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marinum), X 3 BCRT B E R 2 S5 15 [ A
(T8 IR, AT Ry RS2 B 1) 75 4 1 fet BRE 5 4
RIS RIS

1 ##FHE=E

1.1 XEXFH

SRR R 22 B R AR T L I VR IX L i K
Feh, KK N 10~14 cm, BiFE A A E S48
Bl PR A S W AT I WA IR A . IR
6~10 om 9 {gBRE R 32 B phy R TIT I 7 IX ST A 7K
FEFRAH A RN Fl AR
1.2 FERHA

ki O V2 W B3 7% 5 (BHI) . Middlebrook 7H10
(+OADC)}5 573 (7H10), Lowenstein-Jenen 53¢ 3k
(L-D T E BD /2 F], DNA #EGKHI& . 2%
Master PCR MIX Il F 5 A9 T FECRI%E) A FRAF,
20 B i AR AR T A BTN B A R A BR A D
1.3 FEENSBMFEHRR

FH MS222 X} s b AT R 5, FH 70%10 K
FRER S S A8 TR, TOTR A5 1 X fa 47 A ),
FHAZFR R 4331 DA RO €20 79 55 A R e 20 2 i/ e
FESLRIZE R0 T BHIL 7H10 Fl L-J K537 3L, 28°C

W8 4 BRI 0EE, smIBULSwE i T s
PRAff. BUBSRMAEESS . B ZEW . PNEZS T4
FE S TE A B AT AR A A A
1.4 REARAY KR

VR A ELNE L BFRE . FERE . B iE AN
Y12y 0.5 em /N, FHPPERRR SRR E )G,
PRTREBE K, A, DI 5 nm B, AR5
17 hematoxylin-eosin staining 44 {&,(HE)F1 Ziehl-
Neelsen Y {f,(ZN),
1.5 BREBNFTERRQN

Vg S5 £ JLIUE I A S R T IR A 51K, A
Msi4H4t DNA PG &5 DNA, 735%1 H
43 B 1 8 (Mycobacterium)idi 11 5191 T39. T13
F1 preT43 . T531, f&E:'F +T 4 (Renibacterium sal-
moninarum)#&:ill 5[4 BKDF., BKDR F1 BKDF2 .
BKDR2, 37 5% K [C A& (Rickettsia-like organism)#%;
M54 PS-F. PS-R #E1F PCR il D', %t
PCR e A7 Il . My, MF45R 5 NCBI %L
P& H 25 5% GenBank [13E K Betb 47 HEXT S
1.6 NEEHRHNITENFEE

FIHATE DNA $EBGR & B HUr B T bk Y
S, LR, R S RSO & i 5

®1 ASLWHETANSIY

Tab.1 PCR primers used in this study
5% £ % primer 511 %51 (5'-3") sequence (5'-3") P44 i BoK B /bp segment length JH3%& application
T39 GCGAACGGGTGAGTAACACG 936 ZEIC PCR Rl S A AT 7 Jes 40 7
T13 TGCACACAGGCCACAAGGGA test Mycobacteria sp. by nested PCR
preT43 AATGGGCGCAAGCCTGATG 300-312
T531 ACCGCTACACCAGGAAT
BKDF GACGGCAATGTCCGTTCCCGGTTT 501 £ [C PCR Kl BHAT 18
BKDR CAAGGTGAAGGGAATTCTTCCACT ;ees;teiegiggaerium salmoninarum by
BKDF2 CGCATTATCGTTACACCC 314
BKDR2 TTCAACAGTACAAGGCTTCA
PS-F CTAGGAGATGAGCCCGCGTTG 390 PCR #6057 5 4K R A4
PS-R ATTTCA CATCCAACTTAATCT test Piscirickettsia by PCR
27F AGAGTTTGATCMTGGCTCAG 1480-1494 P14 16S rDNA FE[H
1492R TACGGYTACCTTGTTACGACTT 168 rDNA gene clone
Myco-F GGCAAGGTCACCCCGAAGGG 752-761 B3 rpoB %A
Myco-R AGCGGCTGCTGGGTGATCATC poB gene clone
Hsp-F ATCGCCAAGGAGATCGAGCT 644 P4 hsp65 F:[H

Hsp-R AAGGTGCCGCGGATCTTGTT

hsp65 gene clone
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YIEATEE G PCR A& . bk, 435I 514 27F
1 1492R "3 Myco-F #l Myco-R "%, Hsp-F #i
Hsp-RU'7 184 73 BS B4k 19 16S rRNA | rpoB., hsp65
FLEFH)(F 1), PCR ¥ =yl EWE, 5

PMD-18T #k A% 4%, %% E. coil TOP10 A2 A5 41 fifd,

PRECBA M FE R R 700 P, DNA P A T A9 T
(W) M A PR AR S8R, FIH NCBI $dE F
X 5 SRR AT IR g, AL MEGA 4.1
A R FH AR AL A8 3% 15 (neighbor-joining) 14 #E 2 4
KA

1.7 HEEMRHESENEZEIE WIS

2 MR AR 75 BRSOy ek 43 B B bR A 2 B
AR, BRI A . HRRE AR . 5%NaCl
AR PRI PE . SR AREETEE . 07 A O R WS PR
Fnnt i -80 7K i .

A3 B AR )7 BT L B K FH 2.5% )8 AT
ST E, 28 0.1 mol/L FIREIR 2% rh il i Uk 3
Wa, T %R T 4°C TR E 3 h; KRG
SEOPWOETE 3 K, SEERREEBIK, PR b E i,
Spurr M 512 B, YA 70 nm JEBE, ZESHR XL
AU AT R AT YL, S H B R T ARSI
Eia e

Sy BRI B IER: ) 2.5% 1 X
WE AT G, EAT CEERR EE K . P DR AR
e I TR AR ORGSR AR RS
JUE SIS eI
1.8 AR

69 JEfilt R ZE BT AE R % 2 J S o TS840

SN N -

BEMLIEEHL 9 R o TR i Al 23 5 9 Je
N IER A FE S, HIRE R PCR Ik 740k
FF U 40 R R, SO A R R 9 R A B
Hx 60 B ARZE ST RENLT-34530 2 4, LA
JEsESF 0.1 mL 3x10° CFU/mL myco-10 B2, %
FRZHTEST 0.1 mL 0.85% 9 Jopd AL BHER /K . SEu
1 22°C TR FRIE R G F75H 30 d, RERMEE
019 % 9 18 DL I Je ik 87 sE 0, it 4h R,
WA 14 FH T8 S A PR 43 B

2 HERE5HH

21 BRGAFEERMALRETRINE

SR R D BRI IR (6 R BAMAR T B
SR, FFH W R AT A A AR, BRAR R R
g R AE B AN, AR AR A I B 2 A
X R AR AT AR, ZERRNE R R K
gESs, HAN 0.5~2.0 mm (E 1),

FIHAL Y R, & IBRMAEE 2A)F1 'S kL
ZU(E 20) A7 e R S 1 IR Sl 1501 45 15 LA,
FEFF AR (K 2E)FizmIE (K 2G) P frfe /b Ry,
BN 20~500 pum. il EURELE, KL
JIE HPAEAE R PSR AE AL, DA R I 2k 8% 2R 1 T AR
(l 2B), EHEAZL I /INEIRTE, T E/INE B
AR (B 2D). JHEAHMAR B A8 Pk, 53 I
0 M A0 O AZ T 2 () 2F), il A 7E 45 7 1 i
WERAMAEWE 2G). LA, FIABIRYEE, 7
' 0 G AT 21 27 rp & B R S ) AR B R A0 A (R
2H, 21),

B

P17 DR 2 B ) 3 B AIE
T (A) AR TR (B) b 42 IR B Y (A 5519 (— BT 7R).
Fig. 1 Typical symptom of Scophthalmus maximus suffering granulomas in internal organs
Abundant white granulomas were observed in the spleen (A) and kidneys (B) (arrows).
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A. C. E. G: Mk, WHE. IFHE. Wi8EPAAAER

5 (% TR )(HE YL 8); B. WA b il gk i Z Ui BT

(HE Jt(a); D. 'B/ME LSk, 338 (T) (HE e ta); F. AFAUAAS A 25 15 (T) (HE ),
H L U DE o A7 A K R PR B () (ZN e ).
Fig. 2 The pathological changes of the tissue of diseased fish
A, C, E, G: abundant nodules in spleen, kindey, liver and intestinal tract (stars) (HE); B. Hemosiderin deposition
in spleen (arrows) (HE); D. Degeneration and necrosis in the epithelial cells of tubules (arrows) (HE);
F. Fatty degeneration of hepatocytes (arrows) (HE); H, 1. lots of acid-fast bacilli in kindey and spleen (arrows) (ZN).
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FIHE R PCR ik, X g fi py il 2Lk 7
STROFT R R A TR (RN, 255 oAy 1 936 bp
F1308 bp MYFF 2 EAZIR 7 B, X PCR = #4710
J¥ . HAE BRI, BRRIT S5 5 RO B AR AL
S 99% o | FH B FF B AT Uk (AR PCR R 5
YA REY 3Gt H 1 471 (B 3).

23 mEEMIB4L

FIH 7TH10 ¥EFRHE, DA AR f 6L 7B I AT
DI BB KR mIBE -8 BEIE . T8 B
%o KL TR T lifk, K a4 myco-10,
MR ST, HERE myco-10 7F TH10 Al L-T 55 F# 3&
AR O A, G 48 h DS, HOAEE
R ( 4), 16 BHI SEAR P, Bk myco-10 4=
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2000

1000
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K3 B 2 SO SRR I AR AR myc-10 #Y
16S rDNA ., rpoB. Hsp65 A X 14
M: DL2000 DNA marker; 1, 2: X 5595 6 3: 47 40 R AT B K60
3, 4: b A AT EE AT BRI 50 X AR FLEAT ST 3R IR
FCARKEIN; 6, 7: X TR Bk myco-10 MEAT 4B AF i K ; 8, 9, 10:
Bk myco-10 [ 16Sr DNA | rpoB., Hsp65 &K f) 3 1.

Fig. 3 Pathogens detection for disease fish by PCR and am-
plify 16S rDNA, rpoB, Hsp65 genes for isolate myco-10
M: DL2000 DNA marker; 1, 2: test Mycobacterium sp. for
disease fish; 3, 4: test Renibacterium salmoninarum for disease
fish; 5: test Rickettsia-like organism for disease fish; 6, 7: test
Mycobacterium sp. for isolated myco-10; 8, 9, 10: amplifying

16S rDNA, rpoB, Hsp65 genes for isolate myco-10.
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AR AR R R, TR myco-10 7ENR
fifi . Tween-80 /Kfi#t . 68°C Fid A LA . I &
i PR T 55 i 7 P s BH A, A R4 L . 5% NaCl
AR BT

YT BE myco-10 #47 ZN Jefa, S5 HME
(Kl 5A). AT HEFBEEE AN, Wik myco-10 Y
S M CHEEF N, WIRK/NR 2 pmx0.4 pm~

3 umx0.4 um (& 5B), Wil EH B LM, HE
myco-10 4L EEL IS (& 5C).

PCR "4k 75 B #k myco-10 %) 16S rDNA .
rpoB. Hsp65 S 7 B, FBiRK/IN3il ok 1492 bp.,
761 bp il 644 bp (&1 3), FIHNCBI ##8FE k17 Lk
XFo3 0, A BT A 5 53 A TR T AE ABLRE e o
43 F ] GenBank HY EL B S B /A AT B R 1 16S
rDNA. rpoB Fl Hsp65 HE[K 7513547V BLHES J5 #4)
HAGKEW, FiRFH, myco-10 1 16S rDNA
(1) 5 AT 91 5 35t 975 53 AT B (Mycobacterium  ul-
cerans) . AR IR L 4542 3 B B (Mycobacterium
tuberculosis) . 44K AT B (Mycobacterium bovis) |
L1 3 43 K% #F 7 (Mycobacterium caprae) 3 58 — %
(K 6). myco-10 (1) rpoB Fl Hsp65 FE A T 51 5 5t
Y T BCFF IR L A BT B SR S — R (1 7 RN 8),

PEARIE, BT E R ropB Al Hsp65 JE[R 4%
168 rDNA %K 7 Fha] HAT 5 4 i1 X 43 1, F
AP AEEFIMERELEN, KU
myco-10 A& 5 H A /3BT # 43FF, HA5R 5855
RT3 R 92 3 BT 1R R A — R (B 7, B 8). X
AT BESE F TR S AT T A5 2 43 RSOFT T 1) 2 PR 4
5 B HADLT i LB TR 35 98.3%)%) . AR B/
A S 2 B, E K myco-10 B Tween-80 /K it
TR 75 B 2 T T B oy Ry BH P, 55 9 23 S TR — 2,
145 57 B AR I, R T4
R4 BRI, F PR myco-10 %E5E Mg
B o

K4 TGPk myco-10 HYTE V&L S RHEFDL ™ bk
L-T 35353 (A)HI TH10 1555 3E(B), Bk myco-10 BB MG IRAT (F ) FDE IR (Z£34).
Fig. 4 Morphology and photochromogenicity of isolated myco-10
Lowenstein-Jensen slant tubes (A) and 7H10 agar medium (B). White colonies (right) of isolated myco-10
turned yellow (left) when exposed to light directly.
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Fig. 5 Morphological characteristics of isolated myco-10
A. Acid-Fast stain; B. Scanning electron micrograph; C. Transmission electron microscopy.
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Fig. 6 Phylogenetic tree based on neighbor-joining analyses of the 16S rDNA gene sequences
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F A 55 20 i 1 (Aeromonas salmonicida) 27, 7
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T IR0 B 2 115, A PCR {7 1 % U (1 9E4T
X3 A B AR, DL A S U RS
TEBE A3 1 5 VR X B AT 40 B R 5, B AR
Ui, 22 PCR KGN A& BE, M AR £ P9 4 2
T3] 3 R FF TR BH P, S R BR RN ST T VR EG A B
P X SO 10T fE Bl BRIk L .

25 BOFF TR S — 2 A0 RO TR 1 A 25
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FEDE, 3 U6 BH TR 2 R AT 8 1T R K hy JR e v [
%0 2 1 DL R, TS R E A

JRAG A 245 dos Santos 25PN T 2002 4E 1
N B T e Y R NN T VR o S
ERR G RR A 2 000, %o 5 L BT 1 A 12 75 2 R M AR
5 1 23 B I A 0T R 2R A kAT e, HL
PN TIRGL I sh B i IS E R & sh 25 Ly
etk . 7E dos Santos ZFCTBESE T, BARDE T
FEALRR R, (AR TT R N TR YL SE 0, AN 9% 38 ok
(A SZ IS B IE T myco-10 B #R X K2 8 10 B0m 1,
S5 s B 5 A AR & 09 K38 B 2L e AR,
PN RE T RS2 B2 085 A AS AT 1T 1) 5 8% 32

5 £, B 5 fh(Brachydanio rerio)it) E g
200 0 R 7 WV A A AT BT, X AL T AT B R o ¥
AT e BE St fA g A KPP HE— a5 &
PR, IR TR A A BE D A P A K A
B2 A0 M P42 B i A R A DY At
5590 D PR R A S P I ) S e AR R, 440
V1% 144 5 o AL 7 WG P Ao 5 5 200 i 1% 7 Wk e
FI0F, FEWEANMTT 0GR AR M IRBE, AN R R
B, X CFECT B RN e R A R A B
WIAEVESRBE A RE AN A, DL SR B A i TR S
Wi J 2T 3R A 114 5 W 4 R G 328 200 i [0 25
B LT N A0 A R T S, AN R AN
B, G AT BT T R R B S5, BEE
IS E A, BRI . AR5
B rb, RS A 00 B G AE HR R 3 B A
YL RN (& 2B), MRME . B RERIAE S A2
PESRE, XETRNAFERZ M E G, Hits
TERLEET, ARAS S8 b 7 SR RS2 6 % T vh 4
RET S5 NAETE, XS5 E VA F5a
KA 5 Tk — 5%

T 25X LS i 20 45715 S, AT 5 2O
FIZ5 %t (0280 BT BB BEAT IR T R A A Y,
DAL T AT B A A TR AT R 2E 25 )
PEATIRIT A WL R CR o 0 A e B BT i i
Jei, B K i R A BE S AL, H R JCA ALY
AEPRA G R AT B A 0 R 45 LA
T, 2% TR AT TR o a2 £, 288 PR 23 BORF B TR T
) B AT A, AR R At A e R h,
JEOP BT G A T AR, REARAN B, AR A0
RIUR G W, i LIZ 7 e A 7 T AR MR
Mo A& RARRERRRIEAR TR, HRZ
WIF 53 26 W 43 BT 1 B 0 5t 3R P K AR A T 1B 4570,
P, XFIRBEK = AT P M T B, X B At AT
JERRE R] RE S H AT T3 5 00 28 70 SOAT TR B e A1 5K
O HE . LAh, FR i R R e AP
P, TR JR #8128 50 BORF T 5 9 14 Bl 22 4F 5
X TR SR B B W AN SR A A HEHR B A Y
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Isolation and identification of the pathogen causing granulomas in in-
ternal organs of turbot Scophthalmus maximus
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2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Tianjin Aquatic Animal Disease Prevention and Control Center, Tianjin 300221, China

Abstract: Turbot (Scophthalmus maximus) is an economically important marine fish species cultured in China.
However, disease is a major problem in the turbot aquaculture fishery, causing high mortality. In August 2017, a
disease outbreak among turbot in a marine farm in Tianjin led to a cumulative mortality rate of 25%. The main
symptom of the disease was abundant white granulomas in the internal organs of the turbot. To define the causa-
tive pathogens, bacteria were isolated from the spleen and kidneys of diseased fish using conventional methods.
An artificial infection experiment was conducted to determine the pathogenicity of the isolated strain. The 16S
rDNA, Hsp65, and ropB gene sequences, as well as morphological and biochemical characteristics of the strain,
were examined. In addition, histopathological analysis was performed on the diseased turbot. Abundant white
granulomas were observed in the spleen, kidneys, livers, and intestinal tracts of diseased fish. The hepatocytes in
the livers of the diseased fish were damaged, and several irregular vacuolations were observed. Some of the spleen
cells were enlarged and necrotic, and epithelial cells from the renal tubule showed vacuolar degeneration and ne-
crosis. Furthermore, in the center of the pregranulomas, as well as kidney and spleen macrophages contained sev-
eral phagocytized red, rod-shaped acid-fast bacteria. Strain myco-10 was isolated from spleens of diseased fish.
Healthy turbot were subjected to bacterial challenge tests by intraperitoneal injection of 3x10° cfu/fish of the iso-
lated myco-10. The accumulative mortality rate was 66.7% within 30 days post-infection. Diseased turbot dis-
played symptoms similar to those observed in naturally infected individuals. Strain myco-10 showed positive
pigmentation production after exposure to visible light, Tween-80 hydrolysis, urease, catalase at 68°C, and aryl-
sulfatase, and negative results in terms of nitrate reductase and growth on 5% NaCl. Phylogenetic trees were con-
structed by matching 16S rDNA, Hsp65, and ropB genes of Mycobacterium spp. registered in GenBank. The re-
sults showed that strain myco-10 clustered with Mycobacterium marinum and Mycobacterium ulcerans. Strain
myco-10 was determined to be M. marinum based on bacterial morphology, analytical profile index identification,
and 16S rDNA, Hsp65, and ropB genes sequences. The results of this study suggest that M. marinum is the causal
agent of granulomas in the internal organs of turbot. To the best of our knowledge, this is the first report on My-
cobacterium spp. causing disease in turbot in China. Our findings will be useful as a reference for the prevention
and control of mycobacteriosis in cultured turbot.
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