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Improving the Cross-Reactivity of an Antibody Using Site-Directed Mutagenesis

Yu MUTO
Takao MATSUBA

Isolation of monoclonal antibodies with high affinity and specificity is difficult. Therefore, we have established a
technology to obtain high performance rabbit monoclonal antibodies. With this technology, we can acquire highly
functional antibodies, but the selection from numerous candidate antibodies is laborious and time-consuming. In the
present study, we have devised a novel method to isolate high performance monoclonal antibodies by introducing
amino acid mutation to an antibody that has high affinity but does not have sufficient specificity for diagnostic use.
We performed alanine-scanning on CDR3 of an immunoglobulin heavy chain to determine the amino acids that were
not involved in antigen recognition. After introducing the mutation to the amino acids that did not relate to binding,
cross-reactivity of the antibody was improved without decreasing its affinity. By using this technique, specificity of
the monoclonal anti-triiodothyronine antibody (UT2AY-5), which has cross-reactivity to metabolites of diclofenac (a
non-steroidal anti-inflammatory drug), was improved. Thus, this technique is expected to be useful for making high

performance monoclonal antibodies in a short period of time.

1. #&

T/ 70— FOLPURISEER BRI SR L0 20D Al
PICHATHZEn56, ELISA, v 24070y b
B EDFRMAIEL LT TR AL, - BCZ
PR 7e E ORISR, SERZ WO PR & LTS
FHEA TS, ZhEDORETHET 2 HiRIZRR
EVBNIE & RREE P EOR E N B 28, TN b & kA
AT-PURZHEET 2013 HEL <. FHIRSD FHUR 2 &
ORIV CRERR T B A O B IR IC T H 5,
ZHES TP TR, Pk AR5 ZEDT
Z2OEAMNREND Z &, X5 ICHPOMEE & O
BN L AFHET S Z ISR %,

KL IhETls, BEREMRORSh e LTy
P X E o0 — FORAIEE Y AR L K51
PUT IS U TR & A TRIG T2 2 ik %
HEEL 720 U U, Rk LOBAIPE O TT 28 Eo ik

il

* 1 SAFYA T ZRER RS Pl G

LR B ORS8RI 2 B H B D |
ZOTRIZZ L DI L NIHBETH 572, £ 2T,
BAE S B2 RE RO SGE BB E S PURNT I
BREEAT S LT, WAL SRR 2 A
AT=HURICSZE T 2 MET 2175 72,

Putk o Pt R Ek 6 2. B A ME D oE EH K
(complementarity determining region : CDR) & FE3E
o, YR & BEEEMT 25 ~ 10 RERED T 3/
BREIC K DkEE NS, ZTOCDRDOT I /RIS
BHAEBAT S Z L THIEROBEEZ WZE T 2RI,
Tr—=YF 4 ZATLA LY LS FEEHOWTUALAT
bhTnd, 77 =Y 74 A7 A4 Tid, CDRNZ
VA LEREEA LM Fab Wi A7 7 — Y RIck
INEH, NV IS KD HWbYitkO 22 ) —= v 5
195, L L, R=vrEefnizas) —=vr
TRINERDREDOHELMETE S, 7477 —rh
2R IS U 2FAE U 7 O B RED TR D HiEE (3 PR 12
ARAUHETH 57z, ZD78, KR A& %R



4 TOSOH Research & Technology Review Vol.56 (2012)

7= PR RESZE A A L & X h Tz,

Gk 413, PUAROPFERA ISR EFGARE VL
Wwhih s COR3 fEIRICEH L. RfiAa 7 I /B4R
FEAT DI LT, PUROBAMEA KIS ¢371C, F
FANEZ OGRS DA OREEICHR DI L 7=, ZDF@wX T
F. vra T F o RN L O e R Y
PT3HUAMGI LY 3 — F4 4 o=V §ifk: UT2AY-5)
DA RIMEDICIICB L CHRET 5.

2. & B

1] |MT3VYXE/ yO—FILintkD Bs

BB AR TIMT3 w4 £/ 70— Fudifkiz,
BSA — T3 #®ELZYHF (HRAGH) » 5 M
AR U, ETISHE o TR & FRE L 228, o0
FE 20— FILHRAIBGA Y & O THEEL 72,

(2] ZREARGBORRER V) —-=2T
(1) MEFBEFADEREA
PUARBE(Z FADOZERE AL, ZRES|ZEAL 72
PCR 77 4 ¥ — Z4E#L L, KOD - Plus - Mutagenesis
Kit (RFERRR A2t ) 2 W TiT- 72,
(2) ZRBAREOREIE (COS #faIc & 2 —&MHHR)
COSHiiffaT, ZREZRA L 72815 -/l A 2 Pk
DEFEEIT-7=4, 96 2 LT L — b L CREBOME
WIZH % COSMiffaic, ZREZZAL -HEHRBHNY
£ — (8ng) & L#FEHE~Nr % — (16ng) #. VK7 =
87 3IV200 (74772 709 —4#) &Hn
TEALZ, BaHEARORIE, Opti-MEM (F
477070y —t#l) 2Lz, BEFEA»S
3 HIRICK#E LW &I L, FEBBUAR % GH6 L 72,
(3) ELISA
K BETh oY T3 PikiZ Figo kot L7z,
a Rabbit-1gG (0.5 4 g/ml) % ELISA 7L — I IC
FElEL L7721, 1% AFL I TTayF VLT,
ZOH, TILHYV T+ AT 74—+ (ALP) K& T3
TEE P T, Bz TEA%O MR 7% 4 ELISA 7
L— b BT 1RRNIG X 272, RGO ALP 5 T3
% B/F itk BERIE THSH4-AF LT VR T x
VLY Vg (4-MUP) %7477 L. SO 2 HlE 3
52 THRINL 72,

(3] ZRE AR DHER

PUAEIE O KR S]1% . ABI PRISM 310 Genetic
Analyzer (7 754 R34 F ¥ 27 & X4EHL) &
T L 7=,

[4] AIA B _ETOHEFMEO ST

A EOWERE | PrAOBAERENEE, T
LIS B/BODMEAVNX K 50, AR 2 DR
T, D% B/B0DfliAHIES 5 Z & THADHB
AT IS 5 28 TE S, 22T, 73
JERERABALZPITI v £E /) 7 a—F ik
OBAMEOHXFHEIE, ZEBT Y FA AL LTy
YA HE AIA 60011 (Y —HRA2tEH) #HWTT
LD HETIT 572, FTERPUAZ M L 72 AIA600IL
HOREE (LUF AIAGR3E & &%) 2fEH L, T3 %8
E AWM (call) &REANEE (35 pg/mL) O T3 %
Gy (cal6) 2 WE L7z, 2 D% B/B0 Dfiti% | (cal6
/call) X 100 DEFHEATHM L7z, FohzfElsz
HRAFTOHIAD B/B0 & & Fatlom§ 315 T ok
L7,

_ (100-B/ BO) z3m

BAME (%)= 100-B/ BoYwew

X100

[5] AIA %&E& ETOXXRCHEOFTE

Va7 xF 2PN 58 USRI 1
TFREDFETIT 5 - 720 F 35l L 720 Pk T ATA K
WAERIL, Yru7 v RARTE & O 2 B
%o byEAHIE L7z, AIAG00IL T 6 1 % HOksk
JEOME (IRAHT : rate 0, fRA#% :rate 1) DA E D
ZALEEE TROXTHKRT 5 Z & TiT» 72,

(1-ratel/ rate0) zsm
X W (94) =
EXRREF (%) (1-ratel/ rate0) gy

X100

(6] ZEREEARFDHRAMEAITE

BlAcore T-100 (GE ~JL 2 7 7 41 8) % H W\ T,
HHEMAFIBROT ST/ 70— F itk (UT2AY-
5, UT2AY -5mu2) OAMEZ FaCiom§ 758 THlE
Lo T3 7 IV oy TV VBT, v —Fy
7" (CMb5) LicllEfb L, 7 v =Y 7%k - HBS
-EP, RJISWMIE 1 25°C, P 30 4 L/ min, #5A I
] 1 min, fREERER] 10 min O THURDHEA & 7
MEAMIE L7z, 80607 — 2%, @Y 7 b
(BIAcore T100 Evaluation Software, version. 1.1.1) %
Fiv>, bivalent € 7L T#T L. ka (M's™) kd (s™).
KD (M) DOfEzHFHH L 7,

3. BREBLUEE

[1] TEEAF DR T3 HiFD14EE
Y EE 20— FIOUPRAIEL R A B CBgREO
MT3E /7 a—FhilkzuiL 72, HEEik%H



o — g% - Bl

WTCAIAGREZER L, B R L 4R 2 =1
IR, HEEL 724tk T, UT2AY-5 134% & B
HEDOENRTH 22, Yvrua7 =+ 2@ L
TR E R LTz, Gl 2Ok %z R
BZEDOMEE UTGEIRL 72,

100

NEA\N
N
20 N

1 10 100
T3 conc. [pg/mL]

B/B0 [%]

Calibration curves of T3 measured with the AIA reagent using
@ ; UT2AY-5, O ; UT2AY-4, B ; UT1D-5, []; UT6AY-10 are
shown. B0 means the value of the calibrator without T3 and B
means the value of the calibrator containing T3.

Fig. 1 Comparison of calibration curve of the AIA reagents
using isolated antibodies
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Table 1 CDR-H3 sequences of anti-T3 antibodies

. amino acid sequense number
Antibody 6 7 8 9 10 1 12
UT2AY-4 |Arg Ala Ser Arg Ala Tyr Ile Gly Phe — Asn Leu
UT2AY-5 — — — Arg Asn Phe Leu Asp Val Arg Asn Leu
5-X
8-X X
10-X X
10G Gly
4A10G Ala Gly
6A10G Ala Gly
7A10G Ala Gly
9A10G Ala Gly
10G11A Gly Ala
10G12A Gly Ala
9X10G X Gly
UT2AY-5mu2 Trp Gly

-(dash) : delated position. (blank) : blank position represents a same amino acid to
UT2AY-5. X : X represents rardom mutated position.
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The amino acid of the x-axis represents the residue of X position in the CDR3 of heavy chain.

Fig. 2 Comparison of affinity of wild-type and single mutation antibodies
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Fig. 3 Comparison of cross-reactivity of wild-type and single mutation antibodies (10-X)
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Fig. 4 Comparison of affinity of wild-type and alanine mutation antibodies
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Fig.5 Comparison of affinity of wild-type and double mutation antibodies (9X10G)
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Fig. 6 Comparison of cross-reactivity of wild-type and mutation antibodies (10G, 9X10G)
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(A) Solid line shows the calibration curve of wild-type antibody. Broken line shows the calibration curve of double mutation antibody.

(B) M : sera of non-taken Diclofenac

Fig. 7

: sera of taken Diclofenac

(A) Standard curve for the T3 immunoenzymetric assay on AIA-system

(B) T3 concentrations in the sera of patients
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Fig.8 Concentration series for capture of UT2AY-5 to immobilized T3
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