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Electron microscope studies on self-annealed intact single strands and on

partially denatured molecules show that herpes simplex virus 1 DNA consists of
two unequal regions, each bounded by inverted redundant sequences. Thus the
region L (70% of the contour length of the DNA) separates the left terminal region
a,b from its inverted repeat b'a',, each of which comprises 6% of the DNA. The
region S (9.4% of DNA) separates the right terminal region ca. (4.3% of the DNA)
from its inverted repeat a'.c'. The regions of the two termini which are inverted
and repeated internally differ in topology. Thus, ca. is guanine plus cytosine rich,
whereas only the terminal 1% of the a,b region, designated as subregion a,, is
guanine plus cytosine rich.

The DNAs of herpes simplex viruses 1 and 2
(human herpesvirus 1 and 2, HSV-1 and
HSV-2) are linear duplex molecules approxi-
mately 108 in molecular weight (15). Although
HSV-1 and HSV-2 DNAs differ only slightly in
base composition, (66 and 68 guanine plus
cytosine [G+C] mol%, respectively, [8, 15]),
they show approximately 50% homology with
good (85%) matching of base pairs (16). An
unusual feature of the DNAs is that only 10 to
30% of the strands remain intact on denatura-
tion with alkali (6, 15, 19, 24); the rest of the
DNA appears to be fragmented. Although the
fragmentation of DNA was also observed upon
denaturation with formamide (S. Wadsworth
and B. Roizman, unpublished data), the pres-
ence of ribonucleotides in the DNA might be a
contributing factor to the fragmentation of
DNA by alkali (11). Current studies show that
approximately 40% of HSV-1 DNA is repre-
sented in the form of mRNA on polyribosomes
during infection (18); concurrently at least 48
viral polypeptides accounting for about 85 to
90% of the DNA sequences represented in poly-
ribosomes have been identified (12).
The objectives of the studies on viral DNA are

to map the functions expressed by the virus.
Analyses of the products of restriction enzyme
cleavage of DNA will be dealt with elsewhere
(G. Hayward, N. Frenkel, and B. Roizman,
Proc. Natl. Acad. Sci. U.S.A., in press). This
paper deals with electron microscope studies on
denatured and partially denatured HSV-1 DNA.
Pertinent to the data reported in this paper are
the observations by P. Sheldrick and N. Berthe-

lot (Cold Spring Harbor Symp. Quant. Biol., in
press) that the termini of intact single strands of
DNA from several strains of HSV-1 and HSV-2
anneal to internal inverted sequences. More-
over, Sheldrick and Berthelot and R. Graf-
strom, J. Alwine, W. Steinhart, and C. Hill
(Cold Spring Harbor Symp. Quant. Biol., in
press) reported circularization of DNA digested
with exonucleases, indicative of terminal redun-
dancy in HSV DNA. These studies led to the
conclusion that HSV-1 DNA contains terminal
redundant regions which are inverted and re-
peated internally (Sheldrick and Berthelot,
Cold Spring Harbor Symp. Quant. Biol., in
press).

MATERIALS AND METHODS
Cells and virus. The procedure for maintenance

and infection of HEp-2 cells was described else-
where (21). The virus strains used in this study were
HSV-1 (Fl) and HSV-1 (Justin). HSV-1 (Fl) was
isolated from a facial lesion (5) and passaged a
maximum of four times at low multiplicity in HEp-2
cells. The properties of the HSV-1 (Fl) virion and
of cells infected with this virus were published in
detail elsewhere (10). HSV-1 (Justin) was obtained
from Albert Sabin. Prior to use, the virus was
plaque purified as described elsewhere (N. Frenkel,
R. J. Jacob, R. W. Honess, G. Hayward, H. Locker
and B. Roizman, J. Virol., in press). The virus con-
tained in a plaque was propagated once at a multi-
plicity of 10-6 PFU/cell and subsequently at 10-4
PFU/cell. The stock of virus obtained at this passage
was designated as passage 0 (P0). Both HSV-1
(Fl) and HSV-1 (Justin P0) stock were free of de-
fective viral DNA and exhibited none of the bio-
logic properties associated with populations contain-
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ing defective virions (Frenkel et al., J. Virol., in
press).

Purification of viral DNA. HSV-1 (Fl) DNA was
prepared from cells infected at a multiplicity of 5
PFU/cell. HSV-1 (Justin) DNA was prepared from
cells infected at a multiplicity of 0.01 PFU of P0/cell.
In both instances the cells were labeled with [methyl-
aH]thymidine (1 to 5 gCi/ml of medium, specific
activity 40 to 60 Ci/mmol, New England Nuclear,
Cambridge, Mass.). DNA was extracted from virions
purified from cytoplasmic extracts (23) or from puri-
fied nucleocapsids (7). Briefly, virions or nucleocap-
sids were disrupted with 1% sarkosyl (ICN/K and K
Laboratories, Inc., Cleveland, Ohio) and 0.5% sodium
dodecyl sulfate. The DNA was then extracted gently
with phenol and with chloroform-2% isoamyl alcohol.
In some preparations the DNA was then precipitated
with alcohol, redissolved in 10mM Tris-hydrochloride
(pH 8)-i mM EDTA (TE buffer), and dialyzed at 4 C
against the same buffer. In others, the alcohol precipi-
tation step was omitted, and the DNA was dialyzed
directly against TE buffer.

Isolation of intact strands of HSV-1 DNA. Viral
DNA was denatured with either formamide or alkali.
In the first instance, DNA in TE buffer containing
97% (vol/vol) formamide was heated at 60 C for 10
min and then centrifuged in a SW41 rotor at 30,000
rpm and 18 C for 75 to 90 min in a 5 to 20% (wt/wt)
sucrose density gradient prepared in neutral DNA
buffer (15). Denaturation with alkali was done by one
of two techniques.

In some experiments a 5 to 20% (wt/wt) sucrose
density gradient prepared in neutral DNA buffer (15)
was overlayed with 0.3 ml of 0.3 N NaOH. The DNA
was then placed on top of the NaOH layer and
centrifuged as described above. In other experiments,
the DNA was denatured with 0.1 N NaOH and either
neutralized first or directly layered on top of the
sucrose density gradient. The fractions of the gradi-
ents containing intact strands, determined from co-
centrifugation studies with denatured intact 14C
labeled T4 DNA, were harvested and dialyzed at 4 C
against TE buffer. Approximately 10 to 15% of total
DNA was recovered as intact strands.

Digestion of HSV DNA with lambda
exonuclease. The lambda exonuclease, purified from
Escherichia coli 1100 (AT11) (20), was the kind gift of
Marc Rhoades, Department of Biology, Johns Hop-
kins University. Digestion was carried out in 0.067 M
glycine-KOH (pH 9.6)-0.003 M MgCl2 at room tem-
perature and was stopped by the addition of 1/10
volume of 20X standard saline citrate.

Self-annealing of intact strands or of A exonu-
clease digests of HSV DNA. The intact strands or A
exonuclease-digested DNA, at concentrations of 1
gg/ml or less, were annealed in 66% (vol/vol) formam-
ide in TE buffer at 24 C for approximately 3 h. The
mixture was then either diluted to 40% formamide for
microscopy or dialyzed against TE buffer at 4 C for
storage.

Partial denaturation of DNA by alkaline
formaldehyde. Prior to partial denaturation, portions
of the DNA preparations were spread in a protein
monolayer (17). The contour length of the DNA was

then measured to verify size and configuration. Par-
tial denaturation was done by the method of Inman
and Schnos (13). Specifically, a 20 gliter sample of
DNA (40 to 60 sg/ml) was mixed with 20 gliters of
alkaline formaldehyde (0.12M Na+, 6.4 M formalde-
hyde) and allowed to react for 2 to 40 min at 25 C. The
proportion of NaOH and sodium carbonate in the
alkaline formaldehyde stock solution required to yield
the desired pH (between 11.20 i 0.02 and 11.60
0.02) was determined from mixtures of alkaline form-
aldehyde and the solvent of the DNA solution. The
reproducibility of the strand separation patterns and
the fact that the extent of separation was related to
pH in this and a prior study (14) indicate that no
significant change in pH occurred during the reaction
of the DNA with alkaline formaldehyde.

Preparation of DNA-cytochrome c films. Two
preparative procedures were used to prepare DNA-
cytochrome c film.

(i) The aqueous method of spreading DNA in a
cytochrome c film (17) was used for partially dena-
tured DNA molecules. The alkaline formaldehyde
reaction was stopped at the appropriate time (see
below) by transferring 20 gliters of the reaction
mixture to 180 Mliters of ice-cold spreading solution
consisting of 20 uliters of 0.1 M acetic acid, 140 pliters
of 1 M ammonium acetate, and 20 sliters of cyto-
chrome c (1 mg/ml; Calbiochem, Elk Grove Village,
Ill.), pH 5.0 to 5.2 (17). This spreading solution was
used for both alkaline formaldehyde-reacted material
and for unreacted DNA which served as a control.
After 2 min, 0.1 ml was spread over the surface of a 0.3
M ammonium acetate solution adjusted to pH 5.5
with acetic acid. The DNA-cytochrome c film was
immediately transferred to parlodion-coated copper
grids by surface contact and stained with uranyl
acetate in acetone (9).

(ii) The formamide method of spreading DNA in a
cytochrome c film (4) was used for the visualization of
the self-annealed intact DNA strands. This method
utilizes a spreading solution consisting of 40% (vol/
vol) formamide and 0.1 mg of cytochrome c per ml in
0.1 M Tris-hydrochloride (pH 8.6)-0.01 M EDTA and
a hypophase containing 10% formamide in 0.01 M
Tris-hydrochloride (pH 8.6)-0.001 M EDTA. A 50-
;liter sample of spreading solution was allowed to run
down a glass slide pretreated with ammonium acetate
to the surface of the hypophase. The film was allowed
to stand for 1 min and then transferred to parlodion-
coated copper grids and stained with uranyl acetate in
90% ethanol (4).

Electron microscopy of DNA. The grids were
shadowed with platinum-paladium and examined in
an AEI EM 6B electron microscope at 60 kV. The
electron micrographs were taken at magnifications
ranging from 5,000 to 20,000x.

Contour mapping and profile measurements.
The micrographs were rear projected on a screen
attached to a Graf Pen (Science Accessories Corp.,
Southport, Conn.) interfaced to a digital computer
(General Automation SP-16/45). Extended molecules
were measured and traced; broken and entangled
DNAs were neglected. DNA lengths were computed
relative to measurements of cross-line grating replicas
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(2,160 lines/mm, E. Fullam, Inc. Schnectedy, N.Y.)
photographed at the same magnification or to mea-
surements of $X174 circular DNA (gift of P. Achey)
and PM2 form II DNA (gift of J. Lebowitz) admixed
with HSV-1 DNA immediately before spreading.

RESULTS
Electron microscopy of self-annealed in-

tact strands of HSV-1 DNA. Electron micro-

scope studies of self-annealed DNA revealed
three kinds of molecules of particular interest.
These were as follows.

(i) Molecules designated as type A are ones in
which one terminus annealed to an internal
region to form a structure consisting of a small
single-stranded loop, a short double-stranded
region, and a long single-stranded tail (Fig. 1).
We have designated the terminal region anneal-

FIG. 1. Electronmicrograph of self-annealed intact strand ofHSV-1 (Fl) DNA demonstrating the a,c duplex
region and the S loop. Arrows indicate the boundaries of the duplex a,c region. The spur (see text) is indicated
by the thin arrow. PM2 and *X174 DNA served as magnification standards for double-stranded and
single-stranded DNAs, respectively.
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ing to the internal inverted repeat as ca., and
shall refer to it as the right end of the molecule
ending in the sequence a.. The internal inverted
region complementary to the right terminus
shall be designated as a'8c'. The region between
a'8c' and ca8 which is contained in the single-
stranded loop was designated as S. A character-
istic feature of many but not all of these
molecules was the presence of a small spur
approximately 300 to 500 bases long at the end
of the double-stranded region (Fig. 1).

(ii) Molecules designated as type B are ones
in which both termini annealed to internal
inverted sequences to yield a structure consist-
ing of a large and a small single-stranded loop
bridged by a double-stranded region (Fig. 2).
Since the small loop could not be differentiated
from the loop observed in type A molecule, with
respect to size, we shall also refer to it as S. The
sequences present in the left terminus comple-
mentary to the internal inverted repeat shall be
designated as a,b, those of the complementary
region become b'a'1, and the region bridging
the terminal sequences and their inverted re-
peats as L. The internal region containing the
inverted, complementary regions becomes, from
left to right, b'a' ,a'.c'. It is noteworthy that
approximately 30% of the type B molecules
also showed a spur. The length of the region
from the spur to the small loop corresponded
in length to the double-stranded region of type
A molecules.

(iii) Molecules designated as type C consist of
largely single-stranded structures whose ends
seemed entangled in a bush. These were similar
to those described by Sheldrik and Berthelot
(Cold Spring Harbor Symp. Quant. Biol., in
press). Frequently either the ca8 or the a,b
duplex regions with the associated S or L loop
could be discerned, but generally the bounda-
ries were too ill defined to be measured.
The type A and B molecules constituted 60%

of self-annealed intact strands of HSV-1 (Fl).
Type C accounted for another 12%. Histograms
of the size distributions of the regions S, L, ba1,
a8c, and ca. in type A and B molecules from
several experiments are shown in Fig. 3.
The mean sizes and standard deviations are

listed in Table 1. Two points should be made in
connection with these measurements. First, the
size of the region a,b was determined by sub-
tracting from measurements of ba, a.c, the size
of the ca. region.

Second, although the terminal regions alb
and ca. are similar in size (6.0 versus 4.3% of the
DNA), they are clearly not identical in size. It is
noteworthy, moreover, that the terminal regions

(alb, and ca8) and their inverted repeats
(b'a',a'.c') constitute more than 20% of the
length of the DNA.
Electron microscopy of self-annealed X ex-

onuclease-digested HSV-l DNA. The purpose
of these experiments was to demonstrate by still
another technique that the terminal regions
were inverted and repeated internally. The
rationale of the experiments was that if diges-
tion of native HSV-1 DNA with X 5' exonuclease
was allowed to proceed beyond the internal
inverted region, the terminus near the inverted
region (ca8) would then be able to anneal to its
complement a'.c'. DNA digests were prepared
and annealed as described in Materials and
Methods and then spread by the formamide-
spreading procedure. Figure 4 shows one of
several molecules with a terminal loop observed
in these preparations. The loop corresponds in
size to the S loop shown in Fig. 1 and 2.

Partial denaturation mapping of HSV-1
DNA. The extent of partial denaturation of
DNA by the alkaline formaldehyde procedure is
determined by the average base composition,
the pH of the solvent, and the duration of the
treatment (13) assuming ionic strength and
temperature are held constant. As far as we
know, DNAs with a G+C content as high as 66
mol% have not been mapped by partial denatu-
ration, and therefore we had to determine
experimentally the conditions which would
yield the most informative map. The condition
which gave the most extensive denaturation
(pH 11.55, 35 min) yielded less than full size
molecules held together by short stretches of
G+C rich regions. An undesirable feature was
the presence of many single-stranded ends
either because of nicks or hydrolysis of alkali
labile bonds. The conditions which produce
least denaturation (pH 11.27, 7 min) yielded
molecules showing very minimal strand separa-
tion, and these generally furnished little infor-
mation on the distribution of G+C rich regions
in HSV-DNA. Within this range, treatment of
HSV-1 DNA at pH 11.48 for 7 min gave the
most advanced denaturation profiles without
causing fragmentation of the DNA. Figure 5a
shows a tracing of a typical denaturation profile
of an HSV-1 (Fl) DNA molecule under these
conditions. Results of analyses of molecules
partially denatured in this fashion may be
summarized as follows.

(i) The extent of denaturation ranged from 40
to 60% and was accompanied by a shrinkage of
up to 30% of the DNA contour lengths.

(ii) All of the partially denatured DNA mole-
cules had several distinct features which per-
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FIG. 2. Electronmicrograph of self-annealed intact strand of HSV-1 (Fl) DNA demonstrating the ba1a,c
duplex region, the S and L loops. Arrows indicate the boundaries of the duplex ba 1a,c region. The spur is
indicated by the thin arrow.

mitted the construction of an oriented linear the right end) was longer (1.73 -+- 0.12 gin) than
array. Specifically, both ends of the molecule that at the left end (0.38 4± 0.07 gin). In
terminated in G-pC rich sequences. However, addition, all molecules had a long internal G+C
the G+C rich stretch at one end (designated as rich region (2.39 ±i 0.44 gin) close to the right
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lo.:A end. A double loop at the end of the left
8- terminal G+C rich region was present in 80% of
^ass ba a the molecules. In the remainder of the mole-

6-- s cules a single loop was present. Moreover, a
4.. double loop of the same dimensions was usually
2.- | present to the left of the long internal G+C rich
.- L _ _region.

0 i X I I 10 1 0 25 (iii) The regular appearance of several of
12 B these features clearly emerges from the linear

s array of partially denatured HSV-1 (Justin P0)
10. DNA molecules (Fig. 5b). For the construction
=8 * | of the linear array, we corrected for the shrink-

,r . *|age of the denatured sequences by multiplying
the contour length of one side of a denatured

4 loop (i.e., one half of the total contour length of
2 _,1 the loop) by the ratio of linear densities of

double-stranded to single-stranded DNA. The
0 *s5 20 25 linear density values for double-stranded and
C0~ single-stranded DNA given by Bujard (3) were

85 2.15 x 106 and 1.65 x 106 daltons/,um, respec-

tively. The profiles in the array were aligned for
Ll | maximum overlap of the adenine plus thymine

4. |(A+T) rich sequences immediately to the left
2' side of the most regular large internal G+C rich

Fregion

76 80 85 90 95 100 105 The profiles of the partially denatured DNA
length in Bases or Base Pairs x 103

single-stranded 't'X174DNA and 10.8 x 103 base pairs
FIG. 3. Histogram of lengths of the a.c, ba,a.c, S, for PM2 DNA. We have no explanation for the

and L regions of self-annealed intact strands. Mole- apparent bimodality of the lengths of the ba,a,c
cules were measured relative to either XI 74 DNA for region, but it is interesting to note that the spur, when
single-stranded regions or relative to PM2 DNA for present (see text), was always observed at the same
double-stranded regions. The lengths are plotted as relative location in ba,a,c regardless of the length of
bases or base pairs taking a value of 5.8 x 103 bases for this duplex region.

TABLE 1. Contour lengths and molecular weights of HSV-1 DNA and its subregionsa

No. of
mole- Length Length % length of Mol wt Length in

Portion ofDNA cules relative relative Length (um) nbases or base
measured mess- to PM2 to OX174 naieDA ( 0) pairs (x 10-3)

ured

ca, 22 0.64 ± 0.06 1.9 ± 0.2k 4.31 ± 0.42 4.13 ± 0.4c 6.89 ± 0.67c
ba,a.c 31 1.52 ± 0.12 4.6 ± 0.4b 10.31 ± 0.84 9.89 ± 0.81c 16.5 ± 1.4c
a,b (ba,a.c-caj) 0.88 2.7b 6.0 5.8c 9.6c
S 61 2.09 + 0.19 4.2 ± 0.4b 9.41 ± 0.85 8.99 ± 0.81d 12.1 ± l.a
L 17 15.6 4 1.1 31.2 ± 0.21 70.1 ± 4.7 67.2 4 4.5d 90.5 ± 6e
Intact 6 14.8 + 0.6 44.7 + 1.9k 100 4 96 4c 160 6c
Native 10 44.5 + 2.8' [95.7 ±6]

a Measurements given as mean + standard deviation.
b Calculated from linear density value of 2.15 x 106 mol wt/jum (3).
c Calculated from the mol wt value for PM2 of 6.5 x 106 (10.8 x 103 base pairs).
dDue to shrinkage the combined length of the single-stranded region S and L was less than that predicted

from the length of the native molecule less the duplex ba a.c. We therefore calculated the lengths of the S and L
regions by subtracting from the length of the native molecule the lengths of the termini and their inverted
repeats and distributed the remainder between the S and L regions in proportion to their respective lengths
relative to OX174.

e Calculated from the mol wt value of OX174 of 1.7 x 10" (22) (5.8 x 103 bases).
' Measured relative to cross-line grating replicas, 2,160 lines/mm.
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molecules (Fig. 5a and b) show several striking
features. First, the internal G+C rich region is
approximately the sum of the terminal left and
right G+C regions. Second, the A+T rich
sequences demarcated by arrows immediately
to the left of the internal G+C rich region bear a
striking similarity in size and topology to the
inverted image of the A+T rich sequences
immediately next to the G+C rich stretch at the
left terminus (Fig. 6). Third, the overall sizes of
the left and right terminal regions whose in-
verted images appear to be duplicated inter-
nally, as well as the size of the region containing
the inverted images, correspond respectively to
those of the a,b, ca. and b'a',a'5c' regions
obtained from measurements of self-annealed
molecules. Lastly, the regions between the left
and right termini and their inverted images
correspond in size to the L and S regions
described earlier in the text. Thus, the ratio of
the contour lengths of these regions is 8.5, i.e.,
in good agreement with the ratio of measure-
ments of the L and S regions shown in Table 1.

(iv) The dimensions of the a,b and ca. regions
we have accepted are those based on measure-
ments of self-annealed DNA molecules. In the
partial denaturation profiles, the boundaries of
the a,b region are easily deduced by comparing
the topology of the left terminus with the
topology of the DNA sequences immediately to
the left of the large internal G+C region. The
topology of the right terminus is devoid of
distinguishing features. We do not know
whether the boundaries of ca. region are beyond
(as shown in Fig. 5a) or just before the first A+T
rich loop (as shown in Fig. 5b).

(v) On the basis of the partial denaturation
profiles we have designated the terminal G+C
rich sequences within the a,b region as the a,
subregion. Its dimensions (0.38 + 0.07) corre-
spond to approximately 1% of the total DNA
length. A G+C rich stretch of similar length
from the right end was arbitrarily designated as
the a. subregion.

DISCUSSION
The main features of the data presented in

this paper may be summarized as follows.

FIG. 4. Electronmicrograph of X exonuclease-
digested self-annealed DNA. Native DNA was di-
gested with the A exonuclease to expose the a.c and
a',c' regions. The DNA was then annealed in 66%
formamide under the same conditions as intact strand
annealing and spread for electron microscopy using
the formamide spreading technique (4). The S loop is
indicated by the arrow. The other end of this mole-
cule, in part single stranded, extends under a grid bar.
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A

I

B
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FIG. 5. (A) Tracing of a partially denatured HSV-1 (Fl) DNA molecule. (B) Linear array of partially
denatured HSV-1 (PO Justin) DNA molecules. The dots indicate the positions of broken strands. The
denaturation conditions were pH 11.48 for 7 min at 25 C.

(i) Based on the self annealing of intact
strands, we corroborate the findings of Shel-
drick and Berthelot (Cold Spring Harbor Symp.
Quant. Biol., in press) that inversions of the
terminal sequences of HSV-1 DNA are repeated
and occupy adjacent positions in the DNA
molecule. It should be reiterated that inverted
repeats could be demonstrated in at least 60% of
intact strands, and that they are not due to the
high-buoyant-density species characteristic of
HSV-1 defective DNA (p = 1.732 g/cm3) (2).

(ii) Our measurements, in contrast to those of
Sheldrick and Berthelot (Cold Spring Harbor
Symp. Quant. Biol., in press), show that the
terminal regions which are inverted are not
identical in size: Thus, the inverted region of
the right terminus, designated ca., comprises
4.3% of the DNA, whereas the inverted region
of the left terminus, designated a,b, comprises
6.0% of the DNA. Parenthetically, the meas-
urements of the contour lengths of native DNA
relative to either PM2 or cross-lined replica
gratings yield a molecular weight for native
HSV-1 DNA of 96 million, i.e., in good agree-
ment with that obtained by Becker et al. (1)
and by our laboratory from velocity sedimen-
tation studies (15).

(iii) The partial denaturation profiles of
HSV-1 (Fl) and of HSV-1 (Justin P0) DNAs are
consistent with the data obtained from the
observations and measurements made on self-
annealed DNA molecules. Specifically, partial
denaturation profiles show that inverted images
of both termini were contiguous and located at

positions predicted from measurements of self-
annealed intact strands. A point of interest to
be noted is that whereas the denaturation pro-
files of the regions a,b, ca8 and of their inverted
repeats were consistent and reproducible, this
was not the case for the L and S regions. In part,
this might be due to incomplete denaturation of
regions with intermediate to low A+T content
under the partial denaturation conditions to
which these molecules were subjected. In part,
however, this might be due to inversions in the
L and in the S regions predicted by restriction
endonuclease analyses (B. Roizman, G. Hay-
ward, R. J. Jacob, S. Wadsworth, R. W. Honess,
N. Frenkel, and M. Kozak, Proc. Symp. Her-
pesviruses Oncogenesis IARC, in press) and (G.
Hayward, R. J. Jacob, S. Wadsworth, and B.
Roizman, manuscript in preparation).

(iv) The partial denaturation profiles set
constraints on the extent of possible homology
predicted by the studies on terminal redun-
dancy (Grafstrom et al., and Sheldrick and
Berthelot) and indicate that the terminal re-
gions a,b and ca. are for the most part different.
Specifically, the profiles predict that the se-
quences which could be terminally redundant
cannot exceed the size of the terminal G+C rich
sequences in the a,b region of the left terminus.
Although the subregion of a,b designated as a,
comprises approximately 1% of the DNA, and
thus is in good agreement with the extent of
terminal redundancy reported by Grafstrom et
al., the experiments do not allow us to conclude
that it is homologous to the corresponding a.
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sequences of the ca8 region. Our data do indi-
cate, however, that the remainder of the termi-
nal sequences inverted and repeated internally,
i.e., subregions b and c, have different partial
denaturation profiles and thus would be pre-
dicted to have little homology.

(v) Of special interest bearing on the identity
of the terminal a1 and a. regions and their
inverted repeats is the observation of spurs at
the al-a. joint in self-annealed intact strands.
The spur seems to be a small folded structure
since it appears more similar to duplex DNA
rather than single-stranded DNA. Among the
many possible explanations for the spur are the
following. First, the terminal a8 may sometimes
contain a small set of sequences not present in
the internal inverted repeat of this region.
Second, the sequences in the region a. and its
internal inverted repeat a'. may be mis-
matched, and therefore minor fluctuations in
spreading conditions could affect the base pair-
ing of these sequences. Lastly, sequences might
be inserted into or deleted from the juncture of
the internal inverted subregions a'1 and a'8.
Although we cannot differentiate between these
and other explanations, cognizance must be
taken of the possibility that the homology
between terminal a regions and their inverted
repeats may be discontinuous.

(vi) On the basis of the data presented in this
paper, we identified and designated specific
regions of HSV-1 DNA. From left to right, the
arrangement of the sequences along a single
strand are a,b L b'a'1 a'8c'S ca.. An examination
of this sequence shows that DNA consists of two
regions of which the left is comprised of se-
quences a,b L b'a'1 and the right a8'c'Sca8. It is
also noteworthy that the distribution of G+C
rich sequences in the two regions is not the
same; thus the G+C rich sequences are more
uniformly distributed in the left as compared
with the right region. The anatomy of HSV
DNA appears to be different from that of any
DNA virus of eukaryotic cells reported to date.
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