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Studies on immunophysiological responses in overfeeding-induced obese

rainbow trout (Oncorhynchus mykiss)

Ji-yeon Park

Department of aquatic life medicine, The Graduate school,

Pukyong National University

Abstract

Inappropriate  feeding strategies including overfeeding could cause
decreasing the feed efficiency, increasing feed wastage and bacterial
loads, and obesity, which is induced due to an imbalance between
energy consumption and expenditure. Although overfeeding is rather
common and thus overfeeding-induced obesity is likely to occur in fish
farming industry, most studies have been conducted using fish with
high-fat diet-induced obesity. Therefore, the purpose of this study was to
understand physiological and immunological changes in rainbow trout
with overfeeding-induced obesity. In this study, three independent trials
were conducted. In trials 1 and 2, fish were divided into three groups
(normal, intermediate and overfed groups) and fed for 8 weeks, and
various serum parameters and gene expression were determined to
evaluate the effect of overfeeding. In trial 3, fish in the control and
overfed groups were sampled at week 4 for transcriptome analysis. In
all trials, body mass index (BMI), hepatosomatic index (HSI), and
feeding rate were determined at week 0, 2, 4, and/or 8. Five fish from
trial 1 were challenged with 2.66 x10°CFU/fish of Flavobacterium
psychrophilum strain FPRT1 by intraperitoneal (ip) injection and twenty



fish exposure to heat stress by increasing water temperature (3°C/day,
final temperature 25°C) for 10 days. Fish at week 4 and 8 in trial 2
were challenged with 4.06 x 10° CFU/fish and 1.78 x 10° CFU/fish of
Aeromonas salmonicida strain 18KR23 by ip injection respectively. Fish
at week 4 in trial 3 were challenged with 4.7 x 10° CFU/fish of
Aeromonas salmonicida strain 18KR23 by ip injection. Overall, fish in
the overfed groups showed significantly higher HSI, BMI, and values in
serum parameters such as GOT and GPT. Also, fish in the overfed
groups showed higher mortality and infection rate after they were
challenged with bacterial pathogens. Granulocyte-macrophage/lymphocyte
ratio from fish in the overfed group were significantly lower than those
of fish in the control group. From histopathological analysis, fish in the
overfed group sampled at week 4 harbor enlarged hepatocytes compared
to control fish. From transcriptome analysis, genes involved in energy
synthesis, fatty acid metabolism, and PPAR signaling and NOD-like
receptor signaling were significantly up-regulated in overfed fish. This
study demonstrates that overfeeding for even a short period of time
could cause physiological and immunological imbalance in fish, leading
them to be more vulnerable to infections. This study provides insights
into systemic physiological changes in fish with overfeeding-induced

obesity.
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AAol EA o] HAlo: dFE F= AR dE A th(Engelgau et al,
2004; Huang et al., 2009) o]2]3t o= <l3dlo] H|vhE A F4 d &<t

AAA EAZ T Hweld dy= FE EER st

AFugat ww Abole] AuA % AW WA el #3L 99
o

& o] gkt}(Speakman et al, 2007). kA AFo M= v 7 E(low
leve)o] 935S do7im dWrdor wAHAF

AT+ (Huang et al, 2009). A|B.2+3] <] (Danio rerio)ys ©|-&3F v|wk A5+
Ao e EZFEAME = # F(hypertriglyceridemia) ¥} A #-ta} 2&
Aol & sk dol 31 7 Z(blood coagulation pathway)oll o] k=
FrA2kQ1 apoH, IL-6, IL-1B 1t ofyel A A thAte] wojgivha defxl
SREBP1, PPARa/y, NR1H3 % leptin®] x| 2]o]= w& | B g}y 4 o A

N

o] #Hvar HIaEQATHOka et al, 2010). =9 (Ctenopharyngodon
idella)e] z}riet FH2HES Ho|l S W vwaRIgA ] 7]Fo]
=453 lysozyme S H$E Buk oyt FAII H|[ oA AAFA

Alo] E7}Q1 (pro-inflammatory cytokine)Ql I1L-6, 1L-12p35, IL-17D9} TNF-a2]

d

o] Frhstal FAF5A  Abo]l E7FRl (anti-inflammatory  cytokine)Q! IL-10
o IL-11 59 Hde aste] dFNeS st th(Wang et al, 2018).
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2. A58 2 U

21, A2 T Fol AF Wy
2.1.1. Trial 1 A4 =4

oA ARREE oFE A& ATFAl FA A AWl =Fo] fle
7.88+1.29cm, 51.2+12.12g)5 T Yo FAib G A

FAgsta Ayl S00L FEel =A §F AR Al 7he]
S500L g=Z=ofl 7tz dovbEd &7 F 15CE FA3 Y Ade A A
Trial 1914+ W& I5(C), F=°l Iw(IM), Iohwe] I#(0F)=
g 3 1.5%, 2.5%, 3.09%(%HE Fol)e HE&=

Taotdth.  EE  AtgE+ AYAFE(Sajo  Donga, Seoul, Korea)E
AbgsE o atFo HA F oW o] FolE AAEit HE"HE o F
A A 2F, 45 8FA 7 aEdE svkgd FHSsiTh
MS-222(Sigma, Saint louis MO, USA)S Alg3lo] w3 F =g o]
AP om ofF Aol ¥, AAFA5(Body mass index; BMI; g/cm2)
2 ZFE %A 9 (Hematosomatic  index;  HSI; /  GHFA/AIS)  x100)E
SA4skdet. 3, FA 23S trizol(Invitrogen, Carlsbad, CA, USA)o°I

A A38e] RNA isolation A 74 - 80T ol K a9t}



2.1.2. Trial 2 23

u9L
BN
A

16.64+1.31cm, 44.6£9.95¢)% TFY3stel FAF F el X
Adista A de] 500L el =X s Th o] % 3719 500L

3subEl ¥ &3 % 15CE FAse] A4S AAskTh. Trial
2009 C2E, IM1E, OF2ES F9om 74zt oAF gd 1.7%,
2.55%, 3.59%(EFone] HlE&ZE FFEITh ZE ALRE AAAFE(Sajo
Donga)s AR&3tslem 3fFe HA FH

AELLS 8% A Ay F 25, 45 &FAd 4 aFEE sviey

# ot AT MS-222(Sigma) & AHE-ste] whE - A=Y o] AHAon ofF
Zol, FA, AAHFAS4Body mass index; BMI; g/cm2)‘§-l s
A ~(Hematosomatic index; HSL, (XFAl/AlZE) / x100)0E A4t 1H

T4l 222 RNA later(Qiagen, Hilden, Germany)ol #°&3}o] RNA isolation
A7FA -80Ce] B #a}T.



2.1.3. Trial 3 2 g %7

F-A 71 %01(14.04£0.7cm,  26.89+3.47g)5 45t Fab dtel] A
FAgsta Ay Aol S00L FERo =A §F AN EAT. T O
S00L g=Z=ofl Z+zb 93vbE]d &7l & 15C 2 A3 Ade A A
Trial 3°A+= C¢ OFZFe Few Zz AAT g3 2.17%,
3.95%(HEHoh)E  Fostdth. BE AlRE JUAFE(Sajo  Donga)E
AbgEt o skl HA

(E
e
oy
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aFEE 7k AS A ThMS-222(Sigma) S AREEH whE & AE o]
AasEdom offF o], FA, AZEFASF(Body mass index; BMIL g/cm?2)
index; HSIL;, / @GHFA/AZ) x100)=

SE,
)
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g% Ul wlolewtA BAE 9lste] MS-222(Sigma)s o] &3le] whFH &
g ae A APt AP AL AAE(6500rpm, 15+,

4C)ste A& #E3t¥ . Glutamic oxaloacetic transaminase (GOT),
glutamic pyruvic transaminase (GPT), glucose (GLU), alkaline phosphatase
(ALP), lactate dehydrogenase (LDH), total protein (TP), calcium (Ca) X total
cholesterol (TCHO)S 33 +#47] (FUJI DRI-CHEM 3000, Fuji film Co.,

Tokyo, Japan)& ©| &3t A3t



2.3. flow cytometryS ©] 83 WIAME H4

231 ¢ £ € 9 F

MEG 22 E 98k MS-222(Sigma)E o] &35te] vHFH F ofF FAS
Tttt g 245 70pm nylon cell straineroll A w3 st itk w3 gk

ML

A A 34%, 51% percoll sl 23l 400g, 4ColA 2587 A4

i

sttt wEl"  wdEF+ FE& LI5S medium(Sigma)  + 1%
Antibiotic-Antimycotic, 100X(Gibco, Grand Island, NY, USA) + 2%
FBS(Gibco) 1 mlS ©o]&3}o] 200 g 4ColA 1087 2% Al H 3k},
HemocytometerS  ©]83}o] cell count® &t AlE2l 7} 1 x 10°
cellsymle] %% L15 medium(Sigma) + 1%  Antibiotic-Antimycotic,

100X(Gibco) + 10% FBS(Gibco)S H7}ake] Foh.

232. A EX B4

flow cytometer(Accuri C6TM Flow Cytometer, BD Biosciences, San Diego,

CA, USA)E ol&ste] diAAx R "X BxE L4t s

Y2 H|(Granulocytemacrophage/Lymphocyte ratio, G / L ratio)&
Fshel o,



Trial 304 1, 2, 45 AZFY & xS 229 4% 95t 10%

A X ZZY(BBC biochemical, Mount Vernon, WA, USA)S =

AnBAZHY. 2 F AAgE A8FE Adste] Fd3 a8 g
o & 70%oA 100%  clEEE FAAQd g5 E

A A xyleneo 2 T3}, sebd HAFE Foto] sepd xujE A%

g 5 WHYIE AR 24 A7]E 4 um

@ A(BBC biochemical)s AAlstk. L Fo dAd Ay dA

saka u| A A o A 4008) & 2 B=E )



25. 30 o] 2F0] @ 2Edx AYY B4

o

1A ARG A

r{

2.5.1. Trial 1 142 2 9

A WA Adel §FA 4T F 2 2
BRetel n5e 2Eds 433 YA 34 492 AN 15
sEd s ARANN Fee 27 15CAN A#Se aFel 3CH F

of AA AFHoR 25CAA Fee AEAATAL. 25T Hi
ARE J1FOR 24A2E, 120M7h, 40MZHA Zel FxelA svhely

1o AR B 5 e

[0

.
A9 destel njaAzl ¥ v RgUo RNy &

2
AP, R BEAR9E AA-dw" svlg|= Flavobacterium
psychrophilum strain  FPRT1S 2.66%10° CFU/fish & E7o% FA3}o]

AteS FUstar. S AA gANE FF F 159 A A

zHonye AT 49 F7E FAA

10



2.52. Trial 2 HE9A A3 A I

Fol F 47 A A4FY

L

T svhe A FEelR A sk

Aeromonas  salmonicida strain  18KR23< 4.06 x 10° CFU/fish %

ofl

=
AMZe 5 7zt 2 supdol 37FA1 9 A salmonicida 18KR23
10 CFU/fish CFU)Z A3t HAAES A3 HE & 22

I5CE A8t o™ 48213 vty d=F ghestlvh. =70 A0 deiA =

2.53. Trial 3 H YA A A I

ol & 4FAke]| 7vig4 3WEE o= 47 x 10° CFUfish %9 4.
salmonicida 18KR23& H7Fo 2 &A% & HAIES FQlsdlh. E3
Y TEE D9 devtEly WA B4 51, 3, 794 agEE
mheEly FAeE AEde AAsSY. e 15TE #As ey
s A7 vid A ekl AlE "2 MS222(Sigma)E o] -85}

T nEAe A delg  AFHstem  z HE, AFe
AEstrh. HFE=H O ZHH  tryptic soy agar(TSA)E  ©]-&sto] Al
e Almstel S SAstaa st A RACl e =

2

W wgxdozry Ad gd w7

11



2.6. Transcriptome analysis

2.6.1. RNA isolation
AAA Aol Trial 3¢) 1%, 45 2 29 ¥ 19 2o ¢ 1§} OF
w9 HxAS o]83th Total RNAE Trizol® method (Invitrogen)S:

o] &3tH o A|lZ=AFS] protocolol]l Wl 33T RNAFZE £ DNase |
(Sigma)E *|dte] DNAE ¢Hd3] B4 A7tk RNA % 2 F&

s

o

NanoDrop8000 34 4%=7 (Thermo Fisher Scientific, USA)E ©]-&3}¢]
k13l tl. Total RNA integrity:= Agilent Technologies 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA)E A}-&3}4] Total RNAS] RNA

Integrity Number (RIN) valueE &<13}%]t}.

2.6.2. cDNA library A2} 2 sequencing

cDNA libraries~= Truseq stranded mRNA library prep kit(Illumina, Sna Diego,
CA, USA)E A}&3lo] A2 =l o™ capillary electrophoresis(Agilent, USA)Z
EF4S FA3A )l Sequencing> Illumina NovaSeq 6000(2x100 bp paired-
end reads)= %l 3] & St}

12



2.6.3. Sequencing data processing % differential gene expression(DEG) 2]

Raw sequence readsi™ FastQC(Andrews et al., 2010)E ©]&3}o] FHHALE
T3t ATE. 7 raw reads®] adapter trimmingE  $13}9] Cutadapt Python
package(Martin, 2011)E A}F&3tsith. zhzbe] A Zo] U]t readst™= Tophat
v2.0.13(http://ccb.jhu.edu/software/tophat/)°l| o FA7NEo]  reference
genome® mapping SFATE HARA dHolH BA4S 913}  integrated
Differential Expression and Pathway analysis.91(iDEP.91),
(http://bioinformatics.sdstate.edu/idep/)  tool=  AF&-3FHTE FPKM &
o] &3t Fht o]l MEAAA 1 o]Ae] FFEoE WHH FHAAT
¥ EE FHE 39 th Differentially expressed genes(DEG)2| Wil E
$13tod DESeq2(Love et al, 2014) WHOS =2 p-value(FDR) < 0.15 18] aL
log2 fold change AWk 1.55 X438t @S 71X genes DEGE FE319]

240l A1§3hgl k.

2.7. SAEA

Trial 13 trial 2014 E&% Z3= SPSS v20.0(IBM, NY, USA)°lA
one-way analysis of variance(ANOVA) test= 1t ALSHA S
Duncan's multiple range test "'H-S ©] 83} th(p<0.05). trial 3914 =&%
A= SPSS v23.0(IBM)oll A student  t-test®  EAZ S
AT ATHP<0.05). LA HF F T HAREo] 25 ol Folw gt
pol7h  dEA wusky] f8ke]  SPSS v23.0(IBM)Ol Al AIE A

Kaplan-Meier' & A}-83}% 2™ logrank test® 24 & W s} t)

13



3. 43

3.1. AR FolFH A F

3.1.1. Trial 1
A 717 < Trial 1914 OF 18, IM 18, C 1189 A3 Folge

247y 3.09%, 2.5% 2 1.5%%= YERYT. 53] OF 159 oF= C &5

alef of 2u) oo AtmE AHINAES FAD & AAT AR, 2,

4 9 8F) FAMFolel wig HSIE Hlug ZIF, Hol ¥ 254 OF
aFe]l C, IM Zwol HE FYHoE E=A YEWT J5ol F 0, 2, 4,

8o SAHE HAFY AFE ol&dte] BMIE A=t A3, 4579 8579

OF 1&°] C &9 vld] F4de=2 =4 YHElSt(Fig 1).
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W Control group

Intermediate group
(A) 5 ® Overfed group

b

wd w2

% body weight

2w 4w 8w
Day post feeding

(B) 0.35

0.3 b
0.25 b a
0.2 y =
0.15
0.1
0.05

BMI

Day post feeding

M Control group
(C) ¥ Intermediate group
3.00 ¢ N Overfed group

2.50
Bw

2.00
1.50
1.00

0.50 '
0.00

HSI

Dray pdst feeding

Fig. 1. Daily feed intake rate (% of body weight) for 8 weeks in the control
(C), intermediate (IM) and overfed (OF) group (A). Body mass index (BMI)
and hepatosomatic index (HSI) of rainbow trout in the C, IM, OF
groupssampled at week 2, 4 and 8 (B), (C). Different Iletters indicate

statistically significant differences determined by Duncan's multiple range test

(P < 0.05).
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3.1.2. Trial 2

AF7I1ZF FQF Trial 2914 OF, IM % C 1§9 Folde Z2F 3.59%,
2.55%, 1.7%= YEbgth. 53 OF 189 olFE C 289 H3§

gt ow 2u) ol AlRE AHFASAES FAsATE AP, 2, 4

d

28R FANEol ek HSIE Wlagk Av, Fo] 2, 4, 854 OF
ol € M ZEol s oA o EAl GERRY. BMIE C Lol A
Z7] 016014 8 ¥ 0.232.% °F 15) S7hekSlal IM el A 0.1690 A
0272 °F 1.79] Z7tetlem OF FolAiE 016014 0322 2w o4
St ES A F AATh 0, 2, 4, 8F] WA} AFTozRH
BMIE 4t=¢ A3, 479 859 OF LF°] C 2§l Hla] fFo¥o=

=A YERSoHFig. 2).

(o3
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= Control group
( A) 6 Intermediate group
® Overfed group

-

=

sk

R

ke

iz b L
E

£ 2

£

2w 4w 8w
Day post feeding

B)

0.35
0.3
0.25
0.2
0.15
0.1
0.05

BMI

Oow 2w 4w Bw

Day post feeding

b
b
a

Ow 2w Aw

W Control group
# Intermediate group
N Overfed group

© .

20
1.3

HS1

1.0
0.5

0.0

Day post feeding

Fig. 2. Daily feed intake rate (% of body weight) for 8 weeks in the control
(C), intermediate (IM) and overfed (OF) groups (A). Body mass index (BMI)
and hepatosomatic index (HSI) of rainbow trout in the C, IM, OF groups
sampled at week 2, 4 and 8 (B), (C). Different letters indicate statistically

significant differences determined by Duncan's multiple range test (P < 0.05).
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3.1.3. Trial 3
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Fig. 3. Daily feed intake rate (% of body weight) for 4 weeks in the control
(C) and overfed (OF) group (A). Body mass index (BMI) and hepatosomatic
index (HSI) of rainbow trout in the C and OF groups sampled at week 1, 2
and 4 (B), (C). Asterisk (*) indicated significant difference (P < 0.05 based on

student's t-test).
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el o, 45 ol Zzb 10.8+1.47U/L, 11.4+1.2U/L, 15.6+3.44U/LE
Uely GOTe w7l A 2 B% OF 189 Eu77F fodos 5%
o = AT 45 A C, M 2 OF LH9 TP BS Z+zb 4.1240.34g/dl,
4.7+0.43g/dl, 4.88+0.31g/dI= OF 1o fFYHdo= =A YEeST 85
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Table. 1. Serum biochemical changes in rainbow trout after overfeed in Trial 1

week GOT(u/1) GPT(u/1) ALP(u/l1) BUN(mg/dl) GLU(mg/dl) TCHO(mg/dl) TP(g/dl) LDH(u/1) Ca(mg/dl)
0 Control 387.6+£91.57 8+1.67 399+177.5 2.240.11 78+9.84 269.4+57.34 4.26+0.5 764.8+£122.54 11.84+0.54
Control 282+58.412 7.8£3.97%  382.2+102.43 2.5i0.19b 81+8.1 233443.67 4.02+0.552 1255.24344.69 11.44+£0.41
2 Intermediate  251.6+68.92 8.6£3.142P  361.8+90.21 2.440.24P 92.8+8.47 2014+43.67 4.6240.55P 1080+470.91 11.12+0.47
Overfed 446.4i130.3b 11.4i1.85b 681.4+371.26  2.34+0.14% 70£3.69 179.4£8.62 4.26i0.27ab 1033.6+265.66 12.64+1.83
Control 304.4+47.48%  10.8£1.47% 589+126.97 2.4+0.11 89.8+12.89 258.4+34.37%  4.1240.342 900+144.55 11.76+£0.54
4 Intermediate 359i85.813b 11.4+1.2%  7392+151.21  2.46+0.2 86.6+8.16 370.8i50.51b 4.7i0.43b 1258.4+252.51 11.92+0.69
Overfed 4234472350 15.6£3.44P 6942413471 2.6+0.24 90.8+9.77 336.4+28.36°  4.88+0.31P 2091.242284.18  12.32+0.59
Control 301.8£111.15  10£1.67 418.6+221.78  2.66+0.19 80.4+17.13 220.8+£87.52 3.58+0.9% 1014.44294.45 12.32+1.17
8 Intermediate ~ 320.2+49.4 8.2+1.31 508.6+58.23 2.42+0.19 84.8+4.83 325.6+£69.34 4.66:+0.45P 844+333.11 11.92+0.78
Overfed 352.6+£99.49 11.444.88  568.24201.95  2.7+0.32 84.4+10.93 329.8+38.25 5.1i0.28b 1700+1326.3 12.24+0.6

Different letters indicate statistically significant difference determined by Duncan's multiple range test (P < 0.05)
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Trial 2 A3, 25 2 C, IM, OF ZLgolA GOTE z+7} 175.4+£37.42U/L,
211.6+41.71U/L,  338.4+110.5U/LC.2  YEWT. 45  Aoe Z47
208.4+90.34U/L, 248+29.83U/L, 536.6+153.44U/LC. 2 UElSITE 45F ol &
7+7} 301.4+6.71U/L, 367.6£44.96U/L, 576.6+83.04U/LS. 2 ‘}EFRtow, 259}
45, 852 ¥ OFZF A Fodoz =38 4 § AUtk GPTAAM=
GOT®} wh7HA| &2 855t OFLwolA fFoAd oz w2 #& 7HAT C,
IM, OF 184 GPTE Z+7} 12.2+4.75U/L, 18.2+5.19U/L, 25.4+8.45U/L2.
2 el 45 Zel= Z4H7E 10.60+3.88U/L, 13.00£1.26U/L, 26+6.03U/L <.
2 yetgth 8F Hole 47 15229U/L, 14.6£1.36U/L, 23.4+3.14U/LC 2
BEE A, w3 45 ol ALP, TP, TCHO®I A CZF 3 Bl w3t u
OF L&A froAo®m EA vesth
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Table. 2. Serum biochemical changes in rainbow trout after overfeed in Trial 2

week GOT(u/l) GPT(w/l) ALP(w/1) GLU(mg/dl) TCHO(mg/dl) TP(g/dl)  LDH(wI) Ca(mg/dl)
0 Control 254.4+158.06 13.2+3.54  163.8485.52  100.6+8.69  130+64.84 2.88+0.95  790.4+221.48 12.32+0.47
Control 175.4+37.42%  12.244.75%  302.8+108.71 32442594  220+47.34 3.82+0.52  824.8+90.242 13.04+0.48?
2 Intermediate  211.6+41.71* 18245198  338.6+79.08  38.2+11.09  240.2+9.28 424037  1033.6+408.112%  13.04+0.542
Overfed 338.4+110.5 2544845 3254412722 51+19.83 = 218+46.4 444404  1307.2410533  14.16+0.65P
Control 208.4+90.342  10.60+3.88% 294.2+128.55% 90.2421.38  162.8+52.03%  3.4+0.65*  816.8+259.05 15.20+0.672
4 Intermediate  248.0+29.83%  13.00+1.26® 536.6+100.8°  93.0+8.05 = 327.2+164.59° 4.38+0.37° 1215.24466.68  15.68+0.472
Overfed 536.6+153.44%  26.00+6.03P 572.8+132.28" 938+17.55  323.8427.12"  5.04+0.22" 1212.8+197.59  16.64+0.6°
Control 301.4+6.712  1542.9% 4132463.77  60.2+11.89% 336.6+21.57  4.36+0.57% 967.2+263.7 15.92+0.39?
8 Intermediate  367.6+44.96%  14.6+1.36  443+103.24  724+1878% 340.8+33.72  4.38+0.24" 837.6+162.98 16.4+0.442b
Overfed 576.6+83.04° 234 +3.14P  465.6+51.15 10149317 327.4433.82  5.08+0.45° 12512422673  16.8+0.84°

Different letters indicate statistically significant difference determined by Duncan's multiple range test (P < 0.05)
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Trial 34 @HEA A3, 157 A& 457 ZoA oiF2Ee F3 oA
Frolugk ztelE Bk del 15 ¥ C 3B OF1F°9 GOT+ 727t
277.4432.84U/L,  383+50.39U/L o™ 45  Xoll=  328.2431.33U/L,
484.2+36.35U/LE OFLgolA ooz %A dyetytth GPTE 15 Aol
C 2 OF ZFolAM ZZF 18.0+2.61U/L,28.4+6.74U/L S EFSTH 45
Apol= 24z 15.842.48U/L, 222+2.64U/LC.E  UEFEOW  OFZLEol A

FlAeR =52 & 5 AMG ALPE 15 A C % OFZw9lA

NN
NN

300.4+63.42U/L, 429.8430.62U/LE FolA o2 &9t 45 zoA =
495.8£92.45U/L, 615.8£121.99U/LE OFZFolX ZF71= HIA T F2 %<l
Apol= A Z%th TPE trial 1, 29 wFR7FA R OFL &0 A ZF718t=
FAE  EBEAth  1FA ¢ B OFZFNA 77 3.24+0.2g/dl,
3.76+0.08g/d1ATE. 25 Apo| A= ZHZ} 3.0440.22¢/dl, 3.8+0.4g/dI= L}EFYE
45 Aol M Zhzt 3.4840.24¢/dl, 4.64+0.08g/dIE LEISEOH 1, 2, 4F RF
OFZLEo] Cagdl Hla] fFo&oz =4 vebsk
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Table. 3. Serum biochemical changes in rainbow trout after overfeed in Trial 3

Week | Groups  GOT(u/l) GPT(u/l) ALP(u/l) BUN(mg/dl) GLU(mg/dl) TCHO(mgd)  TP(g/dl) LDH(u/l) Ca(mg/dl)
0 Control  324.57+10445  15.14+3.83  267.43t105.16  2.64+0.18 137.29432.47  221+47.44 3.44+0.32 1374.86+355.91  14.51+0.18
Control  277.4+32.84 18.0+2.61 300.4+63.42 3.08+0.19 72.845.31 161.4+26.46 3.24+0.2 1144.8+23539 1444025
1 Overfed  383.0+45039"  284+6.74 = 429.8+30.62°  3.36+0.23 63.0+10.66 202.0+14.31" 3.76+0.08™  1313.6+163.69  15.04+0.41"
Con  299.6+23.74 18.0:1.26  480.4+18834  2.58+0.16 81.4+7.39 229.4+33.95 3.04+0.22 966.4+325.05  15.04+0.32
: Overfed  320.2+23.66 20.4+3.44 490.4+72.11 3424031™"  93.6+10.48 219.8+43.75 3.8+0.4" 1107.2+274.13  15.84+0.32"
Control ~ 328.2+31.33 15.8+2.48 495.8+92.45 2.77+0.29 64.4+10.48 286.8+59.23 3.48+0.24 1349.6+397.36  15.84+0.54
! Overfed 484.243635 2224264 6158+£121.99 3974047 93.0+11.3" 336.4+42.4 4.64+0.08""  898.4+239.31 16.56+0.54

Asterisk (*), P<0.05, Asterisks (**), P<0.01 and Asterisks (***), P<0.001 indicated significant difference based on student's t-test
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Fig. 4. Scattergram of side scatter (SSC) plotted against forward scatter (FSC)
of leukocytes isolated from the head-kidney of control and overfed rainbow
trout (A). Granulocyte-macrophage/lymphocyte ratio of fish in each group are
shown in (B). The results are presented as the mean = S.D., and asterisk (*)

indicates statistically significance (P < 0.05 based on student's t-test)
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35. Al It Foo mE AEHA AIJA v

351, A4 AEH A ©E AIFA v

Trial 1914 85 7ko] wo] A9 & 3ol 2A MAM3] =5 =2 25T
o

2o 240A|13F Bk =F AHY. =F 7] T ¥4 HAE C1E9l

O

5%, IMT152 0% 2™ OF1&F°] 15%% 7H4 =A destch @44
A3}, 0AIZF CZFolA GOTE 301.8+111.15 U/LNTE 24417 w5 £
GOT= C, IM 3 OFIZ%welA 247} 316.4+34.42 U/L, 455.2+38.94 UL,
2993.6+3148.16 ULZE S7Fe HA o4 1941 Aol YEbuA] eFdrh
240A17F =E T CIIFS 984.4+688.56 U/, OF1E 4067.75+2735.03
U/LE 2407170 A Aubdg oz Zrletes GAS B on OF L&A
fFoldez =4 Jelgth GPTE 0A1ZF CZFolA  10£1.67U/LA T
24N =% % GOT= C, IM 2 OFZFNAM Zz 104242
U/L,16.6+1.36U/L, 42.2431.82 U/LLE Z7}5 H oW OFLEo] 940

f

=085 Btk 120A7 == & OFLES 44431.52U/L, 240X 7F =3

4

175£151.27U/LS. 2 A &HH o7 F7I5tom fo¥ow =355 <&
21 A TH(Table. 4).
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Table. 4. Serological changes of rainbow trout in a high temperature stimulation after 8§ weeks of overfeed in Trial 1

Hour | Groups GOT(u/) GPT(u/l) ALP(u/l) BUN(mg/dl)  GLU(mg/dl)  TCHO(mg/dl)  TP(g/dl) LDH(u/) Ca(mg/dl)
Control 301.8+111.15 101.67 418.6£221.78 2.66+0.19 80.4+17.13 220.8487.52 3584092 1014.4+294.45 12.32+1.17
0 Intermediate  320.2:£49.40 8.2+131 508.6+58.23 24240.19 84.8+4 83 325.6+69.34 466£0457 844433311 11.9240.78
Overfed 352.64£99.49 11.4+4.88 568.24201.95 2.7+0.32 84.4+10.93 329.8438.25 5.1:0.28P 1700+1326.3 12.2440.6
Control 316.4434.42 10.4+2.422 311.84109.31 242401520 1142410537 28174.64 3.9840.58 1844.8+181.89%  11.68+0.85%
24 Intermediate ~ 455.2+38.94 166£136%®  364.8+75.79 226+0.14% 94.6+10.27% 317.6£46.53 4324024 3189.6:1221.59 114420322
Overfed 2993.6+3148.16 42243182° 353646018 278+0.35P 1084210212 382.6£12521 4842086 279924386322 12.88:0.53P
Control 636.6+156.97 2244557 157.6+43.72 2.6+0.13P 58.6+15.69% 196+44.74 3.54£038%  2087.2+487.12 13.28+0.39
120 | Intermediate  779.2+32236 26.243.66 235.8468.99 266+:021P 808:16037  4374+14283  542:1.06°  36664+202047  13.76:0.9
Overfed 1207.75+1088.77  44+31.52 274.4498.87 23+0.132 79.4:5.54P 418.8+79.88 494:062P  1937.6:763.74 13.241.86
Control 984.4+688.56% 24+13.08% 108.8+37.98% 2.66+0.1¢ 99.2421.82P 230+59.58 39440297 22992+658.37 13.84+1.32
240 | Intermediate 694.8:387.823P 26+20.07% 212.4+67.59P 24240.15P 68.6+12.78% 368.2426.75 466:028P  1612.8:708.55 13.0420.413
Overfed 4067.75+2735.03% 1754151277 164.8+58.022P 22+0.13% 105.2417.777 326470.76 466:026 40904150096 13.36+0.32P

Different letters indicate statistically significant difference determined by Duncan's multiple range test (P < 0.05).
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3.5.2. E psychrophilum 3 Zd| WM& ZEE H L

266 x 10° CFU/fishe] H%% FPRT1I ¥FE HFdPar 1447+ 3747+
B HARE BAEkA] skt HE O+ 159kl R eek autopsy 2T
CagolA 54 x 10 CFUgeZ AA FTolA 20%2 #AAES WAt
IMIEAAE 0% #HFES YHeEHATE 9 OF 174 = dA 5
60%2 #HES Yehisien g =t 27 43 x 10° CFU/g, 8.4 x
10 CFU/g, 7.3 x 10° CFU/g& & el
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3.5.3. Trial 2 9l Al A. salmonicida & Z°| W& FHAS v

"ol 45 Zt e sebed BRgR dAste] LDse wEE

o

N

18KR13 #5E HE3th. Plate counting 23 Al HEFEE 4.06 x
10° CFU/fisho. 2 &=t} OFZF A HFE §F 393 A Ao
IMIFNAE 394 A HAAZE dEwal FAAAE S 80%%2 YEE

CawolAe= 44 e A HAAE el A HALE S 60%E LEF 0
ol nlRor AEEAS AANSIES W CaAFI IMILFol HlE

OF L&A fFodoz =& FAAEE YEth(Fig 6).
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Fig. 6. Cumulative mortality for 4. salmonicida strain 18KR23 after 4 weeks
of overfeeding in trial2. Blue for control, yellow for intermediate, and red for

overfed groups
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wol 8+ & 7 %+ & 15ukgldl dlste] LDso, LDso H.TF 10H] 2
%, LDso Xt} 1008 w& ¥z sutgA HEsle] HAES
313t th. Plate counting Z¥ AA HF FT=i 1.78 x 10° CFU/fish,

N

off

1.78 x 10* CFU/fish, 1.78 x 10° CFU/fishe.2 &<l At} LDso & =0l A
OF 1woll A 7ol A #HAAZE dUetwtom 1043k A= #HALskdv
CaEY MIFAME ZH 1Y, 6dxtdl A A7 yelgew o
olF 2= HAE WASA] ol 20%2] 74 #HAES HSTh LDso Hut
108 23 HEFZoNAE 9dA e OF1FNA A #HAE Yepson
lodatell A ALt ATHFig. 7 A). CLFANAME 343k A HAL o] &=
HAZE e A] ol 20%] FA #HALES B THFig. 7 B). LDso Rt
1008 e HFFEANAE OFLgeoli 129% A #HAE ERYo=
60%<] 2 FHALE YERATE B CaFA T 0% HANE
YEFW ATHFig. 7 C). B3, o]& AR o Z AZTEA S AAE0S W BF
OF L&A 8oz = HAS vegld.
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Fig. 7. Cumulative mortality for A. salmonicida strain 18KR23 after 4 weeks of overfeeding in trial2. Blue for control, yellow for

intermediate, and red for overfed groups
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3.54. Trial 3 9 A A. salmonicida & Z°| WE HAE H L

il

o] 45 ¥ LDso X2 18KRI13S A&t Plate counting 23} 2 A
HE §EE 47 x 100 CFU/fishe2 32l HAth OFLFolAE 3dAkd
A HAE vEebgew 49 A A" HARSEe] 100%9]  FHHAAMES
UERATh pR7 AR CaFaAE 3 Zell A HA JEREAI R 15Y
A7FA B A 02 57%°] w4 HANSES YERAT (Fig 8). & ¥ 1,
3, 79 2 dF B4 A table 501 JERWHAT. GOTY  F

OF 1&oll A 484.2436.35U/L 2 7 5 1dxol= 563.2+114.54U/L=

o
e

F7retdth A9 0§ 39 Al 627.6446431UL, 7Y AE
711.33+49.89U/LE A &Aoo =2 F7tste 2SS Bk A CaLFdA«=

i

3282+31.33ULR o™ HE 19 A= 247.6£109.42U/L, 39 A=
191.4+62.72U/L, 7¢ £ 275.67£1857ULE I Folx 2 WIS
YE A 2%t GPTE OFLwolA 222+264ULN o™ A 5 1Y
Zpoll = 28.24343U/L, #E F 3d  Holv= 39.2+152U/L, 7¥ A=
3124.08U/LE YEMSTH CFolAE 158:248ULor e 5 1Y A=
17£5.14U/L, 39 Aolli= 20:4UL, 79 = 1525£1.92U/LZ L EFSE

GOT, GPT =5 Ftho] & el A ol o= A et
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Fig. 8. Cumulative mortality for 4. salmonicida strain 18KR23 after 4 weeks

of overfeeding in trial 3.

36



Table. 5. Serum biochemical changes in rainbow trout during A. sal/monicida infection after 4 weeks of overfeed in trial 3

Day | Groups GOT(ul) GPT@l)  ALP@/I) BUN(mg/dl) GLU(mg/dl) TCHO(mg/dl) TP(g/dI) LDH(u/) Ca(mg/dl)
o | Comwol 328243133 1584248 495840245  277+029 64441048  286.8+:5923  3.48+0.24 1349.6:397.36  15.84+0.54
Overfed 484243635 2204064  615.8£121.99 3974047 93.04113 33644424 464+008""  898.4423931  16.56+0.54
Control  247.6£100.42  17.045.14 161446539  324+0.17  32.046.1 161.2454.3 2.98+0.72 12224441137 1604025
1

Overfed  5632+11454 2824343 5050421375 3744036  61.6£12.67  328.6:4427 . 438£029 15544%4507 153602

Control  191.4+62.72 20040  662£5632  3.9+l4 264+1029  94.6£36.03 2224042 1494.4£967.53  15.6+0.44

? Overfed  627.6:46431 3904152  73.6£22.08 506028 5044358  91.425.66 2224028 701685643525 16724047
Control  275.67+18.57 15254192 1633347479 3476026 40.6742.87  203.0433379  3.77+04 62533£69.0 1693019

' Overfed  711.33£49.86 31.0:4.08  323.0+57.78 3574024 56334556  269.6744.03  4.13£0.26 1253.334443.19  17.07+0.19

Asterisk (*), P<0.05, Asterisks (**), P<0.01 and Asterisks (***), P<(0.001 indicated significant difference based on student's t-test.
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3.6. Transcriptome analysis

3.6.1. Transcriptome data®] overview

OF1w3 C1w 1+ A, 457 A, F° 3 A salmonicida &2 19 =f
OF 153 CL&9 F &2 AlZol tigh dAbAl =38 A3 57,113,260bp 2
readsE A2 Th Sequencing datao] 3t quality checkE A A]5FA]
Q300] 49| dataZs 94.73 - 96.84%%HE 1 3FSITE trimming % reference
genome mapping 53 A¥, 2T mapping ratet= 83.67 - 86.63%= Hi
85.52% %1 Th(table. 6). iDEP 91 tools AF-&3}o] filtering % Ensembl gene
ID= W3 987670 genes B 53kt 987670 AR 2+ FxF B
TZHE AlE g O =2 Principle component analysis (PCA)E 4 3153 T
PCA 23 A3 1759 HEEF Alo] 9] clusterings Fig. 99F o] &3¢ 5
AATE PCACNA It FHol7b ol Folxl F3t3t AAEF o7t o] Fo%
T-ZFell A clusteringe] B EekA FREEJAGT. 15 2%t 457 A CE
off A T WESHA FUAR OF1FZhell A 1579 45 A} Alo] 9
Al ol wek, A el CaEI OF 159

ol ekl WER
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Table. 6 . Summary RNA-Sequencing statistics.

Sample Group Replication Total read Mapped read  Mapping rate (%)
1 89,695,072 75,943,819 84.67
1w Con 2 48,011,564 40,896,931 85.18
3 62,050,246 53,054,505 85.50
1 44,909,418 38,710,456 86.20
Iw  Overfed 2 58,455,778 50,642,937 86.63
3 42,108,782 36,251,003 86.09
1 57,719,894 48,293,115 83.67
4w Con 2 61,439,422 51,568,058 83.93
3 55,361,568 47,354,902 85.54
1 54,446,152 46,735,930 85.84
4w  Overfed 2 53,698,916 45,980,229 85.63
3 45,052,678 38,846,865 86.23
1 65,753,972 55,661,880 84.65
dpcl  Con 2 60,606,164 51,241,208 84.55
3 58,584,018 50,521,521 86.24
1 53,228,018 45,942,757 86.31
dpcl Overfed 2 60,893,484 52,560,486 86.32
3 56,023,540 48,257,215 86.14
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A) (B)

Principal component analysis (PCA) Principal component analysis (PCA)

20-
o 1w con 1w,4w con
1
dpcl con
4w con P
0- Sample_Name
1w OF S T 0- . Gon_tw
n_4w
A Con:-t: = Con_dpct
dpcl OF + OF 1w

OF 4w 2 OF_4w

4w OF OF:dpc1

PC2: 20% variance
]
(o]
'
z
PC2: 9% variance

-20-

> ] 0 7 Y 0 0 20 40 60
-20 -10 (V] 10
PC1: 27% variance » PC1: 52% variance

Fig. 9. Principle component analysis (PCA) plot expression of RNA-sequencing data: This figure shows transcriptome differences

between control and overfeeding group. The PCA plot captures the variance in a dataset in terms of principal components and

percentage of the total variation shows on the x- and y - axes.
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3.6.2. Hierarchical clustering @ K-meansZ 3 fAx @3 £

gk Fo] Al WstH = e W s Fdetax 15 2g
45 2 AAMA dHlo]gE 7]WrO 2 Hierarchical clusteringS A A3} T}
7 Wol] WEs= top 1000 genesE U o® RBAS AAg Az}
C1w¥ OFZLHF9 clusteringe] W3] vroxs S AT F
A A THFig. 10). Hierarchical clusteringo] 4] UYERE THS MFHo=
wAS L EFstaa 7 Wol WSk top 3000 genes®  k-means
clustering =418 A AISATE Clustering 23+ Fig. 11914 H&= wfe}
2. F 6o ZH-AA CuEI OFLwolAel 2Hd Fide] v
Uebskth 23, v Fol 15 ZFeF 45 Apo] BE Fel M= Aot
vetwtth 3ok Fol 153 Aol cluster Fo] o] AHaF

=%
cluster A%} Co] BAL FF 2HEE AL AR 5 AUk I 7ol

45 Z}poll = cluster AS] Hdo] Ak ZAEQ) o™ cluster DO 2 E S 53k
ZAE AL s = AU} cluster EX= o} Folo 9 vFEHo=

23 o Aake]  tiAbeh Aol #Hofdt= PPAR  signaling
pathway, Metabolic - pathways, Fatty acid metabolism, Fatty acid biosynthesis,
Biosynthesis of unsaturated fatty acid pathway= Q13 o SISl m3H
PPAR signaling pathway, NOD-like receptor signaling pathway H=3%F
Teder AEEds gdd ¢ Al 4Rt AY 2dd
A= Insulin signaling pathway©] E3FE o] Il Tk Frpgo] A
o2 33 A= Ao & Blood coagulation, ProteolysisZ} -2

o

o
oft
2

4 27F & A gl th(Table .7, Table. 8).
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Fig. 10. Heatmap shows differentially expressed genes expression pattern.
Analyzed using top 1000 genes are used in hierarchical clustering with the

average linkage method.

42



Bl ClusterA( )
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Fig. 11. Results from K-means clustering. Using k=6, iDEP classified top 3000

genes into 1, 4weeks control and overfed group.
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Table. 7. Overall results of k-means 6 clusters based on GO biological

database
Cluster adj.Pval nGenes Pathways
A 1.90E-11 30  Ribosome biogenesis

4.80E-11 35  Ribonucleoprotein complex biogenesis
1.60E-10 76  Small molecule metabolic process
8.30E-09 21 RRNA processing
3.10E-08 44  Oxoacid metabolic process
3.50E-08 43 Carboxylic acid metabolic process
6.10E-08 45  Organic acid metabolic process
1.70E-07 62  Nitrogen compound transport
9.00E-07 71 Organic substance transport
1.90E-06 20  Alpha-amino acid metabolic process
2.10E-06 40  Intracellular protein transport
2.10E-06 79  Cellular component biogenesis
3.80E-06 24 ~ NcRNA processing
4.20E-06 49  Cellular protein localization
C 2.30E-07 19 Negative regulation of endopeptidase activity
4.60E-07 13 Blood coagulation
1.70E-06 20 Negative regulation of hydrolase activity
3.80E-06 25 . Negative regulation of protein metabolic process
7.50E-06 48  Negative regulation of macromolecule metabolic process
8.70E-06 23 Negative regulation of catalytic activity

9.00E-06 24 Negative regulation of cellular protein metabolic process
9.60E-06 57  Proteolysis
D 2.00E-18 50  Peptide metabolic process

2.80E-18 56  Cellular amide metabolic process
3.00E-18 45  Translation

4.70E-18 48  Amide biosynthetic process
1.90E-17 66  Cell cycle

3.80E-16 27  Chromosome segregation
4.60E-16 44  Cell cycle process

2.90E-14 23 Nuclear chromosome segregation
2.90E-14 32 Mitotic cell cycle process
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8.50E-13 46  Mitotic cell cycle

1.00E-12 19 Sister chromatid segregation

2.40E-12 45 Chromosome organization

1.10E-11 62  Organonitrogen compound biosynthetic process
2.20E-11 16 Mitotic sister chromatid segregation

1.60E-03 7 Monocarboxylic acid metabolic process

3.30E-03 6 Response to bacterium

3.30E-03 9 Carboxylic acid metabolic process

3.60E-03 9 Organic acid metabolic process

7.40E-03 9 Lipid metabolic process

7.40E-03 6 Lipid biosynthetic process

7.40E-03 5 Organic acid biosynthetic process

7.40E-03 3 Response to estrogen

7.40E-03 2 Response to (R)-carnitine

9.20E-03 7 Multi-organism process

3.10E-28 51 Generation of precursor metabolites and energy
6.10E-28 65  Nucleotide metabolic process

6.10E-28 47  Nucleoside monophosphate metabolic process
6.10E-28 45  Ribonucleoside monophosphate metabolic process
6.10E-28 97  Oxidation-reduction process

6.40E-28 56 Ribonucleotide metabolic process

8.10E-28 43 Purine nucleoside monophosphate metabolic process
8.10E-28 39 ATP metabolic process

9.20E-28 57  Ribose phosphate metabolic process

1.10E-27 54 Purine ribonucleotide metabolic process

1.90E-27 69  Nucleobase-containing small molecule metabolic process
4.40E-27 40  Purine ribonucleoside triphosphate metabolic process
5.60E-27 41 Ribonucleoside triphosphate metabolic process
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Table. 8 . Overall results of k-means 6 clusters based on KEGG database

Cluster adj.Pval nGenes Pathways

A 7.8e-08 76 Metabolic pathways
1.9¢-04 10 Ribosome biogenesis in eukaryotes
2.2E-04 12 Insulin signaling pathway
2.0e-03 12 Oxidative phosphorylation
8.2e-03 6 Glycine, serine and threonine metabolism
8.2e-03 7 Arginine and proline metabolism
9.1e-03 8 Biosynthesis of amino acids

B 5.60E-03 54 Metabolic pathways
1.10E-27 32 Ribosome
4.0e-05 5 PPAR signaling pathway
6.1e-05 15 Metabolic pathways
4.0E-04 10 NOD-like receptor signaling pathway
2.4e-04 4 Fatty acid metabolism
5.2e-03 2 Fatty acid biosynthesis
5.2e-03 3 Drug metabolism
9.2e-03 2 Propanoate metabolism
9.2e-03 2 Biosynthesis of unsaturated fatty acids

F 7.0e-45 51 Oxidative phosphorylation
4.2e-34 131 Metabolic pathways
9.3e-09 19 Carbon metabolism
8.6e-08 10 Citrate cycle (TCA cycle)
1.0e-05 10 Proteasome
1.1e-05 15 Cardiac muscle contraction
2.9¢-03 5 Butanoate metabolism
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3.6.3. Differential expressed genes (DEG) ¥4

Differential expressed genes (DEG) w41S &3lo] 7} stage W= up E+
down regulated gene® countsE =3I TH DEGEA A, 15 Aol A
Caw¥  OF%F  Zbell 252709  up-regulated A9} 13479
down-regulated FAX7}F #FE QoW 45 Ao A= 23709 up-regulated
Azt 12709 down-regulated A7 #EE AT A 19 A
Caw  OFZwoAM+= 255719 up-regulated A} 136719
down-regulated 2 A7F  SQIE I TH(Fig.  12). GO biological process
tolguo]~2 7wtor BA Al |F 2 OFLFAA duA A
¥ ATP metabolic process, ATP biosynthetic process, Energy coupled
proton transport, down electrochemical gradient®] %A}  pathway”7}
FEddEe As ZA¥ AUt 47 A% Energy coupled proton

transport, down electrochemical gradient* 5 15 =}2} FAFSE pathway 2]

Aepra S sholel 4= 9lQltk(Table. 9). KEGG HolE{Hlo] A2 7|wlo =7
A A 271 5% o) Hukd Feolvt o]Foiz 15 A OF Lol A

Fatty acid metabolism, Metabolic pathways* 5 thAF2#& 72k} Fatty acid
biosynthesis, Biosynthesis ~ of = unsaturated fatty acids, Glycolysis /
Gluconeogenesis* 1 A|HAF 4 2 AHFAdH #AH"d FHAAE9
Fdads gl + ATk E3, AGE-RAGE  signaling pathway in
diabetic complications, PPAR signaling pathway®] &9 F71E &Qlg 4

21 1 tH(Table. 10).
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Fig. 12. Number of up-regulated and down-regulated differentially expressed

genes in rainbow trout during the feed.
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Table. 9 . The results of DEG based on GO biological database

Direction adj.Pval nGenes Pathways
C 1w vs OF 1w Down regulated 1.20E-03 4 Blood coagulation
5.30E-03 2 Regulation of blood coagulation
5.30E-03 10 Proteolysis
Up regulated 5.60E-22 12 Energy coupled proton transport, down electrochemical gradient
5.60E-22 19 ATP metabolic process
5.60E-22 16 ATP biosynthetic process
6.70E-22 20 Purine nucleoside monophosphate metabolic process
6.70E-22 17 Nucleoside triphosphate biosynthetic process
9.10E-22 21 Nucleoside monophosphate metabolic process
9.30E-22 17 Purine nucleoside monophosphate biosynthetic process
9.30E-22 20 Nucleoside triphosphate metabolic process
C 4w vs OF 4w Up regulated 5.60E-04 8 Small molecule metabolic process
5.60E-04 2 Response to fatty acid
5.60E-04 6 Organic acid metabolic process
1.30E-03 3 Cellular amino acid catabolic process
1.30E-03 3 Cellular response to xenobiotic stimulus
1.80E-03 5 Carboxylic acid metabolic process
1.80E-03 2 Energy coupled proton transport, down electrochemical gradient
3.30E-03 4 Small molecule biosynthetic process
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Direction adj.Pval nGenes Pathways
C dpcl vs OF dpcl Down regulated 5.40E-06 35 Organonitrogen compound biosynthetic process

2.00E-05 24 Cellular amide metabolic process
2.00E-05 21 Amide biosynthetic process
2.20E-05 19 Peptide biosynthetic process
5.00E-05 20 Peptide metabolic process
3.70E-04 64 Biosynthetic process
5.80E-04 7 Blood coagulation
6.20E-04 62 Organic substance biosynthetic process
6.30E-04 11 Organic hydroxy compound metabolic process
8.50E-04 7 Alcohol biosynthetic process
1.40E-03 8 Organic hydroxy compound biosynthetic process

Up regulated 5.30E-05 20 Oxidation-reduction process
2.50E-04 7 Response to xenobiotic stimulus
1.20E-03 13 Carboxylic acid metabolic process
1.20E-03 9 Organic cyclic compound catabolic process
1.50E-03 19 Small molecule metabolic process
2.30E-03 8 Generation of precursor metabolites and energy
3.50E-03 8 Aromatic compound catabolic process
3.60E-03 5 Cellular amino acid catabolic process
3.60E-03 6 Organic acid catabolic process
8.00E-03 9 Small molecule biosynthetic process
8.10E-03 9 Drug metabolic process
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Direction adj.Pval nGenes Pathways

8.60E-03 4 Response to hypoxia
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Table. 10 . The results of DEG based on KEGG database

Direction adj.Pval nGenes Pathways
C 1w vs OF 1w Down regulated 4.20E-04 3 Alanine, aspartate and glutamate metabolism
5.40E-03 3 Carbon metabolism
Up regulated  6.00E-29 22 Oxidative phosphorylation
1.60E-25 40 Metabolic pathways
4.00E-08 8 Cardiac muscle contraction
3.90E-06 7 Carbon metabolism
2.00E-05 5 Fatty acid metabolism
2.50E-05 5 PPAR signaling pathway
6.40E-04 3 Biosynthesis of unsaturated fatty acids
7.20E-04 4 Glycolysis / Gluconeogenesis
8.00E-04 3 Citrate cycle (TCA cycle)
8.00E-04 4 Biosynthesis of amino acids
3.00E-03 4 AGE-RAGE signaling pathway in diabetic complications
5.50E-03 2 Fatty acid biosynthesis
C dpcl vs OF dpcl Down regulated 1.40E-11 15 Ribosome
Up regulated  9.50E-08 24 Metabolic pathways
2.60E-04 7 Protein processing in endoplasmic reticulum
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3.09~3.95%% AAste] HIPS FASAY. OF 1w wolds i&Ed
Ay Al He AF(Trial 1, 2, 3)01]*1 C1gol vl Z+zF 2.069], 2.244),
1.82u7F o ®Wo] FHEHASTS sttt AARZ7]F (World Health
Organization, WHO)ol wW=W Ao  FAgle] A EES 7Fo=
A A FAGF7E 25kg/m® o) AS HAF, 30kg/m® o]AS H|wto 7 AHosu
ATHWHO, 2000). # o7

AAFAFE Ao FAoh Fo] Al A9 Hit 032gem’ ez 2

717wt A wolds % Awel v oF 149 AR Aol y=
&

Caw3 OFLFolA At Fol&el Aol7t 45744 2% ©]/delAQ Trial
20141 2, 4 9l 8FolA HSI®t 4 9 8FclA BMI= OF¢ Clu 1ol
FoHd 2ozt des AT F AJT WA Trial 1904 = C1FH
OF L& oA 853t ot wolde Ael7b 1%E A% FAstAaL HSI
A 255 AL U AelA FoAQl ZolE HolA Ut ol=
gFo] 2Fe FAMEI FgHeR =& HSI S 7HA7] YaiM e
glzatel vlEl HA 2% ol B Al FEEHelol s o=
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S7HAA A ge ALPFA 9] TUME fhsteE oz d#A A
(Amber et al, 2016). o] <15*(Khan et al.,2013 ; Ali et al.,2006)°l 4 =
b7k A = vRE ghapel F oA ALPO] oAl FrhrE ®Ware wp Sl
LS ALPE ¥l oYz} pre-adipocyteol] A AW AAFS 3= Fot
Az W A JAFRS 2detes AREZAAMRE TS ForH ALP7F

viRk Al gAdo] AstEan Al W A Ao Ed el #ojsts AR

A AARE AFHE BIRE FHo AR EA A ET HEIT=
Aol ojn z <& Qlrh(Kanda et al, 2006). o] Aol thst A4+ H|Rt
AzAA A FEAF, HEF ST 5= AHFCE FEIT L &R
monocyte chemoattractant protein- 1(MCP-1)°0] I3 o] 2] 4 EZ 9]

Ao FEst= AS Hdk vl Qti(Kanda et al., 2006;

il
o
ftlo

Deshmane et al., 2009; Cullberg et al., 2014). OF 12 FA|7lFo] 7419

GIL ratio7} ThZT of ol Mla| frolMoR e AL HAF Ei wEl
ofFel Falol EASRY GAAEL AgrHon Fases] Wrom
FAh wweld OAMEel #BE APEe mEd dwuxom

Ay Ao EAstE A A EZ=  classically activated M1 macrophages <t
alternatively activated M2 macrophages?] 27}#]¢] TdP o= A= o] Qi)

M1 WA A ¥EE TNF-a, IL-18 % IL-69F #-2 pro-inflammatory cytokine<

rlr
o|N

Arrete] el AP S weste 954 Azde d2s &=

Aoz LelA UTH(Castoldi et al, 2016). ¥ M2 HANETE w=
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Az, & Aol AL AuxAe| F2 EA|SIH  anti-inflammatory
cytokines A4k, vt o2 A JATi(Castoldi et al, 2016). 2

2 3 HAAMA A A3} PPAR signaling pathway ]
oAl gaitdo] BEEHN o o]ep A o] Adipocytokine signaling
pathway®] “d&ddo] I Th  Adipocytokine signaling pathway©ll A

TNF-a, IL-1B¢] 73S ##E 4 AUk Nod-like receptor protein

Nod-like receptor protein 3 inflammasome(NLRP3)%] &2 H| Rl F o A
4 wEE o] Eu)E IL-18+ IL-1R9l A §3kal NF-kB 2 MAPK
S SFAI A, A M A IRS-19] @A stE F3l A& ANEE EFAA
d&Ed AIAHS F3trh(Vandanmagsar et al, 2011). 2 AFA =
Nod-like receptor signaling pathway®] o4l ZJadds AT <+
AN wWEkA, trial 39 AFH}E TSt BHUS w, 2dxF
W F7F 3 Az A FHrgh AR Aoz s HEwEE]

dojut mtaESAe b Zad AeE HAT o& . Fd FHodF
e o

H o AFo A Fol & A salmonicida® VY FAHsIS U

OF L&A HAEo] ¥ S718t= AEFS BHAY. A salmonicida~= A3}
oAfel TS 7HAE dtxndd 7184 HAAZA Ho4FHH EE

AR ofFel AAEM Z7|o FHEgle]l HALE FEdste Ao= deA
ATHGlover et al., 2006). A. salmonicida'= Z7Ad71d29 I8t
furunculosis®] Yl o = FHetst I Aika, LAY 22 ~EHE vF
Al el HE FUEsteE Aoew ¢4 A  tk(Barton and Iwama,

1991;Bernoth, 1997).  Shieh (1987)° W= FX|7/NFA7} A, salmonicida
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of ojaf AW wF b Ao Wl AEe] EAE FEo dF
GOT, GPT, aldolase, creatine phosphokinase & 42 S7FE 43tk LPS
2 dhg glo} DNAS®F 72 endogenous bacterial products <=9 F7h=
oA TLR4 ¥ TLRY9 A& dg H=ZE 2432 71 th(Henao-Mejia et al.
2013). s Alell, TLR2 &4 3t= 7+ A& FHof o8] o2 4 AtH(Miura
et al. 2013). MyD88 ZH=ZE &3 TLR2, TLR4 ¥ TLRY9 A& NF-kbE
g4 str] 7131, 1 A3} pro-inflammatory cytokine % W @S5S st
(Miura et al. 2013, Roh & Seki 2013). H|wF3kz}o] A WFx212 TNF-a %
IL-69} #-2 proinflammatory cytokine®] &S S7FA|ZIt} (Fantuzzi 2005;
Wang et al, 2018). o] A5l H|WF2 2k Ao yelb= A58k FAFSH
s A=Y o doen ot TSl glo] dE ¥ dFo=
o]o]Zt}. Forn-Cuni et al, 20159 wZW Hjptoez Qg £dwe 7he
LPS A=A F4 A= wkgstx] Rt wHAwZo] AYE
o] Foj x| 7] g=ttal ¢# A AT} ©]i= obese zebrafishe] ZThol 4] LPSA=
Al WA 7A(e.g., RIG-I-like receptor signaling pathway), AXF7],

Al A (apoptosis) T FHEE FAAARe] HEe]l XAl HA %7

oz Huydo AAZ v vk Aol upolg e thi 7HY 9
APEe S/ 58] FAHARD A8 WAs gshATIa AlE W
A3E T Wale EaE Bare Ao Hiso] ¢ri(Dhurandhar

et al., 2015). Ao w2 AFZFo| ZHS u, v|vtaFo] 1EX
2.74¥) o Z7eFA vk (Mertz et al., 2014). 3

ujuel Abgel Al A® Egke] dE guelela Am Ewdsb U

2

ek o, WA g3 7HA 89 th(Honce et al, 2019). o]¥ &3] ZHAae
2 A% HEHAA v ATl Ao AEE i dth(Torres et al,

2018). frad  AwEnr dAd Hieg =FV, IAFEDAAE
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