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A novel low M, GTP binding protem cDNA was 1solated from a rat megakaryocyte ¢DNA library with a synthetic ohgonucleotlde probe corre-

spondmg to an 8-amino ‘acid sequence specific forc25K G, a GTP-binding protein previously isolated from human p]atelet cytosol fraction [(1989)

J. Biol. Chem. 264, 17000-17005]. The cDNA has an open reading frame encoding a protein of 221 amino dcids with a caleulated M, of 25068.

The protein is: designated.as ram (ras-related gene from megakaryocyte) protein (ram p25). The amino acid sequence deduced from the Fan cONA

contains the consensus sequences for GTP-binding and GTPase domains: ram p25 sharés about 23%, 39% and 80% ‘amino acid homology with'!
the H-ras, smg25A and c25KG proteins, respectively; The 3.5-kb ram mRNA was detected abundantly in spleen cells

Low M, GTP- bmdmg protem, cDNA clonmg, Megakaryocyte

1. INTRODUCTION

There is a farmly of structurally homologous

monomeric GTP binding proteins with. molecular
weight (M;) ranging from 20 000 to 30 000 in mam-

malian cells: [1] The family contains ARF 21, ral {3,4],

rho[5,6], R-ras[7], rap[8,9], rab [10—12] rac [13], smg
25 -[14] and: ypil [15] proteins. These low M; GTP-
binding ‘proteins show 30-50% homology to ras p2l
[16]}. Four of GTP-binding domains are highly conseryv-
ed in all of the low' M, GTP-binding proteins. Among

them, the phosphate-interacting domain, a stretch of .
six residues, - Asp-Thr-Ala-Gly-GIn-Gla (in positions -

57-62 of K-ras p21), is strictly conserved. The low M;
GTP-binding proteins also share biochemical proper-
ties, binding of GDP or GTP and GTPase activity, but
the GTPase activity is lower compared to heterotrimeric
G proteins such as Gs, Gi, Go and transducin [17].

We ' purified two low M; GTP-binding  proteins

(c21KG, c25KG) from human platelet cytosol fraction
[18,19]). From the partial amino acid sequence analysis,

the ‘major. component (c21KG) was found to be iden-

tical to raplA protein, whereas the minor ‘protein

(c25K.G) was identified as a novel low M GTP-bmdmg
protein. To determine its primary structure, we have at-

temnpted to clone the cDNA of ¢25KG. In the present
‘studies, we have cloned from a rat megakaryocyte

¢DNA library a ¢cDNA of a low M; GTP-binding pro- -
tein, which is highly homologous to but clearly distinct
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from c25KG. We also descnbe 1ts expressmn in severalV
- tissues of adult rat. ;

2. EXPERIMENTAL .

:2.1. Design and synthesis‘ of the oligonucleotide probe

One :29-base ' antisense strand oligodeoxyribonucleotide . probe
(' TG(T/C)TC(A/G)AA(A/G)TAIGGIATICC(A/G)TA(T/C)TT-
(A/G)TC3’) was synthesised corresponding to the sequence Lys-Tyr-‘

. Gly-Leu-Pro-Tyr-Phe-Glu of ‘c25KG. The oligonucleotide'i is'a mix-"
. ture of all the possxble icosamers that might encode this sequence

S 2.2, Screemng of the cDNA Ilbrary

Approximately 4.0 X 10° recombmant plaques were screened by4
plaque hybridization [20} with the ‘syntheti¢ probe labeled -at'the's’
end with 3P, Hybridization' was allowed to occur overmght under.a’

" low-stringency condition at 30°C'in-a solution containing’ 30% v/v)
. formamide, 5§ x SSC (1% SSC =

0.15 M .NaCl/15- mM sodium
citrate, pH 7.0), \I'x Denhardt’s  solution (0.02% bovire. serumi

" albumin/0.02% polyvinylpyrrolidine/0.02% Ficoll), 20 mM sodium’

phosphate (pH.7.0), 100 ug/ml of 'heat-denatured salmon- spei'm
DNA, 0.1% NaDodSO4, and 10% dextran sulfate ‘Filters were wash-

‘ed twice at room temperature in 5 x $5C/0.1% NaDod80j for: 15
. min before autoradlography The posmve clones :were punfled by'

successive plaque hybndlzanon

2.3. DNA sequence analysis . o
DNA sequencing was performed by the dxdeoxynucleotlde chain-
termination ‘method [21] . with [a-”P]dCTP 2¢-Deéoxy-7-deaza-

' guanosine §'-triphosphate was used in place of. dGTP [22}.. For:se:
-quencing, ¢cDNA fragments were: subclonéd into pUCT18 vector and

single-stranded templates were prepared wnh helper phage M13 KO7
[231. ‘ s

2 4. RNA blot hybnd:zauon analysis :
Total RNA was extracted by the guanidinium: thlocyanate method g

[24]. RNA (45 ug) was denatured by heating at 60°C for 5 miin/in’2.2

M formaldehyoe/ 50% "(v/v): formamide and subjected to elec-
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'Fig. 1. Restriction maps of Nram-1 and \ram-2 a‘ndfsequencing

:strategies of the cloned ¢cDNAs. The coding region is indicated by
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open box. The hatched box at the right end indicates' the poly(A)

region. The arrow inthe open box shows the direction of translation.

The arrows under the map indicate the du‘ectxon and the region of"

DNA sequencmg

trophoresis in a.1.2% agarose: gel containing 2.2 M formaldehyde
[25]. ‘The RNA was transferred to. nitrocellulose -membranes.

Hybridization ‘was carried out under the high-stringency condition:

described above. Filters were washed twice at 42°C in 0.Ix
$SC/0.1% NaDodSOQ, :for ' 'h before autoradiography. Mouse
.megakaryoblastoma cell line MK8057 was kindly supplied by Dr T
Inoue (Yokohama Clty University School of Medicine).

‘ -11
-79 .
1 ATG TCG GAT GGA GAT TAT GAC “TAC CTC
1 Met Ser Asp Gly Asp Tyr Asp Tyr Leu
' 61 - GGG AAG ACC 'AGT GTA CTG TAC CAG TAC
21 Gly Lys Thr Ser Val 'Leu Tyr Gln Tyr
121 .ACA’ GTG GGC' ATT GAT TTC AGG GAA BAG
41 . . Thr Val Gly ;le‘Asp Phe ‘Arg Glu Lys
181  ACT GTA GGC QGA GGC CAG AGA 'ATT CAC
61 . Thr .Val Gly Arg; Gly Gln Arg Ile His
| 247 TTT CGT AGC CTG ACC;ACG GCA' TTC TTC
' '81 ' Phe Arg Ser Leu Thr Thr Ala Phe Phe
301 :CTG ACA AAC. GAG CAA AGT: TTC CTC AAT
101 "Leu Thr Asn Glu Gln .Ser: Phe Leu Asn
361 GCG TAC‘TGC GAA AAC CCA GAT ATA GTG
121 . Ala Tyr Cys Glu Asn Pro Asp Ile Val
421 'AGG GCT GTG AAA GAG GAG GAA GCC AGG
141 'Arg Ala Val Lys Glu Glu Glu Ala Arg
481 'GAA ACC AGC GCT GCC AAT GGG ACA AAC
161  Glu Thr Ser ala Ala Asn Gly Thr Asn
541 = ATC ATG‘AAG CGG ATG GAG CGG TGT GTG
181  Ile Met Lys Arg Met Glu Arxg Cys Val
' 601 TCC AAT GGC CAT ACT TCT ACA GAT. CAA
201. 'Ser Asn Gly His Thr Ser Thr‘Asp Gln
661  TGT
221  Cys w#e
737"

817

Fag 2 The nucleotide and deduced ammo acid sequence of the

9

aTc
Ile
ACT
Thr

AGA
Arg

CTG
Leu
AGG
Arg
GTC

‘Val

cre
Leu

GAA
Glu

"ATA

Ile

GAC
asp

cre

Leu

‘Asp

November 1990
3 RESULTS AND DlSCUSSlON
The cDNA hbrary was screened under the low- :

strmgency hybridization conditions with the: synthetic -
29-base probe ‘(see section 2).'On ‘screening 4 X 105

- recombinant plaques, five positive clones were obtain-

ed. Among them, three clones had 0.8 kbp inserts, and
the other two showed 0.4 kbp and 0.3 kbp inserts after
EcoRI digestion, indicating the latter cDNA has an en-

~dogenous EcoRI site. Partial cDNA sequence analysis

indicated that they are overlapping clones. We ten-
tatively named them \ram-1 (with 0.8 kbp insert) and
Nram-2 (0.7 kbp.insert containing an endogenous EcoRI
site). The restriction maps of the Aram-1 and -2 inserts
and the strategies for sequence determination are shown
in'Fig. 1. Nram-1 lacked the COOH-terminal sequence
corresponding to amino acid resndues 192-221 of ‘ram: .

. protein (rain p25), and Nram-2 lacked the NHz-termmal
_sequence correspondmg to.amino acid re51dues 1- 66 of

ram p25. The insert of A\ram-1 was then used for screen-

" ing of the rat megakaryocyte cDNA library -under the

high-stringency condmon, buf the full- length cDNA
was not obtained.

 Fig. 2 shows the nucleotide and deduced amino acid
sequences of ram. The cDNA contained an open

reading frame of 221 amino acids, assuming that the-in-:

' ! CGGAATTTAGAAAAGAGCAACCTCGCAGCAGGCTGGGAAT
‘CTAGTACTACAGGGACGCAACACCGCGGGGACAGCACCCGACAGAGCACCAAACCGGGTAAAGCAGAGAGGCCTCCATC

AAG
Lys

T
Phe

6
Leu.

GCC
Ala

TTG
Leu

GGA
Gly !

GAC
Asp

cT
Ser

GGA
Gly

GTG
Val

aTC
Ile

GGG
Gly

GAT TCC

Ser

AAG
Lys

Tre
Phe

AAC
Asn

ABA
Lys

e
Phe

ACC
Thr
TAC
Tyr

aTG”
val

GTG
val

‘AGA
Arg

GCG
Ala

AAT
Asn

GGh.
Gly

cca
Pro

GAT
Asp

GGA : .

Gly -
CcAG
Gln

ACG
Thr

CAG
Gln

TTA
Leu

TGG
Trp

GAC
Asp

GCG
Ala

GGG
Gly

GAG
Glu

AGG
Arg .
|ATG
Met

GAC
Asp

GCT
Ala.

GGT
Gly

TTC
Phe

CTG
Leu

CTT
Leu

CTG
Leu

TTC:
Phe

GAC
Asp
cae
His

AGC
Ser

cGa
arg

AAC
Asn

TGG
Trp

ATA
‘Ile

CAG
Gln

CTA
‘Leu

CAG
Gln

ATG
Met
GAC
Asp

AGT
Ser

TCC
Cys

GGA
Gly

AAT
Asn

AAG
Lys

CTA
Leu

GAA
Glu

GAC
Asp

CAG
Gln
TAT
Tvr

cce
Pro

cTC
Leu

TAT
Tyr

GCA
Ala

GAG
Glu

AAG
Lys

GGa
Gly

ATC
Ile

TTT
Bhe

AGC
Ser

CaA
Gln

cre
Leu

GAG
Glu

GCA
Ala

ATT
Ile

ATG
Met:

CTG
‘Leu

eac
Asp

CTG
Leu
GGG
Gly

GAG
Glu

ARA
Lys

TeC
ser

GG
Trp

ATT
Ile:

ceca
Pro

GTG
Val

'GTG
val

folele

Arg
oGC
Cys

AAG
Lys

GAG
Glu

AGT
Ser

‘GAG
Glu

AAG
Lys

GAG
Glu

GGG
Gly

TTA

GGC |
Leu :

Gly

TGAGACACCGAGTGAGCATGGCGGCGGCAGTGGCGGCACACGCCTGGCCCCTGCCTGCCAAATCCTCTGTAGAGA

CCAAGCCAGCATCACGTGCCAAGTGCTGCTCCTTATCCCCAGTAGAACTGACTCAACATCCAATTGTAACTCATTGCAA
CTTCATATGATTTAGTCCATGAATTGGGGGAACTATTTCACAGAGCCAAAAGTGTCTTAGAAAAAAAAAAAAAAAAA 894

ram cDNA. Numbers indicate- the pounons of nucleotides or amino acxd residues

startmgf at the initiator codon
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FLYR

' LLAL ; FITTVGIN-
Rat ram 1 : MSDGDYDYLIKFLAL VLYQYTDGKFNSRFITTVGID- 45
Human/Rat H-ras 1 MTEYKLVVV LTIQLIQNHFVDEYDPTIE-DS @ 39
Human R-~ras 1 MSSGAASGTGRGRPRGGGPGPGDPPPSETHKLVVV LTIQFIQSYFVSDYDPTIE’DS 65
Human rap1A ' 1 MREYKLVVi4 LTVQPVQGIFVEKYDPTIE-DS: -39
Human raplB 1 MREYKLYVLS LTVQFVQGIFVEKYDPTIE-DS" 1 39 ¢
Human .rac) 1 MRATIKCYVY LLISYTTNAFPGEYIPTVF~DN - '39..
Simian ralA: 1 MAANKPKGQNSLALHKVIMV LTLOFMYDEFVEDYEPTKA-DS © 50
Rat rabl ' - 1 ’ MSSMNPEYDYLFKLLLT LLLRFADDTYTESYISTIGVD- ~ 47
RBovine smq25A 1 MASATDARYGQKESSDQNFDYMFKILII FLFRYADDSFTPA{Y§?yQID- 58
Human c25KG 'FRi; - VHLQLW SLTTAFFR ) ! S
Rat ram 46 FREKRVVYRANGPDGTVGRGQRIHLQLW PRSLTTAFFRDAMGFLLLFDLTNEQSFLNY 110
Human/Rat H-ras 40 © YR-KQVVI~D-GETC-~~---~ L-LDIY YSAMRDQYMRTGEGFLCVFAINNTKSFEDI. 93
Human R-ras 66 YDP-KICSV~D~-GIPA~==~=-==~~=RLDII4 FOAMREQYMRAGHGFLLVFAINDRQSFNEV 119
' ‘Hufman raplh 40 YR-KQVEV-D-CQQC~==m == M-LEILs FTAMRDLYMKNGQGFALVYSITAQSTFNDL . 93
Human. raplB . 40 YR-KQVEV-D-AQQC--- -~~~ M-LEIL FPTAMRDLYMKNGQGFALVYSITAQSTFNDL - 93
Humar: racl 40 Y5~ KNVMV ~D-GKPr-mrsmea VNLGL YDRLRPLSYPQTDVFLICFSLVSPASFENV = 93"
Simian ralA 51 ' ¥YR- KKVVL D~ GEE-~--4———VQIDIL YAAIRDNYFRSGEGFLCVFSITEMESFAAT 104
Rat 'rab?: : . .48 FKIRTIEL D-GKT === = n == IKLQTIW FRTITSSYYRGAHRGIIVVYDVTDQESFNNV 102
Bovine smng25h . 59 ' F

" 'Human : c25KG
Rat ram 111

RNWISQLQMHAYCENPDIV]

YRTITTAYYRGAMGFILMYDITNEESFNAV 113

DERVVGKEQGQONLARQWNNCAFLES
DDK=<«DTIEKLKEKKLTR-TTYPQGLAMAKE-IGAVK

DKRQVSVEEAKNRADQWN-~VNYVETSARITRANVOKVF
TKKVVDYTTAKEFADSLG~I PFUETSAKNATN VEQSF
DERVVSSERGRQLADHLGnFEF EASAKIDNINVKQTE
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‘EMLLDLIMKRMERCVDKSWIPEGVVRSNGHTSTDQLSEBKEKGLCGC ZT

YLECSALTQRGLKTVFDEAIRAVLCPPEVKKRKRKCLLL, 192

MTMAAEIKKRMGPGATAGGAEKSNVKIQSTPVKQSGGGCC . 205

Human/Rat H-ras 94 HQYREQI KRVKDSDDVPMY]
Human R-~ras ' 11120 GKLFTQILLRVKDRDDFPVV]
Human rapia : 94 . QDLREQILRVKDTEDVPMI
Human rapi1B Co 94  QDLREQILRVKDTDDVPM]
Human racl. ;' 94 RAKWYPEVR~HHCPNTPIT
! Simian ralh ; . 105 ADFREQILRVKEDENVPFL
Rat rabl 103‘,KQWLQEIDRY»ASENVNKL
Bovine smg25A . 114 QDWSTQIKTY-SWDNAQVL
Rat  ram ' 178
Human/Rat H-ras 157  ¥YTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS 189
Human R-ras = @ : 184  EQLVRAVRKYQEQELPPSPPSAPRKKGGGCPCVLL 218
Human raptA: : 159 ' YDLVRQINRKTPVEKKKPKKKSCLLL K 184
Human rapi1B’ 159 - YDLYRQINRKTPVPGKARKKSSCQLL 184
Human . racl 154
Simian. rala 169 FDLMREIRARKMEDSKEKNGKKKRKSLAKRIRERCCIL . 206
Rat rabl . 166
Bovine smq25A 177

ERLVDVICEKMSESLDTADPAVTGAKQGPQLTDQQAPPHQDCAC 226

Fig. 3. Alignment of ram protein sequence with other low Mr GTP -binding proteins. The sequences of the GTP binding proteing have been take

from the literature: ¢25KG {19}, H

-ras [16), R-ras (7}, rapl A (8], rap1B [9), rac1 [13], ralA (3], rabl [10], smg25A [14). GTP-binding and GTPase

regions.are boxed. Effector region is boxed by dotted line. Hyphens md1cate the gaps mtroduced for allgnmem X represents umdemnfxed resxdue

‘itiator methlomne codon is at position 1-3 and the ter- f‘
mination codon TGA is at positions 664-666. The

- nucleotide sequence surrounding the first methionine
codon’ agreed with the consensus sequence that is
characteristic - for . the

of the polypeptlde specxfxed by this open reading frame

(663 bp) is 25 068. The amino acid sequence corr espon-‘

ding to the synthetlc oligonucleotide probes used for
screenmg was partially different from the ‘amino se-
quence: 2 .amino acids out of 9 were different’ from

¢25KG. We screened human ervthroleukemia K562. cell =
cDNA library by using a part1al fragment of rat ram .
¢DNA, and isolated two partial cDNAs of human-rem

(data not shown). The amino acid sequence of ram p25
is strongly ‘conserved between rat and human, and ram
p25-is distinct from c25KG.

Fig. 3-compares the amino acid sequence of ram. p25

with those of other low M; GTP-binding proteins. ram: = ‘

'p25 shares 23%;, 26%, 23%, 32%, 39% and 21% amino

acid identity with H-ras, ralA, racl, rabl, smg25A and

rapl A proteins, respectlvely ‘The homologies are essen-

~tially restricted to the four GTP/GDP binding domains
‘ boxed in Fig. 3. The identity between ram p25 and
¢25KG is 80%: 40 out of 70 ammo acxds are matched to-

those of ram p25

initiation codon- of many ..
‘eukaryotic mRNAs [26]. The calculated molecular mass

On thé othei”‘ha‘nd,‘ the sequence of ram at‘ the éf‘fecf-‘f

' tor domain (amino acid residues 32-42 of H-ras p21) is.
- different from that of H-ras p21 but is almost identical
‘with ¢25KG. Since this region in H-ras p21 is essential -

for its transforming activity and mteractlon with GAP:
[27,28], it is likely that ram- protein ‘and ¢25KG may(

“ share the common effector and/or GAP molecules.‘

It has been shown that low. M; GTP- bmdmg proteins

‘ ‘have umque COOH-terminal amino acid sequences;

they. possess at Jeast one cysteine near their COOH-
terminal ends. It has been suggested that the cysteine
residues are . polynsoprenylated (29] and/or ‘palmi-
toylated [30], and that-these fatty acid- moxetnes are

~ essential for the proteins to attach to the inner surface -
Coof the plasma membrane and to exert their bxologlcal

activity [16]. -According to the COOH terminal se-
quences, low M; GTP-bmdmg proteins can be classmed
into-four groups: one is a Cys-A-A-X group including
H-, K- and N-ras, and rho, where ‘A is an“aliphatic’
amino acid; and X is any one. -Second is-a Cys-Cys:

" group mc]udmg the yptl, rabl and rab2.. Thirdisa Cysa

Cys-X-X group including re/A and ra/B, H- rabs. The'

" last is A Cys X-Cys group including rab3 and 4, H-
. rab3A, -3B, and -4 and smg25A, -B and -C. The ram

protein belongs to the last group. The variations in the
COOH-termmal structures probably: reﬂect dlverse

53'1
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Fig. 4 Northern analysis of ram RNA The followmg rat and mouse :

RNAs are in each line; brain (B), heart (H), liver (L), spleen (8),

kidaey (K), adrenal: gland (A), skelétal muscle (M), mouse

megakaryoblastoma cell ‘line’ MK8057 (MK) and rat pheochromo-
; ' cytoma cell line PC 12 (P,

‘assocmtxons of the low . M, GTP- bmdmg protems with

membranes: of different organelles. As some:low M;
GTP-binding: proteins' such as rho, smgp25A and

¢25KG ‘ were purified from the cytosolic : fraction
modifications may o

[19,31,32]), = positranslational
regulate their location.

We examined the expression of ram 'mRNA in several
rat tissues and the ‘pheochromocytoma PC-12 cell by
Northern blot analysis as shown in Fig. 4. The 260-bp
EcoRI-Miul fragment.of Aram-2, containing the coding

region of ram cDNA, was used as a probe. The 3.5 kb

ram mRNA was. expressed abundantly in PC-12 cells,

spleen, and weakly in kidney, adrenal gland, ‘brain, and |

heart. ram is also expressed in mouse megakaryo-
blastoma MKB8057 cells, though the size of the mRNA
is longer than that of rat. No bands were detected 'in
liver and skeletal muscle even after a long exposure.
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