Research Papers [ iExE iE

N Lok semmmin
. . Progress in Biochemistry and Biophysics
1J 2011, 38(10): 961~966

www.pibb.ac.cn

IREKE Xt BB ZF FLIRERAH A A
FEIERA 2 EIG RIS 7
foAY RERD % B BAND BERD A B KA

OHENNE R, EFECHREE S EARBEHHE ARG E, HEACTHARE ST E, M 350007;
D AR P BE 2 KA R VR BE S A e, AR 3501085 VAR IRIEE B, AR 350001)

EEE

WE R T AU T LT A IRGIARL T SR AR L A 2 8 588 1 2 06 B (SERS) AU X 6 4135 A AN Rl FEAR S (4
SRR Co66 FEATHLZAL, DN LA ALS TG A0 A R i it 2 il DLIUAS 9 SERS 55« DGl i FE A 7 (EL AN 2k
P TEER, WU BN FL 5 fLAR AN LA SERS (A5, X i 2 fL S TG 1 C666 A1 SERS ~1- 3 il HEAT 4120 1 U
V. AERkPh ISR 875 Viem, JKFHFFEIN ] 1 ms, HUBKDE 2 REGSAETR . B 500 pl FEE 2 s & A 50 wl HUE I I
R4 A SERS JGiEme bt sy, FOGHE BB IE k. 4R 30, IEfE R BoR BT LU i % 9L -SERS AR,

AR PR IIT A A SERS 55
A7, SEI 0 A 2R AR L R AR

SERITFUA By T4 JRE 2 i M sit iy 52 6 0 (K N, 455 SIS B0 23 M 40 M P 7 1oy B 23

4RI RGPS B (SERS), HLZEAL, C666 4N, HRKHKE

ZR9ES G63391, Q6

2% 101 B4 51 b7 2 B AT (surface enhanced Raman
scattering, SERS)E AT R Uf (e Rtk . KB FE I A
L, R R R E AR ] AR
B ARYURRE TR A R R 25T, AR5
K40 SERS SGul, w73 b ik 40 1L 9 A A 5k
SIUCITAZIR . R E BTAE), ]G R A i
WAEAC P B0 A A SR RE RS, G, K
R 7455 & A E T IREE LA UK. A TS,
NG B AR AR, AT g0 N R ) T A
%, HMH SERS Stk e R Bt JE p SERS AR AE
M, Wngnie pH #8419, SERS GBeHREMI%E. a7
Wiy ARARRE 73 N TEAR L ) F 7 2 2 4 i
HYRR IR G E R R, A 9 N AR AT
B HRGURRL - HEAN A B s LS, 4540
W SERS 15 57, A 23 A1 40 B 9 1 2B AL S5 0 15
B AESRH BIR TS0 SERS W, 40544
KR — B H5 5% 20 W, i 4 AR A i Bl —
BEAEHAT, ARRESEIN S I & R w] G52 B 34515
SIHERGRE. BeAh, ARAURRL X gil i B AT A= P
PE, AN TRV 3 AT BESE WA 40 B us PESL PRG, BIFSE

DOI: 10.3724/SP.J.1206.2011.00106

AR MO GARRE AR AL, LASEELAN
JE A SERS Dl SIS, ook 4 i A5 AR dy 2L 2 R
FRAAEEE X,

AL EIRE bR, FATE K IS T
L -SERS J5i%, BUFIFIHLZALEIAR, 7£ 1 min AR
B AR R AEYEAIN, IR A
A0 A SERS 1551, HL7F L -SERS BACKE 41l ify
TR, AEIE R A R, A
S B2/IT BULK G 04 N IR I 7 et N B iy L
A A A R (R KR 5 B Sy E NN, 4
HREPI R i KR 1 s B AE AR N, A2 A5
FESRAENE. P K o S B A0 M s e 2 R o
fL, WA AR RIE AN S MRS D0, SeBLRIES

* [ 58 H AR BFE A4 %8 B H (60778046, 60910106016), #6245 I
I H (200810016, 2009J01276) 1l AL Rl 24 i U Ak 4 - A4y DA
HH WA BOC T RITH H (WKJ2008-2-046).

=+ HIHEER A

Tel: 0591-83489919, E-mail: chenr@fjnu.edu.cn

R HH: 2011-03-06, #2HMH: 2011-03-30



. 062 o EMUFEEYIEHR

Prog. Biochem. Biophys. 2011; 38 (10)

N0 SERS A, 2 A FAISERE A T T 457 4 e
W SERS fii*5, R T mikE MRS, HEA1E
T BRI T B R ) F L N TS A1 PN AR
KBE T HOERIRAERE R, AR S s 3 8
FLJEIAE] SERS 5 5 B E M b 7, 1 & AR IR
KO FAEMEE T4, A LLEVETF, Rl ) 52
KM E S MEIE Em.  R, IR B R )
T4 m s 7 fL -SERS AR, SB RAF 4
HIpy SERS it A i FL A7 55 25 .

AL B 4 C666 A RFITN %, A
WL F LB IR - S NVE AN, Il 6 41ANIA]
BRI FE T Co66 4H it 28 £L 5 1) SERS i, #F
FUBR AR 0] 1 L 28 LTSRN AN L Y SERS J6ii 1)
semi, DRI H % fL -SERS MU

1 EREHIMEIE

1.1 SRIGIF

THMR L (AgNO,) . A I (NaOH). #hIR 2Kz
(HONH,C# 4 73 Hréifh 2% s RPMI 1640 4 il
F IR W% H GIBCO A #; PBS W [ BOSTER 24
Hl s SEEG AR AlK .
1.2 SRR

ECM 830 HL 77 fLAN(BTX A 7l);  HL B AR (1) #E
4 mm, BTX A#]); Renishaw inVia Y 3 5 4= B 1
P72 IR
1.3 SRERHIE

HR e il 2% R FH AR PR YA e SR A R A 7 k00,
4.5 ml ZSEALENE (0.1 mol/L)IIA ] 5 ml Eh R ¥E
J1 %5 W (0.06 mol/L) 1, T4 Y & 9 3k v i &)
90 ml AHPFRAR W (1.1x107 mol/L)f, ALk
PP E R AR AR AR, =0 NG
1£. AT, 10 000 r/min B5.0» 10 min 53525 12
VR RIATRAGELRS .
1.4 HHREIESE

N ELTH I C666 4 M Bk i A 4t 44 i g = Bt £
b, R IR A= O R 2 S HEOR 2R A
SEIG R IR, C666 4H i L2 N EEAE KT pH 7.4,
B 10%/ N IS (100 U/ml 5 5. 35 %)
(1) RPMI 1640 572341 (LU F i FK RPMI 1640 564>
RFEM), T 5% CO, WBANRIE . 37C Biffih ik
REETR. LR HOP AN M AT 505, W FL TSR
C666 4l ffl, =50 IFE BT RPMI 1640 58 455 F7
t (F 2R R 9 RPMI 1640 524 K555, 13K
VTG0 2% 2R 1x10%/ml.

1.5 SKEHE

S350 5 iy 10 ple 25 iy 50 wl A1 75 wl 4R
JiZ FH RPMI 1640 584> 35 7% WM B¢ il 100 pl,  FFHX
100 wl M (ARRE), s 6 41A [F] ik B 4 e %
100 pl. FFX 6 AR A H 100 pl, 735155 400 wl
A0 BT RS T AR . 6 AL FLA
500 wl ARSI 0 5wl 10 wls 25 wls 50 pls
75 Wl A1 100 wl. X HERAA AR, EHEH 100 ul
RPMI 1640 56415 775 400 wl 40 i B 1) 50 1R
BT IR FELETHUARAR UK (0~ 4°C ) 10 min.
HLZEFLIK T S 802 % AT W I E U &, fikad
HLZ 9 B 875 Viem, JKMPHFEEINTA] 1 ms, H ik
2 . W A VKA 10 min. LA S,
Yo 4 BN AR RS 42 EP 5P, PBS iR 3 K
i, WAME TR, A A Renishaw inVia %Y
IR AR WAchr B OGS O Al M b 2O IR
e 6 ASAN[RI R v B A S8 BEATL I == 30 AN A4
SRR A iy 2 i

M A OO 785 nm, - T2 20 mW,
CCD HUiERF ] 10s. {E S0x4B% N I B4l b 2 45
7, NN pinhole, 5 6EE R /Ml 7 55 A4
F, AT RECA A A 5. I SR 1 e 1 s 4 4
FEMERIO T 5t AR SERS St

2 GRS

2.1 RERFBSELEE R EIMAT DLAR LT MR Uk S i
B EIZE S v B 6 i LR e A e ) o 45 )
WS 5E s, R AKRL 7 BHARZ R 40 nm. i H]
Lambda 950 484 / ] WL / UTLLAM 3 Y66 BE T s
IO G, AR I 416 nm 4B (] 1).

A(a.u)

400 500 600 700 800
A/nm
Fig. 1 UV-visible-NIR absorption spectra

of pure silver colloid

The inserted picture shows the TEM micrograph of silver colloid.
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Fig. 2 SERS spectra of cells treated in electroporation experiments with different silver colloid concentration
SERS spectra (a) and the integrated SERS intensity (b) obtained from control experiment (electroporation without silver colloid) and 6 electroporation
experiments of different silver colloid concentration: 5 wl/500 wl, 10 wl/500 wl, 25 wl/500 wl, 50 wl/500 wl, 75 wl/500 wl, and 100 1/500 wl. (c) The

mean spectrum for 50 wl, 751, 100 wl silver colloid concentration experiments. The shaded areas represent the SD of the means.
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Fig. 3 The averaged SERS spectra of living

C666 cell after electroporation

Table 1 SERS peak positions and tentative vibrational mode assignment

Peak position /cm™ Vibrational mode Assignment Reference
580 Out of plane ring deformations A, G,C [16]
661 Vibration of the RNA backbone G, T, tyrosine [17]
727 C-C stretching A, proline [16, 18]
809 O-P-O symmetric stretching Phosphate [5, 16, 18]
826 O-P-O stretching Tyrosine [18-19]
914 C-O stretching Ribose-phosphate [16]
971 C-O stretching Ribose-phosphate [16]
1003 C-C skeletal Phenylalanine [5,17,20]
1028 Protein: C-N stretching Phenylalanine [17]
1251 Ring stretching T,C A [5]
1292 CH,, CH; deformation Proteins, lipids: amide [Il [5]
1343 CH, deformation Nucleotides [20]
1427 Ring stretching, CH deformations A, G [5,16-17]
1606 Protein: C=C Tyrosine, phenylalanine [17,19]

* A: Adenine, G: Guanine, C: Cytosine, T: Thymine.



2011; 38 (10)

fIft, % SREUKEX R FLIRENAMEMA R E LSRR 2 1B AR

*965-

3 4 it

ARSCEET AT R IR L% L -SERS R, HF
FUAN I FE L e H 257 L 5 C666 41 il Y SERS b
WL AR LIk H Y R 875 Viem, ik b RF 4z
i) 1ms, HZEFL2 IRMEAMHT, B 500 plilisz
M A 50 WL IS 40 B Y SERS {5 S 15
WELLAE . HOERE BAT R R . XS C666
42N SERS Yl BEAT I D i g . WK,
IERE PR R F5 LA S AR DY (1 SR80 45 1, AT LAS iy
H1 28 fL -SERS RUCR, PR 30 X v Joit 2 11903 40 i
SERS 155, MIfifAnlGedt— L4 J& SERS J5i%fE
A AR N S A SIS AR W 3 B 3 40 i
AR B A3 A, SN A A0 i A A AR R

2 % x M

[1] Hao Y. Review: Optical methods for tumors diagnosing. Chin
J Biomed Eng, 2008, 17(1): 34-46

[2] Vo-Dinh T, Wang H, Scaffidi J. Plasmonic nanoprobes for SERS
biosensing and bioimaging. J Biophotonics, 2010, 3(1-2): 89-102

[3] Sirimuthu N M S, Syme C D, Cooper J M. Monitoring the uptake
and redistribution of metal nanoparticles during cell culture using
surface-enhanced raman scattering spectroscopy. Anal Chem, 2010,
82(17): 7369-7373

[4] Pallaoro A, Braun G, Reich N, et al. Mapping local pH in live cells
using encapsulated fluorescent SERS nanotags. Small, 2010, 6(5):
618-622

[5] Kneipp J, Kneipp H, Wittig B, et al. Novel optical nanosensors for
probing and imaging live cells. Nanomedicine, 2010, 6(2): 214-226

[6] Kneipp J. Nanosensors Based on SERS for Applications in Living
Cells//Kneipp K, Moskovits M, Kneipp H. Surface-Enhanced
Raman Scattering. Berlin: Springer, 2006: 335-349

[7] Kneipp K, Haka A S, Kneipp H, et al. Surface-enhanced raman
spectroscopy in single living cells using gold nanoparticles. Appl
Spectrosc, 2002, 56(2): 150-154

[8] LinJ, Chen R, Feng S, et al. Rapid delivery of silver nanoparticles
into living cells by electroporation for surface-enhanced Raman
spectroscopy. Biosens Bioelectron, 2009, 25(2): 388-394

[91 £ £ BREDY, B, 55 B L0300k DNA g N5 R

0 vk R AR K S R A S AR L e, 2002,
29(5): 734-740
Wang F, Chen F X, Tian Y H, et al. Prog Bioehem Biophys, 2002,
29(5): 734-740

[10] Kanduger M, Miklav¢ic D. Electroporation in biological cell and
tissue: an overview // Eugene V, Nikolai L. Electrotechnologies for
Extraction from Food Plants and Biomaterials. New York:
Springer, 2009: 1-37

[11] Leopold N, Lendl B. A new method for fast preparation of highly
surface-enhanced raman scattering (SERS) active silver colloids at
room temperature by reduction of silver nitrate with hydroxylamine
hydrochloride. J Phys Chem B, 2003, 107(24): 5723-5727

[12] Feng S, Lin J, Cheng M, et al. Gold nanoparticle based surface-
enhanced Raman scattering spectroscopy of cancerous and normal
nasopharyngeal tissues under near-infrared laser excitation. Appl
Spectrosc, 2009, 63(10): 1089-1094

[13] Jiang J, Bosnick K, Maillard M, et al. Single molecule Raman
spectroscopy at the junctions of large Ag nanocrystals. J Phys Chem
B, 2003, 107(37): 9964-9972

[14] Feng S, Chen R, Lin J, et al. Nasopharyngeal cancer detection based
on blood plasma surface-enhanced Raman spectroscopy and
multivariate analysis. Biosens Bioelectron, 2010, 25 (11): 2414-
2419

[15] Sladkova M, Vickova B, Pavel I, et al. Surface-enhanced Raman
scattering from a single molecularly bridged silver nanoparticle
aggregate. J Mol Struct, 2009, 924-926: 567-570

[16] Hobro A J, Rouhi M, Blanch E W, et al. Raman and Raman optical
activity (ROA) analysis of RNA structural motifs in Domain I of the
EMCYV IRES. Nucleic Acids Res, 2007, 35(4): 1169-1177

[17] Chan J W, Taylor D S, Zwerdling T, et al. Micro-Raman spectroscopy
detects individual neoplastic and normal hematopoietic cells.
Biophys J, 2006, 90(2): 648-656

[18] Movasaghi Z, Rehman S, Rehman I. Raman spectroscopy of
biological tissues. Appl Spectrosc Rev, 2007, 42(5): 493-541

[19] Guo J, Cai W, Du B, et al. Raman spectroscopic investigation on
the interaction of malignanthepatocytes with doxorubicin. Biophys
Chem, 2009, 140(1-3): 57-61

[20] WoMER, 2K Ak, FAESC, A5, BN LA 40 B 2 il 24 (1
BESE. Jaih 2% 5 44T, 2007, 27(9): 1761-1764
Yao L H, Zhu M, Wang G W, et al. Spectroscopy and Spectral
Analysis, 2007, 27(9): 1761-1764



. 066 EYUESEYYIRHRE Prog. Biochem. Biophys. 2011; 38 (10)

Effect of Silver Colloid Concentration on Electroporation for
Intracellular Surface Enhanced Raman Scattering*

YU Yun'?, LIN Ju-Qiang”, HUANG Hao?, CHEN Yan-Ping?, FENG Shang-Yuan,
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Abstract The effect of silver colloid concentration was explored for fastest delivery of silver nanoparticles into
living C666 cells (a human nasopharyngeal carcinoma cell line) for intracellular surface enhanced raman scattering
(SERS) by Electroporation. SERS spectra, the integrated SERS intensity and the reproducibility of spectrum were
compared in 6 electroporation experiments of the same electric pulse parameters but different concentration of
silver colloid. The silver nanoparticle concentration is best under the condition of 500 .l electroporation buffer
containing 50 pl silver colloid using 875 V/em, 1 ms rectangular electric pulses for electroporation twice.
Increasing the concentration of silver nanoparticle could improve the SERS intensity while decrease the
reproducibility of the spectrum. Moreover, the observed SERS bands of living C666 cell were tentatively assigned.
This work is promising for the practical application of SERS technology, such as real time detection and analysis of

the biochemical substance in living cells.
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