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UT%UMZIKEIZ NI EBVIR R 8RZ
IJIL . E,] /lu\#‘ﬁﬂ:,\

FLE, & IR, HAEN

HASERR AR M SR EF T, db TS AR R TS =,
HE ML MRS E SR E, JLIT 100069
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WE., ZEUMREE AT R % T (polyethyleneimine, PEI) & E#ii£ & & (laminin, LN)
BAEWMMBLE, BRSREHETEHZERER, £k, IS4 &2 rdrada, Uk&k
RJr s Eaom T AR B ey R MR . LN, W E B8 5 RMMAR (poly-L-lysine, PLL),
PEIfn PEI+LN 3B A 41, Kb B3 m i & AL RSCR k& 0, 0w 4 & F B J £ 408 1R
WERBERGE, REEKREZRHRAEEENZR; % PEFLN BAHEHZE F WEFRF & 4
P ESZ TR EHENRR, R %W, £ PEI, PLL X PELN HE X W £ KW # & T H
EWEATIN4,; W& T%E PEHLN B4 K4 £S5 24 PEI, LN, PLL 40t B 8 % ik £ K 8y R
MEE, ARMEELT 150 pm X 200 wm B E O iEH, FRIESE, BRMAEEMIE, @
PEI 5 INBAHRMAMEDER R EEHENRE, AR WERE TREEE, AAT
] 4 2%
KR Mmuﬁiﬁﬁi RO, w3 R
hESZES: R392.12, R319

51 8

PRSI, RUEFERIME AR TR A M, DABIFST . 32t o A 40 40 il ) 3 42
FIDIREAT Ry, 40 ML E D)2 SR A S L T RR 2. A AR Ik, 25 W i o8 0 G 4 6 T 7 4%
S FH A AT B S 2 AR G ORI FH AR #2805 1 F 0 1R G B 2 S A AR A1l ST e Al v
T AAHUCEL I R AT DO e () B A e e i 2, L S AR Y 1) ) 0t o 28 TG 204 R A 1)
AL ERGAVE AL AR Lo AEIXO7 I, Aok R R R R B AR O e it T RAF R
e PTIHRZIEAR, Bl o A 2 [ 7 AR T4 A AR 2 Ik, Koy TR G
ERL E Ay FRAEY (WER WSS (poly-dimethylsiloxine, PDMS)) %36 ZI%0n 1L &
SRV B HE AT RE L0, el o 0 0 i 42 J PRI 28 SR At R s 1R 0 A AR KO TR R R & o [
I, ik PDMS BN BRI T B e A i, DAE R Ar LR AR K i e i i, 3L
SRR B %A
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WG T ENRI R EY) R 2> 7 B A ERER H (laminin, LN), ‘2401 AME R H
(extracellular matrix, ECM) HRHEER 1, 0 &l 40 i ARoRG PR o 282 ORI 20 4 #0563 B4 H
FER IR A2 R G8KH T A I 5 e 2 Jeal B Ml 58 € 1) B IPE T . H2, W 2L LN i
20 2401 HRS PR P B AR] 75 03 o R RE i 2 M, i et v R £ P SR e e A
RIS (55 TR 3858 (75 40 i o) SR A s A M %), Bl Al T Ae 42— e M o B LN 4k,
WA IE AT, W2 AR (poly-l1-lysine, PLL), A3 1H 5 5 K & 2 1E AN (1)
AL, AT AR 51t A SO ar ) S 4R I R B AR . AT PLL 98k i T, 2k
B ARAE I T 5 IR I R v 28 G K, 3 Je 5 7 il 28 0 IR TG A BH R T i v« S AT R 98
IR, —Fhas A 1 HLAT R T 2 R AKIR 2@ % (polyethy-leneimine, PEI), 1 444 RHE
HEHE 20 RGP IR A ) BEEE PLL 4859 [RIF, PEI 280 B Ak 2% 484 5 VAR 81 4 5L 3R 1
T B A AR, 3 B A G AN pH AU IR PED, AT A R TR R AE R 7 41
S FH SR A i N B R S R, SEIRAR R 0 S LT AR A R &R, R B AR AR A
IR T o AT B A 393K 6 0 28 R P A sk BV IR BRI B R R 2 Tt AT T B B 9%, K
T I FART FR) PEX K31~ BB LN S5 2 1 ) Jle B P 5 B O S8 AR E ™), (H P A A AE A4 TR
AR RL R, A ROIR G AN BBk AT AT RLBEAR, an SKE LN A PELVE & 45 4 —Fb 5 i
FARE, 17 IS 4 ol 1 ) A 20 B3 R SN B A IR 0 AR, TG 12 i 48 5 o 28 20 L RE S O
FRA K. At ARSI BRI AR BV E AR XS PLL. LN, PEL & PEL I LN ()R &
VURPAN R REAT O T, ALSORAA AN TT A ) LREAT AR 5% WS HREA TN
ML TOREME L SORAKKI M, IS 2 et IE B R AR . WS, A B REA
HFERAEAARSN R = U5 5 AR DY REAL AN 0 v R B — RSB AR 1 St b4 k), RIS
WX 22 Ge D RE R K LIS A SE AP 1 6

MR 5%
RS

Y. i 24 h WK SD KB () B E AR RER S S2 0 sh ) bty

FER A . B IR M (Neurobasal-A, Gibco), B27 ¥ il # (Gibco), L- % % Bt ik
(0.5 mmol/L) » ¢ ZI p /E 24 Bl & A HI (¥ 28 — W Jk ik %0 k¢ (PDMS, Sylgard 184,
DownCorning, Midland, MI); fENENR] “SK” HM KD FEA, BB IEEA
laminin (LN: L2020-1MG, Sigma; i JH¥KJE K 20 mg/L). 2 M2 R (PLL, P4832,
Sigma; 4r ¥ & 150~300 kus A HI & B 0.05 mmol/L) F12K &4 W% (PEI, P3143,
Sigma; 4> 1 JBE 750 kus A FH A E 4 0.01%), LA Az PEI A1 LN (RS9 (1 F K JE
9 PEI DLN =1 : 1), fiHl #t & K Anti-MAP2 i /& (Sigma, M1406), Anti-GABA
(r-aminobutyric acid) PiiA (Sigma, N2052).

Elxigit. ERAEKE PDMS ENERIFI &
TR e 2075 0w, MEATREAE W2 R SR L-Bdit Beih 2l % (iE ]

ACTA BIOPHYSICA SINICA | Vol.27 No.2 | Feb. 2011



PR DR AR AR B SCIR A 28 0 1 P 2 I B A 24T 5318 3C / Research Article

G 10 2 BONAS M b 20 20 1 I A R0 5 1) R /N B, DL RS A TR A W) 88 il FEL A 41
(multielectrode array) MEA-105. 210 B [\ BUAS AHUC R HEAT 10l ) (B 1A), B vlh dr i
FRAT P ERE B O L, 3RS AT, B R R BRI
FIFERR (B 1B, C)o i HIE MG 2 BAE A i Ak BRI R (K e 20108, 06 220 e Pl 2 137
MR FER T G2 VR ) B (A0 70 i DR S 3 A R0, K 20 R PR v R ISR
A5 pm, LUBUNRTE BB ), BT ARRE)). 4% U0 RIS PDMS TRk, %
HF MR, BN 90°C Rk 2 h, & “EASEE T S RAFE LB PR

&) ®) (©

B 1 EZR&IT. EREX PDMS ENERI&E  (A) KH L-Edit SAF B0 A a5 (RIS R 24 5
10 pm, ZEMIFHE: 50, 100, 150, 200, 300 wm); (B) Je&i RAddmsk AR EZE (Mg 100 pm); (C) fin
TP =P EhiR 488 KK %

Fig.1 Patterns design, template and PDMS stamp fabrication (A) Patterns of microfluidics printing
template designed by L-Edit (lines width: 10 wm; space between lines: 50, 100, 150, 200, 300 wm).
(B) Patterns' microscopic photographs of templates (space between lines: 100 wm). (C) Immunofluorescent image
of micropatterns with second antibody, goat-antirabbit 488

WIBE R RIS R EN R

ERJpl % F I F AR 0.8 em JEEEE 0.17 mm (MBS o B84 F FBT 6 i 5 (1) 4% Piranha %5
W (EDIRERIR / SEUK VA (H,S0, @ H0,=3 & 1) AL BT DU 55 3 [t ri A IR R B4R . 2
i, F B FKIEVE 3 K, RIS ming AR5 LU AR BV R B R PEL. LN PLL &
PEI+LN DU 435 JEH) B 0 AL B 0o fR) 3B i v R i . K H Leica B8 53 1T 2R X AN [ Bt
JEH) R HI 1A A0 26 O T e ZE AT T AR (mm?) P9 A 4N I S0 B SR e K BE AT A0 o BT 3l
IR e SeY)JT PDMS SO AR BV B WS, DUE TR 2 bR OB, (R RTE, B
B G, BN T5% CWETT R 20 min, EE G TR, R EIE AN TR R W,
ERI Ry, LMERE S PDMS ENREIG 5. KB v A 450, MBY T b 07 28 73 0 1 30 n el it
WA, RS WA R SRR, R A0 ) AR AR A RN GO . R S TR
AL, MR R E AR B . R 25~ 30 min, FERATERE, BRI
e, NEREIZE . HCE T 24 JUBALIN, 0BT R AL A BB ik R S BRIt i, b 4 Mt
H PBS i UEMME . a1 2 R
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(A) B)

Channel

-—r" ----- - --=
\\“"

o
Substrate

2 TRUREDR]  (A) WORMRENRIZREIE; (B) PDMS BN EAZ BT
Fig.2 The microfluidic printing (A) Schematic diagram of microfluidic printing; (B) Pruning and
using of PDMS seal

MAEIETR. RRRANERERBESENEMNE

SURARANZ TCIR T80 75 24 h WA SD KB, DKVR BRI 20 min J5, Bk bt ARHR F
G VB AE S R 8 00 o o SR I R, A R S AUBE R 4 B Uk 7E 37C R A
0.25% R AW A2 15 min, J5 I B I3 B85 7236 2 134k, &0 (1000 r/min) 2~ 3 min,
MR FE L35 S I BE 77 5 Neurabasal-A, BHWHT 60 2, HI 300 H (53 pum) 22§ i FFK L
(1000 r/min) 4 min, 7 Fi5#, T Neurabasal-A 55736 FMER VF AR V- £ 4% AN )
M LR G M, A~6h PRI )5, B 3~4dPRBE. Bk 7d R
TEIEFT, 4%Z B TPRERE E M, 0.01 mol/L PBS ¥t 2 ¥k, 5min/{K; A 0.1% PBST 4T
L 10 min; 5% EIME R MPUR, 37°C K 45 min, PAHIERE 0 61 577 A4 Wi
W P AR (N A Tehr EP—AE A G A 2 (microtubule-associated protein
2, MAP,) (1 500)(/] BURUE) A Al P o ) pf 48 0 bR 75 r- 2L TR (r-Aminobutyric
acid, GABA)(1 @ 1000) (% K ) 3% 9 96 Wb Y (0 L% B LOR R ol 406 ), 4°C 19
0.01 mol/L PBS ¥E¥E 3 X, 5 min/ K AZFIEHRCH “ P LAEM (594 Arid i)t 5T Bl
JE RN 488 Fric i 2EHT R DO —HT) (12 5000, 37CHEH 1h, #%; 0.01 mol/L PBS i
YE 3, 5min/ ¥; Hochest & 44N fft%, 37C ¥ H 10 min, #J%; 0.01 mol/L PBS ¥k 2
K, 5 min/ Ko

FIH Leica Qwin WA F1EHG AL B 0T Rt WERSUIR PRI 28 071 DU RN A ) 23 1 18 &
RIMIIREI A7 08 XSGR A KARS L E GO 16 20 154088 FBEHLIZE 12 A 847 1
B (mm?), THERALRAL TR T GABA FHMER R, JRI R SRR K, Kok
KEEZ IR UAAF A e e o8, T80 R FH SPSS13.0 R A 1EAT HL DR 3 05 22 43 #r o

% R

FEFMEY N ERLIEFICRAERZE M., FEMREEKBEROZMN

SR I A B0 Rl 5 A A 3 38 2 1 Aon L DU R AS [ A% B B4 OBL: PELL LN PLL J¢ PEI+LN
RS, fEiE @EﬁﬁlmpmﬂmhﬁﬁP%&%%W%m,P%ﬁ%%%ﬁﬁﬁﬁ
MEHA L L, BEEIRN R, S LR, WRFT, EHRIHEm, 5595 48 h )5,
'ﬂ@mhPH&PH&Nﬁ&%ﬂﬁ%mﬁ%%Kﬁﬁ%%H%@%ﬁﬂ%ﬁ,%&E

ACTA BIOPHYSICA SINICA | Vol.27 No.2 | Feb. 2011



B EL, DISIRAR AR N EELOR A 2 0 IUE B R TS 2T Y 53183 / Research Article

Fo MEA A2 R TREL L, Ao hsdi, SEREEERRESE
K. 76 PLL 41, #h&aif2 iAo fideiiis bo € LN 41, MEgiie 2 2 K BERRE S
A, R RMESE, B8 7d 0, ol UL PLL 4% EANHoks I A7 BT B s B B 9%
I TR A, A7 0 P T v A P S 1 i e B, 50 20 8 PO 2 o (181 3A). PET 41 )il
BB e, 41 M A KA SR e i, A0 A v 1 ARV R A K, 390 40 a2 1) it
R IR &R (K 3B)o PEILN 240 MU AEvE M I AL I3 A 13 2), P ST ALLSF- R S0 Js v 37 3 o
&, IR/ ERIE: MR R, SOREK, ST R R R (8] 3C). 7E LN
4, MIREMIMGIIE, T HBEBBXEIE 2, B Bia g, a6l
B % (8] 3D). i g SO E R B TVE R T L, R RAE VR E B % MAP, BT

(A) (B) __© (D)

3 FEPLL. PEI. PEI+LN & LN itiB B R A BT F E155 GABA HiLik & MAP, fiLik#ric 7 RG89
Uik E T RERAAMELFREESR (A) 7EPLL WMERMZE ENSCRAEMMZ T, WEMEEH 150 wm,
Hochest 44 1% x200; (B) 7E PEI Jitid I/ & LGk o Ze o0, WG M 150 wm, Hochest % #%x200; (C) 7
LN+PEIViiE % _E R SCIRAMIZ TG, JIEEE A 150 um, Hochest 4% x200; (D) 7E LN ¥ il & % b 8CR a4k
£ 76, Hochest 4% x200. i kR /RHIE BRI T 17, bar=200 wm

Fig.3 Immunofluorescent image showing cultured striatal neurons for 7 days, labelled by antibodies of
anti-GABA and anti-MAP, on PLL, PEIl, PEI+LN and LN micropatterned flows on negatively charged glass
coverslips (A) The striatal neurons on PLL micropatterned flows, the space between the flow lines was 150 wm,
the nuclei of neurons were stained with Hochestx200; (B) The striatal neurons on PEI micropatterned flows, the
space between the flow lines was 150 um, the nuclei of neurons were stained with Hochest x200; (C) The striatal
neurons on PEI+LN micropatterned flows, the space between the flow lines was 150 wm, the nuclei of neurons
were stained with Hochestx200; (D) The striatal neurons on LN micropatterned flows, the nuclei of neurons were
stained with Hochestx200. Arrows indicating the direction of flow channel position, bar=200 pm

175F ©OLength
7z Cell
150

125}
100

V.

NN
A\

7 1150

N
N

AN\

W
N\

AN\

(AN 202 9 GABA PHE 0 - 5 T IR fig o
270, XL G M AR R I, 2 2 AR RUK
R, R WE AL BFETd G, MAEKE
TR B A4 k)2 10 11 GABA. BH 44 41 28 76 (1 44
MR AT E RN, 48R EoR: 7E PEI
(169 /mm?), PLL (150 /mm?) A& PEI+LN (161 /mm’) 4 z N, PEI. PLL % PEI+LN i b AR (mm?)
SHEBAEKMMAL THHEY B KT LN AER7XEHETHERBETTHFHRERE (wm)HH
(80 /mm?) 41, 1 PEILN 41 (40.64 pm) [l e —or O FHERITE n=12, P<0.0S

Fig.4 The diagram showing adhesive effects tested by
S K B X KT PEI 4 (24.89 wm) F1 PLL 41  analysis of the number of neurons on the area (mm?) and

. average length of neuritis (um) of neurons on LN, PEI,
(35.56 pm), P<0.05 ( 4. PLL and PEI+LN flow patterns respectively, after 7 day in

the culture n=12, P<0.05
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QURIAHZ TETRF A& PEI+LN BB R LSRN

i LB SIue 25 38, 7E4fi i PEIFLN Re 88 T iudnc i b - 50 2 (10 4l 28 0 Ui 3 P 2 1) i A
b bR AN (] R B T A7 U T ST A AR . AR RE M, ) PEILN B
WL 50 pm. 100 wmy 200 pm. 300 wm PYFPAS [F] 26 [R] 20 B 22 40 s 92 45 R . RILAERG 5%
HIHQR4h B 3d 2 A), AR DPUFP AR IOURIE B % BT E ] W R BEAE B R ) 4
K, 75 50 wm SB/MRURS KIS b, o0 2 oollod i AR K R AR TR I, R AR TR
I T A P %6 . AEIIEE 200 pm FOPEIZE b, FE IO N L, MR K 20 T 1)
TR b, BEARAAR BT R b 5 A R T B (AL P 2 . 7E 100 wm [R] B B %
Ly BIRPIRE LA L. 7E 300 wm [RIEE 1 % A RECE S A, LT A R R
Ko BMIGHWE 5 Pros.

(A) (B) ©) D)

5 TEA[E PEHLN HUREE RS f BT RIIR B E 1537 GABA iR K& MAP, fLiRHRIE 7 R EHISUR IR E T
BGERtmmtFERearE LS54 50 um(A). 100 um(B), 200 wm(C) X 300 wum(D), Hochest 4% x
400, Hi SkFIRTE WA ST ), bar=50 pm

Fig.5 Immunofluorescent image showing cultured striatal neurons for 7 days, labelled by antibodies of
anti-GABA and anti-MAP, on different PEI+LN micropatterned flows on negatively charged glass coverslips
Spaces between the flow lines are 50 um(A), 100 pm(B), 200 pm(C) and 300 wm(D), the nuclei of neurons were
stained with Hochest x400. Arrows indicating the direction of flow channel position, bar=50 pm

U3

AT TR PRI B A% DR B3 A — bl A5 A 3R T EAT P N TR B BeR o 8 L AED
BELGHE 2 IA BREN SROK T ORI T 5, AN BB AR R IR 1 > 7 AT T, X
FERT ELOR KR8 1 SR IR E P 34k, AR S e 75 B i R 5O R el demT
TR Bt REAKL N5, (5 B A SR b A NG A AT B T RE ), SRR SR AT
1] 5 2 0 A FOL A M ] RO 85 3 WT T 22 AT (K 25 s U4, e AT AEOR EE R 4K R
J& (30 nm~ 500 pum) FEJy_EAIFFURN L A0 ML PR T B0 JE LB A ) 4 X 4 M A= K S gt
DUEARAR B A WSO R AR S & p 225 7 (A 2T B

AWEFAER B _ERE TR A A0 M2 SCIRARBRZET0,  SUIR AR A S 5 5 JE Ao 28 4 v f) T 2 5
TR AR RN R RO AR 2T G JLT TR B SR ) SORAR R 474, 24
RS 5 BN B A TS, S SR RS L R ERLD AR T . WK 2
M2 TCARNEDIN IR SR AL o AR I T GORR 2 n e e 2ol K %, A RE
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FEM R L SEBLE AL HEA, o0 Tk AT AR AR AN S fe el R o oL B R, JREE Gl
HL 71 2% JE N 3 e St 58 SOIR AR 22 ST IR D e AR DS HL T, o5 B A T R % 1)
R L.

RS2 6 R I OR AR AR N T 7 PELL PLL. LN A1 PEI+LN PUFh FLifi b4 kL, 76 AH [F 85 97
HREE, WAL T WA TTAEA R Sl bR R i B R N . IR A S 45
FETCILVE S AT, HH T PLL 2375 J5 L S50 v b5 20 J 35 7 S A Ty e e, e 28 K R S 1t
Dy miEEE. IN U@L 5843 (integrin) RIS E, BN K& 285 E
L AT 5 ol g, AT R 0 40 ) 86 PR R RS 08 ek R e, I v e SR S R
SERR ERTRES 5T, BTLL, W IS B IR AL B IR A T, I RE e 199 LN i i i
PE AN MRS B P VE R s i B, B IR R T 0 A IR I A P S A A R R T N 2 PR 2R
ZME SCHRFMAET:, FEIX L i SR A 22 o B0 S Bl 2 /b, X e ] R 3 7 B
i LN BRI S E MR K. L2 R, PEI 2 T8E B3I KR E LI, & Fh
DG ERCTHIUE 72 X & NN =S i i1 1 OB 6T o SR SR T 1 ) RS v P IO s EU S R (SRR e DI I
AL UTREAEMRL R, T BT 2 SE R W B o WEB CUS , AP0 A B 25 4y b — L840 i 4
LR A, A e 1 N 2 E w2, R, AR AE PEL BRI AT IR 2, (HA1 5
B (5T SR S5 RAR), DLBC A viE W, B S AR Bl e PEIFLN A1EL |,
B T Skos PEL XA 2 40 A7 AR s K e B VR AF, LN 43 74 B IKVAV Hil LQVQLSIR i
IR 2 BE RN B 3R AR 1 integrin YU, M SGE A KHE R AR E AN 7 1), it LA GBS 1
QTR . S A K R SR T RN 43 k22, R, A5 4 ] PEIFLN AR BE 2% 41 il
BE05 T AR e B A 2 41 R At PR 5 o B A RE B AR K GABA PHME R IA 47 4k b i 3=
B IXLEHR NS A R SR SR ) R

T I A SIS RE LB, 0 0 B S A 15 TR 1) S AR AN S R I R R B DA G, T
gt B T Sl s AR, BIJRAS 2 T R SRR AR, A i I S A A K ) R g
. X FREL PDMS BT W RS LU 470G . WA SCIRIR Y, W SRED s 4 i 1 2
ZIR) B/ TUTRE VR B2 LR I 20, PDMS 2 (A7 BV 2 AL R A4 RE b B it I ok ek K3 B, M
1M7L F R B G, X AR 140 M e s P e 2R KB, AR, TR T /N 25 A 4 i 25 5
R T LB S K . FIR P2 nT B8 & AE JTAE 150 pm 1 200 pum Jit 78 (1] 25 K
1) PEIFLN [ % F eS80 Wi e i B S (K B R o BB, PEI 2 T4 BT K IR 2 4
JEF AL 2 BATIR SRR = ARl IR v, DA T e 6B B 1 e AR AR BRI B S AR . R
I, BB H] PEIFLN 1E A S0t 44 BRI A4 ), AN S TE 88 Al 40 it 12 1 B0 A AR e B IR 42, 1
HE AR FRER SN2 0 5 WP 2RI TR

K NASEF S, 1] U S e B A& IR AR K o IR G i — e Rk 1 Pl % v it
PITTHI 2E, RN LR & oofERs @m0 kL B R BRI S A, DUR it i 10l 4%
LA, ARSI SRR A TR IR RSP &, IO Y A R AE AR B
AN A BN

BUs  ASUREAS B b R B A T 2L L A R K2R AR R B i L
JIA, RIS LR
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Abstract: To make a designed neurochip practical, the adhesion and neurite growth of patterned striatal
neurons were investigated by a microfluidic technique on the surface of mixture of polyethyleneimine (PEI)
and laminin (LN) in vitro. Four different substrates, including LN, poly-L-lysine (PLL), PEl and mixture of PEI
with LN (PEI+LN), characterized with strong positive surface charges were micropatterned on the silicon slide
using a microfluidic technique. The striatal neurons from the forebrain of postnatal SD rats were cultured in
vitro on these materials, respectively. The survival, adhesion and neurite growth of the cultured neurons, as
well as their flow patterns on different substrates were evaluated, especially by immunofluorescent staining.
Different effects of the neural flow patterns on different designs of the pattern (different spaces between the
flow lines) fabricated on PEI+LN material were also compared using same method. The quantity of neuronal
growth on the patterns of PEIl, PLL and PEI+LN was apparently larger than that on LN. Moreover, the
coated pattern of neurons on the PEI+LN was more integrated than on the others, and its morphology was
more completely when the cells grew on the pattern with flow line spaces ranged between 150 and 200 pm.
The substrate of PElI and LN mixture is in favor of creation of neural flow patterns, by using the microfluidic
technology, when a suitable design of the pattern is selected. The observation in present study may help
creation of some practical neurochips in the future times.
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