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Abstract 

Glycosphingolipids (GSLs) are mainly expressed on cell surface. In mammals, GSLs are involved in 

various physiological roles. Although GSLs express in fish tissues, the physiological roles of fish 

GSLs remain unclear. Here, the present study focused on the effect of fish hepatic GSL in metabolism 

and bacterial infection. 

Fish liver play various physiological roles such as lipid metabolism and detoxification. Fish store 

triglyceride (TG) in the liver and adipose tissue, and TG is consumed as an energy source upon 

metabolic demand. Alteration of GSL composition affect lipid metabolism in mammalian liver, while 

it is unclear whether similar mechanism exist in fish liver. First, this study aimed to clarify whether 

the alteration of ganglioside composition affects lipid metabolism of fish hepatocyte. To elucidate how 

lipid metabolism is associated with fasting in medaka liver, the biological parameters and neu3a 

expression were estimated. As a result, neu3a level was significantly up-regulated in the liver 

accompanied by the decrease of TG content. Next, to determine the role of Neu3a in hepatic lipid 

metabolism, Neu3a stable transfectants were generated using fish liver Hepa-T1 cells. Oleic acid 

exposure to Neu3a cells resulted in the reduction of TG and increase of free fatty acid and 

diacylglycerol in comparison with mock cells. Furthermore, lipase activities induced by oleic acid 

treatment were higher in Neu3a cells than in mock. To examine which gangliosides were related to 

these events, ganglioside composition of Neu3a cells were analyzed by thin layer chromatography 

(TLC). Neu3a cells showed accumulation of lactosylceramide (LacCer). In addition, exposure of 
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LacCer toward Hepa-T1 cells resulted in an increase of lipase activity. These results suggest that 

Neu3a up-regulation in medaka under fasting condition promotes hepatic TG degradation for energy 

production via LacCer accumulation. 

 The present study has also revealed that LacCer was involved in Edwardsiella tarda infection. 

Previous studies indicate that E. tarda invade to host cell via membrane microdomain, but the 

mechanisms have been unclear. First, the present study examined whether the GSL composition was 

involved in the E. tarda infection. Intraperitoneal injection of E. tarda reduced medaka hepatic 

glucosylceramide (GlcCer) levels accompanied by the decrease of GlcCer and GM3 synthase mRNA 

levels. These results suggested that host GSL may be involved in E. tarda infection. Next, the 

significance of GSL in E. tarda infection was examined using fish cultured cells, DIT29 with high 

amount of LacCer and GlcCer and GAKS with low amount of these GSLs. Disruption of the 

membrane microdomain affected the susceptible of DIT29 cells to E. tarda, suggesting that the 

involvement of microdomain LacCer and GlcCer in the infection. In addition, incubation with the GSL 

synthase inhibitor suppressed E. tarda infection in DIT29 cells, and Neu3-overexpressing GAKS cells, 

which accumulated LacCer, elevated the infection. Furthermore, incubating E. tarda with LacCer, but 

not GlcCer, suppressed subsequent cell invasion in DIT29 cells. Thus, LacCer may be a positive 

regulator of E. tarda infection. These results indicate that LacCer is an important regulator of lipid 

metabolism and bacterial infection in fish liver. 
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DAG:  

DL-PPMP: DL-threo-1-phenyl-2-palmitoylamino-3-morpholino-1-propanol 

FFA:  

GalCer:  
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LacCer:  

MBCD: - -  

MOI:  Multiplicity of infection 

st3gal5: GM3  

TG:  
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1  

UDP-glucose ceramide glucosyltransferase

(GlcCer)

GlcCer (LacCer)

LacCer

(Ichikawa et al., 1998; Lingwood, 2011; Yu et al., 2011)

Neu3 (Papini et al., 2004; 

Miyagi, 2010) /

 



(Tagami et al., 2002; Sasaki et al., 2003; Yamaguchi 

et al., 2011) ob/ob Zucker fa/fa GM3

(Tagami et al., 2002) GM3

B-100 GD3

B-100 (Kang et al., 2007; Choi et al., 2017)

 

(Heung et al., 2006; Kunz and Kozjak-Pavlovic, 2019)

Helicobacter pylori LacCer

( ngstrӧm et al., 1998) Escherichia coli H. pylori

LacCer Gal 4Glc Cer

(Teneberg et al., 2004)

1

A



B B

GM1

(Holmgren et al., 1975)

 

(Ostrander et al., 1991; Hildebrandt et al., 1999; Tanaka and Okamura, 1999; Saito et al., 2001; Duan 

et al., 2010; Yamakawa et al., 2018)

Oreochromis mossambicus

Trachurus japonicus GM3

Katsuwonus pelamis Scomber japonicus GM4

(Hildebrandt et al.,1999; Saito et al., 2001)

 



(Ando and Mori 1993; Weil et al., 2013; Kaneko et al., 2016a)

(TG) (Han et al., 

2011; Kaneko et al., 2016b) Oncorhynchus mykiss Sparus auratus

Oreochromis niloticus (GH)

(Bergan et al., 2015; 

Vélez et al., 2019) GH

(Tagami et al., 2002; Sasaki et al., 2003; Kang et al., 2007; Yamauchi 

et al., 2011; Choi et al., 2017) 2

3

Edwardsiella tarda NanA

N

N-

(Chigwechokha et al., 2015) E. tarda 

NanA E. tarda



(Chigwechokha et al., 2015; Shinyoshi et al., 2017)

E. tarda
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2-1  

(TG)

Oncorhynchus mykiss

Carassius auratus

(Ince and Thorpe 1976; M ndez and Wieser 1993; Colins and Anderson 1995; Bergan et al., 2012; Li 

et al., 2018)

TG (Ando and Mori 1993; Weil et al., 2013; Kaneko et al., 2016a)

TG

Pagrus major

Oreochromis niloticus

(Han et al., 

2011; Kaneko et al., 2016b) (GH)



(Bergan-Roller and Sheridan, 2018)

GH  

1 (Hakomori and Igarashi 1995)

(Zeller and Marchase 1992) (Takahashi et al., 2017)

GD3 lipogenic phenotype

(Yamaguchi et al., 2011) GM3

(Garner et al., 2002) (Tagami et al., 2002) (Nagafuku et al., 2015 ; Inamori et al., 

2018) GM3

B-100 GD3

B-100 (Kang et al., 2007; Choi et al., 2017)

(Ostrander et 

al., 1988, 1991; Hildebrandt et al., 1999; Saito et al., 2001)

 



GM3

ST3 -galactoside  -2,3-sialyltransferase 5 Neu3

Zucker fa/fa ob/ob

GM3 (Tagami et al., 2002) KKAy

GM3 TG

(Inamori et al., 2018) GM3

NEU3 TG

(Yoshizumi et al., 2007) HIF-2 NEU3

(Xie et al., 2017) GM3

Neu3

Neu3

Danio rerio (Manzoni et al., 

2007, Shiozaki et al., 2020) Oryzias latipes (Shiozaki et al., 2013) O. 

niloticus (Chigwechokha et al., 2014) Anguilla japonica

Lepisosteus oculatus Seriola dumerili (Shiozaki et al., 2020) 6 Neu3

Neu3 GD1a GD3

GM3 (Shiozaki et al., 2013; Chigwechokha et al., 



2015; Shiozaki et al., 2020) Neu3 Neu3

Neu3  

Neu3

neu3a real-time PCR

Neu3a

 

  



2-2  

2-2-1  

14 10 25℃ 1

1 2 B2 (

)  

3 L (0.12±0.02 g) 6

0 3 5 7

-80°C  

 

2-2-2 neu3a  

Sepasol-RNA Super G ( ) Total RNA ReverTra 

Ace qPCR RT Master Mix with gDNA Remover ( )

cDNA neu3a (lpl [lipoprotein lipase]

ppara [peroxisome proliferator activated receptor ] cpt1[carnitine O-palmitoyltransferase 1] fasn 

[fatty acid synthase] dgat2 [diacylglycerol O-acyltransferase 2] srebf1 [sterol regulatory element 

binding transcription factor 1]) mRNA KOD SYBR qPCR Mix 

( ) StepOne Real-time PCR system (Applied Biosystems) neu3a

lpl ppara cpt1 fasn dgat2 actb [ -actin] PCR 98°C  2



98°C, 10 60°C, 10 68°C, 30 40 srebf1 actb PCR

98°C  2 98°C, 10 68°C, 30 40

Table 2-1 pparg Kondo (2010) lpl Wang

(2015) actb  

 

2-2-3 neu3a 5´ RACE 

2-2-2 Hd-rRII 5 10 Total RNA

DNase Total RNA DNA

RNA PrimeScript RT reagent Kit (

) neu3a mRNA 5´-

CACATCGTTAAGGG-3´ 42°C, 15 85°C, 5

Escherichia coli RNase H RNA Terminal Deoxynucleotidyl Transferase (

) 5´ Poly A tailing  

1st PCR dA-tailed cDNA KOD-Plus Neo ( )

PCR 94°C 2 98°C, 10 61°C, 30 68°C, 5

35  

Oligo dT-Anchor primer  5´-GACCACGCGTATCGATGTCGACTTTTTTTTTTTTTTTTA-3´ 

5´-GACCACGCGTATCGATGTCGACTTTTTTTTTTTTTTTTC-3´ 



5´-GACCACGCGTATCGATGTCGACTTTTTTTTTTTTTTTTG-3´ 

neu3a specific primer 5´-GACCACGCGTATCGATGTC-3´ 

2nd PCR 1st PCR 1: 5´-

TTCATGGTGCGATGGTTTGGCA-3´ 2: 5´-GACCACGCGTATCGATGTC-3´

1 neu3a open reading frame 260–281

2 Oligo dT-Anchor primer

PCR 94°C 2 98°C, 

10 64°C, 30 68°C, 5 35 PCR

ABI3130xl (Applied Biosystem) Ensembl 

genome browser (https://asia.ensembl.org/index.html) neu3a 5´

2,300 

bp TFBIND (http://tfbind.hgc.jp/)  

 

2-2-4 Neu3a  

in vitro Hepa-T1 Hepa-T1

10% (FBS) E-RDF ( ) 28°C

 

pcDNA3.1 pcDNA3.1 Neu3a-HA DNA (Shiozaki et al., 2013)



X-treme GENE HP DNA transfection reagent (Roche)

neu3a 0.4 mg/mL G418  

 

2-2-5 Neu3a  

Neu3a

Homogenate Buffer (10 g/mL 0.2 mM phenylmethylsulfonyl fluoride 

(PMSF) 1 mM EDTA in PBS) 600 g 4°C 5

CBB

 

50 mM Buffer (pH 4.2) 0.1% Triton X-100

37°C 1 mix ganglioside 0.5 

mg/mL

(Li, 1992) 125 mM Buffer (pH 9.5) 0.09%

80°C 20

HPLC 0.01 M  (pH5.5)/ =85:15

5C18-MS-II (4.6 mm I.D. 150 mm) 357 nm 434 

nm 1.0 mL/min  

 



(nmol/h/mg protein) = (nmol)/ (h)/ (mg) 

 

2-2-6 Neu3a  

Neu3a Neu3a

4% paraformaldehyde (PFA) /PBS 0.1% Triton X-100/PBS

1% BSA/PBS

anti-HA (3F10; Roche) Alexa Fluor-555 goat anti-rat IgG (Cell Signaling 

Technology) Axio Imager.M2 (Carl Zeiss)

ApoTome (Carl Zeiss)

 

 

2-2-7  

Neu3a 16

1 mM /E-RDF (1% BSA) 9 2-2-5

 

( 100 g )

/ (C:M) =2:1 1,970 g 10

10% Triton 



X-100/2- TG E- (

)  

[C:M]= 2:1

( / / =80:20:1)

3% /15% 100°C

Quantity one (Bio-rad)  

Nile Red (MP Biomedical)

4% PFA/PBS 0.2 g/mL Nile Red/PBS

PBS 2-2-6

ImageJ (National Institutes of Health)  

 

2-2-8 Neu3a  

Neu3a 16 1 mM /E-RDF (1% BSA)

9 Watanabe (2017)

Lysis Buffer (50 mM HEPES (pH 7.5) 150 mM 1% NP-40

2 mM EDTA 0.2 mM PMSF 10 g/mL 10 mM 2 mM

0.25% ) 15



13,200 g 4°C 5

2-2-5

 

( 50 g ) 100 mM Tris-HCl (pH 7.5) 20 M 4-

metylumbeliferyl palmitate (4MU-palmitate) 37°C 1 4MU

(Thermo Fisher scientific) 355 nm

460 nm  

(nmol/h/mg protein) = 4MU (nmol)/ (h)/ (mg) 

 

2-2-9 Neu3a  

2- / / =55:25:20

1,970 g 10

0.1 M NaOH/ 40°C 2

Sep-Pak C18  (

) [C:M]=2:1

[C:M]=1:1

( / /0.5% CaCl2=60:40:9)

0.5%



/2N 110°C

Quantity one  

 

2-2-10  

Hepa-T1 1 M LacCer/E-RDF (FBS-) 16 PBS

1 mM / E-RDF (1% BSA) 9 2-2-8

 

 

2-2-11  

FreeJSTAT (http://toukeijstat.web.fc2.com/) 2

t 3 Tukey  

  



2-3  

2-3-1  

7

TG 7

(Fig. 2-1A)

TG 0 50% ( p<0.05; Fig. 2-1B and C)

TG  

 

2-3-2 neu3a  

(lpl ppara cpt1

srebf1 fasn dgat2) real-time PCR 3 0

(Fig. 2-2A–F)

5 TG

lpl mRNA

60% (p<0.05; Fig. 2-2A) 5

TG (Fig. 2-1C)

TG -



-

ppara cpt1 mRNA (He et 

al., 2015) ppara cpt1 mRNA

(Fig. 2-2B and C) TG -

(Han et al., 2011; Kaneko et 

al., 2016b)

srebf1 mRNA 0

5 (p<0.01; Fig. 2-2D) 7 (p<0.05; Fig. 2-2D)

( TG )

fasn mRNA (Fig. 2-2E) TG

dgat2 mRNA

(Fig. 2-2F) srebf1 TG

TG -

 

TG

neu3a



0 7 6.5 (p<0.05; 

Fig. 2-2G) Neu3a

 

 

2-3-3 neu3a  

neu3a

neu3a 5´

Shiozaki (2013)

neu3a open reading frame

5´ RACE neu3a

neu3a 1st ATG 192

104 (Fig. 2-3) Ensembl

5´ 5´

TFBIND

PPAR PPAR C/EBP  (Wu et al., 1999)

SREBP-1 (Brown et al., 1997)

neu3a srebf1 mRNA

(Fig. 2-2D and G) srebf1 neu3a



 

 

2-3-4  Neu3a  

Neu3a Hepa-T1

in vitro Hepa-T1 neu3a

Neu3 Neu3a

 pcDNA3.1 mock (10.7 nmol/h/mg protein)

(194.8 nmol/h/mg protein, p<0.01; Fig. 2-4A)

Neu3a

(Fig. 2-4B)  

Neu3a Neu3a

TG 1 mM

9 Nile Red mock

0.4–0.7 m Neu3a 0.6–1.5 m

Neu3a mock (Fig. 

2-5A) Neu3a mock TG TG

Neu3a (1.38 mg/mg protein) mock (1.89 mg/mg protein)

TG (p<0.01; Fig. 2-5B)



TLC mock

TG (p<0.05; Fig. 2-5C) Neu3a

TG (Fig. 2-5C)

Neu3a mock (Fig. 

2-5C) Neu3a TG  

Neu3a TG

Neu3a (3.77 nmol/h/mg protein) mock (2.48 

nmol/h/mg protein) (p<0.05; Fig. 

2-5D) Neu3a TG

  

 

2-3-5  Hepa-T1 LacCer  

Neu3a Neu3a TG

TG

Neu3a mock

TLC Neu3a GM3

GM3 (LacCer) Neu3a



(p<0.05; Fig. 2-6) LacCer Neu3a TG

 

LacCer LacCer Hepa-

T1 LacCer

(p<0.01; Fig. 2-7) Neu3a

LacCer TG  

  



2-4  

1

(Ince and Thorpe 1976; M ndez and Wieser 1993; Colins and Anderson 1995; Bergan et al., 

2012; Li et al., 2018) GH

GH

 

7 TG

TG

TG

(Han et al., 2011; Tian et al., 2013) TG

(Kaneko et al., 2016a)

- ppara cpt1

TG



neu3a

7

neu3a srebf1

neu3a 5´ Srebp-1

neu3a

NEU3 mRNA

(Xie et al., 2017) neu3a mRNA

Neu3

TG (Yoshizumi et al., 2007; Xie et al., 2017)

TG Neu3 Neu3

 

Neu3a

Neu3a Neu3a

LacCer

Neu3a TG

Freysz (1991) mix ganglioside



Nakamura (2013)

A2 LacCer

(Han et al., 2011; Kittilson et al., 2011; Tian et al., 2013; 

Kaneko et al., 2016b) Neu3a

LacCer

TG  

Neu3a TG mock

Cohen (2015)

Li (2002)

Mustelus griseus Mustelus manazo

GM4

Neu3a

Neu3 TG  



Fig. 2-8 Neu3 LacCer

LacCer TG

TG -

LacCer

neu3a 5´

neu3a
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3  

Edwardsiella tarda  

  



3-1  

Edwardsiella tarda Pagrus major

Paralichthys olivaceus Anguilla japonica Oreochromis niloticus

(Matsuyama et al., 2007; Joh et al., 

2011; Situmorang et al., 2014; Mohapatra et al., 2015)

(Park et al., 2012)

 

(Shin et al., 2000; Peyron et al., 2000; Kim et 

al., 2004) Streptococcus pneumoniae

(Asmat et al., 2014) Hu (2019) Edwardsiella 

piscicida

Edwardsiella

(Sui et al., 2017; Hu et al., 2019)

Edwardsiella E. 

tarda  



(Puri et al., 2005; Hofman et al., 2008) (Kabayama et al., 

2007) Chigwechokha (2015) E. tarda

NanA N

N-

NanA

(Chigwechokha et al., 2015) Vo (2019) NanA

E. tarda E. 

tarda

E. tarda NanA

E. tarda (Chigwechokha et al., 

2015; Shinyoshi et al., 2017) NanA

 

(Fujita et 

al., 2007)

(Hakomori and Igarashi, 1995) (Milijan et al., 2002)

(Doronin et al., 2014)



(Kunz and Kozjak-Pavlovic, 2019)

GM4 Vibrio trachuri

(Chisada et al., 2013) GM3

(LacCer) Lactobacillus fermentum Shigella dysenteriae Escherichia coli

Mycobacterium (Karlsson, 1989; 

Teneberg et al., 2004; Nakayama et al., 2016)

E. tarda

 

E. tarda

E. tarda

E. tarda

 

  



3-2  

3-2-1 E. tarda  

E. tarda FPC498

E. tarda (TSA; ) 28°C

 

 

3-2-2 E. tarda  

14 10

25℃ 1 2 B2  

3 L (0.32±0.06 g) 20 L 1.0

107 CFU/mL E. tarda PBS 24

-80°C  

 

3-2-3 E. tarda  

Sepasol-RNA Super G Total RNA ReverTra Ace qPCR RT Master Mix with 

gDNA Remover cDNA ugcg [UDP-

glucose ceramide glucosyltransferase] st3gal5 [ST3 -galactoside -2, 3-sialyltranferase 5] actb 

mRNA E. tarda 16S rRNA mRNA KOD SYBR qPCR Mix StepOne 



Real-time PCR system ugcg st3gal5 actb PCR 98°C  2

98°C, 10 60°C, 10 68°C, 30 40 16S rRNA PCR

95°C  2 95°C, 15 60°C, 1 40

Table 3-1  

 

3-2-4 E. tarda  

E. tarda GAKS

DIT29 GAKS 10% FBS

DMEM 37°C 5% CO2 DIT29 10% FBS

10 mM HEPES L-15 33°C GAKS

pcDNA3.1 Neu3a-HA (Chigwechokha et al., 2014)

(Ahn et al., 2008)  

E. tarda 1 109 cfu/mL E. tarda RPMI (GAKS )

L-15 (DIT29 ) Multiplicity of infection (MOI) 10 28°C 

(GAKS ) 33°C (DIT29 ) 1 E. tarda

PBS 200 g/mL 200 g/mL

200 U/mL 1 100 g/mL

100 g/mL 100 U/mL 1



0.5% Triton X-100/PBS TSA

28°C 24 TSA  

methyl- -cyclodextrin (MBCD) GAKS

DIT29 1 mM MBCD 10

 

DL-threo-

1-phenyl-2-palmitoylamino-3-morpholino-1-propanol (DL-PPMP) DIT29 10 M 

DL-PPMP 3  

 

3-2-5 Neu3a  

Neu3a 2 2-2-5  

 

3-2-6  

2- : :

=55:25:20 1,970 g 10

0.1 

M NaOH/ 40°C 2 Sep-



Pak C18 :

(C:M)=2:1

[C:M]=1:1 TLC (

: :0.5% CaCl2=60:40:8)

0.5% /2N 110°C

Quantity One  

 

3-2-7 E. tarda  

Nakayama (2016) E. tarda

96-well LacCer GlcCer (40 nmol/well) TSB E. tarda

PBS

well 1 mg/well 28°C 1 PBS well 70%

30 0.1% E. 

tarda 10%

550 nm  

Chigwechokha (2015) E. tarda

E. tarda 0.02–20 M  LacCer GlcCer 1 3-2-4

DIT29



1 630 nm

 

E. tarda  2 M

1 E. tarda 3-2-4 GAKS

 

 

 

3-2-8  

FreeJSTAT (http://toukeijstat.web.fc2.com/)

2 t 3 Tukey  

  



3-3  

3-3-1 E. tarda  

E. tarda E. tarda

real-

time PCR Fig. 3-1A E. tarda

16S rRNA

E. tarda  

GlcCer ugcg

GM3 st3gal5 (PBS )

ugcg 80% (Fig. 3-1B)

st3gal5 2 (Fig. 3-1C) ugcg

st3gal5 (PBS ) 60% (Fig. 

3-1D and E) E. tarda

 

 

3-3-2 E. tarda  

E. tarda

TLC GM3 GM2



GM1 GD1a Gb3 5

E. tarda GD1a 4 (Fig. 3-2A) GlcCer

GM2 E. tarda GlcCer

(Fig. 3-2B) E. tarda

E. tarda

 

 

3-3-3 E. tarda   

E. tarda

GAKS DIT29 2 E. tarda

2 TLC GM3 Gb4

GlcCer LacCer

GAKS DIT29 (Fig. 

3-3A) E. tarda (MOI 10) 1

E. tarda DIT29 GAKS

2.1 (p<0.01; Fig. 3-3B)

E. tarda



(Sui et al., 2017; Hu et al., 2019) 2

MBCD MBCD

DIT29 E. tarda GAKS E. tarda

(Fig. 3-3B) E. tarda

MBCD E. tarda

(Fig. 3-3C and D)  

 

3-3-4 E. tarda  

3-3-3 GlcCer LacCer E. tarda

E. tarda

(Fig. 3-4A) GlcCer LacCer

DIT29 GlcCer DL-PPMP E. tarda

DL-PPMP TLC

DL-PPMP GlcCer (Fig. 3-4B) GlcCer

E. tarda 50%



(p<0.05; Fig. 3-4C) E. tarda

 

GAKS neu3a LacCer

E. tarda Neu3a

GM3 LacCer (Chigwechokha et al., 

2014) Neu3a neu3a

Neu3a neu3a (218.9 nmol/h/mg protein)

pcDNA3.1 mock (3.3 nmol/h/mg protein)

(p<0.01; Fig. 3-4D)

Neu3a GM3 neu3a

mock LacCer (Fig. 3-4E) neu3a

E. tarda neu3a mock E. tarda 4

(Fig. 3-4F) LacCer GlcCer

E. tarda  

 

3-3-5 LacCer GlcCer E. tarda  

LacCer GlcCer E. tarda

E. tarda



LacCer (20 nM–20 M) GlcCer (20 nM–20 M) E. tarda

1 Fig. 3-5

(DMSO )

E. tarda  

 

3-3-6 E. tarda   

Escherichia coli Helicobacter pylori Mycobacterium

LacCer ( ngstrӧm et al., 1998; Teneberg et al., 2004; 
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1 E. tarda

 

2

TG

neu3a

Neu3a LacCer



TG

(Ostrander et al., 1991; Hildebrandt et al., 1999; 

Tanaka and Okamura, 1999; Duan et al., 2010; Yamakawa et al., 2018)

2

Oreochromis 

mossambicus Trachurus japonicus

GM3 Katsuwonus pelamis Scomber japonicus

GM4 (Hildebrandt et al.,1999; Saito et 

al., 2001) GM3 GM4 LacCer

(GalCer)

Neu3 Neu3 GM4

Neu3 GM4

Neu3 GM4 Neu3

GM3 GM4

GM3 GM4 LacCer

TG



 

3 LacCer E. tarda

Edwardsiella

(Sui et al., 2017; Hu et al., 2019)

E. tarda

E. tarda

Neu3 LacCer E. tarda

LacCer E. tarda

LacCer E. tarda

LacCer E. tarda

 

E. tarda

(Parke et al., 2012) GM4 GM2

GM3 (Ostrander et al., 

1988; Hildebrandt et al., 1999; Saito et al., 2001)



GM3 ( )

E. tarda

E. tarda

GM3

GM3

(Ostrander et al., 1988; Hildebrandt et al., 1999; Saito et al., 2001)

GM3 LacCer

E. tarda 2 3

1) E. 

tarda (Muratori et al., 

2000; Liu et al., 2014) 2) E. tarda

3) 

Neu3

TG LacCer

4) LacCer E. tarda 1

LacCer E. tarda 1) 



LacCer 2) 

E. tarda

 

LacCer E. tarda

 

  



 
 

 

 

   

 

 

 

  



 

Abul-Milh, M., Paradis, S.É., Dubreuil, J.D., and Jacques, M. (1999) Binding of Actinobacillus 

pleuropneumoniae lipopolysaccharides to glycosphingolipids evaluated by thin-layer 

chromatography. Infect Immun 67: 4983–4987. 

 

Ahn, H.H., Lee, J.H., Kim, K.S., Lee, J.Y., Kim, M.S., Khang, G., et al. (2008) Polyethyleneimine-

mediated gene delivery into human adipose derived stem cells. Biomaterials 29: 2415–2422. 

 

Ando, S., and Mori, Y. (1993) Characteristics of serum lipoprotein features associated with lipid 

levels of muscle and liver from five species of fish. Nippon Suisan Gakkaishi 59: 1565–1571. 

 

Ångström, J., Teneberg, S., Milh, M.A., Larsson, T., Leonardsson, I., Olsson, B.M., et al. (1998) 

The lactosylceramide binding specificity of Helicobacter pylori. Glycobiology 8: 297–309. 

 

Asmat, T.M., Agarwal, V., Saleh, M., and Hammerschmidt, S. (2014) Endocytosis of Streptococcus 

pneumoniae via the polymeric immunoglobulin receptor of epithelial cells relies on clathrin and 

caveolin dependent mechanisms. Int J Med Microbiol 304: 1233–1246. 

 

Bergan, H.E., Kittilson, J.D., and Sheridan, M.A. (2012) Nutrition-regulated lipolysis in rainbow 

trout (Oncorhynchus mykiss) is associated with alterations in the ERK, PI3K-Akt, JAK-STAT, and 

PKC signaling pathways. Gen Comp Endocrinol 176: 367–376. 

 

 



Bergan, H.E., Kittilson, J.D., and Sheridan, M.A. (2015) Nutritional state moudulates growth 

hormone-stimlated lipolysis. Gen Comp Endocrinol 217-218: 1–9. 

 

Bergan-Roller, H.E. and Sheridan, M.A. (2018) The growht hormone signaling system: Insights into 

coordinating the anabolic and catbolic actions of growth hormone. Gen Comp Endocrinol 258: 119–

133. 

 

Brown, M.S., and Goldstein, J.L. (1997) The SREBP pathway : Regulation of cholesterol 

metabolism by proteolysis of a membrane-bound transcription factor. Cell 89: 331–340. 

 

Chigwechokha P.K., Komatsu, M., Itakura, T., and Shiozaki, K. (2014) Nile Tilapia Neu3 

sialidases : Molecular cloning, functional characterization and expression in Oreochromis niloticus. 

Gene 552: 155–164. 

 

Chigwechokha P.K., Tabata, M., Shinyoshi, S., Oishi, K., Araki K., Komatsu, M. et al. (2015) 

Recombinant sialidase NanA (rNanA) cleaves 2-3 linked sialic acid of host cell surface N-linked 

glycoprotein to promote Edwardsiella tarda infection. Fish Shellfish Immunol 47: 34–45. 

 

Chisada, S., Horibata, Y., Hama, Y., Inagaki, M., Furuya, N., Okino, N., and Ito, M. (2005) The 

glycosphingolipid receptor for Vibrio trachuri in the red sea bream intestine is a GM4 

ganglioside which contains 2-hydroxy fatty acids. Biochem Biophys Res Commun 333: 367–

373. 

 

 



Chisada, S., Shimizu, K., Kamada, H., Matsunaga, N., Okino, N., and Ito, M. (2013) Vibrios adhere 

to epithelial cells in the intestinal tract of red sea bream, Pagrus major, utilizing GM4 as an 

attachment site. FEMS Microbiol Lett 341: 18–26. 

 

Choi, H., Jin, U., Kang, S., Abekura, F., Park, J., Kwon, K., et al. (2017) Monosialyl ganglioside 

GM3 decreases apolipoprotein B-100 secretion in liver cells. J Cell Biochem 118: 2168–2181. 

 

Cohen, B., Shamay, A., and Argov-Argman, N. (2015) Regulation of lipid droplet size in mammary 

epithelial cells by remodeling of membrane lipid composition - A potential mechanism. PLoS One 

10: e0121645. 

 

Colins, A.L. and Anderson T.A. (1995) The regulation of endogeneous energy stores during 

starvation and refeeding in the somatic tissues of the golden perch. J Fish Biol 47:1004–1015. 

 

Doronin, I.I., Vishnyakova, P.A., Kholodenko, I.V., Ponomarev, E.D., Ryazantsev, D.Y., 

Molotkovskaya, I.M., and Kholodenko, R.V. (2014) Ganglioside GD2 in reception and transduction 

of cell death signal in tumor cells. BMC Cancer 14: 295. 

 

Duan, J., and Sugawara, T. (2010) Rapid quantitative analysis of sphingolipids in seafood using 

HPLC with evaporative light- scattering detection : Its application in tissue distribution of 

sphingolipids in fish. J Oleo Sci 513: 509–513. 

 

Fenderson, B.A., Ostrander, G.K., Hausken, Z., Radin, N.S., Hakomori, S. (1992) A ceramide 

analogue (PDMP) inhibits glycolipid synthesis in fish embryos. Exp Cell Res 198: 362–366. 



Freysz, L., Farooqui, A.A., Horrocks, L.A., Massarelli, R and Dreyfus, H. (1991) Stimulation of 

mono- and diacylglycerol lipase activities by gangliosides in chicken neuronal cultures. Neurochem 

Res 16: 1241–1244. 

 

Fujita, A., Cheng, J., Hirakawa, M., Furukawa, K., Kusunoki, S., and Fujimoto, T. (2007) 

Gangliosides GM1 and GM3 in the living cell membrane form clusters susceptible to cholesterol 

depletion and chilling. Mol Biol Cell 18: 2112–2122. 

 

Garner, B., Priestman, D.A., Stocker, R., Harvey, D.J., Butters, T.D., and Platt, F.M. (2002) 

Increased glycosphingolipid levels in serum and aortae of apolipoprotein E gene knockout mice. J 

Lipid Res 43: 205–214. 

 

Hakomori, S., and Igarashi, Y. (1995) Functional role of glycosphingolipids in cell recognition and 

signaling. J Biochem 118: 1091–1103. 

 

Han, C., Wen, X., Zheng, Q., and Li, H. (2011) Effect of starvation on activities and mRNA 

expression of lipoprotein lipase and hormone-sensitive lipase in tilapia (Oreochromis niloticus × O . 

areus). Fish Physiol Biochem 37: 113–122. 

 

He, A., Ning, L., Chen, L., Chen, Y., Xing, Q., Li, J., et al. (2015) Systemic adaptation of lipid 

metabolism in response to low- and high-fat diet in Nile tilapia (Oreochromis niloticus). Physiol Rep 

3: e12485. 

 

 



Heung, L.J., Luberto, C., and Poeta, M.D. (2006) Role of sphingolipids in microbial pathogenesis. 

Infect Immun 74: 28–39. 

 

Hildebrandt, H., Jonas, U., Ohashi, M., Klaiber, I., and Rahmann, H. (1999) Direct electrospray-

ionization mass spectrometric analysis of the major ganglioside from crucian carp liver after thin 

layer chromatography. Comp Biochem Physiol B Biochem Mol Biol 122: 83–88. 

 

Hofman, E.G., Ruonala, M.O., Bader, A.N., Heuvel, D., Voortman, J., Roovers, R.C., et al. (2008) 

EGF induces coalescence of different lipid rafts. J Cell Sci 121: 2519–2528. 

 

Holmgren J., Lonnroth I., Mansson J.E., and Svennerholm L. (1975) Interaction of cholera toxin and 

membrane GM1 ganglioside of small intestine. Proc Nat Acad Sci USA 72: 2520–2524. 

 

Hu, T., Zhang, L., Wang, W., Yang, D., Xiao, J., Zhang, Y., and Liu, X. (2019) Edwardsiella 

piscicida enters nonphagocytic cells via a macropinocytosis-involved hybrid mechanism. J Bacteriol 

201: e00548-18. 

 

Ichikawa, S., Ozawa, K., and Hirabayashi, Y. (1998) Molecular cloning and characterization of the 

mouse ceramide glucosyltransferase gene. Biochem Biophys Res Commun 253: 707–711. 

 

Inamori, K., Ito, H., Tamura, Y., Nitta, T., Yang, X., Nihei, W. et al. (2018) Deficient ganglioside 

synthesis restores responsiveness to leptin and melanocortin signaling in obese KKAy mice. J Lipid 

Res 59: 1472–1481. 

 



Ince, B.W. and Thorpe, A. (1976) The effects of starvation and force-feeding on the metabolism of 

the Northern pike, Esox Lucius L. J Fish Biol 8:79–88. 

 

Iwabuchi, K., Nakayama, H., Iwahara, C., and Takamori, K. (2010) Significance of 

glycosphingolipid fatty acid chain length on membrane microdomain-mediated signal transduction. 

FEBS Lett 584: 1642–1652. 

 

Joh, S., Kim, M., Kwon, H., Ahn, E., Jang, H., and Kwon, J. (2010) Characterization of 

Edwardsiella tarda isolated from farm-cultured eels, Anguilla japonica, in the Republic of Korea. J 

Vet Med Sci 73: 7–11. 

 

Kabayama, K., Sato, T., Saito, K., Loberto, N., Prinetti, A., Sonnino, S., et al. (2007) Dissociation of 

the insulin receptor and caveolin-1 complex by ganglioside GM3 in the state of insulin resistance. 

Proc Natl Acad Sci U S A 104: 13678–13683. 

 

Kaneko, G., Shirakami, H., Hirano, Y., Oba, M., Yoshinaga, H., Khieokhajonkhet, A., et al. (2016a) 

Diversity of lipid distribution in fish skeletal muscle. Zool Sci 33: 170–178. 

 

Kaneko, G., Shirakami, H., Yamada, T., Ide, S., Haga, Y., Satoh, S., and Ushio, H. (2016b) Short-

term fasting increases skeletal muscle lipid content in association with enhanced mRNA levels of 

lipoprotein lipase 1 in lean juvenile red seabream (Pagrus major). Aquaculture 452: 160–168. 

 

Kang, S., Jin, U., Kim, K., Lee, Y., Park, Y., and Kim, C. (2007) Disialoganglioside GD3 increases 

in the secretion of apoB-containing lipoproteins. Biochem Biophys Res Commun 356: 418–423. 



Karlsson, K. (1989) Animal glycosphingolipids as membrane attachment sites for bacteria. Annu Rev 

Biochem 58: 309–350. 

 

Kim, S., Watarai, M., Suzuki, H., Makino, S., Kodama, T., and Shirahata, T. (2004) Lipid raft 

microdomains mediate class A scavenger receptor-dependent infection of Brucella abortus. Microb 

Pathog 37: 11–19. 

 

Kittilson, J.D., Reindl, K.M., and Sheridan, M.A. (2011) Rainbow trout (Oncorhynchus mykiss) 

possess two hormone-sensitive lipase-encoding mRNAs that are differentially expressed and 

independently regulated by nutritional state. Comp Biochem Physiol Part A 158: 52–60. 

 

Kondo, H., Misaki, R., and Watabe, S. (2010) Transcriptional activities of medaka Oryzias latipes 

peroxisome proliferator-activated receptors and their gene expression profiles at different 

temperatures. Fish Sci 76: 167–175. 

 

Kunz, T.C., and Kozjak-pavlovic, V. (2019) Diverse facets of sphingolipid involvement in bacterial 

infections. Front Cell Dev Biol 7: 203. 

 

Lafont, F., Tran Van Nhieu, G., Hanada, K., Sansonetti, P., and van der Goot, F.G. (2002) Initial 

steps of Shigella infection depend on the cholesterol/sphingolipid raft-mediated CD44-IpaB 

interaction. EMBO J 21: 4449–4457. 

 

Li, H., Xu, W., Jin, J., Yang, Y., Zhu, X., Han, D., et al. (2018) Effects of starvation on glucose and 

lipid metabolism in gibel carp (Carassius auratus gibelio var. CAS III). Aquaculture 496: 166–175. 



Li, K. (1992) Determination of sialic acids in human serum by reversed-phase liquid 

chromatography with fluorimetric detection. J Chromatogr 579: 209–213. 

 

Li, Y., Sugiyama, E., Ariga, T., Nakayama, J., Hayama, M., Hama, Y., et al. (2002) Association of 

GM4 ganglioside with the membrane surrounding lipid droplets in shark liver. J Lipid Res 43: 1019–

1025. 

 

Lingwood, C.A. (2011) Glycosphingolipid functions. Cold Spring Harb Perspect Biol 3: a004788. 

 

Liu, X., Chang, X., Wu, H., Xiao, J., Gao, Y., and Zhang, Y. (2014) Role of intestinal inflammation 

in predisposition of Edwardsiella tarda infection in zebrafish (Danio rerio). Fish Shellfish Immunol 

41: 271–278. 

 

Manzoni, M., Colombi, P., Papini, N., Rubaga, L., Tiso, N., Preti, A., et al. (2007) Molecular 

cloning and biochemical characterization of sialidases from zebrafish (Danio rerio). Biochem J 406: 

395–406. 

 

Matsuyama, T., Fujiwara, A., Nakayasu, C., Kamaishi, T., Oseko, N., and Hirono, I., et al. 

(2007) Gene expression of leucocytes in vaccinated Japanese flounder (Paralichthys olivaceus) 

during the course of experimental infection with Edwardsiella tarda. Fish Shellfish Immunol 22: 

598–607. 

 

Méndez, G., and Wieser, W. (1993) Metabolic responses to food deprivation and refeeding in 

juveniles of Rutilus rutilus (Teleostei : Cyprinidae). Environ Biol Fish 36: 73–81. 



Miljan, E.A., Meuillet, E.J., Mania-Farnell, B., George, D., Yamamoto, H., Simon, H., and 

Bremer, E.G. (2002) Interaction of the extracellular domain of the epidermal growth factor 

receptor with gangliosides. J Biol Chem 277: 10108–10113. 

 

Miyagi, T. (2010) Mammalian sialidase and their functions. Trends Glycosci Glycotechnol 22: 162–

172. 

 

Mohapatra, S., Chakraborty, T., Shimizu, S., Urasaki, S., Matsubara, T., Nagahama, Y., and Ohta, K. 

(2015) Starvation beneficially influences the liver physiology and nutrient metabolism in 

Edwardsiella tarda infected red sea bream (Pagrus major). Comp Biochem Physiol Part A 189: 1–

10. 

 

Muratori, M.C.S., de Oliveira, A.L., Ribeiro, L.P., Leite, R.C., Costa, A.P.R., and da Silva M.C.C. 

(2000) Edwardsiella tarda isolated in integrated fish farming. Aquac Res 31: 481–483. 

 

Nagafuku, M., Sato, T., Sato, S., Shimizu, K., Taira, T., and Inokuchi, J. (2015) Control of 

homeostatic and pathogenic balance in adipose tissue by ganglioside GM3. Glycobiology 25: 303–

318. 

 

Nakamura, H., Moriyama, Y., Makiyama, T., Emori, S., Yamashita, H., Yamazaki, R., and 

Murayama, T. (2013) Lactosylceramide interacts with and activates cytosolic phospholipase A2 . J 

Biol Chem 288: 23264–23272. 

 

 



Nakayama, H., Kurihara, H., Morita, Y.S., Kinoshita, T., Mauri, L., Prinetti A., et al. (2016) 

Lipoarabinomannan binding to lactosylceramide in lipid rafts is essential for the phagocytosis of 

mycobacteria by human neutrophils. Sci Signal 9: ra101. 

 

Ostrander, G.K., Bozlee, M., Fukuda, M., Dell, A., Thomas-Oates, J.E., Levery, S.B., et al. (1991) 

Isolation and characterization of the major glycosphingolipids from the liver of the rainbow trout 

(Oncorhynchus mykiss): Identification of an abundant source of 9-O-Acetyl GD3. Arch Biochem 

Biophys 284: 413–421. 

 

Ostrander, G.K., Levery, S.B., Hakomori, S., and Holmes, E.H. (1988) Isolation and characterization 

of the major acidic glycosphingolipids from the liver of the English sole (Parophrys vetulus). J Biol 

Chem 263: 3103–3110. 

 

Park, S.B., Aoki, T., and Jung, T.S. (2012) Pathogenesis of and strategies for preventing 

Edwardsiella tarda infection in fish. Vet Res 43: 67. 

 

Papini, N., Anastasia, L., Tringali, C., Croci, G., Bresciani, R., Yagaguchi, K., et al. (2004) The 

plasma membrane-associated sialidase MmNEU3 modifies the ganglioside pattern of adjacent cells 

supporting its involvement in cell-to-cell interactions. J Biol Chem 279: 16989–16995. 

 

Peyron, P., Bordier, C., N′Diaye, E.N., and Maridonneau-Parini, I. (2000) Nonopsonic phagocytosis 

of Mycobacterium Kansasii by human neutrophils depends on cholesterol and is mediated by CR3 

association with glycosylphosphatidylionsitol-anchored proteins. J Immunol 165: 5186–5191. 

 



Puri, C., Tosoni, D., Comai, R., Rabellino, A., Segat, D., Caneva, F., et al. (2005) Relationships 

between EGFR signaling-competent and endocytosis-competent membrane microdomains. Mol Biol 

Cell 16: 2704–2718. 

 

Russo, D., Parashuraman, S., and D´Angelo, G. (2016) Glycosphingolipid-protein interaction in 

signal transduction. Int J Mol Sci 17: 1732. 

 

Saito M., Kitamura H. and Sugiyama K. (2001) Liver ganglioside of various animals ranging from 

fish to mammalian species. Comp Biochem Physiol Part B 129:747–758. 

 

Sakai, T., Kanai, K., Osatomi, K., and Yoshikoshi, K. (2003) Identification of a 19.3-kDa 

protein MRHA-positive Edardasiella tarda: putative fimbrial major subunit. FEMS Microbiol 

Lett 226: 127–133. 

 

Sasaki, A., Hata, K., Suzuki, S., Sawada, M., Wada, T., Yamaguchi, K., et al. (2003) Overexpression 

of plasma membrane-associated sialidase attenuates insulin signaling in transgenic mice. J Biol 

Chem 278: 27896–27902. 

 

Sharma, D.K., Brown, J.C., Choudhury, A., Peterson, T.E., Holicky, E., Marks, D.L., Simari, 

R., Parton, R.G., and Pagano, R.E. (2004) Selective stimulation of caveolar endocytosis by 

glycosphingolipids and cholesterol. Mol Biol Cell 15: 3114–3122. 

 

Shin, J.S., Gao, S., and Abraham S.N. (2000) Involvement of cellular caveolae in bacterial entry 

into mast cells. Science 289: 785–788. 



Shinyoshi, S., Kamada, Y., Matsusaki, K., Chigwechokha, P.K., Tepparin, S., Araki, K., et al. 

(2017) Naringenin suppresses Edwardsiella tarda infection in GAKS cells by NanA sialidase 

inhibition. Fish Shellfish Immunol 61: 86–92. 

 

Shiozaki, K., Takeshita, K., Ikeda, M., Ikeda, A., Harasaki, Y., Komatsu, M., et al. (2013) Molecular 

cloning and biochemical characterization of two novel Neu3 sialidases, neu3a and neu3b, from 

medaka (Oryzias latipes). Biochimie 95: 280–289. 

 

Shiozaki, K., Uezono, K., Hirai, G., Honda, A., Minoda, M., and Wakata R. (2020) Identification of 

novel fish sialidase genes responsible for KDN-cleaving activity. Glycoconj J 37: 745–753. 

 

Sillence, D.J., Puri, V., Marks, D.L., Butters, T.D., Dwek, R.A., Pagano, R.E., and Platt, F.M. (2002) 

Glucosylceramide modulates membrane traffic along the endocytic pathway. J Lipid Res 43: 1837–

1845. 

 

Singh, R.D., Holicky, E.L., Cheng, Z., Kim, S., Wheatley, C.L., Marks, D.L., et al. (2007) Inhibition 

of caveolar uptake, SV40 infection, and 1-integrin signaling by a nonnatural glycosphingolipid 

stereoisomer. J Cell Biol 176: 895–901. 

 

Singh, R.D., Marks, D.L., Holicky, E.L., Wheatley, C.L., Sato, S.B., Kobayashi, T., et al. (2010) 

Gangliosides and 1-integrin are required for caveolae and membrane domains. Traffic 11: 348–360. 

 

Situmorang, M.L., Dierckens, K., Mlingi, F.T., Van Delsen, B., and Bossier, P. (2014) 

Development of a bacterial challenge test for gnotobiotic Nile tilapia Oreochromis niloticus 



larvae. Dis Aquat Organ 109: 23–33. 

 

Strӧmberg, N., and Karlsson, K. (1990) Characterization of the binding of Propionibacterium 

granulosum to glycosphingolipids adsorbed on surfaces. J Biol Chem 265: 11244–11250. 

 

Sui, Z., Xu, H., Wang, H., Jiang, S., Chi, H., and Sun, L. (2017) Intracellular trafficking pathways of 

Edwardsiella tarda: From clathrin- and caveolin-mediated endocytosis to endosome and lysosome. 

Front Cell Infect Microbiol 7: 400. 

 

Tagami, S., Inokuchi, J., Kabayama, K., Yoshimura, H., Kitamura, F., Uemura, S., et al. (2002) 

Ganglioside GM3 participates in the pathological conditions of insulin resistance. J Biol Chem 277: 

3085–3092. 

 

Takahashi, K., Proshin, S., Yamaguchi, K., Yamashita, Y., Katakura, R., Yamamoto, K., et al. 

(2017) Sialidase NEU3 defines invasive potential of human glioblastoma cells by regulating calpain-

mediated proteolysis of focal adhesion proteins. Bichim Biophys Acta Gen Subj 1861: 2778–2788. 

 

Tanaka, N., and Okamura, H. (1999) Characteristic distributions of glycosphingolipid composition 

of Japanese pilchard (sardine). J Jpn Oil Chem Soc 48: 131–135. 

 

Teneberg, S., Ångstrӧm, J., and Ljungh, A. (2004) Carbohydrate recognition by enterohemorrhagic 

Escherichia coli : Characterization of a novel glycosphingolipid from cat small intestine. 

Glycobiology 14: 187–196. 

 



Tian, J., Wen, H., Zeng, L., Jiang, M., Wu, F., Liu, W., and Yang, C. (2013) Changes in the 

activities and mRNA expression levels of lipoprotein lipase (LPL), hormone-sensitive lipase (HSL) 

and fatty acid synthetase (FAS) of Nile tilapia (Oreochromis niloticus) during fasting and re-feeding. 

Aquaculture 400–401: 29–35. 

 

Vélez, E.J., Perelló-Amorós, M., Lutfi, E., Azizi, S., Capilla, E., Navarro, I., et al. (2019) A long-

term growth hormone treatment stimulates growth and lipolysis in gilthead sea bream juveniles. 

Comp Biochem Phsiol Part A 232: 67–78. 

 

Vo, L.K., Tsuzuki, T., Kamada-futagami, Y., Chigwechokha, P.K., Honda, A., Oishi, K., et al. 

(2019) Desialylation by Edwardsiella tarda is the initial step in the regulation of its invasiveness. 

Biochem J 476: 3183–3196. 

 

Wada, A., Hasegawa, M., Wong, P., Shirai, E., Shirai, N., Tan, L., et al. (2010) Direct binding of 

gangliosides to Helicobacter pylori vacuolating cytotoxin (VacA) neutralizes its toxin activity. 

Glycobiology 20: 668–678. 

 

Wang, L., Kaneko, G., Takahashi, S., Watabe, S., and Ushio, H. (2015) Identification and gene 

expression profile analysis of a major type of lipoprotein lipase in adult medaka Oryzias latipes. Fish 

Sci 81: 163–173. 

 

Watanabe, T., Sakiyama, R., Iimi, Y., Sekine, S., Abe, E., Nomura, K.H., et al. (2017) Regulation of 

TG accumulation and lipid droplet morphology by the novel TLDP1 in Aurantiochytrium limacinum 

F26-b. J Lipid Res 58: 2334–2347. 



Weil, C., Lefèvre, F., and Bugeon, J. (2013) Characteristics and metabolism of different adipose 

tissues in fish. Rev Fish Biol Fisheries 23: 157–173. 

 

Wong, J.D., Miller, M.A., and Janda, J.M. (1989) Surface properties and ultrastructure of 

Edwardsiella species. J Clin Microbiol 27: 1797–1801. 

 

Wu, Z., Rosen, E.D., Brun, R., Hauser, S., Adelmant, G., Troy, A.E., et al. (1999) Cross-regulation 

of C/EBP  and PPAR  controls the transcriptional pathway of adipogenesis and insulin sensitivity. 

Mol Cell 3: 151–158. 

 

Xie, C., Yagai, T., Luo, Y., Liang, X., Chen, T., Wang, Q., et al. (2017) Activation of intestinal 

hypoxia-inducible factor 2a during obesity contributes to hepatic steatosis. Nat Med 23: 1298–1308. 

 

Yamakawa, N., Vanbeselaere, J., Chang, L., Yu, S., Ducrocq, L., Harduin-Lepers, A., et al. (2018) 

Systems glycomics of adult zebrafish identifies organ-specific sialylation and glycosylation patterns.  

Nat Commun 9: 4647. 

 

Yamaguchi, Y., Furukawa, K., Hamamura, K., and Furukawa, K. (2011) Positive feedback loop 

between PI3K-Akt-mTORC1 signaling and the lipogenic pathway boosts Akt signaling : Induction 

of the lipogenic pathway by a melanoma antigen. Cancer Res 71: 4989–4997. 

 

Yoshizumi, S., Suzuki, S., Hirai, M., Hinokio, Y., Yamada, T., Yamada, T., et al. (2007) Increased 

hepatic expression of ganglioside-specific sialidase, NEU3, improves insulin sensitivity and glucose 

tolerance in mice. Metabolism 56: 420–429. 



Yu, R.K., Tsai, Y., Ariga, T., and Yanagisawa, M. (2011) Structure, biosynthesis, and functions of 

gangliosides-An overview. J Oleo Sci 60: 537–544. 

 

Zeller, C.B. and Marchase, R.B. (1992) Ganglioside as modulators of cell function. Am J Physiol 

262:C1341–1355. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


