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We have identified in a human  cDNA library a clone 
(hp2F1) whose cognate RNA is growth-regulated. The 
insert has been sequenced and the nucleotide sequence 
shows a strong homology to the nucleotide sequences 
of the ADP/ATP carrier cDNA and gene,  respectively, 
isolated from Neurospora  crassa and Saccharomyces 
cerevisiae. The putative amino acid sequence of hp2Fl 
shows an 87% homology to the amino acid sequence of 
the ADP/ATP carrier from beef heart mitochondria. 
We conclude that the insert of hp2Fl contains the full 
coding sequence of a human ADP/ATP carrier. 

The steady-state RNA levels of the ADP/ATP carrier 
are growth-regulated. They increase when quiescent 
cells  are stimulated by serum, platelet-derived growth 
factor, or epidermal growth factor, but  not by platelet- 
poor  plasma or insulin. RNA levels of the ADP/ATP 
carrier decrease instead when growing HL-60 cells  are 
induced  to differentiate by either phorbol esters or 
retinoic acid. 

The  ADP/ATP  carrier  (ATP/ADP  translocase,  ADP/ATP 
translocator  protein,  adenine nucleotide translocase)  is  the 
most  abundant  protein  in  mitochondria  and catalyzes the 
exchange of adenine nucleotides across  the  mitochondrial 
inner  membrane (1). This exchange is  essential  to  the  transfer 
of energy  from  oxidative phosphorylation  to  extramitochon- 
drial processes. We  have  isolated from  a human  cDNA  library 
(2) and sequenced  a  clone  which contains  the full coding 
sequence of a human  ADP/ATP  carrier. 

The  human clone (hp2F1) was isolated by screening  the 
Okayama-Berg  library (2) with  an  insert from  a  clone,  p2F1, 
that was originally  identified  in a Syrian  hamster cDNA 
library (3) as a growth-regulated gene, i.e. as a cDNA clone 
whose cognate  RNA levels were increased when Go cells were 
stimulated by serum. 

The  purposes of the  present  paper  are 1) to show the full 
nucleotide  sequence of the  cDNA for a human  ADP/ATP 
carrier  and  compare  it  to  the nucleotide  sequence of the  ADP/ 
ATP  translocator of Saccharomyces  cereuisiae (4) and  to  the 
amino acid  sequence of the  ADP/ATP  carrier from beef heart 
mitochondria ( 5 ) ,  and 2) to  confirm  and  extend  the  observa- 
tion  that  the  steady-state  RNA levels of the  ADP/ATP  carrier 
are  growth-regulated. 

* This work  was supported by Grant CA 25898 from the National 
Cancer Institute. The costs of publication of this article were defrayed 
in part by the payment of page charges. This article  must therefore 
be hereby marked “advertisement” in accordance with 18 U.S.C. 
Section 1734  solely to indicate this fact. 

The nucleotide  sequence(s) reported in this paper has been submitted 
to the GenBankTM/EMBL Data Bank with  accession  numberfs) 
502683. 
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EXPERIMENTAL  PROCEDURES 

Cell Culture~-BALB/c/BT3 fibroblasts were plated in Dulbecco’s 
modified minimal essential medium supplemented with 10% fetal calf 
serum, L-glutamine, and antibiotics (high serum medium). When cells 
were semi-confluent the high serum medium  was  removed and low 
serum medium (containing 1% calf serum instead of 10% fetal calf 
serum) was added to  the cultures. Five days later the cells were 
quiescent (less than 1% of cells incorporated [3H]thymidine following 
a 24-h incubation) and were then treated with fresh high serum 
medium, or PDGF’ (Collaborative Research) or EGF (Collaborative 
Research), or insulin (Sigma),  or platelet-poor plasma, prepared from 
human blood as described by Ross et al. (6). Except for fetal calf 
serum, growth factors were added to  the conditioned low serum 
medium. Eight hours after addition of growth factors, the cells were 
washed with ice-cold phosphate-buffered saline and harvested with a 
rubber policeman, and  total cytoplasmic RNA  was extracted. HL-60 
cells were  grown as described by Rovera et al. (7). 

Screening of the cDNA Library-The insert derived from the 
original hamster p2F1 clone (3) was nick-translated with [32P]dCTP 
(8) to a specific activity of 2-4 X 10’ cpm/pg and used as probe. 
Approximately 800,000 recombinants of an Okayama-Berg library 
derived from SV40-transformed human fibroblasts (2) were screened 
at  high density according to  the procedure described by Hanahan and 
Meselson (9). Twelve positive clones were identified after primary 
screening. After secondary and tertiary screening four clones with 
inserts of different lengths were isolated and grown in large scale for 
further analysis. The longest one, pA1A3A,  was sequenced, and is now 
referred to  as  the human cDNA clone of p2F1, or hp2F1. 

DNA Sequencing-DNA sequence analysis was performed utilizing 
both the dideoxy-chain termination (10) and chemical (11) methods. 
The GenBank from Palo Alto, CA and  the EMBL data bank were 
searched for nucleotide sequence homology. The National Biomedical 
Research Foundation data bank was searched for protein homologies. 

RNA Extraction and Blotting-Total cytoplasmic RNA  was ex- 
tracted as previously described (3).  Blotting was carried out as de- 
scribed by Thomas  (12). Hybridization and autoradiography were 
carried out by standard procedures (12). The human 2F1 clone  was 
nick-translated (8) to a specific activity of 4-5 X 10’ cpmlpg. The 
amount of RNA blotted on each filter was constantly monitored by 
hybridizing the filters to probes for  genes that are not expressed in a 
cell cycle-dependent manner  and/or  a probe for the S-phase specific 
gene histone H3, as previous described (3, 13-15). 

Materials-PDGF and EGF (receptor grade) were purchased from 
Collaborative Research. 

RESULTS 

Sequence of the cDNA  for a Human ATPIADP Translo- 
case-Fig. 1 shows the complete  nucleotide  sequence of the 
p2F1 clone  isolated  from  a human cDNA library (2). It  con- 
sists of 1228  residues,  somewhat shorter  than  the  RNA  band 
detected  on  RNA  blots by the  appropriate 2F1 probe, which 
gives a size of 1.5 kilobases (3). However, the discrepancy 
could be easily abrogated by the  addition of a  poly(A) tail. 
The sequence has  an  open  reading  frame of 894 nucleotides, 

’ The abbreviations used are: PDGF, platelet-derived growth factor; 
EGF, epidermal growth factor; TPA, 12-O-tetradecanoylphorbol-13- 
acetate. 
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FIG. 1. Nucleotide sequence of 
clone hp2Fl which contains the  full 
coding sequence of a  human ADP/ 
ATP carrier protein. The initiation 
and termination codons and  the poiyad- 
enylation signal are underlined. Below 
the nucleotide sequence is the deduced 
amino acid sequence. 

AIIIGCU;bMAMI~GICIMAAI~ 

from residue 70 to residue 963, yielding  a putative  amino acid 
sequence of 298  residues. The  putative  amino acid  sequence 
is  also shown in Fig. 1 below the nucleotide  sequence. 

The AUG initiation codon a t  nucleotide 70 is preceded  by 
a canonical  purine  (A, which is  the  most  frequent) at position 
-3 (16).  The  termination codon  nucleotides (964-966) are 
UAA. The polyadenylation signal AATAAA (17, 18) extends 
from nucleotide  1210 to  1215. The  presence of characteristic 
initiation  and polyadenylation  sequences and  the homologies 
to  other  ATP/ADP  translocases (see below) support  the pos- 
sibility that  this is a  full length  (or  nearly  full-length)  cDNA, 
containing  the  entire coding  sequence. 

Comparison of the Sequence of hp2Fl with the Bovine and 
Yeast Sequences of ATPIADP Translocase-The complete 
nucleotide sequences of the  ADP/ATP  carrier of S. cerevisiae 
(4)  and Neurospora crassa (19) have  been  published. Fig. 2 
shows  a  comparison of the coding  sequences of hp2Fl  and  the 
ATP/ADP  translocase  from S. cereuisiae. The homology in 
the coding  sequence is 47%. The deduced amino acid  se- 
quences  are  also given; the homology here  is 51%. 

The complete amino acid  sequence of the  ADP/ATP  carrier 
from beef heart  mitochondria  has  also  been  published (5) and 
was compared with  the  putative  amino acid  sequence  (derived 
from  the nucleotide sequence) of the  hp2F1 clone. The ho- 
mology extends  to 266 out of 297 residues, or 89.6%, and  no 
gaps are necessary  for the  alignment.  The  clusters of positive 
charges  noted by Aquila et al. (5)  are conserved in  the  human 
sequence. Of the four  regions considered  to be the  putative 
transmembrane hydrophobic  sequences  (5,  19, 20), the  first 
and  the second are perfectly  conserved (residues 72-92- and 
111-134). The  third region (residues 175-195) has  one  substi- 
tution, isoleucine  for  valine, and  the  last  one (208-232) has 
four substitutions  (2 residues are  inverted),  none of them 
affecting  the  charge of the  segment,  but two of them involving 
an exchange of tyrosine for  valine. 

The  ADPIATP Carrier Is Growth-regulated-The p2F1 

clone  was  originally isolated from  a Syrian  hamster  cDNA 
library as a growth-regulated gene, i e .  as a  cDNA  whose 
cognate  RNA  increased when Go cells were stimulated by 
serum  (3).  Subsequently,  it was found  to be induced by phy- 
tohemagglutinin  both  in  human  peripheral blood mononu- 
clear  cells (13)  and  in purified T lymphocytes (21),  and by 
serum  in 3T3 cells (22),  in  human diploid fibroblasts  (23), 
and  in  rat 3Y1  cells  (24). The levels of ADP/ATP  carrier 
mRNA  are  therefore  increased by  mitogens in  at  least five 
different cell types  from four different species. They  are also 
increased by infection of nonpermissive  cells with  adenovirus 
under  conditions  resulting  in  stimulation of cellular DNA 
synthesis (22). We  have  extended  these  studies  to  investigate 
which  growth factors  in  the  serum  are reponsible  for increas- 
ing RNA levels of the  ADP/ATP  carrier.  BALB/c/3T3 cells 
were used and  total cellular RNA was prepared from quiescent 
cells and from  cells 8 h after exposure to growth  factors. The 
results  are shown  in Fig. 3. Serum (lane b ) ,  platelet-derived 
growth factor  (PDGF, lane c ) ,  and  epidermal growth factor 
(EGF, lane e )  all increase the  steady-state levels of ADP/ATP 
carrier  mRNA, whereas platelet-poor  plasma (lane d )  and 
insulin (lane f )  fail to  do so. 

Levels of ADPIATP Carrier mRNA in HL-60 Cells-HL-60 
cells are a human promyelocytic  leukemia cell line (25)  in 
which the promyelocytes can  be induced to  differentiate by 
treatment  with  various  agents (reviewed by Koeffler, 26). TPA 
(12-0-tetradecanoylphorbol-13-acetate) induces terminal dif- 
ferentiation  in  HL-60 cells along  the monocyte-macrophage 
pathway (7) ,  whereas retinoic  acid  induces differentiation 
along  the  granulocyte  pathway (26). Exponentially growing 
HL-60 cells were treated  either with TPA (20 ng/ml, Fig. 4) 
or retinoic  acid (lo+ M, Fig. 5)  and followed for  various 
lengths of time. Cytoplasmic RNA was extracted at the  times 
indicated  and  RNA  blots were hybridized to  the  hp2Fl probe. 
Figs. 4 and 5 show that  both  TPA  and retinoic  acid  cause a 
decrease in  the  mRNA levels of ATP/ADP  translocase.  With 



FIG. 2. A comparison of  the nu- 
cleotide and putative amino acid se- 
quences of  the hp2Fl clone (rows 1 
and 2) and the corresponding se- 
quences of  the  yeast  gene  for ADP/ 
ATP carrier (rows 3 and 4). For the 
latter, only the non-identical residues 
are shown. The S. cerevisiae sequence is 
from Adrian et al. (4). 
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FIG. 4. RNA levels of ADP/ATP carrier in HL-60 cells  after 
treatment with TPA. Exponentially growing HL-60 cells were 
treated with 20 ng/ml TPA. The cells were harvested at  the times 
(after TPA) indicated, RNA was extracted, and RNA blots were 
prepared as described (12). The blots were hybridized to nick-trans- 
lated hp2Fl probe. The lanes  are, respectively, a, 0; b, 15 min; c, 30 
m i n ; d , l h ; e , 2 h ; f , 4 h ; g , 8 h ; h , 2 4 h ; i , 4 8 h ; j , 7 2 h ; a n d k , 1 9 0 h  
after TPA. 

U b C d e 
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FIG. 3. RNA levels of ADP/ATP carrier in 3T3 cells treated 
with different growth factors. RNA  was extracted from quiescent 
BALB/c/3T3 cells (lane a) or from cells treated for 8 h with 10% 
fetal calf serum (lune b),  PDGF (2 units/ml, lune c), 5% platelet-poor 
plasma (lune d),  EGF (20 ng/ml, lune e) ,  or insulin (10 pg/ml, lane f). 
RNA blots (20 pg/lane) were hybridized to a radioactive hp2Fl probe 
as described under “Experimental Procedures.” 

a b c d e f g h ~ l  
. .  k 

FIG. 5. RNA levels of ADP/ATP carrier in HL-60 cells  after 
treatment with retinoic acid. Same conditions as in Fig. 4, except 
that retinoic acid M) was  used to induce differentiation. Lanes 
a, b, c, d, and e, 0, 4,8, 30, and 70 h after treatment, respectively. 

TPA,  the signal becomes negligible  by 48 h, whereas with 
retinoic acid, a faint band is still visible at  70 h. In both cases, 
cell proliferation ceases by  24 h. (Data  not shown, but see Fig. 
3 in  Ferrari et al. (27) in which the signal for histone H3 (a 
marker of cell proliferation) disappears within 8 h of exposure 
to  the differentiating agents. The blots shown in Figs. 4 and 
5 are the same used in Figs. 3 and 4 of Ferrari et al. (27) 
except that  the probe is different.) 

The  data  thus far available on the regulation of the  ATP/ 
ADP carrier mRNA levels by growth factors and  other 
growth-regulated conditions are summarized in  Table I. 

DISCUSSION 

The two major points of this paper are 1) the full coding 
sequence of a  human  ADP/ATP  carrier; and 2) the observa- 
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TABLE I 

Regulation of ADPIATP carrier RNA levels under different  growth 
conditions 

Reference 

1. Increased  by: 
Platelet-derived growth factor 
Epidermal  growth  factor 
Serum (in several  cell types) 
Phytohemagglutinin in: 

Human  peripheral  blood  cells 
Purified T lymphocytes 

Adenovirus  infection 
2. Increased by serum in the presence of 

3. Not increased by insulin or platelet poor 

4. Decreased by TPA or retinoic acid in HL- 

cycloheximide 

plasma 

60 cells 

This paper 
This paper 
3, 23, 24, 31 

13 
21 
22 
31 

This paper 

This paper 

tion  that  the  steady-state levels of the  ADP/ATP  carrier  are 
growth-regulated. 

There  are  in  the  literature  three published  sequences of the 
ADP/ATP  carrier:  the nucleotide  sequence of the  cDNA from 
N .  crass (19), the nucleotide sequence of the  (intronless) 
gene  from S. cerevisiae (4), and  the  amino acid  sequence  from 
beef heart  mitochondria ( 5 ) .  The homology of our  cDNA clone 
hp2F1 with the nucleotide  sequence of the  yeast  ADP/ATP 
carrier  is only 47%. However, this  protein does not seem to 
be  strictly conserved in  the  various species. For  instance,  the 
amino acid  sequence of Neurospora ADP/ATP  carrier is 
homologous to  the  corresponding  protein  in beef heart  mito- 
chondria in  only 148 out of 313  residues, and  there  are gaps 
in  the sequences (19).  The homologies between the  carriers 
from yeast  and beef heart  mitochondria  extend  to 156 out of 
309 amino  acids (4). 

When  the derived amino acid  sequence of our cDNA  clone 
hp2F1 is compared to  the  amino acid  sequence of the  ADP/ 
ATP  carrier from beef heart  mitochondria,  the homology is 
89.6%  (266 out of 298 residues). The homology is  also  strong 
in  the four  regions that have been proposed as  transmembrane 
hydrophobic  sequences and  that  are largely conserved from 
Neurospora to beef (4). Here,  the homology between hp2F1 
and beef heart  mitochondria  ADP/ATP  carrier  extends  to 84 
out of 92 amino acids or 91%. It  is reasonable  to conclude 
that  the  insert of hp2Fl  represents a  sequence  coding for a 
human  ADP/ATP  carrier.  We  insist  in  saying a rather  than 
the human  carrier, because Southern  blot  analysis reveals 
mutliple  bands with  enzymes that  cut  the  cDNA only once. 
Preliminary evidence seems  to  indicate pseudogenes (data  not 
shown)  but we cannot rule out a gene family. hp2Fl also has 
some homology to  the brown fat  uncoupling  protein of rat 
(28) whose C-terminal  end  has  strong homologies to  the  ADP/ 
ATP carrier. 

p2F1 was originally isolated by differential  screening of a 
cDNA  library  from Syrian  hamster cells (3). The clone  was 
isolated  as a  cDNA whose cognate  RNA was growth-regulated, 
i.e. the  steady-state levels of RNA  increased when quiescent 
cells were stimulated by  serum. This  observation  has been 
repeatedly confirmed  in  different  types of cells  from different 
species (see Table  I),  and  has been extended  in  this  paper. 
PDGF and  EGF,  but  not  insulin or platelet-poor  plasma, 
increase  the  steady-state  RNA levels of ADP/ATP  carrier. 
This  is especially interesting  since  insulin  is  an anabolic 
hormone,  yet  it does not  increase  the  carrier  RNA levels that 
are increased, instead, by mitogens. In  addition, at least  in 
HL-60 cells, differentiation, which involved cessation of cell 
proliferation,  results in  a  decrease in  the  carrier  RNA levels. 
This is at  variance  with  vimentin, a cytoskeletal  protein whose 

Translocase 

mRNA levels in  HL-60 cells are decreased by retinoic  acid, 
but  increased by phorbol esters (27). 

Furthermore,  RNA levels of the  ADP/ATP  carrier  are 
increased by serum  in  the  presence of concentrations of 
cycloheximide that completely suppress  protein  synthesis 
(29). This  indicates  that its induction, like that of c-myc (30), 
c-fos (31, 32),  p53  (29),  and several other growth-regulated 
genes (29,33), does not require de novo protein  synthesis, i.e. 
the  products of other growth  factor-inducible  genes,  suggest- 
ing  that  the  ADP/ATP  carrier gene responds directly to  the 
signal  generated by the  interaction of the growth factors with 
their receptors. 

What is the  meaning of the growth  regulation of ADP/ATP 
carrier  RNA?  At  first glance, it  may seem  trivial. However, 
the  fact  that  insulin  is ineffective and  that  the  carrier  RNA 
levels are also increased when  cellular DNA  synthesis is 
stimulated by adenovirus (22) seem  to  indicate a non-trivial 
role of the  ADP/ATP  carrier  in  the mitogenic  process. Indeed, 
other  proteins involved in  the general  metabolism of the cell 
can be growth-regulated. For  instance,  triose-phosphate 
isomerase has  been considered  for some  time a  major cell 
proliferation specific isozyme (34). Matrisian et al. (35) 
screened a cDNA library in much the  same way as we screened 
it for the isolation of the  p2F1 clone, i.e. looking  for  cDNAs 
whose cognate RNAs were growth-regulated. Of the five 
cDNAs they  studied, one was actin  and  the  other four coded 
for glycolytic enzymes: lactate dehydrogenase,  glyceralde- 
hyde-3-phosphate dehydrogenase,  enolase, and  triose-phos- 
phate isomerase. All were induced by both  serum  and  EGF. 

Recently, Glaichenhaus et at. (36) found increased levels of 
RNA for subunit I1  of mitochondrial cytochrome  oxidase in 
cells transformed by viral  or cellular  oncogenes, inde- 
pendently of the  extent of cell proliferation,  and  Hertel et al. 
(37)  found  that  ATP is needed  for the  internalization of the 
EGF receptor. Interestingly,  it  has been  suggested that  an 
ADP/ATP  carrier may be located not only in  the  mitochon- 
drial  membrane,  but  also  in  the Golgi membrane, where it 
would be necessary for the  phosphorylation of transported 
proteins (38). Finally, it  should be remembered that  the RAS2 
gene of S. cerevisiae (which has  strong homologies to  the  ras 
oncogenes) is required  for gluconeogenic growth and  proper 
response to  nutrient  limitations  (39).  Perhaps  the energy 
producing machinery of the cell plays a  larger  role  in the 
mitogenic  process than  hitherto believed. Undoubtedly, the 
ADP/ATP  carrier  RNA levels respond with great  sensitivity 
to  conditions  that affect cell growth. 

REFERENCES 
1. Klingenberg, M. (1976) in The  Enzymes of  Biological  Membranes 

(Martonosi, A. N., ed) Vol. 3, pp. 383-438, Plenum  Publishing 
Corp., New York 

2. Okayama,  H.,  and  Berg,  P. (1983) Mol.  Cell. Biol. 3, 280-289 
3. Hirschhorn, R. R.,  Aller,  P., Yuan, Z.-A.,  Gibson,  C. W., and 

Baserga,  R. (1984) Proc.  Natl. Acad. Sei. U. S. A. 8 1 ,  6004- 
6008 

4. Adrian, G .  S., McCammon, M. T., Montgomery, D. L., and 
Douglas, M. G. (1986) Mol.  Cell.  Biol. 6, 626-634 

5. Aquila, H., Misra, D., Eulitz, M., and Klingenberg, M. (1982) 
Hoppe-Seyler's Z. Physiol.  Chem. 363,345-349 

6. Ross, R., Nist, C., Kariya, B., Rivest, M. J., Raines, E., and Callis, 
J. (1978) J.  Cell. Physiol. 97, 497-508 

7. Rovera, G., Santoli, D., and Damsky, C. (1979) Proc.  Natl.  Acad. 
Sci. U. S. A. 7 6 ,  2779-2783 

8. Rigby, P. W. J., Dieckmann, M., Rhodes, C., and Berg, P. (1977) 

9. Hanahan, D., and Meselson, M. (1983) Methods  Enzymol. 100, 

10. Sanger, F., Coulson, A. R., Barrell, B. G., Smith, A. J. H., and 

J. Mol. BWl. 113,237-251 

333-343 

Roe, B. A. (1980) J. Mol. Biol. 143,161-178 



ADPIATP Translocase 4359 

11. Maxam, A. M., and Gilbert, W. (1980) Methods Enzymol. 65 ,  25. Collins, S. J., Gallo, R.  C., Gallager, R. E. (1977) Nature 270, 

12. Thomas, P. S. (1980) Proc. Natl. Acad.  Sci. U. S. A. 77, 5201-  26. Koeffler, H. p. (1983) Blood 62, 709-721 
5205  27. Ferrari, S., Battini, R., Kaczmarek, L., Rittling, S., de Riel, J. K., 

13. Kaczmarek, L., Calabretta, B., and Baserga, R. (1985) Proc. Natl. Philiponis, V., Wei, J. F., and Baserga, R. (1986) Mol. Cell. 
Acad.  Sci. U. S. A. 82, 5375-5379 

M.9 B.t Beran* M.9 and Basergay R' (1986) 29. Rittling, S. R., Gibson, C.  W., Ferrari, S., and Baserga, R. (1985) Acad.  Sci. U. S. A. 83, 1495-1498 
15. Calabretta, B., Battini, R., Kaczmarek, L., de Riel, J. K., and 30. Kelly, K., &&ran, B. H., Stiles, C. D., and Leder, p. (1983) cell 

Baserga, R. (1986) J.  Biol.  Chem. 261, 12628-12632 
16. Kozak, M. (1986) Cell 44, 283-292 
17. Proudfoot, N. J., and Brownlee, G.  G. (1976) Nature 263 ,  211-  32. Muller, R., Bravo, R., Burckhardt, J., and Curran, T. (1984) 

18. Fitzgerald, M., and Shenk, T. (1981) Cell 24, 251-260 33. Lau, L., and Nathans, D. (1985) EMBO J. 4,3145-3151 
19. Arends, H., and Sebald, W. (1984) EMBO J. 3, 377-382 34. Decker, R. S., and Mohrenweiser, H. W. (1986) Mol.  Cell. 
20. Saraste, M., and Walker, J. (1982) FEBS Lett. 144,  250-254 Biochem. 71, 31-44 
21. Kaczmarek, L., Calabretta, B., and Baserga, R. (1985) Biochem. 35. Matrisian9 L. M., Rautmanny G.y B. and Breathnach, 

22. Liu, H.-T., Baserga, R., and Mercer, W. E. (1985) Mol.  Cell.  Biol. 36. Glaichenhaus, N., Gopold, P., and Cuzin, F. (1986) EMBO J. 5, 

23. Rittling, S. R., Brooks, K. M., Cristofalo, V. J., and Baserga, R. 
37. Hertel, C., Coulter, S. J., and Perkins, J. P. (1986) J.  Biol. Chem. 

38. West, D.  W., and Clegg,  R. A. (1984) Biochem. J.  219,  181-187 
24. Ide, T., Ninomiya-Tsuji, J., Ferrari, S., Philiponis, V., and Bas- 39. Tatchell, K., Robinson, L.  C., and Breitenbach, M. (1985) Proc. 

499-560  347-349 

Biol. 6, 3614-3620 

Chem. 261,1487-1490 

Biochem.  Bwphys. Res. Commun. 132,327-335 

14. Calabretta, B,, venture1li, D., ~ ~ ~ ~ ~ ~ ~ ~ k ,  L,, ~ ~ ~ ~ i ,  F., ~ ~ l ~ ~ ~ ,  28. BouillaUd, F.9 WeiSSenbach, J.2 and Ricquier, D. (1986) J.  Bid. 

35,603-610 
31. Greenberg, M. E., and Ziff, E. B. (1984) Nature 311, 433-438 

214 Nature 312, 716-720 

Biophys. Res. Commun. 133,410-416 

5,2936-2942 

(1986) Proc. Natl. Acad.  Sci. U. S. A. 83, 3316-3320 

erga, R. (1986) Biochemistry 25, 7041-7046 Natl. Acad. Sci. U. S. A. 82, 3785-3789 

R. (1985) Nucleic  Acids  Res. 13, 711-726 

1261-1265 

261,5974-5980 


