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BEAHKEN -DNAAFIMMHERBTIBEAKRTE 2OAE R BEELEREN
A2 BHEISER MEEAMEBN VHE 2% c KAAESHERET
G EEEH HBsAg B A EM TR EH—HHET - £49 DNA AR #4547
B ST ARILHBY AR FeiE B - mittbit HBY BB RS
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Abstract

Hepatitis B virus (HBV) is one of the major pathogens of chronic hepatitis, which
may lead to liver cirrhosis and hepatoma. HBV surface antigen (HBsAg) plays an
important role in HBV infection. To further study HBsAg and the possible
applications of monoclonal antibodies against the virus, phage display system offers an
alternative method for the generation of large numbers of anti-HBsAg mono-specific
antibody molecules. In the present study, two phage display antibody libraries were
established by combining PCR products of heavy chain genes with those of either kappa
or lambda light chain genes, resulting in 4.65x10* and 2.5x10° clones in size,
respectively.  After 4th panning against the purifies HBsAg, the results of restriction
analysis on randomly selected clones showed that both heavy and ligﬁt chain gene
inserts increased from 46.6% to 93.3% (kappa library) and 71.4% to 100% (lambda
library), respectively. Furthermore, the detection of a 50 kD protein molecule using
western blotting technique suggested the heavy and light chain polypeptides have been
expressed and associated into the correct configuration. The preliminary ELISA data
suggested that 4 clones may be specific for HBsAg, but not for BSA. DNA sequences
of 4 clones indicated that 2 clones are identical but different from the other 2 identical
clones. Whether or not these Fab fragments are specific for HbsAg molecule remains
to be determined. Taken together, our data suggested phage display system could offer

an efficient way in the generation of virus-specific clones.

Key words: Hepatitis B virus (HBV), HBV surface antigen (HBsAg) combinatorial
library technique, phage display system




Introduction

B A AT % 7 & (hepatitis B virus) A —# 2m-> H#EE A HF B
Hepadnavirus &4— §(17,18,22) » wAn R EE A A Ampba 7 2384
BB RG> AR AYHEF GAHEGT R LEFNA T A M e

& RAF ey AR (26,29,30,31,32,36,33,40) - B EaEE — M EANN MA@

¢4 > [BsAg > o — @A oE S HBcAg - IBsdg e 2 B A ABABHIEA
B 226 BE ALY SR —EFEs e BsAg» B w4 HBY AEAE L&
B Mikd 4 A pre-Sl o pre-S2 L F AR ERMETE - R EMMERL SR
B  BTREGRBRERRS  AEARSLFLEARTSORBFETREOR
- mEHE(22m) BEEERS S B ERFE 8 pre-Sl #u pre-S2 B £
77777 ST AR HBeAg A AL - & BY e ARBREZ —BAX R
AEERL  BRE DNA oF » HBV éhiw F 44K —5& DNA {R#E 2 DNA 84505
VA REmHA i DNA(23,24) - lBsAg F % & #9308 4% &t (anhgenic
speciflcities); —f& £ F &5 fn il B 45 B A5 &8 B a 69418 & E 4z (deteminant);
FoE P R RBAREL A d Ry owkr(27) - Bt BATTER W
FE 2o ERA adwr adr » ayw v ayr - EE A (subtype) &F AR o
- #RIEEAEE MAEBUN AR SR RARTRELAREREGTEFM -
: SRR REA R RABA KRN 2 A HIMORB B HERE 0 AR
= Rink— Bk ES BV wBEM GEESIEL S RAGY 145 MALE
o glygine ¥ arginine 4%, » —EE - BA—HERELG BV HEES - B
FERENBALES I RAARBENEAZT » MGG EHEERL B
MEAGE—4F R (mono-specific)B R XA & T L/ FE@AA L ERE"
Hig(escape) M B E R #F - CHLELRFHLHARI AL MAHNREER
PHAEMAMBENERFE -

HBcAg # 3 A X — % HBV 45 B M5 /R - HBeAg RIR —HTHERLAIRE 3




HBcAg # ) #EH A3 489 HBcAg Wy A AB A 51(33,35) » B %F —Sfsh e LB
precore B R ey £ 48 » HBcAg #v HBeAg &SRR EERAERE - AL —
HmEHEg  ARERFAEFAR A ERFORFHRT > F 454
precore BRFE REABEEMNALNRERRERSF T UMEB 26y HBcAg & A
REFTRENG  AAREHIEMITEER D
A KRG RZTRGAEBAALNZLE UBVprecore XYMy R F » BAHEER
RN EEREAE BV 2aGitam AR B HBY e B omaEr
5 EEEENE AREABSERSH DNA RS Rlase HA 5’ DNA 6% &
A %&iE {8 ¥ 484 % proofreading #9/EH » A S K FEME A TR DNA 4 ¥
B Bu iR Eaasley VAR ERREGD -
HMEMAEYG B AR BANARAE LT oA T RENEE
HBV &h#pre R i5 Ray R BV Ui eiat A A Y mit a8 4R » Hubm
RABH BB AR GNF Eisfott k& (cell-mediated immunity) % s H % &
BT MEFARETEREREANASEN HLA-1] REFARAESEX
ME THEKR BUNRSFAEHR BAARAYE JBACHYFRE  Albif
BT RELENE 0.0% MERke i JEm A28 5% HBY A &4EX A 4y
BEFX > EZAUEMA BsAg B aRAE  2EREEE RS ALENF
BB AT R EA MO RACRTRER  EHRTNERAATHB HAL
REHEmERZ HBAFRAAREREENA KB — BikHiE £ (passive
immunization) » — & £ # i %k (activeimmunizaton) . MmIA B MAF X A KK
é(ﬁepahhs B immune globulin;HBIG)éfJ%E.%ﬁ.%ﬁﬁ‘]#&i%éﬁ&LfF%%iﬂA’E%
AE B A AENEER (DEAB KRS ES b iEe] HBsAg #9BEfa
#;(i1)F HBsAg MpthfA ASE A HEiT ;40 (ii1)HBsAg FribBALAT & & 6 2 52 (4)
iEd HBIC R ER SRR IBs RBMKRSaFMibmAR > B XEHMLAL
MR ERERETEARTEHRBER - BRBEAL ) RG> EMACIRERRE Lo

CEY



HIV A LB AT S REETHRFATETERTAZTLR

BEMREHERETAFTREARRTRFRERTY EEAAGHIRALR

. %m\,

ey jE g (gem-line) £ & K & & # 1t (variable) & & £ &
(8.9, 11,1820) r E:MELABRFLEBTHARARBREFREERFERYH
HEELMBEMmBLBERAGILE repertoire & FHA F £ ey -
(instrumental) » ATHGEE—BEE AN T EZELTFH U ERIAE
e ABRE 0 MBAERMAEMR 4 V AREREY - A £
Sl b P R AREERAREMR - R % % (phage display system) &2 %4
Hf2 A B E 45 (combinatorial antibody technique)f it AEFE ke
SAEGHREBRBORR T I RBERGRA - FFREGL - b AR
AMPBMINESE BAht  AFRTISEHABG TR REM V AABRH
RERAL IS I IDATHEEHREN  AMRBAHACANYHTREHA,
BARABIES Fab R EE4K M3 HERS AT E(,2,10,14) » RBEBHRE
AESG Vi Fuo VL REAF] - S EANFLRBALR T M &8 e
EETAERBRBEGRENDEHABYBELARE » 55t Emey Fab sk
Fie M13 2R BEAGARANEEH LR AR TARBEBRET S LB E FHER
BEEMORHEOBEZEHARREEZNERAMA 4 F 7 44 panning &
2 TR RHEERBCETAERNAS -ﬁ-%ﬁﬁ#—*}ﬁﬁa“' L &%
5 B e ABR Fab :}*'“"'E..%‘é#é?ﬁ“f'%&Lixﬁﬁﬁ.ﬁ{ﬁﬂ%f%é’}ﬁ]/\ mEE
R EFFEHEEBETRAAISANLEHRBRE AT A adEss Fab A &
L @#ﬁéﬁﬁﬁ%%ﬁﬁ%@%i&ﬁ R &5 repertoire 3 Ri ERHSE
EMRAEDBMTUINRECRBB A EREOR T A ABRREEF SR IREE
a9 F 5 A 69 Fab $144(3,5,6, 7, 21, 25) -
HBAOALFAARETHAIBETEARBRE AL RE S — i HBV HERKAEY
#7188 P4 HBsAg 2 @A BB EHERTIRE A &N BV sy &




(23) » BRI ARMMR

#—F anti-HBsAg & Fab K& @ #88wm 7 » &M

R RMAELGER W THIBY S 2408 £FRTUEAS B YA LR
FHRBATOER > BARAD LAGH AR BBV R A E R
B HAF X 4 3E i ¥{L& (variable region) £ & a4 4 7| (sequence) z 7
ARERUA EeRsR e AFRAN VAR EHAMNBRARREEZHERS

RIFEZHERARPEHR LT RBEETEAYMT ORB OB &tk - &
Ve EBE I F A Bk H ARehix HBY Fab fREMET vGEA R A HE R L 441 HBV 4
B4 45 Bt 28 (bi-specific antibody)Fo S AR E LM BHER -
XH R R %

ARBRABAGFTEDAARANIRAHBEREMAAR 8 B H K
(combinatorial library technique )M sA #i& high specificity ® & high
affinity # human monoclonal antibody « £ £ & & % 3% Phage display system
% Fab &R A 42 B 24 (filamentous phage)®3 & &t » # 4 & Panning 857 &,
RiE RA S AN RS Fab -

So %k R 6 BT (Blood Sample) - #AHF LR R — @M L x4 4% anti-HBV and
anti-HCV Hifey library Bobt oA BRI M A LM R BRGBLEGR
BoRARRECEFREL 2L RG LTSS BSmmmBEREn EIA
BREEA AR E I HBY SR HCV #5697 4 (Table 1) -

& %438 (Peripheral Blood Hononuclear Cell Separation):

Elf,f, Ay da ik 2 10 ml - &0 2000 rpm 10 2488 48 L B ey o ib i B pE AR AR -
T0C ¥ » F /& 674 5364 54 RPMI 1640 medium #32] 10 ml » 524359 %38 st 10 ml
MIRGEE B A —FLF LA S nl Ficoll-Paque (Pharmacia)&y tube ¢ + &
AR5 Ficoll-Paque ¢ £ & » &6 2000 rpm 30 4845 48 B An kB 48 2 3
&) tube ¥ Ao A RPMI 1640 medium 3 &R F %k | RiE > HafiTiE 1 nl medium
FPorootBmippath 2.5 x 1M E@EsER—%F -




RNA EH(RNA extraction)

# 10°~10" cells e | ml Trizol » #E# 4°C 5 5> BmA 0.2 ml &
#5(chloroform) * # & 4°C 5 44848 82 12000 rpm 15 448 4°C » 4 - @eh RNA
BH00 al BBHNFAHRERCEF > hon 0.5 nl isopropanol &5 Ew-
T0CHmR » & 12000 rom 30 448 4°C > 8 B3 EB% 0 Aol ml 75% alcohol
FimA BTSN -2 a4 R EMN 20 A DEPC H,0 (Diethylpyrocarbonate)
¥ + H L UV-spectrophotometer (Gene Quant IT ° phamacia Biotech) ODyg/ODug
B RNA &R AME - IRERBE -
R B B-R48 KR8 8

BCRNA 20 1g Ao oligo dT 320 prole » & o x DEPC K0 84 2 27 A -
2B 70°C 10 5484 F 4o A SXRT buffer 10 A > DTT 0.5 umole » ANTP 75 nuole
Human placental ribonuclease inhibitor (RNAsin) 40 units @ SuperScript [I
reverse transeriptase 400 units -+ Ao DEPC H0 £ R& e85 50 A - %
A PCR machine (Perkin Elmer, GeneAmp PCR system 2400/9600) 25°C 10 4-4% »
42°C 50 %42 > 90°C 15 4482448 T49 %5l cDNA - By RT rifteth ka5 cDNA 1 A
A 10X PCR buffer 5 A + MgCl, 37.5 nmole - dNTP 6. 25 nmole - sense primer
10 pmole » antisense primer 10 pmole (primers: Table 2,3,4) » Taq DNA
polymerase (Gibco) 0. 625 unit » FAoA QU0 £ 408885355 25 1 - 638 94°C 15
Fo52C 50 £ -72C 1 430 & = @EEFH 36 RIBEL > BT 72C 10
8 A°C 4R 2] PCR £4p - PCR Z 442 6X DNA loading dye 2 A 2445 1% 2%
agar.t)se gel [4£ 7 0.5 X TBE 4% & buffer M2 EtBr (0.2 ng/ml) 14 & sk (Cosmo,
Mupid-2 mini gel migration trough) ¥ st 100v 4-# -
AMERARHATR B:E

TR KRk NESMR T PR EMBSE A A0 L1288 M

sodium acetate & 0.7 4548 # isopropancl EMN-T0CREIE » & 12000 rpm 20




248 4°C 0 LFiREH AN T5% alcohol ikt B4 DNA A 2 4688 1~2 545 -
DNAZE#» 20 A QB0 ¥ - BRPCR 247 5 g 4 pComb3H vector 10 pg LAms]
BEwte M (E4k: Spel/Xhol; #84#: Sacl/Xbal) » e aer sy 104 8
FIATCIaR - MERMETBYDNAB2%FEBTH - £ UV T EZ£DNA X
Ay T R(PCR #4010 680 bp; pComb3H: 3.7 kb) - M DNA d# £ B ¥ @it
(DNA recovery) (# &4 Qlagen Qiaxe Il gel extraction kit)# T+ T &9
HFEBAE SAH50ng/ A 0 oA SEEHEL X E% A 10 A Sk vortex 30
a3 QXIT » BE# B0°C 10 4% - BB 10000 rpm 30 £ B LA snk
#EAen 0.6 ml QXL » 880 10000 rpm 30 #7448 LAk H - E A BT & o
A 0.5 ml PE buffer # 2 R #$ELARBHRAEEREEEOA20 L QU0 &

#1000 Tpm 30 LS LA EECE RIEE BRAE-80C ¥ o RIBIBM A AL

tribey PCR 24 1~2 pg # plomb3H 1.4 pg sen T4 DNA ligase 50 units
(Biolab) » 10X ligation buffer 20 A HAv Q H0 pafs5 4 200 X > 16°CRg
A& T0°C 10 48 - 24 sodium acetate & isopropanol i DNA » & £t 75% alcohol
FEEELS A QHOF -

% % (Electroporation)

- RS 4 DNA oA 300 A competent cell » 4°C 1 484422 0.2 cm
gap cuvette # T4 [(Bio-Rad, Gene pulser II) 2.5 kv, 25 wFD and 200 Q] -
HERA O nl AAEMAE S0C medium # competent cell # cuvette 8 & » 37
C 1 18 > Awn 10 nl SB medium (Anpicillin 20 wg/ml ; Tetracycline 10 g
g/ml] #EHFFRE L A 10 & ~ 100 A3 LB plate (Ampicillin 50 gg/ml) -
15 ml 38 %&ERN 3TC 1 A8 Ao AmpicillinfE &% RES 50 ug/ml > 37°C
LA8g > 4538 15 ml culture (i 100 ml SB (Ampicillin50 gg/ml; Tetracycline
10 wg/ml)¥ - 37TCra& - - 4000 rpm 15 448 4°C - Edsen 8 ml Pl &

RIREHGMEAN 8 nl P2 ER  ETHEMRRSESENTE D 548 fon




8ml PIgm» T ESRAAHE 4T 5 54 > 2. 12000 rpm 30 448 4°C
A L E R AN 0.7 884 isopropanol » ~70°C 30 4-4% » & 12000 rpm 20
48 EFBRMESIEE S00A Q B0 7B %845 phenol/chloroform (1:1 3%
) ERoplasmid DNA» 2 # pa A 0. 74254 5% isopropanol #:8 DNA i 12 75% alcohol
ok AEHBE2 o4 EELW0 A QL0 ¥ - S S MBamEs K T8
A SR TR A M Snl Fe R e SOC 4% competent cell # cuvette
FERY - 3TC 1-haF - AwA 10 ml SB (Ampicillin 20 mg/ml; Tetracycline 10
peg/ml)y FEHKPESE T A~ 10 A ~ 100 A 3 LB plate (Ampicillin 50 zg/ml)
AR EBEAR D 215 ml 388k ERN 37TC 1 6% fua Ampicillin &
%BAA 50 wg/ml - 3T°C 18+ AuA helper phage VCS M13 10% pfu- 22
10 m4g4% 88482 100 ml SB (Ampicillin 50 zg/ml; Tetracycline 10 gg/ml)
3 fé?"C 2 ¥ he A kanamycin £ HREE T0 pg/ml » 37°C Fa 48 2.5 4000 rpm
15 748 4°C - mn4E A P1, P2, P35k 4% plasmid »- 8 H & » 2542 400 A QH0
F oo A E HEe LiFR A 4% PEG-8000 #o 3% NaCl » # & shaker & 5 44845
EREEHE > MENKLE 30 54 8.0 0000 rpm 20 48 4°C - LR ERE S
MFEBEARKESAL 10 54 > 5 HBARMEL 2 0l PBS & pr 2p s
SE P 0 g 12000 rpm 10 548 0 EERBAEN-20CE -

B Z =% & M2 (Phage titer determination)

B fiagey B coli-XL1 blue (A4 Tetracycline 10ug/mi & LB
$54) 200 A #v 6 ml Top agar - 4 Top agar % Bl AT 8 R 4414 ¥ LB plate
b REEMEB— AR BA(R PBS AR - S 1 A4 plate (5
B4 107-10") 37C R &+ & plaque 493§ £ X phage #) titer- ATzl 1 A -
10 4 ~100 A4y plate st & colon & E#H =& E L+ 15 colony 933244 [ nl
LB (Ampicillin 50 #g/ml; Tetracycline 10 ug/ml) - 37Cra & # &k 12000 rpm
10 48 » it hon 100 A Pl 4B KA 100 A P2isi» EFE2




S

HRRABBENTIED 548 i 100 A PIimm - LT E E#RIRAHE 4C 5
4 0 o 12000 rom 30 448 4°C 0 8RR IR Y Jua 0.1 45847 M sodium
acctate & 0.7 15344 isopropanol & ~70°C 30 4r4% » 2. 12000 rpm 20 4-4% >

LRI £ A T5% alcohol Fik AR 2 4 - #4250 A QHO ¥ - &

2 AHF %8B Tik(electrophoresis)mg & plasmid 49 DNA size £ FEsp o 2 pr
. 15 &5t fp] -
¥4 L BB & #:2(Biopanning)

# ELISA plate wells san 50 A4#&(0.5 pg/well) » 4Claa - {e R e
Bt A QH0 2% 2 & > blocking AeA 3% BSA 200 A (4# /A PBS 2 TBST..ea ) -
_— STC L/ BB AN 50 A5 B8 3T°C 2105 » 458 AR A5 A48 14 200
- A TBST F i > i BB H(EHALRMA S B0 %) saA 50 X elution buffer -
_ EEFE 10 94 > A pipette BBHEBRRBLRE > 35 elute H 24 % MaE &
AN 3 A M Tris ¥4 Aol nl BERRHAE coli+ T3P 10 4484 po
A10ml SB (Ampicillin 20 xg/mi; Tetracycline 10 Lg/ml)E BB PRET] A
f 10 4 ~100 A #JLB plate (Ampicillin 50 gg/ml) - 12 ml culture ERNITC 1
-~ B e Ampicillin &% BE A 50 Lg/ml » 37C 1 /N B> fe A helper phage
VCS M13 10" pfu» =2 10 H48% % 100 ml SB (Ampicillin 50 g g/ml;
____ Tetracycline 10 pg/ml)#:37C 2/]NBE> e A Kanamycin £ 2% B 3% 70 wg/ml -
3TC #MR - & 4000 rpn 15 548 4°C - 3K 5 B & L iAo A 4% PEG-8000
- Fo 3% NaCl » ##& shaker + 5 442t £ £ 2imat - B ERNAL 30 548
- o 9600 Tom 20 585 4°C > LR AR AT A BRI L 10 548 0 goE
HARAR A 2 nl PBS & DR 2 SaEc® 0 ga 12000 Tpm 10 4% v b
HRMBN-20CF o FEMARAN (5 B0 TN S BAR BALAE - &
# panning 8934 koA ¥ 4 R824 100ml 65 E. coli A P1, P2, P3 4 plasmid
TEEH R -




TERFBE BB M4 (Soluble Fab preparation)

BT EEFHTHEMRER & £ 4k panning Arésitey plasmid DNA § «
g AIRFIEE Spel & NhelZe 3STCHARE - KX EB TR #%E - H42kb g
Ty F it 45 AR 3 4 (QIAGEN Qiaex Il gel extraction kit)iF# £ 88 &y DNA
B4k B © sy DNA 200 ng Aw A TA DNA ligase 1 A - 10X ligase buffer2 A -

G s 20 X 0 160 E - BuUiE44465 DNA 1 A fe A competent cells 40 A

-

1A E8 ¥ k(electroporation) e fasisfz - Bl 2 ml SOC #Hzkd - £ 37C
s 1 pERggE 1A, 104 2R 100 A #] LB plate (Ampicillin 50 gg/ml) -
£ 3TCse4 - R > $h—2§ — B#ks{t plasnid DNA SR B ek i dh4F A
ey Ede DNA > i Ak B4 513854 10 ml SB (MgCl, 20 mM, Ampicillin 50 u
g/ml) » 37C 6 1 ed o A IPTGMER A 0.l aMFo 3 aM 2 M - 2B ERE
30°C » &M s ta s 1500 rpm 15 7548 » Mtafi®¥iss 1 ml PBS ¢ - #)
AARBRBERFETOC 20 548-37TC 20 48 E45 4 R) M tmBadr ok 2.0 12000
rpm 10 548 > B LFRBREFRFE-TOCF -
X 58k £ 1 T A (SDS-Polyacrylamide gel electrophoresis, SDS-PAGE)
45 LR S%# stacking gel [IM Tris-HCL (pH 6.8) 0.25 ml, 30%
acrylamide 0.33 ml, 10% SDS 20 A, ddH,0 1.4 ml, ammonium persulfate 15 A,
TEMED 2 A 18tF & 12%#4 separating gel [1.5M Tris-HC1 (pH 8.4) 0.94 ml, 30%
acrylamide 1.5 ml, dd H;0 1.24 ml, 10% SDS 37.5 A, ammonium persulfate 28
A, TEMED 3.75 A ]~ st#¢ separating gel ®M4FHIEASA HWHBR T HEAN
5| 95 e 385 B E# 3 cm B(E 5k 2 cn £ stacking gel | cm) » HiEA—uk 2-
butanol #F@EF » £&#H 15 54 % gel BHEEMK 2-butanol #% » FHixA
stacking gel 2% - Bl kst (conb)iEit gel + - £i8# 15 H4d gel B H
% 4% comb £ & - 4F gel BERNTHRM & - BATH A K soluble Fab i et apeis

A 15 AFe non-reducing protein loading buffer 5 AiR4% » 95°Chesk 5
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4% 0 Biedb sample v E R ¥ > & 2| Bromophenol blue 38 H B 48 4 i -
& 75 X & ¥ &k (Yestern blot analysis)
A 100 mA $FBE - R ER e NC paper 2 5% Bs (A TBST &2 %)
& 3 | 85218 o A Horseradish peroxidase (HRP) conjugated goat
anti-human x light chain or A light chain antibody (1 : 4000) » 1 /8%
= o RES S eAE E8y TBST Wit > a5 TBST &% wANZ&E([DAB (0.5
5 ) mg/ml) in 10 mi 0.05M Tris pH 7.6 + 10 A 30% H.0.] - 4& 10~30 s &K A2
TEHBRLAZRELER -
;_;_}: B Ak 4 4 % % M 4947 (Enzyme-linked immunosorbent assay, ELISA)
- & s coating # blocking #9# S5 & 749 panning 48 ) » 434743 5| #y Fab
Bo0 AsAdwell ¥ 37C 1/ aFg RIpEk » #IAPBS RA sk wells £ B A
""" ge-he A 50 A A blocking solution # #2 4000 4% HRP congugated goat anti~human
kapppa light chain or lambda light chain antibody Z&— well ¥ » 48 —
AN AR R BAoADL) A 2K Em(TMB) #E M@ e Mgans A INHC
RAFIE B hBHER EH & - BFIA ELISA reader (Molecular Devices, Emax,
precision microplate reader )% B 0D ;s 9B AE ©
DNA A-7] 44 (DNA sequencing)
- —ffe E4# constant region Z4 ¢4 3] F SeqGb 5°-GTC GTT GAC CAG GCA GCC
CAG #1 A sequencer (ABI PRISM 377-96 DNA sequencer, Perkin-Elmer, CA, USA;
Reagent: ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit,
PE Applied Biosystems, USA)# sk % ®4# variable region # nucleotide 4] -
B EH DNA 7B V base FIRBEABRS b > BB TSR HEH

F 4 K & ¢ germline K B - (http://www.mrc-cpe. cam. ac. uk/imt-

doc/restricted/DNAPLOT. htm])
Py i E S P
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WO S #F

AT S AERREERCAN IR ELREH AT REITANG
R A H AT 24 R anti-HBsAg and anti-HCYV » A A
WU EIARE PHERET LR Y S HIAD AN ERFREEFL(Table ).
CONAB SR ARBRAEEMS - 2 ARAAK

FEEBRERSLSEH RNA Sh RGBT cDNA- FIA ST E 5] F
(Table 2, 3, 4)7% 4% 1gG 89 F42 - kappa 84k R lambda #2428 &% (Famiiy)

ABEAEKRE P AR e 413] F - ConGa/C61z~ConKa/Ckld F» Conl1/CL2

Y

S 34k 2 & 4% Kappa 3848 % lambda $ssk e PCR = 4i4n » A A4 & cDNA & PCR #9
RAEBHETR - 5 PR 8 2% E LB Tk 7% £ (Figures | and 2)
RE > T RIS A 680 bp A E » A EEL 330 bp M EHTE
B £ 824 band AFEMMOLERAF - BET cONA MARELANEA BAR
AR AT ARE LR T EB PR AHZIMIF — £ RA A ES SR
BT GRI FHE R SAAE R o MAESEZMAKAY PR 244
EFR—# 0 MEREMEBRBAEEH G PR EHBoRE/E - £ENaFER
2R Fl SR AR 6 b M A A R 8 PR A H 22 BAERzE
F R A B e ey IR R RRE KA -
Y L) TE LY

BAEGERRE  BRONHIRERTIHEARBIY  NERNL
453258 % pComb3H $i4% 1% A F#iE % Sacl/Xbal# Al 58 AT ok o Misse s
ff’z:\?.'l"z}% kappa #3548 % lambda ds4t> BE A TADNA S LB S 000 s B BB A -
EEaTROF A hEa DV #AE coli $H ke A LE S A G
51 %% kappa library 1.6x10° & lambda library 5.25x10° (Table 5)« % T
L EEsiay R s pComb3H + » #K A4 KB & 6420 plasmid DNA (total
DNA) & dr 48 % i #EAT3 8140 plasmid #1M FR #8445 7 76 90 % % 8 B ik (Figures
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)

3 and 4) - & Figure 3 + 4 & B 4% kappa A lambda $848¢5E 4 DNA (UTF &
A A5 4 K+P3H ; L+P3H)4& Sacl/Xbal4#2# S =T H 2 —k# 680 bp a9 h B » ™
@i Spel/Xhol#E MR A —1%4 300 bp A & - BEE R —HH%ATEHS
plasmid 3 E ke £ (Figure 4) AR ERA - L P4F— 514
AEHEY  BARAMMBEERBTIREE Sacl/XbalaTeAEAS 25 P3H &
1.2 kb ETH—£4 4% 680 bp & band % R Spel/Xhol3f4r 8 F L HrsE I &
300 bp#h band - AU LR THECEAEMERTAEEPH F -

LHEZR TN EAKPIH A LP3H ¥ 244 » Rt F4 DNA EAN
E. coli st E A BARES X I WiTE 4.65 x 10° 2% kappa B R 428y
AEE(MHE K+P3UHHC) > 2.5 x 10° 44 lanbda s R Fak A B E(HHEA
LAP3HAHC) (Table 5) = 2% DNA #9#74y=T 84 BaF 2 K+P3HHHC 2 L+P3HHHC &
Sacl/Xbalgt Spel/XholR B & 4R+ dt T 4 680 bp &9 A & - 425k K+P3H - L+P3H &2
P # R R BiEdl eyl - EENEHRATNEERRGER > RETHEKR
BmmRpBEEREEAEE 680 bp RO RKR - SR ELALERBTESRR
TR A SEAEH P -
Anti-HBsAg dudl&f &k i %

B Wde B B A d panning R R T LA HBsAg B & EHk -
% —zk panning B £ wh e E BB EE XA 10° 4R (Table 6) « U F 374
F ¥ o2 % b F R panning &918 5] Bk 547 DNA AV Esk ey Edk/ 24 ey Atk
kappa &5 46.6 3 4= 93. 3% - lambda & T1%3%su 2y 100% - 384 m Loy & % sMR
b A E AR A B H ) 4 48 B &9 45 £ (data not show) » $w =k panning % &
25 DNA R Bl dtke DNA P A AT B F R 12 3m DNA Tk ReE € E4hdndd
T - BERBETEwWR panning 449 DNA 84 R 4 5L - L EHT
HERBITTHREAHCHERBFEDNSLELER -

"M h B EAR




44 42383 &k panning & 43F DNA RArR#4{&: % Spel/Nhel#f pComb3f L&
genel [ &85 nie o DNA Eokid 2 ok » TTHHELE2(4£4) 506 bp 4L ETH
2—#% band ' & genelllAWMREFE® 4.2 kb MEMHFEBUT » B#E#
AElal DNA @l » 2B B R 68 F s A (self-ligation) A E.
colli % o &3 24 DNA 3 Eikeh B R » 77 genel {18 DNA i opphAT® DNA 2 2 &
16 0 885% genel [V B8 BES - OAm PH:E D4 @ Had s
FEEEBLE BMRE plasnid DNA » & DNA £ (data not show)&y Bkkeymia sy
BEFRUBTHRIHATRBAAUATE Bdid a8 28 2R %M
#iE(ELISA) 47 » A FHEY 4 BRAERIHBRERETHR o BN
THMETEESN  GERXRTAZ %L clone L4~L5-L15 #F+T4& 50 kD #4940 B
AE band - B RBAT CE coll R AR B AR BEEABREE -

ELISA it A B BBsAg LA R EAES

#15 &5 ELISA 47 & K » 4 18 §# ¢ [BsAg &9 9& F A8 (0D,5050) ¥ % ¥ BSA 84
RAMEEZE L4: 0.1655; L5: 0.356; L15: 0.3055; L21: 0. 3605 - 1 negative
control: P3U (A& pComb3H A6 E#k)idide BSA % MR A A-0.3465 - &£ 2
B 4 1B RAMEY B H M negative control RAME - B 4 BESY
P HBSAg AR THREHEAH RS -

DNA 773 4 ¥7

4 B g ke E42 DNA A 5](Table 7)%:8 V base #4541 tb i » £ 4 4o
L15 %?#Eﬁ] v L5 v L2] =448 0 @ L4~ L15 4 L5~ L2 E'Iﬁiﬁi"é‘%éf}%?\— '
#* "P!I;l:%fi L4 #2 L5 & — %4 H 399 18 nucleotides & V region .&ﬁ%ﬁ’é#—% 46 18
nucleotides R » L& 4 CDR3 41 @& 3k » L4 #= L3 A14 24 48 nucleotides £ & »
B 4 18 E AR R A VHA 1 — k(L4 v LIS B % VH4f; L5 4o L21 B Vidg) o
Hi

BAUMAREARLIENNEARKRAR  BNHNBAREREMmELY
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RERBIEHNA S - MEALH R ER T EARAMERRBEAERSA BBV £
HAEBELAHANALRASEAES SN BRFRETMOHRBE  #H®

£ epitope MEEBEARHAEHRRNUTELFREAGTE  HLATAARETA

MENBUNELREAERMAEL I L IBshg MBS THRAA RS FHit
REEENH

- B BNEHRAEAS LR ANBATHE 22 hEREA S
| HUE R R R RNARS IR L B8 B R - 2B

B

]
Gty diit Fab # EA#e) Fe 8 » EEEB A S WA a8k 2 2 (CDR)
ARBREY  EENAEEZARALARAFA MEARBYRS ST
FRE FTEBE-BREGREBREAEAERBORESN - BATRE Vet HBC &
- BB R R R E SRR i DNA S B coli ¥ REAAMMLE
ERRE REBEAEOREYsTARE VOMIS 288 L s HMBEERAES
EMARRAE - AL A A EHATE S phage display system RIEHILH
- ABRARGEY Bshg FEAHBRGRUST - BAM EMe AR LS -
T TES B BRENBENZA B TFRESE ) B rEiEaifeaE g
- FEEANEM  BEBMNMAEHNORBERESS 100 X BEAEH LSS
2 107 10° A — RETEH IR » ARG PFRARARNMAE  TEETH
HREBHEFHBLE PR 2B EFA(B AW ESRBER D AAREI KA
REY MR AFERI0E) - FAMARSE E coli #hid+EE E coli
S TEFBRFEESEAGEN BE EH Tetracycline 9w B % Tetracycline
B ZE coli ZATHFQHERFEY
_ _, OBt 4 REBBike library size &% (Table 6) » #h%eds s 10%-10 261 -
BAT LB HBsAg HAMNKALLEN Ml FEMAREHHERRE
; BB - & 4 KRB E — BHAHBE R DA AL Tho o 4
# L&k DNA th Bkt & kappa & 46. 6%% A0 % 93.3% » lambda & T1. 4% w3
100% CHERB THENBRT X LS AN ERARTLAOHL - Ak &
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bR ERRR T Ao FRBERGERSILEEH eluting agent » HF &

# elute HRELFTRHESHIFAGEH  TLAFTERARHOABRAR - &
# pCombdH £ R Z —BIFAEARER ARTESMIB R AOBEFTFAEXES -
TAEMRBREANELETE A IPTCRFE @ PTG AR A RAE 0. 1 oM~4 all
#F AR (Shibui et al., 1992; McGregor et al., 1994) » @m—#& KL 30°C
#FEPE E coll RARBAE > HAMEFLAEA 0.1 ol REARER
MRS IPIC 2R REXTTREAH L coll eyFH » Mz £ 310 5%
BRI E R ey A EOR Z B (Sommerville et al., 1994) - & western
blot 4R RE - £ cell lysate 2 FIMBA KRS ELF—Hh » ETHR
EEBZMGEERATRBEMD - ILISA WP HRBF > ATRESROR
MBsAg BB ETHRERBEMR B8 - 4 BHAKE NS B RAEHE BSA 9%
FEZMGERERARFET AR REIZATHREEZGEA REHILE cell
lysate RBATESE. coll P A0 EEHETRETHRABA RHOEFIE -
BHMESHRAE > ¥EE2H AR Fab B ARBRGR AHERESE
HHEEMN > MBEEE competitive ELISA R F i —F el BE

B B AT HBsAg EHAM AR LR AR S > BURFTHELEFMREHAR
BB AREARFARARBIERARL SR - 2 RATRATFHERA
T FRH B A RN VR 3% BT AR T AR UBsAg BT R A GO
H B germ line Lay Fakikaf » @XM LA E % a9 HBsAg B AR &
FlAPA o RER -
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Kappa Lambda
| 1 [ f
12345CM1234561789C¢C

Figure 1. PCR amplification of human light chain gene. Lanes
(in kappa panel) 1~5 represent x LC and lanes (in lambda panel)
1~9 represent A LC. Various 5’ primers paired with common
3’primers (Table 2, 3) were used to amplify £ LCand ALC
genes. The PCR-amplified 680 bp band was indicated. Lanes C
were positive control samples with 330 bp in molecular weight to
monitor the quality of isolated total RNAs. Lane M is 100 bp
ladder DNA markers.
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1 2 3 4 5 6 7 8 M

872 bp
603 bp

Figure 2. PCR amplification of human heavy chain gene. Lanes
1~8 represent the 680 bp products amplified by various 5’
primers paired with common 3 primers (Table 4). Lane M is

¢ x174RF/Haelll DNA markers.
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Sacl/Xbal Spel/Xhol

K+P3H+HC
L+P3H+HC
K+P3H
L+P3H

P3H
K+P3H+HC

L+P3H+HC

K+P3H+HC
L+P3H+HC
K+P3H

P3H
L+P3H

4361 bp

564 bp

Figure 3. Analysis of recombinant DNA isolated from two
antibody libraries. Two libraries containing either £ LC
(K+P3H+HC) or A LC (L+P3H+HC). The expected bane 680
bp (LC and HC inserts) were detected after Sacl/Xbal and
Spel/Xhol digestion as described in the material and methods.
The tdentical DNA samples were loaded in the last set without
any digestion. Lane M is A /Hindlll DNA markers.
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123456789101112131415CM

4.8 kb» i"'@a"‘“*“’”“""'wwu.w—o""*"‘-‘i“'-'g

re

12345678 9101112131415SCM

Figure 4. Gel electrophoresis of recombinant DNA from HBsAg

" specific clones {(kappa). Plasmid DNA of 15 clones without
restriction (A), Sacl/Xbal (B) and Spel/Xhol (C) digestion, were
loaded onto 2% agarose gel. Six of 15 clones (40%) have both
x LC and HC chain inserts. Lane C (pComb3H vector only) in
each panel was used as control. Lanes M donate A /HindHI DNA
markers.
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Table 1. EIA snalysis of Ags and Abs for HBY, HCY in patient

serum.

HBsAg Negative (=)
Anti-HBs Positive ( +)
HBeAg Negative  ( + )
Anti-HBe Positive  ( +)
Anti-HBc Positive ( +)
Anti-HBc IgM Negative (—)
Anti-HCV Positive  ( +)

GOT 77 U/Lx*

GPT 120 U/L*

*Normal range < 31 U/L




Table 2. PCR primers for human IgG kappa light chain genes.

KAPPA CHAIN VARIABLE DOMAIN 5° PRIMERS

VKl a : 5 - GAC ATC GAG CTC ACC CAG TCT CCA - ¥

VKL s : 57 - GAC ATC GAG CTC ACC CAG TCT CC - &

VK2a : 5 - GAT ATT GAG CTC ACT CAG TCT CCA - F

VK3a : 5 - GAA ATT GAG CTC ACG CAG TCT CCA - &

VK3b : 5 - GAA ATT GAG CTC AC(G/A) CAG TCT CCA - &

KAPPA CHAIN CONSTANT DOMAIN 5° PRIMERS

CONKa : 5 - ACT GTG GCT GCA CCA TCT G - 3

KAPPA CHAIN CONSTANT DOMAIN 3' PRIMERS

CKld : 5 - GCG CCG TCT AGA ATT AAC ACT CTC CCC TGT TGA AGC TCT TTG TGA

(24 mer)
(23 mer)
(24 mer)
(24 mer)

(24 wer)

(19 mer)

CGG GCG AAC TCA G - & (57 mer)
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Table 3. PCR primers for human IgG lambda light chain genes.

LAMBDA CHAIN VARIABLE DOMAIN 5° PRIMERS

VL1 :
VL2
VL3
VL4 -
VL5
VL6
VLT :
VL8 :

5 - AAT TTT GAG CTC ACT CAG CCC CAC - 3
5 - TCT GCC GAG CTC CAG CCT GCC TCC GTG - 3§
5 - TCT GTG GAG CIC CAG CCG CCC TCA GTG - &

5" - TCT GAA GAG CIC CAG GAC CCT GTT GTG TCT GIG - 3

2" - CAGTICT GAG CTC ACG CAG CCG CCC - &

5" - CAG ACT GAG CTC ACT CAG GAG CCC - &

5" - CAG GTT GAG CTC ACT CAA CCG CCC - &

5" - CAG GCT GAG CTC ACT CAG CCG TCT TCC - ¥

VLIS : 5 - CAG TCT GAG CTC ACT CAG CCA CC - &

LAMBDA CHAIN CONSTANT DOMAIN 5 PRIMERS

CONLI

5 - AAG GCT GCC CCC ACG GTC ACT CTG - &

LAMBDA CHAIN CONSTANT DOMAIN 3" PRIMERS

CL2 -

5 - CGC CGT CTA GAA TTA TGA ACA TTC TGT AGG - ¥

29

(24 mer)
(27 mer)
(27 mer)
(30 mer)
(24 wmer)
(24 mer)
(24 mer)
(27 mer)
(23 mer)

(24 mer)

(30 mer)




Table 4. PCR primers for human IgG heavy chain genes.

HEAYY CHAIN VARIABLE DOMAIN 5° PRIMERS

Vhia : 5 - CAG GIG CAG CTC GAG CAG TCT GGG - & (24 mer)
VHIF : 5 - CAG GTG CAG CTG CTC GAG TCT GGG - & (24 mer)
VAZ2f : 5 - CAG GTG CAG CTA CIC GAG TCG GG - & (23 mer)
VH3a : 5 - GAG GTG CAG CTC GAG GAG TCT GGG - & (24 mer)
VH3f : 5" - GAG GTG CAG CTG CTC GAG TCT GGG - & (24 mer)
Vidf : 5 - CAG GTG CAG CTG CTC GAG TCG GG - & (23 mer)
Vlidg : 5 - CAG GTG CAG CTA CIC GAG TGG GG - & (23 mer)
VHBa : 5 - CAG GTA CAG CTC GAG CAG TCA GG - ¥ (23 mer)

HEAVY CHAIN CONSTANT DOMAIN 5° PRIMERS :

1gG,/ TG,/ 1gG,:
CONGa : 5 - TCC ACC AAG GGC CCA TCG - 3 (18mer)

HEAVY CHAIN CONSTANT DOMAIN 3' PRIMERS

g6l

CGlz : 5 - GCA TGT ACT AGT TTT GTC ACA AGA TTT GGG - 3° (30 mer)
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Table 6. Eluted and asmplifisd phage titers after each panning.

Eluted phage

Amplified phage

Kappa lambda kappa lambda
1** panning 2.4 x 10° 4.8 x 10° 9 x 10° 2 x 10°
2™ panning 1.5 x 10° 5.0 x 10° 1 x 10° 8§ x 10°
3¢ panning 9.0 x 10° 5.0 x 10° 3 x 10° 4 x 10°
4™ panning 6.0 x 10° 5.5 x 10 2 x 10° 9 x 108
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Table 7. ITeavy chain gene sequences of L4, L5, L15, and L21 clones.

L4

LIS

L21

L5

L15

L2t

L4

LS

LIS

L21

1 2 3 4 5 & 7 8 v 1o 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 126

GAG GTG CAG CTG CTC GAG TGG GGC CCA GGA CTG GTG AAG CCT TCG GGG ACC CTG TCC CTC ACC TGC GCT GTC TCT GGT

e S
O

27 28

GGC TCC

CDRI

29 30 31

ATC AGC AGT AGT

37038 39 40 4l 42 43 44 45 46 47 48 49 50 51 52 52a 52b 52¢ S3 54 55 56 57 58 59

GTC CGC CAG CCC CCA GUG AAG GGG CTG GAG TGG ATT GGG GAA ATC TAT ... ... ... CAT AGT GGG AGC ACC AAC TAC

S S ¢ e
Y o O ¢ DAV U O

72 73 74 75 76 77 78 79 80 Bl 82 82a B2b 82¢ 83 84 B85 86 B7 B& B9 90 91 %2 93 94
GAC AAG TCC AAL AAC CAG TTC TCC CTG AAG CTG AGC TCT GTG ACC GCC GCG GAC ACG GCC GTG TAT TAC TGT GCG AGG

T ¢ A S e TR |

107 108 109 110 111 112 113 134 315 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130
CAA GG ACA ATG GIC ACC GIC TCT TCA (CC ICC ACC AAG GGC CCA TCG GIC TIC COC CTG GCA COC TOC G
S o T P VYl ' o 4

60 6l

AAC CCG

62 63 64 65

TCC CTC AAG AGT

CDR3

CGA

31a 31b 32 33 34

AAC TGG TGO

67 68 6%

GTC ACT ATA

97 98 99 100

GGG ATC GGG GCG

AT- --A -C- AAA

AAT

TTC

TiC

102 103 104

TTT GAT ATC

GaC cCC ..

GAC CCC ..

w7

TCA GTA

105 106

TGG GGC




