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ABSTRACT

An octamer-binding transcription factor, OTF-1, which stimulates
transcription of a human histone H2b gene, has been purified from HeLa nuclear
extracts. This purification was achieved through the use of DNA affinity
chromatography, and the factor was unambiguously identified by renaturation of
activity following SDS-polyacrylamide gel electrophoresis. The purified factor
retained the ability to efficiently stimulate H2b transcription in a reconstituted
in vitro system. This effect was dependent on an intact octamer element and was
observed in the absence of other H2b promoter elements (except the TATA motif).

This activity is absent from nuclear extracts prepared from cells
synchronized in G2. However, the apparent mass and binding activity of the factor
are unchanged in S and G2. Because this factor can stimulate transcription in a G2
extract, we suggest that the modulation of activity is due to either in vivo constraints
on binding or covalent (or other) modification(s).

We have demonstrated that this factor is identical, by a number of
criteria, to NF-III. Therefore, OTF-1 is able to stimulate the initiation of replication
of adenovirus DNA. This effect was shown to be dependent on the presence of an
intact NF-III binding site in the adenovirus origin of replication.

Finally, preliminary data suggesting that we have isolated a cDNA
clone for this factor are presented and discussed.






INTRODUCTION






Perspectives and Rationale

The ability to grow and reproduce is a fundamental property of living
organisms. The elucidation of the mechanism(s) which regulates proliferation is one
of the most compelling areas of current biological research. Cytological,
biochemical, and genetic descriptions of the growth and reproduction of somatic
cells have shown that there are three important aspects of cell proliferation which,
in fact, constitute two separate cycles (reviewed in Prescott, 1976, and Pardee et al,,
1978). Thus, the essential requirements for cell reproduction include 1) growth, i.e.
a doubling of the structural and functional components of the cell, 2) replication of
DNA and 3) cell division, including the distribution of the replicated chromosomes
into the two daughter cells. These events can be grouped into two cycles - a growth
cycle and a chromosome cycle - which may be subject to different regulatory control,
and are certainly comprised of distinct biochemical events. A number of empirical
observations and experimental studies have demonstrated that these two cycles are
clearly distinct, yet causally interdependent.

It was essentially the chromosome cycle which was described by .
Howard and Pelc when they originally suggested that proliferation could be divided
into four stages (Howard and Pelc, 1953). These were named G1, or Gap 1, which is
the period following division but before the DNA is replicated, S, during which
DNA is synthesized, G2, the period following DNA replication during which the cell
prepares for mitosis, and D or M, the phase during which the cell physically divides.
One of the first suggestions of how this process is regulated was provided by Hertwig
(Hertwig, 1908). While his proposal, that attainment of a particular growth state

triggers division, has not been supported (Mazia, 1961, Mitchison, 1971), it has been






demonstrated that there is a coupling of overall growth and initiation of DNA
replication (Killander and Zetterberg, 1965, 1965a). For instance, it has been
demonstrated that variation in length of G1 between two daughter cells can be
correlated to uneven partitioning of total mass during M such that the smaller
sibling takes longer td enter S phase (Killander and Zetterberg, 1965a, Pringle and
Hartwell, 1981). Lack of growth due to either nutritional deficit or drug block will
prevent progression through the cell cycle (reviewed in Prescott, 1976). It should be
noted that while growth may be required (to some degree) for division, it is also true
that the growth cycle can continue in the absence of cytokinesis. This is exemplified
by multinucleated cells, for instance the slime mold Physarum (Tyson and
Sachsenmaier, 1984), and by experiments in which cells blocked in S phase continue
to grow (Fournier and Pardee, 1975).

Interestingly, the period of greatest variation in the cycle occurs
during G1; in fact there is very little variation in the length of S, G2 and M in a
given cell type under most growth conditions (reviewed in Prescott, 1976, and
Pardee et al., 1978). In addition, it is clear that non-proliferating cells are arrested in
G1. [The designation Gy describes quiescent or growth arrested cells (Lajtha,
1963)]. Studies with normal cells under a variety of growth conditions, with defined
growth factors, and with temperature sensitive cell cycle mutants (Hartwell, 1971,
Marcus et al, 1985) suggest that the cell must complete a linear sequence of
biochemical events during G1 to become committed to the initiation of DNA
synthesis. These observations have led to the conclusion that this phase is the focal
point of regulatory control; as such the cell must pass through a series of
"checkpoints" before the commitment to replication is made (initiation of the
chromosome cycle). The final point before commitment has been termed the
restriction point (Pardee, 1974). Once the cell becomes committed to the initiation

of DNA synthesis, it has essentially made a decision to reproduce, as it is extremely






unusual for cells to become arrested in S, G2 or M. In sum, one can conclude that
the regulation of cellular reproduction resides principally in control of the growth
cycle.

Therefore, investigations of regulation of proliferation commonly
focus on one of two transition points - that is, either the entry of quiescent cells into
the cycle (Gy->G1) or the progression of continuously cycling cells through G1
(G1->S). It is not clear how the decision of quiescent cells to enter the cell cycle is
related to the commitment to divide made by continuously cycling cells (Baserga,
1968). In fact, while cells in Gy can be shown to be biochemically and kinetically
distinct from cells in G1 (Baserga, 1976), there is some evidence that quiescent cells
are progressing through the cell cycle, albeit at an extremely slow rate (Dell’Orco et
al,, 1975, Rubin and Steiner, 1975). It is a matter of debate at this point as to
whether regulation of transit through G1 is mediated by reversible entry into G
(dependent on biochemical and environmental events) or if it is mediated by a
stochastic event. The characterization of the regulator as being a probabilistic event
follows from mathematical descriptions of the entry of sister cells into S phase and
the deviation of cycling times of individual cells in relation to population behavior
(reviewed in Smith and Martin, 1974, and Brooks, 1981, Brooks et al., 1980). The
lack of physical evidence for such a mechanism makes such explanations
unsatisfying. Moreover, alternate mathematical models which ‘"suggest a
biochemical basis for the G1->S§ transition" have been proposed (Murphy et al.,
1984). On the other hand, the search for substances (such as cAMP) which are
modulated in a physiologically relevant way, and their characterization as putative
regulators, has not proceeded past simple correlation (for example, Abell and
Monahan, 1973, Sheppard, 1973). Clearly, the complete biochemical description and
dissection of a particular cell cycle regulated event is a prerequisite to the definition

of the relevant regulatory circuits.






Therefore, it has been the interest of our laboratory to elucidate the
cascade of biochemical events which culminates in the entry of a cell into S phase.
Our strategy has been to identify and characterize an end substrate for this cascade,
and with that molecule in hand, define the regulatory activities which impinge on it.
Given that histone genes are coordinately expressed primarily upon entry into and
during S phase (reviewed in Maxson et al., 1983), obvious final substrates are the
factors regulating this induction of gene expression.

In 1884 Albrecht Kossel described a class of proteins which could be
extracted with dilute acid from goose erythrocytes. He concluded that these were
basic proteins which were able to bind to DNA. For reasons that remain obscure to
this day, he designated them histones (Kossel, 1884). Subsequently it has been
shown that histones are a major component of chromatin, in fact they form
complexes with DNA in a mass ratio of 1:1 (reviewed in Elgin and Weintraub,
1975). Initially histones were fractionated into lysine and arginine rich subgroups
(Stedman and Stedman, 1950); finer analysis revealed that histones can be
separated into S subtypes, H1, H2a, H2b, H3 and H4 (reviewed in Isenberg, 1979).
The description in the 1970s of the "beads on a string" chromatin structure and the
characterization of the nucleosome revealed that DNA is packaged around a multi-
subunit complex composed of two molecules each of H2a, H2b, H3 and H4 and one
molecule of H1 (Olins and Olins, 1974, reviewed in Elgin and Weintraub, 1975, and
McGhee and Felsenfeld, 1980). The ubiquitous presence of histones as fundamental
structural components of eukaryotic chromatin is reflected in the extreme
conservation of primary sequence of each type across species (reviewed in Isenberg,
1979). In contrast, the gene structure of the histone family has diverged extensively
(Kedes, 1979, Hentschel and Birnsteil, 1981, Maxson, 1983). The organization varies
from the highly reiterated tandem repeat present in sea urchin to the moderately

reiterated repeats of Drosophila and Xenopus to the dispersed single copy gene pair






arrangement of yeast. The genes in higher eukaryotes are organized in clusters
which are not tandemly arrayed. These differences have been attributed to different
requirements for expression during development of these various organisms, but this
is the subject of much controversy (discussed in Hentschel and Birnsteil, 1981).
- Other suggestions, such as the idea that coordinate regulation of the histone genes is
dependent on the tandem repeat structure, or that conservation of gene sequence by
recombination operates through the repeat, have not been borne out. While there
are some examples of developmentally regulated expression of repeats (see below),
the wide variation in structure and organization of this family makes analysis of any
single motif difficult.

This gene family is subject to a number of different levels of
regulation. Not only must the various subtypes be coordinately expressed, in the
proper ratio to one another, but the proper histone:DNA ratio must be maintained
as well (Han et al., 1987). In addition, there are many interesting observations of
stage and tissue-specific expression of subtype variants (Isenberg, 1979, Zweidler,
1980, Maxson et al., 1983a, Graves et al., 1985). Examples include the variants (CS,
alpha, and gamma) which are encoded in separate clusters in sea urchin and
expressed at different times in development. There also exist several tissue-specific
variants, notably the erythroid and spermatocyte specific Hl’'s (Weintraub, 1978,
Harborne and Allan, 1986, Shires et al., 1975, Lieber et al., 1986). These variants
can be correlated with non-transcribed or extremely condensed chromatin (Pehrson
and Cole, 1981, Roche et al., 1985). While it is thought to be due to differential
transcription, the regulation of these subtype variants is not completely understood.
An additional feature of histone gene expression is the fact that cell cycle regulation
is acquired during the course of embryogenesis. (Again, there are examples of
variants which are expressed continuously during the cell cycle [Wu and Bonner,

1981, Wu et al.,, 1982, Urban and Zwiedler, 1983, Zwiedler, 1984, Maxson et al.,






1983]). In contrast to our lack of understanding of these other regulatory
mechanisms, a great deal has been learned about the cell cycle regulation of histone
gene expression.

The original observation (in cultured cells) of histone protein
synthesis being restricted to S phase (Robbins and Borun, 1967) was extended by the
demonstration that this was due to transcriptional and post-transcriptional effects
(Butler and Mueller, 1973, Borun et al., 1975, Plumb et al.,, 1983). A 3 to S fold S
phase specific increase in mRNA half-life combined with a 3 to 5 fold induction of
transcription results in a 20 to 25 fold increase in steady state mRNA levels (Heintz
et al., 1983). Regulation of mRNA half-life appears to be dependent on the unique
stem loop structure found at the 3’ end of almost all histone genes (reviewed in
Marzluff and Pandey, 1988, Krieg and Melton, 1984, Stauber et al., 1986, Levine et
al., 1987, Capasso, et al., 1987, note also Wells and Kedes, 1985). It has been shown
that this structure is formed most efficiently in S phase cells, and that it is a signal
for regulation only while the mRNA is being translated on soluble _polysomes
(Graves et al, 1987, Liischer and Schiimperli, 1987). It has been previously
established that the transcriptional regulation is dynamic (Heintz et al., 1983,
Graves and Marzluff, 1984), that it results in a tight coupling of histone transcription
and DNA synthesis (Borun et al., 1975, Pederson, 1976, Heintz et al., 1983, Sittman
et al., 1983), and that it likely involves trans-acting factors which operate by binding
to promoter proximal DNA sequences (Heintz and Roeder, 1984, Capasso and
Heintz, 1985, Hanly et al., 1985, Artishevsky et al., 1985, Dailey et al., 1986, Sive et
al., 1986, Sive and Roeder, 1986, Seiler-Tyuns and Peterson, 1987). Our strategy,
then, has been to analyze the various histone promoters in order to identify a cis-
acting transcriptional regulatory element, and so be able to identify and isolate the
cognate trans-acting factor. The work I will describe below has focused on a human

histone H2b promoter.






Background

The initial characterization of the human histone H2b gene promoter
was carried out by Hazel Sive (Sive et al., 1986). A variety of mutated promoters
were constructed, consisting of 5’ and 3’ deletions, linker insertions and point
mutations. Analysis of these constructs by in vitro transcription assays allowed the
identification of numerous discrete functional promoter elements. These include a
series of unique direct repeats centered around -105, a CAAT box located near -80,
a hexamer (GACTTC) found in many histone gene promoters located around -65,
and a histone H2b specific consensus sequence located at -45, in addition to a
TATA motif centered at -30. The sequence of the promoter and a summary of
Hazel’s results are presented in Figure 1. This analysis demonstrated that, for the
core promoter elements, the TATA motif was essential for basal transcription of the
promoter while the cap site was dispensable. The direct repeats and the CAAT box
each stimulate transcription approximately two fold in the in vitro assay. Although
the function of the octamer motif is not obvious in the deletion series, a double base
substitution mutation in this sequence has a pronounced effect on transcription. In
contrast, point mutations in the hexamer had little discernable effect. This analysis
did not address the question of regulation of transcription during the cell cycle.

In vivo analysis of the contributions of the histone H2b promoter
elements to transcription during the cell cycle was performed by Franca LaBella
(LaBella et al., 1988). To assay the specific function of each element, fusion genes
were constructed which consisted of a subset of the promoter mutations described
above coupled to the bacterial chloramphenicol acetyl transferase gene. The

particular constructs used included 5’ deletions to -147 (wt), -118 (wt), -100 (DR-),



FIGURE 1. Summary of H2b Promoter Analysis.

Construction and analysis of these mutants was described in Sive et al., 1986. Each
mutant was analysed in at least three different transcription assays. Signals were
quantitated densitometrically, and the results are presented as % of wild type
transcription. Endpoints of 5’ deletions, substituted sequences and nucleotide
alterations are indicated. Not presented are the results of deletions from the 3’ end,
which indicated that sequences downstream of -19 were dispensible for in vitro

transcription.
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-82 (DR-), and -77 (CAAT-), and point mutants in the hexamer (Hex-) and octamer
(Oct-). Because an identical, unregulated mRNA was transcribed from every
construct, it can be assumed that the effect of each promoter mutation on
transcription efficiency is reflected in the accumulation of mRNA. These constructs
- were transfected into 293 or Hela cells, which were then synchronized at the G1/S
boundary by a single block with aphidicolin. Total RNA was prepared from the
transfected cells either during the block or three hours after release, and analysed
by an S1 nuclease protection assay. Co-transfection of an unregulated fusion gene
provided an internal control of transfection efficiency, and thus allowed comparison
of the promoter mutations. A representative experiment is depicted in Figure 2. In
this experiment, total RNA was hybridized to a labelled DNA fragment spanning
the fusion gene from -147 to +290, and then digested with S1 nuclease.
Hybridization of the probe to mRNA derived from the H2b fusion gene protects a
DNA fragment of 290 nucleotides, while hybridization of the probe to mRNA from
the internal control fusion gene protects a fragment of 250 nucleotides. Therefore,
the upper band in the gel corresponds to RNA from the H2b fusion gene, and the
lower band corresponds to RNA from the internal control gene. As is evident from
this analysis, deletion of the upstream elements reduces transcription equally at the
G1/S boundary and in S phase. However, while the level of transcription is
decreased, there is still an induction of 4-5 fold upon entry into S phase. In contrast,
a double point mutation in the octamer does not affect transcription at the G1/S
boundary, but it does prevent the induction of transcription upon entry into S phase.
The quantitation of several transfection experiments is presented in Table 1. These
data demonstrate that the subtype-specific sequence is necessary and sufficient to
mediate the induction of transcription of the H2b gene upon entry into S phase.

These results were in agreement with my observation of a differential activity of the

11



FIGURE 2. Expression of H2b Promoter Mutants in Synchronized 293 Cells.

Cells were co-transfected with H2b/CAT and pSV2/CAT and synchronized as
described in the text. Total RNA was extracted ~40 hours after transfection, and 5
ug were S1 mapped using the probe described in the text. Names of the transfected
mutants are indicated over each pair of lanes. (0,3) are the hours after release into S
phase when the RNA was extracted. The large and small arrows indicate the
H2b/CAT and the pSV2/CAT protected bands, respectively.
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-147 (4)
-118 (3)
-100 (3)
-82 (3)
-77 (3)
HEX- (2)

OCT- (5)

1.20

0.55

0.18

0.05

TABLE 1

IN VIVO TRANSCRIPTION OF H2B PROMOTER MUTANTS

T=3 T=3/T=0 $IN VIVO $IN VITRO
T=0 T=3
3.71 3.90 100 100 100
5.13 4.28 126 138 97
2.47 4.50 57 66 48
0.99 5.50 19 26 33
0.21 4.16 5 6 25
4.16 3.60 118 112 51
1.17 0.97 127 31 15






octamer element as tested by in vitro transcription in extracts prepared from cells
synchronized either in S or G2 (described below), and support the idea that the
cognate transcription factor would regulate the transcription of the H2b gene

through this element.
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Introduction

- Analysis of the DNA sequences controlling RNA polymerase II
transcription in higher eukaryotes has revealed the complexity of enhancers and
promoters (reviewed by Dynan and Tjian, 1985, Serfling et al., 1985). In many cases,
these promoters and enhancers have been shown to be composed of several
discrete, independently active DNA sequence elements. Although our knowledge of
DNA sequences controlling transcription initiation is quite extensive, our
understanding of the nature and mechanism of action of the factors which operate
through these sequences is rather rudimentary. In vitro transcription studies have
demonstrated that accurate initiation by RNA polymerase II requires a number of
soluble factors that are likely to be common to most cell types and that are required
by all class IT genes analyzed (reviewed in Sawadago and Roeder, 1985, Reinberg et
al.,, 1987). One of these, the TATA recognition factor TFIID, binds directly to a
proximal promoter element (Parker and Topol, 1984, Sawadago and Roeder, 1985a,
Nakajima, Horikoshi and Roeder, unpublished data), while the others function at
later steps in initiation (Samuels et al., 1982, Hawley and Roeder 1986, Reinberg et
al., 1987). In addition, there have been identified a variety of factors which bind to
distal promoter or enhancer elements. Only in a few cases have the transcriptional
activities of these factors been demonstrated directly in cell free systems (Parker
and Topol, 1984a, Gidom' et al., 1985, Sawadago and Roeder, 1985a, Carthew et al.,
1985, Moncollin et al., 1986, Jones et al., 1987, Bohman et al., 1987). Of the known
transcription factors, it is clear that some are important for the expression of a large
number of genes (Sp1, CTF), while others appear to operate on a rather limited set

of specific, and often related, genes (HSTF, USF/MLTF). It is also evident that a






subset of these transcription factors mediate the induction or repression of specific
genes in response to specific physiological cues. In no case do we understand the
process which results in a change of activity of such a transcriptional regulatory
protein. Similarly, we do not understand the mechanism(s) by which regulatory
proteins alter the rate or extent of initiation by RNA polymerase II, although a
cooperative interaction between USF and TFIID has been observed (Sawadago and
Roeder, 1985a). The ability to reproduce transcriptional regulation in vitro offers the
opportunity to examine both of these facets of regulated transcription.

Our interest has been to elucidate the mechanisms regulating histone
gene transcription during the cell cycle. Our initial study in this area demonstrated
that the in vivo transcriptional regulation of a human histone H4 gene could be
reproduced in vitro using nuclear extracts from synchronized populations of Hela
cells (Heintz and Roeder, 1984). Subsequent studies of both the H4 and H2b genes
demonstrated that the maximal level of transcription in vitro was dependent upon
several promoter proximal DNA sequences, which function through distinct
transcription factors (Hanly et al., 1985, Sive et al., 1986, Sive and Roeder, 1986,
Dailey et al., 1986). Although the regulatory element for histone H4 has not been
identified, we have demonstrated definitively that the H2b subtype-specific
consensus sequence (Harvey et al., 1982, Perry et al., 1985) is necessary and
sufficient for the induction of transcription during the transition from G1 to S phase
(LaBella et al., 1988).

In this study, we describe the purification of a 90 kDa protein that
binds specifically to the H2b consensus element. This purification was achieved
through the use of DNA affinity chromatography and the factor was unambiguously
identified by renaturation of activity following sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE). The purified factor retained the ability to

efficiently stimulate H2b transcription in a reconstituted in vitro system. This effect
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was dependent upon an intact octamer element and could be observed in the
absence of the other H2b promoter elements (except the TATA motif).
Furthermore this activity was not detected in nuclear extracts prepared from cells
synchronized in G2. From these data we conclude that we have purified the bona

fide H2b transcriptional regulatory factor.

Transcription of H2b Promoter Mutants in Crude Extracts From Cells
Synchronized in S or G2.

My initial experiments, referred to above, were aimed at determining,
by in vitro analysis, the activity of the various elements of the H2b promoter at
different stages in the cell cycle. We reasoned that if the elevated S phase
transcription resulted from the activation of a single transcription factor, the
corresponding binding site would display a mutant phenotype only in extracts
prepared from S phase cells. Furthermore, comparison of the relative levels of
transcription from the various promoter mutants in each extract would not require
matched extracts. Our strategy for preparing the extracts was to block cells in
sequential S phases and then, following release from the second block, prepare
extracts at a point in mid-S and at a point in G2. Transit of the cells through S was
monitored by thymidine incorporation. Because the mutant phenotypes were more
pronounced with supercoiled templates (Sive et al., 1986, Hanly et al., 1985), and in
order to simplify template preparation, the selected promoter mutants were fused to
a G-minus cassette (Sawadago and Roeder, 1985). Transcription through the G-
minus cassette generates discrete transcripts from a circular template when used in
conjunction with 3’ O-methyl GTP and RNase T1. These constructs are detailed in

Figure 3. The results of a representative in vitro transcription experiment are shown



FIGURE 3. Construction of Promoter Mutant/Cassette Fusions.

The parental wild-type promoter fragment was derived from the previously
described 3’ deletion M13 clone MP10-16.3 (Sive et al., 1986), which contained
sequences from -178 to -19. Ligation of a Hind III linker to the 5’ end of the G
minus cassette (Sawadago and Roeder, 1985) allowed these two fragments to be
cloned into pUC 12 as diagrammed. Other promoter fragments were derived from
S’ deletions or point mutants of the H2b promoter described by Sive et al,, 1986.
These included a deletion of the promoter elements upstream of -59 and a double
point mutant of the octamer sequence. A deletion of the entire region upstream of
-36 was constructed using the Hinf I site centered at -35.
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FIGURE 4. In vitro Transcription With Extracts From Cells Synchronized in
Either S-phase or G2.

Cell synchronization, extract preparation, and in vitro transcription was carried out
as described in Experimental Procedures. In this case 120 ug (S) and 90 ug (G2) of
protein were used, giving equivalent activity on the wild type template. The
templates used are indicated over each lane. The constructs are detailed in the
previous figure. As is apparent, there is a pronounced difference in the relative
transcription of the Oct™ template in the two extracts when compared to the other
two templates.

When normalized relative to the control adenovirus major late promoter lacking
upstream regulatory elements (Sawadago and Roeder, 1985a)(shown in right-most
lanes), the H2b gene was transcribed several fold more efficiently in the S extract
than the G2 extract.

20









in Figure 4. The templates were the wild type (WT) which includes promoter
sequences to -178, a S’ deletion mutant (-59) which removes all the promoter
elements except the H2b subtype-specific sequence and the TATA box, and a
double point mutant (Oct”) which inactivates the core octamer contained within the
- H2b subtype specific sequence. Transcription in the S extract was clearly reduced
for both the 5 deletion (-59) and the octamer point mutants. In contrast,
transcription in the G2 extract was significantly reduced by deletion of the upstream
elements, but not by mutation of the octamer sequence. These results refine our
previous observation of the differential transcriptional activity of S and non-S
extracts on the histone H4 promoter (Heintz and Roeder, 1984, Hanly et al., 1985)
and demonstrate in vitro regulation of histone H2b transcription. Encouraged by
these results, and by our prior demonstration of an activity which specifically binds
to the H2b octamer sequence (Sive and Roeder, 1986), we initiated the purification

of this transcription factor.

Purification of the Octamer-binding Transcription Factor

The current purification scheme is diagrammed in Figure 5. The
starting material for this procedure was prepared from HeLa cells according to the
procedure of Heintz and Roeder, 1984. We chose to use phosphocellulose (P-11)
and DEAE CL-6B columns in the beginning stages for a variety of reasons. First, the
higher salt steps (0.5 and 0.8 M KCl) of the P-11 column provide the general factors
(TFII B, E and D)(Matsui et al., 1980, Samuels et al., 1982, Sawadago and Roeder,
1985) required for in vitro transcription reconstitution. Second, the DEAE column
both removes contaminating nucleic acids and nucleotides and separates the
octamer-binding transcription factor (OTF-1) from the general transcription factor

TFIIA (ibid.). At this stage the binding activity needed only to be concentrated
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FIGURE S. Purification Scheme for the Octamer Binding Transcription Factor.

Extract preparation was performed essentially as described by Heintz and Roeder,
1984. The initial two columns were loaded in tandem and then separated and eluted
as indicated. As noted, the higher salt steps of the phosphocellulose column
contained the general transcription factors used in the reconstitution assay. The
Biorex column was loaded at pH 7 and eluted as indicated. The DNA columns were
loaded at 60 mM KCI, pH 7.9.
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before the DNA affinity steps. Our initial attempts at purification were hampered by
the rather variable binding of this factor to any type of ion exchange column. We
found, however, that after dialysis against buffer at pH 7 the material bound well to
a Biorex 70 column equilibrated at pH 7. This column was then step-eluted at 350
mM KCl and the resulting material dialyzed to 60 mM KCl and pH 7.9.

The strategy we have used in the DNA affinity chromatography
exploits the differential chromatographic behavior of the binding factor on a non-
specific DNA matrix versus on a DNA matrix containing the octamer sequence
(Carl Wu, personal communication, Rosenfeld and Kelly, 1986). The octamer-
binding factor was first bound to a non-specific DNA column (sonicated salmon
sperm DNA) at low salt (60 mM KCl) and then step-eluted with 350 mM KCl. After
dialysis to 60 mM KCl, the eluate was then applied to a specific oligonucleotide
DNA affinity column. This matrix was prepared by coupling a 22 bp synthetic
oligonucleotide (see Methods) to CnBr activated Sepharose CL-2B (Pharmacia).
This column was then washed with 2 volumes of input buffer and eluted with a
gradient of 70 to 700 mM KCI. The yield and fold purification of the binding

material is summarized in Table 2.

Identification of the Octamer-binding Transcription Factor (OTF-1)
as a 90 kDa Protein

By eluting the oligonucleotide affinity column as described, we were
able to assay across the gradient and to identify candidate polypeptides as those
which co-eluted with the functional activity. Figure 6 shows such an analysis. Panel
A shows a DNase protection assay, which indicated the presence of the octamer-

binding activity in fractions 44-50. Panel B shows a transcription reconstitution assay

23






Jo satoud gg

019°% [49
G 68 91
9°¢ SL°9
£8- £8-
[Be302 dais

UOTIBOTJTINg

PUTQ 03 3JUSTOTIINS ST YSTym uTa3

€0° o%°
9L0° - 8¢ "
0c- 99°
ot¢- oe:
TB303 dajs
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>