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INT RO D UCT IO N

Hepatitis B virus (HBV) causes various liver diseases,

including acute hepatitis , fulminant hepatic failure , chronic
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hepatitis , cirrhosis and hepatocellular carcinoma 1) . HBV

genome is a 3.2kb partia lly double stranded DNA which

consists of 4 open reading frames, S, C, X and P.

Characteristically, this virus replicates through

pregenomic RNA intermediate after the reverse tran-

scription and produces various peptides, including

hepatitis B s urface antigen (HBsAg), hepatitis X protein

(HBxAg), hepatitis B core antigen (HBcAg), hepatitis B e

antigen (HBeAg) and DNA polymerase. Because humoral
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O bje c t iv e s ：DNA p o ly m e ra s e (p o l) o f He p at it is B v irus (HBV ) inc lud e s 3 d if f e re nt
d o m a ins s uc h as te rm ina l p ro te in (T P) , re v e rs e t ra ns c rip ta s e (RT ) a nd R N as e H.
Hu m o ra l im m u n e re s p o ns e s to e ac h o f t h e s e p ro te ins h av e no t b e e n w e ll d o c u m e nte d
p re v io us ly , a lt h o ug h a nt ib o dy to p o l w a s d e te cte d in s e ru m o f p at ie nt s w it h c h ro n ic
h e p at it is B . W e hav e co ns t ru cte d T P (a m in o ac id s 1- 18 2 ) , RT (a m ino a c id s 3 4 6 -6 8 5 )
a nd R N as e H (a m ino ac id s 6 9 0 -8 3 2) .

M e t h o d s ：By ELIS A us ing e a c h p ro te in e x p re s s e d in E . c o li a s a nt ig e ns , t h e
c o rre s p o nd ing a nt ib o d ie s w e re te s te d in s e ru m f ro m 4 0 p at ie nt s w it h ty p e B v ira l
c h ro n ic liv e r d is e a s e s . (2 0 HBe A g -p o s it iv e a nd 2 0 HBe A g - ne g at iv e ) . A s n e g at iv e
c o nt ro ls , s e ra f ro m 3 he a lt hy y o u ng m e n w e re us e d . W it h t he m e a n v a lu e s o f t h e O D,
w h ic h w e re te s te d 4 t im e s p e r e a c h te s t s a m p le a nd 3 t im e s p e r e ac h co nt ro l s a m p le ,
w e co n s id e re d to b e p o s it iv e if t h e m e a n O D o f e ac h te s t s a m p le is 2 -f o ld o r h ig h e r
t h a n t hat o f co nt ro ls .

Re s u lt s ：Fiv e o f 4 0 s e ra ( 12 .5 %) co nta in e d o ne o r tw o d if f e re nt a nt ib o d ie s
d e te cta b le by t h is m e t ho d : 4 o f 2 0 HBe A g -p o s it iv e s e ra (2 0 %) a n d 1 o f 2 0
HBe A g - ne g at iv e s e ra (5 %) . A nt i-T P, a nt i-RT a nd a nt i-R Nas e H a nt ib o d ie s w e re
d e te cte d in 2 .5 % ( 1/ 4 0 ) , 10 % (4/ 4 0 ) a nd 7 .5 % (3/ 4 0) , re s p e ct iv e ly . A m o ng 4/ 2 0
HBe A g -p o s it iv e ELIS A -p o s it iv e s e ra , a nt i-T P, a nt i-RT a n d a nt i-R N as e H w e re p o s it iv e
in 5 % ( 1/ 2 0) , 2 0 % (4/ 2 0) a nd 10 % (2/ 2 0 ) , re s p e ct iv e ly , w h ile 1 HBe A g -n e g at iv e
ELIS A -p o s it iv e s e ra w e re p o s it iv e o n ly f o r a nt i-R N as e H.

Co nc lu s io n s ：T h e s e re s u lt s s ug g e s t t h at t he co rre s p o nd ing a nt ib o dy re s p o n s e s to
ind iv id ua l re c o m b ina nt p e p t id e s d e riv e d f ro m 3 d o m a ins o f DNA p o ly m e ras e m ay te nd
to b e d e te cte d m o re f re q ue nt ly in HBe A g -p o s it iv e s e ra t h a n in HBe A g - ne g at iv e s e ra
f ro m v a rio us p at ie nt s w it h ty p e B v ira l c h ro n ic liv e r d is e as e s .
────────────────────────────────────────────────
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95



L.X. RUI, Y.M. PARK, J.Y. CHOI, B.S . KIM, G. J UNG

immunity can produce corres ponding antibodies to each

of them, HBV infection is evaluated us ing antigen-

antibody detection system, s uch as HBsAg/anti- HBs,

HBeAg/anti- HBe and IgM/IgG anti- HBc antibody tests2 ) .

DNA polymerase which is encoded by P gene is

essential for HBV replication and contains at least three

different functions. Each of the corresponding domains

was named as terminal protein (TP)3 ) , DNA polymerase/

reverse transcriptase (RT) and RNase H5 - 7 ) , res pectively.

Reportedly, using synthetic or in vitro translated peptides ,

antibodies against DNA polymerase (anti- pol) and its

domains were detected in sera from patients infected

acutely and chronically with HBV8 - 1 1) , and was suggested

as a new diagnostic marker for HBV infection12 , 13 ) .

Recently, we have constructed each of those 3 functional

domains of DNA polymerase by recombinant technology,

and expressed each of them in E. coli. By ELISA using

these recombinant peptides, TP, RT and RNase H as

antigens, the corresponding antibodies were tested in

sera from subjects with chronic liver diseases to evaluate

their usefulness .

MA T E R IA LS A ND MET HO DS

Huma n s e ra : Total of 40 sera were obtained from

patients with HBV infection who visited the Department of

Internal Medicine, Kangnam St. Mary's Hospital, College

of Medicine, The Catholic University of Korea, Seoul,

Korea, during 1997. They consisted of 20 HBeAg- positive

and 20 HBeAg- negative. Male and female patients were

30 and 10, res pectively. Mean age was 38±11 years old

(range, 21- 62 years old). Number of cases of chronic

hepatitis B and hepatocellular carcinoma were 32 and 8,

respectively. Three sera from healthy young men, who

were negative for all HBV markers , were also obtained as

negative controls .

S e ro log ic exa minatio n: HBsAg, anti- HBs antibody,

HBeAg, anti- HBe antibody and total anti- HBc antibody

were measured by commercially available radioimmunoa-

ssay kits (RIA, Abbott Laboratories , Chicago, Il, USA).

Anti- hepatitis C virus (anti- HCV) antibody measured by a

third generation enzyme immunoassay kit (EIA, Abbott

Laboratories) were all negative. All cases had HBV DNA

in serum detectable by a multi- target polymerase chain

reaction (PCR) with two primer sets derived from PreC/C

region and S region of HBV genome.

Antige ns : Recombinant TP, RT and RNase H are

maltase binding protein- fusion proteins expressed in E.

coli and purified by affinity column chromatography. TP

was encoded by P gene sequence from start codon to

nucleotide 546 (amino acids 1- 182), RT from nucleotides

1040 to 2056 (amino acids 346- 685) and RNase H from

2072 to 2528 (amino acids 690-832) (Fig 1).

S e co nd a ntibody: Horseradish peroxidase conjugated

goat anti- human IgG (Sigma, product No. A-0293).

Che mica l re age nts : Enzyme linked immunosorbant

assay (ELISA) enzyme substrate 3,3'5,5'- tetramethy-

lbenzidine, dihydrochloride (TME), (Sigma, No. T- 8768).

Bovine serum albumin (BSA), (Sigma, No. A-7030).

ELISA proce dure : The antigens were diluted to

2μg/ml in PBS, pH7.4 and dispensed to 96- well plate

50 μ l (100 ng protein) per well. After coated at 37℃

overnight, the plate was was hed 3 times with PBS and

blocked with 1% BSA in PBS for 1 h at room tem-

perature. Then washing the plate again. The human sera

were diluted with PBS to 1:400, and 5 μl was added to

the washed plate wells . Each sample had 4 repeats . After

being incubated at room temperature for 1 h, the plate

was washed as before. After that, 50 μ l diluted second
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Fig . 1. A schematic map of P gene domains and the corresponding peptides expressed in E. coli. A: P gene and
its domain, B: Genetic regions cloned in plasmid vectors and expressed in E. coli. TP: terminal protein, RT:
reverse transcriptase
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antibody (1:8000 in PBS) was added to each well and

incubated at room temperature for 1 h. Following 3 times

wash of the plate, 50 μl substrate solution (13 mg TMB

in 25ml 0.1 M sodium acetate buffer, pH5.6, warmed at

40o C for 30 min, and 33 μ l of 30% hydrogen peroxide

was added immediately before use) was added to each

well. The color reaction was developed at room

temperature for 30 min and stopped by the adding of 50

μ l 2M H2 S04 . Then the optical density was read at

450nm using a MaxlineT M Microplate Reader (EmaxT M ,

Molecular Devices).

Inte rpretatio n: The mean OD, which was calculated

from ODs of 3 healthy human sera (total 12 repeats), was

used as a negative control in each experiment. The

mean OD of each test sample was calculated from the

ODs measured 4 times. We considered to be positive if

the mean OD of each test sample is 2- fold or higher

than that of the negative control.

R E S ULT S

Five of 40 sera (12.5%) had anti- pol antibodies

detectable by ELISA. They consisted of 4/20 HBeAg-

positive sera (20%) and 1/20 HBeAg- negative sera (5%).

Three of 4 HBeAg- positive ELISA- positive samples

showed the positivity to 2 different antibodies: 1 positive

for both anti-TP and anti- RT, 2 positive for both anti- RT

and anti- RNase H(Table 1).

Anti-TP, anti- RT and anti- RNase H antibodies were

detected in 2.5% (1/40), 10% (4/40), and 7.5% (3/40),

respectively. Among 4/20 HBeAg- pos itive ELISA- positive

sera, anti- TP, anti- RT and anti- RNase H were positive in

5% (1/20), 20% (4/20), and 10% (2/20), respectively, while

1 HBeAg- negative ELISA- positive sera were positive only

for anti- RNase H.

D IS C US S IO N

In the ELISA system, the connection of antibody and

antigen is a kinetic matter. There are two methods that

can be used to determine optimal concentration of

antigen and antibody. One is to fix the antigen con-

centration and to use serial dilution of antibody. Another

is to fix the antibody concentration and to change the

antigenl4 ) . The antibody titer may be different from sample

to sample. To avoid any neglect of positive samples , we

used uniform antigen concentration and different dilution

of sera (from 1:50 to 1:500). In the lowest (1:50) and

highest dilution (1:500), no positive samples were

detected (data not shown). In the dilution of 1:100 to

1:300, some samples were positive, but the dilution of

1:400 was optimal.

ln the previous re ports , with in vitro tra ns lated

radiola be led peptides as a ntigens using immunoprecipi-

tation ge l assay (RIPGA)9 ) , antibodies against pol a nd

its domains were detectable in 73% of acute hepatitis B

a nd 87% of chronic he patitis B. Among patients with

hepatoce llula r carcinoma, only 27% were pos itive.

Those antibodies we re also detected in 80% of se rum

from HBsAg- pos itive patie nts with chronic rena l fa ilure

treated with hemodia lysis 8 ) . However, by a Western blot

a na lysis l0 ) , only l3% of sera with HBV infection had

Table 1. Me a n optica l de ns itie s of s amp le s pos itive for anti- DNA po l.

Antigen

HBeAg- positive (N=20) HBeAg- negative (N=20)

Patient
No.

Mean O.D.
mean O.D.
of Negative

Controls
Ratio*

Patient
No.

Mean O.D.
Mean O.D.
of Negative

Controls
Ratio*

TP

RT

RNase H

# 11

#3
#8

# 11
# 12

#3
# 12

0.49±0.01

0.353±0.098
0.372±0.029
0.425±0.018
0.34±0.018

0.585±0.029
0.445±0.013

0.21±0.025

0.169±0.013

0.218±0.026

2.33

2.09
2.20
2.51
2.01

2.68
2.04 #23 0.563±0.01 0.233±0.023 2.42

TP： terminal protein, RT： reverse transcriptase ., O.D.:optical dens ity.
*Ratio of Mean O.D. of individual samples to Mean O.D. of negative controls .
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anti- pol antibody. Moreover, in the present experiment,

12.5% of the samples had one or two antibodies against

each peptide derived from 3 different function domains of

P gene. So, it is poss ible that the sensitivity to detect

antibodies against pol and its dormains depends on the

phases of disease, the detection method or the design for

the recombinant antigen construction.

Reportedly, the detection of anti- pol antibody was cor-

related with viral replication such as HBeAg positivity12 , 15 ) ,

but was less often in serum samples without HBeAg15 ) .

Similar to these observation, anti- pol antibodies in our

study were identified in 20% of HBeAg- positive subjects ,

while in 5% of HBeAg- negative subjects .

It has been known that RNase H domain in vitro
translated amino acids 622-832 is strong in immunogen-

icity, compared to other domains9 , 12 ) . So, antibodies to

this peptide and another protein including this domain

(amino acids 463-832) were detected in more than 80%

of the patients ' sera . However, antibodies against the

peptides from amino acids 463-648 and the upstream

were detectable only in about 27%9 ) , suggesting that the

main immunogenic domain is located in amino acids

648-832.

We have used two peptides, consistent with RT

(amino acids 346-685) and RNase H (amino acids

690-832), which were almost the same as the peptides

reported previously9 , 12 ) . Additionally, one peptide derived

from the upstream of those two peptides (amino acids

1- 182) was used to detect anti- TP. However, sens itivities

to detect each corres ponding antibody was very low

(10%, 7.5% and 2.5%, res pectively), compared to those of

the previous study9 , 12 ) . So, it is possible , in order to get

more efficient results , that a piece of domain, amino acid

648-689, may be necessary in addition to the RHase H

protein used in this study (amino acid 690- 832).

A C KNO W LE DG ME NT

We wish to acknowledge Miss Sun-Young Oh and Ms

Li Xiang Lan for their support of recombinant proteins and

Mr. Ginam Cho, Young Bin Hong and Sung Gyoo Park

for their helpful discussion and assistance. This study

was supported partly by the 1997 Sungyi Medical

Research Foundation.

R E F E R E NC E S

1. Desmet VJ . Liver lesions in hepatitis B viral infection. Yale
J. Biol. Med. 1988; 61:61-83.

2. Schodel F, Weimer T, Will H. HBV:molecular biology and
immunology. Biotest Bull. 1990; 4:63-83.

3. Bartenschlager R, Schaller H. The amino- terminal domain
of the hepadnaviral P-gene encodes the terminal protein
(genomc linked protein) believed to prime reverse
transcrip tion. EMBO J. 1988; 7:4 185-4 192 .

4. Toh H, Hayashida H, Miyata T. Sequence homology
between retroviral reverse transcriptase and putative
polymerase of hepatitis B virus and cauliflower mosaic
virus. Nature(London) 1983; 305:827-829.

5. Khudyakow YE, Makhov AM. Prediction of terminal
protein and ribonuclease H domains in the gene P
product of hepadnaviruses. FEBS Lett 1989; 243:115- 118.

6. Radz iwill G, Tucker W, Schaller H. Mutational analysis of
the hepatitis B virus P gene product : domain structure
and RNase H activity. J Virol 1990; 64:613- 620.

7. Schodel F, Weimer T, Will H, Sprengel R. Amino acid
sequence similarity between retroviral and E. coli RNase
II and hepadnaviral gene product. AIDS Res Hum
Retroviruses 1988; 4:9- 11.

8. Feiteison MA, Millman I, Duncan GD, Blumberg BS.
Presence of antibodies to the polymerase gene product(s)
of hepatitis B and woodchuck hepatitis virus in natural and
experimental infections. J Med Virol 1988; 24:12 1- 136.

9. Weimer T, Weimer K, Tu Z-X, J ung MC, Pape GR, Will
H. Immunogenicity of human hepatitis B virus P-gene
derived proteins. J Immunol 1989; 143:3750-3756.

10. Chang LJ, Dienstag J , Ganem D, Varmus H. Detection of
antibodies against hepatitis B virus polymerase antigen in
hepatitis B virus -infected patients. Hepatology 1989; 10:
332-335.

11. Stemler M, Hess J, Braun R, Will H, Schroder CH.
Serological evidence for expression of polymerase gene
of human hepatitis B virus in vivo. J Gen Virol 1988;
9:689- 693.

12. Weimer T, Schodel F, J ung MC, Pape GR, Albert A,
Fattovich G, Beljaars H, Vaneerd PMCA, Will H.
Antibodies to the RNase H domain of hepatitis B virus P
protein are associated with ongoing viral replication. J
Virol 1990; 64:5665-5668.

13. Yuki N, Hayashi N, Kasahara A, Katayama K, Ueda K,
Fusamoto H, Kamada T. Detection of antibodies against
the polym erase gene product in hepatitis B virus infection.
Hepatology 1990; 12:193- 198 .

14. Crowther J R. ELISA, Theory and Practice. Humana Press
Inc. Totowa, Ne w Jersey. 1995. P:13 1- 137.

15. Horiike N, Blumberg BS, Feite lson MA. Characteristics of
hepatitis B X antigen, antibodies to X antigen, and
antibodies to the viral polym erase during hepatitis B virus
infection. J Infect Dis 199 1; 164:1104- 111.

98


