
This article was downloaded by: [Xishuangbanna Tropical Botanical Garden]
On: 20 June 2012, At: 19:07
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Applied Animal Research
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/taar20

Molecular Cloning and Sequence Analysis of
Hepatic Lipase Gene in Yak
Sheng-wei Li a , Ming-feng Jiang a , Yong-tao Liu a , Xian-hui Fu b , James K. Drackley
c , Yan Chen a , Yu-hui Ye a , Yong Wang a & Jin-cheng Zhong a
a College of Life Sciences and Technology Southwest University for Nationalities,
ChengDu, 610041, China
b Xishuangbanna Tropical Botanical Garden Chinese Academy of Sciences, Mengla,
Yunnan, 666303, China
c Department of Animal Sciences and Division of Nutritional Sciences, University of
Illinois, Urbana, Illinois, 61801, USA

Available online: 14 Nov 2011

To cite this article: Sheng-wei Li, Ming-feng Jiang, Yong-tao Liu, Xian-hui Fu, James K. Drackley, Yan Chen, Yu-hui Ye,
Yong Wang & Jin-cheng Zhong (2009): Molecular Cloning and Sequence Analysis of Hepatic Lipase Gene in Yak, Journal
of Applied Animal Research, 36:1, 97-101

To link to this article:  http://dx.doi.org/10.1080/09712119.2009.9707040

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or
systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in
any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the
contents will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug
doses should be independently verified with primary sources. The publisher shall not be liable for any
loss, actions, claims, proceedings, demand, or costs or damages whatsoever or howsoever caused arising
directly or indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/taar20
http://dx.doi.org/10.1080/09712119.2009.9707040
http://www.tandfonline.com/page/terms-and-conditions


J. Appl. Anim. Res. 36 (2009) : 97-101 

Molecular Cloning and Sequence Analysis of Hepatic 
Lipase Gene in Yak* 

Shengwei Lil, Ming-feng Jiangl"", Yongtao Liul, Xian-hui Fu2, 
James K. Drackley3, Yan Chenl, Yu-hui Ye1, Yong Wang', Jin-cheng Zhongl 

'College of Life Sciences and Technology 
Southwest University for Nationalities 

ChengDu, China 610041 

Xishuangbanna Tropical Botanical Garden 
Chinese Academy of Sciences 

Mengla, Yunnan 666303, China 

Department of Animal Sciences and Division of Nutritional Sciences 
University of Illinois 

Urbana, 61801 Illinois, USA 

(Received September 23, 2008; accepted March 1, 2009) 

2 

3 

Abstract 
Li, S., Jiang, M., Liu, Y., Fu, X., Drackley, J.K., Chen, Y., Ye, Y., Wang, Y. and Zhong, J. 2009. Molecular 
cloning and sequence analysis of hepatic lipase gene in yak. J .  Appl. h i m .  Res., 36: 97-101. 

In order to study the biological function of hepatic lipase (hl) gene in yak, the cDNA sequence encoding 
hepatic lipase from yak was cloned by RT-PCR method using gene specific PCR primers. The cloned cDNA 
fragment (1 540 bp) contained a 1503 bp open reading frame, encoded 500 amino acids (AAs) with a molecular 
mass of 56.734 kDa. It showed a high level of sequence identity to Bos Taurus (99.40%), Homo sapiens 
(77.64%), Oryctolagus cuniculus (76.20%), Mus musculus (68.88%), Xenopus laevis (55.27%) and Danio 
rerio (47.69%). The hl gene was expressed only in liver tissue and not in heart, spleen, kidney and brain 
tissues. Further analysis of yak H L  amino acid sequence implied that it contained a complete lipase active 
site (VHLIGYSLGA) ranging from 162 to 171 amino acid residues. It also contained two conserved domains, 
conserved lipase domain (18AAs-350AAs) in  its N-terminal and the PLAT domain (353AAs-488AAs) in 
its C-terminal. The phylogenetic analysis showed that yak and Bos taurus were the closest species. The 
prediction of secondary structures indicated that H L  of yak had the similar secondary structure with other 
isolated HL. The results of this study suggested that hl gene of yak w a s  similar with Bos taurus and was 
expressed only in liver tissue. 

Key words: Yak, hepatic lipase, cloning, expression. 

Introduction and affects the  lipid composition of all 
lipoprotein classes yielding particles that are 

and Deeb, 200 l). Hepatic lipase was 
lipase (HL) is a liPo1YtiC optimal for receptor-mediated uptake (Bwnzell 

that hydrolyzes phospholipids and triglycerides 
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synthesized and secreted by hepatocytes that RNA samples were dissolved in DEPC water, 
bound extracellularly to  parenchymal and 
endothelial cell surfaces in the space of Disse 
(Jansen et al., 2002). In liver, HL activity plays 
an important role in  plasma lipoprot,ein 
metabolism (Santamarina-Fojo et al., 2004). In 
addition to liver, HL was also found in the 
adrenal glands, ovaries, plasma and several 
steroidogenic tissues (Verhoeven and Jansen, 
1994) and plays many important roles in these 
tissues (Santamarina-Fojo and Haudenschild, 
2000; Perret et al., 2002). HL contains many 
isomers t h a t  a r e  involved not only in  
lipoproteins metabolism but also related t o  
many diseases, such as atherosclerosis and 
coronary artery disease and dyslipidemia 
(Rufibach et al., 2006). In addition, HL played 
an important role in protection of life. 

Yak (Bos grunniens) is a remarkable 
animal developed on the Qinghai-Tibetan 
Plateau that is often called the “roof of the 
world”. Because of its adaptation to  life on the 
plateau many adaptability changes may 
influence its genetic material (Gerald et al., 
2003). Although the HL gene has been cloned 
in Bos taurus, but there is no report related to 
the cloning of Yakgapdh cDNA fragment. Here 
we report the cloning of cDNA sequence of Yak 
hl gene, the bioinformatics analysis of this gene 
and the expression detection of hl gene in liver, 
heart, spleen, kidney and brain tissues. 

Materials and Methods 
Liver, heart, spleen, kidney and brain tissue 
samples of yak were collected from a newly 
slaughtered 3.5 years old healthy male yak in 
northwest plateau of Sichuan province. Each 
tissue sample was cut into 0.5-1.0 cm3 cubes, 
rinsed by DEPC treated water. To avoid RNA 
degradation samples were frozen in liquid 
nitrogen immediately until further treatment. 
Total RNA was extracted from these tissue 
samples using RNA reagent kit (Takara 
Biotechnology Co., Ltd.) according to  the 
instruction. The extracted RNA were treated 
with DNaseI to avoid contamination of total 
DNA that may disturb the results and all the 

stored at -8OC. The purity and concentrations 
of each RNA sample were detected by agarose 
gel electrophoresis and ultraviolet 
spectrophotometer . 

Total RNA (400 ng) were reverse 
transcribed by SMART technology (Takara 
Biotechnology Co., Ltd.) according t o  the 
instruction of the kit. The primer F: 5 ’ -  
CCCAGGTGAAACAGAAATGGA-3’ and 

ACACCAGGTCTTCATTAAAGCT-3’ were 
designed and used to amplify the cDNA of yak’s 
hl gene according t o  the hl  gene mRNA 
sequence of cattle (Bos Taurus, accession 
number: NM001035410). The primary 
synthesized ds-cDNA from liver was used as 
template for PCR amplification. PCR was 
performed with the following program: 94C for 
4 min followed by 35 cycles of 94C 1 min, 63C 
1 min, 72C 9Os, and a final extension for 7 min 
at 72C. 

The amplified DNA fragments were 
isolated by 1.0% agarose gel electrophoresis 
and then were purified by using Agarose Gel 
DNA Purification Kit (Takara Biotechnology 
Co., Ltd.). The purified PCR product was cloned 
into the pMD18-T vector (Takara 
Biotechnology Co., Ltd.) and then transferred 
into the E. coli DH5a. The recombinant 
plasmid was named as pMD18-T-HL and then 
the inserted cDNA fragment was sequenced by 
Beijing Sunbiotech Co., Ltd. 

The expression pattern of hl gene was 
detected in different tissues by RT-PCR 
method. Total RNA of heart, spleen, kidney and 
brain were extracted and then synthesized into 
ds-cDNA by the same method used in previous 
step. Each ds-cDNA sample was used as the 
template in RT-PCR analysis and the reaction 
system and PCR procedure were the same as 
hl amplification procedure in liver tissue. p- 
actin (Bos Taurus,  accession number: 
BT030480) was used as loading control in this 
experiment. p-actin primer F: 52 - 
GATGTGGATCAGCAAGCA-32 ; primer R: 52 

primer R: 5’- 
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-CCTTCACCGTTCCAGTTT-32. PCR was 
performed with the following program: 94C for 
2 min followed by 30 cycles (94C 30s, 52C 30s, 
72C ~ O S ) ,  and a final extension for 7 min at  72C. 

The sequenced cDNA fragment was 
compared to nonredundant (nr) database at  the 
National Center for Biotechnology Information 
(NCBI; Bethesda, MD) using the Blastx 
algorithm. Aligment of the HL amino acid 
sequence with other six species, including Bos 
Taurus, Homo sapiens, Oryctolagus cuniculus, 
Mus musculus, Xenopus laevis and Danio rerio 
were downloaded from Genbank (Protein Id: 
NP-00 103 048 7, NP-00022 7, NP-00 10 7 55 0 1, 
NP-032306, NP-001107731 and AAI63963). 
Function-point analysis was conducted by 
online tools motifs-PROSITE (http:// 
cn.expasy.org/tools/scanprosite/). The 
conserved domain was searched against the 
Pfam database (http://pfam.sanger.ac.uW). The 
signal peptide of CPI was predicted using 
SignalP 3.0 Server (ht tp ://www . cbs. dtu. dW 
servicedSignalPI). The secondary structure of 
HL was predicted by online service (http:// 
im t ec h . re  s . in/r  aghava/a p s s p/) . The 
phylogenetic tree was drawn by DNAMAN 
software on the basis of amino acid sequence 
of HL in 7 species. 

Result and Discussion 
The expected length of the amplified hl gene 
fragment was 1540 bp. The results showed that 
a fragment around 1500 bp was obtained and 
inserted into pMD18T vector. The recombinant 

plasmid was digested by restriction 
endonuclease EcoRIII and HindI, and detected 
by PCR amplification. The results indicated 
that both restriction enzyme digestion and PCR 
amplification can produce a 1500 bp length 
DNA fragment, which was hl gene of 1540 bp. 
An open reading frame spans over 1503 bp, 
encodes a protein of 500 amino acids. The 
deduced HL molecular mass was 56.734 kDa 
with an isoelectric point of 9.21. Then the DNA 
sequence of hl gene was deposited in GenBank 
(accession no. EU780009). 

The load control pactin PCR product was 
232 bp (Fig. 1). This observation suggests that 
the hl gene mainly plays important roles in 
liver tissue. HI gene has  been always 
considered as a functional gene and it could 
have potential applied value in biotic medicinal 
territory. This study confirmed that hl gene 
was expressed only in  liver, but had no 
expression in heart, spleen, brain and kidney 
tissues of yak. It reflected such a fact that hl 
gene may have no role in some tissues although 
one researcher gave a further proof that HL 
enzyme in adrenal glands was observed only 
in newborn animals, but not in adults (Schultz 
et al., 2000). 

The derived sequence was compared with 
the public nucleotide and protein database 
(GenBank) using the Blastn and Blastx 
algorithms. Blastn analysis showed that the 
nucleic acid sequences were similar between 
yak and Bos Taurus HL (Table 1). The deduced 
amino acid sequence analysis showed that the 

Fig. 1. Expression of hl gene in different tissues. 
RT-PCR products amplified from liver, heart, kidney, spleen and brain, respectively by using hl 
and pactin specific primers. 
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Table 1 
Different nucleic acids and amino acids between Bos grunniens and Bos Taurus 

Items nucleic acids sites amino acid sites 

33 193 314 353 653 701 860 971 11 64 233 

Bos grunniens A G C A T C C G I R I 
Bos Taurus T T T G G G T A F L M 

1 
1.0 

0 . 8  

0 . 6  

2 
8 
v) 8.4 

0 . 2  

0. 8 

i Cleavage prob. - 
n-region prob. - 
h-region prob. - 
cregion prob. - 

MENPLCVSIFLIYCILIQSSAHGQSLGPESFGRRSRAAETN~TPQETRTKFLLFRGETDKGCQIRL~HSDTLQQCGFNS 
I I I I 1 I I 

0 t e  28 30 40 56 60 70 80 

Fig. 2. Analysis of single peptide. Most likely cleavage site between position 23 and 24: AHG-QS. 

identity of yak HL amino acid sequence with 
Bos Taurus ,  Homo sapiens, Oryctolagus 
cuniculus, Mus musculus, Xenopus laevis and 
Danio rerio were 99.40%, 77.64%, 76.20%, 
68.88%, 55.27% and 47.69%, respectively. 

The deduced amino acid sequence of HL 
suggested that mature hepatic lipase could be 
produced through cleavage at  the conserved 
AHG-QS sites in the N-terminal regions in HL. 
Further  analysis of yak HL amino acid 
sequence implied that it contains a signal 
peptide in its N-terminal (Fig. 2), the proteins 
with the signal peptide are generally secreted 
to the ecto-cell, may have important role as 
cytokines, which have potential application. 
Function-point analysis showed tha t  the 
predicted ‘VHLIGYSLGA’ (162-171 sites) 
polypeptide was an active site of yak HL to be 
as a further proof that the cloned sequence was 

hl gene. Further analysis of yak HL amino acid 
sequence implied that it contains a conserved 
lipase domain (18AAs-350AAs) in its N- 
terminal and the PLAT (Polycystin-1, 
Lipoxygenase, Alpha-Toxin) domain (353AAs- 
488AAs) in its C-terminal (Fig. 3). 

In recent years, more and more hl genes 
have been cloned from animals, including Bos 
Taurus, Homo sapiens, Oryctolagus cuniculus, 
Mus musculus, Xenopus laevis and Danio rerio. 
The length of amino acids contained in these 
proteins ranged from 496 to 513 AAs. A rooted 
phylogenetic tree was calculated based on an 
alignment of amino acid sequences by using the 
maximum likelihood method implemented in 
the DNAMAN software. The results of 
phylogenetic tree (Fig. 4) analysis revealed that 
the phylogenetic relationship between HL of 
yak and Bos taurus was closest. 
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350 353 488 500 
\ /  

1 18 
\ 

Fig. 3. 

0.05 - 

168 194 279 

The conserved domain of HL 
N-terminal domain is a lipase domain that 
range from 18-350 amino acids and C- 
terminal domain is a PLAT domain which 
range from 353-488 amino acids. There are 
three active sites S168, D194 and H279. 

I Xenopus tmpicalis 
0.271 

0.23; A 

O.H, Or/ctolagus cuniculus 

o,3ao Danio rerio I 

Fig. 4. Analysis of phylogeny (the number indicate 
branch length). 

However, the HL biological function of yak 
has not yet been fully understood. Future work 
in our lab will aim at studying the biological 
function, protein expression and biomedical 
applications of h2 gene in yak. 

Reference 
Brunzell, J.D. and Deeb, S.S. 2001. Familial lipoprotein 

lipase deficiency, apoC-I1 deficiency, and hepatic 
lipase deficiency. In: Scriver, C.R., Beaudet, A.L., 
Sly, W.S., Valle, D., Childs, B., Kinzler, K.W., 
Vogelstein, B., eds. The Metabolic and Molecular 
Bases ofhnherited Disease. New York: McGraw-Hill 
Medical Publishing Company. 

Gerald, W., Han, J.L. and Long, R.J. 2003. The yak. 
Published by the regional office for Asia and the 
pacific food and agriculture organization of the 
united nationa, Bangkok, Thailand. 

Jansen, H., Verhoeven, A.J. and Sijbrands, E.J. 2002. 
Hepatic lipase: a pro- or anti-atherogenic protein? 
J. Lipid Res., 43: 1352-1362. 

Rufibach, L.E., Duncan, S.A., Battle, M. and Deeb, S.S. 
2006. Transcriptional regulation of the human 

hepatic lipase (LIPC) gene promoter. J. Lipid Res., 

Perret, B., Mabile, L., Martinez, L., TercB, F., Barbaras, 
R. and Collet, X. 2002. Hepatic lipase: structure/ 
function relationship, synthesis, and regulation. J. 
Lipid Res., 43: 1163-1169. 

Santamarina-Fojo, S. and Haudenschild, C. 2000. Role 
of hepatic and lipoprotein lipase in lipoprotein 
metabolism and  atherosclerosis: s tudies  i n  
transgenic and knockout animal models and 
somatic gene transfer. Int. J. Tissue React., 22: 39- 
47. 

47: 1463-1477. 

Santamarina-Fojo, S., Gonzalez-Navarro, H., Freeman, 
L., Wagner, E. and Nong, Z. 2004 Hepatic lipase, 
lipoprotein metabolism, and atherogenesis.  
Arterioscler. Thromb. Vasc. Biol., 24: 1-5. 

Schultz, C. J., Blanchette-Mackie, E. J. and Scow, R. 0. 
2000. Adrenal and liver in normal and cldlcld mice 
synthesize and secrete hepatic lipase, but the lipase 
is inactive in cldcld mice. J. Lipid Res., 41: 214- 
225. 

Verhoeven, A.J. and Jansen, H. 1994. Hepatic lipase , 

mRNA is expressed in rat  and human steroidogenic 
organs. Biochim. Biophys. Acta., 1211: 121-124. 

we *, PS. *, arf. m, w. % , + r e  w, inf. 
* , * . * , W $ . ~ , + r . $ - J T l W d ~ *  

s i h W & l = i h V l * a ~ ~ I  
m*T&***Mqw&m&m 
~ ~ ~ ~ w f h m m m ~ & *  
*&-mmMq*-~m l-B*q 
~ ( 1 5 4 0 ~ ) ~ ~ 1 5 0 3 ~ g i f i ~ ~ ~ 5 0 0 ~  

3F8 (m) & WV 56.734 m * w  q V f %  I T 
*?r.FmJ&FlTV (90.40%) ~ ~ ~ ~ b h @ 5  
WET (77.64%)) ?TW5 (76.20%), (68.88%), 

-&hT (55.27% ) &*3?6f$di (47.69%) $$W$ I W$$ 
? i T $ h m m T m 3 $ * w * m , m , ~  
* m m 3 * w  Im*mm**m 

* t ~ ~ m m ~ % f $ ; 3 f T 3 i @ m M  
( ~ ~ 3 l ~ )  162*171 m V F f m W  I 

~ ~ T k f & ' ? N ~ ~ ~ ~ i % ? ' 4 7 ~ T V h  (18-4350 

& ~ ~ ~ - % ? ' 4 7 ~ d H ( 3 5 3 ' J J ? , * 4 8 8  

RaT) wl+mRm&W* mM**q- 

?r.FmJ**Ir*m*r+*%Tmm 
wTrwi&mr**m*I~4m~fB;m 
m ~ m m m * 8 * * T * ~ ~ *  
Gf%=fj**I 

D
ow

nl
oa

de
d 

by
 [

X
is

hu
an

gb
an

na
 T

ro
pi

ca
l B

ot
an

ic
al

 G
ar

de
n]

 a
t 1

9:
07

 2
0 

Ju
ne

 2
01

2 


