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Table 1. Sequence of stx1 specific primers used to detect Shiga toxin-producing E. coli

Target gene Primer® Primer sequence (5' — 3') Length (bp) Original sequence (Position)
Stx1a80-F GIGTCCGGCAGATGGAAGAG EF079675
stxl 80 bp
Stx1a80-R TCAGAATTGCCCCCAGAGTG (846 nt~925 nt)

*F, forward; R, reverse
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Fig. 1. Specificity of PCR-primers for stx1-specific amplification.
Extracted genomic DNAs from E. coli O157:H7 (NCCP 13583:
stxl+), Vibrio parahaemolyticus, Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa, Shigella sonnei, and Human blood
DNA were tested using real-time PCR with stx1-specific primers.
Panel (A). The fluorescence curves of real-time PCR using stx
specific primer. The stx1-specific amplicon was only produced from
E. coli O15T:H7 (stx1+) among various non-STEC species including
human. Panel (B). Used species and its stxl-genotype in real time
PCR.
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Fig. 2. Relationships among annealing temperature, Ct time and Tm
in stxl-specific ultra-rapid real-time PCR (URRT PCR). (A) The
times until threshold cycles (Ct time) were measured in URRT PCR
using various annealing temperatures. The shortest Ct time was
determined on 66°C of annealing. Error bars indicate the standard
deviations based on triplicated PCRs. Significant change of Tm was
not found. (B) The Ct times and Tm values depend on various
annealing temperatures.
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Fig. 3. Relationships among extension temperature, Ct time and Tm
in stxl-specific ultra-rapid real-time PCR (URRT PCR). (A) The
times until threshold cycles (Ct time) were measured in URRT PCR
using various extension temperatures. The shortest Ct time was
determined on 68°C of extension. Error bars indicate the standard
deviations based on triplicated PCRs. Significant change of Tm was
not found. (B) The Ct times and Tm values depend on various
extension temperatures.
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Fig. 4. Relationships among denaturation temperature, Ct time and
Tm in stxl-specific ultra-rapid real-time PCR (URRT PCR). (A) The
times until threshold cycles (Ct time) were measured in URRT PCR
using various denaturation temperatures. The shortest Ct time was
determined on 92°C of denaturation. Error bars indicate the standard
deviations based on triplicated PCRs. Significant change of Tm was
not found. (B) The Ct times and Tm values depend on various
denaturation temperatures.
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Fig. 5. Comparison between two-step PCR and three-step PCR in
stx1-specific URRT PCR. Ct time of two-step PCR was shortened 16
sec than Ct time of three-step PCR. In total time for 35 cycled ultra rapid
PCR, two-step PCR was finished 30 sec earlier than three-step PCR.
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Fig. 6. Sensitivity and reproducibility of stx-specific two-step URRT
PCR. (A) The fluorescence curve of stxl-specific two-step URRT
PCRs. URRT PCRs were performed with genomic DNAs which 10-
fold serially diluted initial E. coli ranging from 3x10* CFU/reaction to
3x101 CFU/eaction during 35 cycle. Amplifications of stx1 were
successfully recognized until 3 CFU/PCR as intial template. (B)
Melting temperature analysis of stx1-specific PCR product. Tm value
was calculated on 81.26+0.17. (C) The reproducibility of stx two-step
URRT PCR. two-step URRT PCRs were triplicated with 10-fold
serially diluted initial template. R square value was calculated at
0.9683. NTC; Non-template control.
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71 03] FE(3X107 CFU/reaction) 2 @ 7128 A7)sl ZEARNS BAT|FO T A HF, 7] genomic DNAS] &

oh]& PCROIME, 508)74 2] PCROEE six So]2] &L 72 w2 wle} 28y Cr AR #49] A7k & PCR A& 5 48

ZEA] 23Ut} o] 79 WIZEE oju] pCRo| B & 4= 9 o= A8 F sl EAF-Z WET 5= AT

T H3 FEY IR e, B OHOML CFU9] A4t HU} 32E BAS et sl FEAE0] B E B s)
oA LB HA A S AE3) A=A T 24 o] HPH-S A}25H T EEEEEA(78°C~88°0)2] IAAS T F 7E 28

a1, olo] W} genomic DNAS] %S ¥ A&}19]7] HHE—OH 222 Zto] Mgkel] a3t v E 248 458 5 Ui

SHNA 71 F& RIZEE HolE Aozt AR K. 6A) AEA g B AfA ARNEE sixl-5o] 21 o]THA
SR A, w19 PCR AAEY Tmike PCR¥H-& 3 CFU/reaction®]2h= 311 ol It E Ho F3

A

81.42°CE &A= %len o]9] FFAE 034°CE 74]*&54%*&} o 358]79] Eo| pCRe) A8FHE A|7hE 65 38%, S
217 =

(Fig. 6B). 471HEE2 Zt7] SHE AHE Aoz 24 A& IR 73 28% vHE F deE BT o
om o]59 C i o1& BFAE AN A, FANFRY B AW AEoR dwkz HdAe) ddelA PCrRYC] B
& 0968302 ARbEo], w25 AFE He] FA} F He UAEY B IR FAEHEA, 1089 AEAIe]
(Fig. 6C). 4295+ W93 2 ekE 1819 H (Immunochromatography; rapid
Z315 o|@7 PCRH S #-8391E Belshy] 93l £ 49 kine] A&EAS 571 i eg BolE Aeolet sk
He OE Shiga 54 A oigur s} dubirstel] 83k 2 A e Fgopell X PCRHE S Uyby] B2, %2 U=
23, & AellA ARbE Ay 7&*1’% HE OE Shiga & & Kol AY AAtelvt A34AA wdoleta <14Eo] Utk
& AN WETES AEoA sl FRAES Agsh) dEst e 2 AplA BAFAY 7R sl Ho] HEARIH
© A34E B FA0H(Table 2). AF2-71712] Genspector® TMC-10008] Fii7bse] 542 PCR
B 979 sml-5o] 214 o|ebA PCR AW Mz W& A9 4o A8 & sle HYFeES
2 A71e) 2 Aol L d Ak, BHAS A% 35879 HojE Aolet shalct. APdeld Aol 45 % 54
= ArlE Fehke 2108, 21 PCRYELS ZholdA ) obd &%

Table 2. Identification of stx1 from various species and E. coli strains using stx1-specific Ultra Rapid Real Time PCR

Genotype* URRT PCR®
Species Serotype Origin ol ol
Escherichia coli O157:H7 NCCP 13583 + +
O157T:H7 NCCP 11092 + +
O157:H7 NCCP 11934 - -
026 NCCP 13667 + +
091 NCCP 13668 + +
0116 NCCP 13669 + +
0146 KG 10001° N¢ -
o111 KG 10002 N +
0163 KG 10003 N -
0103 KG 10004 N +
04 KG 10005 N -
0119 KG 10006 N -
Shigella dysenteriae ATCC 9361 + +
Staphylococcus aureus NCCP 11856 - -
Pseudomonas aeruginosa NCCP 12289 - -
Escherichia coli NCCP 10613 - -
Shigella sonnei ATCC 29930 - -
Vibrio parahaemolyticus NCCP 11791 - -

“reported results on presence or absence of stx1 in each species and strains, except KG-strains.
®Results in this study using ssx1-specific utra rapid real time PCR

“KG : E. coli strains were isolated and characterized in Kyonggi University.

4 did not reported
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ABSTRACT : Rapid Detection for Shiga Toxin Type 1 (Stx1) by Using Two-Step Ultra-Rapid Real-Time
(URRT) PCR
Il-Wook Kim', Min-Hee Kang!, Soon hwan Kwon?, Seung-Hak Cho®, and Byoung-Su
Yoon'* ('Department of Biology, Kyonggi University, Suwon 443-760, Republic of Korea,
*Chronic Inflammatory Disease Research Center, School of Medicine, Ajou University, Suwon
443-721, Republic of Korea, *Team of Enterobacteria, Korean Centers for Disease Control and
Prevention, Seoul 122-701, Republic of Korea)

Rapid detection-method for Shiga toxin type 1 that was produced from Shiga toxin-producing Escherichia coli
(STEC) was developed by two-step ultra-rapid real-time (URRT) PCR. The specific primers were deduced from
80 bp stable region of stx type 1 (stx1) gene among various informations of STEC strains. URRT PCR is a
microchip-based real-time PCR using 6 ul of reaction volume with extremely short denaturation step and
annealing/extension step (1 sec, 3 sec, respectively) in each cycle of PCR. Using the szx1-specific URRT PCR,
35 cycled PCR were finished in time of 6 min and 38 sec, also measured 7 min and 28 sec including melting
temperature (Tm) analysis. The detection-limit of szx1-specific URRT-PCR was estimated until 3 colony form-
ing units / PCR with products with stable Tm at 81.42+0.34°C. In the applications to various STEC strains and
contaminated genomic DNAs, szx1-specific URRT-PCR were tested and shown that it would be expected an
useful method for the rapid detection of stxl-coded STEC strains.



