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Abstract

With the development of medicine, cell behaviors on artificial surface have
gained attention among researchers. Cell adhesion is central to many cell behaviors
including motility, survival and differentiation. Surface properties of artificial
surface are known to be one of the key factors in cell adhesion. Compared with
other artificial surface usually used in cell research such as polystyrene, PMMA,
and fiber, self-assembled monolayers are known for its excellent ability to modify
surface.

To acquire better control of surface properties, mixed functional groups of
silanes are introduced to glass surface. In this study, different ratio of
3-aminopropyltrimethoxysilane and 3-mercaptopropyltrimethoxysilane are applied
to glass substrate, surfaces with a series of zeta potentials from +24 to -155 mV at
pH 7.4 are obtained.

The surface chemical composition of binary SAMs is quantified using x-ray
photoelectron spectroscopy, while that of zeta potential can be found in reference.
NIH3T3 cells are chosen to culture on these binary-SAM modified glass and
incubated for several different time periods. The population density, proliferation
rate and shape of cells adhered on surfaces of various potentials are examined

using optical microscope, fluorescence microscope and scanning electron

v



microscope. The results showed that surface with higher positive potential

promotes cell adhesion and proliferation. On the contrary, more negative the zeta

potential is, worse the cells adhere and grow. And zeta potential have little effect

on proliferation rate.

Keyword: Cell adhesion, cell proliferation, self-assembled monolayers, mixed

functional groups, surface potential, zeta potential
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B Eicosyl alcohol (CooHsiOH) p #: ¥ % 48 (Platinum, Pt) #

BRI A LR PR G AR

HeY &R 5 2y end = e (alkanethiols) & & 442 % 4t

Y= (siloxane) 228 2@ IH 2k AL[13,14] -

. 22-1 &4Ep w3 H kW% sehgh 44 (substrate)$? fie = 48 (ligand)[9] °
Substrate Ligand or Precursor | Binding
Au RSH, ArSH (thiols) | RS-Au
Au RSSR' (disulfides) RS-Au
Au RSR' (sulfides) RS-Au
Au RSO,H RSO,-Au
Au R;P R;P-Au
Ag RSH, ArSH RS-Ag
Cu RSH, ArSH RS-Cu
Pd RSH, ArSH RS-Pd
Pt RNC RNC-Pt
GaAs RSH RS-GaAs
InP RSH RS-InP
S10,, Glass RSiCl;, RSi(OR"); siloxane
Si/Si-H (RCOO); (neat) R-Si
Si/Si-H RCH=CH, RCH,CH,-S1
Si/Si-Cl RLi, RMgX R-Si
Metal oxides RCOOH RCOO ---MO,
Metal oxides RCONHOH RCONHOH:--MO,,
710, RPO;H, RPO;*---Zr'"
In,05/Sn0O, (ITO) | RPO;H, RPO;*---M"™
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5kl/mole) % f > & {FRAAR T 4pe il ~ B A ?f G- Sagk - SN
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23. p e H kW (SAMs)

Flend G F o o pokiE s A6 R E B
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Yo R o 17 g S NH 22 -N'(CHy)s i 4 i cop Jhtt » ket &

T § 10240 (Vo0s) & b il d fEF ic A &8 8 443 » 10 mN h

[V10O2(OH)]* kizie @ » F3rd4lia pH @A 25403 2 FF » gt prjin v
AR EnF ol K SR DX FIF B T e SAMs 3l (k% pH £ 3 3

Pk f 4 - NH, 27-N'(CH;); 5 SAMs 2 Zeta Potential 4 %] 3 75 mV - 105
mV) @ ST R A AN F AR AR FREAEET > BAG
-N'(CHs); 2. SAMs  #7a5 & thF (b 4w s B ¥ & 3 5 - NH, 2 SAMs 93

nEaut S T E R

e
13
f=
A
Y
&
T
3
Z
Py
0
5
{
w2
>
=
s
3
Eif

e
FF AR A ETEGS o L RERT SAMs T EFTREL 4 R5I R

fod o @ ERT AR NSl R [14,20,21] -

232, EH MBI
Yanfeng Gao % 4 fd& 7 2002 & 1| * % 4p iU 4% /% 35 fle SAMs i3 4 3 i
Mgk ALE A 3 4 A o § &% HFDTS (CF3(CF,)7(CH,),SiCls) ¢
FAM A, SAMs R & RS A G kS ME R MR LF
(UV-Ozone) PRot o 5% *h bRtz &5 F ieh® st » 2 HFDTS 1+ 2 gk

FavA-CFy g4ty "0 &% 5 B-K2a-0H > Fﬁfféﬁ%\»ai&é_i K



ABET AR ES RaT A o B A iRE b7 G & S

((NH4),TiFg) ~ # e 4L (Sr(NOs)y) 22ref: (H3BOs) svkiair e » @ 45fe4liy
WAE R A G 2 HP SR SAALE BN L% 5 -0OH
1SAMs } A 0 @ 3§ iTfE fe HFDTS 7 SAMs o pb e » % 9L3F jpl o2
BARE A BT RES A S 0 &5 -OH 7 SAMs F 2 grfe iR m % > B

mHE-OH A2 2 71§ty Lid +  EJHBurfhm b chi F[22] -

233, EHPFE T

BENMI A P FaPL > AR BE RS UFT G NGB A
THE o LB - B RS F %Mﬁﬂmﬁpﬁgﬁ o Shyue % 4 &
2008 EHF AT EY A LRI oA EY SHSAMs ~ F 5 OTS
2 APTES- gL agtig 4w 2 - F OTS ¥ ¥ g At g » ¥
11 UV-Ozone & 54 384 OTS £ i F OTS s34 o + 4 = APTES
PHRZEF T e § AR E PR B R R ETRRF BA L T ITH o
PSP Bod OTS &2 APTES i3 4 i ek 33 4 m % ¢ =2 (Isoelectric
Point, [EP) » %] % pH4.0 74 %2 pH6.6°# % %% pH B34 % 4.0 v 6.6 2. &
P& 3 & RO & APTES eh% 38 ¢ osp £ %] 5 wigf pH B4 ¥ > APTES
BAFE G AR T g3 F LR it 24T (AuCly) > A RBRS
AR RHF A, THEE A OTSBADLad f T £ FF f Lo § 10
EHFOREFREENF AL FEE oA FJFBIUF M % L pH E 6.5 FE
P Fo R OTS Rl THRA - HF 2w & £33 5 K-

P54 23]
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2.4.

™ SAMs # 3
T K i 43 11 SAMs 3 1 &
B 400 SAMSs {5 47 3
RH 5 [19,24] 00 2 B
Margel & * #1993 &3 £ e F ¢
farefar kKR (-CHOH, -CO:Me, -CHs, -CF3) eF7 = i3 4 ifg 12 11 %

PIF > MIEFEHEN A v bt 4 £

v

SN

ABE R

: -CH,OH <-CO,Me <-CH3 <-CF3 » @

A K

LER A

5 LT B A

Wt (7 5 T 4

i3 AFE I A eh G A

P Rk R R R GRS RAECRE AR 0 &G g e
ez 4 £ 27] o
T T - T 1 =1 1300
S00F
— Call Attachment
E 4100
p=2 (+1s] 3 >
= G
E
= fo0o =
o 500} g
- o
< T o
= Cell Crowth 700 =
o a
s 3004 !
10 Ol : : . : 500
S0 &S50 TEO B850 980 1050 NS0 250

Ady. Contact Angle (degree)

354 5T B
o $ % 1 SAMSs & S B MRS 8 4 &
[25,26,27] -

» #-% tm¥z (Canine endothelial cell)

B2 Bl %o v ik KR if &
iz chpbi g & 4

: -CH,OH > -CO,Me > -CH; > -CF3 » ] 3% & g « p+

Bl 24-1 357 & 2 mme phg £ ~ 4 &

fe. Faucheux *t 2003 & % 4 2 PG 7 F 0

Pl amap frg i o » EF PE KT B
11

€2 M R BI[27] -

'{F’T

# oAt LR

Sk fLen® A (CHy) @ %8



Bitaried ((NHp) ~ iz (-COOH) » 112 § F-kfrehe - i (-PEG) » %
& (-OH) - g2 4 g4k @ w? (human fibroblast) fizd & & Rk M3

5 4c® 2.4-2 {0 2.4-3 751 0 H &

St
N
#
=
N~

3

N
3

ST L FTN QPR W

~

R R Y B e end BRI S A aY B REMESE G o nre gk

lfig_ﬁ*g y A r ]‘—}-/‘Z# ﬁ{li[26]
100 -
< 80
2 60-
2 40
s
-
0
NH, COOH
c11
SAMs

B 24-2 3% 2 /| PFis 20 A 8548 B iw P2 RLA B BE T2 BI[26] ©

14000 4

¥
)

10500 1

7000 4

3500 -

Cell spread areas (1Lm

CH; PEG NH,Cll NH,C3 COOH OH
SAMs

Fl24-3 A s ame BER s 0 M54 45 2400584 2] p526] -
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@ f Mrksich >+ 2000 £ 3 £ ch2 ¢ > S 7 F EAap s+ 0 b
FAep @i e 2 2573 % - F i a &+ bioinert sh4 F e !

-OH-~-PEG; ¥ - %R R Z:if & we ks + » 40t -NH, » -COOH » # %

@ Lin % A 322014 &4 £ 02 £ ¢ 5 B2 APTMS £ MPTMS A %] i3 45
SF &R ANE X AH & NIH3T3 e o 2 2% 87 0 12 APTMS 8
Ainz § MEZ N Ed WA A LT 0 R FEML G F f Lm0 a @

@ gkt 4 £ F B [46] o
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25, - ~p BEHE R

® 7 3% SAMs $ & 5 s Fensiid o 37 ST BB ARG A
H

MEAENHRT ARG c RFRRY FFEZ G AMAF B SAMs 0 H St

A6 REAE A £ o~ SAMs PRRH B ¢

2.5.1. SAMs 2z_ =& £ i B 27 #5)|

Shyue % % #2009 &3 £ 0> £ 7 > 1% 2 |1t b 8-9%= i 3 A ifE
(HS(CH,)sNH,) £ 15-3 L 7 *= A fnfE (HS(CH,)sCOOH) 12 4F & A 44> & %
iR ? ISAMs W Bl{rR Btk G 4 R SAMs  BIE A Ak o BT A K B
AP FERF LR o 2 F) 53 5 SAMs chpsak B o0 T E A
g a4psl > BRY AR5 AL T R ALY £ A A 4 g

¢ I Ep A 8 A 3 AR S & A AR 0 boB 25-1 #7710, 11] -

MNH,
Daposition of -NH; SAMs

r - Trap of shorter -NH; baring thicl
- by deposited -COOH SAMs - EH

.
em—1 =
B 2.5-1 SAMs % & &4+ 2. = & 541[10] -
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i Guo A 201l #F4ene E P 5 % T A fhipepdal R o
(APTMS ~ MPTMS) 2 4% 4t » B op A% 7 =8k
(Iso-electric point, IEP) o &8 i & & F it £ GpF > R F I H &3 7% 0 1L

DR R RARE R hFIABPA S LR T o 6 i ST

1\1.
44

i
5 APTMS &5 NH Fav A » &g ® € 3 3844 F+ i (protonated) 7=
F o F-NH;' 5 @ # ch% & P 7] 8 UV-ozone AJZ » ¢ 74 &% 5 it & OH

En

T AT 3 A EkfER-0 0 B4 G €3l S h APTMS >

BF APTMS e s et b0 B 846 F A AW B3R AF 063 o

# 2.5-1 A f6 SAMs A F figip ¥ Z3E 5 bt 5)[29] -

Mixed ratio APTMS : MPTMS 1:0 3:1 2:1 1:1 1:19 1:49 1:98 1:196 0
S/N in solution 0 0.33 0.50 1 19 49 98 196 i
S/N in SAMs 0 0.31 0.50 0.75 0.85 104 108 1.29 o0
Amine : thiol ratio in SAMs 1:0 32:1 20:1 1.3:1 1.2:1 1:1.04 1:1.08 1:1.29 0:

% Xavier Bulliard % A >* 2013 # 3 £ ehe 7 SRR & 7 E A %5 NH,

o

A - M F Bt (non-reactive) B e iz 4 K A ZnO b oo B % F (S

=

4 E A H b A SAMs G2 AR ¢ i SAMSs b b L # PaaR > & A
5 NHp e %2 £ 5 p it g% (autocatalytic effect) »m 1@ H v ff i 5 -
en ERES L E A SAMs B 23 R ¢ HSAMs BT AR g < P

# JE[28] ©

(

b .
@ .. 6 AT 2
9 o
g : .
= J
5 0.8 Si | s 8 08 <
S A = G £~}
g 5 & 1s B
o = -E'
E 06 A S E o8- £
8 ¢ 8 si| 9
i o s ] y = - A Al Js 5
" 3] ] ¥ | o
L I - g
O 044 0 U 044 - A o
- E o o\ E
. - - o —\\ 1* 8
I " & . ® I g - Wl ®
Z pz2 w < o024 @ @
N
= = g \ =
g CF \ = CH, . | |
w0 - \ o - \
nr:“l T T T -0 a':l-r T T T T Yo
10 08 06 04 0.2 0.0 10 ne 0e 0.4 02 0.0

Aminesilane (MR) Aminesilane (MR)

B 2.5-27Zn0 A+ iR & SAMs 3R 2.5 | i cnd o 2 U EZ g+ | A~

28] o
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OMe
HB‘U\.‘\ | /DME

Si
CF,4
N ~~§i—OMe
HK., H - /J)Me-
T
OMe
MeO_ | _OMe
Si
OH
CF,
Me
H
NS
Si__
H MeO~ | ~OMe

B 2.5-3 NH, 2 i ehf (i 4 41[28] -

2.5.2. SAMs #1353 &

SOFERR LA P SAMs 0 2 A2 F AR T A AR B SR S
YR 0 ARE A A G R EATACEL (SEPM) PRI SAMs 2T o B R AT R ¢
B EE R A G AP B A7 EREA A F SAMs pF 0 &7
E A TR AR B MR P ER - Ap mEE K0S B H R A

5 (0]
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(b) LZRarnga 1117 my

2.56 M

¥ Range

-128 0 128
(Rawge 256 nm

HRange: 2.96um
B 2.5-4 i & F it $+ SAMs 2 SEPM Rl » # 4 # B4 %] 5 (a) 2560 nm (b) 256
nm[10]

@ H- SAMs B4 45 > R @ H - chdk G LF > @ #A5 f8 SAMs
UARPRE T RL G R RS B FATRE IR LR

hShen 4 2012 4 4che %7 » AL AH HT AR AT A

$F @ fd 0 A % E-SO;H 2 -N"(CHs); 58 & & 5212 & -PO3H, 22 -N'(CH;); 5
L e BRI GLR LS RN E LG TP RS
BT 0 id B kS 2R g Bend G A3 (NT(CHy)) o i@ (I H 4
Bptald s A RRRY AFERE S ERAFFAENT ZLER]

I
4
%

A A GIR G BT R S A4 T rehp [44] o
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XN'(CH soln &'(CH; _soln
=0 =0.3

g o
- 1 X,
N'(CH ), soln
% -10 =1
S |
© -20
Q -
J]
o 304
N 4
-40 4
50 <4
-60 I -SO_H &-N'(CH,), mixed SAMs
- A Il -P03H2 & -N (CH3)3 mixed SAMs

B 2.5-5 Fav AR & bl &6 T =B (R RI[44] o

m Guo % A RIF LA T U-NH,2-SHA 87 kA %R &3

Frttlighr » 2 63 pH ETRIZHEAG T i SHRET P RET R

N
&

Bl SAMS 4 § 2R e & R e FER A 2

S

e [29]

150 amine : thiol
(in SAMs)
100 + -
—=1:0.31
——1:0.85
50 -+ --—1:1.04
’>; ——1:108
—d—1: 129
= ¢ =
=
o 507
o
o
©
©-100 +
N
-150 +
-200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
pH

Bl 2.5-6 5 7 It ] SAMs i 4F {5 7 A4 2 zeta potential ¥ pH & B % B][29] °
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%Taﬁ%ﬁ?iiﬂ’ﬂ%&%hééﬁéiﬁﬁmb’Aﬁﬂﬁi
s S [39—42] @ Guo F A A 2011 #F £ R P CRIRE T AR
Poop A A R AR R R MR SR o REHT R EF A A
FISAMs it F AR i # Sl T v 2 LG s R AR (R[43] -

amine concentration
100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%

T T T T T T T T T 15

-

)
05 >
< @
- [a}
= 0 £
o [
LQ— _— A./ §
2" PR { 0sE
x~ 2 —e— SAM-medified N-type Si %
o / - .
= 1 —=— SAM-modified P-type Si . =
A | — — -unmodified N-type Si k2

— — unmodified P-type Si

— net dipole moment

4 L A ' L L L L L L
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

thiol concentration

Az A2 oo e Sl G B[43]

B 2.5-7 R & F A

o
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m.

26, - Ap mEH KA k2 AT
5958 SAMs ApM erd= o 5P i 2 H - AT Bt doG ol

G TR 3 A R AR o FIEE R B LR R

o

LIS %,ﬁ SR EER® = &~ SAMs ki Ty

Arima & 2 22007 # % 4 7 - B F oM A R GIRE R R E A (-CH;,
-OH, -COOH, -NH,) 7 SAMs » a4 & e ff & > T4 H 930
v PESHENRL AR o * N PIERRL 7 5 eniw e 5 HUVECs £2 Hela o & 48w ¢h
PREHS S AT 0 P L AP IR (407~607) PFo e R B S o 8

g Ao BIRMAE Y P B & e PEYR[19] o

CHy/OH CHy/COOH
10 10

LS S sk

= 6F = 6~

3 ot ey

E -

5 2} 5 2}

= -

< <
1 | ] | ] | | 1 1 ]

0 20 40 &0 80O 100 120 0 20 40 &0 80 100 120

Contact angle (degree) Contact angle (degree)

CHy/NH,

10
)
=
< 8
I
®
T
= 6}
-
-
5 4t
3
5 T =
g_

1 | | | |

0 20 40 o0 B8O 100 120
Contact angle (degree)

B 2.6-1 £ff & iwmre phi £ b 2Bl - O % HUVECs > @ 5 HeLacells [19] »
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number of adherent platelets/1000 um?

i) 2.

A 253 3% 7 > Shen £ 4 2012 # g £ e ¢ > R A KRR
Blo P REEA) o e d M HEF GRS AN EE P AL AT A

ROF LR kL L R R AR 4] -

70
] I -SO H & -N'(CH,), mixed SAMs
I -PO_H, & -N"(CH,), mixed SAMs
60
B Au
50
40
30
20
10 -
0-
XN'(CH ),soln XN'(CH,J ,soln XN (CH,), soln XN (CH,), soln XN (CH,),s0ln Au
=0 =0.3 =05 =07 =1

62 F i AR L 0L b2 [ AR LR B A I[44] ¢

m Chang % % %2014 #g 4 che 7 > Pl B 63R & & & 5 NH,

4 COOH srgifis i3 4F &£ K+ > M ¥4 o & =0 3 BL% NIH3T3 fm¥e chpk '
gAd LR BEF IR e RbYg £ S F zeta potential 3 4o @ B 4o o e G
XA RFE P Lo anime R R LR R M > AT A zeta potential # it e

-
EE?:;_:’, p?m4$\1§—3‘;

En

ol o P dEIR] > d T o zeta potential # R

i,

3

B S ehim iz 0 @ 8 (% NIHAT3 fooz g | B 3871 4 £

H

Tl
F > 3% A zeta potential o it 0z 5+ > w4 £ i F R [45]
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Cell Density (cells/cm?)

8E+04

7TE+04 4 i
6E+04 L 100NH,-0COOH
T
¢
5E+04 A o 63NH,-37COOH
4E+O4 n ] SZNH)'GBCOOH ‘/v\‘
3E+04 4 ONH.-100COOH
¢
2E+04 4
L 4 @24 h
1E+04 e4h
0E+00 ‘ r T T
-200 -150 -100 -50 0 50

Zeta Potential (mV)
Bl 2.6-3 32% 4/ PEgr 24 | Pfs > P 40 chiwe 2R > R4-B A 5 5x10°
(cells/cm®)[45] »
dL b e T A R A s TLG-NH & -SHIR & F A
SAMs #gfe 2 fap B8 hglsg A4t > 224 & % K3dh 4 o T ¥ wre pb
A R e TP AT B P kIR A G R ) R aR

(NIH3T3) pLier 4 £ e 6 o
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E

3.1. 7%

3.0.1. FP AR
1. 3-z AAp = 7 #g@ *% (3-aminopropyltrimethoxysilane,
HaN(CH,);Si(OCH3)s, 97%, APTMS) » ALDRICH
2. 3-FiA[P A-= 7 # % (3-mercaptopropyltrimethoxysilane,
HS(CH,)3Si(OCHs)s, 95%, MPTMS) » ALFA AESAR
3. ¢ % (Ethanol absolute, C;HsOH, >99%) > Sigma-Aldrich, USA
4. 5 (Acetone, CH;COCHj3, >99%) » ACROS
5. B3Iy
3.1.2. mPe i %
1. ] ERrSE etk NIH3T3 (M B2 £ & 974 b FoRiks 2 7 4 7
)
2. m¥% 3 %% (Dulbecco Modified Eagle Medium, DMEM)
3. BEPL B % 7% % (Phosphate Buffered Saline, PBS)
4. %5 % (Trypsin)
5. ZF=pefk (L-Glutamine)

6. Fi24 % (Pen-Strep Ampho Solution, PSA)

~

)2 5 7F (Calf Serum, CS)

8. = 7 A Ty m, (Dimethyl sulfoxide, DMSO)
3.13. mPe 3 4

1. w2 %% &4 # (Hoechst33342)
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2. wresgy k4 A (DIO’, DIOC 18(3), D275, 100mg)

3. = 7 A&7 A= (N,N-Dimethylformamide, (CH3),NCOH, DMF) > ACROS
4. % 7 (Chloroform, CHCl;, >99%) > ACROS

5. 7 p& (Methanol, CH;0H, >99%) » ACROS

6. -+~ (Octadecylamine, CH3(CH,);7sNH,, 97%) » Merck

100
~ 75 |
€ |
o J
5
£ 50
€T
B
s
&
25 [
II
 ———— e ——
300 400 500 g00 700 BO0 a00
Wavele ngth (nm)
B 3.1-1 DiO g & g o4 L 3 [31] -
100 i
— T
#
Fag
5
£ 50
€T
B
s
&
25
D . . i = .
300 400 500 g00 700 BO0 a00

Wavele ngth (nm)

B 3.1-2 Hoechst33342 iz #2 4% 54 % 3 [32] -

3.1.4. ‘mr FH T

1. ~ = g (Glutaraldehyde, OHC(CH,);CHO) > Sigma-Aldrich, USA

2. ¢ fg (Ethanol absolute, C;HsOH, >99%) » Sigma-Aldrich, USA
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32 REG A2 R

3.2.1. X kk § + k3 ik (X-ray Photoelectron Spectroscopy, XPS)
rEE g X kk g 3k k (FEIS000 VersaProbe) * Bl & & § %
SAMs b o X kT F kg kR* it F A 47T F E£# (Electron Spectroscopy
for Chemical Analysis, ESCA) » # 4% R ;2@ * ehik o A 730 o XPS #_7 X
RE R FERSLG RFOPRTT 0 REFRS L LT o 2R
LR b PHEL QAL @R @I AA R BTN L
HEIAZEFEEOHFLr > FIIRELG DA F D -
T FE BRI REN M RN Ao
Ek =hv - Eb L
E kT 3+
hv: » it X Ew £
E,:kT+ LEn

Q. RFR AL FH SH

3.2.2. ]2 ¥ kB A
dO ARG TR Y AP S Ak ahglag 0 TRt T AN 2§ R Rk
& (Olympus IXS51) 33 H 2 F R4 I BT - pdlpP SR G > & * 9

kiR dpHEE L B PR Y RERL KR o
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md s

{unabsorbed
blue) N N
IIn — UV NN AN
bl L AN L
|l g UIUE el A\ yeliow I\ ™~
ARl __ . _ . ~ A OWAY A\ ™~
| . et Al T . AN\t B >
T el rod SUYEHOWRNOGN | ¥ -~
| T Y T LN \/ -
m R . SO \
il | infrarad rea OS] | v
ﬁ infrared NG P
LA
[ ]
L thedian Blisrassinea barrier ave
aht source oxtiiauan Hluorescing V) fitter *
o (primary) filter  specimen (secondary} filter

B 3.2-1 ¥ REicsiA* RIE[33]-
¥ BB AL R I Ao Bl AT 0 Y o a4 (excitation filter) fEE R g

I E e k£ (excitation wavelengths) 3k & ¥ Sk 4k 5 0 F Kk AL
FOE 8o A B 4F 2 844 £ (emission wavelengths) 3k > 3 F U PR SR R AL
(barrier filter) #-A Ao foergesd Loy Lo B > DB § L E[33] -
323, AZTRA AR

AR kA BE RS T T HMBRET T & LR
fOERICER O RMA G RS E e A AR FIMAET R YA
2 h iz % 1% (Leica EM CPD 030) % R :E 2 I . fis ' s r
R e A A BT N QAR (92 575 82

AR IR R R LR ET  FARE PREEF SRR
ko BA SRR RS TR FHRECE (>99 %) £ BH 2 A2RA

oY A0 o ARTRR R EC % (Supercritical drying) R I E_f - B
B (10 C) vERp L r R §F CRERTHEIEHY 3 B R IRE HEA
SEFMER R RS I F taaRhE2t 311 C o 7.39MPa) -

2§ BT A e b S R S e TR L Senie -
324, 50T T MM
g Gb o B TS RS T AR R T AL 9 5 pm

® &
FHOFIPNUFRTFAIAMERDT FHME R FRALEY
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Mg ¥ LR E (5400 nm ~ 700 nm) #7FLenfF4r R0 E 3T BE o @ o
Li&- HRZIR &SNS -

- AR ST AL A AT AR S R - R ER A (B
) MEATIHAM o L ABEL Y  REEAG T ERENRE T &
FETERY  FEHIIEREE GG ST FPAF T RY 572 E b
£ E 7 p % (Low vacuum detector, LVD) » ¥ %5 4c 55— & 5| e 4 1
#1 3 [B](Pressure-limiting Apertures, PLAs)> %k ‘@4 ¢ + fei vzt 4 £ >
RET IR B EAE T A A AR K F R ARE T K F A
F RS R R R T A ek d o

A Y F R R B kst (FEINOVA 200 nanoSEM) % 4p #&p 3~

P iho TR I A R o
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33. B %H 3

331, = ~p e H kWA
AFETHEYFRTRIBTAM AR L Ik rs‘%);‘g,ﬁ—}%,,,,a
TR FARTWHY FARZZ > U F R RACE T o B fs B 2 kel
k£ § 7% (UV-ozone cleaner, UV j & % 193 nm) ¥ B S45) 10 & 48 o i
RF IRy ML 3-2 AP =7 @ =i 3-5i A0 A2 7 B
FERAR  RRGFARBARETZ BT P RBERR - FERRZE A
ME SR RS G 0 A r AR RGBS o RgE T B
TOY%IFpHE i3 ke ¥ B & * o
332, &% F Ac AR BB 2
B2 P p T0%IFWER R Y B0 0 T g F B R o B g P AR
ULVAC PHI 5000 & * i\“ o oA rFEREREY PR E T 10 A4 £ E
AR BT AT o TR R Gk FRBEE ALK, Xk (25W, 100
pm) > A= & 5 457 o & AT Bl (T £ (pass energy) 3k 5 117.4¢eV e
ARGRAFZAEF A -TAD AT EFIRDEAFRAF O F 5
3-% AP Z U PRk A F o BRIE 2 Frk 2 § Sk 3E 1 MultiPak
RPN EZFAEAT A > PR T LGS AT B RS T ATELE

? bl f}]] o

333. wme %

# NIH3T3 ‘m p i d ¢ Bodl > w83 37C o Fbe » w3 &%
EFmn g aEY o BES R NG ERAMALRG B D3 0w
%% (3 cmculture dish) ¥ » F#-ime s FHE N we B A B BE 3 F
PR o Bedlig o

AR R AT H DM e 33 % R U0 2X DMEM 4e » 3 85 oKk s 2 R EOR
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Bl Rl 2 F s £ o me & Hp FIRE B8 & 5%CO;, ~ 37

o(:o

- 100 mg fmfe HER Sk A A (Fe k) & 20mg - N e (SR )R £ 18 4
»2mL & B > T BT 50C > REAE T4 r 4mL Vi > T RB
REATIRP S Rr s 247 o 42 ¥ 4 12000 rpm i iE o B pcAE o ¢
s 5 A4 o %%"fﬂ Rt o B EE o gk e B R 0 G0%
ST o #-DMF 4c » & §7% enZ ¢ o fie 5% (W/v) B0k 0 BF AR
ARTWRET » T 47 50°C » @& 5Thkia fF o & {82 12000 rpm g i o
B P g 10 A4 PR TREEEF Y [31,35]

3342 PR d

54 1Y R e im e VA Sk L R B e P Sk A e 1 & R B R A Gl
¥R O ImL A® § NIH3T3 M@z phrgd £ amg 1 0 22 5ol
e A 4840 A 4R > K7 3 AW cimrz s & Al > T PBS {rRTéE A
SAMmE s AR ez x> L ¥ REAAPEY LR

3.35. wmre HlaE s RTRA s R e T Biks R jdp#E

Bimfe s g B e B 40P 24 ) e NIH3T3 e » #2258 f R

Aenfmie s R4 Y B e Frenfmie s £ 5 Y o B U PBS RS = 10
FET AR AR Rk o HF e~ 2.5%~ - fiE (Glutaraldehyde)
AR R TR R3]0 R B A 42 1 M Z R A 42 12 50%70% -
90% ~ 99%® f&F I HfE T A kB AR R S FEERK 0 B 3%
AR AL E- KRR Ak IHMERKNEL®E - X ER

Ko e oG )RR e
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K- 99% F i % iR 5] » ALTRA IR MRS A o B R S R B

T 99 iR Y g P R E P o RargliL e T 10°C 42 F R

v

ZF VRO RRE o B ORIRA R AR R F B3R T . B TR i
BRETREHARLE S F PR BEFR A EIDRHMPpED - F R
2 TRl B i BERF R BRSR e BRE A TR RER BT

T BB k0 S HE R RN R

Yk

Refof > AR R 0 AR R S MET o 0 T RKE 7 R

BLXAIFH T I HMEW oY > TV LT HAER ik
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4.1. % % F ic gt B
AT HE G NHy &2 SHF e A te 3 5 1072 vt BIIR &3 7% 3 4F
#Bia #J_sbfﬁt“p’% Fh FA AR b EABIH AR T o ud A
NH, F i & 2630 F it 5 e0f i Ak (reactive functional group) » * £ 5
BRI R [28] 0 FIt AR Rt BT 0 A AR R A G F AR AT
P RSP RS S BRIRY a bl R R Gk G it X
gl o m R XPSERZG TR ATy o AL F ELe T

A A RS T R R 1 F (N) & A9RA (NHy o ma (S) &

LRREE (SH) > BRlE 8 § a2 b R AT 4 5 F B s Bw s b
FLh s it D RA P R AT A G T nE T A o 5 R IRAF %

BEEY AT GIIRG AU EI Y LR RS RBFUR B R 6
FORBIEL G P ERAF 2 F B 615 0% > 30% ~ 50% ~ 70% ~ 100%
BTG E S ER S (e P AR E R R 5] 0% 30%50% ~ 70%
100%2 T 2T fB3& 5 o @ & F BH 4 & T 12 (zeta potential) RIS jex ¥

@ [29] o AR BlFe R B B H H Rk G DR A 411 -

% 4.1-1 SAMs @ # A %2 SAMs g & P F i p izt Gl R4 e T =[29] -

B % %% NHy vt & 0% 2% 5% 50% | 100%
F A F % NH &) 0% 30% 50% | 70% | 100%

# % T 1 zetapotential | -155mV | -108 mV | -46 mV | -5mV | 24 mV
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42. % T im4tmre phiig ~ 4 K g
PUHWAS AR e b 2 RE SR AR s L g
LI Brdp # i " 5T SAMs 4 6 i) dp HERE A S ] S w48 & SAMSs

WEAG 4P 24 ) PR 48 [ FF > X gAY Tmage] €17 e i o

42.1. %6 T 4tmee b B e
#-im e 12 4x10” cells/om’ ch% B fE & § SAMs chgt B2 2 ¢ > 32 % 4
IR IR K-SRI SVREVELE § ¥ &k TR - %
$r %8 Image] & {7 wPe 3 e > T e & 4.1 & ¢ & E ¥ chzeta potential > ¥ ¥ ]
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