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Abstract We isolated a rice cDNA clone (refg) encoding the
Ysubunit of translation elongation factor 1B (eEF-1By; the old
designation was EF-1vy). The refg encodes an open reading frame
of 419 amino acids which shows a similarity to the equivalent
sequences from animals and yeast. Complex formation analysis,
which showed the recombinant protein of refg (His-eEF1By) and
formed a complex with GST-¢eEF-1Bp, indicated that the refg
encodes rice eEF1By of the eEF1Bofy complex. Expression
analysis showed that refg mRNA is very abundant in suspension-
cultured cells during the exponential phase of growth. A DNA
blot analysis indicated that refg is located at a single locus in the
rice genome.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

eEF1By is part of the eukaryotic translation elongation
factor-1 complex (eEF1) which plays a central role in the
elongation step of protein biosynthesis. eEF1 (the old desig-
nation was EF-1) consists of four different subunits (eEFI1A,
eEF1Ba, eEF1Bp and eEF1By) in the higher eukaryotes. They
had been termed EF-lo, EF-18’, EF-1B and EF-1y in plants,
respectively [1]. eEF1A catalyzes the GTP-dependent binding
of aminoacyl-tRNA to the acceptor site on the 80S ribosome
concomitant with the hydrolysis of GTP. The resulting eE-
F1A-GDP is catalytically converted to eEF1A-GTP by the
guanine-nucleotide exchange factor eEF1B (complex of
eEF1Ba, eEF1BB and eEF1By). Both eEF1Bo and eEF1Bf
have been known to possess GDP/GTP exchange activity.
However, the function of eEF1By at present is still unknown.

Recently, some interesting data, which shows the potential
abilities of eEF1By, have been reported. eEF1By is phos-
phorylated by the M-phase promoting factor, a universal reg-
ulator of the G2 to M transition of the cell cycle, in Xenopus
laevis [2]. The phosphorylation of eEF1By may be related to
the regulation of the elongation step in protein biosynthesis.
Furthermore, it has been reported that eEF1By contains an
N-terminal domain similar to the domain of the class 6 glu-
tathione S-transferase (GST) [3]. These data suggest that
eEF1By may be a multi-functional protein like eEF1A [4]
and extensive analysis on the molecular level could be a key
to understanding the unknown function of eEF1By.
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The nucleotide sequence data of refg will appear in the DDBJ, EMBL
and GenBank database under the accession number D89802.

The isolation of the cDNA clone, which covers a full-length
amino acid coding region of eEF1By, has not yet been re-
ported from any plant sources though a partial nucleotide
sequence of Arabidopsis eEF1By has been registered in the
DNA data bank (accession number Z25640). In this paper,
we report the isolation and characterization of a rice cDNA
clone encoding eEF1By. This is the first report to show the
molecular structure and characterization of the eEF1By se-
quence from plants.

2. Materials and methods

2.1. Plant materials and growth conditions

Suspension-cultured cells of rice (Oryza sativa L. var. Yamahoushi)
were maintained in AA liquid medium [5]. The cultures were incu-
bated in a gyratory shaker (100 rpm) at 25°C and subcultured every
two weeks. Cells at the exponential phase of growth (3 days after sub-
culture) were harvested and utilized for the RNA isolation. Rice
plants were grown in soil in a greenhouse. Rice seedlings were grown
by hydroponics under continuous light (10000 lux) in an incubator at
28°C.

2.2. DNA and RNA preparation

The total DNA of A. thaliana from mature leaves and rice (Oryza
sativa L. var. Yamahoushi) from suspension-cultured cells were iso-
lated according to Shure et al. [6]. The total RNA of rice cells was
isolated by the phenol-SDS method [7].

2.3. Generation of EFIBy probes, screening of ¢cDNA libraries and
nucleotide sequencing

The EF1By specific probe based on the partial sequence of Arabi-
dopsis eEF 1By (accession number Z25640) was obtained by PCR from
Arabidopsis total DNA using primers AtEFgF (5'-GATGGGCGT-
CACTAAC-3") and AtEFgR (5'-CCTCAAGTCCTCTCTTCAATG-
CAG-3’). Amplified PCR fragments (313 bp) were labeled by random
oligonucleotide priming and used to screen the rice cDNA library.
The rice (Oryza sativa L. var. Hayayuki) cDNA library (AZAP,
mRNA from anther) was a generous gift from H. Uchimiya (Tokyo
University). Approximately 2X10* recombinants were screened by
plaque hybridization and the hybridizing plaques were isolated. After
three cycles of plaque purification, in vivo excisions of the pBluescript
plasmids were performed in the Escherichia coli K-12 strain XL-1
Blue.

Deletion mutants were generated by exonuclease III digestion using
the Kilo-Sequence Deletion Kit (Takara). The nucleotide sequences of
the inserts were determined using the BcaBEST Sequencing Kit (Ta-
kara) with M13 universal and reverse primers.

2.4. Expression analysis by RT-PCR

For the first strand cDNA synthesis, one ug of total RNA was
annealed with 20 pmol of oligo-d(T)y primer and extended using
Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase
(Toyobo) at 37°C for 1 h in 20 ul of 1 X M-MLV-RT buffer contain-
ing 10 mM DTT, 0.5 mM dNTPs and 40 units rRNasin (Promega).
One-twentieth of the reaction products was used as a template in the
20-ul PCR reactions containing 10 mM Tris-HCI (pH 8.0), 50 mM
KCl, 1.5 mM MgCly, 4 mM dNTPs, 0.2 unit of Ex Taq polymerase
(Takara) and 10 pmol of each gene-specific forward and reverse
[y-*?P]-labeled primers: refg-F (5'-CTAAGGCAGCTGAGAAAC-
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1 CGGCCGCCTTGCTGCTCCCTCCACTGCTCGC
32 CTCGCCTCCGCCACCATCTGAAATCGAGTGAGTGGGAGCTAAGGCGGCGGCCCCGTCGAG
92 ATGGCGCTCGTATTGCATACTTTCGATGGAAACAAGAATGCATTCAAGGCACTCATTGCT

M A L VvV L H T F D G N K N A F K A L I A 20
152 GCCGAGTACTCTGGTGTCAAGGTTGAGTTGGCAAAGAACTTTCAGATGGGTGTCTCCAAC

A E Y 8§ GV K V E L A K N F Q M G V S N 40
212 AAGACTCCTGAGTATCTCAAGATGAATCCTATTGGGAAGGTCCCTATTCTAGAGACTCCT

K T P E Y L K M N P I G K V P I L E T P 60
271 GATGGTCCTGTTTTTGAAAGCAATGCGATTGCACGATATGTTACTCGCTCGAAGTCTGAC]

D G P V F E 8§ N A I A R Y V T R S8 K § D 80

332 AACCCACTCTATGGGTCTTCACTGATTGAATATGCCCACATTGAGCAGTGGATTGACTTT

N P L Y G S 5 L I E Y A H I E Q W I D F 100
392 TCAGCCACAGAGGTTGATGCTAATACTGGAAAATGGCTCTTCCCACGTCTTGGATTTGCT

s A T E V D A N T G K WL F P R L G F A 120
452 CCTTATGTTGCTGTCAGTGAGGAAGCAGCTATTGCTGCTTTGAAGAGATCATTGGGTGCC

P Y v A VvV 8§ E E A A I A A L K R S5 L G A 140
512 CTCAACACACACCTTGCATCAAACACATACCTTGTTGGCCATTCAGTGACTCTTGCTGAT

L N T H L A § N T Y L V G H § V T L A D 160
572 ATTGTGATGACATGCAACCTCTACATGGGCTTTGCTCGGATCATGACCAAGAATTTTACT

I v M T C N L Y M G F A R I M T K N F T 180
632 TCTGAGTTCCCTCATGTTGAGAGGTACTTCTGGACCATGGTTAACCAGCCAAACTTTAAG

S E F P H V E R Y F W T M V N Q P N F K 200
692 AAAGTCATGGGTGATGTGAAGCAGGCAGATTCTGTCCCACAAGTTCAAAAGAAGGCTGCA

K v M G DV K Q A D S V P Q V Q K K A A 220
752 GCACCAAAGGAGCAGAAGCCAAAGGAAGCCAAGAAAGAGGCCCCAAAAGAAGCTCCAAAG

A P K E Q K P K E A K K E A P K E A P K 240
812 CCTAAGGCAGCTGAGAAACCAGAGGAGGAAGAGGAAGCACCAAAGCCAAAGCCAAAGAAT

P K A A E K P E E E E E A P K P K P K N 260
872 CCTCTTGATTTGCTCCCTCCAAGCAAAATGATCCTTGATGAGTGGAAGAGGTTATACTCA

P L D L L P P S K M I L D E W K R L Y s 280
932 AACACAAAAACAAACTTCCGTGAGGTTGCTATCAAGGGTTTCTGGGATATGTATGACCCA

N T K T N F R E V A I K G F W D M Y D P 300
992 GAAGGTTACTCCCTGTGGTTCTGCGACTACAAATACAATGATGAGAACACCGTGTCCTTC

E G Y 8§ L w F ¢C DY K Y N D E N T V S F 320
1052 GTGACCATGAACAAGGTTGGTGGGTTCCTGCAGCGAATGGACCTGTGCCGCAAATATGCC

v T M N K V G G F L Q R M DL C R K Y A 340
1112 TTCGGGAAGATGCTTGTGATCGGCTCTGAGCCGCCATTCAAGGTGAAGGGTCTTTGGCTC

F G K M L v I G 8 E P P F K V K G L W L 360
1172 TTCCGTGGCCCCGAGATCCCCAAGTTCGTCATGGATGAGGTCTACGACATGGAGCTCTAT

F R G P E I P K F V. M D E V Y D M E L Y 380
1232 GAGTGGACCAAGGTTGACATCTCAGATGAGGCCCAGAAGGAGCGCGTCAGCGCCATGATT

E W T K v D I 8§ D E A Q K E R V 8§ A M I 400
1292 GAGGACCTTGAGCCATTTGAGGGCGAGGCTTTGCTGGATGCGAAATGCTTCAAGTGAGGC

E D L E P F E G E A L L D A K C F K * 419
1352 GTCGTTGGAGCAAGGATACCGTGGAAAAATGAGCTATTTAGGTTTTGGATTTACCGTTCG
1412 AAAATAGTTCATGATTCTGAAAAAGAAAACACTATCAGCTTGTGGTTATATTAGTCTATA
1472 TTGAGTGTGCTCTCGTTTCTGTGTGCTGTTTTTAAGAGTTTTGGCCCTTCTATCTTGTAG
1532 TTCTTAGTTGTTAAAGACACTATCCATCGAATCATCATCGGAAACACACCATTCCTTGTG
1592 AAAAAAAAAA

Fig. 1. The nucleotide and deduced amino acid sequences of refg encoding rice eEF1By. The nucleotide sequence data of refg appear in the
DDBJ, EMBL and GenBank database under the accession number D89802.

CA-3’) and refg-R (5'-TTTCCACGGTATCCTTGCTC-3’) for rice length ¢cDNA inserts of refg) at 65°C. The nylon membrane was
eEF1By gene (refg), refb’-F (5'-CAGTTGGAGTGAATCTGCCT- washed at 65°C (2X30 min) with 2XSSC containing 0.1% SDS and
3’) and refb’-R (5'-TGCTTCCAGAACAACCAGTC-3") for rice exposed to X-ray film with an intensifying screen at —80°C.

eEF1Bo. gene [8], refb-F (5-CAGCTTCAACCCCTGATGTT-3')
and refb-R (5'-ATCGCCATCACCTGACTCAA-3) for rice eEF1BB

gene [9] and refa-F (5-CCAACCTTGACTGGTACAAG-3') and zab.‘e . 4 . . .
refa-R (5-CGTTCTTGATGACGCCAACA-3') for four rice cEF1A mino acid sequence similarities of e Yy from various organisms
genes [10]. Thermal cycling was as follows: denaturing at 94°C for Os Oc¢c Hs As Xl Tc Sp
1 min, followed by 21 cycles of denaturing at 94°C for 1 min, anneal- O. sati - - - 7 - - 7
ing at 50°C for 1 min and extension at 72°C for 1 min. The resulting - sativa

. o : O. cuniculus 369 - - - - - -
products (10 pl) were separated using 6% polyacrylamide gel electro- .

. e . . H. sapiens 362 982 - - - - -
phoresis and visualized by autoradiography of the dried gels. Twenty- A salina 350 587 587 _ _ 7 7
?nr;iecaycgssaog rfe’lil;l,n :;};(;}; ps;?l};n :Itl tan exponential phase, were deter- Y laevis 381 760 757 583 - 7 _

’ T. cruzi 34.6 30.6 309 300 29.6 - -
. S. pombe 304 329 324 338 353 277 -
2.5. Southern blot analysis .

The total DNA (3 pg) of rice digested with restriction enzymes S. cerevisiae 315 334 329 307 328 255 401
(BamHI, EcoRlI, Sacl or Xhol) was electrophoresed on a 0.7% agarose Sources include: Oryza sativa; Oryctolagus cuniculus [12]; Homo sa-
gel. The gel was then treated with 0.4 M NaOH, and denatured DNA piens [13]; Artemia salina [14]; Xenopus laevis [15]; Trypanosoma cruzi
was blotted onto a nylon membrane (Hybond-N Plus, Amersham). [16]; Schizosaccharomyces pombe [17]; and Saccharomyces cerevisiae

Hybridization was carried out with an [o-3?P]-labeled probe (full- [18].
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2.6. Expression of eEFI1Bo, eEFIBf and eEFIBy in Escherichia coli
and complex formation analysis by polyacrylamide gel
electrophoresis.

The coding region of the refg and previous identified rice cDNA
clone for eEF1Ba [8] was amplified by PCR using each gene-specific
primer: refg-atg (5'-CGGGATCCGATGGCGCTCGTATTGCATA-
CT-3’) and refg-tga (5'-CGGGATCCTCACTTGAAGCATTTCG-
CATCC-3") for refg, refb’-atg (5'-CGGGATCCCGATGGCCGT-
GACCTTCACCG-3’) and refb’-taa (5'-CGGGATCCTTAAATC-
TTGTTGAACGCA-3') for the rice eEF1Ba gene. These PCR prod-
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ucts were digested with BamHI and gel-purified. The purified frag-
ments for eEF1By were cloned into the BamHI site of the E. coli
expression vector pET15b, and the purified fragments for eEF1Bo
were cloned into the BamHI site of the E. coli expression vector
pGEX3x. For the construction of eEF1Bp, the previous identified
rice cDNA clone for eEF1B [9] was digested with the restriction
enzymes, Kpnl and Xbal. After the blunting, it was cloned into
Smal site of the E. coli expression vector pGEX3x. These constructs
were introduced into the E. coli BL21 (DE3) strain. Cells were grown
in LB medium at 37°C until the ODg reached 0.6. IPTG was added

M . . o o oscee oo . . . P eeeP o G Ee ATe
O.sativa MALVL-HTFDGNKNAFKALIAAEYSGVKVELAKN---FQMGVSNKTPEYLK-MNPIGKVPILETPDG-PVFESNAIAR 72
O.cuniculus ** AGTLY*YPE*WR* * * ¥ * ¥ ¥ ¥ % ¥ x A\Q*RVL,SAPPH*HF *QT*R* * *F*R-KF*A*X * * x AR*GD* *FC* * * kk***y 77
H.sapiens ** AGTLY*YPE*WR* * * ¥ * ¥ ¥ x Q% ¥ x \Q*RVL,SAPPH*HF *QT*R* * *F*R-KF*A*X * * x AR*GD* *FC* * k kkk**y 77
A.salina *VAGKLY*YPE*FR*** %%k k kQk k k AX [k [** G _*YF*ET**SDAF**-SFXL ¥ ¥ * x AR*GA* ¥CTA* ¥ ****y 74
X.laevis **GGTLY*YPD*WR*Y*P****xQ* * * FPIKV*SSAPE* *F* *T* %k * xFr x _KE*X[ k * ¥k AR*GRK**FCL***S*x**H 77
T.cruzi * S*T*WSGVNPENARTHK *L* * AALANVAVTL*A---CEY*RE*E*A* *CRNCS*C*RY*V*Q*EEX-C****xx*x[ % 74
S.pombe *SVGTVYGKI*SPRVLFCVSV*AVA* *E* *HV-————— DVQPH*FPADLAA-KF*LQ*M*VFVGK**F*LS*TL***F 70
S.cerevisiae  *SQGTLYA---*FRIRTWVPRGLVKAL*LDVK------ VVTPDAAAEQFAR-DF*LK* * *AFVG*K*YKLT*AM**NY 69
| Il
.o . . . e o o oo o . o .

O.sativa YVTR-SKSDNPLY-----— GSSLIEYAHIEQWIDFSATEVDANTGKWLFPRLGFAPYVAVSEEAAIAALKRSLGALNT 143
O.cuniculus Kk G NEE*R------— * * PPEAA*QVV* *VS* ADSDIVPPAST*V* *T* * IMHHNKQAT*N*KEEV* * I**L,*DA 144
H.sapiens KRG NEE*R------ * * PPEAA*QVV* *VS* ADSDIVPPAST *V* *T*yIMHHNKQAT*N*KEEVR*I**L*DA 144
A.salina e GRS NET*R------— ** DI, *K*Q* I* *MT*AD* * ILPASCT*V* *V* * IMOFNKQATAR*KEDIDKA*Q**DD 141
X.laevis G m e NDE*R------ *PTRLHQ*QVI**VS* *DSHIVPPASA*V* *T** IMO*NKQAT*Q*KEGI*TV**V*DS 144
T.cruzi HIA*LDR*GGF**--———- *RTPL*GSQVDM*L* * * * % *],* * ASEPFVHHAFRGE* LP*NAMDRVHEV*R--~--**EA 146
S.pombe *LAS-LNKTRA*N------ *PTAE*K*KVL*YCS*TNS*LPGAFRPIIA* *VFG* * *DEQAAKE*ET* IALIFARFDE 141
S.cerevisiae  *LVK-LSQ*DKMKTQLLGADDD*NAQ*Q* IR*QSLANSDLCIQIANTIV*LK*G***NKK*VDS*MD*VDKIVDIFEN 144

. L T Lee eeADe o o . R T oo
0. sativa HLASNTYLVGHSVTLADIVMTCNL--YMGFARIMTKNFTSEFPHVERYFWTMVNQPNFK-- -~ --—-———————— KVMG 219
O.cuniculus **KTR*F** *ER* * * ¥ * * TV *T* - - [WLYKQVLEPS*RQA* *NTN*W*L*CI***Q*RAVLGEVKLCEKMAQFDAKK 220
H.sapiens Y*KTRAF** *ER* * % % % * Ty *T* - - WLYKQVLEPS*RQA* *NTN*W*L*CI** *Q*RAVLGEVKLCEKMAQFDAKK 220
A.salina *HLTR**** kERT* % * % * x7* ¥ P* - T, H],YOHVLDEA*RKSYVNTN*W* I *L, T * *KQV*AVIGDFKLCEKAGEFDPKK 217
X.laevis **QTR*F***ERI** * * *xTV** g% _ [ WLYKQVLEPS*RQP*GN*T*W*V*C* * * *E*RAVLGEVKLCDKMAQFDAKK 220
T.cruzi W*ETR*F* * *ERM*V* *VAVAFA*QWHYRLNGAEGEAL *KKYRNAY *MYN*VMQ* *KTV---—-——————————— E*LR 220
S.pombe EX***K** %% %GR, * ¥ ¥ * x FR* *F* - - KF*ATYVL* * SYLAKYT*IY**YQ* IYH*AKLDA-—~———=——=—=— ITEPLK 217
S.cerevisiae  R*KNY***ATENIS***L*AASIF--TRY*ESLFGTEWRAQH*AIV*C*N*VRAS*FL*D---——-—————— EY*DFK 221

i

. . . . e o o . e KR YS
O.sativa DVKQADSVPQVQKKAAAPKE-QKPKEAKKEAPKEAPK - PKAAEKPEEEEEAPKPKPKNPLDLLPPSKMILDEWKRLYS 280
O.cuniculus FAESQPKKDTPR*EKGSRE*K* * *QAER* *EK*A*APA*EEEMDEC*QAL*AE* *A*D*FAH* *K*TFV***F**K** 298
H.sapiens FAETQPKKDTPR*EKGSRE*K* * *QAER* *EK*A* APA*EEEMDEC*QAL*AE* * A*D*FAH* *K*TFV* **F**K** 298
A.salina YAEFQAAIGSGE* *KTEKAPK-AV*A-*P*KKEVPK*EQEEPADAA* *AL*AE* * S*D*F*EM*KGTFNM*DF**F** 293
X.laevis FAEMQPKKETPK*EKP*KEPK-*E* *E* *K* APTPAPA*EDDLDES*KAL*AE**S*D*YAH* *K* SF*M* *F**K** 297
T.cruzi S--*GATFGAREGG*KGQGRG-CARPGRE* *ERA*AA-ADG* *--**D* APREKKKP* * * xEX * *  DFV* * AF* * E** 276
S.pombe FID*PLPIIKAEN*E* * * AKK-AE*KKDEKKKNAPKPQAERPA* * PKHPL*S----—-———— APNGSFDIE*Y**V** 282
S.cerevisiae  FADKPL*P**KK*EKK* * AAA-PAASK* * *EA* P* ATETETSS*KPKHPLEL - ————————— *GK*TFV**D***K** 286

v

. N Fe . . . Y . N G R K F G .
O.sativa NTKTNFREVAIKGFWDMYDPEGY SLWFCDYKYNDENT-VSFVTMNKVGGFLQRMDLCRKYAFGKMLVIGSEPPFKVKG 357
O.cuniculus *ED*--LS**LPY**EHF *KD*W* * *YAE*RFPE*L*-QT*MSC*LIT*MF* *L*KL* *N* *ASVILF*TNNSSSIS* 373
H.sapiens *ED*--LS**LPY**EHF *KD*W* * *YSE*RFPE*L*-QT*MSC*LIT*MF* *L*KL* *N**ASVILF*TNNSSSIS* 373
A.salina *NEE---TKS*PY**EKF*K*N**I*YSE***Q* *LA-KVYMSC*LIT*MF* * IEKM* *Q* * ASVC*F*EDNDSSIS* 367
X.laevis *ED*--LT**LPY**EHF *K* *W* I *YAE* *FPE*L*-QA*MSC*LIT*MF* *L*KL* *TG*ASVILF*TNNNSSIS* 372
T.cruzi *XD* - *T* ¥ APY*FQH* * AA* *TTFW*R* * * *ED*K-MQ*M*A*LIR*WF* * *EHV* * * * * *yA* T* *E*RRHDIVA 351
S.pombe *QD* - -*SG*LPW*FEHF * * *N* *V*KV* * S* PEDLKQPV*M*N*LI* * *F* *x LEAS* ** [ * *CCV* * *ENGDNTIT* 348
S.cerevisiae  *ED*--*P**LPWX*EH*N* *E*** XKYT* * % * % *,* [ T*MSN*L* * * *FN*L,SAST* *M**CLY*Y*ENNNNGIV* 351

\Y

. . G . D e o o o o . . e oK
O.sativa LWLFRGPEIPKFVM--DEVYDMELYEWTKVDISDEAQKERVSAMIEDLEPF-———~ E-GEALLDAKCFK 418
O.cuniculus I*V***Q*LAFPL-SP*WQV*Y*S*T*R*L*P*S*ETQTL*REYFAWEGA*Q----HV*K*FNQG*V** 437
H.sapiens V*V***Q*LAFPL-SP*WQV*Y*S*T*R*L* PGS*ETQTL*REYFSWEGA*Q----HV*K*FNQG*I** 437
A.salina I*VW**QDLAFKL-SP*WQI*Y*S*D*K*L* PDAQET * DL*TQYFTWTGTDK----Q-*RKFNQG*I** 430
X.laevis V*V***QDLAFTL-SE*WQI*Y*S*N*R*L*SGS*EC*TL*KEYFAWEGE*K----NV*KPFNQG*I** 436
T.cruzi *XY***RGM*AL*---ED*E*T**FD*EE*A-DVA**R** ITDYLSWEG*T----— I-PRPV*EGRV** 410
S.pombe AFVIK*HDYVPAF---*VAP*WGS*TF* *L* *NKPED*AF IEDAWAWDK* [ - ——-— *_*REVA*G*VC* 408
S.cerevisiae  AVMV**QDYVPAF---*VAP*W*S*DYA*L* PTNDDD* *FINN*WAWDK *V- SVNG*-PKEIV*G*VL* 415

Vi

Fig. 2. Alignment of amino acid sequences for eEF1By from rice (O. sativa), Oryctolagus cuniculus (O. cuniculus) [12], Homo sapiens (H. sapi-
ens) [13], Artemia salina (A. salina) [14], Xenopus laevis (X. laevis) [15], Trypanosoma cruzi (T. cruzi) [16], Schizosaccharomyces pombe (S. pombe)
[17], and Saccharomyces cerevisiae (S. cerevisiae) [18]. Each amino acid sequence is represented by the standard single letter code. Gaps are in-
troduced to obtain maximum similarity. The identical amino acids in all sequences are shown at the top of the alignment. Positions with at
least four sequences identical to the rice eEF1By sequence are indicated by the closed circles. The homologous regions are underlined. The

shaded boxes indicate the potential phosphorylation site by cdc2 kinase.
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to a final concentration of 1 mM and the cultures were grown at 30°C
for 4 h. After the purification, fusion proteins (His-eEF1By, GST-
eEF1Bo. and GST-eEF1BP) were dialyzed against buffer (50 mM
Tris-HCI, pH 7.6, 25 mM KCl, 5 mM 2-mercaptoethanol) and used
for the complex formation analysis. His-eEF1By (7 pug) was mixed
with GST-eEF1Bo (7 pg) or GST-eEFIBP (7 pg) and reacted for
10 min at 0°C. After the reaction, the mixture was subjected to
6.0% native polyacrylamide gel electrophoresis and visualized by Coo-
massie blue-staining.

3. Results and discussion

3.1. Isolation and characterization of cDNA clone encoding rice
¢EFIBy

Plaque hybridization of a rice anther cDNA library identi-
fied 10 positive clones. Among them, only one clone had an
insert longer than 1.5 kb. This cDNA fragment was subcloned
into the EcoRI site of pBluescript SK™ for determination of
the nucleotide sequence. Fig. 1 shows the entire nucleotide
and deduced amino acid sequences for rice eEF1By, desig-
nated refg. refg consists of 1601 bases with part of the poly(A)
tail (a stretch of 10 adenine residues). The open reading frame
starts at base 92 and ends with the TGA stop codon at base
1346, and is capable of encoding for a 418 amino acid poly-
peptide. A calculated molecular mass of 47.5 kDa and a pre-
dicted pI of 6.11 were approximately the same as the charac-
terization of the previous purified eEF1By from rice embryo
(M, 53 kDa, pI 6.7) [1,11]. Isolation of the gene encoding
eEF1By has not been reported in plants, therefore, this is
the first report of the eEF1By sequence in plants. The rice
eEF1By showed relatively low degrees of similarity to the
other reported eEF1Bys in animals and yeast. It shares only
a 36.9%, 36.2%, 35.9%, 38.1%, 34.6%, 30.4% and 31.5% ami-
no acid identity with that of Oryctolagus cuniculus [12], Homo
sapiens [13], Artemia salina [14], Xenopus laevis [15], Trypano-
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Fig. 3. Southern blot analysis of refg gene organization. Rice ge-
nomic DNA (3 pg) was digested with EcoRI (E), BamHI (B) or
Sacl (S). Digested DNA was electrophoresed on a 0.7% agarose gel
and then blotted onto a nylon membrane. An [o-*’P]-labeled full-
length cDNA insert of refg was used as a probe. A DNA digested
with EcoT141 was used as a size marker.
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Fig. 4. mRNA accumulation analysis of genes encoding eEF1By
and other eEF1B constitutive subunits (eEF1Bo and eEF1Bf) at
different developmental stages. One pg of each total RNA sample
was annealed to 20 pmol of cDNA priming primer (RT) and ex-
tended by reverse transcriptase. The resulting first-strand cDNA was
amplified by each [y-32P]-labeled forward and reverse primer. Prod-
ucts were separated by 6% polyacrylamide gel electrophoresis and
visualized by autoradiography. Lane 1: Suspension cultured cells (3
days after sub-culture); lane 2: dormant seeds; lane 3: seeds soaked
in water for 24 h; lane 4: 5-day-old seedlings; lane 5: roots of ma-
ture plants; lane 6: leaf sheaths of mature plants; lane 7: youngest
(top) leaf blades of mature plants; lane 8: oldest (bottom) leaf
blades of mature plants; lane 9: endosperm of immature seeds (10
days after anthesis).

soma cruzi [16], Schizosaccharomyces pombe [17] and Saccha-
romyces cerevisiae [18], respectively (Table 1). Interestingly,
the calculated amino acid identities among other identified
eEF1Bys were also very low except for the case between mam-
mals such as O. cuniculus and H. sapiens. These degrees of
similarities in the eEF1By sequences were extremely low as
compared with the case of the other subunits of the eEF1
complex (eEF1A, eEF1Ba and eEF1Bf). These variations in
the amino acid sequence for eEF1By may suggest that eEF1By
is not the essential component of the translation machinery.
Fig. 2 shows an alignment of the deduced amino acid sequen-
ces of eEF1By from rice, O. cuniculus, H. sapiens, A. salina, X.
laevis, T. cruzi, S. pombe and S. cerevisiae. The alignment
shows the existence of some highly conserved regions in all
the eEF1Bys (regions I-VI in Fig. 2). One of them, region IV,
includes the potential phosphorylation site (residues 276-280
of refg) by PKC, PKA and PKG. This site is completely
conserved in all the aligned amino acid sequences. Addition-
ally, two highly conserved potential phosphorylation sites by
cdc2 kinase (T/SPx) were found in aligned sequences (shaded
boxes in Fig. 2). In practice, eEF1By is phosphorylated by
cdc2 kinase in X. laevis [19]. The phosphorylation by protein
kinases may be related to the function of eEF1By. Other pu-
tative functional domains were not found in the other con-
served regions using computer analysis. The binding domains
of eEF1By to eEF1A or eEF1Ba, however, are probably lo-
cated in their conserved regions.

3.2. Southern blot analysis

Southern blot analysis was carried out to confirm the or-
ganization of the refg gene in the rice genome. Rice total
DNA was digested with restriction enzymes (EcoRI, BamHI
and Sacl) and hybridized with the refg specific probe (full-
length cDNA inserts of refg). As seen in Fig. 3, this probe
hybridized to one fragment in the EcoRI or BamHI digested
total DNA, and three fragments (two major bands and one
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Fig. 5. Complex formation analysis by polyacrylamide gel. His-
eEF1By (7 png) was mixed with GST-eEF1Ba (7 pg) or GST-
eEF1Bp (7 pg), and reacted for 10 min at 0°C. After the reaction,
the mixture was subjected to 6.0% native polyacrylamide gel electro-
phoresis and visualized by staining with Coomassie blue. Lane 1:
His-eEF1By and GST-eEF1Bf; lane 2: GST-eEF1Bf; lane 3: His-
eEF1By; lane 4: GST-eEF1Ba; and lane 5: His-eEF1By and GST-
¢eEF1Bo.

weak band) in the Sacl digested total DNA. There are no
restriction sites for EcoRI or BamHI and one site for Sacl
in the full-length refg cDNA used as a probe. This hybrid-
ization pattern suggested that refg is present as a single-copy
gene in the rice genome.

3.3. Expression analysis

The mRNA expression of the refg gene was determined by
RT-PCR with genes encoding the other subunits of the eEF1
complex (eEF1A, eEF1Ba and eEF1Bp). Fig. 4 shows the
analysis of refg transcript accumulation at specific develop-
mental stages and in specific tissues. Suspension-cultured cells
at the exponential phase of growth were the most abundant in
the refg mRNA. The mRNA level was also high in 5-day-old
seedlings and each tissue of mature rice plants including endo-
sperm of immature seeds (10 days after anthesis). However,
the mRNA level was relatively low in dormant seed and seeds
which were soaked in water for 24 h to induce germination.
The expression pattern of refg in various rice tissues was sim-
ilar to that of the other genes for the eEF1 complex. These
results were reproduced using three independently isolated
RNA samples.

3.4. Complex formation ability of recombinant eEFIBy with
recombinant eEF1Bo or recombinant eEF1Bf
The refg showed low amino acid sequence similarities to
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other eEF1By sequences identified in animals and yeast.
This result raised a question of whether an isolated refg clone
encodes an eEF1By. To address this question, we made a
recombinant protein of refg (His-eEF1By) and examined its
complex formation ability to other subunits of eEFIB
(eEF1Ba and eEF1Bp). His-eEF1By was able to form the
complex with GST-eEF1Bp, but it was not able to form the
complex with eEF1Ba (Fig. 5). This result corresponds to our
previous reconstruction analysis data of rice eEF1 using each
purified subunit of eEF1 from rice embryo [11]. It showed
that rice eEF1By directly forms a complex with eEF1Bj,
but does not form a complex with eEF1Bo. Furthermore,
His-eEF 1By cross-reacted with polyclonal antibodies against
the eEF1 complex of wheat (data not shown). These results
led us to conclude that refg encodes a eEF1By which consti-
tutes a rice eEF1 complex.

Acknowledgements: We would like to thank Dr. K. Tsutsumi for his
stimulating discussions. We also thank Dr. H. Uchimiya for kindly
providing the rice cDNA library. Thanks are also due to N. Kidou for
the computer search and preparing the manuscript. This work was
supported by a Grant-in-Aid for Scientific Research from the Ministry
of Education, Science and Culture, Japan.

References

[1] Ejiri, S. (1986) in: Methods in Enzymology, Vol. 118 (Weissbach,
K. and Weissbach, A., Eds.) pp. 140-153, Academic Press, San
Diego, CA.

[2] Mulner-Lorillon, O., Poulhe, R., Cormier, P., Labbe, J.-C.,
Doree, M. and Belle, R. (1989) FEBS Lett. 251, 219-224.

[3] Koonin, E.V., Mushegian, A.R., Tatusov, R.L., Altschul, S.F.,
Bryant, S.H., Bork, P. and Valencia, A. (1994) Protein Sci. 3,
2045-2054.

[4] Shiina, N., Gotoh, Y., Kubomura, N., Iwamatsu, A. and Nishi-
da, E. (1994) Science 266, 282-285.

[5] Toriyama, K. and Hinata, K. (1985) Plant Sci. 41, 179-183.

[6] Shure, M., Wessler, S. and Fedoroff, N. (1983) Cell 35, 225-233.

[7] Palmiter, R.D. (1974) Biochemistry 13, 3606.

[8] Matsumoto, S., Oizumi, N., Taira, H. and Ejiri, S. (1992) FEBS
Lett. 311, 46-48.

[9] Matsumoto, S., Terui, Y., Xi, S., Taira, H. and Ejiri, S. (1994)
FEBS Lett. 338, 103-106.

[10] Kidou, S.-i. and Ejiri, S.-i. (1998) Plant Mol. Biol. 36, 137-148.

[11] Ejiri, S., Kawamura, R. and Katsumata, T. (1994) Biochim. Bio-
phys. Acta 1217, 266-272.

[12] Sheu, G.T. and Traugh, J.A. (1992) Nucleic Acids Res. 20, 5849.

[13] Sanders, J., Maassen, J.A. and Moller, W. (1992) Nucleic Acids
Res. 20, 5907-5910.

[14] Maessen, G.D., Amons, R., Zeelen, J.P. and Moller, W. (1987)
FEBS Lett. 223, 181-186.

[15] Cormier, P., Osborne, H.B., Morales, J., Bassez, T., Poulhe, R.,
Mazabraud, A., Mulner-Lorillon, O. and Bellé, R. (1991) Nucleic
Acids Res. 19, 6644.

[16] Billaut-Mulot, O., Pommier, V., Schoeneck, R., Plumas-Marty,
B., Taibi, A., Loyens, M., Capron, A. and Ouaissi, A. (1993)
Nucleic Acids Res. 21, 3901.

[17] Momoi, H., Yamada, H., Ueguchi, C. and Mizuno, T. (1993)
Gene 134, 119-122.

[18] Kambouris, N.G., Burke, D.J. and Creutz, C.E. (1993) Yeast 9,
151-163.

[19] Mulner-Lorillon, O., Cormier, P., Cavadore, J.-C., Morales, J.,
Poulhe, R. and Bell¢, R. (1992) Exp. Cell Res. 202, 549-551.



