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L11 BRI DO ERS B iR 24 1,
KH 9 AWRANEHREFGHEE, RABYLREE; SPF
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131 BAEYIRIELESE . PRGN Y
BERI TR AT Y BG4 0E . WA A Y B
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16S EMH5¥(27F: 5-AGAGTTTGATCCTGGCT
CAG-3';1492R ; 5-GGCTACCTTGTTACGACTT-3')
ZHAE LAY TR RO A RA G, X
DNA #£47 16S rRNA [ PCR ¥}, PCR W 1A £
25 uL: MIX 12.5 uL, ddH,0 9.5 uL, [ FiE54
% 1 uL, DNA #5471 uL., PCR i 454K 1 95 °C
5 min; 95°C30s, 55°C30s, 72 °C 100 s,
34 ME; 72 °C 5 min. X PCR P=4E4 5007
16S rRNA il /¥ 45 R 7E NCBI ¥ & o i 47
BLAST X, 258550 Btk X 45 R iR = i 16S
J7 40 S AT
1.4 16S rRNA ZH RS

K H Megalign 1) CLUSTALW LjaEHF
168 rRNA i 725 1 5 NCBI 2  BR #ds H H Xt i



TEARESE | BUERZAR, 2021, 61(1)

117

W T ERIZ T 16S J¥ 41 : KP944151.1 (&, hE
JtAL, 2015) . KC195777.1 (GH<I57R, P, 2013),
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(FE, 2019) HQ830243.1 (R§H, #Hrhnyk, 2011)
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1.5 gl

TEFH O Fioxd s 2= UM A RN BT A R 25 B0R
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FREGRAR -, RE9R3E 37 °C JRARE R 24 h R L
MEEER, HESHU
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S AL T AW TR B BRA A5 R,
1975 FaR KR WL 1,
17 REFREE W E

et CBM588 444k LA & FAO/WHO02006
AEMA B 5 AR T IPN R, BT 4 MR EE R Y
YIxd 43 B T RR , 24T PCR SN LAEA T 28 4 PETEA
4 PRRERER IR 30N . alpha FERE LA
(CPA). beta #ZRE1ILF(CPB). epsilon B % E
FAEEK(CPE). iota ¥ ZREAKE(CPD, Al HZ

%, DL ddH,O AR IR, BIZFEA T AEY T
FE( )R A IRA A B, 51975 KGR KO
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AT TN, dE— 0
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fHls CBMS88 L4 A, 1M 4 FiARERER
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TTPIZEEE IR I E , DA ddH,O FHPEXT AR, 51
WIZACAE TR TR B A BRA R A Ak, 5
YR 5 J AR RN 3.
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2.1 HHRREE
211 BWAEYRENEE: SWEYRIE S E
R BR D EFH 24 BT R K A (Clostridium
butyricum), I} HEAREELERUNEK 4718,
2.1.2 16S rRNA ¥ 2458 . BLAST 25 IR 24
PRI BRI R T RRIR AT, Herh e bR AERS 35 03 15
£ 21 ¥k, SPF X375 B 5] 3 bk, Sif x4 i
71 NCBI ACCESSION VERSION S#fiyk fingk 5
PR o
2.2 HHREIEIRRHE

XA B 24 BT R , BT AEXG YA
B RRA BIFRIC N L-1-L-21, SPF X845 55 bk
S AbRIC R S-22-S-24, HAREE SR AT Rk,
WSS AN, Y% B 7E RCM K 57 Ak 5
M e, REOGHE, a0 s8knE 1
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x1. WHEESIMRENEE

Table 1. Primer and annealing temperature of resistance gene

Resistance Gene Sequence (5'—3') Fragment/bp Annealing temp./°C
Macrolides mefA F: AGTATCATTAATCACTAGTGC 348 53
R: TTCTTCTGGTACTAAAAGT
ermB F: GAAAAGGATCTCAACCAAATA 639 53
R: AGTAACGGTACTTAAATTGTTT
mrsD F: GCCTTCCGGAGCTCCTACTT 500 53
R: GCGTCCAATGTATCTCTAT
Tetracyclines tetC F: GCTGTAGGCATAGGCTTGGTTA 515 60
R: CGCTCTCCCTTATGCGACTC
tetD F: GTTGCGGCTTCGGTAGTGG 256 60
R: CTGCGCTTTCTTGTTTCTCGT
tetE F: CGGCGTTATTACGGGAGTTT 821 60
R: CCAGCTTTGTGTAATGACCGC
tetG F: CTGCTGATCGTGGGTCTTGA 761 60
R: GCTTGGAAGATCGCATGTGTT
Peptides vanA F: GTAGGCTGCGATATTCAAAGC 231 56
R: CGATTCAATTGCGTAGTCCAA
vanB F: GTAGGCTGCGATATTCAAAGC 330 56
R: GCCGACAATCAAATCATCCTC
vanCl F: TGGTATTGGTATCAAGGAAACC 447 56
R: AGATTGGAGCGCTGTTTTGTC
Sulfa sull F: CTTCGATGAGAGCCGGCGG C 238 58
R: GCAAGGCGGAAACCCGCGCC
sul2 F: CGGCATCGTCAACATAAC C 722 60
R: GTGTGCGGATGAAGTCAG
sul3 F: CATTCTAGAAAACAGTCGTAGTTCG 990 50
R: CATCTGCAGCTAACCTAGGGCTTTGGA
Amide alcohols cmlA F: GCTGCTACTCCCCGTTAAGTG 351 60
R: GCGACACCAATACCCACTAGC
flor F: GGTGATTTTTGGTCCGCTCTC 779 60
R: CGGACACCGTGAAGACAATACC
B-lactams blargy F: CAACATTTTCGTGTCGCCC T 629 60
R: TTATCCGCCTCCATCCAGTCT
blapsg F: GCGTGCTTCGCAACTATGACT 449 60
R: GCCATTGAAGCCTGTGTTTGA
blagyy F: TTATCTCCCTGTTAGCCACC 150 57
R: GATTTGCTGATTTCGCTCGG
blapyy F: TCAACTTTCAAGATCGCA 591 50
R: GTGTGTTTAGAATGGTGA
Quinolones gqnr4 F: ATTTCTCACGCCAGGATTTG 516 53
R: GATCGGCAAAGGTTAGGTCA
qnrS F: ACGACATTCGTCAACTGCAA 469 53
R: TAAATTGGCACCCTGTAGGC
ogxA F: GATCAGTCAGTGGGA TAGTTT 670 55
R: TACTCGGCGTTAACTGATTA
Aminoglycosides  Adac(3)-Ia F: AAGTATGGGCATCATTCGCAC 897 60
R: CAATGACGCTTAGCACCTCTGA
aadB F: GGACACAACGCAGGTCACATT 502 60

R: ACGCAAGACCTCAACCTTTTC

actamicro@im.ac.cn
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% 2.

RESHRIIMFIIRBNEE

Table 2. Primer sequence and annealing temperature of clostridium toxin

Clostridium toxin gene Sequence Fragment/bp Annealing temp./°C
CPA F: GTTGATAGCGCAGGACATGTTAAG 402 55
R: CATGTAGTCATCTGTTCCAGCATC
CPB F: ACTATACAGACAGATCATTCAACC 236 55
R: TTAGGAGCAGTTAGAACTACAGAC
CPE F: ACTGCAACTACTACTCATACTGTG 541 55
R: CTGGTGCCTTAATAGAAAGACTCC
CPI F: GCGATGAAAAGCCTACACCACTAC 317 55
R: GGTATATCCTCCACGCATATAGTC
*3. ASFSREFEIVRBIEE
Table 3. Botox gene primers and annealing temperature
Botulinum neurotoxin gene Sequence Fragment/bp Annealing temp./°C
typeA F: AGCTACGGAGGCAGCTATGTT 782 60
R: CGTATTTGGAAAGCTGAAAAGG
typeB F: CAGGAGAAGTGGAGCGAAAA 205 60
R: CTTGCGCCTTTGTTTTCTTG
typeE F: CCAAGATTTTCATCCGCCTA 389 60
R: GCTATTGATCCAAAACGGTGA
typeF F: CGGCTTCATTAGAGAACGGA 543 60

R: TAACTCCCCTAGCCCCGTAT

% 4.

BATBERRIELEESR
Table 4. Identification results of partially isolated strains by mass spectrometry

Analyte name

Organism (best match)

Score value

Organism(second best match)

Score value

L-1(+H)
L-13(++)
L-14(++)

Clostridium butyricum
Clostridium butyricum

Clostridium butyricum

2.171
2.227
2.145

Clostridium butyricum
Clostridium butyricum

Clostridium butyricum

2.150
2.219
2.113

—: score value 0.000-1.699; +: 1.700-1.999 is; ++: 2.000-2.299; +++: 2.300-3.000.

K5 FHTEHRE E 4k 16S rRNA F7%| BLAST 48

Table 5. Results of BLAST of the 16S rRNA sequence of some strains of Clostridium butyricum
NCBI version Source Country Wen shang reed chicken farm  SPF
KP944151.1 Pus China 7 1
KC195777.1 Biogas sludge China 6 -
MK156151.1 Marine deposit China 5 1
MK764959.1 - China 1 1
HQ830243.1 Rice field Singapore 2 -

—: not detected.

http://journals.im.ac.cn/actamicrocn
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E 1. TERESBREERS
Figure 1.  Characteristics of Clostridium butyricum

strain. Colony forms are irregular, colony color in RCM
medium white to yellowish white, the surface is smooth.

2.3 [EEHT
Hoar TR R W O PR 5 KP944151.1
KC195777.1 . HQ30243.1 . MKI56151.1 .

MK764959.1 [Al IS BT n &l 2 fos, 5 R/RM T
Fi A% PR 7E R ECPE L 5 s B A o A e
2.4 HEIARKRER

17 MRS bR AEXS 5 53 2 A5 B0 T IR 5 3 Bk

Percent identity
1 |2 [3[a]5 6 [7[8 ]9 [10[1[12]13[14 1516 17 [18 190 2021 ][22
1 [ 922|915 |80 869 876 [87.3|886 |88.0 883 |88.0 [87.7 |884 |88.1 878|885 [89.0 902|918 885 834|888 1 HQ830243.1
2 |08 [ 97.9 736 (933 (937802 (945 (939|945 [94.0 937|942 (809944 |93.9 /952 [97.0 (086 (947 (044 [047] 2 KC195777.1
3 |10 | 14 I 730 (927 (932797 |94.0 |935 944 [936 (932 936 /803|939 (938|949 978|987 (942 (941 042] 3 KP944151.1
4 |01]01 |01 [ 749 (757 (894|752 756|744 (750|743 (749910 |746 [752|755 715|731 755|753 |748 | 4 L-3
5 |27 (32|30 00 M 9.9 815973 |967 /957 96.0 957 |97.1 816|962 |955 96.0 |91.3 [93.1 962 (962|965 5 L-5
6 |24 28|26 01|16 814 973[983|96.1 964|960 |96.9 825 |97.1|96.3 /976 916 (933 /972|978 (963 | 6 L-7
7 |22]21]2002 0407 80.9 [81.1 820 [81.1|81.1 |80.8 [96.9 |80.8 816 |81.1[783 [798 [81.0 823|811 7 L-9
8 |21[28 |26 /00/|13[13 |04 | 974 (965|96.0[957 978 /81.9|96.5(96.0 /971 /924|042 |064 (969 974| 8 L-10
9 |23[29 |26 |01 20|07 1013 |97 967|964 972 826|969 967 982|918 (936 969|978 [0962| 9 L-11
Q|10 3537 [31]0217 16|09 |15 13 [l 969 952 964|823 |96.0 955 965|927 [94.496.0 975|967 10 L-12
5 |11 [28[33[30 0218221218 2116 [l 955[962[832]959 053974 921|938 [06.7 9759656 | 11 L-13
0 112 (20|26 |24 00|20 20 05|21 [20]23 |25 963|817 /957 963|960 (916|934 955|958 049/ 12 L-14
Y 13192626 001114 05121416 [17 17 [l 821963 967 965920938 961960073/ 13 L-15
A [14 131213 0011121107 [ 1107 [07 08 |os [Ml819[823 831[79.1 806|827 830|822 14 L-16
15 (27 (313003171010 141016201715 1.1 |l 9.0 /969 (926941 971[968 060/ 15 L-18
16 |26 [34 3000 20 17 072015 212314131020 [ 96.0 922938953 [96.0 [958/ 16 L-19
17 |18 |20 17 /00|21 |12 |09 |13 12|17 |19 |20 17 05|10 | 18 M 932|950 976|980 963 17 L-21
18 |08 |09 |10 00|29 |2620|26[27 3330232511 ]28]31|13 980 927024 027/ 18 MK156151.1
19 (08 [10 |11 00 29|27 19|26 |28 3431|2426 [11[31]31[19/06 [ o43[042]045][ 19 MK 764959.1
20 18 |26 |24 (01|24 |17 |13 16|16 [19 |22 20|19 06|11 |25 11 23|25 [ o72/[e58] 20 S-22
21 |27 (32|28 (01 /16|08 [05/09 0712|1718 [14 |08 09 [14|10 29 [30/ 16 60|21 S-23
22 |25 (31 [29 0210|1808 |13 [20 |17 |19 2511 (1219|2319 28|20 2315 N 22 S-24
1|23 al5 6|78 ]9 [10[11 1213141516 17 18 [19 2021 |22
E 2. EBHEKEIRES
Figure 2. Homology analysis of some strains.

SPF X937 53451 T BR AR A1 1) 24 fat e rp X 42 30D
Okl HEER G HiE R KA
BARRE ., AER. THER. WHRLHMEN
M. L-1, L-6, L-12 U5 B R R A,
B EAR SR 16, 15, 16 mm, X HABZ5
KRNI, L-19 AU Sk Antkfi5 2 30k 4
B ER N 16 mm, X HA 254 LN U
WA ERR ORGSR 3 FoR, GitiEsian
K 4 R,

actamicro@im.ac.cn

B3 #HoTEBRRESBERMNGEREERR
Figure 3. Photo of Clostridium butyricum antibiotic

sensitivity test: L-4 (A) and L-6 (B).
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Figure 4.

Statistical results of antibiotic sensitivity test for 24 strains of Clostridium butyricum. One strain of

cefepime was intermediate, three strains of neomycin were intermediates, the rest are intermediary.

2.5 MHZGEREER

PCR Z5R B8 24 BT R B A #5407
ermB ., mefd, mrsD ., vanA ., vanB, vanCl , tetD,
tetE, tetG, sull, sul3. blapsg. blasyy. qnrS,
ogxA. aac(3)-la 16 P25 5L K, 24 ¥k T FRAR A
LRG0 sul2 | BEREEEZR Y flor L I
B-N ISR blagesy 3 FP 2555 5 5 Fiifi 2 2
5 2R s g AR R BE i #5707, JHorp rerC A7 19
PREFRME, AR R 79.2%, cmld A 11 bR
P, TN 45.8%, blaoy A 9 Wi,
N 37.5%, aadB F 3 BREMME, HEHERN

% 6.
Table 6.

12.5%, qnrd 43 1 BREPEM:, #EH RN 4.2%,
FLIARBAPE R L2 6.
2.6 REFBRERGR

PCR 45 3R BN, T EAEXS Y] SPF XG5y
FIr AT 24 Bk T IR RN AT alpha | beta , epsilon
iota 4 PR A 85 R ILH A ATAT—Fl, M T I
FAA A 3 B B0 T BRR A Al 1Y alpha(a)
FHEASHEN PCR 55 B MM, B BKE
A BRI, RS in. Al PCR §7 374
¥ J57E GenBank HH it BLAST, 5 a R HH
LR [R]YE: A 99.43% (FEIH).

FERESE T AR EE R

Strains carrying resistance genes to varying degrees

Gene L1-1 L-2 L-3 L4 L-5 L-6 L-7 L-8 L9 L-10L-11L-12L-13L-14L-15L-16 L-17 L-18 L-19 L-20 L-21 S-22 S-23 S-24 Negative

tetC - + + + + - 4+ - + - + +
cmlA — — + + + + + + — + + —
blagy, — - + - + + - 4+ - + +
aadB - - - + - - - - - - -

gqnrA - - - - - - = - === -

+ + + + + - + + + + + -
S
S S
- - - - - - o+ - - - - _
-+ - - - - - - - - - _

+: carrying resistance genes; — not carrying resistance genes.

http://journals.im.ac.cn/actamicrocn
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402 bp

5. CPA #[F PCR #MER
PCR test results of CP4 gene. The reference
positive,

Figure 5.
strain of Clostridium butyricum were
Clostridium butyricum isolates were negative. Al is a
strain isolated from a feeding powder on the market.

2000
bp marker Al —

2000

1000
750

500

250
100

27 AEFHBERERGR

PCR 45RFEW], 24 MRAT BRI T BRIZ A
M typed . typeB. typeE. typeF 4 FiATEEEZ LM
AR —F, npeE PCR 251 ILIE 6,

3 9tk

ABFFRNBC P AEXS 7 SPE X837 50 4519 T
AR ATE RCM [EMAEEFR AL B2 3N R/ N1
P a AN, X 5 B ararse!™
W T R MR T 1 T 75 FRIE A AT o 16S IRNA Ko 2551
SRk sE a5 R —20, KW BE 5 16S rRNA ¥yaf
AR A 1 58 J T R AR TR S

S-24 S-23 S-22 L-21 L-20 L-19 L-18 L-17

513 bp

& 6. typeE AEHEERE PCR12ER
Figure 6. Results of PCR detection of #typeE botulinum toxin gene. PCR showed that both samples and A1 were

negative.

16S rRNA Ml P45 R KW, SPF X351 3 %k T
MR Z 8] 22 A 2, BB AENS g 21 Bk
TRRBREZ AR 22 52 22 A5, KRUIRMETE R —
Wi, TRERHB SRR ZR. 5525
2020 4 K R I SCH SR T HLRRE DR 20 2% 1 1
RAE EW AR IS T R AR I I R Gk ik
WA U AR OCTE ;. ABFR LT 16S rRNA J751]
X T FRRR TR 4 B bR A R A A 45 R R, 18 &
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5L b PR YR TR AR TR 1 AR e Ak TG B I A
oM, SHTE S RARRE . T O R Gk O i 4
2 A MR, H, L17 5
KP944151.1 I, R 96.64% , B ¢ g 45
W TR S CP016332.1 AYRR & mi kY
FARIPESR 100%, BEF5 450 85 09 T B AR T AR B
RN 99%2,

AR T IR TR 0 S R AE TS 245 TG 22 57
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AR 3 bk SPF T RRAR X i A 24511 14 R I
G IR ARSI AT 4 BRERRAEAERT 2 R
ZWhAr . 5 BEPE ST 2R R T R
TR A UK, (EXTPURR R LB THilk. &
SCCREI I R T IR B T R R A U, X
BFRPA, MR BRI T IR X 5 8 %
G MLRmRLRINHUE; ENUHR . THER
ZEAUHR R U, ERIE DI, TRRE
XHERADE, WHEER., 45X, A5V E
IR . AW 24 BRTRRIR A, 3 ¥R E
FIAERG IR ;BT B B R R P s XMEER
SRR AR RRABUR; N ER. WIF
FRIUK . Kaneko SFHFFT 45 T MFH T IR
BBRXTEI 20 Rt RPm 17 FOAHATHZ
PP M Ferraris 58 L™ JLIEAE 431500 T BRI TA
Xt R R S5 UG 45 AR B UK, (B
FIHHFER G(15%). TIFREK(7.5%)THZ5,
MO IS5 W, UFSEBC P e AR T
AR, SAMREIHASSR 3, SPF XY
—EANERTE R sul2, flor, blagg, =Rz
SR FETR R PR R R 100%. 528 A TR IR0 5
(VDT TE flor #2458 0 100%2Y, RIGLER S flor
it 245 35 R B A R & AT 2 B B RS
UTSEAE Z RN TR Y sul2 TR 253 DA e e 41 oK
ARG 5 B I KIAFF T 236 T blage, #5755
100%%, 5 Bl [ FR B2 45 47 (TR 25 3L B terC
cmlA, blapx,. aadB., qnrA WRIRVL N2
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Detection of resistance and virulence genes from 24 Clostridium
butyricum strains isolated from chickens

Weixiang Fan', Yanli Cao', Lulu Cui', Xiaohan Lu', Hai Lin"*", Shuhong Sun'**"

" College of Animal Science and Technology, Shandong Agricultural University, Tai’an 271000, Shandong Province, China

? Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Tai’an 271000, Shandong
Province, China

} Shandong Provincial Engineering Technology Research Center of Animal Disease Control and Prevention, Tai’an 271000,
Shandong Province, China

Abstract: [Objective] To isolate, identify and evaluate the safety of Clostridium butyricum from two breeding hen
farms in Shandong province. [Methods] Anaerobic culture was used to isolate anaerobic bacterial strains from both
Luhua chicken and SPF bird droppings originated in Shandong Province. Suspicious colonies were selected for
mass spectrometry and then identified by 16S rRNA gene sequencing. The 16S rRNA sequencing results were
analyzed for homology with 16S rRNA sequence of Clostridium butyricum in NCBI nucleotide data. Meanwhile,
all isolates were tested for susceptibility to 9 drugs, such as ofloxacin and cefepime. PCR was used for the
determination of 23 antimicrobial resistance genes such as mefA4. Four clostridium toxin genes including alpha and
four botulinum toxin genes including typeA were determined based on probiotic safety requirements. [Results] A
total of 24 strains of Clostridium butyricum were identified, and they were sensitive to 7 antibiotics such as
ofloxacin. L-1, L-6 and L-12 were moderated only for neomycin and L-19 was moderated only for cefepime. All
strains of 16 drug-resistant genes were negative, and 3 drug-resistant genes of sul2, flor and blargy were positive,
tetC carrying rate is 79.2%, cmlA carrying rate is 45.8%, blapx, carrying rate is 37.5%, aadB carrying rate is 12.5%,
gnrA carrying rate is 4.2%. PCR results showed that the alpha, beta, epsilon, iota clostridium toxin gene carrying
rates of all isolated strains were 0%. The carrying rate of botulinum toxin genes typeA, typeB, typeE and typeF of
all isolates was 0%. [Conclusion] The 24 isolates of Clostridium butyricum from tested chickens never fed with
antibiotics and Clostridium butyricum met the expected safety requirements and could be used as a screening
reference strain for probiotic added bacteria.

Keywords: Clostridium butyricum, drug sensitivity test, resistance gene, clostridium toxin gene, botulinum toxin

gene
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