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Bt ASCERMBIIPIN CD24 & Pilk ¢G7 HIFERE I, & SR ¢G7 3R HAT 4 AT AL K2 S0 BRI 7 55 1) 1k
Bk cG7Q. AHFFLK A overlap PCR HiAMG Bk EHE CH B 3E 297 (i RAFBLIZ R A R ER%, WMEaRE
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EHREA cG7Q, HMEHE FIIRESHAMBANT cG7Q 5 A CD24 4> FHIGE &t )1, TR S MR sz
I % R AN AR AT S A EEE R (ADCC) HISE, 45 R ER, LB0EH cG7Q R RHAR T
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Transglutaminase-based antibody-drug conjugation: antibody
site-specific mutation and identification

MA Zhao-xiong'", XU Yao'’, ZHAO Hong?, SUN Fu-mou', ZHANG Xin-rong',
WANG Min'", ZHANG Juan"’

(1. College of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, China;
2. Zhejiang Province Hospital of Traditional Chinese Medicine, Hangzhou 310006, China )

Abstract: Transglutaminase (TG) posttranslational modification of antibody permits more precisely
conjugating. Based on the amino acid sequence of an anti-CD24 antibody (cG7), this article is aimed to
generate a deglycosylated ¢cG7 mutant (cG7Q). Firstly, we introduced additional glutamines at position 297
(N297Q) by site-directed mutagenesis, and then transfected the recombinant plasmids into CHO-s cells via
electroporation method and screened by Dot blot assay. Subsequently, cG7Q was expressed and purified
through Protein A affinity chromatography, further identified by SDS-PAGE electrophoresis and Western blot.
Its affinity was detected with surface plasmon resonance and flow cytometry assay, and ADCC effect was
determined by lactate dehydrogenase (LDH) release. Eventually, a ¢G7 mutant, cG7Q was successfully
expressed with sequence-specific conjugation sites for further study.
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PUkERM . HAT, AL 50 Ft ADC 243N IR R
WRIEH B, Ci@iE FDA AE ) brentuximab vedotin
Al trastuzumab emtansine!* 3 2 3 3ot 3 9 et 7 2 1) 4%
o fHIZIX Rl 7 20 25 (1) ADC 25984711 ™ (1)
FEP R R, SR B A IS AN T s A B
ZIVBEN Z RN, TR —F2E8H) ADC #3A ThR:
(IR N 259030 )12 iR g A v Ak,
FUN 01 2 2R 2 DA R 1) T Bt oAk gk 47 s, M
1ML BT 25 P ) e AR B, W F I8 SR B 7 v
A 51N B 2 e 2 IR 5 dE N AR R AR E SR E AN
AL AT, U E I B AT ARG, WA A F
P R A e R 4 B e R

AP RIR B R # Fo l§ (microbial trans-
glutaminase, MTG) AL LG p-FRILTR S5
0 R B e 8 ) A A1 T i S s A
KU MTG Re iR a Pk B85 295 Rr v LA N %
BRI KRB R, R (DAR) 2] ADC
2. B, FSERESUIA 1gG1 7E 297 fR ] ATk
Jie B KA R S R A AT R, R A BT T 1) 72 (1)
FLEFIE T MTG E#R5A 295 A7 Al ik, Kt
IR 75 B AT B AR 1) B AL R

HANAE s>t Pi st CD24 (cluster of differentiation
24) EN—FhEEREREAEAS T, IRETZ
PRt R, BFEE. S EME. B 4Rk
g 7L s R /N A e %, T A 1E R 2H 2R 48 i
R R H EARREIT, Ay @it 4458 i
ARG T A B FHEBPLN CD24 o fE T
& G7, FFUERAEAE AR Py A A R R [ S )
SR G7 ARIEYUE, B R APURPUER RN . A0F
FUHG RS A S % AT NI A B )Pt CD24
SEREPUR ¢GT HEATE RS, Kk ERE Fo Btk
SPREREALAL AL 297 RLRZBEE (N297) RASEAT &
M e (N297Q), ZHEEAL M EIR 3G 2 ASwr AT
SE S5 BC I A S E e A p, DA O 2 il 75 B BE A
B ABE G RN e SR 4 MRS TIHPUE
cG7Q, AT /G40 CD24 41158 R Bt ADC
29I

MR5 7%
AR A S I A SR R IR A B

A CD24 [ fRIE B 5 BB G7, cG7 A N IR K76 %
B Fe BB GT 1 Fe BOE G Hiik. K
fa#t & DHSa, #4& pMH3. pCApuro, ' [E& 5 50

Y CHO-s AR S RAF. IREVEANVIEE. DNA
EEAENEIE A 55 [ NEB A ®; PCR P2tk . IR bl
J RIS & B B AR T 4HR T AR E - Bio-
Rad A #]; ECL & % H Millipore /A 7; Goat-anti-
human IgG-FITC antibody ¥ H i T; Goat-anti-
human IgG1 (H+L)-HRP antibody 4§ & Pierce A ]; 1 mL
(0.7 emx2.5 cm) %% HiTrap Protein A HP (Sepharose
high performance) EAIZHTH: 4 H GE Healthcare 24
F]; DNA & ORI J PCR 5146 B 4 17 3 2 )
FE RS HoAth B ARG 24 1 B Al

A CD24 B EMAHRLTR cGTQ IRt 5 E
LA CD24 fik & Pifk oG7 B HEN) CH BUWBNR, &
THIR & RASAL 514 (3K 1) primer 1. primer 2
Al primer 3. primer 4, 47 AP 5 #9317 PCR 4™
14, K PCR P2 A AF AR, LA primer 1.
primer 4 54T overlap PCR 3 2| H 5% CH B R
Ak, REVENE 1. BEIKRARERES T Hii4iE
FEREAT I 7 %558, 126 HOOR A% ol ) ) T A B o o 2 B
UKL, SR EEY) . BEEAE A B & HEE VH SR
IE# A& pMH3. pCApuro, #4855 41 )5k HT-pMH3 .

Table 1 Primer oligonucleotide used in the overlap PCR to
construct the cG7Q

Primer Sequence (5'—3")
1 AGTGCTAGCGCCTCCACCAAGGGCCCATCGGTC
2 CGCTGACCACACGGTACGTGCTTTGGTACTGCT
3 AGCAGTACCAAAGCACGTACCGTGTGGTCAGCG
4 TTGCGGCCGCAATCTAGAGCTTACTATTTACCC

Nhe I Not 1

N297

c¢DNA of heavy chain CH

Primer 1 Primer 2
<

Primer 3 Primer 4

L | I
Part 1 of CH

B I
Part 2 of CH
—
Primer 1 Primer 4
\ J
Overlap PCR
Q297

N

Site-specific mutation of CH

Figure 1 Introduction of mutation N297Q by site-directed
mutagenesis using standard overlap PCR techniques (Red/yellow
stripes, mutation)
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HT-pCApuro. 4 5 4H 15 N K7 B DHSa, F K
J 465 5 BH 1 o B

BEFLEAE S CHO-s RMERERESZER
MEUMBEMR KA PUAESEHE MR HT-pMH3. HT-
pCApuro FIPUikiz4E ki L-pMH3. L-pCApuro H
F AL AL R EE Y CHO-s 4. T 0.4 cm (1 HL T A,
160 V i 15 ms, ¥ /ER4EHME]E 10 mL 5
FREMP LA, 37 CHEFRA AR IR . At U EE, 0
NZJFEWE N 900 pgmL ' FIHEEZE (G418) *f
SHARAEAT IR, SRR, PR T 96, 24 4L
B 9R, BURER LG 4 ul S TESRR AT 4E R L, Dot
blot K HL A I FRIA &, 7o e = B o B 20 Ak,
FEHEAT 50 PR o B 2 PRPR 077 02

MR ETERIEZY cG1Q WAEE R =¥ T
e 41 bk 1 5 B R B 75 F 5000 rmin 'y 4 CE
4 30 min, 0.22 pm JEFEHIE. S GE A 7] Hi-Trap
Protein A F:3E8H 45, L 0.5 mL-min ' fI7#E FAE, T
FH 10 A A AR 147 92 0 25 B AR AR S PR R B 5
PeliyBse b, W BRI 1 mol-L™" Tris ¥ ¥ Al
e Aifh J5 it 8 (AT I8 JE AEEIR J5 SDS-PAGE BER
H vk % 5E, JFH HRP FRic2EHN 1gG (H+L) #3E47
Western blot £ .

FEZEFHIFEE (SPR) 81 cGTQmAD HIZE
A KA SPR, MBEEIERE P cG7Q B ¢G7
T CMS5 O F o BRI CD24-GST i JR LA g iiiE
HBERE, LBBTES i BRI PUA S5FE & P i) CD24-GST
i, WEMPBAE (RU) 12840 B it EHiiAF] CD24-
GST HE &4 1:2 MIkpIgs G, Fbikse sy
BEAT L& . Biacore X100 H A A, /0 Hr 4 &8 5
K, RN B Ky, VAP AR 555 8 K (Ko/K) -

RAMAEF AR cG7TQmAb KPR ES
FJHAHI 4 CD24 FHYE T 40 Huh-7 BEL-7402
H1 CD24 B 125 B e 40 il HCT-116 40 BBk, X
B S AH L B R R A A o T R TS A 3 A
SZESZH FH 200 nmol- L' [ ¢G7Q BY ¢G7 1E 4 C %M T
WEE 1h, F& 2% a4 1% B9 PBS i B, T 1500
rmin ' FE MMRIEE O 5 min, FFVE, EERE 2
K, IAA$Z 111000 % 1) goat-anti-human IgG-FITC
antibody, YUK 1 h, YeiklA L, &5 H 500 puL PBS
WRE S, RN, &E A ES .

ME KRBT SHEBRSME (ADCC) &l
FEHCN AP I s AAZ 40 . PBMCs A %05 41 e,
CD24 15 35 T 40 i BEL-7402 5% Huh-7 {F N#E4H

i, KN gn R ARG T 37 CHE 4 ho R4
CytoTox 96 A JEUH 14 44t A 75 P A W 3K 751 5 1 B 13,
HU 50 uL SR b, oS 20 A 2 A e T 1 LR ot
ZB (LDH) f&=. SLIeA PN cG7Q B ¢GT7; 5 Xt
M4y SN 20 E % LDH B, #1405 & LDH
PRI SEAN A K LDH B, SR A AR I X6 R
T K5 7R A St R T B 2 00N AN L 4 L £
(BELL) WA E e A WEE (%) =
(S50 2H — 350N 20 B % 4 — A0 P R 2R )/ CHE 400 i
KLH-HEZ0 L B & 41)x100.

z5
1 GIQEHIEEXERECHESRZEN HT-pMH3.
HT-pCApuro EH RN HIDEMEE

¢G7 HEHE CH R PE i R R &K (B, #% CH
FE R B 2 BRI S5 2 B PCR 7=%) & overlap PCR FE¥ 4
1% B B WE EE I FEL vk R I (] 2), lane 1+ lane 2 A CH
BEDRIHIT - BORI S 2 BO™ W), 43 AILE 571 bp. 481 bp
PHR% (A K); 3 overlap PCR AP 4%
i RK/NA 1023 bp (B Bl). ¥ overlap PCR P24
B T #AREATI %, @ XEEY] (Not 1 \Nhe 1)
4R D () FLFE CH 2R R 73 70 8 ¥ 2 2 5 ¢GT
PR JE 4G HBFE M pMH3. pCApuro %44, XU 3 A
PEEERS B PRSI (B 2), lane 1 43324 pMH3 . pCApuro
WAREFY) (C.D ), lane 2 Ay 2848 55 HL K 1Y

Figure 2 Construction of the HT-pMH3, HT-pCApuro plasmid.
A: Amplification of the two parts of the antibody CH-chain by
PCR; Lane 1: Part 1 of the CH (571 bp); Lane 2: Part 2 of the CH
(481 bp). B: Combination of the two parts by overlap PCR;
Lane 1: Overlap PCR product (1 023 bp). C, D: Double diges-
tion of the plasmids and the overlap PCR product in T plasmid;
Lane 1: pCApuro and pMH3 plasmid; Lane 2: overlap PCR
product in T plasmid. M: Marker
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T #ARXEGY) (C F)o H4 12 b 1) = 4 b 2 ik HT-
pMH3. HT-pCApuro, ¥ KW#F & DHS5a, HEHLH
T W B8 IE
2 Dot blot BEIEFRE S/~ 8 5 BELHEHR K SDS-PAGE
Hk« Western blot % & 44k =4

T H 2 LR E A R B MR R Y CHO-s,
2 G418 ik Ja BENLBEE 96 D IafET 96 FLAH, W)
B _EIE#ET Dot blot kil (& 3); ik 24 M RILEE
i e T 24 LB RS 9% - Dot blot A iz H e ik
AR A T, 430 T 4 iR G R L A T B
3%, HEATHE T HER % . Dot blot K& %5 — %5 9% 1% 96 FL
WHBERAREE (A) KB RG24 LB H
M ERIE R (B). R Ifik 1 e 7 50 o B 20 ek
Bk, W& KEE LIS HiTrap Protein A 4> 24l
HAEIHMEN G7Q (K 4), JEEJFEAE R &M T
K H 8 T EAREE . cG7Q M ¢GT7 fEARIE 5
ZAE AT R 3 AE 150 kDa &L 7 (A), IR
ZAF FRIE] cG7Q+ ¢G7 1E 50 kDa Kb HEEEF 25
kDa Ab[#5E (B); 4ifb/51 cG7Q TEIRE & 1F T
Western blot %7€, ¥ goat-anti-human IgG1 (H+L)-
HRP antibody ], lane 1. lane 2 %f 5 ¢cG7Q F ¢G7
(C), H— LU cG7Q FiL L. 45 LFTIR, &R
BEH cGTQ PRIFRHA BT 451 L B RIS
SEUF, AiibiE Bkl

A 1 2 3 45 67 8 910 11 12
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Figure 3 Selection of the stably transfected clones. A, B:
Semi-quantitative determination of the target protein by Dot blot.
The high-yield clones in 96-well plate (A) was selected to a
24-well plate (B) and three preferable clones B1, C3, A4 in
24-well plate was selected, P1, P2, P3 represents the standard
substance and the concentrations are 50, 25, 12.5 pg-mL'
respectively

Figure 4 Purification and identification of ¢cG7Q. A: SDS-
PAGE analysis of the purified cG7Q and ¢G7 under non-reducing
conditions; Lane 1: ¢cG7Q (150 kDa); Lane 2: ¢cG7 (150 kDa).
B: SDS-PAGE analysis of the purified ¢cG7Q under reducing
conditions; Lane 1, Lane 2: ¢cG7Q, c¢G7, the heavy chain (50
kDa), the light chain (25 kDa). C: Western blot analysis of the
purified cG7Q; Lane 1: ¢cG7Q; Lane 2: ¢G7

3 SPRIZE ¢G7Q FMOERAXMMAIIE cG7Q
5 CD24 BBk S S

7t Biacore-X100 sEF 1o #F & kA7 55 R )
T, AT BARRISER ) E L (B 5A), oG7Q KM
W Kp (M): 8.62E-10; Kon (1/Ms): 8.38E+05; Koff
(1/s): 7.23E-04; XTLCBHARYT cGT SEMTHE Kp
(M): 1.91E-10; Kon (1/Ms): 1.76E+06; Koff (1/s):
3.36E-4 (4R AKER), WTUEHXT CD24 HilH,
cG7Q MU ML I BEE T P B ARk
Mk S5aERm CD24 PR A0 (B 5B),
cG7Q Ml ¢cG7 X CD24 [ A4 B bk HCT-116 545
& 1M cG7Q Al ¢G7 XF CD24 FH 41 itk BEL-7402
BS54 2 90 5N 86.3%+86.0%; X CD24 [ 14 £ il
Huh-7 454353518 93.0%- 92.8%. HILAT K cG7Q
FcG7 X CD24 KL BHMEAI MUtk A 456 Ha AR )
Y. g5 BATE, SU&EEH cGT7Q MRFEEABIA GT7
SRR SRR R R m S SR .
4 MERBHARNSHEMSEME (ADCC) i
“#R

ADCC 2363k PBMCs {E NS 40/, BEL-
7402 F Huh-7 {EA%E4H M, 725 EE 7 /2 100 @ 1 B
BREEAIRE, WE 6 MY EIKRE (001,
0.1. 1. 10, 100 A1 1000 pg-mL "), ¥EFEiAFI4H g2
fifk 27 & 10 250 o B UK R O R R 45 2 B IR
BI 100 pg-mL™" (665 nmol-L™"). # RN 4H s PBMCs
43 95 ¥R 4N i BEL-7402 5% Huh-7 JL05 &, K600 40
B (Bl 6). WEMAEILERE S 1 1. 301 /1100 : 1,
W BT M RAEYUR cG7Q FBHA YT cGT7 S, [
B E 2 A R (HOK PBMCs 4H g f1 BEL-7402
50 Huh-7 3L E, AINZy). &5 T W, BE 5 205 41
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BEL-7402 cG7Q e— Huh-7 cG7Q HCT-116 ¢G7Q
BEL-7402 ¢cG7 rm— Huh-7 ¢G7 HCT-116 ¢G7
BEL-7402 control — Huh-7 control HCT-116 control

Figure 5 Affinity and binding capacity analysis.

A: Affinity of ¢cG7Q binding to human CD24 antigen measured by SPR, experimental

results for the real-time binding of CD24 to immobilized cG7Q showed that the association rate increased with increasing concentration

of the CD24 antigen.

B: ¢G7Q and c¢G7 demonstrated relatively high binding signals with Huh-7, BEL-7402, but not with the CD24-

negtive HCT-116 cells, and the binding rate of cG7Q and c¢G7 is almost the same
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Figure 6 Antibody-dependent cell-mediated cytotoxicity. A,
B: Cytotoxicity assay to assess the PBMCs dependent killing of
BEL-7402 or Huh-7 cells in the presence of cG7Q or cG7. The
control group is the co-cultured cells absence of the antibody.
The increase of cell lysis was weaken slightly upon treatment
with ¢cG7Q compared to cG7 because of deglycosylated of the
¢G7Q heavy chain

B A0, PBMCs % BEL-7402 1 Huh-7 48 2 () 5%
P AR K (6A, B), 7ERHE LR 100 : 1
i, ¢cG7Q 1 ¢G7 Xf BEL-7402 HI4H M ZLH8 25 5 N
40.0%-. 45.6%; cG7Q Al ¢G7 X+ Huh-7 40 i 2L %
53N 43.6%- 57.4% . TEAR R FCGELL S LT, ¢cG7Q
AN PR 2R R IR T cGT 4, RWIXT cG7 {7 Bl 3
AL A X HLAR I ADCC N — i, 5
cG7Q 15REAE PBMCs H A 44 0] #E 40 B K %A% 77 -

g
JFFIEE A — i LA R, 4R 50% A
P9 AR 0 R U, R R 1 R 1 R A B

ADC Z5¥H BB B 5. ADC 2590 HI4K BB )
P, K2R 05 158 K/ > T 25 AR 4R Y, &
FHIRE AWM LA F TR G0 IR 1 %
ADC ZWIIR AN 20, A SRR B VE AT 1
Bk, 12T R BN BUE B, PR A T
i € B PR IR R R 7 41, e L X I A B
Sk, AR 52 10 2 R ik 2 DA T S B0 6 1) R s
fHIBE. P FF I H =R A R R IR, 7 AE PR L BI
— AN TR AR B R A, AR PR B ST
] REAFAE G BE VR, T A P A I M P A g 4 S
BLE mBER, R RARGUA LI — XL Yk
VR A BB B (MTG) 2 —Fh Bttt 5 13 (1,
EXNRABNE (Glu) 5RHE A Mg Bk, T
MTG iz R (I E A, B R BLR AR R M
H a5t eh o Ae Y, R AT LA BT — A A
BRIk, Wk A i S Pk b 2 A
SMEIE SN, TSI S 2R E BB . fE )5
SRS, BT R RS R - TR 1 Ak
ek, —um v, i v R R RO 1 4
7 MMAE. XM = [kt Sk REA i i 1A b 1) 2 1 i
fi}, ff ADC Zi¥n{e 3Ll R TR A&/ 1, 1R
e I PIAE LB A v F R e, /> M R 2 2,
%T G7 X CD24 i RAA i B AT RIFAOHE A
P, ASCAEH A HUIAR cGT HYFER I, 78 RBUE G 1
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HHE CH B, 138 cG7Q. PR B X A4, K%
TIEHR L s B, cG7Q fRFFRHA BT cGT Xf
PURBISE G R0, AT TR — D HE A8 ) CD24 Mt
ZGYREY), P e &R Fe v BLS HAthdn
PTT AR X HFE, ) 2 L 1) F A e 8 3R T A e 1
SUABEL ADC 2590, HUiRI) ADCC BB AKIR TR Fe
B SN AIEI Foy ARG & MREEH, Xk
cG7 2 297 SIARSFHEFALAL S IEAE, (FHIR Fe Bom
b7 AR AL R, SREREE R KB cGT7Q 1 ADCC
RS AL T 2R A PR ADCC 2N, 32 JE A FTFE A%
Lhospice % #f 7t V&7, 297 47 2 08 &AL 10 Hi ik
cAC10Q ) Fec Bt 5 FeyR R4 & 717855, /b T ADC
W BEIT 6T FeyR BHPE IE# 4 34, A oA 28
IR, cAC10Q FEFFAIE I i E A ik, 58
75 #) brentuximab vedotin #HEL, EEIRE T /AR
AT 52, DR, A 58 U R A fAof B L T 3 AR
Bk rm et S HRIER .

KB INFIEHEAF 4 DB BAL S 1)
cG7Q, Ji& £k n] il i 7 S Mk e RS W T e R B
Al BB R L B BR BT R AR 295 AL 2
Ji UL T SR (1) 297 ALy Bk A o5, il AR B e 3
— ¥ N CD24 ) ADC 2%, N CD24 =RIEAT
e PR ALV LE PR IT R AT %o
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