to reduce the amount of virus in HIV-1-
infected individuals.

Serum concentrations of DAB 4g¢ I1.-2 used
in the experiments described here (1073 M)
have been safely achieved in patients with IL-
2R—expressing malignancies (16). Binding and
internalization of DAB,444 IL-2 by high-affinity
IL-2R-bearing cells occurs within 30 min of
exposure, resulting in maximal protein synthe-
sis inhibition within 4 to 6 hours and cytotox-
icity within 48 to 72 hours (24). Therefore,
despite the short serum half-life of DABg
IL-2 (5 to 10 min), continuous administration
of DABgs IL-2 to patients should not be
necessary.

Antitumor effects have been observed in
refractory leukemia-lymphoma patients, and
these effects have occurred despite the pres-
ence of antibodies to diphtheria toxin in
some patients, and the presence of elevated
soluble IL-2R levels in all patients. This
observation is consistent with data obtained
by ourselves and others that suggest that
soluble IL-2Rs do not interfere with bind-
ing of IL-2 to the high-affinity IL-2R (25).
Extensive immunological monitoring has
been an important feature of early clinical
trials, and patient data have demonstrated
that DAB ;44 IL-2 has no generalized immu-
nosuppressive properties (15, 16). The ex-
perimental results reported here indicate
that DAB,gq IL-2 sclectively eliminates
HIV-1-infected cells from mixed T cell cul-
tures while sparing uninfected cells. In ad-
dition, DAB 44 IL-2 inhibits production of
viral proteins and infectious virus in T cells

Table 2. Incubation of T cell cultures with
DAB, g6 IL-2—¢liminated infectious virus. CD4*
T cells were infected with HIV-1, washed, and
then mixed with uninfected cells 1 day later, as
described in Table 1. Mixtures (unin-
fected:infected T cells) are a ratio of 10:1. Cells
were cultured in IL-2 (10~° M), with and
without DAB g IL-2 (1078 M) added on days
1 and 3. Cultures were washed and fed every 48
hours as described in Table 1. At several time
points, T cells (5 x 10°) were removed, washed
three times, and cocultivated with 5 x 10°
uninfected H9 cells. Cultures were incubated for
an additional 6 days and screened for
production of p24 in the supernatants. These
data are representative of two experiments, each
with duplicate culture wells.

T cell DAB,gs Days after p24
cultures 1L-2 infection  (pg)
Uninfected 0
HIV-1-infected 0 >500
Mixtures 0 >500
Mixtures 1078 M 0 >500
Mixtures 1 >500
Mixtures 108M 1 >500
Mixtures 6 >500
Mixtures 103M 6 0
Mixtures 9 >500
Mixtures 1073M 9 0
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and inhibits viral RT in HIV-infected
monocytes. Thus, the emergence of IL-2Rs
on monocytes and lymphocytes that are
replicating HIV-1 may provide the basis for
carly therapeutic intervention with targeted
toxins in HIV infection.
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Requirement of Heparan Sulfate for bFGF-Mediated
Fibroblast Growth and Myoblast Differentiation

ALAN C. RAPRAEGER,* ALISON KRUFKA, BRADLEY B. OLWIN

Basic fibroblast growth factor (bFGF) binds to heparan sulfate proteoglycans at the
cell surface and to receptors with tyrosine kinase activity. Prevention of binding
between cell surface heparan sulfate and bFGF (i) substantially reduces binding of
fibroblast growth factor to its cell-surface receptors, (ii) blocks the ability of bFGF to
support the growth of Swiss 3T3 fibroblasts, and (iii) induces terminal differentiation
of MM14 skeletal muscle cells, which is normally repressed by fibroblast growth
factor. These results indicate that cell surface heparan sulfate is directly involved in

bFGF cell signaling.

Asic FGF 1s A PROTOTYPE OF THE
B heparin-binding  growth  factor

(HBGF) family that includes acidic
fibroblast growth factor (aFGF), int-2, hst,
FGEF-5, k-FGF, and KGF, polypeptides that
control cell growth and differentiation (7).
HBGFs bind to heparan sulfate and to high-
affinity protein receptors on cell surfaces (2).
Cross-linking of iodinated bFGF to cell
surfaces identifies multiple high-affinity re-
ceptors that bind the growth factor with
dissociation constants in the 10~ to 102
M range (1, 3). Among these are the flg and
bek gene products, transmembrane proteins
that contain cytoplasmic domains with tyro-

A. C. Rapraeger and A. Krufka, Department of Pathol-
ogy, University of Wisconsin, Madison, WI 53706.

B. B. Olwin, Department of Biochemistry, University of
Wisconsin, Madison, WI 53706.
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sine kinase activity (4). FGF binding trig-
gers intracellular phosphorylation of several
proteins, including the receptors themselves,
which may lead to FGF action (5).
Heparan sulfate binds bFGF with a dis-
sociation constant of 1078 to 107 M and is
present on proteoglycans found in the extra-
cellular matrix or anchored in the plasma
membrane (2, 6, 7). An example of the latter
is syndecan (8). Syndecan derived from sev-
eral cell types, including NMuMG mamma-
ry epithelial cells, Swiss 3T3 cells, or MM 14
myoblasts, binds to bFGF affinity columns
(9, 10), and expression of syndecan in lym-
phoblastoid cells confers FGF binding on
these cells (11). Indirect roles for heparan
sulfate in bFGF activity include extracellular
stabilization and storage of FGF (12, 13). A
direct role in bFGF activity has not been
apparent, although deletions of putative he-
parin or heparan sulfate binding regions
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from the growth factor dramatically reduce
its biological activity (14). Therefore, we
have questioned whether a direct role exists
for cell-surface heparan sulfate in the action
of bFGF (10).

Swiss 3T3 fibroblasts proliferate in re-
sponse to FGF (15). We used two methods
to assess the role of heparan sulfate in this
response: (i) treatment of the cells with
heparitinase (16) or (ii) culture in sodium
chlorate to block sulfation (17). Iodinated
bFGF binding sites were distinguished as
heparan sulfate (Fig. 1A) or protein recep-
tors (Fig. 1B) by salt washes at neutral or
low pH, respectively (2, 18). As expected,
treatment with either heparitinase or chlo-
rate reduced the specific binding of bFGF to
heparan sulfate by more than 80% (Fig.
1A). Maximal reduction in binding occurred
at.30 mM; however, simultaneous addition
of 10 mM sulfate and 30 mM chlorate,
which allows sulfation to occur (17), permit-
ted bFGF binding. Diminished iodinated
FGF binding closely parallels the reduced
sulfation of proteoglycans and is specific for
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Fig. 1. Binding of iodinated bFGF to heparan
sulfate and cell surface receptors of Swiss 3T3
cells. Cells were cultured in 30 mM chlorate and
0.1% FBS (17), then were trypsinized and re-
plated in no chlorate (open bars), 30 mM chlorate
(crosshatched bars), or 30 mM chlorate + 10 mM
sulfate (solid bars). After an additional 24 hours,
heparitinase (di lines; 1 mIU/ml for 2
hours) (16) was added to the medium of selected
wells in no chlorate, and then cells were chilled to
4°C to measure binding of iodinated bFGF to
heparan sulfate (A) or cell surface receptors (B)
(18). Nonspecific binding in the presence of 1 pM
cold ligand was about 15% of the total and has
been subtracted. Nonspecific binding was not
altered by heparitinase or chlorate treatments. (n
= 3, +SEM)
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heparan sulfate, as enzymatic removal of
chondroitin sulfate is without effect (9).
Surprisingly, specific binding of bFGF to
the protein receptors parallels binding to
heparan sulfate. Heparitinase or chlorate
treatments reduce binding to these sites by
66% or 88%, respectively (Fig. 1B). In
other experiments, heparitinase treatment

 reduced receptor binding by as much as

90%. Cross-linking of iodinated bFGF to
cell surfaces identified protein receptors of
140 to 160 kD (Fig. 2). Competition with a
100-fold excess of cold bFGF abolished the
binding of labeled ligand (19). Both chlorate
and heparitinase treatments substantially re-
duced binding. Furthermore, binding in
cells treated with chlorate was restored by
low concentrations of exogenous heparin,
demonstrating that the receptors are avail-
able at the cell surface, but are unable to
bind bFGF unless heparan sulfate (or hep-
arin) is present.

To directly question the importance of
heparan sulfate-mediated binding to the
action of bFGF, we examined the growth of
Swiss 3T3 fibroblasts. The mitogenic re-
sponse to 10 pM bFGF was inhibited by
more than 90% if the cells were cultured in
30 mM chlorate, but it was restored by the
addition of 10 mM sulfate (Fig. 3A). Chlo-
rate at 10 mM was less effective, consistent
with its lesser effect on bFGF binding to
heparan sulfate. We examined concentra-
tions of bFGF up to 500 pM and found that
chlorate inhibits bFGF-induced prolifera-
tion by more than 80%. Chlorate specifically
inhibits bFGF action, as growth in 100 to
400 pM epidermal growth factor (EGF)
(Fig. 3A) or 100 to 400 pM platelet-derived
growth factor (19) was not affected. Fur-
thermore, culturing cells simultaneously in
10 pM bFGF and 5 mIU heparitinase re-
ducgd 3H-labeled thymidine incorporation
by 61% (19). Lastly, the chlorate blockage
of bFGF-mediated growth could be over-
come by exogenous heparin at concentra-
tions as low as 1 ng/ml. This restoration not
only demonstrates the ability of the cells to
grow normally in chlorate, but also confirms
the requirement of heparan sulfate or hep-
arin for the action of bFGF.

The requirement for heparan sulfate also
extends to the bFGF-mediated repression of
MM14 skeletal muscle cell differentiation.
FGF deprivation results in the expression of
skeletal muscle genes and fusion into myo-
tubes (20). The cells also withdraw from the
cell cycle, although this alone is not suffi-
cient to induce differentiation (20). Block-
age of FGF signaling can therefore be detect-
ed by two independent assays: (i) examining
bromodeoxyuridine (BrdU) incorporation
into DNA to assess exit from the cell cycle
and (ii) staining for myosin heavy chain to

Fig. 2. Cross-linking of iodinated bFGF to cell
surface receptors. Swiss 3T3 cells were subjected
to DSS cross-linking after incubation with 300
pM iodinated bFGF, as in Fig. 1, then extracted
for PAGE (27). Lane 1, nontreated; lane 2,
heparitinase; lane 3, 30 mM chlorate + 10 mM
sulfate; lanes 4 to 7, 30 mM chlorate; lane 5,
chlorate + in (1 ng/ml); lane 6, chlorate +

heparin (10 ng/ml); lane 7, chlorate + heparin
(100 ng/ml).

assess the activation of muscle-specific genes.

Treatment of MM14 cultures with chlo-
rate reduces [*H]thymidine incorporation
by 95% at concentrations of bFGF that
promote maximal growth, and supplement-
ing the sulfate concentration to 10 mM
nullifies this inhibition (21). As occurs with
the 3T3 cells, up to 90% of the specific
binding of iodinated bFGF to cell surface
receptors is abolished by treatment with
either the sulfation inhibitor or heparitinase
(21). These effects on proliferation were
visualized directly by fluorescent staining of
BrdU incorporation into newly synthesized
DNA (Fig. 4A). In addition, staining for
myosin heavy chain in companion cultures
showed that proliferating myoblasts re-
mained as single, myosin-negative cells (Fig.
4E). However, if the cells were cultured
with bFGF in the presence of bFGF neutral-
izing antibodies (22), over 95% of the cells
failed to incorporate BrdU, stained for mus-
cle-specific myosin, and fused to form myo-

2.0

rum-starved (17). We added bFGF (10 pM)
(open bars), EGF (400 pM) (diagonal lines), or
bFGF + sulfate (solid bar) for 18 hours, then
measured [*H]thymidine incorporation into new-
ly synthesized DNA during a 4-hour pulse label
(28). Relative i tion is compared to cells
cultured in bFGF without chlorate. (B) Heparin
restores the mitogenic activity of bFGF. Heparin
was added with 10 pM bFGF to serum-starved
cultures treated with 30 mM chlorate. (n = 4,
+SEM)
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Fig. 4. Differentiation of MM14 myoblasts in
chlorate. Myoblasts were plated in medium con-
taining 150 pM bFGF. The cells were nontreated
(A and E), or received a 1:1000 dilution of
bFGF-neutralizing antibody (B and F), or were
cultured in 30 mM chlorate (C and G) or 30 mM
chlorate + 10 mM sulfate (D and H). BrdU (10
pM) was added for 1 hour, 35 hours after plating;
then the cells were fixed in methanol and acid-
treated for staining with fluorescein isothiocya-
nate—conjugated antibody to BrdU (A through
D) (29) or fixed in 4% paraformaldehyde and
permeabilized with 0.5% Triton to stain with
antibody to myosin heavy chain and Texas red—
conjugated second antibody (E through H). Oth-
er cultures were deprived of bFGF and contained
myosin-producing myotubes at the time of fixa-
tion (not shown).

tubes (Fig. 4, B and F). This differentiation
program was similarly initiated by culture
in 30 mM chlorate, despite the continued
presence of bFGF (Fig. 4, C and G).
Simultaneous addition of chlorate and 10
mM sulfate restored bFGF signaling and
prevented differentiation (Fig. 4, D and
H).

These data demonstrate that cell surface
heparan sulfate is critical for the action of
bFGF on fibroblasts and myoblasts. Similar
results have been obtained with aFGF or
k-FGF on MM14 myoblasts (21). The effect
of chlorate appears specific for the proteo-
glycan-mediated growth mechanism, as the
Swiss 3T3 cells retain the ability to grow in
serum and other growth factors, despite the
chlorate treatment. Indeed, the MM14 my-
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oblasts respond to chlorate not simply by
ceasing proliferation but by embarking on
an intricate differentiation program. The
chlorate concentrations that reduce FGF
activity correspond closely to the amounts
required to block bFGF binding through
effects on proteoglycan sulfation (9, 10). In
the MM14 cells, radiosulfate incorporation
into proteoglycans in 20 mM chlorate is
reduced by 89% (21).

The primary consequence of reducing the
sulfation of heparan sulfate is that it abolish-
es a binding site required for bFGF activity.
Although heparan sulfate stores FGF in the
extracellular matrix (12), a more direct
mechanism appears necessary, namely, its
participation in the binding of FGF to its
receptor. This binding requirement is sup-
ported by a report (23) showing that FGF
receptors expressed in heparan sulfate-defi-
cient CHO cells bind FGF only if exogenous
heparin is added. Our data suggest, there-
fore, that the intrinsic affinity of the cell
surface receptor for bFGF appears to be
low, whereas the heparan sulfate-FGF com-
plex is recognized with high affinity. FGF
may undergo a change in conformation
when bound to heparan sulfate. Alternative-
ly, a direct interaction between the receptor
and cell surface proteoglycans may also be
required. Although details of the mechanism
remain to be worked out, it is clear that
heparan sulfate is required for biological
activity of the growth factor. The growth
and differentiation of cells in vivo may be
regulated not only by the expression of FGF
and its receptor but also by the temporal and
spatial expression of heparan sulfate proteo-

glycans.

REFERENCES AND NOTES

1. W. H. Burgess and T. Maciag, Annu. Rev. Biochem.
58,575 (1989); P. W. Finch, J. S. Rubin, T. Miki,
D. Ron, S. A. Aaronson, Science 245, 752 (1989);
D. B. Rifkin and D. Moscatelli, J. Cell Biol. 109, 1
(1989).

2. G. Neufeld and D. Gos wicz, J. Biol. Chem.
261, 5631 (1986); B. B. Olwin and S. D.
Hauschka, Biochemistry 25, 3487 (1986); D. Mos-
catelli, J. Cell. Physiol. 131, 123 (1987).

3. L. W. Burrus and B. B. Olwin, J. Biol. Chem. 264,
18647 (1989).

4. A. Mansukhani, D. Moscatelli, D. Talarico, V.

ka, C. Basilico, Proc. Natl. Acad. Sci. U.S.A.
87, 4378 (1990); C. A. Dionne et al., EMBO J. 9,
2685 (1990); P. L. Lee, D. E. Johnson, L. S.
Cousens, V. A. Fried, L. T. Williams, Science 245,
57 (1989); E. B. Pasquale, Proc. Natl. Acad. Sci.
U.S.A. 87, 5812 (1990); and S. J. Singer,
ibid. 86, 5449 (1989).

5. S. R. Coughlin, P. J. Barr, L. S. Cousens, L. J.
Fretto, L. T. Williams, J. Biol. Chem. 263, 988
(1988); R. Friesel, W. R. Burgess, T. Maciag, Mol.
Cell. Biol. 9, 1857 (1989); S. S. Huang, M. D.
Kuo, J. S. Huang, Biochem. Biophys. Res. Commun.
139, 619 (1986).

6. P. S. Bashkin et al., Biochemistry 28, 1737 (1989).

7. J. T. Gallagher, Curr. Opin. Cell Biol. 1, 1201
(1989); E. Ruoslahti, J. Biol. Chem. 264, 13369
(1989); V. Lories, J.-J. Cassiman, H. Van den
Berghe, G. David, ibid., p. 7009.

11.

12.

13.
14.
15.
16.

17.

18.

19.
20.

21.
22.

23.

24.

25.
26.

. A. Rapracger and M. Bernfield, J. Biol. Chem. 260,

4103 (1985); S. Saunders, M. Jalkanen, S. O’Far-
rell, M. Bernfield, J. Cell Biol. 108, 1547 (1989).

. A. Krufka and A. Rapraeger, in preparation.
. Portions of this work have been presented in ab-

stract form [A. Krufka, B. Olwin, A. Rapraeger, J.
Cell Biol. 111, 223a (1990)].

M. C. Kiefer, J. C. Stephans, K. Crawford, K.
Okino, P. J. Barr, Proc. Natl. Acad. Sci. U.S.A. 87,
6985 (1990).

R. Flaumenhaft, D. Moscatelli, O. Saksela, D. B.
Rifkin, J. Cell. Physiol. 140, 75 (1989); D. Gos-
podarowicz and J. Cheng, ibid. 128, 475 (1986); O.
Saksela, D. Moscatelli, A. Sommer, D. B. Rifkin, J.
Cell Biol. 107, 743 (1988).

R. Flaumenhaft, D. Moscatelli, D. B. Rifkin, J. Cell
Biol. 111, 1651 (1990).

M. Seno, R. Sasada, T. Kurokawa, K. Igarshi, Eur.
J. Biochem. 188, 239 (1990).

B. B. Olwin and S. D. Hauschka, Biochemistry 25,
3487 (1986).

Heparitinase E.C. 4.2.2.8 [heparinase III (24)] from
ICN Biochemicals recognizes sites common in
heparan sulfate but rare in heparin.

Chlorate ion is a competitive inhibitor of sulfaton
because it competes for sulfate recognition by ATP-
sulfurylase (25). Thus, the effects of the inhibitor can
be enhanced by reduction of sulfate concentrations
in the medium or negated by raising of sulfate
concentrations to 10 mM. Ionic concentration was
maintained at 0.15 M by adjustment of sodium
chloride concentrations. Because Swiss 3T3 cells can
use cysteine as a source of sulfate by means of sulfur
oxidation (26), cysteine concentration was also di-
minished to 50 pM. We cultured the cells in chlorate
for 48 hours, then trypsinized to remove residual
sulfated proteoglycans. No differences were noted in
DNA content or gross morphology of cells cultured
in either the presence or the absence of chlorate for
several days. Quiescent cells were generated by
culture for 24 hours in 30 mM chlorate and 10%
fetal bovine serum (FBS); then the FBS was reduced
to 0.1% in chlorate for an additional 24 hours. The
cells were then trypsinized and replated in media
with or without chlorate and other treatments.
Unlike the Swiss 3T3 fibroblasts, 30 mM chlorate is
cffective on the MM 14 myoblasts in normal sulfate
concentrations (0.8 mM sulfate).

Human recombinant bFGF was iodinated by the
chloramine T method (3) to a specific activity of 1 to
2 Ci/pM, determined by comparison with unlabeled
bFGF in MM 14 myoblast growth assays (19). Cells
were incubated with 300 pM iodinated bFGF at 4°C
in a solution of Dulbecco’s minimum essential me-
dium, 0.1% bovine serum albumin, and 10 mM
Hepes (pH 7.4), then were washed three times in
phosphate-buffered saline. In selected experiments,
porcine mucosal heparin was included with the
iodinated ligand in concentrations ranging from 0.1
to 100 ng/ml. FGF bound to heparan sulfate was
removed by two washes with 2 M NaCl containing
10 mM Hepes (pH 7.4), then two washes with 2 M
NaCl containing 10 mM sodium acetate (pH 4.0) to
remove receptor-bound ligand (2). Alternatively,
bound ligand was cross-linked to cell surface recep-
tors by incubation for 30 min at 4°C in 250 puM
disuccinimidylsuberate (DSS), and the cells were
extracted for polyacrylamide gel electrophoresis
(PAGE) analysis (27).

A. C. Rapraceger, A. Krufka, B. B. Olwin, unpub-
lished data.

C. H. Clegg, T. A. Linkhart, B. B. Olwin, S. D.
Hauschka, J. Cell Biol. 105, 949 (1988).

B. B. Olwin and A. Rapraeger, in preparation.
These mouse monoclonal immunoglobulin Gs
(IgGs) neutralize the activity of bFGF on the MM 14
myoblasts, with maximum inhibition seen at a
1:1000 dilution when used with 100 pM bFGF.
A. Yayon, M. Klagsbrun, J. D. Esko, P. Leder, D.
Ornitz, Cell 64, 841 (1991).

R. J. Linhardt, J. E. Turnbull, H. M. Wang, D.
Loganathan, J. T. Gallagher, Biochemistry 29, 2611
(1990).

J. R. Farley, G. Nakayama, D. Cryns, I. H. Segel,
Arch. Biochem. Biophys. 185, 376 (1978).

J. M. Keller and K. M. Keller, Biochim. Biophys.
Acta 926, 139 (1987); K. M. Keller, P. R. Brauer,

REPORTS 1707



J. M. Keller, Biochemistry 28, 8100 (1989).

27. U. K. Lacmmli, Nature 227, 680 (1970).

28. G. and S. Cohen, J. Cell. Physiol. 88,
227 (1976).

29. We stained with the antibody to BrdU following
manufacturer’s instructions (Becton-Dickinson).

30. We thank S. Gandy and H. Monis for expert assist-
ance in these experiments, C. Hart of Zymogen for

mouse IgG monoclonal antibodies to bFGF, and C.

Basilico, New York University School of Medicine
for k-FGF. § by NIH grants HD21881 to
A.CR. and AR39467 o B.B.O. B.B.O. is the
recipient of PEW and SHAW scholarships. A.K. is

supported by NIH training grant 5T32H007118.
4 January 1991; accepted 18 April 1991

Identification of p53 as a Sequence-Specific

DNA-Binding Protein

ScotT E. KErRN, KENNETH W. KINZLER, ARTHUR BRUSKIN,
DAvID JAROSZ, PAULA FRIEDMAN, CAROL PRIVES, BERT VOGELSTEIN*

The tumor-suppressor gene p53 is altered by missense mutation in numerous human
malignancies. However, the biochemical properties of p53 and the effect of mutation
on these properties are unclear. A human DNA sequence was identified that binds
specifically to wild-type human p53 protein in vitro. As few as 33 base pairs were
sufficient to confer specific binding. Certain guanines within this 33—base pair region
were critical, as methylation of these guanines or their substitution with thymine-

binding. Human p53 proteins containing either of two missense mutations
commonly found in human tumors were unable to bind significantly to this sequence.
These data suggest that a function of p53 may be mediated by its ability to bind to
specific DNA sequences in the human genome, and that this activity is altered by

mutations that occur in human tumors.

HE GENE FOR THE NUCLEAR PHOS-

phoprotein p53 is the most com-

monly mutated gene yet identified in
human cancers (1); missense mutations oc-
cur in tumors of the colon, lung, breast,
ovary, bladder, and several other organs (2,
3). One of the important challenges of cur-
rent cancer research is the elucidation of the
biochemical properties of the p53 gene
product and the way in which mutations of
the p53 gene affect these properties. Al-
though some biological characteristics of
p53 have been defined, such as its ability to
suppress the growth of in vitro—transformed
murine cells (4) or human cancer cells (5),
the biochemical basis of this suppression
remains unknown.

As a step toward understanding such
properties, we have attempted to determine
whether p53 binds to specific DNA se-
quences within the human genome. Two
previous lines of evidence stimulated these
studies. First, p53 can provide a transcrip-
tional activation function when fused to a
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DNA-binding polypeptide such as GAL4
(6). Second, p53 can bind nonspecifically to
DNA (7), and such nonspecific binding was
altered in each of 15 human tumor-derived
or murine-transforming forms of mutant
p53 tested (8, 9). Because many proteins
with a specific DNA-binding function also
bind nonspecifically to DNA (10), we have
suggested that a sequence-specific binding
ability of p53 might exist and be a functional
target of p53 mutations (9). -

To identify a sequence-specific binding
site, cloned DNA sequences were screened
by means of an immunoprecipitation tech-
nique (11, 12). Two classes of clones were
tested. The first consisted of 400 clones
containing inserts of 300 to 1000 bp ob-
tained randomly from the human genome.
The second class consisted of cosmid and
plasmid clones chosen because they con-
tained sequences that might be important in
normal growth control (12). Each clone was
digested with an appropriate restriction
endonuclease, end-labeled with 32P, and in-
cubated with p53 from a lysate of cells
infected with a recombinant vaccinia virus
expressing p53 (11). Labeled DNA frag-
ments that bound to p53 were then recov-
ered by immunoprecipitation with mono-
clonal antibodies against p53 (anti-p53). Of
the more than 1400 restriction fragments
tested, only two, both from the second class
of clones, bound reproducibly to p53 under
the experimental conditions used: a 259-bp

Hinf I fragment (fragment A) of clone 772
Cgg (Fig. 1A, panel 2), and a 190-bp Hinf
1 fragment (fragment B) of clone A 5R (Fig.
1A, panel 3); these fragments bound to a far
greater extent (at least tenfold more) than
any of the other labeled fragments of larger
or smaller size present in the same assay

Subsequent efforts were concentrated on
fragment A. First, it was demonstrated that
detection of the binding of fragment A was
dependent on both p53 protein and ant-
p53. Lysates from cells infected with wild-
type vaccinia virus (devoid of p53) were not
able to specifically immunoprecipitate frag-
ment A (Fig. 1B). Similarly, the precipita-
tion of fragment A was dependent on the
presence of anti-p53 (Fig. 1B). The binding
was evident in lysates prepared from either
human HeLa cells or monkey BSC40 cells
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Fig. 1. (A) Screcning for fragments bound by p53
by an immunoprecipitation assay (17). Clones
(12) were cleaved by a restriction endonuclease,
end-labeled, and incubated with lysates of vaccinia
virus-infected cells synthesizing wild-type p53.
After immunoprecipitation with anti-p53 (17),
bound DNA fragments were recovered and sepa-
rated on a nondenaturing lamide gel.
Panel 1 contains the hFosAva2 clone; panel 2,
772 Cgg; panel 3, A 5R; panel 4,2 pool of clones
with inserts of randomly cloned human i
sequences. The 772 Cyg and A SR contain Hinf I
fragments (259 and 190 bp, respectively) that
bound p53 relatively strongly (arrowheads). C,
control lane, containing 2% of the labeled DNA
used in the binding reactions. B, bound DNA
recovered from the immunoprecipitate. (B) Tests
for dependence on p53 and specific antibody. Cell
lysates were produced by infection with vaccinia
virus that did (+) or did not (—) contain an insert
of wild-type p53 cDNA. Immunoprecipitation

as performed with anti-p53 (+) or normal
mousc immunoglobulin G (-).
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