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Abstract

The outstanding clinical efficacy of mRNA vaccines to the Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) has shown a new direction in vaccine design
and development. Accumulation of knowledge on neutralizing antibodies induced by
the mRNA vaccines is necessary to ensure the future development of effective and safe
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mRNA vaccines, not limited to Coronavirus Disease 2019 (COVID-19). Here we
performed lectin microarray analysis of vaccine-induced immunoglobulin (Ig) G along
with total IgG derived from volunteers who were vaccinated with BNT162b2
(Pfizer/BioNTech) mRNA COVID-19 vaccine. Two types of vaccine-induced IgG to the
spike and the receptor binding region (RBD) protein of the SARS-CoV-2 were isolated
for comparative analysis with total IgG, revealing that distinct differences in glycan
profiles that exceeded the differences among individuals, even from an extremely low
amount of Ig such as 30 ng of Ig. In particular, the anti-RBD IgG, which demonstrated a
uniform glycosylation pattern as the IgG group, showed an increase in fucose and a
decrease in sialic acid compared to the total IgG, indicating similar glycan changes as
previously reported. The lectin microarray, which can sensitively detect alternations and
characteristics in glycan structures, might be used for large-scale analysis to assess the
relationship between vaccine side effects and effector activity in the future.
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il A L AEYYE (COVID-19) 124} 9% mRNA U2 F 1%, COVID-19 D J&YL4
HilB L OEE LN KRELSEBRT2EEHI2, A% OV 7T VBRI RE e alBEtE 2R L
Teo VIF K PEASNDREZE 7 a7 (1) G 1R, Z O HFRHUATE D & I3 6m 0 F10
(27228, [RIRFICZ OHURMNAE T 57 27 X —1EMEL | BRI TRUITHLZ LTS
IFETHRU (1), [gG @ crystallizable fragment (Fe) f8i8121%, B <RIFESIVZ N fil B H b
S5 (N UG (SN 30 . Z OFESERE I 196G DL EMRPT T 2/ 2 —JEME I B4
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O T T7 4= BN, ENOLDOMA G DR LWV ST/ LT H AT Tl s 7 — A0
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SARS-CoV-2 {Z%x9°% mRNA V27T (Pfizer/BioNTech, BNT162b2) #fE57/ H OB LI,
ARNIFE DI, Mba Hacettepe RKEFIHBEDERRIELHNCANV I L 7= (T ey =7 M5
GO 21/1428, &R 5 :16969557-2266) , KU 7F % 2 [A1H LT 3 BRI LR T T+
T b, 18 RO MBI L= (38 1), 3UBHX. ST O MR 23885 FCTHUEERE A
(EDTA) 23 TodR M T = — 7 NI TR LT,

1 EEAE O AT ALER

MR REH TR % | DB T~ = —712C 2,000 X g, 15 iz L7z, By &R L .
PBS |ZT 10 S &EICATIRLUI-1% . S5H12.15,000 X g, 15 AR L, BN L FiEZ 10 £
FREEIEL T IR O BRI A LT,

U F i8R 1gG TFE R DM (ELISA ¥5)

MAEEE T DD 7 F ATk T 518G DAFAERIT, BE#RGR SCIHEV Y SARS-CoV-2 O spike S1
(Acro Biosystems, SIN-C52H3) F7-1% RBD (Acro Biosystems, SPD-C52H3) v} k&
VORI E X T TV TR EUTERESR RS B WA E (Enzyme-linked
Immunosorbent Assay: ELISA 1%) {EIZ THEERL7=09), X H T 47 2 ba—/L (NC) LT
SARS-CoV-2 DRIV A N7 RUa e’ 7378 (Acro Biosystems, NUN-C5227) %
X v 7 F VPR ELTZR THIMIEZTTo72, BAREEHE, 10 (577 R0 PBS T 5 %
BICHIRL THERAL, 22N HIROPT SARS-CoV-2 S1 #ifA (The Native Antigen
Company, MAB12422-100) . #. RBD $if£ (eEnzyme, SCV2-RBD-100m) F7-1XHT SARS-
CoV-2 X7V A7 RHUA (Biosystems, NUN-S41-100 ug) 2 A% % —RIZREHF O 1gG
IREAERDT,

Total IgG LN COVID-19 UV F L B 1[G Dkl

Total 1gG BIOUIF L8R [gG 1, X 1 127980 B TRERIL 7=, #1812 Protein
G B77r—X{ZLD total IgG &L | KIZEAF 14k SARS-CoV-2 Hlii (S1 F72i% RBD
Var B U LR BRE S SETZAN TR TE VU RS A E — X% VLT, total 1gG 75
HEPUAZ Rz, BRIPUROZ R B IO E 2 MR L | Cy3 iRk I —iE &
LMA (2L 7=,
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#IgG (total/anti-S1/anti-RBD IgG) @
Cy3E AR
FlgGDL 7 F <4707 L 18K
L4
i O AL 8.dNAT ST O 8.V
@ ¢ 2.PS, 11 PHAL 20 HHL 29 UDA 38 DBA
’ N-Acetylneuraminic acid atca 12 60A (0 21 ACGT 30 PWM 39.SBA
(O Galactose WUEAT 13 RCATZ0 22 BACT 81 jacalin’ 40 Calsepa
N/ B N-Acetylglucosamine SAGL (0 14PHAE ) S3EPL () G2PNAC ELFTLT
@ Mannose 6. AAL 5.05A0 MTJAN 33 WEAL L 42 MAH
A Fucose ZMAL ) 6 aSLiD L ) SACA( @ WGN
B.SNA 17 NPA 26 ABA 35 MPL 44.GSL-1 A4
9.5SA 18 ConA 27.LEL 36. HPA. 45 GSL-1 B4

1 COVID-19 U/ F #K8M [gG ORFRLL RO

= total I[gG DFEFHIL R

Poly—Prep® Chromatography Columns (/NA 7"+ Z v R «ZR TR — Xk at) (LR, 17 25)
~~ Protein G Sepharose 4 Fast Flow (Cytiva) (LL T, ©77m2—A)1 mL fB4 2 FEL | Poif
/X7 7—(20 mM sodium phosphate, pH 7.0) Tk AT o7, B 7L 10 {57 R e
6.4 mL 2 —RL7#% . 5 7 L5082 DY Sy 7 7 — THF A EEITO, Iy 77—
(0.1 M glycine-HCl, pH 2.7) 5 mL ZMMZ & H L7z, B EF /3y 77— (1 M Tris—
HCI, pH 9.0) % 0.5 mL ZHENC AN TF 2— 7 IED | oI fESw7-, BH7-E
Hi& %, Micro BCA™ Protein Assay Kit (V—F 7 4> v —W AT 47 4 7RS4
\ZCTHRPEEERIEL, AT 20 ng #H%75% SDS-PAGE (ZTHKENL | $RY 12 TRl
TR L. 2% total 1gG 2y ELT-,

v HUREREA SA B =Xk AT 7T iEA [gG 5L

SARS-CoV-2 S1 $JE (Acro Biosystems, SIN-C52H3) LT SARS-CoV-2 RBD #iJE (Acro
Biosystems, SPD-C52H3) 4% 100 ug % . Biotin Labeling Kit - NH2 %~ (BkX 24 [R{/b 2%



WFERT) OFLAZEZ L3> T AT A& L Ui H o7 7 =7 4 —HUREL THESH
L7~ total IgG 43 77 pl. &, ¥fEL 7= A4 F L AbFUE 2 pg LEH12, Final 1 % Triton X-100
DEMETIZT, —83IF P — (U R L7 AE4E) T. 1,400 rpm, 4°CI2T—HBeIF>
VI UT, BRRTFa—TT, Yeig i @ Dynabeads MyOne Streptavidin T1 (AR, SA B —
X)) (Thermo Fisher (VERITAS), DB65601)% 10 ul. (100 ug)/inz. T, 1,400 rpm, 4°CI{ZT 30
Sy 7 Uiz, TBSTx (1% Triton X—100 in TBS) (2T 3 [mIWei#% . i Xy~ 7—(0.1
M Glycine-HCI, pH 2.7) % 20 pL /12T 1,400 rpm, 4°CIZ T 10 SpfESF> o7 L=, L%
[ LT 2 pl OHFFI/3y 77— (1 M Tris—HCI, pH 9.0) SIEFIL  IxHHELT=,

Total 1gG BLONTZF L i8R [gG D LMA it

Al — R AIZ DX 2 YD IETHRLI-U 7T 38R 1gG, BIOULF D total 1gG DEF
3 BEIZDOWT LMA fi#fT 21T 572, T BT FRTORFHIED, 7 o583V 7 F
(LEL, STL, UDA) IZDOW TR T 20~ AT =RV 7 F oo 7P Aabfa 2 58T, 30
ng/well S 218N LT,

o R [gG B0 RBB IO LMA HIE

IgG 1% Cy3 Bk L7z £ C LMA fEHTIZHE LTz, 7T 3588 16G ORERWIZE 15 Tris
IR SOG A BLE 5720, TORINAIEAT L (RIS 2 LT PBS (237
TEHLL  ZORER O 1gG IR FE B L OWIE 2 4R Y (0 CREFR L 7=, BCA JE & (total
1gG) F/IFRY (V7T 5 1gG) & A& D172 100 ng 8% (total F7213 anti-S1
IgG) . 70 ng F84 (anti-RBD IgG) O¥EHL IgG 4 PBS T 18 pL (ZFH#&L | 10 ug Cy3-SE
(Cytiva, PA23001) /PBS ¥&iZ 2 ul. T, T 25°CIZT 1 Rk L 7=, 1gG &M ERL&LL
TOBIKIT., 4 &% L7, Probing Solution (k34275425727 =77) 80 uL %
INZ N T TR 30 7P ERISSE T2 (RE7: Cy3-SE OARTENE(L) . LecChip (k2
tt7 42727 =7) ZProbing solutionT 3 [EI¥EiF4 . Cy3 kL 7= IeG 30 ng FH4
% Probing Solution C 100 pL ([ZFHFEL ., 77 T4 LT, $RYLIC L2 A 30 ng LA FOR
RI% 100 uL 2 &8%7 771 L7, 20C, —#if)i% . GlycoStation Reader (Bf 4L/ 712
TI=INNCTEAEAF LI,

- FsR

DIV HOEHER EE 2 B H O/ 7 b (GlycoStation ToolsPro) (Z T LL . N o 7T
R%&7ELF V2 Net Intensity ZEATICHE LT, F7o4 40700 V% BiFA7-8 . BEH
(LONZHENENCSAED H70 55 —# (998 msec, 6,988 msec) Z#EA L. Net Intensity 1,000 LA
E T FNVE N E L CTHlo T, ETBESER DN T A E i ORI, VI TF s
F VLB TR L L 7= Average normalized intensity 2 fHL7-, FDOERDOLIF 7 )
JEBIENL, > 7 A fafnins PARS Uz 3 LT (LEL, STL, UDA) 2R\ Mz 42 L7 T
DfEZ =, 723 Average normalized intensity 1. 7 LB L&D 7= 2 R (farE
BB KOG [gG EDD 7o T R) ZBR<S 17 iR Z Rt G L UTc, IRD TR T ICH



WTIE, U7 T ADMEL B RhEEPHLL T &7 DR 2 50% H D AL 7T AT G bR L
-, BRAGICIT, 3 Ff 1gG 095 2 FELL BT, 17 MRSEBEAS 1,500 Rjii&7e b 13 LoF
(LTL, UEA_L, MAL_I, GSL-II, EEL., PWM. PNA. MPA., VVA, DBA, PTL_I, GSL_[ A4,
GSL_I_B4) ZFRANU 7o, ERFRNTIR, FEEHIEHTY 7 K JMP (SAS Institute Japan #£Zi1h) %
HAWTITo7=,

IS

AWFGE TR LT= COVID-19 U7 F L HafE#% D 18 MR I LT COVID-19 [ i B i 5 1
FRARDRARIE R, ELISA {52 CTHIE L7z M sk 0 anti-S1, anti-RBD, 38X 0" anti-
Nucleocapsid IgG #R £, BT 74=7 r—fHRUZLVENSHL72 anti-S1 38X anti-RBD
IgG 8% F 1 IZ/RLT=, ELISA |[Z CHEE SN 7= Mk @ anti-S1, anti-RBD 1gG JE &1L
HWIEVMENGONTZ, 27 7 =7 4 — k5% R X0 RFEH HiL7e anti-S1,
anti-RBD IgG &I, ELISA /&2 L5 MR O 1gG IR LTR<FHEIL Thv | Mk L
L BIF ChAHZEMHERIS N7, anti-RBD IgG D RILE1T anti-S1 1gG L0 KRAIIC
72 focu\-f*%fz@oﬁo ELISA JITEIZ TRFFR LA N E7e o7z 1 IRIR (#3) 1220 T, g
1gG DERGEIZIB N THIR R LL T Th o7z,

I 1eG #REE (2 g/mL) G E (ng
BT NEE | Bl | EE R 303
anti-S1 anti-RBD anti-N anti-S1 anti-RBD

2 doses 40-50 Male 3.45 4.22 41.01 110 88

#2 3 doses 40-50 Male No 32.16 43.73 0.02 1,980 440
#3* 3 doses 70 Male No 0.25 0.29 0.11 22 11
#ax 2 doses 70 Male No 2.49 2.38 0.12 110 110
&5 3 doses 40-50 Female Yes 10.75 11.68 2.33 660 330
#6 3 doses 40-50 Male No 15.60 23.76 13.24 1,100 440
87 3 doses  40-50 Male No 5.01 5.78 0.03 220 198
#8 3 doses 40-50 Male No 5.10 6.69 0.01 396 165
79 3 doses 40-50 Male Yes 12.66 14.53 0.20 440 88
#10 3 doses 40-50 Female No 16.55 14.49 0.04 660 220
#11 3 doses 40-50 Male No 6.33 7.91 0.29 330 88
#12 3 doses  40-50 Male No 13.76 15.78 2.88 440 165
#13 3 doses 40-50 Male No 6.26 6.35 3.41 176 22
#14 3 doses 40-50 Female No 6.05 6.91 0.06 330 55
#15 3 doses 40-50 Male No 6.47 6.30 0.31 220 55
#16 3 doses 40-50 Male No 6.32 6.34 0.14 220 88
#17 3 doses 40-50 Female No 15.43 12.58 0.37 396 110
#18 3 doses  40-50 Male No 10.97 9.18 0.15 396 110
#19-NC No - - No 1.72 1.61 1.76 0 11

*IE, VO F U BREE D R — RIE T HT LA R T,
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L 72D 7 F L 3HER 1gG (2O T LMA 217572, ¥ S1 1T 19 MR total, anti-S1 35
KW anti-RBD 1gG @ Net Intensity (/377 T REZELG [Ntk OHOEEEFEE) 27~ L
2o Flo, ARBFFETHEALE LMA IZHBESI TS 45 L7 F U D3k 3 RS E O 1R 3=
Fl25% SIS RLTZ, 19 BifAH kD 1gG 12D T, total, anti-S1 33X anti-RBD 1gG %-3ff
RpHE | BIRRTE 1gG FEH] TUREH T v 7 7 A /GEO DD DAL BB L L TIIsiR
BLO G FAEL T—EDMMAHY, O-f5 &IPS (O RIS 5Ri%kL 7 F L D7
FUIEHRE TR E © N BBEEA AT »—ThHHZ & N AEGFICREL TiX, 27 72— 7
II/H& FINII w v )= AR DL 7TV T FIVBRHEN DT E | 1gG O FESHEA

(B 2REH(11,12)E— B DM AR B AL, £z anti-S1 1gG 1F 7 F/LFREE R 2R
ANZAEL, total IgG X2 anti-RBD IgG L b~ THESHIEG &S D 7N Z &M PARS -, Fa R
B CTHHHI9 & TIF U FHEA oG R E DD 7203 T-#3 12OV T, anti-S1 & anti-RBD
[gG DV T FIBNGEHENRN, HLITE LR o T2,

2-1 ,
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5 - ?
el 0.5
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£ i Yo 5
e fotal lgG = 13 N o
R o) «25 43 [
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, 244
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400 3 L B0 . 80 ) -
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I w i | I S T - -
[ . 100 50 - . | * e |00 * " o 5 + 100w -
< 0 0 o 0 0 0 a e
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. JE— ) it — [l * 1 p<0.01 (ttest)
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2 FERRAOENT R IO 3 B 1gG D Average normalized intensity




PEGUE A D /T A% LRl 3572812 Average normalized intensity (42 L7 F L S E T
HSALLTE) T MK, [gG FEE OFESH 7 07 7 A U DO DMEZ HILDD, +
TR 21T o7- (X2-1) , T DFER ., total IgG & anti-S1., anti-RBD IgG I1ZZ 1L F3UHAL
LTeZ =T3S T2, 20D [gG ZRFHE-DIT TV A S &E L LTI, anti-RBD IgG
D7 a—AER (AOL, AAL. PSA) . K GleNAc #1& (WGA, ABA) . anti-S1 IgG DT 7 /L
fi& (SNA, SSA, TJA-D) . total IgG DK ¥HH 727 h—A (PHA(E), DSA, RCA120) ZE 3 RIB G
Too LIFURINC 3 H 1gG OEYEE LR T 5L, ZNHDL 7T Tld 1gG BERI CH B/ 2=

DRBDOOLNLZ LN RS2 (] 2-2)

AT, A CRERIICEN AONAEIER, ZEINZ AOIVOMEE TR 72, Bk
{BBDOVIF o7V BICERET ARESEEERN NS B LA T LI 0% 3 1TRL
T2 ZNE LD E, total IgG & anti-RBD 1gG 1 R0 FENT CRSALZIEY 17 MR Db
RS LI HIHT > TS 3, anti=S1 [gG IFRIAF DL AR EL, P THT T RS 7T /LD
EIE D 10~50%FRJE EREIEFHL CODIENHERISNTZ, — T T IVERIZLERBE, 7
A= ZARTI I DOFIG TR L EL TODZEBHERIS T,

NeuAc LacNAc B GleNAc
SSA, SNA, TJA-I PHAE, ECA, RCA120, DSA ABA, WGA
Oligo mannose High mannose Other N-glycans
NPA, GNA, HHL, TxLC_I ConA, Calsepa PHAL, ACG
0O-glycans B Fucose W Other Gal, GalNAc
Jacalin, ACA, MAH PSA, LCA, AOL, AAL BPL, TJA-Il, WFA, HPA, SBA
Total I1gG anti-S1 anti-RBD

#1_Total 1gG — — #1_anti-S1  ee——— — — #1_anti-RBD  me—

#2_Total IgG #2_anti-S1  m— #2_anti-RBD  m—

#4_Total IgG #4_anti-S1 #4_anti-RBD

#5_Total 18G #5_anti-S1 #5_anti-RBD  mem

#6_Total 18G #6_anti-S1 #6_anti-RBD  m—

#7_Total 12G #7_anti-S1 #7_am

#8_Total 1gG #8_anti-S1

#9_Total I1gG #9_anti-S1

#10_Total 1gG #10_anti-S1

#11_Total 1gG #11_anti-S1

#12_Total 18G #12_anti-S1  me——

#13_Total 1gG #13_anti-S1

#14_Total 1eG #14_anti-S1

#15_Total 12G — #15_anti-51

#16_Total 1gG  ne—— — — #16_anti-S1 #16_anti-

#17_Total 1gG #17_anti-S1 #17_anti-RBD  m—

#18_Total 13G  ne—— —— — #18_anti-S1 #18_anti-RBD  mmmm
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3 IR O BESHA R Y
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COVID-19 U7 F k3% 1gG OFEGHMENTIE. mRNA U7 F > DT P A LU EFHIBWTH

H f@‘fﬁ%i&%@iﬁhb X, ZAIRIRZ R U U T W SHARAT 2 5 50~ i S |2 St 5
LI EE ML DT RS O MM AR ELE TS LMA 2R HL - EZBRE T V2T

AL UTz, RERESNTT 7T 3588 1gG 1%, HIFFEY 30 ng EWIOMEREF T, RKims 71
FRIEHCa T 7 a—AMEMiZ LU LT D8k » 72 B8 E N ST,

100%



AW TIL, 2 FOHURZ W @Y OFIETY 7 F U iFE8A 1gG 245 8L | total 1gG &
B THESEMITAT 57278, 3 7 [gG [ CRIEIIZE WV DR ST, FRIC TR Rt
DOFERIT. total IgG & anti-RBD 1gG 1% 17 BIROE DD THITWZ &2 RL TS, I
. anti-RBD IgG O¥ESHIZ. total 1gG IZH_T7 a—MEAFIMEINL . 2> N BUFEEH O K
REEN S T NEERL LI AT 27 h—A055 GleNAc B I8l TWAZEDVRIBES LT,
COVID-19 U7 F 358 1gG OFESHIEIZ OV TIE, B RmOTICEDETIZ IV Th
total IgG (ZHX anti-RBD IgG D7 2 — AN IN9-52&5° (13) . mRNA U7 F L Baffif% D
spike—specific IgG T7Za—ANEEIL S 7 VRN 7528 (14) BERHEIN TR, 45
[BD LMA AT CIX RO ZAL B HNTEB Z DD, 73— AR T FEE LG M
DEZNASAEZMNEFHIZEL T, AMEEE a%m“él/ﬁ%APHAE Calsepa) [Z[FIFHL 72 &)
SNSRI o T, LT OFESHERRIIHUR DO FURFRRRIZ A TIAAR O EWO Kz
EBETDHE, MOHEEZ SO TR TODARENEDL B 2 HNDT280 | A7 MEEDEENZ
DWTIEEREIRDLETHD,
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