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 OE A AR (ICP-MS) B REUE R . MERREELF . U TR T s A Z oo R A S50
SO TAERAE A W) 538 B oA St B RN YR ) o ST R ARS8 o B8 ) BE DA 5 e 3R it FE A 2 2, 52
X H bR A 0 TR AR S SR XL T ICP-MS BYLE Y E S i PEBE Bl 2 B AIE
PO T 5 4 2R T A5 R SR A, SRt i TR ) iR A 2 — o AE G BEHLAL S (I Ty 0 LA
PRI DA AR SR A, 3G BT ARSI i S Bk, S A SHTE m R S R 2SS 5e T,
KA RAR S AL M BE ) . 8 S A B HER M FIBR B AeE IE o BER X S a8l AR X U4 14 7 A (1B 5
WEHEAT THFSE, R A 2 IKGEFRRICEAR , ¥ — B AE DNA E S B E fE BRE 1 G (1gG)Fiik K248 7, il
DNA 8L HAMICXT , SEE0 T A e PR S5 1003 Eu B MG R & MS2 AT 8 1 RS a5 | IR 3L T o]
& 1R RBE R R C RN . AT TR TR LI B JT R AR 1 S BV R i O T TR
PRSI RERAE  CRFIAME S ORRE ). PSR S RR I IoT R R SR AR MY 3= BARK
%%ﬁi(]ﬂpidermal growth factor receptor, EGFR) 45454, B H B0 ICP-MS $eAR s o sE 8L 1 Jea 40 i
ERIENWALRREER 08 Ty Rl 8

KR ZMCKAIARIC; ERMIK PO JOREAEE; M- r R S S AT

VTAER T H B 545 B PRI 1S (Inductively coupled plasma mass spectrometry , ICP-MS) f 4= 4
SEMT T VAR A Y R S AT AS S 1z R ICP-MS AT SR R R R v KOS i R A
TCEAMIT, B o0 R/ R B R AT DL R e R A BT S A AR 0 TR AR R[5 5
V75 B 5 RS T R AR A I T 14 4 A S A U E B AR R AT — R M B0 T 0 i 4 s 1
PRI , AR TURE 242 i ICP-MS A= Wil 5 R B A 8 R 22—, AT S BRI B2 AR b i 1) s R AU
SE RS

?ﬁ,ﬁ“Antibody) , N R ERE G (Immunoglobulin, IgG), E—Meh B 4uer= AR Y JEE M BE
%ﬁﬁﬁ%#%ﬁEﬁﬁ%ﬂ%ﬁﬁ%%%ﬁﬁ%ﬁwzéogGmW%E%Gmmdmmﬂﬁ%ﬁﬁ
(Light chain) ¥4 i, 3 & A7 22 0¥ 500 0] S PR Y SO PSSR IR , 191 Qn i s R A~ Jhe R =5 vl A28
i, Sl R 0 45 0 B AR R i 2371

Hil, CaRkRE T 2/METRRESY . £REEYMERIKR TP ITTRIRE IR T
P TR S R R A E TR 2001 4F  SOBTSR AT A P A T 4R R [ 2 (Eu
7 2) Pk on EAR2E , I 508 T X R BRI R (TSH) (4 ICP-MS SE 70T 2011 4, Bendall 2510 fi
MR REWITCREARE , 455 S A - B i N B R B SEBE 1 X e A i ik 34 DS En) i

2024-06-07 Wki; 2024-07-24 #:3%

[ 5 & TR0 H (No. 2022YFF0710200) . 5K H 48B4 3E4 10 H (Nos. 22074127,22193053) ., R EE4A REIEAT R BL2E 5 AR A1
B L =I5 H (No. HRTP-[2022 ]-13)F1E [ K24 K I 4: 701 H (No. 20720200073)%¢ By,

HLESE—1EH

* E-mail: xwyan@xmu.edu.cn; qqwang@xmu.edu.cn


https://cstr.cn/32174.14.j.issn.0253-3820.241247
https://doi.org/10.19756/j.issn.0253-3820.241247
https://doi.org/10.19756/j.issn.0253-3820.241247

55 10 1] FHAE T YR T s BPRRIS PTARTC R IR A5 B AR B R H] 1497

HOHT. AR AR E AL Z AR I R4 X 5 Tt 43T SR WS A 1o 2 R ARSI A 23 1 22 SR W 4 A T e

IJJEM’JT“FH{*UJ A TR I RS o T HAR 372
H T, PR TT R IR 2R T BE LI 7 =i 4 Eﬂa_aiimz{i%%ﬁr” R R ECE i, 5 H AR
ARAR Y SN B BE AT R ALAL 8 , S BRBTIA S 9K 3R B LI 2728 X R BRI 2 BB A7 25
AR LB AS T $5 o AR At (1 ASH 0 M T R S B SE BT IR BT IR AS A7 s, FRAHAR S 45 5 H ﬁé’)
RETT, MG EARE A& —VERIZE A 15 (I HL B JeTA45 1 2 T 80 48 T R AR & Uik I THERR 1 5
G3HT YEINTC R AR S B bR A R E M o B% Thiomab T2, ﬂEﬂiﬁf(%ﬁ@ﬂaﬁ)\#ﬁﬂié’Jk%
HIF5E 5 AT SR X SR AR SR, 5 S (I 292 (R | S R e Tl B i A2 2 I TR
AR BA RN R 5 | A BB B AR 5 ﬁﬂ@—d‘?% At BRI O AN B Bt
Z WK 3 1R R ICH A SE—FP R FH 2 AVE W 52 e e AR e 45 & 8 BAs A 0+ (ank

LT, AR AN R 11 52 1R %5 ) E A7 . Delano %5 ) U3 3ok 8 S R IK ST i 0t T 5 TG BRI
Fe B 45 S M 3 FIZ K Fe- T (DCAWHLGELVWCT-NH, ) , L4 2.7 A4 7 Fe-M kS
Fe i BEE AW X SR SRS UE T Fe-TMAKYS Fe A BEA CH2 A1 CH3 XIS AL HILE & . Ik
fifi I+, Kishimoto 253455 & 2 Fir i T AR | il 1d 25 [ 4544 2347, B %€ T )5%1°8 GPDCAYHKGELVWCTFH ff
IRRASE 8 i 2R STk Fe Fr Bei) K248 A R IE B 6.1 A JEAEIZZ IRINEE 8 (i 2 M i) &
FE BB T —S5REEREE N 7.1 AL Ry A B FE NG IR N-35FHE T FEEE (V-Hydroxysuccinimide ester,
NHS) Y Linker. TEZEFIFRICLIFR A, WP 25 B 2R A Z BR3+ B 8 SHUARR CH2 F1 CH3 XA AR RSN R

PSS (K1) . AR S ST T PR [ K248 AU IERIZ K I A9 NHS F5 22 8] B RE 25 | WA i i
PSR DO T e, SCIRBTAR  LS R S PRI s SR, T8 3 22 K A SR IR I Jre i 1] 55
Hi Bk DNA I S8 k2=t ol 101 APTUR-DNA Y fe)e it 1gG S5 T Eu i MS2 2
A IFORE 0 2 I DNA 2852 | SEBC AR AS EL1E . X PhoT AR A AR Al Seal AR B 7 5
RS PEMIBORE AT R L 101 PR IR ARIER , R XU e T TR e, A s A A M . ASBFgR
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Svarpom IgG-BP-DNA-MS2-DOTA-Eu detection by SC-ICP-MS

MS2-NH, ssDNA-MS2-DOTA-Eu

Eu Intensity

K1 BT ZMCRFIARICHR IS A HTARITCR IR 19G-MS2-Eu B 2 KN 7S B

Fig.1 Schematic diagram of preparation and application of antibody element tag (IgG-MS2-Eu) based on
peptide affinity-mediated site-specific labeling strategy

BP, J:MZ AR (Binding peptide); ssDNA: FAHEREEAMZRR (Single-stranded deoxyribonucleic acid); DOTA: $IFEETIUZ
iz (1,4,7,10-Tetraazacyclododecane-1,4,7,10-tetraacetic acid)
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Z R PR ABRICEAR , SEI T PUA SR TOCER Eu 19 MS2 K588 AR BURLE R MmEE /g T
— iR R BRI = SR AN B TC AR IR B4 - FELJERHE 5 55 B IR TS (Single cell inductively coupled
plasma mass spectrometry, SC-ICP-MS)$ AR X I TG R IR ML — MM R U AT T -

1 SCIGERY

1.1 E5RF

LC-20AD 538 A (i UFILC-16P 1 £ WA (i 245 (H 7R Shimadzu 23] ); XBridge Protein BEH JX
SHHERH (34 (SEC, 7.8 mmx300 mm, 3.5 wm, FE[E Waters A7) 5 #£(A3EH C5(10 mmx150 mm, 5 wm,
H 75 Shimadzu A7) ) ; /M (3% HFE Cg(4.6 mmx150 mm, 5 pm, A4S Shimadzu 237 ); NexION®2000 ICP
Mass Spectrometer( 3 [ PerkinElmer /3] ) ; autoflex®maX F 54 BhISOGR U H B5RA TSR] BTS2 (MALDI-
TOF MS, Z[H Bruker A 7] ) ; JEM1400 i 5 5% ( H R JEOL A7) 5 PowerPac™JERE LKL HLIE . Mini-
PROTEAN®Tetra Hi 3 (35 [ Bio-Rad /A7) ; UVP GelStudio PLUS ZINAEEEIR A5 2 55 (14 [ Analytik
Jena AH]); DYCP-31BN BIBARHACE KA (FL IS —E WA D) .

NexION Setup Solution VI (TruQ™ms, 500 mL, FE[E PerkinElmer /A F] ) ;  PUJT 2R BRI R
(TruQ™ms, 100 mL, 3 [E Fluidigm A H]) ; PO ZE HPT (Cetuximab , JB [ R2EFE FAL YR I2 WA 518
TREFEARBT ) s SR ADSKEY (25 g, LIERTH T AR A FRAF) 5 DOTA-LREEE
¥ (100 mg, BEVEHIF L E MR A BR AR ) 3 =S OFR(TFA, 500 mL, 1A sobfA AR e 4 BR
INFE]) s NN-HISEH LR (DMF, 500 mL, [ 258 A0 A BR A F] ) 5 #BUEE (301100 kDa, 0.5 mL,
3 [# Millipore 22 A ) 5 XIEHIME W JZ I —BLER ( Diosuccinimidyl glutamate, DSG, 50 mg, 52 kA= 1k
RHE B ATFRA T ) ; SEMZRE(BP) . ssDNA. BCA #I £ . SDS Hifil i flProtein Ladder(4E T A9 T.
() B A BRA ) s JE e (300 H, FLAEZ A 48 wm, At REFRHEM A RA T JE/Ndl
MEATEE A 22 AS49 A FLAREE AN MDA-MB-231 2% H American Type Culture Collection.

1.2 ZWHE
1.2.1 ETFSHKFEMIRERENITERE IgG-MS2-Eu B &

BP-NHS 941 %&  BP iy NHS &1 i i AE DMF Hhitf 7. FEZ9RIE R 0.5 mmol/L FZARHHIA 100 1524
SRR EARE M e 5 fR IR (DSG ) , T 37 CHIRG R 5 ho Rl ST 4l Ak, sl Af i A 4
(TFA/H,0, 0.1%, V/V)F1 B #H(TFA/ACN, 0.1%, VIV)4H .. LA 0.5 mL/min BOGEEGENE  VEIARTE 2. O~
5min, 5% B, JHTEESAIINE K R GEF4T 3 5~15 min, 5%~90% B, 528 HFRZ AR /3 853 15~20 min,
90% B, FHFHREPEMLA 56 4 70 B i 4= ks i 4 4

IgG-BP 89 4] & 1gG 55 BP M5 MBI S N 7B R ER 2% MW (PBS, pH=7.5) "hilif 7. AELKREEN
7 wmol/L { VG2 BAHT R I S 75 4 5 (25 M Z Ik NHS-BP-MAL, 80 1 h, RABIEE (MWCO=
30 kDa)7E 4 °C NABUELELL 5 min, HoBUE 4 K, A FHUAZ BT 16G-BP,

IgG-BP-ssDNA #9 %14 [i1] S W 244k A 10 wmol/L 1Y TgG-BP fBIBH FR A 20 175 244 1) ssDNA-SH,
T4 CFERIN . FABIEE (MWCO=30 kDa) JEFR/N> T, IR IR FI B hy 4-12 2 FLVR R 2 il iR
(Hepes ) 22 M , 2445 81 1gG-BP-ssDNA (4 .

ssDNA-MS2-DOTA-Eu #9 %] & {EMERR MS2 K528 1R Z1i DOTA-Eu Fl ssDNA . 1 e b 14
MS2 A FE R [ NANRTH ) Z LA R S SR J5 7EWGE TR IR MS2 A S22 [ A 20 A5 24 & 1) 2- 0 2 SE A
5t Traut’s X7, 76 5 mmol/L [ 2 — % VU 2.2 (EDTA) F1 pH=8.0 i) NaHCO; J& ¥ FP & Ik 7 % 3 he 2K
FHHIEAE (MWCO=100 kDa)#lift , 15 2|2 540 MS2 K FE /1 (MS2-SH) .

%+ MS2-SH 347 DNA 4= Eu T & #9483 7E MS2-SH H il A 9 £ 244 1Y ssDNA-MAL, T 4 Cid % 2
o SRIGHRSEINA SR IE 50 75 419 MAL-DOTA-Eu, &% 0 2 he RATBIER (MWCO=100 kDa ) #JE
3%, 15%)] ssDNA-MS2-DOTA-Eu,

IgG-BP-DNA-MS2-DOTA-Eu TEARE 69K R AE 50 mmol/L Hepes (pH=7.0) Z& & H 17,
# 1gG-BP-ssDNA 5 ssDNA-MS2-DOTA-Eu fBECHILL 221 B ELBIR A, BV A] 412645 3 1eG-BP-DNA-MS2-
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DOTA-Eu JTCEFRE .
1.2.2 EFREMIEERENITRERZ IgG-PEG-MS2-Eu Bl &

U b AR N EE A 2 BB N U Y 2SI . O TR S 2 BT S MS2-SH Bk,
T AR PG 2 AP I — 5 A SR B M A R . V% APTR MAL-PEG-NHS # 4% 1
it NHS P 5 2200 R A B A SO0, A2 B 1eG-PEG-MAL B o RN AE & A 10% (V/V) — H AN
(Dimethyl sulfoxide, DMSO) Y PBS Z& Mg i b E 4T , AEZCH BE Dl 3 wmol/L (P4 22 E FRHT P 4 4524
Y NHS-PEG-MAL, % T K 2 ho RAEIEE (MWCO=30 kDa) T~ 4 CLA 4500 g {0 ) HIELIAL
5 min, HHEE 4 S RIPUARMEEY . 1T BCA T 8 A B s G & e A B AR (A 1Y) 3 VR

30 3 250 R R B Vg P 8 S SR ISR R BT A I A 5 MS2-SH I, IFAERR 2 B Eu, il
#% 1gG-PEG-MS2-DOTA-Eu JCEARZ , L W 7E 10 mmol/L Hepes 28 MR (pH=7.0) P i AT, 7ELHE
2 pmol/L IHTARMBER Y I A 2 f5 4 & F AL MS2, N 2 h, Il A 5 555 2 & 1) MAL-
DOTA-Eu, RN 2 he R ABIES (MWCO=100 kDa) T 4 CLL 3500 g0 M iE4li4k 3 min, g
4 K, 15BN ICEAREE 1gG-PEG-MS2-Eu,
1.2.3 TERZEHREuSENTEESH

R R R R B E ST R AR D Bu 9D R YOIERT, RIS A 1 pe/L 1 Be
Ce. Fe, In, Li, Mg, Pb U fIRIERRT ICP-MS FEATIIE , LA B K R BUE . 76 RAE S AT,
2% HNO, B ik ICP-MS 55463 5 mino 358 RSTHERH (384 B 808 5 R A0 R Bl 5 45 2 1
IR (Size exclusion chromatography/species-unspecific isotope dilution inductively coupled plasma mass
spectrometry, SEC/SUID-ICP-MS) -5 , DA =38 4% 11 3% 2 = 2808 AH £33 ( High-performance liquid chromato-
graphy , HPLC) BT SR H 1R 352 L A7 4848 11, (A5 B REROR IR &, 2L E A TCP-MS $EA 7RG .
Wt SEC HEAr B R FIRE M, (S35 0.3 mL/min, JES 5 L)L 0.06 mL/min FYHTHEE A 1 pe/L " Eu brifi
PRI o AT A TS AR BT R AR T Eu B9 U T4 T
1.2.4 TEFREHHMEE ICP-MS S

It 24 L i 1 Rl A LS AU | S T A B o BB | SRS SR T (1) Hepes VTR 460 4 i 5%
FEW o FEEFAL 100 L (19 2x10° AN I ACK [l BE TR ARES  7E 4 °C FWEH 30 min, I IADEERE 5 2218
BEFIRAT . SRR 1Y) Hepes 28 MV TR UL 3 W, FEE TR RN 4% FH 22 ¢ B I [ YO T & 15 min
DI E AN, [ HRVELS TR | Akl T34 1) Hepes 25 WA TRUEYS 3 I, B E L2 AT RS . 4
FEAIATTIE T 300 B (FL72 48 wm) ()2 Je i P ik 8, Bi7 LRG3 P 20 itk AR B A S84 1 . SR SC-1CP-
MS XoF 4 A i EA T

2 GRS

2.1 IgG-MS2-Eu LEMRZHIHI & R R
2.1.1 BP-NHS HI#|& BRI

BP (1) NHS &4 R %] 2A Ji7 , BP 846 8 (il Zdliz 5 DSG & A BElc4i & , 51 A NHS ‘HREHA , 1T
Ja S SPUIARRERACE RN o R HPLC LA B Bl B i v B8 A TR 18] 533 (Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry, MALDI-TOF-MS) X} BP-NHS ;=¥ i#t47 T 4lifb FIZRAE
(P& 2B F12C) , MAS4rF ([M+H )~ 2572.1290 Da, SHHEHF 25 RYI4, DA AL EE T 2 4K NHS
BMi(1:1) 455 Hbr¥) BP-NHS.
2.1.2 IgG-BP By & KRR

FIFH 22 IKEC AR T B s BRI S A, SEPUIR S AR Z ARZ M AL 455 | S SE U TAA Fe B
BE e i , BARAY RN AR AR 3A s (#F MALDI-TOF-MS Xt =9 A 7 2 AE 4 , 25 R &l 38
Fis o BURZ IMEEEY) (1eG-BP) B> T4 153820.6 Da, 1M IgG B> T4 151409.3 Da, 76 B 75 28
P35 BP-NHS Ik, I B P84 s s PR BRI T — K BARZ k. R+ b SR i 4l - 3R
PR Tk e S5 e FL UK (SDS-PAGE ) X =yt A 7434, W& 3C Bz , i gs BP-NHS AR S48, B i) i
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K12 BP-HISE VAR TR N-BE FAME I T (NHS) 9 & BN 24k J23RAF . (A)BP-NHS (5 Bk ;
(B)BP-NHS Y 8B €% 5 SMGI (HPLC-UV) (214 nm) &l (C)BP-NHS A9 FE Tl Bh #Ob i %
B KA TS (MALDI-TOF-MS ) P, i o 9 DM A1 TM 4351 3 Kl 431 R R 43 i

Fig.2 Synthesis, purification and characterization of binding peptide N-hydroxysuccinimide ester (BP-NHS):
(A) Synthesis route of BP-NHS; (B) Separation of BP-NHS by high performance liquid chromatography with
ultraviolet detection (HPLC-UV); (C) Matrix assisted laser desorption ionization-time of flight mass spectrometry
(MALDI-TOF-MS) characterization of the purified BP-NHS. DM and TM in the MS spectra denote

deconvolution and theoretical molecular weight, respectively

Affinity binding

NH, Conjugation

IgG
B 160

|~ 1sG [M+H]* [M+H]*

— IgG-BP  151409.311), 153820.643
120 F
= L
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g L
= 40}

0 i
_20 L L L 1 1 1 1 L 1

100000 120000 140000 /160000 180000 200000
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&3 PEZE A (1gG)-BP BEEMI& N FAE . (A) 1gG-BP FIEBN; (B) IgG-BP i) MALDI-TOF-MS
FAE; (C) MIFURHY TgG-BP 1) 10% t —HeSERETRIN- SR RIS - UK (SDS-PAGE ) RAE

Fig.3 Synthesis and characterization of cetuximab-binding peptide (IgG-BP): (A) Synthesis route of IgG-BP;
(B) MALDI-TOF-MS characterization of the IgG-BP; (C) 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) characterization of reduced IgG-BP
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B LR FREETC R, R EICE FIRIC R VA R A AU I B B, 5 WAL
2.1.3 IgG-BP-ssDNA Bl #& K R1E

IgG-BP 5 #i AL HL5%E DNA (ssDNA-SH) Y R A FE AN E] 4A IR, 1gG-BP EIRZEFIAK C Sty B o i
WHEE e 5 ssDNA-SH JOWIE iiAs e i ik 5, S0 1gG-BP Fll ssDNA-SH ByAEABEK . Qi 4B fw,
SEHEI) 1gG-BP-ssDNA Z&i e Bl i A TIESCHUiR S DNA BINZE & o X574 1gG-BP-ssDNA HH1 738 Ji
LbPE ZEHANE 4C PR BURESERAH 1EE B i i24E I8k, UESE ssDNA-SH SHuAR B p 5 i
KPR FAEAL, 1 AR U EAUE B —2% ssDNA | TEBH & A4 25 A S A0 005 4 S (B e
AT SR B A A& A

A

ssDNA-SH

Conjugation

B
BP-NHS — 3 3 eq
ssDNA-SH — — 20 ¢q

KDa

250

150

100

4 VEZHE PR ZIK-25E DNA Y (1gG-BP-ssDNA) & AU M ERAE: (A)1gG-BP-ssDNA
B S s (B) IgG-BP-ssDNA (5234 1) 6% SDS-PAGE #AiF; (C) IgG-BP-ssDNA (i J5) 1) 10% SDS-
PAGE ik,

Fig.4 Synthesis and characterization of the cetuximab-binding peptide-ssDNA coupling (IgG-BP-ssDNA):
(A) Synthesis route of IgG-BP-ssDNA; (B) 6% SDS-PAGE characterization of the IgG-BP-ssDNA (Intact);
(C) 10% SDS-PAGE characterization of the IgG-BP-ssDNA (Reduced)

2.1.4 ssDNA-MS2-DOTA-Eu BJ# & K R1E

A Traut's 32500 %H I R 1A MIS2 A 52 85 1 98 A UM 2 T A gt S R i S AT A2 e 0 4 s T £
MS2 A< 72 8 11 Y R SR S0 e Ab Ry S Bk P o 40 i 5 ke Mk S ke 79 S I 43 S0l HE MIS2 1) 3R 1T & A
ssDNA 2 DOTA-Eu, W WA SA FIrzs . AT Wil i ik A MS2 RS0k 0 78 8 1, 1 s 5
HLBEXT = WA T RAE 25 A UNIE] 5B s | 48 B 22 A0 (I R L il A5 T AR EA R e e 28, B AT
MR E 1, TC R AR 2 Ok RS 38— | JF HAr itk R 4. >R A MALDI-TOF-MS X MS2-SH Ak, 45 5 41
] 5C s, MS2-SH 5643 F- 5 20°4 14349 Da, MiWE R & MS2 AKFE 8 (W35 F 1R 13760 Da, IE45 R
FEW] MS2 2 1A 9 2 Sk U A 48t U B9 S i, O ELF- 304 MS2 WL 18T 6 %k o 3l 4 22 SO g
S S ER MS2-SH i 1) DNA {HEE , FIl ] SDS-PAGE XFEESHEAT 0. WK 5D R | Bifi& ssDNA-MAL
FIEHEIN, ssDNA-MS2 B 451 B , 28 MS2-SH 5 ssDNA-MAL I {HE¢
2.1.5 IgG-BP-DNA-MS2-DOTA-Eu(IgG-MS2-Eu)iR & i #l & R R1E

B _E R4 5 Y TgG-BP-ssDNA Fll ssDNA-MS2-DOTA-Eu 7E 50 mmol/L Hepes 2% Wi iR 2], biik
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VA VAN
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Traut's

reagents

DNA-SH

¢ 700 (= MS2-NH,(monomer) & 0 10 15 20 40
600 [=— MS2-SH(monomer) Kgg
= 500 F Y
=i [MH] (MH)' 20 Al
S, 400 13749.103 | | 14349.194 3 L7
Z 300 f 25 N
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~ 100k 15 WEE T R . ;’,s’]’
- L ¢
0 PR RN SN SRR SR SN RN SR SR TR S N 10 ' \\t
6000 10000 14000 18000 MS2(Monomer)
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S5  ssDNA-MS2-DOTA-Eu fJ45 Bk B EAF: (A) ssDNA-MS2-DOTA-Eu AU KL ; (B) MS2-NH,.
MS2-SH. ssDNA-MS2 Fll ssDNA-MS2-DOTA-Eu {5 5§ L BE(TEM)ZRAE ; (C) MS2-NH, £l MS2-SH 1
MALDI-TOF-MS ZEfiE; (D) ssDNA-MS2-DOTA-Eu %] 12% SDS-PAGE Z&AE

Fig.5 Synthesis and characterization of ssDNA-MS2-DOTA-Eu: (A) Synthesis route of ssDNA-MS2-DOTA-
Eu; (B) Transmission electron microscope (TEM) characterization of MS2-NH,, MS2-SH, ssDNA-MS2 and
ssDNA-MS2-DOTA-Eu; (C) MALDI-TOF-MS characterization of MS2-NH, and MS2-SH; (D) 12% SDS-PAGE
characterization of ssDNA-MS2-DOTA-Eu

55 MS2 72 DNA (942 VEF T SCBURG e %, R il AR AN E] 6A JT7m o SR FH BB MR8 A i Yk KT s 1o 40
ARG, S5 SR & 6B BRSO P25 1 2%, I L 8L T 2819 55445 , W 1gG-BP-ssDNA I MS2-
ssDNA 25 i HiE DNA BR8IE BANSCXT 2838 i) o SR A [R)67 220 B IA X T 2 AR 28 16G-MS2-Eu Y Eu
SR E RO . BICEFREREE 10° 4%, R H] SEC/SUID-ICP-MS XHRE S o Bu #E4T5E SAG I | 45 55 W
K 6C, THALGERF  F-H4aE MS2 Bok: #4777 800 4~ Eu Ji 1.

FAAF AR IC AL TT R PR R L, B 58 T ANFIHREE (1Y 1gG-MS2-Eu br28Ext A549 Jififis 41 M i bric
B ST TR WRIE SANE SRR R, W 6D BN B LR bR T RN, 41 Eu
SRR WG . M IT B R IIIR B 40 nmol/L I, Eu AURGINE A BRI, P, il m e iR
S E MR A 40 nmol/L.
2.2 IgG-BP-DNA-MS2-Eu i SC-ICP-MS 4 #f

N TG IITCEARZ 1gG-BP-DNA-MS2-Eu 7540 HIFRIC S5 P A [0 1 RE LA B AN AR S e 47
B, PR AS49 4iTf (e Bz A K T2 K (EGFR) FHE: ) fI MDA-MB-231 4 (EGFR BT ) 1 A5 BEAE A
FIF SC-ICP-MS #:4 7 B AME /34T, 38 3 77 A A T 28 B4 15 5 Wi 1o 5 88 1A 5 X6F B 43T
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Fig.6  Synthesis and characterization of IgG-BP-DNA-MS2-DOTA-Eu: (A) Synthesis route of IgG-BP-DNA-
MS2-DOTA-Eu; (B) 1% agarose gel electrophoresis characterization of IgG-BP-DNA-MS2; (C) Size exclusion
chromatography/species-unspecific isotope dilution inductively coupled plasma mass spectrometry (SEC/SUID-
ICP-MS) analysis of '*Eu and "*'Eu isotopes in IgG-BP-DNA-MS2; (D) Signal intensity of A549 cells labeled
with different concentrations of IgG-BP-DNA-MS2-Eu tag
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A549 cells labeled with IgG-BP-DNA-MS2-Eu, (D) unlabeled MDA-MB-231 cells, (E) MDA-MB-231 cells after
incubation with MS2-DOTA-Eu, and (F) MDA-MB-231 cells labeled with IgG-BP-DNA-MS2-Eu
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Fig.8 Synthesis and characterization of IgG-PEG-MS2-Eu: (A) Synthesis route of IgG-PEG-MS2-Eu; SC-ICP-
MS results of (B) IgG-PEG-MS2-Eu labeled A549 cells and (C) IgG-BP-DNA-MS2-Eu labeled A549 cells
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Synthesis and Single-cell Analysis Application of Antibody-Element-Tag
Based on Peptide Affinity-mediated Site-specific Labeling Strategy

WANG Lei”!, YI Li*!, LI Hua-Min', CHEN Shi', YANG Li-Min/,
YAN Xiao-Wen"?, WANG Qiu-Quan’

YMOE Key Laboratory of Spectrochemical Analysis & Instrumentation, Department of Chemistry,
College of Chemisiry and Chemical Engineering, Xiamen University, Xiamen 361005, China)
*(Innovation Laboratory for Sciences and Technologies of Energy Materials of Fujian Province (IKKEM),
Xiamen 361005, China)

Abstract Recently, inductively coupled plasma mass spectrometry (ICP-MS) has shown great potential in the
quantitative analysis of biomolecules due to its high sensitivity, high accuracy, anti-interference ability and multi-
element detection capability. Elemental tags enable specific labeling of target biomolecules with element-reporter
groups, playing a critical role in the performance of bioanalysis using ICP-MS. Antibodies are highly specific to
antigens on cell surfaces and are one of the most commonly used targeted delivery vehicles. Traditional random
chemical coupling methods are difficult to control the coupling sites and loading numbers of element reporters,
which lead to heterogeneity of antibody conjugates, affecting the specific recognition and binding ability of
antibodies and antigens, and thus reducing the targeting ability and quantitative accuracy. To solve these issues,
site-specific coupling of antibodies with element reporter was studied in this work. By using peptide-mediated
affinity labeling technology, a short chain DNA was specifically labeled to immunoglobulin G (IgG) antibody K248,
and then DNA base complementary pairing was used to realize accurate assembly of monoclonal antibodies and
Eu-modified phage MS2 capsid, resulting in the preparation of highly sensitive and selective element tags. This
method overcame the heterogeneity problem of element tags caused by random coupling, and ensured the targeting
specificity, affinity and signal amplification ability of element tags. The element tag prepared here showed a
specificity to bind/label with epidermal growth factor receptor (EGFR) biomarker on the surface of cancer cells,
realizing single cancer cell analysis using ICP-MS.

Keywords Peptide mediated affinity labeling; Site-selective conjugation; Antibodies; Element tags; Single cell
inductively coupled plasma mass spectrometry.
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