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ABSTRACT

Background: One of the important factors in the prognosis of chronic hepatitis B
patient is the degtee of replication of hepatitis B virus (HBV). It has been known that
HBV DNA polymerase plays the essential role in the replication of HBV. HBV DNA
polymerase is composed of four domains, TP (Terminal protein), spacef, RT (Reverse
transcriptase) and RNaseH. Among these domains, tyrosine, the 65" residue of TP is
an important residue in protein-priming reaction that initiates reverse transcription. If
monoclonal antibody that recognizes around tyrosine residue were selected, it could be
applied to further study of HBV replication. Methods: To produce TP-specific scFv
(single-chain Fv) by phage display, mice were immunized using synthetic TP-peptide
contains 57~80" amino acid residues of TP domain. After isolation of mRNA of
heavy-variable region (Vu) and light-chain variable region (Vi) from the spleen of the
immunized mouse, DNA of Vy and VL were obtained by RT-PCR and joined by a
DNA linker encoding peptide (Gly4Ser)3 as a scFv. DNA fragments. ScFv DNA
fragments were cloned into a phagemid vector. ScFv was expressed in E.coli TG1 as
a fusion protein with E tag and phage glIIl. To select the scFv that has specific affinity
to TP-peptide from the phage-antibody library, we used two cycles of panning and
colony lift assay. Results: The TP-peptide-specific scFv was isolated by selection process
using TP-peptide as an antigen. Selected scFv had 30 kDa of protein size and its
nucleotide sequences were analyzed. Indirect- and competitive-ELISA revealed that the
selected scFv specifically recognized both TP-peptide and the HBV DNA polymerase.
Conclusion: The scFv that recognizes the TP domain of the HBV DNA polymerase
was isolated by phage display. (Immune Network 2003;3(2):126-135)
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negative strand DNA”7} $4 2 uj, HBV DNA T3 &
39 FoA TP F g9 65HA ofr| =4kl Elo]Z
Atz 2 A%S FAdskEA 9] wEE ey
=5 A3t negative strand DNAS A3t 913
primerZ 4 2:0]A] "t} o] # g 7| &S &M A priming
Hh-g-o]2kal $hr(3,13).
ATl A= @A priming ¥H-8-of] #ost= TP
5olatA IAtE scFve WHEaLA gtk A7}
t4 mo ]H’\ZQ’E AE A HEE A
2 TP, spacer, RNaseH9| JFES AA|3}
105t 4‘-5& o] &F& FAHE A&t AA &
Tl priming WH&-ofl thal A IS A A3
ARGt TFE FAvo] g
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oh HEg 7]E9] dto]lH | Er} R tjAlol phage display
WO R scFvE Ao 24 so]H e Enrt H*H‘HE}
AR o FAE MdstaL, 1 FA A e FHAE
grstaxt s}

=D 1y T
oz o
re mi r.>.i =

X
e
A

,
R o
N

[=]
WA FHl. vl Wd AL

g gdoz A4
g feto| =5 ARSI 5, BY 1H4 Hhol2] DNA
-

ofN
E_?L
fo

>«
o,
=
of
12
iy
o
rE
2
huj

o

124 F91 8 23
247) ofmx=2to g FAE I ELO] =(KVGNFTGLYSS
TVPIFNPEWQTPS)E A3ttt o] Jetol=g A2}
g w) N-Z¢o] Hlo] Q¥ (biotin)S FE3t] carrier
protein] 7+ E 28] U (NeutrAvidin)#} o] 23S £-0]5}17

SHATH 3 Eto] =] A= Peptron, Korea®l T4
25l th. TP 3 Elo] == DMSOE AHE-3t4 1 mgmlZ
=331, PBSE o= ALE3te] TP HELO]|= 80Ul
o} wEEHIY (Pierce, Rockford, IL) 400ul (1 mg/ml)<S- 1.5
ml microcentrifuge tube®]] 43> % 4°Col|l A &F4t 5k 7
A 7T
o2~ Hy, Hze g9 480p9t complete Freund’s
adjuvant (Sigma) 480uE E3ate] B AslEtAT
3] dEAstE A& &g &, BALB/c PH-2(female,
6~85F%) 1vte] 7 2000% 4nfe]ef whg-of EAFO
2 FASA T 219 A0 22 o REZHIH
B2E &9 4800 incomplete Freund’s adjuvant
(Sigma) 480p%} E3tate] o|H A & B Lﬂi -
Abste 22+ A AT 23 W Al¢f 22 ¥
3594 33k WA, 4597 43 WIS Al ? 54%1
Ao vp-2o A EHS F23le] ELISAZ WIAHEE
SQISHATHELISAY] W& th&3% 2ok TP fEtol=
(Sug/ml)E 50ul% ELISA plate (Corning)e] Z+Zhe] well
o ¥ ¥, 4°ColA st X ettt Plate] TP 3 &
o= &S AAZ F, 0.05% PBST (PBS with 0.05%
Tween 2002 33] A|HstFth. 1 %, 1000 blocking
solution (1% BSA, 0.05% Tween 20 in PBS)S ¥ 1 3F
AZE FoF Ao W39 th Blocking solutionS- A A
3+ 5, 0.05% PBSTZ o311, 1 :5,000, 1: 20,000, 1:
80,000, 1 : 160,0000.2 3|4 H m}-g-2 HAS 7} welld
1o0p4 olFE H g AIZE Ft Aol WA s A g
AIZE 5 wellel] e S|4 E EHS 25 AASL 0.05%
PBSTE 33] A| 23} a1, 7]l alkaline phosphatase”} Z
3+l rabbit anti-mouse IgG (Sigma)=- blocking solution &2
1:10%) A% 23 A 49 100UE FoiFa A7t
Ao WAAIZAT 3 AZF 5 0.05% PBSTZ 33] A2
%, 71421 P-NPP (Sigma)&dS il gk AJzE ¥HE-A1Z]
Zo] 405 nm ¥FolM FFEE =Sk
RNA 523 mRNAS £3]. RNA extraction kit (Phar-
macia)g ©]-&3te] vh-29] vl A F RN
At aoFstd, W E BALB/c vF-220) A Hl s 4
=3t A 27 H, 37°Col A v 2] vl YE extraction
buffer 3.6 ml¥} HI7 200 mgS 412 FH WE HusH #3
71 ol&sto HIZxAS EAAth THE HZx
24 5,000 g2 15°Col A 2027 QAR FI] A E %32
4A1E AAFAT EEH HAE 18 Alo|A Y FA}
537 50 ml FAH|E AHESte] HAAETE Hold wj7tA
103] o]’ F3AF T} Polyallomer tube®l] 5.5 ml2] CSTFA
Lols iﬂ%i I 9ol ZA2HA 5 mle FHE A=
SAES T 125000 g 20417 Bt QAR st A
oﬂ S 5 EE8tal vige] HAE F RNAE 20009 TE
buffer [10 mM Tris HCI (pH 7.4), 1 mM EDTAZ A 54|
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Zth F+&%¥ % RNAE oligo (dT)-cellulose column (Phar-
macia) S ©]-8-3F] mRNAE £33t} Oligo (dT) cel-
lulose column®] 1 ml¢] high salt buffer (10 mM Tris-HCI,
pH 7.4, 1 mM EDTA, 0.5 M NaC)E 8-S o] &3}
23] 371 F, FHlE RNAS 1 ml9] TE bufferol] =
o] 0.2 ml®] sample buffer (10 mM Tris-HCl (pH 7.4), 1
mM EDTA, 3 M NaCl)¢} 412 H oligo (dT) cellulose
columndl] Fo] T gt FFHEF ATt FTE
5, 350 g2 4°Coll A 27 A4 E8kal 0.25 ml9] high
salt buffer2 23], 025 ml¥ low salt buffer (10 mM
Tris-HCI (pH 7.4), | mM EDTA, 0.1 M NaC)Z 33]¢] 2
A e Ho R AAEEE et dAEE &
AHNE 25 A ASFL oligo (dT) cellulose column©}2]
o A2 1.5 m9] wbeE FHIAZ F, 65°CE 7}-23H]
THIE 025 ml9] TE buffers ©] 8319 22 Woz
43)0) A4 AEY3t 1 mlo mRNAZS #2)&3t)
2% mRNA¥YE 298 1001 sample buffer, 10yl
9] glycogen solution (glycogen 5~10 mg/ml), 2.5 ml<]
ice-cold ethanol¥} &33}ed -70°Cel] R.#3} ).

scFv 42 A 23 phagemid vectorol 4FY. RPAS
mouse scFv module (Pharmacia)S AF&-3}4 scFv A A}
AAL AZsdth. mRNA F& 100 (200 ng-1pg)t
RNase free-water 111, primed first strand mix (Moloney
murine leukemia virus reverse transcriptase random hexade-
oxyribonucleotides [pd (N)6] primers) 11pl, DTT solution
IS Y1 37°Col| A 8 AJZF FoF ¥HX)6kY first strand
cDNAZ F43I4th VL cDNA SZ& &) T4 first
strand cDNA 33ul°]] light primer mix 2ul¢} FH< 64y,
AmpliTag DNA % 3§ 8 2 (PE Biosystem) 11l (10U)2 411
PCR ¥H3-(30 cycle: 94°C 13, 55°C 2%, 72°C 23S A1 A
o). Vi cDNA S35 93| first strand 331, heavy primer
mix I 2ul, heavy primer mix II 2} FFF 621,
AmpliTaq DNA $3 &4 1l (10 U)E E¢3te] 2o
o2 PCREESS A3t PCRo ofsf S34 242t
©] DNAE agarose gel’doll A gel extraction kit (QIAGEN)E
o]-g-3ke] Gt &, JA|E Vi, Vi cDNAZ scFv cDNAZ
7] 94 o 2 PCR ¥HES AldEEATh Vi
c¢DNA 50 ng, V. cDNA 50 ng, linker primer 4, 25 mM
dNTP 2ul, 25 mM MgCl, 8y, AmpliTaq 1ul (10 U), 10
xPCR buffer SUE 43 F 5007} H=& S/HTFE F
7Vetdth o] £ PCREFS-(94°C 3% ¥, 7 cycle:
94°C 13, 45°C 30%, 63°C 4102 AZAAZ H, T&&
$13] 10xPCR buffer 5pl, 10 mM dNTP 2y, RS primer
4, 25 mM MgCl, 3, AmpliTag 11 (10 U), SFF
35U F71sE F PCR WH3-(35 cycle: 94°C 13, 55°C 2
&, 72°C 28)& A8ttt SFH scFv DNAS 1.2%
agarose gelol A H719EAIZ &, Vi, Vg ZA AR

22 o 2 A8 Th scFv cDNAE phagemid ) E
of AZs7] Al scFv Fxzte] AFarAYE Al
sttt oF 0.25~1pg9) scFv DNAZS Sfil (NEB)9} Notl
(NEB)E 717} 4A1 214 §E3-A171 3 scFv DNAE scFv
marker2} 4| 1.2% agarose gelol| Al 771538t F&F
3tk A= 150 ng®) scFvE T4 DNA ligase (NEB)S
0] &3} phagemid vector?] pCANTABSE 250 ng¥} 172
3 5, o eb& 2 I AAIA TE buffer 202 DNAS £-3)
AT

Competent cells®] <Hl. E.coli TGl A|3XE minimal
medium plate (6 g of Na,HPO, (diabasic), 3 g of KH,P0s
(monobasic) and 1 g of NH4Cl, 15 g of Bacto-agar, 1 ml
of 1 M MgCl,, 1 ml of 1 M CaCly, 1 ml of 1 M thiamine
hydrochloride and 5 ml of 20% glucose in 1 liter of
autoclaved distilled water)ol] AN =Z3}ATH 3+ Ho
B Ao A A DS 10 mle) 2xYT ¥ Ao HE3
37°Col A 250 ipme) £E 2 A o)|FH A 3FEFk vk
St HikE 10 mle] MEZES 1 LY 2xYT Hj A9
HEst 2o Ao 600 nme] o)A FFEI}
05~0.7 Atel7} & wj7bA] v eFst et v e ek
£ 3087 ool A3 H, 4°Coll A 4,000 g2 20%7F
24 Belste] Fleore MELEL AT FRAL =
T AARIL, 1 LY WE 97 SHFZ ARAA
o oA ThAl e WAoR ARSI 43
AAZ H, 500 me} W2Hd B SHFEZ A FRA
T e WAOR 0 mE AHS W Ay o
%, Ao 2 10% glycerol§ 2 mlC2 A FFA 7
T, 50~1000% FFste] HAAL WEAR H -70°C
o] B,

Electroporation. Phagemid ®| E] 250 ng3} scFv DNAE H
150 ngo 2 AAWES AZ 200 scFv/pCANTABSE
£ 1072 E53}] electroporationd} % th.

AR 5o ThE ASAES A5l FHola,
50u9] F-SAIE} DY 404 FHIF scFv/pCAN
TABSE 2u& €93 F, ¥zsto] FHlE 0.2 cm 73
of ¥ H 127 €& #oll Tt} Electroporator (Bio
Rad, Hercules, CA)S 2510F, 2.5 kV at 200 ohms©o. 2 X2
asta FHlE FHY E7]8 Al AL electroporator
o A H pulseE FATHAIZE &4 4.5~5 msec).
pulse¥ ZA] 37°CZ £H¥ 1 ml9] LB-G A A& ¥
i mlela B9 S o]§sto] 93] AFFAI AT 2 W
o2 ol whESte] Aol 10 me] AIEE 50 ml A1H
Tl AT & AIZE S 37°CAlA 250 ipme] &=
Ao}Fn wjoFsle] SOBAG 331 HAW|A| (20 g of
Bacto-tryptone, 5 g of Bacto-yeast extract and 0.5 g of
NaCl, 15 g of Bacto-agar, 10 ml of sterile 1 M MgCl,, 55.6
ml of sterile 2 M glucose and 5 ml of filter-sterilized 20
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mg/ml ampicillin in 1 liter of autoclaved distilled water) 20
7Rell 50002 Zol 3= A FEA|F)AL 30°CAlA] B
vkt Atk 20709 gh B Ao A A4 HEgES
Z4zke] bl Aol 5 mle] 2xYT HA M A|(17 g
of Bacto-tryptone, 10 g of Bacto-yeast extract and 5 g of NaCl
in 1 liter of autoclaved distilled water)S 20} &35t = uj
AE BT ot schvell et gholB |24 -70°Cel B
ek

golB A AT otx A4 PEG I A.
Panning= Al &)3l7] 918 AdE A libraryoll A A2
g yolx 2 AY2kst Tt 500 ml Z22=F0 95 ml9) 2
xYT AAAS @& &, -70°Col] E¥¥H scFv 2ho]x
22 1 mlE 5o} ¥ar 600 nm 3-gol A FFE7} 030
2 w744 37°Cell A 250 rpme] &= 2 4ol uj st
Atk W E w Aol ampicillin (100ug/ml)3} 2% glucose
g FUhstel & AJZF B 2E 20 R WAt
o 719 1x10" pfu®] M13KO7 helper 7o} ] (Pharmacia)
£ ¥l oA g A7 9 2 20 E wjeFekth
1,000 g2 108&7F A4 EElete] FA NS A AL o
71el 2xYT-AK HA 8 A100 mlS L1 2L 2Ho =

5]

ol _—
FEt wjgete] molAE Aibetch wi s
3,000 g2 107 94 838t 42 A 15 mld

PEG/NaCl 3 ml& # 43 g5l 1A2F 5% HAA
5, 4°Col A 208-7F 1,0000 g2 YA B ste] Ay Ae
ZAHA A AL 2 mle] 2xYT A | A Z pellet=
AT A A

Panning. TP I Elo]=8A(10ug/ml) 4 mlE  immu-
notube (Nunc)ol] ¥ 11 4°Col|l A 3}F9F W23 1, oS
2 0.05% PBSTZE 33] Al ¥ &} PBSE 843t 5% skim
milkE AFE3}e] AFLo A 2417 F<t blockingdt F, &
AS W WEal 0.05% PBSTZE 33] A3t o7)
ol PEGE HA® yo}x] ¥&-&H 2 ml¥} 5% skim milk
2ms & EFst] ¥ 4TS 53 FH 3087 e
Al REESFo] H o] =qla1, 9027t 2o ARt
Al ote] £AS BE A AT 0.1% PBSTZ 103]
Al # 3k, PBSE 103] Al &gk 5 0.1 M glycine/HCl (pH
22) 1 ml& 2o 1023 Folx & &EAI71aL 7]
2M Tris-base 60uUE Yo A4S FT3HA171 5 10 ml1<
competent E.coli TG1 M 3E9} 410] 37°Co| A 1217+ &<t
250 pm®] E£E2 41015 Bl et Th panning S HHE-
3171 918 ampicillin (100u/ml)3} 2% glucoseS & 33t
5, 7]l 2x10" pfu®] M13KO7 helper 3}o}A| S 37}
3he] 37°Coll A 1A17F B9k 200 rpme] £E 2 4o)FH
v kst Aok Wik l-S 1,000 g2 1087 94 22 H
B A A Tt A EES 2xYT-AK A
Hi 2| 2 A B5-3ke] 30°Col A 250 ipme] £EZ 4oF
SIS ] R A

Colony lift assay. Panning & &2] ¥ }0}A] & competent
E.coli TG1 A3l A2 Fell o] 9 E E.coli TGI
A3 1000 SB-AG g Hohu) 2] o] =23}, 30°C]
Al aFk v skt F 49 nitrocellulose membraneS
FHlEke 3 AL 1.5 mle] FME TP 3 Elo] =(10pg/ml
in PBS)ol| &3] ZHA|aL 1087t Aol W]ttt TP
Hepo]=7F Q9 nitrocellulose membraned A =715 A
Ast7] #8108 A2ollAl W27 H, blocking
buffer (3% skim milk)Z 30%7} blocking3lal & 7|2 A
718k 3 100~200 mle] PBSE B A Al Hstdc) AlH &
Gl A 5~1083F WA F, SB-AL 33 7 Fhul] A] 9]
of HAAIH .

g2 3 &9 nitrocellulose membrane= ¥ % SB-AG
S Hauj Ao A At Fegejol glo] JFES nitro-
cellulose membrane®] %744 kA FH]S TP | Elo]=
7} B3 nitrocellulose membrane$ ol F o] $Z£8 &
SIEE 9IX|A7]4, ¢hd B3 s A& F o] 30°Cell A
shERF ettt o 1% o] vl 4E nitro-
cellulose membrane< 2] 3to] AJ =& $HH 3 Tl 2] o
AAAIZ H, 4°Coll BAA71aL, Eell 3= TP JEpol =
7} 2-2-= nitrocellulose membrane< blocking buffer”} &
71 &7700 ol 1583 F2olA A&Eem 5T
W23 3 0.05% PBST7F &7l &7]°] nitrocellulose
membraneE %7 1587 EEAFH YA s= AH T
A& 23] WFEEQ T A& & nitrocellulose membrane
< blocking bufferZ 1:1,00022 34 % HRP 3
Anti-E tag GEEA 2 mlol]l ol 1417 5k A2 A
WXL, 0.05% PBSTE AH&-3te] 63] A3 sle] 420
A 5EZE T H, 2 mle] 4-CN 712 8N (Sigma)ol] 10~
207 Yol ¥hgo] Yelge A FAsln SHFE
ke 37 4=
AEE $3 Folx] E. Microtiter cluster tube (Costar)
o] 9670 wellell Zhz} 400u2] 2xYT AAufAS Wi,
i o]FAAIE AHE-3FA clony lift assayol] ¥F-&-S X
A9 AFES 7 welldl 27 30°Coll A 250 rpm2] &%=
2 4olFH 29 Fet vl YAl A master plateS FH]
s

2.5x10" pfu®] MI3KO7& X383 2xYT-AG A Hj
A 50 mlS FH|tY M EF 96 well microtiter cluster
tube®] 7t wellol] 40002 ¥-2 F f7]ol| master plate®l]
A g MEZEE wello] A RS sho 40u4 B
32 AJZF FSE 37°Col A 150 rpme] £EE 4 o] FH A
v oF3te] helper TolAE THAIAT TEE w g
%, 40UE M Z-F microtiter plate®] %7 1,500 g2 20
2 ARSI A AL BF AAS FH, A7)
4001°] 2xYT-AK A A E Fo] 37°Coll 4] 250 rpm
o] £E 2 4ojFH 3EE T WA A scFveE Ad
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ol A E Akt A4 microtiter plateS 1,500 g2
204 B AR ol E 23S A A S o
g3to] ELISAZ A&ttt

TP HElo]= Eo] scFv A¥H-S 93 ELISA. ELISA
plate (Corning Costar)ol] &1 2.2 PBSe] 3|43l TP €}
ol=(10u/ml)E 100u% Wil 4°CollA 54k FoF
28t ch o] 2 ELISA plateo] A &g
2% AASI 005% PBSTE 33 Al23+ H, blocking
solution (2% skim milk in PBS) 100iE ¥ 11 147t F<t
& A blockingA 7131 0.05% PBSTZ 33] Al # 3}t
AR 1304 LEE FolAE TS & 1000F
2719 welldl] Wil 2ol Al 1AIZE B9t WEEAI7] A,
0.05% PBSTZ 53] A|%3}a1, ] 7]l blocking solution©. &
1:5,000 349 100012 HRP -2} anti-M13 @234
(Pharmacia)S ¥ o] 1417+ &¢F ¥H8-A)7] 1L 0.05% PBSTE
63] A3 3, 7} wellol 7122 100ul% ABTS (Sigma)Z
o] 20827 ukS-A1Z] 5, 405 nme] oA FREES
=43kt

E.coli HB2151 M| X2 7+, ELISAX oA o= &
Q1% wellol] 393} master plate2] wellol| Al T}o}=]
AXZ H, BAE golAEF & 100E log phage
E.coli HB2151 400uZ X33 wellol HEsATh 4%
3 37°Col| A 2A17F F¢F 130 ipme] $E & 210 FH Hj
ofste] golAE ZAAAT. ZHE Ecoli NEE X
& HlA 1002 SOBAG-N (SOBAG with 100pg/ml
nalidixic acid) 33 ¥ Fuj R0 =&3F F, 30°Co A &}
FHF St vt wigE FHEge I

Soluble scFv &8 2 A A, SOBAG-N &3 T 3Hulj =] o]
A vk =S 40 mle] 2xYT-AG A ujA]of] H3F
3Fal 30°Col A 250 rpme] £ 2 A oFHA F2utE
oF wjokatdth wMkE Ecoli AEE 1 literd] 2xYT-A
A Aol &7 H, 1A B 30°Col A 250 rpme] <
T2 HojFuA wjdsta o7]dl IPTG 1 mME F713}
of 5417k ok wiksl ek v E v E 3,000 g& 20
B A4 BEs F, dAHAS EEste Basta A
H E.coli A3 periplasmic extractES FZ3 T} FE3
e Wzkd 20 ml9] 1xXTES buffer (0.2 M Tris-HCI (pH
8.0), 0.05 mM EDTA, 0.56 M sucrose) = A EZ #3171
%, 37.5 ml2] 1/5 TES buffer (1 volume of 1xTES buffer
to 4 volumes of distilled water) S &35l H-S-o 3087+
HFAA]F) AL, 12,000 g2 1087 QA 2 e sbe] AR oluk
S 23 FE9 scFvE Z 3} periplasmic extract
£ RPAS purification module (Pharmacia)S AF&-3}o] A
A 3} A ot

SDS-PAGE & Western blot. " #| ¥l scFv T2 ¥l &
o 16pu¢t SDS 5xloading dye 4uS 430] 100°Col A 5
B FEEAT T8 F 12% SDS gelol|A] 80 VoA

=

10%, 120 VE 30~40%7F A 7]%9 53 F Coomassie blue
2 JAEAY western blotol] AFE-5}93TF Western blot=
A1883}7] €130 nictrocellulose membrane®l] 250 mA=E 14| 7k
&< A7) o3 F nitrocellulose membrane-S blocking
solution (5% skim milk in PBS)ell 1A]Z} &<} blocking3} %
t}. Blocking®] 1}, blocking solution®] HRP7} A3
anti-E tag TEE &3 (Pharmacia)7} 1 : 1,0002.2 3] ¥
SHS ARt 1AIZE E HEAIZ & VAR 4
Chloro-1-naphthol &<} (Sigma)S A&-3F4] 30~60% 3ol
e Ans AFet A
A E scFve 9714 E B4, AEE scFve] Vi, VL
ZALe] DNAX €4S pCANTABSE sequence primer
set (Pharmacia)& A}&-3}4] ABI Perkin Elmer 373A auto-
mated DNA sequencer (Applied Biosystems, Norwalk, CT)
oA Pttt E4E 74 €S Kabat databaseol A
H At 5k o
TP @9, BY 7+ Hlo]2 & DNA F3HE 0 o
binding &2l. FA| € scFvE ©]-&3t BY 1+ vlo] g
2> DNA TgaLd At AdsS Il 98t
baculovirus/insect cell & A|2~®-S F3)] TP J A
HHAIZ] TP A7 BY 719 vlo]8 2 DNA T8
A AANE THAF] pol T} Ao th3t indirect ELISAS
AL, TP 3 Elo] =9} pol T A& 0] £3}¢] com-
petitive ELISAE A] 33} 31t} Indirect ELISAS A| 3] 3}7]
9)abe] 94, ELISA plate®] 7+ wellol] 3¢ 0 2 PBSY]
328k TP | E}o] =(10ug/ml), TP T A (10pg/ml), pol
A (10pg/ml)s 5004 Pl 4°ColA sHER E9t
x5ttt @¢o] F2H ELISA plated]| X F9E&AE
S 2% AABIAL 0.05% PBSTE 33] A3+ H, blocking
solution (2% skim milk in PBS) 100uE ¥ 1 1A]7F E<t
’F2°l A blockingAl 7121 0.05% PBSTZ 33] A3}
o} Zbzto] welle] AR 1064 F01E golAE X
ek & 100uE ¥aL AF2olA 1A E1F vHEAT]
31, 0.05% PBSTE 53] A|l&3ldth A4 ¥, blocking
solution®] 1:4,0002% 3|A¥ anti-M13 FE& A
1000E Hol 1417 5t WA 713 0.05% PBSTZ 6
3] A #3tAch A2 ¥, alkaline phosphatase”} 2 3%
goat anti-mouse I1gG (Sigma)E 1 : 10,0000.2 3] 43}
Z¥ZEe] welloll 100p% Hal 1A7F FF wigE F
0.05% PBSTZ 63] Al %33t 7 wello] 7142 P-NPP
1000E Yol WAl H, 405 nm oM FFEE
st

Competitive ELISAT TP JE}o]|=5 YU Z 10pg/ml
o] T2 PBSO| & 4}5}e] ELISA plate?] 7+ welloll 500l
A 23 4°CA A B B BAEHAT e g, 3eE
HES BT AASL 005% PBSTZ 33 AHg H,
blocking solution (2% skim milk in PBS) 100pE ¥l 1
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VL cDNA VH cDNA

2 E
! ._|||_,|' _.';_l —, B
. -

400bp
3o00p £

(A)

AZF FoF AFe-o) A blockingA] 7] 3L 0.05% PBSTE 33] Al
A3tk Competitor= AH&-E TP HElo] =9} BSA (Sig-
ma), pol ©42-S blocking solution . Z 40pg/ml2] & =7}
HE2 A7 5 Z} welloll 31T %= competitorS-S 50
A Fa off o] wellZ 284 345t} F Atk Com-
petitor} control solution®] 17t wellell HA|E scFvE 3
ek 8AS Sous Bl oA 1417 St HESALT)
31, 005% PBSTZ 53] A3}tk 7]l blocking
solution®l] 1 : 4,0002.2 3] % v}-9-2 anti-E tag FEFE
A& 10005 Fol 1A7F FF WA 7] 0.05% PBSTZ
63] Mg %, alkaline phosphatase”’} Z3¥ goat anti-
mouse IgG (Sigma)E- 1 : 10,0002 2 3] 43} 21719 well
o 100p% ¥ 127 2t ¥HgA1Z] F 0.05% PBSTZ
63] Al# 3tk 7t welloll 7122 P-NPP 1000E ¥o] w3
A7l ), 405 nmIPgol A FREE S5

Z ot

A WY 39S 9§ ELISA. &4 TP HEloj=e
AHE-EES] HAAZ] Fofl A E A Q] 7 Golr ]
913t ELISAE Ale¥3}3 T BALB/c vl-9-2 4ujg]o] 7z}
7} 48]0 AA HWIAZ] Fof Ztzte] nfg 12 RE A
H & o]-83}o] ELISAS A|3)3}%1.2.M, negative control
2 W9 A A S ANt Hlwstd S o, 4vte] 5 2w}
2o A 1:160,000 ©]’¢e] A G717 FR1E AT

RNA &7 scFv grolH g 9 R, 717 52 A
47HE BQl 1W BALB/c PHE-AZFE HIAS &3
=, HZe] Auks AME3lY FRNAS FE39 F
RNAZ 5 E mRNAZ £33 3= 2

Pz

o2 o] g3l vyt Vil thdt cDNAS SE33 T Vy
9 VL9 DNAS SH3 F W7] F3ska] oF 340 bp
Z17]2] DNAS 32l dt) &9 vyl Viel cDNAS

Figure 1. Assembly of scFv DNA. A.
Electrophoresis of Vu, Vi ¢cDNA on
agarose gel. Vi, Vi PCR products. mRNA
was used for synthesis of cDNA. MMLV
reverse transcriptase and radom hexade-
oxyribonucleotides were used to prime
cDNA synthesis. PCR amplification of
antibody variable regions was catried out
using primers complementary to the ends
of the heavy- and light-chain variable
regions. B. Assembled scFv DNA. The
heavy- and light-chain DNA were linked
by assembly PCR with linker fragment to
e form a scFv. M: scFv marker, scFv: scFv
PCR products.

Figure 2. Colony lift assay for the selection of TP specific scFv
expressing colony. Thirty four positive colonies were detected.
Detected colonies were transferred to each well of 96 well
microtiter cluster tube containing 2XYT-AG medium.

linker primer$} ¥H-8-A]# scFv DNAZ A &8} at, A7)
dEFolA ¢k 750 bp =Z7]19] DNAES &915} % thFig.
1). scFv DNA9} pCANTABSES AZA171 & A9 ut
SAL ZH-5AE electroporationA] 71 TF. Electroporation
¥ E.colis SOBAG 33 S ghull Aol wlj FstRAar, vl <
# AEE Eof golnesE HaAsiin:

Colony lift assay. Z+o] B 2] 2] £ 5] phageE ¥ ©] panning
AAHE AR &, AdE S8 T I dFste AnS
Adstank AEE g Ho g2 59 s A
$et WHOZ colony lift assayS A 33T colony lift
assay’d 6007119 HEE FolA 347019 FgukeS B
sl #FHJAL(Fig 2), HFH 4 FJHE2 2x
YT-AG A8} X7} E&HH 96 well microtiter cluster tube2]
7} well2 AR
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hgo g geld g 501]/‘1 oA & LAAA TP-5
o] FAE FHete AETS AEs] 9Jste] ELISAS
Al 3ttt 0] | 4] negative controlZ A}8-% phageol]

< Bl well 3 E AEstAa, A%
4—8}0% soluble scFvE W& A1A A A3t
17} A2 AH8-sta HRP7F A3HE
anti-E tag G22I E 22 FA 2 AHE-3Fe] 405 nm 9]
gl A FREAM S5 AT SHE AFE Table
Il EAJSFAH.
SDS PAGE & Western blot. ELISA%|A] 0302
AdE NEE FAA M 22 F35 X5 U
1A phage cloneoﬂ Al oA & FA e 9l A F 3t
el olll @ do] EoJQ)A 2 FE 9 scFveE Hof
1 A7)E 8913}7] 91544, amber stop codon suppressor
strain®] E.coli TG19] £°1) 9 phagemidE oA E &
3l non-suppressor strain®l E.coli HB2151Z 7+ A1
% soluble scFvE THA|Zl & anti-E purification module
(phamacia)E ©]-&3lo] W&EE scFvE AAste] SDS
PAGE®} western blot>. 2 30 kDa2] Z7]& QI35 th
(Fig. 3).
AEE scFve G714 FE 4. 1A phageoll 44 scFv
DNAS d71MES EA43519S W (Fig. 4), 345 bpE ©]
Fo17l vyt 330 bpE FAE Vs FRIT & dn
A5 FEl ] linker®t E-tag®] A71AE-S FRlstitt
Vit W gene familyE International Immunogenetics Da-
tabase  (http://imgt.cnusc.fr:8104/v2/DNAP/index.html) ]| |
A48 A3, Vy region Vyl family2] Vy gene segment,
SP2.2 Dy gene segment, Jg3 gene segment@ -/ & $1 1L,
VL regione W 49} k2 gene segment®] F3OZ o] Fof
Z A2t} Kabat databased] 4] H11H A E 7+9] Ho-

Table I. ELISA for TP-peptide

1A 1~2 1~4 Negative control
Phage* 0.132  0.125 0.133 0.080
Soluble** 0272 0.210  0.244 0.110

Microtiter plates were coated with 5Ug/ml of TP peptide and
blocked with blocking buffer (2% skim milk in PBS). phage*:
phages expressed from 1A, 1~2 and 1~4 cells were used as
a primary antibody, soluble**: purified periplasmic extracts ex-
pressed from 1A, 1~2 and 1~4 cells were used as a primary
antibody. Bound phage-scFvs were detected with HRP-con-
jugated mouse anti-M13 antibody. Boundsoluble scFvs were
detected with HRP-conjugated mouse anti-E tag antibody. ABTS
[2, 2"-azinobis (3-ethylbenzthiazoline sulfonic acid)] was used as
a substrate. Absorbance at 405 nm was read and represented as
results. The irrelative phage and scFv was used as negative
control.

mology¥4] Z 3} anti-botulinum neurotoxin &}, anti-poly
dC) A 53 95% ©1/¢2] homologyE H o, o] d
of B E AW TP 8~20, 20~30W ojv]=it RLAZ
A2el= GEFE A 4= homologyE H.o|A] kot
(data not shown).
AR E schve] TP S 4, pol S Ao th3 25 &
¢l. TP SlEfo] =of o3 A H phage & 405 nm<] I
oM 71 =2 FFEE EAT 1A phage cloneoﬂfﬂ ls
AE scFve] TP @ A3} pol T Aol st Ao
gelat7] flste] FAE 1A scFvE A&t 7-](7-}«]
Ao o gt indirect ELISAS A3 3}al, TP 3 Elo] =9}
pol @A S o] 83} competitive ELISAE A] 3 3} T}
Indirect ELISA’}ollA] negative control@ &+ tj2lo]
BSAE Al-&sto] Hlwath TP el =5 o
AHE-&F 7971 405 nm®] Tl A Mg =& —E—%E%
HA, TP @9, pol Bl o= IR e
FHEE HYuK(Table ). AHE scFv7l TP J,ﬂa}olz
FRE EolstA ARG A &lstr] 98k, TP
HEepo] =9} pol T A S AFE-3}] competitive ELISAS
APkt FL o= TP e =5 AHE-3FAL, com-
petiter = pol T2 TP FElo]= BSAES A}&34ith.
Competition =& Hl1L3l7] 93l A& 23S 9
&R AL ¥, 222 F A8 THFig. 5). TP HE
o] o] Hlgte] pol Ao &gt AAPET}F WA e

Wout ST et vwd w, 1 A e AS
& 4 AAT
A M scFv B
E‘:_—
=
43kDa | N
so0a | G _ 30kDa —
e
PESN

Figure 3. SDS-PAGE and western blot analysis of selected scFv.
A. SDS-PAGE of selected scFv. Purified 1A scFv from
periplasmic extracts was subjected to 12% SDS-polyacrylamide
gels. The protein bands in the gel were stained with Coomassie
brilliant blue G-250.B. Western blot analysis ofselected scFv.
Purified 1A scFv was subjected to 12% SDS-polyacrylamide gels.
The protein bands in the gel were transferred to a nitrocellulose
membrane. The transferred membrane was probed with anti-E
tag antibody and then incubated with 4-chloro-1-naphthol HxO,
substrate.
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A
1/1

Q V Q6
61/21

L @ @ s G P

121/41

CAGGTGCAGCTGCAGCAGTCTGGGCCTGAGTTGGTAAGGCCTGGGACTTCAGTGAAGGTG
E L VvV R P G T S V K V

TCCTGCAAGGCTTCTGGATACGCCTTCACTAATTACTTGATAGAGTGGGTAAAGCAGAGG

CDR1

s ¢ K A S G Y A F T N Y L I

CCTGGACAGGGCCTTGAGTGGATTGGAGTGATTAATCCTGGAAGTGGTGGTACTAACTAT

E W V K Q R
CDR2

181/61

241/81

M @ L s s L T S D D
301/101 CDR3

B
1/1

P G Q G L E W I G V

AATGAGAAGTTCAAGGGCAAGGCAACACTGACTGCAGACAAATCCTCCAGCACTGCCTAC
N E K F K G K A TL T AD K S S s T A Y

ATGCAGCTCAGCAGCCTGACATCTGATGACTCTGCGGTCTATTTCTGTGCAAGAGGCTAC
s A VY F C A R G Y

TATGATTCCTGGTTTGCTTACTGGGGCCAAGGGACCACGGTCACCGTC
Yy D S W F A Y W G Q G T T V T V

GACATCGAGCTCACTCAGACTCCAACCACCATGGCTGCATCTCCCGGGGAGAAGATCACT
p 1 E L T o T Pp T T M A A S
61/21 CDR1

ATCACCTGCAGTGCCAGCTCAAGTATAAGTTCCAATTACTTGCATTGGTATCAGCAGAAG

N P G S G G T N Y

P G E K I T

I T ¢ s A S s s I S
121/41

P G F S
181/61

P K L L I

241/81

301/101

G S G T K L E I

S N Y L H W Y O Q K

CCAGGATTCTCCCCTAAACTCTTGATTTATAGGACATCCAATCTGGCTTCTGGAGTCCCA

CDR2

Y R T S N L

GCTCGCTTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATTGGCACCATG
A R F S G S8 G s G T

GAGGCTGAAGATGTTGCCACTTACTACTGCCAGCAGGGTAGTAGTATACCGTACACGTTC

A S G V P

Yy S L T I
CDR3

G T M

E A E DV AT Y Y C Q Q G S s I P Y T F

GGCTCGGGCACCAAGCTGGAAATCAAACGGGCG
K R A

Figure 4. Nucleotide sequence of the Vp, Vi region of 1A, TP-specific scFv. Numbers shown at the top refer to
codon numbers. The regions underlined indicate CDRs. Deduced amino acid sequences from the DNA sequence are
shown below as a one letter. A. Sequence of the Vy region, B. Sequence of Vi region.

Table II. ELISA of purified 1A scFv for HBV DNA polymerase

. P P Pol Negative
Antigen . . .
peptide protein protein control
A405 0.45 0.37 0.33 0.09

The phage containing selected scFv was expressed and used as
a primary antibody. Bound phage-scFvs were detected with
mouse anti-M13 antibody and AP-conjugated goat anti-mouse
IgG. Absorbance at 405 was read and represented as results. TP
protein was TP domain expressed from the baculovirus/insect
cell system. Pol protein was HBV DNA polymerase expressed
from the baculovirus/insect cell system. BSA was used as an
antigen in (-) control.

i z

T-oll A= phage displayd S ©]-83t TP <
‘%%]ﬂﬂ“ﬂ&uwﬁélﬂ st ddste ¥
Ao = TP 65MA Elo|24l J71HZ9 ArIXEn
dAste G4 e EE AR scPvE A8,
A8 H scFvE TP T A3 pol @A s 2= A
S 8Hel3l7] 931e] indirect ELISAS Al-8-3to] &<lg)
%, competitive ELISAE ©]-§-3} TP ol Eol3}A|
w&ste AS gl

Phage display® ©2& FAE Ast=d oA 9
P sad AAe FAY librarye] A2k A
library ol A 8h= Ao o3 FA & st Aotk
(7). B ATl 9] library Aol oI, AHE-H &4 <]
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Figure 5. Competitive ELISA to measure the degree of
inhibition. Both TP peptide and pol had inhibitory effects. The
inhibition level by pol was lower than that by TP peptide. BSA
had not inhibitory effect. % inhibition=100-(test OD-back-
oroundXx100)/Range.

librarye] 271 10° A=) ¢utzog WS 3 4
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