
Molecular C loning and Characterization of

a NovelGene, EJO3, Putatively Involved in

the Ovarian Development of ChineseM itten Crab

(Eriocheir Japonica Sinensis)

Ma Changyan, Guo Yujie, Zhou Kaiya

( Jiangsu Key Lab for B iod iversity and B iotechnology, S chool of L ife S cience, Nan jing N orm alUn ivers ity, N an jing 210097, C hina)

Abstrac t: In the present study, w e pe rfo rm ed suppression subtractive hybr id ization ( SSH ) comb ining cDNA m acroarray

to identify genes putative ly invo lved in the ovar ian development of Ch inese m itten crab. A nove l g ene, EJO3 ( GenBank

accession number: AY185919) w hose expression is h ighe r at stage III than that at stage II w as c loned by 5c and 3c

RACE. The ORF ( open reading fram e, ORF ) o f the cDNA o fEJO 3 consisted of 1 368 bp encod ing 455 am ino acids.

The pI/Mw deduced from the am ino ac ids sequence w as 5. 79 /50 000. P ro te in coded byEJO 3 genew as probab ly a se-

c retion pro te in w ith aVWD dom a in. The d ifferen tia l express ion o fEJO3 w as further confirm ed byNo rthern blot ana lys is.

Express ion profile ana ly sis show ed thatEJO3 is h ighly expressed in ova ry and the re is little or no express ion o fEJO3 in

intestine, heart, m usc le and hepatopancreas. Results of this study have made an important foundation to further eluc-i

date them o lecu lar m echan ism o f the ova rian deve lopm ent of Ch inese m itten crab.
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中华绒鳌蟹卵巢发育相关的新基因 EJO3的克隆和特征分析
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(南京师范大学生命科学学院,江苏省生物多样性和生物技术重点实验室,江苏 南京 210097 )

[摘要 ]  运用了抑制性差减杂交和 cDNA芯片技术鉴定中华绒鳌蟹卵巢发育相关基因,并用 5c和 3cRACE的方

法克隆了一个与 II期相比在卵巢发育的 III期高表达的新基因 EJO3 ( GenB ank登录号: AY185919). EJO 3基因

的开放阅读框 ( ORF)长 1 368 bp, 编码 455个氨基酸 .从氨基酸序列推算的 EJO3的等电点和相对分子质量分别

为 51 79和 50 000. 生物信息学分析表明, EJO3可能是一个含有 VWD结构域的分泌蛋白. EJO3在 II期和 III期

卵巢的差异表达用 Northern b lo t进行了进一步验证. 组织表达谱分析表明 EJO3在卵巢高表达, 在肠、心脏、肌肉

和肝胰腺中弱表达或不表达. 本研究结果为进一步深入研究中华绒鳌蟹卵巢发育的分子机制奠定了重要的前期

工作基础.
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  Chinesem itten crabE riocheir jap onica sinensis is a commercia lly important aquat ic anima l in Ch ina and oth-

erA sia countries. In 2005, the total production o fmarke-t sized crab in Ch ina reached over 400 000 tonnes
[ 1 ]
.
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In recent years, sexua l precocity has been a very popular phenom enon during the breed ing process o f them itten

crab and resulted in heavy yie ld losses inm any areas o fChina
[ 2]
. P rev ious researches concerning Ch inesem itten

crab w erema in ly concentrated on larval cu lture, diseases, diets, nu trition
[ 3-6]

and popu lation studies
[ 7-9]

. The

mo lecu lar basis o f the ovarian development is not c lear so far.

The primary purpose o f th is study is to c lone genes related the ovarian deve lopm ent o fCh inese m itten crab.

A ccording to themorpho logy, co lor, and grow th o f the oocyte, the deve lopment o f the ovary is div ided into 6 sta-

ges
[ 10 ]

. Suppression subtractive hybridization ( SSH ) combining cDNA m acroarray assay w as performed using

stage II and stage III ovaries. The full length cDNA sequencew as cloned by 5c and 3cRACE ( rapid amplificat ion

of cDNA end, RACE) and its d ifferent ia lly expression w as further verified by Northern blot analysis. T issue ex-

pression pro filew as investigated by RT-PCR ana lysis. In addit ion, the characterist ics o f pro te in encoded by the

cloned genew ere prelim inarily analyzed by bio informatics. Resu lts o f th is study have made an important founda-

t ion to further e lucidate themo lecularmechanism of the ovarian deve lopm ent of Ch inesem itten crab.

1 M aterials andM ethods

111 Experimental anim als

  Them itten crabs w ith ovarian development at stage II and stage III w ere obta ined from Anhui F isheries New

Technology R esearch Institute of Ch ina.

112 To tal RNA andmRNA iso la tion

To tal RNA was ex tracted from stage II and stage III ovaries o f them itten crab using Trizo l reagent ( G ibco) .

mRNA was purif ied from the totalRNA using O ligo tex
TM

mRNA m in ik it (Q iagen) fo llow ing the pro toco l supp lied

along w ith the k i.t Doub le-stranded cDNA s w ere prepared by reverse transcription o fmRNA follow ing the steps

outlined in the Super SMART PCR cDNA synthesis k it ( C lontech, Pa lo alto, USA ).

113 Construct ion of subtracted cDNA library

SSH was perfo rmed w ithmRNA purified from stage II and stage III ovaries using C lontech PCR-Select
TM

cD-

NA Subtraction K it ( C lontech). The subtracted library w as constructed by ligating the subtracted PCR products

into P inPo int plasm id vectors ( Promega) , and transform ing the ligationm ixtures intoE. Coli JM 109.

114 Screening the sub tracted library using macroarray

D ifferent ially expressed genes in the subtracted library w ere ident ified pr imarily using macroarray. Brief ly,

inserts in the PinPo int p lasm id vectors w ere amp lified using prim ers designed accord ing to sequences flank ing the

clon ing site ( SP6: 5c-ATTTAGGTGACACTATAGAA-3c; P inPo in:t 5c-CGTGACGCGGTGGGCG-3c) . The amp l-i

fied fragments w ere robotically pr inted onto ny lonmembranes. The probes w ere prepared by incorporation o f
33
P-

labelled dATP in a reverse transcription react ion using purif iedmRNA s from stage II and III ovaries.

115 Sequencing and analysis of the cloned ESTs

The plasm ids conta in ing the d ifferent ia lly expressed genes identified by the cDNA macroarray w ere isolated

using m in-i preps ( Q IAprep SpinM iniprep K i,t Q iagen) , and the insertsw ere sequenced using anAB I 310 auto-

mat ic sequencing machine. Sequences obtained w ere searched aga inst GenBank and Sw issProt databases to

search homologies. The nove l expression sequence tags ( ESTs) w ere deposited in the EST database.

116 C lon ing the full length cDNA sequence o fEJO 3

To obta in the fu l-l length cDNA of the differentially expressed genes, double-stranded cDNA s o f the crab o-

varies a t stage III w ere synthesized w ith SMART
TM

cDNA L ibrary Construction K it ( C lontech) according to the

manufacturer. s instructions. Primers according to EST003 ( dbEST accession number: CA591895) w ere de-

signed. The sequences of the designed primers w ere as fo llow s: P33-3: 5c-GTGGCGGCGGTGAAGTCATCC-3c;
P33-5: 5c-GCGAACTCTCCGGCGATGTGG-3c. The PCR conditions consisted of 30 cycles of denaturing at 95e

for 1m in, annea ling at 58e fo r 30 s and extension at 72e for 2m in. A t the end of the last cyc le, the PCR m ix

w as incubated at 72e for another 10m in fo r the completion o fDNA synthesis. Prior to the 30 cycles, the tem-
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plates w ere denatured at 95e for 4m in. The PCR products w ere subcloned to T-easy vectors ( Promega) and se-

quenced.

Sequences obta ined from 5c and 3cRACE, as w ell as the sequence o f EST003, w ere sp liced. To further

ver ify the splicing sequence, pr imers named L2 ( L2: 5c-TCAGAGGTTGGGGTGCTTCGTG-3c) andR2 ( R2: 5c-

TAACGAGTGTACAGATGCTTTGAG-3c) w ere synthesized according to the sp liced sequence. The PCR cond-i

t ions w ere as fo llow s: denaturation at 95e for 30 s, annealing at 58e for 30 s, and ex tension a t 72e for 2

m in. The first cycle had a dena turat ion per iod of 4m in. The last cycle had an extension period o f 20m in. 30 cy-

cles o f PCR were performed, and the PCR products w ere purified and subc loned in T-easy vectors and se-

quenced.

117 B io inform atics analysis

The ORF of the EJO3 cDNA sequence w as found using DNA club softw are. The Sw issPro t database w as

searched for the homo logy ana lysis of the translated am ino acid sequence. The signa l pept idew as analyzed using

S ignalP Ö . 1 so ftw are. pI /Mw was computed using Compute pI/Mw too.l Subcellu lar localization ofEJO 3 w as

analyzed using PSORT II so ftw are. M o tif analysis w as performed using ProScan so ftw are.

118 Northern b lo t assay

20 Lg of tota lRNA was e lectropho resed and transferred to a ny lonm embrane.
33
P-labelled probes forEJO 3

and B-actin w ere hybr id ized sequent ia lly using standard protoco ls. The hybridization signals w ere detected and

quant itated w ith Phospho imager and Im ageQuaNT softw are prog rams (M o lecularDynam ics).

119 Expression pro file ofEJO3

The tissue expression profile ofEJO 3 w as determ ined using RT-PCR screen ing. M ultiple tissue cDNA s in-

clud ing hepatopancreas, hear,t intestine, muscle and ovary w ere prepared. B-act in w as used as an interna l con-

tro.l PCR cond itions w ere as follow s: denaturation at 94e fo r 30 s, annealing at 58e fo r 30 s and ex tension at

72e for 1m in. The first cycle had a denaturation period of 5m in. The last cycle had an extension period of 7

m in. 30 cyc les of PCR were performed and the PCR products w ere ana lyzed a fter e letrophoresis.

2 Results and D iscussion

211 Subtracted library construction and differentia l screening

  A subtracted cDNA library including 863 clones w as constructed using the SSH m ethod. A fter screen ing

w ith cDNA macroarray, 104 d ifferentia lly expressed c lonesw ere obta ined from the sub tracted cDNA library. Sev-

en independent sequences w ere obta ined after sequencing 20 clones random ly. H omology ana lysis of the seven

sequences show ed that no significantmatch ing sequence w as found, so they w ere deduced to be novel ESTs and

deposited in theEST database. Among these ESTs, EST003 ( accession number: CA591894), w hose expression

at stage III w as h igher than that at stage II, w as se lected to be stud ied further.

212 C lon ing the ful-l length cDNA ofEJO 3

To obta in the fu ll length cDNA of EST003, RACE PCR was perform ed using doub le-stranded cDNA s syn-

thesized form stage III ovaries. As shown in Fig. 1A, products o f 5cand 3cRACE PCR were about 900 and 750

bp, resceptively. A fter be ing ligated to the T-easy vector, fragments o f RACE PCR were sequenced. The ob-

tained sequencesw ere sp liced w ith the sequence o fEST003. A spliced cDNA o f1 514 bp in leng th w ith the over-

lap sequence o f 109 bp and 196 bp in 5cand 3cend, respectively, w as obta ined ( F ig. 1B) . The ful-l length cD-

NA o fEST003 w as amp lified successfullyw ith primers designed acco rd ing to the sp liced 1 514 bp sequence ( F ig.

1C ). The nuc leotide sequence and the deduced am ino acid sequence o fEJO 3 are show n in F ig. 2.

213 B io inform atics analysis

The cDNA sequence o fEJO3 w as blasted in Sw issPro,t and no significantma tch ing sequence w as found. So

it w as deduced as a novel gene. The sequence ofEJO 3 w as deposited in GenBank and the accession number is

AY185919. The ORF o fEJO 3 w as betw een 39-1 406 bp w ith the length o f 1 368 bp encoding 455 am ino acids
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Fig. 1 C loning the full leng th cDNA ofEJO 3 gene

图 1 EJO 3基因全长 CDM A的克隆

A. 5c and 3cRACE p roducts ofEJO 3 gene from Ch in ese m itten crab ovariesM: DNA M arker; 1: 5cRACE; 2: 3cRACE; B. S trategy for

h e sp licing ofEJO 3 gene a: 5cRACE; b: EST003; c: 3cRACE; C. Am p lification of the fu ll length cDNA ofEJO3M: DNA M arker; 1: EJO3.

F ig. 2 Nucleic acid and deduced am ino acid sequences

o fEJO 3 gene

图 2 EJO3基因的核酸序列及推断的氨基酸序列

G ray let ters ind icate start codon;

asterisk ind icates stop codon.

( F ig. 2). Am ino ac id sequence analysis using Compute pI/

Mw too l ind icated that pI/Mw o f E JO3 prote in w as 5179 and

50 000, respect ive ly. R esult o f S igna lP Ö . 1 analysis show ed

that E JO3 is probab ly a secretion pro tein w ith a signa l pept ide

of 20 am ino ac ids. C ellu lar localization ana lysis using PSORT

II also show ed that EJO3 is an ex tracellu lar prote in, w hich is

consistentw ith the result of S ignal pept ide ana lysis. ProScan

softw are analysis show ed tha tE JO3 prote in has n ine g lycosy la-

t ion sites, one cAMP-and cGMP-dependent prote in kinase

phosphorylat ion site, seven Prote in k inase C phosphorylat ion

sites, seven Casein kinase II phosphorylat ion sites, and one

VWD doma in betw een am ino acid 103 and 278.

VWD doma in of pro te ins is responsib le for norma lmu-l

t imerisation and optima l secretion
[ 11, 12]

. Since EJO3 has a

VWD doma in, it is possible that th is doma in has a role in the

secret ion of this prote in andEJO 3may execute its funct ion as

a multimer. Secreted, ex trace llu lar proteins usua lly are nee-

ded for coordinat ion of complex bio log ical processes such as

differentiation and w ound hea ling. As a secretion prote in,

E JO3may have a ro le in ce ll adhesion, m igration, d ifferent-i

ation or signal transduction and p lay an important funct ion

during the ovarian development of them itten crab. Th is needs

to be verified by further stud ies.

214 Northern b lo t assay

To further verify the differential expression of theEJO 3 gene during the development of crab ovary, Northern

blot w as perfo rmed. Resu lts of theNorthern blot analysis show ed that the expression o fEJO 3 w as h igher at stage

III than that at stage II ( F ig. 3) , indicating the d ifferent ial expression ofEJO3 gene.

215 Expression pro file ofEJO3

EJO3 is expressed in ovary and intest ine t issues, wh ile its expression in intestinew as very fain.t Therew as

no expression ofEJO3 in hear,t muscle and hepatopancreas t issues ( F ig. 4) . This imp lied thatEJO3 is a speci-f

ica lly expressed gene and itm ight play a p ivotal ro le in ovarian deve lopm ent of Ch inesem itten crab.
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Effects ofOsthole on the Proliferation,

CellCycle and Apoptosis
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Abstrac t: Ostho le, a na tura l coum arin der iva tive, is ex tracted from the fru it o fCnid ium monn ieri ( L. ) Cusson, a thera-

peutic agen t in trad itional Chinese med ic ine. B reast cancer is one of them ost common ly diagnosed cancers and the lead-

ing cause of death in wom en, in deve loped and increasing ly in deve loping countr ies. The ob jective of th is study is to in-

vestiga te the effec ts of O stho le on the proliferation, ce ll cy cle and apoptosis in hum an breast cance r ce lls. Antipro lifera-

tive activ ity o f O stho le w as m easured w ith the 3-( 4, 5-D im ethylth iazo-l 2-y l)-2, 5-d ipheny ltetrazo lium brom ide ( MTT )

assay. F low cytom etry was perfo rmed to observe ce ll cycle distribution and apoptotic body appearance. Our resu lts show

tha tO sthole is e ffective in inh ibiting cell pro life ra tion, prom otingG1 phase arrest and induc ing apoptosis in breast cancer

ce lls. These findings ind icate a need for furthe r eva luating O stho le as an antitumo r agent to trea t breast cancer patients.

K ey words: Ostho le, breast cancer, pro liferation, ce ll cyc le, apoptosis
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蛇床子素对人乳腺癌细胞增殖、细胞周期及凋亡的影响
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[摘要 ]  蛇床子素是从传统的中药蛇床子的果实中提取的香豆素类衍生物. 在发达国家以及发展中国家, 乳腺

癌是发病率和致死率较高的女性肿瘤之一.本研究的目的是调查蛇床子素对人乳腺癌细胞的增殖、细胞周期以

及凋亡的影响. 蛇床子素的抗细胞增殖活性用 MTT法测定. 细胞周期的分布以及细胞凋亡用流式细胞术测定.

本研究结果表明,蛇床子素对抑制乳腺癌细胞的增殖、促进 G1期阻滞以及诱导细胞凋亡有明显作用.该结果提

示有必要进一步研究和评估蛇床子素在乳腺癌治疗中的作用.

[关键词 ]  蛇床子素, 乳腺癌,增殖, 细胞周期,凋亡
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  Breast cancer is one of the most common ly d iagnosed cancers and the lead ing cause of death in women in

deve loped countries and increasing in deve loping countries
[ 1]
. W ith 1m illion new cases diagnosed in the w orld

annually, it accounts for 18% of a ll female malignancies
[ 2]
. Desp ite its pervasive impac,t the etio logy of breast
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