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Short Paper 

Effects of Dietary Cholesterol and 
Cholate on Hepatic En勾喧leActivities 

Involved in Taurine Biosynthesis 
and Biliary Bile Salt Composition in 

Bluegill Lepomis mαcrochirzω 

Takanobu GOTO¥ Yuta KrNE¥ Takumi KAIMASU¥ 

Yuto 1阻 HATA1 and Fumihiko HASUM，l 

Abstract: In order to investigate the regulation of tau-

rine biosynthesis in fish， bluegill was fed on a casein 

basal diet containing 1.0% of cholesterol or cholate for 

19 days. Cholesterol feeding led to a marked increase 

of biliary chenodeoxycholyltaurine concentration， sug-

gesting that the dietary cholesterol was converted into 

the corresponding bile salt and仕lenconjugated wi出 tau-

rine. However， cholesterol did not show any influence 

on hepatic cysteinesulfinate decarboxylase activity. On 

出econtrary， cholate significantly increased the enzyme 

activity while it slightly e!evated cho!yltaurine in propor-

tion. These data suggest a possibility that出eregulation 

of fish taurine biosynthesis is different仕omman1ffials. 
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Taurine biosynthesis 

During the past decade， dietary taurine has been 

reported to improve growth performance of juvenile 

]apanese flounder Paralichthys olivaceus (Park et 

al. 2001) and to reduce an incidence of green liver 

symptom in yellowtail Seriola quinqueradiata fed on a 

soybean protein diet (fakagi et al. 2005). These data 

suggest the necessity of extensive study dealing with 

regulation， ways， and capacity of taurine biosynthesis 

in fish. However， little information can be available 

except that biosynthetic capacities and ways of taurine 

are different among the fish species (Goto et al. 2002). 

Taurine is thought to be produced via cysteinesulfinate 

(main pathway)， cysteate (bypass of cysteinesulfinate)， 

and/or cysteamine (alternative way) in fish. 

In mammal， bile salts， cholate (CA) and chenode-

oxycholate， are synthesized from cholesterol (CH) and 

conjugated with glycine and/or taurine prior to excre-

tion into bile. However， tl1e influence of both steroids is 

different in cysteinesulfinate decarboxylase (CSD， EC 
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4.1.1.29)， a regulatory enzyme in taurine biosynthesis via 

cysteinesulfinate. Dietary CH increased the activity， but 

CA decreased it (lde 1998). Fish bile salts are exclusively 

taurine-conjugated forms， compared to man1ffial (Goto et 

al. 1996).百lesedata suggest仕latregulation of fish tau-

rine production is different仕omman1ffials. In血isexperi・

ment， we determined hepatic CSD activity in bluegill 

Lepomis macrochirus fed on a diet containing CH or CA 

As shown in Table 1， experimental diets were pre-

pared by mixing a casein basal diet with recrystalized 

CH or CA at a level of 1.0% (w/w). Fifteen bluegill fed 

on the basal diet for 2 weeks (average body weight: 

44.5 g) was divided into three dietary groups (n = 5)， 

introduced into 30 1 tanks and given one of the experi-

mental diets two times a day until satiation for 19 days 

at 25'C. Dechlorinated water was poured into the 

tanks at 300 ml/min throughout the experimental peri-

ods. Liver， muscle， and gallbladder were isolated after 

starvation for 24 h at the end of rearing experiment. 

Preparation for crude enzyme solution and procedure 

for hepatic enzyme assay are described in previous 

reports (Goto et al. 2002， 2005; Reitman and Frankel 

1957). Muscle was homogenized with 9 fold volumes 

(w /v) of 8% trichloroacetic acid， and taurine level was 

determined using OPA-prelabeling reverse-phase 

HPLC (Goto et al. 2002). Bile was collected by suction 

from punctured gallbladder. Biliary bile salt composi-

tion and concentration were analyzed by HPLC and 

enzymic methods (Goto et al. 1996; Iwata and Yamasaki 

1964). Enzyme protein was determined by a colorimet-

ric method (1ρwry et al. 1951). Values were expressed 

as means:t SD， and the data were statistically analyzed 

by one-way ANOVA with Tukey procedure at 5% level of 

significance (JSTAT for Windows). 

The feeding of CA diet induced lower feed intake prob-

ably due to its poor palatability and resulted in inferior 

body weight (not signific加t， data not shown). The ana-

lytical data of muscular taurine and biliary bile salt levels 

and hepatic enzyme activities are summarized in Table 

2. Muscular taurine level and hepatic en勾meactivities 

except for CSD were sin1ilar among all the dietary treat-

ments. CSD activity in fish fed CA diet was significantly 

higher than those in fish fed basal and CH diets. No 

significant difference was observed in biliary bile salt 

concentration among the treatments， but CH diet led 

to a significant increase of chenodeoxycholyltaurin 
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cholyltaurine. Similar result was obtained when bluegill 

was given the diet containing CH or CA at 0.3% level (data 

notshown). 

Mammalian CSD activity is speculated to be coordi-

nately regulated with bile salt synthesis because the 

enzyme activity seems to be increased in proportion 

to bile salt production (lde 1998). In出isexperiment， 

however， CH did not increase CSD activity in spite of 

showing出atCH elevated chenodeoxycholate formation 

ぐrable2). On the other hand， CA significant1y enhanced 

the enzyme activity. Hence， our present data suggest 

a possibility出at白eregulation of taurine biosynthesis 

in fish is different from白atin mammal. Since fish bile 

salts are exclusively taurine-conjugated forms (Goto et 

al. 1996)， CSD activity might be increased to secrete 

an excess of CA in the form of taurine conjugates. 

Choleretic action of taurine is already demonstrated 

in yellowtail fed on a soybean protein diet (Goto et al. 

2007). However， we could not demonstrate reduced 

taurine levels in CH and CA diet groups although bo白

Table 1. Formulation of test diets for bluegill 

Ingredient Basal diet * 1 CH diet CA diet 

(g) 

Casein 
α-Starch 
Soybeanωl 
Fish oil 
a-Cellulo喧e
Soybean lecithin 
Vitarnin mixture 
Mineral mixture 

Cholesterol * 2 

Cholate*3 

ハυ
R

d
nh
u
d
a
τ
n
h
u
q
J
a佳
作

L

R
u
n
，h
 

100 100 

1.0 
1.0 

*1叫，and叫werepurchased仕omOriental Yeast Co.， Ltd. (fokyo， Japan) ， 
Tokyo Kasei Kogyo Co.， Ltd. (fokyo， Japan)， and Wako Pure Chemical 
Industries， Ltd. (0叫也，Japan)，respectively. 

steroids were shown ωelicit taurine consumption in rats 

(lde 1998). In血isregard， not only liver but also other 

organs may significant1y contribute to taurine biosynthe-

sis in fish. Therefore further studies should be needed 

to determine the linkage between bile salt conjugation 

and taurine production and the organic distribution of 

taurine biosynthetic en勾収leactivity in fish. 
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Table 2. Analytical data of muscular taurine， biliary bile salts， and hepatic en勾meactivities in bluegill fed wi出 theexperimental diets for 
19 days 

Basal diet CH diet CAdiet 

2.69 :t 0.64" 2.83士 0.88" 2.06 :t 0.30" 

253.26土 35.0" 260.4 :t 28.6" 218.42 :t 27.4" 

72.1 :t 2.7" 54.5 :t 4.5b 81.3 :t 8.1" 
25.4 :t 1.1" 42.9 :t 5.8b 14.1 :t 7.8c 

2.5 :t 1.8" 2.6 :t 1.4" 4.6 :t 3.3" 

Musc/e 
Taurine (mg/ g) 

Biliary bile salts 
Concen甘ation(mM) 
Composition (%) 

C-taU*l 
CDC-tau叫

DC-tau叫

Hetatic enzyme activity 
(nmol/min/mg protein) 

ALT叫

AST吋

CAD 吋
CSD*7 
CTN叫

42.6 :t 4.0" 
10.2 :t 1.9" 
2.2 :t 0.6" 
2.2 :t 0.6" 
5.4 :t 0.9" 

40.9 :t 3.1" 
9.6 :t 2.3" 
1.9 :t 0.6" 
2.2土1.0"
5.1 :t 0.4" 

41.5 :t 1.8" 

7.9 :t 1.4" 
2.6 :t 0.5" 
7.7 :t 4.1b 

5.2 :t 0.5" 

n = 5. Values in a line wi出 differentletters町 esignificantly different at P< 0.05. 
判 Cholyltaurin色村Chenodeoxycholyltaurine，* 3 Deoxycholyltaurine，叫Alanineaminotransferase，吋Asparateaminotransferase，村Cysteamine
dioxygenase， * 7 Cysteinesulfinate decarboxylase，叫Cystathioniney-lyase. 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

