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ABSTRACT: A monoclonal antibody APé4 IgM binds to human acute nonlymphocytic leukemia (ANLL) cell line HL60 and also
cross-reacts with the homologous antigenin a rat ANLL cell. This antibody mediated by complement, has leukemia a suppression effect.
In this study, we generated a recombinant single-chain variable domain fragment (ScFv) which were derived from Vi and Vi cDNA of AP64
IgM-secreting hybridoma by RT-PCR. The two variable regions were joined with a single 15 amino acid linker (G,S)s. This recombinant
ScFv was expressed as a single polypeptide chain from £Escherichia colfBMH 71-18. The recombinant ScFv was purified by applying the
periplasmic extract to Ni*-NTA-agarose affinity column and detected with westernblot. The purified recombinant ScFv recognized a
surface antigen (about 30 kDa) of HL40 cell line which is the same antigen detected by parental AP64 IgM. But the affinity of ScFv for a
surface antigen of HL60 was lower than that of the parental AP64 IgM, which needs to be further improved. Overall, the recombinant ScFv
specific to HL60 might be a useful bioreagent for either diagnostic or therapeutic purposes.
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FATS A F2 A2 FAGALY A BHO (o], Virand Vi) & SRS} o7 Bo] S0 4T
2 53 glom A2 Aol A 2 A A Ao M 5 9l =9Ik 19881 WA el oJ%t A

2 Fv, ScFv, Fab, Fc 5-0] It} (Fig. 1B). L =0 A A 2%} Fab % 9] A %3} Fv (variable domain fragment) t@# 2] t &+ W
Q}Fv, ScFvi= == o dof| theh A of S d -9 of T2t o] o]F ol =H|(Fig. 1B), phosphocholine ¢l Tt
oJTtof] ARE-E| 1(Hayden et al., 1997; Verma et al., 1998), Fc A THH Vel VL S AAE S 2 Y 510] Aol A 3 A]
= A9 ZiKeffector)7|5 Ao AFEETHKIm ef al., 71 A3 A2t FAs AT S 7R FvE AJAksh
1994a, 1994b). = G- A} 2Z & hybridoma A| 27| &3 vl =] Z o]ti(Skerra and Pliickthun, 1988). L& 1} Fv= F&t HJ
© &2 gAlF37]so] WSk el gAY 7T H Aol ofste] Vel Vo] 7| e =7 uZef eHg4d
of| EAI7} Q= AL &2 =y ti(Huston ef al., 1991; Reiter er
S al., 1995). w2hA] eFA S FvE THE 7] 93] linker DNAE- o]
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Fig. 1. Schematic diagram of IgG antibody (panel A) and its recombinant
antibody fragments (panel B).

2 W AE Fv @ (single chain Fv fragment: ScFv) S & gF
AAZ|A = U eKFig. 1B). ] 29] ScFv 7ZH41A] | ol A| =
ARE-E] = digoxino]| tsl| Eo]/d-E 7HA] = A 2 Al 2 = }lrt
(Huston ef al., 1988). ©F 26 kDa2] o] ScFv+= (GlysSer); &2
TYE 157]2] ofu| Al o &2 S linker FEFO] =7} Vi)
Vis ddsket AREESen oiatolA] e E Sl
(Huston et al., 1988). G129l 1gG &A|(2F 150 kDa)of| H] 3|
ScFv= =7]7} Zra1(9F 25-30 kDa), Fe 4=-8&-A(Fc receptor) o]l
Ast= Fe 2907} g17] wioll A W gk =7} 1gGut
Fab Ht} ¢ w2 Ao 7 H1Eil Q) O w(Huston et al.,
1991), ®3tFe §-9]o] Ag o= <l 3 W thAkE] b A
(catabolic stability) o] obx] & o] 4] wh=A] A # o] 2|
28 A0 ZAIR I H e o] ol A -8 A 24 9] %
A& 7}A]3L It Chadd and Chamow, 2001; Batra ef al.,
2002).

HL60S 24+ MR Eo] &5k Bolsabu w2 u,
o17ke] T4 B]¢JukA] wlE Qhuman acute non-lymphocytic
leukemia: ANLL) Af|3zo|t}. HL60E F ol H S 3kA)# HL60
O] |22 EHTIA S Q1ASH= IgM A E GLEEFA =
AJAFSH= AP64 hybridoma Al 32327} A Z %] 1 thJohnson et
al., 1985). ©] hybridomaoj| 4] E-H| &=tk Z-=23814]| AP64 IgM
o 54 A Q17FS] ANLL A1 HL60 2] A7 ol of
o} So1/d& e AIRE F 9] ANLL Aj 2o = 5ol d< Let
W= w2} (cross-reactivity)2 UEF ¢ tHJohnson and

&3l Al Als1d Al2E

Shin, 1983). &4 E A|(complement) 2] 5}2] AYA| 2] A3 of
A, FLSEIA AP64 IgM2 QI7F 9 F 9] ANLL A|229]
lysisE -F=5Fl o m Al of et AR A E of| A &= A A
W2 9]l 22 oko] obA 3Z(10°-10° cells)of] thaf &I A
5 7K tumor suppression effect) S = -2 ¥4t o} 2H(Johnson
etal., 1985) 3}UA 2| & T AP64 IgM FQJA] Zhod QFAf|3E 9]
APE &S UERY It Wagner ez al., 1989). & Lo A=
PA| 58171H& AH8-5ko] hybridoma AP64 A| 32325 E| Vi
9}V, o) §HAHE 225 linker WEFo] 25 A 254 A
TSPy § AL Yol A AT kS A2 ScFy
ol A2 Ni-NTA-agarose affinity column (QIAGEN)S. 2
gAletect AT L v w57 915 S84 H e (soluble
form)2 gA|gE o] HxF ScFvE AP64 Ha}A|el T

westernblot-2 4=345}1

R
M 3= & HHX]
o

211 BMH 71-18 (Ulrich ez al., 1981)0] 22y 2 thal 2
S Qo AR ATk o vigS 1% HiAl = 2x TY (1%
yeast extract, 1% tryptone, 0.5% NaCl, pH 7.0)2} 4x TY (2%
yeast extract, 2% tryptone, 1% NaCl, pH 7.0)& A8-3} %t}

MIZZ(Cell line: HL60 and AP64 hybridoma) H{Q¥
total RNA &

AFere] ANLL Af| 323291 HL60 2} HL60 9] Al 3 32 rd o 2
o Aol Y EEIA [gMS AY4FsH= hybridoma Al
== AP64(Johnson et al., 1985)= 10% FBS (fetal bovine
serum)2- -3 RPMI-1640 vl X|(pH 7.1)& ©]-8-3}¢] 37°C,
5% CO, 2] 27 o) A ujoFalelet. 123t @k 2 x 10° cells/ml Y
o) Al et vl e AP64 ufj oFolS e ske] Al
25 AR A AP6d A|i5-2 PBSE A A 531 o
™ A2 H M52 cold lysis &5-8-28(10 mM Tris-HCI; pH
7.4, 1 mM MgCly, 150 mM NaCl, 1% Triton X-100)°f| 2| &€}
Eo] S B S FollA RhEAIFATE 12far 15,000 x g,
4°C, 52 &2t YA Elste] A5 313t Fl 10% SDS < #|
+(equilibrated with 1 M Tris-HC1 pH 8.0)} &3} 5, Ar2-0]
A 15,000 x g, 54 59 A4 E e 5to] 45L& FIsto] ThA|
Hlza E9fste] AYEsieh dsde st 3 M
sodium acetate (pH 5.2)2} o &b-2-2 7|51 285t 5, -20°C
of| FhA HH-S-A T 0] 212-15,000 x g, 4°C, 30+ 5 LA 2
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Table 1. Primer lists for AP64 ScFv gene constructions

AP64 VH-5 5’-GAG GTT CAG CTG CAG CAG TCT GG-3’

AP64 VH gene AP64 VH-3’ 5’-TGA GGA GAC TGT GAG AGT GGT GCC-3’
AP64 VH 3-BstEIl 5’-ATC AGG TGA CCG AGG AGA CTG TGA GAG TGG TGC C-3
AP64 VL-5 5’-GAC ATC CAG ATG ACA CAG TCT CC-3

AP64 VL gene AP64 VL-3/ 5-TTT GAT TTC CAG CTT GGT GCC TCC-3/

AP64 VL-5-Ncol

5’-A'T'C ACC ATG GCC GAC ATC CAG ATG ACA CAG TC-3/

AP64 linker-5/

AP64 Linker gene
AP64 linker-3/

5’-GCA CCA CTC TCA CAG TCT CCT CAG GTG GAG CC-3/
5’-GGA GAC TGT GTC ATC TGG ATG TCC GAT CCG CC-3/

AP64 Hybridoma
Total RNA
Purification

AAAA MVVVAAAA
Heavy chain (H) mRNA  + Light chain (L) mRNA

<cDNA Synthesis l

NMNVVWVWW AAAA
|
cDNA <DNA

Amplification 1
mplification k Primer

( )

Vy Gyl G2 C,3 V, C.
v

V, Linker A\
[ e ==

Assembly and
Fill-In Reaction
Vy  Linker UL

\\ l Primer
[— ]
Vy Linker Vlj

Amplification 2 l

Vi  Linker Vv,

Ncal Digest J’

—
+
b Vy linker V.
BstHAI Digest \l/
RV
L V, Llinker Vv, =t
Ligation l
Nedl Bstal

pelB | L |LK| VH |miss

pUC119 expression vector

Fig. 2. Schematic outline for the gene construction of recombinant ScFv. The total RNA was extracted from AP64 hybridoma. cDNA was synthesized by
using either AP64 VL-3’ or VH-3’ primers. Two step amplification and one step gene assembly by PCR were performed and finally constructed full-length
AP64 ScFv gene, which were cloned into pUC119 expression vector. The flexible linker is colored as black. LacZ promoter is activated by IPTG for
overexpression of recombinant ScFv. PelB leader transports expressed proteins into periplasmic space for secretion. Hise is hexahistidine tag for detection
and purification of expressed ScFv proteins. pUC119 vector contain both ampicillin-resistance gene as a selection marker and ColE1 as a replication origin.

2]5}o] 21 A = AP64 2] total RNA S 70% ol ek & A 25111
TE 9+32-90(1 mM EDTA, Tris-HCI; pH 7.4)°] 235131t}
Z12]ar 7] 9-55ko] total RNA O] -5 ERlst3l o &
Fl AP64 total RNA+ diethylphosphorocyanidate (DEPC;
Sigma) & A 2| F-F=rol 0] cDNAA|ZE 93t g o=
ARE-SF T

AP64 Vy U V| RTXIC| S=
DEPC7} A 2] % ZF40] 341 AP64 total RNAE- 64°C
ol A 7}&gt &, RT-PCR ¥H-3-2Y(Promega)#} =351 %t} RT-

PCR HF&-oHS 10 ule] DEPC A £&4, 10 ule] 2 mM
dNTPs, 10 pl 2] 5 first strand &+=-8-0 5 u12] 0.1 M DTT, 2
ul 2] RNasin (RNase inhibitor; Promega), 1 ul2] AP64 VH-3'
TfolH 2 LA IT) o] 7]of 2 nl 9] avian myeloblastosis
virus (AMV) reverse transcriptase (10 unit/ul; Promega)S %
7Yak 5, 42°Col A WHEAI 7). HHS- , RT-PCR HHgoL
95°C, 7}+g % 3, AFLo]| A 15,000 x g2 YA R |51t of
714 A5 10 1l (DNAYE HF oh& AP64 VH-S' o] o]
2} AP64 VH-3' Za}o|H & o]-83}to] AP64 VH gene 2] PCR
(Saiki et al., 1988) A| =5} tHTable 1 and Fig. 2). ZZ%
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AP64 VH gene-2 QIAEX Il DNA extraction kit (QIAGEN) 2
gene cleaning £ 83101 5|48}k & WP 2.2 APG4
VL gene®] 5% & 435191 o.n] Tk RT-PCRe| o] §51 2
glo|t]= AP64 VL-5' Zlo|H 2} AP64 VL-3' Lo n]7} A}
2% QIcTable 1 and Fig. 2).

AP64 ScFv LUSiHIE 1%

FE%E AP64 Vuet Vig d4s7] 913t linker DNA&=
AP64 linker-5' Ze}o]H 2} AP64 linker-3' o] o] &5}
o] ScFv marker (GE Healthcare)E 53 © & PCRo]| 9J3] F=
B tH(Fig. 2). AP64 ScFv 9] linker-Vy Y Vi -linker&] A|Z&
QJGFPCR ¥H--H 2V ==V DNA Z}Z+2 ul, AP64 linker 6
wl, 10 W€} 2 mM dNTPs, 5 ul 10xPCR €58, 1 ul €] Taq
DNA polymerase, 24 ul9] 242542 LA 18]
JL94°Cof|A] 132, 72°Cof| A 4 3F 77| = 8, T 7571 &
QFPCRO]| &3} gene assembly & A] =3} tHFig. 2). L th3
o] 7]0f| 50 ul 2] PCR ¥H-3-24(5 ul ] 5' efolm, 5 ulo] 3' 22}
o)™, 10 ul2] 10 mM dNTPs, 5 ul2] 10xPCR =8, 1 ul2]
Taq DNA polymerase, 24 U9 2442752 H716h
94°Cof| 4] 30%, 60°Col|A] 30%, 72°Cof|A] 18-S 3t 7|2
3ko] 30 £7]2] PCRE AlAJ5FYIT) o] linker-Vi 2] gene
assembly = ]3| 4= AP64 linker-5' a}o|H 2} AP64 VH-3'
IZto|HE AR 01, Vi-linker+= AP64 VL-5 Zz}o]
o} AP64 linker-3' X 2}o| 1] 2 X881 CH(Fig. 2). ZH2He] PCR
ZA1E DNA A7]1950 2 8213t & thA] Vi -linker$} linker-
Vi PCR AFE-E E33te] Slold] b Fag dow
gene assembly ¥ 22} PCRS AA|5}4IT) ufx|eto 2 AP64
VL 5'-Ncol W AP64 VH 3'-BstEII S AR&-5}o] PCR35}Y A1 &
ZA 07 5-sited]] Neol (New England Biolab)3} 3’-site ]|
BstEIl (New England Biolab) A|gta 4~ AR 9| & 2351=
ScFv (Vi -linker-Vip) 5812} 2 72519 CHFig. 2). PCR 2
% ScFvi=DNA A 7| 9% &, gene cleaning 1142 ~3)3} o]
3]225191 11, 3|45 AP64 ScFv DNA= Neol (10 unit/ul)z}
BstEII (10 unit/ul) 2] A|$tE A S ARE-5}o] W ulE] 2] pUCT 19
© 2 FRYYSItH(Fig. 2). AlRta s §Eg-2 1 ule] Neol& 3
745to] 37°Coll M 2417k ¥ES A7) 5, 1 1] BEIIE: H 715}
o] 60°Co| 4] 247t &2t BE--A|ZATh THA DNA A7 945 =,
gene cleaning 7172 7 ] A|gta 4 #| 2] El ScFv DNAE 3]
=51k 18] 31 pUCTT9 W& W E](Vieira and Messing, 1982)
2} ligation A tA BMH 71-18 2 & 2 A8} th 37°C
of| A whA HiFAIZ] & vt RE-2 colony PCR (Ward,
1992)& S=3listo] S22 Y Ud e S AH5}aL Mini-prep

&3l Al Als1d Al2E

o g 3lpsto] Algtas AehS Sl SR o -5 Aels)
11 DNA sequencing (Zimmermann ef al., 1988) 0.2 Z}7+9]

Vi, Vi 9! linker {+34-9] 7]v G 25 245k

ScFve| Vi & V.ol BA

EX% ScFve] Vip 2 Vi AR -8l =] o] F germline origin
2 AA517] Y43 IMGT (the international ImMunoGeneTics
information system) database (http://www.imgt.org) & ©|-&3
o] Z+Z+o] V, D, J segment origin Z A 519) © W (Table 2) 3¢
LA3E 910l Vi 2 Vi, U 2] CDR loop class 272 Chothia
o] 9]} AotE] o] 2l HlH(Chothia and Lesk, 1987) 2. & A A3
= web site (http://www.bioinf.org.uk) & o|-&3s}o] 27X s}
Tt Table 2).

ScFve| 3x} 1= DEZ
A 3xt2 mdldy] =273 Discovery Studio 2.5
(Accelrys)E o] §5t0] A2 ScFve] 33415 Hels2 A
% 5}gch 2 ScFve] ofu Al AL A shE 19} 71
SR obul At w2l g AR A ofn] 3%} 727} iR
34 S RCSB PDB (http://www.rcsb.org/pdb/home) o] A ZF
offe] o]& FF o= sto] SeFv 2] FAATEIA
complementarity determining region (CDR)<] loop 2} &4 2]
et A& HY 3 framework (FR)S| 32} 25 24
3}ttt of| &% 3x43+= Discovery Studio 4.0 visualizer
(Accelrys) 22 1HZ o]-§-50] F/fststo] £tk

Azt ScFve| ol 3l HA|

A 23 ScFy S AR S 33 IFAWEI 2 E, coli BMHT1-18
(Duenas et al., 1994)0] & A A3} THKim et al., 1994a,

Table 2. Analysis of VH and VL sequences of AP64 ScFv

VH VL
V segment orgin®  Musmus IGHV14-1-01 Musmus IGKV14-1-01
D segment origin®  Musmus IGHD 2-1-01 NA!

Musmus IGHJ 2-01

HCDRI: class 1
HCDR2: class 2
HCDR3: variable®

Musmus IGKVJ1-01

LCDRI: class 2
LCDR2: class 1
LCDR3: class 3

J segment origin”

Canonical loop class®

"V segment origin, D segment origin and J segment origin were determined based on
IMGT database (http://www.imgt.org).

" Canonical loop class was determined by Andrew C.R. Martin’s Bioinformatics
Group web sites (http://www.bioinf.org.uk).

“HCDR3 loop cannot be classified due to its high diversity

“Not available.
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1994b). PR A ELE E.coli BMH71-18-2 100 pug/ml ampicillin,
1% glucose7} TH-G-E 4xTY B %] o] A] 30°C, B} g} vfjoFa}
k. vjokel 523,000 % g2 AL, 10559 2141 82] 5}
of 715131, 4x TY Hj2]] REERAIA ThA] 4290,
FAE AZSS YT 5L F3]9] 100 ug/ml ampicillin,
0.25 mM IPTG (isopropyl-1-thio-3-D-galactopyranoside; Sigma)
7h T 4x TY HjA]of| A 25°C, 5.5 A1 7 215 vlj fsho] Tl
A e et T, o5 Al E=3,000 x g= Y] sho] 4
T A AL, A Aol 271 TES 24H3-8-<H(0.5 M
sucrose, 0.1 mM EDTA, 200 mM Tris-Cl, pH 7.5)& % 7}5}%
4°COA] TA17H 5 RHE A 2. ThA] Slo e oz 9
A3els}o] 471 Elo] 71 AH5 oS PBS & o] 43 A} 475
S} EAElo]x] Tl 2] 2002 Ni'-NTA agarose (QIAGEN)
o AFA|7]3L TN £5-8-4(0.1 M Tris-Cl, 0.5 M NaCl, pH
7.5 and pH 8.0)& o|-&ato] X239t A Zo] T Ni'-
NTA-agarose©]| 250 mM imidazole (Sigma)-= ] 2| 3}of ==
o S §E5Hinh 12l 5 A2 ScFy 8ol
15% SDS-PAGE gelo]] 7] %53}, ©]& 0.25% Coomassie
Brilliant Blue R-25 -8-04-2 0] -3}0] ¢ A1ato] 7|8l ) 23t
ScFv thiiR10] 27§52 gelatg o], A E|o]2] ScFy
il -2 Bradford protein assay (Thermo Scientific) O 2 &
=5 AAsHch

HUSE DefH| AP64 IgMe| A
AP64 hybridoma /\ﬂ:t—r_J HH° Jol-O- A1 Qof| 4 2271 3,000 x g
CRREREERE: {15, AP 4°Co) A 10
£7110,000 x g&2 ﬂr/\] /“j—“:._'—ﬂ 5} PBS 589 0 & 4°C
oA A AT AT 74 AP64 A 20 Hl FH 2 anti-
mouse [gM-agarose affinity column (Sigma)-2 E3}A|Ft) 1
2] 37 washing £+5-8-9 pH 8.0 (500 mM NaCl, Tris-HCI, pH
8.0)} washing 588 pH 7.0 (500 mM NaCl, Tris-HCI, pH
7.0)0.2 ZHS A5kt 1 the, 0.1 M citrate $-2-8-oH
(pH 3.0)2 AP64 IgM 2342 833619t 12|17 835
AP64 IgM THl 2l g-oof| —9-% 1] 1/109] 1 M Tris-HCI (pH
8.0) H7lsle] £3MA)71 3, 15% SDS-PAGEE £-3f AP64
1M g 7|e] HA| S shlakolr). HAIE AP64 IgM
PBS 4°Co A ¥ EAI3H
(Thermo Scientific)E ©]-8-3

5t

& A] Bradford protein assay

o] stk

Westernblot
AAE Y23 ScFv 10 ulS SDS-PAGER A7) 9535111

0] nitrocellulose membrane (Millipore) &2 transfers}}
t}. 18] 31 transfer &) ©] Z] membrane-& 2% (W/v) B 4| 5=
32516 PBS-T (PBS, 0.02% Tween 20) 9-5-8-90-2- 0]-8-5}¢]
Al 20| 4 1A]7HE2t blocking$l %, PBS-TE 23] M| 23}
c}. A A 23 ScFy T A BHA] & 9] 3 YAFA| = A F
9] anti-polyhistidine-HRPO conjugate (Sigma)E- blocking
Shg-golo] 1:1,0002.2 51418lo] ALgs}3ich T AP64
hybridoma @] v[joFol © 2 HLE| A A% AP64 [gM XA 1.5
ugS A3k 9 3% 08 SDS-PAGE #7953k thS,
nitrocellulose membrane © 2 transfers}o] westernblot-2- A1 A]
3}k Westernblot 2712 ScFv 2] 74-9-0t 5 U s}A 43513
c}. ohet WA E AP64 1gM 23RS E 2| 617] 17t YAFA| =
anti-mouse IgM-AP conjugate (Sigma)S- 10 m12] blocking 2+
Z-8000] 1:10,000 02 3]4]5}0] ARE-SFIT) 252 © & PBS-T
washing &8N0 7 53] A 23} ohe,
(DAB; Sigma)E 7|22 o]&3| ZrA|A A =F} ScFv U
AP64 TgM w3J3]2] 7] §-2 Sholaheict

3,3-diaminobenzidine

HLEO M| B9l EiE
olg3t Bile| #E

1} AP64 IgM 2! AP64 ScFvE

iRl HL60 A 3Z(2k 2x10° cells/ml)2 400 x g, SEEOF

AL ol A QA EE|5to] A& HAAAIZTE 1 ml9] cold PBS
2 AR N ZE A 5 ThA 400 x g, SEFQT 4°Co)l A
AR 5T A% HL60 A3Z+= 1 ml2] high salt lysis
buffer [5S00 mM NaCl, 1% NP-40, 50 mM Tris pH 8.0, 100 ng
PMSF (pheylmethanesulfonyl fluoride; Sigma), 2 ng2] leupeptin
(Sigma), 1 ng 2] pepstatin-A (Sigma), | mM EDTA pH 8.0]¢]|
AEPAZATE 12| AL 4°Coll A A A A T E S 5
Z3}9lct E0] Bt H 15,000 x g, 30259 4°Cof| A] 4]
BE|A]|7] 21, AFS-oH 10 plE %3} SDS-PAGE ¥ westernblot
= AlEskolth. YAA R AREShe A= ScFvel AP64
IgM &A= 10 ml1 2] blocking $H&-8-200]| 10 ug/ml Q] =2
S S8l AL B, Z12h) 9 AREh= 23R B k)
= westernblotof| A A&t FAeH o 2 HASHRITH

Zn 2 7
Q17Fo] ANLL 4| 301 HL609) A EHaelo] Agtshe

AP64 IgM 28} S A AFSH= hybridoma A 2 : €] RT-PCR
of| oJ5f| Z-ZA|Z1 AP64 IgM ] Vet VL o] 3345 #1795
3t A3}, V=340 bp (Fig. 3; lane 1), 18] 31 V1.2 325 bp (Fig.
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Fig. 3. PCR analysis of AP64 Vy, Vi, and ScFv. The PCR products are
resolved on an 1% agarose gel and stained with ethidium bromide. DNA
size markers are shown on the right. Lanes: 1, AP64 Vy; 2, AP64
linker-Vy; 3, AP64 Vi ; 4, AP64 V| -linker; 5, AP64 linker PCR Product;
6, constructed ScFv gene; 7, recombinant ScFv in pUCI1 19 digested with
Ncol and BstEll; 8, molecular weight marker.

3; lane 3) 2 & o] H T}, Linker (GGGGSGGGGSGGGGS)
9] PCR AHE-E gene assembly S $J3)] Vi) Vo] A A Q]
DNA @7|& Egeflof st 2 7]+ 9F 100 bp2 3| of
HKFig. 3; lane 5). LA 6] linker2] PCR AM2-2 DNA gel A
oA AFsl HAME A& & 5 =t ol AR 1%
agarose gel @] resolution©] o] A7] A 0. 2 A =t} E5F
Vi, Vi 2} linker7F2] gene assembly A2 VoV Bt 24
size7} A% PCR AHE-S 213 4= Q1 S THFig. 3; lane 2 and 4).
T12f1} gene assembly ol ]¢FPCR IHYA| Vi L Vi of] o4
ol Eojolo]E ALgaolE BatiL, ofe sle] v
PCR AHEE0] smear 2 2T = 72 olul e linker S-214}2]
HHEE o1 7] 4] Aol A] 1 0] 4 272 2 gene assembly 7174
o] o] ofgh A0 24 ¥k 2, linker £-47H= GGGGS
(GlySen)@] oful it w212 3 THgI 2 Al Al e
T2 2 (GlysSer)s & 7HITh. whaha] 72°Cof|A] 2] annealing 2
o linker©] WH2 2] 917] 4 A= Qlsho] ARA shefo] H]Eo]
A annealing € 7}Fs-Ad o] =0} H|E-0]| 4 9] PCR AH=E2] smear
7 bk 2 E. H2 ol2jeh B S Fua] Sl
ThFet linker&52] 7lido] a1 o] 2] a1 §l e w, 71 At gene
assemblyA|] H|E0]Z annealingS Z|A3FSE 4= Q1O HA]
glycine 2t} 214244 0] 7}3t amino acids2 -3 5}o] =84
(solubility) & Z7HX 2R A2 ScFve] 3]4=E(yield)
2 SFAAZIA E QK Whitlow ef al., 1993, 1994). Gene
assembly 7} Bt A 23} ScFvs =771 2F 750 bp 2 HakE] o]

&3l Al Als1d Al2E

2.0 H(Fig. 3; lane 6) ©]= t}A] AP64 VL 5'-Ncol Y AP64 VH
3-BstEll Zglo]H & PCR ZZA|Zth bz ol ScFve=
linker-Vii-V1, ] 4241 2 4| 25 o] x| =] whal, 2 AF0j14] 7]
2% A %3 ScFviE Vi -linker-Vy 2] A4 & L& 5| o] H ek 11
1} o] Vy 2 Vi 9] orientation 2}o]7} 32} 71 folding ©]
RO W Sol4o] QRRS vl A X oH AR BT
w31 QJthLuo et al., 1995). Colony PCR A 32|48 E5}0]
Z2yo] 301H ScFv Z252 Mini-prepol]] <&l ScFv/
pUC119 vectorE 53} Neol U BsrEIl A|gta 4 A2
&0l ScFv F- A7 F st A A = A=A E Akl skt
(Fig. 3; lane 7).

Rz ScFve] Viedh Vi, @7 BAste] shie)
(variable region) @] framework region (FR) ¥} 31 AL 9191
complementariy-determining region (CDR )2 Kabat numbering
(Kabat, 1991)0]] ]3] 248151 cHFig. 4). 0|23+ CDR I} FRL-
TESk= 212 CDRo| A% =™ random mutagenesis & ©]-&
5o] CDRYFS: 22-9]2 Eelilo] Al o] et Age S
o191A o & ¢ Z7A1Z 4= 917 W&otk Steidl ef al., 2008;
Inoue et al., 2013). TE5FHIMGT database (http://www.imgt.org)
£ 0] 85t Vet Vi Z12F9] -2l %l germline segment S 2 %]
ot A3 Vi §A8A = A AR SARS 7hARS
(heavy chain variable domain: Vi) IGHV14-1-01¢{4], D
segment+= IGHD2-1-01 18|31 J segment+= IGHJ 2-019]| 4]
T e 2= EhIskel) HE Vi fA A AR
2}2] 7 A 71 K9)(light chain variable domain: Vi) 5-0]| 4]
= kappa chain IGKV14-1-010] 4 Z12] 31 J segment=IGKVJ
1-0Tof| A F-2f = o2 SIS = QLI tH(Table 2). A9t
H 2191 complementarity-determing region (CDR) loop 2] 32}
A 72 o] ofulidl vjolo] ofa BFF 4 9o
canonical loop class2} SFCHChothia and Lesk, 1987). whehA]
AP64 A AL A7]H) RS Asto] W (anslation)
= ofn|Ato] H7|ujdS 23S E 4 canonical loop
class& Z A3l == website (http://www.bioinf.org.uk) S ©]
835}to] AP64 Vy} Vi, CDR €] canonical loop classE Z A5}
A tH(Table 2). Complemenatarity-determining region (CDR)
% VH2] CDR3 = 714+ 71 Al o] 3=oK(high variability) 27
o= RAATE, 2L A4 4F2] VH CDR3 2] o] Al vl
Ao gt AR 7} =2 o wfe} VH CDR3 €] canonical loop
class& AAsl= oheket Wl o] Bl F o % thReczko et
al., 1995; Shirai et al., 1996, 1998, 1999; Ivanov et al., 2005;
Kuroda ef al., 2008). A 23}t ScFve] & 7]u|d 2 K g o]l
Ahui S sl 2 A} oF 28 kDa Y &= O] HAG S 2=
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Sequence of AP64 ScFv

10 20 30 40 50 60 70 80 90 100 110 120
(CrR1 | [ [ | [ | CR1 | | | 2 | [
GACATCCAGATGACACAGTCTCCATCCTCACTGTCTGCATCTCTGGGAGGCAAAGTCACCATCACTTGCAAGGCAAGCCAAGACATTAACAAGTATATAGCTTGGTACCAACACAAGCCT
AsplleGInMet ThrGlnSerProSerSerLeuSerAlaSerLeuGlyGlyLysValThrI1eThrCysLysAlaSerGlnAspl leAsnLysTyrI1eAlaTrpTyrGinllisLysPro
130 140 150 160 170 180 190 200 210 220 230 240
| | CDR 2 | FR 3 | | | | | | |
GGAAAAGGTCCTAGGCTGCTCATACATTACACATCTACATTACAGCCAGGCATCCCATCAAGGTTCAGTGGAAGTGGGTCTGGGAGAGATTATTCCTTCAGCATCAGCAACCTGGAGCCT
GlyLysGlyProArglLeuleul lelli sTyrThrSerThrLeuGlnProGlyIleProSerArgPheSerGlySerGlySerGlyArgAspTyrSerPheSer I1eSerAsnLeuGluPro
250 260 270 280 290 300 310 320 330 340 350 360
| CDR 3| | FR 4 | | LINKER | | | I
GAAGATATTGCAACTTATTATTGTCTACAGTATGATAATCTGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAAGGAGGCGGAGGCAGCGGTGGCGGAGGCTCGGGAGGCGGAGGC
NGl uAspl leAlaThrTyrTyrCysLeuGlnTyrAspAsnLeuTrpThrPheGlyGlyGlyThrLysLeuGlulleLysGlyGlyGlyGlySerGlyGlyGlyGlySerGlyGlyGlyGly
370 380 390 400 410 420 430 440 450 460 470 480
~ FR1| | | | | | | | ICOR1 | FR 2|
TCGGAGGTTCAGCTGCAGCAGTCTGGGGCAGAGCTTGTACCAGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAACATTAAAGACAGCCTTATGCACTGGGTGAAGCAGAGG
SerGluValGlnLeuGlnGInSerGlyAlaGluLeuValProGlyAlaSerValLysLeuSerCysThrAlaSerGlyPheAsnlleLysAspSerLeuMETHisTrpValLysGlnArg
490 500 510 520 530 540 550 560 570 580 590 600
| | CDR 2 I | | | FR 3 I | | |
CCTGAACAGGGCCTGGAGTGGATTGGATGGATTGATCCTGAGGATGGTGAAACTAAATATGCOCCGAAGTTCCAGGACAAGGCCACTATAACTGCAGACACATCCTCCAACACAGCCTAC
ProGluGInGlyLeuGluTrpl1eGlyTrpl1eAspProGluAspGlyGluThrLysTyrAlaProLysPheGlnAsplysAlaThr I1eThrAlaAspThrSerSerAsnThrAlaTyr
610 620 630 640 650 660 670 680 690 700 710 720
I I | | | COR3 | | | FR 4 | | |
CTGCAGCTCAGCAGCCTGACATCTGAGGACACTGCCATCTATTACTGTGCTAGGAACTACTATGGTAACTCGGTCTACTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCA

LeuGlnLeuSerSerLeuThrSerGluAspThrAlalleTyrTyrCysAlaArgAsnTyrTyrGlyAsnSerValTyrPheAspTyrTrpGlyGlnGlyThr ThrLeuThrValSerSer

Fig. 4. Nucleotide sequences of recombinant ScFv gene. Each complementarity-determining regions (CDRs) and framework regions (FRs) are determined
in Vi and Vy by Kabat numbering (Kabat, 1991). Each CDRs and linker regions are bolded.

GV
HCDR

LCDR

(B
HCDR

VH

LCDR

Fig. 5. 3D modeling of murine AP64 Fv. (A) Side view. (B) Top view. LCDRs are colored as a black in grey Vi, background. In contrast, HCDRs are colored

as a grey in black V.

w2l 2 H A Q] 0 i 57 H(isoelectric point)-2 6.310]0] 4]
pH 79l 4] negative chargeE WA Eth 32} 12 REF S &
off ol S5 A= ScFve 33} 25 EH VH 9 VLo 72}
Al 7112} CDR 917} 3153t loop 25 WERH(Fig. SA),
o] 67 CDR loops©°] Ho] &LZgHE 22l hydrophobic
pocket & FA310] THeli Solo 2 Aqet 4 oA ek
(Fig. 5B).

o]Z 9] Ap64 IgMo] thgt H--(Johnson and Shin, 1983;
Wagner et al., 1989)9]| A= X5 hybridoma 2] 8| 9Fo-S 1o
2 ARk el o] 49 hybridoma 2] pHS o] Al
H] S 0] 5] FHI7} BA|E S L, BY)ERE AP64 1gM 3
A o) FE7t =5 W ke ok TRt ool A A Al
3} ScFvol] that tx L0 2 ALg-5}7] $]8l| 4] AP64 hybridoma
9] Hjjofoo 2 HE| AP64 IgM2 anti-mouse IgM agarose
affinity column AR8-51] A& A =3} tHFig. 6A; lane
1 and 2). SDS-PAGE ] A1} A& 2 2] [sM o] ZAF&0] k70

kDag] 20| w30} 3 ] oF 66 kDa o] i= £l 2lo] AP64
[gM 9] F-Al&(heavy chain)Q] A0 2 15k 4= Q131 o, 22
kDaZ Ho]=thil 2.2 AP64 [gM 9] g Ak&(light chain) 91 7
.2 Bpqleh 4 9loith. ETHAIF [gMO] FAIS THS Bol 4
5 2 Q1A)3}= )4, anti-mouse IgM (p chain specific) A&
0]-85}o] westernblot2 A|E=38F ZA¥} 66 kDa2] $]x|ofA]
AP64 [gM 9] FAFE o] TR |0 SDS-PAGE ]| A 2 o
2] o] AP64 IgM Q-2 A2l 519 tHFig. 6A; lane 3-4). A %
3} ScFv S-A4x7F 22 Y E pUCT 19 W& H B = 5'-upstream
of| thA} -+t lactose operon 2] & A8HA] of| A Sl= lacZ promoter
7hEAfste] o) & WA A7l Zele fEEAR PTGE
AFgato] T2 WS §E 84 ek o AT SeFv o)
olu] = Weto] fusion F pelB leader sequence©]] 2]s A|Z2
of} ] W) 225 ScFv 2 T E2] ot 78 M periplasmic
space) ©.2 0] 5A]7] o}, 1wl Pl K320 k4] gho] 4t

R E R e FE R e R EY
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(A) MW
(kDa) 1 2 3 4
Bk
97.4 — =
66 —. - - ; . <= Heavy chain
45 —
31 —
215 — w—— 4= Light chain
145 —
(B) Mw
(kpa)1 2 3 4 5 6 7 8
116 —aw
97.4 —=
66 — i

45—

31 —

215 —
145 —

[

!‘_‘--..—--.— <—ScFv

Fig. 6. SDS-PAGE and westemblot analysis of purified AP64 IgM and
recombinant ScFv. (A) Purified AP64 IgM parental antibody under
reducing condition were analyzed in 15% SDS-PAGE gel (lane 1 and 2).
AP64 IgM heavy chain were detected in westernblot using anti-mouse
IgM-alkaline phosphatase (AP) conjugate antibody (lane 3 and 4). (B)
Purified recombinant ScFv under reducing condition were analyzed in
15% SDS-PAGE gel (lane 1-4). The recombinant ScFv were detected in
westernblot using anti-polyhistidine-horseradish peroxidase (HRPO)
conjugate antibody (lane 3 and 4).

% ScFve] 722 A] o] Hisg tago] fusion]o] 2101 512
€] 9] imidazole ring @} affinity & L}FEFU = Ni'-NTA-agarose
affinity columno]] ]3]} A&k 4= Qrh 2 Alg o A Hla S 9]
o =A ARE-E ti<F BMH 71-18 E3F of& o+t
strain 5T} ScFye] Wgo] o ok MiEolA gict
(Duenas et al., 1994). A 2 & ScFv A= 452 02 EH|
Eo] AA|=oHS SDS-PAGEE F3f =Hlstqlal, ®3t
westernblotting-& £3f] o] Tl & o] 3| A E|H tag-S E 5=
hil 2 918 BH015F tiFig. 6B). £3] thA2] periplasmic
space 2 H-H| ] 0] 2] ScFv+= A% (osmotic pressure)E- ©]-&
slo] 33k whebA Tl -2 /g A1 4> Qli=sonication
IE+=ureal} guanidine 5-0f] 2|8t A| 3 T} = AJ 3L 83 o}
2] grol ATVl ol 4= Qi WAL Hashko 2

7151 3R E G A A A WA E ScFv o] A S =
th&}sk3ATk SDS-PAGE || 4] A€l Tl A o] 5.7] T3t of 4
5]o} 2 )2 o} 28 kDa 2 TtE|o] 223 ScFy thij )3 2}
o1&k 4= 2131 .© H(Fig. 6B; lane 1-4), anti-polyhistidine-HRPO

&3l Al Als1d Al2E

Fig. 7. Comparison of antigen binding activity of AP64 IgM parental
antibody and recombinant ScFv protein. HL60 antigens extracted by lysis
buffer were loaded into 15% SDS-PAGE and stained with Coomassie
blue (lane 1-3) and were transferred onto nitrocellulose membrane (lane 4~
8). AP64 IgM parental antibody detected 30 kDa antigens (lane 4-6) by
using anti-mouse IgM-AP as a secondary antibody. Recombinant ScFv
detected the same 30 kDa antigens (lane 7 and 9) by using anti-
polyhistidine-HRPO as a secondary antibody.

conjugate S o|-510] A Tkl o] A zghel 4] Tl
Q& A ek2ls} ¢ tFig. 6B; lane 5-8).

A Z3FScFv 7} 217F2] ANLL (acute nonlymphocytic leukemia)
A ZZFQI HL602] FHEHS Eo]& o & ZAdKJohnson and
Shin, 1983)3H=A]& Yo} 7] 9J5to] ¢17+2] ANLL A ZS]
HL60© 2 €| non-ionic detergent?] 1% NP-40-2 A}-8-3k
high salt lysis 45-8H-& AHg-oto] 1 Thil A S ==
shqich Z==114 0] TU £ SDS-PAGE= A, o
7FA 271 9] thefRt HL60 2] ﬁﬁ%‘i‘ié‘gﬂ =52
3}olk 4= 9J I tHFig. 7; lane 1-3). 2|0} HL602] ¥ H
chul 2 23] A5 ScFy7} S o] 4 0.2 Agkshe 4ol 9]
XS BA5] $isko] AT ScFvE AXRA R AL§51o]
westernblot-2 AAJSFA AL, T 2AFH-S 3l A1 AP64
IgM-& AA}3}A 2 AF2-51o] westernblot-2 A A|3FIct 12
T} 157 21 Ap64 [gM-2 HL60 9] 3TN 2= k30 kDa =

7]0] Tl A8 5} © &2 AslEle ) E3F KTk 37]7}% o
70S] A 51 5kl © 2 Al tiFig. 7; lane 4-6).
A 23} ScFv o] AT ZARE )3} westernblot ©
HL602] SEHTHH A 2 oF 30 kDa 2] thl A ut Ag}
¢l AP64 IgM A& 2R =17] 9] thalal o
351A] ¢rkth(Fig. 7; lane 7-9). 12|11 3¢ o2
29 77|15 A2 | sl & o, =3 ScFv7t
L3191 AP64 IgMo] S-A|51A] Aglsh= ﬂ%
02 AT AR 2y AZEY ScFveE 2
AT S UER QU o FA A of H] 9]

*é% L}EHH =T Yo =mE A, FAE
ol A A AtE] = A o] e o
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ol

A 3 Q1 T tol| A rd 8= F-¢F misfoldingo] Yold 4=
ek &4, ®3kA| 2l AP64 [gM=1gM isotype & &2 HAuF-S-
of| 2LojA] A|o4d HH Hk-g(humoral immunity) 5 D2}
HH-3{(primary immune response)©]| T+oJh= gA| 0|t} o]
o] 2}H S HF-3-(secondary immune response)of| A =& LERL}
= IgG isotypeR Tt} W Eo]A4S YUEYH pentameric
structure & ZH=c. w2k 4] [gM-& 3lof ol A & Agtel
< 7FA A9t pentameric structure 2 218} =2 avidity ©f] 2] 3}
FAAE S FAg) gl Aj2§ ScFvE= monomeric
structure & 7| B2 W2 Ak d WO avidity & LJEFL o]
w0l v} e FAATES eh Ao 22w,
whebA] QET ScFve] W AR 271717 SlshA e
A7, CDRoJ| 29| EAHO|A[A EAHO] library & A%
3}l phage display (Winter et al., 1994) 5-2] ' © 2 A3l&]
o] S7Fe M= ScFv 283 A2 & 4= itk &4, avidity &
7171 ez A 9] o] A 2K dimerization) & &5
FA|et 7] avidity & o] & 4= =], T HHe R =
ScFv g4 ¢] C-terminusof 34| 2] Feofl 2J3} o] 4| 2K Shan
et al., 1999)2} 34| €] Fe o] hinge (3 3) F-27hS =45}
miniantibody e} = o| A3} Sh= HH(Muéller et al., 1998;
Peter Packl et al., 1993), 12|11 219]Z O 2 cysteine Z7 &
Z5Fl= ZRe dEelo| =5 =9 $HGlockshuber et al., 1990;
Brinkmann ef al., 1993) 0.2 o|ZFA|3}E S E=5H= 1Y 59|
UOH ol = B 3/ ATRI o2 AT o] 83tk
A& 7H2) 3 v E-R A s o] 8-k avidity S7HH
2 yeast9] transcriptional activator?l GCN4Z X € {2
leucine zipper motifE =¢]5H= ¥Ho| HilE o] o m(De
Kruif and Logtenberg, 1996), tetrameric structureS Zi=
streptavidin} 2314 7] W Z0pH 0 2 IgM} ARt L]
tetrameric G- 2] A Z & SHA| AYALE 7155k A o]t Dubel et
al., 1995; Cloutier et al., 2000).

AEA oz 2 Ao A AlzE ol A2t ScFve ¢l
ANLLA|| 220 A =25 st A o] ) Hdasd
= UEh 2o AP64 1gM E 347} et = e 2 3H50]
At -s LRt SOl 7L Yl A o' W E gl o
Aol vls WA vebd AEE& S7HA717] fleiA=

[e]

avidity & Z71A) 7] 7|42

X

TAZEGA AP64 IgM2 Q1) F4d Bl Jubd =9k

(ANLL) A| 3252 HL60 ]| A3}sH F2] ANLL A|3zof| &= wa}
A%H(cross-react)$Fc}. T3 complemento]] 2J3] ufj 7] £ 0] X
H Zpeh GA 2 ehdlt 2 Ao A= RT-PCRo| €]
3| AP64 IgM-& H-H|3}= 3lo| B8] =r}2] Vi 2 Vi, cDNAZ
HE S% Q=3 single-chain variable domain fragment
(ScFVv)E A 23T Vi 2 V-2 157) ofu] Al o & 145
linker (G4S); 0.2 AZAE QT A=2E ScFv= Escherichia
coli BMH 71-189]|A] single polypeptide chain .2 2 = 3]
t}. Periplasmic extractS Ni+-NTA-agarose affinity columnoj|
7}sto] W = A 2§} ScFvE A A 5191 2.1 westernblot 0. &2
AAE T ES AT GAlE A2 ScFvi AP64
IgM 237 EAIsH FHela 2 HL6O AEe] kel
(9} 30 kDa)= Q1A|5}3iTh 12U HL60 9] sEra gk of Tt
ScFv o] A2 AP64 IgM B A Kt} Wropa] =5 o]of of
gk 7o) E @ stk FEsto] & wf HL60 Al 2520 S0]%] ¢l
A2 ScFv Xk E= A w2 o2 -850 =14 A

A7EE 4 & Aotk

Ujel 2

E AGTE20139 % At a3 E kA 2] Lof &3]
A = E] Qo ofof ZhAl=g Yt
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