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Fabrication of AuNRs-PDMS Micropillar Structure and Its Label-free
SERS Detection for Regulated Living Cells
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Abstract In this work, gold nanorods-polydimethylsiloxane (AuNRs-PDMS) micropillar was proposed, of which
topographic feature could serve as mechanical cues for cell regulation, as well as AuNRs assembly on the micropillar
could serve as surface-enhanced Raman scattering (SERS) substrates for regulated cell detection. Three fabrication
routes, including solvent evaporation, absorption transferring and stamp transferring, were compared and optimized
towards the construction of AuNRs-PDMS micropillar with high SERS enhancement and homogeneity. The SERS
performance was determined by comparing the spectra changes of 4-mercaptobenzoic acid (4-MBA) at different test
points on AuNRs-PDMS micropillar. Results demonstrate that AuNRs-PDMS micropillar by stamp transferring
possesses acceptable SERS enhancement with the highest homogeneity, and the relative standard deviation (RSD) of
SERS intensity is 7.3%, indicating the structure is a feasible SERS substrate for label-free cell detection. Mesenchy-

mal stem cells (MSCs) , the object for cell regulation and SERS detection, were cultured on the AuNRs-PDMS
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micropillar by stamp transferring and AuNRs-PDMS flat control. Compared to their counterparts, MSCs regulated

by the AuNRs-PDMS micropillar show growth direction along the topographic feature and morphology changes.
Meanwhile, the variation of SERS spectra illustrates the increase of lipids and the changes of protein components as
well as bond stretching vibrations during cell regulation, implying that the contact guidance and morphology changes
of regulated cells are associated with cell component variations. The strategy builds a bridge between cell regulation
and label-free SERS detection of the regulated cells, providing deeper insight into cell-substrate interactions.

Keywords Gold nanorod; Surface-enhanced Raman scattering; Cell detection; Cell regulation
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Fig. 1 Fabrication process of the AuNRs-PDMS micropillar by solvent evaporation, absorption

transferring and stamp transferring
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Fig.2 Schematic of the AuNRs - PDMS micropillar by solvent evaporation(A), the dimension(B) and SEM
image(C) of the PDMS micropillar without AuNRs modification, SEM image(D) and UV-Vis absorption
spectrum(E) of the AuNRs, and SEM image of the AuNRs-PDMS micropillar by solvent evaporation(F)
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Fig.3 Schematic of the AuNRs-PDMS micropillar by absorption transferring(A), UV-Vis absorption
spectrum and images of AuNRs solution in a 12-well plate before(B) and after(C) interfacial
assembly and absorption transferring, SEM(D) and confocal reflection(E) images of the

AuNRs-PDMS micropillar by absorption transferring

BT IR ENFE R 75 1Y) AuNRs-PDMS A 2544 ) il & L B An 1 4 (A) R, RIGE 20 78 PDMS fiokE B R E
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A% AuNRs EREE[ K] S3(C) , WA HF#EE |, B AuNRs E1 55 5 PDMS RUkE 45 44 G 5 IF 4% 4R 15
AuNRs-PDMS T3 H: 285 #4 1) 355 an 16 4 (B) ML S3 (D) s . B 4(B) H SEM B8 F B 7% AuNRs B 7F
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Fig.4 Schematic of the AuNRs-PDMS micropillar by stamp transferring(A), SEM(B) and confocal reflection(C)
images of the AuNRs - PDMS micropillar by stamp transferring, SEM(D) and confocal reflection(E)
images of the AuNRs-PDMS micropillar by stamp transferring with plasma treatment

PDMS T T , AL RN BR AL A AuNRs £A7E . TRl , SR AR SO EHMR [ &1 4(C) J s HAE PDMS it
Tt A2 7 AuNRs B9 S5, BE— RS T H ENEERE 1k Al SEERAO0 PDMS SHE T Y AuNRs 84 9%
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L SRR SERSF-EEIE AN 5 (A) Bz, BISAFIRbriERE . ik 3R )5 45 #Y AuNRs-PDMS fAE 45
FTE 1079 FI 1587 em ™ 4k 73 Y AR BEAIHL & FRAENE , 4351 )& T 4-MBA fy C—S Fl C—C AL = H 4k
g, A AuNRs 19 PDMS L FILP- & A B 4-MBA (9HL2 55, UESS T AuNRs 414 %F SERS 5
SIESRAE T . TEASA ] R AS A AuNRs-PDMS filthE: I B ALE B A5 251 T T SERS G As:
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Fig.5 SERS spectra of 4-MBA on the AuNRs-PDMS micropillar by different methods or unmodified
PDMS micropillar(A), peak intensity(B) and relative standard deviation(RSD)(C) at 1079 cm™* of
4-MBA on the AuNRs-PDMS micropillar from different test points
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W, VR ZE R (B S4, AT G B - W MR8 1 (B S5, WAL B) Fl R BN (141 S6,
AR S FE A ) B SERS Yeil AR AR I I (A 25 S B R, W78 KB AuNRs 21 2% RB R4S fe = 1Y)
SERSHSHR[ K1 5(B) ], {HI25 5 AT FRER 22 (RSD) K 61. 2% K 5(C) ], BRI, 4 FrdL)s
DR R I PHEER X 38 i AuNRs 20285 5 T80, S8t SERS HEsm A s , M HU B X I AuNRs 4126 # 55 . SERS 5
SEEE . TRENEERS 1 A R TR 7178 L e = SERS s Mt , I HL SERS {5 51 RSD #5e Ik, 1 W]
SR HA B —HE .

R T 5 HTaX 37 AuNRs-PDMS Sl S5 F A 0 A G 0, X REAS25H 16 B 85. 4 umx68. 6 wm
FEIEIKAEE, DL 1. 4 wm KB 0ERAE TIZ I 62x50 4 S AR 6%, LI 1079 em™ ZbF7 S Ak 45 JiE 2
il RN 6 s . AT UL, T 7500 28 K2 13845 19 AuNRs-PDMS F3{UH: 25 44 78 Ml A Ah LA 658 v 1)
SERS &, H& X SERS 5 5 B B FRAK, #AS A AR5 [ 6 (A) |5 JE W BFHA% B 1ol 45 1)
AuNRs-PDMS A G5 A 7648 R Jjy 3N 3 BB I AS SERS 155, 13 B AuNRs 7E PDMS fUA: 10 s 11 1] B
AR N, (HRBETE R AL R 3 [ 6(B) 15 I 5L T He ENFE RS 7L 343 1) AuNRs-PDMS fiAT 2544
FEGRE TOUSHTE B T A 5341 1) SERS S U [ KT 6(C) |, £G5B SERS B s M RE . SLICI—PE S
ARG, AR IOE T B4 1 AuNRs-PDMS i S5 F/E F SERS JLJRC A 75 225216 .
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Fig. 6 SERS intensity mapping at 1079 cm ' of 4-MBA on the AuNRs-PDMS micropillar by solvent
evaporation(A), absorption transferring(B) and stamp transferring(C)

Step is 1. 4 pm.

2.3 WIAEEMEEETiRIE SERS &l

AuNRs-PDMS fAE£5#B% T HA AuNRs 41%& v FH/E SERS 5 SL I LAAE , BUHES (9 Skt 25 F41F
N HB TG R AE IR AT PR AN 0 A K B, F RS A0SR A AR . R AuNRs-PDMS fob: 45444
SERS A6 5 21 B A P 45 e ofe , 2 2k G I e DR ) A, T SR AT 5 A0 - SR A A R S A
A 5322 4E . LA AuNRs-PDMS - 18 25 #4 75 24 - 16 B4, % ] 78 5% 1 40 i (MSCs) 43 3l K5 3% F
AuNRs-PDMS 74 F1 AuNRs-PDMS “F [ &5 44 |, Frdi A+ 2 d J5 TobRic A il % 41 it i) SERS ik,
WE 7(A)FR . BT AuNRs-PDMS fiobE: A AR AT () B4 /N, MSCs 32 %2 A K ARk T , 52 ke
SER AR S B T SO S A A K i 2 181 7(B) 1, I HAH HE T4 K72 AuNRs-PDMS i Y21
JLLE 7(C) ], Btk A BA B K SSE, BSR4k Tk . XA K AE R ELE b4
MPEAT T JCARIC A SERS K, AR 40 1Y) SERS &3 U S7 ff s (LA SCS2 #5458, SEH4563 4
B 7(D) i, B BASZH o FmbriE 2 . WA AIG I LAE 623, 668, 700 #1741 em ™' AbFRIN H Fi7 2 4y
TR, Ay SIS JR TR N R . SL IR | I [ e A o it e 25 i 43, LA I A SRR 0 R 6 G R AL
FSTUA L Hp5 B 102, 54 K7E AuNRs-PDMS - TRIS5 0 1 20O LG , 4o 45 R 452 4 4 g
XTI 26 G o e L 2R (1126 em™) L I ) (1302 em™) NG (1446 em™) FOF7 S F5A0F I 518 35 A i 44 5
[EI7(E) ], 53CHR134 141 AT 2548 A ATUABORI L L A A0 R A D R A — 30, X — Rk AT e 5 B A
YRR RS PRI B AT G . A2 B GO 45 FA R4 100 40 M 30 5 R0 Ll B 11 25 il DX 3k ) S A A e i
2B (T ), KN 2 SERS Y61 8 115 (1608 em™ ) hr S FRAF 038 i T [ 7(F) ], (HZE N4
72 (1006 em™ ) FIEE 115 C—C . C—NAERL (1161 em™ ) FRAE ISR B B AR 1T ] 725 IR 25 40 i 25 18 1) 4 1
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Fig.7 Schematic of label-free SERS measurement of regulated cells(A), SEM images(B, C), normalized
label-free SERS spectra(D) and normalized SERS intensity(E, F) of regulated MSCs cultured on
the AuNRs-PDMS pillar or AuNRs-PDMS flat control
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