TR A SR IR Dec. 20, 2021, 48(12): 4765—4775

Microbiology China DOI: 10.13344/j.microbiol.china.210538
tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

Il iR e T RER T BT REUF T

EWW M ETM AEH FEE
THA YRR R AR 230036

#H E. [¥x]) % &EF KH Nocardia seriolae) 2 —F 2 & A E K F AV FEE, T34
R R BB RBENRET ARG L RBHERNFM AR, BTSN AR KRGS T k.
[ B 49 8 #% 5| AL o808 e R B 3k 7R 5839 An )N 97 (Micropterus salmoides)% ™ Ja 4 7R H , RiTHEK
JatE, HiZ IR R 2B AR AR, [ %] BATIELE T REENF T TSB ARG BERS WA,
AR AT TAMFFT XERZrBAMK. E—FBIRN B FHRGFEHLE . 02 Lt
Jm N & 4 R BT B (LDso) VA BT B e M 8P 6 4R R m B AL SR R EF &, or L smit, [4
R AR EARA BB — KB F AR NI, 226 NI o5 B Reg R A 45, 16S tRNA LB 57| 5 #i & %
F KA E AR T 5 09 — B BAF - PCR 3845 R, AR A s s FRE. HairFRE
NI 2 B #3% % & H LR gapA. ibed F2 mip, AL )ARI G h N 88 BTG f KRR EIAAAGEIR,
xFAn 87 49 LDsy A 2.58x10° CFU/K. (AL RIFILRE| KT, SR, FFAE. B AMa3 b g M
NFMRE, MENERL. MAREPLE, DURELA T ILLT b, BRIET. qPCR AAMLERE
T, AR TPHEETFTRKARETH SIMMIRAAKE. <. . 5. . BALA. [4£4] Haitf
KRS Ak W 8P 45 Rt R B, sTiZE KRR A m W 8Pt KA R IR 7T 2
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Isolation, identification and pathogenicity of Nocardia seriolae
from Micropterus salmoides

LULili MEIFei CAO Shoulin GUO Jiajing LI Jinnian"

College of Animal Science and Technology, Anhui Agricultural University, Hefei, Anhui 230036, China

Abstract: [Background] Nocardia seriolae is the causative agent of chronic granulomatous disease in
cultured fish characterized by skin ulcers, bleeding and nodular formation in tissues, which seriously
harms aquaculture industry. So far, there is no effective prevention and treatment method for the disease.
[Objective] To clarify the pathogen causing sarcoidosis of Micropterus salmoides in an aquaculture farm
in Linquan county, Anhui province and to explore its pathogenicity, so as to provide a scientific basis for
the effective prevention and treatment of the disease. [Methods] The liver nodules were inoculated with
TSB medium to isolate dominant bacterial strain, which was then identified by phenotypic examination
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combined with test of molecular biology. The pathogenicity of the isolated strain was analyzed through
virulence gene identification, LDsy to Micropterus salmoides as well as the histopathological changes and
tissue bacterial load. [Results] A dominant strain NI was isolated from diseased fish and identified as
N. seriolae based on its phenotypic characteristics, the 16S rRNA gene sequence identity between the
strain NI and N. seriolae reference strains, and the result of specific PCR amplification. Strain NI carried
virulence genes gapA, ibed and mip, and its LDs, to Micropterus salmoides was 2.58x10° CFU/fish. The
clinical signs of Micropterus salmoides after artificial infection with the strain NI were in accordance with
those of natural cases. Histopathologically, chronic granulomatous lesions in head kidney, heart, liver,
stomach and spleen of diseased fish, loose intestinal muscle layer and shortened intestinal villi, loose and
widened muscle fibers in the muscle tissue were observed. qPCR analysis found the descending order of
N. seriolae load in the following infected tissues: head kidney, heart, liver, stomach, spleen, intestine and
muscle. [Conclusion] Nocardia seriolae is the pathogen causing the outbreak of sarcoidosis in
Micropterus salmoides in the local aquaculture farm. Results of the study on pathogenicity of the isolated
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strain provided a theoretical basis for the prevention and control of nocardiosis in Micropterus salmoides.

Keywords: Micropterus salmoides, Nocardia seriolae, isolation and identification, pathogenicity
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1 Me5Jk
1.1 ERRFABRAL

KIGH T DHS5a B2 54 B b5t RARA:
WRHEA R R St iR R R JCM3360 Al
RV R (Nocardia salmonicida)#fk 173685
Wy 1 P A ) T o R P P 5 S B TR
pMDI19-T Simple 1§ H TaKaRa 2\ H] .
1.2 L)

fR BRI B (1A B 30—40 g, 1R K 15—18 em),
WA B R BT B R IR
1.3 EFERAFFNIE

SGExcel UltraSYBR Mixture (With ROX) .
SanPrep #1320 DNA B [EIMGRFR &, A TAEY TR
()R A BRA R]; T4 DNA #4420, TaKaRa
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/NFl; 2xTag PCR MasterMix, DNA Marker, 4|
P SE R 4 DNA $2 U0 S Aok it &, b
WRMRAMBHEAR/AR; LB, TSB #3583 K&
TR R AR S E A, UM A R A BR A
Al G R AUE E W, R FE LR A W R
ARRAT

Thermal Cycler PCR 4%, Bio-Rad /3 #]; SZAT
P i PCR A, #IRAF]; 4 A shEE &5y
MRS, RSP RAR Ik, dba
N—EYRHE AR A F; ERERE, LiE—E
Bl A RA ) BEARROAERE , R R
LA PRAH]; BT RMEE, HLAH; 4
w T, I R A PR A
14 RERIS5HEDHER

B A AIRRIN TG, OB e Ak, W
SRARE S MERRIR AR 00 o RO IR &5 77 k- e Fh
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Bz TSB KigRdkalifbaiid, 2ifb)s mrakkdr s R oy
B bR NI
1.5 S EE NIBETE
1.5.1 EEERE

Ay B AR NI RN T 0.05%0 15 5 B B Bk
f9 TSB MIARREFR%E, 28 °C. 130 r/min R
3 do BURRER AR INAER N |, 22 [ /i

BRI, TG B S M A T WS B T bk
51 727N NN < | 21 = W LR B e S
1,52 HIBALFEENE

H- 53 B8 AR N5 0001 [C IR R AR JCM3360
Oy BIFERN TSBREFRIE, 28 CHERERK METE. Pk
BB 68 B 745 70 3 16 FhAn i o A b e,
28 °C 1557 3-5 d, M H A eAr I AR A AR
1.5.3 16S rRNA £F &) PCR & 5F 55

ZHE N AV R G CLBEOA R Al 6 A=
16S rRNA FEFE A5 1), AR
DNA $i Bz & 52 07 25 B bk NI A9 L[R2 DNA
YE RN . PCR RNAARR (30 pl): 2xTag PCR
MasterMix 15 pL, F. FiE514(10 umol/L)4%
1.5 uL, DNA ## 1.5 uL, ddH,0 #Me 30 pL. PCR
FLNi A . 94 °C 3 min; 94 °C 45s, 54°C45s,
72°C 90's, 30 ME#; 72 °C 5 min, PCR ™)
28 1.5%3n I WH BRI F DK R I AT H A IR 2%l )
ZAE F IR A RN PCR k4T 44k 5 5
M E

BRI 84228 GenBank ¥EfT BLAST 5
%, BURIEE R 10 £ HRTH, FIH
MEGA 6.0 S/ i HEF41 T 16S rRNA FE[H Y 5
GLiEALR, 3BT B R AR NI 5225 B AR (R0 35 2

x1 AHRPFAASY
Tablel Primers used in this study
Gene Primers Primers sequence (5'—3’) Annealing Size (bp) References
name name temperature (°C)
16S 16S rRNA-F AGAGTTTGATCCTGGCTCAG 54 1 500 [10]
N 168 IRNA-R  TACGGCTACCTTGTTACGACTT
gntR gntR-F CCTGCACATGGCCTCGTTCT 59 249 Designed by the researcher
gntR-R AGCGACTGGGTGAGTTCCTG
gapA gapA-F GTGACTGTCCGGGTAGGGAT 65 987 Designed by the researcher
gapA-R TTAGGCGAGACGGTTGGAGTAGC
ibeA ibeA-F ATGGGGGTGTTCTGTGGCATG 65 1194 Designed by the researcher
ibeA-R TCAGATCCGGTACCAGGTCGATT
mip mip-F ATGAGCAGCAAGCCGG 52 363 Designed by the researcher
mip-R CGACCTGCAGGACTTGACT
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1.6 #i&iEFRESBEK NI S HERED
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PR I B e 5 [ 7 Mip 8 12 22 Rl J5
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filfi £ 15 S TQ A 4 D AL B0, ARAS BB 2=
T -3-WE IR i A B (CPO17839.1, gapA) . [RZEZ TbeA
HE1(AP017900.1, ibed)F W2 i B e b 55 [H] 7
Mip (CP059737.1, mip)JRLHF5, LA
3XPRERMES I (ERME R LR 1) LA HIpk NI
FLNZ DNA Wiz, S8 1.53 RWIERRSE 1
HAR R, PCR R 43 B TR AR 2 45 4854 1 2
B SIS o R R] s T A PR R bR
JCM3360 H T B AR 7 QTR bR 173685 B
PEXT IR
1.7 S EEH NI BURMHES
1.7.1 T ERESF

60 (i 3040 g, M4 15-18 cm)fdFRE N
I PENG A K R G iE W PR IR 3R, — 8 BEALEL
3 RSt g AT AR R, e HOC A R R S 7
ATHEF IR . AR N PRI SR, KR h 26 °C 2
A, EEEFA, FHR 1/3-1/2 K, BRI
foyi £ J AL TR TV AR M AR R A RN A, i
O BRE R 6%,
1.7.2 5> EE# NI 3T &8585 LDsy N E

Bz N S EdL 3 5 40, B4 10 2.
14 4153 B A S 5.00%10°, 6.25x107

7.80x10° F1 9.75x10° CFU/mL 1 NI i, 145
0.2 mL/FE; 55 5 ZHME i S SRR AR 1Y) Jo T A B
ERK . RS 45 AL S0 i AN [R) F G H 4k 22 4
F%, WEL 14 d WM ARIET BB, BUET:
AL TR T BEANER , FE R Reed-Muench 3£
THEF B R NI X 65 i B8 UE & LDso.
1.7.3 EMBALREFRET

BEHLEER M 5 10 FBori 2 41, B S /4,
— 2 i R T SR B 5%10° CFU/mL (0.2 mL/J&E)fY
NI TRV, 79— 20 s v S S AR BT o A R VK AR
XRS5 KN AL SL It A TR
TR TBUFIE . AR, Sk'E. ok, 5. B
FULIA ZH 20, [R) s SR 4 ok 1 20 fe e £ %) AR o 41
41, [F—HEUREES N 2y, —rFRihE TE
AR A e Wb e, BRI GE R AW (G
HEVEH A B AL SUR LY |, S B T
WEL L LU B AR I A I 0 — M RE s T4
LU R
1.7.4 HEAHFE SR

DL 2 15 PG TR GntR 35 R B Ry R
#37 SYBR Green [ %6 E & PCR (Quantitative
PCR, qPCR)KGMIJrik. FELRE. S 154
J5 % PCR #7314 GntR £ Bt e % pMDI19-T
My g &4 5 B B B pMDI9-T-GntR , 32 Ht
pMD19-T-GntR 1E K BHPE#R UE S EFT qPCR, %
57 GntR FER B bR £k, #fE S L [l
J#t. qPCR S 1K & . 2xSGExcel UltraSYBR
Mixture 10 pL, pMDI19-T-GntR 1 pL, . Fi#5]
¥I(1 pmol/L)% 1 pL, ddH,O 7 uL. qPCR W 4%
. 95 °C 3 min; 95°C 155, 58 °C20s, 72 °C
20's, 40 MEH,

FRBUSRGL 5 240 by 40 mg, JHZH4! DNA $2
BUR ) SR 2R L 4] DNA (B3 4
DNAWE MBS T qPCR K, AEFRESL A 3 4
AT, AR [B1H y FR T A R AL 4R Y 3
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2 HRE54W
21 HREMFMTHSHENS BIER
SR R I L g, IRLAE AR RO
JIE S TREIDE MG N IL PR 2 RTEOEE RN B
TEANSER ST (B D)o BU IS, 35 gk H2 b
TSB #5775, 28 °C K537 4 d Ja & 2 LT Bk 4l
B asiR w6 RIEHEE . A% M
DIk B R (K] 2), faifbE i N
FEPE NI

1 BHEMMESEIINN S BT L

Figure 1 Changes of body surface and autopsy in
diseased Micropterus salmoides

T Bk R L . B (A RLEL B IEB) . Sk (C).
JRED) . BEIECE)FIIL A 210 (F) 1 1 €.45 15

Note: Arrows indicate bleeding and ulceration on the body
surface (A), and white nodules on the heart (B), head kidney (C),
liver (D), spleen (E) and muscle surface (F), respectively

B3 SBEENBES. REFEREH

Hitachi TEM system

B2 S EEKE TSB EFRE FRAKBEEFE
Figure 2 Colony characteristics of isolated strain on TSB
medium

2.2 HEEEK NI HRENFE

mEl 3 Pron, e E AT T AR R4 B APk
NI SH22 [CPHMAT R, A RaER. B
TREKAPRE R, PusEEE, FRK/ N
(0.6-0.8) pmx(4.0-6.8) um, KHEiE ., HE.
FZERURR IR LS AL . AR A LIRS S5 R R, HE
PRAR NI A9 A AR fb ke 5 6 fa 3 - 1 TR 7 PR
JCM3360 —3, KM NBEIiF D-#i %M 5 KRt
R, AR IR R A 6 A e 4R fb S I 56 457 B
P, AHIRERA RIS B, AL . 2200
HEERE . FERE . SO L-BThiam . 2. IhEL
FERIRZ, ANBRAEHIE, AKIEER R 2).

3.0 k Zoom-1 HC-1 80.0 kV 2020/06/03 11:38:45 |

2.0 pm

Figure 3 Morphology, dyeing characteristics and structure of the isolated strain NI

W A BB TR (100x); B: BETHLES T BEH (3 000x)

Note: A: Micrograph under optical microscope (100x); B: Micrograph under transmission electron microscope (3 000x)
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x2 SEBEEK NIBEERE LY bp

Table2 Physiological and biochemical characteristics of
the isolated strain NI
Item NI isolate JCM3360
N. seriolae JCM3360
D-glucose + +

1 500

Lactose — —
Maltose - -
Mannitol - -

Sucrose — —

Fructose - -

Rhamnose - - 4 5 EHERR NI B 16S rRNA 2 FE# PCR ¥ 12
Arabinose = = Figure 4 PCR amplification for 16S rRNA gene of the
Sorbitol - — isolated strain NI

Aesculin M: DL2000 DNA Marker; 1: AMAEAFIBHMEXTE; 2. NI
Citrate 3Bk

Gelatin = = M: DL2000 DNA Marker; 1: Negative control without template;

Starch 2: Isolated strain NI

Urea = _
Catalase 4 +

Nitrate reduction

(GenBank #5528 MT367731.1). BRI R
19 10 % itk 16S tRNA JE[K 5 41Ky £ R Gt

e e MIPEERA — BIPRSR e o RGN 5 Frzn, Jr bk NI S i
Note: +: Positive result; —: Negative result ﬁﬁmﬁﬁ%’ﬁ[i;f‘%ﬁi PIO1 Q?ft%é%j~i'i(ﬁ1§§ﬂy
23 S ESEH NIH 16S rRNA EEFFIRES  92%), RERREAL, FIHAMIERIL 99.9%,
L o4 2.4 SEEHK NI S PCR 2N

SYES TR NI 16S rRNA JE[A PCR 7145 5 B #35 FC R Y GntR FE RS 1975351

WKl 4 Frn, 761 500 bp 24 I E— DNA 4 XAy S pakE NI, i iR FCR R RE JCM3360 FIR
o MFERE/RIZ DNA KB 1 416 bp 5 RIRE EHK 173685 HE1T PCR KGN, 1.5%35005

« Nl isolate (MT367731.1)
0.005 93 || Nocardia seriolae strain PJO1 (MK045209.1)
99 Nocardia seriolae strain HSY-NS02 (MH588089.1)
97 L Nocardia seriolae strain NH-1 (JF834066.1)
98 Nocardia seriolae strain JCM3360 (£36925.1))
Nocardia seriolae strain NA117 (AF254421.1))
Nocardia crassostreae strain JCM 10500 (AFF430049.1)
98 [Nocardfa salmonicida strain DSM 44488 ((AF430051.1)
Nocardia salmonicida strain DSM 40472 (AF430050.1)
Nocardia asteroides strain DSM 43258 (AF430025.1)
WL Nocardia asteroides strain DSM 43255 (AF4300226.1)

98

98

5 ET 16S rRNA £2HFIIMSBEEK NI S5 FRESERRTHLEH

Figure 5 Phylogenetic tree of the isolated strain NI and Nocardia reference strains based on 16S rRNA gene sequence

T 5 N ES HARTE GenBank OB SES s HUBIIR“0.005 LR BIGIE B AN ; F—/3 K RIECT R 1 000 IREE
SRR I 14 19 245 20 A5 R

Note: Numbers in parentheses represent the sequences accession number of each strain in GenBank; Scale “0.005” represents the unit of
genetic distance; The number at each branch points represents the bootstrap confidence value of the 1 000 repeated sampling test
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WEBE I LUK 235 R S s, DA 02 TR AR R B 00 S [ T
PR JCM3360 Hr4 15 H — 25 5 U K /1M249 bp)
FAFFA DNA 2577, 1 AR EETE R [RTA R R 173685
R 1 A 1 450 (] 6)

G FRER S5 EY K
BT AR NI W2k ICH
2.5 N EE NIWEHERENER

PCR Fri 25 R B 7n , M3 B TR NI A £ 37
R G R JICM3360 SE[H 41 DNA HH 4 34 %) gapA |
ibed Fl mip FER(E] 7), FRBHZBARAEH X 3 Fl
R HE
2.6 S EBERK NI XA E5ES LDs,

LA [5] e B2 1) 43 5 R A1 VR 1] 01 J 24 o ] B
i, 4 d J5 25 B A S2 G fa Bl 2 R R R 5 A
SR 1 AR L) G BR AFITHR L A2 (1 1), I HAZ5 Y
9 e H PR A0 BIRE [R) AR AR TR, TG RE A SE B A
R IL A GIE TG, Ui 4 B bR N2 L I
PN B A5 506 e I T . il 8 53 3 B,
5.00x10° CFU/mL T ¢ 3 24 52 e A s 10 d
AFRIET; 6.25x107 CFU/mL B i Mk i 24 S2 6 £
FERERGY 14 d JEANFAET:, RIFAET 3N 81.25%;

TELER, W0 E o

bp M |

2000

1000
750

500

250
100

7 SEEW NIEFHEER PCR &N

bp bp

2000

1 000
750
500

250 249

100

6 S EEHE NI A GntR EE F EH) PCR ¥ 18
Figure 6 PCR amplification for GntR gene segment of
the isolated strain NI

M: DL2000 DNA Marker; 1: A3 R ICIE M 173685 [
PEXTIE S 20 MR IR AR JCM3360 BHTEXTHE; 3. NI
=17 S

M: DL2000 DNA Marker; 1: Negative control of N. salmonicida

strain 173685; 2: Positive control of N. seriolae strain JCM3360;
3: Isolated strain NI

7.80x10° CFU/mL #19.75%10° CFU/mL T W ¥ & 2H
SEfAE 14 d W RITFETE G 40.00% Fl
10.53%, % Reed-Muench 1313 HiZ 0 B AR %M
131 LDsy > 1.29x107 CFU/mL &, 2.58%10° CFU//Z.

3 bp Cw M 1 2 3 bp

1 194

Figure 7 Virulence genes of the isolated strain NI detected by PCR

W A: GapA WIEFE FBr; B: IbeA WIEHEFB; C: Mip MZEE B, M: DL2000 5% DL600 DNA Marker; 1: Z#EE#-RIGH
PR 173685 BIPEXTIR; 2. fifa il QR B JCM3360 FHTEXTAR; 3. NI ZrEstk

Note: A: gapA segment; B: ibed segment; C: mip segment. M: DL2000 or DL600 DNA Marker; 1: Negative control of N. salmonicida
strain 173685; 2: Positive control of N. seriolae strain JCM3360; 3: Isolated strain NI
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~ 5.00x10° CFU/mL
= 6.25%10" CFU/mL
100 -, 7.80x10° CFU/mL
90 F =-9.75x10° CFU/mL *= * %
80+ !
70 - ’ :....'
60 J 3

»’--9-2-

Mortality (%)

1 2 3 4 5 6 7 8 9 10111213 14
Time after infection (d)

8 ETARKREMSBEER NI EiRBRMM & aY
FL T2

Figure 8 Death curves of Micropterus salmoides infected
with the isolated strain NI at different concentration

2.7 S EERE NI BRI &SRy LA LRfRIE ST (L

ST ES TR NT TG M 5 5 d 5, 8
PSR e 2 IS B/ = ST 1 = 1
U353 K A AN TR R JEE 1 PR 2 i 1 e A, Hoh Sk B ep
PR ZE R 4 T B e 22, T FLIMBE T T SR 3 PR 2R A
PR T e %) £ S EC TR B R 1A L I 4 it R 5
Ui ; R AE N2 . o ERTE, MRHE
HLEFdEgiAs . (IR SE (R 9).
2.8 RUERANHEE

PR FCHE GntR AL R SE5 19, LU
10 5 25 H B9 pMDI19-T-GntR M #i Alg i 47
qPCR. Z5JANE 10 FroR, P ik feS
e TSR N <61 L R (1= = e = 9 A 1 B
PEUF . FRUERNZRATE 8.98x10°—8.98x10° #% Il 31 [H]
WEREIRIFLEXR, S HMLMERIE TN
y=—4.180 9x+48.23, AHEZ %L R* Jy 1.00.

x3 DBEEH NI EHY LDs,

Table 3 LDjs, of the isolated strain NI to Micropterus salmoides

NTIEGL 5 d JREBSLAARHL,
1) qPCR ikl i h A Bkt . 255 11
FIR, TERRNA NI 3 B bk NI f27E, Hrp
S AR, 16F(54.82+0.93)x107 #% Il /mg,
e 2 25 T A 454G 4 21 (P<0.01) . HUM 0
JE 55 RFIEZHZ, 435900 (42.721.95)% 107 #% Il /mg
H1(41.35£2.48)x 10> ¥ Il /mg, P A JC ¢ & 2%
S, HRFSWREESTH. . BRIKRAA
(P<0.05 B P<0.01), & . L. I FINLAZHZ b A
TR UG M (35.54+1.10)% 10, (20.77+1.17)x10%,
(16.26:£1.49)<10° F1(4.06+0.23)x10* ¥ Il /mg,, i ELAH
HZ A A 2 B 2 25 7 (P<0.05 B P<0.01)
[T, o A3 rp oy B BN TR T 45 R 3R
B, i fa R EC TR 40 B B RR NI AT FE R R0 8t
1Z 5
3 WikE4w

U T 2 TR P 1 A A A TR AR R AIE
(LR FEE TN 16S IRNA KR40 47, 18
JEXT T — R 2o R AR R B R 5, B TRl
6] 16S rRNA JERJFHIAMIEE R R, 1l AR
“FiaKE b S e A5 R ER AN S . HRTE AIRES |
K= Bl WA FC B 1A DA 455 £ 1 EC T
(Nocardia seriolae), FRER IRH(N. asteroids) .
MBI R ERE (N, crassostreae) IS #ETE R K
(N. salmonicida) 4 U0 2 e o ST E TR G
16S rRNA JE [ Fifr g 55 1] 510 B R A o 42
T, 43514 99.1%-100.0%71 95.7%—98.8%. X} iit,
AWFFEFEXT NI 4y BRI TR AU E 5 16S rRNA

Group No.  Concentration (CFU/mL) Dose (mL) Number of fish used  Cumulative results
Survive number Death number  Mortality (%)
1 5.00x10° 0.20 10 0 23 100.00
2 6.25x10’ 0.20 10 3 13 81.25
3 7.80x10° 0.20 10 9 6 40.00
4 9.75x10° 0.20 10 17 2 10.53
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Figure 9 Histopathological changes of Micropterus salmoides infected with the isolated strain NI (H&E staining)

@: A. C. E. G. I. KAIMFIEHEMLE . o . & 8. BARAAL10x); B, D. F. HMJ: BYJELE. o, JF.
B A2 b P ZE I (10>, [P, FI e Sk o i — 25 BOR S 76 TR 2E I R FE AL N T DL 22 4R 40 181 8 11 T (100>, & sk)s L
B RGP UZ R . BB 10x, BEfik); N: B ENRAHS P ULEF4egins . 8P 5E(10%)

Note: A, C, E, G, I, K and M represent normal head kidney, heart, liver, stomach, spleen, intestine and muscle, respectively (10x); B, D,
F, H and J represent granulomas (10%, round) found in the head kidney, heart, liver, stomach and spleen after infection, respectively,
filamentous bacteria or bacterial clusters (100%, black arrow) are observed in granulomatous necrosis after further enlargement of the

white arrow section; L: Loose muscle layer of intestine and partial abscission of intestinal villi (10x, black arrow) after infection; N:
Loose muscle fiber and widened gap in muscle tissue after infection (10x)
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Figure 10 Amplification and standard curve of qPCR based on the recombinant plasmid pMD19-T-GntR
TE: A: PR B: AniEfiZ. 1-6: M 8.98x10° £ 8.98x10° % Ul /uL i Foe Ay i £ ik

Note: A: Amplification curve; B: Standard curve. 1-6: pMD19-T-GntR diluted from 8.98x10% to 8.98x10° copies/uL

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



N
-
~
Ny

(DGR ESTE(

Microbiol. China

60r

&k

40t : :

: * 3k
20 1 : |-=‘
0 | \ -
& & &S &
'\b ‘2\ ) & & %& & @\}

N
>
&

R

Bacterial loads (*10? copies/mg)

Tissue

11 S EBEE NIBEES d FMMNESREEEPIE
EHE

Figure 11 Bacterial loads in different tissues of
Micropterus salmoides at 5 days post-injection with the
isolated strain NI

T RS USRI R A 40 B Y B35 (1) B B 25 () 22 5+
Note: Asterisks represent significant (¥) or extremely significant
(**) differences in bacterial load among different tissues

LR 81 A Rtk L, E—25 HUE BT 4 Rl I
iR R A L 2 e, R B AR A
GntR BN F 455 3k 5E B A 45 F 3l g i 5] e
B AR R TC TR ] 22 50K BN & BEAR ST
HETI A Primer 6.0 3476 12 56 R B 800, T 45 &
S/ AL O TR S S 1, SR T A R
QPR 5 PCR K IF 3R A5 BH S5 R, IS5 1
RGBS 5T I 1 NI 43 5k v 8 68 2 S filif 0 345
RIH.

SR T B £ 3R EC R N 20 28 R 1 B0 1
A SCNEE I EERGIN . LDso MISE . 2H 2190 B 4G
2RISR R AR 4 AN AR SY .
2 VS S Ml 161 55 EQ TR 40 B Bk 230503 X B Eh £ fy
LDsy J9 3.39x10° CFU/JE ; ¥ CHESR i se 45 51
B i A RGN S B 2 S Y LDsy K
1.52x10° CFU/RB o ABIFEH NI 23 B FR i fiti g
LDsy H 2.58x10° CFU/RE, il FLIFII #5747 gapA .ibed
M mip 3X 3 FhEEBLRE S SLIH , 45 R A Ffa 24
Z A HEHTAS ) i £ 375 R TR TR 20 B R IR I BE ) A
], B LDso ME S5 R 225 .

NI 3 AR T [ = 8 e J5 AT 536 in Y f5 sk

B LD EL SR OB B Y 2 Y
T HLE5T oA AR X SR B 2R b 5
EPLEE AR AT F SRS T A R A
6L o PR 2 b 854 Ay fli £ 35S E TR 5 i = 20 M =2 [ A
AR PSR SE R, HOE s R R AR
FIR) B IS X TR 2 R B 2R (A i - 3 - Wl i
ity ZL T B A Mg 1w, HET A R R (W IbeA)
RAEWEARAL, FF7E B W 20 ff S gL 14558 X7 Mip
A P T W 2 i P R 3 7, 5 3 E W 4
RAE TR ZEES 1 TR . ©A SCEkRGE B
WEAN M ANYE ALY T ARt R RIER T,
AR A IG5 200 T 17%) 5 5 200 L L EPLA 4 AR b L 4 A
Wi R L R AR TR AL, 25 A ZE T Bt R R
AW HE— 4 R qPCR K NT 43 B85 bk 7E 4 41
FRIZR R R, & BRI RG I L0 20 P 3545 NT 2 B ARATAE
FOA MR R AT IFER RN Tz e g, o
KB B R A, X S B A 2 A
B2 | s ™ B — B0, RN Sk B
R RE AR A b S 4

A5 B A 2 0 G T NT 20 B8 2 R &
BB S IR I S 23577590 R D AT, DA ) BRI
Rl . LDso MIAE . 202U H A A0 A F 4] 21 3k i
K 4 A 77 TR 4 25 Ak HA R Eow o, L
FORHLE T Z i — B

REFERENCES

[1] Brown TG, Runciman B, Pollard S, Grant ADA. Biological
synopsis of largemouth bass (Micropterus salmoides)[J].
Canadian Manuscript Report of Fisheries and Aquatic
Sciences, 2009, 2884: 1-27

[2] Brown-Elliott BA, Brown JM, Conville PS, Wallace RJ.
Clinical and laboratory features of the Nocardia spp. based
on current molecular taxonomy[J]. Clinical Microbiology
Reviews, 2006, 19(2): 259-282

[3] Wang F, Wang XG, Liu C, Chang OQ, Feng YY, Jiang L,
Li KB. Nocardia seriolae infection in cultured jade perch,
Scortum barcoo[J]. Aquaculture International, 2017, 25(6):
2201-2212

[4] Vu-Khac H, Duong VQ, Chen SC, Pham TH, Nguyen TT,
Trinh TT. Isolation and genetic characterization of Nocardia
seriolae from snubnose pompano Trachinotus blochii in

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EVIIBN A o ffs 5 60 e 35 TR 1 43 B 88 M O Pk

4775

Vietnam[J]. Diseases of Aquatic Organisms, 2016, 120(2):
173-177

[5] Kim JD, Lee NS, Do JW, Kim MS, Seo HG, Cho M, Jung
SH, Han HJ. Nocardia seriolae infection in the cultured eel
Anguilla japonica in Korea[l]]. Journal of Fish Diseases,
2018, 41(11): 1745-1750

[6] Liao PC, Tsai MA, See MS, Wang PC, Chen SC. Isolation
and characterization of Nocardia seriolae, a causative agent
of systematic granuloma in cultured East Asian four finger
threadfin, Eleutheronema rhadinum, and red snapper,
Lutjanus erythropterus[J]. Aquaculture Research, 2020,
52(2): 763-770

[7] Jiang YY, Li YW, Zhou SM, Li AX. Isolation and
identification of Nocardia, a pathogen of nocardiosis in
largemouth  bass, salmoides[J].  Acta
Scientiarum Naturalium Universitatis Sunyatseni: Natural
Science, 2012, 51(1): 76-81 (in Chinese)
BRI, 250, RRY, 22426 I & vk - i It
B8 5 EEE ] PR i (B AR R, 2012,
51(1): 76-81

[8] Lei XP, Geng Y, Zhao RX, Bai MH, Qin ZY, Ouyang P,
Huang XL, Chen DF. Isolation and identification of
Nocardia seriolae from large-mouth bass (Micropterus
salmoides) and pathological lesions of its infection[J].
Journal of Yunnan Agricultural University: Natural Science,
2020, 35(4): 635-642 (in Chinese)
WEWY, TR, B4, FUM, BRI, BEAME, 2/
i, BREEDT . I RV R T Y 20 i 48 B UL i
TG, 2 AL K2 AR 28 FH), 2020,
35(4): 635-642

[9] He SY, Wei WY, Liu T, Yang Q, Xie H, He QY, Wang KY.
Isolation, identification and histopathological study on

Micropterus

lethal sarcoidosis of Micropterus salmoides[J]. Journal of
Fisheries of China, 2020, 44(2): 253-265 (in Chinese)
i s, BRSO, XURE, WM, BHE, fIRE, IR, K
1R BSEOBE PESE T LN 23 8 . S8 B 2H 20 LA WL
FL[I]. K724, 2020, 44(2): 253-265

[10] Edwards U, Rogall T, Blocker H, Emde M, Bottger EC,
Isolation and direct complete nucleotide determination of
entire genes: characterization of a gene coding for 16S
ribosomal RNA[J]. Nucleic Acids Research, 1989, 17(19):
7843-7853

[11] Liu GF, Wang XX, Su HZ, Lu GT, Progress on the GntR
family transcription regulators in bacteria[J]. Hereditas,
2021, 43(1): 66-73 (in Chinese)
XIEDF, ERR, 78R, Mot M GntR ZEH &
VYRR SRR D). 1L, 2021, 43(1): 66-73

[12] Ho PY, Chen YC, Maekawa S, Hu HH, Tsai AW, Chang YF,
Wang PC, Chen SC. Efficacy of recombinant protein
vaccines for protection against Nocardia seriolae infection
in the largemouth bass Micropterus salmoides[J]. Fish and
Shellfish Immunology, 2018, 78(7): 35-41

[13] Cieza RJ, Hu J, Ross BN, Sbrana E, Torres AG, The IbeA
invasin of adherent-invasive Escherichia coli mediates
interaction with intestinal epithelia and macrophages[J].
Infection and Immunity, 2015, 83(5): 1904-1918

[14] Cianciotto NP, Fields BS. Legionella pneumophila mip gene
potentiates intracellular infection of protozoa and human
macrophages[J]. Proceedings of the National Academy of
Sciences of the United States of America, 1992, 89(11):
5188-5191

[15] Reed LJ, Muench H. A simple method of estimating fifty
per cent endpoints[J]. American Journal of Epidemiology,
1938, 27(3): 493-497

[16] Maekawa S, Yoshida T, Wang PC, Chen SC. Current
knowledge of nocardiosis in teleost fish[J] Journal of Fish
Diseases, 2018, 41(3): 413-419

[17] Li LX, Zhang YY, Liu HC, Tan XL, Li ZJ, Lou YL.
Evaluation of 16S rDNA sequence method in identification
of Nocardia species[J]. Chinese Journal of Zoonoses, 2015,
31(11): 1017-1022 (in Chinese)

R, SRIELE, XN, WRET, BIRE, BKR. 16S
tDNA J¥FITE R B B P E i i Esr R ). HEA
Ak d AR, 2015, 31(11): 1017-1022

[18] Xia LQ, Wang M, Lai JB, Chen RM, Xu L, Lu YS.
Establishment of a zebrafish model for Nocardia seriolae
and histopathological study[J]. Journal of Tropical Biology,
2016, 7(4): 409-416
BrRE, R, BN, BRBUEL thee, B R, Bl
% PR TR B L B T £ BB (3 T 5 A SR IAE F ST 0], A
HHMIEAR, 2016, 7(4): 409-416

[19] Wang WJ, Chen JL, Hou SY, Lu YS, Xia LQ. A
histopathological study of Nocardia seriolae infection in
hybrid snakehead [J]. Genomics and applied Biology, 2019,
38(10): 4439-4446 (in Chinese)

FICHE, BRAEEAR, R, B GE, BALRE. i RIR
R 14 B S 0 4 SO B BFSE 0], IR 41 5 5
FHEEWIZE, 2019, 38(10): 4439-4446

[20] Man QM. Studies on pathogenic mechanism of Nocardia
seriolae[D]. Shanghai: Shanghai Ocean University, 2013 (in
Chinese)

WS @i -R IREBUR LR TR [D]. B B
MR, 2013

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



