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ABSTRACT. Vitellogenin (VTG), a biomarker for environmental estrogenic pollution, can be detected in the bloodstream of oviparous ani-
mals before morphological and functional abnormalities appear due to exposure to environmental estrogens.  Reports observing VTG in
turtles have been limited.  We therefore cloned and sequenced a partial cDNA of VTG in Reeves’ pond turtle, Chinemys reevesii.  The
cloned cDNA fragment possessed the start codon and 2,229 bp, encoding 743 amino acid residues.  A sequence of deduced amino acid
from the cDNA did not contain a high serine content, such as that which exists in phosvitin.  Two N-glycosylation sites were found in
the sequence.  The sequence was compared to those of two birds (chicken and herring gull), one amphibian (Xenopus), and five fishes
(carp, zebrafish, eel, haddock, and red seabream).  The C. reevesii VTG was similar to that of herring gull (78%, value of positives),
chicken (76%), Xenopus (69%), eel (63%), red seabream (62%), haddock (62%), carp (62%), and zebrafish (61%).  The phylogenetic
tree showed that C. reevesii VTG existed between the amphibian and birds, and it was present far from fish VTGs.  A reverse transcrip-
tion-polymerase chain reaction method was employed to detect the mRNA expression of the C. reevesii VTG through the use of primers
designed from our sequence.  The VTG mRNA expression (292 bp) was proven in the total RNA extraction from the liver of the juvenile
turtles which were treated with estradiol-17β.  The information herein would be useful for ecotoxicological studies using freshwater tur-
tles and these findings are expected to contribute positively towards wildlife conservation.
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There has been a large focus on environmental pollution
in recent years and many approaches have been employed to
assess the level of pollution [6].  Numerous ecotoxicological
studies have been performed in various wild or laboratory
animals.  A series of field studies in alligators (Alligator
mississippiensis) in Florida, U.S.A., demonstrated that
endocrine-disrupting chemicals (EDCs) induced gonadal
abnormalities [14–17].  A couple of field studies on other
reptilian species such as fresh-water turtles suggest the
cause-effect linkage of organochlorine contamination with
the occurrence of embryonic abnormalities [2] and the sex-
ual dimorphism in turtles [11].  These cases indicate that we
need more sensitive markers before morphological and/or
functional abnormalities appear in wildlife in order to
ensure adequate conservation.  Vitellogenin (VTG) has
become recognized as a useful biomarker which indicates
the level of environmental pollution with EDCs.

VTG is synthesized in the liver of oviparous animals
under estrogenic control, and then is released into the blood
stream, incorporated into the oocytes, and subsequently
accumulated as egg yolk proteins.  Research regarding VTG
has been done over the past two decades on various animal
species [33].  The VTG protein of birds is cleaved in the

oocytes into phosvitin and lipovitellin [3].  The biochemical,
physicochemical, and molecular biological properties of
VTG have been well characterized for birds and fish; poly-
morphism of the VTG gene was found in some species of
birds and fish.  On the contrary, only a small number of
reports have described VTG in reptiles, especially in turtles.
The VTG of eastern painted turtle, Chrysemys picta, con-
verts into lipovitellin and phosvitin, and these two deriva-
tives are recombined in the oocytes to form a crystalline
structure [24].  The molecular weight of the C. picta VTG is
210 to 220 kDa, and that of phosvitin is 44 kDa.  The C.
picta lipovitellin is composed of two major subunits, with a
molecular weight of 85 and 120 kDa [19].  The phosvitin of
Xenopus possessed a high serine content [13].  In 1980, Ho
et al. reported that 50% of the total amino acids in C. picta
phosvitin were serine [19].  In 1993, a cDNA encoding VTG
was cloned from C. picta [4] and its cognate mRNA was
detected in the liver [5].  The seasonal changes and steroidal
regulation of vitellogenesis in C. picta have also been stud-
ied [8, 9, 12, 17].  Recently, the effects of a pituitary growth
hormone on vitellogenesis were examined in C. picta [10].
In these reports, the regulatory mechanisms of mRNA
expression and protein synthesis of VTG in C. picta were
studied in detail, but the nucleotide sequence of the turtle
VTG has not yet been clarified.

The detection of plasma/serum VTG in male and female
indicates the presence of pollution with estrogen mimics.  In
1995, Palmer and Palmer prepared a polyclonal antibody
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(pAb) against the VTG of the red-eared turtle, Trachemys
scripta, and detected the VTG in the serum of male turtles
injected with estradiol-17β, diethylstilbestrol as a synthetic
estrogen, and DDT (1-chloro-2-[2, 2, 2-trichloro-1-(4-chlo-
rophenyl)ethyl]benzene) as an EDC [26].  Herbst et al.
reported the isolation of VTG in green turtles (Chelonia
mydas) and the preparation of monoclonal antibodies
(mAbs) against C. mydas VTG [18].  In one study, the serum
VTG concentration of the captured C. picta, which had been
distributed in polluted and non-polluted ponds, was deter-
mined [21].  Among 28 individual (juvenile and male) cap-
tured from the polluted pond and 23 from the non-polluted
pond, all of the individuals consistently showed a low levels
of the serum VTG.  In 2005, Rie et al. reported that 42 male
captured from polluted pond did not show a significant
increase in VTG concentration, in comparison to the VTG
concentration of 54 male individuals from the non-polluted
pond [29].   These findings indicate that the ecotoxicological
significance of turtle VTG has not been established.

Estrogen induces the expression of VTG mRNA before
synthesis of VTG protein.  This simple principle suggests
that detection of VTG mRNA would be superior to that of
VTG protein.  In addition, modern genetic techniques would
provide more sensitive methods than immunological tech-
niques to detect VTG protein.  There are numerous reports
concerning the mRNA expression of VTG which investi-
gate the effects of estrogens through reverse transcription-
polymerase chain reaction (RT-PCR) in birds [25],
zebrafish [22], so-iuy mullet [1], and marine mussel [28].  In
turtles, however, only northern blotting analysis has been
developed [5, 7–10].

Reeves’ pond turtles, Chinemys reevesii, are widely dis-
tributed in Japanese aquatic ecosystems.  We purified the
VTG protein of C. reevesii, prepared a pAb against the
VTG, and established a detection method of the VTG with
the pAb [30].  The mAbs against the VTG of C. reevesii
were prepared and used for analyzing the immunological
properties of C. reevesii VTG and egg yolk proteins [23].  In
this study, we presented a nucleotide sequence of partial
cDNA encoding the VTG of C. reevesii and compared the
amino acid sequence among the VTG of birds, fish, and
amphibian.  In addition, we developed an RT-PCR method
to evaluate the mRNA expression of the VTG in the liver of
the juvenile male turtles after estrogen exposure in order to
contribute to environmental conservation.

MATERIALS AND METHODS

Cloning of cDNA encoding vitellogenin of C. reevesii:
Total RNA was extracted from the fresh liver of a mature
female C. reevesii turtle (Shimizu Laboratory Supplies,
Kyoto, Japan) by using an Isogen kit (Nippon Gene, Tokyo,
Japan).  The mRNA was isolated from the total RNA
through the use of a PolyA Tract mRNA Isolation System
(Promega, Madison, U.S.A.).  A cDNA library of C. reevesii
liver was prepared using a cDNA PCR Library Kit (Takara-
Bio, Tokyo, Japan).  The 5’ adaptor was linked to the cDNA
library to perform 5’ rapid amplification of cDNA ends
(RACE) through the use of a Marathon cDNA Amplifica-
tion kit (Clontech Laboratories, Palo Alto, U.S.A.).  The
degenerate primers were designed from the sequence of the
VTG of Xenopus (Xenopus laevis, GenBank accession no.
Y00354), green anole (Anolis carolinensis, AF199489),
zebrafish (Danio rerio, AF406784), quail (Coturnix
coturnix japonica, AF199490), chicken (Gallus gallus,
M18060), herring gull (Larus argentatus, AY045719), and
carp (Cyprinus carpio, AF414432) (Table 1).  PCR was per-
formed with the library, rTaq polymerase, dNTP mixture,
MgCl2 (Toyobo, Osaka, Japan), and the degenerate primers
in 35 cycles, which included denaturing at 94°C for 1 min;
annealing at 37°C for 1 min; and extension at 72°C for 1
min.  The amplified cDNA was then ligated into a TOPO
vector (Invitrogen, Carland, U.S.A.) using a TA cloning
technique.  One Shot TOP10 E. coli cells (TOPO TA Clon-
ing Kit, Invitrogen) were transformed with the vector.  Next,
the plasmid was purified from the cloned E. coli using a
QIAprep Spin Miniprep Kit (Qiagen, Tokyo, Japan).  The
nucleotide sequence of the insert was determined with an
Autosequencer Long-Read Tower (Amersharm Pharmacia
Biotech Japan, Tokyo, Japan) with kits of Thermo Seque-
nase Cy5 and Cy5.5 Dye Terminators (Amersham).  The
PCR with VTGSENCE1 and VA800 (Table 1) amplified
fragment II (Fig. 1).  Fragment II possessed 389 bp.  Frag-
ment I was obtained using the 5’RACE method with the
AP1 primer and VgaC primer designed from the sequence
of fragment II.  Fragments II to V were amplified by PCR
with the respective primers shown in Table 1.

The phylogenetic relatedness for the VTG was analyzed
among Xenopus vtg b1 (X. larvis, GenBank accession no.
AB092605), herring gull (L. argentatus, AY045719),
chicken vitellogein II (G. gallus, NM 001031276), eel

Table 1. Primers used in cloning of vitellogenin gene of Chinemys reevesii

Fragment number Name Orientation Sequence (5’ to 3’) Fragment size (bp)

I AP1 Forward CCATCCTAATACGACTCACTATAGGGC 538
VgaC Reverse ATCTGATAGACCTGCTGGGACACAGC

II VTGSENCE1 Forward AGAGGAAT(A/T)(C/T)TGAAC 389
VA800 Reverse GC(A/C/G)A(A/G)(C/G/T)TGTTGTCTTGCTTCCAT

III vgsA Forward CAGGAGGAATAACCGAGTCTCTATGACC 907
VGr1433 Reverse CATTGCCCTTGCTGGCTGCCT

IV VS1380 Forward CT(C/T)CAGCCCATCCATGA(C/G)(A/C)TGGC 295
VTGANTI6 Reverse ACAAGC(A/C)A(C/T)CAT(G/T)CGCAC(C/T)TC

V VGf1450 Forward GGCAATGCAGGACAACCAGCCAGTA 669
VA2600 Reverse C(A/T)GTGTT(A/C/G/T)AC(A/T)CCCAGCGT
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(Anguilla japonica, AY775788), red seabream VgA
(Pagrus major, AB181838), haddock vitellogenin A (Mel-
anogrammus aeglefinus, AF284035), zebrafish  vitellogenin
1 (D. rerio, AF406784), and carp vg-B1 (C. carpio,
AB331884), using the N-J plot [27] with the ClustalX pro-
gram [32].  The full sequence of amino acid of the VTG of
these animals has been clarified.

Turtles and the injection of estrogen: The male C.
reevesii turtles purchased from Shimizu Laboratory Sup-
plies had a carapace length of 8 to 10 cm.  Estradiol-17β
(Sigma-Aldrich Japan, Tokyo, Japan) was dissolved in a
small volume of ethanol and diluted in corn oil (Wako Pure
Chemicals, Osaka, Japan).  Twelve turtles were injected
with the estradiol-17β at 0.5 mg per kilogram body mass in
the abdominal cavity.   Four turtles were sacrificed by deep
anesthesia with diethyl ether 6, 12, and 24 hr after injection.
As a control, corn oil was injected into four turtles (desig-
nated 0 hr).  The liver samples were frozen in liquid nitrogen
and stored at –80°C.

mRNA expression of C. reevesii vitellogenin in the liver of
juvenile turtles: The total RNA was isolated from the liver
of the estrogen-treated male turtles, and treated with RQ1
RNase-Free DNase (Promega).  The RT was performed
with the treated RNA, Oligo(dT)20, dNTP mixture, and
ReverTra Ace–α– (Toyobo).  The PCR was done with the
cDNA, Gene Taq NT polymerase, dNTP mixture (Toyobo),
and the primers (vgsA22 and vgaC19) designed from our
sequence (Table 2).  The β-actin gene was used as an inter-
nal control.  The primers for β-actin were designed from the
sequence of snapping turtle β-actin (Chelydra serpentina,
GenBank accession no. AF541916).  The amplification of
cDNA was done in 30 cycles with denaturing at 94°C for 1
min, annealing at 55°C for 1 min, and extension at 72°C for
1 min.  After agarose gel electrophoresis and ethidium bro-
mide-staining, the density of the products was determined
from a photograph using computer software, NIH image
(free distribution).  A ratio of the expression of the VTG

mRNA to that of the β-actin mRNA was evaluated using
Student’s t-test between the control (0 hr) and each tested
group.

RESULTS

Isolation of vitellogenin gene of C. reevesii and analysis
of the amino acid sequence of C. reevesii vitellogenin: The
clone consisted of Fragments I through V presented a partial
cDNA of C. reevesii VTG with 2,229 bp, encoding 743
amino acid residues.  The sequences of nucleotides and
deduced amino acids are shown in Fig. 2.  The first three
nucleotide started as ATG (start codon) and the region of 5’
end of the clone did not possess either a leader sequence or
an untreated region.

Forty three serine residues (5.8%) were found in the total
amino acid residues.  The deduced amino acid sequence of
the cloned cDNA showed two N-glycosylation sites (Asn185

and Asn603).  The region of 1 to 490 amino acids of the
deduced amino acid sequences of the part of the C. reevesii
VTG, two birds, one amphibian, and five fishes were
a l ig n e d  u s i n g  B L A S T  in  N C B I  ( h t t p : / /
www.ncbi.nlm.nih.gov/BLAST/) (Fig. 3).  The C. reevesii
VTG was 78% (value in positives) similar to that of herring
gull and 76% of chicken, 69% of Xenopus, 63% of eel, 62%
of red seabream, 61% of zebrafish, 62% of haddock, and
62% of carp, respectively.  The phylogenetic relatedness for
the VTGs is illustrated with the un-rooted style in Fig. 4.
The bird VTGs formed a closely related pair.  The fish
VTGs formed a closely related cluster.  The Xenopus VTG
was present independently from the VTGs of fish and bird.
The C. reevesii VTG was present independently from the
bird VTGs and the amphibian VTG, and it was located far
from the fish VTGs.

mRNA expression of vitellogenin of C. reevesii turtles
treated with estrogen: The expected product (292 bp) was
detected in the liver of the turtles 6 hr after the injection of
estradiol-17β but not in the liver of the control turtles
injected with corn oil (Fig. 5, Panel A).  No such products
were detected in the liver of intact (no treatment) turtles
(data not shown).  A time-course of a ratio of the VTG prod-
uct to the control β-actin product is graphed in Panel B of
Fig. 5.  The ratio was significantly increased 6 hr after the
injection of estradiol-17β (P<0.05).  The increased ratio was
maintained 24 hr after the injection.

Fig. 1. A schematic drawing of the cloned fragments of cDNA
of Chinemys reevesii turtle vitellogenin.

Table 2. Primers used in expression of mRNA of Chinemys reevesii vitellogenin

Gene Name Orientation Sequence (5’ to 3’) Position Product size (bp)

Vitellogenin vgsA22 Forward GGGATTGGAGGTGTCTGCCTTA 466–487 292
vgaC19 Reverse GCAACACCAGCGGGTTCAT 740–758

β-actin BAF1 Forward TGTGATGGTGGGAATGGGTCAG 1–22 452
BAR45 Reverse GGATCTTCATGAGGTAGTCCG 432–452
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Fig. 2. Nucleotide sequence and the deduced amino acids of vitellogenin of Chinemys reevesii turtle. The underlined amino acid sequence
shows a putative N-glycosylation site.
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DISCUSSION

For the conservation of wildlife and stabilization of envi-
ronment, development of sensitive indicators is required
before functional abnormalities and ecological disorders
appear in wildlife.  VTG is thus considered to be a good tool
for gaining a better understanding of the comprehensive
effects of EDCs on wildlife.  A variety of information
regarding VTG has been accumulated for numerous animal
species, but the information for reptiles, especially turtles,
has been limited.  According to the author’s survey, not all
of the nucleotide sequences of VTG in any species of turtles
have yet been clarified.  In this communication, a partial
cDNA of VTG in Reeves’ pond turtle, C. reevesii, was
cloned and sequenced.

VTG is a glycoprotein which is composed of lipovitellin
and phosvitin [24].  Two N-glycosylation sites were found
in the deduced amino acid sequence of the cloned cDNA.
One set of 11 and two sets of 25 sequential serine residues
are present in a molecular analysis of Xenopus phosvitin
[13].  C. picta phosvitin also contains a high serine content;
50% of the total amino acid residues were serine [19].  Such
high serine content was not found in our sequence.  This fact
suggests that the C. reevesii VTG cDNA described herein
would not encode a part of phosvitin.

The phylogenetic analysis indicates that the VTG of C.
reevesii as a reptile exists between bird VTGs and amphib-
ian VTG (Fig. 4).  The sequence of other turtles, such as C.
picta, is of interest in order to clarify the location of the rep-
tilian VTG.

Theoretically, the expression of mRNA occurs before
protein synthesis, thus suggesting the possibility that deter-

mining the VTG mRNA may help us to elucidate environ-
mental estrogenic pollution earlier or provide a more
sensitive mode of detection than that of VTG protein.  In tur-
tles, northern blotting was established in order to detect the
mRNA expression of VTG [5, 7–10], but this method is not
frequently performed because the usage of radioisotopes
and large amounts of RNA extracts are needed.  Multiple
examination is not available for northern blotting.  A RT-
PCR method was designed in this study to detect the expres-
sion of C. reevesii VTG mRNA.  Using the primers
designed from our C. reevesii VTG sequence, a clear ampli-
fied product was proven in the RNA extracts of the liver of
male C. reevesii which were treated with estrogen.  The
intensity of the mRNA expression of the VTG was signifi-
cantly increased 6 hr after a single injection of estrogen (0.5

Fig. 3. Comparison of the amino acid sequence of Chinemys reevesii turtle vitellogenin with that of carp VTGBI (C. carpio), zebrafish
VTGI (D. rerio), eel VTGI (A. japonica), haddock VTGA (M. aeglefinus), red seabream VTGA (P. major), herring gull (L. argentatus),
chicken (G. gallus), and Xenopus (X. laevis).

Fig. 4. Phylogenetic relatedness for vitellogenin among
Chinemys reevesii, chicken, herring gull, Xenopus, eel
VTGI, zebrafish VTGI, carp VTGBI, and red
seabream VTGA, and haddock VTGA.
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mg per kilogram body mass) (Fig. 5).  Ho et al. reported that
a significant increase of serum VTG protein was detected 8
hr after a single injection of estrogen (1 mg per kilogram
body mass) in male C. picta turtles [20].  The RT-PCR
method for detecting VTG mRNA is more sensitive than the
immunological method for detecting VTG protein.  In our
recent field study, five out of 360 turtles captured from con-
taminated rivers showed higher serum VTG concentrations,
but the incidence of their VTG concentrations was not sta-
tistically significant [31].  The RT-PCR method would be
therefore useful to analyze such obscure case.  Further stud-
ies, such as dose response and precise time-course experi-
ments, should be done to obtain a clear parallel relationship
between the mRNA expression and protein synthesis of
VTG in C. reevesii.
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