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Application of SERS Techniques in Diagnosis and Bioassay

Shao Feng Chen Kun Luo Zhihui Wang Yanjun Lu Donglian Han Heyou™ "~
(State Key Laboratory of Agricultural Microbiology, College of Science,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract Surface-enhanced Raman scattering (SERS) technique has experienced unprecedented growth in
recent years, driven in large part by its numerous merits including sharp bandwidth, high sensitivity, anti-
photobleaching as well as the ability of in-situ and noninvasive analysis for diagnosis and bioassay. Recent advances
in SERS-based detection and analysis techniques toward the targets of biomacromolecules, pathogenic
microorganisms, cells and living organisms, with an emphasis on labeled or label-free techniques are discussed in
the review. General methods are summaried in basic recognition modes for different objects in SERS detection.
Details are listed to highlight the strategies to increase sensitivity in the detection of pathogenic microorganisms. We
also provide insights into the latest applications of SERS techniques in vivo and present the prospects of SERS
techniques in the last part of the article.
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PRI 2 115 T N A A R B 1) e KU 2 —
2008 AFFEAER Bk AL 760 J7 AT R E
SRR EE —RAFD, IR T R,
BT AE YR R R RS L R
RIT R B R B I BEE AT
AR RS HEAD WP BURALIRER R TR,
2 TAEC & T RS B A Y 7K
RAIFTEGEE X RN B 12 W AR ) 0 B HOR
P T R B K

FrE LG RE S PR L T A I IR SN M HR SRR
B, eauoy T A RS RimE 130
IR AR A5 AR Z2 40, 548 Raman Fl1 Krishnan 7£
1928 4E & B T $7 8 #5F ( Raman scattering ) FL42 |
R HHI R 43 301 A L0 AN e R 1Y 10
10 745D SRR P TE AR R AR BRI T R 2ok
Uiz R, HOE 20 #4870 4F AR R,
Fleischmann'®'  Van Duyne'”' I Creighton"® % 43 5|
RIMHHIN T SERS 88, A 4TI T Hr & i 2
NHZIT, B, RS POKRBH I G E E  FR
NGB T VR 2208 28D 1 T 1 T 40 DK B 5 O T
[ e 8 OO W 0 s VA=l ==l w1 e e VA=K [
SR 10 —107 £, £ il A A T A R A0 oK S
JO T 7 A ) 2T A5 2 - R IR AR, T — 2R S Y
FL5rF (19 SERS 15 5138 10°—10" £, SERS
HARC LKW T RES TR S5 T SC iy 1
ISR oA T

A A 11 5, SERS Y6 1% FoA {47 45 | 1%
PEPELr  REUE S POCE A ORZAEYRE M A R
Dy ot R R/ VST N R AN i N | O 7 AN A
S TION e A B A I 5T A AR R A B R R
FI T, 2T SERS Y73 5OR B 22 7E DNA | ZHEMR |
BB GG AT R RE 20 AR SR AT S D
SR WA DU A2 K | AR RS ME IR R T G )
ST SR N T AR B TR R RENTTT AR
SCHEEIT JLAESK [ N 41 SERS 2 ARTE $5555 12 W7 Al AE )

SERS techniques in direct cell study

A R FH A5 A BRI T T, M7 95 = 1) g R %o
X EE R BEAT 7 M ML S I X AT SR AT T R
JRH,

2 ET SERS WAEH K5 F1aill

SERS pric kil A= ¥ K43+
EEX7/ N am AT REEE 7/ N e S ORI G W e
A A T SR 1 & AR 5 R R et A e 7y 2 A
o S HHTTRAM R EA T ERNEL, F£
YR T, PTIRE AR S, T B SR
WA FbA /N, ME DL EL 3 B SERS $ R #E AT RE 40 At
G , Ut , a5 ASMNE R SERS 15 bR iC 4>
5, W R AR IC 2 T 558 ) SERS {5 52k 4 i it 1y
AP TEEY AT R A AT s s A WS, SERS R
TEAT IR A BAT R & BT PR T 45
Rk, B o 3 T 12 N T 2 W A= 4 o
Bro FEIXSER FH2Z2H SERS FRICH 4L A F# LT
DU U AU R A W K o F kA 14 S

2.1

GRS il
2.1.1  BrlRyeAR IR

PUIFGTAR TN 2 JE A PR S5 1 G328 1 28 I
JE ST IR R R R, B R — R R EMT
“ IR IS A T AL R U B, X T
—FP RN 38 i 5 SERS T PE S TARIC LA,
PASAE AR SER T I T e S TR TR B [ A
PR 2 0] e A e g T I T AR ST AR-He J-p
IEPUR” Je LAY, NS AR iE 5§ SERS 55
(A PR HEA T B RITRGI >)  AH Ee 2 e S b ic
KE AR SERS FRic i v] 35 31 5 25 e /A
U S & 1) R AU R IR A ORI Jok
PR A A RIS T/ NERE, IF B2 05iEm
TEHF 2 A 10—100 £, 3 2L 48 o5 HA4% 8
FHTF A WIRE S o pT

Rohr %1 15 FL 32 JH 2% 161 3% 5 JL 4% 7 2 6 %
(SERRS) X2 HUBR B 38 2= i & i i#E 47 7 223K, Dou
AP0 ks SERS ARCKE I 2 AR FH T B S % o #r
T B AR ZE M BIFSE B & Porter /N TAER
AT R« =BG 5449 1 SERS riic G5 £ I 47
AR E YRS T A S [ B A, I FLIr A E
2 S AR, A BR k2] T 107 M 19
KIS R A4k S & JE T X Rl SERS FRid
PEATHTHEAR , SEBL T X 115 471 B 4 S P B (PSA) &
JEEJR (M) KPR 2 o A ATT3A 51 AT 8 AL e A
FARFLIE D WA BT T PR IR A 0 B2 RS Rl
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D HE— 2 BT BN | 2 ORI £
SERS Fric e s A Bk . e A TF a2 17— 28
SERS # 43Hrith -, 221012 FIRes F 6] JBE 96 119
FEAERR Y —R R MUCA ST THED (1)
3 A X6F S B R BT AL TR i (44T, X b SERS
Gt R TP SRR N O A
Sy 223 i | F S AT TS BRI R I F AT 7
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Bl 1 SLT SERS BB i S S s
Fig.1 General SERS-based immunoassay chip design and

assay scheme'™’

BT, Chon %5007 T4 b b 41 R 43 B8 5 R 51 A
SERS FRic kil , - FLi i i s 4 4K ek R FLAT
TE R ) L SERS 3% Ml « #h s X il 8 b
Y—E IR (CEA) #8471 58 40, TR
HFRAS T BARAREINFR (1 pg/ml) , I HAEBAR A
JEJEREIPY (1—100 pg/ml) 7531 T A o I £ 4 5¢ &=
(R*=0.93) VAR nl s &M, 3OKA B TR TAE &
FF o 0 S AR Y SERS 16 PR 35 955 46 0 112 Wi
BAR, FIoh, SCEIUTE 20 2 43 1 [R) A ARG LA K
B AT AT, R RE S I Tz
— 73 W & 2 T BE SERS FRiCHEREN I A T
2230 5 I RSNt ok e a7 B 4 T R 2 AR AL 1Y)
FYITETT ) AN R X AR U Y
LR A E R E C sl T AR B R
Mg ) RSB AR A B AR R A 2 PR
S b 2 0 (R RS I RS T R
2.1.2  BEFEFECFUIAR

SEPME st A A5 B8R, A B T AT+
IR 1T A A AR BT, 4% 2 TR LA T8 995 1
Ty o B F X 31 198 i PRSI A 3 5 r
BARCO T 5 S T R BE A 1 Y L hr = B4 P 5]

SR 5 R P B A T D DU el R A 910 45 [ 7
& L HFRFSI 2R 5L, FTEARIC 03 T 56 7% 31 4 Jm Bk
JICFRTAT, AT 77 A 505 11 SERS 5 528 15 21 A5 I A1
SIATG B R A% G R R i 3 PR A
R SERS BRict 4 4k PG I i AR BN AREE | 2835 LA
S FLA T 1) SRR R R

Vo-Dinh /N1 1 Graham # /N2 0" 7
SERS pric kil & K v By AR TADA B X T
857 T —F 5 SERS Fric e il 9z 5 55 K 7 vk
Mirkin %5172 U0 A i P A0 T B SR AR TR S
“SWINET AR B AR Y A g SR AR SEI T R B
Xt 6 Fl RNA 1 DNA 751 2 21 43 | 5 R B0 Fl s ik
R AR , I HL A JHAS 0 R 3k 21 20 M A9 7K,
Monaghan %521 454 SERS FRic 6 I A 5 o #5
HOR 28 PCR &34 J5 Al A0 4 20. 6 nM 170 R A5
TREURFER . Wabuyele %55 Sy HIV-1 3EH T
— B R ARG 3 TR bR, R SERS 15 5 055 1)
T 2R A 6] 5 br 56 K Btk A7 R oy &
Mahajan %5 JEERET DNA 791 2864 R Aric IF
H5HEWFI RS, IR P51 5 H iR F 5 1648
PEFIHZE A5 R h SER (R) S 15 5 A1k, 75
0.02 aM(10 " M) /K L IX 43T CFTR 3£ ( cystic
fibrosis transmembrane regulator) Py AR R PR g AR
=B BB FE 51, 3G AT e Ry Ao i R T py
PRI S 15 | e 1) 45 A SO sl BURTIE 1) a8t % S it — el
Bl T H . Kang 5515 FIl I DNA §fl 3 e X K 4 44

(@ ¢ ;
reporter DNA with Raman dye
NN target DNA

N probe DNA
- § = " - -
Au NW target hybridization SERS signal

(b) ' <c>'
100 nm ' A

2 (a) “Particle-on-wire” f& g5 H AR DNAs J5iHH
K5 (b) AR (o) AT H AR DNAs J5 946 98K 2k
SEM [&]">

Fig.2 (a) Schematic representation for the detection of
target DNAs by Au particle-on-wire system; (b) SEM image
of nanowire before and (c¢) after adding complementary

target DNAs'
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KA ELEN SR L M EE T —FP“ particle-on-
wire” SERS 2% (18 2) o ffiT5d i 9Kk 55
YR Z [A] Y TRT BT 7 A 1 < TR e, S 1 ) 52
Brilih AR J5L R DNA A R A TR e PR | R & A
Z2 M BE ) AT HAG I BR A] 35 31 10 pM, S5l , AR
BT R T —Fp 3T SERS £ 09 £ AR 1) 4 K AL 2%
e AR B Bt 2 erylA(b) F erylA(c)
Rl A R RO B AT e B, HER DU PR AT Gk
0.1 pg/ml, A SERS 3 A A [ 7K S A6 ) 5 e [A] 5
it S HL e A T (4 B AT IR T 0 R e
2.1.3 EYREMRPUI

EWRFEMER (XHBTEY R ) RS (biotin-
avidin system, BAS) #ric 4% A J2& 20 22 70 4FR 5
Wk R — R R A W RN K R4
TORMESEWR B MRS TR, 455 0 H i
LAY EPRICHUAFIRE R RCE =, A H )
TGV, {575 BAS FRic AR L w LG I 50 5% il i fe
JE R CRIE I BT AR B = i REE . Ahern
SFUYHIF SERS AR A3 HT TR R 5 0 A AR
JBE 1 8 HE ) 2R 2 ) F S, i IR e ) ) B 2 1
IR N RS BT S R I b TR R
B BINEKA)Z 0 B 7R LR, Garreut
AL AR SR ARSI R, R T
KIK K SERS FEJiE, Al i1 7E F KB ( Graphium
butterfly ) KA 5t R HE AL IR 388 195 128 | —
RG4S T B B AR SERS BENE, 3K AR IR
A SR AR A, BEAE YU A I 0. 5—1 000 oM
WIEIEE N R, Galarreta 257 18 1 5 f5 15
Mk 22 B E 7E e GRS L A T HE
SERS Y &, M5 AW RGN, HER R MR
(streptavidin ) ) "] A5 LA T o048, A0 HE AR
PR SHUA, YR SRR S R AR E
RO TIR, OO 2 1B 583 FIAE SRRl
7 2R A A 30 R AR BT R AR
2.1.4  JERC U

i LT (aptamer ) & —28 N T8 il Y B4R SE A%
T2 (DNA B RNA) , BB 5 A I 1 484 T 47 125
SRS G A S RIBTAIR B R DI RE . HAH I
PO JEBC T BA 4> 1 5/ AR B A RTE A
L) N o W e R e SR R Y Wl ()
Y E 2 MERRE R, REA NN T H 25
ARG AN . Wang 251 1 W0 i BC 7
454 SERS i Kl £ AR SE 1 x4 1 J5 & i i
(thrombin ) A A RGN , LT THF S0 A8 Vi 4 368 1f. i

TSR ISR G B AK L ARSI o-35E 1L i
FEMA P 6G(ROG) S I+ 1Y 4 4 K I
JERL T =BG AR, HE T A F OGS &)
R JE K E] T R6G 19 SERS {55, HAG I
MR 0.5 nM, {HH THRBEB G OS], Kigh 3
VR A A D00 99 5 e 2k, Cho S51Y U R MAH
g3 B AL, 57 Py L 2 955 M 40 b 10 1) B8 1 T S
Be A A A R AR Sl L b bRIC T T
PSIX HETT 0 AR 10 37 SERS 155 1Y BE AR Sk XF
M A T i R RE B ARG X e 7 A R A |
PESR LA Ko R B0 v, T B il e ) A I BR AT 3k 100
pM, Chen 2% F] 7] 45 [H ( cocaine ) 5 H:id Bt 1
SEHIE, BAnsr il R W a4 HiE i1 & A 451
R R E B3 AT ZE A AT AR TE 1 Y
FH 52 PHIH ( tetramethylrhodamine ) % T 4R %5 5 1 7=
A BCIR 1Y SERS 5 5, ik ST R R 1Y A T
SERS ARic Al ml 5 PR i) 55 A 5 AT PR3 AT e 5 1 5k
AP R, R T 7] R PR B SO0 Al 2 A 4
A, B Huh 7 L2 2 4 90K FE 51 SERS
FEIRC A5G WO 12 H R | 3 5 RH 7 74 3 750 A6 I
5.2 pU/ml {9 3T A IR 3% Z ( vasopressin ) , Sassolas
AFELON TR XA T AR 22 Al ) T R I T 2
R 5 BB T — A LB TE A Y B 45 |, I 5 3 e+
PURIRE R I3 & R TR 1 kAl
2.2 SERS AEprickil YR o1

HY T T 5 162 531 B A A 00 A2 Al 7 2 1 hr
SRR A X ARSI FEF R A
B GRTEREEE)  SERS EFRiCH A 784 FIH
PLE OIS EE R A, REAE T P L TE
PG S AT AN (RIS, P8R HOR I AP
58 KT/, I B B 465 T 9 K S5 S Y 3 5 800,
8145 SERS AEFRICK I ARTE Z 0 A4 W) K53 B A
WS oM b A & T R AT SR . H AT, 76 SERS 4E
FRICK AT ST 0 LR W) K3 MO 32 G TR £ 32
AL PIZE,
2.2.1 SERS AEbRiCAINEE H R

SERS HEpRiC AN £ 1 BT 3 A5 /Y & Kk T Ak
PR AT (TN R AEST ) 5 4 Jam B IS 22 ] Y 18 o
FALA B B A R R (s 870 7 e S R gk
SRR SN AE BT LI 3 B AT U, X R TE
I PR b BB X g A8 20 2 A 7 AR W R iy o3 B . H—
Pl %) P A 2, K A R BRI A5 R X
[Fil—Ff 2 S A T RE 25 A7 R TR 252172

Xu 257 5 B 1 214 1 ( hemoglobin ) #47 T
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AT FACE AR E , AT A B T 5 R0 52 56 A5 4 A
Fi H FRL I 3 RO XoF i 2 WIS 7 AR T R Y R AR
B, Etchegoin 7 R FH SERS YGiE 4 Hr T I 4L
AP RBAUY ZHAS R . Feng 4517 500 1 1%
T R SR & | BEAE 1 3% 3 s AL AR b 2 41075
WLLLAE 1 (myoglobin ) (Y AAEZ5 K15 B, X Fh AR 7]
PLHISR A3 Hr 2 1 i 5 KR Z (R A BLAE

Zhao BY/NL0- 70T e SERS AR AR K i 8
B A TR 20 B U TAE, AT RESR
ERYOK I I, A58 T /KW 7 T B (lysozyme ) il
1 AL A (catalase) FYHR 5 SERS 5 & 22 8] iR £k
PECER AR BR 23518 5 pg/ml F1 50 ng/ml, iX
T PR G 3 4 R BRI rheof T RE AR B I
{E, AATIZS 55 A BENEH R (Western blot ) , 5231
THEbRIE R ZE BRI, kAR (8103) 2 (1)
FEBOFAE PR G E TR (2) AT & F BRI,
FREY B M R B 5 (3) HEAT B I B EN I,
K 2B 1Y 2 1 5T 25 I B O [ 5 30 i 1R T A e
( nitrocellulose membrane) I ; (4) AT I 4, K A8
PR 2 2 i Y AR AR T 1 20 min o R AR 1 BT AR
5 (5) AT hL S A £ B SERRS A% 4 1 BT 1Y
T Bk, SEm b, MR HE T ML &R A
(myoglobin, Mb ) #1 Il % F & H ( bovine serum
albumin, BSA) {E MR BLEE 3 A, X4 7 Mb Al
BSA A RIIRZNE B, JF HAE R 454 Mb 1Y R
JEIKE 4 ng, X7 AR B, WAER KRR
S A B IN A AR IF HoaT AR ¥ E A
R PR E R E s H R A,
PR 1R B, W S AR A R 2
(it — Dk
2.2.2  SERS EFRCALIN DNA/RNA

LI SERS dEARIC K DNA/RNA £ 2253047
W BAE R F A b A SE A R v B, (H RT3 Y SERS
5 AR 5 HL AR, R AR BTN 1988 4
Benevides %" 58 it X i 8 6 33 (14 X AR BT, TIE 5K
TTE RNA th A AUZEFGFT B BISE M LR A77E. Bell
4000 Y DNA I RNA 19 5l 32 8 10 i ik o %
TR SRR A, 5 A — € & 1 HL i
MgSO, S BRI I e A — i B B Y SRR FE /K I W
REAS B H2 [6) I XF 31X 5 B A% 1 IR A7 I o B8 UK
(' sub-micromolar ) ¥ & it X 43

Rl Lo A5 B T —Fh = 4 4 48 K 4R (Au
nanotip ) P41, B2 1 MR IR o AT AERR
ICHY DNA B LM BNTE S 9K RS I SR 5 A TR

(@ (b)
@E
protein mixture Mb
l electrophoresis
1

(. | El .
© =
17001600 [ o o 00
protein blotting £ N
8
£
l colloidal silver staining BSA
C ) - ) & A 0
laser l SERS
| | | | |
-\\-/ X \-/ ) 1600 1400 1200 1000 800 600

L
SERS detection Raman shift/cm™

3 (a)FETHREBENE R SERS A0 & 1 5 14 i F
B (b)) b3S RS R ET e L ILLL AR 1 i i R A
[t SERRS [l ji% )

Fig.3 (a) Procedure for protein detection based on
Western Blot and SERS!); (b) SERRS of myoglobin and
BSA by the “Western-SERS” procedure’

G, BENS AR H A5 P i S I XT DNA S B
/K ('sub-picomole ) FIAG . Barhoumi %55 B o 45
£ DNA F51 IR RIS (adenine ) J 2 ZE BRI (2-
aminopurine ) 4, 3 H DL 2-%( FEE IS TE 663 cm ™!
AL HL S WA Ry FEE | FE 4 90K 3¢ ( Au nanoshells)
ST DNA B AR A8 AR TR A et HLAR A
AN, X TGN A T AR R E R
KA AR D7 T ¥k R AR R B/ RNA
(microRNA) , Driskell 25/ F| | SERS AE#ric £ R
XFHHEAT T T h o . AT B R IR AR 90 K
FER4 51 (silver nanorod array ) 2R W BFF AR 6 1) (21—22
AR ) HBE RNA (ssRNA) | 5 56 45 M 1Y o %
DNA (thiolated ssDNA) LA} RNA 5 DNA (& &%)
(RNA: DNA duplex) , i 3 i 153 21 (1) 5 S E 1%, GBS
PR A 5 Xk =3 HEAT DX, XA YA AE XS RNA 3R
B ic 22 3 B (RS I 7 T AT VTR B 1 H

3 ET SERS HREREWEN

3.1 SERS Fric R R i 9

o A I RR S AR M 27 AR T, A
75 R 7™ 2 ] L [ RRASERR 2 1% i
RIS AR TS 05 BERS 51 S G 8 18 25 S g, ol
W 2R A N P PR X X 6 AR, SERS
B e s SRR AR R — 2 T RN
VRS A S T AR S B S BT R R 1T SERS AT
A R = PO AR 3 H A v REAE
3 L A A R ARG I T e A

Driskell 25 Bk A F SERS Fric S 5 #r 4
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AR 1 B S AR A T ARSI, A T A
TS = WG A, SEIL T X AR 7
(FCV) P 1 S0 A6, A BR 7T 3K 1 % 10°
viruses/ml , Kzl 25 5 5 J5 1 77 2 508 ( ARM) 1A% T
I BN EE AR & . B, Guven 515 255
JEWL TS SERS HAR, S T X K AT T v R
HOEoRIE 1 s G (W T B R e P S A i 1
ESRAR AR Y R R
PARRAR IV W v 1 DR A T 1 0 AT 43 s Rk
45, R ABATFE R IR 9K 4 1 3% 4 —mi AR g Ak
R (DTNB) /E R SERS #Ric 41, 3¢ FAAH A 09 )7
BB FHUIAE X R AT, X R R BE
552 10'—107 cfu - ml ~" ¥ B2V BB N K AT B 4G
I AEIFR AT A 8 cfu-ml ™", I HAEMRHEE (10'—10*
cfu-ml ™) Fl N ARAG THAF IR PE R R (R =
0.992) , A RE & Ji& By — b st | R By Y A6
K RIGFFAEIBHHA . Tay 25 DI 4K
S TR RIS A 4 SR 1 P22 W T A e o8
H I (TSP) RXFVD 1T R ( Salmonella ) AT, 552
BT X AP T TR AR AT 3 221 1 3 A
AR Iy Ok 52 LI 5 TSP (&4, I HA#F
PR3 TSR R AW 70 TR D TR
AR v RO e S DL R e A, 1
A AT R ] SERS G092 73 Hr B R X RE g 51 i
N F SRR 1 S R AN [ B B 2 B
(PCV2) "™ JE4EER T 2 0 (SS2) % % A5k 47 T 1
5, A BRI NS B N B St S8 AL e LA S s /b 57
ol BRI 2 B4 25 O T A A BRI T
3.2 SERS dAEpric ki iAo

[DER/EI RS NI e I JSIE = 2L b
AR EE R R 3 , — PR 4G I 5 A AR X Xof HE a7 Dt
(IVARS M D&/ 761K 7l R 7 VTR A== = Y e o18
(R SCRIEAR L, RS PR MR b X SR kA T8
S, R ARRRIC BRI A e R B A

RAE 20 el 90 AEAU A A $E i T Rk
E‘ﬁ@iﬁé” ( whole-organism fingerprinting) Ay s If
HLBERE A FH xS G AR I 1 5 J 5% 3 6 v i) g i
0 Schuster 25" ] L 8 635 6 B 42 45 #7
AN P AN S R T RE, B IR 282 s X
BAA MR Z 46T R B RE B ia R B A ML 4k
(225, T AT LAY B R R B AE A . Fan 260
TEREAN R FALBE 4 AR AE RIS, i 2 X7 2001
MIECE ST AT Pl R RSB X 5y T 7 Fh &
YIRK P75 . Knauer 251 1, D48 /0 ) 15 1] A0

R it o ST M 7R R e P R T AR AR SR,
Liu 45 7 SERS ARAric A8 A= 9 1 BUAS T e
ik (E 4) Al 7E B A AR AS (AAO) 413
TIHIB/NT 10 nm A ER G4 K B0k, 98 J5 78 3L 1 A0k
— 2B (vancomycin ) , B A DL 5 AL Y
20 TR 200 M 1 1 IR SRR Il U, LA & T RS Al 3K
FeAE 5 07421 00043 LA 240 T | $R A5 1P g ki
HEALA 4—5 R O HoRE R BT, W
N, ABATIE N SERS S b & 8L 10 B R U
SR A A X, 37 40 T 2t i oA
FHAEF EW M, B4 SERS JEFRiCAR I
e W) H AR LA B 1R sl A 40 1003 “F R o 2T
FESSE I HE SIRD 23 BT 7 T 9 T SE PR IR A AR NG
R S A AN 32 K AN e R S A AL YR
F18y S 7 B A T A 38 R 2 14 TR

(a) (b)
laser SERS signal

bacterium
van I L | | e\ W
Ag 1 /Ag 1 /Ag s 'Ag
| —
e SERS substrate
(¢

Ag/AAOQ SERS
substrate

4 (a) ZHGWHAEDT I R AR IR AR
(b) B AN M R B IRT s (o) B T T R R
JEROGAA A 5 (d) WA AR 0 R AT B Dl 2 b Al el
Fig. 4
(b) SEM image of bacteria on the substrate (scale bar, 500

(a) Schematic diagram of Van-coated substrate;

nm); (c) optical image of a substrate with Van coating
(scale bar, 1 em); (d) optical image of the captured E.

coli (scale bar, 5 wm) "

4 E7F SERS B4R

200 S A T AR A i 1 Bl Y AR 2 4 0 ) R
A, Xk 24 L R TR AR S 2 8 T A i BB | T3 A i
MEAR G S, B A B2 0T 2t A LA
JLEA Sy B, AR B SERS 5 2 B8UEE FIK T4/
SERRE  BhR S B S 1 AR A LT A
SRR PO Y A A 5 e e DL K 25 ) 5 LA Y
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AR 4% SERS i ARLELIRIS WA M43 M b i 107 .2397.

FPHEAMEFHAE, FIF SERS AR 8 i Jf 47 SER T8
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Fig.5 (a) Merged image of SERS map and an optical
transmission image ( scale bar, 10 wm); (b) fluorescent
image of the cell after nuclear staining(scale bar, 10 pm) ;
(¢) differential interference contrast micrograph of the cell
(scale bar, 10 wm); (d) TEM image of the nanoprobe
entry to cell nucleus (scale bar, 400 nm) ; (e) TEM image

of the nanoprobe in cell nucleus(scale bar, 100 nm) "’
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Fig.6 (a) Photomicrograph of single cell; (b) pH map of
the cell; (¢) typical SERS spectra at different pH!']
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Fig.7 SERS spectra obtained from the tumor and the liver
locations by using targeted (a) and nontargeted (b)
nanoparticles ; (¢) a laser beam focusing on the tumor site or

liver '
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