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Abstract

A cDNA encoding follicle-stimulating hormone b subunit (FSHb) and thyroid stimulating hormone b subunit (TSHb) was cloned from pituitary of the Chinese soft-shell turtle and its regulation of

mRNA expression. The TSHb subunit and the regulation of mRNA expression was investigated for the first time in reptile. The Chinese soft-shell turtle TSHb and FSHb cDNA was cloned from

pituitary RNA by reverse transcription and polymerase chain reaction (RT-PCR), and rapid amplification cDNA end (RACE) methods. The Chinese soft-shell turtle TSHb cDNA consists of 580-bp

nucleotides, including 67-bp nucleotides of 5’-UTR, 402-bp of the open reading frame, and 97-bp of 3’-UTR followed by a 14 poly A trait. It encodes a putative pecursor protein molecule of 133 amino

acids with a signal peptide of 19 amino acids and a mature protein of 114 amino acids; partical FSHb cDNA consists of 430-bp nucleotide (3’UTR not included) including 34-bp nucleotides of 5’-UTR,

396-bp of the open reading frame. It encodes a putative pecursor protein molecule of 131 amino acids with a signal peptide of 16 amino acids and a mature protein of 115 amino acids. The number

and position of 12 cysteine residues, presumably forming 6 disulfide bonds in b subunits have been conserved in the Chinese soft-shell turtle as in other vertebrate groups. The deduced amino acid

sequence of Chinese soft-shell turtle TSHb mature protein shares identities of 82-83% with birds, 71-72% with mammals, 49-57% with amphibians and 44-61% with fish. The deduced amino acid

sequence of Chinese soft-shell turtle FSHb shares identities of 97%with Reeves’s turtle (Family of Bataguridae), 83-89% with birds, 61-70% with mammals, 63-66% with amphibia and 40-58% with

fish. Accordingly, the Chinese soft-shell turtle TSHb mature protein is phylogenetically closest to those of birds. The Chinese soft-shell turtle pituitaries were incubated in vitro with synthetic TRH

(TSH-releasing hormone), thyroxine and triodothyronine at 10-11, 10-10, and 10-8 M. TRH stimulated, while thyroid hormones suppressed, TSHb mRNA levels in dose-related manner. This is the first-

time demonstration that TRH thyroid hormones regulate transcript levels of TSHb mRNA in a reptilian pituitary in vitro.
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Material and methods

Animal

中華鱉： Pelodiscus sinensis

Common name: Chinese soft-shell 

turtle, mud turtle

俗名：甲魚，圓魚
Shell Length: 33 cm

Distribution: Taiwan, south region of 

China, Japan

Habitat: Streams, lakes, mainly 

domesticated in Taiwan

Methods

Isolated Chinese soft-shell turtle pituitary 

gland

RNA extraction

RT-PCR

Nucleotide sequencing 

Design new primers 

RACE

Nucleotide sequencing (full length)

cDNA Cloning Tissue Specificity Experiments

Isolated Chinese soft-shell turtle tissues

(Brain, hypothamus, pituitary, thyroid, heart, 

muscle, liver testis)

RNA extraction

RT-PCR

electrophoresis in 2.5% agarose gel

Pituitary Tissue Cell Culture and Hormonal 

Treatments Regulation

Isolated Chinese soft-shell turtle pituitary 

gland

Wash twice in 1x Hanks Buffer, cut into 4 

pieces

Tissues pre-incubated 1h  then incubated 

in M-199 + 1% (v/v) Antibiotic and 

Antimycotic agent at 29°C in humidified 

chamber with 5% CO2

Different doses treatment  and time course 

experiments for TRH on TSHb gene 

expression

RT-PCRResults

Figure 1 The nucleotide sequence of Chinese soft-shell turtle TSHb cDNA includes 

67 bp of 5’ untranslated region, 402 bp of coding region, and 97 bp of 3’ untranslated 

region followed by a 14 bp poly(A)+ tract. The predicted open reading frame 

encodes a precursor protein of 133 amino acid with a signal peptide (SP) of 19 

amino acids and a mature protein of 114 amino acids as shown under the nucleotide 

sequence. The putative polyadenylation signal (AATAAA) is underlined. The start 

codon (ATG) and stop codon (TGA) are shown as boxed and shaded. The 

nucleotide sequence of the mud turtle TSHb cDNA obtained from the present study 

will appear in GenBank under Accession Number AY618874. The 12 cysteine were 

shown in red color and signal peptide in green color

Figure 2 The nucleotide sequence of mud turtle FSHb cDNA includes 34 bp of 5’ 

untranslated region, 396 bp of coding region. The predicted open reading frame 

encodes a precursor protein of 131 amino acid with a signal peptide (SP) of 16 

amino acids and a mature protein of 115 amino acids as shown under the 

nucleotide sequence. The start codon (ATG) and stop codon (TGA) are shown 

as boxed and shaded. The 12 cysteine were shown in red color and signal 

peptide in green color.

Figure 3 Multiple sequence alignments of FSHb subunits. The deduced amino acid 

sequence of Chinese soft-shell turtle FSHb cDNA are aligned with FSHb subunit 

protein sequence from selected species of different vertebrate groups (see Table 1 for 

references). For convenience, all FSHbs are numbered in accordance with Chinese 

soft-shell turtle FSHb from the putative N-terminus. Residues identical to Chinese 

soft-shell turtle FSHb are presented as dots (·). Hyphens (-) have been inserted to 

show deletion of amino acids in order to obtain maximum homology. Twelve cysteine 

residues, forming six disulfide linkages are shaded. Two putative N-linked 

glycosylation sites of tetrapods are devoted by ▼. The numericals at the right column 

are the total numbers of amino acids of FSHb precursor proteins of the selected 

vertebrate species. The signal peptides are underlined. 

Figure 4 Multiple sequence alignments of vertebrate TSHb subunits. The deduced amino acid sequences of mud 

turtle TSHb mature protein are aligned with those of TSHb subunits from selected vertebrate species. The 

references and GenBank accession numbers of the TSHb subunits are indicated in Materials and Methods. Amino 

acids identical to those of the mud turtle TSHb are each indicated by a dot (.). Hyphens (-) have been inserted to 

show deletion of amino acids in order to obtain maximum homology. Amino acids -19 through -1 (underlined) 

represent the signal peptide sequence in the protein. Twelve conserved cysteine residues are designated as C in 

boxed and shaded letters. C1 to C12 are the positions of  the 12 conserved cysteine residues. ▼ denotes the 

putative glycosylation site. 

Figure 5 A phylogenetic tree of the mature protein of the TSHb subunits of 

vertebrates. Phylogenetic tree of vertebrates TSHb was analyzed basing 

on the aligned amino acid sequences, and constructed by neighbor-joining 

method. 

Figure 6 A phylogenetic tree of vertebrate FSHb subunit protein. Data were 

calculated with Blosum-62-amino-acid substitution matrix and constructed by 

neighbor-joining method from the mature protein. Bootstrap values (greater 

than 50 in 100 replicant) are indicated. 

Figure 7 The tissue specificity of Chinese soft-shell turtle TSHb and FSHb

mRNA expression analyzed by RT-PCR. one g of total cellular RNA from 

brain (Br), hypothalamus (Hy), pituitary (Pi), thyroid (Ty), muscle (Mu) liver 

(Lv), heart (Ht), testis (Ts). b-actin, which served as a reference of the 

loading amount of total RNA for each tissue was also included. PCR 

products of cDNA were revealed by 2.5% agarose gel electrophoresis. 

Figure 6. Representative real time quantitative PCR of TSH-b mRNA 

levels of the Chinese soft-shell turtle pituitaries in response to 

treatment of TRH, T4 and T3 at various doses (10-11, 10-10 and 10-

8M). The control groups were without hormonal treatment. 

Summary and Discussion
1. The cloned Chinese soft-shell turtle TSHb cDNA consists of 580-bp nucleotides, including 67-bp nucleotides of 5’-untranslated region, 402-bp of the open reading frame, and 97-bp of 3’-UTR followed by a 14 poly A trait. It encodes a  putative

precursor protein molecule of 133 amino acids with a signal peptide of 19 amino acids and a mature protein of 114 amino acids.

2. In comparison to other vertebrate groups, one amino acid residue was deleted in Chinese soft-shell turtle TSHb at position between 7th cysteine and 8th cysteine. The deduced amino acid sequence of mud turtle TSHb mature protein shares 

identities of 82-83% with birds, 71-72% with mammals, 49-57% with amphibians and 44-61% with fish. 

3. Analysis of amino acid sequence homology of TSHb subunits based on available data from 9 mammals, 4 birds, one reptile (this study), 3 amphibians and 11 fish revealed that a total of 25 amino acids, including 12 cysteine residues, one 

asparagine of putative glycosylation site , 3 proline residues, and other 9 amino acids has been conserved in TSHb molecules in vertebrates from fish through mammal.

4.we have cloned a cDNA encoding TSHb subunit in mud turtle pituitary, the first-time demonstration in reptile. Twelve cysteine residues, one putative asparagine linked glycosylation site, and 3 proline residues are conserved in TSHb of mud 

turtle as in other vertebrate species so far studied. Its amino acid sequence is phylogenetically closest to those of birds. We also demonstrated that TRH stimulated, while thyroid hormones suppressed, the transcript levels of TSHb mRNA in 

Chinese soft-shell turtle pituitary in vitro. The regulation of TSHb gene expression in Chinese soft-shell turtle may resemble to that in mammal.

5. The FSHb subunit of the Chinese soft-shell turtle encodes a putative precursor protein molecule of 131 amino acids with a signal peptide of 16 amino acids and a mature protein of 115 amino acids. The deduced amino acid sequence of 

Chinese soft-shell turtle FSHb mature protein shares identies of 94% with Reeve turtle, 83-89% with birds, 61-70% with mammals, 63-66% with amphibians, and 40-58% with fish

6. In view of the number and position of twelve cysteine residues in b subunits of LH, FSH, and TSH are conserved in vertebrates. 
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