
radioimmunoassay based on the Western References and Notes 

blot technique, immunoreactivity against 1. M. Popovic, M. G. Sarngadharan, E. Read, R. 
C. Gallo, Science 224, 497 (1984). the ACI-HTLV-111-P-galactosidase fu- 2 ,  R,  C, Gallo et ibid,, p, 500, 

sion polypeptide was detected in the 3. P. D. Markham, G. M. Shaw, R. C. Gallo, in 
A I D S ,  V. T. DeVita, S .  Hellman, S. A. Rosen- 

serum of 19 of the AIDS patients but berg, Eds. (Lippincott, Philadelphia, in press). 
none of the normal controls, This indi- 4. J .  E. Groopman et a / . ,  Science 226, 447 (1984). 

5 .  D. Zagury et al., ibid., p. 449; D. D. Ho et al., 
cates that the protein encoded by the ibid., p. 451. 
portion of the env-lor region contained in 6. J. Schiipbach et a / . ,  ibid. 224, 503 (1984). 

7 .  M. G. Sarngadharan, M. Popovic, L.  Bmch, J. 
ORF clone 121 is produced in HTLV-111- Schiipbach, R. C. Gallo, ibid., p. 506. 

infected cells and induces antibody pro- 8. B. Safai et a[., Lancet 1984-1, 1458 (1984). 
9. H. J .  Alter et al., Science 226, 549 (1984). 

duction in most if not all AIDS patients. 10. P. M. Feorino et a / . ,  ibid. 225, 69 (1984). 
11. D.  Klatzmann et al . ,  ibid., p. 59. 

These and further studies of the 12. J. Schiipbach, M .  G. Sarngadharan, R. C. Gallo, 
expression of the env-lor region in other 

13 ,  $dk:$2; :t7a1,1,9i'?b. 220, 859 (1983 j .  
vector systems and of antibodies to dif- 14. T. H. Lee et al.. Proc. Natl .  Acad .  S C ~ .  u.s.A.. 

in press. ferent regions of the fusion P ~ ~ Y P ~ P ~ ~ ~ ~ ~  15, S,  K ,  Arya e t a / , ,  Science 225, 927 (1984). 
may lead to the development of useful 16. R. c. Gallo, Cancer ~ u r s .  3, 113 (1984). 

reagents for studying HTLV-III proteins 17. L. Ratner et al . ,  Nature (London) 313, 277 
(1985). 

and for preparing means to diagnose and 18. J. G. Sodroski, C. A. Rosen, W. A. Haseltine, 

treat AIDS. Science 225, 381 (1984). 
19. T .  H. Lee et a l . ,  ibid. 226, 57 (1984). 

N. T. C,HANG, p .  K. C'ANDA 20. D. J .  Slamon, K. Shemotohno, M. J .  Cline, D. 
W. Golde, I. S. Y. Chen, ibid., p. 61. 

A. D. BARONE, S. MCKINNEY 21. B. H. Hahn et al., Nature (London) 312, 166 
D. P. RHODES, S. H. TAM 

C. W. SHEARMAN, J. HUANG 
T. W. CHANG 

Centocor, Inc., 
244 Great Valley Parkway, 
Malvern, Pennsylvania 19355 

R. C. GALLO 
F. WONG-STAAL 

Laboratory of Tumor Cell Biology, 
National Cancer Institute, 

( 1  984). 
M. R. Grav et a/.. Proc. Natl .  Acad. Sci. U.S .A  
79, 6598 (i982).  
J. H. Miller, Experiments in Molec~rlar Genetics 
(Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y., 1982). 
H. Towbin. T .  Staehelin. J .  Gordon. Proc. Natl. 
Acad. Sci. U.S .A .  76, 4350 (1979). 
W. A. Haseltine et a / . ,  Science 225, 419 (1984). 
U.  Laemmli. Nature (London) 227. 680 (1970). 
P. L. Deininger,Anal. Biochem. 129, 216 (1983). 
We thank M. Rosbash for the pMRlOO and 
pMR2OO vector plasmids, R. Ting for the puri- 
fied HTLV-111, and V. R. Zurawski, Jr. ,  for 
valuable discussions. 

Bethesda, Maryland 20205 21 December 1984; accepted 20 February 1985 

Sequence of the Alpha Subunit of Photoreceptor G Protein: 
Homologies Between Transducin, ras, and Elongation Factors 

Abstract. A bovine retinal complementary D N A  clone encoding the a subunit of 
transducin (T,) was isolated with the use of synthetic oligodeoxynucleotides as 
probes, and the complete nucleotide sequence of the insert was determined. The 
predicted protein sequence of 354 amino acids includes the known sequences offour 
tryptic peptides and sequences adjacent to the residues that undergo adenosine 
diphosphate ribosylation by cholera toxin and pertussis toxin. On the basis of 
homologies to other proteins, such as the elongation factors ofprotein synthesis and 
the ras oncogene proteins, regions are identiJied that are predicted to be acylated 
and involved in guanine nucleotide binding and hydrolysis. Amino acid sequence 
similarity between T, and ras is confined to these regions of the molecules. 

An early step in the processing of 
visual information involves transducin, a 
protein found in the rod outer segments 
of photoreceptors. It functions to couple 
the photolysis of rhodopsin to changes in 
intracellular levels of cyclic guanosine 
monophosphate (GMP) (I). When photo- 
receptors are illuminated, transducin in- 
teracts with rhodopsin, and, as a result 
of this interaction, guanosine diphos- 
phate (GDP) bound to the a subunit of 
transducin (T,) is exchanged for guano- 
sine triphosphate (GTP). In this form, T, 
is able to activate a cyclic GMP phos- 
phodiesterase. The activation is termi- 

nated when the intrinsic guanosine tri- 
phosphatase activity of T, hydrolyzes 
the bound GTP, restoring the transducin- 
GDP complex and completing the cycle. 
Transducin is a member of a family of 
proteins collectively called G proteins 
(2). Other G proteins interact with vari- 
ous hormone and neurotransmitter re- 
ceptors and couple receptor-ligand bind- 
ing events to changes in amounts of 
intracellular "second messenger," such 
as cyclic adenosine monophosphate and 
perhaps calcium ion (3). The G proteins 
are also substrates for adenosine diphos- 
phate (ADP)-ribosylation by cholera 

toxin, pertussis toxin, or both. The ADP- 
ribosylation of transducin by cholera 
toxin inhibits GTP hydrolysis and fixes 
the a subunit in the GTP-bound state, 
whereas pertussis toxin acts to stabilize 
the GDP-bound form (4). 

We have shown that the a subunits of 
transducin and Go, an abundant GTP- 
binding protein in brain tissue, have ex- 
tensive amino acid sequence homology 
(5). Furthermore, the amino acid se- 
quence of an NH2-terminal tryptic pep- 
tide derived from T, was shown to have 
59 percent homology with a correspond- 
ing region of the ras gene products. The 
ras gene family encodes guanine nucleo- 
tide-binding proteins that may be impor- 
tant in regulating cell growth and onco- 
genesis. On the basis of the sequence 
homology and other similarities with G 
proteins, we suggested that ras might 
also function as a coupling protein to 
transduce signals from receptors that in- 
teract with factors that regulate cell 
growth. In order to study G protein 
structure and function and more clearly 
define similarities and differences be- 
tween the ras and G proteins, we isolat- 
ed a complementary DNA (cDNA) cor- 
responding to the a subunit of transducin 
and determined its nucleic acid se- 
quence. 

The sequences of the mixtures of oli- 
gonucleotides that were used to screen 
the XgtlO library prepared from bovine 
retinal RNA (6) are shown in Fig. 1A. 
Approximately 125,000 plaques were 
screened with the T,A mixed probe and 
54 were found to hybridize. These were 
again screened with the T,B probe and 
one clone (AT,l) hybridized specifically 
with both probes. By subcloning three 
fragments of the insert and using syn- 
thetic oligonucleotides as primers, we 
obtained the complete nucleic acid se- 
quence of the insert. The sequencing 
strategy is shown in Fig. 1B and the 
nucleotide sequence and predicted ami- 
no acid sequence are shown in Fig. 2. 
The nucleic acid sequence extends 429 
base pairs past the TAG codon signaling 
the end of the coding region, and no 
extensive stretch of poly(A) (polyade- 
nylate) sequence was found. There is 
also a 174-base-pair 5' untranslated seg- 
ment. 

The open reading frame predicts an 
amino acid sequence including 354 ami- 
no acids. The predicted molecular 
weight of the protein (40.1 kD), the ami- 
no acid composition, and the size of the 
tryptic fragments agree with recorded 
values (5, 7). The vredicted amino acid 
sequences of the amino terminus of the 
9-kD tryptic fragment ( ~ ~ s ~ ~ ~ - ~ y r ~ ~ ~ )  
and of the tetrapeptide that includes the 
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A 
L y s  Gln Met L y s  I l e  I l e  

3 TTTGTTTACTTTTAATA 5 '  
C C  C G  

T 

Fig. 1. (A) Synthetic 
oligonucleotides used 
to isolate and confirm 
the identity of a 
cDNA clone for the a 

To B 
V C T G P i  

His  Met Thr C v s  A l o T h r  /Ah . -\ subunit of transduc- 
3 GTATACTGAACACGTTG 5 '  

G C G A  
T G 

T "  
G C 

b : 6 ,  h H in. Amino acid se- -- __,A 
_?, c --t-"--~~- quences of tryptic 

C-- 
, fragments of T- (51 

' a  
-- ------- - - - - L .  \-, 

HIS Met T h r C y s  A o  Thr AspThr  Gln  Asn Vol Lys 0 0.5kb 1.0 k b  1.5kb 
5' CACATGACCTGTGCCACCGACACCGAGMTGTGAAG 3' 

2 0kb were selected to syn- 
thesize the corre- 

sponding oligonucleotides (T,A and T,B) representing all possible codon combinations. Specifically for T,A, this included 24 molecules, each 17 
nucleotides long; for T,B, 64 molecules each 17 nucleotides long; and for T,C, 1 molecule, 36 nucleotides long. Oligonucleotides were 
synthesized with an Applied Biosystems model 380A automated DNA synthesizer and purified by gel electrophoresis before use. The bovine 
retinal cDNA library was screened as described (15). T,A and T,B were hybridized at 35" and 43"C, respectively. The construction of 
oligonucleotide T,C was based on codons most commonly found in bovine rhodopsin and other eukaryotic proteins. T,C was used as a 
nucleotide sequencing primer (Fig. IB) to confirm the identity of a clone (AT,l) which hybridizes to T,A and T,B. (B) Organization and 
nucleotide sequencing strategy of AT,l cDNA insert. The 0.65-kilobase-pair (kbp) Barn HI, 0.8-kbp Eco RI-Bam HI, and 1.8-kbp Hind I11 
restriction endonuclease fragments of AT,l were subcloned into M13mplO or I1 and sequencing templates were prepared by standard methods 
(19). Nucleotide sequences were determined by the dideoxynucleotide chain-termination method (20). Sequences determined with T,C (Fig. 1A) 
and a universal sequencing primer (Bethesda Research Laboratories) initially served as the basis for the construction of other synthetic 
oligonucleotide sequencing primers. Symbols used are as follows: thick top line, extent of protein coding region; vertical arrows, sites of tryptic 
proteolysis of native T, (5); asterisk, tryptic site accessible in T, bound to GDP but not in T, bound to guanosine 5'-(p,y-imido) triphosphate; 
numbers, molecular size in kilodaltons of tryptic fragments as determined by gel electrophoresis; triangles, location of amino acid sequences that 
served as a basis for construction of oligonucleotides shown in Fig. 1A; N and C, amino and carboxyl terminus of T,, respectively; CT and PT, lo- 
cation of amino acids ADP-ribosylated by cholera toxin and pertussis toxin; G, regions predicted to be involved in guanine nucleotide binding and 
hydrolysis; thick bottom line, extent of cDNA insert; jagged line, AgtlO DNA; horizontal arrows, direction and extent of nucleotide sequences 
determined using synthetic oligonucleotides as sequencing primers; and dotted horizontal arrows, direction and extent of nucleotide sequences 
determined with the use of a universal sequencing primer. A scale of nucleotide lengths in kilobase pairs is shown at the bottom. Relevant 
restriction endonuclease sites are abbreviated as follows: B, Bam HI; E, Eco RI; and H ,  Hind 111. 

666 CAC C C T  GCC TGC TCT TIC ACC CAG CTC CIA CAG ACl GGC T I T  TIA 6AA 664 CIA A6A AAC TGA TAC 1CF nTC CCA RTT IAT 111 TCC TTR TCT TCC CAT CTC TC1 641 A66 AbA CCC (120) 
166 A66 A6A A6C TTA A6G 6CI F6A GAA RGC T6C CGA 6G4 GKA SAC 664 rGA AAG G6G 467 664 6rC A61 6rC GO6 GAC AAA GAA CT6 GCC AA6 AG6 TCC AAA GA6 CIA 6AA AA6 ,3,q6 (240) 

A 
H 

Met Gly 9er 61y P l a  Ser A la  Glu Acp Lys  Glu Leu A la  Lys  Arq Ser Lys  61u Leu 61u Lys Lys  
I 10 T- 

C16 CA6 6A6 6AT GCT 6AC AA6 GAA 6CC AF6 ACT GIC 4JG 116 CIA T I6  CTG 6GT 6CI GG6 GA6 TCA GGA A06 4I;C A L I  ATC GIC A44 CA6 ATG AA6 AT1 AIT CRT CA6 641 66C TAT l C 6  (360) 
Leu Gln 61u Asp RIa Asp Lys  61u A l l  Lys Thr VdI I y s  Leu Leu Leu Leu Gly A ld  G ly  b l u  Ser Gly Lys  Ser I h r  I l e  Val Ly5 6 l n  Met Lys  I l e  I l e  H i s  61n Asp 611 Tyr Str 

30 40 50 60 

CCA GAA GAll T6C Cl l t  GR6 IAC AA6 GCC ATC rlTC TAC GGC RRC GT6 CT6 CAA TCC ATC 116 GCT ATC ATC C6G GrC RIG CIC A5R CTG 6GC AT1 6AC 141 GCT GAA 616 A6C 161 616 6AT (480) 
P r o  61u 61u Cyr Leu 61u Tyr Lys  A l a  I l e  I l e  Tyr 611 Asn Val Leu 61n Ser I l e  Leu A la  I l e  I l c  A rg  R l a  Met Pro  I h r  Leu 61y I l e  Asp Tyr Cla 61u Val  Scr Cys Val Asp 

70 80 90 100 

I T  G66 *A CA6 CTC AAC AAC CT6 GCT 6AC TCC AT1 6AA GA6 G6C ACC AT6 CCT CCT 6AG CIA GT6 GAG GI1  AIC A6G AA6 TTG TGG RAG GAI GET G66 616 CRA 6CC T6C TIT 6M: M A  (600) 
Asn 61y Arq 6111 Leu Asn Asn Leu A la  Asp Scr I l e  61u 61u 617 Thr n e t  P r o  Pro  S l u  Leu Val G lu  Val  I l c  Arq Lys Leu Trp Lys  Esp 61y F l y  Val  61n A la  Cys Phc Asp k q  

110 120 130 140 

K T  6CA I 3 6  TAC CA6 CTC AAT 6AC TCR 6CA TCT TAC 1AC CT6 MI CAA TTA 6AT C6A RTT AC6 GCC CCT GAC 'IFC ClC CCT 401 6A6 CAA GAT GI6 CTA C6A TCC &A GTC M A  ICC E L  ( 7 2 0 )  
L l r  411 61u I y r  61n Leu Asn Asp Scr Ala Scr Tyr I y r  Leu Asn 61n Leu Asp Arq I l e  I h r  A l c  P r o  Asp Tyr Leu Pro  Fsn G lu  G ln  Arp Val Leu brq Ser Arq Val Lys  Thr Thr 

I SO 160 '" 8 CT 180 
66C RTT LIT1 fil l6 ACI M6 TIT TCI GTC A46 GAT TlR A M  Ill: C66 fir6 TTT GO1 GIG fiGh bGG CnG AfA ICR GAG fl6R A06 Rdfi lhG 41C CAC TGC I T 1  GA6 GGA 6TC ACC TSC 8TC AIT(840) 
6 1 1  I l e  I lr 6 l u  Thr Ly r  Phc Srr  V r l  Lys  h r p  l e u  Ass Phe Arq Met P ~ P  Rsp V a l  G l y  G I )  Gln Rrq S P ~  6\11 A f q  l v s  1 7 5  l r p  I IP HIS Cys Phr 61u 617 Val Thr Cy5 I I c  l i e  

190 200 2 210 220 

1TC 161  6CA 6CC CTC A6C 6CC TAT 6AT AT6 6TG CT6 GI6 GAA GAT GAC GAA GTG AAT CGT RTE CAT GA6 TCA CTG CAC CTG TIC AAC A6C RIA TGT rlAC CAC AA6 TIC TIT 8C6 6CC ACT (960) 
Phc Cys 1 l a  A la  Leu Scr A l l  Tyr Asp Met Val Leu Val G lu  Asp Asp 61u Val Asn Prq Met HIS 61u Ser Leu H I S  Leu Phe Aqn Ser IIP Cys Asn HIS Lys  Phe Phe & l a  lllr Thr - 

230 240 250 260 

ICC AT1 6TC CTC TIT CTC AAC A46 AA6 GAT CTC TIT FA6 GAA 444 ATC 446 AAA 6TC CAT CTC AGC RTT 161 TIT CCA GR6 TAT GRT 666 AAC AAC TCT TAT GA6 641 GCA 666 AAT TAT (1080) 
Ser I l c  V a l  Leu Phe Leu Asn Lys  Lys  Asp Leu Phe 61u 61u Lys  I l e  L y r  Lyq Val HIS 1e11 Ser I lr Cys Phe P r o  F l u  Tyr Rsp 6 l y  Rsn Asn Scr Tyr 61u Asp A la  617 Arn Tyr 

270 2 80 290 300 

ATC AA6 A61 CR6 TIC CTT GAC CTC AAC 416 AGA AAA GAT GTC RFA FAA ATC TRc A61 CAC AT6 ACC TET GCl ACR GAI ACA CRG AAI 6TC RRA TIT GTA T T T  GAT 6CA 611 RCA MT AT1 (1200) 
I l e  Lys  Ser 61n Phe Leu Asp Leu Asn Met Arq Lys Asp V A I  Lys  f i l u  I l e  Tyr Ser HIS Met Thr Cys A la  Thr Asp Thr 610 P5n Val Lys  Phe Val Phe Asp Ala Val  Thr Asp I l e  

310 
320 330 340 

n l C  ATC AAA GRA ARC CTC 446 GAC 16C GGF CIC TIC 146 TIC TCA I:CA 111 CTC An6 I n 1  GTT CIA TAA ACR GGC TCC GAP TrT TFT TAP T I T  TAA GCR 644 RAT TTA RGG TCA ATA TllT (1320) 
I l e  l l e  Lys  61u Arn LPU L Y S  Asp Cys Gly Leu Phe - -  

PT 354 

TAT 7611 ATC CAT AAb AAT 6AA ICC AIC CIC CCI IGG RIA IGA 61A TGT AIG RTI GLP ACT GIG I C I  Cl i l  111; GIC I l l IRA AAG CGG GAT A61 TAG CAC RGT T I4  PA6 PAT GCA W CCA (1440) 

664 ART cfiG RAG Rcl: CABGAT ccf i  r r a  GcT cTG CAn CTr a r l  A n  6 d l  1.m iifiii u c  T t n  m i  7T: riJ T T c  ,;as cy r b n  611 r c i  Tnr cTo Tiifi birr riGr TIC TcT (1560) 

ACT ACT TCA CAR GGT TAC I T 1  AAT GAT CAT APR [AT ART IGR AGG CAG GCA CAI 4AA Af iC TGT GIG 616 1,CA Lan nr,A A l l  C L ~  A 1 G  Tra AflG GI T LCC KT ART (1665) 

Fig. 2. Nucleotide sequence of AT,l cDNA and deduced amino acid sequence of T, protein. Numbering of the nucleic acid sequence is shown in 
parentheses. The predicted amino acid sequence is numbered every ten residues. Amino acid sequences from tryptic peptides of T, (5, 8) are 
underlined. Other symbols and abbreviations are as in Fig. 1B. The insert of AT,1 cannot be excised with Eco RI even though the cDNA library 
was constructed with Eco RI linkers. The nucleotide sequence from bases 1666 to 1672, which was GAAATTC instead of GAATTC, explains this 
anomaly, but the origin of the extra adenine is unknown. 



Fig. 3. Hybridization of bovine genomic DNA to T, 
cDNA. Twenty micrograms of high molecular weight 
bovine liver DNA was cleaved with Bam HI, fractionated -9 5 
by agarose gel electrophoresis, transferred to nitrocellu- 

' 

lose, and hybridized to primer extended probes (19) i 
derived from M13 subclones containing the EcoRI- -6 6 
Bam HI fragment corresponding to the amino-terminal 1 

two-thirds of T, (N), the Bam HI fragment corresponding , 
to the carboxyl-terminal third of T, (C), or the Hind 111 
fragment that contains the entire coding region (W) (Fig. 
IB). The amount of [a3'P]dATP (deoxyadenylate) used in * -- 
the reactions was limited so that a probe of an average I A 
length of 1000 bases was made. Therefore, probe W, !* *?$' which begins at base 129, does not extend beyond the last 

y: fiv base of probe C at base 1458. Hybridization was at 6S°C in a? * q 

6 x  SSC (saline sodium citrate), 0.1 percent sodium dode- 2 3 
cyl sulfate (SDS), 2x Denhardt's solution, 50 pg per ' o r  ' , 4 
milliliter sheared salmon testes DNA, and 10 percent 
dextran sulfate. The filter was washed at 42OC in 
0 . 2 ~  SSC and 0.1 percent SDS. 

N 

cholera toxin ADP-ribosylation site 
(Ser'77-Lys'80) are identical with the 
amino acid sequences determined by Ed- 
man degradation. The amino acid report- 
ed to be ADP-ribosylated by cholera 
toxin is an arginine in the sequence Ser- 
Arg-Val-Lys (8). This sequence is found 
only once, is preceded by an arginine as 
expected for a tryptic peptide, and is 
located on the 23-kD tryptic fragment 
(9). The predicted sequence of the 5-kD 
tryptic fragment (A~p~"-Phe~'~) is also 
identical with the amino acid sequence 
as reported (3, except for Cys3" and 
L ~ u ~ ' ~ ,  which were not identified. It has 
been suggested that the target for ADP- 
ribosylation by pertussis toxin is an as- 
paragine residue corresponding to posi- 
tion 350 (10). However, the cDNA se- 

quence (Fig. 2) predicts an aspartic acid 
residue at position 350 in the primary 
translation product. Thus, a modified 
form of aspartic acid could be the sub- 
strate for pertussis toxin. Alternatively, 
Cys3", which was not previously detect- 
ed (lo), could also be the site of ADP- 
ribosylation. 

There are four amino acid differences 
between the predicted sequence and the 
reported sequence of the 23-kD tryptic 
fragment. They are conservative differ- 
ences and cluster at the amino terminus. 
Amino acid sequence analysis resulted in 
identification of LysZ4, G1uZ8,  AS^^', and 
~ r g ~ ' .  The nucleic acid sequence pre- 
dicts Gin", ~ s p ~ ' ,  GIu30, and Lys3'. It is 
possible that these differences do not 
arise from multiple transducin genes 

Fig. 4. Homologies of T, to the protein sequences of translation elongation factors and ras 
oncogenes (21). Homologies were identified with the use of a computer homology matrix 
program (22) which determines the degree of identity found over an adjustable number of amino 
acids. (A) Homologies among regions predicted to play a role in guanine nucleotide hydrolysis. 
(B) Homologies among regions predicted to be involved in guanine nucleotide binding. 
Sequence identities to T, are boxed and close functional homologies are underlined. Single 
letter abbreviations used for amino acids are: A, alanine; C, cysteine; D, aspartic acid; E, 
glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, 
methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, 
vatine; W, tryptophan; and Y, tyrosine. 

within an organism but instead represent 
polymorphisms in the different animals 
whose tissues were used to prepare 
transducin protein for sequence determi- 
nation and poly(A)+ RNA (polyadenyl- 
ated RNA) for cloning. This argument is 
supported by the hybridization experi- 
ment shown in Fig. 3. Digestion of geno- 
mic DNA with Bam HI and hybridiza- 
tion with probes made from the NH2- 
terminal, COOH-terminal, and complete 
coding regions of the cDNA give a pat- 
tern that is only consistent with the pres- 
ence of a single gene corresponding to 
Ta - 

The complete sequence of transducin 
allows us to compare it with other GTP- 
binding proteins. Similarities were found 
in the sequences of mammalian and 
yeast ras, the Ta subunit, and the elonga- 
tion factors (EF-Tu and EF-la). In each 
of these proteins GTP binding and hy- 
drolysis are central to their function. 
Homologies between EF-Tu and ras 
have been previously noted (11). Se- 
quence similarities between Ta and the 
other proteins are primarily clustered in 
two regions (Fig. 4). One region is at the 
NHz-terminal end starting at LysZ9 in Ta 
and extending through Lys70. There is 
evidence to suggest that this region is 
involved in GTP hydrolysis in ras. Muta- 
genesis resulting in changes in amino 
acids in this region affect guanosine tri- 
phosphatase and oncogenic activity (12). 
A second region of homology is found 
toward the COOH-terminal end of the Ta 
subunit and includes the residues from 
 la^^^ to ~ y s ~ ' ~ .  This region may partici- 
pate in GTP binding. The homologous 
region in all elongation factors includes 
an asparagine residue (~sn ' "  in EF-Tu) 
which has been shown by x-ray crystal- 
lographic analysis to form a hydrogen 
bond with the guanosine moiety of GDP 
(13). Furthermore, modification of 
C ~ S " ~  in EF-Tu eliminates nucleotide 
binding. In EF-Tu, this region forms part 
of a six-stranded p sheet structure com- 
mon to many nucleotide-binding proteins 
(14). 

There is evidence to suggest that the 
guanyl nucleotide binding site in Ta in- 
teracts with a region of the protein that is 
located between amino acids 177 to 208. 
Thus, for example, bound analogs of 
GTP block trypsin cleavage at ArgZo8 (7). 
Furthermore, the ADP ribosylation site 
at ArgI7' is only recognized by cholera 
toxin when Ta binds nonhydrolyzable 
GTP analogs (4). Finally, ADP ribosyla- 
tion at this site blocks the GTP hydroly- 
sis activity of transducin. 

A striking feature that is conserved 
between Ta and ras is the presence of a 
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cysteine residue as the fourth amino acid 
from the carboxyl terminus. Both the a 
and the y (15) subunits of transducin as 
well as 11 ras gene products that have 
been examined (16) have a cysteine in 
this position. This residue is acylated 
with lipid in ras and is important for ras 
function (1 7). Acylation could occur at 
cys3'' in T,. Another possible site for 
acylation in T, is on Gly2. The amino 
terminus of T, is blocked, and all pro- 
teins known to have NH2-terminal my- 
ristic acid blocking groups have glycine 
as the NH2-terminal amino acid (18). 

The homologies found between ras, 
elongation factors, and T, reflect the 
guanine nucleotide binding and hydrolyt- 
ic activities that are necessary for an 
alternation between GDP- and GTP- 
bound conformations that determine the 
nature of the reversible association of 
these proteins with other macromol- 
ecules. The portions of ras and T, that 
are not directly involved in nucleotide 
binding or hydrolysis may govern the 
specificity for interaction with different 
subcellular components. The availability 
of the intact cDNA clones makes it DOS- 

sible to overproduce T, and to modify 
the gene product by mutagenesis. Re- 
construction of the G protein+oupling 

system in vitro and in vivo will provide 
an experimental system that may allow 
us to understand in detail how these 
proteins function. 

MICHAEL A. LOCHRIE 
JAMES B. HURLEY 
MELVIN I. SIMON 

Division of Biology, 
California Institute of Technology, 
Pasadena 91125 
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AAAS-Newcomb Cleveland Prize 
To Be Awarded for an Article or a Report Published in Science 

The AAAS-Newcomb Cleveland Prize is awarded annually 
to the author of an outstanding paper published in Science. 
The 1985 competition starts with the 4 January 1985 issue of 
Science and ends with the issue of 27 December 1985. The 
value of the prize is $5000; the winner also receives a bronze 
medal. 

Reports and Articles that include original research data, 
theories, or syntheses and are fundamental contributions to 
basic knowledge or technical achievements of far-reaching 
consequence are eligible for consideration for the prize. The 
paper must be a first-time publication of the author's own 
work. Reference to pertinent earlier work by the author may 
be included to give perspective. 

Throughout the year, readers are invited to nominate papers 
appearing in the Reports or Articles sections. Nominations 
must be typed, and the following information provided: the 
title of the paper, issue in which it was published, author's 
name, and a brief statement of justification for nomination. 
Nominations should be submitted to the AAAS-Newcomb 
Cleveland Prize, AAAS, 1515 Massachusetts Avenue, NW, 
Washington, D.C. 20005. Final selection will rest with a 
panel of distinguished scientists appointed by the editor of 
Science. 

The award will be presented at a session of the AAAS 
annual meeting. In cases of multiple authorship, the prize will 
be divided equally between or among the authors. 
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