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Histone Hyperacetylation in the coding region of chromatin
undergoing transcription in SV40 minichromosomes is adynamic
process directly regulated by the presence of RNA Polymerase Il
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Abstract

SV40 chromosomes undergoing transcription operationally defined by the presence of RNA
Polymerase Il (RNAPII) were immune-selected with antibody to RNAPII and subjected to secondary
chromatin immunoprecipitation with antibodies to hyperacetylated or unacetylated H4 or H3.
Immune Selection Fragmentation and Immunoprecipitation (ISFIP) was used to determine the
hyperacetylation status of histones independent of the location of the RNAPII and ReChromatin
Immunoprecipitation (ReChlP) was used to determine their hyperacetylation status when associated
with RNAPII. While hyperacetylated H4 and H3 were found in the coding regions regardless of the
location of RNAPII, unacetylated H4 and H3 were only found at sites lacking RNAPII. The absence
of unacetylated H4 and H3 at sites containing RNAPII was correlated with the specific association
of the Histone Acetyl Transferase (HAT) p300 with the RNAPII. In contrast, the presence of
unacetylated H4 and H3 at sites lacking RNAPII was shown to result from the action of a histone
deacetylase (HDAC) based upon the effects of the inhibitor sodium butyrate. These results suggest
that the extent of hyperacetylation of H4 and H3 during transcription alternates between
hyperacetylation directed by an RNAPII associated HAT and deacetylation directed by an HDAC at
other sites.
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Introduction

The histones that are organized with eukaryotic DNA to form chromatin undergo diverse forms
of post-translational modifications (). Because these modifications can potentially impact the
interactions between the histones and associated DNA or other proteins, there has been great
interest in understanding the function of these modifications in eukaryotic biological processes.
The covalent addition of acetyl groups to histone tails is one form of modification which has
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been extensively investigated and has been associated with transcription in a number of
different studies (23). Moreover, the enzymes responsible for histone acetylation and
deacetylation, histone acetyl transferases (HATS) and histone deacetylases (HDACS),
respectively, have also been extensively studied () and in many cases the HATs and HDACs
have been found to be associated with various transcription factors ©).

These studies while clearly establishing a link between histone hyperacetylation and
transcription are limited by the fact that invariably they are based upon an association between
a difference in the extent of transcription such as the induction of a gene and the changes in
the properties of the total cellular chromatin containing that gene. To date there has not yet
been an extensive characterization of histone hyperacetylation directly in chromatin obtained
in vivo which is specifically undergoing transcription.

We have been using the simian virus 40 (SV40) chromosome as a eukaryotic model to
investigate two aspects of chromatin structure, nucleosome phasing and histone
hyperacetylation 6-9). The SV40 chromosome is particularly well suited for this function since
it utilizes host cell proteins for its transcription and replication and has been extensively studied
as a model for both eukaryotic processes (19-13). In the SV40 model system, transcription has
been shown to occur in three distinct phases (Figure 1A). Within approximately one hour of
infection, the first phase of transcription occurs with the induction of the early region of the
SV40 genome. The second phase of transcription occurs at about eight hours post-infection
when the virally encoded early protein T-antigen interacts with its cognate binding site in the
promoter and down-regulates further early transcription. The third phase of transcription,
which occurs either along with or shortly after down-regulation of early transcription, is
characterized by a marked increase in transcription from the late side of the genome. (10)

In order to obtain transcribing SV40 chromosomes for direct analysis of histone
hyperacetylation we reasoned that by using an antibody specific to RNA polymerase Il
(RNAPII), a protein which is absolutely required for transcription, we would be able to
specifically immune select transcribing SVV40 chromosomes using chromatin
immunoprecipitation (ChIP) procedures (14-16) We expected that the immune selected SV40
chromatin would consist of chromosomes with RNAPII located in the promoter which were
undergoing initiation, chromosomes with RNAPII located in coding regions which were
undergoing transcriptional elongation, and chromosomes with RNAPII located in either the
promoter or coding regions in which the RNAPII was paused. We confirmed that antibody to
RNAPII could be used to immune select transcribing SV40 chromosomes using a modified
ChIP procedure that we refer to as immune selection and fragmentation (ISF) (¢:7). In the

ISF procedure the immune selected transcribing SV40 chromosomes were fragmented by
sonication into bound chromatin fragments that contained RNAPII and soluble chromatin
fragments that lacked RNAPII. Using this strategy we measured the relative occupancy of
RNAPII in various regions of the SV40 genome in chromosomes undergoing transcription
during the course of an infection and correlated these results to the well characterized early to
late shift in SV40 transcription (7). Specifically, we observed that at early times RNAPII was
preferentially associated with the promoter and early region of the genome while at late times
RNAPII was preferentially associated with the promoter and late region of the genome as
expected. At 8 hours post-infection in SV40 chromosomes from wild-type virus, we observed
that RNAPII occupancy of the promoter and early region was relatively low consistent with
down-regulation, while in a mutant of SV40 (cs1085) in which the T-antigen binding site was
lacking and down-regulation could not occur the occupancy of the promoter and early region
was very high. Since the occupancy of the SV40 genome during the course of infection
correlated directly with the known pattern of transcription, we concluded that we were immune
selecting transcribing S\V40 chromosomes using antibody to RNAPII(),
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Results

In this publication (") we also demonstrated the feasibility of directly analyzing chromatin
undergoing transcription for the presence of hyperacetylated histones. Because the immune
selected chromatin undergoing transcription was fragmented into chromatin fragments that
either contained RNAPII or lacked RNAPII, we were able to determine whether a particular
hyperacetylated histone was present along with the RNAPII or independent of the RNAPII at
any given site in the genome. The strategy that was used for this analysis is outlined in Figure
1B. Histone hyperacetylation in the bound fragments was determined by a Re Chromatin
Immunoprecipitation (ReChIP) analysis (17), while the soluble fragments were analyzed by a
procedure that we refer to as immune selection fragmentation and immunoprecipitation
(ISFIP). The combined procedure is referred to as ISFIP/ReChIP. We used the ISFIP/
ReChlIP procedure to directly demonstrate that within the early coding region of SV40
chromosomes undergoing early transcription, hyperacetylated H4 and H3 were associated with
chromatin fragments that contained RNAPII and also those that lacked RNAPII (7).,

These ISFIP/ReChIP results indicated that it would be possible to determine the status of
histone hyperacetylation or presence of a transcriptional factor at a particular site in the genome
of transcribing SV40 chromosomes at any time in the infection. We now describe the
organization of the hyperacetylated and unacetylated histones H4 and H3 within the SV40
early and late coding regions during the shift from early to late transcription using the ISFIP/
ReChIP procedure. In addition, because the extent of histone hyperacetylation is regulated by
the interplay between HATS and HDACSs, we describe the organization of the HAT p300 in
chromosomes undergoing transcription and the effects of the inhibition of HDACs by sodium
butyrate on the presence of hyperacetylated and unacetylated H4 and H3 within the SV40 early
and late coding regions.

1. Analysis of histone hyperacetylation on SV40 chromosomes carrying RNAPII during the
course of infection

In order to determine the status of histone hyperacetylation in SVV40 chromosomes containing
RNAPII within the early, late, and promoter regions of the SV40 genome during the course of
infection, SV40 chromosomes were isolated at 30 minutes, 8 hours, and 48 hours post-infection
and subjected to a ISFIP/ReChlIP analysis. At these times one would expect to obtain SV40
chromosomes undergoing induction of early transcription, down-regulation of early
transcription and extensive late transcription respectively. Moreover, we have previously
shown (7) that the pattern of RNAPII occupancy of the genome is consistent with this
expectation. SV40 chromosomes were first immune-selected with antibody to RNAPII, the
bound chromatin sonicated, and the bound and soluble fragments then analyzed with antibody
to either hyperacetylated H4 or H3. The chromatin fragments generated in this procedure were
approximately 200bp to 400 bp in size with the maximum size observed 500bp (). The status
of histone hyperacetylation on the early, late, and promoter regions was determined by PCR
amplification of samples with appropriate primer sets (7:6.9). All PCR amplifications were
performed within the linear range of amplification (refer to supplementary figure SF9). For the
analyses shown, we used SV40 chromatin which had not been formalin fixed prior to isolation
because in our previous studies on histone hyperacetylation and RNAPII occupancy in SV40
chromosomes we did not see any differences between fixed and unfixed SV40

chromatin (4:5.24). However, each of the experiments described here have been performed with
formalin fixed materials at least once and similar results to those obtained with unfixed
chromatin were obtained in each case. Typical examples with formalin fixed material are shown
in the supplementary data.

Typical examples of this type of analysis are shown in Figure 2. As is apparent from Figure 2,
hyperacetylated H4 and H3 were found on the early, late and promoter regions of the genome
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co-localized with the RNAPII (from ReChlIP lanes 6,7,13,14, 20,21) as well as independent of
the RNAPII (from ISFIP lanes 4,5,11,12,18,19). In contrast, when the chromatin fragments
from the ISFIP were subjected to a ChIP analysis with antibody to RNAPII, no product was
generated by PCR amplification (lanes 3, 10, 17) indicating that all of the fragments containing
RNAPII remained bound to the protein A agarose during the immune selection step and
subsequent chromatin fragmentation.

2. Analysis of the extent of hyperacetylation of H4 and H3 in chromatin bound to RNAPII and
independent of RNAPII

Since hyperacetylated H4 and H3 were present in chromatin associated with RNAPII and
independent of RNAPII throughout the SV40 genome, we then determined whether the extent
of hyperacetylation of these two histones was similar in the two types of chromatin. Because
histone hyperacetylation facilitates transcription by RNAPII (21, we reasoned that either
hyperacetylated H4 and H3 would be found to a similar extent throughout the SVV40 genome
or would be enriched at sites occupied by RNAPII.

The extent of hyperacetylation of H4 and H3 in chromatin bound to RNAPII and independent
of RNAPII was determined using two different strategies. In the first strategy we utilized the
fact that each nucleosome contains an equal number of copies of histone H4 and H3. If both
the H4 and the H3 are hyperacetylated in a nucleosome located at a particular site in chromatin,
the same amount of DNA should be present in the immunoprecipitated chromatin associated
with this nucleosome using antibody to either hyperacetylated histone. Since the same amount
of DNA present in both immunoprecipitates would be the same, one would expect to obtain
the same amount of amplification products from both samples following PCR. In contrast, if
one of the histones in the nucleosome was not hyperacetylated, one would not expect to obtain
any immunoprecipitated DNA or amplification products using antibodies which recognize that
form of hyperacetylated histone but would still expect to obtain PCR products using the
antibody to the other hyperacetylated histone. For this analysis we subjected the DNA present
in the immune precipitates from the ISFIP and ReChIP analyses and the corresponding input
chromatin to duplex PCR amplification using primer sets to both the early and late regions.
We chose to use duplex PCR because we have previously used this strategy to characterize the
preferred location of hyperacetylated H4 and H3 in pooled SVV40 chromosomes and RNAPII
in transcribing SV40 chromosomes (¢7) and because it allows us to take into account any
variations in sample preparations (9. In the duplex procedure we would expect to see identical
ratios of amplification products from the early and late regions following immunoprecipitation
with antibody to hyperacetylated H4 or H3 as long as the nucleosomes present in those regions
contain similar amounts of hyperacetylated H4 or H3. However, if in some of the S\VV40
chromosomes one of the histones is not hyperacetylated to the same extent as the other histone;
we would expect to see the ratio of early to late amplification products to be different.

Examples of this type of analysis are shown in Figure 3. As expected from the results in Figure
2, we observed that PCR amplification products were obtained from both the early and late
regions of the genome regardless of whether they were generated by the ISFIP or ReChIP
procedure, the time post-infection, or the antibody which was used for the
immunoprecipitation. Interestingly, however, we observed a distinct difference between the
results obtained from the ISFIP analysis (lanes 1-3) compared to the ReChlIP analysis (lanes
4-6). In order to show these differences quantitatively we used densitometry to measure the
percentage of the PCR amplification products which were derived from the early region and
the late region. In the ISFIP analysis we observed that the ratios of amplification products from
immunoprecipitation with antibody to hyperacetylated H4 and H3 were very different at each
time point. For example, following immunoprecipitation with antibody to hyperacetylated H4
(lane 2), we consistently observed more amplification product from the early region than from
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the late region (densitometry 30 minutes 68%/32%, 8 hours 72%/28%, and 48 hours 55%/
45%). In contrast, following immunoprecipitation with antibody to hyperacetylated H3 (lane
3), we observed more amplification product from the late region than the early region
(densitometry 30 minutes 43%/57%, 8 hours 46%/54%, and 48 hours 43%/57%). In the ReChIP
analysis of the same chromosomes we observed that the relative amounts of PCR amplification
products from the early and late regions were essentially identical with either antibody to
hyperacetylated H4 (Lane 5) or H3 Lane 6) at all three time points (densitometry approximately
53%/47%). In each of these ReChIP analyses there was more product generated from the early
region than there was from the late region. These results suggest that the nucleosomes
associated with RNAPII (from ReChlIP analysis) contain similar amounts of hyperacetylated
H4 and H3, while at sites independent of RNAPII (from ISFIP) the hyperacetylation of H4 and
H3 in nucleosomes does not occur to the same extent.

In a second type of analysis we directly determined whether the unacetylated forms of H4 or
H3 were present in chromatin fragments associated with RNAPII or independent of RNAPII.
For these studies we used antibodies prepared against peptides consisting of the unmodified
amino terminal tails of H4 and H3 (obtained from Santa Cruz Biotechnology). The specificity
of these antibodies for the unmodified form of H4 and H3 respectively are shown in the
Supplementary Data (SF10A & SF10B). We reasoned that if H4 and H3 were hyperacetylated
to the same extent in both types of chromatin we would find either no unacetylated histones
or similar amounts of unacetylated histones in the two types of chromatin. In contrast if
hyperacetylated H4 and H3 were preferentially associated with chromatin bound to RNAPII
we would expect to find less unacetylated H4 and H3 in this fraction compared to the chromatin
fraction independent of RNAPII. Typical examples of the results from this type of analysis are
shown in Figure 4. As shown in Figure 4A, transcribing SV40 chromosomes isolated 30
minutes post-infection were first analyzed for the presence of hyperacetylated or unacetylated
H4 and H3 on the early coding region following an ISFIP and ReChlIP analyses using antibody
to RNAPII for immune selection. Although hyperacetylated H4 (lane 2), unacetylated H4 (lane
3), hyperacetylated H3 (lane 4), and unacetylated H3 (lane 5) were all found in the ISFIP
analysis, only hyperacetylated H4 (lane 7) and hyperacetylated H3 (lane 9) were found in the
ReChIP analysis. No evidence of unacetylated H4 (lane 8) or unacetylated H3 (lane 10) was
observed from the immunoprecipitates obtained from the ReChIP analysis .

This analysis was then extended to include both the early and late coding regions of transcribing
SV40 chromosomes preferentially transcribing the early genes (30 minutes post-infection) and
the late genes (48 hours post-infection) (Figure 4B). Comparing the results from the ISFIP
analysis (lanes 1-3) to the ReChlIP analysis (lanes 4-6) in the early and late coding regions, it
was clear that unacetylated H4 and H3 were only present in fractions from chromatin from the
ISFIP analysis (compare lanes 2 and 3 to 5 and 6). This result confirmed the results from the
duplex analysis and indicated that there was a relative increase in the extent of hyperacetylation
of H4 and H3 when the histones were associated with RNAPII compared to when the histones
were independent of RNAPII.

Because the previous analyses were performed on S\V40 chromosomes in which the occupancy
of the early and late regions by RNAPII was relatively high (between 40% and 70%) (), we
next determined whether the presence of unacetylated H4 or H3 in a region of the genome was
related to the extent of RNAPII occupancy. This question was addressed by analyzing
chromatin from the SV40 mutant cs1085 obtained at 8 hours post-infection for the presence
of unacetylated H4 or H3. In this mutant down-regulation of early transcription does not occur
and occupancy in the promoter region at this time increases from 30 + 2% to 93 * 1%,
occupancy in the early region increases from 47 + 0.5% to 57 + 2% and occupancy in the late
region decreases from 51 + 1% to 24 + 2 % ©). As shown in Figure 5, in chromatin from the
€s1085 mutant we did not observe any evidence for unacetylated H4 or H3 present in the early
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region by either ReChIP or ISFIP although significant amounts appeared to be present on the
late region. In contrast hyperacetylated H4 and H3 were observed in both regions in the ISFIP/
ReChlIP analyses. These results suggested that the presence of unacetylated H4 and H3 were
inversely related to occupancy by RNAPII and were again consistent with the hypothesis that
RNAPII was associated with increased levels of histone hyperacetylation.

3. Analysis of the effects of sodium butyrate inhibition of HDACs on the presence of
hyperacetylated H4 and H3 in association with and independent of RNAPII

The results which were obtained from the analysis of chromatin fragments bound with RNAPII
and independent of RNAPII for the extent of H4 and H3 hyperacetylation using duplex PCR
and antibodies to the unacetylated tails of each histone suggested that there was greater
hyperacetylation of H4 and H3 in chromatin directly associated with RNAPII than in chromatin
which was independent of RNAPII.

Because the extent of histone hyperacetylation in chromatin is thought to be regulated by the
relative action of histone acetyl transferases (HATS) and histone deacetylases (HDACs)
interacting with the chromatin, there were two possible explanations for the presence of
unacetylated histones in regions lacking RNAPII. Either the chromatin was undergoing
sequential hyperacetylation and deacetylation, or the chromatin was not undergoing
hyperacetylation at all and the lack of acetylation simply reflected the basal unmodified state
of the histones. Depending upon the fate of histones during passage of the RNAPII through
the chromatin, the hyperacetylation in the former case could be due either to the direct action
of a histone acetyl transferase on nucleosomes in front of the RNAPII or alternatively it could
be due to the incorporation of hyperacetylated histones generated elsewhere into a reorganized
nucleosome following passage of the RNAPII.

In order to distinguish these two possibilities we treated cells prior to and during infection with
the HDAC inhibitor sodium butyrate (?2). Sodium butyrate has been extensively studied for its
ability to inhibit a broad range of HDACs (23) and has been shown previously to affect the
extent of histone hyperacetylation in SV40 chromosomes (24). We hypothesized that if the
unacetylated histones were present in regions of chromatin actively undergoing
hyperacetylation, we would expect to find that following inhibition of HDACs with sodium
butyrate histone hyperacetylation in the chromatin fragments independent of RNAPII would
appear similar to histone hyperacetylation in the chromatin fragments bound by RNAPII. In
contrast if the unacetylated histones were present in chromatin not undergoing hyperacetylation
we would not expect to see any effect on the acetylation status of the histones following
inhibition by sodium butyrate.

For example, we would expect to see that the ratios of PCR amplification products from the
early and late regions in an ISFIP analysis would be the same following immunoprecipitation
with antibody to hyperacetylated H4 and H3 as we observed in the ReChIP analysis (Figure
3) instead of being different as seen in an ISFIP analysis of untreated cells (Figure 3). As shown
in Figure 6A we observed that the ratio of PCR products from the early and late regions
following ISFIP analysis with antibody to hyperacetylated H4 were essentially identical to the
ratio to antibody to hyperacetylated H3 in chromosomes obtained 30 minutes post infection
(compare lane 2 to lane 3 — 30 minutes) and 48 hours post infection (compare lane 2 to lane 3
— 48 hours). This result was similar to what we observed in the ReChlP analysis (Figure 3) of
chromosomes obtained at these times and differed significantly from what was observed in the
ISFIP analysis (Figure 3) of chromatin from the same time points.

Since the results from the duplex PCR analysis supported the hypothesis that the less acetylated
histones in chromatin fragments lacking RNAPII were the result of the action of HATs and
HDACSs, we then determined whether unacetylated H4 and H3 were still present in the
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chromatin fragments lacking RNAPII in sodium butyrate treated cells. If as we hypothesized,
the unacetylated H4 and H3 seen in the ISFIP analysis were the result of the combination of
HAT and HDAC activity, we expected that in the sodium butyrate treated cells there would be
little if any unacetylated H4 or H3 following an ISFIP analysis. As shown in Figure 6B this
was the result which we obtained for the H4 and H3 located in the late coding region in
transcribing SV40 chromosomes isolated late in infection. In agreement with the results shown
in Figure 4, unacetylated H4 (lane 2) and unacetylated H3 (lane 3) were found in untreated
chromosomes undergoing transcription following an ISFIP analysis but not following a
ReChlIP analysis (lanes 5 and 6). However, in chromosomes isolated at the same time following
treatment with sodium butyrate we observed little if any evidence for the presence of
unacetylated H4 (lane 2 and 5) or unacetylated H3 (lane 3 and 6) in the late coding region with
either the ISFIP or ReChIP analyses. The absence of unacetylated H4 and H3 in the late coding
region of transcribing SV40 chromosomes late in infection following treatment with sodium
butyrate indicated that the unacetylated H4 and H3 originally present in untreated transcribing
SV40 chromosomes was a result of the action of one or more HDACSs. This result is consistent
with the hypothesis that within the late region at late times there is coordinate hyperacetylation
and deacetylation taking place. The results were not consistent with the hypothesis that the
unacetylated histones were present in chromatin not undergoing hyperacetylation in this region
of the genome.

4. Organization of p300 on transcribing SV40 chromosomes

The presence of similar levels of hyperacetylated H4 and H3 co-localized with RNAPII in the
transcribing regions of SV40 chromosomes, suggested that there might be a histone acetyl
transferase (HAT) associated with the RNAPII. While a number of distinct HATS are known,
p300 has been previously shown to interact with RNAPII (25, as well as a number of
transcriptional factors known to be involved in the regulation of the SV40 promoter such as
SP1 (6), For this reason we determined whether p300 was associated with SV40 chromosomes.
For this analysis we utilized antibody from Santa Cruz Biotechnology which has been
successfully utilized for ChIP analysis previously (7). Specificity of the p300 antibody for its
epitope is shown in the Supplementary Data (SF11).

Using this antibody to p300, we then determined the location of p300 on the SV40 genome in
transcribing SV40 chromosomes relative to RNAPII using our ISFIP/ReChlIP procedure and
SV40 chromosomes isolated 30 minutes and 48 hours post-infection. As shown in Figure 7A
we observed p300 associated with RNAPII following a ReChlP analysis in the early, late, and
promoter regions at each of the times tested (lane 4). However, in the absence of RNAPII
(ISFIP analysis) we only observed p300 present in the promoter region (compare lane 2,
ISFIP to Lane 4, ReChlIP) at each time. We did not observe any p300 associated with either
the early or late coding regions following an ISFIP analysis (lane 2).

In a parallel set of experiments we determined whether all of the RNAPII present in SV40
chromosomes also contained co-localized p300. In these analyses we first immune-selected
chromosomes for the presence of p300 and then analyzed the chromatin fragments in the
ISFIP and ReChlP fractions with antibody to RNAPII. As shown in Figure 7B we observed
that RNAPII was present in both the ReChIP and ISFIP fractions (compare lanes 2 and 4)
indicating that RNAPII was present in transcribing SV40 chromosomes both associated with
p300 and independent of p300 throughout the genome. Taken together these results indicated
that a significant fraction but not all of the RNAPII present in the coding regions of transcribing
SV40 chromosomes contained associated p300.
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Discussion

In order to investigate the status of histone hyperacetylation directly in chromatin undergoing
transcription obtained in vivo, we have modified the standard ChIP assay by combining the
well known ReChlIP procedure A7) to a procedure which we refer to as ISFIP.

This immune combined strategy has two major advantages over many of the other strategies
that have been used previously to study histone hyperacetylation during transcription. First, it
allows for the direct characterization of relatively uncontaminated chromatin undergoing
transcription. During the immune selection step only chromatin undergoing transcription
operationally defined by the presence of RNAPII is bound to protein A agarose and any residual
contaminating chromatin is removed by extensive washing. Second, because the chromatin
undergoing transcription initially immune-selected can be relatively large in size and is
subsequently fragmented; it is possible to characterize histone hyperacetylation or the presence
of factors at selected sites throughout the initially selected chromatin. In the present study this
allowed us to demonstrate that chromatin undergoing transcription contains both
hyperacetylated and unacetylated H4 and H3.

Using this strategy we have obtained the first direct in vivo evidence from actively chromatin
undergoing transcription that the acetylation of H4 and H3 was dynamic with higher levels of
hyperacetylation at sites occupied by RNAPII and lower levels at other sites. Moreover, we
have correlated the higher levels at sites occupied with RNAPII with the presence of a co-
localized HAT, p300, and the lower levels at other sites with the action of one or more HDACs.
We have also observed variations in the extent of hyperacetylation of H4 and H3 in the SV40
promoter, but because of the low resolution of the PCR analysis used and the complexity of
the promoter we did not characterize the events occurring in this region to the same extent as
the events occurring in the coding region.

The presence of hyperacetylated histones within the coding regions of actively transcribed
SV40 chromosomes was not unexpected since hyperacetylated histones have been reported to
be associated with transcription by many laboratories (26-30.2), Since we have previously
shown that RNAPII can be found throughout the SV40 genome during infection (7), it was not
surprising to see that the hyperacetylated H4 and H3 could also be found throughout the
genome.

The direct demonstration that the two hyperacetylated histones were found associated with and
independent of RNAPII has not been noted previously except for our most recent
publication (7). The observation that more hyperacetylated H4 and H3 were associated with
RNAPII than was present in other in other regions of the transcribed chromatin has not been
previously reported. However, these results have been predicted (31:30) based upon the
observation that RNAPII can be found with piggybacked HATs (5:32), Similarly, the presence
of unacetylated forms of H4 and H3 at sites not occupied by RNAPII, which resulted from
HDAC activity, has not previously been observed, although their existence has also been
suggested.

The observation that hyperacetylated and unacetylated H4 and H3 can be found at the same
sites in the coding region of chromatin undergoing transcription depending upon whether
RNAPII is present or absent would appear to argue against a model in which these histones in
the coding region are labeled according to a “histone code” (33) based on acetylation. Instead
the hyperacetylation of the H4 and H3 appears to be a direct result of the passage of the RNAPII
through the chromatin. Whether this hyperacetylation serves as a signal for binding of
necessary auxiliary transcriptional factors to the chromatin undergoing transcription or to
decompact chromatin as has been suggested (31:30.29) remains to be determined. These results
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do not preclude the possibility that a histone code based on acetylation may function within
the SV40 promoter. This possibility is presently under investigation.

The co-localization of the HAT p300 with RNAPII in the coding regions of the transcribing
SV40 chromatin suggests that it might be responsible for the observed hyperacetylation of H4
and H3 in these regions. In this regard the p300 may be substituting for the PCAF or “elongator”
cofactors, which have previously been shown to bind to RNAPII and are also capable of
hyperacetylating H4 and H3 (32:25:34) \While this is the first report that p300 is bound to RNAPI|
in actively chromatin undergoing transcription, p300 has been shown to bind to

RNAPII (32.25.34) |t js also possible that other HAT activities including PCAF or elongator are
associated with the RNAPII in transcribing SV40 chromatin. Since we did not analyze directly
for the presence of these activities, we cannot exclude their existence.

We used the inhibitor sodium butyrate to determine whether histone deacetylation was
occurring in the regions of actively chromatin undergoing transcription which lacked RNAPII
and contained unacetylated H4 and H3. Sodium butyrate has been used for many years because
of its ability to inhibit histone deacetylases (22:3%). Moreover, many laboratories have shown
that the inhibition of histone deacetylases by sodium butyrate results in a significant increase
in the level of hyperacetylated histones in chromatin and a corresponding increase in
transcription (36:37), This association between the inhibition of histone deacetylation and
increased transcription has lead in part to the suggestion that histone hyperacetylation and
deacetylation are an integral part of the transcription process. Our results using immune-
selected chromatin undergoing transcription from cells treated with sodium butyrate has
directly confirmed the hypothesis that inhibition of histone deacetylases results in an increase
in the level of histone hyperacetylation in actively chromatin undergoing transcription (30),

Histone deacetylation has been shown previously to occur within the coding region of certain
transcribing genes in yeast (38:39). This deacetylation is mediated by histone H3 methylation
by Set2 and is thought to suppress the initiation of transcription from sites within the coding
region of genes (38:39) Although the same regulatory pathway may be occurring in the SV40
coding regions, we think it is unlikely that it would account for the extensive deacetylation
which we observe in actively chromatin undergoing transcription.

In these studies we did not use extensive quantitation in our ChlP analyses except for the duplex
analyses as we have previously used (.79 for a number of reasons. First, we have previously
shown that the percentages of chromatin fragments containing either hyperacetylated H4,
hyperacetylated H3, or RNAPII which are bound or solubilized by the ISF procedure are highly
reproducible based upon the quantitation of a large number of samples from multiple
preparations of SV40 chromosomes (¢:7). Second, we used semi-quantitative duplex PCR
analysis to characterize the relative amounts of chromatin containing hyperacetylated H4 and
H3. We have used this procedure previously and found it to be a reliable method to measure
the relative proportions of chromatin from two different regions of the S\VV40 genome (7:6)
because the procedure allows for the direct comparison of two samples prepared under identical
conditions when the sample amounts are limited. Third, the critical observations in this study
did not require quantitation. For example, while it might be of interest to know the percentage
of the chromatin at a given site which is hyperacetylated or unacetylated, this information does
not change the basic observation that both forms of chromatin can be present at the same site
in actively chromatin undergoing transcription. Finally, the data presented were highly
reproducible. Similar results were obtained for each analysis a minimum of three times using
three different preparations of S\V40 chromosomes

Based upon the results obtained from these studies we would like to propose the following
model for the relationship between transcription and histone hyperacetylation in the coding
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region of a gene. We emphasize that the model is intended to describe the role of histone
hyperacetylation only in the coding region and not in the promoter. We have observed a number
of differences between the behavior of hyperacetylated histones, RNAPII, and transcription
factors present in the promoter and in the coding region and believe that the role of histone
hyperacetylation in the promoter is likely to be different and more complex. As shown in Figure
8, we propose that histone hyperacetylation is a dynamic process characterized by maximal
histone hyperacetylation when RNAPII moves into a nucleosome followed by deacetylation
as the RNAPII continues translocating through the coding region. In this model RNAPII
acquires a HAT such as p300 during the initiation of transcription. This HAT forms a complex
with the RNAPII and migrates along with the RNAPII through the coding region. When the
RNAPII-p300 complex comes into contact with a nucleosome during active transcription, the
p300 ensures that the histones present in the nucleosome are suitably hyperacetylated (Figure
8). Following transcription of the DNA present in the nucleosome and translocation of the
complex to the next nucleosome, the hyperacetylated histones present in the original
nucleosome may undergo deacetylation. Although we show the HDAC in close proximity to
the RNAPI1/p300 complex, we do not know at this time whether the HDAC is an integral part
of a transcriptisome complex or a separate entity. This model is similar to one previously
presented (30) although it differs in that we believe that histone deacetylation may occur along
with hyperacetylation in the chromatin undergoing active transcription.

Materials and Methods

Cells and Viruses

SV40 virus and chromatin were prepared in the BSC-1 cell line of monkey kidney cells
(ATCC). The 776 SV40 wild type virus and cs1085 mutant virus was a gift from Dr Daniel
Nathans.

Cell Culture and Infections

BSC-1 cells were maintained at 37° C in minimal essential medium containing 10% fetal calf
serum, gentamycin, glutamine, and sodium bicarbonate (GIBCO). Sub-confluent monolayer
of cells were infected with either the wild-type 776 virus or mutant cs1085 virus as previously
described (18), The virus was allowed to adsorb onto the cells for 30 min. The virus was washed
off, fresh medium was added and the plates were incubated further for 8 hours and 48 hours
at 37° C in an incubator. SV40 chromosomes were harvested at 30 min, 8 hours and 48 hours
post-infection respectively. SV40 chromatin was fixed with formalin by adding 0.275 ml of
37% formalin to the cells and incubating the cells with the formalin for 10 min at 37° C in an
incubator. The formalin-fixed SV40 chromatin was isolated and prepared the same as the
unfixed chromatin described below. Treated cells were grown in the presence of 250 uM of
sodium butyrate for 12 hours before infecting with SV40 virus. SV40 chromosomes from
treated cells were harvested in a similar manner as described above.

Preparation of SV40 chromosomes

SV40 chromosomes were harvested from infected cells and purified by glycerol gradient
centrifugation as previously described (19,20) . Gradient fractions four and five, which
contained SV40 chromosomes, were combined for subsequent analysis.

Chromatin Immunoprecipitations followed by Chromatin Fragmentation (ISF)

Sodium butyrate treated or untreated, unfixed SV40 chromosomes were immunoprecipitated
with either 10ul antibody to RNA Polymerase 11 (sc-900; Santa Cruz Biotechnology) or 10
ul antibody to p300 (sc-584, Santa Cruz Biotechnology) using the reagents and protocol
supplied by Upstate for the analysis of hyperacetylated H4 with minor modifications as
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previously described (6.7:9) with the exception of the addition of 175ul of chromatin to the
pelleted agarose after 4 hours of incubation with the RNAP |1 antibody. In the final step of
chromatin immunoprecipitation the pelleted agarose was resuspended in 400 ul of TE buffer.
200ul of resuspended agarose was sonicated and prepared for subsequent analysis as previously
described (6.7)

Immune Selection Fragmentation followed by a second Immunoprecipitation (ISFIP)

Sodium butyrate treated or untreated, unfixed SV40 chromosomes were immunoprecipitated
with antibody to RNAP I1 or antibody to p300 as described above for the ISF procedure. In the
final step of ISF, the soluble fraction obtained after sonication was used as the secondary input
sample (200 pl) and immunoprecipitated with antibody to RNAPII, unacetylated histone H4
(sc-8653), unacetylated histone H3 (sc-8657), p300, (Santa Cruz Biotechnology)
hyperacetylated histone H4 (17-229), hyperacetylated histone H3 (17-245) (Upstate). The
immunoprecipitation was carried out as described previously (6.7.9)

Re Chromatin Immunoprecipitation (Re-ChlP)

ReChIP was performed according to the procedure described by 1Jpenberg et al (2004) with
minor modifications (7). Sodium butyrate treated or untreated, unfixed SV40 chromosomes
were immunoprecipitated with antibody to RNAPII or antibody to p300 as described above
for the ISF procedure. In the final step of ISF, the bound fraction was eluted twice with 200
ul Immunopure Gentle Ag/Ab Elution Buffer (Pierce). The bound fraction was incubated for
15-minute with elution buffer at room temperature and the eluted chromatin recovered by
centrifugation. The eluates were pooled as the secondary input sample (200 ul) and
immunoprecipitated with antibody to p300, unacetylated histone H4 and unacetylated histone
H3 (Santa Cruz Biotechnology) or hyperacetylated histone H4 or hyperacetylated histone H3
(Upstate). The immunoprecipitation was carried out as described previously (6:7.9)

Preparation of DNA for PCR

Samples were prepared for PCR by phenol/chloroform extraction followed by ethanol
precipitation in the presence of paint pellet co-precipitant (Novagen) as previously

described (6.7.9). Approximately 100 pl of protein A agarose eluates was purified using phenol/
chloroform. The aqueous phase (125ul) was added to a PCR tube that contained 3 pl of pellet
paint co-precipitant and 12.5ul of 3 M sodium acetate, pH 5.2 (Novagen). The samples were
mixed and 280 pl of 100% ethanol added to each. Following 10-min incubation at room
temperature, the samples were centrifuged at 8000 x g for 5 min and the supernatant discarded.
The samples were washed with 70% ethanol, vortexed, incubated for 5 min, and then
centrifuged at 8000 x g for 5 min. The supernatant was again discarded and the samples were
dried in a vacuum

PCR amplifications

DNA was amplified from three different regions of the SV40 genome (the early coding region,
the late coding region and the promoter) in a Perkin-Elmer Model 480 thermal cycler using
Ampli Tag Gold DNA Polymerase (Applied Biosystems) with primer sets
5’GCTCCCATTCATCAGTTCCA3’ and 5’ CTGACTTTGGAGGCTTCTGG3’ for the
amplification of the early region (nt 4540-4949), 5° CAGTGCAAGTGCCAAAGATC3’ and
5’GCAGTTACCCCAATAACCTC3’ for amplification of the late region (nt 1566-1878) and
5’GCAAAGCTTTTTGCAAAAGCCTAGGCCT3’and
5’CGAACCTTAACGGAGGCCTGGCG3’ for amplification of the promoter region (nt
5168-420). A master mix containing all the required constituents was prepared according to
the instructions supplied with the DNA polymerase in advance and kept at —20°C until required.
Immediately before use, the master mix was thawed and a volume corresponding to 30 ul for
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each sample to be amplified was removed to prepare a working mix. The working mix was
then prepared by adding the DNA polymerase to the master mix in the ratio of 0.5 pul per 30
ul of master mix. Following thorough mixing, the 30 ul of working mix was added to each
previously prepared PCR tube containing a sample of template DNA to be amplified. The tubes
were gently vortexed to suspend the pelleted DNA present in the tubes. When suspension was
complete, the samples were overlaid with two drops of molecular biology grade mineral oil
(Sigma). All previous manipulations were performed in a Nuaire biological safety cabinet
Model NU_425-400. The samples were centrifuged for 1 min at 10,000 x g in an Eppendorf
micro centrifuge, and the PCR amplifications were hot started by heating the tubes for 2 min
and 30 sec at 95° C. The DNA was amplified for 45 cycles with each cycle consisting of
annealing at 60° C for early region, 64° C for late region and 70° C for the promoter region
for 1 min, DNA synthesis for 1 min at 72° C and denaturation at 95° C for 1 min. Duplex PCR
reaction mixes were made by adding early and late reaction mixes in a 1:1 ratio just before
PCR amplifications. For the duplex analyses, the DNA was amplified for 45 cycles with each
cycle consisting of annealing at 60° C for 1 min, DNA synthesis for 1 min at 72° C and
denaturation at 95°C for 1 min.

Analysis of PCR Amplification Products

Following PCR amplification of the DNA samples, the products were separated on 2.4%
submerged agarose gels (Sigma) by electrophoresis. (6.7:9.19.20.8) The separated products were
visualized by staining with ethidium bromide and electronically photographed using UVP
GDS8000 Gel Documentation System (Ultra Violet Products).

Scanning Densitometry

Quantitation of agarose gels was done with Molecular Analyst (Version 1.4) from Bio-Rad.
Using Molecular analyst images were obtained by importing those that were captured with
UVP GDS8000 Gel Documentation System. On importing the image, quantitation was
performed with the Volume Analysis function to determine the percent volume of DNA bands
of interest. The Local Background subtraction function was utilized to normalize background
noise.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ISFIP and ReChlP Analysis on Wild-Type 776 SV40 Chromosomes
Antibodies to RNAPII, Hyperacetylated Histone H4 and H3
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Figure 2. Simplex PCR analysis of histone hyperacetylation on SV40 chromosomes undergoing

transcription

Unfixed SV40 chromosomes were isolated from cells infected with 776 wild type virus for 30
minutes, 8 hours or 48 hours and subjected to an ISFIP/ReChlIP analysis with antibodies to
hyperacetylated histone H4, histone H3 and RNAPII as described in the materials and methods.
The samples were amplified by simplex PCR with primer sets to the early, late and promoter
regions. The position of the amplification product from the wild-type 776 DNA is indicated.
Lane 1,8,15: bound fraction immunoprecipitated with 10ul of RNAPII antibody (ISF); lane
2,9,16: soluble fraction immunoprecipitated with 10ul of RNAPII antibody (ISF); lane 3,10,17:
ChIP with 10 pl of RNAPII antibody (ISFIP); lane 4,11,18: ChIP with 7.5 ul of hyperacetylated
histone H4 antibody (ISFIP); lane 5,12,19: ChIP with 10 ul of hyperacetylated histone H3
antibody (ISFIP); lane 6,13,20: ChIP with 7.5 ul of hyperacetylated histone H4 antibody
(ReChIP); lane 7,14,21: ChIP with 10 ul of hyperacetylated histone H3 antibody (ReChlP).
The PCR products in the ISFIP and ReChlIP lanes were amplified from one half of the total
amount of DNA obtained from each of the samples. The PCR products in the input lanes were
amplified from one fourth of the total amount of DNA present in each of the input samples.
Similar results were obtained from at least three separate preparations of SV40 chromosomes

for each time point.
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ISFIP and ReChIP Analysis on Wild-Type 776 SV40 Chromosomes
Antibodies to Hyperacetylated Histone H4 and H3
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Figure 3. Duplex PCR analysis of histone hyperacetylation on SV40 chromosomes undergoing
transcription

Unfixed SV40 chromosomes were isolated from cells infected with 776 wild type virus for 30
minutes, 8 hours or 48 hours and subjected to an ISFIP/ReChlIP analysis as described in
materials and methods. The samples were amplified by duplex PCR using primer sets to the
early and late regions. E and L indicate the positions of the early and late PCR amplification
products, respectively. The position of the amplification product from the wild-type 776 DNA
is indicated. Lane 1: ISFIP input fraction; lane 2: ChIP with 7.5 pl of hyperacetylated histone
H4 antibody (ISFIP); lane 3: ChIP with 10 pl of hyperacetylated histone H3 antibody
(ISFIP); lane 4: ReChlP input fraction; lane 5: ChIP with 7.5 pl of hyperacetylated histone H4
antibody (ReChlIP); lane 6: ChIP with 10 all of hyperacetylated histone H3 antibody
(ReChlP). The PCR products in the ISFIP and ReChlIP lanes were amplified from one half of
the total amount of DNA obtained from each of the samples. The PCR products in the input
lanes were amplified from one fourth of the total amount of DNA present in each of the input
samples. Similar results were obtained from at least three separate preparations of SV40
chromosomes for each time point.
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ISFIP and ReChlIP Analysis with Wild-Type 776 SV40 Chromosomes
Antibodies to Hyperacetylated and Unacetylated Histone H4 and H3
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Figure 4A. Presence of unacetylated and hyperacetylated histone H3 and H4 on the SV40 early
region in chromosomes undergoing early transcription

Unfixed SV40 chromosomes were isolated from cells infected with 776 wild type virus for 30
minutes and subjected to an ISFIP/ReChlIP analysis with antibodies to unacetylated histone
H4 and histone H3 as described in the materials and methods The samples were amplified by
simplex PCR with primer sets to the early regions. The position of the amplification product
from the wild-type 776 DNA is indicated. Lane 1: ISFIP input fraction; lane 2: ChIP with 7.5
ul of hyperacetylated histone H4 antibody (ISFIP); lane 3: ChIP with 10 pl of unacetylated
histone H4 antibody (ISFIP); lane 4: ChIP with 10 ul of hyperacetylated histone H3 antibody
(ISFIP); lane 5: ChIP with 10 ul of unacetylated histone H3 antibody (ISFIP); lane 6: ReChIP
input fraction; lane 7: ChlP with 7.5 ul of hyperacetylated histone H4 antibody (ReChlP); lane
8: ChIP with 10 pl of unacetylated histone H4 antibody (ReChlIP); lane 9: ChIP with 10 pl of
hyperacetylated histone H3 antibody (ReChlIP); lane 10: ChIP with 10 pl of unacetylated
histone H3 antibody (ReChlIP). The PCR products in the ISFIP and ReChIP lanes were
amplified from one half of the total amount of DNA obtained from each of the samples. The
PCR products in the input lanes were amplified from one fourth of the total amount of DNA
present in each of the input samples. Similar results were obtained from at least three separate
preparations of SV40 chromosomes at 30 minutes post-infection.
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ISFIP and ReChIP Analysis with Wild-Type 776 SV40 Chromosomes

Antibodies to Unacetylated Histone H4 and H3
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Figure 4B. Preferential association of unacetylated histones in regions of the SV40 genome lacking
RNA Polymerase 11 in chromosomes undergoing early and late transcription

Unfixed SV40 chromosomes were isolated from cells infected with 776 wild type virus for 30
minutes or 48 hours and subjected to an ISFIP/ReChlIP analysis with antibodies to
hyperacetylated histone H4 and H3 and unacetylated histone H4 and H3 as described in the
materials and methods. The samples were amplified with primer sets to the early and late
regions. The position of the amplification product from the wild-type 776 DNA is indicated.
Lane 1: ISFIP input fraction; lane 2: ChIP with 10 pl of unacetylated histone H4 antibody
(ISFIP); lane 3: ChIP with 10 ul of unacetylated histone H3 antibody (ISFIP); lane 4: ReChIP
input fraction; lane 5: ChIP with 10 pl of unacetylated histone H4 antibody (ReChlP); lane 6:
ChIP with 10 all of unacetylated histone H3 antibody (ReChlP). The PCR products in the ISFIP
and ReChlP lanes were amplified from one half of the total amount of DNA obtained from
each of the samples. The PCR products in the input lanes were amplified from one fourth of
the total amount of DNA present in each of the input samples. Similar results were obtained
from at least three separate preparations of S\V40 chromosomes for each time point.
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ISFIP and ReChlIP Analysis with Mutant cs1085 Chromosomes
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Figure 5. Analysis of unacetylated and hyperacetylated histones on mutant cs1085 SV40
chromosomes undergoing down-regulation of early transcription

Unfixed SV40 chromosomes were isolated from cells infected with ¢s1085 mutant virus for 8
hours and subjected to an ISFIP/ReChlP analysis with antibodies to unacetylated histone H4
and histone H3 and hyperacetylated histone H4 and H3 as described in the materials and
methods The samples were amplified by simplex PCR with primer sets to the early and late
regions. The position of the amplification product from the wild-type 776 DNA is indicated.
5A: Lane 1: ISFIP input fraction; lane 2: ChIP with 10 ul of unacetylated histone H4 antibody
(ISFIP); lane 3: ChIP with 10 ul of unacetylated histone H3 antibody (ISFIP); lane 4: ReChIP
input fraction; lane 5: ChIP with 10 pl of unacetylated histone H4 antibody (ReChlP); lane 6:
ChIP with 10 all of unacetylated histone H3 antibody (ReChIP) ChIP with 10 pl of unacetylated
histone H3 antibody (ReChlP). 5B: Lane 1: ISFIP input fraction; lane 2: ChIP with 7.5 ul of
hyperacetylated histone H4 antibody (ISFIP); lane 3: ChIP with 10 ul of hyperacetylated
histone H3 antibody (ISFIP); lane 4: ReChlIP input fraction; lane 5: ChIP with 7.5 pl of
hyperacetylated histone H4 antibody (ReChlIP); lane 6: ChIP with 10 pl of hyperacetylated
histone H3 antibody (ReChIP)

The PCR products in the ISFIP and ReChlIP lanes were amplified from one half of the total
amount of DNA obtained from each of the samples. The PCR products in the input lanes were
amplified from one fourth of the total amount of DNA present in each of the input samples.
Similar results were obtained from at least three separate preparations of SV40 chromosomes
at 8 hours post-infection.
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Figure 6A. Sodium butyrate treatment results in increased hyperacetylation of histones in the
coding region of SV40 chromosomes undergoing transcription

Sodium butyrate treated SV40 chromosomes were isolated from cells infected with 776 wild
type virus for 30 minutes or 48 hours and subjected to an ISFIP analysis with antibodies to
hyperacetylated histone H4 and H3 as described in the materials and methods. The samples
were amplified by duplex PCR using primer sets to the early and late regions. E and L indicate
the positions of the early and late PCR amplification products, respectively. The position of
the amplification product from the wild-type 776 DNA is indicated. Lane 1: ISFIP input
fraction; lane 2: ChIP with 7.5 ul of hyperacetylated histone H4 antibody (ISFIP); lane 3: ChIP
with 10 pl of hyperacetylated histone H3 antibody (ISFIP). The PCR products in the ISFIP and
ReChlP lanes were amplified from one half of the total amount of DNA obtained from each
of the samples. The PCR products in the input lanes were amplified from one fourth of the total
amount of DNA present in each of the input samples. Similar results were obtained from at
least three separate preparations of S\V40 chromosomes for each time point. All analyses were
done with separate batches of sodium butyrate treated or untreated chromosomes.

J Mol Biol. Author manuscript; available in PMC 2008 January 5.



1duasnue Joyiny vd-HIN

Balakrishnan and Milavetz Page 23

ISFIP and ReChlIP Analysis with Wild-Type 776 SV40 Chromsomes
Antibodies to Unacetylated Histone H4 and H3
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Figure 6B. Sodium butyrate treatment results in the reduction of unacetylated histones in the late
coding region of SV40 chromosomes undergoing transcription

Sodium butyrate and unfixed, untreated SV40 chromosomes were isolated from cells infected
with 776 wild type virus for 48 hours and subjected to an ISFIP/ReChIP analysis with
antibodies to unacetylated histone H4 and H3 as described in the materials and methods. The
samples were amplified by simplex PCR with primer sets to the late region. The position of
the amplification product from the wild-type 776 virus is indicated. Lane 1: ISFIP input
fraction; lane 2: ChIP with 10 ul of unacetylated histone H4 antibody (ISFIP); lane 3: ChIP
with 10 ul of unacetylated histone H3 antibody (ISFIP); lane 4: ReChlP input fraction; lane 5:
ChIP with 10 pl of unacetylated histone H4 antibody (ReChlIP); lane 6: ChIP with 10 all of
unacetylated histone H3 antibody (ReChlP). The PCR products in the ISFIP and ReChIP lanes
were amplified from one half of the total amount of DNA obtained from each of the samples.
The PCR products in the input lanes were amplified from one fourth of the total amount of
DNA present in each of the input samples. Similar results were obtained from at least three
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separate preparations of SV40 chromosomes at 48 hours post-infection.

J Mol Biol. Author manuscript; available in PMC 2008 January 5.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Balakrishnan and Milavetz Page 24

A.

Promoter

Early

Late

Promoter

Early
Late

Immune Selection with RNAPII B. Immune Selection with p300
followed by ISFIP and ReChlIP followed by ISFIP and ReChIP
with Antibody to p300 with Antibody to RNAPII
30 Minute Post-Infection 30 Minute Post-Infection
Lane 1 Lane 2 Lane 3 Lane 4 Lane 1 Lane 2 Lane 3 Lane 4
— o — o QNN L e e
- e M = =
TS - TS
48 Hour Post-Infection 48 Hour Post-Infection
] oo
LRl ="
R - M
ISFIP ISFIP ReChiP ReChiP
Input p300 Input p30o ISFIP ISFIP ReChIP ReChIP
Fraction Fraction Input p300 Input p300

Fraction Fraction

Figure 7. p300 (HAT) is preferentially associated with RNA Polymerase 11 in the coding regions of
SV40 chromosomes undergoing transcription

A: Unfixed SV40 chromosomes were isolated from cells infected with 776 wild type virus for
30 minutes or 48 hours and subjected to an ISFIP/ReChIP analysis with antibody to p300 as
described in the materials and methods. The samples were amplified by simplex PCR with
primer sets to the early, late and promoter regions. The position of the amplification product
from the wild-type 776 DNA is indicated. Lane 1: ISFIP input fraction; lane 2: ChIP with 10
ul of p300 antibody (ISFIP); lane 3: ReChIP input fraction; lane 4: ChIP with 10 pl of p300
antibody (ReChlIP); B: Unfixed SV40 chromosomes were isolated from cells infected with 776
wild type virus for 30 minutes or 48 hours and subjected to an ISFIP/ReChIP analysis with
antibody to RNAPII as described in the materials and methods. The samples were amplified
by simplex PCR with primer sets to the early, late and promoter regions. The position of the
amplification product from the wild-type 776 DNA is indicated. Lane 1: ISFIP input fraction;
lane 2: ChIP with 10 pl of RNAPII antibody (ISFIP); lane 3: ReChlP input fraction; lane 4:
ChIP with 10 ul of RNAPII antibody (ReChIP). The PCR products in the ISFIP and ReChIP
lanes were amplified from one half of the total amount of DNA obtained from each of the
samples. The PCR products in the input lanes were amplified from one fourth of the total
amount of DNA present in each of the input samples. Similar results were obtained from at
least three separate preparations of S\V40 chromosomes for each time point
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Figure 8.
Model for the relationship between transcription and histone hyperacetylation in the coding
region of a gene
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