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Nitrifying bacteria and immune response of Israel carp, Cyprinus carpio

nudus, from Biofloc water

Nameun Kim

Department of Aquatic Life Medicine, The Graduate School,
Pukyong National University

Abstract

Biofloc technology in recent time has obtained values in aquaculture
management, both in~ water quality and feeding. Moreover, biofloc
technology has potential to control pathogenic bacteria and improve
immune response of cultured fish. This study was. conducted to identify
of heterotrophic nitrifying bacteria in biofloc water, and | to investigate
the effect of biofloc water on the| non—specific immune response and
physiological change of Israel carp, Cyprinus carpio nudus.

The experiment was performed for 28 days. Heterotrophic nitrifying
bacteria were isolated from biofloc water; -and three species were
identified by 16s rRNA sequence analysis; ~Acinetobacter bouvetil,
Acinetobacter tjernbergiae and Lactococcus lactis. In tested groups, the
values of ammonia—nitrogen were maintained stable until day 7. Total
culturable bacteria count also had showed steady until day 7, and then
the bacteria count increased continuously until day 28. The wvalues of
average body weight and length gain of tested fish were increased
compared with those of control groups. The effect of biofloc water on
the physiological parameters of tested fish showed no significant
differences with the control group in the hematocrit, AST and ALT. But,
gut mucus lysozyme activity and NBT reduction ability were significantly

higher than control group on day 7.
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Aatso] Bads AU R sto] AbSo dAstgEs A7g. Zhao et al
(2012)= sucroses AP o =z ARE3E Bioflocol 4] denaturing gradient gel
electrophoresisE& ©]-&3dto] Hlo] &g e &gt Al 3]s gelgt
A3} Bacillus subtilis, Actinobacterium, Roseobacter sp.9f < £ %A
o] #EHAT HIspSIeh e A (2011)2> A5 FA bioflocol A A2l
T3S 313 A3}, Microbacterium spp., Cyclobacterium linum, Vibrio spp.
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Litopenaeus vannamei (Burford-—et al,»2004), Macrobrachium rosenbergii
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ol Ee V=g A&t AlRHIE A% SiS W oF 10%9] olols ° ¥

A SFA T

[-‘ U
(o,
olr
1o
fot
‘O,
filo
ol
o
ofN
B
of
02
i)
n
3
41
lo
Ar
o
offt
o,
_OL
=
i
o
<
N
)
T
R}
o
to
(i
BIC



1. v}o] @ =24 (Biofloc water)

AP AR vlo] e T AMSTE T ARl §IAIFE ofFobZ gl
GG AT AL wpo] 2 Ege W75 ALESte] wHEloen, u)
oje et NPT 4 54 A%E Table 1o A2lsidvt

Table 1. The values of biofloc water qualities

Parameters Values
NH3-N 0 mg/L
NO2-N 0. mg/L
NO3;-N 44.3 mg/L

pH 6.24

Temperature D%

Dissolved oxygen 9.31 mg/L
Salinity 0%

o] 0 Z 2t A F o UAFE 0.5% agarE H7F3H Nutrient agar (NA,

Difco)oﬂ Ebahe] 27 Col A 24~48A|7F FoF wjekalAtt. vl wix|o] A =
FYUES FHld wgt FEste] skt EeE AlTS sdek ek ]
A w st =3

welE As KNOz H7F Al wjAlo] HEste] 27TelA  150rpmo =2
A

s
H
24~48A13F Fok " wjeFeeltt. ol %, A4 kit [ HumaslE ARS-3le]
o



2.3. 24909 AshAFe] ArIHA B

2.3.1. M2 genomic DNAS] &g
el Aol F8e fste] dUiMds A4S T. EElds A7 5mlY
Nutrient brothel H&38kal 27CelA 150rpm o2 24412k WY widakalch, 1
% 6,000rpmoll A 583F A4 EEste] A AS Al AT v High pure PCR
product preparation kit (Roche)& A}&-3}4] genomic DNAE #33}3t}.

2.3.2. Primer®] A7
2 AFo|A = 7] K% universal bacterial primerg A&t AREH

primer? €7] wjd 3} FZ 2E9 A7]|E Table-20] YERAAT.

2.3.3. PCR¥} PCR products =

PCR& PCR  PreMix & (Bioneer)S A}83}%13l, Thermal cycler
(Perkin-Elmer)= 335 om™ ZHAL Table 39 YEFWHRAT. 1% agarose
geld] 0.01% Etidium Bromide (EtBr: lmg/ml)< &3lstal 60VolA] 30E7+
7] 4E3% F UV transilluminator g4 218l PCR 2FEo s dsl=
S 22 dHA geld FAE FAHGIY. 2 AFHE gelS Gene all Gel
SVE o] &35l PCR productsS A A3 o}

2.3.4. DNA sequencing
#2]¥ PCR productsi= A >=89] DNA sequencings 2F3d}e] 16s rRNA

o @71 ae EA ek

2.3.5. @714 49 B 4

A=3t A7) AEE Genetyx programS A3l %3eEF oW Nation
Center for Biotechnology Information (NCBDol| A A& %+ BLAST program
ox ojm geA 9 dFEC] 16S rRNASE vl A5kl



Table 2. PCR primers used to amplify 16S rRNA

Orient Sequence (5' to 3')
Primer 27F AGA GTT TGA TCM TGG CTC AG
1492R TACG GYT ACC TTG TTA CGA CTIT

Table 3. Condition of reaction step and PCR cycle

Temperature ) )
. Reaction Time Cycle (s)
()
Pre—denaturation 94 5 min 1
Denaturation 94 30 sec
Annealing 55 30-sec 30
Extension 72 90 sec
Post—-extension 72 7 min 1
3. Al g
AAdE A A9 APHE FHADATE WET/ATAEAA B
2 H oAF 60.2+12.17g, Hir | A 16.29+11.22cm9 O]*E‘r%'ocloi
o] 7

(Cyprinus carpio nudus)E 5% It £AA7 & 29
oo AS 22 227 HTH4CE EE M9
AL & gz, S iz 3 upe] s
AldG-= 25019 98 ¢z 100LY AS4E A3
ATk xR+ 3de 1 AFSS9] 30%E $ellal, F3 tERted AlE



(NO3;-N)¢] ®stE #zstr] & 74 248 AAT. +4
A kit [# Humasl|E AFE3Fo] Al ZAFe] w Lol e} 4=

6. AbE W Algas W3F A
Y A% BL hET
wAol ook A%

< colonyE Alg3te] /‘}%? W ATFE 2418
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7. Hematocrit

ZF AT Aol mE Awo g HE dNE 1ml A3]8& FA] (26G X
1/2, )2 Q&3 3 heparinized capillary-tube (Sigma)ol] dHS x| T}
&, 12,000x<g, 5 #+3L-¢€A ®Elste hematocritAE SA3ATE Ao
hematocrit X A A dHake] st 2 84S percentage (%)= SHAF
a3t

Hlol @ Zek o] Aol Algo]e]l AeEl 7w A= FEFE A 9
S BASt). AP @RS Aspartate aminotransferase (AST)®
7} Alanine aminotransferase (ALT)®© 24 Reitman-Frankel o2 =43}

Fom HF AlFE = kit (Asan Pharm Co., Ltd)S ©| 839t}

_{>~

9. hol @ Fets: 1 ARgol whE Algole] Wedukg Fab
F ATl ARgEA 19, 39, 79, 149, 28 Anirh o
w3 B A"S AAEYT Alde gy A "o Ag Hol

7HA] A el
lysozyme, ¥4 macrophage®] NBT 9%, €3 MPO &4& FAbeit)

10. 9%, % 2, Ax Fio Hee} nE

Ao A2 dHS AFo]E MS-222% 587 A & 1ml 438 F
A7 (26G X 172, ARHE R Fuo A st Fsidh. AFH g A2
A Ao WAE ofs 4ToNA 247 Fof dWe FFA F 4T,



6,000rpmel A 103 94 &3t @4 283

2 Mool AL FS YA or AHE petridishol E3L 0.1M PBS (pH
7.2)2 Aﬂ%%}ﬁ ool YEES AAS L F HAS AFE& ZsoR FHolA
wokth e A dolo] 4u) %ke] 0.1M PBS (pH 7.2)= Ffigk 5 4T
A1 10,000xg= 204 &< 94 EEd v 4 AE AEselT

AFE AANE paper towelZ A|Po]o] AF FES A A A slide glass
2 Agole Ax AANS HFo AMFHG F, AR 5¥] 49 0.006M PBS (pH
7.4 @a mpsEtgith. o] 2 12,000Xg, 20 FoF 4TolA 94 HElsle]
NS A&

ol o eld g4, 4 A, AE HAE -70TolA HysiuA o
7HA AR el ARgeFal T

otf Jr d

d

11. Algole] 83 lysozyme &4 FA}

g4 W9 lysozyme A 542 Lange ef al (2001)2] WS o] &3t
96 well plate (Costar)9] z} welldll 1004£2] PBS (pH 6.2)2 A 7}sla T
A S Hrbste] 2ul2 49A AL Micrococcus lysodeikticus w92
PBS (pH 6.0)E °]83} 0.4mg/mle] == A8k t). o] 7 100ulE 84
o] 3XHd 7+ well o] H7}slar 20T A wleksty 30% 3o =Adtw 5% )
Ao 2 30874 540nme 3-Fol A FHEE F4sAT. S dETEZA hen
egg lysozyme (Sigma)<, 4 WZzTF=2A4 PBS (pH 6.2)5 AM&33 o,
lysozyme &AL 1589 SHE 0.001S ZAAA7]= #S lunit® A28t ml

9 activity® $H2FsFI T

12. Aldole] & AN |ysozyme FHA A
F AA Y] lysozyme EA AL Kim et al (2006)¢] WS WHE3 o

]
SAsI9 o dA lysozyme SH2 st WH S A5t

h A

bl

off
(1SS

13. Aldojo AE AN lysozyme A FA}
A% 71%0” W] lysozyme A =4S Takahashi et al. (1986)9] WS W

gl AR o A lysozyme AT TL3 WHS AL T

oL



14. A&ojo] A% oA A3 Nitroblue tetrazolium (NBT) 21 A

A)
Aldole] m R A
S Fsto] Tl F |
1% heparin©] ?}-‘r’r -15 mediume A% 53+ petridisholl 4] nylon mesh
of I Alx Mg 34%, 54% percoll
SAIA l%“% ’\]Qloﬂ ZA=HA SFAIZ F 47T, 600xgolA 303
oA et MY E E etk S MEdg = 2% fatal bovine
serum (FBS)7} &% L-15 mediume=® 33 AMAHst v} 0.1% FBS7} &
H L-15 mediumol AXEE AAESIS] 0.1% tryphan bluedl A viabilityS
23 3 1 X 10%ells/mle] =2 ZASAE. 2489 AENXS 96-well cell
culture platedl] ' Z+z} 100ul® 538k v} 20ColA 2A]7F B2A71 & w2}

ALE AAS] AP § AAEES vl sHeek.

A Hb‘éo}cﬂ bt 3 £ dds AAR F 5=

o] AL 2% penicillin/streptomycin®}

Rl
EL
_l%
O
N
s
ol
32
o
>
Rl
[4‘9{_5
)
J

of
2

14.2. NBT &9 A& A=&9 =A
Zymosan (Sigma Chemical Co.) 0.02g°l FBS 1ImlE 3 7}ste] 20Tl A4, 30

A WS AIZTE 9 A1) zymosan<-3,000rpmoll Al 103 A4 st A
AMNS AgAsET}. FA2dEE zymosane L-15 mediuml & A3 & A4
g Wi NBT lmg/ml L-15 medium® F4¥ NBT &94& Yo & 10ml
7} = A AT

14.3. NBT g9 A€

A AE7F H-2H 96-well tissue culture plated] #4d3tE zymosaneo] 3
7Fe NBT €98 100ul® #7bske] 25T, 30% &<t vbgAI A, w8 & 44
A WP 5% FBS7F H7ME L-15 mediumo® A3 oS 100%
methanolZ 103 A Y. 14¥ HMEE 70% methanolz 23] A3 &
AZANAHY. ZF wellel 2M KOH €9 120ul®} dimethyl sulfoxide (DMSO) &



o 140ulE #H7F3F & 630nmolA] TF=E =AUt Blanks zymosan©]

A7hE A 95 NBT $olow Aelgr AMEe] e A&

15. €% W MPO 24

g4 U MPO €242 Quade and Roth (1997)¢] WH & o]&3to] 243513
t}, HBSS £9S 96-well plateso] S0ul® 3 t}L ﬁf‘é 20ulE ¥ %
50ul 20mM 3,3,5,5-tetramethylbenzidine hydrochloride (TMB) &913 50ul
S5mM HpOp && Wi, 2@k W& ¥ 4M HzSOy &5 35ul 3 7}sto

Nkl
microplate reader® 450nmoll A P EE SA3A T}

16, EATH A
AlgdTtel x4 Atole]l BAIEY #-o42 Student's f—testE AAFA L,
p-valueZ} 0.05 Pl wf Fojido] & Aoz 5313t



1. T59F At &4

32

ol

o F£YY ARATE FA) Astel AFE L
[©)

ofr 1

(¢}
NEow AEF #FE YAOR oA AUFS F4

t}. Colony9 1

Fom, 16s rRNAZ @7144E 238 A3} Acinetobacter bouveti,

Acinetobacter tjernbergiae % Lactococcus lactis = &% AT},

Table 4. Identification of isolated heterotrophic

nitrifying bacteria from biofloc water sample

Heterotrophic nitrifying bacteria

No. [solates
1 Acinetobacter -bouvetii
2 Acinetobacter tjernbergiae
2 Lactococcus lactis
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Fig. 1. Change of the average body length in Israel

carp, Cyprinus carpio nudus, in the control and tested

biofloc water.
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Fig. 2. Change of the average body weight in Israel
carp, Cyprinus carpio nudus, in the control and tested

biofloc water.
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e
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NH,-N

100
o
80<
60<
-
E
Z 401
3
20<
0<

1 3 7 14 21 28

—e— Control
-0~ Biofloc
—¥— Negative control

Fig. 3. The concentration of ammonia—nitrogen
during experimental period in the ‘control and
tested biofloc’ water.

NO,-N

25

15 4

10

NOsN (o)

1 3 7 14 21 28

—&— Contrd
O+ Biofloc
—¥— Negative Control

Fig. 4. The concentration of nitrite—nitrogen during
experimental period in the control and tested

biofloc water.
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-0+ Biofloc
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Fig. 5. The -concentration of —nitrate—nitrogen
during experimental period. in the control and

tested biofloc’ water.
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9.0e+6

Nurmber of bacteria (CFU/ml)

0.0

7.5e+6

6.0e+6'1

4.5e+6

3.0et6

1.5e+6

Yo vol e Tt AW T AgS ol Al

ZA3 A3= Fig. 69 YERS ﬂr. 7

eZey AYTA AFFTE FEHGOU grETANE e AFs

Total culturable bacteria count

—&— Control
O+ Biofloc

Fig. 6. The number of total culturable bacteria in the

control and tested biofloc water.
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5. Hematocrit

NE 1% B hETeh vl e Ees ATl AR A@olel hematocrit
= YTk AT oA
@ A 1948 aste] BE FoAT HETS AGT Aboldl fe) 5l

Hematocrit

60

55 A

45 +

40 +

Hematocrit (%)

35 A

1 3 7 14 28
Days
—&— Control
-0+ Biofloc

Fig. 7. Changes of Hematocrit of Israel carp, Cyprinus

carpio nudus, 1n the control and tested biofloc water.
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6. @3 A5 A& 4
6.1. Aspartate aminotransferase (AST)

29 nlo] Q&S Alg ol 28U Bt AMSEIHA ojsgdle)oje] HAY
Ul AST WstE ZAsE 23E Fig. 89 YEUT

AST 3] H9 & 46.14 ~ 94.16 IU/L oo, 84 F9 AST %% Al
d AE 1d Aol 7Y w2 ghs YETE AR fAste FAE Bl A
g 71 B dzTek ARG Abele] AST w=ell 94 e Aolg HolA

skt

140

120 +

20 A

1 3 7 14 28
Days
—&— Control
—O— Biofloc

Fig. 8. Changes of the AST in sera of Israel carp,
Cyprinus carpio nudus, in the control and tested biofloc

water.
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6.2. Alanine aminotransferase (ALT)

el vhel QB AR ol 289 FF AU o] setadeld] ¥
4

W ALT W3tE AL

T
EE ATl HAE Sksks A4S Bl AlE VIR &

A7 Abole] ALT 5570 94 Q= Aolg Holx srgheh,

18

16 -

14 T

12 A

ALT (IUL)

1 o 7 14 28
Days
—&— Control
—O— Biofloc

Fig. 9. Changes of the ALT in sera of Israel carp,
Cyprinus carpio nudus, in the control and tested biofloc

water.
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7.

lysozyme A4S A3 A3E Fig. 100 YeER AL}
o

°l

-

d4 lysozyme A

=
dA lysozyme LS =

Apol & LFERA e gkeh.

10

Serum lysozyme activity

Lysozyme activity (Units/ml)

L

I Control
[ Biofloc

3

7 14 28

Fig. 10. Lysozyme activities in the sera of Israel carp,

Cyprinus carpio nudus, in the control and tested biofloc

water.
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8. A% A lysozyme A

EES I R

A lysozyme A

AE AN lysozyme 4L EE Alg 7]7F &<
ol o

o) HQl Aol & EhA gk,

Skin mucus lysozyme activity

Z2t A)F o] 28Y FoF AFSEHA] 9]
S A 23E Fig. 119 YeE AT
= o

100
~ 801
€
2
c
2 604
2
2 I
3
% E
>
- 20 1
O iI T T T T
1 3 7 14 28
Days
I Control
[ Biofloc

Fig. 11. Lysozyme activities in the skin mucus of Israel

carp, Cyprinus carpio nudus, in the control and tested

biofloc

water.
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9. & A lysozyme A

LHERA A

Gut mucus lysozyme activity

140

120
100 1
80

60

40 4

Lysczyme activity (Units/ml)

20 4

I Control
[ Biofloc

Fig. 12. Lysozyme activities in the gut mucus of Israel
carp, Cyprinus carpio nudus, in the control and tested
biofloc water. *Significant difference, P < 0.05

compared with the value of control group.
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control and tested biofloc water. *Significant difference,

P < 0.05 compared with the value of control group.
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Fig. 14. MPO activities in sera of Israel carp, Cyprinus

carpio nudus, in the control and tested biofloc water.
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