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ABSTRACT. The binding of histone Hlto T4 bacteriophage DNA was investigated using thermal
denaturation of the DNA titrated with varying concentrations of protein. Theusd&d was expressed in

and purified from a strain oE. coli and is therefore homogeneous with respect to H1 subtype and
posttranslational modifications. Two types of T4 DNA were used: wild-type, which contains a modification
of the cytosine residues that projects into the major groove: and a mutant type, which lacks the modification
of the cytosines. Data were compared to simulated thermal denaturation curves to determine estimates for
binding affinity and binding site size in base pairs of the protein. Analysis of the data yielded values of
10° M1 for K, the binding affinity, and 10 base pairs foy the number of base pairs covered by one
protein, for the mutant T4 DNA. Analysis of the wild-type DNA data suggested that the glucose projecting
into the major groove of this DNA decreases the number of sites to which tReidfiein can bind,
indicating that there are interactions between the protein and the major groove of DNA. The binding site
size on this DNA is 10 base pairs, the same as on the unmodified DNA. The affinity for wild-type DNA
is slightly higher, 18 M~1. Data were collected and analyzed for binding of two domains of the protein
as well, the carboxyl-terminal domain and the central globular domain. Binding of the carboxyl-terminal
domain was quantitatively and qualitatively similar to that of the full-length protein. In contrast, binding
of the globular domain was quite different: it binds much more weakly, wikhat 6 x 10* M1, and

covers fewer base pairs, with anof 3. Also, there was no evidence that the globular domain interacts
with the major groove of DNA.

DNA in the eukaryotic cell is compacted and organized approaches to quantitatively measure binding require separa-
into chromatin. The proteins that are primarily responsible tion of the unbound protein from the protein complex, which
for folding DNA into chromatin are the histones, small basic is difficult in the case of H1 histone and HDNA
proteins. The core histones, with DNA, form the nucleosomal complexes; in addition, binding affinity appears to be
core particle. Further folding, beyond that facilitated by the sufficiently great that at low levels of saturation of the DNA,
core histones, is mediated by the linker, or H1, histones the concentration of unbound ligand is too small to be
(reviewed in1-5). accurately measured.

H1 histones b|nd not on|y to nuc|eosoma| DNA but a|so The approach that we have taken to obviate these technical
to free DNA, and our focus has been the elucidation of the Problems is that of measuring thermal denaturation of DNA
intrinsic DNA binding properties of the H1 histones. Amodel N the presence of varying concentrations of H1 proteins.
that accurately describes binding of H1 histone to DNA has By means of this approach, using the procedures described
been elusive. Binding is quite complex, with evidence for by McGhee 20), we are able to determine quantitative
positive cooperativityF—11) and for conformational changes ~Parameters of binding, including intrinsic affinities, number
in the DNA and protein12—19). Binding of H1 histone to ~ Of base pairs covered by one protein, and values for
DNA ultimately leads to condensation of the DNA, and itis Ccooperativity parameters. We use the model of McGhee and
not known whether this reflects only conformational changes Von Hippel €1), which describes the binding of nonspecific
in the DNA or whether proteinprotein interactions are also  ligands to DNA.
involved. [In fact, it has been suggested that H1 histones How does histone H1 interact with DNA? The protein
have DNA binding sites on at least two surfaces of the could bind in the major or minor groove of DNA, to the
proteins, and that they would therefore cross-link strands of DNA phosphates, or to any combination of these structures.
DNA (reviewed in2); clearly, however, in the presence of The question of whether H1 histones bind in the major
DNA rather than of nucleosomes, intramolecular folding or groove or in the minor groove or both has implications for

bending of DNA would be at least as likely.] Complicating their binding to nucleosomes. The exact mode of interaction
the investigations are technical prob|ems: for one, typ|ca| of the H1 histones with the nucleosome is not known. There

are currently several models that are debated. In the model
— proposed by Crane-Robinson and Ptits@?)( the linker
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wrapped around, and exits the nucleosome. One consequenci1° (34), up to the step of perchloric acid extraction. The
of this model is that the H1 histone would be positioned supernatant from the perchloric acid extraction was not
such that the globular domain of the protein interacts with precipitated with acetone, but was directly injected onto the
the minor groove of the DNA. An alternative model proposes reverse-phase HPLC column, from which it eluted at
asymmetric binding at the nucleosome entry/exit point, with approximately 15 min. The entire peak was collected and
the H1 histone lying “inside” the DNA gyre and to one side run on an HPLC ion-exchange column, as descrit&4). (
of the nucleosome23—25). In this model, the major groove  The back half of a peak eluting at approximately 23 min
of the DNA would be positioned to interact with the H1 was collected and determined to be pure®d@l Mass
histone. spectrometry indicated that the molecular weight of the ex-
We have used the genomic DNA of T4 bacteriophage to pressed protein is 9544, This is in agreement with the pre-
investigate the bind|ng of one H1 histone SubtypeEJ,Hn dicted molecular Welght without the N-terminal methionine,
the major groove of DNA. The DNA of the wild-type 9546.
bacteriophage has glucose covalently attached to cytosines Globular Domain. The gene coding for the globular
(26). The glucose moiety projects into the major groove, domain (H®-G), amino acids Z—Fis was made by

resulting in a partial block of the major groove. This amplifying the corresponding region of the full-length H1
modification does not perturb the helix, but does interfere gene. The primers used wereGACCATGGCTACGGAC-

with binding of drugs in the major groov@?). As acontrol, =~ CACCCCAA and 5TAGGATCCTCAGAAAGCCAC-

we have used DNA from a mutant strain that lacks the CGACC. Use of these primers resulted in incorporation of
enzyme systems for modifying its DNA2®). DNA from anNcd site and an additional A codon at theénd of the
the mutant strain is identical (except for the mutations that 9ene, and a stop codon aBdnHl site at the 3-end of the
knock out the modification system) to that of the wild-type gene. Construction of the plasmid and transformation of
strain, except that the major groove is not glucosylated. ~ BL21(DE3)pLysS were as describe84. Growth of the

In addition to investigating binding of the whole M1 bacterial cells and induction of expression were as described
protein, we investigated the binding of two individual (34). Wa_shed, pelleteq qells were frozen.and then resus-
domains: the globular domain and the carboxyl-terminal P€nded in buffer consisting of 50 mM Tris-HCI, 50 mM
domain. The globular domain consists of amino acids 22 EDTA' pH 8.0. Cells from 50 mL of cylture, resuspended
84. The globular domain is the only portion of the protein in2mL of buﬁe_r, were process_ed at_atlme._The resuspended
that is folded in solutionZ9—31) and is the only portion of cells_ were sonicated for-310 min, using a Fisher model 60
the protein that has been crystallize8?), The carboxyl- Sonic Dismembrator. At the power setting used, the output

terminal domain consists of the 110 carboxyl-terminal amino was approxATtateg/O4 W Ce_lls w;:re kept ond |ce”dur|ng
acids. It is very lysine rich, and does not fold in solution, sonication. After min on ice, the sonicated cells were

presumably because of electrostatic repulsion between thecentrifuged at 310a@for 20 min at 4°C. The supernatant

lysine residues. Earlier studies have been carried out with V&S a_\djusted to 5% perchloric _acid and incubated on _ice for
domains of the H1 histones (see Discussion), but these45£in°'g' Tl_r;le extract was Cent”fUQITd at d3f1@(f_0r_ 30_ min
studies primarily used protein fragments that would be Ei]t - Ihe ﬁupemH?:Eig;t W‘ils co ?c;]te ?r |nject|((j)nbofrf1to
heterogeneous; the domain peptides were generated b € ret;/ersed—p a?g a Thco urr(}n. € %0 umn %no 3(; ers
proteolysis of the H1 fraction, and the H1 fraction typically ave been described4). The gradient used was 5:30.3%

: ; Buffer B in 10 min, 30.3-41.6% Buffer B in 15 min, and
would include at least several different subtypes of H1 g ; ’
histone 83). In contrast, our studies have used proteins made 41_'6_;"6‘1% Buffer B in 9hm|n.dHﬁ-G eIthedl at ab.oijit 2f7 h
by recombinant techniques, purified by HPLC, and identified min. as(sj spectiomeérygszgve ii i(“oﬁc“ ar (\;\{e|gdtfo the
using mass spectrometry, ensuring that the proteins areSXpressed protein to be 9348, which Is that predicted for the
homo peptide without the N-terminal methionine.

geneous. . . )
Protein concentration was determined from #hgs of
solutions of proteins in water, using extinction coefficients
EXPERIMENTAL PROCEDURES of 27.8, 31.1, and 28.6 mL mgcm! for H1°, H1°-C, and

) ) ) ) H1°-G, respectively, determined as describ8d) (

Proteins. H®. Construction of the bacterial strain that DNA. Wild-type T4 bacteriophage was grown i coli
expresses histone Fiand expression and purification of the  strain K704. The mutant T4 bacteriophage, TACyt, defective

protein have been describedd. in genesdenA denB gene56andalc, was a kind gift from
Carboxyl-Terminal DomainThe plasmid for expression  Dr. Larry Snyder. The primary lysate of T4Cyt was grown
of the carboxyl-terminal domain of HM1(H1°-C) was in E. coli strain K803. The secondary lysate was grown in

constructed from the expression clone containing the full- the permissiveE. coli host B834galU56 in one infective
length gene, using the QuickChange site-directed mutagen-cycle 38). Phage particles were purified using precipitation
esis kit (Stratagene) to introduce Bicd site at the start of  with poly(ethylene glycol) and NaCl, followed by sedimenta-
the C-terminal domain. The sequerCGGTGGCT... was tion in cesium chloride, as describe89. Purification of
changed to*“CCATGGCT.... The corresponding protein phage DNA was as describe89j. The concentration of
sequence is MARKEV..., with the K indicated in boldface  DNA was calculated from molar extinction coefficients of
type corresponding to #§; of the full-length protein, the 12 663 Mt bp cnt? for wild-type and 12 752 M! bp cnt?
approximate start of the C-terminal domaBb( 3. The for T4Cyt, determined as describetD]. Both types of DNA
plasmid was digested witftNcd, religated, and used to  were treated with the restriction endonucle&s®RI; the
transformE. coli strain BL21(DE3)pLysS (Novagen). Ex-  susceptibility of T4Cyt DNA to digestion confirmed the
pression and purification of H4C was identical to that of  absence of modified cytosines in the DNA, and the resistance
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of T4 wild-type DNA confirmed their presence in this DNA L L

(data not shown). 1.0+ 4
Binding Reactions.Solutions of DNA and protein in » ]
phosphate buffer (6 mM NBIPQO,, 2 mM NaHPO,, pH 7.3) o8l ]

were mixed and allowed to set at room temperature for 1 h
before thermal denaturation was initiated [binding of H1

histone to chromatin appears to be at equilibrium within 30 8 061 i
min (41); we have seen no difference in thermal denaturation S
curves for H2-DNA solutions incubated fol h or for up "é 04 - .
to 24 h (data not shown).] I

Thermal DenaturationThermal denaturation was moni- 02} i
tored at 260 nm in a Cary 100 spectrophotometer. Temper-
ature was increased °C per minute. The absorbance data
were converted to fraction coil as describéd &nd reference
30 cited within).

Simulations.The simulated thermal denaturation curves
were calculated as described2( 43 using a computer Temperature (°C)
program written by McGhee2() that is based on the Ficure 1: T4Cyt DNA titrated with H®. The concentration of
McGhee-von Hippel model for DNA-ligand interactions DNA was 36xM base pairs. The solid lines are experimental data
(21). The DNA parameters needed for the calculations were Ig; g?‘eée%rgg’o?g'& Iﬂl\t/lht%gﬁ:i@ﬁbglsl%%iggﬂteﬂc;barcgsDthﬁ N e
DNA concentration (in mole base pair3)y, the temperature ; . 1 ;
at the midpoint of tht(a DNA heIi*coFi)I tragr}‘sition (detzrmined simulated using & of 10* M* and ann of 10 base pais.
Ill:gnmSItt?(; D[a\lrf\d_oon\ghfcuhrvv?/l{stzeeteer:mﬁlgg g:ﬁgﬁ:ﬁ;?x)m Table 1: Parameters Used for Simulating the Thermal Denaturation

) ) Curves Shown
simulations of the DNA-only transition to be>6 1074 The Tacyt T4 wild-type
enthalpy of the helixcoil transition for the T4 DNA was - .
determined using differential scanning calorimetry (data not n(p) KM™) nbp) KMT) FDNAJappEM)
shown) and is 7634 cal mdi K-*. The protein parameters ~ HL’ 10 1x1¢ 10 1x10 1>
used in the calculations wet, binding affinity expressed Eif’:g 1g gi ig 1§ gi igi éi
in units of M™%, n, number of base pairs covered by one - - - -
bound protein, and protein concentration. We used a value @ DNA concentration used mcthe simulatidhActual DNA concen-
of zero for binding affinity for single-stranded DNA (see g;;‘;”avgajpﬁi;%ﬁf base pairs* Actual DNA cancentration was the
42for discussion) and foAH of binding to double-stranded -

DNA (42, 44. As we have pointed out previously2), o .
( 4 b P #2) not bind in the major groove of DNA, and that therefore

because these curves are simulations and not fitted curvesb. di fHP hat i dified in | .
we have no estimate of the errors in the parameters. However2iNding of HI'to DNA that is modified in its major groove

the simulations can be quite sensitive to small changes in""OUIddk.)]f.a tc:1e §§me as tofthe idﬁntical IIDNA.srt]aquence that is
parameters, and so in practice the range of values that inunmodified. Differences from the results with T4Cyt DNA
combination will reproduce the experimental data is very &€ obvious from inspection; at the same concentrations of
small @2, 43). For the simulations presented here, increasing Hl,’ thermal denaturanon curves of the wild-type DNA are
or decreasing by 1 orK by a factor of 2 produced curves shifted more dramatically than are the curves of the T4Cyt.

that clearly did not match the experimental data as well. This difference immediately answers the question of whether
H1° interacts in the major groove of DNA. The answer is

RESULTS that it must; since the sequences of T4Cyt and T4 wild-type
are nearly identical, there should otherwise be no difference
In Figure 1 are shown the thermal denaturation curves of between the results for the two different types of DNA. We
T4Cyt DNA titrated with H2. At the lowest concentration  considered several possibilities for the differences in binding
of H1° used, the curve shifts to the right and begins to to modified versus unmodified DNA: that the glucose
broaden, indicating that the protein binds to the double- projecting into the major groove affectexl the number of
stranded DNA (either exclusively or with much higher base pairs bound by the protein (either increasing or
affinity than to the single-stranded DNA; s26, and42 for decreasing the site size), théf the affinity of the protein
discussion). As protein concentration is increased, the thermalfor the DNA, was altered (either increased or decreased), or
denaturation curves become biphasic, as predicted by McGheehat bothn andK were altered, in any combination. We also
(20). For T4Cyt DNA, which is unmodified in its major  considered the possibility that the modified bases were simply
groove, the simulated curves that closely approximate the not available for binding, and that the concentration of sites
experimental data were calculated usikg the affinity  was less than that of the comparable concentration of
constant, equal to 2M~* andn, the number of base pairs unmodified DNA. After calculating curves for all of these
bound per protein, of 10 (Table 1). We also observed no possibilities and comparing the calculated curves to experi-

0.0 :
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evidence for positive cooperativity (see Discussion). mental curves, we concluded that the latter explanation, that
In Figure 2 are shown thermal denaturation curves of T4 the modified bases were not available for binding, is most
wild-type DNA, which is modified in its major groove, likely to be correct. We were unable to obtain satisfactory

titrated with HZ. Our initial hypothesis was that Htoes simulations (data not shown) unless we assumed that the
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FIGURE 2: T4 wild-type DNA titrated with H2. The concentration of DNA was 33/ base pairs. The solid lines are experimental data
for DNA only, DNA in the presence of 150 nM K1DNA in the presence of 300 nM Mland DNA in the presence of 600 nM M IThe
symbols indicate curves that were simulated usiikgad 10° M~* and am of 10 base pairs. (A) DNA concentration used in the simulations
was 22uM base pairs. (B) DNA concentration used in the simulations wasMdase pairs.
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modified bases result in a decrease in the number of sites
available to H2 The calculated curves shown in Figure 2
are calculated using equal to 18 M~* and amn of 10 base
pairs, similar to the parameters used to calculate curves for 081 .
cytosine DNA. In Figure 2A, the DNA concentration used
in the calculations was 22M base pairs, which corresponds

to the concentration of unmodified base pairs. Because the 3 08

H1° binds to more than one base pair, modification of the _S

cytosines, about 34% of the bases in the wild-type DNA, is S 04r .
likely to eliminate more than 34% of the binding sites. In s

Figure 2B are shown curves calculated with the same ligand 02t
parameters, but with a DNA concentration of 4Bl base
pairs (Table 1). These calculated curves are nearly identical

. 00} -
to the experimental curves.
Analysis of the data for the carboxyl-terminal domain of 50 55 60 65 70 75 80 85 90 05
H1° H1°-C, yielded similar results, indicating that the
interaction of the carboxyl-terminal domain with DNA is Temperature ('C)

similar to that of the full-length protein. In Figure 3 are Ficure 3: T4Cyt DNA titrated with H2-C. The concentration of
shown experimental and calculated thermal denaturationDNA was 29.3uM base pairs. The solid lines are experimental
curves for T4Cyt DNA titrated with HC. The simulated g?\t& fi?{ 51';"“ :’e”;gh EeN'g*fig;genlfl’\;lefqe]gceTﬁ‘;1550m“b'\£|§"% d?cnzﬂe
curves were C.alcmated usingkaof 5 x 1Q8 M~ and amn curves that V\[/)ere simulated usingaof 5 x 1C8 I\/)I/‘1 and ann of

of 10 base pairs (Table 1). For the T4 wild-type DNA data, 19 pase pairs.

shown in Figure 4, it was necessary to assume modified bases

were unavailable for binding and therefore to use a decreasedTable 1). The binding of HXG to T4 wild-type DNA

DNA concentration in the calculated curves. The parametersappeared insensitive to the modification of the major

used in the calculations werekaof 2 x 10° ML, ann of groove: the simulated curves in Figure 6 were calculated
10 base pairs, and a DNA concentration of.d8 base pairs ~ using the same parameters as for TACyt DNAS af 6 x
(Table 1). 10* M~* and ann of 3 base pairs (Table 1). No adjustment

H1°-G, the globular domain of H1 appears to bind far 10 DNA concentration was necessary.
more weakly to bulk DN_A than either the fuII-I_ength or the DISCUSSION
carboxyl-terminal domain. Thermal denaturation curves of
DNA titrated with HP-G are shown in Figures 5 and 6. Much The binding of H1 to DNA is complex and is not well
higher concentrations were required to shift the thermal understood; because of the technical difficulties associated
denaturation curves at all, approximatelyMl versus around  with rigorous methods for directly determining binding
100 nM for HP-C and the full-size H&L For T4Cyt DNA, parameters, few attempts have been made to collect and
shown in Figure 5, the parameters used in the simulatedanalyze data that yield precise, quantitative information on
curves were & of 6 x 10 M~ and ann of 3 base pairs  binding. One of the only truly quantitative studies of binding
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FIGURE 4: T4 wild-type DNA titrated with H2-C. The concentra- FIGURE 6: T4 wild-type DNA titrated with H®-G. The concentra-
tion of DNA was 33.9uM base pairs. The solid lines are tion of DNA was 31.8M base pairs. All other details are the same
experimental data for DNA only, DNA in the presence of 150 nM as for Figure 5.

H1°-C, DNA in the presence of 300 nM 4, and DNA in the

presence of 600 nM H1C. The symbols indicate curves that were with his, with affinity constants of 18-10° M~ (slightly
simulated using & of 2 > 10° M~* and ann of 10 base pairs.  pigher than his determinations, as expected at the lower salt
DNA concentration used in the simulations was/ base pairs. concentration that we used), and no apparent positive
— T T T T cooperativity (see below). The other quantitative data avail-
10} 4 able are from our own lab1@). We had used the method of
thermal denaturation and simulation of curves to investigate
binding of HP to homocopolymers. Our results suggested
higher affinities, in the range of 18-10' M~%. However,
as acknowledged within the publication, the simulated curves
06| - did not satisfactorily reflect the data. We had discussed
A ] several possible reasons for the unsatisfactory simulations
04l i (42). Perhaps the homocopolymers have different structural
properties, arising from the repeating dinucleotides, than do
the natural DNA molecules, which influence the binding of
0.2 4 H10.
Our results show that binding of His affected by a
00} J modification that projects into the major groove. Theoreti-
o cally, effects other than direct effects on binding could result
50 55 60 65 70 75 80 85 in changes in the thermal denaturation curves. However, the
analysis of our data suggests that the modification of the
major groove reduces the concentration of binding sites,
FiIGURE 5: T4Cyt DNA titrated with H2-G. The concentration of  which indicates that the protein directly interacts in the major

DNA was 29.3uM base pairs. The solid lines are experimental groove. Binding of H1 histones is relatively non-sequence-

data for DNA only, DNA in the presence of 1 H1°%-G, and e - 4 .
DNA in the preser?lce of 24M H10'-DG. The symbc/)@/lindicate curves SPecific; instead, it is thought that H1 is selective for
that were simulated usingkaof 6 x 10* M1 and ann of 3 base sequence-dependent conformations. Because sequence-

pairs. specific recognition is usually thought to require base-specific
interactions in the major groove, and because H1 histones
of H1 was that of Watanab&). Using fluorescently labeled  do not bind preferentially to a specific sequence, interactions
H1 histone, Watanabe determined a binding affinity of 3.6 of H1 histones in the major groove of DNA have been
x 10’ M1 of calf histone H1 for calf thymus DNA (in 0.2  considered to be relatively minor. Also, characteristics of
M NaCl). He also observed no cooperativity of binding at the interactions are consistent with binding in the minor
NaCl concentrations below about 20 mM. There is a groove; e.g., the binding is largely electrostatic, and electro-
significant difference between the materials that he used andstatic interactions have been suggested to be consistent with
those used by us; at the time of those studies, recombinantinding in the minor groove to AT base pairs, which have
histone H1 was not available, and thus the protein used byhigher electrostatic potential in the minor groovs (46.
him was a mixture of H1 variant types, as well as possibly The work of Laemmli’s lab has suggested preferential
including a small amount of non-histone protein. In addition, binding to AT-rich DNA @7), and has shown that distamy-
the protein that was used was modified by addition of cin, a drug that binds in the minor groove, competes with
fluorescein moieties to at least a few of the lysines, which H1 histone for binding to DNA 48). Recently, however,
would likely affect the interactions. Nevertheless, the results attention has focused on the possibility of major groove
of our studies with T4Cyt DNA are in reasonable agreement interactions, with the determination of the crystal structure

08} J

Fraction coil

Temperature



Binding Parameters for Histone Mo T4 DNA

of the globular domain, which is similar to that of catabolite
activator protein (CAP) and to hepatocyte nuclear transcrip-
tion factor (HNF) @2), transcriptional factors that bind in
the major groove of DNA.

The carboxyl-terminal domain, too, interacts with the
major groove. The carboxyl-terminal domain binds with
similar, if not slightly higher, affinity, and to same number

Biochemistry, Vol. 41, No. 29, 2008227

pairs for HP. However, we also determined much higher
values ofK (see above), and andK are correlated in the
McGhee-von Hippel model 21). The simulated curves for
the homocopolymers did not agree nearly as well with the
data as do the simulated curves presented for binding to the
T4 DNA species, which show excellent agreement with the
experimental data. For this reason, we believe thahted

of base pairs, as does the intact protein, consistent with earlieK values we calculated for binding of Fito the homo-

inferences that most binding activity resides in this domain:
Bradbury et al. 80) showed that the amino-terminal 106
amino acids of calf thymus H1 bound only weakly to DNA,
and that the carboxyl-terminal portion bound as tightly as
did the entire protein. Consistent with the idea that the DNA
binding activity resides in the carboxyl-terminal domain,
Morén et al. (L6) showed that the ability of H1 to change
DNA structure from B-DNA toW-DNA is a property of the
carboxyl-terminal domain.

In contrast, binding of the globular domain did not appear
to be affected by the modification projecting into the major

copolymers are less likely to be the true values than those
values calculated for the natural DNA species.

We obtained very close approximations of the experimen-
tal data without including a cooperativity parameter in the
simulations. While H1 histone has been reported to bind to
DNA with positive cooperativity, most reports suggest that
binding is cooperative only if the NaCl concentration is
greater than about 20 mM/( 8), and we performed our
experiments in 15 mM buffer. Another consideration is that,
as discussed by Kowalczykowski et ablj, at binding
densities that are less than 0.1 divideddaythe amount of

groove. It has been proposed that the globular domain ligand bound to the DNA lattice is independentmfin the

interacts with the major groove of DNA, because of the
similarities between its structure and those of HNF and CAP

case of H%, we have data consistent with anof 10 (data
not shown); 0.1 divided by am of 10 would equal 0.01.

(32), but there was no apparent effect on binding of having Under the experimental conditions that we used, the binding
the modification of the major groove. The obvious possible densities did not exceed this value: DNA concentrations
explanation is that the globular domain simply does not bind were approximately 3@M base pairs, and TOTAL protein

in the major groove. In fact, binding of the globular domain, concentrations did not exceed 300 nM. We confirmed that
to bulk DNA at least, is quite weak, and few base pairs are data simulated with & of 18 M~* and ann of 10 were
covered. This is consistent with earlier results that suggestedrelatively insensitive to aw of 10 (data not shown).

little importance of the globular domain in binding of DNA,

e.g., the results of Bradbury et afi4), as well as those of CONCLUSIONS

Moréan et al. (). We cannot, however, eliminate the  The yse of DNA from the two different T4 bacteriophages
possibility that the globular domain interacts more strongly a5 allowed us to unambiguously determine that there are
with a specific sequence or specific sequences, like theiyieractions between Hand the major groove of DNA. Use
transcription factors that it is said to resemble. Sequence-yf the unmodified DNA has yielded quantitative answers as
specificity could also account for the absence of differences yg||: estimates for the binding affinity of 3M 1 and for
between binding to T4 wild-type and T4Cyt DNA; if the  he pinding site size of 10 base pairs. The proposed
globular domain binds preferentially to a specific sequence, qominance of the carboxyl-terminal domain in the binding
and if this sequence does not include cytosine, which wasnteraction has been confirmed, and it is clear that the
the only type of residue modified, then no difference would globular domain binds weakly to bulk DNA. What is not
be observed in binding of the globular domain to the two nown from these studies is if there are interactions in the
types of DNA. o minor groove as well. Also unanswered is if the globular
These results do not, of course, exclude the possibility that §omain binds to a specific DNA sequence or sequences with

the full-length protein and the carboxyl-terminal domain also hjgh affinity, a property that would be masked by the use of
bind in the minor groove. We were unable to address the |k DNA.

question of minor groove interactions with this experimental
approach.

A range of values for number of base pairs bound per H1
has been reported; Watanal® €alculated a value of 65
bases (not base pairs) for the binding site, and others hav
reported values of 1580 base pairs4@, 50. When we
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