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Q2Q-F LA 2-HHIRNER  (Irgacure2595) .4+
L5 128 11 (BSA) , 3 [ Sigma 25 71 5 10xPBS 22l
W Tris—HCl Z& #i il , R E AT W R
1
Table 1

(H,S0,) \#h 2 (HC1) S AL 84 (NaCl) , ¥ 4y 43 #7 4l
At st e T AR 4 (NalOy) , 1-(3- = H &
FE ) -3 2 B filk — W (EDC) (N- 2 55 5% # 1k
W, BIhoaHraig, ZZ simk/A ] HE B B 57
B GpE AWK CEFRBUE R IR CE AR
BEE IR AL 3% A AL BTRE B R K L VTR 2R
R ek o | Y ik /NI 8 S R ER T 82 S <Ry
AW ] BCA B R &, 2 = KA HA]
1.2 NE5E&

7 B 7 W ROEE TEM, € [# FEL 22 /) 5 5664
JECEE T, A6 5 A A RS 5T AR A BR A A
TAER, NI EI & A E ;. 2 e
PR,V 1T T AR DL R AU il s A IR W) 5 A 2 4
i, A6 AR R IR A il A R 2 | s MLS-3750
FEZE VR, HA SANYO 2 Al A 0L
K Aa R 4w, 92 H Scilogex 22 Al 5 4 #1 K F-, 1
Sartorius 23 ) ; (& B W 4% , 75 [F Eppendorf 2
Al WERIR A AY VL IR MR DL R AR i A A
LS170 8 2243, TR R A BR 2 W) 5 Mili-Q
47K 245, 92 [H Millipore 23 F
1.3 EEEFSI(M5 2 3)

A F AW AN SR

ERY R

Aptamer sequences

i Bk 4 AF 551 (K 5 5 37) P
STA1 TATGGCGGCGTCACCCGACGGGGACTTGACATTATGACAG [26],[27]
STA2 CAGTCCAGGACAGATTCGCGAGCCCACTCCAAACACGACCAACTCACGCT [28]
CTATCAACATCGCTATCCACGTGGATTTCATTCAGCGATT
STA1-FAM TATGGCGGCGTCACCCGACGGGGACTTGACATTATGACAG—/FAM/ [28]
STA2-FAM CAGTCCAGGACAGATTCGCGAGCCCACTCCAAACACGACCAACTCACGCT [28]
CTATCAACATCGCTATCCACGTGGATTTCATTCAGCGATT-/FAM/
STA-NH, TATGGCGGCGTCACCCGACGGGGACTTGACATTATGACAG—/NH,/ [28]
2 BEHER
14 HEEK Table 2 Strain information
VAT A A B LR 2, Kb B EY 85
1.5 WWAE DITREA Salmonella enterica ATCC 14028
151 Stk rno il & P L Escherichia coli ATCC 25922
1.5.1.1 JE4bMi% A 10 mL K iim A 240 mg Kk EFHIKE  Staphyloccocus aureus ATCC25923
%ﬁﬂﬂ@ﬁ%ﬂ(NaIOO*ﬂ 100 LLL @@ﬁ@?(HzSOO ,Yﬁ‘:% ERKHE Shigella sonnet CICC 21535
10 min, 9&%,4%*%%/’%(@#1%/@/&* JTE 37 CH W S0AT Bacillus cereus ATCC 21928
BB B FE 4 h, DABOOE B0 AR i AL . 28 gl INE  Vibrio parahaemolyticus  ATCC 17082
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TK TS Ve TR AR 25 2 Wk, AR BRZ A
o SRJE  TEREAR TR ITAE 4 Ch A7, 15 205 1k
iR

1.5.1.2 SBMA % R 0s oy &2 A& 558
mg/mL SBMA F 1% Irgacure2595 4 PBS 2 i ik
o Mg SE RS, 365 nm UV 4T B4 20
min, &1 5 RFETE 4 °C,

1.5.1.3 SBMA/Aptamer #% 7£ 1 mL Tris—HCI
ZE W (pH 8.5) i A 100 L 10 nmol/L i 55
SAT-NH,, ¥ SBMA #2882 N iZ w78 37 C
TWEE 4h, H Tris—HCl Z#hi (pH 8.5) ¥k 2
W BTk, BBRARY A MIESN, TG F
4 °C,15%] SBMA/Aptamer %5

1.5.2  SEPRFE SR RIS R oA O A A
AR 25 SBMA %% Al SBMA/Aptamer 4% %5 73 %]
FEA W5 RE S (R L 52928 30 mg/mL) R 10
min, ZZ K VR 3 U5, BCA & 11 & & I ik
FR & 5 B BR AEAR S b AR R,

1.5.3 i (o 7L B ek /A A4 1) 5 1 B R A1
1.5.3.1 WEFURHEKM R @& o
UBE (TEM ) & B I\ 60 3L ek i R 508
‘j‘|§[3()]o

1.5.3.2 5 o 70 B BBk B iR 9 A R % 200
pL 3 ORI RS RS A 1 mL 2.0 h Jf FH 78
TR KB 3 WK, 2R I A F il 25 ) EDC (0.57 mg/
mL) #l NHS (12 mg/mL) #E47 (5 B % 4k, BE 5 H 2%
TR 7K TR BOBR A B 25 3 o A I 7], K 280K
(4 3% 1k 19 B ER LA 10 000 r/min 93 £ 250> 10 min
Ja L, se et BIE W, K 20 pl 10 nmol/L 1 B {4
SAT-NH, ¥ #& 5 280 wL Tris—HCI 2% #h & (pH
8.5)IRA YIS WS 2 Pk U ik i 1 A ik o 7
4 °CF 0% 8 2ok i LA B3 e AR [ 2 7 Ak i 40 oK
B b A 19%4- 1006 A (BSA)4 CT A 30
min, 3G ORL A R 25 S S, Bl FH Tris—
HCI 28 #h i (pH 8.5) PE IR A1 K Bk LA KB AR % -
(9 BSA, il 5 4 (4 0 € 2L S R /AE FEAARTE 4 °CAR
frf .

1.5.3.3 i L e ok —3d AR iy R AE 20
wL 10 nmol/L i Bt /& FAM-SAT-NH, Jil A £ 280
pL Tris—HCl 2 w8 (pH 8.5) 1, I # e 43 et i
TR EMERET FIEWRZOEmE , B 1.5.3.2 Y

IR, 53 BRI A5 250 (1 000 r/min,
10 min) 90 A IC )5 LI WP e i . A9 BRI
B 5 IR VRO T8 0 B 25 0H, TS AR S
PR BRI B85 B RUR

1.5.4 S FCARMTRHIE  7E R 2 T 96 FLAR T on
A 100 L VD TT EG TR 4 T T, 25 AL oA
100 pL A9 PBS ZZ #hi% i ,37 CFI5E 3 h,
B, 1] Tris—HCl 22 4P (pH 8.5) k¥ 3 I, BR 25
R4E AW ANE , BEFLITA 100 pl 1% BSA %5 0%
A 30 min B RLE GO, A RDER 3K,
A A 5 kR0 B 50 WL 3& B K % Wi (STA1/
STA2 ¥ 1 pmol/L) ZEIFE 1 h, 1 J5 FHZE vh
TRVE 3 U, N 100 WL 22 #higs W 52 W e L i
W, W ISR S0 WV W, FH 26 20 BT A3 7 2% St o
.

1.5.5 RStk

1.5.5.1 A&l Fo AR v BE AR AL B 4 I 1 T 04
SBMA %53 5k ) 5 % &% A 1 mL Tris—HCI ¢
M (pH 8.5) B o, B4 2 A 100 plL i
fid 44 SAT-NH, (1,10,100,1 000,10 000 nmol/L),
37 CTE 4 h, S ol e % 3 a B+ 74
[i) ¢ B () A o B 9 (10° CFU/mL) 8% & 10 min,
Tris—HC1 2% M1 (pH 8.5) & Uk 2 WK 6 AH [] vk J&
) 0 2L e i BR /A L AR B VR W T R F 10 min,
Tris—HCI 2% #h i (pH 8.5) 5 1k 2 ¥k, 8K J5 F (. 254X
I3 #2510 RGB A, 1545 21 A [ i e A4 v B Al
SR FEAR S AL, o T A A O AR 45 BT Y 3
IS P AR

1.5.5.2  EOFLRMEGE LA #1551
7 TP A G 3 T A TR R 1% 2 A A D U B ) s A
P (10° CFU/mL) "h % & 10 min, Tris—HCl 2¢ #ft
W (pH 8.5)¥F ¥k 2 ¥, 43 w4 1,10,100,1 000,
10 000 nmol/L i FiC A4 45 G Y 1 €5 3L 0k 22 77 W
HIFE 10 min, Tris—HCl ZZ #hi (pH 8.5) ¥k 2
W, BR JE 25 13000 22 R 28 1) RGB L, 11345 5]
TEAS 7] 3 e A v i 20 2L e Ak b 0 7 S 28 1 UK
JEE A AR Ak B ) B 0 2L I A /A T AR R VT TR
JIT 5 )3 AR

1.5.5.3 A IET AL oK 7 S5 il 3 e A ok B 2%
PER B Al 2 5 B 7E A ME TR W (10° CFU/mL) H i
# 5,10,15,20 min, Tris—HCI ZZ #p i (pH 8.5) 7
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S LE W B[R] T AR A Y K B (AR Ak, B S A
TR ET

1.5.5.4  PPERT . JEXT AR SRR m s 4L
3 25 F Fo A 3 WO ARV BE R AR 37 CIEE 4 h, 4t
T, MBI BCPEM 2 . AR Pk R 2 FiT SBMA/Ap-
tamer M 28 7E e Ll 90 2500 | 1R IR 22 vh ik Rl A
#E B (102 CFU/mL) H W% F 10 min, Tris—HCl 2%
IR (pH 8.5) 1 Uk 2 WG , 76 i (0 7L e Bk i
WEIF W BT 10 min, JH @ 224000 5 #5245 Y
RGB i, 7130 2 1 ¢ B (A5 21 oM i s XA 2%
RRCREREAOE AT

1.5.6  F P RE o B

1.5.6.1 REUE  7EH AR ST il & K I AR
2 T B 1 B RS TRk BE (R U0 17T R TR A T
W0 e ] B A 25 ) e IR B (Limit of detec-
tion, LOD),

1.5.6.2 Hp5bE 7EE RIS 2 1 TR i ARG DN AR
2, TR R R 3 A 10° CFU/mL B9 Y0 1] G |
PN 7L R W I RS (1 G B R
BREE . SRR ZE AT LA R R R R R T
PG TRV VL, 04t T T 88 8 2 P R S e

1.5.6.3 WSRO R IN i FH DGR T 4R A5 1 4

WITRE @ SBMA A\ BERHKE

WHRE G W — 2 Vi B TR RO A B A= 5 b B HE
R FR AU B0 .GB 4789.4-2016( & i % 4=
E bR &M EZEY SR VT IR )
{4 G 00 7 3 WA AS BF 5 19 B K 49 Sk A )
FE S EAT R K BT A5 25 B AT LA A T

2 ZHR5HW
2.1 KB FEEMIEIT

AR g A BT TE g e a7 LR TR
0 24, 38 2 e U vE R A TR B PR Bris g R
BEORS I AR 473 v 1T A A PR A D i, R R
PRV 1, B e heTs Je i 248 712 I A 4 Wik
A HBEE 10 min, AT AR 2 b0 I G AR R R S
AR PRV TR B, TP B SBMA 7K
JiE e A A% LA 2 W rh AR R S R R SR, AT
BTG R ROCR , 455 28 AKIE VeI LR &
REE G AT 5 9K 5 0 A 25 0 I A 3 TC AR/ €0 N
KWERIER P E 10 min, BCE 0K B0k
1435 TR 7 A S Pk DR AT 8 B 48507 A VD 1] TR BT DA
A A 45 PR HR W) L AR i 2R IR /K Tk 2 Yk LABR
BREGEA W LR | KA A A &b R
PR X 0 22 A0 B L AR A B, (022 (G o
WK S A I AR A RETFAL, S BB
e A2 19 RGB H, fieJe 8 i 7155 K (B A5 2]
oI T PG TR E Ao 45 4
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Fig.1 Schematic diagram of colorimetric swab detection of Salmonella based on colorimeter quantification
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Fig.2 TEM image of blue latex microspheres
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Fig.3 Analysis of blue latex microsphere—aptamer

coupling effect by fluorescence spectrophotometer
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Fig.4 Analysis of the binding effect of two aptamers to Salmonella by fluorescence spectrophotometer
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Fig.5 Optimization of experimental conditions for detection of Salmonella by cotton swabs
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Fig.6 The effect of SBMA modified cotton swabs on contrasting color signals
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Fig.7 Sensitivity of a colorimetric swab sensor

to detect different concentrations of Salmonella
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G R RE S K TR, A7 T K
fh BRSP4 24 0 LR B i SR TR AE

94.15%~108.26% , %W % J7 ik H A R b (1) 1 i
P,

R 3 AR EI IR E TR 4 R B A

Table 3 Detection of Salmonella—contaminated milk samples by different detection methods

‘ e Y F i
grsg T RE § Wk Bk ’ HERTE
CFU-mL™ CFU-mL™ T B
1 231.12 +71.44 239.5 + 38.89 103.63 + l ! ;
2 148.72 +31.35 161 +24.04 108.26 + '
3 3 863.71 £412.09 3.2x10° + 424.26 94.15 + q g \h

R A, R A
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Zwitterionic Polymer—-modified Cotton Swabs for Rapid Detection of Salmonella in Milk

Huang Huixian'?, Kuang Yundi', Zhang Xinyun', He Xiaoyun'?, Huang Kunlun'?, Cheng Nan'?*
("Beijing Laboratory for Food Quality and Safety, College of Food Science and Nutritional Engineering,
China Agricultural University, Beijing 100083
*Key Laboratory of Safety Assessment of Genetically Modified Organism (Food Safety), Ministry of Agriculture
and Rural Affairs, Beijing 100083
*College of Environmental and Food Engineering, Liuzhou Vocational & Technical College, Liuzhou 545006, Guangxi)

Abstract In order to efficiently and rapidly detect Salmonella in milk, and improve the sensitivity of the anti—fouling
biosensor. In this study, amphoteric poly (sulfobetaine methacrylate) (SBMA)-modified swab was used to obtain the an-
ti—fouling property, and constructed a sensing platform with ‘blue latex microspheres/adaptor” as the colorimetric signal
probe for the rapid detection of Salmonella in milk samples. The linear detection of Salmonella was 10°-10" CFU/mL, and
the detection limit was 117.80 CFU/mL. The detection is completed in 20 min, which can be qualitative to the naked
eye, can be combined with the detection of portable colorimeter smartphones, can be measured and read, and is easy
to operate, which is also a rapid detection of Salmonella.

Keywords Salmonella; cotton swab; zwitterion; antifouling biosensor; rapid detection
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