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Abstract In order to identify genes involved in oogenesis

and spermatogenesis in penaeid shrimp Marsupenaeus

japonicus, a modified annealing control primer (ACP)

system was adapted to identify genes differentially

expressed in ovary and testis at different developmental

stages. By using 20 pairs of ACP primers, 8 differentially

expressed genes were obtained. One of these genes is

ubiquitin-conjugating enzyme E2r (UBE2r). Bioinformat-

ics analyses show that this gene encodes a protein of 241

amino acids with a predicted molecular mass of 27.4 kDa.

Real time PCR analyses demonstrated that the expression

level changed significantly in the developing testis and

ovary. In the stage 2 of testis, it reached its highest

expression level, the lowest expression level present in the

stage 1 of ovary. The significantly different expression

levels in developing testis and ovary suggest that UBE2r

has an important role in oogenesis and spermatogenesis.

This article is the first report of UBE2r in crustaceans and

also is the first report showing that UBE2r is differentially

expressed at different stages of the developing ovary and

testis in an animal.
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Introduction

Penaeid shrimp Marsupenaeus japonicus is an important

commercial species in aquaculture. Penaeid shrimp hatch-

eries have faced problems of declines in egg quality and

low nauplii survival. Improvement in the production of

penaeid shrimp is seen to be of economic significance. In

order to develop novel methods for the control of gonad

maturation in penaeid shrimp and therefore boost yields, it

is critical to understand the molecular mechanisms

involved in testis and ovary development. Recently, a few

genes have brought insight into this area, for example:

shrimp vitellogenin [1], ovarian cortical rod protein [2],

thrombospondin [3], cathepsin C [4], ribosomal protein

L24 [5], androgenic gland hormone [6] and insulin-like

androgenic gland factor [7] have now been cloned from

gonad tissues of penaeid shrimp and other crustaceans.

An annealing control primer (ACP) system was used to

identify genes differentially expressed in ovary and testis at

different developmental stages. The ACP system is based

on principles of the unique tripartite structure of the

primers: a 30 end region with a target core nucleotide

sequence that substantially complements the template

nucleic acid for hybridization; a 50 end region with a non-

target universal nucleotide sequence; and a poly(dI) linker

bridging the 30 and 50 end sequences. The ACP linker

prevents annealing of the 50 end non-target sequence to the

template and facilitates primer hybridization at the 30 end

to the target sequence at specific temperatures, resulting in

a dramatic improvement of annealing specificity [8]. In this

study, we employed a modified ACP system developed in
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our laboratory [9] to profile gene expression of the ovary

and testis of M. japonicus at different developing stages.

By using 20 pairs of ACP primers, 8 differentially

expressed genes were obtained. One of these genes we

identified is a component of ubiquitin proteasome pathway

(UPP), the penaeid shrimp ubiquitin-conjugating enzyme

E2r (UBE2r) gene.

UPP is a major means in eukaryotic cells for targeted

protein proteolysis [10]. The system generally includes

three classes of ubiquitin enzymes: ubiquitin-activating

enzymes (E1s), ubiquitin-conjugating enzymes (E2s or

UBC) and ubiquitin protein ligases (E3s). In this pathway,

ubiquitin is activated by E1 in an ATP-dependent process,

then the activated ubiquitin is transferred to a reactive

cysteine residue to E2 ubiquitin-conjugating enzyme,

finally, the E2 is brought to the substrate by binding the

ubiquitin-protein ligase E3 which can mark the protein for

degradation by the 26S proteasome [11]. UPP is involved

in numerous cellular processes, such as cell cycle pro-

gression [12], organelle biogenesis [13], and transcriptional

regulation [14]. Recently some reports demonstrated that

UPP contributes to several control mechanisms of game-

togenesis. Sutovsky et al. showed that abnormal sperm are

tagged by ubiquitin in the epididymis of mammals dem-

onstrating a role of UPP in the control of the sperm quality

[15]. Another function of UPP is selective destruction of

sperm mitochondria, so that the mammalian mitochondrial

DNA shows a nearly complete maternal inheritance [16].

In ascidians, the ubiquitin–proteasome system participates

in fertilization, particularly in the degradation of the pro-

teinaceous egg coat [17, 18].

UBE2r, also called UBC3 or CDC 34, is one of ubiquitin

conjugating enzymes in the UPP system. It is phosphory-

lated by protein kinase CK2 [19, 20]. UBC3 has been

isolated from several organisms, such as saccharomyces,

xenopus and human. All of these proteins have a highly

conserved catalytic domain that is common to all E2s and

each one has a special carboxy-terminal extension which is

different from other E2s. CDC34 is essential in regulation

of the cell cycle at the G1–S transition in Saccharomyces

cerevisiae, involving the degradation of p40sic1p, which is

an inhibitor of the cell cycle [21, 22]. In eggs of Xenopus

laevis, CDC34 is required in the initiation of DNA repli-

cation. It appears to regulate the initiation function of

Cdk2-cyclin E [23]. In humans, E2r (CDC34) functions in

the regulation of the cell cycle by way of chromosome

segregation at the onset of anaphase [24]. Pati et al. [25]

reported that UBE2r (CDC34) may have an impact on

cAMP-inducible gene regulation during both meiotic and

mitotic cell cycles, and CDC34 significantly increased in

meiotic and postmeiotic haploid germ cells.

Research about the function of ubiquitin-conjugating

enzymes in the developing ovary and testis of crustaceans

is unavailable. Most of the reports on the ubiquitin-pro-

teasome system in crustaceans are concerned with molting

[26–28]. Currently, no UBE2r gene has been identified

from crustaceans. Here we report the cloning of UBE2r

gene and its’ expression pattern at different developmental

stages of testis and ovary in M. japonicus.

Material and methods

Animals

Penaeid shrimp, M. japonicus were captured in Xiamen

Bay, P.R. China. After transport to the laboratory, animals

were housed in aerated, 300 L maintenance tanks filled

with sand-filtered seawater obtained from the capture site.

According to the gonad somatic index (GSI = gonad

weight/body weight), the female shrimp were classified

into five stages: stage 1 (GSI = 0.43 ± 0.02), stage 2

(GSI = 0.89 ± 0.02), stage 3 (GSI = 2.45 ± 0.33), stage

4 (GSI = 6.30 ± 0.31) and stage 5 (GSI = 8.95 ± 1.75),

the male shrimp were classified into three stages: stage 1

(GSI = 0.33 ± 0.04), stage 2 (GSI = 0.45 ± 0.12) and

stage 3 (GSI = 0.57 ± 0.06). Five penaeid shrimp at each

developmental stage were used for the experiment.

RNA isolation and cDNA synthesis for ACP system

Tissues from ovary (stage 1) and testis (stage 1) of

M. japonicus were rapidly dissected and prepared accord-

ing to previously described methods [5] and snap frozen in

liquid nitrogen. Total RNA was isolated from these sam-

ples. Subsequently, total RNA was used for the synthesis of

the first-strand cDNA by reverse transcriptase. Reverse

transcription was performed for 1.5 h at 42�C in a final

reaction volume of 20 ll containing 3 lg purified total

RNA, 4 ll of 59 reaction buffer (Promega, Madison, WI),

5 ll of 10 mM dNTPs, 1 ll of 10 lM cDNA synthesis pri-

mer dT-ACP, and 1 ll of M-MLV transcriptase (200 U/ll;

Promega, Madison, WI). Followed by heating at 94�C for

2 min to inactivate the reaction, the first-strand cDNA

samples were diluted by the addition of 80 ll ultra-purified

water.

Polymerase chain reaction (PCR) was conducted by

using 20 pairs of arbitrary ACPs to synthesize the second-

strand cDNAs under annealing conditions. Because of the

specific tripartite sequence regions of ACP primer, the 30

end core portion of the dT-ACP is prevented from

annealing to first strand cDNAs and only the 30 end core

portion of the arbitrary ACP anneals to the first-strand

cDNAs. Arbitrary ACPs contain random sequence 10-mers

as the 30 end core sequences, and only those ACPs that are

sufficiently complementary to a region of a first-strand
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cDNAs will anneal [29]. For the PCR reaction, ovary and

testis cDNAs were used as templates for amplifications

using different sets of arbitrary ACPs. PCR analysis were

performed in a final volume of 25 ll containing 1 ll of the

cDNAs, 2.5 ll of 109 PCR buffer, 1.5 ll of 10 mM dNTP,

1 ll arbitrary ACP and dT-ACP, 0.5 ll Taq polymerase

(200 U/ll). After incubation at 94�C 2 min, 50�C for 5 min

and 72�C for 1 min, followed by 40 cycles of 94�C for

30 s, 65�C for 40 s and 72�C for 1 min, after which 72�C

for 7 min. PCR product was electrophoresed on a 1.5%

agarose gel and stained with ethidium bromide. Differen-

tially expressed bands were cloned into pMD-T18 vector

(TAKALA). The cloned DNA was sequenced and analyzed

by BLAST search (http://www.ncbi.nlm.nih.gov).

50-RACE amplification of UBE2r gene

Total RNA of testis was used for the synthesis of first-

strand cDNAs by reverse transcriptase for the 50 rapid

amplification of cDNA ends (RACE). Procedure was per-

formed according to the manufacturer’s instructions

(Clontech). Briefly, 1 lg total RNA from the testis was

reverse-transcribed to 50-RACE-ready cDNA with Oli-

go(dT)17 and SMART oligonucleotide. PCR was then

carried out using the Advantage 2 PCR kit (Clontech) with

the primer UBE2r GSP1 and the universal primer (Table 1)

mixture provided with the SMART RACE cDNA ampli-

fication kit (Clontech). The PCR product was 50-fold

diluted in Tricine-EDTA buffer (10 mM Tricine-KOH

(pH 8.5), 1 mM EDTA), and a nested PCR was performed

using the primer UBE2r GSP2 and the nested universal

primer (Table 1) supplied in the SMART RACE cDNA

amplification kit. All PCR was carried out in a Perkin-

Elmer 9700 thermal cycler (Applied Biosystems, Foster

City, CA) according to the instructions of the SMART

RACE cDNA amplification kit. PCR products were cloned

into pGEM-T (Promega) and sequenced.

Nucleotide sequence and bioinformatics analyses

Nucleotide and predicted amino acid sequence data were

compiled and aligned with sequences in EMBL, GenBank,

DDBJ, SwissProt, PIR and PRF databases using the BLAST

and/or FASTA algorithms (http://www.ncbi.nlm.nih.gov) to

determine gene identity. Matches were considered to be

significant only when the probability was smaller than

1 9 10-4 using BLASTN and BLASTX with default

parameters. Amino acid sequences were predicted using

BLASTX (http://www.ncbi.nlm.nih.gov) in combination

with 6-frame translation by BCM Search Launcher (http://

emboss.bioinformatics.nl/). Statistical analyses of protein

sequences were carried out using an online program at

http://ca.expasy.org/tools/pi_tool.html [30] and by CDD at:

http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi [31].

UBE2r amino acid signature proposed by the Prosite data-

base was systematically compared with the deduced

sequence of M. japonicus UBE2r gene (http://www.expasy.

ch/prosite/). Protein multiple-alignments were performed by

BioEdit (http://www.mbio.ncsu.edu/BioEdit/). Phyloge-

netic relationships were deduced and dendrograms were

drawn by using MEGA 4 program (http://www.

megasoftware.net/) [32].

Real time PCR analysis of UBE2r

Evaluation of UBE2r gene expression levels in different

developing testis and ovary of penaeid shrimp was

achieved by real time quantitative PCR kinetics using the

SYBR Green I chemistry. Primers for UBE2r and 18S

rRNA (Table 1) were designed using primer express 3

software (Applied Biosystems) and tested to ensure

amplification of single discrete bands with no primer–

dimers. An aliquot of 2 lg of total RNA pre-treated with

DNase I was used as template for cDNA synthesis in 20 ll

reactions with random hexamers using the M-MLV

Reverse transcriptase first-strand synthesis system for

Table 1 Primers used

in the experiments
Primer name Sequence

dT-ACP AAGCAGTGGTATCAACGCAGAGTTTTTTTTTTTTTTTTTTTTT

ACP19 AAGCAGTGGTATCAACGCAGAGTIIIIICTCTGCGAGC

Nested AAGCAGTGGTATCAACGCAGAGT

universal primer CTAATACGACTCACTATAGGGC

UBE2r-GSP1 GCCGTCACGCTCAGCCTCAC

UBE2r-GSP2 GGAATCCCTCCAGCGACGGTA

UBE2r real time F primer CTGTCGGTGATTTCCTTGCTAA

UBE2r real time R primer ATTCCTTGTCCTTGCCCTTG

18S rRNA real time F primer CGTCGCTACTACCGATTGAATGGTC

18S rRNA real time R primer TTCACCTACGGAAACCTTGTTACGACT
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RT-PCR (Promega). For real time PCR, an amount of

cDNA corresponding to 25 ng of input RNA was used in

each reaction. Reactions were performed with the SYBR

Green PCR Master Mix (TOYOBO), and analyzed in the

ABI 7500 real time System. PCR products for UBE2r and

18S rRNA were ligated into pMD 18-T vector (TAKARA)

and transformed in DH5a competent cells (Invitrogen).

Minipreps of isolated plasmid DNA were then prepared

(GENERAY) for sequencing to check the sequence of the

real time PCR products. The comparative threshold cycle

(CT) method (user Bulletin #2, the ABI PrismR 7500

Sequence Detector, PE Applied Biosystems) was used to

calculate the relative concentrations. This method involves

obtaining CT values for the UBE2r; normalizing to the

housekeeping gene, 18S rRNA; and comparing the relative

expression level among different developing stages of

testis and ovary. Experiments were performed routinely

with five females and five males of each stage with values

presented as 2DDCT for the expression levels of UBE2r

normalized with 18S rRNA (DCT = CT of UBE2r minus

CT of 18S rRNA, DDCT = DCT of test sample minus

DCT of calibrator sample). Data are expressed as mean and

standard error of the mean (SEM) unless otherwise stated.

n indicates the number of subjects tested. Statistical anal-

ysis of the normalized CT values (DCT) was performed

with a one-way ANOVA and Student’s t-test (the same

gene in different tissues and different developing stages).

Differences were considered significant at P \ 0.05

(two-tailed test).

Results

Isolation of differentially expressed genes in ovary

and testis of penaeid shrimp M. japonicus

By using the modified ACP system, eight products with

different expression levels were identified and sequenced.

Queries of publicly available databases using the BLAST

algorithm showed that one of these products (from ACP

19) (Fig. 1) had high similarity to UBE2r gene. The length

of the product was 516 bp (gray color highlighted from 961

to 1,477 bp in Fig. 2). Two gene specific primers, UBE2r-

GSP1 (green color highlighted in Fig. 2) and UBE2r-GSP2

(yellow color highlighted in Fig. 2) were designed from the

product for 50-RACE. The full-length cDNA sequence of

UBE2r was obtained by 50-RACE method and confirmed

by head-to-toe PCR amplification using M. japonicus testis

cDNA as template. The nucleotide sequence obtained was

1,477 bp in length (GenBank Accession No. EU431335),

including 651 bp of 50 untranslated region (UTR), 726 bp

of open reading frame, and 85 bp of 30 UTR (excluding the

poly(A)+ tail) (Fig. 2). Analysis of the deduced protein

sequence of penaeid shrimp UBE2r showed that it com-

prises 241 amino acids (Fig. 2) with a predicted molecular

weight of 27.3 kDa and isoelectric point of 3.97.

Structural characterization of UBE2r of M. japonicus

and comparison with other known UBE2r proteins

and protein motifs

Further bioinformatic analyses employing BLAST searches

[33] of public DNA sequence databases showed that the

coding sequence (CDS) of the M. japonicus UBE2r dis-

played a high degree of identity with a number of UBE2r of

insects. For example, CDS of M. japonicus UBE2r shared

75% identity with the UBE2r of Culex pipiens quinque-

fasciatus (Accession No. XM_001843002), and 71%

identity with the UBE2r of Aedes aegypti (Accession No.

XM_001653422). Similarly, the predicted amino acid

sequences of UBE2r shared 81% identity with Aedes ae-

gypti (Accession No. XP_001653472) and Culex pipiens

quinquefasciatus (Accession No. XP_001843054), shared

71% identity with Mus musculus (GenBank Accession No.

CAC80335). Comparison of our deduced M. japonicus

UBE2r sequence with the conserved domain databases

revealed a significant alignment in the highly conserved

region [31]. For example, when aligned with cd00195, the

conserved domain length profile for UBE2r spanned 141

residues with a score of 167.728 bits. Furthermore,

sequence alignment of UBE2r with sequences from the

Fig. 1 ACP19 products of ACP system from ovary and testis were

visualized by agarose gel electrophoresis and ethidium bromide

staining. Candidate gene was indicated with arrowheads. The size of

product is about 500 bp (M: marker, O1: stage 1 of ovarian

development, T1: stage 1 of testicular development)
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Prosite Database identified several highly conserved amino

acids (Fig. 3), corresponding to their importance in this

region. Comparison of various UBE2r proteins using

MEGA 4 generates trees of phylogenetic relationship of the

topology (Fig. 4). As expected, UBE2r cloned in this

project was found to root with its homologues of inverte-

brates such as Nasonia Vitripennis, Aedes aegypti and

Lycosa singoriensis, separated from its homologues of

vertebrates and plants such as Mus musculus, Homo sapien

and Arabidopsis thalianas. Based on the highly conserved

position of the sequence of the UBC domain (Fig. 3), the

cysteine residue (Cys93) in this region is likely the active

site, through which the thiol ester bond forms with ubiq-

uitin (Fig. 3).

Gene expression of M. japonicus UBE2r in developing

testis and ovary

M. japonicus UBE2r transcript (as detected by annealing

control primer) was expressed at a higher level in the testis

than in the ovary of M. japonicus (Fig. 1). This result was

further validated by real time PCR with specific primers

designed against UBE2r. In parallel, the cDNA of 18S rRNA

which is recommended as the most stable reference target for

real time PCR [34] was also amplified using respective

primers as a control for cDNA template levels. Real time

PCR results showed that the UBE2r expression level chan-

ged significantly in ovary and testis. In stage 2 of testis, it

reached its highest expression level compared to others. The

lowest expression level was in the stage 1 of ovary. Stage 4

and stage 5 of ovary were almost as low (Fig. 5).

Discussion

Many genes differentially expressed in the testis and ovary

of M. japonicus have been identified in our on-going

efforts to understand the role of genes involved in ovary

and testis development in the penaeid shrimp. One of these

genes, UBE2r, was isolated by a modified ACP system

with the dT-ACP and ACP 19 primer pair (Table 1).

Although UBE2r/UBC3/CDC34 from different species

differ in size, structure and function, all E2s have a conserved

domain of roughly 16 kDa which is designated the UBC

domain. This domain contains a centrally located cysteine

residue for thiolester formation [35]. Our results showed that

UBE2r of M. japonicus also has the cysteine residue (Cys93)

in the UBC domain (Fig. 2). UBE2r/UBC3/CDC34s pro-

teins contain a moderately conserved catalytic domain that is

characteristic of all ubiquitin-conjugating enzymes and a C-

terminal extension that is unique to UBE2r/UBC3/CDC34.

UBE2r in M. japonicus has a special C-terminal that is dif-

ferent from other E2s. This characteristic C-terminal may be

related to the different E2s having individual substrate rec-

ognition sites, and this individual site of UBE2r of

M. japonicus responses to the distinct function of UBE2r in

the developing testis and ovary.

UBE2r/UBC3/CDC34 plays important roles in the cell

cycle. For example, a key negative regulator of mitosis, the

protein kinase Wee 1, which is essential for cells to pass

the S phase, was degraded in a CDC34-dependent fashion

in Xenopus egg [36]. Oogenesis and spermatogenesis are

driven by active mitosis and meiosis where protein

Fig. 2 Nucleotide and deduced amino acid sequences of the UBE2r
gene. The nucleotide sequence is displayed in the 50–30 directions and

numbered to the right and left. The derived amino acid sequence is

shown in the single letter amino acid code. Codons are numbered at

the left and right with the methionine initiation codon. An asterisk

denotes the termination codon. The conserved domain (catalytic

domain) of UBE2r is underlined. The box points to the active site

cysteine residue of amino acid sequence of UBC domain. RT-PCR

product is highlighted in grey color. 50 RACE primers are highlighted

in green color and yellow color, Real time PCR primers are

highlighted in red color and blue color
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activation alternates with protein degradation [37, 38]. Our

experiments showed that the expression level of UBE2r

changed at different developmental stages of ovary and

testis. In ovary, it reached the highest expression level at

the stage 3 ovary and maintained a steady expression level

at stage 4 and stage 5. In testis, the highest expression level

of UBE2r appeared at stage 2. At stage 1 and stage 3 it was

almost the same expression level. These data suggest that

some specific proteins necessary for the cell cycle are

synthesized before stage 3 of ovary. At stage 3, in order to

continue the cell cycle, these proteins were degraded by the

E2r-dependent ubiquitin pathway. At stage 4 and 5 of

ovary, the steady expression of UBE2r may imply that the

protein degradation also reached a steady level. At stage 2

of testis, the highest expression level of UBE2r may imply

a mechanism to cope with the increased protein degrada-

tion that occurs in spermatogenesis. Furthermore, in the

ovary of Penaeus vannamei, Jiang et al. [39] found that at

the early developmental stage (stage 1), acidic and alkaline

proteins as well as DNA and RNA are actively synthesized.

At the late stages, however, the acidic and alkaline proteins

decreased and neutral proteins increased. Based on these

data we suggest that the lowest expression of UBE2r at

stage 1 of ovary may related to the accumulation of acidic

and alkaline proteins, and the high expression of UBE2r at

the late stage may be associated with the degradation of

some acidic and alkaline protein during the oogenesis.

Articles published by our group have demonstrated active

change or modification of proteins in testis of shrimp [40]

may be related to the action of UBE2r.

UBE2r/UBC3/CDC34 and other ubiquitin conjugating

enzymes have also been reported to play an important role

in meiosis of spermatogenesis. For example, CDC34

M.japonicus 1 M AM QP S S S A V R A L S L E Y K S L Q D E P V E G F C V K L L N E D N L F EW E V A I F G P P D 50
H.sapiens 1 M A R P L V P S S QK A L L L E L K G L Q E E P V E G F R V T L V D E GD L Y NW E V A I F G P P N 50
M.musculus 1 M A QQQM T S S QK A L M L E L K S L Q E E P V E G F R I T L V D E S D L Y NW E V A I F G P P N 50
N.vitripennis 1 M A ~ QP T S S A L R A L A L E Y K S L Q E E P V E G F R V K L V N E D NM F EW E V A I F G P P D 49
A.aegypti 1 M S S QP S S S A V R A L S L E Y K S L Q E E P V E G F R V K L L N E D N L F EW E V A I F G P P D 50
L.singoriensis 1 M A H QP T N S A L R A L S L E F K S L Q D E P V E G F R V K L V N E D N LM EW E V A L F G P P D 50
X.tropicalis 1 M A QQQM T S S QK A L M L E L K S L Q E E P V E G F R I T L V D E S D L Y NW E V A I F G P P N 50
G.gallus 1 M A QQQM S S S QK A L M L E L K S L Q E E P V E G F R I T L V D E S D L Y NW E V A I F G P P N 50

M.japonicus 51 T L Y QG G Y F K A H V K F P P D Y P Y S P P S V R F L T K V WH P N V Y E N G D L C I S I L H P P 100
H.sapiens 51 T Y Y E G G Y F K A R L K F P I D Y P Y S P P A F R F L T KMWH P N I Y E T G D V C I S I L H P P 100
M.musculus 51 T L Y E G G Y F K A H I K F P I D Y P Y S P P T F R F L T KMWH P N I Y E N G D V C I S I L H P P 100
N.vitripennis 50 T L Y QG G Y F K A HM K F P P D Y P Y S P P S I R F M T K V WH P N V Y E N G D L C I S I L H P P 99
A.aegypti 51 T L Y QG G Y F K A HM K F P P D Y P Y S P P S I R F L T K V WH P N V Y E N G D L C I S I L H P P 100
L.singoriensis 51 T L Y E G G Y F K A H V K F P A D Y P Y S P P S I R F L T K V WH P N V Y E N G D L C I S I L H P P 100
X.tropicalis 51 T L Y E G G Y F K A H I K F P I D Y P Y S P P T F R F L T KMWH P N I Y E N G D V C I S I L H P P 100
G.gallus 51 T L Y E G G Y S K A H I K F P I D Y P Y S P P T F R F L T KMWH P N I Y E N G D V C I S I L H P P 100

M.japonicus 101 V D D P Q S G E L P C E RWN P T QN V R T V L L S V I S L L N E P N T Y S P A N V V P L S V Y R R 150
H.sapiens 101 V D D P Q S G E L P S E RWN P T QN V R T I L L S V I S L L N E P N T F S P A N V D A S V M Y R K 150
M.musculus 101 V D D P Q S G E L P S E RWN P T QN V R T I L L S V I S L L N E P N T F S P A N V D A S V M F T K 150
N.vitripennis 100 V D D P Q S G E L P C E RWN P T QN V R T I L L S V I S L L N E P N T Y S P A N V D A S V M Y R R 149
A.aegypti 101 V D D P Q S G E L P C E RWN P T QN V R T I L L S V I S L L N E P N T F S P A N V D A S V M Y R R 150
L.singoriensis 101 I D D P Q S G E L P C E RWN P T QN V R T I L L S V I S L L N E P N T F S P A N V D A S V M Y R R 150
X.tropicalis 101 V D D P Q S G E L P S E RWN P T QN V R T I L L S V I S L L N E P N T F S P A N V D A S V M F R K 150
G.gallus 101 V D D P Q S G E L P S E RWN P T QN V R T I L L S V I S L L N E P N T F S P A N V D A S V M F R K 150

M.japonicus 151 WR D S K GK D K E Y NE I I R K QV T S S R S E A E R D G V V V P L T L E D Y C I K T K V K P - - 198
H.sapiens 151 WK E S K GK D R E Y T D I I R K QV L G T K V D A E R D G V K V P T T L A E Y C V K T K A P A - - 198
M.musculus 151 WR D S K GK D K E Y A E I I R K QV S A T K A E A E K D G V K V P T T L A E Y C I K T K V P S N 200
N.vitripennis 150

D
WR D S K GR D K E Y NE I I R K QA QA A K V E A E K E G I V V P V T L E D Y C I K T R A R P - - 197

A.aegypti 151 WR D S Q GK D N E Y P N I I R K QA QA A K A E A E K E G I I V P T T L E E Y C I K S K T K P S S 200
L.singoriensis 151 WK E S K GK D K E Y NE I I R K QV L S T R S - - - - - - - - - - - - - - - - - - - - - - - - - - 174
X.tropicalis 151 WR D S K GK D K E Y A E I I R K QV S A T K A E A E K D G V K V P T T L A E Y C I K T K V P S - - 198
G.gallus 151 WR D S K GK D K E Y A E I I R K QV L A T K A E A E K D G V K V P T T L A E Y C I K T K V P S - - 198

M.japonicus 199 T P VD E D - - - M A F YD D D YD D I D D D D D D - - LD E E S N ID D D D G D D S G N G E S 241
H.sapiens 199 P GSD E D - - - - - L F Y D D Y Y E - D G E V E E A - - - - S F GE D DC D E D D S G T E E S 236
M.musculus 201 N S S L L Y L Y ID D D D D D D D E D E E E E D A D YC D D D D S GN S           238
N.vitripennis 198 A QQ L

E E
E D - - - M T F YD D D YE E L D D D D D D H LD E E E S A S YD E D G D D S G N G E S 242

A.aegypti 201 Q P Q LE D - - - M T F YD D D YD D L D T E D D D QG - - - - S V S F AE D G D D S G N G E S 241
L.singoriensis 174 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 174
X.tropicalis 199 S N S SD D - L L Y L YD D D D ID D - D E D E E E - - - -E D A Y - -D C D D D D S G N E E S 238
G.gallus 199 N N S SD D F A L L T T MM T T FC D - D E D E E E - - - -E D A Y - -D C D D D D S G N E E S 239

Fig. 3 Comparison of

M. japonicus UBE2r amino acid

sequence with those of other

UBE2r homologues. Sequence

alignment was performed with

BioEdit (http://www.mbio.ncsu.

edu/BioEdit/). Species names

are abbreviated at the left and

represent: Marsupenaeus
japonicus Accession No:

EU431335. Homo sapiens.

Accession No: NP_004350.

Mus musculus. Accession No:

CAC80335. Nasonia vitripen-
nis. Accession No:

XM_001600129. Aedes aegypti.
Accession No: XP_001653472.

Lycosa singoriensis. Accession

No: ABX75517. Xenopus
tropicalis. Accession No:

AAI24047. Gallus gallus.

Accession No: NP_001026582

 N.vitripennis

 A.aegypti

 L.singoriensis

 M.japonicus

 H.sapiens

 G.gallus

 M.musculus

 X.tropicalis

 A. thaliana

83
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Fig. 4 Dendrogram of UBE2r/UBC3/CDC34 from different organ-

isms based on amino acid sequence comparisons. Species names are

abbreviated at the left and represent: A. thaliana, NP_568956. Others

see Fig. 3
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expression level is maximal in the postmeiotic phase of

mammalian spermatogenensis [41]. Similarly, mutations in

the UbcD1 gene of Drosophila disrupt male meiosis,

leading to infertility [42]. Inactivation of the ubiquitin

conjugating enzyme HR6B in mice causes male infertility

[43]. These studies suggest that the ubiqutin conjugating

enzymes, including UBE2r, may be necessary for the cell

cycle and play a role in testicular developments especially

in spermatogenensis. Even though further cytological study

is required, our research suggests that UBE2r of M. japo-

nicus may play a similar role, especially in

spermatogenesis. More interestingly, the highest expres-

sion level of the UBE2r gene in testis may reflect the

phenomenon that, in general, males have a higher rate of

gamete production [44]. Therefore, meiosis in testis is

much more active than in ovary.

Some data showed that the UPP system played a role in

ovarian development. Ubiquitin C-terminal hydrolase L1

(UCH-L1) is a sperm-oocyte interactive binding or fusion

protein on the plasma membrane. Its function is to block

polyspermy in mouse oocytes [45]. Noma et al. reported

that de-ubiquitylating enzyme Usp9x -involved in the

gonadal development and oogenesis- is highly accumulated

in the cytoplasm of Graaffian follicles of adult female

Drosophila [46]. However, studies detailing the function of

ubiquitin-conjugating enzyme during the ovary develop-

ment and oogensis in animals are unavailable. Our results

provide preliminary evidence to support that ubiquitin-

conjugating enzymes, including UBE2r, play an important

role in ovary development.

This study is the first to demonstrate that ubiquitin-

conjugating enzymes UBE2r/UBC3/CDC34 are differen-

tially expressed in developing ovary and testis and may

play an important role in oogenesis and spermatogenesis in

crustaceans. However, there is still much to understand in

how a specific ubiquitin-conjugating enzymes E2r/UBC3/

CDC34 gene might contribute to gonadal development.

Although further studies are clearly required to detail the

precise role of UBE2r/UBC3/CDC34 in oogenesis and

spermatogenesis in the penaeid shrimp, the current study

provides a novel insight into its importance in this process

and represents an important starting point for the manipu-

lation of oogenesis and spermatogenesis in this important

marine aquaculture species.
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