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Fabrication of Cell Chip through Eco-friendly Process

Heon-Ho Jeong, Hwan-Moon Song and Chang-Soo Lee*
Department of Chemical Engineering, Chungnam National University, 220 Gung-Dong, Yu-Seong Gu, Daejeon, 305-764, Korea

(Received for review November 17, 2010; Revision received December 29, 2010; Accepted January 3, 2011)

£ 9 =R g0l el A 3w A 1 ol §oto] AL AR el ahet Alolck A o) Bgule)
£ 5408, 2l AEABEG 2e 7 Ko ol o 1T W AR et 80 B 38 K5 A
Sk 7129 AZ AR AL el 471800 e] ALg, WA B BALA, Wb FuI5L ALGRO R 18] 7
MBSO b A LA PR AT i
S BN 7148 GO v £ AL TUL SR 17168 A AT o) HE S 01 85)o] ehil e}
g A E ) AT ROl M R | ThoFRl BakE W 119 § A9 HAYS] Aol B BAY 4 giek o S vhgo s
S GG )4 % 7|2 058 7)) B4 Bk

»ﬂ

FHIof A= Tl e, A7, EEANA, AlEA, bl

Abstract : This study presents a fabrication method of cell-chip using aqueous solution based surface modification. The
applications of cell-chip have potential for fundamental study of genetics, cell biology as well as cancer diagnostics and treatment.
Conventional methods for fabrication of cell-chip have been limited in economic loss and environmental pollution because of the
use of harsh organic solvent, complex process of silicon technology, and expensive equipment. In order to fabricate cell chip, we
have proposed simple and eco-friendly process combined polyelectrolyte multilayer coating with microcontact printing. For the
proof of concept, the cell chip can be applied to analyze the different expression of cell surface glycans and derivatives between
cancer and normal cells. Our proposed method is useful technique for the application of novel cancer diagnostics and basic
medical engineering.
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2.1. Fabrication of cell patterned surface

oA o NE7} BAsle] RS 2 9l AL AT
3l7] 98l G2 S EA} A& (polyelectrolyte) = 3 H
A stk & AgolA o] &5 = 78S fFHE ol&

O]

st o 2SHAHT|A ofAlE, otts, SRTY =4
M2 SR AlHegon] As s SRS AAT 5 A
4 E 20K Model PDC-002, HARRIC plasma)Z 30371 A
elstol o] 284e F7HIAT 21N A ATLEA
9] FE-L spin coater (4,000 rpm, 15%)= 0]-&3}o] 5233}
o ofol2 T EAEZZ N PAH (20 mM, pH: 9.0) HHA
2o YT SRR ARG T T golenpABUR
PSS (20 mM, pH: 9.0)= Y & FHT=E Al o] 34

& 49 gHESE & HFA 02 PAH JE AL (PAHS/PSS4) 51
galgh AL SH5tE Ha Qs Alxet AH7A 9l
qg fEs] g8 FAstE HEs AE A

AEY H22 W3] glste] it AsfA= £ A
A 92713 ¢o] PDMS T2A| S 7tst ufo| 22 A E

E%
3 A g (microcontact printing) S 2 A &5} ch(Figure 1).
B2 A E 7Y E 7]HE PDMS A IS 0]85}0]
npolaz AEE zguio] ofsf PDMSHH-S 34435t
t}. PDMS A®i = PDMS®} crosslinking 22L& 10:12 4]
o] % casting methodo]| 9|3 FZHo| ARG O R A2
A upaE oA E73Hes T, 1247h 2 Al &= At
PDMS o€l A|2fst7] 9]t PDMS%‘H% PDMS 124}
: epoxy-PDMS : cross-linking 5212 H]&22:1: 0322 9]
FojAen SrzEF-gulo] 200 mg/mL-4 HE&2 54
AA FHE o, 2] 7]9f oA 2000 rpm /2027 2~ &

Tallaliall -

Prepared PDMS stamp
by casting method

T -

Peel off the stamp

Replace the stamp on
PDMS solution surface

Microcontact printing of
PDMS on PEL surface

L4
~ Animal cell

Figure 1. Schematic diagram of cell patterning.
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=
%
A& 7L 9le] %‘—’F*{J‘ﬂ A zE2ke] 2o} (affinity) 7F 2]
o]

2.2. Cell patterning

2 AoA o] & MEZFF= SAlE : HCT116, /A
3 : human dermis fibroblasto]t}. A|3Z e Joll ekA AZE
7|9 Qo] vtE|glofu FgolWt o2 R E LFWAE 9
3 S| ot A] UVE 12A]7F E9F 258 ufdl & A&
ok AlZ EY eAe o2 Aok A AlZSA 7S
oA AgAsEAL = Al2Eo] viA|E A 717t £ PBS buffer (pH
7.2)2 2 A A3t o] & trypsin-EDTA 8§42 o|8-3}0]
HAEE 253 A7 AEE|(1,000 pm / 3 min)Z A FA]
# trypsin-EDTA & A 73} ch A Z2] sk 100,000 vt
mLE stglon HEFHoZ 50 uLs 2z fjelof 39, sjelnt
5,000ut2] 2 114 3ke] AY-E +astA

o] & 717 37 T CO, SlFH|o|Elo] A 308 FoF RAA]

= ol 2t digo) A5 143t skqltt. FafekA] gk Al
Z+= WA 2 AAsG . o|uff viR] & 42 DMEM : FBS
: antibiotics(ZAYA) = 89% : 10% : 1%= 3FHC}. o] F- 2447
Zol N9 orAFt W A 7S 1 27 BAS 4=
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2.3. Preparation of lectin-labelled quantum dots

2.3.1. Synthesis of quantum dofs

Quantum dots (CdSe/ZnS; core-shell U= Q2P HEE= 4| 9]
HFAEAL o] §sto] W79l 4T Hekiaackold T4
F Ak g-g7]of 12.7 mg? CdO and 160 mg<] lauric acid
2 dy d&F0l AATA 25t wulkskgch HvhS7] 9

il

271200 TY W] 1.94 g&] TOPOL} 1.94 g2 HDAE ¢
3 7 wHke ot & 2=71 290 TE =g uj TOP2
mL)°] 504 Q1= 80 mgQ| selenium2 WH3-7] Stof 75}A
FYUAZ] & 5E FoF H-g5F ) Shelling 224 1 mLo
Et;Zn (0.7 mmol), 0.25 mL2] (TMS).S (0.6 mmol)E 2 mL 2]
TOP &-rjo]l @ol 3¢l 3 200 T2 ¥H-g-7]o] 15 Eet A A
3 91 AAFRU 0] T vhg LR 180 T AR 147
53k shellingS 3Hlct §hg-o] Buw 22g A2oa U
1 QDs AlHIHS Stk Al
o

WSS 11 HEE Aol Agstgon A L 255 0t
H& 38 wEdtel g BAL AASYL AFHom
BISoj7l QDse ZERESO BJAste] WYL A F 4T
Y] mashgct

A nEA Ty TS o] e A EH Al 27
2.3.2. Surface modification of quantum dots

QDs& z=stelr] Qlsf 27 s X gHol oja) ol
9J= TOPOE MAAR FH 7J2L 23514tk MAAS QDs
o Bz & wi7tx] Yol&rh 60 TolA 12417 59 vh-2
sty W 7Hd EH YA= PBS bufferg o]-gsto] &
ZREIXET = B84 o, MAA-QDs2 nanospin-centricon
filter Mw. 5 kDa)& ©]-& 2] A 14 =335ict ojuf
21012 QDs PBS buffer (pH 7.2/ 10 mM)o]|A] 5 pM2] 1t
2 37 & UES 3 & 4 C JAgao] Byetdict

2.3.3. Bioconjugation of quantum dots and lectin

#H 7MAE %473 QDs SBA lectin®} A%-E 4345}
t}t 10 uM 2] QDs¥} 10 uM 2] SBA lectin =2 £H|3F =
EDC/sulfo-NHSE o]-&3}o] Q]z}e] 712 E-A 123} SBA lec-
tin®] oMWl 1E7He] A%S S =3%Th O]IIH EDC/sulfo-NHS
L Mgz oz QDs SBA lectin®] 104]<=¢1 100 pM (EDC
: 200 nL, sulfo-NHS 40 ug/mL)3} HPTo]-?\iE]-. =715 o2 9

A-3HE A7) 918 NaCle 10 uMo] 2 YojFo]
“éffi T Ao A oFF mEbo 2 [AIZF Bt sttt

SBA-QDs9] WFg- %, BSA £HL 20 uMO| HER U
= Hk87|of Yo Ar2ofA 1A17F FoF Hk-e-& AlFth 1t}
L 4 T YAIANA 12417F Bt B35kt u] BhS BAS

AAsE7] Y8l YAEE] 7] Yol A 300 kDa cut off filterS ©]
g3}o] EDC, sulfo-NHS, BSAS £t #H o0 oln 24
4,000 rpm, 205 =0t 4=3)5}9c}t. FE4S wEo]z SBA-
QDs BgAe] YAk 4 C WgmoA Husc,

2.4. Glycan analysis from live cell

QDs-Lectins-BSAC. & FH|E QAAL= AXE =
Solal 71w el Al astect. oM g
Ao} AHEA ] 2o Al sfEY
AIZE EQE st B Aol H = AlEade] =27 24
a5l A ZE ol W Za)7ke] AL 93] lectin-
QDs E3HA& HHXl of 9 % CO, L?rtﬂlOlH oA w5
< A Zth B T ujA| 2 A A 3 = PBS bufferz 28 A H
< stk

2.5. Instrumentation

QDs¥} QDs-lectin®] A}=7] H AL zeta-sizer analyzer
(OTSUKA, ELS-8000, Japan)® 48J5} 0w Az} 533 ol
332 uv-vis spectrometry (PerkinEimer, Lambda35, USA) /
photoluminescence (Varian, Cary Eclipse, USA)Z =743} % t)
12]31 QDs-lectins®] A Z2|ZtF FFE AL fluorescence
microscopy (NIKON, TE-2000U, Japan)2 ©]-8-5}% 2™ Image-
pro 4 Image-J program< ©]|-8-5}o] folg £4& st
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He& L}E}lﬂ At WA, % IEolA 33t QDs (CdSe/ZnS,
core/shell)-2 605 nmof| A &3} 615 nmZ W&3}H, DLS
£ o] g3lo] =45 QDs9 7] 8.6 + 2.1 nmo|th(Figure
2(b)). TOPO-QDs2 MAA (mercaptoacetic acid)® ¥'H 7] 25}
of AskE A1 T, AL o elely] e AREH
o] e A2 =A% A7} TOPO-QDsL -2.26 mV, MAA-
QDs -45.66 mVE =4 =] thFigure 2(c)). ©] A= MAA
% 5 1 8 QDse Stwel Al 2] 910 U
3817} Uepd-S 293t QDsE X143} A]7] 2, lectin®)
= fr=5t7] S8l oFul7I(-NHs)9f 7F=5417](-COOH)
X]7]= EDC/sulfo-NHS H-2-S 0] 831%th. MAAZ
AAE Jrdxte 712 BA7E 71A 11 9o H, lectin
Joll &= o717 EH el Qo] AT FE T 4+ 22
w5k vl So| Q) A% WAs] $1s) QDs ERio] Lo
A AYH9E BSASE AYAA passivationst Tt o] EFE,
DLSZ ZA A7} =92te] 27 17.1 + 3.0 nm& Z7}s}
of lectin?} BSA©| Aol &Jsf S7He Aoz o AX dF2
© 2 lectin-QDs 23142 F A5t wata], FAIE lectin-
QDs 53415 el & Ao H-gsto] Az EHA T

dot Felhe B4 BHoz st
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= FE
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Figure 2. Basic procedure of conjugation of lectin with quantum
dots and characteristics. (a) Schematic diagram for con-
jugation of lectin-QDs complex and its particles size and
zeta-potential of water soluble QDs.

2] 918 o] 9]t LBL(layer-by-layer) 7]<¢] o3 ZHo| T}
wpohg G4 S loul, Hgse] Aste] ofs) thart A
24 9 A=, drejelolE RAAZ S UH16,17]. 2 =

oMM = dAEeE HgA R ezt TR o AfolE 2<lst
7] 9l A2l HCT1163 44 -frobsl 22l HDF
(human dermal fibroblast)E 7F#H S njo]| a2 AN EZ g HF
el ol /4 PDMS F2A5 o]-&sto] Al s dS
AF& o7 =33} th(Figure 3(a)). HCT116 (upper two ima-
ges in Figure 3(a))x} HDF (bottom two images in Figure 3(a))
£ nEA Qe meielw delH o g 23 5k
ouj, PDMSE a3tz o0& A Zo] B2 uhx|alict. A%
7} Rk 4 Qi BOM thi e PDMS F24] ol 4] whl
Z ¥4d(denaturation)o] Fojut A7} BT 4= Q= 7
& AEsA FHCH1S). weba, DEA A AL o &5
41 A 224k PDMSO] vl S0l 4 A% 4A HAe
stol AE HEdS ST 5 At

ERL, 12417 FoF wi S o Ay e o] Aol Ant A=
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Figure 3. Cell patterning and SBA-QDs assay against HCT 116 and
human dermal fibroblast. (a) Optical image of HCT116
(upper) and HDF (bottom) cells. (b) The difference lectin
binding behavior; Optical images, fluorescence images,
and profiles of fluorescence intensity against HCT 116
(upper) and HDF (bottom) cells. Scale bar indicates 50 pm.
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EDC/sulfo-NHS ¥Fg-of 23] &A% lectin-QDs E3HA| =
12X FF v ksl Al o =9 8ho] lectin®] So]2<l
k29 =1t} gho) ARE-H lectin® SBA (soybean agglu-
tinin)2 GlcNAc (N-acetylgalactosamine)} Eo0]& <] A3
she Zloz & 44 Qlrh SBA-QDs H3AE HCT1163}
HDFA|3Zof| 50 nM 9] FE=2 1247t 5¢F W3-8} 31T, Figure
3(b)ol| Al EE50] HCT116 (upper image in Figure 3(b))ol| 4]
= 733t 33417171 YEld WEH HDF (bottom image in Figure
3y ot FFA7I7F Yebdth FFAI71E ekt 4
I M| ER} A 2T FFAI71 9] Apol7t F& HojFal

(@) | hr 3hr 6 hr 12 hr

(b) l hr 3 hr 6 hr _ 12 hr

(c) 60

—a-HCTI116
50 4 —e—HDF

40

Photoluminescence (A.U.)
g

10 1

O L) L] L L] L] L]
0 2 4 6 g 10 12 14

Time (hour)

Figure 4. The effect of incubation time of SBA-QDs binding on
fluorescence profile. Optical and fluorecence images of
SBA-QDs with HCT116 (a) and HDF (b). (c) Quanti-
tative fluorescence profile of HCT116 (cancer) and HDF
(normal). Scale bar indicates 50 um.

Al B 7y B o] et Al Z2F] AL 29
Utk B Al7]= SBATZE Al ] 3= GleNAcE ¢!
Asto] ZA3et 23E= A HDF A 22tk HCT116 9HA|

o[ 5] GleNAc7t B Wol] W&ol =i ¢35 vepdith 2
HHoZ B =Fo A AE lectin-QDs EULX}]‘— H]EE Rrge]
o = SIS 4FHLRE AP el g
H A|ZYE o085t TS iAo %016}1 A= 5+ =

3% dolge 9 + gtk

3.3. QMIZO HALM Ol M HE BN 52 2E 2
ore] Azl A SBA-lectino] A|E IRl Q= 54 27
3 mEHoR ARG e S ZUstAou, oo Yd A=

ote] vhg-= A= kit e ¥ HCT1163 HDF Al
Zof| SBA-lectin B3] 50 nM& YHS-A|7H(1~12A|7H)ol u}laf
H WAL 433} t}. Figure 4(a)o| 4] HCT1163} HDF2
SBA-QDs®] Hh-EA|Zko whE FFo|u oA HojEil gl
th HCT116 (Figure 4(a-1))oll A= Alztell whet &g A7
7} £85HA S7FE Stz RHH, HDF (Figure 4(a-2))= =&
FFe AI7IE 7HAIHA S7F Fol AeS ¢A T
At} Figure 4(c)oll A= gray value® &3e] A|71& 745t

o] Ao HAo g ro] ARt AS Af TR e
Welch HCT116 Aol A= 6A17F 7h2] Theii 2 &3

o] Z7}= 3lar 9Jon, o]E 2= EJ(saturation)ATE] 7} H
ghelstgict. kARt HDFol A= 35}7} 79 %i%a "PEPH
ik ESF SN ratio2 H| RS 3FH-Z o], 1A]7H0] 1S w)
MEL 459) $2F Heon], 307 2 i 59, 6A7HL
6.6, 12A17+2- 7.09] S/N ratio2 HAth AN Zo| AL 4.5~
4.6 A= 9] S/N ratioS E T}t wala, E =Fofix = SBA-
QDs E3AHE FAst] AlE BHO A HdE= FETHS
HE G Al H& o]&ste] FaHoerm 24T 4 Ae
o, A ERT FAEZo A GleNAc7} B % Eo] Wdo] |

2 Zustsnt

rulo

E[O

I

4.3 B

B ATE $4 vfolaRAYETIY Yo n nux
A AR TW AYE 71 9ol FHE PDMS F2AE
sl AR A Ao o3| MZAS ARG ow, ol
2 olgdtol Al Eo|H WAL H4oES HRHOR
BA3}giTh PDMS FRAL ERHOR AL AL
Astsient, i e A4 el oo s
sRshd] Jgstol A WY T8 & 4 Ugich A
S e el R o R 4 2 FAst] el AT
AL AT ok of MZHL ol gstel AE E W
82 BA57] 9I5to] SBA lectin T AL YL WA}
£ QDsell HFA O R AP lectin-QDs HAE FAT
of Az Erle] WHsH: 2k A WY 24 T 4

& ©]&sk] SBA-QDs& Whe-3h
HDF AAFA|EZ Hr} HCT116 A2 A= GlcNAc7}t
o= oAl mIFgAH el Sk
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