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We examined acetylation of the histone-like adenovirus core proteins VII and
V and the precursor of the major core protein, pVII, by measuring the incorpo-
ration of ["4C]acetate. Adenovirus proteins pVII and V appeared to be acetylated,
whereas protein VII was not. Label incorporated into these viral proteins in the
form of acetate was metabolically stable, and labeling was not enhanced by
treatment with sodium butyrate, an inhibitor of histone deacetylases. Viral
protein acetylation therefore differs from the reversible acetylation of histones
that has been implicated in transient alterations of chromatin structure. Inhibition
of protein synthesis in infected cells resulted in a proportional reduction in
['4C]acetate uptake into pVII and V, suggesting that these proteins undergo
acetylation during protein synthesis and not as a post-translational modification.
Therefore, these viral proteins are probably acetylated amino-terminally, a char-
acteristic shared by three of the five major histone classes.

Adenoviruses replicate and transcribe their
DNA in host nuclei by using the synthetic ma-
chinery of the host cells (15, 44), although sev-
eral lines of evidence suggest that adenoviral
chromatin differs from normal eucaryotic chro-
matin, at least during some phases of the virus
replication cycle. For these reasons, adenovirus
chromatin provides an intriguing contrast to cel-
lular chromatin as an alternative type of DNA-
protein complex which functions in eucaryotic
cells.
The DNA of eucaryotic cells is arranged with

small, basic histones in repeating units called
nucleosomes. The nucleosome core, an approxi-
mately spherical particle having a diameter of
10 nm, consists of a globular cluster of two each
of histones H2A, H2B, H3, and H4 and 140 base
pairs of DNA, resulting in about five-fold com-
paction of the DNA. The linker region connect-
ing adjacent nucleosome cores contains about 60
base pairs of DNA and may be associated with
histone Hi (14). Sequence analyses of the his-
tones have revealed basic domains, which are
believed to be involved in interactions with
DNA, and hydrophobic and acidic domains,
which may participate in interactions among
histones and between histones and other chro-
mosomal proteins (19).

Unlike simian virus 40 and polyoma virus,
which package viral DNA with cellular histones,
adenovirus encodes its own histone-like proteins,
which are present in association with the DNA
within the virus particles. The minor core pro-
tein, protein V (molecular weight, 45,000), re-
sembles histones in containing 18% lysine and
arginine residues. The major core protein, pro-
tein VII, has a molecular weight of 18,000 and

contains 25% lysine and arginine residues (25,
30, 31, 37, 40). The basic residues of core protein
VII are distributed in a way similar to the dis-
tribution in histones H3 and H4, that is, predom-
inantly within the amino-terminal portion of the
protein, which may constitute a DNA-binding
domain similar to those of histones (28, 42). The
combined mass of core proteins V and VII within
the virion is equal to the mass of the viral DNA.

It is this DNA-protein complex that pene-
trates the nucleus of a host cell upon infection.
Sedimentation analyses of the fate of adenoviral
DNA during virus uncoating have revealed no
difference in sedimentation coefficients between
naked DNA and the endproduct of uncoating (5,
29). However, examinations of the protection of
parental viral DNA from nuclease digestion at
early times in infection have shown an extent of
protection greater than that expected for naked
DNA. The kinetics of digestion are similar to
those observed in eucaryotic chromatin, and
protected fragments of DNA are similar in size
to the fragments observed in digested viral cores
(9, 41). The role of adenovirus core proteins in
the substrate for early virus transcription re-
mains unclear.
The major core protein, protein VII, is syn-

thesized in the form of a 20,000-molecular-
weight precursor, pVII (6). Twenty additional
amino acid residues which are present at the
amino terminus of pVII have been found to
include hydrophobic and possibly acidic resi-
dues. The sequence of the precursor portion of
pVII has not been determined due to the pres-
ence of a blocked amino acid at the amino ter-
minus, which is not available for dansylation or
reaction with phenylisothiocyanate in sequenc-
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ing reactions (28).
Synthesis of pVII begins concurrently with

the onset of viral DNA synthesis, which defines
the late phase of infection, during which cellular
protein synthesis, including histone synthesis, is
greatly reduced (6, 40, 43). Electron microscopy
of infected cell nuclei late in infection has re-
vealed smooth fibers with the dimensions of
adenovirus DNA and no evidence of a nucleo-
somal repeat (32). Whether adenovirus protein
pVII contributes to the structure of replication
and transcription complexes late in infection
remains unclear. pVII has been found to be
associated with intermediates in virus assembly,
and cleavage of pVII into VII occurs as a step in
the condensation and packaging of the viral
DNA into the virus capsid (4, 11-13, 20).

Certain chemical modifications of cellular his-
tones, specifically acetylation, correlate in a gen-
eral fashion with changes in chromatin activity
(2, 3, 8, 33, 39). The reversible acetylation of
internal lysine residues, which alters the charge
of the histones, is believed to modulate the affin-
ity of histones for DNA, thereby facilitating
transcription, chromatin assembly, and chro-
matin condensation. In the case of adenoviruses,
the timing of the synthesis of various chromatin
components can be correlated with specific
switches in transcription and DNA replication;
pVII and V syntheses are concurrent with viral
DNA synthesis, and pVII-to-VII processing ac-
companies viral DNA condensation and pack-
aging. It was the intent of this investigation to
determine whether protein modification through
acetylation is also a feature of the adenovirus
chromatin system.

MATERIALS AND METHODS
Cells, virus, and viral infections. Adenovirus

type 5 was grown in a HeLa S3 suspension culture in
Spinner minimal essential medium (medium F13;
GIBCO Laboratories) supplemented with 5% calf se-
rum, penicillin, and streptomycin. Infected cells were
washed with phosphate-buffered saline, disrupted by
three cycles of freezing and thawing, sonicated, and
extracted with freon. The resulting lysate was titrated
and used for infections. Infections were carried out
with confluent HeLa monolayers on 100-mm petri
dishes at a multiplicity of 50 PFU/cell. Virus was
allowed to adsorb to cells for 1 h at 37°C. After
infection, cultures were maintained in the Dulbecco
modification of Eagle medium (DME) (Flow Labora-
tories) supplemented with 5% fetal calf serum, penicil-
lin (50 IU/ml), and streptomycin (50 ,ug/ml).
Radioactive labeling and drugs. Cells were la-

beled with 1 ytCi of L-[U-"C]arginine (298 mCi/mmol)
per ml, 10 ,iCi of ["4C]sodium acetate (58.7 mCi/mmol)
per ml, 16 yCi of L-[2(n)-3H]methionine (4.9 Ci/mmol
per ml, or 0.6 ,uCi of L-[5(n)-;3H]arginine (8 to 25 Ci/
mmol) per ml for the times specified in the figure
legends. In experiments with both ['4C]sodium acetate

and ['4C]arginine, DME containing 5% dialyzed fetal
calf serum was used as the labeling medium. DME
minus methionine but containing 5% dialyzed fetal calf
serum was used for experiments in which both [;H]-
methionine and [''C]sodium acetate were used.

Cold chases were performed by washing cell mono-
layers three times with prewarmed DME containing
5% fetal calf serum, followed by incubation in DME
containing 5% fetal calf serum; 7.5 mM sodium butyr-
ate was added where noted.
Where indicated, cycloheximide was added to the

culture medium at a concentration of 30 jtg/ml for a
period extending from 30 min before the addition of
label to the end of the labeling period.

Acid-soluble protein extraction and gel elec-
trophoresis. The extraction of nuclei with sulfuric
acid, followed by acetone precipitation, has been de-
scribed previously (24). The acid-extractable proteins
from one 100-mm plate were suspended in 50 Il of
acid-urea sample buffer (15% [wt/vol] sucrose, 2.5 M
urea, 0.9 N acetic acid, pH 2.7) before electrophoresis
on the acid-urea gel system of Panyim and Chalkley
(34), which was performed as described previously
(24).

Triton X-100-acid-urea gel electrophoresis (1; A.
Zweidler and L. H. Cohen, Fed. Proc. 13:926, 1972)
was performed on acid-extractable proteins suspended
in Triton X-100-acid-urea sample buffer (15% [wt/
vol] sucrose, 0.6 M urea, 0.37% [vol/vol] Trition X-
100, 0.9 N acetic acid [pH 2.7], 5% [vol/vol] /-mercap-
toethanol). Slab gels (0.15 by 10 by 14 cm) were
prepared in the following manner. A 0.03-g amount of
ammonium persulfate was dissolved in 15 ml of 9.6 M
urea-0.59% (vol/vol) Trition X-100 and added to a
solution containing 6.0 ml of 60% (wt/vol) acrylamide-
0.4% (wt/vol) N,N'-bisacrylamide in water and 3.0 ml
of 43.2% (vol/vol) glacial acetic acid-4.0% N,N,N',N'-
tetramethylenediamine in water, resulting in a final
composition of 15% acrylamide, 0.1% bisacrylamide, 6
M urea, 0.37% Triton X-100, and 0.9 N acetic acid (pH
2.7). Gels were pre-electrophoresed at 20 mA until the
voltage remained constant. Before sample application,
50 f,l of 0.1 M cysteamine-15% (wt/vol) sucrose-0.6 M
urea-0.37% (vol/vol) Triton X-100-0.9 N acetic acid
was added to each sample well; 140 V was applied for
30 min, and residual cysteamine was removed. Sam-
ples (10 to 20 IlI) were electrophoresed for 13 h at a
constant current of 13 mA and 110 V. After electro-
phoresis, gels were stained with 0.5% (wt/vol) amido
black 1OB-7.5% (vol/vol) acetic acid for 30 min and
destained in 35% (vol/vol) ethanol-7% (vol/vol) acetic
acid.

Viral proteins were identified on the Triton X-100-
acid-urea gel system by electrophoresis of purified
pVII and VII, which were kindly supplied by Michael
Sung. Histones were identified on the Triton X-100-
acid-urea gel system by electrophoresis of histone
bands cut from an acid-urea gel. After electrophoresis
of proteins which were acid extracted from infected
nuclei by using the acid-urea gel system, the gel was
stained for 15 min in 0.2% (wt/vol) Coomassie brilliant
blue R-(wt/vol)-50% (vol/vol) methanol-10% (vol/
vol) acetic acid to enable visualization of histones.
Histone bands were then excised, soaked for 30 min in
6 M urea-0.37% Triton X-100-0.9 N acetic acid (pH
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2.7)-5% (vol/vol) f-mercaptoethanol, placed in sample
wells of a Triton X-100-acid-urea gel, and electropho-
resed as described above.
To ensure that the electrophoretic migration from

the acid-urea gel bands was the same as that obtained
with proteins directly dissolved in electrophoresis sam-
ple buffer, the following control was performed. A 10-
Al amount of acid-extractable proteins in acid-urea
sample buffer was applied to an acid-urea gel and
subjected to electrophoresis at 13 mA and 110 V for
20 min. After this electrophoresis, the proteins had
entered the gel as a single unresolved band. This band
was stained and incubated in Triton X-100-acid-urea
sample buffer as described above, and it was co-elec-
trophoresed with acid-extractable proteins dissolved
directly in Triton X-100-acid-urea sample buffer. The
Triton X-100-acid-urea gel patterns obtained in this
way were identical (data not shown).
Fluorography and gel slice scintillation count-

ing. Gels were prepared for fluorography by being
rinsed briefly with distilled water, soaked for 30 min
in 1 M sodium salicylate (pH 5.5), and again briefly
rinsed with distilled water. After the gels were dried,
fluorography was performed with Kodak XR-5 film at
-700C.

For scintillation counting of gel slices, protein bands
were immersed in 1.5 ml of a mixture of NCS tissue
solubilizer (Amersham) and water (9:1, vol/vol),
heated overnight at 60°C, combined with 15 ml of
toluene-Liquiflour (New England Nuclear Corp.), and
counted. Values were corrected for quenching, channel
cross-over, and blanks.

RESULTS

Acetylation of adenovirus core proteins.
To detennine whether adenovirus core proteins
are acetylated, infected cells were labeled for 4
h at 24 h postinfection with ['4C]acetate, and
acid-extractable proteins were subjected to elec-
trophoresis along with proteins concurrently la-
beled with ['4C]arginine. Figure 1 shows the
autoradiographic patterns obtained. Viral pro-
teins V, pVII, and VII incorporated the [14C]-
arginine label, showing that all of these proteins
were synthesized during the labeling period.
However, V and pVII incorporated the [14C]ace-
tate label, whereas VII did not. Uptake of the
[14C]acetate label into cellular histones indicated
that these proteins continued to undergo acety-
lation during this phase of infection although
the absence of ['4C]arginine incorporation into
histones showed that histone synthesis had
stopped or was greatly reduced.

Labeling periods of 0.5 and 4 h produced qual-
itatively identical results, although the amount
of label incorporated increased with the length
of the labeling period (data not shown). We did
not detect ['4C]acetate incorporation into core
protein VII even after overexposure of the au-
toradiogram, indicating that the acetate incor-
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FIG. 1. Autoradiograms of acid-extractable pro-
teins of adenovirus-infected cell nuclei. Cells were
labeled with ['4C]arginine (lanes I and 3) or ["C]-
sodium acetate (lanes 2 and 4) between 24 and 28 h
postinfection. Acid-extractable proteins were electro-
phoresed on an acid-urea gel (lanes 1 and 2) and on
a Triton X-1X00-acid-urea gel (lanes 3 and 4).

porated into pVII was removed before or during
processing into core protein VII.

Triton X-100 seems to bind to proteins in
proportion to their hydrophobicity or alpha-he-
lix content and diminishes their electrophoretic
mobility accordingly (Zweidler and Cohen, Fed.
Proc. 13:926, 1972). The Triton X-100-acid-
urea gel system therefore effected protein sepa-
ration on the basis of charge, size, and hydro-
phobicity or alpha-helical content. A comparison
of the behavior of the proteins acid extracted
from infected cells during electrophoresis with
and without Triton X-100 indicated that core
protein VII was relatively less retarded than
histone Hi, thereby enabling resolution of VII
and Hi, which was not possible with the acid-
urea gel system of Panyim and Chalkdey (Fig. 1).
The Triton X-100-acid-urea gel system suc-

cessfully resolved the mono-, di-, and triacety-
lated fonms of histones (10) distinguished by a
single charge difference (e.g., histone H4 in Fig.
1). However, only one charge species of each of
the core proteins could be observed with both
['4C]arginine labeling and ['4C]acetate labeling.
This pattern suggests that all protein V and
protein pVII molecules are acetylated to the
same extent, although the presence of different
forms could be obscured by precisely compen-
sating charge modifications.
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Non-reversibility of core protein acety- acetylation is not reversible in the same way
lation. Histones are deacetylated enzymatically that histone acetylation is reversible.
through the action of specific deacetylases upon The enzymes responsible for deacetylation of
internal acetyllysine residues (16, 18, 23). The internal acetyllysine residues are inhibited by
rate of turnover of acetyl groups in histones is butyrate treatment in vivo and in vitro, produc-
very rapid, as indicated by the loss of most of ing hyperacetylation of histones (10, 38). When
the label incorporated in a brief acetate pulse the cold chase was carried out in the presence of
during a 20-min cold chase (21). Amino-terminal sodium n-butyrate, histone deacetylation was
acetylation, on the other hand, occurs during inhibited. This resulted in a net increase in the
histone synthesis, possibly through the use of amount of acetylation. For example, the more
acetyl-seryl-tRNA as the initiating tRNA, and highly acetylated species of histone H4 predom-
is not reversible (21, 27). inated in the presence of butyrate. However,
To characterize the metabolic stability of the butyrate produced no change in either the extent

acetate groups incorporated into pVII and V, we of labeling of pVII and V or the number of
traced the incorporated ['4C]acetate through a acetylated species detectable, suggesting that
cold chase. The results of a pulse-chase experi- inhibition of acetyllysine deacetylases had no
ment with ['4C]acetate-labeled core proteins are effect on viral protein acetylation (Fig. 2 and
shown in Fig. 2 and compared with acetate-la- Table 1).
beled histones from uninfected cells. A compar- Core protein VII did incorporate the [3H]ar-
ison between the histones extractedimmediately ginine label in the presence of butyrate (Table
after a 1-h labeling period and the histones from 1), indicating that processing of acetylated pVII
cells subjected to a 1-h cold chase showed that into unacetylated VII did not require the action
most of the histone label disappeared during the of the histone deacetylases that are susceptible
cold chase, whereas the amount of label in to butyrate inhibition. Indeed, infectious virions
the viral proteins remained unchanged. The are produced in nearly normal yields from bu-
[I4C]acetate label in proteins V and pVII re- tyrate-treated cells (Daniell, manuscript in prep-
mained throughout chase periods of at least 4 h aration).
(data not shown), suggesting that core protein A more precise analysis of the reversibility of

core protein acetylation was carried out by si-
multaneously labeling infected cells with [14C]-
acetate and [:3H]methionine and following both
isotopes through chase periods of 1, 2, and 4 h
by scintillation counting of gel slices. At all
times, the ratio of 14C to 3H remained constant
(data not shown), indicating that the acetate
label was as stable as the amino acid label.

Susceptibility of adenovirus protein
acetylation to cycloheximide. The acetyla-
tion of viral proteins pVII and V does not display
the rapid rate of turnover or enrichment by
butyrate treatment that is characteristic of the
acetylation of internal lysine residues of his-
tones. However, acetate groups are removed
from pVII during the proteolytic removal of 20
amino-terminal amino acid residues in the pro-
duction of core protein VII. These data suggest

f.:. .-. that the acetylation of the viral core proteins
may be solely in the form of an amino-terminal

FIG. 2. Pulse-chase of [14C]acetate-labeled pro- acetylation that occurs during protein synthesis
teins in the presence and absence ofsodium butyrate. and remains metabolically stable thereafter. If
Triton X-100-acid-urea gel autoradiogram of acid- this were the case, inhibition of protein synthesis
extractable proteins from uninfected (lane 1) and would be expected to prevent the incorporation
adenovirus-infected cells (lane 2) labeled for 1 h with of ['4C]acetate into viral proteins, whereas the
[ 4Clacetate; proteins from uninfected (lane 3) and internal, postsynthetic acetylation of histones
infected cells (lane 4) labeled forI h with [4C]acetate would be affected only slightly (21). By labeling
and chased for 1 h in nonradioactive medium; pro- wouldbe af fected cells simulanelithteins from uninfected (lane 5) and infected cells (lane infected and uninfected cells simultaneouly with
6) labeled for 1 h with ['4C]acetate and chased for 1 [IC]acetate and [3H]arginine, the effect of inhi-
h in nonradioactive medium containing sodium bu- bition of protein synthesis on acetate incorpo-
tyrate. ration could be ascertained (Table 1). Cyclohex-
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imide treatment reduced [3H]arginine incorpo-
ration into adenovirus proteins V and pVII and
cellular histones to less than 10% of the levels
found in untreated cells. In the case of histone
Hi, which is known to be acetylated amino-
terminally but not internally, and of viral pro-

teins V and pVII, ['4C]acetate incorporation was
reduced proportionately. Incorporation of
["C]acetate into histone H2B, which is acety-
lated internally, and histone H2A, which is ace-

tylated both amino-terminally and internally,
was only minimally affected. The proportional-
ity between protein synthesis and acetylation for
adenovirus proteins pVII and V suggests that
these proteins are permanently acetylated
amino-terminally at the time of synthesis and
do not undergo reversible internal acetylation.
Amino-terminal acetylation of pVII is consistent
with the finding that the amino terminus ofpVII
is blocked in terms of dansylation and reaction
with phenylisothiocyanate (28, 42).

Effect of adenovirus infection on host
histone acetylation. Histone modification
through acetylation has been postulated to play
a role in the assembly of newly synthesized
histones onto DNA and in modulation of tran-

scriptional activity (2, 3, 39). Because adenovirus
infection inhibits host DNA and histone
syntheses and represses host transcriptional ac-
tivity, it was of interest to determine whether
adenovirus infection altered normal patterns of
histone acetylation. A comparison of the
amounts of ['4C]acetate incorporation into the
histones of infected and uninfected cells during
a 2-h labeling period revealed no substantial
difference in the steady-state levels of acetyla-
tion for histones H2B and H3 (Table 2). The
levels of acetylation of H2A and H4 were some-
what reduced. The lower level of H2A acetyla-
tion observed in infected cells may have been a

result of adenovirus-induced repression of his-
tone synthesis, as H2A acetylation was also re-

duced by cycloheximide. However, the reduction
of H4 acetylation in infected cells, appears to be
greater than that observed in cycloheximide-
treated cells.

A comparison of the ['4C]acetate-labeled his-
tones from infected and uninfected cells after a

cold chase (Fig. 2) showed that more label re-

mained in the histones from infected cells. This
suggests that rates of deacetylation are lower in
adenovirus-infected cells.

TABLE 1. Effects of cycloheximide and sodium butyrate on incorporation of ['4C]acetate and [3H]arginine
into viral proteins and histones'

Radioactivity (cpm) in: Cycloheximide: % of Radioactivity (cpm) Butyrate: % of un-
untreated prepn in butyrate-treated treated prepnprepn

Protein Cycloheximide-Untreated prepn treated prepn

'H '4C 'H '14C 'H14C :1H 14C 'H 14C
V 2,280 240 120 26 5.3 11 2,160 220 95 92
pVII 4,610 430 230 60 5.0 14 4,510 470 98 110
VII 260 NDb 30 ND 12 250 ND 96
HI 350 130 16 25 4.6 19 340 160 97 120
H2A 1,160 470 87 250 7.5 53 960 1,890 83 400
H2B 1,530 940 62 1,130 4.0 120 1,150 2,720 75 290

Cells were labeled for 2 h at 27 h postinfection. Protein bands were excised from an acid-urea gel for
counting, except in the case of protein VII, which was isolated from a Triton X-100-acid-urea gel.

b ND, Not detectable.

TABLE 2. Effect of adenovirus type 5 infection on host histone acetylationa
% of control

Histone Radioactivity (cpm) in un- Adenovirus type 5 Cycloheximide Adenovirus type 5
infected control infected treated infected and cyclo-

heximide treated

'H 14C 'H 14C 3H 14C IH 14C

H2A 1,160 470 23 57 7 53 2 58
H2B 1,530 940 20 90 4 120 2 105
H3 850 960 23 97 3 84 3 98
H4 1,400 2,340 36 44 6 108 4 54

a Cells were labeled for 2 h at 27 h postinfection with ['4C]acetate or [:3H]arginine. Protein bands were excised
from acid-urea gels for counting.
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DISCUSSION

Histones are among the most highly conserved
proteins in terms of primary structure and
among the most highly modified proteins. In
many cases, histone modifications, acetylation
in particular, have been correlated with changes
in transcriptional activity, chromatin assembly,
and chromatin condensation (19). Cellular en-
zymes which are normally active upon a histone-
containing chromatin substrate are diverted to
viral expression in the course of the adenovirus
replication cycle. However, the substrate for
viral transcription and replication presented to
the host synthetic machinery appears to differ
from normal eucaryotic chromatin. It was our
intention to determine whether acetylation
plays a role in adenovirus expression.
The precursor of the major core protein of

adenovirus (protein pVII) and the minor ade-
novirus core protein (protein V) appear to be
acetylated, as indicated by the incorporation of
radiolabeled acetate into these proteins. The
processed form of the major core protein (pro-
tein VII) is not acetylated.
Two types of histone acetylation are known to

occur. Reversible acetylation of the epsilon
amino group of internal lysine residues occurs in
core histones H2A, H2B, H3, and H4, neutral-
izing the basic charge of these residues. Charge
modification through lysine acetylation occurs
within the basic portion of the histone polypep-
tide that is believed to be involved in electro-
static interactions between histones and the neg-
atively charged phosphate backbone of DNA.
Lysine acetyl groups undergo rapid turnover.
Therefore, this type of acetylation and deacety-
lation may serve to modulate the affinity of
histones for DNA and may be involved in the
transient alterations of chromatin structure that
accompany transcription and replication (3).
Our observations indicate that the conversion

of acetylated pVII to unacetylated VII occurs
through a mechanism different than that in-
volved in the interconversion of acetylated and
unacetylated forms of histones. Sodium butyr-
ate, which inhibits histone deacetylation, fails to
inhibit the production of VII from pVII. Fur-
thermore, the stability of [14C]acetate label in
viral proteins pVII and V through cold chase
periods of up to 4 h is in contrast to the rapid
metabolic turnover of acetyllysine in cellular
histones. These observations and the existence
of only one acetylated species of pVII and V
suggest a constant unmodulated level of acety-
lation intrinsic to these proteins.
As has been suggested by Sung et al. (28, 42),

the hydrophobic portion of pVII may be func-
tionally analogous to the acetylated amino-ter-

minal regions of histones. Proteolytic cleavage
of the precursor portion of pVII may substitute
for a reversible deacetylation mechanism for
condensation and packaging of the viral DNA.
If pVII participates in the structure of the late
transcription complex, its primary structure may
be sufficient to ensure the recognition of the
viral chromatin as "active" chromatin even in
the absence of internal acetylation.
The absence of reversible acetylation of viral

histone-like proteins may reflect the basic dif-
ferences in replicative strategy between cells and
viruses. Viral replication proceeds in a linear
fashion from disassembly of parental virus and
maximally efficient replication of virion compo-
nents to assembly of progeny virus from newly
synthesized proteins and nucleic acids. In con-
trast to the role of histones in chromosome
condensation during mitosis or transient tran-
scriptional activity, virus structural proteins par-
ticipate in a specific replicative phase only once.
Therefore, a reversible mechanism for "inacti-
vation" and chromatin condensation may be
unnecessary.

Nonreversible amino-terminal acetylation has
been shown to be characteristic of histones Hi,
H2a, and H4 (18), as well as approximately 50
other proteins (7), including the capsid proteins
of polyoma virus (17), the large T and small t
antigens of simian virus 40 (35), and the hexon
protein of the adenovirus capsid (22). This mod-
ification of the amino terminus renders a protein
nonreactive to protein-sequencing reagents that
require a free amino group (36). The precursor
of the major adenovirus core protein (42), as
well as other adenovirus structural proteins, has
this characteristic, but the processed form of the
major core protein does not (26). In view of our
findings regarding acetate incorporation into
viral proteins pVII and V, its metabolic stability,
its dependence on protein synthesis, and its lack
of responsiveness to butyrate treatment, it ap-
pears likely that the blocked amino termini of
these proteins are a result of amino-terminal
acetylation.
The functional significance of amino-terminal

acetylation remains to be clearly defined. This
amino-terminal modification affords protection
from aminopeptidases and may contribute to
the metabolic stability of the proteins (7). The
presence of an acetate group in an amide linkage
serves to neutralize a positive charge that would
otherwise be present at the amino-terminal res-
idue. The resulting hydrophobicity may be sig-
nificant in terms of membrane interactions or
interactions with hydrophobic domains of other
proteins. Cleavage of the hydrophobic portion of
pVII may then be required for proper folding of
the viral DNA during encapsidation (6, 28, 42).
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