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Molecular Cloning of TSARG6 Gene Related to Apoptosis

in Human Spermatogenic Cells
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Abstract        Beginning from a mouse EST (GenBank accession No. BE644537) which was significantly up-

regulated in cryptorchidism and represented a novel gene, we cloned a new gene (GenBank accession

No. AY138810) which is related to apoptosis in human spermatogenic cells by means of GeneScan program

and PCR technology. The gene whose full cDNA length is 1875 bp containing 8 exons and 7 introns is

located in human chromosome 11q13.3. Its protein containing 316 amino acid residues is a new member of

HSP40 protein family because the sequence contains the highly conserved J domain which is present in all

DnaJ-like proteins and is considered to have a critical role in DnaJ-DnaK protein-protein interactions. TSARG6

protein displays a 45% identity in a 348-amino acid overlap with DJB5_HUMAN protein. The result of

RT-PCR and Northern blot analysis showed that TSARG6 is specifically expressed in adult testis and the

transcript is 1.8 kb. Based upon all these observations, it is considered that we cloned a new gene which

probably inhibited human testis spermatogenesis apoptosis.
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It was observed that the amount of mature sperms in

human testis was 20%–75% less than that was expected

though the testis is a kind of tissue with high proliferation

ability. The explanation was that apoptosis in testis

resulted in spontaneous degeneration of spermatogenic cells.

The apoptosis could be induced by many signals including

temperature. It was proved by many experiments that

spermatogenesis was very susceptible to temperature,

especially primary spermatocyte and round sperm [1].

The proportion of apoptosis sperm was only 0.1% in

normal man while 20% in patients with cryptorchidism

[2]. So the disturbance of spermatogenic cells apoptosis

which involved multi-gene is an important factor to

improve male infertility. Cloning of new spermatogenic

cell-specific gene related to apoptosis is of momentous

physiological and pathological significance to illustrate

the apoptosis mechanism and the biology process of

spermatogenic cells.

In previous study, Jiang et al. [3] cloned 24 ESTs of

mouse testis spermatogenic cell apoptosis-related gene by

creating mouse cryptorchidism model and making use of

suppression subtractive hybridization. Beginning with the

EST BE644537, one of the ESTs mentioned above, we

cloned a novel human gene’s full-length cDNA sequence,

TSARG6, from a human testis cDNA library by means

of GeneScan software and PCR technology.

Materials and Methods

Materials

50×Advantage 2 DNA polymerase, human testis

Marathon-ReadyTM cDNA library, Northern blot membrane

(MTNTM) and Express HybTM hybridization solution were

purchased from Corporation Clontech. Primers were syn-

thesized by Corporation BioAisa. Reagents for electrophore-

sis and culture medium, pUCm-T vector and dNTP were

purchased from Biological Engineering Corporation.

Sequencing was performed by Corporation Unigene.

Molecular cloning of full-length cDNA

The outside primers LA1, 5'-TGCTAGAGTCTGAG-
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GACTATCCAG-3', LA3, 5'-AGCCTCCTCTCACCCCT-

GCT CCA-3', and inside primers LB1, 5'-CGGAATTC-

CCATGGGCCAGGATTAT-3', LB2, 5'-CCGTCGACT-

CACCCCTGCTCCAG-3' were designed according to the

sequence mentioned above. LB1/LB2 sequence was

inserted with EcoRI and SalI sites for protein expression.

LA1/LA3 was used in PCR assay with Advantage 2 DNA

polymerase (Clontech) and Marathon-ReadyTM cDNA of

human testis (Clontech) as template. PCR was performed

as follows: initial denaturation at 95  for 1.5 min, and 35

cycles of 94  for 10 s, 58  for 30 s, and  72  for 2

min, then 72  for 5 min, hold at 4 . Then LB1/LB2

was used in PCR assay with the PCR product mentioned

above as template (PCR amplification procedure is the same

as mentioned above except that  annealing temperature is

53 ). This PCR fragment was cloned into pUCm-T vec-

tors and sequenced.

Bioinformatics analysis of TSARG6

Translation program in ExPASy was performed to

identify ORF. Comparison to human genome draft sequence

in GenBank databases was proceeded to locate the new

gene in human chromosome. ProtParam tool was utilized

to identity physico-chemical parameters of new protein

sequence. Tmpred was used to predict the transmembrane

regions and protein orientation. SignalP V1.1 was

performed to predict signal peptide cleavage sites [4].

PSORT WWW Server was utilized to predict protein

subcellular localization. SMART was used to analyze motif.

BLAST program in NCBI and CLUSTAL program were

performed to analyze similarity of nucleotides and proteins.

Identification of TSARG6 mRNA in human fetal tis-

sues by RT-PCR

Total RNAs in human multi-tissue (fetal lung, heart, small

intestine, skeletal muscle, spleen, liver, kidney, testis and

epididymidis, and adult lung, brain, skeletal muscle, kidney,

liver, ovary and testis) were isolated by RNA isolation kit

(Promega). cDNA was synthesized according to the

instruction of kit and was used as template in following

PCR reaction. PCR amplification cycles were the same as

above. RT-PCR product was separated in 2.0% agarose

gel. GAPDH was amplified as control.

Identification of TSARG6 mRNA in human sperm by

RT-PCR

Total RNAs isolated from human sperm were used to

perform RT-PCR. Because of poor RNAs in human sperm,

GQ1/GQ2 (GQ1, 5'-TCTGCTTCTTCTGGGGTGTGAG-

3'; GQ2, 5'-GAGGTAGATTTGAACTTT-GGGGGG-3')

was designed to amplify a fragment about 500 bp in 3' end

of TSARG6. RT-PCR was performed as follows: 48 

for 45 min, then initial denaturation at 94  for 2 min, and

40 cycles of 94  for 30 s, 58  for 1 min, and 68 

for 3 min, then 68  for 7 min, hold at 4 . 

following PCR reaction. GQ1/GQ2 were used

as primers again. PCR was performed as follows: initial

denaturation at 95  for  90 s, and 35 cycles of 94  for

10 s, 58  for 30 s, and 72  for 2 min, then 72  for

5 min, hold at 4 . This PCR fragment was cloned into

pUCm-T vectors and sequenced. GAPDH was amplified

as control.

Northern blot

cD 32P]-dCTP was labeled by PCR

reaction. PCR condition was the same as that of RT-PCR.

Probe was purified through Sephadex G-50 column. After

pre-hybridization at 65  for 1 h, membrane was hybrid-

ized with TSARG6 cDNA at 65  overnight followed by

washing three times with 2×SSC/0.1% SDS at 65  for

10 min and then twice with 0.1×SSC/0.5% SDS at 62 

for 15 min. Then membrane was exposed to X-ray film

at –70  for 3 d. The film was developed and fixed.

Results

E-cloning of human novel gene cDNA from a mouse

EST

Electronic hybridization in mouse EST database was

performed by using BE644537 as an electronic probe to

get a longer mouse EST AI892206 (493 bp) with high

sequence similarity. Homology comparison was proceed-

ed between AI892206 and human EST database. Then the

human homology EST AI150079 (514 bp) was compared

with genome draft sequence to obtain the human genome

sequence containing AI150079. An ORF (open reading

frame) sequence containing AI150079 was obtained by

analysis of GeneScan software. Comparison result between

the sequence and nr database showed that it represented a

new gene which was denominated TSARG6 (GenBank

accession No. AY138810) (Fig. 1).

Molecular cloning of full-length cDNA

The nest PCR was performed using primers LA1/LA3

and LB1/LB2. PCR product (994 bp) was sequenced and

the result is identical with predicted sequence. This gene
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Fig. 2       TSARG6 cDNA and predicted protein sequence of TSARG6

Primer is marked in bold and italic. Polyadenylation signal is underlined. Stop codon is indicated by asterisk (* ).

Fig. 1        The map of TSARG6 cDNA and its homolog ESTs

whose full cDNA length is 1875 bp contained 8 exons and

7 introns and encoded a 316-aa protein (Fig. 2). There

were a start codon ATG from nucleotide position 752

to 754 and a stop codon TGA from nucleotide position

1700 to 1702. GCCATGGA sequence which was in

accordance with Kozak Rule was found in the start region

of ORF and potential polyadenylation signal (AATAAA)

was found at 3' end. The boundary of exon and intron

is coincident with gt-ag rule (Table 1).
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Fig. 3      Confidently predicted domains of the TSARG6

Bioinformatics analysis of TSARG6

The gene was located in human chromosome 11q13.3.

There existed no trans-membrane region and signal

peptide in the predicted protein which has a theoretical

molecular mass of 36 kD and a calculated isoelectric point

of 7.68. PSORT WWW Server analysis showed that there

is a 65.2% possibility to locate the protein in cytoplasm.

SMART result indicated there exist a DNA J domain

from amino acid residue 3 to 60 (Fig. 3). BLAST result

illustrated that there are 45%–64% identity in a 300-amino

acid overlap with human protein DJB5_HUMAN,

DJB4_HUMAN, DJB1_HUMAN, mouse protein DJB5_

MOUSE, DJB1_MOUSE, DJB4_MOUSE, Drosophila

melanogaster protein DRDJ1, yeast protein SIS1_YEAST

and Allium porrum protein DNJ2_ALLPO. The result that

TSARG6 protein showing 89% and 91% identity in

noxE )pb(ezisnoxE 5' ronodecilpS )pb(ezisnortnI 3' rotpeccaecilpS nortnI

1 918 CGGACG tg a 9717 1

2 401 CCAGTG tg g 3701 c ga GCCATG 2

3 261 GTGACT tg a 2225 c ga AGTACC 3

4 851 GGAAGA tg g 2011 c ga TTTTGA 4

5 411 GACCAG tg g 3902 t ga GTCGTG 5

6 411 GAACGG tg g 787 c ga CCCCGG 6

7 77 ACCTAC tg g 836 t ga CTCTCG 7

8 723 c ga AACCCC

Table 1      Exon-intron junctions of TSARG6 gene

Uppercase and lowercase letters indicate exon and intron sequences respectively. Conserved splice donor and acceptor dinucleotide sequences are indicated in bold.

a 316-amino acid overlap with mouse mTSARG3 protein

and rat putative protein XM_218960 respectively

indicated that these three kinds of proteins may belong to

a common subfamily and possess common biological

function (Fig. 4).

Fig. 4      The result of CLUSTAL W (1.74) multiple sequence alignment
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Fig. 6        The agarose gel electrophoresis analysis of TSARG6

gene expression in the various adult tissues by RT-PCR

Above: amplification of TSARG6 in adult multiple tissues; Below: amplification

of gene GAPDH in adult multiple tissues. 1, lung; 2, brain; 3, skeletal muscle; 4,

kidney; 5, liver; 6, ovary; 7, testis; M, DGL2000 (above), pUC Mix8 (below).

Fig. 7      The PAGE gel electrophoresis analysis of TSARG6 gene

1, human sperm; M, pUC Mix8.

Fig. 5      The agarose gel electrophoresis analysis of TSARG6

gene expression in various fetus tissues by RT-PCR

Above: amplification of TSARG6 in fetal multiple tissues; Below: amplification

of gene GAPDH in fetal multiple tissues. 1, lung; 2, heart; 3, small intestine;

4, skeletal muscle; 5, spleen; 6, liver; 7, kidney; 8, testis; 9, epididymidis;

M, DGL2000 (above), pUC Mix8 (below).

Tissue distribution of TSARG6 gene in human fatal

and adult

The result showed that TSARG6 gene was expressed

strongly in fetal testis and epididymidis, weakly in fetal

kidney, liver, spleen, heart and lung (Fig. 5). GAPDH was

expressed in all kinds of tissues. The result in Fig. 6 showed

that TSARG6 gene was expressed specifically in adult

testis, and GAPDH was expressed in all kinds of tissues.

Fig. 8      Northern blot analysis of TSARG6 in 8 kinds of

tissues of human

Above: TSARG6 probe; Below: -actin gene probe. 1, spleen; 2, thymus; 3,

prostate; 4, testis; 5, ovary; 6, small intestine; 7, colon (no mucosa); 8, peripheral

blood leukocyte.

The result in Fig. 7 showed that TSARG6 gene was

expressed in human sperm.

Northern blot result

 The TSARG6 transcript appeared as a band of 1.8 kb

mRNA only in human testis, and -actin gene expressed in

all tissues (Fig. 8).

Discussion

Heat shock proteins (HSP), especially HSP70, are

required for spermatogenesis and also protect cells from

environmental hazards such as heat, radiation, and chemi-

cals [5–7]. Apoptosis in spermatocytes was temporally

correlated with the expression of stress-inducible

Hsp70-1 and Hsp70-3 proteins in spermatocytes [8].

HSP70-2 is required for synaptonemal complex desynapsis,

and its absence severely impairs the transition of

spermatogenic cells through the late meiotic stages and

results in apoptosis beginning with the first wave of germ

cell development in juvenile mice [9]. The anti-apoptosis

mechanism of HSP70 which needs the assistance of HSP40

is related to factors as follows. (1) Inhibit the activation of

P53 [10]. Research data showed that p53 expressed

highly in spermatocyte from leptotene to pachytene stage

and is related to apoptosis of spermatogenic cell induced

by heat pressure [11–13]. (2) Interrupt the FAS pathway

which is the key factor to activate the apoptosis of
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spermatogenic cell at initiation stage of apoptosis [14–16].

(3) Assist apoptosis inhibitor Bcl-2 and inhibit apoptosis

inducer Bax at apoptosis effector stage [17–18]. (4)

Inhibit the effect of protease caspase at apoptosis execu-

tion stage. (5) Protect the mitochondrion.

Beginning from a mouse EST (GenBank accession

No. BE644537) which was significantly changed in

cryptorchidism and represented a novel gene, we get a

new gene TSARG6 (GenBank accession No. AY138810)

by means of GeneScan program and PCR technology. The

result of RT-PCR in adult tissues and Northern blot that

TSARG6 gene expressed specifically in adult testis, even

in sperm, and the transcript appeared as a sole band

indicated that TSARG6 is a spermatogenic cell related gene.

The result of RT-PCR in fetal tissues that TSARG6 gene

expressed strongly in fetal testis and epididymidis and

weakly in some other tissues illustrated that the gene

concerned about cell proliferation and development.

Result of bioinformatics analysis that the protein was

a new member of HSP40 family clarified that the protein

may assist HSP70 to perform anti-apoptosis functions by

binding to HSP70 with DnaJ domain. Based upon all these

observations, it is considered that we cloned a new gene

which probably inhibited human testis spermatogenesis

apoptosis. Now we engage in the work of protein expres-

sion and antibody purification. We believe that it is of

positive significance to clarify the control mechanism of

apoptosis signal in spermatogenic cells and prevent and

cure the infertility if the biological function of TSARG6

can be understood more completely.
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