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Abstract: The rapid and highly sensitive detection of foodborne pathogenic bacteria is crucial for
food safety. In this study, by optimizing the modification conditions of silane reagent N, N-dimethyl-
N-octadecyl-3-aminopropyltrimethoxysilyl chloride (DMOAP) , cationic surfactant cetyltrimethylam-
monium bromide(CTAB) and aptamers, a highly sensitive and visualizable liquid crystal-water inter-
face sensor was successfully constructed. In this biosensor, CTAB was used to regulate the alignment
of liquid crystal molecules, and aptamers were combined for the specific recognition of target patho-
genic bacteria. The transformation of the ordered and disordered states of liquid crystal molecules was
observed by polarizing microscopy, enabling the rapid detection of foodborne pathogenic bacteria
(Salmonella typhimurium , Staphylococcus aureus and Escherichia coli). The detection limits reached
13, 22 and 28 CFU/mL respectively, and the response time was shortened to 5 minutes. Specificity
experiments could distinguish non-target bacteria without complex labeling or amplification steps.
This technology provides a label-free and highly sensitive new solution for on-site screening of food-
borne pathogenic bacteria, and has the potential to replace traditional time-consuming detection
methods.
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Fig. 1 ~ Schematic diagram of the liquid crystal-water interface sensor principle
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Table 2 Experimental factor levels of response surfaces
No. DMOAP/% CTAB/(pwmol - L™") ssDNA/(nmol - L™") Dark area coverage rate(R, )
1 0.5 10 100 0. 501 557
2 0.25 5 100 0.259 977
3 0.5 15 50 0. 288 283
4 0.5 10 100 0.520 786
5 0.75 10 50 0.310 002
6 0.5 5 150 0. 286 504
7 0.25 10 50 0.326 932
8 0.75 5 100 0. 335 859
9 0.5 10 100 0.510 857
10 0.5 15 150 0.256 777
11 0.25 15 100 0.284 241
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(832)
No. DMOAP/% CTAB/(wmol-L™") ssDNA/(nmol-L™") Dark area coverage rate(R, )
12 0.5 5 50 0.315 186
13 0.75 15 100 0.247 448
14 0.75 10 150 0.325 857
15 0.25 10 150 0.267 964
16 0.5 10 100 0. 500 857
17 0.5 10 100 0.501 857
3 BRI 5 R T 254
Table 3 Analysis of variance of model regression equations
Source of variance Quadratic sum Degree of freedom Mean square F value P value Significance
T 0.17 9 0.019 393.6 <0.000 1 ok
A(DMOAP) 0. 000 8 1 0. 000 80 16.37 0.004 9 sk
B(CTAB) 0.001 8 1 0.001 82 37.26 0. 000 5 ook
C(ssDNA) 0.001 3 1 0.001 30 27.26 0.0012 ok
AB 0.003 1 1 0.003 17 64. 86 <0.000 1 ok
AC 0.001 4 1 0.001 40 28.6 0.001 1 sk
BC 0. 000 002 1 0. 000 002 0.041 0.8458
A 0. 044 1 0. 044 897. 89 <0.000 1 ok
B 0. 064 1 0. 064 1305. 04 <0.000 1 ok
C 0.04 1 0. 04 815.38 <0.000 1 ook
k22 0. 000 343 7 0. 000 049
AU 0. 000 044 3 0.000 015 0.2 0. 894 Not significant
afiiR s 0. 000 299 4 0. 000 075
&t 0.17 16
R’=0.993 R, =0. 995
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MR, 47 0. 51%=0. 02%, L5 FRIMEAHLT, DAL FH mie) R7 TR 2 4 380 0 Dl VARG RS O A S Helme e R A e B
e BER AT RENE

5 & PRIZEAEHAE AN R T E
Fig. 5 Response surface plots of the interaction of various factors
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524 y=0. 000 90x+0. 038(r*=0. 992) ; S. aureus F) L& 7 FE 41 y=0. 000 95x+0. 018(r’=0. 990) ; E. coli
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A28 7 FE A v=0. 000 96x+0. 033(r’=0. 993) , 1% LC—/K A AL JERES X S. typhimurium . S. aureus F1 E. coli
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L=}
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Fig. 7 Normalized reaction intensity diagrams for aptamer specific experiments

A. each aptamer to a single bacterium; B. each aptamer to complex bacteria
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CTAB V{2 73T HIHES 45 S b B AR e AT B A I B S 00, Jdd POM ML 70 1 IO AT
Fr 5 o RS EEAR , BRIl S i i v A ] ARSI
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Table 4  Comparison of different detection methods

Detection method Detection limit/(CFU-mL™") Detection time Cost Reference
AR 10°~10° 24~72 h {(iS [4]
PCR 10'~10? 2~4h [ [4]
LC—/K St f& 1t 13~28 5 min i A7k
‘
A\
3 & it

AW E AL DMOAP . CTAB ik BERUERC AR RS A4, i id 7 —Fhs 2 8. wHb i
e E G- 6 o AL AR BRSO AR I H FI0 H BE  REE AN SRR . VR S
HEL IR DG S o) 7 J L RSP PSR R, R BR 439 R 13 CFU/mL(S. typhimurium) . 22 CFU/mL(S.
aureus) 128 CFU/mL(E. coli), Wi BFE)E 2 S min, & H TIIGPLERN , 455025k — e 1T
AR EER A [ S DA RS B R RE 7 o LC—7K 55 T A Ji oAy 1 D5 500 7 1) bR A U 2 it 1 — T
RO, RN R, EAT RS AR, JOHAE e A I AR
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