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Abstract: In this study, two strains with sulfonamide-sensitive strains H1 and H2 were screened by UV mutagenesis. After DNA
identification, the two strains were of the genus Bacillus, a species of Geobacillus stearothermophilus. Using H1 and H2 as the indicator bacteria,
the total amount of sulfonamide residues in milk was detected, and the obtained results showed that these two strains exhibited different
sensitivities to different kinds of sulfa drugs. When the total colony ratio of spore suspension for H1 and H2 was 3:4, the test kit had good
sensitivity: sulfonamide, 30 pg/L; sulfadiazine, 30 pg/L; sulfamethazine, 30 pg/L; sulfamethazine, 30 pg/L; sulfonamide, 60 pg/L; sulfathiazole,
45 ng/L; sulfachloropyridazine, 80 pg/L; sulfamethoxazole, 75 ng/L; sulfazone, 75 pg/L. Under these conditions, the two strains were
simultaneously passaged, and the effect of strain passage on the sensitivity of the test kit was investigated. The results showed that the test kit lost
sensitivities to sulfonamide and sulfaguanidine when the fourth generation bacteria was used as the indicator. The sensitivity to
sulfachloropurazine or sulfamethoxazole also lost when the sixth generation was used. Whereas, the sensitivity to sulfonamides, sulfadiazine,
sulfamethazine or sulfathiazole remained constant till the seventh generation. Compared with domestic and overseas commercial kits, this kit
had a higher sensitivity than the domestic kits, and showed advantage in detection time over the overeas kits.
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Table 1 Primer design

HEZEZES +5)
27F 5" -AGAGTTTGATCCTGGCTCAG-3’
1492R 5" -CTACGGCTACCTTGTTACGA-3’

<2 PCR ¥R N{FZ

Table 2 PCR amplification reaction system

KA ARAR

£ F 40 DNA (20 ng/uL) 1.0 uL
10xBuffer (4 2.5 mM Mg*") 5.0 uL
Taq %48 (5wpL) 1.0 uL
dNTP (10 mM) 1.0 uL

27F 314 (10 pM) 1.5uL
1492R 5|4 (10 M) 1.5 L
ddH,0 39.0 uL
AR 50.0 L

BRI PCR P36 T il AE T . 3K
35 RIFH BLAST LEXt 4T, 12 MEGAS.0 B4
J N-J AR, 43T [RIE O R B0 I B

% 3 PCRIIERRIAEFF

Table 3 PCR amplification reaction procedure
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95°C, 5min 95°C, 30s 58°C, 30s

72°C, 1min30s 72 °C, 7min 35

1.3.5 etk g B2 MAR MR 7] £ 694
1k

FA 4 PR
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Fig.1 Total sulfonamide residue detection effect
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uL/ED, HIRBCE 20 min, FrHCEEES, PRI
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Fig.2 Effect of different dilution gradients on lethality
E: AN BEFERRAATEFEE (p<0.05).
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Fig.3 Effect of different irradiation time on lethality

E: AN BEFERRAATEAREE (p<0.05).
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Fig.4 Effect of different irradiation distances on lethality
i AN BEFERRAATEAREE (p<0.05).
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P~ 50 cm Al 60 cm I, BT EER I, BOERLT
% A RRSTER B 40 em B, BB 75.31%+2.14%,
KT 70%~80% e AEBBERIEE ", , M K ANA
B AR IR R 40 cm.

22 ERAS

TERCERAR M X YBI-1 BTG, 3543 14
MR SVIIR BRI A& B 22 3 MR AL R - KEIX 14 BRTA
AL ERAR S E R BRRIRE, BT 65 CHiFR 24 h
JRBHTHERIIEE . S5RERWH 5 PRI flRE
ANETJEEER TN, HARmHREA - fRE ). F R
A RESI O BRI A B ifE R R b, BT
65 CHiFR 24 h 5, FENRULIEIREE EICH PIRRE AL
KAZZHMH], 2 a4 HL R H2, R Fik A
AR HRBEMRA KR ZAH], BRI HAR
AT REHEABUR A o

23 WHREEEMER

=4 EFRH, R EIBEREE
Table 4 Physiological and biochemical identification of strains

H1 and H2
EES YBI-1 H1 H2
FLREE FA FA PR
ABK BT Fad Fa T
REGHFEA FHREA FHRA EBREA
AT iREe FELpE FEpE 35 FetE
FRAC S K FF A FA
FrF iRy FEbE A :0E3
i B A BRI TRt A TR
TEAIRIE i=0E3 FEIbE FElpE
V-P 5> ZEE3 Ak il
FHER BT R R T T TR
BR RN 5 B Fap PRI 0ES

24 Ttk DNA K74

BPR H1. H2 £ PCR 3 $1() 16S rDNA FE [ J1 B
K/NA 1200 bp, F NCBI Blast £ FEKH% )5 I FE 4
S5 NCBI 16S Kudfa e b AR BEAT LEXS, 3640
AR S RIS E A S e 255, HT 5 Geobacillus
stearothermophilus AL\ 100%. H2 5 Geobacillus
stearothermophilus FALEEN 99% .
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9 | Geobacillus stearothermophilus R-35646 (NR 116987.1)
Geobacillus stearothermophilus (FN428654.1)

Geobacil hermophilus NBRC 100862(AB681268.1)
HI
2 622

Geobacillus stearothermophilus JPLT2a(DQ870752.1)
‘ Bacillus sp. YNPRH2P-2(AF465646.1)
52 ‘ Geobacillus stearothermophilus D1(KU248349.1)
Geobacill
bacill hermophilus NASA267 (KC788496.1)
| 1 Geobacillus sp. ZY-10 (JX878495.1)
991 Geobacillus sp. strain WSUCF-018B (MF965013.1)

Geobacillus stearothermophilus IFO 12550 (NR 040794.1)
S
73

mophilus RM (GU045559.1)

A
0.0005

E5 EfkHI. H2 MRGLEH
Fig.5 Phylogenetic tree of bacterial strain H1 andH2
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& 6 SRR A, H2 3THMEAFI SR R EUE RS2
Fig.6 Effect of adding H1 and H2 on the sensitivity of
sulfonamide in kit

E: Rl AT S Tk, AR EFERRATEA R
FHER (p<0.05).
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Pko 4 £5R 08 HI. H2 TEHEREARE, HHEaR
50, IREBARISPIAZESR, Ul PR ENE 2 AR
Wigie. GRlgRe ERA —EER. XTRER S
H1. H2 XH#fER 259 BA A R BURRE I 5 A o
252 RE) ¥ kB b AR K R SRR R Ak
VRN

P 7 0/, X SA. SD. SMI. SM2. SN,
ANTRI ZEAIR L A0 He RSB A 520 . X T~ STZ. SCP
FISMZ, M HI. H2 ZFRE R V& AN 3:4 B R
FERT, 43HA 45 pg/L. 80 pg/L. 75 pg/L, HIAE
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T HI. H2 $E ;s XF SG, 4 HI. H2 A
B 101 I, AT R BUE N 90 pg/L, =T
H2 B R, 5 H1AHY; 24 HE:H2 ZEAR v e 50
Ebolv 1:30 3:4. 4:30 3:1 B, ARG IR & R
75 pg/L, T H2 BER, KT H A
(25T HI1 5 H2 S5 A 3G N 7 At 7 Eont I A
RPN RBE, PR RA B H1:H2=3:4 {F
DRI IR & SRS N & . FEALIANINER R, 4
Wl R AR & R B 9 SA: 30 pg/L. SD:
30 pg/L. SM1: 30 pg/L. SM2: 30 pg/L. SN: 60 pg/L-
STZ: 45pg/L. SCP: 80 pug/L. SMZ: 75 pg/L. SG
75 ng/L.

1201 -Hl H2=1:1

100

-HHQ34
g0 E=SHI:H2=43

(MMM H1:H2=3:1

60 [

40

RELPE / (ug/L)

20

0SA

TR Z )
&7 S AEAEEE BB MR 7SRk
Fig.7 Effect of different total colony ratio of compound bacteria

RYEHIFNT

on sulfa sensitivity of kit
E: B A5 HATS B, RAR N BFERRATEA L
FMER (p<0.05).

x5 BRI I SRR

ZhangP VR 71 B — AN Z R A 4L
B — AR UL PT LAIE R =y pH PIBPERR S . G
SRR FH 2 B A MR R B85 e vk 2, IE
B A A VR B B — T PRI S SR 0 R AU o LV
FHIUF B AR B AR A 25 5 B — B R A LR A T R 47
(IR ASHIT T3 K R o i L A B0 P B e
AR, s TR R S R,
BB 5 1 2 R RV E A e B, SHREIAE )
PG A A AT DA Al 5% o
253 FAMERITARMX T & Ak R HE 7
"15)

1E H1:H2=3:4 M TR AL AR E L,
gER kR 5 fow, PRI SN AT SG (1 BUE M
AL SCP. SMZ ffgUEM: . % T SA. SD.
SM1. STZ [fgutEnl fase-t%. AR VRIH —#k
& TG 7 ZEFAT BRI 1 A AR AR R 2,
EZAS A IR 7 A B A e UM H AR HZ
FERRAE B R e PR ARG . SR SOV FH g IR i 2 1
FERRFH & — AT &, A IR B Tl
BB, (BN FOAMBE SR 25 EL T B (A PR
XS BRI AR E PR A . TPV P g A
JE 05 A4 1 2t — K PRI 2T A 2R A WA X 75
& (HIZARINAF SRR A s B, HLFL iR

FAbdAE R BURPEN R IR AR . ARFRFIAE S
-ﬁkﬁm#@ﬁﬂ TR R U, T
DU 2P ) U v LR AR, B —
REERIRN

Table 5 Effect of strain passage on kit

MH SA SD SM1 SM2 STZ SN SG SCP SMZ
—X

=&

=&

wAX, + +

EX + +

K + + + +
LR + + + +

2.6 [P AN AR R 2o AR T BOR B9 1 H A A

Bl 8 4 st [ PR 6 AL B AME I
& B AR C MRBUEX . mEFTLE
H EF R IRTT A A X SNL SG. SCP =FlhigfiE 2524
YITCHURNE . AR & C B SMZ A Hofth )k
Tt i 254 () R AL T B P A A& A BRXS

STZ )RS E MGG B AHY, HoAth )\ Fihis
[ 25 ) R B RE IS 22 T MG & B A E =
R A SARNEFE C R E2 180
min, MGG B RIS [E2 195 min. [tk
RS AT B AL A T Bl P A I X 7 6 R
i HCE M A T A, B —E BRIk
LFHANME .
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Fig.8 The sensitivity comparison of domestic and overseas kits
E: RASIHTE ERR, AR BFERRAATEAR
FHER (p<0.05).
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