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Bleeker)

CHO

PCR GK G6Pase
CHO

1

1.1
1.1.1 Erythrocutler ilishaeformis 
Bleeker

800 cm 200 cm 100 cm

30 d

360 40 g
2 LL

HL 3 6
60

1.1.2 Panserat 9

1
60

2.0 mm 40 12 h
10%

1
Tab.1 Formulation and composition of experimental diets for top mouth culter %

          
         Ingredients Low lipid LL High lipid HL

  Casein 20 16

  Gelatin 5 4

 Fish meal 30 28

 Soybean meal  35 25

a-  a-Starch 1.5 2.5

 Fish oil 6 17

 Vitamin premix 1 1

 Mineral premix 1 1

 Zeolite powder  0 3

  Attapalgite 0 2

 Salt  0.5  0.5
* Chemical composition*

 Dry matter 89.80 91.05

 Crude protein 50.14 40.88

 Crude lipid 9.92 19.93

 Carbohydrate 14.45 12.38

/ kJ·g 1  Gross energy  18.25 19.66

GE 23.64 kJ/g 39.54 kJ/g 17.15 kJ/g
 .

Note Gross energy GE protein 23.64 kJ/g ether extract 39.54 kJ/g carbohydrate k17.15 kJ/g the others are measured values. Additives 
contain trace-mineral vitamins et al. provided by Nanjing Huamu Animal Research Institute .
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1.2

30 d
3% 2.5%

2 8 00-9 00 16 00-17 00
1 30 min

1 15 d 1
1/3 8

00 16 00 1 1
24.5 4.32

5 mg/L 0.01 mg/L
0.05 mg/L  pH 6.8 ~7.0 56 d

 1.3
48 h

0 3 h 6 h 12 h 24 h 
3 9 MS-222

 4 10 000 r/min
10 min

50~100 mg

3 9

20 

1.4

Cx-4

105 

3 5-
-

1.5
10 4 

10% Panserat 6

Kirchne 20 21 80 
mmol/L Tris 5 mmol/L EDTA 1 mmol/L KH2PO3 2 
mmol/L NaHCO3 1.4 mmol/L DTT pH 7.5
4 4 000 r/min 10 min

GK HK EC 2.7.1.1

GDH EC 1.1.1.47
4 12 000 r/min 20 min
G6Pase 20 25

1 24 h

GK Tranulis 4 Panserat 6

65 mU/mL G6PDH 2 mmol/L 
NADP+ 7 mmol/L ATP 80 mmol/L Tris 5 mmol/L 
EDTA 8 mmol/L MgSO4 1 mmol/L KH2PO4 2 
mmol/L NaHCO3 0.2 mmol/L DTT 100 
mmol/L pH 8.2 HK GDH

GK 0.5 
mmol/L HK ATP

GDH 5 min
30 pH 8.2 g
min 1 mmol/L NADPH

1
G6Pase Alegre 22 Panserat 9 23

26.5 mmol/L G6P 1.8 mmol/L EDTA
2 mmol/L NAD+ 0.5~0.7 U·mL 1 (MUT)
5~7 U/mL Glucose dehydrogenase 100 mmol/L 
imidazole-HCl 30 pH 7.0

min 1 mol 6-
1

1.6 GK G6Pase RT-PCR
GK G6Pase cDNA

24 GK G6Pase P1 P2 P3 P4
-actin -actin

P5 P6 2
100 ~150 bp

2 RT-PCR
Tab. 2 Primers used in real time RT-PCR

Primer
 

Sequence

GK P1   5'- GAA TAC GAC CGC GTT GTT GA-3'  

P2   5'- CTG AGG CTT CGC CGT TAA AC-3'

G6Pase P3   5'-GCA GGC GTT ATT TCA GGC AT-3'

P4   5'-CCA CAC CCA GAG CTT TCA GG-3'

b-actin P5   5'-ACT TCG AGC AGG AGA T-3'

P6   5'-ACA GTG TTG GCA TAC AG-3'
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50~100 mg Trizol 

Reagent Invitrogen

RNA RNA

OD260/280 RNA 1.8~2.0

SYBR ExScriptTM RT-PCR Kit Takara

RT SYBR Green I

Real Time PCR 500 

ng RNA 2 L 5 Buffer 0.5 L dNTP Mixture ea.10 

mmol/L 0.25 L RNase Inhibitor 40 U/ L 0.5 

L dT-AP Primer 50 mmol/L 0.25 L ExScriptTM 

RTase 200 U/ L DEPC H2O 10 L

42  40 min 90  2 min 4 

PCR 12.5 L SYBR® premix 

Ex TaqTM 2 0.5 L PCR Forward Primer 10 

mol/L 0.5 L PCR Reverse Primer 10 mol/L 2.0 

L cDNA 9.5 L dH2O 95 

 3min 45 95  10 s 60  20 s

72  3 min 65  

90 0.2 1 s

1.7

%  d 1 = 100 ln 

ln / 

 =  / 

% = 100   /

% = 100   / 

% = 100   / 

% = 100 

/ 

1.8

mRNA -actin

Ct

mRNA 2  CT

mRNA 25

SPSS Ver.11.5 One-way 

ANOVA Ducan s

x SE

t P<0.05

2

2.1

3

P<0.05 53.97%

P<0.05 7.93%

58.23%

2.2

4

12~24 h

6 h 24 h 6 h 12 h 24 h

P <0.05

5

3 h

P <0.05

3~24 h

P <0.05

6

12 h

P <0.05

3~24 h

3 h 6 h P <0.05
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3
Tab. 3 Effect of different dietary lipids on growth performance of top mouth culter n=3 x SE

Group Low lipid LL High lipid HL

/ g
Initial average body weight 40.95 0.90 40.11 1.09

/ g
Final average body weight 89.81 3.12 92.41 8.34

/  %·d-1

Speci c growth rate 1.40 0.06 1.48 0.11

Feed conversion ratio 1.46 0.11 1.41 0.15

/%
Mortality rate 2.00 1.00 5.33 3.06

/ %
Hepato-somatic index 0.42 0.01 0.44 0.01

/ %
Viscero-somatic index 10.84 1.28 16.69 1.28*

 / %
Fullness coef cient 1.03 0.04 1.00 0.01

/ %
Crude protein of muscle 18.11 0.54 17.11 0.65

/ %
 Crude lipid of muscle 1.12 0.26 0.92 0.16

/ %
 Crude protein of liver 13.87 0.68 14.97 0.65*

/ %
Crude lipid of liver 2.37 0.57 3.75 0.84*

* t-test P<0.05 .
Note *Signi cant difference between LL ang HL t-test P<0.05 .

4
Tab. 4 Changes of starved and postprandial plasma glucose levels of top-mouth culter fed with different lipid levels of diets           

n=9 x SE mmol·L 1

Group  Starved
  Postprandial time

3 h 6 h 12 h 24 h

LL 5.31 1.57c 6.75 0.91bc 11.36 1.61ab 9.04 0.75abc 12.56 0.69a

HL 5.85 2.24b 7.80 0.65ab 10.00 1.32a 12.33 1.35a 12.14 0.64a

P<0.05 .
Note Values with different supscripts show signi cant differences P<0.05  between the time groups.

5
Tab. 5 Changes of starved and postprandial plasma triglycerides of topmouth culter fed with different lipid levels of diets            

n=9 x SE mmol·L 1

Group  Starved
  Postprandial time

3 h 6 h 12 h 24 h

LL 1.21 0.34 2.21 0.28 1.94 0.48 3.50 0.41 1.98 0.17

HL 0.98 0.19c 3.44 0.21a* 2.55 0.06b 4.67 0.72a 2.01 0.28b

P<0.05 * P<0.05 .
Note Values with different supscripts show signi cant differences P<0.05  between the time groups *Different from LL sh t-test P<0.05 .
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6
Tab. 6 Changes of starved and postprandial plasma fatty acid of topmouth culter fed with different lipid levels of diets

n=9 x SE mmol·L 1

Group  Starved
  Postprandial time

3 h 6 h 12 h 24 h

LL 0.42 0.03a 0.26 0.02c 0.31 0.33bc 0.33 0.01abc 0.37 0.02ab

HL 0.49 0.02a 0.32 0.02b 0.37 0.03b 0.38 0.01b* 0.38 0.03b

P<0.05 * P<0.05 .
Note Values with different supscripts show signi cant differences P<0.05  between the time groups *Different from LL sh t-test P<0.05 .

2.3

7 8 GK
GK

GK GK
12 h GK mRNA

P<0.05 3 
h 6 h 12 h GK mRNA

P<0.05
9 10

3~24 h P<0.05
G6Pase mRNA 24 h

P<0.05 G6Pase
6 h 12 h 24 h

24 h G6Pase P<0.05
G6Pase mRNA P<0.05

7 GK
Tab. 7 Starved and postprandial GK activity changes of topmouth culter fed with different lipid levels of diets

n=9 x SE mU·mg 1prot

Group  Starved
  Postprandial time

3 h 6 h 12 h 24 h

LL 0 1.16 0.17 1.83 1.27 2.74 1.44 3.68 1.06

HL 0 0.94 0.72 1.81 0.65 1.60 0.75 2.33 0.79

8 GK mRNA
Tab. 8 Starved and postprandial GK mRNA changes of topmouth culter fed with different lipid levels of diets

n=9 x SE

Group  Starved
  Postprandial time

3 h 6 h 12 h 24 h

LL 0.027 0.008 0.013 0.000 0.013 0.000 0.023 0.001 0.026 0.006

HL 0.160 0.044b 0.270 0.061b* 1.010 0.180b* 9.010 0.820a* 0.063 0.015b

P<0.05 * P<0.05).
Note Values with different supscripts show signi cant differences P<0.05  between the time groups *Different from LL sh t-test P<0.05 .
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9 G6Pase
Tab. 9 Starved and postprandial G6Pase activity changes of topmouth culter fed with different lipid levels of diets

n=9 x SE mU·mg 1prot

Group  Starved
  Postprandial time

3 h 6 h 12 h 24 h

LL 12..14 1.82b 8.63 1.25b 17.95 0.74a 17.90 1.22a 19.82 1.39 a

HL 11.12 1.46bc 5.45 1.70c 17.81 2.79b 17.14 2.31b 26.78 1.84a*

P<0.05 * P<0.05 .
Note Values with different supscripts show signi cant differences P<0.05  between the time groups *Different from LL sh t-test P<0.05 .

10 G6Pase mRNA
Tab. 10 Starved amd postprandial G6Pase mRNA changes of topmouth culter fed with different lipid levels of diets

n=3 x SE

Group  Starved
  Postprandial time

3 h 6 h 12 h 24 h

LL 0.002 0.000 0.002 0.000 0.001 0.000 0.002 0.001 0.001 0.000

HL 1.090 0.410b 3.530 0.400a* 3.260 0.860a* 4.410 0.640a* 4.480 0.320a*

P<0.05 * P<0.05 .
Note Values with different supscripts show signi cant differences P<0.05  between the time groups *Different from LL sh t-test P<0.05 .

3
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Effects of dietary lipids on growth, GK and G6Pase activities and mRNA levels 
in top-mouth cutler (Erythrocutler ilishaeformis Bleeker)

LIU Bo  TANG Yong-kai  YU Ju-hua  XIE Jun  GE Xian-ping
(Key Open Laboratory for Genetic Breeding of Aquatic Animals and Aquaculture Biology Ministry of Agriculture Freshwater 
Fisheries Research Center Chinese Academy of Fishery Sciences Wuxi 214081 China)

Abstract Top-mouth culter Erythroculter ilishaeformis Bleeker  is also called white fish from Taihu 
Lake in China. It is a carnivorous fish belonging to cypriniformes Cyprinidae Culterinae. It is one of four 
famous freshwater sh species and now becomes one of the main cultured species in China. There were some 
investigations on the biology of top-mouth culter. However few studies have been reported on its nutritional 
requirements. The objectives of this study were to evaluate the effects of dietary high lipids on postprandial plasma 
metabolites including glucose triglycerides fatty acids and cholesterol as well as expression and activities of 
hepatic GK G6pase and PEPCK enzymes, and to explore the carbohydrate utilization in sh.In the present study, 
360 top-mouth cutler with average weight 40.53 0.66 g were randomly divided into two groups. Each group with 
triplication was fed with diets containing high lipid HL  level 19.93% lipid, 14.45% carbohydrate  or with low 
lipid LL  level 9.92% lipid 12.38% carbohydrate . After 8 weeks plasma biochemical indices and glucokinase 

GK glucose-6-phosphatase G6Pase  activities and mRNA levels were determined at 0 3 6 12 and 24 h 
after feeding. The results showed that compared with the low level of dietary lipids the high dietary lipids level 
promoted sh hepatic crude protein and fat content increased triglyceride content at 3 h after the meal and free 
fatty acids concentrations of plasma at 12 h after taking food. The level of dietary lipids did not signi cantly affect 
GK activity even though GK mRNA level were increased at 3 24 h after taking high level of lipids. The high level 
of dietary lipids signi cantly increased mRNA level of G6Pase at 3 6 12 and 24 h and G6Pase activity at 24 h as 
well after food ingestion.Therefore these data suggest ingestion of high dietary lipids would increase the hepatic 
crude protein and fat content causing high glycaemia inducing G6Pase activity and gene expression which may 
affect carbohydrate utilization rate of top-mouth cutler at least as part of reasons. Jousnal of Fishery Sciences of 
China 2008 15 6 1 024 1 033
Key  words Erythrocutler ilishaeformis dietary lipids GK G6Pase enzym activity growth gene expression
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