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The T4 gene 32 protein, which binds to single-stranded but not duplex DNA,
forms a specifically located denaturation loop in covalently closed circular simian
virus 40 (SV40) DNA. Cleavage of the SV40 DNA-gene 32 protein complex with a

restriction endonuclease from Hemophilus parainfluenzae shows the loop center
to be at 0.46 on the SV40 DNA map. This is within one of the regions of SV40
DNA cleaved preferentially by the single-strand-specific nuclease S,.

Delius et al. (5) showed that incubation of
simian virus 40 (SV40) supercoiled DNA
[SV40(I) DNA] with T4 gene 32 protein (1)
under defined conditions followed by fixation
with glutaraldehyde yields circular structures
with one small "denaturation loop" per mole-
cule. In an earlier paper (9), we reported that
cleavage of such structures with the site-specific
restriction endonuclease, EcoR, (6, R. N. Yo-
shimori, Ph.D. thesis, Univ. of California, San
Francisco, 1971) yields linear molecules with
the midpoint of the denaturation loop located
0.45 SV40 fractional length from one end. Be-
cause the two ends of the EcoR1-generated
linear molecules are indistinguishable, it was
impossible to assign a single fixed location for
the T4 gene 32 protein binding site: that is,
referring to the SV40 DNA map (Fig. 1) (10),
the denaturation loop could have occurred at
0.45 or 0.55 SV40 map units (fractional length
from the EcoR, cleavage site), or both.
To resolve this point, we have used a second

site-specific restriction endonuclease, HpaII, to
convert the gene 32 protein-SV40 DNA com-
plexes to linear structures. HpaII cleaves SV40
DNA once at 0.73 on the SV40 map (Fig. 1)(12).
Consequently, if the denaturation loop is lo-
cated at 0.55 on the SV40 map, it will occur 0.18
SV40 fractional length from an end; alterna-
tively, if the HpaII-generated linear molecules
contain the denaturation loop 0.28 SV40 frac-
tional length from an end, we could assign the
T4 gene 32 protein binding site to 0.45 SV40
map position.

Circular SV40 DNA with bound gene 32
protein was prepared (5) and dialyzed to remove
glutaraldehyde for 3 h at 4 C against 10 mM
Tris, pH 7.4, 1 mM EDTA, and 10 mM NaCl.
After addition of MgCl2 to 10 mM and auto-
claved gelatin to 100 jig/ml, an excess of HpaII

restriction endonuclease was added and the
mixture was incubated 1 h at 37 C. DNA was
mounted for electron microscopy, and contour
lengths were measured as previously described
(9). The HpaII endonuclease was purified by a
modification of the second method described by
P. A. Sharp, B. Sugden, and J. Sambrook
(Biochemistry, in press).

Figure 2 shows the histogram of DNA lengths
from the midpoint of the denaturation loop to
the nearest end. Of 33 linear molecules contain-
ing T4 gene 32 protein that were scored by
electron microscopy, 88% contained loops be-
tween 0.25 and 0.29 SV40 fractional length from
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FIG. 1. Map of SV40 DNA. The RI restriction
endonuclease cleavage site is the origin. Positions are
expressed in SV40 DNA fractional length from the
origin. The SV40 segment of Ad2+ND4 induces all
known early, SV40 antigens and early SV40 RNA
sequences (7, 8, 10). The regions of cleavage by
single-strand-specific endonuclease S, are 0.45 to 0.55
(predominant at high ionic strength) and 0.15 to 0.25
(4).
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FIG. 2. HpaII endonuclease cleavage of SV40(I)
DNA-T4 gene 32 protein complexes. Distance from
the midpoint of the denaturation loop to the nearer of
the two ends is presented as a fraction of the length of
circular SV40 DNA. The arrow indicates the expected
position of the peak if the denaturation loop midpoint
were 0.55 on the SV40 DNA map. The mean total
length of 33 molecules was 0.976 fractional length,
standard deviation 0.040. Lengths were corrected to
unit length by addition of 0.012 to each end because
we have found that SV40(LHpaII) DNA is 0.03 + 0.005
shorter than SV40(II) DNA, and this difference is
removed by phenol extraction.

an end (mean 0.27); the arrow shows the posi-
tion on the histogram at which denaturation
loops located at 0.55 SV40 map position would
have occurred. The mean length of the denatu-
ration loops was 0.042 fractional length (stan-
dard deviation 0.008). We conclude from this
experiment that the T4 gene 32 protein binds
predominantly to the region of SV40 DNA
corresponding to 0.44 to 0.48 SV40 map unit.

If SV40 DNA with bound gene 32 protein can
be denatured and renatured with other SV40
DNA strands, the 32 protein loop will be a
useful marker for heteroduplex experiments.
However, the usual method involving glutaral-
dehyde fixation for electron microscopy of DNA
with 32 protein denaturation loops apparently
cross-links the DNA strands. The HpaII-
cleaved linear molecules with bound gene 32
protein were exposed to 0.1 N NaOH for 10 min
at 25 C, and then chilled to 0 C, neutralized, and
immediately mounted for electron microscopy
as above. Most linear molecules that were
incubated with glutaraldehyde but did not have
32 protein loops were denatured. However, the
two strands of the 32 protein denaturation loops
remained attached to each other, and the re-

mainder of the strands attached to the loops
were in duplex form.
SV40 covalently closed superhelical DNA can

be cleaved by Sl nuclease, a single-strand
specific endonuclease (2, 12), to yield unit
length linear molecules with no internal nicks
(4). At high ionic strength (250 mM NaCl), the
cleavage occurs preferentially in one region:
0.45 to 0.55 on the SV40 map. We surmise,
therefore, that in SV40(I) DNA, this region is
partially denatured or can be easily denatured.
Denaturation mapping by electron microscopy
has revealed that the same region is the most
readily denaturable at elevated pH (11). Al-
though a high AT content in this region would
be a plausible explanation for the denaturabil-
ity at high pH and the localized unwinding due
to destabilization induced by superhelicity (3),
other structural features should not be dis-
counted.
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