
8. Sizable crystals of C,,Br,, . Br, were grown dl- 
rectly from a reaction mixture consisting of C,, 
(35 mg) and Br, (5 ml) in a Teflon FEP tube tightly 
capped under nitrogen. Initially, the mixture was 
cooled from 70" to 65°C over 5 hours, and then to 
55°C over 20 hours. The temperature was in- 
creased rapidly to 65°C and allowed to cool over 
20 hours to 55°C. The latter routine was repeated, 
and finally the system was cooled from 65" to 
25°C over 70 hours. An orange plate with dimen- 
sions of 0.16. 0.21, and 0.08 mm was mounted on 
a Syntex P3 diffractometer (graphite-monochrom- 
atized MoKa radiation, X = 0.71069 a)  and 
cooled to -130°C. The rhombohedra1 unit cell 
parameters (in hexagonal form) determined from 
the Bragg angles of 50 computer-centered reflec- 
tions are a = 12.874(2) and c = 32.659(6) A. Six 
octants of intensity data were collected (28 < 
60°), corrected for absorption (numerical integra- 
tion: transmission factors ranged from 0.10 to 
0.26), and finall~averaged. The space group was 
assigned as R3 (no. 148); the structure later 
confirmed the assignment. The structure was 
solved by direct methods and was refined by 
full-matrix least-squares techniques. The initial 
refinement of the C,,Br,, molecule converged 
very quickly; a difference map at this point 
clearly indicated the presence of additional at- 
oms that were assigned as Br, molecules of 
solvation (see text). Various disorder models 
were used to fit this extra density but the most 
successful included 14 sites distributed about 
the 3 symmetry %is located at the origin of the 
cell: two sites [Br(5)] were on the threefold %is 
itself, each of which were assigned an occupan- 
cy of 0.5; 12 other sites [Br6' and Br6"] in 
general positions were assigned occupancies of 
0.083. Attempts were made to refine the occu- 
pancies but the high correlation between the 
occupancies and the thermal parameters of the 
Br, atoms caused the least-squares refinement 
either to diverge or to converge to totally unac- 
ceptable values. The final refinement of 88 pa- 
rameters (Brl to Br5 with anisotropic thermal 
parameters; Br6', Br6", and C with isotropic 
thermal parameters; Table 1) in which 1229 
unique reflections with I > 2.5cr(l) were used 
converged at R = 0.039 and Rw = 0.038. The 
final difference map was featureless. The possi- 
bility of synthesizing more than one type of 
brominated species led to an examination of the 
reaction product by x-ray powder diffraction. 
The observed diffraction pattern was then com- 
pared with the "expected' pattern calculated 
from the single-crystal structure of C,,Br,, . Br,. 
The two patterns were found to be similar; the 
single crystal was clearly representative of the 
bulk product for these reaction conditions. Pow- 
der patterns of other samples have been ob- 
served to vary with synthesis conditions. 

9. Carbons bonded to metal complexes and to the 
osmate group (2, 4) are also "pulled away" from 
the surface of the C,, cage. 

10. Few molecules have T, symmetry and the com- 
plete character table for this point group is some- 
times omitted from textbooks. It is included in F. A. 
Cotton. Chemical Applications of Group Theory 
(Wiley, New York. ed. 2, 1971). (There is a mis- 
print in the character of the inversion operation for 
the T, and T, representations.) 

11. J. P. Hare et a/,, Chem. Commun. 1991. 412 
(1991). 

12. B. Chase, J. Phys. Chem., in press. 
13. D. S. Bethune et a/., Chem. Phys. Lett. 179, 181 

(1991). 
14. D. Lin-Vien, N. Colthup, W. Fateley, J. Grasselli, 

The Handbook of Infrared and Raman Character- 
istic Frequencies of Organic Molecules (Academ- 
ic Press, San Diego, CA, 1991), p. 31 

15. E. M. Menger and W. S. Veeman, J. Magn. Reson. 
46, 257 (1982); D. C. Apperley, B. Haiping, R. K. 
Harris, Mol. Phys. 68, 1277 (1 989). 

16. The extent to which the formation of C,?Br,, is 
disfavored depends on the number of Isomers 
and symmetry of C,,Br,,. 
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Implication of GAP in Ras-Dependent 
Transactivation of a Polyoma Enhancer Sequence 

Fabien Schweighoffer, Isabelle Barlat, 
Marie-Christine Chevallier-Multon, Bruno Tocque 

Controversy exists as to whether the interaction of a guanosine triphosphatase activating 
protein (GAP) with Ras proteins functions both to initiate and to terminate Ras-dependent 
signaling events or only to terminate them. GAP-C, a carboxyl-terminal fragment of GAP 
that is sufficient to stimulate GTPase activity, inhibited the stimulation of transcription 
produced by some oncoproteins (v-Src, polyoma middle T, wild-type Ras, and oncogenic 
Ras) but not that produced by v-Mos. Wild-type GAP did not affect transcription induced 
by oncogenic Ras but reversed the inhibitory effect of GAP-C on transcription induced by 
oncogenic Ras. These results indicate that GAP is a negative regulator of wild-type Ras 
and elicits a downstream signal by interacting with Ras-GTP (guanosine triphosphate). 

T h e  function of GAP was investigated bv " 

studying its effect on the transcription from 
the polyoma virus-thymidine kinase (Py-TK) 
promoter, which is strongly activated by ex- 
pression of Ras in Chinese hamster ovary 
(CHO) cells. Cells were cotransfected with a 
plasmid containing the chloramphenicol ace- 
tyl transferase (CAT) gene under the control 
of the Py-TK promoter (Py-TK-CAT), and 
expression vectors containing an oncogene 
and either the human GAP gene or the 
nucleotide sequence encoding its catalytic 
domain (amino acids 702 to 1044) under the 
control of the SV40 early promoter. 

A common motif similar to the binding 

site for a protein (PEAl) that binds to the 
polyoma virus enhancer (GAGTTAGT- 
CAC) is the target of action for oncopro- 
teins such as v-Src, polyoma middle T, Ras, 
and v-Mos. In CHO cells all of these onco- 
proteins activated such an element contain- 
ing four head-to-tail copies of the PEAl 
motif from the polyoma virus enhancer (Fig. 
1). Oncogenic Ras (Ha-Ras-Val") in- 
creased the rate of transcription from this 
element up to 15-fold. There is a good 
correlation between the capacities of various 
oncogenes to activate transcription from 
PEAl and to transform cells (1, 2);  further- 
more, the loss of transactivation of the 
PEAl motif correlates with phenotypic re- 

RhBne-Poulenc Rorer. Centre de Recherche de Vitry- 
Alfortville, 13 Quai Jules Guesde. B.P. 14. 94403 Vitry ( 3 ) -  Oncogenic Ras induces 
Sur Seine. binding of nuclear proteins to a PEA1 motif 

Fig. 1. Oncoprotein activation of an element 
from the wolvoma virus enhancer. The cDNA 20 1 
sequences cbrresponding to the different trans- 
activating proteins were inserted in an expres- 
sion vector (SV2) downstream of the SV40 early 
promoter and enhancer (1). These plasmids 
were transfected into CHO cells with another 
vector containing CAT gene under the control 
of a Py-TK promoter (Py-TK-CAT). This synthet- 
ic promoter contains four head-to-tail copies of 
the PEA1 binding site of the polyoma enhancer " . . . . . .  

upstream of the TK promoter. Lipospermine a b c d e f  
(Transfectam, IBF-SEPRACOR) was used as a t - ~ U - J G Y N  mh 

a g *z transfecting agent. CHO cells (2 x 10" were g~~~~~ transfected with Py-TK-CAT (0.5 kg) and 0.1 5 m 5  s m 
kg of the appropriate expression vector. Total a: a: 
DNA was adjusted to 5 kg with expression vector without insert. CAT activity was determined 48 
hours after transfection and culture in Dulbecco's minimum essential medium (DMEM) supplement- 
ed with fetal calf serum (1%) as described (32). Data were recorded in arbitrary units; the basal 
signal due to activity of the reporter gene alone was assigned a value of 1 .  Columns a through h 
represent CAT activity in cells transfected with: (a) Py-TK-CAT alone, (b) sequences encoding 
polyoma middle T, (c) v-Src, (d) SDC25-C (1 l ) ,  (e) wild-type Ha-Ras, ( f )  Ha-Ra~-Val'~, (g) v-Mos, 
or (h) Ha-Ras-Val1* G I U ~ ~ .  The data are means of three independent experiments normalized to the 
CAT activity generated in the presence of the reporter gene alone. 
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(4) and mutations within the so-called effec- 
tor domain on Ras (ThS5 + Ala, Asp38 + 

Glu) abolish proper signal transduction. Our 
data reinforce the idea that the integrity of 
this domain is critical for transactivation (4) 
(Fig. 1). Ras with a mutation at Glu3' is 
insensitive to stimulation by GAP and bio- 
logically inactive (6). Thus, GAP may par- 
ticipate in Ras-induced transactivation. 

Expression of GAP inhibited the activa- 
tion of the Ras-responsive element that 
resulted from expression of polyoma middle 
T, v-Src, the COOH-terminus of SDC25 
(SDC25-C) (a Saccharomyces cerewisiae gua- 
nine nucleotide exchange factor for Ras 
proteins), and wild-type Ras (Fig. 2). GAP- 
C, a COOH-terminal fragment of GAP, 
containing amino acids 702 to 1044, inhib- 
ited transactivation elicited by the same 
oncoproteins (5) and that elicited by the 
oncogenic Ras (Fig. 2). Neither GAP nor 
GAP-C modified transactivation by v-Mos. 
This result is in accordance with reports 
showing that Mos acts independently of the 
Ras-GTP effector complex (8, 9). 

GAP and GAP-C inhibited transcrip- 
tional activation of the PEA1 motif by poly- 
oma middle T,  SDC25-C, and v-Src to a 
greater extent than that by wild-type Ras. 
One of the cellular functions of middle T is 
to mobilize pp60STC, possibly through activa- 
tion of tyrosine phosphatases (7). Activa- 
tion of pp60'" precedes activation of Ras in 
the sequence of biological events leading to 
transformation, as judged by microinjection 
studies (8). In NIH 3T3 cells, v-Src acti- 
vates Ras, resulting in increased GTP bind- 
ing. The ratio of GTP:GDP (guanosine di- 
phosphate) bound to Ras is greater in cells 
expressing v-Src (1 0) or SDC25-C (1 1) than 
in cells expressing c-Ras (10, 11). There- 
fore it is not surprising that expression of 
GAP or GAP-C, which inactivate GTP- 
bound Ras, has a more pronounced effect 
on transcription induced by middle T,  v-Src, 
or SDC25-C than on transcription induced 
by wild-type Ha-Ras or endogenous c-Ras 
(Fig. 2). Overexpression of either GAP or 
GAP-C inhibits transformation by wild-type 
Ras (12) or v-Src (1 3, 14) and decreases the 
amount of Ras bound to GTP in NIH 3T3 
cells (10). 

Expression of GAP does not affect the 
transcriptional effects of activated Ha-Ras- 
Val1' because the GTPase activity of onco- 
genic Ras is not stimulated by GAP. How- 
ever, GAP-C had an antagonistic effect on 
the oncogenic Ras signaling pathway (Fig. 
2). GAP-C inhibited the effect of Ha-Ras- 
Val1' to a greater extent than that of 
wild-type Ha-Ras (Fig. 2). This result is not 
expected if GAP-C acts catalytically to 
decrease wild-type Ras signal transduction 
and if it competitively blocks the effect of 
oncogenic Ras. The difference was no long- 
er apparent when we increased the amount 

of wild-type Ha-Ras transfected (and thus 
the total amount of active Ras-GTP). Un- 
der these conditions, GAP-C inhibited the 
effect of wild-type Ras and v-Src equally 
(15). Our data are therefore most consis- 
tent with a model in which GAP-C acts 
catalytically to switch off the wild-type 
Ras-GTP comolex and comvetes with en- 
dogenous Ras effectors to block the binding 
of oncogenic Ras-GTP. One such effector 
may be GAP itself. Mutational analysis has 
revealed that amino acids of Ras essential 
for GTPase stimulation by GAP are also 
essential for biological activity (1 6, 2 1 ) . 
GAP also binds to all oncogenic Ras pro- 
teins, although it has no effect on their 
GTPase activity. Other evidence of the 
participation of GAP in the effector com- 
plex includes the demonstration that addi- 
tion of GAP to Ras blocks muscarinic K+ 
channels in atrial cells (1 7). GAP-C is not 
sufficient for channel blocking (1 7). Other 
reports suggest that GAP is an upstream 
regulator of Ras proteins (12, 18-20). Se- 
quence analysis of GAP has not revealed 
any clues as to whether it has an effector 

function. Our data are also consistent with 
GAP-C competing with another effector 
molecule binding to the same site on Ras. 

To test this hypothesis, CHO cells 
were cotransfected with GAP and GAP-C 
(Fig. 3). Expression of GAP reversed the 
negative transcriptional effects of GAP-C 
(Fig. 3A) in the presence of oncogenic 
Ras. Thus GAP and GAP-C appear to 
compete for binding to Ras and GAP 
participates in producing the downstream 
signals elicited by oncogenic Ras. Co- 
transfection with GAP does not reverse 
the negative transcriptional effect of 
GAP-C when wild-type Ras (Fig. 3B), 
polyoma middle T antigen, v-Src, or 
SDC25-C is overexpressed (1 5). As a con- 
trol, neither GAP nor GAP-C modified 
v-Mos downstream signals (Fig. 3C). It is 
unlikely that GAP-C interacts with a gua- 
nine nucleotide exchange factor for Ras 
proteins because GAP and GAP-C both 
inhibit the activation of the Py enhancer 
that results from expression of SDC25-C, 

Because GAP does not modify Ha-Ras- 
Val1' signaling, but GAP-C does, it appears 

Fig. 2. Effect of GAP and GAP-C on transacti- 20 
vation of Py-Tk-CAT by various oncoproteins. 
Each column corresponds to the CAT activity 
obtained when CHO cells were transfected with 
the CAT construct (0.5 kg) the vector encoding & 
transactivating protein (0.1 m) and empty SV2 5 vector (4 kg) with or without expression vector 
encoding GAP or GAP-C (1 kg). The GAP 5 expression vector was constructed by inserting 
the complete human GAP cDNA sequence into 
the SV2 vector. The same transcriptional regu- 0 
latory sequences were used to drive the ex- a b c d e f g  
pression of the cDNA sequence encoding @4 

GAP-C (nucleotides 2104 to 3140 of the GAP l- 
a 

cDNA). Columns a through g show the effect of 
GAP or GAP-C on the transactivation due to 
SV2 vector without insert (a) or expression of 
polyoma middle T (b), v-Src (c), SDC25-C (d), wild-type Ras (e), oncogenic Ras-Valq2 (f ) ,  or v-Mos 
(g). Data are expressed as described in Fig. 1 

a b c d e f g  
" 

a b c d e f s  a b c d e f g  - 
1 9  99" ,9  m o m  m m m  

; 9  9  9  9 9 9  A l l  Z l l  
a -  * r  * r *  L * - * - *  

m y  * - * - *  P O  LI ; a a q  O O P  ? " -  P  q qq2 5 4  < & ,  2 %  8 8 %  $ 5 8  $ 8  $ a  a n  
+ + a  $8: ::a8 + + +  8: + +  a + u O +  + +  

+ + +  
Fig. 3. Competitive effects of GAP and GAP-C in the presence of oncogenic Ras. CHO cells were 
cotransfected, as described in Fig. 1, with Py-Tk-CAT (0.5 kg) and 1 kg (c) or 4 pg (d) of vector 
encoding GAP, 1 kg (e) or 4 kg ( f )  of vector encoding GAP-C, or a combination of the vectors 
encoding GAP-C (1 kg) and GAP (4 kg) (g). Columns b through g show CAT activity from cells also 
transfected with vector (0.1 kg) encoding oncogenic Ras-Val1* (A), wild-type Ras (B), or v-Mos (C). 
Wild-type Ras or 0.1 kg of v-Mos were added respectively. Data are expressed as in Fig. 1. 
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that an effector-signaling domain is present 
in the NH,-terminus of GAP. Such a model 
is also supported by studies showing that the 
inhibition muscarinic atrial K+  channel cur- 
rents by Ras depends on interaction of Ras 
with GAP (1 7, 22). The putative signaling 
domain on GAP seems to be located within 
the sequence containing Src-homology re- 
gions because experiments done with a trun- 
cated form of GAP lacking the NH,-termi- 
nal hydrophobic region (nucleotides 392 to 
3140) gave results in our experiments iden- 
tical to those obtained with full-length GAP 
(1 5). However, expression of a fragment of 
GAP containing amino acids 1 ~o 701, 
which contains the SH2-SH3 domain but 
lacks the binding region to Ras, did not 
modifi the transactivation of Py-TK-CAT 
in presence or absence of any of the plasmids 
described above (15). Thus it is not clear 
which domain on the NH,-terminus of GAP 
is critical for signal transduction. Increased 
expression of GAP in CHO cells did not 
modify signaling by oncogenic Ras. It may 
be that GAP, as an effector, is already more 
abundant than Ras (23) or that the supply of 
GAP that acts as an effector is tightly regu- 
lated within the cell. 

GAP may be a direct link between Ras- 
GTP and other downstream effectors. GAP 
enhances the action of transforming v-Ha- 
Ras and insulin in Xenopus oocytes (24), 
although GAP itself is unable to promote a 
full maturation response in oocytes (25). 
These data indicate that GAP may act to 
transmit signals to other effectors, although 
it is possible that GAP enhances the Ras 
effect by binding an inhibitor of maturation, 
such as a related rap gene product. One 
interpretation of our data is that GAP-C, 
lacking SH2-SH3 sequences and the regions 
necessary to bind lipids, recognizes and traps 
the oncogenic Ras-GTP complex and there- 
by prevents it from properly eliciting a 
downstream signal. This model also implies 
that GAP-C should induce phenotypic re- 
version. However, GAP-C does not have 
anti-oncogenic properties (1 2, 14), perhaps 
because the affinity of GAP-C for Ras-GTP 
is not high enough. It is not known whether 
the relative or absolute amount of Ras-GTP 
is more important for signaling by Ras. 
However, a modified GAP-C with higher 
affinity for Ras, such as that displayed by 
NF1-GAP (an alternative effector for Ras- 
GTP in all cells) (26, 28) might induce 
reversion of oncogenic Ras transformation. 
For example, Rapla, which competes with 
GAP for binding to Ras in vitro (29, 30), 
has anti-oncogenic properties in a cell line 
transformed by v-Ki-ras (3 1). Blocking the 
interaction between Ras-GTP and GAP is 
thus a potential mechanism of action for a 
therapeutic drug. 

Note added in proof: The SH2-SH3 do- 
main of GAP appears to participate in the 
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Oncogenic Forms of p53 Inhibit p53-Regulated 
Gene Expression 

Scott E. Kern, Jennifer A. Pietenpol, Sam Thiagalingam, 
Albert Seymour, Kenneth W. Kinzler, Bert Vogelstein* 

Mutant forms of the gene encoding the tumor suppressor p53 are found in numerous 
human malignancies, but the physiologic function of p53 and the effects of mutations on 
this function are unknown. The p53 protein binds DNA in a sequence-specific manner and 
thus may regulate gene transcription. Cotransfection experiments showed that wild-type 
p53 activated the expression of genes adjacent to a p53 DNA binding site. The level of 
activation correlated with DNA binding in vitro. Oncogenic forms of p53 lost this activity. 
Moreover, all mutants inhibited the activity of coexpressed wild-type p53, providing a basis 
for the selection of such mutants during tumorigenesis. 

T h e  gene for the nuclear phosphoprotein 
p53 is the most commonly mutated gene yet 
identified in human cancers (I ) . Missense 
mutations occur in tumors of the colon, 
lung, breast, ovary, bladder, and several 
other organs (2-4). The p53 gene can 
suppress the growth of transformed murine 
(5) or human cells (6, 7), but oncogenic 
forms lose this sumressor function. 

A L 

Evidence suggests that p53 may regulate 
gene transcription. A nuclear protein, p53 
can bind to DNA in vitro both sequence 
specifically (8, 9) and nonspecifically (1 0). 

In addition, the NH,-terminus of p53 be- 
haves as an acidic transcriptional activation 
domain when fused to GAL4 (1 1, 12). 

In this report we test whether p53 can 
directly activate gene expression through its 
DNA binding site and whether oncogenic 
forms of p53 can interfere with this activa- 
tion. Reporter plasmids (PG,-CAT series) 
contained the polyomavirus early promoter 
and the chloramphenicol acetyl transferase 
(CAT) gene located downstream of a DNA 
sequence (PG) that binds p53 in vitro (Fig. 
1). The reporter and an expression vector that 
encoded human wild-type p53 (13) were 

Oncology Center and Department of Pathology, Johns transfected together into the human colorec- 
Hopkins University School of Medicine, Baltimore, MD tal cancer cell line HCT 116 (14). This cell 
21 231 line makes low amounts of p53 protein (1 5). 
*To whom correspondence should be addressed. The intact wild-type p53 protein acti- 
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