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Bl 2 AR XU RN B AR B T i R e
XoF i 24 B S i 245 35 R A 0F 98 348 20 O I . H AT, [
PN AN 24 TR RIS 24 S DR A AR DG E X B AR ThE B B
HZEEMu et al, 2015; K25, 2018; Brooks et al,
2014)FIFREE S 5 %5 J7 1Hi (Lin et al, 2011; Ji et al, 2012),
FEXTHE KSR IREE T, F5 508 sl WA o9 ey it 245 7 B i 24
F:[H (Antimicrobial resistant genes, ARGs)J7 il I AfF 57
&b, TiAE 2 (Apostichopus japonicus) 5 I i AH S AF
FbJE T, TRk, IS0 E A0 71T 1
X e TR, 5 B T v L X B B G SR =,
TRl 2 % R R AR AL T R AR . (R REE Pl 1)
L SE.3 N R aE i T BUR il SR SRR AL (VPN SI==8 2
Bais YA R, FEORIRUE , R E RN K SR
b AT HRRFSE KSR Y R R B0 RN #R 5
11978 T B 45 B BT B, A A Kl R U™
SN 5 5 A 0 0 I A4S 4 i R R IR T4
WX A SR, REUKFAEIRAL . 55k . 4
TR 24 AR A S 2 A0 A (7 H 4, 2006; B8 /NER
4 2019; Niu et al, 2016; Zhang et al, 2012), #5451,
2012 FFREPAERFEL 21 Tit, H, H 46.1%H
AR TE R oK™ 5550 ; 2013 4FX— 6] E 2
52%, FLA T I SORMR A 5 4 25 R s B Tl i K M ep
B RIAF T 5.38 J7 t (Zhang et al, 2015), 1Ak,
B IESIRNBR B P A R A B WEE Y & 2O
PEE R SR e 4 2016 AR SR F A
Bz WL O o BR TR T 2 AR Y OGS
H T 1 24 5 PR LA 5 R A A R AT R T Y R
(Tamminen et al, 2011), i 2435 A Al i BoRK P-4 7
) H At AR Bohs 1A 5 %A Bow i T (R A 4F, 2015), X
IK 7= FR B Ml N S A B A A7 A VA 1 R (B SR,
2008; EFiHES, 2010), K, w5 XF 55500 2 55
T g 3 P it 24 B AR A T U
2 () 558 32243 R PR A R 3 75 i 2 A
1, REHIEA AR RN, RSB
KR 25, Bar, JSEFRE X 3%
IR TILAR 2 MEX, Hf, IR R
4 B T AR E N A 60% LA b (Fp A B AR
2018), WEFEIAA AL, HATHIZ IR0 5 i E R
PURRER . ZEWERR . BAREH . Sl . IRRER A
FERR . LTI, ARREBULARSE 3 A EZEHZ
FHRXM 6 XA WY, HE 6 A RIS iziE
it 24 B AL L RS R 24 R R R AN, AR
iR BT SR 2 W T A 2R T 24 A R T 24 5 R AR A g 4
) 23 SR FE Ao T it 24 240 TR P 7 A B R AR

1 #RE5F=E
1.1 HmRE

2018 4F 1~4 H, FEINRANE 3 NS EFHRKX
(5 5 A RO ER 6 N B MR E 10 i)
%, RENEGEEILE 1. A REE A HALR 4
50 Sk S SIS0 RIS M (12.3545.60) g/k,
TR, KB IE N A, RS G LRI T 40
WR R, HARFES T-20C IR

7 T T T T T T Nl T T
N g;...zé N
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Fig.1 Geographical locations of samples collection

1.2 BARFARMAERHAERNIEFEMGLH
Bl E

B 1 g Wil ARSI 1.5% 19 K 18 NaCl ¥
WAL 10 ml 23, SRS 10 5 BREERR B 20 BV AR
TREIASHERR 2216 SEHURI 55 S fhdi
HZEM 2216 Pl b, &P RMKE S CLSI
(2016)FrifE(Patel et al, 2016)HIF & KK 7= sh i 2y
TR 8 1) 2V B A TR (B3 5F, 2016; T PEAE,
2019), 435U E (50 pg/ml). ZEBERR(50 pg/ml), &
Pt H 45 (50 pg/ml) . FHARJE 5 (50 pg/ml) . PR K%K
(32 pg/m)FIEEFE R (50 pg/ml), 28°CHEFE 24 h)m,
it AR A Y B T S0 AT G R A TR A e AT 24 TR
o, #e BRUUT 2R R AR 2L 24 5 T LA

T 245 2000 T A1) (Yo )=t 245 40 T 50/ 1T 55 3 400 T s i <
100%

1.3 MEEMARIBAURERE

RS IR TNV ARG o o T Y B3 N (R N NN ]
GRILAR BN W2 450 8 T O 145 1) 1 S 24 7 10
TP RS EGETT , FHEE AP UL S bRl 1) B
7%, TE2216E[ A1 FR LA T 2R al AL e F PR B
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4l E DNAHEHUA & (TIANamp Bacteria DNA Kit)#2
BT 43 BTt 25 T8 B AN DNA., FIIFH4IE 16S rDNAE FH5 14
(27F: 5-AGAGTTTGATC(C/A)TGGCTCAG-3, 1492R:
5'-GGTTACCTTGTTACGACTT-3"){ 4 16S rDNAJF
51, PCRY IGRIAKZ S0 pl, P IEFETF: 94°CHAR
P55 min; 300G . 94°CAEME60 s, 55°CHE 60 s,
72°CHEMH80 s; )T, 72°CILE 10 min, PCR/ZH ]
1% B W BRE e PR KRG I A6 J a6 58 A T AR TR (I
Yo Cl /N i W 0 AN A [ B ) 2o S
EzBioCloud %X #§ £ (http://www.ezbiocloud.net) H L,
XiF, i E AR Y B R S A

1.4 [pErHm e EEFESN

B 0.5 g B N &Y, i E.ZN.A.™ Soil DNA Kit
(OMEGA, FEE)IEELME DNA, #ELBSRIH &
VLIS, DNA (52 Ral e 1.0%30 i HEE I B
VKK, A B Thermo Nanodrop 2000 fif e 43 Y6 G 1
(Thermo Scientific, 3 ) Wk B , #6545 () DNA
Tt & PCR Al

EEXTIUM RS | Wi | SRS RIS ST
X 4 KA R L 7 Bl DL 25 3R R T
B, 51915 B L2 1. FH PCR Xt H i - Bealb A5 474 |
aifb)i, #%E#3) pMDIS-T vector (TaKaRa), ZJ5%%
2] KT R DHSa JEAZ 40 E A7 se k. LA
Plasmid Mini Kit I Protocol (OMEGA, 3 [FE)#Ef7HE4H
JORLAFR IR, LT R TR A AR iR 1T S B 5 '
1% PCR (qQRT-PCR)" 4, 4 HH2 AR 137 3 P4 346 1 s o
2k, F FH Eppendrof S5 622 5 PCR L [ 7 Ay #14:
B HEAEAY HE CAH . ¥ I RER(E) S HAN K
ZHU(RY). R qRT-PCR JIE 6 A~ RAE S AL 7 Fh
it 25 3 AN SN B, BRI E 3 AFAT.
qRT-PCR W AZ AT : 10 ul SYBR Premix Ex Tag™ Il
(2x) (TaKaRa), I FiE5[4)(20 pmol/L)4% 0.8 pl, 5 ng
DNA B (2 5 ng), BAFLHR 20 ul, qRT-PCR /)i
M. 95C 1min; 95°C 10s, T, 30s, 72°C 30 s,
40 MER . RNZEH T, D ks i 22 AR bri
R A3 A% L IR P DL Rl 4 b i, I LA TR 25 3 IR
1) 24 %5F $% DLKCRT 16S rDNA 4 %6k 3 D11 AR R
5T 24 5 DR AR ARG 2 2

1.5 BIESZITAHE

FIH SPSS 19.0 FAFXFPUIRER | ZIERR . SR e
% IRRFERMEER R 5 FhPLA R 25 RS LS
7 P 2 D AR XS DU TR I E 38T, L P<
0.05 A 22 57 . EAKCF-, W TS 24 T BT o LU0 FIAH OC
TS 24 35 DR AR X 78 DR AR S

2.1 FEFHARWMARNBES N

LU R b DX 30 ) 2 2 55 DX 64 SR a5 2 1
J B T B SR AT S 2 A TR A R WL ER2 . A
ATHL, 6/ SRAE S 2 1 B i 18 v a] 355 5 A RS ECH
1.37x10°~6.21x10° CFU/g, 6FP¥i Ak & it 25 B A 5
A3RR . DUPR T2 18 50 M (3.00£0.50)x 10°~(1.15+
0.30)x10° CFU/g; ZEMERRT 24 B B0 N (7.77+0.61)x
10°~(1.04£0.21)x10° CFU/g; F0AJE % it 2 i () 5k i
}9(2.3340.59)x10°~(5.17+ 0.33)x10* CFU/g; £ 1t B st
T IBUR M (1.63£0.29)x10°~(4.31+0.23)x 10° CFU/g;
TR K B 2 8 1980 M (4.00£0.09)x 10%~(5.90£0.71)x
10" CFU/g; %8 2 i 24 1 BB 4 (1.17£0.62)x10°~
(1.13£0.20)x10° CFU/g. MR4EHH R 45 He 1150 245 1 e
ST SR R E(E2). RIER2IT IR, [ —
ASSRAE 2R 2 W 18 AW v S Rl AR R 2 T
2R RE . Y1, Y2, QA RAE SR i —
Fh et A ZMN 24 B = B o 0 AR A, A R i 2 B A 2 43
A VU BR ZE T 25 TR (23.15%) . ZEBE R TR 24 11 (37.04%)
FIZEWE TR Tt 24 TR (16.76%) o W2 KA £ rft 25 0E R i 24 B
2TV e it 25 B 1 o LSR5, 40 a8 510 39.94%
40.06%. WIFIQLURFE & HIRA ZFhHiA: K it 25 T 1)
Rt R 7 EEIS AR, A R e e 1) 2SN R Tid 245 TR
B H A AN K 7.32%F16.95% . FIF A7 SRk i P iR e
% RKREZ AR RN G AR, S
[l °40.01%~4.15%,

22 YEBHEPAEFMAENIEREESER

RSPk K 2216E B35 5L DR M R TE LA
gt Bk B SERAIE SRR, W5
T 25 P T HE S, SEECH bR VR AR alifk, AT
T RRARIHE B2 43 28 A0 58, S5 R L3 3, 3 3 Al 4,
RS 98 MRM 25 bk, o, PUMRE . ZE0EM . W
KIEH . LT M PR KRS R FIBE R K 2 Ak
Wk 18, 22, 10, 14, 11 F1 23 kk, #K4E 16S rDNA
J¥% 1) EzBioCloud uds L X458, nT LUK Wi 25
W B ATE 30 Mg, JBAKVFSEITERER, 6 4
KA R AR T 25 TR AR ) or A B 6. 7. 13, 6. 14
8 ANE T TS 20 98 MR 25, 46 i
B3 A8 IR 8 (Vibrio) . ZEHLFT 1 8 (Bacil lus)
H1 0 Y5 T 14 )@ (Psychrobacter), 7514 1 15 k.
13 BRFN 12 #%, i 25 R BR S ALY 15.30% . 13.27%
M 12.25%,

YT 16S tDNA % 45 50 AE Jm K L B s 1
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F2 TRFXESAEFEAERMAHAELZ(CFU/Y)
Tab.2 The number of total cultured bacteria and drug-resistant bacteria at different sampling sites (CFU/g)
Fifk 2 Antibiotics SRAE S Sampling sites
Y1 Y2 Wi w2 Q1 Q2
PYFRZE Tetracycline (8.33£0.21)x10* (1.15£0.30)x10°> (9.77£0.13)x10* (2.53+0.40)x10* (3.00£0.50)x10 (3.53+0.60)x10°
ZEWEMR Nalidixic acid ~ (7.77£0.61)x10° (9.09£0.47)x10° (2.00£0.36)x10° (4.30+0.65)x10° (9.50+0.36)x10° (1.04+0.21)x10°
JRHE % Florfenicol  (1.80£0.58)x10° (2.33+0.59)x10% (5.17+0.33)x10* (1.37£0.25)x10° (2.20£0.28)x10° (2.97+0.41)x10°
ZBEFPE Mequindox  (1.63£0.29)x10°  (2.03£0.45)x10° (7.03£0.54)x10* (4.31+0.23) x10° (3.93+0.54)x10° (3.30+0.64)x10°
PEREFZE Gentamicin - (4.03£0.86)x10%  (3.37+0.34)x10°  (5.90+0.71)x10* (3.10£0.09)x10° (4.00£0.09)x10* (4.33+0.94)x 10>
BEFE % Streptomycin (1.17+0.62)x10°  (7.07£0.89)x10°  (1.13£0.20)x10° (1.01£0.04)x10* (2.60+0.49)x10° (1.24+0.06)x10*

JCdit: % Antibiotic-free (3.60+0.71)x10°

(2.45+0.16)x10°

(2.73£0.31)x10°

(1.08+0.04)x10°

(1.37+0.45)x10°

(6.21£0.18)x10°

TR 25 B 1 T B 3740 B L 451

The proportion of drug-resistant

Il UIREK Tetracycline

bacteria/%

w P W
(=] S
T T 1

[\*]
(=]
-

S N A~ &N
—

Y1

Y2 w1 w2 Q1 Q2
KA 5 Sampling sites
I ZE0ERR Nalidixic acid

I K% Florfenicol MMM ZF:H ¥ Mequindox

K 2

PRKEZ Gentamicin BEE R Streptomycin
B RAE SRS W 18 SR B AE i 24 B

i e AT SR A R L

Fig.2 The proportion of drug-resistant bacteria in the
intestinal of sea cucumber accounted to the total culturable bacteria

155, MR L R AL S 7K T TR 24 B ) 23 S s (6 A A
PR AR BRI, GEitE K L4 R AR
PUA 2R 24 AP B LA (] 3)0 25 RAE Ri i 2y

AR, Hidh, Y1 SRR S AT 25 W A2 E
JE B B B Ve AT R AR A2 R B R
(Pseudoalteromonas), Y2 SR A i 24 R F 28 32 2k 25
B MR AR, W2 KBS 2 i Fh o 5
oI A BR 8 (Planococeus), Q2 SRAE A it
EMREET IR, LLE 4 AR S AR AE ] —
A& AN TR R AR T 22 Rl 2R RS L. W1 Rl Q13X
2 RME R M Z ;. 72 W1 RFE R Iﬁ#ﬁ‘?ﬁ
ARG ERIY ZFEPER s 7E Q1 SRAE R 3R
% OB MR KGR 3 ﬁhi%ﬂ’]ﬂﬁ?ﬁlﬂi%%
T @ AR T, T DU ER | ZRIERR N R R Y
M2 AR AR, M TE 4~5 g

23 BHERPHAERFEEST

X2 iE A PUFRZR 2 | T2 . AR K
A HEWE 1 L TR BT AR FR T 25 5 X 0 s o il 46 28 X
WL, XTV‘%IE’JQ@XT HFAXT T 16S rDNATY
FRXE AT, SR UL 4RI 5. B s g 24>
mﬂ%mﬁﬁiﬁltetA%ﬂtetG%m e RORER i lI)

R3 TEXRESMEREFREREINNWEERER BT LHFEH

Tab.3 Number of strains and genera of drug-resistant bacteria screened by antibiotic culture medium at different sampling sites

SKFE 5 Sampling sites

YidZE Antibiotics 41t Total
Y1 Y2 Wl w2 Ql Q2
DU Tetracycline 3(2) 2(1) 5(4) 2(2) 4(4) 2(2) 18(11)
ZEWERR Nalidixic acid 6(2) 3(2) 4(3) 2(2) 4(4) 3(2) 22(8)
%7K JE % Florfenicol 2(2) 1(1) 1(1) 2(2) 2(1) 2(1) 10(5)
Z B s Mequindox 1(1) 2(2) 5(4) 1(1) 2(1) 3(2) 14(7)
K KFE Gentamicin 2(2) 2(2) 3(3) 1(1) 1(1) 2(2) 11(9)
B & Streptomycin 4(3) 3(3) 5(5) 3(2) 5(5) 3(3) 23(17)
41t Total 18(6) 13(7) 23(13) 11(6) 18(14) 15(8) 98(30)

TE: 155N T B BT 25 BRRR R, 55 BB MRS 16S rDNA %5 45 2R i DC e 1) 14 J 7K1 i M 26 £
Note: Data outside the brackets is the number of drug-resistant strains isolated from the antibiotic plates, data inside the
brackets is the genus number classified by 16S rDNA sequences
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in each sampling point at the genus level
w B W
S & &

TR £ R R T 25 B = B A A
Distribution of the abundance of drug-resistant bacteria
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Fig.3 Distribution of drug-resistant bacteria abundance at each sampling site based at genus level
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Fig.4 Concentrations of target ARGs in the intestinal of sea cucumber

7.63x10%~5.24x10°F11.95%10°~1.91x107 copies/g, HIX}
16S rDNARY &34 1.69x102~1.01x107", [A]l—RA
FtetGHE DUEURtetAYS DB 12~944% o TR (24~ s 5
iR 255 it 245 5 PR gnr AT gnr SER) #0048 %8 & 1543 90N
1.71x10°~1.51x10*H18.57x10%~2.21x10® copies/g, FXF
16S rDNA Y £ 43 51 4.09x10*~7.87x107 F13.53%
107~4.18x10", [Al—RFE fianr SP DU anr ARS DALY
9~1.02x10°f% . ARG I it 24 58 i 22 251} 245 32 [K el e3 11
flORA 5 U1 %5 4 Xt &5 143 51 4 1.29x10°~ 8.66x 10" I
7.25% 10°~1.64x107 copies/g, FHX}16S rDNARYF 4>
W 0.17~16.4F10.28~4.56, ] — % AE s omle3H D1 %k

JE-floRFE DL 1.77~78. 745 . R FHEAEH 51 24 5E [H aadA
B4 DB XS 1M 1.18x10%<1.20%x10° copies/g, AHXT
16S tDNAM & HEM1.56x107%~ 8.73%107",

2.4 THEHESHBALH ST EEFENEXES T

BEXFIUIRE | ZRIERR . RAREH | KR R MBE
B 2R S0 25 WA S iR 25 B8P o A9 5 00 LY 7 A i
2L PR A AR X 4 DB CRE TR 246 %0 15 DL KR 55 168 rDNAE
PR ¢t %) 78 DLRCRA) L ARD) 70 S0 RO [ UL 20 A () o &4
FRIR , B[N aad AR XS P4 DU U0 R 25 3R LA RO
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Distribution Characteristics of Antibiotic Resistant Bacteria and
Antimicrobial Resistant Genes in the Intestine of Cultured Sea Cucumber
(Apostichopus japonicus) Seedlings in Shandong Province

YAN Qiangian'?, LI Bin®*, LIAO Meijie**", WANG Yingeng®’, ZHANG Zheng*®,
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Abstract In order to understand the current status of drug-resistant bacteria and drug-resistant genes
in the sea cucumber, seedlings were collected from 6 aquaculture farms in Shandong Province. The
number, proportion and species of antibiotic-resistant bacteria in the intestinal were tested. Meanwhile,
the distribution of seven drug-resistant genes of four classes of antibiotics was analyzed by quantitive
real-time PCR (qRT-PCR). The results were listed as follows: All of the six kinds of antibiotic-resistant
bacteria are detected at all six sampling sites. According to the proportion of drug-resistant bacteria to
total cultured bacteria, the top three highest proportions are mequindox, nalidixic acid and
tetracycline-resistant bacteria, with the proportions are 0.05%~40.06%, 2.16%~39.94% and 0.06%~23.15%,
respectively. The proportion of florfenicol, gentamicin and streptomycin-resistant bacteria range from
0.01% to 4.15%. The 98 antibiotic-resistant bacteria strains are identified as 4 phyla, 5 classes and
30 genera based on 16S rDNA sequence. The top 3 genera are Vibrio, Bacillus and Psychrobacter with the
detection rates of 15.30%, 13.27% and 12.25%, respectively. The components of drug-resistant bacteria
species varied at different sampling sites, and there are compound antibiotic-resistant strains in Mibrio,
Bacillus and Psychrobacter genera. The abundances of seven antibiotic resistance genes in six samples
show that the contents of different antibiotic resistance genes against the same antibiotic are significantly
different. There is significant correlation between the relative copy number ratio of aminoglycoside
resistance gene (aadA) and the proportion of streptomycin and gentamicin-resistant bacteria. The
correlation between the abundance of the other six genes and the proportion of drug-resistant bacteria is
not significant. The results indicate that there is a certain risk of drug-resistant bacteria and drug-resistant
genes in the seedling stage of sea cumber.

Key words Apostichopus japonicus; Intestine; Antibiotic resistant bacteria; Antimicrobial resistant
genes; Quantitive real-time PCR
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