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Immobilization of PEG onto cell microarrays as a substrate for cell fusion
and evaluation of their surface properties
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To prepare a surface-modified microarray(uAy) on both PEG segments and specific protein
binding sites as a substrate for high-efficiency cell fusion, PEG macromonomer(macPEG)
[P(macPEG)] or/and N-succinimidyl arylate(NAS) and macPEG copolymer [P(macPEG-co-
NAS)] with different compositions were selectively immobilized on the glass spots of the pAy by
using surface-initiated radical copolymerization. Two kinds of selective immobilization methods
of 3-aminopropyltrimethoxysilane were attempted on a glass substrate as a model of spots of
uAy by using 1)vapor deposition and 2)immersion in the solution, and evaluated their surfaces
from the scanning probe microscope(SPM) and water contact angle measurements.
Poly(macPEG) and poly- (macPEG-co-NAS) chains as brushes were observed on the
glass(g-glass). As a result, the SPM images and wettability based on the immobilized polymers
on the g-glasses were changed by changing treated methods of alkoxysilane.

Keywords: PEG immobilization, Suface-initiated radical polymerization, Cell microarray,

Cell fusion, Vapor deposition method

1. [XC®IC

KBRS DB AT HE & 72 o 72 N T2 REMEEHi iR GPS)
AR OBAFEIZ L0, OFHEOW R E TRO Mg B
B Ol - TR 2 AT 5 EREINY, @
PRIE ORI AR, @DNAY 7'r /7
¥ T ORI 7E S~ DRk 2 7205 25 21 D e e
Uil & OB AR S O R 22 3 RS I S, AR
BAHCIXEMAL L 72T DD, F72, 1PSHIME
MOMEFE SN DRI X - T, Ifasfr e mE o
OO ANTFNFIREE 720, A —H— A A R 3EAIE
3R, FEEBAFE OH L b— MEAL OB 5 L
T 25 EE 2656, 5T, FEEA7 Y —=
v T TOEYFEER O, FEREMERE S, FBNEME,

BREER LT DREDNA AN—T" NIM% L S
~OWRNRE Z B, < OFEEAHD FIAEFTH
%),

bt b A THREAARHAC)HMTDIE, OFEKE 5 THEOE A,
OfF YR EOBIE T2 ME L, @EAEET-0
TP BLCTEEE R X TN Ly, @EA
a7 OREEZ BEFIE T 2E0/E2 D, iPS M
N ERI® 2 4R, 2l e A ERERO 1 > TH 5 5.
ZoM, v MUEBRBWOER, iR hn T %D
ERE R 7O KBTS OIS RFTEO.00 24k, Jevfie
WMEHIHINFE LTERREREZSRTWS,. —,
HAC =7 & — 3 IMERIE (R 7 et - MC) & LT
AR L, S22 & OFIIERAIC X DB A (MR A

FfEsAT 20164E5 H 7H
¥ STEKEFERERE AT A TR o AT A TSEIR
*2 R L A A LR
*B ATy 7R B

(T739-2116  BAETER D D 1K)
(T739-2116 HILAETHEED OO 1)
(T699-0101 R ERT iR 2797-3)

*OUTERTFRTE VAT LATENER VAT AR B, T AR TR %, AR e 2%

(T739-2116 HIAETFERE 2 OO 13%)

G . BATEY (F2EEF) E-mail  siraisi@hiro.kindai.ac.jp



% MMCT) 7=, HERETRAT 0.0001% & @Eh
IO TIERRTH 5. b MR EoZRIKEA D
WIZ A NAT R —T R CHEL L= MCAD
ZHOCTRE RO EARET ST D03, Bashes
1% 0.001%FLE & S L7250\ EARDENS. £, HZ

T A INVAFHEEREL, b MRS RE SN b 720,
AR~ OPAEDOEWTEL RO BN D, BEFOHM
JaBAHH L L TabN TV A EREDRY =F L
7' 22—/ (PEG) % i\ /= PEG JEWB-0D0m KAk
8~e21% 2 FOMILZ 7 v & LIREAIRETIE T 57
W, BHYET 2 2 MRaDEE T 2 F3mD TIRFEH Th
v, RO 3 MLl EoMaOmE, S @as LR
VIR 25 A B 5. £i2, BAERIRSOHIII~D & A
—VERE, EHTE MR SISO Dk
REPEL LTETFONTWA, fERIETIE, #Mi—
HEAQ RS DR fl-CIERL & A2 ST 572, £%0 HAC
GH MC &2 Z M LT, 30%~50%0D ERER
JxF L7 ) a— W (PEGQ/KEKT T, ¥y iRE
L CHEflR S LD, 850 & MC O3Hil% &,
HIFANDZ A=V OREVERE PEG AROM H %kt
7, EAPIERAEED S Z 21T HAC HiaRESE 5T
OIZE b EERHED 1 > TH 5.

AMFZETIL, BABIE & L Co PEG 884 HilaRassmc
B b L7~ A 7 a7 LA (A ZFRE L, pAy ~Oflifa
HEIEC LD MC & ZBMBOBEAROBE R L, BEEH
TOPEG 8 LV, (K- IHREN A IREL BN L L
7-. [EFE PEG ~Ci, 458 L 7= iakihim o 2 CRllfnis
BIRERL, B OB Ch 5120, ERRO[ME
LABETHH. 6T, MG MEES LD pAy Hl
BT, MY A XL BN E R DBIRTTOF N
BEOWEDOBANISIHIZAES THY, MlaNWEEA
FERE L COIEHLARETH D EEZDND. DL X,
wAy MR EOMBUEAS DT T AAR » M T AR5
W7es T2 17 ) TR EEENT S, 51, ki,
7T AR =12 EORUNERNARINCES L, RARZA
BHNETAED Z &2 HOERIEBIR LW, Ty
7V U ZRIOBEMTIZZ OB AR Lz, BEEs
EE UCHAEE (KUHE) ROIREE (RIEE) E01d 5.
KELEORNEE E B UTZGA ORI & LT, EiEA 0
DRWEDIEIRN RN L, AT U FRES
L CTE DRROHERED DN D 72\ T L D32Z80F 501@9),
AETIEZOFEEICER L, BT 2 PEG £ 7 A~
roOEEELERIEL.. £0%, PEG ZEMET D
Litkz, PEG &7 A v b, Ml Lo & oo E
® NH: 5 & ORIGENN S D A7 A 2 RikEH D
N-succinimidyl acrylate(NAS)#&E A L7=. PEG &7 #

YhERBELEOA X7V NVBERY I RE ) Y —
Poly(ethylene glycol)methyl ether methacrylate(Mn:
1,100)[macPEG] % [& #H {k L 7= P(macPEG) K& O°
P(macPEG-co-NAS) 77 7 MbtAI 7 AK Ay & L7
FEFHRL L 72 gpAy Z &8~ o — 7 BEEE(SPM)HIE &
OBl O)E D> B 7 L 7.

2. RERAE
2.1 FEHE

Fiele (FnyestiZRmnad) , Eme bk (B LR
3-aminopropyltrimethoxysilane[APMSi] ( # 5T At 5%
#l), N,N-dimethylformamide (fi/K) [DMF] (Fn>/GliEis
$), triethylamine[TEA] (FItAlHEY) 2 Mk U & Al
o THALIZbDZRWZ. NAS GRELERERED ,
macPEG (Mn: 1,100) (Aldrich ) |3V =F)L=—F 1
WCVEfRZ I — 80 CITET L CRILENC K » TR L 7-.
~Ar7u7 bAWAIE b—TF— A T v 7 B E
72 KIE 2 VAR T H Milli-Q synthesis FBUEHK RIS
ERHOTHERLTHERLEZ. =&/ —L, ZoafRiLh
DOV, FIEI LN - TR 7=,
4,4-azobis(4-cyanovaleric acid chloride)[V501-Cl] 1%
4.4-azobis(4-cyanovaleric acid)[V501] (FiGhliRiREL) &
THAE Y U [PCls] (¢ o ZALFRED 72 DAL LT,

2.2 BEEEFREEERzmacPEGT ST MEATS R
[poly (macPEG)—g—glass] & macPEG/NAS E&{KS'S T ~
{£ 55 X [poly (macPEG-co-NAS) —g—g | ass] (DEFHL

T AR ¥y — L EFAD, BT ERIB0%iEEE LK
F#/18 M Filt=1/3(v/v)] 8 mL (53— 7 2 (Fisher
Blan)Z At 1 hizHE L, K THNN—H T 2 &k L=k,
TT7—a 7Ly —TZERERE T Tt L7z
[APMSi [EE{b A 7 A DOFHHR

=&Y £ 0.179 g (1 mmol) APMSi @ DMF A% 2 mL 73
ANoTeH T ABA Y Y 2 —FI\ZHNR—HT A% A,
60C, 3h i L7z. D%, DMF T 15 min FKfi & 3G
7% L7-(Fig.1-A).

A P L DR AR O APMSI 28 E)fIC A
n, BtaEERIC e T o NER AT S 7o T A E T
Uy 7EAWTHR FTFEEZL, HIRICT2 h#EL, K
i L7 (Fig.1-B).

AT - T AT v — 112 3 mL © APMSi %
A, B ORI T — 712 CE T v B A AT
ST T AFEREBEEL, 30°0CT2 h#FEL, KLz
(Fig.1-C).

ZEAEFHEE © T AOD T — 112 3 mL © APMSI %
L0, BTN E T ST T AT E Vv — L&A
SN REICAN, 80CT 2h #& L, It L7-(Fig.



1-D). W EE % 80°CORFHEIZ T 30 min 2
PR Z LI LV BEE T &2 T~

[EA BtaAIE k]

HT AR ) 2 —E2 7 VB4 0.0315 g(0.1 mmol)
V501-Cl % 1 mL @7 v v sV AZERfE L, 30.6 nL TEA
PNz Tz, FTORE LiZ7 0 aiL ARk APMSI
AL T A%z L, THEMEC 30°C, 20h s L7z, S
KTk, Zuadibhb A4 ) —)VRL, B CHEE
B Lz,

(w7 Z 7 FEA]

BT AA 7 ) 2 —1Z macPEG 1.65 g(1.5 mmol)if=
X )=V 1 mL iz, £72, macPEG 0.99 g(0.9
mmol) & NAS 0.101 g(0.6 mmol){Z 0.5 mL =% /—/L &
0.5 mLDMF @ 1: 1 &A% 1 mL Iz, V501-Cl [EiE
b7 T A%R LTz, RN OOl — i — =R
BazAh i L%, HEMAT80C, 20h HA L. HA
t, =X ) —)ZR L, =R T3, 45 min @@L
L7i=tk, BEZeifi L PEG [EE{b g-glass Z137-.

o

Fig.1. Bi&k & REEIC L B 0T 2 EM~D APMSi
DEFEN (FFRAER : KHH)

2.3 FEE-BEATEERLM= macPEG 45T MET LA
[poly (macPEG) —g-pAy] DFRH

HT AR v — L EHW, ©F ERI30%iE K
F#/18 M iil#=1/3w/v)I8 mL I\ZH/"—HF ZZ A1 h
RIEL, KCHONR—HIREHEF LI, =7 —ar 7
Ly —CERERE T T LT,
ZEAENEATTE - BT ARy v — 12 3 mL ® APMSi %
AL, FWESOPMANZ T — 12T T LB EAT
STz pAy FEREETE L, 30CT 2 h FEL, KnlLiz
(Fig.2). &bkl 80 CHHEHEIC T 30 min #f5 S+
52K VBERT B TR ot T ARA Y ) 2—

BTV BAA#A1 0.0315 g(0.1 mmol)V501-Cl % 1 mL &
JaaRVAIEEEL, 30.6 nLTEA ZNx7=. DR
A L7 oo dL AR APMSI BE(b 7 A &2 L,
{HIEAEC 30°C, 20h SUS LT-. BUSHETH#, Z7rakib
DL AR ) —)VTHEEWREG L., T AR Y a—
E1Z macPEG 1.65 g(1.5 mmol) & T4/ —/ /LA 1 mL
Mz, V501-Cl BE@E(bA T A%E L, MWRIREFREH Tl
fE— ik —ERE LAV IR L=, [EIEAEC 80°C, 20
h BA L. EAK, =%/ —MIREL, =IET 3 [H,
45 min B ERETEE LT th, B2 L g-uAy 2157,

= DN

Fig.2. #&-BEHTEIC X B pAy ~0 APMSi OEE(L
(pAYRFEFHE)

2.4 gglass RU g-pAy REDF v 5042 )E—ay

KTk 284k 413 SImage Entry (=3 2~ () %
FAWCE=EIRE50) THIE Lz, Hb BiZ 10 pL oK%
BV 2. 1 min PIPRIZKIR LA O 2 1E L.
HETFE 5 MDD B, KB K O IMBE & BRV 2 ) %
Pefilify & LT, Fio, AR o — 7 BEMEISPM) OH
FElL Shimadzu ¢ SPM-9500J3 % (> F L /N—(Z
Innovation Solutions Bulgaria Ltd. # Budget sensors
Tap300AI-G) % vy, K&K T, E&FM : 30
umx30 um, ERHE : 0.5 Hz & L, (AR 27 4
(2 K 22RO AR E K OGS RAERIE 2> H Rl L7z,

3. HERLEEBR
3.1 BEERELABEEFAz macPEG 57 MEAS R
[poly (macPEG) —g-glass] & macPEG/NAS E&{KS'S 7
£ H S X [poly (macPEG-co-NAS) -g-glass] D ¥+ 5 & &
JyE—ay

RIEE T, APMSI [ZIRGT 572D OFREIRIER O
FEMR B A BRI 0D BEIR O N0 BE A B I oD
WERAVETH D, £12, APMSI DAY T 0y F )V E
B L TTE DR IROHEFEM N\, R ~—[EHE
DRSGGE DT I ) HEBIZEBIETE RN ERZET
55, APMSI EE(LET AV ELTEL, BT ML L
BUKMEE 72T T AEMNZ S T P DRAET H T &
WZE 0, KO T 2 ENT T AERA~EE LS, R
U ~—HEE %17 9 O DA Z EELT 5720 D Yy



b, UL, BEETIEZOY 7 o RLERER
DE->TEGTHAMEMENEL Y, EE e RN
AL, BRI IZEE L LTV SR8
Lianz T, R E L TH T AFHEIZ APMSL A3 250H
ETETH, BltaHIZ EEATREZR T < OB ED
L, =R ) ~—EEN#HE LW EBEZ NS, —H,
APMSi #7&% &5 &, K FHIZ SAM (Self-
Assemble Monolayer) I & FEIAL D ELAIEZFFOH &
BIENER SN D, REETIE, BN < Bk
DOPEE 720, EHER = 2~ OB B E R O
B TRELAMIND. F, RIEETOAKY T v
DT OEABI L DRAROHERED & s TE H2FE 5 b
D, AREEENRL, T AL N Ay DH T AAR
v N E~OREERR Y v —EEEARET L, BT
LT BB L2 RE & a1 T o 7.

EBL L 7= T AR TORY ~—Efi xR T 5
721z, SPMIE & AKDOEfARNE 1T >7=. K
OB ARIE K RIEM AT 7 2 TILO=63°TdH - 7z.
P(macPEG-co-NAS)-g-glass, P(macPEG)-g-glass T®
- APMSI [EE B IBT DK O % Table 1 TR
7. APMSI EEbiEE L ST EnEho g-glass 1
HRUERTT T A L PR T O CTEREDOTIENEL L
Tz, PmacPEG) & P(macPEG-co-NAS) CLt# 9~ 5%
&, PmacPEG) AW b il i<, Bkt &7
5HZENHERTE =, 2L, P(macPEG-co-NAS)|ZLt
~, NAS OILEHIZ L o C, MBHROSIAREEME T L,
HprEm BICEEL ST\ 5 PEG 80 - FE% )
Tpolz tHEE L TS, REFHBERHZDO T 7 AKHE
® poly(macPEG) & poly(macPEG-co- NAS)D{Effi%
M2 272, KREIXPHE T CORKE TO SPM HIEB0
umx30 pm)DFERE Fig.3,4 (T, RAEH T A TlE
MRS ES S ) 27— L CEB/TH D Z LTkt L,

wHE— BT IFE
0=55" %E
R e
P

APMSI [HE1 7iE2 20 Uiz fE R, @ P, BRI,
¥HEYE T poly(macPEG) & poly(macPEG-co- NAS) %
727 NEA Lz gglass Tlik, T, ZNHICRY
~—HKLEZONDT ) A —LTOT T IAROMY
D3R Bl STz,

RAE— T FIFETIE, PmacPEG)-g-glass Ftil IAH%T
FNTHEEDME N 332 <, FERR ISR Y ~— @3 %)
—Th2\, FHMNHO APMSI AR EMRIZE— T
STz, R ~—FEEOLTNELTZEEZ LS.
F 7z, 2K — AHTETIE, P(macPEG-co-NAS)-g-glass,
P(macPEG)-g-glass £ C® macPEG #H[E/E{bIEIZE
WG, RHEECTORY ~—[FEE R L 0 HREHEZ L,
M3 72 <, RHEEICERD B D 2o MM G 7
V. REEEREE IR v —BEHENTE B HN
%. 2, APMSI AR 20 7 A AR Bl L,
APMSi @ SAM TR S iz EHEE L TV 5. Bl
BED SAM BEIRIC L > TR Y ~—EHAD RS L7825
APMSI O 7 X/ HARSEAEREIICE —ICEE S
7otz R U~ [ E K O 1 O MY K OSkER A 0D
B—MREE-T- B2 N5, S6I, A& —iElk
TIE, B L7275%5515 2 RIS, H o APMSI 8
BN CErE S, RHEA~DEELEORICLY, R
~—BEEENMET L, )7 e B sRmERIZZE (L LTz
EEZD. 16T, APMSI ZZRDFEARA~DHE— 72 [EEL
FER LS 5720, R E APMSI OFLE KO
APMSi ZKUREMEE D b EETH 5.

Table 1. 2725 APMSi BEE(bEIC L VAR L=

PEG $HEIE LY 7 AKE DOERhA
s eRE mER
§€ BEE  RTE BMHE MR
P(macPEG-coNAS)-g-glass  43° 51° 38° 37°
P(macPEG)-g-glass 53° 55° 51° 58°

Bk %%—ﬁ?(f’;‘i@=51n B3

L RUGIENIN 7
" — Rtk

B — R o e

Fig.3. BEHE L AREETHESR L7~ PlmacPEG)-
g-glass ® SPM #

Fig.d. BiEE L RFETHERL - PlmacPEG-co-
NAS)-g-glass ® SPM #4



3.2 ZEE-BRGFHIFEEAW=macPEG /ST MET LA
[poly (macPEG) -g-pAYIDF ¥ S50 2 JE— 3>

S1HIORER LY, ZEEE AW APMSI OFEE(E
VISR EDSATZE ClifaliChH D Ll L=, =
Z T, pAy R~ APMSI [EE b & 7255 AE AT X
ATV, ABFIER CTRERMTA L C & 7-iREE & bl - f
U7z, ZE-BTEIC LY, Bk~ T 2 2 KL
EALREABCT Z L NARET, KU ~—[EELEESE
H OB ENBENNT 5 L E 2 bND. Rk L 75U
Tz L W ERL L 7= PEG SEEEE(L pAy Ok O8ib ]
TEORER, R pAy FMIT 75°THHDICH L, 1R
W, ZRAEBMHTECERLL T gpdy Ty 55° &
R OWFIVENE | Uiz, 139EE & 551G 0 FH ik oR
b fAIRIZIER U0 55° Thh o723, 1RIEE KR OGS RGT
HE TR L 7= pAy @ SPM HIEIC X 2 R 247 -
AR, RHEE TR L pAy OFR U ~—7 713, 3.1
o SPM HIE & [RERIZ, REOMMNG, R ~v—7
TV O MR TR E 2 b, ZEAED TR X 0 H
L7z pAy (ZM3 D7 B Kmls & 7e b, Befilf
TIXHWT T 72 o723 PEG $HAEEE L CWH EH
ZHND, FENIHERRFTHS.

Flo, AEMMTEREETER L Ay L0 b
PEG $Hz mEEICERICEET D Z ENAEETH D &
EZ N, MlEAIC XD HAC AL DNA, siRNA,

BRI EEOEANAFM & L TEAERET L TV S,

4. F&o

(DSPM HI7E & KOl OPEFERIZ LV, FARELED
WG AT A HA~D PEG OB E L2387,
QREEELABFILETER LT 7 A EKTIE,
P(macPEG-co-NAS) & ¥ , P(macPEG) DiEuIE2 BN
L7z,

QEAEVE T U727 T A RO pAy 1HREEITHATER
HORY ~—T7F7 RN E—b L.

OB FFLE T UTRER, 25 ER Bl Th 5
EEZD.

PLEDOFERN G, RIEE LD 285 EZ AW TERS
LHFRD APMSI OFEMRFE I A~OEAEEIC LY, R
V~—TF b REEANFRTHL EEZD
na.

AEZE O TERS 2 pAy 13R9EE CFERL L 72 pAy &
D RN A~OBEFEAMBAI CH D PEG $HOEEE
DL, BR5BEFEAORF IR SND.

HiEz
ABFZED—E TR PESEE A/ ~N—2 =3 AP

THEE (22 FARATEER) M OIS FA R i e
{EHEMESZE (H24 AFEREFPESRER) ORI LD HDOTH
D, ZZICHEEELET.

S5 3R

(1) S.Yamanaka et al, Cell, 126 (4), (2006), 663, =15
B, “Ffio@m, 14(8), (2009), p8-14.

(2) T. Kondo et al, Cell Stem Cell, 12, (2013), 487 .

(3) H. Chono et al, PLOS ONE, 6(8), (2011), e23585.

(4) T. Nakayama et al, RNA Biology, 10(9), (2013),
1419.

(5) H. Mizuguchi et al, PNAS, 111(47), (2014),
16772.

(6) (L g, “iPS MO PEERIGENR, o —x by
—Hif, (2009).

(7) FRPLiES, Ak, 8209), (2010), 846.

(8) M. Oshimura et al, PLoS ONE, 6(10), (2011),
e25961.

(9) MFDEHES, FRR#EE, 52(11), (2012), 1139.

(10)M.Oshimura et al, Molecular Therapy, 18(2),
(2010), 386.

(11) M. Oshimura et al, BMC Biotechnology , 10,
(2010), 37.

(12) “RES, By —IJE - B, 53, (2009), 11.

(13)De St. Groth S.F et al, J. Immunol. Methods,
35, (1980), 1

(14)N. Naoki et al, Polymer Journal , 27(3), (1995),
211.

(15)W. P. Thayer et al, Journal of Neuroscience
Research, 93(4), (2015), 572.

(16) Arnab Sen et al, Research in Plant Biology, 5(1),
(2015), 20.

(17) Cameron L. Ghergherehchi et al, Neural Regen
Res., 11(2), (2016), 217.

(18)T. Nakamura et al, Plant Cell Physiol, 20(7),
(1979), 1441.

(19)U. Zimmermann et al., Plant Physiol, 67(4),
(1981), 849.

(20)U. Zimmermann et al, J. Biol. Phys., 10, (1982),
43.

(21) Alexander M. Christov et al., Plant Physiol,
100, (1992), 2008.

(22) Eberhard Neumann et al, Journal of Cell
Science, 126(9), (2013), 2069.

(23) Az, K, 61(2), (2010), 208.



