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Kim, Soon-Gyu Byun, Hee Woong Kang, Myung-Mo Nam, Jin Choi, Hae-Kyun Yoo and Chu Lee (Aquaculture Industry
Research Division, East Sea Fisheries Research Institute, NIFS, Gangneung 25435, Republic of Korea)

ABSTRACT

The Alaska pollock (Gadus chalcogrammus) belongs to the family Gadidae; it is a cold

water fish, and has been developed as a novel aquaculture species in Korea. In this study, we describe
ongoing surveillance for aquatic animal pathogens based on growth stages. We investigated bacterial
flora in rearing water, and monitored pathogens; we also analyzed histopathological traits of abnormal
fish. In rearing water, the total bacterial counts were 2.1 x10° cfu/mL and Vibrio spp. (52%) were
predominant in the larvae stage. In the juvenile and adult stages, the total bacterial counts were 3.4 x10°
and 3.2 x 102 cfu/mL, respectively (with Pseudomonas sp. as the predominant species; 90% and 52%).
This result revealed that the bacterial flora in rearing water changed depending on the feeding types.
No virulent-bacteria or problematic viruses (VHSV, viral hemorrhagic septicemia virus; NNV, nervous
necrosis virus; MBV, marine birnavirus) were detected from outwardly healthy fish using either culture
or PCR assay. Some juveniles (less than 5%) had gas bubbles on the gill lamellae, degeneration of the
corneal epithelium, and choroid gland degeneration, suggesting that these symptoms were caused by
external injury and secondary infection by opportunistic bacteria. Disease management is important
to cope with disease emergence in the novel aquaculture species Alaska pollock.
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Table 1. Primers for pathogen detection from Alaska pollock

el 2 2UEZ 63

Target Primer Sequence (5'-3") PCR condition Reference
Bacterial 27F  AGA GTT TGA TCM TGG CTC AG ?;‘OS 352;? 04°C 1 min. S0°C 1 min. 72°C 1 iy Lane 1991,
16S rRNA 1492R TAC GGY TAC CTT GTTACGACTT 72°Cy7 min . ’ Polz and Cavanugh, 1998
VN_F ATG GAA GGA GGA ATT CGT GAA GCG 94°C 2 min Snow et al., 2004
VHSV. UN'R GCG GTG AAG TGC TGC AGTT CCC [35 cycles] 94°C 30 sec, 53°C 30sec, 68°C Imin 1 5515
68°C 7 min
95°C 3 min
P1 AGA GAT CAC TGA CTT CAC AAG TGA C . . . .
MBV P TGT GCA CCA CAG GAA AGA TGA CTG [30 cycles] 94°C 40 sec, 52°C 40 sec, 72°C 40 sec  Suzuki et al., 1997
72°C 7min
SF1 CACAGATCACTCAACGACC . .
50°C 30 min, 95°C 3 min
VHSV/ SR1 GTG ATC ATG TGT CCT GGT G ' o o o
NNV NFI CGT GTC AGT CAT GTG TCG CTG [30 cycles] 94°C 40 sec, 52°C 40 sec, 72°C 40sec  Kim et al.,2016a

NR1 AGT CAACAC GGG TGAAGAG

72°C 7 min

o Foix)7] 9l3) Z Bagk ol
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1. AL AR

HEl A AN SAE LAY AE FHE o
otslaz} zF A& SAIE (egg, yolk-sac larvae, larvae, early-
juvenile, late-juvenile 18|11 adul)2 ¥ 1~23] F7]2 3~10
sl A2E AAsAT 190 Asse & Algs Wt
2 FA QTS dotE At d 2~43] F7E ARRTE 10
mL =3to] Ao ARg-sFATH

2. Aig & Mz ZAL

2 A#5 23L& 93 Y5E A EE 6 well plate (SPL)®
A B A2 A A4 (PBS; phosphate buffered saline, Bioneer)
2 1/10, 1/100, 1/1000 GAZ 3] A5}Hch. Y 9 A= A}

&< 200 uLE 1% NaClo] H7FE TSA (Tryptic Soy Agar,
BD) HiZ] (o]8} STSA)ll =]t F 15°Coll A 24417 v st
At vigE M H(colony)y& Algdte] & Md4E 4=
sheirt.

A
1

2

3 AEs Mz 38 & 228

HT

A F 5H L B BAS G WE A BEe
HF T (loop)E Aol FASAR SOAH H3 1% NaCl

o] A7}= TSA2} TCBS (Thiosulfate citrate bile sucrose) | 4]
oA &4 Eesttt ¢« £e2E Al A2 FHA 54
B, e Bee) et 13} BRaAom, 3Y £ A
A Alet 16S IRNA 32 A71AE &4 $35H3UTh(Table
D). Zt Alet J=s 2+ A4 95 (PBS) 200 uLof| @ &
Patho Gene-spin DNA/RNA Extraction kit (Intronbio)S ©|-&
sto] A2ALe] Wo] webA HAbs FESHATH Al 16S
rRNA §-2&} ZZ2 168 universal primer (27F, 1492R)E A}
4319 2™, primer mix 2 pL, Nuclease-free water 17 pL, 34+
1 uLE PCR premix (Enzynomics)®l| &3l PCR 7]7] (DNA
engine dyad, Bio-rad)ol| A ~3)3} 3t}

PCR & FZ5 AHE-2 1X TAE electrophoresis buffer (40 mM
Tris, 20 mM acetate, 2 mM EDTA)®l| €3)A1Z] 1% agarose
gel Ao A 100 V2 7] %953+ Gel documentation system
(Alpha Innotech)S ©]83lo] 24 I 3lofA bandE T
7}___]—-5].0:] 16S rRNA ¢ x—];q. z.& o:] H_EL 3?_:1.01—5].0:11:]. 71— .Z:EE]
AHE-2 Exo0Sap-IT for PCR product clean-up kit (Affymetrix) &
ARg-sle] AAISHE 2.1, ABI 3730 XL DNA analyzer (Applied
ol gsto] @7HGS RHEL £AT 2]
4493} NCBI (National Center for Biotechnology Information)
9] FAAZYY (GenBank)oll 55E A 871489 #3134
A vlaste] HFTHOE AdE Ao, ol E
g2 ALSFY Ald BEXES AMESH YT
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Fig. 1. Total bacterial count of rearing water based on growth stages.

AME RlEiA =8 iR A7) B, AP e R (¢
T A=) 5)E FHALE X F 5] STSA X TCBS H#iA|
of 15°CollA 24A17t viFsteiet. Aol (B4 3 cem ©]sh 9] H
A= AAE A TR 33 AT &, 2 240k
£ H (2 & 5 mm sterilized bead, Watson)l] ¥ 37 2,000 rpm 20
27 ukigt & Al s ol ARS-SHATE. vk E Al FEh
STSA, TCBS iAo 4] =5=£2] ujeFgt & API20E ¥ 20NE
kit (Biomerieux)E ©]-&3to] A=A W w2t dds

AASHETH A A 532 AsiA A7) ol ot 16S
(RNA §787 917142 84S AXsert.

5. HHo[2{AN T 2

sjatolfol AES 4oz & e Hiolgla F 15°C ]
st M= FAo] 7Hedt viol 2 A S B AW E FHtol g &
(VHSYV, viral hemorrhagic septicemia virus), A H}o]
2 (MBV; marine birnavirus), 417 I AJH}o] 2] 2 (NNV, nervous
necrosis virus)ol] gt 7HF R E 2ASHATH 8 A7) (7L
v 2 A E 27 240k FH (2 & Smm sterilized bead,
Watson)o]] €31 2,000 rpm 2027t up2f3t 3 upajd 150 uL
£ Ak FZEo A3+ Patho Gene-spin DNA/RNA
Extraction kit (Intronbio)E ©]-&3}o] A|ZALS] HHof u}g}A
ALY 2510 FFH O 2 40 L] TE buffer2 @ EFsIITh
e E Ak B33 % A NanoVue (GE Healthcare) 71715
AFE-3lo] DNASF RNA Q] 9k} A260/280 nm 2 S4392
o Ag A7t —20°Ce] BT

VHSVE MBVE] AHS 3lA] Iscript cDNA synthesis
kit (Bio-rad)E AH&ste] A|xALe] Wiio] wel cDNAS &
d3tol PCRO +3 (template) &2 ARE-3HRITH. 2} wfol

Table 2. Bacterial flora isolated from rearing water

Growth stage Bacteria flora (%)

Vibrio spp.
Vibrio sp. 18
Vibrio anguillarum 15
Vibrio alginolyticus 12
Larvae Vibrio cyclitrophicus 7
Marinomonas sp. 25
Psedoalteromonas sp. 20
Shewanella sp. 3
Pseudomonas spp.
. Pseudomonas azotoformans or P. gessardi 84
Juvenile
Pseudomonas fluorescens 6
Photobacterium phosphoreum 10
Pseudomonas sp. 52
Pseudoalteromonas sp. 32
Adult Vibrio sp. 12
Shewanella sp. 4

2 primer mix 2 pL, Nuclease-free water 17 pL, 34+ 1 uL
£ PCR premix (Enzynomics)o] &35t 5§ PCR 7]7] (DNA
engine dyad, Bio-rad)E ©]-835}] Table 19] 27| wat 53
A SES ST E3 Sl FE VHSVEE NNV #-49
(genotype)oll gt HE UHET} &2 Kim er al. (2016a) W
Hol @}t One-step multiplex RT-PCRH-S F713 o2 43
Stth PCR & S&H 422 44719 Wil wet A719%F
S ST AJA WL Slof A bandS THste] HiolF A
TR TF AFE Elst
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Fig. 2. Clinical signs of Alaska pollock on the larvae and juvenile. (A), rachiocampsis of larvae; (B), Scuticociliates from the bottom of culture
tank; (C) and (D), an juvenile with bilateral exophathalmos (gas-bubble) and hemorrhage around jaw.
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2 EAS AASAT. 8 A7) (M, 2 B, APHE 10%
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SHE 27 YRAFY FE3E A8 60°Ce gty
fHo Yo Zujgt & ulo]ARE (Leica)S 0] 83to] 4~5
um FA 2 BrH-E A2t whekd A H-2 hematoxyline-
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He| ZGAER ARSo F AldsE 2ARE 23 80X
10~6.2 % 10* cfu/mLE Uebg o™, 2Fo] (Larvae; 53} 64 ~60
43, 0.5~1.9cm)9 AFEFoAE 7.0x10~7.9% 10° cfu/mL

(B 2.1x10%cfu/mL), 2|o] & m]AJ o] (Juvenile; F3F 60U~
1770949, 2.1~28.1 cm)o A= 8.0 % 10~2.4 % 10* cfu/mL (B
3.4 x10° cfu/mL), A ©] (Adult; 1870 ©]4F, 29.9~36.8 cm)ol| Al
= 95%x10~7.5% 10* cfu/mL (B 32x10°cfu/mL) $+ZEO2
el th(Fig. 1). Kim ef al.(2016b)2] Eio] oJ5tH J2] 25
A ARS NldSE 23~5.6X 10 cfu/mLE HE| AR
9 F Aot fAR #2202 vshta gtk 2 a3t
A T BH AR AR o] dA A 6~7°C, Z[o]~Ado]
GA A 8~10°CE LA A= o, AFTAE =2
afolof| ot §oAQl A0 F Aldtg WSt ¥EE A
AT AFSS EX Al F YA Aoz g Vibrio
anguillarum®) 73%-, A& AHS2H (10°C W)l A A7}
10°cfu/mL o] Y of i zpojo] HALS FEgcty Bud
HE7F Ak (Reid er al., 2009). & Ao A HE] Zpo] ARS=2
AA ¥ B e (Vibrio spp.)S 10'~10% cfu/mL (B 1.9X
10? cfu/mL) =22 & eyt o o (data not shown), £ A4
< 5°C 2oA = FAHA gUtt. ol#d A= A
W EAst= Bl B eutS HR3E Alato] FE] AX|ofof A
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Fig. 3. Histopathological traits of the juvenile with bilateral exophthalmos (gas-bubble). (A), gas bubbles on the gill lamellae; (B), vacuoles of

cornea and bacterial invasion in the epithelium.

o DA A= % A& Ald Vibrio sp., V. anguillarum,
V. eyclitrophicus, V. alginolyticus, Marinomonas sp., Pseudo-
alteromonas sp. 18]I Shewanella sp.2 ¥ 7579 Mo
ol A&HeH, B H27} 5292 7HE w4 o
ERTh (Table 2). Ko} & 4o @AY N Pseudomonas
azotoformans = P. gessardi, P. fluorescens 121l Photo-
bacterium phosphoreum©-2 3E77} AESEHR oW FEEL;
2qt (Pseudomonas spp.)®] 90% o)A 02 HE3I T Ao
AN M= Pseudomonas sp., Pseudoalteromonas sp., Vibrio
sp., Shewanella sp.2 45572 Aldo] A&£HJL FEEUA
o] 52%= AT AR dAER FFT Hole Ao
9 A2jo] dAA = ZEH, gHm|of, ZHZTHL, 2o
4 uido] A= 2o, YsaAgo|glen, Fof &
M= ¥, AAF ol Solde. 53], 7] Holz FF37t
2E e} dHu|olo A= AbsgolA HEE A LT
Vibrio sp., Pseuoalteromonas sp.7t AE% 0] A4 Y &4
She AlZe HolERRe fE Aow 2HT 4 Uk
A ARSs At (bacterial flora)2 WOl 29 T57, &
T 9 BT 22T ARS Bl FFL B Ao A
2% 4 sl

=3
HEf Ak I S LR A (F3F £ 60 olf)ollA A
T, A3 79 40l UEbg e (Fig. 2A), @17 474 2
I 23 E70 ol JHET. AFEIFY FE 2
Higo A = EE 9l 21 (Fig. 2B), 0] 10°C W9 A4
NN AFEFF] FAEH FH| Zojof] TES FEE A
© 7 Qzteh o2 4t o] Feofe A&, ofrbu] 9 YR

A710A 7B HEEHA 3t

2) Mizd 24

A A F LB Zojoll A Vibrio sp7t HEERCL Al
w ol o 5 S-S FAHA Fh. ol Yol
AE Ee A 5 Fol 2Este AE Aol d5€ 2o
2 AZAET A% 15em o) AT o] F AM 53t -
= %2 g 74 27 28 SA4E Hol= AANIA P. flou-
rescens, Vibrio sp., V. pelagius, Planococcus maritumus, Pse-
udoalteromonas sp. 5°| AEEHJoH, F2 232 &4 29
oMM Alato]l AEE M AT of FA £ W Al =4
Yol et Aoz ke 4= )lvh(Table 3, Fig. 2C, D). A
A 535 Hols Aofolx= Alatol AEEHA &t

3) HIO|2{AM 2

We) A% GAEE VHSV, NNV 2283 MBVY] gt &
Az Ak i, 2 A NA vlolg A HEEHA gkt
(Table 3).

4. H|Ed x| He| =

o] @ 4ol (A 15~30cm) F UR (AA A% A
% 5% mlwh AN AN S A7 BE 8 79
o FAhe Holt A4 A WAL 4T
Qo It 5EE Bolk ANEY) obtulel A 17
7] A% (gas embolism) 491 7|E7} h4 a0
Zoto] guzAeld JE, A2 &4 9 AR WY £
& AT 5 AT Fig. 3, Table 4). £, 47 T & 7
¥ 24 Z8L Bolk AN A4Ze] AEe} gl )
2ot 29 229) WAL BEEGT WA AN BT B
71 ZE, H1A AV, AR eIAE B 917k A el
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gk WA A= 14]*%— dod 4 Qe &
%IEEIZI o, AR dFEEH F
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‘ﬂia‘ﬂ FH 22 YA FEEHAH. E9,
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A7t 2 asit

Al Al

o] =EL 2017d ZFPHATTY AT ATAY
(R2017002)9] x| ho & 35 dFolm, dtn] x| oj A}

=y

REFERENCES

Inouye, K., K. Yamano, Y. Maeno, K. Nakajima, M. Matsuoka, Y.
Wada and M. Sorimachi. 1992. Iridovirus infection of cul-
tured red sea bream, Pagrus major. Fish Pathology, 27: 19-
217.

Kim, K.I., WJ. Kwon, Y.C. Kim, M.S. Kim, S. Hong and H.D. Jeong.
2016a. Surveillance of aquatic animal viruses in seawater
and shellfish in Korea. Aquaculture, 461: 17-24.

Kim, M.S., H.S. Choi, N.Y. Kim and S.H. Jung. 2016b. Studies of
Bacterial Flora of Rotifer sp., Artemia sp. and Olive Floun-
der larvae, Paralichthys olivaceus. Journal of Fisheries and
Marine Sciences Education, 28: 1828-1833.(in Korean)

Lane, D.J. 1991. 16S/23S rRNA sequencing. In: Stackebrandt, E. and
Goodfellow, M. (ed.), Nucleic acid techniques in bacterial
systematics. John Wiley and Sons, New York, pp. 115-175.

Meyers, T.R., S. Short and K. Lipson. 1999. Isolation of the North
American strain of viral hemorrhagic septicemia virus (VHSV)
associated with epizootic mortality in two new host species
of Alaskan marine fish. Dis. Aquat. Org., 38: 81-86.

OIE. 2015. World Organization for Animal Health, Manual of Diag-
nostic Tests for Aquatic animal. http://www.oie.int/inter-
national-standard-setting/aquatic-manual/access-online.

Polz, MF. and C.M. Cavanaugh. 1998. Bias in template-to-product
ratios in multitemplate PCR. Appl. Environ. Microbiol., 64:
3724-3730.

Reid, H.I., J.W. Treasurer, B. Adam and T.H. Birkbeck. 2009. Anal-
ysis of bacterial populations in the gut of developing cod
larvae and identification of Vibrio logei, Vibrio anguillarum
and Vibrio splendidus as pathogens of cod larvae. Aquacul-
ture, 288: 36-43.

Snow, M., N. Bain, J. Black, V. Taupin, C.O. Cunningham, J.A. King,
H.F. Skall and R.S. Raynard. 2004. Genetic population
structure of marine viral haemorrhagic septicemia virus
(VHSV). Dis. Aquat. Org., 61: 11-21.

Sohn, S.G., D.L. Choi, J.W. Do, J.Y. Hwang and J.W. Park. 2000.
Mass mortalities of cultured striped beakperch, Opleg-
nathus fasciatus by iridoviral infection. J. Fish Pathol., 13:
121-127.(in Korean)

Suzuki, S., N. Hosono and R. Kusuda. 1997. Detection of aquatic bir-
navirus gene from marine fish by using a comnbination of
reverse transcription- and nested-PCR. J. Mar. Biotechnol.,
5:205-209.

White, V.C.,J.F. Morado and C.S. Friedman. 2014. Ichthyophonus-in-
fected walleye Pollock Theragra chalcogramma (Pallas) in
the eastern Bering Sea: a potential reservoir of infections in
the North Pacific. J. Fish Dis., 37: 641-655.



