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Abstract　Recepto r - like protein kinases (RLKs) play major roles in plant cel lular pro cesses and

st ress response s. Here w e repo rted rapid amplification of cDNA ends( RACE)of a novel soybean

receptor - like kinase gene rlpk 2. Full leng th rlpk 2 cDNA was cloned acco rding to the resul ts of

RACE. De tails o f PCR condi tion w ere discussed. The resultant cDNA sequence has been submit-

ted into the GenBank database and assigned the accession No. AY687391.
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　　Recepto r pro tein kinases comprise mul tigene

families in animals. They are plasma membrane -

bound and play an impor tant role in the perception

and transmit tance of ex ternal signals[ 1 -3] . M any

signals are perceived by the ext racellular domains

of recepto r pro tein kinases and are transduced by

activation of intracellular kinase domains. Recep-

to r pro tein kinases in animals can autopho spho ry-

late either on ty ro sine residues o r on serine and /or

threonine residues. Most plant counterpar ts , re-

ceptor - like pro tein kinases (RLKs), have topo lo-

g ical features of the ty rosine recepto r protein kina-

ses but contain sequence motif s cha racteristic o f

serine / threonine kinases. P lant RLK gene families

part icipate in w ide spect ra of cellular responses[ 4] .

We previously iso lated partial cDNA of four novel

soybean (Glycine max ) receptor - like pro tein ki-

nase genes( rlpk1 , rlpk2 , rlpk3 , rlpk4)[ 5] . In this

study , We used Rapid Amplification of Cdna Ends

(RACE) method to clone the 5'and 3'termini of

rlpk2 cDNA. Based on the results o f RACE , We

cloned the full - leng th cDNA sequence of rlpk2

gene.

1　Materials and methods

1. 1　Organisms and growth conditions

Seeds of soybean variety Kefeng 34 (obtained

from Tianjin Ag riculture Science Institute) were

soaked w ith w ater and germinated at 24 ℃ in the

dark for 48h . Radicles were co llected fo r RNA ex-

t ract ion. Esche rchia coli strain DH5a w as g row n at

37℃ in Lura - Bertani medium(LB)supplemented

w ith relative antibio tics.
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1. 2　Enzymes and chemicals

Reverse t ranscriptase AMV was obtained from

Promega. Rest riction endonucleases , TdT and

ExTaq w ere obtained from TaKaRa (Bio. Co. L td.

Dalian. China ) Othe r chemicals w ere obtained

from Shanghai Sangon Biological Engineering

Technolog y &Service Co. , Ltd .

1. 3　Total RNA preparation

The ext raction of to tal RNA was done acco rd-

ing to the method o f molecular cloning manual
[ 6]

based on guanidinium thio cyanate method and

stored at - 70℃ fo r future use.

1. 4　Primers preparation

In this paper , al l the primers used w ere syn-

thesized by Shanghai Sangon Bio logical Engineer-

ing Technolog y &Service Co. , Ltd . They are lis-

ted in the talbe 1.

Table 1　Sequences o f primer s used in this study

Primer

nam e
S equence

3R - 2:5'- TA ATGTG TTGCTTGA TCAAGATCTCAAT C- 3'

n3R - 2: 5'- CCGAATAGCTGGGACAT T TGGA TAT - 3'

P2853: 5'- GCGAATT Cd(T)1 7 - 3'

5R - 2: 5'- GT AACCATGCA TGGCA TAT TCTGGAG - 3'

n5R - 2: 5'- AT ATCCAAA TGTCCCAGCTAT TCGG - 3'

AGP 5'- GGCCACGCGTCGACTAGTAC (G)16 - 3'

UGP 5'- GGCCACGCGTCGACT AG TAC - 3'

2 - ful - F 5'- GGATCCCATGAGATCAGTAAGTTCCCCTGG - 3'

2 - ful- R 5'- GGTCACCTTAATCTCTCTTCTCCAAGTAAG - 3'

1. 5　Cloning and sequencing of PCR product

All the PCR products w ere cloned into pMD -

18T (TaKaRa Bio. Dalian. China Co. L td ) and

transfo rmed into DH5a. DNA sequencing w as

done by Shanghai Sangon Biological Engineering

Technolog y &Service Co. , Ltd.

1. 6　Amplification of 3'- end cDNA fragment

According to the know n partial cDN A frag-

ment o f rlpk 2 , an oute r specific prime r 3R - 2 and

a nested specific primer n3R - 2 w as designed. 2μg

to tal RNA was reversely transcribed into cDNA by

the reverse t ranscriptase AMV with Olig o (dT)

prime r P2853. 3'- end fragment of rlpk2 cDNA

was ampli fied using the primer pai rs 3R - 2 and

P2853 in 50μl sy stem by 1. 25U ExTaq. The PCR

mixture w as denatured by heating at 94℃ fo r

5min. 30 cycles o f amplif ication w ere performed

under the condi tion o f 94℃ for 30s , 50℃ fo r 30s ,

72℃ fo r 90s fol lowing an elongat ion of 72℃ fo r

10min. The primary PCR product w as diluted 100

t imes w ith dd - H2 O and 5μl of the dilution w as

applied as the template o f second PCR. The second

PCR was performed using the prime r pai r n3R - 2

and P2853 under the simi lar condition of prima ry

PCR. The specific f ragment of the secondary PCR

was then cloned into TA vecto r and sequenced.

1. 7　Amplification of 5'- end cDNA fragment

2. 0μg of to tal RNA was reversely t ranscribed

into cDNA using the outer gene specif ic prime r 5R

- 2 by the rever se t ranscriptase AMV. An Olig o

(dC) tail w as added to the 3'end of the puri fied cD-

NA using TdT following the inst ruction of the

supplier(TaKaRa Bio. Dalian. China Co. L td ).

The products w ere diluted to 500μl w ith dd - H 2O

and 5μl of w hich w as applied as the primary PCR

template. The primary amplification w as per-

formed using the primer pair s 5R - 2 and AGP in a

50ul sy stem by 1. 25U ExTaq . The PCR mix ture

w as dena tured by heat ing at 94℃ fo r 5min. 30 cy-

cles of amplif ication w ere performed under the con-

dit ion of 94℃ fo r 30s , 58℃ for 30s , 72℃ fo r

180s , following an elongation of 72℃ fo r 10min.

The primary PCR product was diluted 100 times

w ith dd - H 2O and 5μl of w hich w as applied as the

template o f secondary PCR. The secondary PCR

was performed using the primer pai r n5R - 2 and

UGP under the very same condit ion of prima ry

PCR. The specific f ragment of secondary PCR was

then cloned and sequenced.

1. 8　Amplification of full - length rlpk 2 cDNA

A pair o f specific primer 2 - ful - F and 2 - ful

- R w as designed according to the RACE resul ts.

2μg of total RNA was reve rsely t ranscribed into

cDNA by the reverse t ranscriptase AMV w ith the

Oligo(dT) primer P2853. Full - leng th cDNA of

rlpk 2 w as amplified w ith 2 - ful - F and 2 - ful - R

in 50μl sy stem by 1. 25U ExTaq. The PCR mix-

ture w as denatured by heating a t 94℃ for 3min. 35
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cycles of amplif ication were perfo rmed under the

condi tion of 94℃ for 50s , 55℃ for 90s , 72℃ for

180s and at last an elongat ion of 72℃ for 10min.

The speci fic PCR product w as then cloned into

pMD - 18T (TaKaRa Bio. Dalian. China Co . L td )

and transfo rmed into E. coli DH5a. A nalysis of the

sequence w as done Shanghai Sangon Biolo gical En-

g ineering Technolog y &Service Co. , Ltd . The re-

sultant cDN A sequence and the deduced amino acid

sequence have been submitted into the GenBank

database and assigned the Accession No.

AY687391.

1. 9　Prediction of rlpk2 using Scansite software

Use the pro tein analy sis so f tw are NCBI Con-

served Domain Search online (ht tp:/ /www . ncbi.

nlm . nih. gov /St ructure /cdd /w rpsb. cgi) to predict

rlpk 2 gene structure.

2　Results

2. 1　Rapid amplification of 5'and 3'rlpk2 cDNA

For rapid amplif ication of 3 termini cDNA ,

the gene specific primer 3R - 2 and the primer

P2853 w ere used in the primary PCR . T he second-

ary PCR was perfo rmed using the prime r pai r n3R

- 2 and P2853. The RACE of 5'te rmini o f rlpk2

cDNA was done using Terminal deoxynucleo tidy l

Transferase (TdT) fo llow ing the inst ruct ion of the

supplier. For the primary PCR , the gene specific

primer 5R - 2 and primer UA P we re used . The

nested PCR was done using primer AGP and the

nested primer n5R - 2 (Fig. 1 , Fig . 5). Bo th spe-

cific f ragments of the secondary PCR fo r3'- and 5'

- RACE of rlpk 2 gene w ere then cloned and se-

quenced.

Fig. 1　Sketch o f RACE o f rl pk2

2. 2 　 Identify of TA Clone of full length of

rlpk2cDNA and its sequencing

A pair of primer 2 - ful - F and 2 - ful - R was

designed according to the RACE results. Full

leng th of rlpk2 cDNA amplification by RT - PCR

method w ith 2 - ful - F and 2 - ful - R as primers

w as done (Fig. 2). The specific product w as puri-

f ied using TaKaRa puri fied Kit and direct ly cloned

into pMD - 18T vector. The PCR method w as used

to identify po si tive clones. P lasmid of posit ive

clone (pMD - rlpk2) was digested w ith HindIII

and EcoRI to conf irm the PCR results (Fig. 3).

Several conf irmed clones were sent to Shanghai

S angon Biolo gical Engineering Techno logy &Se rv-

ice Co. , Ltd for sequencing . The sequencing re-

sults show ed all the clones had identical DNA in-

sert f ragment. T he DNA sequence and its deduced

amino acid are show ed as Fig. 4.

The preliminary structural analy sis of rlpk 2

pro tein w as done by sof tw are NCBI Conserved Do-

main Search online (ht tp:/ /www . ncbi. nlm. nih.

gov /St ructure /cdd /w rpsb. cgi)(Fig. 6).

Fig . 2　Electropho resis of PCR amplifica tion

o f full leng th rlpk2 cDNA

1:DNA marke r;2:PCR negative cont rol

with no DNA template;3:PC R product

with cDNA as templa te
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Fig. 3　Identification o f the vector pMD - rlpk2

A:Diagr am of the vecto r pM D - rlpk2 with restriction enzyme site s;B:Electropho resis of the vector pMD - rl pk 2

dig ested with HindIII / EcoRI o r HindIII , 1:HindIII and EcoRI digestion;2:HindIII dig estion;3:DNA Marke r
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Fig . 4　DNA and deduced amino acid sequence of rl pk 2 cDNA. The cDNA w as cloned as de scribed in the Materia ls and Me th-

ods. Amino acid residues are de signated by single letter code below the nucleo tide sequence. The 5'and 3'untranslated se-

quences are indica ted by low er ca se letter s and the coding region is show n in upper case le tters. The star t codon and the stop co-

don we re underlined. Positions of prime rs and their o rientation are show n.
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3　Discussion

There were many methods to amplify 5 termini

of a g ene. Terminal deoxynucleo tidy l T ransferase

(TdT)was a t radit ional me thod to rapidly amplify

5'termini of cDNA(Fig. 5). To successfully ampli-

fy cDNA ends of a unknown gene , especially to

amplify the 5 termini , PCR condition w as ve ry im-

po rtant using TdT method [ 7 , 8] . In o rder to opti-

mize the nested PCR condi tion , dif fe rent concen-

t ration of [ Mg
2 +
] and template w as tested. F inally

1mM[ Mg
2 +
] and 5m l o f 100′diluted product of pri-

mary PCR were used in the RACE reaction.

Fig. 5　Overview o f the 5′RACE procedure

Fig . 6　Putative LRR and kinase domains in rlpk 2 pro tein predicted by NCBI Conserved Domain Search . 1 - 999:amino acids

of rlpk 2 protein;111 - 357:plant specific LRR profile;661 - 935:tyr osine kina se (RTK) cataly tic domain

　　A pair o f primers 2 - ful - F and 2 - ful - R

w as designed according to the RACE results to am-

plify the ful l leng th rlpk 2 cDNA (Fig . 1). Se-

quenced TA clone vecto r pMD - rlpk 2 confirmed

the RACE results.

The full leng th of rlpk2 cDNA sequence re-

vealed an open reading f rame of 999 amino acids.

S t ructural prediction by NCBI Conserved Domain

Search (ht tp:/ /www . ncbi. nlm. nih. gov /St ruc-

ture /cdd /w rpsb. cgi) suggested tha t rlpk 2 har-

bo red typical conserved domains of leucine - rich

repeats (LRRs) and ty rosine kinase (RTK) cata-

ly tic domain (Fig. 6)[ 9 , 10] . Database searches re-

vealed that rlpk 2 show s 54% of identity and 68%

of sequence similari ty wi th an Arabidopsis recepto r

- like serine /threonine kinase gene (GenBank Ac-

cession No. BAB02650) on the amino acid level.

All these info rmation implied that RLPK2 w as a

novel soybean LRR receptor - like pro tein kinase.

The rlpk2 gene w as found to be associated

wi th the soybean leaves senescence in our previous

w ork
[ 5]

. To elucidate the funct ion o f rlpk2 gene ,

we have constructed rlpk2 - RNAi binary vecto r to
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knockout rlpk2 in soybean by ag robacterium - me-

diated transformation method. Several T 0 t ransgen-

ic plants have been obtained and further study is in

pro cess.

References

1　Fant l W. J. , D. E. Joh nson , L. T. Wil liam s. Signaling by re-

ceptor ty rosine kinases Annu. Rev[ J] . Biochem , 1993, 62:453 -

481.

2　Brau n D. M . , J . C. Walker.Plant t ran smem brane recep tors:

new pieces in the sign aling puzzle T rends Biochem[ J] . T rends in

Biocheornical S ci. 1996 , 21(2):70 - 73.

3　T aleb Hajouj , Regina Mich eli s , Shimon Gepstein. Cloning an d

C haracterization of a Recep tor - Like Protein Kinase Gene Asso-

ciated w ith Sen escence[ J] . Plan t Phy siol , Novem ber , 2000 , V ol .

124 , pp. 1305- 1314.

4　Etsuo Yam amoto , H alina T. Kn ap. S oybean Receptor - like Pro-

t ein Kin ase Genes:Paralog ou s Divergence of a Gene Family[ J] .

M olecular Biology and Evolu tion , 2001 , 18:1522 - 1531.

5　Song S , Zhao HW , Cao JR , et al. Cloning and Preliminary St ruc-

tu ral and Functional Analysis of T w o Putat ive Receptor like Pro-

t ein Kin ase Genes f rom Soybean[ J] . Journal of Plan t Physiology

and Molecular Biology , 2002 , 28:241 - 246.

6　Joseph S amb rook , David W . Ru ssell. Molecular cloning:A La-

b oratory M anu al Cold Spring H arb or Laborato ry Press. 2001.

7　W. M. Mi lew ski , S . J. Du guay , S . J. Chan , et al. Conserva-

t ion of PDX - 1 S t ructure , Function , an d Exp ression in Zeb raf ish

Endocrinology Vol. 139 , No. 3.

8　M . Cou sinou , G. Dorado , J. López - Barea. Amplif icat ion and

cloning of cDN AS of cytoch rom e P4501A1 and metal lothionein

genes f rom Sparu s aurata Linnaeus , 1758 and Liz a au rata (Ris so ,

1810) by Race - PCR Bol[ J] . Ins t. E sp. Oceanogr. 1999 , 15 (1

- 4):473 - 484.

9　Hubbard , S. R. , Wei , L , Ellis , L , H end rickson , W. A. C rystal

st ructure of th e tyrosine kinase domain of th e human insulin re-

ceptor[ J] . Nature , 1994 , 372:746- 754.

10 Zuhua , H. E. , Wang , Z. Y. , Li , J , et al. Perception of Brassi-

n osteroids by the ext racellu lar dom ain of the recep tor kinase BRI1

[ J] . Science , 2000 , Vol. 288:2360- 2363.

一个新的大豆类受体蛋白激酶基因 rlpk2的克隆

及其结构特征

李小平1　甘　睿1 　马媛媛1 　李鹏丽1 　张丽文1

王　勇1 　张　韧2 　王宁宁1**

(1. 南开大学植物学及生态学系 ,天津 300071;

2. Department o f Biological Sciences , University of Wollongong , NSW2522 , Austral ia )

摘要　植物类受体蛋白激酶在细胞生长及对环境胁迫反应方面起着非常重要的作用 。本文报告用

RACE方法(快速扩增 cDNA末端)扩增一个新的大豆类受体蛋白激酶基因 rlpk2 的全长 cDNA 。

根据 RACE 的结果 ,我们克隆了 rlpk2的 cDNA ,其序列信息已经提交到GenBank (Accession No.

AY687391)。经初步分析 , rlpk 2编码产物为 LRR型类受体蛋白激酶。

关键词　大豆;末端转移酶;类受体蛋白激酶;快速扩增 cDNA末端
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