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Panowski, et al, mAbs 6:1, 34—-45; 2014

ZHITHIEFE
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Kei Yamana and Yuji Ito,
ChemBioChem, 20, 2729-2737 (2019)

Table 1. Site-specific conjugation technologies.

Engineering required Site-specific conjugation to native antibody (nonengineering)

L\ Y
——
i Conjugation
through lysine
g residues
Fe}
<gof
=
o
°\=40>
201
P 01" 2 3 4 5 6 7 8
Number of Drugs/Antibody
toor Conjugation through
reduced inter-chain
son disulfide bonds
2
Leof
I
ke
40
20t
0 01 2 3 45 6 7 8
Number of Drugs/Antibody
w0 Conjugation
through engineered
o cysteine residues
o
Leo|
-]
ke
240t
20
0

01 2 3 4 5 6 7 8
Number of Drugs/Antibody

Enzymatic Chemical”!
) ysteine engineering (THIONAB) vecer?t residue~se|ecFive ‘ afﬁnit.y-pept‘\de-med‘\ated Ia?eling .
P ‘ labeling for generating peptide traced labeling peptide traceless labeling
B) unnatural amino acid incorporation ) .
. N homogeneous ADCs K) photoaffinity labeling M) metallopeptide

O selenogysteine G gycan remodeling 1) sulfonyl acrylate disulfide rebridging L) activated ester N) activated ester and

D) FGE® method (SMARTag) H TG )

B Qtag with T6° rea.gems. . cleavable linker

F) glycoengineering and the use of TG*! }linchpin-directed

modification

antibody A) cysteine substitution none none none none none
engineering  B) amber stop codon substitution
required () addition of Sec insertion sequence

D) addition of aldehyde tag

£) addition of glutamine tag

F) none for glycoengineering or for

preexisting glutamine tag (GIn295)
enzymes required for FGE® (D) or TG (E, F) required none none none none
required for
conjugation
conjugation  any location in A)-D) and F); limited in E) ~ glycan (G), GIn297 (H) 1 hinge disulfide depends on peptide depends on peptide
site location
conjugation  cysteine (A), unnatural amino acid (8, D),  glycan (G) or glutamine (H)  lysine (1) or histidine (J) interchain disulfide methionine (K) or asparagine (M)
residues selenocysteine (C), glutamine (€, F) lysine (L) or lysine (N)
DAR 2,4, or more 2 2()ord () 4or8 methionine: 2 (K) asparagine: 1 (M)

lysine: from 1t0 2 (L) lysine: 2 (N)

antibody any lgG isotype any 1gG isotype only demonstrated with ~ any IgG isotype any lgG isotype (only any lgG isotype
variation trastuzumab demonstrated with gG1)
risk of immu- low (high for adding tag sequence) low low low high low
nogenicity
institutions  Genentech (A); Medimmune; Seattle University of Georgia (G);  University of Cambridge ~ PolyTherics (ThioBridge); KST® (K); University of Pennsylvania ~ Rice University (M);
exploring Genetics (A); Allozyne; Ambrx (B); Syniffix (G) (GlycoConnect);  (); ISER® Bhopal () University College London ~ (K); KTHY (K); Ajou University (K);  Ajinomoto (N)
methods®  Sutro (B); National Cancer ETH Ziirich (H) Rice University (L); Genentech (K);  (AJICAP™)

Institute (C); Glycos (F);
Pfizer (E); Catalent (D)

Kagoshima University (L) (CCAP)

[a] Recent chemical approaches are focused on herein. [b] FGE: formylglycine-generating enzyme. (] TG: transglutaminase. [d] Based on publication in peer-reviewed journals. [e] Indian Institute of Science Edu-
cation and Research. [fl Korea University of Science and Technology. [al Kungliga Tekniska Hogskolan.
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2 ) Fc-Lys248\MD=&ERIEET (ZE8MMiE - 2V —7E)
3) NIRESEEZ#ER (FabmBis(C=2E78 L)

4) FcRn. FcyRiGEEEZ R (PKIRTF. Fct¥gez{&+F)
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6) Click chemistry ED&EFFM (ALt & DHEE)
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[34GC CH3CO-FNMQCQRRFYEALHDPNLNEEQRNAKIKS IRDDC-NH2
CCAP— « Z34C - DSG-FNMQCQRRFYEALHDPNLNEEQRNAR IRSIRDDG-NH2
tCAP— @ /Z34C: Cargo—MeNbz-Gaba-NMQCQRRFYEALHDPNLNEEQRNAR IRSIRDDC—NH2

AzideKGG-PMD(NO,)-aZ34C

Ns PMD(NO,)

OZN\©\ \ ’ 3 3
’_\ _[L/ HN— o \ ’ o
G e | S i,
'/'/'— ° OH k

S S
(o) 01 %
S$—S
oG
N3
7~
t K
~ Ac—N H/\lr
< .. . o 0 s—s Traceless site selective modification
Self-activation under mild
455 alkaline conditions via 07N

~ intramolecular cyclization - -

*Kawakami H. et al.
Chemistry —A European Journal, 2026; 32:¢03144
https://doi.org/10.1002/chem.202503144
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DA

IgG (15.6 ¢ M) + 5 {E B DtCAPEE3E
(%&pH) > E2 T2 —>LC-MS

HHHPLC: tCAPS 2K - 1gG

— N\ . " —
/4
Intact IgG
N3
o W\~
Monovalent Ac.NE"“JLN'\WH—Lysm
H o H o
N3
N3
Divalent E.“ o . T o C
Ac-” X JLH’\gN—Lysus|_y5248_N.g/‘H”\,NB(\H-Ac

.. [Counts]

L

Counts Counts Counts

Counts

LC-MSIZ &5 K it B Hk

Intact IgG o
aes 14805600000 -148219.00000 S
-148379.00000
147910.00000
o 1ASHI300000 ) -148542.00000 151061.00000
14665 1475  148e5 1495 1.5€5 1.5e5
5es pH 5-5 14805500000\ ~148218.00000 595e5
~148379,00000
147908.00000 | |
1 146769.00000 \ I i 1 148541.00000 150947.00000
Tabes 1A7es | 14BeS | 140e5 | 18e5 1.57e5
pH 1.0 337e5
148371.00000- |~148529.00000
2.5e5 Ml 14868900000
145757.00000 \JU 43342 00000
0 -lese=s s T T T—— pp— T
1.46€5 14785 " 1.48e5 " 1.49e5 1.5€5 1.51e5
3.57e5
pH 8.0 14852800000—\ [148684.00000 ¢
2.5e5 148368.000007 ‘ || |I 1‘48841 .00000
— | | ["148999.00000
L J4596600000 14322[)0[:%:-01:}n fl I .|| Wy '. i 151331.00000
Tabes | Adves | 14Bes | 1.49e5 1.5¢5 1.51e5
H 8 9 2.98e5
25e5| PO 148679.00000- r‘ -14£639.00000
~149000.00000
; 14611500000 148529,00000 ol | J )| 14916400000
14665 14785 = 14865 1.49e5 1.5€5 1.57e5

Mass [Da]
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DEFEICKY  ZERBTEY T 1 A ANDERDE

l9G-(N,), + VHH (nanobody)

148845.0000
183147.0
D\ / 2e51 182985.0000
+ t-CAP reagent (3 fold excess) - 4556700880 15000
g — 182319.0000
g 1.5e5- \
O
- 10000 182173.0000
*R.T.,, 3hat pH 8.5-8.9 £'100000 s
*Dyalysis or S. E. Chromato. .§ 149166.0000 s 1667550000 1735208000
N in pH 4.0 buffer = 500001 1493”0000 1591110000
3 ( 3 galsTesz0m \ ' . ; :
14e5 1.5¢5 1.6e5 1.7e5 1.8e5
1. 5e5 1. 6e5 1: 7e5 1. 8e5
.\ / Mass [Da] _

H O O H -
) N H_ H N_ -
AN N BN LS LysausNyr i ./ \.

+ DBCO-Payloads (4-5 folds excess) + MMAE + IR-800 Dye

*R.T., 2 - 4hatpH7.0 1521640000 Josgy | STEONO (
-Dyalysis or S. E. Chromato. T 3 10000,
in pH 7.0 buffer 1.5¢51 2051 170054.0000
Payload Payload . 152325.0000 151524.0000
1.5e5
1000004 5000 169556.0000
H O N O H 1000001 155799.0000 1 60402.0000-f  178982.000¢
N H H AN i 50000 152489.0000 151688.0000 Al A ;
. — - - 50000 - . 0
AcN o ﬂ,\gN Lys24g Lyszss N'g/\ﬁ ‘g/\ﬂ Ac 1541350000 lﬁiﬂ;ﬁﬁﬂﬂz LSeS 16e5 17e5 18eS
M . ' 0 el - : Mass [Dal
1.5e5 1.6e5 1.7e5 1.8e5 1.5¢5 1.6e5 1.7¢5 1.8e5

Mass [Dal Mass [Dal
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RT =27 min RT =20 min
Tmab Tmab
RT =2 min

RT = 39 min

£ RT = 30 min g RT = 21 min
g Tmab-N3 (divalent) 3 Tmab-N3 (divalent)
£ £
w RT =28 min w RT =28 min
(=]
2 Tmab-veMMAE g Tmab-veMMAE
S .
w w
:_’ RT =26 min :’
2 g
e £

RT =27 min

Tmab-PMO Tmab-PMO
RT =24 min RT = 25 min

Tmab-VHH Tmab-VHH

20 30 40
Retention time (min)

«FnRn-EE L BT L(P version) 75T **FeyRIIIa-E €4 I:JJ7.L\(TSngl FcR-IITA-
NPR) [&. BEV—(R&LYEE).
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% {fi(DAR=6.0) ADC ) {E&!,

tCAP(tri-N3)

N; N3 g
3

(DAR=6.0)

ItCAPE 2

Item name: 20250826 Tmab Channel name: 1: Average Time 2.2418 min : TOF M5 (400-7000) 70V ESI+ : MaxEnt1 ...
Item description:

00000 1.69e5
1525 148060, .
Native Trastuzumab
= 148378,00000
T i/
3 100000
=
=
£ 50000 148543.00000
I
4012900000 14545600000 15112600000 15397,00000 156601.00000
. R YN g . A At At
D_&’ T T T T T T T 1
1.4e5 1.425e5 145¢5 1475 1.5e5 1.525e5 1555 1.575e5 1.6e5
Item name: 20250827 Tmab-(tri ng {e?ion after.! Channel name: 1: Average Time 22501 min : TOF M5 (4...
Item description: gdi}f
=1694 Da 12,00000 1.74e5
1.5e5- 149749.0 )
_ 15007300000 Trastuzumab-(tri-N),
t .
=1
3 100000 (divalent)
=
2
£ sgo00-] 150238.00000
- ! 150761,00000
141584.00000 4 14191.00000 147071.00000 u ! 152797.00000 158404.00000
0-kesaamitlliy | e _f“kln._ AN i _.~I’~x . TA\«LW»L\.-\.-»MI
1.4e5 1,425e5 1.45e5 1.475e5 1, 1,525€5 1,55e5 1,575e5 1.6e5

Item narme; 20250827 Tmab-(tri-N2)-biotin Th Channel name: 1: Ay
Item description:

ge Time 2.25071 min : TOF MS (400-7000) 70...

154411,00000 9.62e4

90000 Ex. 749.83 X 6=4499 Da

5 Th. 749.9 X 6=4499.4 | 15457900000 . .
£ ( Trastuzumab-(tri-N5-biotin),
] Da
S i
2
£ 154734.00000
157508.00000
10000 14320500000 14398600000 15159500000 A
T T T T T T 4—;
14e5 142565 145¢5 14755 1.5¢5 152565 1555 15755 165
Mass [Da

16



I TP

ZBEHEONR/O—FZEAL-ADCOHER

‘% 0' ‘: Payload 1 ‘% 0' ‘: Payload 1

A . 0
0. 00 \. ’:PayloadZ . ‘ I .’ .:PayloadZ

: Payload 3
(DAR=4.0) (DAR=6.0) . y



IR-8004Z 14K (50 ug)

) ARFIRMLFHE

24h1R | & BiRE

Fusion Solo SIC T
EHA A=V

B AccumBody® DB H R A A—S Y

2RC17 scFv-Fc

ﬂﬁﬁiﬂ’] . . |

(017)

Tmab

18



I TP

W
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Administration
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o
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b E 2

Perfusion/intestine
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—_—
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Fluorescence imaging

a7
4

Xa—LIRTADEBITHED A A—

$1GPA33 scFv-Fc
G9 G17 Control Ab
scFv-Fc scFv-Fc Trastuzumab

2h

5h

24h

48h

2h

5h

24h

48h

Upper: bowel, lower: brain, heart, kidney, liver
(left to right)
low = high
Fluorescence in tensity

Quantification analysis
from fluorescence

EHIETHRRE (X 108)

7

6

|

|

- mG9 scFv-Fc
T mG17 scFv-Fc
Trastuzumab

intensity
24.6 folds

7.4

folds

J-l

® Exposure : 1 sec
® Ex.: 780 nm
® Em.: 850 nm

24h 48h

Time after injection
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1 Day 4 days

Control Ab
B A=A (Trastuzumab)

Anti TfR Ab
IR800- *Tl:lgt i S (Clone A)
@ ® niiTEruk ey
; /)ll. lll Anti CSPG5
ag "0 )
¥ . AccumBody B ‘ .
Dy (Anti CADM3)
1. 4R, TfR: Transferrin receptor 1

MOG: Myelin oligodendrocyte glycoprotein
CADM3: Cell Adhesion Molecule3

a%

ﬁ‘b
;

v,
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NH2 NH2

i _ _ S-CH2CO-PEG4-DBCO
r‘J‘rS CH2CO-PEG4-DBCO + NHS-IR800® ;P.\r
NH2- ® IR800-CONH J

: AOC
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-

- a0
-  w
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-

-

Lane 1: PMO

Lane 2: Azide-VHH-Fc¢
Lane 3, 4: IR800-AOC
Lane 4: IR800-VHH-Fc
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TfRY VHH Fc
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