

density gradients, while lower buoyant density, polymerase negative 

Dane particles (1.24 g/ml) yielded two peaks of core particles at 

1.38 g/ml and 1.325 g/ml (41). Although the appearance of a heavy core 

population (1.38 g/ml) from light Dane particles (1.24 g/ml) is in 

contrast to that observed elsewhere, where only a single population of 

light cores resulted from light Dane particle solubilization (410) and 

the polypeptide profiles of both heavy and light cores were reported 
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A 

Figure 4. (A) Electron micrograph of Dane particle derived cores. 
[Reprinted with permission from Robinson, W. S. in Comprehensive 
Virology 14:471-526 (ref. 974). Copyright 1979 by Plenum Press]; 
(B) Electron micrograph showing fine structure in a crystalline array 
of liver derived core particles; (C) The first order diffraction 
spectra of the crystalline array in (B) shows a center-to-center 
(between arrow tips) particle distance of 28.3 nm [copyright 1980 by 
Alan R. Liss, Inc. (ref. 715)]. 
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Table 7. Some physical properties of core (HBcAg) particles. 

Parameter measured 

1. Particle diameter; (E.M., liver) 
- intranuclear 
- intranuclear 

- intranuclear, extracellular 

- caps orner diameter 

2. Particle molecular weight; 
- by Sepharose 4B 

3. Particle density (gm/ml); from liver 

- liver, heavy cores 

- liver, heavy cores 
- liver, light cores 
- from Dane particles 

- from e positive serum 
- from e negative serum 
- from Dane particles at 

1. 24 gms/ml 
- from Dane particles at 

1. 27 gms/ml 
- from Dane particles 

4. Particle sedimentation coefficient; 
- Dane or liver cores 
- from e positive serum 

5. Particle isoelectric points; (pH) 
- major peak 
- minor peak 

- from Dane particles 
- radiolabeled liver/Dane 

particles 
- from liver 

57 
715 
400 
19, 20, 
226, 636 
715 

437 
45 

636 
45 

4l4a 
44 

636 
135 
135 
419 

45 
43 
43 

41 

41 
421 
410 
228 
194 
229 

48 
45 
43 
44 

43 
198 
198 
419 

45 
45 

result 

21-25 nm 
28.3 nm 
27-30 nm 
27-28 nm 

4.0-4.2 nm 

1.3 x 10-17 ~ms 
8.5-9.0 x 10 

da1tons 

1.30 
1. 33 
1.358 
1.32 
1.30 
1. 35-1. 36 
1. 30-1. 33 
1. 36 
1. 28-1. 32 
1.28-1.30, 1.358 
1. 28-1. 30 

1. 325, 1. 38 

1.38 
1.30 
1.30, 1.36 
1. 28-1. 30 
1.31 
1.28-1.32, 
1. 35-1. 36 

1105 
l24S 
70S, 1105 
110S 

4.0-5.8 
4.15 
4.7 
4.4 

4.0 
3.7 
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Table 7. (Cont.) 

Parameter measured 

6. Particle symmetry 

- number of capsomers 
- T value 
- rotational symmetry 

7. Half life; in sucrose (4°C) 

8. Width of core shell 

226, 228, 
400, 715 
715 
715 
715 

44 

715 

result 

icosahedral 

180-190 
3 
5 fold axis 

22 days 

3.5 nm 

the same by Coomassie blue staining (41), one or more minor polypeptides 

having polymerase activity may be absent from the population of light 

Dane particles, resulting in polymerase negative cores having high 

density. The analysis of cores released from Dane particles purified 

away from anti-HBc by repeated pelleting through sucrose gradients 

resulted in three populations of core particles banding at 1.355 g/ml, 

1.33 g/ml and 1.30 g/ml in CsCl density equilibrium gradients (413). 

Both heavy and intermediate density core particles contained DNA 

polymerase activity. However, the intermediate HBcAg population demon

strated a higher HBcAg:DNA polymerase activity ratio than was observed 

in heavy cores, suggesting a greater number of HBcAg polypeptides or 

determinants in the intermediate population in comparison to the heavy 

core population. Despite these differences in buoyant density, DNA 

polymerase positive populations of HBsAg (1.355 g/ml and 1.33 g/ml) 

sedimented together in rate zonal analysis, while DNA polymerase nega

tive light cores (1.30 g/ml), making up the dominant peak in equilib

rium centrifugation, sedimented at a slower rate. Analysis of the 

sedimentation coefficient of HBV DNA radiolabeled by the endogenous 

polymerase reaction and quantitation of the incorporated radioactivity 

indicated that the differences in density between the two polymerase 

positive peaks were not due to major differences in the characteristics 

of the nucleic acid. If, as the HBcAg:polymerase ratios suggest, the 

intermediate HBcAg population is composed of a larger number of poly

peptides and/or antigenic determinants than heavy cores, and cleavage, 
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followed by release of some of this material as soluble peptides, 

results in a shift from intermediate to heavy cores, then the differ

ence among these populations may be one of polypeptide assembly. The 

recent finding of cysteine as the carboxy terminal amino acid residue 

of the major core polypeptide (716), combined with the suggestion that 

each core particle associated capsomer is a single core polypeptide 

(715) which does not resolve on SDS-gels in the absence of reducing 

conditions (792) implies that the capsomers are held together by 

disulfide bonding. If an intermediate HBcAg population is the immedi

ate precursor of heavy core particles, then its conversion to fully 

mature core particles would be accompanied by cleavage and release of 

core associated polypeptides or polypeptide fragments having e antigen 

activity. Treatment of heavy Dane particles with 0.1% sarkosyl and 

0.1% 2-mercaptoethanol, for example, resulted in the release of core 

particles and soluble e antigen material (406). Further exposure of 

these core particles to stronger conditions (1% sarkosyl and 0.1% 

2-mercaptoethanol) resulted in further release of HBeAg. Indeed, part 

of the difference between intermediate and heavy density core particles 

may be the presence of larger numbers of e reactive polypeptides in the 

intermediate population compared to the heavy HBcAg population, as 

suggested by the separation of two polymerase positive core peaks by 

rate zonal sedimentation (406). The purification of heavy core 

particles by affinity chromatography using anti-HBc IgG-conjugated 

Sepharose 4B or by density equilibrium centrifugation in CsCl, followed 

by sedimentation in CsCl, resulted in the release of e antigen activity 

which was located at the top of the gradients (4l4a, 792). HBeAg activ

ity was also released from intact cores following incubation in 2.5 M 

CsCl, pH 7.5, or by treatment of intact cores with 6 M urea. Both the 

morphology and HBc antigenicity were retained following these treat

ments (846, Table 8). Further, the finding of both heavy (1.358 g/ml) 

and light (1.28-1.30 g/ml) core populations in e antigen positive sera, 

the presence of only light cores (1.28-1.30 g/ml) in e antigen negative 

sera (43), the detection of e activity in heavy but not light cores, 

the release of further e antigen activity to the top of the gradient 

upon resedimentation of heavy cores (4l4a) and the identification of 

some of these released constituents as core related polypeptides by 
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Table 8. Effects of various treatments upon the integrity of HBcAg 
particles. 

Antisenici tr 
Treatment Moq:!holosr HBcAS 

1. heating; 37°C, 10 hrs - (846) + (846) 
37°C, 20 hrs + (400) + (400) 
56°C, 4 hrs - (846) + (846) 
60°C, 20 hrs + (400) + (400) 

100°C, 20 min - (400) - (400) 

2. freezing/thawing (10 cycles) + (400) + (400) 

3. storage; -20°C, 1 yr - (400) - (400) 

4. u.v. irradiation, 3 hrs + (400) + (400) 

5. enzymes; trypsin, 37°C, 90 min - (400) ± (400) 
trypsin, 37°C, 24 hrs - (400) - (400) 
pronase, 37°C, 90 min - (400) ± (400) 
pronase, 37°C, 24 hrs - (400) - (400) 
lysozyme - (400) - (400) 

+ (57) + (57) 
+ (43) 

lipase + (400) + (400) 
+ (57) + (57) 

DNase + (57,400) + (57,400) 
RNase + (57,400) + (57,400) 
diastase + (57,400) + (57,400) 
neuraminidase ± (400) + (400) 

+ (57) + (57) 
hyaluronidase + (57) + (57) 
phospholipase C + (57) + (57) 

6. pH changes; pH 1.8-2.9 - (400), - (400,846) 
+ (846) 

pH 2.5 + (846) - (846) 
pH 3.0 ± (400) + (400) 
pH 4.5 + (846) - (846) 
pH 5.5-10.5 - (846) + (846) 
pH 10-11.8 + (400) + (400) 
pH 11.5 ± (846) + (846) 

7. reduction/alkylation; 2-ME - (400,846) + (400,846) 
+ (57) + (57) 

- iodoacetic acid ± (400) - (400) 
- 2-ME, then iodoacetic acid - (400) - (400) 
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Table 8. (Cont.) 

Treatment 

8. denaturant; 1% SDS 

- 1% sodium deoxycholate 
- 1% Tween 80 
- 8M urea 

- 3M NH4SCN, pH 4.5 
- 3M NH4SCN, pH 6.5 
- 6M urea 
- 0.18-2.93 M formaldehyde 
- 2.5 M CsCl, pH 7.5 
- 0.15% SDS 
- 0.05% sarcosyl 

9. Other treatments; 4% formalin 
- chloroform:methanol 

(2:1 v/v) 
- 50% diethyl ether 
- 50% acetone 
- 50% butyl alcohol 
- 50% ethanol 
- 50% methanol 
- sonication 

+ = property retained following treatment 

± = property decreased following treatment 

- = property destroyed following treatment 

Antigenicitl 
MorEhologl HBcAg 

+ (57) + (57) 
± (400) ± (400) 
+ (400) + (400) 
+ (57,400) + (57,400) 
± (400) , + (400), 
+ (846) - (846) 
+ (846) - (846) 
± (846) + (846) 
+ (846) ± (846) 
+ (846) - (846) 
- (846) + (846) 

- (846) 
- (846) 

+ (400) + (400) 
- (400) - (400) 

+ (400) + (400) 
+ (400) + (400) 
- (400) - (400) 
- (400) - (400) 
- (400) - (400) 

± (4l4a) 
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tryptic peptide mapping (792) support the conclusion that core 

particles undergo slow disintegration accompanied by the antigenic 

conversion of core to e and finally by release of soluble e poly

peptides from Dane or core particles. This conclusion is further 

supported by recent results which clearly demonstrate the loss of HBc 

antigenicity with the morphological disintegration of core particles 

(846, Table 8). The detection of morphologically aberrant Dane par

ticles containing structurally abnormal or incomplete core particles 

(4l5a-c) is particularly relevant in this context, since in the cases 

where serum e antigen was assayed, it was usually found in high titers. 

If the conversion of core to e antigenic activity is a consequence of 

HBcAg maturation, as suggested above by the presence of an intermediate 

density HBcAg particle population, and/or occurs during uncoating of 

HBcAg, then the presence of e antigen would correlate most highly with 

viral replication. Further, the presence of "empty" Dane particles, 

low serum DNA polymerase, and anti-e suggest that polymerase negative 

Dane particles may be defective and interfering. That HBsAg deter

minants on Dane particles are involved directly or through a receptor 

for polymerized albumin in binding to susceptible hepatocytes further 

suggests that small spherical and variably long filamentous HBsAg forms 

also act as defective interfering particles. The establishment and 

persistence of chronic disease including the asymptomatic carrier state 

may be a consequence of the titers of these particles and the immune 

response against them. 

The recent indication that at least some of the steps in viral DNA 

replication occur within an immature core particle (188, 189) suggests 

that a more detailed examination of the core associated constituents of 

HBV and related viruses might help to elucidate the molecular details 

of viral DNA replication. Early studies have indicated that the core 

particles isolated from infected liver and from serum Dane particles 

are serologically identical (226, 229) with respect to HBcAg activity 

even though core particles resolve into a number of populations by 

density equilibrium and rate zonal analysis. The sensitivity of HBcAg 

activity and particle morphology to various physical, chemical and 

enzymatic treatments indicates that the determinant(s) is protein in 

nature (400). Treatment with lysozyme or neuraminidase, however, has 
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resulted in conflicting results as to the presence of carbohydrate (57, 

400, Table 8). While the effects of reduction upon morphology and 

antigenic integrity are minimal, reduction and alkylation of HBcAg 

particles destroyed both (400), suggesting that HBcAg activity is 

conformationally dependent involving intact sulfhydryl groups. Fur

ther, the destruction of antigenic activity, morphology or both by 

heat, acid pH, and exposure to several denaturants (400), indicate that 

hydrogen or hydrophobic bonding might also play important roles in core 

antigenic activity. The apparent resistance of tissue bound core par

ticles to proteolytic and mucolytic enzymes as well as to SDS and 2-

mercaptoethanol (57), in contrast to free core particles, indicates 

that more work of this type is needed to adequately define HBcAg deter

minant(s) on the molecular level. 

Analysis of both liver and Dane particle derived HBcAg particles by 

SDS-PAGE resulted in the appearance of a major polypeptide component 

approximately 16-22,000 daltons in size (41, 43, 44, 56, 177, 405, 407, 

4l4a, 420, 432) with few exceptions (45, 325, Table 9). The apparent 

discrepancy in molecular weight values reported for the major HBcAg 

polypeptide were resolved by the finding that this polypeptide (20,600 

daltons) could be cleaved upon incubation of intact core particles with 

anti-HBc containing sera, yielding components 14,700 and 6000 daltons 

in size (54). The recent deciphering of the amino acid composition of 

the major core associated polypeptide indicates a high percentage of 

arginine (12.9%) and leucine (11.9%) residues, frequent appearance of 

proline, glutamic acid and serine residues, and predicts a polypeptide 

with 177 amino acids and having a molecular weight of 20,079 daltons 

(432, Figure 5, Table 10). Nucleic acid sequencing of cloned HBV DNA 

isolates and identification of the various open reading frames reveals 

one which would encode a polypeptide 183-185 amino acids in length and 

having a molecular weight of 21,042 daltons (177). While the first 140 

amino acid residues deduced from this sequence are not remarkable, the 

carboxy terminal 40 residues demonstrate a protamine-like structure 

with repeated arginine residue runs separated by serine and proline 

(358, 434, Figure 5). Although there is no amino acid sequence data on 

core polypeptide, which would define its exact encoded region in the 

genome of HBV, a number of studies using subgenomic fragments of HBV DNA 
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Table 10. Amino acid composition of the major HBc/HBe reactive 
polypeptide. 

from hydrolysis from DNA nearest whole no. 
of residues 

Amino mol % - hydrolysis - DNA 
acid (432) (716) (156) (177) (536a) ( 432) (177) 

1ys 1.2 2.0 1.1 1.1 1.1 2 2 
his 2.3 2.3 2.3 2.3 2.2 4 4 
arg 12.9 13.1 13.7 13.7 14 22 24 
asx 7.3 8.0 6.3 7.4 7 12 13 
thr 5.6 5.8 7.4 8.0 7 9 14 
ser 10.3 8.4 10.3 9.7 9.7 17 17 
glx 9.6 9.9 8.6 8.0 8.1 16 14 
pro 10.2 7.6 9.7 9.1 9.2 17 16 
gly 5.1 6.0 4.0 4.0 4.3 9 7 
ala 6.3 6.9 5.1 6.3 4.9 11 11 
cys-SH 2.2 2.2 2.2 4 
val 5.8 6.0 6.9 6.9 6.5 10 12 
met 1.5 1.5 1.7 1.1 1.1 2 2 
ile 3.7 3.9 3.4 2.9 3.2 6 5 
leu 11.9 11.2 12.0 12.0 11.3 20 21 
tyr 2.4 3.6 2.9 2.9 2.7 4 5 
phe 3.9 3.8 4.6 4.6 3.8 7 8 
trp 2.2 2.2 2.2 4 

total 
amino acids 183 183 185 
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ser 
1 MET ASP ILE ASP PRO TYR LYS GLU PHE GLY ALA THR VAL GLU LEU LEU PRO PHE LEU PRO 

ser 
phe arq ala glu 

21 SER ASP SER PHE PRO SER VAL GLN ASP LEU LEU ASP THR ALA SER ALA LEU TYR ~ GLU 
phe arq ser asp 

41 ALA LEU GLU SER PRO GLU HIS CYS SER PRO HIS HIS THR ALA LEU ~ GLN ALA ILE LEU 

qlu asn 
61 CYS TRP GLY GLU LEU MET THR LEU ALA THR TRP VAL GLY VAL ASN LEU GLU ASP PRO ALA 

asp thr 
aan val ile 

81 SER ~ ASP LEU VAL VAL SER TYR VAL ASN THR ASN MET GLY LEU LYS PHE ~ GLN LEU 
ser val phe 

leu 
loi LEU TRP PHE HIS ILE SER CYS LEU THR PHE GLY ~ GLU THR VAL ILE GLU 

leu 
TYR LEU VAL 

trp ile 
121 SER PHE GLY VAL GLY PHE ~ THR PRO PRO ALA TYR ~ PRO PRO ASN ALA PRO I LE LEU 

trp ile 
ser ~ 141 PRO THR LEU PRO GLU THRTHR VAL VAL ~ ~ ~ GLY ~ SER PRO ~ ~ ~ THR 
ser 

161 PRO SER PRO ~~~~SER 
pro 
GLN SER PRO ~ ~ ~ ~ SER GLN SER ARG GLU , 

I 
, 

181 SER GLN CYS 

Figure 5. Proposed amino acid sequence of the major core antigen 
associated polypeptide (p22) derived from nucleic acid sequences. 
[Reprinted with permission from Tiollais, P., et al. in Science 213: 
406-411. Copyright 1981 by the American Association for the 
Advancement of Science (ref. 358)]. 

including this region have successfully resulted in the production and 

detection of core reactive material (167, 172, 176-179, 435, 436, 797-

799). The finding of 4 cysteine residues in core polypeptide (432), 

that one of these residues may be the carboxy terminal amino acid (177, 

358), and that core polypeptide does not resolve on SDS-gels if HBcAg 

is not reduced (792) suggest the presence of both intra- and inter

molecular disulfide bonds in intact HBcAg responsible for both morpho

logical and antigenic integrity. The proposed carboxy terminal prota

mine structure of core polypeptide also suggests that it may possess 

DNA, RNA or both binding capabilities, although this has not yet been 

demonstrated. In addition to the CD spectra of intact or disrupted 

antigen (716), when each of the amino acids in the proposed sequence of 

the major core polypeptide is assigned a value defining its tendency to 

form or disrupt secondary protein structure (155, 177, 293), the amino 

terminal portion of the molecule shows considerable alpha helical 

conformation, while the carboxy terminal 40 amino acids seem to show 
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mostly nonhelical-random coil structure. The center of the molecule 

seems to be best characterized by beta sheet conformation, as deduced 

from CD spectra (716), suggesting that core polypeptide may possess 

several distinct structural domains. Further studies of the like 

carried out to define some of the HBsAg determinants on the molecular 

level will undoubtedly bring about a better understanding of core 

antigenic activity and its relationship to the other activities of the 

HBV nucleocapsid. 

SDS-PAGE of the components present in purified cores from liver or 

Dane particles has resulted in a variable number of minor polypeptide 

components both larger and smaller than the major component described 

above (Table 9). Two studies have described minor high molecular 

weight bands at 25-27,500 daltons in size (56, 420). Although this is 

the molecular range of immunoglobulin light chain, which is often 

present in preparations of core particles, tryptic peptide mapping of 

this band has shown it to be highly related to the major core poly

peptide and not to IgG light chain (56). Identical analysis of GSHcAg 

associated polypeptides also revealed a band in the same region of the 

gel (26,000 daltons) having a similar relationship to its major core 

polypeptide (20,500 daltons) (56). In both viruses, these minor higher 

molecular weight polypeptides shared approximately two thirds of the 

spots on their peptide maps with that of their respective major core 

components, suggesting unique sequences in these higher molecular 

weight constituents. Further, a larger number of·studies describe a 

minor component between 35,000 and 43,000 daltons (43, 44, 56, 4l4a, 

420, Table 9). Although it is not known whether these values represent 

a single molecular entity, tryptic peptide mapping of a core associated 

polypeptide with an apparent molecular weight of 40,000 daltons showed 

that it was highly related to both the 27,500 dalton band and the major 

(22,000 dalton) HBcAg polypeptides. A 37,500 dalton band in the GSHsAg 

profile was similarly related to its core components (56). Further, 

the 40,000 dalton and 37,500 dalton bands of HBcAg and GSHcAg, respec

tively, shared only 60% homology with their respective major polypep

tides and also include many of the spots unique to the 27,500 dalton 

and 26,000 dalton bands of HBcAg and GSHcAg, respectively, when each 

was compared to its major polypeptide. Since the variably appearing 
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polypeptides greater than 40,000 daltons resulted in peptide maps 

suggesting aggregation, it has recently been proposed that these pair 

of higher molecular weight components are unique translation products 

of the core antigen gene of each virus (56). The implications of these 

results upon the genetic organization of the core antigen gene will be 

discussed below. 

ANTI-HBc 

Although a direct role for one or more of the core antigen 

associated polypeptides in viral replication has not yet been defined, 

the presence of anti-HBc in acute and chronic hepatitis has been found 

associated with both infectivity and replication. Several studies 

suggest that blood containing high titers of anti-HBc is infectious 

(438, 439, 441, 458). High titer anti-HBc of the IgM class has been 

found in patients with acute hepatitis at approximately the same time 

that serum e antigen, transient DNA polymerase and clinical disease are 

present (61-64, 414, 440, Figures 2 and 6). The high titer of HBsAg 

particles during acute hepatitis and the prevalence of cytoplasmic 

surface antigen and nuclear core antigen in the preclinical stage of 

acute disease (348) suggest that replication in the preclinical stage 

is followed by production of infectious virions and a vigorous anti-HBc 

response resulting from HBcAg synthesis and maturation. The presence 

of these antibodies in acute HBV infection, however, does not signal 

the beginning of recovery from clinical disease, indicating that 

anti-HBc possesses no eliminating or protective function (414). The 

frequently rapid decline in HBsAg titers to nondetectable levels 

following acute disease and the variable appearance of anti-HBs during 

this same period means that anti-core may well be the only serological 

marker indicating HBV infection following acute hepatitis (444). 

Indeed, the screening of surface antigen- and anti-HBs-negative sera 

for anti-core following acute viral hepatitis has indicated the 

presence of HBV in these cases (62, 63, 442). Following acute viral 

hepatitis with HBV, the titers of IgM anti-core often decrease over 

many months or years and may disappear, indicating little or no HBcAg 

synthesis and suggesting cessation of viral replication (443, 448). 

Alternatively, the persistence of high titers of anti-core IgM 
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Figure 6-1. Four serologic profiles of hepatitis B virus markers 
during acute infection. (A) RBeAg seroconversion to anti-RBe without 
delay; (B) As in (A), except that seroconversion to anti-RBe was 
delayed; (C) Short-lived anti-RBc and anti-RBs; (D) A demonstration of 
long-lived anti-HBc. 

following acute hepatitis is often associated with continued expression 

of one or more viral antigens in liver, continued viral replication, 

and progression to chronic disease or carrier state (61, 63, 440, 445, 

Figure 6). In chronic aggressive hepatitis (CAR), high titers of anti

core IgM have been found with large numbers of Dane particles, high DNA 

polymerase activity and e antigen in the sera of infected individuals 

(348, 446, 447), suggesting continued high levels of replication and 

infectivity. Most cases of chronic passive hepatitis (CPR) and some 

asymptomatic carriers also possess high titers of anti-core IgM along 

with persistently high concentrations of circulating HBsAg particles 

and few Dane particles (348). In those carriers possessing e antigen, 

'DNA polymerase elevated serum enzyme levels and HBsAg concentrations 
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2A CHRONIC ACTIVE DISEASE 

21 ASYMPTOMATIC CARRIER 

ANTI-HI. I 2C RESOLVED CHRONIC ACTIVE 
DISEASE 
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YEARS 

Figure 6-2. Three serologic profiles of hepatitis B virus markers 
during chronic infection. (A) Persistence of HBsAg and HBeAg; 
(B) Persistence of HBsAg and anti-HBe; (C) A long persistence of HBeAg 
followed by emergence of anti-HBe. 

greater than 80 vg/ml, over 90% also possessed anti-HBc IgM (417). In 

comparison, a substantially lower percentage of carriers (60-70%) 

possessing anti-HBee, no DNA polymerase activity, normal liver enzyme 

levels and HBsAg concentrations less than 80 Vg/ml also had detectable 

anti-core IgM (417). These results suggest that while anti-core IgM 

may reflect viral replication under most circumstances, its finding 

together with anti-HBe suggests that this is not the case. In asympto

matic chronic carriers, several studies have consistently demonstrated 

low titers of anti-HBc IgM (62, 63, 442, 809), while others have found 

no anti-HBc IgM or insignificant titers in similar groups (802, 807, 

808, 813). While the significance of these findings is not clear, the 

presence of anti-HBc IgM in chronic hepatitis seems to correlate best 

6 
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Figure 6-3. Three serologic profiles of hepatitis B virus markers of 
"silent carriers." (After disappearance of HBsAg and HBeAg, there was 
a long delay before seroconversion to anti-HBe.) (A) 4-year window; 
(B) 2-year window; (C) Anti-HBe and anti-HBc appeared without detection 
of the corresponding antigens. No anti-HBs was detected in any of the 
cases. [Figure 6 reprinted from L. Overby, in Viral Hepatitis: 1981 
International Symposium, Szmuness, W., et al., eds. Copyright 1982 by 
permission of the Franklin Institute Press (ref. 975)]. 

with severe liver disease independent of markers indicative of viral 

replication (802, 803). Further, it has recently been suggested that 

in carriers demonstrating normal liver functions and low infectivity, 

persistent production of HBcAg might not be synonymous with continued 

synthesis of infectious HBV and that another component, possibly e 

antigen, may be necessary for complete particle assembly (416). Since 

the major core antigen polypeptide in intact HBcAg particles is cleaved 

in the presence of anti-core to a polypeptide having similar character

istics to soluble e antigen, the presence of persistently high anti

core titers in carriers and those with chronic hepatitis may playa 

negative role in favoring persistence of infectious virus in which the 

generation of e antigen is an essential part. 
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Although it is well established that anti-HBc IgM represents part of 

the primary response against HBV in acute infection (62, 63, 802-810), 

there is some confusion concerning its presence and significance in the 

asymptomatic carrier state. Infection with HBV, followed by acute hepa

titis, often results in high anti-HBc IgM titers which decrease to low 

or undetectable levels within months after recovery from acute disease. 

High titers of anti-HBc IgM have also been observed in cases of HBV 

associated fulminant hepatitis and have diagnostic value, especially in 

cases where patients are HBsAg seronegative (814). Interestingly, if 

anti-HBc IgM is a marker of recent HBV infection, then the absence of 

this marker in 51 HBV infected children born to HBsAg seropositive 

carrier mothers suggests that infection could take place at birth from 

contact with contaminated maternal blood and not from transplacental 

transmission in utero (806). Although HBV markers have been found in 

cord and venous blood of neonates born to HBsAg carrier mothers, and a 

number of HBsAg seropositive neonates have remained as chronic carriers 

(815-817), the disappearance of HBsAg after several weeks in some 

infants followed by the appearance of clinical hepatitis several weeks 

later (815, 818) suggests that both transplacental transmission or 

transmission during birth might be operative in different individual 

cases (806). The significance of the anti-HBc response is that it may 

identify infants infected at birth who would benefit from immediate 

vaccination and thereby reduce the number of childhood chronic HBV 

carriers (806). The measurement of anti-HBc IgM in acute hepatitis is 

also useful in discerning etiology, since it is present in acute hepa

titis associated with HBV infection, but absent in acute hepatitis due 

to other factors (802, 805). Importantly, the absence of this antibody 

in HBsAg carriers experiencing an episode of acute hepatitis suggests 

that the acute disease is due to infection with an agent other than HBV 

(802, 804, 805) and will provide an assay useful in differential 

diagnosis of type Band non-B acute viral hepatitis. 

In addition to anti-core IgM, the humoral immune response to HBcAg 

also results in the production of anti-core IgG, which has become a 

marker of past infection (448). Anti-core IgG has recently been eluted 

from the hepatocyte plasma membrane in cases of CAR, and its presence 

has been found associated with active virus replication (449-451). 
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Antibodies against other HBV specificities or liver cell membrane 

components have not been found. Although HBCAg has been found associ

ated with hepatocyte membranes by immunofluorescence (58, 452), further 

studies by electron microscopy have demonstrated HBcAg particles only 

in the intracytoplasmic submembraneous region (58), suggesting that 

core particles are not directly exposed to the exterior of the hepato

cyte (453) but does not exclude the presence of individual core reac

tive polypeptides in the plasma membrane. The latter alternative is 

unlikely, however, because enveloped viruses do not usually express one 

or more nucleocapsid components on the plasma membrane of infected cells. 

Further characterization of the bound immunoglobulin has revealed only 

IgGl and IgG3 subclasses, which bind complement and could potentially 

serve a cytolytic function. However, the lack of correlation between 

the presence of anti-core IgG and severity of liver lesions (454) 

argues against a cytopathologic role and suggests that these antibodies 

bind through an Fc receptor on the hepatocyte cell membrane. Cyto

philic antibodies could bind soluble antigen and antigen-antibody 

complexes and result in attachment of Fc receptor bearing non-antigen 

specific cytotoxic lymphoid cells to infected hepatocytes. If anti-

core penetrates the infected cells and forms immune complexes with 

nuclear core particles, cycolysis of such cells would rapidly occur, 

releasing Dane particles which may further chronic infection, espe

cially under circumstances where anti-core titers are high and anti-HBs 

titers are low or non-existent (725). Alternatively, the binding of 

such antibody to hepatocytes could result in the blocking of one or 

more antigenic sites vital for recognition and elimination of infected 

cells. Finally, the binding of cytophilic antibody might induce or 

suppress expression of one or more HBV genes, thereby affecting the 

course of viral replication. Indeed, immunologically mediated altera

tions in viral gene expression have been documented for several systems 

(455-457), and the likelihood of this being the case in HBV can only be 

answered with further work, perhaps making use of the animal models 

(120, 151-154, 370). 
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HEPATITIS B e ANTIGEN (HBeAg) 

HBeAg and infectivity. 

A third antigenic specificity associated with HBV infection, 

designated as e antigen or HBeAg, was found in the sera of some 

individuals with acute or chronic hepatitis as detected by immuno

diffusion (51, 52, 459). The screening of HBsAg positive sera from 

hemodialysis patients for this antigen revealed a close correlation 

between the presence of e antigen and infectivity (51, 52). The 

transmission of HBV from e antigen positive sera through needlestick 

exposure (462, 463, 819) or by injection of such sera into susceptible 

chimpanzees (464, 465) confirmed this close association. Further, the 

transmission of HBV among sexual partners (466) and from mother to 

newborn (467-470, 720, 816, 817, 824, 825) has also demonstrated a 

similar relationship. HBeAg was also found in greater association with 

HBsAg positive chronic than with acute hepatitis (460, Figure 6) and 

found as well in a subset of chronic carriers demonstrating persis

tently abnormal liver function tests and severe clinical disease (460, 

461, 469, 473, 477, 486, 819-821). Although associated with chronic

ity, the presence of HBeAg did not always correlate with the type or 

severity of liver disease after HBV infection, nor with elevated serum 

transaminase levels (473). Occasionally, HBeAg has been found in the 

serum of asymptomatic carriers with no liver involvement (402, 473), 

while anti-e has been found in some patients with chronic liver disease 

(476-478). In assessing the role of HBV markers in acute and chronic 

disease, resolution of acute hepatitis was often characterized by the 

rapid elimination of HBeAg, the slower removal of circulating HBsAg and 

the sequential appearance of anti-core, anti-e and anti-HBs (Figure 6). 

In comparison, progression to chronic hepatitis is often accompanied by 

persistence of both surface and e antigens in the sera of infected 

individuals, suggesting that the long-term persistence of HBeAg is 

associated with development of chronic liver disease and a poor prog

nosis, while seroconversion to anti-e following acute hepatitis often 

results in a favorable prognosis and recovery (479). Indeed, when the 

e antigen/anti-HBe status of 25 chronic HBV carriers were serially 

assayed over a period of 1 to 6 years, nearly half spontaneously 

seroconverted from HBe to anti-HBe. This occurred in rough parallel 
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with decreased aminotransferase levels and disappearance of markers 

indicative of viral replication as well as decreases in HBsAg titer 

(823). The disappearance of clinical and biochemical evidence of 

active liver disease in those who seroconverted to anti-HBe stood in 

contrast to those who did not spontaneously seroconvert, suggesting 

that anti-HBe or antibodies associated with it are important in the 

resolution of chronic active hepatitis (823). The risk of virus 

transmission, due to the presence or absence of e antigen, has since 

suggested the division of HBsAg carriers into two grouPJ: one having e 

antigen and being highly infectious, and the other demonstrating no e 

antigen or having anti-HBe and being much less infectious (471, Figure 

7). That anti-HBe containing sera could transmit infection at a much 

lower frequency than e antigen positive sera, however, has also been 

documented (464, 475). 

The relationship between HBeAg and infectivity, established above, 

not only suggests ways in which important sources of transmission could 

be eliminated through vaccination but also suggests that e antigen is 

in some way correlated with the presence of actively replicating HBV. 

The sera of asymptomatic carriers having anti-HBe contained few if any 

Dane particles and no detectable DNA polymerase activity (471-474). 

However, sera from a sick carrier and from five of six hemodialysis 

patients tested had e antigen and all had relatively large numbers of 

Dane particles as well as high serum DNA polymerase values (471). 

Similarly, 21 of 22 HBeAg positive carriers were also polymerase posi

tive, 13 e antigen negative patients were polymerase negative, and 

three of four patients seroconverting to anti-HBe showed a loss of DNA 

polymerase activity (472). Similar results were obtained elsewhere 

(428). Assessment of Dane particle morphology by electron microscopy 

in HBsAg positive, persistently infected patients, either positive or 

negative for e antigen, showed the presence of mostly complete (DNA 

polymerase positive) or full Dane particles in HBeAg positive sera, and 

incomplete (DNA polymerase negative) or empty Dane particles in sera 

containing anti-HBe (478). This was especially true of patients with 

CPH and CAR. The finding of DNA polymerase negative, presumably non

infectious, empty Dane particles in anti-HBe containing sera (478), the 

disappearance of membrane bound IgG anti-core following seroconversion 
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HBeAg PHASE ANTI-HBe PHASE 
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Figure 7. HBeAg and anti-HBe phases of HBV infection. HBV-related 
antigens in the hepatocyte and serum, as well as some epidemiologic and 
clinical aspects of the two phases of HBV infection, are illustrated. 
[Reprinted from Miyakawa, Y. in Viral Hepatitis, 1981 International 
Symposium, Szmuness, W., et al., eds. Copyright 1982 by permission of 
the Franklin Institute Press (ref. 437)]. 

to anti-HBe (449), and the possible role of empty Dane particles as 

defective interfering particles (481) suggest that the appearance of 

anti-HBe results in a specific immunological elimination or suppression 

of one or more components associated with HBV DNA replication. Indeed, 

the persistence of e antigen in serum is not only associated with com

plete Dane particles and 20 nm HBsAg, but also nuclear HBcAg, nuclear 

HBeAg, cytoplasmic HBsAg (348, 437, 480) and with detectable serum HBV 

DNA (826-828). In comparison, serum containing anti-HBe usually also 

has 20 nm HBsAg and mayor may not have empty Dane particles. Although 

the cytoplasm of hepatocytes still contains HBsAg, their nuclei are 
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devoid of both HBcAg and HBeAg (437, Figure 7). As discussed above 

with anti-core, anti-HBe may bind to the surface of infected hepato

cytes in an antigen nonspecific manner and modulate expression of these 

polypeptides. Indeed, anti-HBe has been reported being eluted from 

infected hepatocytes (512). However, if the modulation of antigen 

expression occurs through Fc receptor binding, then it is not clear why 

anti-core binding correlates with virus replication and anti-HBe 

binding does not. Alternatively, HBV may undergo an average number of 

replication cycles in hepatocyte nuclei before enough defective inter

fering genomes or genome fragments prevent the synthesis of enough core 

particle precursors in the nuclei to yield a positive result by immuno

fluorescence. If partial genomes are packaged in some "empty" Dane 

particles, and these behave as defective viruses, the presence of anti

HBe may signal the end of complete virus replication or may play a role 

in maintaining a persistent infection (410, 421, 473, 481). Inter

estingly, active liver disease is often found in carriers with anti

HBe, since one or more markers of viral replication is found in hepato

cytes, serum or both (827). This observation may explain the lower but 

present infectivity of some HBsAg and anti-HBe positive sera. Other 

carriers with anti-HBe and normal liver histology demonstrate little or 

no evidence of viral replication, suggesting that the presence of 

chronic liver disease depends upon the state of HBV replication (827). 

In fact, detectable serum HBV DNA and intranuclear HBcAg in hepatocytes 

correlated more closely with viral replication than the HBeAg status 

(827). Further, carriers with chronic hepatitis and liver disease 

often have elevated serum aminotransferase levels as well as free, 

replicating HBV DNA in the liver, while chronic carriers without 

accompanying liver disease have normal or near normal serum aminotrans

ferase levels and often demonstrate only integrated HBV DNA (105, 826). 

The transition from chronic hepatitis to the asymptomatic carrier state 

accompanied by seroconversion from e antigen to e antibody represents, 

then, a shift from replicating to nonreplicating phases in the HBV life 

cycle. Examination of the events surrounding seroconversion in a longi

tudinal study with HBeAg positive patients having clinicopathologically 

verified chronic hepatitis demonstrated an abrupt elevation in serum 

glutamic pyruvic transaminase and histological changes consistent with 
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exacerbated chronic hepatitis in 13 of 20 (65%) patients within three 

months prior to spontaneous HBeAg clearance (830). Although HBeAg 

seroconversion occurs frequently in chronic hepatitis associated with 

HBV (823, 831, 832), and the abrupt clinical as well as histological 

changes preceding seroconversion have been independently observed (833, 

834), the explanation of these events still remains speculative. 

Significantly, HBeAg was also cleared from a group of immunosuppressed 

patients, although the clearance was uneventful in that the abrupt 

changes described above occurred in very few of the patients (830). 

These results suggest that exacerbated chronic hepatitis preceding 

seroconversion may be immunologically mediated and that the response is 

directed against hepatocytes replicating HBV in which core and e anti

gens are present (826, 830). Recently, core antigen has been shown to 

be preferentially expressed in association with the cell membranes of 

hepatocytes in chronic active hepatitis (450, 632). If viral replica

tion is shut down by immunomodulation, or cells replicating virus are 

destroyed, then only cells expressing HBsAg remain. Since disease 

often resolves after seroconversion, cells expressing HBsAg alone do 

not induce further immunologically mediated cell damage under these 

circumstances (826-828, 830). 

Although seroconversion to anti-HBs often results in the resolution 

of HBV replication and chronic hepatitis, spontaneous reactivation of 

the virus in asymptomatic anti-HBe positive chronic carriers could 

occur (836). Although reactivation of HBV has been documented during 

or following cancer chemotherapy (837-839), or by immunosuppression 

following transplantation operations (840, 841), a clear role for the 

immune system leading to spontaneous reactivation is not apparent 

(836). Long-term carriers of HBV who are HBeAg seronegative or anti

HBe positive could also develop cirrhosis, hypoalbuminemia and other 

sequelae of chronic liver disease in the absence of viral replication, 

suggesting that active viral replication represented an early stage in 

the progression to advanced liver disease (842). Further, 8 out of 19 

(42%) patients with HBsAg positive liver cirrhosis developed primary 

hepatocellular carcinoma (PHC) while only 7.8% of patients with HBsAg 

negative liver cirrhosis similarly developed PHC. Again, many of those 

patients who were HBeAg seronegative or anti-HBe positive progressed 
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onto PHC within a three-year follow-up period, suggesting that active 

HBV replication became increasingly defective or suppressed during 

progression to chronic disease and liver cancer (843). 

Chemical characterization. 

The apparent central role of HBeAg in the life cycle of HBV has 

brought about widespread interest in its isolation and molecular 

characterization. This has prompted the development of more sensitive 

assays for the detection of HBeAg, including counterelectrophoresis 

(486), reversed passive hemagglutination (482) and solid phase radio

immunoassays (425, 426, 483-485). It became evident during early 

characterization that HBeAg was protein in nature (52) and that it 

behaved as a family of polypeptides demonstrating heterogeneity with 

respect to both physical and chemical properties (51, 52, 487, Table 

11). Serum derived HBeAg reactive material exhibited multiple parallel 

precipitation lines by immunodiffusion against homologous sera (51, 

52), resulting in the designation of subspecificities el (269, 487), e2 

(269, 487) and e3 (488, 489). In studying the possible clinical or 

pathological significance of these subspecificities, two studies found 

variable concentrations of el and e2 in a series of HBeAg positive sera 

(487, 491) while another consistently found el and variably present e2 

(490). Independent observations of HBsAg positive hemodialysis car

riers indicate that 95% contain el, while 80% of asymptomatic carriers 

also carry this subspecificity. The small percentage of asymptomatic 

carriers possessing both el and e2 (17%) also had higher titers of 

HBsAg, HBcAg and anti-HBc than sera from like carriers possessing el 

specificity only. In hemodialysis patients, el antigen appeared early 

after transfusion and did not correlate with onset of higher liver 

transaminase levels in the serum, while the appearance of e2 occurred 

at or just before the rise of these enzyme levels, suggesting that e2 

may be of value as a diagnostic marker for viral activity in the liver 

(494). This data indicated that el and e2 were distinct physical 

molecules, and further characterization showed that they differed in 

size and isoelectric electric point values (424). In addition, physi

cal heterogeneity has also been documented within the e2 antigen sub

specificity in sera from asymptomatic carriers when compared to sera 

from hemodialysis patients (424). Similar heterogeneity was not 
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Table 11. Some physical properties of HBeAg. 

Parameter measured 

1. density; (gm/ml) in CsCl 
of el 

2. molecular weight; (NH4)2S04 ppted (el+2) 
(in daltons) - e2 

- el 
- HBeAg 
- by Sephadex chromatography (e) 
- by Sepharose 4B-CL (HBeAg) 
- e3 by exclusion chromatography 
- el by Sephadex 

el 
- el+2 by gel filtration 
- size after 3M KCNS treatment (el) 
- liver derived HBcAg 

- serum derived HBeAg 

- IgG free HBeAg (el); gel filtration 

- IgG bound HBeAg (el+2); gel filtration 

3. sedimentation coefficient 

4. isoelectric point(s); (pH) 
IgG free HBeAg (e3) 

el 
IgG bound HBeAg (el+2) 

HBeAg (serum) 

5. electrophoretic mobility; 
- IgG free HBeAg (e3) 
- IgG bound HBeAg (el+2) 

6. solubility in (NH4)2S04; 
IgG free HBeAg (e3) in 1.33M 

- IgG bound HBeAg (el+2) in 1.33M 

52 
52, 427 

423 
424 
424 
429 
425 
403 
426 
427 

52 
431 
427 
430, 849 

430, 849 

430 

430, 849 

52, 429 

422 
424 
427 
422 
423 
424 
428 

422, 430 
422, 430 

422, 430 
422, 430 

result 

1.29 
1.3 

2.2 x 105 
0.7 - 3 x 105 
1.5 x 105 
3.24 x 105 
3.5 x 104 
3.5 x 104 
2.5 x 104 
3 x 105 
3.4 x 105 
3.39 x 105 
3 x 104 
3 x 104 
9 x 104 ' 
3 x 104 
9 x 104 ' 
2.4 x 105, 
4 x 105 
5.4 x 105 
3 x 104 
9 x 104 ' 
2.4 x 105, 
4 x 105, 
5.4 x 105 

11.6S 

4.8 
6.4 - 7.2 
4.5 - 5.0 
5.7 
4.9 
4.5 - 8.2 
5.4 

CI. globulin 
i3-y globulin 

soluble 
insoluble 
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Table 11. (Cont.) 

Parameter meas'ured 

7. Percent e subspecificities in 
- serum derived antigen; 

IgG associated 

IgG free, 
albumin associated 

849 

- liver derived antigen 849 

Other properties; 
reduction + alkylation in 8M urea 425 

- 8M urea 425 
- 8M urea + iodoacetic acid 425 
- 10 roM DTT (el) 427 
- heat; 56°C, 30 min (el) 427 
- trypsin (el) 427 
- pronase (el) 427 
- el binding to phenyl-Sepharose 

(hydrophobic support) 427 
- pH 4.5 (HBeAg) 431 

*+ antigenicity intact 
± antigenicity decreased 

antigenicity destroyed 

result 

50% el, 
50% e2 
80% el, 
20% e2 
80% e2, 
20% e2 

* 
+ 
+ 
± 
± 
± 
± 

yes 
± 

observed, however, with el (424). The study of HBeAg subspecificities 

in a group of hemodialyzed HBsAg carriers revealed that, in addition to 

el and e2, 44% of the patients had e3 antigen subspecificity as well 

(489). Immunoelectrophoretic characterization of these subspecificities 

indicated that el and e2 behaved like beta-gamma globulins, while e3 

migrated as an alpha globulin (489, Table 11). When the distribution of 

these subspecificities was ascertained with regard to different catego

ries of clinical disease, asymptomatic carriers, CAR, CPH or hemodialyzed 

patients positive for HBeAg were shown to possess high frequencies of 

el antigen alone, while a substantially smaller percentage of these 

individuals had both el and e2, and only a few percent had all three. 

Although it has been reported that HBeAg positive asymptomatic carriers 

have higher titers of HBsAg than e antigen negative or anti-HBe posi

tive carriers (486), patients within the other clinical categories 
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mentioned above show the same trend (489). Asymptomatic carriers 

possessing el antigenic activity alone also had significantly lower 

titers of HBeAg than carriers also possessing additional subspeci

ficities. Further, HBsAg positive sera containing el antigen only had 

the fewest number of Dane particles in comparison to sera having el and 

e2' The largest number of Dane particles were detected in sera posi

tive for all three subspecificities, suggesting that the presence of 

mUltiple subspecificities, especially e3, is associated with high 

levels of virus replication and production of complete Dane particles 

(489). 

While at least a portion of the heterogeneity or polymorphism of 

HBeAg may be due to the unique molecular nature of each subspecificity, 

the nature of anti-HBe or other host components binding to HBeAg might 

also substantially contribute. The finding of HBeAg precipitating IgM 

and IgG in some sera and only anti-HBe IgG in other sera (51), the 

presence of an IgM rheumatoid-like factor in some anti-HBe sera (492, 

493) directed against el only (491), and the sequential appearance of 

rheumatoid-like factor against el followed by IgG against e2 (491) 

suggest that these subspecificities elicit different types of immuno

logical response at various times after the appearance of HBeAg. A 

possible pathological role for at least some of the antibodies in the 

anti-HBe response can be appreciated from the close association of the 

HBV carrier state with HBsAg negative membranous glomerulonephritis in 

children (495). Using affinity column purified anti-HBe for conjuga

tion with fluorescein, HBeAg was detected on the renal glomeruli of 

some patients with glomerulonephritis (496). Analysis of serum derived 

HBeAg by SDS-PAGE revealed the presence of HBeAg and IgG polypeptides, 

suggesting the presence of e2 determinants in immune complexes on renal 

glomeruli. The role of anti-HBe IgG in this process is also consistent 

with the observation that seroconversion from e antigen to e antibody 

is accompanied by resolution of the glomerulonephritis. 

The chemical characterization of serum HBeAg has been hampered by 

its strong association with a variety of host components and the molec

ular heterogeneity resulting from such associations. The immunoelectro

phoretic mobility of e antigen in early studies suggested that it 

shared some properties with IgG (52, 429). Independent observations 
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indicated that HBeAg might be an immunoglobulin of the IgG4 subclass 

bearing an idiotypic determinant capable of eliciting an anti-idiotypic 

response (anti-HBe), suggesting that HBeAg may be made in response to 

HBV infection and that it blocks an effective host immune response 

necessary to inhibit virus proliferation (497). The presence of IgG 

heavy and light chains in HBeAg by SDS-PAGE, the binding of HBeAg to 

Sepharose CL-4B linked protein A, the immunoabsorption of e antigen to 

rabbit anti-human IgG, and the size estimate of HBeAg being larger than 

monomeric IgG collectively suggest that HBeAg may be a dimer of IgG or 

a determinant associated with such a dimer (429). The relationship 

between HBeAg and IgG was clarified by the finding of two physiochem

ica11y distinct molecular entities of e antigen in serum (422, 499). 

One form was soluble in 1.33 M ammonium sulfate, was smaller than 

monomeric IgG, migrated as an alpha globulin in electrophoresis and was 

not bound by a column of anti-Ig. The other form of HBeAg precipitated 

in 1.33 M ammonium sulfate, was larger than monomeric IgG, migrated as 

beta and gamma globulins in electrophoresis and was bound to an affinity 

column of anti-IgG. The smaller form, corresponding to e3 antigen 

subspecificity above, probably corresponds to free circulating HBeAg; 

while the larger form, corresponding to e1 and e2 subspecificities 

above, probably represents the IgG bound immune complex of the smaller 

form (422). In a patient with laboratory acquired HBV infection, in 

five patients with acute hepatitis, and in a chimpanzee experimentally 

inoculated with HBV, free HBeAg appeared first, followed by a gradual 

shift into IgG bound forms as the appropriate specificities of anti-HBe 

were generated (498). The detection of e antigen in a complex of one 

or more molecules of IgG, then, indicates a relatively rapid seroconver

sion to anti-HBe, lower infectivity and generally better prognosis than 

detection of free e antigen. Further characterization of free HBeAg by 

isoe1ectric focusing revealed a single acidic component having a size 

of approximately 35,000 da1tons, which yielded a single component of 

17,000 da1tons after analysis on SDS-ge1s, suggesting that serum derived 

e antigen may exist as a dimer (425). Reduction and alkylation of puri

fied e antigen in the presence of urea destroyed antigenicity, while 

exposure to 8 M urea or a1ky1ating reagent had no effect, suggesting 

that disulfide bonds are essential for reactivity and that secondary 
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and tertiary protein conformation, which are crucial for the integrity 

of HBcAg, play no major role in one or more of the e antigenic determi

nants (425). Analysis of e antigen reactive material from a 130,000 

dalton complex by SDS-PAGE yielded polypeptides approximately 66,000 

and 17,000 daltons in size (423). Although the serological specificity 

of the 17,000 dalton component was not assessed due to difficulties in 

its radiolabeling, the 66,000 dalton polypeptide bound anti-HBe, and 

migrated on SDS gels slightly faster than albumin and slower than the 

heavy chain of IgG, suggesting that it may be a multimer or precursor 

of a smaller e antigen component. A thermolabile, sulfhydryl-sensitive, 

e antigen reactive complex having a molecular weight of 300,000 daltons 

was isolated from appropriate sera under nondenaturing conditions (427). 

Exposure of this material to chaotropic ions resulted in HBeAg reactive 

material about 30,000 daltons in size, and when the latter was analyzed 

further by SDS-PAGE, a band of 17,000 daltons was resolved (427, 844). 

These data again suggest a dimer of e antigen polypeptide from serum, 

and that the molecular heterogeneity observed during purification may 

be due to the binding of HBeAg to various host cell or serum compo

nents. If HBeAg polypeptide really exists as a dimer in serum as 

suggested (427) and intact disulfide bonds are important in maintaining 

e antigen reactivity, then it is possible that at least one of the 

subspecificities is composed of amino acid sequences spanning an inter

molecular disulfide bond, while the other subspecificities are present 

on molecular domains maintained by intramolecular disulfide bonds 

and/or sequences present on either side of these disulfide bonds. The 

differing susceptibilities of intra- and intermolecular disulfide bonds 

to intracellular or serum proteases could result in a loss of the 

disulfide bonded dimer, with simultaneous loss of one serological 

subspecificity and the persistence of e antigen reactive monomers in 

either free or IgG bound form. Further cleavage of the most suscep

tible intramolecular disulfide bond in the monomer might result in the 

loss of yet another subspecificity. In the presence of a persisting e 

antigen dimer possessing all of the subspecificities described above, 

sequential loss of e3, e2 and finally el would inversely correlate with 

their frequenices in various clinical states (489) and would be consis

tent with the decreasing titers of complete Dane particles observed in 
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the absence of e3 and the even greater effect in the absence of e3 and 

e2. Since e3 antigen is the subspecificity most closely correlated 

with complete virus replication, and since e antigen is closely related 

to the major polypeptide of core antigen (see below), which may be a 

DNA and/or RNA binding protein, the integrity of the HBeAg dimer, sig

naled by the presence of e3, may playa vital role in directly stimu

lating one or more aspects of viral replication. The destruction of 

the dimer, signaled by the destruction of e3, may result in nonfunctioning 

or weakly functioning monomers of HBeAg. The binding of several anti-HBe 

monoclonal antibodies to isolated e antigen polypeptide revealed two 

antigenic subspecificities (437, 845). The relationship between these 

subspecificities, designated ~ and ~, and the three subspecificities 

described above has not been clarified by these studies. Indeed, anti

bodies directed against el, e2 or e3 individually generate specific 

precipitation lines by immunodiffusion, while both anti-a and anti-b 

were required to form a precipitation line in the same assay. The fact 

that the original serological subspecificities were defined with anti

bodies in whole sera, while the latter analyses were carried out with 

monoclonal antibodies, suggests that either the subspecificities assayed 

in these two circumstances are different or that antibodies directed 

against el' e2 or e3 in whole sera really consist of a family of dis

tinct antibodies directed against each subspecificity. The presence of 

two e antigen subspecificities on a single monomeric polypeptide, how

ever, is consistent with the model outlined above. 

The basis for the physiochemical heterogeneity of HBeAg has been 

the starting point for its further characterization. Although e anti

gen activity has often been found at 1.3 g/ml on density equilibrium 

gradients (52), a substantial amount of activity has been found at 1.15 

g/ml (792, 4l4a, 427); and in one study el antigen subspecificity has 

been identified at this lower density (427). These results imply that 

the density heterogeneity is due to the binding of a subpopulation of 

HBeAg molecules to lipid and that HBeAg may possess some hydrophobic 

character. In addition to its specific binding to anti-HBe IgM or IgG, 

HBeAg has also been found associated with lactic acid dehydrogenase 

(LDH) isoenzyme 5 (500). The finding that Dane particles and variably 

long filamentous forms of HBsAg are absorbed to insolubilized anti-HBe 
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columns, that addition of anti-HBe to these large HBsAg particles 

results in agglutination, and that immunization of rabbits with these 

particles or e antigen yields antibodies which agglutinate Dane parti

cles and filamentous HBsAg, suggest that these forms possess exposed e 

antigen or e antigen-like determinants (395, 501). Small spherical 

HBsAg particles did not possess similar determinants when assayed by 

the same procedures. HBsAg particles purified from a single HBeAg 

positive chronic HBsAg carrier chimpanzee were tested for the presence 

of HBeAg before and after exposure to 1% Tween 80 (502). Intact Dane 

particles and variably long filamentous forms showed little or no HBeAg 

reactivity. However, a strong reactivity of the el antigen subspeci

ficity was detected following detergent treatment, suggesting a cryptic 

association of e antigen in HBsAg. Small spherical HBsAg from the same 

serum demonstrated similar characteristics following detergent treat

ment. Similar particles isolated from anti-HBe positive sera did not 

contain detectable HBeAg reactivity in the presence of Tween 80, sug

gesting that e antigen polypeptide from serum could become embedded in 

HBsAg particles after the latter are released from hepatocytes, or that 

e antigen becomes associated with HBsAg particles during surface anti

gen biosynthesis. The cryptic association of HBeAg with these parti

cles is also consistent with the finding that Dane particles could not 

be precipitated with anti-HBe containing sera and a second antibody 

(503, 504). Alternatively, e antigen might not have been associated 

with HBsAg in these studies. Although the presence and nature of HBsAg 

associated e antigen requires further work to resolve the apparent 

discrepancy, it is possible that the exposure of cryptic determinants 

in damaged HBsAg particles or the presence of anti-HBe rheumatoid-like 

factor in some isolates may account for these differences (403). Expo

sure of small spherical HBsAg to 0.1% sarcosyl also resulted in the 

increased detection of particle associated e antigen-like reactivity 

(505). HBeAg-like reactivity remained associated with 20 nm diameter 

HBsAg through further purification steps and persisted in levels unre

lated to HBsAg concentration or serum HBeAg titers, suggesting that 

these determinants were not acquired by simple adsorption from serum. 

Further detergent treatment of 20 nm diameter HBsAg particles resulted 

in their disintegration and release of HBeAg reactive material (502, 
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505). Characterization of this released material suggests the presence 

of polypeptides related to albumin and IgG by affinity chromatography 

and SDS-PAGE (502, 505). Neither study demonstrated the presence of 

monomeric or dimeric e antigen polypeptide by SDS-PAGE. 

HBeAg activity in Dane and core particles. 

The association of HBeAg with the various physical and biochemical 

markers of Dane particles suggests that e antigen may be part of the 

structure of these particles and correlate with infectivity and viral 

replication for that reason (401, 402, 462, 469, 471, 472, 474, 476). 

Early evidence, cited above (395, 501), suggested HBeAg reactive deter

minants on the surface of Dane particles. Further studies have failed 

to confirm this observation and instead suggest that HBeAg may be 

associated with one or more of the internal components of Dane parti

cles (401, 503, 504). Serological testing of core particles derived 

from the nuclei of hepatocytes with anti-core and anti-HBe revealed 

only core antigenic activity. Treatment of these core particles with 

2-ME and SDS resulted in a disappearance of core antigenic activity and 

the appearance of e-antigenic activity (404), suggesting that HBeAg 

reactivity exists in core particles in a cryptic form covered with 

HBcAg reactive determinants. Similar treatment of liver cores resulted 

in immunodiffusion precipitin lines that fused with a standard serum 

HBeAg, and further analyses indicated the presence of e1 and e2 sub

specificities (511). When intact core particles are treated with 2.5 M 

CsC1 at pH 7.5, HBeAg became detectable (846). Analysis of HBcAg parti

cles so treated by CsC1 sedimentation density gradient centrifugation 

resulted in two peaks of e antigen reactivity. A broad peak centering 

around density 1.38 gm/m1, corresponding to core associated HBeAg 

reactivity, was identified as e2 subspecificity. The other e antigen 

reactive peak, centering around density 1.19 gm/m1 and probably repre

senting released e antigen reactive polypeptides, was identified as e1 

specificity. Incubation of core particles in 0.1% SDS and 0.1% 2-

mercaptoethano1 at 37°C for increasing time periods, resulted in the 

appearance of e1 followed by the appearance of e2, suggesting that the 

former is released more quickly from core particles than the latter 

subspecificity (846). Further, core particles depleted of e1 were 

more morphologically liable than native cores, suggesting that e1 is 
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essential to the structural integrity of HBcAg particles (846). 

Pronase treatment of core particles also resulted in the detection of 

el and e2 subspecificities, although in this case el components were 

found to be immunochemically identical in all preparations tested while 

e2 resulted in an immunodiffusion spur, indicating only partial iden

tity with serum HBeAg (511). The partial identity reaction suggests 

that e antigen reactive polypeptides may not arise directly from the 

degradation of Dane particles but may be synthesized in excess and 

released from infected hepatocytes. 

In addition to liver derived cores, HBeAg has been detected in the 

cores of disrupted Dane particles. An early investigation revealed 

HBeAg reactivity by rheophoresis following treatment of Dane particles 

with 0.5% Tween 80 (408). Subsequently, a Dane particle rich sera 

treated with 0.1% sarkosyl and 0.1% 2-ME resulted in the release of 

intact core particles and soluble e antigen as determined by reverse 

passive hemagglutination (406). Further treatment of these core parti

cles with 1% sarkosyl resulted in the release of additional soluble 

HBeAg reactivity. As mentioned above, only DNA polymerase positive 

cores yielded soluble e antigen activity, suggesting a possible role of 

e antigen in the maturation of Dane particle cores. Independent obser

vations in which Dane particles were treated with NP40 and 2-ME failed 

to yield HBeAg reactivity on the surface of the released cores (405). 

However, additional treatment of these disrupted Dane particles with 

pronase, followed by sucrose gradient ultracentrifugation, revealed 

soluble e antigen reactivity at the top of the gradient and intact core 

particles in the appropriate density range. Treatment of the HBcAg 

positive fractions with SDS and 2-ME revealed cryptic HBeAg which, upon 

sucrose gradient ultracentrifugation, again showed soluble e antigen 

activity at the top of the gradient (405). Similar results were 

obtained elsewhere in which immunoprecipitates of Dane particle cores 

with anti-HBc IgG were chromatographed on a Sepharose 4B CL gel filtra

tion column in the presence of 3M NaSCN and the fractions assayed for 

surface, core and e antigens (403). A peak of intact core particles 

was detected at the void volume, while a small peak of HBeAg reactive 

material approximately 35,000 daltons in size followed some time later. 

Both of these studies suggest a strong association between HBeAg and 
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the core of Dane particles and that e antigen could be released from 

Dane particle cores. When Dane particles were treated with 0.1% NP40, 

both HBcAg and HBeAg reactivities were present, while treatment of Dane 

particles with 0.5-3 M guanidine-Hel yielded only HBeAg reactivity 

(848). The commercial assay used for HBeAg detection in NP40 treated 

Dane particles was blocked by anti-HBc, whereas the activity in guani

dine treated Dane particles was only inhibited by anti-HBe. These 

results suggest that e antigen activity is associated with cores after 

NP40 treatment, but that it is released from core particles following 

treatment with guanidine (848). The finding of Dane particle associ-

ated e antigen in 8 of 45 (18%) HBsAg, anti-HBe carriers with chronic 

liver disease, but not in 10 carriers with normal liver histology, 

suggests that some anti-HBe positive carriers are potentially infec

tious and continue replicating virus over a long period of time. 

SDS-PAGE of disrupted Dane particles revealed HBeAg reactivity in a 

pair of polypeptides at 19,000 and 45,000 daltons, the former component 

being the most dominant and probably corresponding to the major or a 

cleavage product of the major core antigen polypeptide (405). Analysis 

of the HBeAg reactive material at the top of liver derived core antigen 

gradients by SDS-PAGE and tryptic peptide mapping has revealed a pair 

of major bands at 19-20,000 and 40,000 daltons having peptide maps 

related to the major core antigen polypeptide (792). The lower molec

ular weight band has a peptide map very similar to that of the polypep

tide cleaved from the major core component, and the larger band (40,000 

daltons) with that of a unique high molecular weight core antigen 

associated polypeptide of the same size (56). A number of other core 

related polypeptide bands were observed being released from core anti

gen particles. If each of these core related polypeptides possess 

HBeAg reactivity, they may very well add to the physiochemical hetero

geneity of serum e antigen described above. Small fragments of HBcAg 

particles generated by exposure to NP40, 2-ME and pronase, followed by 

analysis on SDS-gels, resulted in the appearance of three HBeAg posi

tive bands at 31,000, 16,500 and 15,000 daltons (407). Heating of the 

31,000 dalton band resulted in a shift to 15,500 daltons, indicating 

dimerization of the lower molecular weight component. These results 

may well be analogous to those above in which a 17,000 dalton serum 
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derived HBeAg positive polypeptide is also often found in a dimeric 

state. Indeed, the same study showed that serum derived HBeAg poly

peptides also consisted of a low molecular weight pair at 15,500 and 

16,500 daltons, suggesting that at least some physiochemical forms of 

serum HBeAg may derive from the release of cleaved or uncleaved Dane 

particle polypeptides. The finding of serum e antigen reactive poly

peptide in the molecular weight range 15-20,000 daltons by many inde

pendent investigators suggests that a component or family of core 

derived components in this size range (Table 12) represents the basic 

unit of HBeAg reactivity (407, 423, 425-431, 433). Further, the 

molecular heterogeneity of HBeAg, dependent upon self aggregation as 

well as aggregation with host components, has recently resulted in a 

model proposing the basis for this heterogeneity (430, Figure 8). 

Interestingly, SDS denatured core polypeptide from core antigen has 

been shown to bind serum albumin (716), demonstrating a shared property 

with serum derived HBeAg (849). Further, many of the polypeptide bands 

observed on SDS-gel analysis of HBcAg and HBeAg polypeptides fall into 

multiples of this basic 15-17,000 dalton e antigen polypeptide, and at 

least some of the differences in gel profiles obtained among studies 

could be the consequence of differences in aggregation of these basic 

components. 

The presence of HBeAg reactivity in the major core polypeptide 

(19-22,000 daltons) suggested in the discussion above has been further 

substantiated by results showing that such a polypeptide could be 

immunoprecipitated with anti-HBe (405, 433). Injection of solubilized 

core polypeptides into a rabbit failed to give rise to anti-HBc in an 

early study (41). Although anti-HBe was not assayed for here, an 

independent investigation of the immunogenicity of the major core 

polypeptide demonstrated the presence of both anti-core and anti-HBe in 

comparable titers from the sera of injected rabbits (432, 437). If e 

antigenic determinants are located on the major core polypeptide as 

suggested (437), the major core polypeptide is 19-22,000 daltons in 

size, and an open reading frame on the sequenced genome of HBV is 

sought to encode such a polypeptide, then a region downstream from the 

termination of the surface antigen gene just beyond the nick in the 

long strand may be the core and e antigen encoding gene (156). 
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Mol. wt. 30 60 90 150 300 400 600 
(x 10-J)--,----r----.-----.-------.-------.--------,r--

Figure 8. A hypothetical scheme to explain the heterogeneity of 
HBeAgs. Small circles represent HBeAg, medium circles represent 
albumin and large circles represent IgG. The pI ranges are indicated 
[Copyright 1981 by the Society for General Microbiology (ref. 430)]. 

Expression of the HBV fragment encompassing only the putative core 

polypeptide in~. coli yielded bacterial extracts positive for core 

antigen by immunodiffusion, proving that core antigen reactive material 

could be generated from this genome fragment (172). HBcAg was resis

tant to treatment with 0.1% pronase but sensitive to treatment with 

0.1% SDS alone or SDS plus 0.1% 2-ME. Exposure of this extract to 0.1% 

pronase plus 0.1% 2-ME resulted in the partial breakdown of core 

reactivity and the appearance of HBeAg by immunodiffusion, showing that 

on the molecular level HBcAg could be converted to HBeAg by denaturation 

and proteolysis. If e antigen polypeptide is the component remaining 

after digestion of the protamine-like carboxy terminal portion of the 

major core polypeptide (172), as suggested by tryptic peptide mapping 

(S6, 792), the release of such a component or family of components 

would explain the presence of soluble e antigen but not core antigen 

activity in the plasma of HBV carriers and patients. 

Recent studies have further substantiated the relationship between 

polypeptides possessing core and e antigen reactivities. A panel of 

monoclonal antibodies raised against serum derived HBeAg polypeptide, 

plS.S, react with the major HBcAg component in radioimmunoassay (84S). 

The pattern of reactivities indicates that serum and core derived 
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polypeptides each possess one copy of two independent determinants 

(845). Further, purified liver cores treated with 10% SDS, 10% 2-ME 

and 8 M urea prior to SDS-PAGE yielded a major polypeptide component 

(p2l.s) in gels which reacted with anti-HBeAg/l and anti-HBeAg/2 

following transfer to nitrocellulose (846). Although these sera 

contained anti-HBc, blotting with e positive sera having anti-HBc only 

did not show reactivity. Using monoclonal antibodies directed against 

two different antigenic determinants on Dane particle derived cores, it 

was shown that intact cores and, to a much lesser extent, the isolated 

major core polypeptide reacted in a solid phase sandwich radioimmuno

assay (847). Surprisingly, when anti-HBe or anti-HBc monoclonal anti

bodies were immobilized, and the antibody of heterologous specificity 

was used as the radiolabeled tracer, both the cleavage product of the 

major core polypeptide (pls.s) and serum e antigen polypeptide (pls.s) 

were detected (847). When both coating and tracer antibody were a 

monoclonal anti-HBc, these components as well as the major core compo

nent were not detected, suggesting the monomeric (single copy) nature 

of the determinant being assayed. The detection of these polypeptides 

on plates coated with polyclonal anti-HBc and radiolabeled monoclonal 

anti-HBe suggest that in natural infection anti-HBc of some specifici

ties react with HBeAg reactive components (847). Further comparison of 

HBeAg pls.s from serum with the similar sized major core polypeptide 

cleavage product by amino acid composition suggests a high degree of 

relatedness. Carboxy terminal sequencing of these polypeptides with 

carboxypeptidase A yielded a C-terminal -thr-thr-val-val from serum 

derived HBeAg pls.s and -thr-thr from the cleaved major core poly

peptide (847). Attempted N-terminal sequencing was unsuccessful, 

suggesting that these termini were blocked (716, 847). However, 

cleavage of the major core polypeptide or HBeAg pls.s with formic acid, 

which cleaves at asp-pro linkages, resulted in a number of smaller 

fragments whose sizes corresponded to those predicted from the deduced 

amino acid sequence of HBcAg major polypeptide derived from nucleic 

acid sequence data (847). Combined with the data on carboxy terminal 

sequencing, which map to a unique position in the core gene, and the 

results using monoclonal anti-HBc and anti-HBe, it is likely that core 

and e antigens derive from the same gene. The carboxy terminus of 
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HBeAg p15.5 and the cleaved core polypeptide position the site of core 

cleavage at residues 149 and 147, respectively. This means that the 

carboxy terminal 34-36 residues of the major core polypeptide, contain

ing the highly basic polyamine structure, should be missing from HBeAg 

p15.5 as well as the major core polypeptide cleavage product. Indeed, 

tryptic peptide mapping of the major core component and its cleavage 

fragment demonstrates that cleavage results in the removal of the 

highly basic tryptic peptides present in the major HBcAg polypeptide 

(56). 

THE PROTEIN KINASE ACTIVITY IN HBcAg AND THE PROPOSED NUCLEIC ACID 
BINDING PROPERTIES OF CORE POLYPEPTIDE 

Protein phosphorylation has become an important post-translational 

modification vital to the regulation of intermediate metabolism, 

hormone activity, neurotransmission, gene expression and a variety of 

other cellular processes (513, 514). Phosphorylation occurs through 

the action of protein kinases, which are enzymes capable of catalyzing 

the transfer of the gamma-phosphate of ATP (or of other nucleoside 

triphosphates) to the hydroxyl groups of serine and threonine residues 

(513, 514). Although other chemical groups in proteins could be phos

phorylated (e.g., carboxy, amino or aromatic hydroxyl), their frequen

cies in normal cells are relatively low and their specific biological 

roles not firmly established. While many cellular protein kinases are 

characterized as being stimulated in the presence of cyclic nucleo

tides, a number of others are not stimulated any further under these 

circumstances (513, 514). Protein kinase activities copurifying with 

many viruses have almost uniformly been resistant to any further induc

tion upon addition of cyclic nucleotides, indicating that these enzymes 

are probably cyclic nucleotide independent. The recent finding and 

partial characterization of a protein kinase activity in the core of 

HBV (54, 55, 409) has revealed a number of properties analogous to like 

activities associated with vaccinia (515, 517, 518), frog virus 3 (515, 

519, 523), rabies (515, 520), vesicular stomatitis (515, 520-522), RNA 

tumor viruses (524, 525), herpes (526, 527), Sindbis (515, 528), Semliki 

Forest (515, 528), corona (516), as well as with other enveloped viruses 

(515, 529, Table 13). A strong protein kinase activity has been 



o 

T
ab

le
 

1
3

. 
C

o
m

p
ar

is
o

n
 

o
f 

th
e
 H

BV
 

a
ss

o
c
ia

te
d

 
p

ro
te

in
 k

in
a
se

 
a
c
ti

v
it

y
 w

it
h

 
th

o
se

 
o

f 
so

m
e 

o
th

e
r 

an
im

al
 
v

ir
u

se
s.

 

V
ir

u
s 

HB
V 

CM
V 

SV
40

 

V
SV

 

R
ab

ie
s 

F
ro

g
 

v
ir

u
se

s 

A
d 

p
ro

te
in

(s
) 

co
re

 
p

o
ly

p
e
p

ti
d

e
s 

51
 

K
 d

a
lt

o
n

s 

la
rg

e
 T

, 
95

 
K

 
d

a
lt

o
n

s,
 

p
o

ly
m

er
s 

V
PI

 

NS
 

N
-p

ro
te

in
 
in

 n
u

c
le

o


c
a
p

si
d

s,
 
v

ir
io

n
s 

v
ir

u
s 

p
ro

te
in

s 

72
 

K
 d

a
lt

o
n

s 

ex
o

g
en

o
u

s 
n

u
c
le

ic
 

a
c
id

 
p

h
o

sp
h

o
ry

la
te

d
 

a
c
c
e
p

to
r 

b
in

d
in

g
 

+
, 

a
t 

m
u

lt
ip

le
 

+
 p

ro
p

o
se

d
 

s
it

e
s
 

+
 

+
, 

au
to

p
h

o
sp

h
o

ry
l 

a
ti

o
n

, 
m

u
lt

, 
s
it

e
s
 

+
 

+
, 

co
re

 
p

ro
te

in
s 

o
n

ly
 

+
 +
 

+
 

+
, 

c
a
se

in
; 

Ig
G

 
o

th
e
r 

h
o

st
 

+
 

+
, 

h
is

to
n

e
s 

+
, 

p
h

o
sv

it
in

 
+

, 
c
a
se

in
 

+
, 

b
a
si

c
 
p

ro
te

in
, 

b
in

d
s 

SS
 

DN
A 

+
 

+
, 

to
 

DN
A 

p
ro

te
in

 
c
o

re
 

+
, 

b
in

d
s 

ti
g

h
tl

y
 

to
 n

u
c
le

o
c
a
p

si
d

 

+
, 

SS
 

DN
A 

o
n

ly
 



T
ab

le
 

1
3

. 
(C

o
n

t.
) 

c
y

c
li

c
 n

u
c
t.

 
st

im
u

la
ti

o
n

 

p
h

o
sp

h
o

ry
la

te
d

 
am

in
o 

ac
id

 
in

 
in

 
v

iv
o

 
v

it
ro

 
se

r,
 

th
r 

se
r,

 
se

r,
 

th
r 

th
r 

se
r,

 
th

r 
d

if
fe

rs
 
in

 s
e
n

si
ti

v
it

y
 

to
 a

lk
a
li

n
e
 p

h
o

sp
h

at
as

e 

se
r,

 
th

r 
se

r,
 

th
r 

lo
c
a
li

z
e
d

 o
n 

on
e 

en
d 

o
f 

N
-p

ro
te

in
 

se
r,

 
th

r 

se
r 

se
r 

n
a
tu

re
 

o
f 

p
h

o
sp

h
o

ry
la

te
d

 
2

ro
te

in
s 

st
ru

c
tu

ra
l,

 
n

u
cl

eo
ca

p
si

d
 

fi
rs

t 
o

f 
la

te
 

n
o

n
st

ru
ct

u
ra

1
 

p
ro

te
in

s 

e
a
rl

y
, 

n
o

n
st

ru
ct

u
ra

1
 

la
te

, 
st

ru
c
tu

ra
l 

su
b

se
t 

o
f 

st
ru

c
-

tu
ra

1
 
p

ro
te

in
s 

st
ru

c
tu

ra
l,

 
n

u
cl

eo
ca

p
si

d
 

st
ru

c
tu

ra
l 

p
ro

te
in

s 
o

f 
v

ir
io

n
 

e
a
rl

y
, 

n
o

n
st

ru
ct

u
ra

1
 

n
o

n
io

n
ic

 
d

e
te

rg
e
n

t 
c
e
ll

u
la

r 
st

im
u

la
ti

o
n

 
lo

c
a
ti

o
n

 
+

 
n

u
cl

eu
s 

n
u

cl
eu

s 

NA
 

n
u

cl
eu

s 

NA
 

cy
to

p
la

sm
, 

v
ir

io
n

 
+

 
n

u
cl

eu
s 

+
 

+
 

NA
 

n
u

cl
eu

s 



N
 

T
a b

le
 

1
3

. 
(C

o
n

t.
 ) 

p
ro

p
o

se
d

 
fu

n
c
ti

o
n

s 
? 

p
ro

te
c
ti

o
n

, 
re

p
li

c
a
ti

o
n

, 
an

d 
p

ac
k

ag
in

g
 

o
f 

v
ir

a
l 

DN
A 

in
it

ia
te

 D
NA

 
sy

n
th

e
si

s,
 

re
g

u
la

ti
o

n
 

o
f 

tr
a
n

sc
ri

p
ti

o
n

, 
tr

a
n

sf
o

rm
a
ti

o
n

, 
h

e
lp

e
r 

fu
n

c
ti

o
n

, 
DN

A 
b

in
d

in
g

 v
a
ri

e
s 

w
it

h
 p

h
o

sp
h

o
ry

la
ti

o
n

 
tr

a
n

sc
ri

p
ti

o
n

 
re

g
u

la
ti

o
n

 v
ia

 
d

if
fe

re
n

ti
a
l 

p
h

o
sp

h
o

ry
la

ti
o

n
 

m
a
tu

ra
ti

o
n

; 
k

in
a
se

 
p

ro
b

ab
ly

 h
o

st
 

in
 o

ri
g

in
; 

k
in

a
se

 
a
c
ti

v
it

y
 a

ls
o

 
fo

u
n

d
 

in
 v

ir
io

n
 

en
v

el
o

p
e 

m
a
tu

ra
ti

o
n

; 
N

-p
ro

te
in

 m
ay

 
be

 
in

a
c
ti

v
e
 
p

ro
tr

a
n

sc
ri

p
ta

se
--

a
c
ti

v
a
te

d
 

by
 

p
h

o
sp

h
o

ry
la

ti
o

n
 a

n
d

/o
r 

cl
ea

v
ag

e 

m
a
tu

ra
ti

o
n

; 
k

in
a
se

 
a
p

p
a
re

n
tl

y
 

o
f 

v
ir

u
s 

o
ri

g
in

--
p

h
o

sp
h

o
ry

la
te

s 
h

o
st

 
an

d 
v

ir
u

s 
p

ro
te

in
s 

DN
A 

re
p

li
c
a
ti

o
n

; 
do

w
n 

m
o

d
u

la
ti

o
n

 o
f 

e
a
rl

y
 
p

ro
te

in
s;

 
ts

 
m

u
ta

n
t 

a
ff

e
c
ts

 
th

e 
ad

en
o

 
a
ss

o
c
ia

te
d

 
v

ir
u

s 
m

a
tu

ra
ti

o
n

 
on

 
le

v
e
l 

o
f 

tr
a
n

sl
a
ti

o
n

 r
e
g

u
la

ti
o

n
 



w
 

T
ab

le
 

1
3

. 
(C

o
n

t.
) 

V
ir

u
s 

R
au

sc
h

er
 

M
uL

V
 

AM
V 

p
ro

te
in

(s
) 

ga
g 

12
 

K
 d

a
lt

o
n

s 

p 
15

 
K

 d
a
lt

o
n

s 
p

h
o

sp
h

o
ry

la
te

d
 

p
o

ly
m

er
as

e 

ex
o

g
en

o
u

s 
n

u
c
le

ic
 

a
c
id

 
p

h
o

sp
h

o
ry

la
te

d
 

a
c
c
e
p

to
r 

b
in

d
in

g
 

+
, 

h
et

er
o

g
en

eo
u

sl
y

 
+

, 
to

 
v

ir
a
l 

ge
no

m
e 

p
h

o
sp

h
o

ry
la

te
d

 

+
, 

p 
1

5
 
is

 
an

 a
c
id

ic
 

p
h

o
sp

h
o

-p
ro

te
in

 
+

 



.j
>

. 

T
ab

le
 

1
3

. 
(C

o
n

t.
) 

c
y

c
li

c
 
n

u
c
t.

 
st

im
u

la
ti

o
n

 

p
h

o
sp

h
o

ry
la

te
d

 
am

in
o 

a
c
id

 
in

 
v

iv
o

 
se

r 

in
 

v
it

ro
 

se
r 

n
a
tu

re
 

o
f 

p
h

o
sp

h
o

ry
la

te
d

 
p

ro
te

in
s 

e
a
rl

y
, 

st
ru

c
tu

ra
l 

re
v

e
rs

e
 

tr
a
n

sc
ri

p
ta

se
 

n
o

n
io

n
ic

 
d

e
te

rg
e
n

t 
st

im
u

la
ti

o
n

 
c
e
ll

u
la

r 
lo

c
a
ti

o
n

 
n

u
cl

eu
s 



th
 

T
ab

le
 

1
3

. 
(C

o
n

t.
) 

p
ro

p
o

se
d

 
fu

n
c
ti

o
n

s 
tr

a
n

sc
ri

p
ti

o
n

 
re

g
u

la
ti

o
n

; 
in

cr
ea

se
d

 
p

h
o

sp
h

o
ry

la
ti

o
n

 o
f 

p1
2 

=
 d

ec
re

as
ed

 
b

in
d

in
g

 
to

 R
NA

 g
en

om
e;

 
k

in
a
se

(s
) 

m
ay

 
b

e 
c
e
ll

u
la

r 
in

 o
ri

g
in

 
in

c
re

a
se

 
re

v
e
rs

e
 

tr
a
n

sc
ri

p
ta

se
 

a
c
ti

v
it

y
; 

a
ff

e
c
ts

 
re

p
li

c
a
ti

o
n

 a
nd

 
in

te
g

ra
ti

o
n

; 
k

in
a
se

(s
) 

m
ay

 
be

 
c
e
ll

u
la

r 
in

 o
ri

g
in

 

(S
ee

 
te

x
t 

fo
r 

a
p

p
ro

p
ri

a
te

 
re

fe
re

n
c
e
s)

 

R
B

V
: 

h
e
p

a
ti

ti
s 

B
 v

ir
u

s 
(5

4
, 

5
5

, 
40

9)
 

CM
V:

 
cy

to
m

eg
al

o
v

ir
u

s 
(5

8
4

-5
8

6
) 

V
SV

: 
v

e
si

c
u

la
r 

st
o

m
a
ti

ti
s 

v
ir

u
s 

(5
2

0
-5

2
2

, 
52

9,
 

5
5

4
, 

5
5

8
-5

6
1

) 
AM

V:
 

av
ia

n
 m

y
el

o
b

la
st

o
si

s 
v

ir
u

s 
(5

2
9

) 
A

d:
 

ad
en

o
v

ir
u

se
s 

(5
7

7
, 

5
7

9
-5

8
3

) 
SV

40
: 

S
im

ia
n 

v
ir

u
s 

40
 

(5
3

4
, 

5
6

6
-5

7
8

, 
5

8
2

a)
 

M
uL

V
: 

m
u

ri
n

e 
le

u
k

em
ia

 v
ir

u
s 

(5
2

5
, 

52
9,

 
56

3,
 

56
4)

 
ra

b
ie

s 
(5

2
0

, 
58

4)
 

fr
o

g
 

v
ir

u
se

s 
(5

1
9

, 
5

2
3

, 
5

2
9

, 
55

3)
 

N
A

: 
n

o
t 

a
p

p
li

c
a
b

le
 



116 

demonstrated in both serum derived Dane particles (54) and liver 

derived core particles (54, 55, 409). This activity has been shown to 

remain associated with liver cores even after extensive purification, 

indicating an intimate association with HBcAg (409). Treatment of 

intact, phoshorylated cores with excess alkaline phosphatase resulted 

in no loss of 32p, suggesting that the substrates of the kinase activ

ity, as well as the activity itself, reside within the core particles 

(409). In contrast, a substantial portion of the 32p label was removed 

by excess alkaline phosphatase following treatment of the cores with 2% 

SDS at 100°C (409). Analysis of protein kinase activity in Dane parti

cles purified by density gradient ultracentrifugation in CsCl showed 

the presence of kinase and polymerase activities in the same fractions 

(54). However, similar analysis of these activities and HBcAg reactiv

ity in gradients containing liver derived core particles showed that 

most of the kinase activity was associated with light cores, while only 

a small fraction remained associated with DNA polymerase positive heavy 

cores (55, 409). Steric hindrance, present in heavy cores containing 

DNA, and absent in light cores lacking DNA, may account for the 

apparent inverse relationship between the presence of kinase activity 

and DNA (409). However, a number of studies discussed above have 

already demonstrated both morphological disintegration and antigenic 

conversion of heavy core particles during the course of purification 

(406, 414a). Further, CsCl density equilibrium centrifugation of liver 

derived core particles as a first step in purification resulted in 

comigrating polymerase and kinase peaks, while rebanding the same core 

particles in later steps of purification resulted in a shifting of 

kinase activity to polymerase negative core particles at a lighter 

density (55). 

SDS-PAGE of the protein kinase reaction products showed the major 

core polypeptide of Dane particles and liver derived cores to be the 

major phosphorylated component (54, 55, 409). Liver derived GSHcAg, 

which also possesses a copurifying protein kinase activity, also yields 

an SDS-gel pattern in which the major core polypeptide is the major but 

not only phosphylated component (55). In one study with liver derived 

HBcAg, the major core polypeptide was the only component phosphorylated 

(409), while in another study, additional bands at 68,000, 53,000, 
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48,000, 40,000, 34,500, 30,500 and 27,500 daltons, in addition to 

several bands smaller than the major core polypeptide, were observed 

(55). Although a number of these high molecular weight bands may be 

aggregates, the results from peptide mapping of l2SI-labeled core 

polypeptides showed that p27.5 and p40 were unique high molecular 

weight core components and that p40 was often the most dominant of the 

high molecular weight bands. Indeed, phosphorylated p40 was the most 

intense of the higher molecular weight bands larger than the major core 

polypeptide (55). Independent analysis of Dane particle phosphorylated 

polypeptides resulted in larger bands at 63,000, 52,000, 48,000, 43,000 

and 38,000 daltons; the latter band often being more prominent than the 

others (54). Identical analysis of phosphorylated liver derived core 

particles, in contrast to Dane particles, showed a single band in the 

position of the major core polypeptide without any of the higher 

molecular weight bands (54), in agreement with some results (409) but 

not others (55). The discrepancy may lie in the fact that p27.5 and 

p40 are not disulfide bonded to the core particle (792) and that they 

may be retained or lost in liver cores depending upon the protocol used 

for HBcAg purification. Further, their retention in Dane particles and 

cores immediately released from Dane particles suggests that the Dane 

particle envelope is important in retaining these high molecular weight 

minor polypeptides so that the full structural and/or functional 

integrity of the Dane particle is maintained. 

SDS-PAGE and Coomassie blue staining of liver derived HBcAg yielded 

a major polypeptide component at 19,700 daltons prior to the protein 

kinase reaction (54). Identical analysis of core polypeptides after 

the protein kinase reaction revealed some remaining 19,700 dalton 

component and the appearance of two new polypeptides at 20,600 and 

14,700 daltons. The failure to completely convert the 19,700 dalton 

component to the slower migrating 20,600 dalton component even under 

conditions of extensive phosphorylation suggests that only a fraction 

of the former is phosphorylated during the protein kinase reaction 

(54). Measurement of the kinetics and extent of phosphorylation showed 

an initial rapid phase of 32p incorporation followed by a much slower 

rate of incorporation which did not plateau after several hours, 

suggesting that one group of receptor sites is accessible to the 
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enzyme while another group is much less so or that there are two 

protein kinase activities, or both (409). Calculation of the amount of 

32p covalently attached to a known quantity of core antigen suggests 

that only one core polypeptide in several hundred becomes phosphorylated 

(409). Based upon the size, specific gravity and weight of a core par

ticle, and taking into account the weight of the enclosed DNA and DNA 

polymerase, the approximate number of core polypeptides per intact core 

particle is about 300 (437). If this is so, then a core particle would 

be expected to be phosphorylated at approximately one site by a single 

phosphate molecule in the in vitro reaction. Phosphopeptide mapping, 

however, reveals multiple sites of phosphorylation in both the major 

polypeptides of human and ground squirrel core antigens (55). Virtu

ally all of the points of phosphorylation were conserved in labeled 

polypeptides both larger and smaller in size than the major phospho

protein of each virus. Further, many of the peptides seen on the maps 

of the major HBcAg polypeptide were also observed in the major GSHcAg 

polypeptide, indicating that many of the same sites are phosphorylated 

in both core particles (55). However, it is probable that individual 

core particles are phosphorylated at different conserved sites within 

multiple polypeptides and that further analysis of a population of phos

phorylated cores would yield a group of heterogeneously phosphorylated 

polypeptides. The amino acids phosphorylated within these conserved 

regions of polypeptide are of some interest since many tumorigenic 

viruses possessing a protein kinase often phosphorylate tyrosyl resi

dues (530-535) and since there is considerable evidence linking HBV 

with primary hepatocellular carcinoma (89-91, 94, 95, 102, 122, 536-

538). Partial hydrolysis of the product(s) of the protein kinase 

reaction showed that serine was the major phosphorylated amino acid 

(55, 409). In one study, threonine was also found phosphorylated to a 

minor extent in both human and ground squirrel liver derived core 

particles (55). Whether the low levels and restricted specificity of 

phosphorylation reflect enzyme specificity and/or substrate avail

ability is not known. The origin of this activity, be it viral or 

host, is also unknown. Animal viruses encoded protein kinase enzymes 

have been demonstrated in vaccinia (554, 555) and frog 3 viruses (519, 

553) but not in any of the other viruses mentioned above. 
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Phosphorylation of viral proteins often affects their nucleic acid 

binding characteristics, and whether this is the case with core antigen 

related polypeptides or other components of the core is not known. It 

has not been demonstrated that the substrate specificity of the protein 

kinase reaction in vitro is the same as that in vivo because there is ---- ---
no suitable tissue culture system for HBV, nor has it been ascertained 

whether the core particles obtained from liver or Dane particles are 

phosphorylated prior to the in vitro reaction. Finally, it has recently 

been proposed that the large open reading frame in the HBV genome which 

covers all of the surface antigen and some of the core antigen but in a 

different reading frame (536a), potentially encodes a 90,000 dalton 

polypeptide possessing polymerase, kinase and nucleic acid binding 

capabilities (409). 

Comparison of the HBV and GSHV protein kinase activities with those 

in other animal viruses suggest possible functional role for the phos

phorylated polypeptides of these hepatitis viruses (Table 13). The 

phosphorylation of a subset of nucleocapsid structural proteins has 

been recently described in vesicular stomatitis virus (VSV), and an 

increase in phosphorylation of the NS protein, a minor nucleocapsid 

component which is the major phosphorylated product of the kinase reac

tion, seems to be correlated with an increase in the rate of transcrip

tion in the VSV ribonucleoprotein core complex (554a, 558). Only the 

most highly modified forms of NS, phosphorylated at both serine and 

threonine residues, in combination with a minor nucleocapsid structural 

protein L and the major nucleocapsid structural protein N, reconstitute 

in vitro transcription (554a, 559, 560). Additionally, it has been 

proposed that the extent of NS protein phosphorylation might regulate 

the switch between transcription and replication (561). In rabies 

virus, the major nucleocapsid species, or N-protein, is also the major 

phosphorylated component following the protein kinase reaction. It has 

been postulated to be an inactive transcriptase (proenzyme) which could 

be activated by phosphorylation or proteolytic cleavage, or both, after 

uncoating (520). Further, the findings in Rous sarcoma virus (RSV) 

(556) and in avian myeloblastosis virus (AMV) (562) of an RNA dependent 

DNA polymerase (reverse transcriptase) activated by phosphorylation, 

suggest that one of the consequences of phosphorylation may be an 
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alteration in the endogenous DNA polymerase activity or reverse 

transcriptase-like activity (188, 189) associated with all or at least 

one of the hepadna viruses, respectively. The separation of protein 

kinase positive from DNA polymerase positive liver derived cores during 

the course of HBcAg and GSHcAg purification in CsCl density equilibrium 

gradients suggests that in vitro protein phosphorylation is not required 

for the expression of DNA polymerase activity and that the polymerase 

enzyme is probably not phosphorylated in this kinase assay. The locali

zation of most radioactive phosphate in the cleaved 14,700 dalton compo

nent from the major HBcAg polypeptide, and relatively little in the 6000 

dalton component (54), suggests that phosphorylation occurs nonuniformly 

along the length of the major core associated polypeptide. Peptide 

mapping of the larger cleaved, 1251 labeled polypeptide showed that vir

tually all of the highly charged spots observed on the map of the major 

core component were absent (56). Since the nucleic acid sequence pro

posed to encode core polypeptide would yield a major component having a 

protamine-like structure near its carboxy terminus, most of the phos

phorylated sites are probably localized on the amino terminal portion 

of the major core polypeptide. These results are consistent with those 

observed in rabies virus, in which phosphorylation has been found 

localized to a small fragment of the N-polypeptide. The limited number 

and distribution of phosphorylated sites in rabies, HBV and GSHV sug

gests that phosphorylation occurs following assembly of the nucleo-

caps ids in each case. In hepatitis B virus liver derived core particles 

there does not seem to be a relationship between in vitro phosphoryla

tion and cleavage, since cleavage products of the major core polypep

tide possessing e antigen activity have been found as free polypeptides 

at the top of CsCl density equilibrium gradients during core purifica

tion (414a, 792). Whether cleavage precedes phosphorylation or has an 

effect upon it or DNA polymerase activity are still unanswered 

questions. 

An important relationship exists between the state of nucleocapsid 

polypeptide phosphorylation and nucleic acid binding with a number of 

viruses. This property need not be considered mutually exclusive from 

the changes in enzymatic properties discussed above, since the regula

tion of DNA or RNA synthesis may be partially dependent upon nucleic 
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acid binding. For example, the p12gag of Rauscher murine leukemia 

virus, which is a structural protein residing in the nucleocapsid of 

the virus, is heterogeneously phosphorylated at serine residues (563, 

564). Phosphorylation of this protein has been shown to be inversely 

proportional to its RNA genome binding capability. Hypophosphorylated 

p12 binds most tightly to the virus genome, while more highly phos

phorylated species bind with the same specificity but to a lesser 

extent (564). A phosphorylated subpopulation of VPl from Sv40 or 

polyoma has been shown to bind tightly to their respective nucleo

protein cores (565, 566). Large T antigen of SV40, although an early, 

nonstructural protein, is heterogeneously phosphorylated and also 

varies in its nucleic acid binding characteristics dependent, in part, 

upon phosphorylation state (534, 567-574, 582a). Other viruses pos

sessing an associated protein kinase activity yielding phosphoproteins 

whose state of phosphorylation is related to their nucleic acid binding 

properties are listed in Table 13. The phosphorylation of core polypep

tide and the suggested localization of most phosphorylated sites away 

from the carboxy terminal portion of the molecule suggest at least two 

types of nucleic acid binding. The carboxy terminal basic sequences 

would bind the nucleic acid genome in the core particle nonspecifically 

in a manner analogous to the way tobacco mosaic virus coat proteins coat 

the genome of that virus. The amino terminal portion of the molecule, 

being heterogeneously phosphorylated at one or more sites, may bind one 

or more regions of the genome specifically. Since the highly basic 

amino acid sequences in core polypeptide are absent in its cleaved 

component, since the cleaved component carries most of the phosphate 

attached in the protein kinase reaction, and since this polypeptide has 

e antigen activity (792), it is possible that the generation of e may 

provide a free polypeptide capable of specific nucleic acid binding 

properties in the Dane particle and/or nucleus of the infected hepato

cytes responsible for, at least in part, the regulation of virus gene 

expression. As discussed above, e antigen isolated from blood is an 

acidic polypeptide approximately 17,000 daltons in size (425). An 

acidic polypeptide in this size range is also obtained if the cleavage 

of the major core polypeptide is predicted to take place just amino 

terminal from the protamine-like basic sequence in the carboxy terminal 
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35 amino acid residues (358). Further, the apparent association of e 

antigen polypeptide with itself to form a dimer or higher multimers 

(425) and its association with many other host components is somewhat 

analogous to the situation with sv40 large T antigen, whose nucleic 

acid binding properties depend upon its state of phosphorylation, 

aggregation (567, 570, 572, 574), and tight binding to at least one 

host cell component (575-577). The correlation of serum e antigen with 

high DNA polymerase and high concentrations of both Dane particles and 

HBsAg is consistent with a specific role for e antigen polypeptide in 

HBV replication. Indeed, several adenoviruses (Ad) encode a 72,000 

dalton protein which could be phosphorylated and bind to single

stranded DNA (580, 582, 583). A temperature sensitive mutant of AdS, 

H5ts125, synthesizes a 72,000 dalton polypeptide that does not bind the 

genome at restrictive temperatures, which effectively inhibits initia

tion of new rounds of DNA replication (529, 581-583, 587, 588). A 

single-stranded DNA binding protein has also been isolated from human 

cytomegalovirus infected cells (585). It is 51,000 daltons in size, 

phosphorylated, and found in the nuclei of infected cells shortly after 

infection (585, 586). The Epstein-Barr virus associated nuclear anti

gens (EBNA) are a small family of phosphorylated peptides possessing 

chromatin and nucleic acid binding properties (529, 589-592). Simi

larly, a group of herpes simplex virus (HSV) related antigens bind 

chromatin or synthetic poly dA - poly dT, reducing the melting temper

ature of the latter helix (529, 598, 594), and suggesting that a pos

sible function of these polypeptides is unwindase-like activity necessary 

for initiation of virus replication. The binding of phage T4 gene 32 

product at the replication fork of DNA is not only responsible for local 

unwinding of the single-stranded template, but has also been found to 

stimulate the T4 DNA polymerase (529, 595). Three major DNA unwinding 

proteins isolated from normal calf thymus also stimulate homologous DNA 

polymerase alpha activity, again suggesting an important role in the 

initiation of DNA replication (529, 595a, 596, 597). Whether native or 

cleaved core antigen polypeptide(s) play an analogous role in the initi

ation of virus replication is not known. Despite the lack of a suitable 

tissue culture system, some of the in vitro approaches employed in the 

cases mentioned above in conjunction with recombinant DNA technology 

can be used to approach some of these questions. 
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THE DNA POLYMERASE ACTIVITY OF HBV 

Characterization and relation to other polymerases. 

Pellets made from sera highly positive for surface antigen were 

found to contain a weak endogenous DNA synthesizing activity (DNAp) by 

incorporation of tritiated precursors into acid insoluble radioactivity. 

In contrast, an RNA synthesizing activity was not detected in these 

same preparations as measured by lack of tritiated UTP incorporation 

(50). Some of the properties of HBV associated DNA polymerase in com

parison to other polymerases are listed in Table 14. The sensitivity 

of the endogenous reaction product to deoxyribonuclease (DNase), but 

not ribonuclease (RNase), suggested that the product of the polymerase 

activity was DNA. However, predigestion of the pellets with RNase 

abolished incorporation of tritiated thymidine, suggesting DNA synthe

sis from an RNA template. Addition of the synthetic nucleic acid 

polymer rA • dT, which stimulates oncornavirus reverse transcriptase 

activities (598), did not enhance HBV associated DNAp; nor did the 

addition of N-dimethyl-rifampicin or 4-N-benzyldimethyl-rifampicin, 

which strongly inhibit reverse transcriptase activities, have any 

effect upon HBV DNAp (541, 577, 599). This endogenous DNA polymerase 

activity did not directly correlate with HBsAg complement fixation 

titer, with HBsAg sUbtype (48), nor with highly purified small spheri

calor variably long HBsAg particles (48, 600, 601). Sucrose gradient 

sedimentation of crude serum pellets followed by DNAp assay and elec

tron microscopic examination of the fractions revealed polymerase 

activity associated with Dane particles (48). Similar pellets pre

treated with NP40 and mercaptoethanol resulted in a peak of polymerase 

activity in gradients comigrating exclusively with Dane particle 

derived cores (48). Treatment of these particles with DNase or RNase 

did not alter incorporation of tritiated thymidine, nor did addition of 

exogenous templates capable of stimulating reverse transcriptase 

activities enhance DNAp, suggesting that the polymerase activity and 

product of that activity were sequestered inside core particles (48). 

Further evidence for this tight association was demonstrated by immuno

precipitation of polymerase activity with anti-HBs (and not with anti

HBc) prior to NP40 treatment of Dane particles and immunoprecipitation 

with anti-core (and not with anti-HBs) after such treatment (49). 
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Pronase digestion, phenol extraction and analysis of the radioactive 

nucleic acid product by density equilibrium centrifugation suggested 

that the product labeled was DNA. Further, the extracted product was 

DNase sensitive, RNase resistant, and alkali stable (48). The finding 

of DNAp activity in a sUbpopulation of liver or serum derived cores 

suggests that a frequent majority of the Dane particles in any given 

isolate lack the DNA genome and may behave as defective interfering 

particles. Further, a large proportion of incomplete Dane particles 

may release soluble polymerase as well as other internal core compo

nents into the bloodstream of infected patients. Indeed, an explana

tion for the apparent RNase sensitivity of the polymerase activity in 

crude serum pellets and the stimulation of such an activity by the 

addition of poly d AT (50) might be related to a polymerase activity 

derived from disrupted Dane particles or a host contaminant copurifying 

with the crude pellets. One study has shown that sera high in DNA 

polymerase activity can be stimulated by an exogenous DNA primer, 

inferring the presence of a soluble enzyme in some hepatitis Band 

non-B hepatitis patients, and that a number of sera containing antibody 

to HBeAg inhibit this activity (539). Preliminary characterization of 

the serum component involved indicates that it may be antibody (539). 

Independent observations have also documented the presence of anti

bodies to a DNA polymerase in acute hepatitis B (604). Another study 

has described the presence of a Dane particle associated DNA polymerase 

activity activated by calf thymus DNA and NP40 which precipitated upon 

addition of anti-HBs to crude surface antigen positive pellets and 

whose reaction product in intact Dane particles was DNase resistant. 

Since the activity was not found in purified core particles, it is 

likely to be a copurifying component located between the nucleocapsid 

and envelope of Dane particles (398). Antibodies directed against 

single-stranded DNA have also been detected in the sera of patients 

with chronic hepatitis (602). Further characterization of the HBV 

related polypeptides will undoubtedly reveal other antigen-antibody 

systems derived from the internal components of the core particles. 

A soluble DNA polymerase activity has been isolated and partially 

characterized from a number of HBsAg positive sera or plasma (603). 

Interestingly, this activity was best detected only upon several fold 
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dilution of sera, suggesting that reversible inhibitors may have 

prevented detection in earlier attempts. Soluble polymerase activity 

was detected in approximately one third of randomly chosen HBsAg 

containing sera. No correlation was seen between the appearance of 

soluble and particle associated activities, nor between the appearance 

of soluble activity and other markers of HBV. Purification and molec

ular characterization of this activity yielded a molecule differing sub

stantially from the endogenous DNA polymerase associated with HBV. The 

pH optimum of the soluble enzyme is 9.2, while that for the endogenous 

activity is 7.5. The optimum Mg++ concentration for activity varied 

greatly; the soluble enzyme being inhibited in high salt while the 

endogenous counterpart is stimulated in high salt (398, 540, 557, 603). 

The necessity of sulfhydryl groups for activity of the endogenous 

enzyme is without question; yet the soluble polymerase is not inhibited 

by treatment with reagents which block sulfhydryl groups. In addition, 

the approximate molecular weight of the soluble enzyme exceeds the 

coding capacity of any open reading frame in HBV DNA and the capacity 

of the entire genome, unless splicing of the genetic information 

derived from two different reading frames is translated into a single 

polypeptide. Although the soluble polymerase differs substantially in 

its characteristics compared to the common mammalian DNA polymerases 

(550-552, 603), repeated failures in attempted solubilization of the 

endogenous DNAp activity associated with Dane particle cores has made 

direct comparison impossible. 

Further characterization of the HBV associated endogenous DNA 

polymerase activity and its relationship to other DNA polymerases has 

been carried out using various reagents which stimulate or inhibit 

known polymerase activities (Table 14). The requirement of the endog

enous reaction for the four deoxyribonucleoside triphosphates and its 

inhibition by treatment with daunomycin or actinomycin D, both of which 

inhibit DNA dependent DNA or RNA synthesis, suggest that the endogenous 

activity is one of DNA synthesis on a DNA template (48,.189, 541). By 

synthesizing radiolabeled DNA in an extensive DNAp assay, it was shown 

that between 25% and 50% of the Dane particle genome was copied in this 

reaction, as determined by the amount of acid insoluble radioactivity 

or complexity measurements (Cot 1) of the newly synthesized DNA from 
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different experiments (605). The similar degrees of complexity found 

in the newly synthesized DNA (605), the finding of radioactive 

restriction fragments corresponding to a similarly limited portion of 

the genome following the endogenous polymerase reaction (47), as well 

as the conversion of the partially single-stranded to mostly double

stranded circular molecules following the polymerase reaction--as 

assayed by electron microscopy (606) and gel electrophoresis (607)-

suggest that the DNAp activity is responsible for repair synthesis in 

which the genome is made fully double stranded. 

Unlike most characterized DNA polymerase activities, the endogenous 

DNAp associated with Dane particles is stimulated by much higher concen

trations of monovalent cations than other polymerases (603) in the pres

ence of magnesium ions (Mg++) , suggesting that in high salt an assay 

specific for HBV could be conducted in the presence of contaminating 

polymerases (540, 608). In the presence of NP40 concentrations up to 

10% at constant ionic strength, the polymerase activity remained acti

vated at a stable, higher level than in the absence of detergent (398). 

Measuring the differences in enzyme activation in the presence of 

increasing concentrations of potassium chloride (KGl) with or without 

NP40 showed that at low KGl concentrations a difference existed which 

disappeared as the monovalent cation concentration increased. Alterna

tively, in the absence of monovalent cations, the polymerase activity 

showed a 110% increase in the presence of NP40 compared to the activity 

measured in the absence of detergent. Addition of increasing KGl to 

the assay decreased the percentage of increased activity, but the 

differences seen in the presence or absence of detergent at high KGl 

concentrations were still large, indicating a different mode of 

polymerase activation. In separate experiments, the presence of NP40 

resulted in stimulation of enzyme activity 280% which was decreased to 

relatively low levels at high KGl concentrations. These three differ

ent patterns of polymerase activation may be due to differences in the 

permeability of the Dane particle coat, since the process by which 

nonionic detergents activate viral polymerases likely involves per

mitting access of deoxynucleoside triphosphates and other reactants to 

the core protected DNA and DNA polymerase (398). However, if the 

polymerase enzyme is heterogeneously phosphorylated, perhaps by in vivo 
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protein kinase activity, distinct activation patterns of polymerase 

activity may have a structural basis. Although the in vitro phos

phorylation of reverse transcriptase in some oncornaviruses correlates 

with the level of polymerase activity (556, 562), any role that phos

phorylation or other post-translational modification(s) play in the 

differential stimulation patterns of the endogenous DNAp activity of 

Dane particles remains to be elucidated. 

While the DNAp activity in Dane particle cores is stimulated by the 

presence of high concentrations of monovalent cations and Mg++, activ

ity is inhibited upon addition of various divalent cations either in 

the presence or absence of Mg++ (540), suggesting that other divalent 

cations do not substitute for Mg++ and that they may compete with Mg++ 

(or bind to an allosteric site) in the polymerase molecule. The failure 

of zinc chloride to stimulate the reaction (54), as well as the failure 

of the chelating agent 1, 10 phenanthroline [an inhibitor of many 

reverse transcriptases which are zinc containing metalloenzymes (609, 

610)] to inhibit endogenous DNAp activity, suggest that Zn++ plays no 

role. The association of zinc with terminal deoxynucleotidyl trans

ferase (611) and a number of DNA polymerases (612) demonstrate similar 

differences between these enzymes and the endogenous DNAp in HBV. 

Other inhibitors of the endogenous activity include calcium elenolate 

(543), a potent inhibitor of reverse transcriptases (613); heating at 

60°C for 1 hour, treatment with sodium hypochlorite, ethanol, diethyl 

ether, or concentrations of SDS greater than 0.1% (548). Inactivation 

by ethanol and sodium hypochlorite increased with increasing concen

trations of these compounds while heat inactivation was time dependent 

and showed two inactivation rates. Seventy-five percent of the DNA 

polymerase activity was lost in 1 hour at 60°C (t~ = 11 minutes), while 

the remainder of the activity was lost more slowly in continued incuba

tion at the same temperature (t~ = 100 minutes). Whether this hetero

geneity in stability to heating is a consequence of differences in one 

or more post-translational modifications or due to the presence of two 

HBV associated polymerases, as discussed above, awaits further study 

into the molecular basis of the polymerase enzyme. 

Chemotherapy. 

The production of almost fully double-stranded DNA by the 

polymerase reaction in Dane particles is thought to be the first step 
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in replication of the virus genome (189). Several studies have been 

directed toward using a series of drugs, some in clinical use, to 

determine whether they could inhibit DNAp activity and thereby curb 

ongoing virus replication. Of the intercalating agents used, ethidium 

bromide was the strongest inhibitor of DNA polymerase activity in vitro 

(541, 544, 547, Table 14). Quinine, chloroquine, quinacrine, primaquine, 

hydroxychloroquine, chloropromazine and methylene blue alone or in 

various combinations resulted in different degrees of DNAp inhibition 

(544, 547). In general, the extent of inhibition in drug combinations 

was usually not greater than the inhibition shown by the more active 

drug alone. In a few combinations where inhibition was increased, the 

increase was modest. The accumulation of at least some of these inter

calating agents in the liver to very high concentrations similar to 

those resulting in substantial inhibition of DNAp activity in vitro, 

combined with the known property of these agents to eliminate bacterial 

plasmids (614, 615), might effectively "cure" hepatocytes containing 

episomal or replicative forms of HBV DNA (544). However, their effec

tiveness in patients and toxicity at effective levels have not been 

demonstrated. Another group of compounds which include phosphonoacetic 

acid (PAA) and phosphonoformic acid (PFA) are pyrophosphate analogous 

that manifest antiviral activity by inhibiting viral polymerases at the 

pyrophosphate binding site and effectively prevent chain elongation 

even after initiation (529, 616-618). PAA is effective against replica

tion of a number of herpesviruses (529, 616, 618) at concentrations 

having relatively little inhibitory effect on cellular DNA po1ymerases 

(529). When these compounds were tested in vitro with HBV, it was 

found that PAA had little inhibitory effect while PFA markedly inhib

ited the activity (545, 546, 618). PFA inhibition seemed much more 

selective for the HBV DNA polymerase activity when compared to cellular 

DNA po1ymerases (885-887). Although both PAA and PFA inhibited the 

polymerase activities of several viruses, only Dane particle and 

retroviral polymerases were inhibited by PFA alone (885). Synthesis of 

pyrophosphate analogs then defined the structural requirements for PFA 

inhibition (885). The fact that WHV DNA polymerase activity was also 

inhibited by PFA in vitro suggested their use in WHV infected wood

chucks (883). However, administration of PFA to chronically infected 
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woodchucks had no effect upon the in vivo levels of DNA polymerase 

activity even after two weeks of treatment (883). The inhibitor has 

most recently been used to specifically assay for HBV DNA polymerase 

activity in vitro in 0.4 M KCl in the presence of a variety of other 

similar activities (884). Treatment of purified Dane particles with 

9-S-D arabinofuranosyladenine (ara-A), a carcinostatic drug active 

against HSV (619, 620), varicella, vaccinia and many oncogenic RNA 

viruses (529), inhibited DNAp activity only at high concentrations 

(549). A similar compound, l-S-D arabinofuranosylcytosine (ara-C), did 

not inhibit the reaction. The triphosphates of these drugs, ara-ATP 

and ara-CTP, each inhibited the in vitro polymerase assay competitively 

with respect to their appropriate deoxynucleoside triphosphates (549). 

Inhibition was also noted when the triphosphates were added after 

initiation of the DNAp reaction, and was reversible, indicating that 

ara-ATP or ara-CTP did not become incorporated into the DNA as chain 

terminators (549). Studies with uninfected mammalian cells and HSV 

infected cells have shown that ara-A is converted intracellularly to 

ara-ATP which binds much more strongly to HSV DNA dependent DNA 

polymerase than to cellular polymerases with similar activities (529). 

Interestingly, the analog can become stably incorporated into cellular 

DNA but tends to inhibit HSV replication by premature termination 

(529). In vivo administration of ara-A or ara-AMP to a number of 

patients having chronic hepatitis with detectable serum DNAp and HBeAg 

values reduced and eliminated these serum markers in some patients but 

not others, suggesting that under certain circumstances viral rep

lication is inhibited (621-623). In another study, six patients 

treated with ara-A yielded only one which became permanently DNAp 

negative, and only four of 16 patients treated with human leukocyte 

interferon alone (a well-known antiviral drug) responded likewise, 

while those treated with both result~d in a much larger proportion of 

the group becoming DNAp negative (623). Inoculation of post-treatment 

sera into susceptible chimpanzees from patients who permanently lost 

DNAp activity as a consequence of ara-A and/or interferon chemotherapy 

was proven to be noninfectious, indicating the value of these treat

ments in at least some patients (624, 625). 
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The effects of corticosteroid treatment upon viral replication has 

also been examined, since it has been used in the treatment of chronic 

hepatitis (626, 627). Discontinuation of immunosuppressive therapy, 

however, has resulted in the reduction or loss of DNAp or HBeAg from 

the serum, suggesting that immunosuppression often potentiates viral 

replication (628). Discontinued immunosuppression has also resulted in 

seroconversion from HBeAg to anti-HBe in two patients (629), and similar 

results, including reduction of HBsAg titer, have also been reported 

(630a, 631). Further, patients undergoing steroid treatment do not 

respond well to concurrent chemotherapy with ara-A and/or interferon, 

suggesting that at least part of the effects of chemotherapy may be to 

restore the cellular immune responses suppressed by chronic HBV infec

tion (623). If this is so, then the state of immunological responsive

ness may modulate virus gene expression at the surface of infected 

cells and thereby alter replication. Interestingly, T lymphocytes from 

the blood of chronic hepatitis B cases seem to demonstrate core antigen 

reactivity in a microcytotoxicity assay using autologous hepatocytes, 

since the cytotoxicity could be blocked with anti-HBc but not anti-HBs 

(632). The net levels of HBV replication in chronic hepatitis may be a 

balance of anti-HBc binding (449-451) which may promote replication by 

blocking T cell cytotoxicity and/or by direct modulation of gene expres

sion, as in HSV (630). 

HBV GENOME STRUCTURE AND EXPRESSION 

General physical characteristics. 

Characterization of the HBV associated DNA polymerase activity and 

the nucleic acid product before and after the reaction resulted in the 

finding of a small circular DNA molecule which served as both primer 

and template (46, Figures 9 and 10). The ability of AMV reverse 

transcriptase to successfully introduce radioactive nucleotides into 

isolated Dane particle DNA suggests the presence of a single-stranded 

region, since the added DNA polymerase lacks the exonuclease activity 

required to introduce radioactive precursors into a fully double

stranded DNA molecule (47). Electron microscopy showed that the 

circular molecules before the DNAp reaction were about 0.8 ~m in length 

which corresponds to a molecular weight of 1.6 x 106 daltons or 2300 
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Figure 9. Electron micrographs of Dane particle DNA forms. DNA was 
extracted from Dane particles not subjected to DNA polymerase reaction 
conditions and spread by the formamide technique. (A) A 1 ~m length 
plain circle; (B-E) circles with one tail; (F) circles with one small 
gap, (G) two gaps, and (H) multiple gaps; (I) a small circle with a 
tail; and (J) a circle with two tails emanating from the same site on 
the circle. The black arrows in F-H denote the position of gap regions. 
The solid bar at the bottom represents 1 ~m on the electron microscope 
grid. [Reprinted with permission from Hruska, J.F., et al. in Journal 
of Virology 21:666-672. Copyright 1977 by the American Society for 
Microbiology-rref. 606)]. 
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Figure 10. Genome structure of hepatitis B like viruses. (~) Coval
ently bound protein. [Reprinted with permission from Summers, J. and 
W. S. Mason in Cell ~:403-4l5. Copyright 1982 by M.I.T. (ref. 189)]. 

nucleotide base pairs (bp) (46). After the endogenous DNAp reaction, 

the single-stranded regions, detected by DNA spreading in formamide, 

were closed; the mean length increased to 1.06 ~m, and the molecular 

weight was approximately 2.1 x 106 daltons or 3150 bp of double-stranded 

DNA (42, 46, 606). Analysis of Dane particle DNA by gel electrophoresis 

and ethidium bromide staining has resulted in an electrophoretically 

heterogeneous smear resolving into a region of double-stranded linear 

molecules 1700-2800 bp in length following Sl nuclease treatment (607). 

Identical analysis following the polymerase reaction resulted in elon

gated molecules approximately 3200 bp long in both nicked circular and 

linear (form III DNA) conformations. One study has shown the presence 

of a short linear tail of DNA attached to some circular molecules of 

Dane particle derived nucleic acid which is elongated following the 

polymerase reaction (632a). These results suggest that the mode of HBV 

DNA replication may be similar to that of bacterial rolling circles 

(633) in which a closed, circular negative strand serves as a template 

for positive strand synthesis and that tail elongation requires comple

mentary fragments be synthesized from the growing positive strand 

(632a). Failure to observe similar tailed DNA structures by electron 

microscopy or to observe molecules sedimenting in a gradient faster 

than unit length after different durations of the DNA polymerase reac

tion, however, suggests that the DNA does not replicate by the rolling 



135 

circle model (606). Further, treatment of Dane particle DNA with Sl 

nuclease following extensive DNAp reaction yielded products sensitive 

to nuclease activity, suggesting that the circle still possessed a nick 

or small gap in both strands (607, Figure 10). HBV DNA made double 

stranded by the endogenous DNAp reaction was converted from circular to 

linear configuration by heating, indicating that closed circular 

molecules were not present (634). This change was reversible, while 

recircularization was blocked following treatment of linearized DNA 

with Sl nuclease or AMV reverse transcriptase, indicating the presence 

of single-stranded, complementary nucleic acid sequences at each end of 

the genome. Further, these "sticky ends" were 270-300 nucleotide base 

pairs in length as determined by contour length in electron microscopy 

and by the size of restriction fragments generated from these regions 

of the genome following the incorporation of radioactive precursors 

into these end regions by reverse transcriptase (634). The fact that 

discrete terminal restriction endonuclease fragments were labeled under 

these conditions also indicates that the discontinuity in each strand 

on the circular DNA molecule is at a unique site (634). Similar 

studies support this conclusion but suggest the presence of sticky ends 

only 200-210 base pairs long (164, 889). The circular configuration of 

the genome, then, is maintained by hydrogen bonding created by comple

mentary sequences on either end of the DNA. Although the function of 

these sequences is unclear, they may playa role in circularization of 

newly synthesized Dane particle DNA for correct packaging into nascent 

core particles. Alternatively, or additionally, if the HBV genome 

becomes linearized in infected hepatocytes and the sticky ends are made 

fully double stranded, then terminal repeats similar to those recently 

characterized in retroviruses would be formed and may function analo

gously to long terminal repeats (LTRS) in preparing the genome for both 

expression and integration (635, 639). 

The HBV DNA in different DNA molecules within a population of Dane 

particles from a single source possesses a single-stranded region 

1700-2800 nucleotides in length (47, 606, 607, 888, 889). Combined 

with experimental evidence that the 5' end of each strand is at a fixed 

position on the genome with respect to restriction endonuclease sites 

(47, 634, 888), these results suggest that a free 3' end on the short 
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strand is available for elongation and thereby serves as a primer in 

the endogenous polymerase reaction (Figure 10). If DNA synthesis occurs 

only on the short strand and the sole function of the long strand is to 

serve as a template, then substitution of one or more deoxynucleoside 

triphosphates by an analog capable of being incorporated into DNA should 

result solely in its being found in the short strand. When bromo-deoxy

uri dine triphosphate (Br-dUTP) was used in place of thymidine triphos

phate (TTP) in the polymerase reaction, and the isolated DNA denatured 

and analyzed by equilibrium centrifugation in CsCl density gradients, the 

bands of heavy DNA and light DNA failed to reassociate with themselves 

but readily reassociated when mixed together or upon addition of denatured 

Dane particle DNA (42). Incorporation of radioactive precursors for 

increasing lengths of time, followed by analysis of the DNA on alkaline 

sucrose gradients, resulted in radioactivity being associated with the 

sedimenting, partially single-stranded DNA species, but not with any 

shorter strands, suggesting that the precursors were incorporated by 

formation of a covalent bond with the 3' terminus of the short strand 

and that in any given molecule incorporation proceeded from a single 

initiation site (638). Hybridization of Dane particle derived DNA with 

strand specific HBV DNA probes and binding of T4 gene 32 protein specif

ically to single-stranded regions in the viral genome confirmed the 

presence of a gap region in the HBV genome (889). Greater than 99% of 

Dane particle derived DNA molecules were partially double stranded; 

less than 1% were partially single stranded; and no supercoiled mole

cules were detected (889). Observing the extent of single-stranded 

character in individual Dane particle DNA molecules using the gene 32 

protein and electron microscopy, virtually all molecules were single 

stranded in a region spanning 650-700 nucleotides downstream from the 8 

gene in the long strand to approximately the 5' fixed position of the 

short strand (889). The 3' end of the short strand in most molecules 

was found in the region of the genome encompassed by the 8-gene on the 

long strand. The fact that the gap in HBV DNA posses~es a fixed mini-

mum length in a single region of the genome, combined with the poten-

tial for secondary structure in the form of hairpin loops and perfectly 

base paired stems within this region, suggests that the gap might pro

vide a level of genetic control of expression encoded by the short (8) 



137 

strand within the gap region until after the region has been synthesized 

by the endogenous polymerase. Alternatively, the gap may be an impor

tant physical feature required for packaging the genome in core particles 

during morphogenesis (889). 

In addition to finding DNA associated with serum derived core parti

cles (46), several studies have demonstrated a similar DNA molecule in 

core particles isolated from the nuclei of infected human liver (223, 

631a, 636). An early study has described the presence of a DNA molecule 

derived from liver cores and possessing a molecular weight of 2.3 x 106 

daltons (639). Although this species was 40% larger than DNA isolated 

from serum cores prior to the DNAp reaction, its size is comparable to 

that of Dane particle DNA following an extensive polymerase reaction. 

DNA apparently exists in the plasma of some infected patients, since it 

could be detected by hybridization (640, 641). In one study, the Cot~ 

value of plasma derived RBV related sequences was substantially higher 

than that expected for the known size and complexity of Dane particle 

DNA (641). Although the average length of the plasma DNA by electron 

microscopy was 2-3 ~m corresponding to a molecular weight of 4-5 x 106 

daltons, it is not known whether these larger molecules are RBV dimers 

joined at their sticky ends, RBV DNA covalently attached to host sequences, 

or some combination of the two (641). Nick translated, RBV DNA probe was 

used to assay the number and size of fragments generated by RaeIII diges

tion of like DNA in a Southern blot (47). The results showed a complexity 

of approximately 3900 nucleotide base pairs. Similar results were obtained 

using RaeIII following the endogenous DNA polymerase reaction and detec

tion of bands by ethidium bromide staining (607). Use of 32p in the 

endogenous DNAp reaction, followed by the RaeIII digestion, gel electro

phoresis, and autoradiography revealed an additional two fragments not 

detected by ethidium bromide staining. Adding the sizes of these addi

tional two fragments to the others detected by staining yielded a total 

of 4910 nucleotide base pairs (607). Again, these results suggest a 

complexity greater than the 3200 nucleotide base pairs determined for 

core particle DNA in other assays. It is possible that this complexity 

is due to the presence of a limited degree of sequence heterogeneity 

within different Dane particle derived DNA molecules from a single 

source. Indeed, DNA sequence variations have been documented in seven 
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different locations in six individual clones isolated from the serum 

Dane particles of a single patient (282). In cloning experiments using 

Dane particles from an adr positive serum HBV DNA from the serum was 

resistant to EcoRI digestion, yet a completely sequenced clone derived 

from that serum demonstrated an EcoRI site (900). Other recombinant 

plasmids from the same serum also showed some differences in restriction 

patterns and one insert was digested with HindIII, a site not present 

in any other cloned isolate (900). In contrast, comparative restriction 

endonuclease mapping of polymerase repaired Dane particle DNA and cloned 

HBV DNA from a single source yielded identical results with a panel of 

enzymes, suggesting the presence of a major molecular species in a 

single infection (888). 

Restriction endonuclease analysis. 

Restriction endonuclease mapping of Dane particle derived HBV DNA 

better defined the source(s) of complexity mentioned above. 32p-DNA 

labeled by the endogenous DNA polymerase reaction followed by HaeIII 

digestion yielded a pair of fragments present in less than stoichio

metric amounts, suggesting incomplete cleavage at these sites in the 

genome. Upon extensive DNAp reaction, these bands were detected in 

nearly equirnolar amounts to the other bands resulting from restriction 

endonuclease digestion (164, 607, Figure 11). Further, an incomplete 

polymerase reaction, followed by digestion with HaeIII or HincII, often 

yielded doublets of some bands by gel electrophoresis (607). Completion 

of the polymerase reaction in some but not all DNA molecules accounted 

for this, and underscores the importance of working with fully double

stranded molecules when comparisons of complexity measurements are made 

by restriction endonuclease analysis. Treatment of cloned HBV DNA with 

nuclease Sl and Xhol, EcoRI or BamHI also resulted in the production of 

minor bands, possibly due to incomplete Sl digestion, real heterogeneity 

in the DNA being cleaved, or a combination of both (642). Since elec

tron microscopic examination of polymerase repaired molecules shows that 

only about 10% are fully double stranded (642), AMV reverse transcriptase 

was used to make the repaired Dane particle DNA fully double stranded, 

and various isolates so treated were compared by restriction endonuclease 

analysis (164). HBV DNA from subtype adw2 made fully double stranded 

showed no heterogeneity upon analysis of restriction fragments, suggesting 
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Figure II-A. Map of HBV DNA (HBsAg subtype adw2) (3.3 kb) including 
cleavage sites for several restriction endonucleases and the locations 
of the nick in strand a, the 5' end of strand b, and the single-stranded 
region of the DNA. The 3' end of strand b in different molecules occurs 
at different sites within the region shown by the dotted line. The 
single-stranded region lies between the 3' and 5' ends of strand band 
thus is of different length in different molecules. [Reprinted with 
permission from Robinson, W. S. in the Annals of the New York Academy 
of Sciences (Genetic Variation of Viruses) 354:371-378. Copyright 1980 
by the New York Academy of Sciences (ref. 161)]. 

that a large proportion of DNA derived from a population of serum Dane 

particles from a single source contained no differences in sequences at 

the points of enzyme cleavage. Similarly, no heterogeneity was observed 

among 20 clones of HBV DNA derived from another single source (165). 

These conclusions have been independently confirmed (888). Identical 

analysis of isolates from other patients having the same subtype showed 

occasional differences, while comparison of the restriction maps from 

patients having different subtypes of HBsAg have resulted in similar but 
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Figure II-B. Composite restriction endonuclease map of cloned DNA from 
HBV of HBsAg subtype ayw. The EcoRI cleavage site was chosen as the zero 
position for the map.---[Copyright 1980 by Alan R. Liss, Inc. (ref. 162)]. 

not identical maps (47, 162, 164, 642, Figure 11). Regular differences 

have been noted in the restriction fragment patterns of virus DNAs 

derived from different subtypes. In one study, major differences were 

observed in the analysis of an ayw clone in comparison to an adw clone 

(162). However, whether these differences are subtype related or cor

respond to one or more sites elsewhere in the HBV genome was not deter

mined (164). The sequence analyses of some of these clones point to 

differences in the HBsAg gene region among different isolates (358), 

but many nucleic acid sequence differences have also been found in 

other regions of the genome (155-157, 536a). Clearly, nucleic acid 



141 

sequencing of isolated RBsAg gene regions from different isolates will 

be needed to properly address the question. 

Genome isomers. 

The results of both restriction endonuclease mapping and sequence 

analysis suggest that isolates from different patients possess differ

ences in their nucleic acid sequences. Whether these differences are 

due to point mutations, deletions, inversions or other nucleic acid 

rearrangements is not known, but it is possible that at least some of 

the nucleic acid heterogeneity in RBV could reflect the production of 

defective-interfering genomes. These differences may also, in part, 

give rise to silent mutations, antigenic variants (subtypes) of RBsAg, 

or important variants of other RBV gene products. If defective-interfering 

particles exist, then the state (linear, circular, etc.) or size of the 

genome packaged into some particles should be distinguishable from DNA 

in fully infectious particles. In most studies, DNA isolated from Dane 

particle cores is circular, although some is linear, and no superhelical 

forms are found, suggesting that the predominant form of RBV is that of 

nicked or open circles (42, 889). Agarose gel electrophoresis of Dane 

particle derived DNA usually results in a band 3.2 kilobases (kb) in 

length, representing the fraction of fully double-stranded linear mole

cules and a smear of faster migrating material representing partially 

double-stranded DNA species (105). Analysis of Dane particle derived 

DNA from the serum of chronically infected patients or chimpanzees by 

blot hybridization using a 32p-labeled RBV DNA probe resulted in diffuse 

hybridization between 2.0 and 3.25 kb (643, 644). A full-length super

coiled genome would migrate as a 2.3 kb band and would not be apparent 

in the smear. The possible presence of a supercoiled RBV DNA molecule, 

an isomer to the 3.25 kb linear species, was assayed for by using 

single-stranded nucleases Sl and Bal 31, which slowly nick and eventu-

ally linearize supercoiled DNA in a two-stage reaction. In the first 

stage, either enzyme nicks a susceptible single-stranded backbone 

forming part of a hairpin loop; while in the second stage, cleavage 

occurs in the strand opposite the site of the first nick (643). The 

product of the first cleavage was detected migrating at 4 kb, in a 

region of the gel devoid of other RBV material, while continued degrada

tion converted virtually all of the hidden 2.3 kb supercoiled DNA to 
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the 4 kb intermediate and finally to the linear 3.25 kb isomer (643, 

644). However, independent observations in HBeAg positive carrier 

chimpanzees failed to detect a 3.2 kb DNA band from serum Dane parti

cles (646), and similar experiments with HBeAg positive human carriers 

yielded the same results (607, 646). In these experiments, hybridiza

tion to material derived from serum pellets resulted in a smear from 

2-2.8 kb, corresponding to the partially double-stranded DNA species. 

Although these apparent discrepancies do not have a clear explanation, 

the detection of full-length, double-stranded HBV DNA species in serum 

may depend upon the extent of viral replication in the liver. For 

example, in a group of human carriers characterized by very high serum 

concentrations of HBsAg who were also positive for serum e antigen, 

full-length and partially double-stranded linear DNA were detected in 

their sera (653, 654). Carriers who had lower titers of serum HBsAg 

and were e antigen negative (or anti-HBe positive) had little or no HBV 

DNA in their sera. Further, results from in situ cytohybridization 

have demonstrated a positive correlation between the presence of intra

cytoplasmic HBV DNA and that of morphologically damaged hepatocytes, 

suggesting that in infected liver tissue foci where gene expression and 

replication are taking place, hepatocytes may become damaged and release 

HBV DNA (655, 656, 890). 

Percutaneous liver biopsy specimens derived from chronically 

infected chimpanzees also contained full-length linear and nicked, cir

cular HBV DNA at 3.2 and 4 kb, respectively (643-645). No integrated 

DNA was detected in these chronic carriers, indicating that chronicity 

was being maintained by a different mechanism. Independent observa

tions in HBeAg positive carrier chimpanzees revealed a prominent non

integrated DNA band at 3.2 kb, representing the fully double-stranded 

linear species, a family of partially double-stranded molecules in a 

smear 2-2.8 kb in size, and another smear of material 1.6 kb and smaller, 

possibly representing replicative intermediates (646). The presence of 

free viral DNA in persistently infected cells is not unique to HBV, 

since free forms have also been found in epidermal cells persistently 

infected with or transformed by bovine (647-650) or rabbit (651, 652) 

papilloma viruses, suggesting that integration is not necessary for 

either of these processes. Other papovaviruses, including SV40 and 
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polyoma (657, 660), as well as a number of herpesviruses (661-663), 

also have been shown to give rise to persistently infected cells in 

tissue culture. Their mechanism of persistence seems to center around 

the generation of defective interfering particles characterized by 

deletions in viral DNA, incorporation of host DNA sequences into the 

viral genome, duplications of a portion of the viral genome--usually 

the origin of replication--and polymerization of portions of the viral 

genome into lengths similar in size to the unaltered virus genome (664). 

The presence of a small amount of supercoiled HBV DNA in comparison to 

the full-length or partially double-stranded linear forms, is consistent 

with the supercoiled form representing an important replicative inter

mediate and/or the infectious form of the genome, while the dominant 

linear molecules may be ineffective, in that they possess one or more 

of the characteristics of defective interfering (DI) genomes. In most 

viral systems studied, DI particles are present in concentrations 

several logs above that of infectious particles (665, 666) and in the 

case of HBV, might effectively prevent establishment of a replicating 

system in tissue culture. The heterogeneity in the number and size of 

fragments generated in restriction endonuclease cleavage of HBV DNA 

from different isolates, the heterogeneity in the nucleic acid sequence 

in and around the surface antigen gene encoding region (177), and the 

differences in the total length of the HBV genome derived from complete 

sequence analysis of several independent isolates (155, 156), demon

strate sequence variability which is one characteristic of defective 

genomes. Certainly, the production of spherical and long filamentous 

22 nm diameter HBsAg particles, as well as DNAp negative core particles, 

are likely to be antigenically identical to infectious virions, sug

gesting that one of the consequences of chronic HBV infection is the 

production of multiple types of DI particles. 

HBV IN HEPATOCELLULAR CARCINOMA AND THE CHRONIC CARRIER STATE 

One of the outcomes of persistent viral infection is carcinogenesis, 

often characterized by viral genome or genome fragments integrated into 

cellular DNA at one or more points (667). The strong association of 

HBV with primary hepatocellular carcinoma (PHC) (89, 90, 94, 95, 536, 

537, 668), combined with the apparent findings of greater than unit 
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length HBV DNA association with Dane particles (607, 641), suggest that 

these longer species may be derived from integrated virus DNA which 

carried additional host material with it upon excision (639). The 

presence and state of HBV DNA in tumor tissues was subsequently examined 

by accelerated annealing of a 32P-labeled HBV DNA probe in solution and 

by agarose gel electrophoresis (669, Table 15). Two tumors from differ

ent patients had detectable viral DNA at levels of approximately 1-2 

genomes per cell, a third tumor from another patient resulted in levels 

less than 0.1 genome per cell, while a fourth isolate from another source 

contained no detectable viral DNA. Although the cellular DNA in the 

autopsy tumors was extensively degraded, preventing assessment of any 

integrated sequences, full-length HBV DNA was detected in some cases, 

suggesting its protection inside Dane particle cores. The absence of 

HBV sequences in a tumor from an HBsAg negative patient who was anti-

HBs and anti-HBc positive suggests that viral DNA need not be present 

in every tumor cell to maintain the transformed state (669). Among 

chronically infected chimpanzees (643-645, see above) and a subset of 

chronically infected woodchucks (683), nonintegrated viral DNA species 

have been similarly detected in the absence of any integrated sequen

ces. In contrast, an early study has shown the presence of HBV DNA in 

rapidly sedimenting cellular DNA in patients with chronic active hepa

titis (605), suggesting the presence of integrated viral DNA in at 

least some human chronic carriers. 

HBV DNA in human hepatoma cell lines. 

Studies with the human hepatoma cell line PLC/PRF/5, which secretes 

small spherical surface antigen particles indistinguishable from serum 

derived HBsAg (113, 141-146), show that extracted cell DNA accelerates 

the reassociation of 32P-labeled HBV DNA (114, Table 15). Quantitation 

of this reassociation resulted in the finding of four copies of HBV DNA 

per haploid cellular genome. Reassociation kinetics of all individual 

32P-labeled HincII and HaeIII restriction endonuclease fragments were 

also accelerated, indicating the presence of most if not all of the 

viral nucleic acid sequences in the cell line. Southern blot analysis 

of HindIII digested PLC DNA (HindIII does not cleave most known iso

lates of HBV DNA) resulted in the detection of three fragments larger 

in size than HBV DNA, suggesting three unique integration sites (114). 
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Table 15. Presence of RBV DNA in liver tissue, serum and cell lines in 
comparison with other markers of RBV infection. 

Study 

108,676 

112, 
678 

Number and 
origin of 
sample 

2, Senegal 
2, Senegal 
1, Senegal 
1, Germany 
1, Germany 
1, France 

1, Germany 
1, France 

1, Germany 
1, Germany 

1, Senegal 

3, Ivory Coast 
5, Ivory Coast 
1, Ivory Coast 

1, biopsy, 
Caucasian 

1, biopsy, 
Caucasian 

1, biopsy, 
Caucasian 

1, biopsy, 
black 

3, biopsy, 
Caucasian 

4, biopsy, 
Caucasian 

3, biopsy, 
Caucasian 

1, biopsy, 
Caucasian 

3, biopsy, 
Caucasian 

Diagnosis 

PRC 
PRC 
PRC 
PRC 
PRC 

cirrhosis 

cirrhosis 

cirrhosis 
cirrhosis 

angiosarcoma 
PRC 

PRC 
PRC 
PRC 

PRC 

PRC 

PRC 

PRC, CAR + 
cirrhosis 

cirrhosis 

cirrhosis 

CAR + 
cirrhosis 

cirrhosis 

cirrhosis 

RBV DNA in liver: 
unintegrated integrated 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Table 15. (Cont.) 

Number and Serum: 
origin of anti- anti::-anti- HBV 

Study sample HBsAg HBs HBc HBe HBeAg DNA 

108,676 2, Senegal + 
2, Senegal 
1, Senegal + 
1, Germany 
1, Germany + 
1, France + 

1, Germany 
1, France 

1, Germany + 
1, Germany + 

1, Senegal + 
+ 

112, 3, Ivory Coast + + 
678 5, Ivory Coast + + 

1, Ivory Coast + 

1, biopsy, + + 
Caucasian 

1, biopsy, 
Caucasian 

1, biopsy, 
Caucasian 

+ 

1, biopsy, 
black 

+ + + 

3, biopsy, 
Caucasian 

+ + 

4, biopsy, + 
Caucasian 

3, biopsy, + + 
Caucasian 

1, biopsy, 
Caucasian 

+ 

3, biopsy, 
Caucasian 
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Table 15. (Cont. ) 

Number and 
origin of RBV DNA in liver: 

Study samE1e Diallnosis unintellrated integrated 

3, biopsy, CPR or CAR + 
Caucasian 

1, biopsy, acute + 
black hepatitis 

1, autopsy, 
Caucasian 

fulminant + 

106,111, 3, Ivory Coast PRC + 

105 1, biopsy mild inflam- + 
mation 

3, biopsy CPR + 
11, biopsy CAR + 
2, biopsy CAR & PRC + 

1, biopsy mild inflam- + + 
mation 

3, biopsy mild inflam- + 
mation 

3, biopsy CPR + 
1, biopsy CAR + + 
7, biopsy CAR + 

107,109, 2, S. Africa PRC + cir- + 
677 rhosis 

2, S. Africa PRC + 
1, S. Africa PRC 
1, S. Africa PRC 
1, S. Africa PRC 
1, S. Africa PRC 

1, S. Africa PRC, cir- + rhosis 

1, S. Africa PRC + 
1, S. Africa PRC + 
1, S. Africa PRC + 

1, S. Africa PRC, cir- + 
rhosis 

669 3, autopsy PRC + 
1, autopsy PRC 
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Table 15. (Cont.) 

Number and Serum: 
origin of anti- anti =----an ti- HBV 

Study sample HBsAg HBs HBc HBe HBeAg DNA 

3, biopsy, + + + 
Caucasian 

I, biopsy, 
black 

+ + 

I, autopsy, + + 
Caucasian 

106,111, 3, Ivory Coast + + 

105 I, biopsy + + + 

3, biopsy + + + 
11, biopsy + + + 

2, biopsy + + + 

I, biopsy + + 

3, biopsy + + 

3, biopsy + 
I, biopsy + + 
7, biopsy + 

107,109, 2, S. Africa + + + 
677 

2, S. Africa + + + 
I, S. Africa + + + 
I, S. Africa + + 
I, S. Africa + + 
I, S. Africa + + 

I, S. Africa + + + 

1 , S. Africa + + + 
I, S. Africa + + + 
I, S. Africa + 

I, S. Africa + 

669 3, autopsy + 
I, autopsy + + 
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Table 15. (Cont. ) 

RBV DNA in cell line: 
Study Cell line Origin unintegrated integrated 

114 PLC/PRF/5 PRC + 
106 PLC/PRF/5 PRC + 
115 PLC/PRF/5 PRC + 
116 PLC/PRF/5 PRC + 
108 PLC/PRF/5 PRC + 

Mahlavu PRC 
Rep 3B PRC + 
BEL lines PRC 

110,679 PLC/PRF/5 PRC + 
Rep 3B 217 PRC + 
Rep 3B 14 PRC + 
Rep 3B Fl PRC + 

32P-labeled RNA also bound to all restriction endonuclease fragments of 

viral DNA. While this suggests that all of the viral DNA is present 

and transcribed, it is not clear whether full-length genomes or frag

ments, alone or in tandem, are at a particular integrated site. Indeed, 

the restriction endonuclease cleavage pattern of RBV DNA fragments from 

the PLC cell line share only a few similarities with similarly analyzed 

DNA from Dane particles (114). Independent observations confirmed that 

RBV 32p-DNA probe reannealing could be accelerated by PLC DNA and that 

the DNA isolated from other human hepatoma cell lines derived from RBV 

infected patients did likewise (110). Quantitation of genome equivalents 

in each cell line yielded different results: Rep 3B 217 and Rep 3B 14, 

derived from the same patient, contained approximately two and one copies, 

respectively, while the PLC/PRF/5 line was again shown to contain approxi

mately four. Independent observations using the PLC cell line resulted 

in the finding of six integrated RBV DNA copies: four complete and two 

partial (115). Further analysis by Southern blot hybridization using 

RindIII resulted in a different pattern of fragments for each of the 

cell lines, none of which corresponded to fully or partially double

stranded episomal RBV DNA. Even though the annealing of all restriction 

endonuclease fragments tested was accelerated by the DNA from these cell 

lines, indicating that virtually all the genome fragments were present, 

the organization of these integrated forms at multiple and independent 

sites in the cellular genome remained to be clarified (110). As 



150 

Table 15. (Cont.) 

Cell line characteristics: 
Study Cell line HBsAg HBcAg HBeAg DNAp HBV RNA 

114 PLC/PRF/5 + + 
106 PLC/PRF/5 + 
115 PLC/PRF/5 + + 
116 PLC/PRF/5 + + 
108 PLC/PRF/5 + 

Mahlavu 
Hep 3B + 
BEL lines 

110,679 PLC/PRF/5 + 
Hep 3B 217 + 
Hep 3B 14 
Hep 3B Fl + 

mentioned above, cleavage of cellular DNA with restriction endonucleases 

capable of cutting HBV DNA into identifiable fragments yielded few of the 

expected fragments, indicating that the arrangement of integrated DNA was 

probably considerably different from that in Dane particles (110). Other 

studies confirm the presence of integrated HBV DNA in the PLC/PRF/5 human 

hepatoma cell line (106, 114-116). However, Southern blots of HindIII 

digested PLC DNA using the entire HBV DNA as probe yielded bands 6.5 kb, 

5 kb and 3.5 kb in one study (114); 6.65 kb, 5.5 kb, 4.5 kb and 3.6 kb 

in another study (116); 24 kb, 17 kb, 12 kb, 6.5 kb and 4.2 kb in others 

(106, Ill); and a group of six bands between 4.2 and 30 kb elsewhere 

(115). Independent analysis of HindIII fragments derived from PLC/PRF/5 

DNA by Southern blotting resulted in the finding of six HBV specific 

bands at 25.1 kb, 22.1 kb, 17.4 kb, 12.4 kb, 6.3 kb and 4.4 kb (108). 

Although these results are consistent with others reported above (106), 

the apparent discrepancy between these results and those of most other 

studies may reflect clonal differences in the origin of the PLC cell 

line in each case. In contrast to the PLC cell line, Hep 3B contained 

two HindIII generated bands at 24.2 kb and 12.1 kb which were detected 

by an HBV probe (108). The sizes of the HBV specific bands in Hep 3B 

were different in two independent studies using HindIII fragments 

analyzed by Southern blot hybridization (108, 110), again suggesting 

clonal differences, although other explanations were not excluded. 

Among these cell lines, differences were also noted in the number and 
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size of bands detected when other restriction endonucleases were 

employed. Among four HBsAg negative human hepatoma cell lines tested 

for the presence of HBV sequences, all were negative. These results 

indicate a close relationship between the presence of integrated HBV 

DNA and surface antigen gene expression (108). All of the HBsAg posi

tive hepatoma cell lines, additionally, share the characteristic of not 

possessing any full-length or partially double-stranded unintegrated 

viral DNA, as described in the carrier chimpanzees and in some human 

carriers. Combined with the lack of core, e and DNA polymerase activ

ity, the lack of free virus DNA species in these HBsAg producing cell 

lines suggests that they are not productive for mature virus particles 

and that the expression of HBsAg occurs independently from these other 

gene products. 

Recent experiments have shown HBV DNA integrated at seven distinct 

sites from PLC/PRF/5 cells grown in culture or in nude mice (891). 

HindIII digestion of culture or tumor derived DNA, followed by gel 

electrophoresis and Southern blotting with an HBV DNA probe, resulted 

in bands at 29.5 kb, 24 kb, 16.2 kb, 11 kb, 6 kb, 4.2 kb and 2.1 kb, 

suggesting stable integration during tumor formation. EcoRI digestion 

yielded 11 bands by Southern blot analysis, including a faint band at 

3.2 kb and a prominent band at 2.8 kb. This result suggests that some 

of the integrated HBV DNA is present in head-to-tail tandem arrange

ments involving predominantly shorter-than-genome-length DNA. The 

absence of core gene expression in this and other like hepatoma cell 

lines through integration of an HBV genome fragment may be responsible 

for the escape of such infected cells from immune elimination. Such 

cells might then grow to become neoplastic nodules (891, 896, 897). 

Analysis of HBV DNA in other human hepatoma cell lines yielded 

similar results. For example, HindIII digested DNA analyzed by Southern 

blotting from HBV associated huH-I, KG-55-T and huH-2 suggested the 

presence of multiple integration sites and subgenomic integrated frag

ments in these cell lines (892). Further characterization of these 

bands using S-gene and core-gene probes demonstrated partial or complete 

S-gene in all sequences reacting with the full-length genome probe, but 

only a subset of bands reacting with the full-length genome probe also 

reacted with the core-gene probe. The failure to detect a HindIII 
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fragment with HBcAg sequences alone suggests that sequences in or near 

the core gene may have been deleted at or after the integration event; 

leaving mostly HBsAg sequences. Analysis of HBsAg sequences from these 

lines with various restriction endonucleases suggests the likelihood of 

deletions and/or rearrangements in this part of the genome as well. 

Cloning of integrated HBV sequences from the PLC/PRF/5 cell line and 

from a primary tumor also showed viral genome rearrangement and host

virus junctions mapping to within the core or x gene regions (893). 

Indeed, the only region of HBV DNA conserved among these clones was the 

pre sIs reading frame. Although the flanking host DNA sequences in 

each clone were different and a number of retroviral oncogenes (v-abl, 

v-fps, v-ras, v-myc, v-myb and v-src) tested were not present, the 

structure of these clones indicates that integration may occur at or 

near the nicked region of the HBV genome (893). Similar results have 

also been observed in some patients with hepatocellular carcinoma (895). 

Analysis of three HBV containing clones independently derived from the 

PLC/PRF/5 cell lines, however, suggests that integration of viral DNA 

occurs within the single stranded gap region of the un integrated genome 

(894). Two of these clones, being 10.5 kb and 10.7 kb in size, con

tained contiguous HBV sequences which were interrupted at a HindIII 

site within the integrated viral DNA. Although the HBV DNA in these 

clones shared most of their restriction endonuclease fragments and were 

integrated into host DNA within the X region of the genome, the flank

ing host sequences from each clone were completely different from each 

other. A 6 kb clone, bound on either side by cellular sequences, also 

yielded many bands in restriction endonuclease analysis which were 

characteristic of cloned HBV DNA. The HBV DNA of this clone, like the 

larger ones above, was integrated within the gap or X region of the 

viral genome. In all clones, the surface antigen gene sequences were 

present, and these were shown to be functional in the two larger clones 

by cotransfection of HSV thymidine kinase negative (tk-) mouse L cells. 

That the 6 kb clone contained only about 2.6 kb of viral sequences and 

failed to express HBsAg in a cotransfection assay suggests that a portion 

of the viral genome could be deleted upon integration. Combined with 

the loss of cellular sequences near the point of virus integration and 

the absence of LTR-like structures, it is possible that the single

stranded or gap structure of HBV DNA molecules plays an important role 
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in the mechanism of integration (894). In such a model for integration, 

it is proposed that cellular DNA polymerases switch to the single

stranded gap in the RBV genome during the course of cellular replication. 

Following recombination between the long strand of RBV DNA and cellular 

DNA, the remaining short strand is filled in an ligated to the other 

strand of host DNA (894). Although other points of the genome could be 

used for integration, the single-stranded gap region would be preferred. 

RBV DNA in tumorous and nontumorous tissues. 

The finding of integrated RBV DNA in RBsAg producing cell lines 

derived from RBV infected patients possessing primary hepatocellular 

carcinoma suggests that tumor tissue obtained from biopsy or autopsy 

may contain integrated sequences as well (Figure 12, Table 15). The 

lack of RBV DNA integration in chronic chimpanzee carriers, combined 

with an absence of increased incidence of RBV associated PRe, also sug

gests that the integration event is important in the progression toward 

PRe (896, 897). Southern blot analysis of seven PRe isolates and five 

cirrhosis tissue samples, each from different patients, revealed the 

presence of RBV DNA in three of the tumors and two of the cirrhotic 

tissue samples (108). One hepatoma patient, seropositive for RBsAg, 

whose cellular DNA was cleaved with RindIII and fragments analyzed by 

Southern blotting, yielded RBV DNA containing fragments larger in size 

than genome length, suggesting integration. The same sample also 

revealed a band at the position of full-length free viral DNA whether 

or not RindIII was used prior to electrophoresis, indicating the pres

ence of free virus DNA within cells or adjacent to hepatoma tissue 

(108, 896, 897). Other studies have also documented the presence of 

both free and integrated RBV DNA in the liver tissue of patients with 

PRe (895, 898). The absence of larger bands at gel positions character

istic of free full-length viral DNA multimers suggests that the larger 

bands detected were not aggregates of these nonintegrated species and 

that they most likely represent integrated virus genome(s), genome frag

ments or both (108). In hepatoma samples derived from other patients 

seropositive for RBsAg only integrated RBV DNA sequences were observed, 

while RBsAg seronegative hepatoma patients lacked any evidence of inte

grated or free DNA in their tumor tissue samples. Interestingly, 

similar patterns of RBV DNA were observed in cases of cirrhosis in the 
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Figure 12. State of HBV DNA in hepatocellular carcinoma. (A) Tumor 
tissue. Lane 1: 30 ~g of nondigested cellular DNA; lane 2: 80 ~g of 
cellular DNA digested with HindIII; lane 3: 80 ~g of cellular DNA 
digested with EcoRI; lane 4:-30 ~g of cellular DNA from normal liver 
cells mixed wi~lO pg of cloned HBV DNA. (B) Cell line PLC/PRF/S. 
Lane 1: 20 ~g of cellular DNA digested with HindIII; lane 2: 20 ~g of 
cellular DNA digested with EcoRI; lane 3: 10-pg of cloned HBV DNA; 
lane 4: 20 ~g of nondigeste~ellular DNA. Cloned HBV DNA digested 
with BamHI and AplacSc18S7S7 DNA digested with HindIII were used as 
molecular weight markers. [Reprinted from Brechot, C., et al in 
Progress in Medical Virology 27:99-102. Copyright 1981 by S. Karger 
AG, Basel (ref. 111)]. -

absence of PHC. For example, among patients seropositive for HBsAg, 

one had detectable integrated and unintegrated sequences, while others 

had unintegrated sequences only; and in a number of HBsAg seronegative 

patients, no evidence of HBV DNA sequences were found (108). Apparently, 

the integrated state of HBV DNA is not always associated with PHC. Some 

nontumorous cirrhotic tissues from surface antigen seropositive patients 

contain integrated sequences, and some cases of HBsAg seronegative PHC 

associated with HBV infection (as determined by the presence of anti-HBc, 

anti-HBs or both in many such patients) lack detectable integrated and 

free HBV DNA. The possibility of random integration of the virus genome 

with respect to host sequences would result in the detection of no inte

grated viral sequences by Southern blot hybridization. However, the 
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reproducible detection of discrete high molecular weight bands in 

nontumor or tumor DNA by Southern blotting suggests that they originate 

when integration at a particular site results in clonal expansion (896, 

897). 

The presence and state of HBV DNA in hepatocytes was independently 

studied using surgical biopsy or autopsy materials from individuals 

with no liver disease, acute hepatitis B, chronic hepatitis B without 

PHC, and from individuals with HBV associated PHC (112, Table 15). 

Nearly all of the samples from HBsAg seropositive or seronegative PHC 

or cirrhosis patients contained integrated HBV DNA by Southern blot 

hybridization, in contrast to other work (108). Further, one patient 

with HBsAg seronegative acute hepatitis and another with HBsAg sero

positive fulminant hepatitis both contained HBV sequences which were 

apparently integrated (112). No free forms, suggestive of viral DNA 

replication, were present in either of these patients. In cases where 

free full-length and partially double-stranded DNA was found, indepen

dent of integration status, serum HBeAg was also detected, suggesting a 

direct relationship between the presence of e antigen and that of free, 

replicating forms of HBV DNA in the liver (111, 112). In two patients 

with hepatocellular carcinoma who were seronegative for HBeAg, the 

restriction enzyme patterns of the tumorous and nontumorous tissue 

samples from each patient were different. This was also seen in some 

HBeAg positive PHC patients (107). Levels of HBsAg and HBcAg gene 

expression in nontumorous tissues were high, as detected by immunoflu

orescent staining (671, 672), while in tumorous tissue, little surface 

antigen and virtually no core antigen was observed in infected cells 

(673-675). These results suggest that genetic alterations in the 

integrated viral nucleic acid, including deletion, duplication, trans

location, or changes involving DNA methylation may playa role in 

changing the restriction enzyme sensitivities of integrated and viral 

DNA which is also paralleled by a distinctive change in both quantita

tive and qualitative HBV gene expression. Recent experiments with the 

PLC/PRF/5 cell line, in which only HBsAg is detectable, demonstrated 

little if any methylation in the surface antigen gene and considerable 

methylation in the core antigen gene. Since neither of these gene 

regions were methylated in virion DNA or in infected liver tissue, it 
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is possible that methylation represents one of the ways HBV gene 

expression is shut down in PHC in comparison to productively infected 

tissue (899). Treatment of PLC/PRF/5 cells with 5-azacytidine, which 

results in demethylation, yielded apparent core gene expression (798) 

which has not been confirmed (792). These results, however, do not 

exclude the possibility that independent integration events give rise 

to the different patterns of both restriction enzyme fragments and gene 

expression in PRC and neighboring cirrhotic tissue. The appearance of 

PHC in areas of long-term cirrhosis, combined with the finding of inte

grated sequences in both cirrhosis and PHC, are consistent with a 

shifting in the structural and/or functional makeup of the integrated 

virus sequences near or at the onset of PRC. However, the finding in 

one patient with early hepatocellular carcinoma of no differences in 

the restriction endonuclease pattern of tumorous tissue in comparison 

to non tumorous tissue suggests that nucleic acid rearrangements are not 

required to occur in order to bring about the appearance of PRC in cir

rhotic liver tissue, although these rearrangements may be one in a 

number of factors leading to the development of PHC. Similar observa

tions have been reported elsewhere (107). 

HindIII digestion of PHC DNA derived from three different patients 

seropositive for HBsAg and anti-HBc, followed by Southern blotting and 

detection using a radiolabeled HBV DNA probe, resulted in the detection 

of fragments at 25 kb, 19 kb and 12 kb (Ill). Since their sizes were 

larger than genome length and they were not present prior to HindIII 

digestion, it is likely that they represent integrated HBV DNA species. 

Similar sized fragments were detected in the PLC/PRF/5 hepatoma cell 

line in at least one other study (106), suggesting that integration 

occurs at a very limited number of sites in cellular DNA or that chance 

integration at a single site resulted in proliferation of the infected 

clone (895). It is not clear from these studies whether the detected 

bands represent multiple sites of integration in a monoclonal tumor or 

different single integration sites from different clones of cells in a 

polyclonal tumor (111). It is possible that initial integration is 

random, resulting in a diffuse or nonspecific hybridization pattern, 

while chronic carriage would permit expansion of clones with altered 

growth characteristics (896, 897). In a larger related study by the 
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same investigators, the state of viral DNA, as detected by Southern 

blot hybridization of appropriately cleaved liver cell DNA, was 

correlated with serological and histological status (105, Table 15). 

RindIII DNA patterns derived from needle biopsy samples from 17 

patients seropositive for RBsAg and RBeAg resulted in a strong band at 

3.2 kb and a smear below it, suggesting the presence of large quanti

ties of free, full-length and partially double-stranded viral DNA. 

Undigested material showed similar patterns. Although the histological 

status of these patients ranged from the appearance of slight inflamma

tory changes to CPR, CAR and PRC, only a single patient with CAR yielded 

a band larger than full-length DNA, possibly due to integration. It 

should be stressed that the detection of a 3.2 kb band and the conclu

sion that it is free, full-length viral DNA is no way proven by Southern 

blot analysis, since randomized linear sequences, common in defective 

interfering genomes of other viruses, could yield similar results. Only 

further restriction mapping of these genome length species could properly 

identify them. Further, the detection of high molecular weight DNA con

taining RBV sequences following RindIII digestion assumes that integrated 

HBV DNA maintains its resistance to this enzyme. Clearly, results from 

the hepatoma cell lines discussed above yield few fragments by restriction 

enodnuclease analysis that comigrate with those fragments generated from 

Dane particle DNA, suggesting considerable rearrangement of nucleic acid 

sequences in these tumor cell lines. Further, RindIII sites have been 

detected in clones of integrated HBV DNA in the viral nucleic acid (894) 

and in one clone of viral DNA (900). Despite these limitations, the 

results of Southern blotting are consistent with the presence of free 

and integrated viral DNA. HindIII DNA patterns derived from needle 

biopsy of 15 other patients who were seropositive for RBsAg, seronega

tive for RBeAg, and presented varied histological pictures ranging from 

mild inflammatory changes to CPR and CAR resulted in the detection of 

HBV DNA sequences in association with high molecular weight bands and 

none at 3.2 kb. Combined with the finding that RBeAg positive patients 

possess detectable 3.2 kb RBV DNA in serum and that HBeAg negative 

patients do not, these results suggest the existence of two types of 

HBV carriers. RBeAg positive carriers show high levels of viral DNA 

replication by virtue of 3.2 kb long sequences being detected in both 
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serum and liver. HBeAg negative carriers do not possess detectable 

free viral DNA in either serum or liver but instead possess HBV 

sequences which may be integrated (105). 

The presence of HBV sequences associated with high molecular weight 

liver cell DNA derived from PHC patients seropositive for HBsAg has been 

independently confirmed (107, 109, 893, 894, Table 15). Interestingly, 

PHC patients who were anti-HBs positive and HBsAg negative failed to 

demonstrate the presence of HBV DNA in association with high molecular 

weight cellular DNA, suggesting that an earlier immune response against 

surface antigen in some way alters the nature of persistent infection 

(109). Alternatively, these antibodies may have reactivities toward 

human polymerized serum albumin, as described above. Among tumors 

where HBV DNA appeared to be integrated, the number and size of bands 

in each tumor detected by Southern blot hybridization was unique; yet 

one or more of the detectable bands in each tumor comigrated with a 

subset of bands in the other tumors. Further, all of the HBV DNA con

taining bands generated from HindIII plus EcoRI cleavage of PLC/PRF/s 

DNA were found, in part, in similar analyses of tumor DNAs. While 

these results suggest that a limited number of common integration sites 

are present, comigration of DNA bands of a given sequence length is not 

a strong measure of identity, making any conclusions drawn from this 

data somewhat speculative (109). 

If one mechanism of HBV persistence in chronic carriers and PHe 

patients involves integration into the host genome, then the time after 

infection in which this event takes place would mark an important step 

in pathogenesis toward PHe. In one study, carriers who were HBsAg sero

positive and had chronic hepatitis for up to two years possessed HBV 

DNA in their livers in nonintegrated form. In contrast, in carriers 

possessing circulating HBsAg for more than eight years, only integrated 

DNA was detected by Southern blot hybridization (107). While these 

results suggest that integration of HBV DNA occurs during the course of 

chronic infection prior to the onset of PHC, other results cited above 

in which apparent integration was detected in cases of acute and fulmi

nant hepatitis (112), as well as the inconsistent finding of integrated 

sequences in HBsAg negative, anti-HBs positive PHC patients (107-109, 

112), again suggest that the timing and establishment of integration 
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into specific host genome sites might not be required for the 

development of PRe (896, 897). 

The development of PRe in woodchucks chronically infected with WHV 

has recently provided a model to further study RBV associated PRe in 

man (121, 154, 681). Chronically infected woodchucks have been found 

to possess two states of persistent infection similar to those observed 

in HBeAg seropositive and negative human carriers (105, 121). Some 

woodchucks having long-term WHV infection were seropositive for WHsAg, 

possess both surface and core antigens in the liver, and demonstrate 

only integrated viral DNA by Southern blot hybridization (121). In 

contrast, the human hepatoma cell lines and liver tissue samples posses

sing solely integrated viral DNA by blot hybridization have demonstrated 

little evidence of core antigen gene expression (113, 141-146, Table 16), 

suggesting that the regulation of core antigen expression in these 

closely related viruses in their respective hosts is markedly different. 

The other group of chronically infected woodchucks were also WHsAg posi

tive in both their sera and livers, possessed liver associated WHcAg 

and demonstrated large amounts of free viral DNA in liver and, to a 

lesser extent, in serum (121). By analogy to man, the latter group of 

woodchucks had large quantities of free, full-length and partially 

double-stranded molecules of viral DNA, reflecting high levels of DNA 

replication. The finding of free, full-length viral DNA in serum sug

gests the presence of Dane-like particles in these woodchucks similar 

to those present in HBeAg seropositive chronic human carriers. The 

detection of apparently integrated WHV DNA sequences and large quanti

ties of free viral DNA in one carrier suggests that integration occurs 

during the course of chronic infection and that an integrated state 

could persist some time prior to the appearance of PRe, as in man. 

The demonstration of two carrier states in both woodchuck and man 

provides unique opportunities for reassessment of the types of responses 

observed following ara-A and/or interferon treatment in human chronic 

hepatitis. In practice, treatment of human HBV carriers with these 

drugs results in a variety of responses which may be partially depen

dent upon the state of viral nucleic acid in infected hepatocytes. 

Some patients under treatment cleared RBsAg, RBeAg and viral DNAp 

activity from serum; others likewise cleared HBeAg and viral DNAp 
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Table 16. Phase relationships of the various open reading frames in 
HBV DNA 

Comparison of the translation of the long strand of two HBV genomes 
(from 358). The amino acid sequences deduced from the long strand in 
three reading frames were compared for the two complete nucleotide 
sequences (156, 536a) after excluding the additional sequences. The 
amino acid differences were scored for significant changes, such as 
nonpolar to basic. The long strand was divided into 4 segments con
sisting of the known genes Sand C, and two intervening segments. a 

Nucleotide reading number desig- % amino 
numbers in frame nation of open acid 
segmenta region reading frame difference 

2451 to 154 pb - phase 1 6 16.6 
pre-S phase 2 7 11. 7 

phase 3 22.0 

155 to 833 p phase 1 6 4.9 
Sc phase 2 7 2.2 

phase 3 6.6 

834 to 1900 p phase 1 6 3.0 
phase 2 10.7 

x phase 3 5 3.9 

1901 to 2450 phase 1 13.1 
cd phase 2 8 1.1 

phase 3 13.1 

aNucleotide base pairs are numbered clockwise from the unique EcoRI 
site in HBV DNA as shown in Figure 13. 

bp open reading frame which may encode the HBV DNA polymerase. 

Cs open reading frame encoding the major surface antigen polypeptide. 

dc open reading frame encoding the major core antigen polypeptide. 
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activity but remain seropositive for HBsAg; while other carriers showed 

only a transient decrease in one or more of these serum markers during 

the period of anti-viral treatment (623-625). Since these drugs inter

fere with viral replication, it would be expected that the subset of 

carriers receiving greatest benefit from such therapy would be those 

showing abundant free forms of HBV DNA and no evidence of integrated 

sequences in their hepatocytes (684). Permanent elimination of HBsAg, 

HBeAg and DNAp from serum may be a consequence of the successful elimi

nation of all replicating HBV DNA in the liver. In drug responses 

where HBsAg production persists at a lower level than observed prior to 

therapy, it is possible that the loss of replicating and full-length 

free viral DNA species directly results in the loss of core gene expres

sion and core particle synthesis in the hepatocyte. If this were true, 

then only free, full-length HBV DNA would possess all of the information 

and the proper configuration for core antigen synthesis. The recent 

finding of replicative intermediates in the "immature" core particles 

of DHBV (188, 189), suggests that an intimate relationship exists among 

intact "immature" core particles and nucleic acid replication. If 

nucleic acid replication is dependent upon the proper expression and 

assembly of "immature" core particles, or if the assembly of core par

ticles depends upon the existence of replicating nucleoprotein complexes, 

then direct inhibition of nucleic acid synthesis or virus core gene 

expression could effectively abort viral replication. The fact that 

surface antigen expression persists in some carriers may be due to the 

presence of integrated viral DNA at one or more sites behaving much as 

it has been described in the human hepatoma cell lines. The appearance 

of HBsAg in the supernatants of human hepatoma cell lines containing 

integrated HBV sequences and its frequent appearance in the sera of PHC 

patients (especially in Africa and Asia) stand in sharp contrast to the 

repeatedly unsuccessful attempts in finding other HBV associated gene 

products from these sources. It is not known whether integration regu

larly results in some alteration in the genetic material required for 

core gene expression. In one study using the PLC/PRF/5 human hepatoma 

cell line and specific endonuclease restriction fragments of HBV DNA as 

probes, it was shown that the probable orientation of the HBV genome in 

the cell line was such that the virus-host junctions were at the sticky 
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ends of the virus DNA (115, 893-895). Whether the organization of 

viral genes between these sticky ends is colinear with those in Dane 

particle DNA remains to be determined, especially since different 

numbers and sizes of fragments in restricted PLC DNA compared to Dane 

particle DNA have been reported (106, 108, 110, 111, 114-116). As 

discussed, recent work has documented both rearranged genome fragments 

and colinear inserts. If one or more of the core associated polypep

tides is partially encoded for by two open reading frames, namely c and 

x (Figure 13), separated by the nick in the long (minus) strand of DNA, 

as suggested by tryptic peptide mapping studies (56), then the orienta

tion of these reading frames to each other, which would be different in 

supercoiled, nicked-circular and linear integrated DNA, may have a 

bearing upon whether the proper transcript could be synthesized. In 

addition to proper juxtaposition of structural gene segments, the pres

ence and fidelity of core gene promoter sequences may differ with DNA 

conformation or state. If one common site of RBV DNA integration is at 

its sticky ends, then core encoding information would be separated to 

either end of the integrated site, effectively splitting the functional 

gene. Where intact genome copies are inserted into host DNA, the 

surface antigen gene will always be found intact near the middle of the 

integrated RBV sequence. Since the promoter for RBsAg gene expression 

has recently been defined (168, 680) and its location is far from the 

nick in the long strand (see below), it is likely that its integrity 

will be maintained following integration of RBV DNA at its sticky ends, 

suggesting that the genetic elements necessary for expression of RBsAg 

are present and that expression would be likely under these circumstances. 

The finding of very high frequencies of hepatocellular carcinoma in 

WHV chronically infected woodchucks held in captivity in comparison to 

uninfected controls (121, 154, 681, 685) and the successful transplanta

tion of such PRC tissues into nude mice (901) have prompted studies 

directed toward better defining the relationship between viral and host 

DNA in chronically infected and hepatoma tissue cells. Southern blot 

analysis of PRC DNA digested by single restriction endonucleases and 

detected by a WHV DNA probe showed high molecular weight bands consis

tent with viral DNA integration, and low molecular weight forms consis

tent with the presence of full-length and partially double-stranded 
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forms of the viral genome (123). The appearance of DNA in only free or 

integrated form, characteristic of the different groups of woodchuck 

carriers described above (121), was not observed in most tumors analyzed. 

The finding of free viral DNA in quantities averaging about 2000 genome 

equivalents per cell, which often obscured detection of low copy inte

grated sequences, resulted in similar experiments being performed on 

isolated liver nuclei, where much less viral DNA was present. DNA 

extracted from an enriched nuclear preparation contained a major band 

at 2.5 kb. Since this band gave rise to fragments characteristic of 
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Figure 13. Physical structure and proposed genetic organization of HBV 
genome. The 5' end of the long (L) strand is base-paired with the 5' 
end of the short (S) strand. Dashed line corresponds to the variable 
single-stranded region. Certain restriction sites indicated by arrows 
correspond to the physical map of the HBV/~ genome analyzed by (157). 
The unique EcoRI site is used as the point of origin in the physical 
map, and the unique XhoI site is indicated in the conventionally clock
wise orientation of numbering the nucleotides from 0 to 3182. The two 
sequences of 6 and 33 nucleotides at positions 2354 and 2845 are those 
present in the HBV/adw clone analyzed by (155). The broad arrows sur
rounding the genome-COrrespond to the four large, open regions of the L 
strand, conserved in the three published sequences. These four poten
tial coding regions are called regions X, P, S (divided into pre-S and 
gene S) and C; or regions 5-8, respectively. The number of amino acids 
in the brackets corresponds to the length of the hypothetical poly
peptide. The two regions corresponding to the defined genes Sand C 
are sippled. [Reprinted with permission from Tiollais, P., et al. in 
Science 213:406-411. Copyright 1981 by the American Association for 
the Advancement of Science (ref. 358)]. 

cloned WHV DNA upon digestion with restriction endonucleases and its 

migration was very similar to the 2.3 kb supercoiled HBV DNA described 

above (643, 644), these results support the presence of such a species 

in tumor nodules (123). Independently, both integrated and supercoiled 

WHV DNA forms have been detected in hepatoma and adjacent nontumor 

tissue in several chronic carrier woodchucks (902). If supercoiled WHV 

DNA is a template for replication and densitometric analysis of the 

Southern blots suggest approximately SO supercoiled molecules per cell, 

then substantial replication may be taking place in hepatoma tissue 

(123). Whether the DNA replication is vegetative or includes matura

tion is not clear from these studies, although the data presented are 

more consistent with the former possibility (123). The detection of 

high molecular weight bands containing WHV DNA is consistent with inte

gration occurring at multiple sites in the genome. The finding of 

different digestion patterns of integrated viral DNAs from different 

tumor nodules suggests that either they represent metastases of 

undetected cells in the primary tumor, independently occurring primary 

tumors, or a combination of both. Although the second interpretation 

is favored by histological criteria, the presence of nontumorous tissue 

within or adjacent to the analyzed nodules, may partially account for 

these results. 

The relationship between integration and transformation was further 

studied by examining the state of viral DNA in non tumorous WHV 
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chronically infected liver (687). A library of clones containing 

nuclear DNA derived from a chronically infected woodchuck liver was 

constructed using lambda phage charon 30 as a vector. Hepatocellular 

carcinoma was not detected in the liver tissue from which the library 

was made. Two classes of recombinants containing WHV DNA sequences 

were found, both in low copy number. a) Two clones contained viral 

sequences integrated into the host cell DNA, demonstrating that inte

gration is not unique to carcinoma cells and that it occurs during the 

course of persistent WHV infection (687). Although integrated HBV DNA 

has also been found in nontumorous liver tissue from chronically infected 

patients, Southern blot analysis suggests multiple sites of HBV DNA 

integration (105, 108, 112, 676, 678), while similar analysis of chron

ically infected woodchuck liver tissue has not resulted in the finding 

of discrete high molecular weight bands, suggesting that random integra

tion did not result in clonal proliferation (687). Independent observa

tions, however, have resulted in the finding of several distinct high 

molecular weight bands by Southern blot hybridization in a subset of 

chronically infected woodchucks (121). Perhaps integration of selected 

sites within the host genome (near a cellular oncogene) results in 

expansion of these hepatocyte clones sometime during chronic infection 

and may be responsible for the apparent discrepancies in the results of 

Southern blot analysis. b) Three other clones comprised a second class 

of recombinants, possessing greater than unit length viral DNA and 

undetectable host DNA sequences. Further characterization of these 

apparently unintegrated, long, "novel form" clones of WHV DNA by partial 

or complete digestion with various restriction endonucleases resulted 

in the finding of inverted, deleted and duplicated portions of the WHV 

genome (Figure 14). The presence of these variably long (7-10.5 kb) 

complex forms were confirmed and strengthened by heteroduplex mapping 

experiments. Although the origin of these "novel forms" is not clear, 

they are similar in complexity to cloned integrated viral sequences 

derived from acutely infected, chronically infected, and hepatoma 

tissue in woodchucks. The presence of these "novel forms" at about one 

copy per cell in comparison to at least 50 copies per cell of full

length and partially double-stranded WHV DNA suggests that these forms 

do not play an important role in replication. Although they may 
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Figure 14. Integration pattern of WHV DNA in chronically infected 
woodchuck livers. (A) Linear map of the CW309 integration site showing 
restriction sites and the extent and orientation of viral DNA sequences. 
Viral sequences are represented by the box, with map coordinates given 
in kilobases originating at the EcoRI site, nonviral sequences by the 
thin line. Arrowheads in the box:represent the 5' to 3' direction of 
the viral plus strand. The deletion is shown by the triangle, whose 
base is equivalent to the length of the deleted viral sequences. (B) Map 
of the viral sequences in CW309, relative to the circular map of WHV. 
Arrowheads point in the direction equivalent to left to right in (A) 
above. The map of the virus is based on the sequence obtained in ref. 
159, and the scale is given in kilobases clockwise from the EcoRI site, 
with the 5' to 3' direction of the plus strand also proceedi;g-clock
wise. The open reading frames inferred in ref. 159 from the sequence 
are shown in the middle, identified as follows: S, surface antigen 
(WHsAg) polypeptide; C, core antigen (WHcAg) polypeptide. The hatched 
segment denotes the cohesive end region of the virion DNA. (C) Linear 
map of the HW99-0 integration site, represented as in (A). (D) Circular 
map of the HW99-0 viral sequences, represented as in (B). The letters 
A-G identify the colinear segments of viral sequences. [Reprinted with 
permission from Ogston, C. W., et al. in Cell 29:385-394. Copyright 
1982 by M.I.T. (ref. 688)]. 

possibly arise by the excision of integrated sequences or as a conse

quence of defective DNA replication, the role of these "novel forms" in 

infected cells is yet to be determined. 

Detailed characterization of the integrated WHV DNA sequences in 

two different hepatocellular carcinomas demonstrating integration at a 

single site yielded long, complex forms similar to the apparently 

unintegrated "novel forms" discussed above (688). It is not known from 

these results whether the clones studied have anything to do with the 

induction and/or maintenance of the transformed state. However, it is 

possible that highly rearranged viral DNA is especially liable to become 

integrated or that integration of intact viral genomic DNA destabilizes 

the affected chromosome, resulting in extensive rearrangements until a 

stable form is again achieved (688). Highly rearranged integrated forms 

are also characteristic of other DNA tumor viruses, including SV40 (689-

691) and adenovirus 2 (692), and it is possible that, like these viruses, 

HBV and WHV encode a virus polypeptide responsible for induction and/or 

maintenance of the transformed phenotype. If this were so, then inte

gration would not be required for transformation, and the complex inte

grated forms and apparently unintegrated "novel forms" would both be 

capable of transforming capability. Indeed, both clones of integrated 
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complex forms contained, intact, the short open reading frame, X (688). 

Many of the apparently unintegrated "novel forms" also contain intact 

copies of most or all of the X gene (687), suggesting that information 

encoded for by this region of the genome may be involved in transforma

tion. Sera derived from some patients with HBV associated hepatocellular 

carcinoma contain antibodies which reacted by anticomplement immuno

fluorescence with one or more proteins in the nuclei of cultured human 

hepatoma cells (903, 904). Only sera from HBV associated PHC were 

reactive and only HBV associated hepatoma cell lines (PLC/PRF/5 and Hep 

3B) were positive, suggesting that the reactive component was specific 

to HBV. Since the presence of such a nuclear antigen did not correlate 

with HBsAg production or anti-HBc reactivity, the latter being negative 

in these cell lines, it is possible that the new antigen system specif

ically associated with PHC could be related to the X gene product of 

HBV if it is a virus gene product at all (903, 904). Alternativel.y, 

the virus may act in accordance with the typical promoter-insertion 

model (693-697). In this case, HBV or WHV DNA would integrate near at 

least one cellular oncogene and promote expression of the oncogene 

which would result in the transformed phenotype. Both mouse mammary 

tumor virus (698) and avian leukosis viruses (695-697) have been found 

to promote the expression of cellular oncogenes at least partially 

responsible for the transformed phenotype. It is interesting in this 

context that both clones of integrated WHV DNA possess the single 

region of the virus genome which is not in an open reading frame (688). 

This region of the genome is also present in the apparently unintegrated 

"novel forms" of WHV DNA (687). If this region acts as a promoter in 

the virus, then it might direct the expression of a nearby cellular 

oncogene when the genome is integrated into the appropriate host site(s). 

If HBV and WHY acted by promoter-insertion, then different complex 

forms with different numbers of deletions and rearrangements would be 

present, so long as the promoter remained intact. Using EcoRI digested 

HBV DNA as a template in an in vitro transcription system derived from 

HeLa cell extracts, core antigen gene sequences were transcribed from a 

promoter region located just prior to the proposed translation initi

ation site of the major HBcAg polypeptide (797). Using similar frag

ments in the same transcription system, another study showed that one 
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of two promoter sites for RNA polymerase II in HBV DNA mapped to the 

sequences preceding the HBcAg gene (905). In vitro, however, the puta

tive core gene promoter appeared to be weak (905), and it is equally 

possible that the sequences including the surface antigen gene promoter 

play a role in establishing and/or maintaining the transformed state. 

As noted above, whether HBV DNA integration is colinear or accompanied 

by extensive rearrangements, the pre sis gene regions have often been 

found present (892-894). The expression of HBsAg upon transfection of 

cells with clones encompassing HBV DNA integrated into host cell DNA 

suggests that this transcriptional unit is intact and functional. How

ever, what may be important in terms of carcinogenesis is not whether 

HBsAg is expressed, but whether its promoter is active. The finding of 

surface antigen gene sequences integrated at multiple sites in a variety 

of hepatoma cell lines suggests that they behave like multi-copy mobile 

genetic elements (892, 906-908). The presence of S-gene sequences 

within a HindIII fragment, the restriction endonuclease site presumably 

in host DNA, is also consistent with this hypothesis (892). The dis

covery of a polyadenylated viral transcript in PLC/PRF/5 cells containing 

both HBsAg and cellular sequences in covalent linkage (896, 897) provides 

further evidence consistent with the movement of one or more pseudo genes 

through an mRNA intermediate to various locations in the genome. The 

ability of the HBsAg promoter to express human fibroblast interferon 

from a recombinant molecule demonstrates that a cellular gene could be 

expressed from this promoter (909). Further, comparable levels of 

interferon were produced from the S-gene promoter as well as the SV40 

early promoter. The additional observation that HBsAg is produced in 

comparable quantities by both promoters suggests that expression under 

the S-gene promoter is constitutive as are early products expressed 

under the control of the SV40 early promoter. Since in nonpermissive 

cells containing integrated viral DNA, early gene products are made in 

large amounts compared to late gene products (910), the S-gene promoter 

as a mobile genetic element may substantially alter the expression of 

one or more host oncogenes. Although this has not been demonstrated, a 

sequential increase in c-myc followed by c-rasH oncogenes occurs transi

ently during liver regeneration (911). Certainly, random integration 

of HBV DNA or DNA fragments into the cellular genome, followed by 
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activation of one or more oncogenes, suggests that integration may be 

one step of many leading to PRC. Alternatively, integration may result 

in the inactivation of a gene or genes which inhibit cell division, 

permitting uncontrolled continued proliferation of the affected clone. 

Further characterization of the relationship between virus and host 

genetic material will help to clarify this relationship and further 

define the role of the virus in PRC. 

Karyotyping of human hepatoma cells. 

Recently, karyotyping of the human hepatoma cell lines PLC/PRF/5, 

Rep 3B and Rep 2B from different patients with RBV associated hepato

cellular carcinoma [PLC (113) and Rep 3B (141, 146) lines) or from a 

patient with hepatoblastoma [Rep 2B (141, 146») has demonstrated the 

presence of multiple genetic rearrangements (699). In addition to 

polysomy of some chromosomes, chromosome 1 was involved in multiple 

translocations. Among other solid tumors, chromosome 1 has been fre

quently affected in lung (705), testicular (701), rectal (708), cervi

cal (700, 704), bladder (707), breast (706) and ovarian carcinomas 

(702, 703). In the PLC/PRF/5 cell line, multiple deletions and 

pentasomy of a single region were observed in four of the six chromo

somes 1, while in Rep 3B some of the mUltiple copies of chromosome 1 

demonstrated regions translocated from chromosome 11; and in Rep 2B, 

translocation was observed between some of the normal chromosomes 1 and 

chromosome 21. Polysomy of chromosomes 2, 6, 9, 10, 15 and 17 was 

observed in most karyotype analyses. Translocations have also been 

consistently documented between chromosomes 7 and 11, between 10 and 

13, and between 14 and 21 in the PLC/PRF/5 cell line. Chromosome 15 in 

the Rep 3B line contained additional genetic material, while polysomy 

of chromosome regions were observed in chromosomes 6, 10 and 17. 

Chromosome 15 in the Rep 2B cell line also contained additional genetic 

information. Most other changes seen in karyotype analysis of these 

cell lines involve deletions of various chromosomes. If RBV or WHV DNA 

integration into the host genome is partially responsible for PRC by 

the promoter-insertion model, and integration involves both rearrange

ment of the viral DNA into long, complex forms (688) and destabiliza

tion of chromosomal DNA in the affected chromosome(s), then multiple 

rearrangements of host DNA could result until new stable forms are 
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achieved. Since the results of Southern blotting of hepatoma DNA for 

integrated HBV DNA species yield different numbers and sizes of frag

ments in different tumors, it is not likely that HBV integrates at 

preferred sites of the human genome. Integration is probably random, 

and the surviving clones having integrated sequences possess different 

proliferative capacities, dependent upon whether HBV DNA integration 

alters the growth characteristics of each cell undergoing an integra

tion event. The complex karyotypes of the hepatoma cell lines may be a 

reflection of cell variant selection from a primary tumor upon long

term cell culture but might also result, in part, from integration of 

the viral genome. Recent demonstration of carcinogenesis associated 

with DNA rearrangements in which a cellular oncogene is transposed to 

the influence of a cellular or viral promoter (693-696, 709-711) may 

playa role in HBV or WHV associated hepatocellular carcinoma. Other 

molecular mechanisms, however, cannot be excluded. 

NUCLEIC ACID SEQUENCING OF DANE PARTICLE DNA AND EXPRESSION OF HBV GENES 

Nature of open reading frames. 

The cloning of Dane particle associated DNA has provided material 

for detailed physical and chemical characterization of the HBV genome, 

including complete nucleotide sequence analysis. Restriction endo

nuclease mapping of various cloned HBV DNA isolates has provided suit

able overlapping fragments for 5 ' -terminal labeling (712) and sequencing 

by the chemical degradation (712) or dideoxynucleotide (713, 714) 

methods. In two reports where the entire HBV genome was sequenced, it 

was found to be 3182 nucleotides (156) or 3221 nucleotides (536a) in 

length. When the additional sequences of 6 and 33 nucleotides in the 

larger genome were deleted by computer analysis, substantially better 

alignment of the sequenced DNAs was possible (358), although the two 

analyses still differed in 9.5% of their nucleotide base pairs. Inde

pendent sequencing of adw and adr isolates resulted in HBV DNA inserts 

3.2 kb and 3.188 kb respectively (900). The overall sequence diver

gence between adr and ayw was 11.2%, 10% between adw and ~, and 9.8% 

between adw and adr. Among two adw isolates, however, the overall 

divergence was only 1.6% (ISS, 900). Although no mutational hot spots 

were noted among these sequenced isolates, several contained apparent 

deletions. These deletions were found in adw and ayw isolates, but 
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not adr, in the beginning of the pre-S region (900). Another deletion 

approximately 100 bp before the core gene, near the region of the nick 

in the long strand, was observed with adr, but not with adw or ~ 

(900). Complete sequence analysis of the plus DNA strand--that is, the 

short strand which acts as a primer for and can be specifically labeled 

by the endogenous DNA polymerase activity--reveals four regions capable 

of encoding polypeptides of at least 100 amino acids (Figure 13). In 

HBV DNA, open regions 1-4 could potentially encode polypeptides 170, 

109, 149 and 115 amino acids in length respectively. If splicing were 

to occur, larger polypeptides could be produced from any combination of 

these small regions (156, 158, 159). However, their presence, size and 

position on the short strand are not conserved in WHV DNA (358). Com

parison of the genome sequences of HBV and WHV DNA demonstrate that the 

position of region 1 is conserved among these closely related viruses 

(158, 159). Region 1 sequences, however, were unrelated in these 

viruses, suggesting that the short strand probably does not encode any 

polypeptides. It is completely absent from the nucleotide sequence of 

the DHBV genome (912). Complete nucleotide sequence analysis of the 

minus DNA strand--that is, the long strand which acts as a template for 

the endogenous DNA polymerase activity--also reveals four open reading 

frames, 5-8, which potentially encode polypeptides 166, 851, 432 and 

219 amino acids in length respectively. Each of the open regions was 

defined as beginning with an ATC codon, signaling the start of trans

lation, and ending with a TAA codon, signaling the termination of trans

lation (156). Unlike the short strand, in which regions 1 and 3 as 

well as 2 and 4 existed as pairs, the open reading frames on the long 

strand extended over most of the genome and overlapped with each other 

in different reading frames (Figure 13, Table 16). Each of the open 

reading frames on the long strand of HBV DNA (156, 536a) is conserved 

in WHV DNA (158, 159), DHBV DNA (912) and CSHV DNA (913), suggesting 

that these larger regions possess important encoding functions. 

Although comparison of HBV and WHV DNA demonstrated 62-70% sequence 

homology, this homology was considerably lower between regions 6 and 8, 

corresponding to a portion of region 5 (the X gene) near the nick in 

the long strand (159). This low region of homology is also present 

upon comparison of CSHV (913) and DHBV (912) DNA sequences to HBV. 
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Although the significance of these differences remains to be studied, a 

short region of noncoding DNA between regions 5 and 8 is highly conserved 

in the genome of these mammalian hepatitis viruses (159, 913). In DHBV, 

the structure of the genome is different in this region because regions 

5 and 8 are fused (912). However, a hairpin loop at the beginning of the 

5/8 region in DHBV DNA exists which is similar in structure but differ

ent in sequence than the analogous hairpin between regions 5 and 8 in the 

mammalian viruses (912). Combined with the location of these sequences 

near the nick in the long strand and their palindromic structure which 

suggests the existence of stable hairpin loop, it is possible that these 

sequences might play an important role in the initiation of virus DNA 

replication (159). 

Surface antigen gene structure and expression. 

The availability of limited N- and C-terminal amino acid sequence 

data of HBsAg p22-25 and p26-29, combined with the nucleic acid sequence 

data, resulted in exact localization of the region in the HBV genome 

responsible for encoding these polypeptides (155-157, 177, 358, 536a, 

900). A unique sequence of 57 nucleotides in the HBV genome corresponding 

to the N-terminal 19 amino acid residues of either HBsAg p22-25 or p26-29 

was located at the third ATG initiation codon in open region 7 on the 

long strand of DNA. The single carboxy terminal dipeptide of p22-25 

and p26-29 (264) has also been located on the viral DNA in phase with 

the amino terminal sequence at the end of the open region 7 just prior 

to the TAA codon signaling termination of translation (157). Assuming 

no intervening sequences, this S-gene would be 678 nucleotides in length 

and encode a polypeptide 226 amino acids long and approximately 25,400 

daltons in size. This prediction is consistent with the finding of a 

major HBsAg associated polypeptide on SDS-gels in the same size range 

(Table 4), with the number and size of aminoethylated tryptic peptides 

resolved following cleavage of HBsAg p22-25 (155), and by the close 

agreement in amino acid composition between p22-25 and that deduced 

from the appropriate nucleotide sequence [155, 157 (Table 5)]. In 

addition to this data, any intervening sequences in the S-gene would 

have to be small « 200 nucleotides) and keep the amino and carboxy 

terminus of p22-25 in phase, suggesting that intervening sequences 

probably do not exist in the S-gene. Comparison of the S-gene 
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sequences published to date, however, still demonstrate several 

differences (Figure 3). The largest differences among sUbtypes have 

been found in the central hydrophilic region spanning residues 113-143, 

where there are six changes between adr and adw, eight changes between 

~ and adw and seven changes between ~ and adr (900) which are 

related to subtype differences. Quantitative amino acid analysis data 

obtained from protein hydrolysis or deduced from nucleic acid sequences 

each predict high contents of proline, tryptophan, aromatic amino acids 

(phe, tyr, trp), and hydrophobic amino acids [val, leu, ile; Table 5]. 

That these amino acids constitute greater than 50% of the composition 

of surface antigen polypeptide implies that surface antigen polypeptide 

possesses large hydrophobic regions probably locked into a tight overall 

globular configuration by the many disulfide bonds of HBsAg. The amino 

acid composition deduced from nucleic acid sequence data of WHV DNA 

also contains a high percentage of aromatic and hydrophobic amino acids 

(160), and both S-gene sequences contain considerable amounts of cysteine 

in their central regions (157, 160). The nucleic acid sequence of HBV 

S-gene predicts three regions of beta sheets (residues 1-31, 75-109 and 

157-226), which include the amino and carboxy terminal domains that are 

highly conserved among the sequences of the different HBV DNA clones 

(177, 358). Although the deduced sequences of surface antigen polypep

tide show little helical structure, two hydrophilic regions (residues 

32-74 and 110-156) defined by beta turns and separated by a hydrophobic 

region make up the middle of the polypeptide. Many of the differences 

in sequence corresponding to changes in amino acids are located in the 

large hydrophilic domain (residues 110-156) and probably contribute to 

the antigenic heterogeneity of HBsAg. 

In addition to the ATG codon defining the N-terminus of HBsAg p22-25, 

region 7 is characterized by two other upstream ATG codons without 

intervening TAA triplets (156, 167, 177, 358, 536a, 912, 913). Sequence 

analysis of the WHV DNA genome demonstrates an analogous genetic organi

zation and suggests that if the major WHsAg associated polypeptide is 

encoded for starting at the third ATG of the open region, then a poly

peptide 222 amino acids long, slightly smaller than its HBsAg analog, 

would be made (159). A similar relationship would be concluded from 

examination of the GSHV DNA sequences (913). Indeed, SDS-PAGE analysis 
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of HBsAg, WHsAg and GSHsAg yielded results consistent with this 

relationship (180, 181). The existence of this pre-S gene region in 

all four viruses suggests that it may encode one or more polypeptides 

larger than the major surface antigen component. Analogous situations 

have been documented with p33 and plOO of adenovirus 2 (717) and with 

VP2 and VP3 of SV40 (718, 719). The present data does not exclude the 

possibility that HBsAg p22-25 is a product cleaved from a larger pre

cursor polypeptide initiated at any of the upstream ATG codons of region 

7. Deduced amino acid sequences from the pre-S region of HBV DNA clones 

demonstrated larger differences than were present in the S-gene regions. 

Comparison of the nucleotide sequences of two HBV DNA clones further 

showed that one carried an additional 33 nucleotides near the first ATG 

in the region (358, 536a). Other clones carry similar deletions (900). 

The pre-S gene region of WHV, GSHV and DHBV genomes showed little 

homology with the analogous region in HBV DNA, suggesting no conserva

tion during evolution. Interestingly, the deduced amino acid sequence 

of pre-S from some of these viruses contains a large amount of proline 

and no cysteine residues, suggesting the presence of a random coil with 

little or no secondary structure (159, 912, 913). Although it has been 

suggested that all of the components larger than the major surface anti

gen polypeptide of HBV are aggregates of the latter (206), two dimen

sional tryptic peptide mapping of such polypeptides associated with 

HBsAg, GSHsAg, WHsAg and DHBsAg (768) yielded a number of larger compo

nents containing more spots than their respective major polypeptides. 

That p32 and p43 of HBsAg shared all of their spots with p22-25 and 

that p43 shared a subset of spots present in p32 but not p22-25 sug

gests that pre-S may be translated. Consistent with these results is 

the finding of like-sized polypeptides by SDS-PAGE, possibly initiated 

at the first ATG (p43) or second ATG (p32) and terminating at the end 

of region 7. Further evidence proving the existence of these discrete 

surface antigen associated polypeptides has already been discussed in 

the context of their ability to bind polymerized serum albumin as 

isolated components or as part of intact HBsAg particles. The finding 

of an RNA transcript encompassing the entire pre-S and S-gene regions 

of HBV DNA following transfection of mouse L cells and the finding of a 

TATA-like promoter sequence preceding the first ATG codon of region 7 



176 

are also consistent with the expression of pre-S sequences (168, 680). 

Although the function of these sequences is not well defined, they are 

not required for the assembly of 22 nm spherical HBsAg, since isolated 

p22-25 and p26-29 have been shown to reconstitute such particles (350). 

A possible function of such amino acid sequences may be to provide a 

matrix important in the maturation and physical stability of Dane parti

cles or, as discussed above, serve as a viral receptor for infectivity. 

The regulation of HBsAg gene expression has been studied from a 

variety of different perspectives with the hope that a recombinant HBV 

vaccine could be made in the future. HBV nucleotide sequence in the 

pre-S gene region reveals a palindromic sequence near the unique EcoRI 

site which may form a hairpin loop in linear or supercoiled viral DNA 

(156, 643, 644). Although no role has been assigned to such a region, 

it is possible that the presence of this hairpin loop may regulate 

HBsAg expression. HBsAg expression also seems to be regulated in the 

hepatoma cell line, Hep 3B (146). HBsAg accumulation was not noted at 

low cell densities in culture supernatant, while albumin was produced 

and secreted. HBsAg production increased dramatically as cultures 

became confluent, much beyond the quantities calculated based upon 

lower cell densities, while albumin levels increased in accordance with 

an increase in cell numbers. These results suggest that HBsAg production 

was under cell cycle control and that the greatest production occurred 

during Go or resting phase. Interestingly, HBsAg production also seems 

to correlate with the number of integrated copies of HBV DNA in a number , 
of hepatoma cell lines (110), suggesting that greater HBsAg production 

was a consequence of more copies of integrated HBV DNA. 

Numerous studies using cloned HBV DNA have attempted to better 

define the sequences responsible for the one or more antigenic determi

nants of HBsAg and the portions of the viral genome responsible for the 

regulation of surface antigen expression (Table 17). In one study, Dane 

particles isolated from a patient demonstrating a complex serotype, ~, 

were used to create a family of recombinants in~. coli HBlOl from 

several large restriction endonuclease fragments fused to the beta

lactamase signal sequence of pBR322 (178). Bacterial colonies grown on 

Millipore filters were lysed with phage lambda, and HBsAg was detected 

by binding to antibody adsorbed to polyvinyl disks followed by binding 
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of radioactive antibody to the solid phase complex. HBV fragments in 

positive clones were cleaved to smaller sizes and recloned in pBR322 

(167, 169). Although RIA was again used for HBsAg detection, the 

ability of cell lysates from these recombinants to generate detectable 

anti-HBs in rabbits was found to be a more reliable assay. Recombinant 

pTH194, fused to the beta-lactamase signal sequence and containing all 

except the first 10 nucleotide bases of the S-gene, yielded anti-a and 

anti-yo pTH195 and lambda HBV l-la recombinants, containing approxi

mately the 5' 50% of the S-gene fused to the beta-lactamase signal 

sequence, yielded anti-a and anti-d. pTH3l3, containing approximately 

the 3' 50% of the S-gene in a similar construction, Yielded anti-a 

only. Recombinants including larger portions of the beta-lactamase 

sequences fused to HBsAg sequences, yielded fused products which did 

not give rise to antibody (e.g. pTH lUI). Interestingly, only one of 

several recombinants containing the entire S-gene joined to another 

site in pBR322 yielded bacterial extracts resulting in the production 

of anti-HBs. Although polypeptides made under these conditions con

tained little extraneous sequences, their ability to compete against 

native HBsAg was low, and the anti-HBs raised in vivo was usually of 

low titer, suggesting that either lack of HBsAg glycosylation in E. 

coli or the state of physical aggregation in bacterial cells, or both, 

accounted for these results. Insertion of the HhaI plus XbaI generated 

fragment of S-gene, which includes all except the 5' 102 base pairs 

encoding the major HBsAg polypeptide, into a derivative of bacteriophage 

lambda (Aplac5-lUV5) near the 3' end of lacZ resulted in the production 

of a 138,000 dalton beta-galactosidase-HBsAg fusion polypeptide with 

antigenic determinants of both HBsAg and beta-galactosidase (174). 

Although the molecule could be precipitated by anti-HBs, suggesting 

that native conformation was present in a detectable percentage of 

fusion products, immunogenicity was not tested. In an attempt to 

increase the production of HBsAg as a fused product in a prokaryotic 

system, the HincII fragment of S-gene, including all sequences except 

the 5' 66 base pairs, was fused to the beta-lactamase gene in a pBR3l2 

plasmid containing the promoter-operator sequences of the bacterial ~ 

operon (179). Relatively large quantities of overproduced beta

lactamase-HBsAg fusion protein was detected at 41,000 daltons on 
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SDS-polyacrylamide gels (119). Unlike the beta-galactosidase-HBsAg 

fusion product which represented approximately 0.05% of the total 

bacterial cell protein (174), the beta-lactamase-HBsAg fusion product 

represented about 8.5% of the total protein (179). The latter was 

immunoprecipitated with anti-HBs, and precipitation was totally 

inhibited by addition of cold HBsAg, although again immunogenicity was 

not assayed. Although the production of fused polypeptides helped to 

protect HBsAg sequences from being degraded by bacterial enzyme 

systems, the physical state of these fused products is unlike that of 

p22-25 and p26-29 in 22 nm spherical HBsAg particles, suggesting that 

their immunogenicity, like that of denatured HBsAg polypeptides, will 

probably be low--precluding use of these products in their present form 

for vaccine production. 

Among the problems encountered studying HBsAg (or other gene) 

expression in ~. coli are the possible detrimental effects of protein 

production upon bacterial cell growth, proteolytic degradation of the 

fused or free polypeptide, and/or suboptimal expression of the gene in 

a new environment (174, 179, 914, 915). A family of expression vectors 

was constructed from pTM778, a plasmid containing a tryptophan operon; 

pBR322 sequences; and HBsAg adw gene sequences derived from pHBV 933, a 

plasmid containing an EcoRI HBV DNA insert (915). Recombinants con

taining the complete S-gene (pTRPSS-6) or fragments lacking 60-100 bp 

from the 5' end of the S-gene (pTRPSS-39 and pTRPSS-50) corresponding 

roughly to the amino terminal hydrophobic domain of HBsAg p22-25 were 

assayed for HBsAg expression under ~ operon control in~. coli (915). 

Among positive recombinants, the full-length S-gene inset (pTRPSS-6) 

partially inhibited colony growth, while the colonies containing the 

truncated S-gene constructs grew normally, suggesting that the N

terminal hydrophobic domain may embed in the bacterial membrane and in 

some way inhibit growth. With the truncated constructs, the expression 

levels in minicells from culture broth ranged 20-45 ng/ml (915), which 

is comparable to that recently observed under the control of a yeast 

dehydrogenase I promoter (916), suggesting that direct expression of 

HBsAg could be achieved in bacteria at levels comparable to some 

eucaryotic systems. In another attempt to circumvent these limita

tions, a two plasmid system capable of rapidly producing relatively 
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Large quantities of a foreign protein in free or fused form, has 

recently been described (914). In this system, the gene of interest is 

expressed under the cvntrol of the !. coli lacZ regulatory region of a 

plasmid (pJJSlOll) which exhibits runaway replication at 43 u C but not 

at 30 v C. The other plasmid (pJJSl002) contains a temperature sensitive 

lac repressor gene which regulates foreign gene expression on the 

runaway plasmid at low temperatures (914). In this fashion, synthesis 

of relatively large quantities of some HBV gene products could be made 

for use in further understanding its molecular biology (914). 

The use of recombinant DNA technology to express HBsAg in mammalian 

cells has resulted in the production of both antigenic and immunogenic 

small spherical HBsAg particles. A 1350 base pair BamHI fragment of 

HBV DNA (approximately 40% of the genome), including a portion of the 

pre-S region, the entire S-gene, and some downstream sequences, was 

cloned into a pBR322-SV40 plasmid in the region of the SV40 late genes 

(171, 721). The presence of pBR322 sequences permitted propagation in 

!. coli, and the presence of SV40 sequences permitted expression upon 

lysis in African green monkey kidney cells. Approximately 45% of the 

monkey kidney cells infected with the SVHBV recombinant were positive 

for cytoplasmic HBsAg after 72 hours, and up to 1 ~g of surface antigen 

was detected irr the culture media (171). Partial characterization of 

the released material showed that it shared morphology, density and 

sedimentation characteristics with small spherical HBsAg. These 

results have since been independently confirmed (917, 918). Immuno

precipitation, followed by SDS-PAGE, demonstrated the presence of 

p22-25, p26-29 and, on some gels, p49. 

The strict packaging requirements of SV40 DNA recombinants into 

mature particles and the very limited time in which molecular events 

could be studied restrict the usefulness of SV40 lytic vectors. 

Therefore, a number of investigations have analyzed HBsAg expression 

using nonlytic pBR322-SV40 recombinants in which HBV sequences have 

been inserted into the early region of SV40 (918-922) and the defective 

recombinants amplified and expressed transiently in SV40 transformed 

CV-l cells (COS cells) which produce T antigen (923-925). Small 

spherical HBsAg particles were synthesized and secreted by COS cells 

transfected with S-gene containing plasmids pHBs3ll-E and pHBs3l1-L 
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which differ only by the orientation of the SV40 origin of replication 

with respect to early and late promoters, respectively, transcribing 

the S-gene (918). When COS cells were transfected with either of two 

plasmids, pSH6 or pSH18, which contained in opposite orientations the 

large 2.1 kb fragment of HBV DNA with all sequences except the core gene, 

HBsAg was made and secreted (919). Such particles possessed a pair of 

major polypeptides at 25,000 and 29,000 daltons that were immunoprecip

itable with anti-HBs. Approximately 40-50 ~g HBsAg/l07 cells was pro

duced, which is 10-15 fold more material than that reported in earlier 

studies (113, 171, 173, 175). Insertion of the S-gene into a plasmid 

where expression was controlled by a 311 bp fragment of the SV40 origin 

of replication or by a larger 342 bp fragment containing the SV40 72 bp 

repeat enhancer sequences resulted in HBsAg detection in COS cells by 

indirect immunoflourescence, RIA or isotopic labeling in most cases 

(920). Recombinants designated p342E, p342L and p3llL, directing HBsAg 

synthesis from early or late promoter sequences within opposite orienta

tions of the SV40 origin of replication, were positive for HBsAg expres

sion. The failure of some recombinants to produce surface antigen, 

including pML-HBs which lacks SV40 sequences, and p3llE, which lacks an 

intact 72 bp repeat, suggests that SV40 sequences are required for HBsAg 

expression but that the SV40 72 bp repeat is not required. The mapping 

of the 5' terminus of the mRNA producing HBsAg to within the SV40 late 

promoter, combined with the fact that deletion mutants of the 72 bp 

repeat enhancer sequences in p342E still expresses HBsAg at levels com

parable to intact p342E, suggest that transcription begins within the 

SV40 origin and that heterologous enhancer elements may be present in 

the HBV DNA fragment (920). The latter point is supported by the finding 

that the intact 72 bp repeat region seems to be essential for both early 

and late SV40 gene expression (926). In order to assess the role of 

pre-S sequences in surface antigen production, SV40-HBV recombinants 

were made so that HBV sequences spanning the S-gene (in LSV-HBsAg) or 

the entire pre-SIS region (in LSV-HBpresAg) were placed under the control 

of the early SV40 promoter which included the 72 bp repeat sequences 

(921). COS cells transfected with these recombinants demonstrated simi

lar levels of plasmid DNA replication, yet LSB-HBsAg expressed about 

four-fold more HBsAg specific RNA than did LSV-HBpresAg. Further, 
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LSV-HBsAg produced and secreted up to 800 ng of HBsAg/l06 cells while 

LSV-HBpresAg yielded 40-50 fold less HBsAg under identical experimental 

conditions (921). In comparison to the PLC/PRF/5 cell line, LSV-HBsAg 

produced about 10-fold more HBsAg, suggesting efficient expression under 

the SV40 early promoter. To account for these differences, the long 

pre-S antigen leader could attentuate both the SV40 early promoter and 

the S-gene promoter in LSV-HBpresAg and/or the presence of RNA processing 

signals within the pre-S region could result in an increased rate of 

transcript turnover (921). Clearly, the relatively high levels of sur

face antigen RNA and protein production by these recombinant molecules 

in COS cells will continue to yield greater understanding as to the 

nature of HBsAg expression. 

An alternative nonlytic system for the expression of surface antigen 

has been developed using the bovine papilloma virus (BPV) DNA replicon 

in mouse cells (930-932). In one study, BPV-l DNA was separated from 

the pre-SIS gene and presumptive S promoter by pBR322 (pML) sequences 

so that the recombinant plasmid could be replicated in prokaryotic and 

eucaryotic cells (930). Transfection of C127 mouse cells with the plas

mid pMZ6V4 possessing these characteristics resulted in clones which 

secreted 50-200 ng HBsAg/l06 cells/24 hours. These levels are compa

rable to those reported from integrated HBV DNA (173) or under control 

of the SV40 late promoter (171). Small spherical particles similar to 

serum derived HBsAg were found, and SDS-gel analysis of 1251 labeled 

immunoprecipitates demonstrated the presence of the major nonglycosylated 

and glycosylated components. Although the viral nucleic acid remained 

episomal, restriction enzyme analysis of the DNA from these clones com

pared to that of the input plasmid suggests substantial rearrangement 

of sequences (930). Since comparable levels of HBsAg expression were 

demonstrated independent of the BPV-l DNA orientation in the plasmid, 

it is likely that HBsAg expression was under control of its own promoter 

and that the RNAs produced may be similar to in vivo transcripts (930). 

Using a similar recombinant, independent workers transfected NIH 3T3 

cells with a plasmid containing the pre-SIS gene regions, the 69% trans

forming fragment of BPV-l DNA and pBR322 sequences (931). A peak of 

HBsAg production was observed five to ten days post-transfection, then 

dropped to intermediate levels and rose again with the appearance of 
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foci two weeks later. By manipulating culture conditions of individual 

clones, HBsAg accumulation was linear with time and reached 39 ~g/107 

cells/week with one clone. Again, this was independent of the respective 

HBV-BPV DNA orientations in the transfecting plasmid. HBsAg was secreted 

as small spherical particles similar to those obtained from infected 

sera, was immunogenic in guinea pigs, contained polypeptides of molecular 

weights 24,000, 28,000, 34,000 and 37,000 daltons, and was produced at 

rates approximately 20-fold higher than observed in the PLC/PRF/5 cell 

line (931). 

Mutant mouse L cells, deficient in thymidine kinase (LMtk-), were 

used to study surface antigen gene expression by cotransformation of 

cultures with EcoRI HBV DNA ligated to pBR322 (pCPIO) and with plasmid 

pAGO carrying the cloned herpes simplex virus tk gene (170, 173). Since 

the site of HBsAg transcription initiation has not yet been precisely 

mapped and since the unique EcoRI site of HBV DNA is within the pre-S 

region about 150 bp upstream from the S-gene, pCPIO was constructed as 

a dimer of HBV DNA in a tandem head-to-tail arrangement. Twenty days 

after cotransformation and HAT selection, HBsAg, but not other virus 

markers, was detected in infected cells and in culture media. Particles 

resembling small spherical HBsAg were produced by one clone of cells at 

about 150 ng antigen/ml/day at saturation density. This is comparable 

to rate of HBsAg production in the PLC/PRF/5 hepatoma cell line, which 

is about 250 ng antigen/ml/day under the same conditions (113, 720). 

Attempted cotransformation of LMtk- cells with a plasmid containing one 

EcoRI HBV DNA fragment did not result in HBsAg production, suggesting 

that the integrity of viral sequences prior to the S-gene was necessary 

for expression. Analysis of the state of HBV DNA in HBsAg producing 

mouse L cells showed that it was integrated at multiple sites in the 

mouse genome. Although the structure of the integrated sequences has 

not yet been determined, these cells share this property with all of 

the HBV associated human hepatoma cell lines studied. The constitutive 

expression of HBsAg in pCPIO infected mouse cells was not observed when 

other cell lines were tested (927). For example, Vero cells cotrans

fected with pCPIO and pAG60, the latter vector containing the dominant 

selective marker aminoglycoside 3'-phosphotransferase (APH(3'», resulted 

in cells which produced HBsAg transiently between 10 and 30 days after 
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transfection. To exclude the role of other HBV DNA sequences or gene 

products in affecting HBsAg expression, fragments of pCPIO containing 

the S-gene and variable flanking sequences were inserted into pAG60 or 

tk positive pAGO. Transfection of Vero cells resulted in the same 

later transient expression as that observed with pCPIO, although the 

levels of expression lower and the duration shorter. Expression of 

these plasmids in other cell lines of human or rabbit origin also 

differed from that observed with mouse cells, suggesting that expres

sion is cell type dependent. Further, transient expression seems to 

occur whether the HBsAg coding region is under the control of the 

herpes virus tk promoter or its own promoter, suggesting that the 

S-gene promoter is not responsible for such an expression pattern. 

Repression of stable HBsAg synthesis was not due to a trans-acting 

substance, since Vero cells transfected with a recombinant in which 

transient expression had already passed could be transfected again with 

the same recombinant, resulting in another round of transient expres

sion. In addition, mouse cells transfected with the same recombinant(s) 

stably produced HBsAg, and this characteristic could be maintained even 

after fusion with Vero cells. Finally, the transient nature of HBsAg 

expression may be related to the fact that integrated copies of the 

recombinant plasmids had highly rearranged S-gene sequences which may 

have occurred following the initial integration event (927). 

Independent studies using pBR322 recombinant plasmids containing up 

to four HBV genome copies in tandem head-to-tail configurations were 

used to cotransform a tk- rat 2 fibroblastic cell line or mouse LMtk

cells with herpes simplex thymidine kinase gene as a selectable marker 

(722). A plasmid containing four tandem, head-to-tail HBV genome 

copies (pHBV130-4) cotransformed rat 2 cells and resulted in a stable 

clone which produced and secreted small, spherical HBsAg particles. 

Like the Hep 3B (146) and PLC/PRF/5 (723) hepatoma cell lines, Rat 

2/l30.4/TK4 secreted little HBsAg at low cell densities and much higher 

quantities than expected at high cell densities. Mouse LMtk- cells 

cotransfected with the same recombinant plasmid also yielded a number 

of clones synthesizing HBsAg particles (722). 

In addition to mammalian cells, HBsAg particles have recently been 

produced in yeast (724). Here, an 835 bp genome fragment, isolated 
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following double digestion of HBV DNA with ~ 1 and ~ I, contained 

an intact S-gene and some flanking sequences. This fragment was 

ligated next to the promoter for yeast alcohol dehydrogenase (ADHI) in 

a pBR322 fragment also containing the yeast 2~ replication origin and 

the ~ gene for selection in yeast cells. Roughly 2-5 ~g of surface 

antigen per 200 ml of yeast cell culture was detected only in cell 

extracts from mid-log phase cultures. Although no surface antigen was 

secreted, the extracted particles shared most of their properties with 

HBsAg produced by the PLC/PRF/5 cell line. SDS-PAGE showed a single 

immunoprecipitable band from these yeast cells which comigrated with 

the major nonglycosylated component of HBsAg. That the yeast material 

was as antigenic and immunogenic as authentic HBsAg, even though the 

major glycosylated component was absent on SDS gels, suggested that 

glycosylation is not required for either formation of particulate HBsAg 

nor for immunogenicity (724). Immunization of mice, grivet monkeys and 

chimpanzees with a single 40 ~g dose of alum adsorbed recombinant HBsAg 

resulted in high anti-HBs titers which were maintained at least one 

year (929). Four vaccinated chimpanzees challenged with infectious 

human plasma were each protected from HBV infection, while four unvac

cinated chimps remained susceptible, indicating that sufficient neutral

izing determinants on HBsAg p25 were present for protection to be 

conferred (929). 

The possibility of using yeast generated HBsAg as a recombinant 

vaccine has provided the impetus for further study with different recom

binant molecules. Using a shuttle vector containing pBR322 sequences 

necessary for amplification in !. coli and yeast DNA sequences which 

permit HBsAg expression under the control of the repressible acid phos

phatase promoter, moderate quantities of HBsAg were detected following 

lysis of the recombinant containing yeast (916). Approximately 2-3 ~g 

of HBsAg was produced per ml of yeast lysate, corresponding to 400,000-

450,000 molecules of HBsAg p25 synthesized by each cell. The HBsAg 

produced was similar to small spherical particles derived from serum, 

was precipitated by anti-HBs and was immunogenic in guinea pigs (916). 

Similarly, expression of the S-gene under control of the highly active 

yeast 3-phosphoglycerate kinase (PGK) promoter produced HBsAg p25 

approximately 1-2% of the total cellular protein (928). About 2-5% 
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of this p25 was aggregated in the form of 22 nm small spherical HBsAg 

particles. Yeast transfected with the recombinant pYeHBsd in which the 

S-gene was sandwiched between the PGK promoter and the yeast ~l gene 

terminator generated a unique RNA species. Radiolabeling of the cells 

with 35S-methionine or cysteine followed by gel electrophoresis yielded 

a band analogous to HBsAg p25, but no major glycosylated component at 

p29 (928). Such a band was immunoprecipitated with anti-HBs raised 

against native particles. The low amounts of small spherical HBsAg 

produced by the recombinant yeast were immunogenic in mice and yielded 

anti-HBs titers equal to or exceeding those of native particles without 

adjuvant, although their yield and presence of yeast proteins outline 

problems for future use. 

The ~II fragment of HBV DNA encompassing the entire genome except 

the major core antigen polypeptide encoding sequences was cloned into a 

pBR322 vector containing the integrated proviral form of Maloney mouse 

sarcoma virus (MSV). Transformation of mouse NIH 3T3 fibroblasts by 

such recombinants resulted in the establishment of several stable cell 

lines producing 22 nm spherical HBsAg particles (726). Cell line Jl, 

derived from cells transfected with the recombinant plasmid pMSVHBs4 

containing a single ~II HBV DNA insert, secreted 20 times more HBsAg 

particles than the PLC/PRF/5 line under identical maintenance condi

tions. Another cell line, J2, derived from cells transfected with the 

recombinant plasmid pMSVHBs9 containing two copies of the ~II HBV DNA 

in tandem, produced 3-4 times the amount of HBsAg than the PLC/PRF/5 

line. Although expression of HBsAg in Jl was similar to that observed 

using BPV DNA as a vector (726) or upon cotransfection of the HBsAg gene 

with the dehydrofolate reductase gene (727), high levels of expression 

in the pBR322-MSV system may be due to the presence of the retroviral 

LTR sequences (635), while in the other situations increased expression 

has been attributable to amplification of the S-gene sequences (726, 

727). Analysis of the secreted HBsAg particles by PAGE showed the 

major pair of polypeptides at 24,000 and 28,000 daltons, as well as two 

higher molecular weight components at 34,000 and 37,000 daltons (726). 

The particles were also shown to be immunogenic in guinea pigs, resulting 

in anti-HBs titers greater than 512 after 6 weeks. 
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The apparent requirement for a selectable marker in cells 

cotransfected with a plasmid containing S-gene has been eliminated by 

using recircularized HBV DNA isolated from recombinant plasmids (175, 728, 

933). EcoRI cleaved HBV DNA cloned as a single copy in pBR322 (pHBV-I) 

was cut by the same enzyme into full-length molecules and recircularized 

by T4 ligase (175). When this material was used to transfect HeLa or 

mouse L cells, cytopathic changes were observed and both intra- and extra

cellular HBsAg was detected (175, 933). pHBV-I or the EcoRI digested 

products of the clone did not result in surface antigen gene expression 

in HeLa cells, suggesting that HBV DNA could act as an infective agent 

only when it is in the form of a 3200 bp double-stranded circle (175). 

HBV DNA cloned at its unique EcoRI site into a plasmid vector pAOl resulted 

in no detectable HBsAg expression following transfection of NIH 3T3 mouse 

fibroblasts (728). However, when the same HBV DNA was excised with EcoRI 

and recircularized prior to transfection, HBsAg particles were detected in 

culture media within two days (728). The requirement of an intact pre-S 

gene region for surface antigen production was confirmed using another 

recombinant containing the large ~II fragment of HBV DNA (728). The 

failure to see HBsAg expression following transfection of NIH 3T3 cells 

with the S-gene containing BamHI fragment of HBV DNA in pBR322 suggests 

that the surface antigen promoter resides somewhere in the ~II-BamHI 

fragment near the beginning of the pre-S region or in sequences upstream 

from it. 

The use of vaccinia virus as a eucaryotic expression vector has 

prompted development of live vaccines expressing HBsAg (934, 935). In 

this system, HBsAg encoding sequences are inserted in place of the vac

cinia tk gene, and expression is controlled by the tk promoter or another 

early promoter so that translation would be initiated from within the 

insert (934). In a family of such constructs, pHBs2 and pHBs4 contain 

S-gene sequences under the control of an early promoter translocated to 

the tk region of the genome (Table 17). Wild type vaccinia virus infected 

CV-l cells transf~cted with these recombinants resulted in easily detect

able HBsAg in the cell extract (1.66-1.86 ~g HBsAg/l07 cells/24 hrs.) and 

culture medium (3.4 ~g HBsAg/l07 cells/24 hrs.). pHBsl and pHBs3, having 

S-gene sequences in opposite orientation with respect to the translated 

early promoter so that the latter occurs after the S-gene, generate barely 
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detectable levels of HBsAg. In pHBs5, where the S-gene is under control 

of the tk promoter, small quantities of HBsAg were found in the culture 

medium (0.16 ~g/107 cells/24 hrs.). HBsAg produced was in the form of 

particles with a density of 1.2 g/ml, showed characteristic major poly

peptide bands at 23,000 and 25,400 daltons which were immunoprecipitable 

with anti-HBs, and was highly immunogenic in rabbits following intra

dermal inoculation (934). Similarly, recombinants were made from a tk

vaccinia variant, in which a HindIII fragment from the F portion of the 

vaccinia genome was combined with pDP120, a pBR322 derivative and either 

S-gene (vP59) or pre-SiS-gene (vPll) sequences (935). vP59 in trans

fected CV-l cells produced 1.5-2.0 ~g HBsAg/l07 cells/24 hrs. under vac

cinia control, most of which was secreted. These amounts were several 

thousand times greater than cells similarly transfected with vPll. Again, 

the biophysical properties of such HBsAg particles produced were indis

tinguishable from serum derived particles and they were highly immuno

genic in guinea pigs (935). The low cost, ease of administration and 

high antibody titers associated with such recombinant vaccinia virus 

vaccines suggest that they would be useful not only against HBV, but 

against a variety of other infectious agents (936). However, since a 

large proportion of the world population has already been vaccinated 

with vaccinia to eradicate smallpox, revaccination would probably lead 

to limited recombinant growth and expression, meaning that HBsAg produc

tion and the anti-HBs response would probably be low, and the effective

ness of such a vaccine questionable. Only further work will be able to 

discern whether another vector will be more suitable. 

Analysis of the nucleic acid sequence of HBV DNA in the segment 

upstream from the first methionine initiation codon of the pre-S region 

(156, 177, 536a, 900) reveals a TATA-like sequence 72 bp 5' from this 

point (159, 168). It has been postulated that the sequence TATAAATA or 

a variant thereof, like the Pribnow box sequences which bind ~. coli 

RNA polymerase (729), serves as a site near animal virus and eucaryotic 

genes for RNA polymerase binding (730, 731). Further, this proposed 

binding site seems to occur just prior to the site of transcription 

initiation (729-731), suggesting that transcription of the S-gene and 

pre-S region might initiate near this point in the genome. Independent 

sequencing of HBV DNA, however, demonstrates a TATA-like box 184 bp 5' 
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to the initiator methionine codon of the S-gene in the pre-S region, 

suggesting, instead, that transcription may initiate near this site 

(155). The nucleic acid regions responsible for initiation of HBsAg 

transcription and promotion of surface antigen expression were further 

localized by studying HBsAg production in mouse LM cells transfected 

with a series of recombinant plasmids containing the S-gene and increasing 

amounts of contiguous pre-S and upstream sequences (168). Plasmid pCPlO, 

containing a head-to-tail tandem genome dimer in which the S-gene, pre-S 

region and upstream sequences were intact, resulted in HBsAg production. 

Plasmid pCP9, containing a single copy of the S-gene and pre-S region 

sequences up to the EcoRI site, was negative for HBsAg production. The 

plasmid pACl, containing an intact S-gene and pre-S region and terminating 

at the ~II site near the start of the pre-S region, was also negative 

for HBsAg, even though the whole of genome region 7 was intact. Con

struction of pAC2, which included the genetic formation in pAC 1 plus a 

number of upstream sequences 5' to the pre-S region and ending at the 

next ~II site, was HBsAg positive (Figure 11). The inclusion of fur

ther upstream sequences (to the next ~II site) in pAC3 also yielded 

HBsAg. Although this localizes the promoter region for surface antigen 

in the approximately 400 bp ~II fragment just 5' to the pre-S region, 

the lack of HBsAg expression from the plasmid pANCl lacking some sequences 

downstream from the S-gene that the positive recombinants retained sug

gests that they are also important for surface antigen mRNA biogenesis 

(168). The possibility of the S-gene promoter being at the TATA box 72 

bp upstream from the beginning of the pre-S region, as suggested above, 

has been called into question by the finding that the 2.4 kb surface 

antigen associated RNA made in mouse or rat cells transfected with a 

plasmid containing a head-to-tail tetramer of HBV DNA contains hybrid

izing sequences extending upstream from this point (942). Either the 

nature of the cells transfected or the recombinants used account for 

these apparent differences, or it is possible that S-gene promotion 

occurs from variant TATA-like sequences located at 103 bp or 158 bp 

upstream from the start of the pre-S region (942). Precise mapping of 

RNA species from infected liver tissue will be needed to discern both 

the RNA initiation site(s) and the most probable promoter sequences 

responsible for S-gene expression. 
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Characterization of the polyadenylated mRNAs transcribed from HBV 

DNA or DNA fragments following transfection of mouse LMtk- cells with 

recombinant plasmids showed a major species at 2.3 kb (168). Using RNA 

from cells containing pCPlO, additional but weaker HBV specific bands 

were detected at 4.3 kb and 0.9 kb. A major band at 2.3 kb was also 

detected in extracts from other HBsAg producing recombinants and from 

the human hepatoma cell line PLC/PRF/s but not from other recombinants 

which failed to produce surface antigen in mouse LMtk- cells. Mapping 

of this large mRNA to the virus genome with various restriction endo

nuclease fragments of HBV DNA as probes showed that transcription initi

ation was located just upstream from the pre-S region within the ~II 

fragment containing the TATA box and the promoter for surface antigen 

gene expression. Further analysis showed that transcription continued 

through the pre-S region, the S-gene and for about another 1900 bp 

after the S-gene ending somewhere in the region of the nick in the long 

minus strand of DNA. No transcripts corresponding to core antigen gene 

were detected. Interestingly, the lack of HBsAg production by cells 

transfected with pANCl, which, by construction, does not have sequences 

which would encode the 3' end of such a transcript, could be due to the 

absence of polyadenylation of a shorter transcript. 

A number of other investigations have been directed toward better 

characterizing the nature of transcription in the hepatoma cell line 

PLC/PRF/s. HBV DNA aliquots digested with different restriction endo

nucleases, separated by agarose gel electrophoresis and transferred to 

nitrocellulose were detected by 32P-labeled PLC/PRF/s RNA (114). The 

detection of all restriction fragments by the labeled RNA suggests that 

all of the HBV DNA sequences are transcribed in the cell line. Indepen

dent analysis of the HBV specific RNA's produced by the same cell line 

resulted in a major species detected at approximately 2.0 kb with an 

AluI fragment of the HBV genome, which includes all of the S-gene 

sequences, a portion of pre-S (300 bp) and 700 bp beyond the termina

tion of the S-gene (115). Somewhat different results were obtained 

using poly A+ and poly A- fractions of RNA from the same cell line 

(116). Cytoplasmic poly A+ RNA separated into individual species by 

gel electrophoresis, blotted onto diazobenzyloxymethyl (DBM)-cellulose 

paper, and detected by a 32P-labeled HBV DNA probe revealed two bands 
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at 3.05 kb and 2.5 kb. Total nuclear RNA (poly A-) showed an RNA species 

at 4.7 kb in addition to those observed in the total cytoplasmic frac

tion. Although the differences among these studies need to be clarified, 

the transcription of cellular sequences along with viral sequences could 

produce molecules of different lengths, some of which may not be func

tional in translation assays (116). Alternatively, cellular sequences 

expressed under the direction of the HBsAg promoter may playa central 

role in maintaining the transformed state. The nearly consistent finding 

of no core gene expression in a wide variety of recombinants as well as 

with recircularized DNA suggests that the regulation of surface and core 

gene expression is different. Indeed, many asymptomatic carriers and 

some with CPH have demonstrable HBsAg in their sera and cytoplasm of 

hepatocytes with little evidence of any other virus gene expression 

(348, 725, Figure 2). The type II response of HBV positive patients, 

in which ara-A and/or interferon treatment resulted in the disappearance 

of Dane particles but the persistence of circulating HBsAg, also suggests 

that virus replication and HBsAg synthesis are independent processes 

(623, 624, 631). That antiviral chemotherapy may be effective against 

replicating virions but not against HBsAg production from integrated 

HBV DNA is consistent with the characteristics of all the human hepatoma 

cell lines studied to date which only produce HBsAg and only contain 

integrated viral DNA. 

As mentioned above, COS cells transfected with SV40-HBV recombinants 

could also be used for studying the biogenesis of HBsAg. For example, 

the RNA species generated from LSV-HBsAg or LSV-HBpresAg, plasmids con

taining the S-gene or pre-SiS-gene sequences, respectively, were char

acterized by Sl mapping and primer extension (921). Although all of the 

RNA species from LSV-HBsAg and some from LSV-HBpresAg initiated within 

the SV40 early promoter, a number of transcripts from LSV-HBpresAg 

apparently initiated from within the pre-S region. Further, one RNA from 

LSV-HBpresAg mapped to the putative HBV pre-S cap site approximately 25 

bp downstream from the RNA polymerase binding site (TATA box). Together, 

these results suggest that splicing from the S-gene promoter region may 

generate a variety of mRNAs which encode HBsAg polypeptides containing 

pre-S sequences (921). In another study, S-gene expression was examined 

using a series of plasmids with progressive deletions in the 3' sequences 
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flanking the gene within the small BgIII fragment spanning the region 

around the nick in the long strand (922). The full length SV40-HBV 

plasmid, pDLRl, containing the HBV DNA fragment from the EcoRI site 

within the pre-S region to the ~II site at the beginning of the core 

gene, gave rise to a predominant mRNA species of about 2 kb and a minor 

species of 1.1 kb. The larger RNA probably initiated within the SV40 

late promoter and terminated at the end of the HBV sequences in the 

construct. Hybridization using probes from different portions of the 

HBV DNA insert showed that all of the probes were reactive with the 2 kb 

mRNA but that a probe spanning the carboxy terminal region of the poly

peptide p25 and adjacent nontranslated sequences did not react with the 

1.1 kb species, suggesting that the smaller RNA was a spliced version 

of the larger transcript. Construction of a cDNA library from these 

mRNA species and nucleotide sequencing of some of the clones demon

strated that a splice of 846 bp beginning near the middle of the S-gene 

and ending just before the X gene was the nature of the difference 

between the two sized RNAs. The 3' end of these cDNA clones contained 

a nucleotide stretch resembling the po1yadenylation consensus sequence, 

located just prior to the core gene on HBV DNA (922). When a series of 

plasmids with increasing deletions in this region were tested for RNA 

production, only recombinants lacking the poly A consensus sequences 

were negative for RNA production, suggesting that both processing and 

polyadenylation require the presence of these sequences (922). 

The splicing of one or more transcripts from the pre-SiS-gene of 

HBV DNA as a mechanism by which a family of distinct but highly related 

HBsAg associated polypeptides is generated has been suggested by the 

results of several more studies. Expression of interferon in mouse L 

cells under the control of the putative S-gene promoter yielded similar 

sized transcripts whether intervening pre-S sequences were present or 

not, suggesting that splicing of pre-S sequences occurs when they were 

present in the recombinant (909). In C127 mouse cells transformed with 

pMZ6V4, a recombinant containing BPV-l DNA and HBV sequences spanning 

the putative S-gene promoter, pre-S and S-genes, Sl analysis of the RNA 

species most likely encoding the HBsAg major nonglycosy1ated polypeptide 

mapped the 5' end at position 3160, approximately 40 bp from the EcoRI 

site, suggesting that this position could act as a splice acceptor site 
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(930). Alternatively, this site could be the actual 5' end of the 

transcript (937). The fact that the same RNA was generated independent 

of the BPV-l DNA orientation with respect to the HBV sequences further 

implies that transcription is under control of the S-gene promoter (930). 

Analysis of surface antigen specific RNA from infected chimpanzee liver 

by Sl protection experiments also showed that the 5' end of the major 

species mapped just upstream from the EcoRI site in the pre-S region 

(937). Treatment of surface antigen RNA with exonuclease VII yielded 

the same result, suggesting that a loop representing a spliced region 

was not present in the transcript. Identification of the 5' terminus 

185 bp upstream from the beginning of the S-gene places it in a region 

of HBV DNA possessing significant homology with a region in SV40 DNA 

unrelated to the TATA-like sequence but important in promotion of SV40 

late gene expression (937, 938). About 60 bp upstream from this site 

is another stretch of HBV sequences sharing significant homology with a 

portion of the SV40 replication origin which is also important in promo

tion of late SV40 gene expression (937, 939, 940), suggesting that pro

motion and/or regulation of HBsAg p25 expression may be at least under 

partial control of these genetic elements. Sl mapping of the 3' end of 

this transcript demonstrated termination 21 bp beyond the start of the 

core gene; a result similar to that reported elsewhere (168, 922, 942). 

The constitutive nature of HBsAg expression (909), whether controlled 

by its own promoter or by the genetic elements described here, combined 

with polyadenylation of one or more transcripts within the core gene 

(937), may effectively suppress expression of X, core and polymerase 

genes since they, too, overlap the region of DNA encoding this S-gene 

associated transcript. Whether the mRNA encoding the major nonglycosyl

ated polypeptide of HBsAg is spliced or not, and whether it is controlled 

by the putative S-gene promoter or the SV40-like sequences within the 

pre-S region, will only be resolved by more detailed characterization 

of the transcripts including their ability to translate one or more 

HBsAg polypeptides. 

Another approach in studying S-gene transcription is in vitro tran

scription using different HBV DNA templates. A shuttle vector containing 

S-gene sequences downstream from its own promoter or from the SV40 late 

promoter (940) produced an RNA species initiating 185 bp upstream from 
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the S-gene. Using templates with different cleavage points upstream 

from the translation initiation codon of HBsAg p25, it was shown that a 

cleavage 30 bp upstream from the start of p25 abolished transcription, 

while a cleavage 250 bp upstream had no effect, suggesting that all of 

the promoting sequences for the S-gene were within 250 bp upstream (937). 

The full length 3.2 kb ~RI generated HBV genome and the large BamHl 

fragment (1.85 kb) lacking the S-gene were also used as templates for 

in ~ transcription (905). Both templates initiated transcription 

just preceding the pre-S sequences, which was sensiti,e to u-amanitin, 

indicating that the transcripts were made by RNA polymerase II. The 

S-gene promoter synthesized quantities of RNA similar to that made by a 

strong promoter controlling the adenovirus major late transcript, again 

suggesting the high levels of S-gene promoter activity (905). Sl analysis 

of the in ~ transcript yielded the same result as that observed in 

~, in Which COS cells expressing S-gene sequences from an SV40-HBV 

recombinant were characterized, suggesting that the site of initiation 

was the same in both cases. Although the nature of S-gene expression 

has been partially illuminated by recombinants or free genome fragments 

both in vivo and in vitro, the relationship of these transcripts and 

controls to what occurs in natural infection remains to be further 

elucidated. Animal models naturally or experimentally infected with 

HBV-like viruses would be very useful in this context. 

Core antigen and e antigen gene structure and expression 

Based upon the size of the major HBcAg polypeptide on SDS-gels 

(Table 9), and assuming that little or no splicing occurs within an 

open reading frame of the HBV genome, it is possible that region 8 may 

encode such a polypeptide (156, 177, 358). This was proven in recom

binants carrying intact region 8 and expressing HBcAg determinants 

(Table 17). Region 8 is conserved in WHV DNA, encoding a polypeptide 

188 amino acids long, while the analogous region in HBV encodes a major 

component 183 amino acids in length (159). Region 8 is also conserved 

in GSHV DNA (913) and is found as a fusion product with region 5 (the X 

gene) in DHBV DNA (912). The deduced amino acid sequence of the major 

core component in HBV, GSHV and WHV shows that they share considerable 

homology and that they have a carboxy terminal protamine-like struc

ture, the latter of Which is also shared with DHBV (912). Within the 
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90 bp preceding the presumed start codon for core polypeptide in 

mammalian viral genomes are a number of other ATG codons (159, 913), 

making assignment of the actual initiation codon difficult in the 

absence of protein sequencing data. A recent attempt to determine the 

amino terminal sequences of the major HBcAg polypeptide has not been 

successful (716), suggesting that the amino terminus may be blocked. 

In both HBVand WHV, the core encoding region is in a different reading 

frame than the surface antigen gene sequences (159, Table 16). Fur

ther, most of the core encoding sequences do not substantially overlap 

open regions in other reading frames, which may explain the relatively 

large number of silent mutations noted in this region upon comparison 

of WHY and HBV DNA sequences. In one HBV isolate, an open region from 

the nick in the long strand extends approximately 75 bp, terminates, 

and is followed three nucleotides later by a methionine initiation 

codon thought to be the N-terminus of the major core polypeptide (167, 

177). The study of core antigen (HBcAg) expression under conditions 

where the beta-lactamase gene of pBR322 was fused to fragments of HBV 

DNA extending from near the nick in the long strand to the pre-S or 

S-gene regions resulted in fused polypeptides in which reactivity was 

dependent upon successful read-through of the in-phase TAA codon just 

prior to the presumed initiation of the core antigen gene. Since these 

recombinants were expressed in bacteria, it is likely that the fused 

products were generated through the translational restart phenomenon 

operative in other bacterial protein systems (739). Whether transla

tional restart occurs naturally in HBV infection is speculative. How

ever, such occasional restart may give rise to large, unique polypep

tides having core antigen and possibly other reactivities. Further 

characterization of core association polypeptides will undoubtedly 

reveal whether this is the case. 

HBcAg expression was studied in a plasmid constructed from the trp 

operon promoter-operator region of !. coli (179). The recombinant 

contained HBcAg sequences with two initiation codons capable of encoding 

polypeptides 183 or 212 amino acids in length, depending upon the actual 

site of initiation. HBcAg produced by one recombinant made up 3.2% of 

the newly synthesized protein which was increased to 10% upon addition 

of the inducer 3-S-indolylacrylic acid. HBcAg material was detected by 
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RIA and immunoprecipitated byanti-HBc. Analysis of immunoprecipitates 

by SDS-PAGE resulted in major bands at 19,000 and 22,000 daltons, sug

gesting that both initiation sites were used and/or that the 19,000 

dalton component resulted from breakdown of the larger polypeptide. The 

presence of a number of minor components in the SDS-gel profiles of 

immunoprecipitated HBcAg polypeptides, combined with the finding that 

the HBcAg produced in!. coli sedimented at greater than 100S, is con

sistent with the conclusion that the core reactive polypeptides are 

present in a tightly associated complex. Although the presence of 

nucleic acid in these complexes was not ascertained, and such complexes 

may be due to simple polypeptide aggregation, it is possible that 

nucleoprotein complexes derived from the core polypeptides bound to 

bacterial nucleic acid may account for these observations. 

As discussed, HBcAg has been successfully expressed in!. ~ as a 

fused polypeptide having additional sequences derlved from a-galactosi

dase (178). HBcAg expression was dependent upon successful read-through 

or restart following an in-phase TAA termination codon. Higher levels 

of HBcAg expression were achieved in some recombinants when synthesis 

was controlled by the lac UV5 promoter instead of the normal lac promoter 

(737). Here, recombinants were constructed from sequences encoding the 

first eight amino acids of the a-galactosidase gene followed by HBV 

sequences containing variably sized deletions from near the nick in the 

long strand through the region encoding the first few amino acids of 

core polypeptide. Recombinants retaining the in-phase TAA codon just 

prior to HBcAg encoding sequences resulted in detectable core in solid 

phase RIA using serial dilutions of bacterial lysates having similar 

total protein concentrations. One recombinant, pRl-ll, in which the 

deletion extended through the TAA codon and the presumed methionine 

initiation codon, yielded approximately 100 fold more HBcAg than most 

other recombinants in which the deletion did not include the in-phase 

TAA. Another recombinant, pRl-4, which was similar in construction to 

pRl-ll except that the deletion extended two more amino acids into the 

core antigen polypeptide encoding region, resulted in very low levels 

of detectable core. Variations in HBcAg synthesis between pRl-ll and 

pRl-4 may be due to differences in mRNA secondary structure, which may 

affect the efficiency of translation in each case, or due to differ

ences in the efficiency of antigen-antibody binding as a consequence 
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of different amino terminal core structures generated by each 

recombinant. While similar considerations may explain the differences 

between the levels of antigen production in pRl-ll and the other 

expressing clones, the presence of an in-phase TAA codon in these other 

cases may also contribute (737). Further characterization of the core 

antigen produced by pRl-ll demonstrated that the material was aggregated 

in gel chromatography, that it was immunologically identical to liver 

derived HBcAg in immunodiffusion, and that it contained a polypeptide 

similar in size to the major core antigen component on SDS-gels (737). 

The major HBcAg polypeptide from both sources was reactive with anti

HBc and anti-HBe by Western blotting (799). Electron microscopic 

observations of such material demonstrate the presence of small parti

cles similar in size and density to liver derived HBcAg (737, 799). 

These particles have also been shown to aggregate only after addition 

of anti-HBc containing sera, showing that they possess core 

determinants (738). 

B. subtilis strain MIl19 was transformed with a recombinant of 

pBR322 containing plasmid pBD9 into which the BamHI fragment of the HBV 

core antigen gene region was inserted within the erythromycin gene (176, 

Table 17). A nonfused core reactive product was detected in bacterial 

lysates. That this product made up only about 0.1% of the cellular 

protein is consistent with the stop/restart phenomenon operative in 

this case. Further, the expression of HBV genetic information in ~. 

subtilis, a nonpathogenic organism, demonstrated the feasibility of 

such production for human consumption, since it is already used 

commercially for enzyme and antibiotic biosynthesis. 

The biosynthesis of HBcAg and HBeAg in eucaryotic cells with HBV 

promoters and terminators seems to be dependent upon the configuration 

of the integrated HBV DNA (722). The plasmid pHBV130.4, containing 

four tandem head-to-tail copies of the HBV genome, was used to cotrans

feet tk- rat 2 and mouse LMtk- cells. Cleavage of the DNA from trans

fee ted cells (rat 2/l30.4/TK4) with KpnI or SstI, which do not cleave 

pHBV130.4, followed by Southern blot analysis, resulted in the appear

ance of multiple bands 15.5 kb to greater than 50 kb with Kpnl and 7.8 

kb to greater than 50 kb with SstI. The size and relative intensity 

of the fragments generated by each enzyme suggest that some of the 
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fragments may have one or more regions of cellular sequences. The 

presence of multiple integration events, possible intervening cellular 

sequences in the integrated HBV, and fragmentation of the HBV genome as 

a consequence of integration, as suggested by Southern blot hybridiza

tion, are consistent with the finding of complex forms of WHV DNA with 

these characteristics integrated into chronically infected woodchuck 

hepatocytes (688) and with the idea that early in transformation co

transferred sequences join prior to integration (732, 733). However, 

cleavage of rat 2/130.4/TK4 DNA with XhoI or PstI, which cleaves 

pHBVl30.4 once, and with BamHI, which cleaves the recombinant twice, 

resulted in the finding of intact copies of integrated HBV DNA. 

Therefore, some integration events are characterized by the formation 

of complex forms of viral and cellular DNA, while others occur by 

insertion of intact viral genome copies. When rat 2 tk- and mouse 

LMtk- cells were cotransfected with pHBVI30.4, a number of transformed 

clones were found to synthesize and secrete HBcAg or HBeAg. Synthesis 

of these HBV antigens did not always occur in the same clones producing 

HBsAg. Further, the amounts produced were different in each of the 

clones, and synthesis was not related to the number of intact, inte

grated HBV DNA sequences. However, expression of HBcAg and HBeAg may 

require the presence of multimeric HBV genome sequences if the mRNA 

encoding one or more of these products is greater than genome length. 

Transfection of cells with pHBVl30.4 under this assumption would 

increase the possibility that the relevant greater than genome length 

segment of HBV DNA would become integrated (722). Evidence presented 

above that HBsAg could be synthesized from mRNA molecules less than 

genome length is consistent with the finding that smaller multimers or 

fragments of HBV DNA usually result in HBsAg production but not in the 

synthesis of HBcAg or HBeAg. Certainly, the existence of greater than 

genome length mRNA would not be unique to HBV, since such a situation 

has already been described for the polyoma late mRNAs (734, 735). In 

this light it is possible that even though the human hepatoma cell 

lines carrying multiple copies of HBV DNA all synthesize surface 

antigen, they do not possess the proper complement or configuration of 

integrated sequences for expression of the other viral gene products 

(722). 
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The establishment of mouse and rat cell lines stably producing 

HBsAg, HBcAg and/or HBeAg provides opportunities for studying the 

nature of the RNAs produced which may define some of the transcrip

tional units in HBV (942). Rat 2/l30.4/TK4 cells, containing tandemly 

repeated HBV DNA integrated into the host genome and characterized by 

surface antigen, core and e antigen production, generated four poly

adenylated RNAs which hybridized with full length HBV DNA probe in 

Northern analysis (942). These species were 1.054 kb, 2.435 kb, 3.968 

kb and 4.425 kb long; the latter two transcripts being significantly 

longer-than-genome length. Using strand specific probes in M13 vectors, 

it was shown that each of these RNAs was encoded by the long or minus 

strand of the virus (942). With genome fragments as probes, the 2.435 

kb RNA hybridized to all probes except that spanning the core region 

and downstream 3' sequences, suggesting that the RNA encoded S-gene 

polypeptide(s). The other subgenomic RNA, at 1.054 kb, hybridized to 

probes spanning the X gene region and flanking sequences between the 

core and surface antigen genes. The two RNAs greater-than-genome 

length hybridized with all probes, suggesting that they were encoded by 

sequences throughout the genome and that they may include some neighbor

ing cellular sequences. The production of similarly sized greater

than-genome length transcripts by several cell lines producing core and 

e antigen reactivities, but not by lines that were core and e antigen 

negative, suggests that the transcripts were generated completely within 

HBV DNA sequences, since the integration site(s) in different cell lines 

would not be expected to be identical. Further, the production of such 

transcripts demonstrates that, at least under these circumstances, the 

RNA polymerase reads through a number of polyadenylation signals. Such 

events have been documented in the IgM ~ chain synthesis during B cell 

development (943, 944) as well as during the adenovirus 2 (945) and 

polyoma (734, 735) life cycles. Alternatively, the large size of these 

transcripts may signify that they represent immature RNA species. Per

haps in differentiated hepatocytes where virus is replicated, these 

large transcripts are further processed, although in these mouse and 

rat fibroblasts translation of core and e antigen apparently take place 

from these species. If differential splicing is critical for HBV repli

cation, and such splicing is a consequence of the state of cellular 
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differentiation, then only hepatocytes at the appropriate stage of 

differentiation will be able to replicate virus, while less differenti

ated hepatocytes will not. This is consistent with a recently proposed 

model in which there are liver cells susceptible to virus replication 

(5 cells) and other cells resistant to virus replication (R cells) which 

differ from each other in that the latter is less differentiated than 

the former (948). 

In an attempt to study the requirements of core gene expression, 

NIH 3T3 cells were cotransfected with a shuttle vector containing a 

head-to-tail tandem repeat of EcoRI HBV DNA and sheared genomic DNA 

from A29 hamster cells containing genes encoding a methotrexate-resistant 

dehydrofolate reductase (949). Methotrexate resistant cells positive 

for HBsAg by immunofluorescence were negative for core and e antigens. 

These cells contained multiple integrated copies of HBV DNA, secreted 

22 nm HBsAg particles and soluble e antigen, as detected by appropriate 

radioimmunoassays (RIAs), but produced no detectable core antigen. The 

molecular basis for the latter observation was sought by characterization 

of the integrated DNA and the RNAs produced. Restriction endonuclease 

mapping of the integrated viral sequences showed the presence of one 

complete EcoRI copy of HBV DNA in tandem with another partial EcoRI 

copy joining cellular sequences within the C-gene region at multiple 

positions within the genome. HBV sequences were found to be unmethylated 

in the transfected cell lines, although at some integrated sites, neigh

boring cellular sequences were methylated. These results suggest that 

the lack of HBcAg production was not due to deletions in the core gene 

or methylation of the viral DNA. Using DNA probes from in and around 

the core gene, a 1.7 kb RNA band was consistently detected by Northern 

blot analysis, suggesting that one or more core polypeptides translated 

from such a transcript may be cleaved to e antigen reactive polypep

tide(s) from these cells (949). As demonstrated with the integrated 

HBV DNA tandem repeat tetramer, e antigen expression here seems to be 

associated with an integrated block of viral DNA which is intact and 

greater than genome length organized in the form of a tandem repeat. 

However, the transcript associated with e antigen production was much 

smaller than genome length (949) in contrast to independent results 

describing greater-than-genome-length transcripts (942). The reason(s) 
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for this difference is not clear. Interestingly, the expression of e 

antigen by transfection of cells with pCPlO (a plasmid containing an 

HBV genome dimer in tandem) (927) or by recircularized, religated HBV 

DNA (933), further suggests that an intact genome copy is necessary for 

the core region to be expressed. 

Mammalian tissue culture cells transfected with recircularized, 

religated HBV DNA (175, 933) or a recombinant molecule containing the 

core antigen gene sequences (798, 950) seem to demonstrate cytopathology 

following transfection, suggesting that core gene expression may have 

something to do with liver cell damage during viral replication. A 

human epidermoid carcinoma cell line transfected with the HBV core gene 

by protoplast fusion, followed by growth under one of two selectable 

markers, was tested for the plasmid DNA and for HBcAg (798). By Southern 

blotting, the plasmid was found in the selected cell clones. By adapting 

the commercially available HBeAg RIA, transient expression of core anti

gen in passage 2 following transfection of 5-azacytidine treated cells 

was observed. This correlated with cytopathology and cell detachment. 

Indirect immunofluorescence with human anti-HBc showed that more than 

90% of 5-azacytidine treated cells expressed core in their cytoplasm. 

However, the dramatic increase in core expression following 5-azacytidine 

treatment of the PLC/PRF/5 cells has not been confirmed by independent 

efforts (792). The relatively low RIA P/N ratio, 3.5-3.8, and the lack 

of any other evidence demonstrating transcription or translation of the 

HBc gene sequences, weaken the proposed argument that core expression 

plays a primary role in cytopathology. In fact, a recent study with 

chronic HBV carriers has described an inverse relationship between 

virus replication and severity of liver disease, suggesting that the 

highest levels of HBcAg expression are accompanied by the least amount 

of cytopathology (951). Even under circumstances where replicating 

forms of HBV DNA have been demonstrated in the cytoplasm of liver cells 

showing histological evidence of cell damage, virtually all of the core 

antigen was found in the nucleus, not the cytoplasm (890). Further, in 

most forms of chronic hepatitis, expression of core antigen in the liver 

is at low levels (348). Immunosuppressed or immunodeficient patients 

having HBV infections most often show subclinical chronic infections 

without biochemical abnormalities and little or no inflammation even 
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though HBcAg could be found by fluorescence in 60-100% of liver cell 

nuclei (348). The natural history of chronic HBV infection suggests 

that markers of virus replication correlate with liver pathology and 

that seroconversion, usually accompanied by a disappearance of such 

markers, often results in histological improvement (823, 832). While 

this is consistent with the hypothesis that one or more HBV gene prod

ucts possess cytopathic properties (823), it is possible that the host 

immune response to the virus, and not virus replication per se, is the 

important determinant in the severity of liver disease (951). The 

recent finding of HBcAg on the surface of infected hepatocytes replica

ting HBV (450) and that T cells reactive against HBcAg may target such 

cells (835), further suggests the importance of the immune system in 

liver damage. 

Characterization of the possible transcripts involved in core 

antigen/e antigen gene expression has just started to elucidate some 

further requirements related to their expression. In vitro transcrip

tion of EcoRI linearized, full length HBV DNA, derived from a recombi

nant plasmid (pAOl), resulted in the generation of a 1.7 kb RNA as 

determined by denaturing agarose gel electrophoresis (736, 797). In 

vitro transcription of individual BamHI fragments of HBV DNA demon

strated that a 1.9 kb segment, which included the core gene and flank

ing sequences, also produced the 1.7 kb RNA species. The sensitivity 

of transcription to a-amanitin suggests that the host cell (HeLa) RNA 

polymerase II recognized and successfully transcribed from a viral 

promoter probably somewhere upstream from the core gene (736, 797, 

905). A possible core gene promoter was also evident in runoff tran

scription assays using different sized fragments within the 1.9 kb 

BamHI region as templates (905). The initiation sites of the RNA 

species generated each preceded the presumptive start of the major core 

antigen polypeptide. This mapped the core promoter to around nucleic 

acid residue 1689 ± 35 (Figure 13) within the cohesive ends of the 

genome that make up part of the X region. A TATA-like sequence approxi

mately 30 bp upstream from this site could bind RNA polymerase II for 

core gene transcription (905). If this region serves as the core anti

gen gene promoter in vivo, then it would be on the opposite side of the 

nick in the long strand from all or most of the core antigen structural 
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gene, implying that the nicked structure of the genome may interrupt a 

transcriptional unit responsible for expression of at least the major 

core polypeptide. This, in turn, raises the possibility that supercoiled 

forms of HBV DNA, which have been found in infected liver, constitute 

the actual templates for viral transcription in vivo. The presence of 

one or more greater-than-genome-length RNA species associated with core 

gene expression is consistent with this conclusion and could easily be 

generated from a supercoiled template assuming read through of some 

polyadenylation signals in the genome. 

The proposed polymerase gene of HBV DNA. 

The genome of HBV contains a large open region spanning 75% of the 

viral DNA in the third reading frame with respect to surface antigen 

and core antigen genes (156, 159, 177, 358, Table 16, Figure 13). In 

one of the adw isolates, however, a stop codon was present approximately 

half way through this open reading frame (900). Among sequenced HBV 

DNA isolates, the greatest amount of divergence in amino acid sequence 

was found in the amino terminal region (358). WHV DNA also contains 

this large open region which shares little amino acid sequence homology 

with its human counterparts in the amino terminal region (159). Inter

estingly, the carboxy terminal portion of the major core polypeptide, 

which is encoded by the same region of the genome in a different reading 

frame, is well conserved. Substantial homology in both nucleic acid 

and polypeptide sequences between WHV and HBV occur for most of the 

remaining region 6 except for the area around the EcoRI site (159). 

Recent nucleic acid sequencing of the DHBV (912) and GSHV (913) genomes 

also demonstrate an analogous large open reading frame with similar 

characteristics. Region 6 in these viruses could encode a basic poly

peptide approximately 90,000 daltons in size (358, 912, 913). Although 

there are several initiation codons within this region, a 90,000 dalton 

polypeptide would be in the same size range as other DNA polymerase 

enzymes; and several studies have suggested that the DNA polymerase of 

HBV and related viruses could be encoded by this open region in the 

respective viral genomes (156, 177, 358, 536a, 900, 912, 913). Alterna

tively, or in addition, appropriate splicing to the internal initiation 

codons could yield several polypeptides with various functions in the 

life cycle of these viruses. Examination of the sequences around 
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region 6 shows the presence of a TATA-box approximately 335 bp upstream 

from the first initiation codon (156), further suggesting the transla

tion of this region. Examination of replicating nucleic acid-protein 

complexes from DHBV infected liver suggests that such replication takes 

place through an RNA intermediate by reverse transcription and that the 

associated polymerase would share some characteristics with other like 

enzymes (189). Indeed, comparison of the deduced amino acid sequences 

from several known reverse transcriptase enzymes with that of HBV and 

some of the related viruses show several regions of homology, including 

a number of invariant residues (912, 913, 952). Expression of HBV genes 

in the Rat 2/l30.4/TK4 cell line demonstrate the presence of two 

greater-than-genome length RNA species (722, 942). While one of these 

may encode core and e antigen related polypeptides, the other might 

encode the polymerase product. Further characterization of these 

transcripts and those mRNA species produced in infected animals by in 

vitro translation may provide information as to the nature of any 

polypeptides having polymerase activity. 

Open region X in HBV DNA. 

HBV DNA region X (or region 8), located just upstream from the core 

polypeptide gene (region 5), could potentially encode a polypeptide of 

154 amino acids. A similar open region has also been found in the 

sequenced genomes of WHV (159) and GSHV (913), further suggesting X 

encodes one or more polypeptides in these viruses. From the deduced 

amino acid sequences, WHV and GSHV X share 71% homology while GSHV and 

HBV X polypeptides share 33% (913). Interestingly, the X region in 

each of these virus genomes is interrupted by a nick in the long DNA 

strand, suggesting that its expression may be dependent upon the pres

ence of a supercoiled molecule. In the DHBV genome, the core sequences 

(region 5) are fused to the majority of the sequences making up region 

8 (the X region), leaving only a small portion of region 8 upstream 

from the nick in the long strand, suggesting a close association among 

these open reading frames (912). However, interpretation of this 

observation has been difficult since the "X" sequences of the fused 

reading frame in DHBV share little homology with the corresponding X 

regions of the other viruses. Relatedness in higher order protein 

structure and function may exist and await further work in structure

function correlations among core associated polypeptides. 
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It is noteworthy that the nucleic acid sequences preceding the X 

region lack a recognizable TATA-like sequence (905, 942) and that no X 

gene promoter has been defined by in vitro transcription assays (905). 

In this context, the expression of surface antigen sequences in COS 

cells, characterized by a 1.1 kb spliced RNA whose splice acceptor site 

was mapped to just upstream from the X region, suggests that this site 

may be important in the transcription of X gene sequences (922) during 

infection. Alternatively, the finding of a 1.1 kb RNA species in Rat 

2/l30.4/TK4 cells hybridizing to the X region and flanking sequences 

suggests that perhaps X polypeptide could be expressed by itself (not 

fused to the core gene) and that transcription initiation may occur in 

the absence of a TATA-like sequence (942), as described with adenovirus 

early region II and IVa2 mRNAs (953). It is possible that these apparent 

differences may be due to the nature of the recombinants and cell lines 

used. Characterization of the transcripts from infected tissues will 

be necessary to discern the mechanism(s) by which the various viral 

genes are expressed in vivo. 

The finding that HBcAg associated p27.5 and p40 and GSHcAg associ

ated p26 and p37.5 contain tryptic peptides which are shared with their 

respective major core associated polypeptide, and also contain peptides 

which are shared among themselves but not with their respective major 

core associated component, suggests that these minor high molecular 

weight polypeptides contain additional primary sequences partially (in 

p26 and p27.5) or totally (in p37.5 and p40) encoded for by the X region 

(56). More direct evidence demonstrating the association between X and 

core come from studies using antibodies made against two synthetic pep

tides derived from sequences in a hydrophilic region not far from the 

carboxy terminus of X (792). In these experiments, intact core parti

cles from infected human, ground squirrel and woodchuck livers con

tained X reactive sites that copurified with each of them. Further, 

core polypeptides separated under reducing conditions in SDS-gels 

demonstrated reactivity with X antibodies in a Western blot, suggesting 

the presence of X sequences in core associated polypeptides. The same 

pattern of reactivity has also been shown with serum derived DHBV. 

Combined with limited manual sequencing data which fixes the N-terminus 

of the DHBcAg p37 component to the start codon in region 8 upstream 
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from the nick in the long strand (792), these results suggest that 

regions 5 and 8 make up a single transcriptional unit at least under 

these circumstances. Although the functional significance of these 

observations remains to be elucidated, if the expression of X as a free 

polypeptide or as a fusion product with core gene sequences is neces

sary for viral replication, then the presence of supercoiled viral DNA 

would be obligatory in the generation of molecules necessary for genome 

replication and/or core maturation. In the replication cycle, the X 

product might be the protein attached to the 5' terminus of the viral 

DNA (742, 913, 942) and thereby act as a primer. Whatever its role, 

the finding of X related sequences in core particles and virions will 

undoubtedly permit design of experiments focused toward elucidating the 

relevant structure-function correlates. 

THE 5' TERMINAL PROTEIN AND POSSIBLE ORIGIN OF GENOME REPLICATION 
ASSOCIATED WITH HEPATITIS VIRUSES 

An increasing number of single-stranded RNA and double-stranded DNA 

viruses possess a protein covalently attached to the 5' terminal base 

of their genomes (740, 741). Evidence from several systems studied in 

detail suggests that these proteins may be important in the initiation 

of replication and possibly in the encapsidation of the progeny genomes. 

The existence of such genome bound proteins has recently been described 

in HBV (742), GSHV (747) and DHBV (744), suggesting that these terminal 

polypeptides may play an important role in viral replication. Early 

evidence implying the presence of a covalent DNA-protein complex in HBV 

and GSHV resulted from the observations that the DNA released from SDS 

treated Dane or Dane-like particles was removed from aqueous solution 

by phenol extraction unless the DNA was first treated with pronase or 

proteinase K (48, 607, 742, 747). The resistance of such complexes to 

heating at 60°C in the presence of SDS and 2-ME is consistent with the 

nucleic acid and polypeptide moieties being covalently linked (742). 

For further characterization, Dane particle DNA made radioactive by the 

endogenous DNAp reaction and analyzed by rate zonal sedimentation in 

sucrose and 0.1% SDS demonstrated that the complex sedimented slightly 

faster (141S) than free (protease treated) DNA (140S) (742). The 

complex was shown to bind glass fiber filters at high ionic strength, 
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which is characteristic of these complexes but not of free DNA, as 

demonstrated in adenoviruses (743). Density equilibrium centrifugation 

of such complexes compared to free DNA resulted in density differences 

from 0.013-0.015 g/ml in CsCl/guanidine chloride gradients, while com

parison of the complex density to that of free DNA and soluble poly

peptides suggests that the complex consisted of about 10% protein (742). 

By agarose gel electrophoresis, the DNA-protein complex of each virus 

moved slightly slower than the corresponding free DNA. In DHBV, the 

complexes were not dissociated in gel electrophoresis by SDS or by 

strand denaturation at 90·C for 15 minutes in 0.1% SDS, suggesting they 

do not form during electrophoresis (744). Heating the HBV complex to 

80·C, however, altered its mobility on agarose gels consistent with 

linearization, indicating that this conversion was not altered by the 

presence of the 5' protein. The resistance of the HBV genome termini 

to labeling with y_32p-ATP and polynucleotide kinase even after treat

ment of linearized DNA-protein complexes with alkaline phosphatase is 

consistent with the covalent binding of a protein to the terminalS' 

base in the genome (742). The stability of the DHBV DNA-protein com

plex to 100 mM sodium hydroxide at 37·C for 1 hour suggests that the 

terminal linkage is different from that in adenoviruses (744, 746), the 

latter consisting of a phosphodiester bond between serine or threonine 

and the terminal nucleotide. Although some nucleic acid bound proteins 

are covalently attached by a phosphodiester bond to tyrosine (748) or 

phosphoamide bond to lysine (749), the nature of the bond in HBV and 

related viruses has not been characterized. 

The strand to which the protein is covalently bound in HBV was 

assayed for by agarose gel electrophoresis of restriction endonuclease 

fragments generated from single digests using a panel of enzymes. 

Aliquots of digestion products, which were either not further treated 

or phenol extracted with or without prior proteinase K digestion, 

localized the position of the 5' protein to the long minus strand of 

DNA (742). In GSHV, the long strand appeared in agarose gels following 

phenol extraction only after proteinase K treatment, suggesting that 

the terminal protein is bound to the long strand here as well (747). 

In DHBV, virion DNA denatured after radiolabeling by the endogenous 

DNAp reaction, was chromatographed on benzoylated-naphtoylated

DEAE(BND)-cellulose (744). Since most of the radioactivity (present 
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only in the plus strand) was recovered under conditions where 

single-stranded DNA was eluted, it was likely that protein was bound to 

the minus DNA strand. This was confirmed by Southern blotting in the 

presence or absence of protease digestion using strand specific probes. 

The unique site of 5' protein attachment was ascertained in duck liver 

derived immature core particles by following the minus strand synthesis 

in such cores using 32p-TTP incorporation in an endogenous reaction (744). 

By adding dideoxynucleotides to block extended minus strand synthesis and 

Actinomycin D to block plus strand synthesis, it was shown that minus 

strand fragments shorter than 30 bp already had covalently bound protein. 

The fact that sequencing of protease digested fragments was successful 

showed that the 5' end of the minus strand occurs at a unique site (744). 

The short or plus strand of HBV DNA, which acts as a primer for the 

DNAp reaction, yielded no evidence of a terminally bound protein (742). 

Perhaps the resistance of the HBV DNA plus strand to label with poly

nucleotide kinase, combined with the apparent lack of a terminal protein 

by agarose gel electrophoresis, suggest that a 5' polypeptide, consid

erably smaller than its counterpart on the long strand, may exist. 

Alternatively, the 5' terminus of the short strand may be blocked in 

some other way. 

Analysis of the HBV DNA forms in chronically infected chimpanzee 

liver by proteinase K digestion prior to phenol extraction and agarose 

gel electrophoresis showed that the 2.3 kb supercoiled and 4.0 kb nicked 

forms did not contain bound protein, while the 3.25 kb full-length linear 

and smear of partially double-stranded material contained the 5' protein 

(644). Analogous results were obtained upon analysis of viral DNA 

extracted from DHBV infected livers (744). Since the nicked and linear 

forms of HBV DNA differ from the supercoiled form by cleavage at one 

and two phosphodiester bonds respectively, it is possible that the 5' 

protein might act as a site-specific endonuclease which specifically 

cleaves HBV DNA from the supercoiled form (740-742). The gene A prod

uct of 0Xl74 has been shown to act as an endonuclease which generates a 

site-specific cleavage in one strand of the replicative intermediate 

and then becomes covalently bound to the terminus of the nicked strand 

(550). If this were so with HBV and like viruses, then the full-length 

linear and partially double-stranded DNA-protein complexes isolated 
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from Dane particles or the single-stranded minus DHBV DNA-protein 

complexes isolated from immature core particles may be replicative 

intermediates (643). In adenoviruses, the 5' covalently attached 

polypeptide is located at the origin of DNA replication (741). 

Sequence analysis of HBV and WHV cloned genomes suggests that a 

possible origin of replication exists in a single, conserved region of 

DNA which lies near the 5' terminus of the long strand (159). The 

finding of a protein covalently bound to the 5' terminus of the long 

strand, the presence of this attached protein in growing minus strands, 

and the proximity of this terminus to a possible origin of replication 

are consistent with the protein being responsible for initiation of DNA 

replication by acting as a site-specific endonuclease and a primer for 

minus strand synthesis. This role would be consistent with that of 

like protein in adenoviruses and in phage 029 in that the terminal 

protein in each case acts as a primer for DNA synthesis (740, 741, 

752-755). An endonuclease activity associated with SV40 and polyoma 

chromatin isolated from infected cells has also been shown to cleave 

supercoiled to linear DNA at the origin of viral replication (750). 

Although the origin of the endonuclease activity was not determined, 

the finding of a terminal protein covalently linked to the 5' end of 

the linearized genome at this site (751), the conversion of supercoiled 

to linear DNA at the origin of replication, followed by covalent binding 

of a protein at the 5' terminus may be analogous to the events 

occurring in HBV. 

The presumed origin of replication for HBV and related viruses 

shares a number of other characteristics consistent with the proposed 

function of this region. Analysis of nucleic acid sequences within the 

cohesive termini of these virus genomes reveals a hairpin loop flanked 

on either side by a 10-11 nucleotide long direct repeat (912, 913, 

941). In HBV, GSHV and WHY the hairpin loop structure contains similar 

sequences and is near the presumed core promoter in HBV (90S, 913). In 

DHBV the loop is located in the same region of the genome, although the 

sequence involved is different (912, 913). Despite these differences, 

this loop structure may serve to bind one or more enzymes important for 

the initiation of DNA replication. Sequences making up the direct 

repeats are located near the nick in the long and short strands in the 
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viral DNA, which are separated by 220-240 bp in HBV, GSHV and WHV, and 

by 46 bp in DHBV (913). Even though the function of these direct repeats 

remains to be elucidated, they may serve as recognition sequences for the 

site specific endonuclease activity possibly associated with the poly

peptide or precursor which becomes covalently bound to the viral genome. 

Alternatively, if these conserved sequences are not crucial for recogni

tion by one or more enzymes, then it is possible that the repeats are 

generated at each replication cycle from unique sequences, as are the 

short direct repeats present at both ends of retroviruses (635, 912, 

913). Whether these sequences are important for replication, integra

tion or other aspects in the life cycle of these viruses remains to be 

elucidated. In addition to the RNA polymerase II controlled core 

promoter, in vitro transcription experiments have revealed an RNA 

polymerase III dependent transcript generated from the short strand of 

HBV DNA within the same region of genome cohesive ends (905). Such a 

transcript was approximately 0.7 kb in length, initiating about 50 bp 

upstream from the core gene, and spanned sequences between the core and 

surface antigen genes (905). While the existence and function of such 

a transcript in natural infection remain to be discovered, if it does 

exist, these observations suggest that the promoter for this transcript 

and that of the core gene in opposing orientation on the other strand 

overlap and that their expression may be coordinately regulated (905). 

If such coordination exists within this region of HBV DNA, then under 

some conditions core and other individual HBV genes would be expressed, 

and under other conditions viral DNA replication would occur instead 

(905). Given the length of the transcript, 0.7 kb, also implies that 

such a transcript could only be expressed after the endogenous poly

merase reaction repairs the short strand and the ends become ligated in 

a supercoiled molecule. Again, this suggests that the supercoiled form 

of viral DNA is central to the replication scheme of these viruses. 

Finally, the successful production of typical acute hepatitis in 

chimpanzees infected HBV DNA derived from recombinant clones demon

strated that the virion proteins, including the 5' bound terminal 

polypeptide, were not required for infectivity (756). This differs 

markedly from the situation in adenoviruses and phage ~29, which 

require the presence of the 5' protein for infectivity (740, 757). 
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The forms of HBV DNA used for chimpanzee infection included linear 

genome dimers constructed from single different restriction endo

nuclease sites and from a recircularized and ligated genome monomer. 

The absence of the nick and gap structure in these DNA species suggests 

that they play no role in infectivity, since the results clearly demon

strate that closed double-stranded circular HBV DNA is fully infectious 

(756). 

REPLICATION SCHEME FOR HEPATITIS B AND RELATED VIRUSES 

The preceding sections of this monograph indicate that hepatocyte 

membrane associated HBsAg, nuclear HBcAg and HBeAg, serum Dane parti

cles, DNA polymerase activity and serum derived HBeAg forms correlate 

with virus replication. Examination of these markers in HBV infected 

carriers suggests the existence of two HBV replication patterns. One 

pattern (group 1) has been characterized by high concentrations of 

serum HBsAg, HBeAg and high DNA polymerase activity (640, 758, 759). 

These carriers also demonstrate high levels of genome length DNA in 

both serum and liver (653, 654). Both Dane particles and small spheri

cal HBsAg from these individuals often have detectable receptor for 

polymerized albumin. The other pattern (group 2) has been character

ized by lower concentrations of HBsAg and usually no HBeAg, DNA poly

merase activity, or detectable HBV associated receptor for polymerized 

albumin. Group 2 carriers demonstrate genome length DNA in the liver 

but not in the serum. Other carriers, demonstrating very low serum 

HBsAg concentrations and having only integrated DNA, probably do not 

replicate HBV (653, 654). Analysis of the viral DNA forms in each 

group showed that groups 1 and 2 contained the nick and gap form and 

that group 1 additionally contained supercoiled molecules in both the 

liver and serum (653, 654). Biopsy specimens from carrier chimpanzees 

contained two species of apparently nonintegrated HBV DNA species 

corresponding closely to full-length linear molecules (3.4 bp) and 

relaxed supercoils having a nick in one strand (4.1 bp) (645). Inde

pendent observations with liver derived HBV DNA forms from carrier 

chimpanzees showed fully and partially double-stranded molecules at 3.2 

kb and 2.0-2.8 kb, respectively, and another smear extending below 1.6 

kb (646). Since the latter population of HBV associated sequences was 
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found in the liver but not the serum, it is likely that it represents 

replicative intermediates (646). 

In studies with DHBV DNA derived from infected livers, full-length 

linear viral DNA was detected on Southern blots at approximately 3 kb 

(188). Another DNA species, corresponding to the supercoiled form, was 

detected at 1.94 kb. A smear of faster migrating material, possibly 

single-stranded DNA, was also observed. Since the rate sedimentation 

behavior of single-stranded DNA varies with salt concentration in 

sucrose gradients while the behavior of double-stranded DNA is rela

tively unchanged, such analysis carried out with DHBV DNA from infected 

liver demonstrated that the fastest migrating smear of material on 

agarose gels was extensively single stranded. These single-stranded 

molecules were not present in virion DNA. Electrophoresis of denatured 

cloned DHBV DNA resulted in a band comigrating with the slowest of the 

single-stranded species at the top of the smear, suggesting that the 

largest of these molecules was genome length. Using single-stranded 

DHBV DNA probes in Southern blot hybridization, it was shown that 

virtually all of the single strands were minus strand species and that 

the smear probably represented minus strands of increasing length, the 

largest being genome size (188). A doublet migrating slightly slower 

on agarose gels than the largest of the single-stranded species yielded 

results with strand specific probes consistent with there being full

length minus strand and small amounts of growing plus strand DNA. 

Further experiments with DHBV immature core particles isolated from 

infected liver were used to ascertain the nature of the template for 

minus strand synthesis (189). Soluble DHBV infected liver extracts 

were analyzed by velocity sedimentation on sucrose gradients, and the 

presence of replicating intermediates assayed for by DNA polymerase 

activity. Gel electrophoresis of the reaction products, which 

sedimented at about 100S, yielded the DNA species described above in 

DHBV infected liver. A major component comigrated with full-length 

single-stranded DNA, while the presence of several smaller single

stranded species suggests that preferred pauses occur during strand 

elongation. The resistance of the reaction products to DNase and 

RNase, as well as electron microscopic observations of the replicating 

complexes, suggest that both minus and plus strand synthesis occur 
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within immature core particles. This is in contrast to the activity 

found in virion cores, where only plus strand synthesis could be 

demonstrated. 

Treatment of immature cores with actinomycin D, which inhibits DNA 

directed DNA synthesis, completely inhibited plus strand synthesis but 

did not alter minus strand synthesis. Agarose gel electrophoresis of 

the nucleic acid from immature cores treated with actinomycin D demon

strated only single-stranded minus DNA species. These experiments sug

gest that plus strand synthesis occurs on a DNA template while minus 

strand synthesis occurs on an RNA template. Treatment of the polymerase 

reaction products to 81 nuclease in the presence or absence of actino

mycin D showed that the plus strand was largely resistant to 81 in 

either case, suggesting that it was hydrogen bonded to its template

minus strand DNA. In contrast, the 81 sensitivity of the minus strand 

increased upon addition of actinomycin D, suggesting that it was not 

bound to its template. Minus strand DNA in DNA-RNA hybrids migrated in 

agarose gel electrophoresis in a way which was not completely indepen

dent of the DNA-RNA ratio, suggesting that the length of the RNA tem

plate varies inversely with that of the growing minus strand. This not 

only offers an explanation for the 81 sensitivity of minus strand DNA 

but suggests the existence of an RNase H activity which progressively 

degrades the template soon after minus strand synthesis. Finally, the 

strand specificity of these products was confirmed by hyridization with 

strand specific probes and monitoring changes in electrophoretic 

mobility on agarose gels. 

To further characterize the template associated with the minus 

strand, isopycnic gradients containing cesium sulfate were used. In 

the absence of actinomycin D, 28% of the polymerase product banded with 

RNA or was found at a density intermediate between RNA and DNA. In the 

presence of actinomycin D, similar analysis showed decreased amounts of 

product migrating at the density of DNA. In either case, heating prior 

to density equilibrium centrifugation resulted in product shifting to 

the DNA region of the gradient from the DNA-RNA hybrid, indicating that 

the DNA was hydrogen bonded to the RNA template. Minus strand DNA was 

observed in duplex DNA and DNA-RNA hybrid regions of the gradients, 

while plus strand was found localized only to the DNA region. 
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In a more direct test to ascertain whether RNA serves as a template 

for minus strand synthesis, the avian myeloblastosis virus reverse tran

scriptase was added to the putative template-primer complex isolated 

from immature core particles (189). Treatment of such complexes with 

actinomycin D selectively prevented appearance of partially of fully 

double-stranded species of DHBV DNA on agarose gels due to inhibition 

of plus strand synthesis. Prior treatment of the template-primer com

plex with RNase destroyed minus strand synthesis while not affecting 

plus strand synthesis and duplex RNA formation, demonstrating that the 

template is RNA in nature. 

Somewhat similar structures have recently been found in cytoplasmic 

extracts of the human hepatoma cell line PLC/PRF/5 (147, 762, 763). 

Density equilibrium centrifugation of 35S-cysteine labeled postmito

chondrial pellets resulted in a peak of HBsAg positive material at 

density 1.2 (alpha particles) and another peak of HBsAg negative radio

labeled material at density 1.3 (beta particles). Both peaks were 

absent from HBsAg nonproducing hepatoma cell lines, suggesting that 

they contained virus related material. Beta particles treated with 

nonionic detergent were capable of incorporating tritiated thymidine in 

an endogenous DNA polymerase reaction which was inhibited by actino

mycin D. This is consistent with the presence of DNA dependent plus 

strand synthesis in these particles. Further, hybridization of this 

material with radiolabeled DNA or RNA probes derived from cloned HBV 

DNA demonstrate that the sequences in beta particles are HBV specific 

(147, 762). Although the density and sedimentation characteristics of 

beta particles are similar to light cores, the presence of DNA polymerase 

and at least some HBV sequences suggest that these may represent defec

tive or immature core particles (147). The sedimentation coefficient 

of beta particle DNA has been shown to be lIS, in contrast to HBV DNA, 

which is ISS (763). Further characterization of these particles as to 

their core and/or e antigen reactivities, as well as size of associated 

DNA species, will be necessary to understand what role, if any, these 

particles possess in the life cycle of HBV. 

The unusual structure of Dane particle associated DNA described 

above appears inconsistent with semiconservative patterns of DNA 

replication. Combined with the finding of an RNA template for minus 
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strand synthesis, it is likely that the replication cycle of HBV and 

like viruses involves reverse transcription (Figure 15). In the 

proposed replication scheme, infection of hepatocytes with Dane or 

Dane-like particles results in uncoating of the viral genome. Exposure 

of these released nucleoprotein complexes to deoxynucleoside triphos

phates may yield extensive plus strand synthesis. Those molecules 

having a small nick in each strand might then become covalently closed 

by virtue of the proposed topoisomerase function of the 5' protein or 

by a host enzyme. Early synthesis would include genome length RNA, a 

small number of core polypeptide related components, and DNA polymerase 

polypeptide, which would be required for minus strand synthesis in the 

replication complex formed later. Recently, polyadenylated plus strand 

RNA approximately genome length has been isolated from infected duck 

livers (766), but it is not known whether this represents the "pregenomic" 

RNA necessary as a template for minus strand synthesis, or a messenger 

encoding one or more polypeptides required for the replicative inter

mediate. Substantial polypeptide synthesis must occur early in the 

replication cycle, since pregenomic RNA, at the start of minus strand 

synthesis, is already packaged in an immature core structure. Although 

it is not known how minus strand synthesis is initiated, if the sequence 

of events in HBV is similar to that in adenoviruses (745, 746, 752-755, 

761), then a free 5' protein or protein precursor may covalently bind 

to what will become the 5' nucleotide on the minus strand. This coval

ent complex would noncovalently associate itself with the terminus of 

the pre genomic RNA. The DNA polymerase and any other DNA binding 

protein required to complete the replication complex would then bind 

near the 5' protein. Polypeptides making up the premature core parti-

cle might then assemble around the nucleoprotein complex. The rest of 

the replication cycle would then occur within the maturing core parti

cle. Under these circumstances, it is possible that the 5' protein is 

not only important in the initiation of DNA replication but may also be 

important in packaging the complex into cores. 

Following initiation of minus strand synthesis, the composition of 

the replicative intermediate changes. Minus strand continues to grow 

to full genome length, while the RNA template is simultaneously 

degraded, probably by an RNase H activity. Plus strand synthesis 
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probably initiates at the 5' end of the minus strand, using the 

attached 5' protein as primer. As discussed, it is possible that the 

5' protein includes sequences derived from the X gene. However, it is 

significant that the polymerase gene of retroviruses encodes at least 

three enzymes with polymerase, RNase H and DNA endonuclease activities, 

respectively, from a single transcriptional unit (954, 955). Further, 

the location of the DNA endonuclease activity seems to be in the carboxy 

terminal region of the polymerase gene product (955, 956). Since the 

polymerase gene of HBV and related viruses encompasses an open reading 

frame covering most of the genome, and since such an open reading frame 

contains a number of translation start signals which could potentially 

encode a family of polypeptides each with the same carboxy terminus, it 

is possible that the 5' protein may be a carboxy terminal cleavage prod

uct of the polymerase gene. Other members of polymerase gene transcrip

tional unit may have RNase H activity and/or polymerase activity analo

gous to that in retroviruses. Alternatively, if the 0.7 kb RNA polymerase 

III dependent transcript is made when the genome is supercoiled, it may 

affect mRNA processing, export or translation in a manner analogous to 

the way VAl RNA in adenoviruses regulates translation of viral messengers 

by base pairing (941, 957). Alternatively, or in addition, this RNA 

might hybridize to the pregenomic RNA and help prime minus strand DNA 

synthesis. Since this RNA maps near the core antigen gene promoter, 

its synthesis may affect core gene or X plus core gene expression. If 

the core gene promoter, located at the "end" of the genome within the 

putative origin of replication, functions in a manner analogous to that 

of the retroviral promoter in the long terminal repeat, then it may 

play an important role in promoting the synthesis of the pregenomic RNA 

from linear or supercoiled DNA (905, 941). In oncogenesis, it may pro

mote expression of one or more cellular genes in a promotion-insertion 

model. A further observation consistent with these facts is the order 

in which genes are arranged on the genome of HBV and related viruses 

compared to retroviruses. From the 5' end of the retroviral genomic 

RNA, the genes encoding the nucleocapsid proteins, followed by the 

viral polymerase and finally by the envelope antigen, parallel the 

situation in HBV if the nick in long strand prior to the core gene is 

interpreted as the "start" of the genome. Better definition of the 
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transcriptional units and their appearance after experimental infection 

of animals will help elucidate the sequence of events in viral 

replication. 

The viral DNA forms described as replicative intermediates in the 

DHBV life cycle have also been found in analogous experiments with HBV 

(645, 646, 959, 960), GSHV (958) and WHV (123). However, important 

differences seem to exist as to the site of DNA replication in infected 

hepatocytes. Using HBV infected chimpanzee liver, replicating forms of 

DNA were found in predominantly nuclear and not cytoplasmic extracts 

(959). In contrast, using liver sections from patients having HBsAg 

positive CPH or hepatoma, in situ hybridization with a radioactive HBV 

DNA probe showed that most of the viral DNA was located in the cytoplasm 

(655, 656, 890). The intracytoplasmic distribution of HBV DNA was found 

diffuse in some samples, localized in others, or lining the cytoplasmic 

membrane. A small amount of hybridization was detected in the nuclei of 

infected cells, especially in hepatoma tissue, suggesting the sequences 

were integrated (960). Examination of liver sections for HBcAg by 

immunofluorescence demonstrated that HBcAg was present mostly in the 

nuclei of cells containing cytoplasmic HBV DNA (655, 890, 960), sug

gesting that the viral DNA was not encapsidated within core particles 

and that the replication cycle of HBV included a significant cyto

plasmic phase (811). Other studies focusing upon core distribution in 

liver biopsies showed pure nuclear, mixed nuclear and cytoplasmic as 

well as diffuse cytoplasmic and/or submembranous patterns in patients 

with chronic hepatitis and circulating Dane particles (58, 452, 725), 

which probably reflect the entire spectrum of steps in the replication 

cycle of the virus. Taking HBV DNA into consideration, it was found 

that the large majority of cells positive for cytoplasmic core were also 

positive for cytoplasmic HBV DNA (960). However, among cells contain

ing a large amount of replicating cytoplasmic HBV DNA, the largest frac

tion contained no detectable core, a smaller fraction demonstrated cyto

plasmic core, and a relatively small number showed nuclear core (960). 

All of these cells were positive for HBsAg. Combined with the finding 

of low levels of replicating HBV DNA in anti-HBe positive patients 

(640, 961, 963), these results further suggest that HBV DNA could 

replicate free of intact core particles. This is in contrast to DHBV, 



which appears to replicate in the cytoplasm exclusively within immature 

core particles. Although these differences may be virus and/or host 

specific, it is clear that accumulation of cytoplasmic HBsAg or nuclear 

HBcAg could occur in cells lacking significant amounts of HBV DNA, 

suggesting that the expression of these genes does not depend upon DNA 

replication and that their expression under these circumstances may be 

indicative of latent or abortive infection (960). Conversely, the 

presence of replicating viral DNA in the absence of core expression or 

expression only in the nucleus might indicate a state of vegatative 

reproduction. If the cytoplasmic phase of HBV DNA replication is 

central to the life cycle of the virus, then encapsidation of repli

cating DNA may occur at a later stage of replication with HBV than is 

the case with DHBV. That budding of 22nm spherical HBsAg and Dane 

particles takes place from the membranes of the endoplasmic reticulum 

in infected hepatocytes positive for membranous HBsAg (764), suggests 

that nucleic acid containing cores must be present in the cytoplasm. 

The presence of core particles in cytosols prior to budding (764) is 

consistent with these being core particles in which viral DNA is 

actively being replicated or has just completed replication. If the 

replication of HBV DNA involves a nuclear phase (959), then possibly 

the presence of large amounts of empty core particles in hepatocyte 

nuclei suggests that they could be synthesized and assembled but not 

transported into the cytoplasm unless they contain a replication 

complex. Unfortunately, the lack of tissue culture system for growing 

HBV and like viruses limits the extent to which replication and 

maturation could be studied. 

CONCLUSIONS 

Characterization of the molecular components in HBV have provided 

sensitive techniques for detection of the various viral markers associ

ated with infection and establishment of vaccines which will decrease 

infection, disease incidence and sequaelae, including possibly primary 

hepatocellular carcinoma. Such characterization has also had a major 

impact upon our understanding of the virus life cycle, virus-host 

interactions and treatment of disease. The role of reverse transcrip

tase in the replication cycle of HBV and like viruses, for example, 
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suggests that the life cycle of this group of viruses may be a 

temporally permuted version of the well known retrovirus life cycle 

(765). In retroviruses, genomic RNA is reverse transcribed into DNA 

early after infection, which is used to synthesize new genomic RNA 

later in infection. With RBV, pre genomic RNA is synthesized first, 

followed by reverse transcription of the minus DNA strand, and finished 

by partial plus strand synthesis (964). Further, several studies have 

shown that shortly after infection of susceptible fibroblasts with 

avian sarcoma virus (ASV), Sl sensitive linear viral DNA species were 

found in the cytoplasm (686, 760, 767). The finding of full-length 

minus strand DNA and the presence of heterogeneously sized plus strand 

DNA suggest the existence of replication intermediates similar to those 

found in the Dane particle (637, 670, 682). Similarly, uSing BND cellu

lose chromatography, it was recently shown that more than 99.5% of the 

unintegrated viral DNA of RSV contained at least some single-stranded 

regions (230). Relaxed circles of retroviral DNA are synthesized in 

the cytoplasm (686, 760), transported to the nucleus and converted to 

supercoiled forms, suggesting, as in RBV, that the linear and nicked 

circular DNA species could be precursors to the supercoiled forms 

(148). Although these similarities exist, there are also many differ

ences in comparing the replication cycle of these two virus groups. 

For example, retroviruses use host tRNA to prime minus strand DNA 

synthesis, while RBV probably uses its attached 5' terminal protein in 

priming. Although AMV reverse transcriptase is active, in reconstruc

tion experiments using duck cores it is not known how closely related 

the endogenous DNA polymerase enzyme is to reverse transcriptases, 

since it has not been isolated in soluble form from Dane particles. 

Other differences have been noted as well (964). 

Combined with the data above, the presence of supercoiled DNA in 

hepatocytes replicating RBV or related viruses strongly suggests that 

it plays a major role in the life cycle of these viruses. DRBV super

coiled DNA has been observed in duck embryo livers within hours after 

experimental infection preceding the reverse transcription phase of rep

lication (965). This suggests that the supercoiled DNA may serve as a 

template for synthesis of pregenomic RNA (958) and for one or more viral 

mRNA species, since the pregenomic RNA of DRBV is found encapsidated 
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within immature core particles by the time minus strand DNA synthesis 

is detected (965). In light of other experiments, the appearance of 

supercoiled DNA early after infection and during periods of viral 

replication may signify that such a DNA conformation is necessary for 

the expression of one or more genes in the initial step(s) of infec

tion. In the absence of a replicating system in tissue culture, these 

types of experiments in experimentally infected animals will continue 

to elucidate the life cycle of these viruses. 

A variety of independent observations suggest that the extent of 

virus replication slows and finally stops during the chronic course of 

type B hepatitis progressing to PHC (812, 822, 842, 843, 963). While 

the underlying reasons for this are likely to be varying and complex, 

their understanding will undoubtly elucidate virus-host factors modu

lating replication as well as the mechanism by which viral persistence 

is involved in progression toward chronic disease and malignancy. 

Certainly, the immune response against the virus and/or infected cells 

will alter viral spread and the number of cells actively replicating 

virus. For example, an immune response directed against the receptor 

for polymerized albumin, if it is the viral receptor, will eliminate 

22 nm spherical HBsAg and Dane particles bearing such a receptor. 

Since cells actively replicating virus often express membranous HBsAg, 

presumably also containing the receptor, they too may be eliminated. 

This would leave only the cells which are not actively replicating 

virus, and over time, probably containing only integrated sequences. 

Other viral gene products may serve as immunological targets, either 

for elimination or for antigenic modulation. In either case, the host 

immune system would play an important role in determining the outcome 

of virus-host interaction. Viral spread might also slow over time as a 

consequence of increasing numbers of DI particles, many of which are 

described above. Their generation may be the consequence of an inade

quate immune response (793, 966). The relative difficulty in achieving 

HBcAg expression in vitro using conditions in which surface antigen is 

easily expressed implies that the state of cellular differentiation may 

be important for core expression. Since the presence of HBcAg often 

correlates with active virus replication, it is possible that only a 

subset of hepatocytes at the appropriate state of differentiation is 
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susceptible to infection and supports replication. If an immune 

response eliminates most of these cells during the course of infection, 

then the fraction of cells capable of supporting viral replication will 

decrease over time. With the development of a successful hepatitis B 

vaccine, one of the major unresolved areas is to understand the nature 

of the chronic carrier state so that effective intervention could be 

devised to ameliorate or eliminate it. 

Recent research has shown that one or more markers of HBV have been 

found in association with cells and tissues other than hepatocytes. 

For example, one of the characteristics of hepatitis is proliferation 

and enlargement of Kupffer cells, the differentiated monocytes making 

up the reticuloendothelial system within the liver (967). Antigen

antibody complexes containing HBsAg have been found in such cells 

(968). Combined with the observation that mouse macrophages passively 

uptake HBsAg reactive material (969) and that Kupffer cells line liver 

sinusoids, thereby forming a barrier between the blood and hepatocytes, 

it is possible that a macrophage-like cell may play an important role 

in the immunopathogenesis of HBV by passive transfer of the virus to 

hepatocytes or by providing a site of replication (966). Other work 

demonstrates both HBsAg and HBcAg localized within the cytoplasm of 

pancreatic acinar cells in autopsy material from HBV infected individ

uals (970), and hybridization shows the presence of integrated HBV DNA 

in cellular DNA derived from pancreas (971). The finding that radio

labeled HBsAg binds specifically to human liver but not to pancreas, 

lung or kidney suggests that the HBV receptor on liver cells is not 

present on the cells of these other tissue types (972), even though 

infection of some of these tissues apparently occurs. Congenitally 

infected ducks demonstrated DHBV antigens in the cytoplasm of pancre

atic acinar cells as well as replication specific forms of viral 

nucleic acid from pancreatic tissue extracts, strongly suggesting that 

the pancreas supports DHBV replication (811). Hybridization analysis 

has also shown integrated HBV sequences in human kidney (971) and 

replicative forms of DHBV DNA in experimentally infected duck kidney 

(811), similarly suggesting that one or more cell types in the kidney 

may support viral replication. Recent results have also documented HBV 

infection in bone marrow cells from HBV infected patients (947, 962), 
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in peripheral blood lymphocytes of patients with chronic hepatitis or 

hepatocellular carcinoma (835, 946), and in peripheral blood leukocytes 

(829). If further studies reveal that HBV is likely to replicate in 

one or more of these cells types, then the chances of finally culturing 

HBV or another related virus becomes a real possibility. And if this 

goal is achieved, our knowledge of the replication cycle, the mechanism(s) 

of persistence, and the relationship of HBV to hepatocellular carcinoma 

can be addressed much more completely on the molecular level. 
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