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complementation of the Mitotic Activator, p 8ocdcz5 3 

by a Human Protein-Tyrosine Phosphatase 

The onset of M phase requires the activation of the pp34 protein kinase in all 
eukaryotes thus far examined. In Schizosaccharomyces pombe, pp34 is phosphorylated 
on Tyr15, and dephosphorylation of this residue regulates the initiation of mitosis. In 
this study, it is shown that dephosphorylation of Tyr15 triggered activation of the 
pp34-cyclin complex from fission yeast, that a human protein-tyrosine phosphatase can 
catalyze this event both in vitro and in vivo, and that activation of fission yeast pp34 
does not require threonine dephosphorylation. The complementary DNA that encod- 
ed the tyrosine phosphatase replaced the mitotic activator p8WdCZ5, closely associating 
the cdc25+-activating pathway with tyrosine dephosphorylation of pp34. 

T HE FISSION YEAST C D C ~ + G E N E  IS 

required for cell cycle progression at 
both the Gl/S and G,/M phase tran- 

sitions (1). The product of the cdcZf gene is 
a 34-kD protein-serinelthreonine kinase 
(pp34) that has been highly conserved 
throughout evolution (2). Homologs of this 
protein kinase appear to regulate the onset 
of mitosis in all eukaryotes examined, as well 
as meiotic M phase in amphibian, sea ur- 
chin, and mollusk oocytes (2). Activation of 
pp34 and entry into mitosis is dependent on 
physical association between cyclin, which 
in S. pombe is the product ofthe cdcl3+ gene 
(2), and pp34. Activation of pp34 in fission 
yeast also requires the product of the cdc25+ 
gene, ~ 8 0 ' ~ ' ~ ~ ( 3 ) ,  which accumulates during 
the G, period of the cell cycle (4). 

Dephosphorylation of pp34 on tyrosine, 
threonine, or both residues has been corre- 
lated with activation of the pp34-cyclin 
complex in many systems (5-7). S. pombe 
pp34 is phosphorylated in a cell cycle- 

dependent manner on a single detectable 
threonine residue (8) and on a single tyro- 
sine residue, Tyr1"5). We expressed a 
mutant pp34 in which TyrlS had been re- 
placed with phenylalanine in S .  pombe, and 
concluded that phosphorylation of Tyrl" 
normally inhibits pp34 activation and that 
Tyr15 dephosphorylation is a rate-limiting 

Fig. 1. Activation of pp34 by tyro- 
sine dephosphorylation. (A) Treat- 
ment of pp34 with T cell PTPase. 
pp34 was immunoprecipitated 
with antiserum to  pp34 (Ab 4711) 
(5) from nondenatured lysates (16) 
of cdc25-22 cells labeled with 
[32P]orthophosphate and growth- 
arrested at 36°C as described 17). 
One-half of the immunoprecipitate 
was treated with PTPase buffer 
alone (18) and the other half with 
buffer and T cell PTPase for 30 min 
at 30°C (19). The arrow indicates 
pp34. The autoradiograph was ex- 
posed for 16  hours. (6) Phos- 
phoamino acid analyses (20) of 
pp34 from 32P-labeled-untreated 
and PTPase-treated immunopre- 

step for the initiation of mitosis (5). Here 
we-show that in S.  pomhe, tyrosine dephos- 
phorylation is the trigger for pp34-cyclin 
activation. Moreover, we show that a hu- 
man protein-tyrosine phosphatase (PTPase) 

- - 

expressed in S. pomhe can replace the mitotic 
activator p80"'c25 and drive entry into mito- 
sis. 

Prevention of Tyrl\hosphorylation 
causes advancement of fission yeast cells into 
M phase prematurely, and thus, probably 
represents the last step in the activation of 
the pp34-cyclin complex. However, it was 
possible that although tyrosine dephospho- 
rylation was rate-limiting, other down- 
stream events were required before activa- 
tion of pp34 protein kinase activity. If 
tyrosine dephosphorylation alone is suffi- 
cient to acGvat; the pp34-cyclin complex, 
then protein kinase activation should be 
achieved by enzymatically removing phos- 
phate from Tyrl"n vitro. First we tested 
whether a purified PTPase, termed the T cell 
PTPase (9), could dephosphorylate 32P-la- 
beled pp34. We isolated 32P-labeled pp34 

cipitates similar to  those in '(A) 
K. L. Gould, S. Moreno, P. Nurse, Im rial Cancer (6-day exposure). S, phospho- Research Fund Cell Cycle Group, ~icroEolo 
Depament of Bimhemisq, unIverSity O f O X ~ d ~ $ ~ ~  serine; t, phosphothreonine; y, phosphotyrosine. (C) Histone H I  kinax assays. pp34 was immuno- 
ford OX1 3QU, United Kin dom precipitated with Ab 471 1 from unlabeled nondenatured lysates of cdc25-22-arrested cells and split into 
N. K. Tonks, Department of~iochemistry, SJ-70, Uni- three equal portions. One-third was treated with PTPax buffer, one-third with buffer and T cell 
versity of Washington, Seattle, WA 98195. PTPase, and one-third with buffer. T cell PTPase. and sodium orthovanadate f 1 mM). After washing 

with kinase buffer ( l q ,  one-half obese immun~preci~itates was assayed for hiitone HI kinase activi6 
*To whom correspondence should be addressed. 

address: James Laboratory, Cold Spring Har- as described (16). The protein bands on the autoradiograph were quantified by densitometry. (D) pp34 
bor Labs, P.O. B~~ 100, Bungtown Road, cold spring h'llr~unoblot with antibody to  pp34 COOH-terminal peptide, PN24, (21) of the remaining halves of 
Harbor, NY 11724. the immunoprecipitates described in (C). The arrow indicates pp34. 
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&2-F15 In ode25 deletion cdd-FlS In c&?SZ? 36- 

Flg. 2 Staining of yeast cells with d h d h p h e -  
nytindole (DAPI). (A) S. pombe main cdc25+/ 
cdc25:: ura4+, leul-32hl-32, ura4-D18luraC 
D18, h+/h- was transfbrmed with a S. pombe 
expression v m r  (pIRT-2) that contained the 
cdc2 promoter, cdc2-F15 coding sequences, and 
the S. cerevesiae LEU2 gene (17). Diploid m- 
forinants were sporulated and haploid Leu+Un+ 
clones were grown in minimal media at 32"C, 
fixed, and stained with the DNA-spaclfic fluom- 
cent dye DAPI as described (17). (8) S. pomk 
main cdc25-22 leul-32 h- was transformed with 
the plasmid in (A). Transfbtmants were grown in 
minimal media at 36°C fixed, and stained with 
DAPI. 

by immunoprecipitation from cells that 
were m t e d  in late G2 because of a tem- 
perature-sensitive (ts) mutation in the mi- 
totic activator p8VdCz5. Treatment with the 
T a l l  PTPase lad to a decrease in 32P-labded 
pp34 (Fig. lA), and, as expected from the 
known specificity of PTPases (lo), phos- 
phate was removed only from tyrosine resi- 
dues, although the rraction was never com- 
plete (Fig. 1B). Unlabeled pp34 immuno- 
precipitates from cdc2f'-amstod ells werc 
then treated with the T a l l  PTPase and 
subsequently assayad for protein kinase ac- 
tivity towards the exogenous substrate, his- 
tone H1. The histone H1 kinase activity 
of pp34 was activated M l d  by PrPase 
treatment relative to an untreated sample 
(Fig. 1C). Activation was prevented by the 
inclusion of the PTPase inhibitor vanadate 
(Fig. lC), and PTPase treatment did 
not alter the amount of pp34 (Fig. ID). 
These data show that in S. pombe tyrosine 
dephosphorylation activates the pp34-cydin 
complex and that threonhe dephosphoryla- 
tion is not required for protein kinase acti- 
vation. 

The mutant pp34, cdc2-F15, which could 
not be phosphorylated on tyrosine, was able 
to bypass the requirement for p8Wz5func- 
tion, as cdc2-F15 was able to rescue growth 
of a cdc2f * strain at the nonpennissiw tem- 
perature (5). Because temperature-sensitive 
proteins might retain partial activity under 
restrictive conditions, we tested whether the 
cdc2-F15 mutant could rescue growth of a 
strain with a deletion in the cdc2P gene. A 
diploid strain heterozygous for a chromo- 
somal deletion of cdc2P was transformed 
with a vector that contained cdc2-F15 cod- 
ing sequences, and the transformants were 
sporulated. Spores were plated on mcdium 
that selected for haploid cells that contained 
both the chromosomal deletion of cdc25+ 
and the plasmid, In the absence of cdc25+ or 

gene sequences that bypassad the require- 
ment for cdc25+, no haploid cells would be 
apccted to grow. However, haploid cells 
deleted fbr cdc25+ w m  obtained and a p  
peared identical to cdc25-22 cells that were 
rescued by cdc2-F15 (Fig. 2). Both rescued 
strains were phenotypically "wee," indicat- 
ing that the cells entered mitosis pmnature- 
ly at a reduced cell size (Fig. 2). This 
evidence strengthens the hypothesis that 
p8wz5 is involved in regulating tyrosine 
dephosphorylation of pp34. 

Thc nation that p8(YdCz5 might be directly 
or indirealy controlling pp34 tyrosine de- 
phosphorylation prompted us to ask wheth- 
er expression in S. pombe of a known PTPase 
could substitute for p8Wdcz5 in the mitotic 
initiation process. W e  chose to express the T 
cell PTPase, which we had shown could 
remove phosphate tiom TyrI5 in vim. The 
T a l l  PTPase cDNA (9) was integrated as a 
single copy (8) into the genome of the S. 
pombe main cdc25-22 leul-32 h- under the 
control of a thiamine-repressible promoter 
(1l).Thisstrain,whichwillberef;medtoas 
W 1 3 ,  could grow at 36°C in the presence 
or absence of thiamine (see below), demon- 
strating that the mammalian T cell PTPase 
even at low concentrations was capable of 
substituting for p8(YdCZ5. The T a l l  PTPase, 
like cdc2- F15, was also capable of rescuing 
growth of a cdc25+delction strain (8). 

In the absence of thiamine in the growth 
media, a band of the expected molecular 
size, 48 kD (9), was detected by immune 

blotting with antibodies to the T a l l  
Mpase, in lysates of KLG13 grown at both 
the cdc25-22-permissive (25°C) and cdc25- 
22-~strictive (36°C) tempcramm (Fig. 
3A). This protein was not obsened in the 
parcnt strain and was barely detected when 
thiamine was included in the growth media 
(Fig. 3A). 

KLG13 cells grown at 25°C in the pres- 
ence of thiamine (low PTPase expression) 
were indistinguishable in length and growth 
rate h m  the parent strain (Fig. 3B, a). 
When KLGl3 was grown at 36°C in the 
presence of thiamine, the cells were elongat- 
ed, but they were not all-cyde arrested 
(Fig. 3B, b). In the absence of thiamine 
(high PTPase expression) at 25°C KLG13 
cells e n d  mitosis at a detectably smaller 
cell size than in the presence of thiamine 
(Fig.fB, c). At 36°C with high PTPase 
expression, KLG13 cells were phenotypical- 
ly wee (Fig. 3B, d). The T cell PTPase had 
more efea at 36°C than at 25T, perhaps 
because it is a mammalian enzyme with a 
higher temperature optimum or because it is 
expressed at higher amounts at 36°C (Fig. 
3A). The correlation of the sizes of cells with 
the amount of T a l l  PTPase expression 
suggested that the PTPase was removing 
phosphate from Tyrl%n vivo. 

To con& that the amount of pp34 
tyrosine phosphorylation was altered by T 
cell PTPase expression, we examined the 
abundance, the phosphorylation state, and 
the phosphoamino acid composition of 

Fb. 3. T cell PTP2.w A B 25% tthlamlna 

subcloned into the ;hue 
Barn HI site of the fission 
yeast expression vector 
pMNS21L, such &at the T 
cell PTPase mRNA an,m- - - 4  sion was driven by th; thi- - - .. 25'C -thiamine 35°C -thiamine 

fro; th; parent strain and from KLGl3 grown in minimal media at 25" and 36°C both in the 
presence and absence of t h i i e  (5 Mml). Equal amounts of protein from these lysates were 
rcsohred on an SDS-polyacrylamide (15%) gel, t r a n s m  to Immobilon-P (Millipore), and probed 
with an anti-ITPase peptide serum (9) hUowad by '2SI-labeled protein A (5-day cxposurr). The plus 
and minus rekr to the addition of thiamine to the media. The arrow indicates the position of thc 
48-L;DTdPTFascAdditionofnrcss~Boesnotreduathc~oftheahaprotanbvlds 
on the a- and dKsC pcottihs are not mmgnid by &ty-puntied ana-Pll'ase. (B) DAPI 
staining of KLG13. KLG13 was grown in minimal media at 25°C (a and c) or 36°C (b and d) in the 
pmence (a a d  b) or absence (c and d) of thiamine (5 Mml), fixed, and stained with DAPI. 



pp34 in KLG13. The amount of pp34 did 
not change appreciably when the T cell 
PTPase was expressed (Fig. 4A). However, 
pp34 phosphorylation was reduced up to 
50% in KLG13 cells that expressed the T 
cell PTPase at 36°C (Fig. 4B). Phosphoami- 
no acid analyses of 32P-labeled pp34 im- 

.. wee1 - 50 36% wee1 deletion 

adh cdc25 

, t 

Fig. 4. Phosphorylation state of pp34 in KLG13. 
(A) Immunoblot of pp34. Lysates used in Fig. 3A 
were resolved by electrophoresis on an SDS- 
polyacrylamide (15%) gel, transferred to Immo- 
bilon-P, and probed with Ab 4711, followed by 
1251-labeled protein A (16-hour exposure). The 
first lane was inadvertently underloaded by half. 
The plus and minus refer to the addition of 
thiamine; the arrow indicates the position of 
pp34. (B) 32P-labeled pp34 immunoprecipitates. 
pp34 was immunoprecipitated with PN24 from 
denatured lysates of KLG13 grown and labeled at 
25" or 36°C in the presence or absence of thia- 
mine (5 pdml). The immunoprecipitates were 
resolved on an SDS-polyacrylamide (15%) gel, 
transferred to Immobilon-P, and subjected to 
autoradiography (16-hour exposure). The arrow 
indicates the position of pp34. The bands were 
quantified by Cerenkov counting. (C) Phos- 
phoamino acid content of pp34 in KLG13. The 
unmunoprecipitates in (B) were subjected to partial 
acid hydrolysis (6-day exposure). (D) Phosphoami- 
no acid content of pp34 in wee strains. S. pornbe 
strains cdc2-lw h- (32"C), cdc2-3w h- (32"C), 
weel-50 h- (36OC), wee1 ::ura4+1eul-32 ura4-Dl8 
h- (32"C), and adh cdc25+ cdc25: : ura4+ura4-D 18 
Ieul-32 h- (32OC) were labeled with [32P] ortho- 
phosphate at the temperatures indicated in paren- 
theses and lysed under denaturing conditions. pp34 
was immunoprecipitated with PN24 and the im- 
munoprecipitates were resolved on an SDSpoly- 
acrylarnide (15%) gel, transferred to Immobiion-P, 
and subjected to partial acid hydrolysis (bday 
exposure). 

munoprecipitates revealed that the reduc- 
tion in 32P occurred on tyrosine residues 
(Fig. 4C). Thus, the amount of phosphoty- 
rosine in pp34 was dependent on the 
amount of T cell PTPase expression and 
correlated with the size of the cells as they 
entered mitosis. 

A similar reduction in the amount of 
phosphotyrosine in pp34 was not observed 
in other phenotypically wee cells. The 
amount of ihosphotyroslne relative to phos- 
phothreonine in pp34 was not reduced in 
two strains that contained wee mutations of 
cdc2+, cdc2-lw, and cdc2-3w (12) (Fig. 4D). 
Furthermore, in two strains that are pheno- 
typically wee because of inactivation of the 
mitotic inhibitor p97"'"" (13), there was no 
apparent change in the amount of pp34 
tyrosine phosphorylation (Fig. 4D). Thus, 
the reduction in pp34 phosphotyrosine con- 
tent observed in KLG13 cells that expressed 
the T cell PTPase was a direct effect of T cell 
PTPase action and not an indirect effect of 
reduced cell size. In a fifth example, where 
p8WdCz5 overexpression causes premature 
entry into mitosis (3), the amount of phos- 
pho&rosine in pp34 appeared to be reduced 
(Fig. 4D). This would be expected if 
p8CdrZ5 positively regulated tyrosine de- 
phosphorylation. 

We have shown here that tyrosine de- 
phosphorylation of S. pomhe pp34 in vitro 
triggers protein kinase activation. Previous 
reports had concluded that tyrosine dephos- 
phorylation alone was insufficient to activate 
pp34 protein kinase activity when pp34 was 
isolated from starfish or murine cells (7). 
This apparent discrepancy can now be ex- 
plained by the identification of an additional 
site of phosphorylation at the adjacent resi- 
due, ThrI4, which serves in conjunction 
with phosphorylation at Tyr15 to inhibit 
pp34 protein kinase activation in higher 
eukaryotes (14). Phosphorylation at ThrI4 
does not ordinarily occur on pp34 in S. 
pombe (5, 8), and thus we were able to detect 
activation of the pp34-cyclin complex sim- 
ply by dephosphorylating Tyrl '. 

In the absence of the mitotic inhibitor 
p9Tee', pp34 was phosphorylated on tyro- 
sine (Fig. 4D). The simplest interpretation 
of this result would be that 1397"'"' is not 
responsible for promoting tyrosine phos- 
phorylation of pp34 and that it acts to 
inhibit mitosis through a different mecha- 
nism. More complicated interpretations of 
this result are possible but would have to 
invoke a duplication of the pathway pro- 
moting pp34 tyrosine phosphorylation. 

Our data have implicated p8Wd'z5 as a 
potential regulator of TyrI5 dephosphoryla- 
tion, as it is no longer required when either 
the cdc2-F15 protein or the T cell PTPase is 
expressed. Given that neither p8OrdrZ5 nor its 

functional homologs from S. cerevesiae, 
Drosophila melanogaster, or human cells bear 
significant sequence similarity to mammali- 
an PTPases (3, 15), it seems unlikely that 
p8OrdrZ5 is itself a PTPase. Rather, because it 
accumulates just before the onset of M phase 
(4), p80rdr25 might serve as a positive regu- 
lator of a PTPase. Alternatively, the require- 
ment for p80rdrz5 action might be bypassed 
by constitutive Tyr'~ephosphorylation for 
unknown reasons; another cdc2 mutant, 
cdc2-3w, independent of the requirement for 
p8WdCZ5, has no obvious change in its phos- 
phorylation pattern relative to wild-type 
pp34 (Fig. 4D). 

The fact that expression of the T cell 
PTPase in yeast cells led to cell cycle alter- 
ations but no other growth or shape irreg- 
ularities suggests either that there are few 
important tyrosine phosphorylation events 
in fission yeast (perhaps only one), or that 
the T cell PTPase specifically recognizes 
pp34 in these cells. Stable expression of the 
T cell PTPase in a heterologous system was 
first achieved in BHK cells. Under these 
circumstances, the 48-kD PTPase did not 
generate any obvious changes in cell growth 
or morphology, although the expressed en- 
zyme was active and led to the dephospho- 
rylation of tyrosyl residues in a variety of 
proteins (9). However, dephosphorylation 
of ThrI4 is also required for the activation of 
vertebrate pp34 (14) and therefore over- 
expression of the T cell PTPase in BHK cells 
would not be expected to alter the timing of 
mitotic initiation. Thus, pp34 may be a 
physiologically relevant target for the T cell 
PTPase in human cells. 
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Genetic Mechanisms of Tumor Suppression by the 
Human p53 Gene 

Mutations of the gene encoding p53, a 53-kilodalton cellular protein, are found 
frequently in human tumor cells, suggesting a crucial role for this gene in human 
oncogenesis. To model the stepwise mutation or loss of both p53 alleles during 
tumorigenesis, a human osteosarcoma cell line, Saos-2, was used that completely 
lacked endogenous p53. Single copies of exogenous p53 genes were then introduced by 
infecting cells with recombinant retroviruses containing either point-mutated or 
wild-type versions of the p53 cDNA sequence. Expression of wild-type p53 suppressed 
the neoplastic phenotype of Saos-2 cells, whereas expression of mutated p53 conferred 
a limited growth advantage to cells in the absence of wild-type p53. Wild-type p53 was 
phenotypically dominant to mutated p53 in a two-allele configuration. These results 
suggest that, as with the retinoblastoma gene, mutation of both alleles of the p53 gene 
is essential for its role in oncogenesis. 

T UMOR-SUPPRESSOR GENES ARE DE- 

fined as genes for which loss-of-func- 
tion mutations are o~lcoge~lic (1). 

Wild-type alleles of such genes may thus 
fur~ction to prevent or suppress tumorigen- 
esis. For example, i~ltroductio~l of wild-type 
copies of the reti~loblastoma gene (RB), the 
prototype of this class (Z), suppressed the 
~leoplastic properties of human tumor cells 
with mutated endogenous RB, thereby pro- 
viding direct evidence for tumor suppres- 
sion by a single gene (3, 4). Another gene 
product, p53, was first identified as a 53-kD 
cellular protein that binds to SV40 T anti- 
gen ( 5 ) ,  a property that is also shared by RB 
protein. The gene encoding p53 is common- 
ly affected by deletions, rearrangements, or 
point mutations in human and murine tu- 
mor cells (6,  7). p53 was originally consid- 
ered to be an oncogene because mutated 
p53 alleles could transform primary rat em- 
bryo fibroblasts in concert with an activated 
ras gene ( 8 ) .  However, cotransfection of 
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wild-type murine p53 was shown to reduce 
transformation efficiency by many other on- 
cogenes (9). These studies, and the observed 
diversity of mutations in human tumors, 
suggested that p53 might be a tumor sup- 
pressor gene, that is, a gene that is inactivat- 
ed by mutation. The dominant transforming 
effect was presumed to be due to a "domi- 
nant negative" activity of mutated p53 pro- 
tein that somehow blocked the growth- 
restricting function of wild-type p53 protein 
in cells. This model suggested that the rela- 
tive quantity of mutated to wild-type p53 
could determine the transformed pheno- 
type, but gene dosages could not be tightly 
co~ltrolled in these tra~lsfectio~l studies. 

Because of such questions, as well as tlle 
possibility of species-specific differences in 
p53 function (10) and the uncertain rele- 
vance of transformed animal cells to human 
neoplasia, we sought to reassess the biolog- 
ical properties of p53 in tlle human system. 
The human osteosarcoma cell line Saos-2 
was chosen as a host cell because it has no 
endogenous p53, because of the complete 
deletion of its gene ( 6 ) .  We used recombi- 
nant retroviruses derived from Maloney 
murine leukemia virus (Mo-MuLV) to in- 

type p53, we used the genomic DNA se- 
quence of Lamb and Crawford (1 1). Poten- 

A 72 122 249 273 
p53L N c 

Arg Val 
AGG CGT 
Aru Aru - - 

72 122 249 273 
p53B N I I 

C&C GTA 
I I 

C 

AGA CGT 
Arg Val Arg Arg 
72 122 249 273 

p53E N I I 

ccc G ~ G  
I I 

C 

AGG CAT 
Pro Val Arg HIS 

H S B R H  C 

H  S B R H  B  

p53B 

A 

Fig. 1. Comparison of three human p53 cDNAs, 
and genomic organization of three recombinant 
retroviruses for expressing p53 protein. (A) Three 
human p53 cDNAs are diagrammed. The se- 
quence reported by Lamb and Crawford ( l l ) ,  
here labeled as p53L, was derived by sequencing 
clones from human fetal liver cDNA and ge~lomic 
libraries, and is considered to be wild type. p53B 
is a cDNA clo~le derived from fetal brain RNA by 
the RT-PCR method (12). The deduced amino 
acid sequences of p53B and p53L were identical 
despite hvo silent nucleotide substitutions as in- 
dicated. p53E is a cDNA clone (13) that has 
amino acid substitutions at positions 72 and 273 
relative to p53L or p53B. The Arg1Pr0'~ replace- 
ment represents a common amino acid polymor- 
phism (15) without known functional signifi- 
cance, but the substitution of His for Arg at 
position 273 is found exclusively in tumor cells 
and is co~lsidered to be a mutation. Like many 
other p53 mutations, Arg2'% His lies within 
one of hvo conserved regions required for bind- 
ing to SV40 T antigen (hatched boxes) (23). (6 )  
Genomic organization of three p53 retroviruses 
are diagrammed. Vp53E-Neo was constructed by 
inserting a 1.5-kb Hind 111-Sma I DNA fragment 
containing p53E into the plasmid pLRbRNL (3), 
replacing KB cDNA. A 1.35-kb p53B DNA 
fragment obtained by RT-PCR was i~lserted into 
the pLRbRNL vector to form Vp53B-Neo. The 
insert in one clone was entirely sequenced, as 
diagrammed in (A). Vp53B-Hygro was con- 
structed by insertion of a Hind I11 DNA fragment 
containing p53B and the Rous sarcoma virus 
promoter into plasmid 477 (a MuLV-Hygro vec- 
tor provided by W. Hammerschmidt and B. Sug- 
den). These co~lstructs were then used to produce 
the corresponding viral stocks as described previ- 
ously (3). Some major restriction sites important 
for co~lstruction are indicated. H, Hind 111; R, 
EcoR I; S, Sma I; B, Barn HI; and C, Cla I. 
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