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WAZB AR EATRE T SREESREESMEA R
AR IR R 4 TR RS A Sy SERS JE % WL B 1 240 14 B B
T 5 A Z 0] 4 22 A T B SERS i #2554 7 200 i
BT W BB, KA T AR AN R s . D 2 A A )
HAASTELF 1 SERS {5 18 5 i AU 4 8 S I — D Bk
AT ZoO 99K K545 - SERS 2 JiE %) E. Coli i
TR, 75 785 nm ¥R P K AG I B E. Coli By #1 & 561 s If
TE 633 nm KR P KT, M5 Ag I SERS 2 247 %)
Fo . ZnO 9K K T # SERS {5 5 BAA%LS . Hi2 5 E. Coli i)
AARBLRAF 5B AL LW ZnO 44Kk T 3T E. Coli 4 {4
EATCAR . M ZnO 9K TF 9 SERS HJi 4 4l B 2517 TG
PGk 2 AR GURRL T TE A W) R R B SR T RS

1 Sk oy

L1 XFENE

KIGHF B CE. Cold) B # R T By (ATCC25922 K i & &
). 0.9% 250 mL A #Eh k. OXOID 24 7] i MAC 3 JIE 5
i3 (MacConkey Agar) 4y : & H W 17 g MK 3 g.
#£ 5 g. NaCl 5 g, Biflg 17 g, Z&18/K 1 000 mL, ZLHE 10 g,
0. 01 %45 fh % KW 10 mL., 0.5% th 4T KW 5 mL; i
TR (AgNOs) . ARG IR B Zn(NOy), « 6H, O], IR A
# (NH, HCOD ¥ A M 4l + R e R Ak T s &
AL (NaOHD Jy 43 7 26, 1 F b a0 T 5 X 85 ko8 ik
(PATP) I F sigma 2\ A .

H < L F JEM-2100F 3% §f i 7 & % %% . HORIBA John
Yvon scientific 24 & LabRAM ARAMS R $ij & 3% ; H 4
Rigaku 24 A SmartLab(3) 5 e # K X I LR AT 44X
1.2 ZnO Zh KR F Bl &

A3 MIFREL 1.6 ¢ NaOH #1 5. 94 g Zn(NO;),. 6H, O i i
80 mL 0.5 mol « L™ 'y NaOH & 1 200 mL 0.1 mol « L !
1) Zn(NO;), %o 11 200 mL 0.1 mol » L™' [y Zn(NO; ),
W 218 % 80 mL 0.5 mol « L") NaOH ¥, it
FRTESEFE T AT, 0 58 4 5 IR A VA WP i A =
NH, HCO; # , b4 #] Zn(OHD, Figk{A& ., 4k Ze i+ 30
min, 15 32457 U109 0 =Rk B B R A . AR B R M G3 B
SR T S A, IR AE 80 C AT R KR Y 12 h, ST
IRARAE 650 °CFBEE 2 by WU = WK 28K . ok £
Ve 3~4 WG G4 BISbil 3F 1 i JRAE 70 CF T4,
IR K224 150~200 nm ) ZnO 94K & .

1.3 FAHEFERAERAES

TR WA W B — 19 0. 9% (R B EL k4% E. Coli BT
T RS, REHSE . WSS 0 "l 5%k
MAE MAC Br 3248 [ B )5 R WU IX R0 48 3 65 18 b 422 ol 72
MAC 5, 34 WAl Y MAC 35 9% 18 T IR 55 5%
A 37 CHEFR 24 h, FIEERN IR — @ i 9 40 1A T 200
mL FAEIEK T, REWA, BE 12 h g #FfT e ik,
FHHERD SR e fh— 2 B 9 20 B T 200 mL (9 4 #LER K PR &
oy, BE 12 h, 2R ZoO WA Ag W05
— 7 T 0 T A AN AR B AR KR A Bk 8 by HEATHI &

B SR B 2 A, 1R 633 nm BUK BT . Blmt
612 60 s, BARERRUREIRE 1 PR,

FE 40 B4 A4 ) Ramanf5 5
KrISERSHEYE —
= % MBI
e
¥ Stk
P
N

TEE1 ¥54 SERS EEKi& N MAENTRE
Scheme 1  Schematic illustration of the process for the detec-
tion of bateria using a semiconductor SERS sub-

strate
2 HR5iE

2.1 MEHFEHESNRETR

e 1) iR . MAC K38 B E. Coli B M. i
BT, B A RKRE R RN RL, @ T T -0
BORE RIS I o o5 15 57 45 19 E. coli B 7 JT 42 21 Pk i 2 v/ [ 44
WY& 2 TR b 7B 206 T E E. Coli [
SREWEOCIE . Pk e HOR B Ik 785 nm., FR3 R fE] S 60

200+
() g
— Bulk E. coli
160
2
2
2 1201
172}
s
g 80
g
5 40

1800 1500 1200 900 600 300
Wave number/cm’

B 1 37 C#z35 24 h #y(a) E. Coli 535 M
E®EF(b) E. Coli i 83t E
(a) The photograph and (b) the Raman spectrum of
the bulk E Coli cultivating at 37 ‘C after 24 h

Fig. 1
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so B 1(b)k E. Coli WyA ML &6k &, & 1 Fhr &% A
J& ., WRESCHR[3, 5, 13-14] ATHI 782 em !5 DNA 1 O—
P—O i 45 41 2y A8 5C 1Y g it v g M 0% e L R W E 1Y B Bl
1003 cm 'SR PY S BR 19 M FRIAPE IR SR Zh . 1 263 em ' Ry it
Jiie =l 1 AR E R S, 1105 em A AG MAEA S5 A

AMAEAR O, JR3h, 1450 em "y W 2 0 5 PR 30
1655 em™ MM —AF A C—=0 5§ C—=C Mi4iiksh. hK 6
TSR O 2 R A A B L A O R R R . SR L o A o —
FE R ) E. coli T 200 mL pyE R K HIR- G5, 12 h JF
DA E. coli WYL oL, WAMER2FE .

&1 E.Coli Wiy 2iEiIEIAE

[3.5.13-14]

Table 1 Peak assignments of the Raman spectra (cm™') of the E. Coli bacteria
Bulk/E. Coli Ag/E. Coli ZnO/E. Coli Assignment
782 DNA.: O—P—O stretch, cytosine, uracil, thymine
1003 1003 1003 Symmetric ring breathing mode of phenylalanine
1105 1105 0, bands of Oxyhemoglobin and oxymyoglobin
1128 C—C Stretching mode of lipids
1239 Amide [ : collagen (CH;wag, C—N stretch)
1263 Amide [l : collagen (CH;wag)
1333 Polynucleotide chain (DNA-purine bases)
1 349 CH; Deformation
1 450 1450 CH; Deformation (lipids)
1576 Amide [ : collagen (CH;wag, C—N stretch)
1655 1656 Amide [ (collagen)

2.2 ZnO GRBFHIRIEFIES SERS ERHERFAR

Bl 2Ca) g il % 19 ZnO 49 K KL F 1 33 4 0 7 & BE
(TEM) I J . 48 2Ca) /A1 45 19 ZnO 9Kk 5 R 2524
150~200 nm, it XRD #74F & 2(b) 7] %1, 4 ZnO 44
KORLF A7 SRS 0 LR AR B, MR AR i, R LTI N T SR R
ity RHRALRE R, LHAYAE,

TR E
200 kV 130000 x

12 000 1

VREE  RIEE Ao
= 16/05/20, 9:53 1.7 um

—
o
—

(b)
10000+

ZnO

8000 -

100

6000 -

Intensity/a.u.
002

4000

102

2000 s|&
N

04

30 40 50 60 70 80
26(°)
B2 ZnO Z:KF]F# (a) TEM EF0 (b) XRD 17 5 &
Fig.2 (a) TEM image and (b) XRD pattern

of the ZnO nanoparticles

PRI 0.12 g ZnO B R T B/ 107 mol « L7
PATP ZBEVAWL, M ZnO 4 SAaE WS, #ithk 12 h
ffi ZnO REAE PATP Rl WHEDIFHE R TR IR L, 5
A RETJS, E SERS /55 WK 3, Hop 439 f1 475
em b ZnO I FAR G, HPhHE T PATP 19 g ik
J5 1088 (C—SfligE), 1 144(C—H &), 1 393(C—C fis
45>, 1 443(C—C g A C—H Z ) A1 1592 ecm ' (C—C fifi
AERBD » SREERK, B 09 ZnO A BT (1 2 T8 1 58 AL
A ATDMEN R — 5 414 1 SERS BF5E (AT .

4000 8 ZnO-PATP
& 3000 8 .
g o = g
£ 200 %5 .
i=1 — <
§ 5
£ 1000 =
&

0 N

1800 1500 1200 900 600 300
Wavenumber/cm

B3 1077 mol - L™'#J PATP 4 F WKM7 ZnO
YK KL F LY SERS ik
Fig. 3 The SERS spectra of the 107 mol + L™’
PATP absorbed on ZnO nanoparticles

2.3 ¥SHRRKHMFRREEEN KK FIEH SERS & K3t
2B
ZnO KK 75 Ag IR 351 5 E. Coli B8 & Fr 43 4 &
TGIE. WA 4 BiR . [B 46 E coli 5§ Ag IR &I & WA
SERS i [, Hrf 1003 em ' iy 5 PN G4 R 1A X R B I I 45 G
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1349 cm "W B BT AR ), 1576 cm O BERR Y
AR P 4R Bh 8 HUEE 0 40 46 Bk 3hT 0 Y, 3 B E. coli i AR A L
SOEEELE 1) ], Ag % A a0 R R A 19 2800035 E
FRBMER, HEHI T E Coli A% & iy i i 7 & % 4 1R
KA, XULHTE Ag BIKE E. Coli IR A MBI, T4 M
S 4 B BUR R A RS PR . SERS % ¥4 B S N [H] 40 g
B0 SN, (AR A B IR AS M R B kR AR L, O T
o 26 9 R B2 (5 B DRI % 434 40 TR B B2 A B A Ok
TARK g I

E 46 K E. coli 5 ZnO FK K F IR A 5 W 1Y SERS i
K, Hd 438 em 'l ZnO 7 TR, 1 003 cm™ "N E N
BRI X R IPIE AL, 1105 em " HASMAEA SRS
WLAE AW O, J&3h, 1239 em™' Ry Wk R — 4 19 0 W JE 48 TR
A C—N AR 30, 1333 cm ' Jy DNA 1) 2 B 17 R 5%
(FRFOIRS), 1450 em R H ZEM BT IR S0, 1656 cm 't
We—ir iy C=0 5 C=C &gz > ", X E. coli
A AR 8 3 B [ 1(b) T, ZnO 4 K i 1 14 3 58 SR A
AR, R ZnO 49Kk T 5 5 18 V% BR AW 1Y SERS {55
BT E. coli AYA ML 26 1% B, BLHI ZnO 44K AL F 1 A4
YA PEAR Y, RS SR A0 T A0 45 4 Tk 42 . f it m] L 45 5]
AR ELSE 4 T 9 SERS {5 B, XK A F T SERS 784 Y ik
EN Pt ioall

3 45 ©

VAR W 1 68 (E. ColD /F D B ARK I AN 5 1 So kil 1) K
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Non-Destructive Detection of Escherichia Coli Based on the SERS
Substrate of Semiconductor Nanoparticles

SONG Wei', LIU Zhuo* . QI Bao-ling', GUO Yue', WANG Li-li' , WANG Hai** , HE Cheng-yan*, ZHAO Bing'"
1. State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012, China
2. China Japan Union Hospital, Jilin University, Changchun 130033, China

Abstract Most of diseases are closely related to bactrerial infection while the fast and accurate detection of bacteria is always a
focus subject which has attracted great attention by microbiologists and other relevant researchers. Raman spectroscopy can pro-
vide rich spectrum information, and surface- enhanced Raman Spectroscopy (SERS) has a high detection sensitivity, however,
some of the noble metal SERS substrate will cause protein denaturation, which obtained the incorrect results. In this work, it is
shown that Escherichia coli (E. Coli) can be detected by the SERS technique by using semiconductor nanoparticles as the sub-
strate. The SERS spectrum of the E. Coli on the ZnO nanoparticle substrate with that on the Ag sol substrate was compared.
The results indicated that stronger and richer SERS signals were observed on the Ag sol substrate compared with that on the
Zn0O substrate. However, an obvious difference was obtained between SERS spectrum of E. Coli on the Ag sol substrate and the
Raman spectrum of bulk E. Coli, which could be due to the protein denaturation process. On the other hand, although the SERS
signal of the E. Coli on the ZnO nanoparticles substrate is relatively weak, the signal is similar with that of the Raman spectrum
of the bukl E. Coli, indicating that ZnO nanoparticles is an efficient and biocompatible SERS substrate for the detection of E. Co-
li. This study provides the important information for the non- destructive detection of bacteria by SERS technique based on the

semiconductor nanoparticles substrate.
Keywords Semiconductor nanoparticles; Bacterial; Surface enhanced Raman spectroscopy; Non-destructive detection
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