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Abstract

A DNA-binding protein, PIII, was partially purified from extracts
of Hela cells by high-speed centrifugation, and chromatography on DEAE~-
cellulose, phosphocellulose and UV-irradiatea DNA-cellulose columns.
It eluted from the phosphocellulose column with 0.375 M potassium
phosphate and from the UV-irradiated DNA-cellulose column between 0.5
M and 1 M NaCl. PIII binds preferentially to supercoiled PM2 DNA
treated with ultraviolet light (UV-DNA) or N-acetoxy-N-acetyl-2-
aminofluorene (AAAF-DNA) as compared to native supercoiled PM2 DNA.
The binding is noncooperative,

A filter-binding assay utilizing GF/C glass fibre filters was
used to detect‘PIII during the purification steps. Charaﬁterisation
‘of PIII-DNA complex by glycerol gradient .centrifugation indicates
that the retention of the complex by the filters does not involve DNA
precipitation, aggregration, or a conformational change of the DNA
which results in a detectable change in the sedimentation coefficient
of the DNA. The binding of PIII to DNA is reversible.

PIII is a protein as indicated by its sensitivity to proteinase K.
The sedimentation coefficient of the protein estimated by glycerol
gradient centrifugation is 2.0-2.5 S corresponding to a molecular
weight of about 20-25,000 1f the protein is spherical.

The binding between UV- or AAAF-DNA and PIII is optimal at around
100-200 mM NaCl and is relatively independent of temperature and pH.
MgCl2 and MnCl2 at concentrations between l_mM and 7 mM do not’
mafkedly affect the binding but it is inhibited by sucrose, ATP and

caffeine,
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Competition-experiments indicate that PIII is a single protein
which bindg to AAAF-induced and UV-induced DNA binding sites with
equal affinity. PIII also binds prefereﬁtially to supercoiled PM2 DNA
treated with N-methyl-N'-nitro-nitrosoguanidine but has little or no
preferential binding activity for méthyl methanesulphonate~treated or
depurinated PQZ DNA. It also possesses some binding activity to unit
length, single-stranded PM2 DNA. Nicked or linear forms of PM2 DNA
(damaged or untreated) are not efficient substrates for PIITI, indicating
a requirement of DNA supercoiling for the binding activity of PIII. The
possible nature of the DNA-binding sites for PIII is discussed.

The biological significance of PIII remains to be determined. It
does not possess significant glycosylase, endonuclease or exonuclease
activities. The binding of PIII does not alter the susceptibility of
UV-irradiated supercoiled PM2 DNA to the single-stranded endonuclease
of Neurospora crassa. A DNA-binding protein similar to PIII was found
to be present in extracts of a normal human fibroblast cell line and
two xeroderma pigmentosum fibroblast cell lines (XP-cell lines). The
concentration of this protein in the extracts of these cell lines was
comparable to that of PIII in Hela cells., The two XP-cell lines were
'XPSEG and XP2NE. They. belong to the A and D complementation groups
of xeroderma pigmentosum, respectively. The cell line XP5EG appeared
td be deficient in another DNA-binding protein, which eluted from the
phosphocellulose column Qith 180-250 mM potassium phosphate.

The dissociation equilibrium constant for the binding reaction of



iv
PIII to the UV~ or AAAF-induced binding sites on DNA is estimated to
=11
be 7 x 10 M. The association rate constant and the dissociation

6 1 -1

rate constant are 4 x 100 M sec and 3 x 10—4sec-1, respectively.

There are at least 105 molecules of PIII per Hela cell.
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Introduction

The structural and functional integrity of the DNA genome in a
cell is sometimes altered by DNA damage which can arise either
spontaneously (1) or by the action of chemical and physical agents
(2-4). 1If the lesions are not corrected by DNA repair processes, normal
DNA metabolism and gene regulation will be affected.

Several\;ypes of DNA repair processes have béen proposed and
reviewed (5, 6). Information concerning these processes has largely
been obtained from studies with procaryotes. However, human cells
probably also repair DNA damage by similar processes.

Several repair-deficient human genetic diseases have been
identified (7, 8). In some of these diseases, the patients are cancer
prone (9). Among them, xeroderma pigmentosum is probably the best
characterised (10, ll); Patients with xeroderma pigmentosum (XP) are
very sensitive to sunlight and all of them have the tendency to develop
skin tumors.

Cell lines have been established from the skin fibroblasts of
XP patients. Except for a group of XP cells called XP variant, the
fibroblasts of these XP cell lines have been shown to be defective
in the excision repair of Uﬁ-induced thymidine dimers. In normal
cells, excision repéir of the pyrimidine dimer is believed to be
initiated by an incision on the DNA in the vicinity of a dimer. The
incision is made either by a specific endonuclease activity (UV-
endonuclease activity) or via a combination of a glycosylase activity
and an apyrimidinic endonuclease activity (12). The DNA damage and
adjacent nucleotides are then removed by an exonuclease. The gap thus

created is then filled with a DNA polymerase activity and finally the



repair patch is joined to the remaining DNA by a ligase (5, 6). The
excision repair deficiency in the XP cells seems to lie in the incision
step of the process (10, 11, 13). Defects of XP cells in other.DNA
repair processes have also beén reported (14-17). Cell hybridization
studies indicate that the excision repair defect in XP cell lines falls
into at least seven complementation groups (10). AThis finding suggests
that the incision‘step of the excision repair pathway for pyrimidine
dimers is a complex process.

Furthermore, those XP cells which repair the ﬁyrimidine dimer
deficiently are also defective in the repair of bulky DNA lesions
causéd by other "UV-1ike" DNA damaging agents such.as AAAF and
bromobenzanthracene (8, 11). These XP cells however can repair
proficiently DNA lesions incurred by other damaging agents such as
MMS and X-rays (8, 11). The DNA damaging agents of the latter group
each elicits a short repair patch size of about 3-4 nucleotides in a
cell; whereas with the former group of agents, the repair patch size
may be as long as 120 nucleotides (6, 18). It is possible that the
excision repair of DNA lesions introduced by ﬁV and by the "UV-like"
DNA damaging agents may sharg the same repair enzymes or some
regulatory proteins.

Other studies have also suggested the existence of regulatory
molecules in chromatin which might determine the removal of pyrimidine
dimers from DNA. It was found that extracts of XP cells from the
complementation groups A and D and the XP variant were capable of
excising thymidine dimers from purified UV-irradiated DNA. 1In contrast,
extracts from cells of the XP group A and the XP variant did not excise

dimers from their endogenous chromatins under conditions where extracts



of normal cells and XP group D cells did (19, 20)..'However, these
results contradict the repair capacity of intact cells, where the
XP.variant cells but not the XP group D cells exhibit normal excision
repair (21). Nevertheless, it was suggested that the XP cells are not
defective in the UV-end?nuclease activity, which must act before the
dimers -are exsised. Rather, there may be factors which affect the |
recognition of DNA damage in chromatin by the UV-endonuclease, and
some XP cells may have a deficiency in one or more of these factors
(19, 20).

An added complexity for DNA repair in human cells is imposed by
the chromatin structure. Basically the chromatin structure is composed
of repeating units of nucleosome core particles with the DNA wrapped
around octamers of histones. These core particles are connected by
the linker-DNA (22); DNA lesions in the nucleosome core are less
accessible to DNA repair enzymes than the linker DNA (21, 23-27). For
human cells irradiated with ultraviolet light, it has been calculated
that the probability of repair synthesis per unit length of DNA in the
linker regions is 15-fold greater than that in the core particles,
while there is no predominance of induction of pyrimidine dimers in
the linker regions (27). It has also been shown that both the UV-
endonucleases of Micrococcus luteus and phage T4 have limited access
to the dimer sites in permeable irradiated human cells (26). Additional
sités became accessible when the cells were exposed to a high
concentration of NaCl which presumably disrupts the chromatin structure.
. Thps, the incision stép-in the human excision repair process is carried

out by an endonuclease and by factors which control the accessibility



of DNA daﬁage to the putative repair endonuclease.

A protein which appears to influénce the rate of DNA incision by
a UV-endonuclease has been identified in human lymphocytes from
patients witﬁ chronic lymphocytic leukemia (CLL) (28). This protein
was purified by DNA-cellulose chromatography. It eluted from a UV-
irradiated calf thymus DNA-cellulose column with 1 M NaCl and from a
single-stranded DNA-cellulose column with 2 M MaCl. It had a moleculaf
weight of 24,000.A This protein can enhance the melting or unwinding
of poly[d(A-T)] and UV-irradiated calf thymus DNA but not native calf
thymus DNA. Interestingly, the rate of cleavage of UV-irradiated
supercoiled ¢X-174 DNA by the UV-endonuclease activity of Micrococcus
luteus was enhanced by this unwinding protein. Using an immunochemical
procedure, this protein was not detected in lymphocyte extracts from
normal individuals. The presence of this protein might explain
the higher DNA repair capability of CLL cells compared with normal
cells (28).

We and others have so far failed to purify a pyrimidine dimer
specific endonuclease activity from human cells. These failures may
be due to the small quantity or the lability of the endonuclease
activity in crude extracts of human cells (19, 29). It is
possible that the UV-endonuclease activity is a complex of several
protein molecules, which dissociates upon chromatography leading
to a loss of endonuclease activity.

An analogous situation exists for the UV-endonuclease activity
coded by the uvrd, B and C genes of Escherichia coli. Of the three

UV-endonuclease activities purified from procaryotes, the one coded



B by the uvrA, B and C genes in Escherichia coli is probably the best
model for the UV-endonuclease activity in human cells. Unlike the UV-
endonucleases of Micrococcus luteus and phage T4 which are specific
for pyrimidine dime;s; the UV-endonuclease of Escherichia coli
recognizes bulky DNA adducts. Such adducts are repaired less efficiently
in XP cells. Mutations in the uvrd, B or C genes render Escherichia
coli sensitive to both UV light and to agents which can produce bulky
DNA adducts (6, 30, 31). It has been shown that each of the uvri,
B or C gene products does not have an appreciable endonuclease activity.
They however can complement each other to yield an ATP~-dependent
endonuclease activity specific for UV-irradiated DNA.(32). The uvré
protein appa%ently has a molecular weight of 100,000. It binds to
UV-irradiated superhelical DNA and to a lesser extent to unirradiated
superhelical DNA (33). Recently, a dimer specific endonuclease
activity has beén isolated from calf thymus (34). It is labile and is
probably associated with a high molecular weight complex.

It is likely that proteins which bind strohgly to DNA damaged
by UV or other agents have a role in DNA repair. Thus, one approach
to isolate proteins which function in DNA repair is to assay for
their binding abilities to damaged DNA. The simplest assay involves

incubation of the protein with DNA in a reaction mixture and

subsequent filtration of the mixture through a nitrocellulose filter.
The protein-DNA complex in the reaction mixture is retained by the
filter. Such filter-binding assays have been shown to be useful in
the purifications of several proteins which are involved or may be
involved in DNA repair. These proteins included the UV-endonuclease

activity from Micrococcus luteus (35), the T4 endonuclease V (36),



the uvrA protein (33), an ATP-independent UV-endonuclease from Escherichia
eoli (37), a DNA-binding protein which can insert purines into épurinic
sites (38, 39) and the apurinic endonuclease activity from human
fibroblasts (38). The filter-binding assays have also allowed the
purification of two human placental DNA-binding proteins. Their
biological functions remain to be determined. Oﬂe of them binds to UV-
irradiated DNA but recognizes DNA lesions other than pyrimidine dimers
(40)., It also binds to DNA treated with nitrous acid or sodium bisulfite
(41). The other protein binds efficently to DNA treated with either
AAAF, MMS or MNUA but has no affinity towards UV-irradiated DNA (42).
Recently, glass fibre filters have also been used in the filter-
binding assays of three DNA-binding proteins. The three proteins are
the DNA-terminal protein of adenovirus (43, 44), a protein from Hela
cells which binds tightly to cellular DNA with an average spacing of
about 50,000 base-pairs (44) and the poly(ADP-ribose) polymerase from
bovine thymus which binds to DNA containing single- or double-stranded
breaks (45). The last protein might have a role in DNA repair (46, 47).
In the hope that we may be able to isolate an activity which is
involved in the incision step of excision repair of bulky DNA adducts,
we have attempted to purify DNA-binding proteins from Hela cells which
bind preferentially to UV-DNA and AAAF-DNA. 1In this thesis, the partial
purification and characterisation of such a DNA-binding prbtein is
reported. We have developed a filter-binding assay using GF/C glass
fibre filters for the assay of this DNA-binding protein. In addition,
fibroblasts from a normal human cell line and cell lines of XP group A

and XP group D were screened for the presence of this DNA-binding protein.



Materials and Methods !

l. Tissue culture

(a) Cell lines

Hela cells were purchased from Flow Laboratories, Inc., Rockville,
Maryland. Cell line 207 was a gift from Dr. S. Wood, Department of
Medical Genetics, Uhiversity of British Columbia. It is derived from a
skin biopsy from a 32 year old normal male Caucasiaﬁ. XP cell lines
were obtained from the Humaﬁ Genetic Mutant Cell Repository, Institute
of Medical Research, Camden, New Jersey. Cell line XP5EG belongs to
the A complementation group of xeroderma pigmentosum and was derived
from a skin biopsy of a 23 years old white female. Cell line XP2NE
belongs to the D complementation group of xeroderma pigmentosum and
was derived from a skin biopsy of a 4 year old white male of Egyptian
background born of cogsanguineous parents.,

(b) Culture media

Minimal essential Eagle's medium (Gibco) was supplemented routinely
withIIOZ fetal calf serum (Gibco) and the following antibiotics:
penicillin (100 pg/ml), streptomycin sulphate (30 ug/ml), kanamycin
(100 ug/ml)'and fungizone (2.5 ug/ml). The antibiotics were purchased
from Gibco. The medium was adjustea to pH 7.0-7.5 with sodium
bicarbonate. The culture medium was sterilized by filtration through a
GSWP Millipore membrane filter with a pore size of 0.2 um.

(c) Solution for harvesting cells

Trypsin-EDTA solution was prepared with 8.0 gm of NaCl, 0.2 gm
of KH,PO,, 0.2 gn of KC1, 1.15 gn of Na,HPO,, 0.2 gm of EDTA and
0.5 gﬁ of trypsin (Trypsin 1:250, Difco) and 1 liter of double

distilled water. The solution was sterilized by filtration through
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@ GSWP Millipore filter. 1 liter of phosphate buffered saline (PBS,
pH 7.1) contained 8 gm of NaCl, 0.2 gm of KC1, 1.15 gm of NaZHPO4 and

0.2 gm of KHZPO4 and was sterilized by autoclaving.
(d) Cell growth

Hela cells were maintaine& in 75-cm2 tissue culture flasks (Falcon
Plastics) with 15 ml of culture media. Four flasks of confluent cells
were pooled ;nd used to inoculate ten roller bottles (Bellco Biology
Glassware). Each roller bottle has a surface area of 840 cm2. 100-150
ml of culture medium was used in each bottle. The roller bottles were
incubated at 3706 and rotated at a speed of 0.1-0.2 rpm. After 4-6
days, the cells were harvested. The cell culture medium was decanted,
and the cells were washed briefly with 10 ml of the trypsin-EDTA
solution. The Hela cells then‘were detached from the surface of the
bottles by incubation with another 10 ml of the trypsin-EDTA solution
for 5-10 min at room temperature. -During this period the roller bottles
were rotated at a speed of 3 rpm. The cells were pelleted by
centrifugation at 200-400 g for 6 min. The pellet was washed three
times with 10 ml of PBS by repeated resuspension and pelleting. The
final cell pellets were stored in liquid nitrogen. Ten bottles normally
gave 0.5-1.0 x 109 cells.

Human fibroblasts were grown in plastic tissue culture flasks
(Nunc Company) with a surface area of 174 cmz. The volume of the
culture medium was about 30 ml. Incubation was at 37°C in a humidified
incubator in an atmosphere of 5% CO2 and 957 air. Confluent cells were

split 1:3. Cells were harvested near confluency in lots of 24 flasks

with a yield of 0.5-1.0 x 10% cells. The cells culture medium was



decanted, and the cells were washed for 2-5 min with 5 ml of the
trypsin-EDTA solution. Cells were detached from the tissue cﬁlture
flask by incubating with another 5 ml of the trypsin-EDTA solution
for 5-10 min at 37°c. They were washed and pelleted with PBS as
described for Hela cells.

2. Preparation of 3H-labeled PM2 DNA

The PM2 'DNA was prepared as described previously (48) except that
the Pseudomonas Bal-31 bacteria were infected at a cell density of 3-5
X 108 cells/ml with a multiplicity of infection of 10 phage per bacterium
instead of 2-4 phage per bacterium, and that 2 mCi/liter of methyl-BH-
thymidine (specific activity, 25 Ci/mmol, Amersham) was used to label
the PM2 DNA. The higher multiplicity of infection was found to increase
the yield of the PM2 phage. The PM2 DNA had a specific activity of
17-22,000 cpm/ug of DNA.

Unlabeled DNA was prepared in the same way as the 3H-labeled DNA
except that no radioactive fhymidine was added.

3. Preparation of modified DNA

UV-irradiation of DNA was carried out at a DNA nucleotide
concentration of 0.5 mM in 10 mM Tris-HC1l, pH 7.5, using a petri dish on
ice and a 60 watt GE Gl15T8 germicidal lamp. The incident dose was
measured with a Blak-ray ultraviolet meter (Ultraviolet Products, Inc.).
The standard dose used was 1,200 J/mz.

AAAF-DNA was prepared by incubating PM2 DNA at a DNA nucleotide
concentration of 0.5 mM at 37°C for 1 h with various concentrations of
AAAFY (a gift from Dr. J. Scribner, Fred Hutchinson Cancer Research
Centre, Seattle) in 10 mM Tris-HC1l, pH 7.5, and 107 DMSO. The AAAF-DNA

used in the standard DNA-binding assay was prepared with 0.0l mg/ml AAAF,
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The DNA then was diluted to a nucleotide concentration of 0.2 mM and
dialysed overnight against two changes of 500 ml of 10 mM Tris-HCI1,
pH 7.5.

Depurination of PM2 DNA was carried out by heating DNA at a
nucleotide concentration of 0.5 mM at 70°C for 15 min in 10 mM Tris,

0.1 M NaCl and 0.01 M sodium citrate at a pH of 5.0 (adjusted with HC1).
The treatment created about 1.5 apurinic sites/PM2 DNA molecule as
determined by the nicking assay of Kuhnlein et al. (49).

MNNG-DNA and MMS-DNA were prepared by incubating PM2 DNA at a
nucleotide concentration of 1 mM in 10 mM Tris-HCl, pH 7.5, with various
concentrations of MNNG or MMS for 30 min at 37°C.

Supercoiled circular PM2 DNA was converted to a linear form by
incubating PM2 DNA at a nucleotide concentration of 0.1 mM for 3 h
with 32 units/ml of restriction endonuclease Msp I (New England Biolabs)

in 10 mM Tris-HC1l, pH 7.5, 10 mM MgCl,, 6 mM KC1 and 100 ug/ml of

29
acetylated BSA. In experiments where single-stranded DNA was used, the
linear PM2 DNA was extracted first with an equal volume of chloroform-
octanol (9:1) and then dialysed overnight against two changes of 400 ml
of 10 mM Tris-HC1, pH 7.5. The linear PM2 DNA was denatured immediately
before use by a 10-min incubation in a boiling water bath. Nicked

PM2 DNA was prepared by treating the supercoiled circular PM2 DNA with
bovine pancreatic DNase I (Sigma). Native PM2 DNA at a nucleotide
concentration of 0.1 mM was incubated with 6.5 ug/ml of DNase I at 37%
for 1 h in a reaction mixture containing 10 mM Tris-HCl1l, pH 7.5, 10 mM

NaCl and 100 ug/ml of acetylated BSA. After this treatment virtually

all the DNA molecules were nicked.
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4;'DNA-binding assay

The standard DNA-binding assay mixture contained 10 mM Tris-HCI,
pH 7.5, 2 mM EDTA, 139 fmol of H-labeled PM2 DNA molecules (14,000-
18,000 cpm), 175 mM NaCl and an aliquot of protein in a total volume
of 300 ul in a borosilicate test tube, The mixture was incubated for
10 min on ice. The assay mixture then was diluted with 1.7 ml of ice
cold 10 mM Tris-HC1, pH 7.5, and 100 mM NaCl (buffer G), and filtered
immediately through a GF/C filter at a flow rate of 10-30 ml/min. The
filtration speed was controlled by a Manostat Varistaltic pump. The
reaction tube was rinsed once with 1.7 ml 6f buffer G, and the
resulting solution was filtered. The filter funnel (Millipore) and
the filter then were washed with another 1.7 ml of buffer G. Filters
were dried under a heat lamp and the radioactivity was determined by
liquid scintillation counting. A unit of DNA-binding activity is
defined as the amount of protein which retains 1 fmol of PM2 DNA on

the filter under the standard conditidns.

5. Precycling and preparation of column resins

(a) DEAE-cellulose and phosphocellulose.

The two kinds of resins were precycled in the same way. Routinely,
100 gm of resin was suspended in 2 liters of distilled water in a
beaker. The resin was allowed to settle for about 1 h and the
supernatant containing fine particles was decanted. The procedure was
repeated three times, and the resin was resusﬁended in 1 liter of 0.5 M
NaOH for 20 min. The suspension was filtered through a Whatman No. 1
filter paper. The resin then wés washed with distilled water until
fhe filtrate had a neutral pH. It was stirred with 2 liters of 10 mM

potassium phosphate, pH 7.5, and left at 4°C overnight. The suspension
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was filtered and washed with distilled water. Finally, the resin was
resuspended in 10 mM potassium phosphate, pH 7.5, and stored at 4°c.

(b) UV-irradiated DNA-cellulose

Cellulose (Cellex 410, Bio-Rad) was precycled as described by
Alberts and Herrick (50). 100 gm of céllulose was suspended in 1 liter
of ethanol and incubated at 80°C for an hour. The cellulose was
allowed to settle, and the ethanol was poured off. The procedure was
repeated three times. The cellulose then was successively washed by
suspending and filtering at room temperature with 500 ml each of 0.1 M

NaOH, 1 mM EDTA and 10 mM HCl. After washing with H,0 until the pH

2
of the effluent was neutral, the cellulose was lyophilized and stored
at room temperature.

A solution containing 2 mg/ml of calf thymus DNA in 10 mM Tris-HC1l
pH 7.4, and 1 mM EDTA (buffer X) was prepared. 40 ml of the DNA solution
in a polypropylene beaker with a diameter of 5 cm was UV-irradiated
for 35 min with a G15T germicidal lamp. The incident UV-dose
was 12 J/m2/s. The DNA solution was mixed vigorously with a magnetic
stirrer during the irradiation. 20 g of the lyophilized cellulose was
added to the UV-irradiated DNA solution. The iumpy mixture was spread
out on a glass dish with a glass rod. The dish was covered with gauze
and air dried at 37°C overnight. Afterwérds the DNA-cellulose was
ground to a powder and lyophilized oﬁernight to complete the drying
procedure. The dry DNA—cellulose was resuspended in 20 ml of 95% ethanol
and UV-irradiated at a dose rate of 10 J/mz/s for 20 min. The DNA-
cellulose was air-dried again at 37% overnight. The DNA-cellulose then

was resuspended in 1 liter of buffer X and left at 4°C for a day. It was

. washed twice by resuspension and filtration with 2 liters of buffer X to



remove free DNA. Finally, the DNA-cellulose was resuspended in 100 ml
of buffer X plus 0.15 M NaCl and stored as a frozen slurry at -20°C.

6. Purification of the DNA-binding protein, PIII

All operations were at 4°C. The columns were made from B-D plastic
syringes. Dialysis was carried out with Spectrapor I dialysis tubi;g
with a molecular weight cut off of 6,000-8,000., The column fractions
were collectgd in polypropylene‘or poiyethylené tubes.

(a) Crude extract

About .2 x 109 Hela cells were used for the purification of PIII.
Hela cells were thawed and suspended in 35 ml of 50 mM Tris-HCl, pH 7.5,
1 mM EDTA and 1 mM DIT (buffer A). The Hela cells were disrupted by
sonication with six 20-sec pulses using a Biosonik III sonicator
(Bronwill Scientific). The sonication was performed at an intensity
setting of 30 using a 4 mm probe. The sonicate was centrifuged for
50 min at 50,000 rpm in a Beckman 50 Ti rotor. The supernatant was
centrifuged once more under identical conditions to insure complete
removal of all sedimentable material. The final supernatant (high
speed supernatant fraction) ﬁas retained for further purification.

(b) DEAE-cellulose chromatography

A column (3.8 cm2 x 5.3 cm) with 20 ml of Whatman DE-22 DEAE
cellulosé was prepared and equilibrated with 50 mM Tris-HCl, pH 7.5,
1 mM EDTA, 1 mM DTT, 10% glycerol and 0.4 N NaCl (buffer B). The
high speed supernatant fraction was brought to the same buffer content
and loaded onto the column at a flow rate of 0.25-0.5 ml/min. The
column then was washed with buffer B at the same flow rate. Fractions
of 10 ml were collected. A total of 10-12 fractions were collected

and assayed for DNA-binding activity. The fractions with activity were

13
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pooled and dialysed overnight against two changes of 1 liter of 10 mM
potassium phosphate, pH 7.4, 10%Z glycerol, 1 mM DTT, 1 mM EDTA (buffer
C). The whitish precipitate (appearing after 1-2 h of dialysis) was
removed by centrifugation at 15,000 rpm for 15 min in a Beckman 50 Ti
rotor. The supernatant (DEAE-fraction), about 60 ml, was retained for
further purification.

(c) Phosphocellulose chromatography

The DEAE-fraction was applied to a 45-ml column (5.5 cm2 x 8 cm)
of Whatman P-11 phosphocellulose previously equilibrated with buffer
C. The column then was washed with 30 ml of buffer C. Fractions of
10 m1 were collected. The coluﬁn subsequently was washed with 50 ml
of 50 mM potassium phosphate, pH 7.5, 1 mM EDTA, 1 mM DTT and 10%
glycerol (buffer D). Afterwards the column was eluted with a 400-ml
" linear gradient from 50 mM to 500 mM potassium phosphate buffer, pH
7.5, containing 1 mM EDTA, 1 mM DTIT and 10%Z glycerol. Fractions of 6
ml were collected. The flow rate was 0.3-0.5 ml/min. The column
fractions were made 407 in glycerol and stored at -20°c. Fractions
'containing DNA-binding activity eluting between 325-425 mM potassium
phosphate were pooled (phosphocellulose fraction) and subjected to-
further chromatography.

(d) UV-DNA cellulose chromatography

A column (0.6 cm2 x 5 cm) with 3 ml of UV-irradiated DNA-cellulose
was equilibrated with 10 mM Tris-HC1l, pH 7.5, 1