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ABSTRACT. Histone H1 proteins bind to DNA and are important in formation and maintenance of chromatin
structure. Little is known about differences among variant H1 histones in their interactions with DNA.
We examined the effects of histones®hd H1t on thermal denaturation of several DNA species. One

of the DNA molecules was a 214-base-pair fragment from the plasmid pBR322, which contains an AT-
rich and a GC-rich region. Both Mland H1t bound preferentially to one region of the DNA fragment,

a region that is relatively GC-rich. This result indicates that histonésaHd H1t are not totally nonspecific

but rather bind with some sequence preference to DNA. This conclusion was supported by studies of
other DNA species, including two 92-base-pair fragments derived from the two regions of the 214-mer,
and several synthetic homocopolymers of DNA. Data obtained with the homocopolymers suggested that
the binding preference was not simple preference for GC base pairs. The binding of the two H1 variants
was not identical: there appear to be differences in binding site sizes, affinities, and sequence selectivities
between H1t and H1

DNA in the eukaryotic nucleus is packaged into highly  Another reason that the absolutely nonselective model of
condensed chromatin. The small, basic core histones arehistone H1 is unsatisfying stems from the existence of
required for assembly of DNA into nucleosomes. In addition isotypes or nonallelic variants of histone H1. There are at
to core histones, most eukaryotes have H1 or linker histones,least seven of these variants in mammalian cell§).(
which appear to mediate the condensation of nucleosomesCorrelative data have suggested that the variants have
into higher-order structures (reviewed in Bt different functions; for example, it has been speculated that

The exact nature of the binding of H1 histones to DNA is H1& and H1-1 maintain chromatin in a more open confor-
not known. The H1 histones are highly charged, and their Mation and that Hlstabilizes more compact structurds(
interactions with DNA are presumably primarily (if not 20). Attempts to demonstrate such differences have yielded
completely) electrostatic. This characteristic of the H1 @mbiguous and occasionally contradictory results. It is
histones as well as their role as packaging proteins hascertainly possible that the variants do not have different
resulted in the inference that they bind to DNA with no functions at all but arise from genes with different regulatory
sequence specificity. Were this true, then the model of features or are simply redundant. However, recent studies
McGhee and von Hippelj should describe the binding of have demonstrated differential effects of particular variants
H1 histones to any sequence of DNA, heterogeneous orOn progression through cell cycli2X), replication @2), and
homogeneous. In this model for the binding of nonspecific transcription 23), providing strong evidence for functional
ligands to DNA, the DNA is considered to be an infinite differences among variants. Even where differences among

lattice that consists of overlapping sites for ligand. variants can be unequivocally demonstrated, it is possible

However, there are data to suggest that histone H1 hasth_at the dlfferer_1t effects are a result of v_arled interactions
with other proteins rather than a result of differences in DNA
some degree of sequence preference, or preference for

sequence-dependent structural featugesl@; reviewed in sequence preference or affinities for DNA. Nevertheless, the

ref 13). There are theoretical objections as well to a model hypothesis that variants differ in their interactions with DNA

of no sequence preference. One is that the H1 histones hayd®mains an attractive one.

some tertiary structure in solution (that of the central globular _ Clearly, whether the model of McGhee and von Hippel
domain;14, 15), and even the unfolded domains could fold (2) would describe binding of H1 histone to DNA would
upon binding, using DNA sequences as templalés 17). depend on a number of characteristics of the interaction. A
It seems unlikely that distinctive tertiary folds in a protein Slight preference of the protein for one sequence over another

would bind with equal affinity to any and all sequence- Might not be detected in analysis of binding data. On the
dependent conformations of DNA. other hand, if the preference for a specific sequence were

great, and the fraction of the DNA lattice that is covered by
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one protein is reasonably large, then the data would likely to the baseline and to the plateau regions of each c@@e (
not be adequately described by the model. Derivatives of the curves of fraction coil were calculated
This paper describes the results of efforts to determine if and smoothed by use of the program Origin (Microcal).
there are differences among the variant H1 proteins in their ~ Calculation of Thermal Denaturation Cues The com-
affinities for DNA and if there are differences in DNA  puter program used to calculate thermal denaturation curves
sequence preference. As an integral part of these efforts, wewas written by McGhee3(1). The model used for the DNA
have evaluated the McGhegon Hippel model 2) for ligand interaction is that described by McGhee and von
binding of histone H1 variants to DNA, in which the protein Hippel (2). In this model, the DNA is considered to be an
ligand binds without sequence preference to the base pairgnfinite lattice, with overlapping potential sites for ligand
of the DNA. binding. McGhee showed that the partition function for DNA

We have chosen two histone H1 variants °thd Hit, in the presence of a specified concentration of ligand could
for study. Both are considered “extreme” variants: their be estimated and used to calculate the fraction of the DNA
primary sequences are considerably different from those ofthat was coil at any temperature. Thus parameters that
the somatic variants2). H1° shows subtle functional — describe the DNA, which would typically be known, and
differences from somatic variant8%—23). Hit is a testes- ~ parameters that are thought to describe the ligaDNA
specific variant that is expressed only during spermatogenesignteraction can be used to calculate a thermal denaturation
(25, 26). In preliminary studies in our lab, we have also seen curve, which can be compared to the experimental curve.
rather subtle differences between Hand two somatic  The parameters that describe the interaction between ligand
variants that we have studied, but H1t appeared to behaveand double-stranded DNA arg, the number of base pairs
differently from any of the other variants (data not presented). covered by binding of one ligandky, the intrinsic binding
This was our primary reason for choosing H1t for study. constant; and\Hy, the enthalpy of ligand binding. For all
H1° was chosen because it is not as dramatically different calculations, we used a value of 0 #H. Including aAH
from the somatic variants in function (see above), and of all term was equivalent to altering the value Kf (data not
of the variant proteins that we can produce, it is the easiestshown). For ligands that bind to single-stranded DNA, the

to purify in large yield 7). parameters,, K¢, andAH. describe the interaction. We used
a value of 0 forK in all calculations. It is possible that the
MATERIALS AND METHODS H1 histones have some affinity for single-stranded DNA,

) o ] ) but it is clearly weaker than the affinity for double-stranded

H1 Histones The purification of H1 variant histones A1 DNA; incorporating a modest value fd. (10° M~1) into
and H1t from strains oEscherichia colin which they are  {he calculations had the same effect on the curves as choosing
inducibly expressed has been describ2d).(Protein con- 5 smaller value oK, (data not shown). The parameters used
centration was calculated from absorbance in water at 205¢5; the DNA were concentratiorify, the midpoint of the
nm_,lusmg ét)” extinction coefficient of 27.8 or 28 ML Mg (ransition (determined experimentally)sH, enthalpy of
by ScopesZ8). of AH were, for poly(dA-dTy(dA-dT), 8.35 kcal mot® bp %

DNA for Thermal DenaturationThree DNA fragments  for poly(dG-dA)(dC-dT), 8.85 kcal moi bp % and for
were synthesized for use in thermal denaturation studies: apoly(dC-dT)(dG-dA), 8.95 kcal moi! bp? (32). AH for
214-base-pair fragment from the plasmid pBR322 (214-mer; AT-92 was calculated from the experimental curve, as
11) and two fragments that make up 214-mer, the AT-rich described 33, 34). Values of o were varied to obtain
92-base-pair fragment from base pair 434370 (AT-92),  calculated curves that corresponded to the experimentally
and the GC-rich 92-base-pair fragment from base pair101 determined ones; for some DNA molecules, a larger value
192 (GC-92). Each fragment was produced by amplification was used at temperatures below Thethan at temperatures
of the appropriate region, with a thermostable polymerase ghove theTy. In all cases, use of a larger value offor
and buffer conditions suggested by the manufacturer. TheDNA in the presence of protein than for the DNA-only
primers and the program used to synthesize 214-2@r ( transition resulted in much better correspondence between
11) and GC-9217) have been described. The program used calculated and experimental curves. Our rationale is this:

to synthesize AT-92 is the same as that described for AT- reflects the probability that a single-stranded base is contigu-
122 (17), and the primers weré &SAGGCCCTTTCGTCT-  ous with a base that is paired (regardless of ligand oc-

TCAAG-3 and 3-GCGATAGCAATTTAACTGTGAT-3. cupancy). A ligand that binds exclusively to double-stranded
DNA was dialyzed into BPE buffer, which is 6 mM Ba  DNA, or with much greater affinity than to single-stranded
HPO,, 2 mM NaHPO;,, and 1 mM EDTA, pH 7.0. DNA, will alter this probability, for with increasing oc-
Poly(dA-dT)ypoly(dA-dT), poly(dC-dA)poly(dG-dT), and cupancy of the DNA lattice by ligand, as the temperature
poly(dG-dA}poly(dC-dT) were purchased from Pharmacia increases and unoccupied base pairs melt, the probability that
and were dissolved in and dialyzed against BPE buffer. Meana ligand-bound double-stranded base pair is next to two
sizes in base pairs were 5090, 6939, and 1534, respectivelysingle-stranded bases will increase.
Thermal DenaturationThe buffer used for all samples RESULTS
was BPE buffer, described above. Thermal denaturation of
the DNA fragments was monitored by measuring absorbance Binding of HP to 214-mer The DNA fragment 214-mer
at 260 nm in a Cary 3 spectrophotometer. The rate of melts in two distinct phases. At lower temperatures, an AT-
temperature increase was°C/min. The fraction of DNA rich region of the fragment undergoes denaturation, followed
strands that was in the coil state at each temperature wasat higher temperatures by melting of a more GC-rich region
calculated from the absorbance data, with straight lines fit of the fragment11, 29). These two distinct transitions allow
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FicUrRe 1: Thermal denaturation of 214-mer, GC-92, or AT-92 titrated wit®.Hdl samples were in 6 mM N&PO,, 2 mM NaHPO,

and 1 mM EDTA, pH 7. The concentration of 214-mer was 28base pairs (135 nM DNA); of GC-92 and AT-92, 2B base pairs

(321 nM DNA). The fraction of bases in the coil conformation at each temperature was calculated from the absorbance data as described
in the text. Derivative curves were calculated from curves of fraction coil as a function of temperature and were smoothed. (A) 214-mer
and HP. Curve 1, 214-mer alone; curves-3, DNA with protein added at a concentration of (2) 65078, (3) 1.35x 1077, (4) 2.03

x 1077, or (5) 2.7x 1077 M. (B) GC-92 and HL Curve 1, GC-92 alone; curves-%, DNA with protein added at a concentration of (2)

7.5x 1078 (3) 1.5x 1077, (4) 3.0x 1077, or (5) 6.0x 107 M. (C) AT-92 and H2. Curve 1, AT-92 alone; curves-5, DNA with protein

added at a concentration of (2) 761078, (3) 1.5x 1077, (4) 3.0x 1077, or (5) 6.0x 1077 M.

one to determine whether a ligand binds preferentially to in 214-mer due to simple preference for GC base pairs, then
either of the two regions of the DNA. Figure 1 shows the the interaction should be described by the McGhean
thermal denaturation curves for 214-mer combined witA H1 Hippel model ), and it should be possible to calculate
(panel A). TheTy, of the AT-rich region under the conditions  thermal denaturation curve31) with the appropriate choices
used in these binding studies was 69C3 and of the GC-  for K andn that correspond to the experimental ones.
rich region, 73.8°C. H1° appeared to bind preferentially to The thermal denaturation curves of GC-92 in the presence
the GC-rich region of the DNA: when the protein was added of H1° (Figure 1B) were not the biphasic melting curves
at concentrations of 67.5 nM (a molar ratio of 1 H1:2 DNA predicted by use of the McGhe&on Hippel model. Rather,
molecules), the melting transition of the AT-rich region the curves suggest that the proteins bind to discrete sites
changed little from the transition of the DNA alone. In within the fragment. As is true for the 214-mer studies, the
contrast, the fraction of the GC-rich region that was free of stoichiometry of binding cannot be determined from these
protein was decreased. These results indicate thabélind data alone. However, the two transitions that appeared could
preferentially to sequences within the GC-rich region. At be due to denaturation of DNA with one or two proteins
higher concentrations, the fraction of the AT-rich region that bound. These data would suggest that two proteins can bind
was free also showed a decrease, but at all concentrationper 92 base pairs, or one protein per 46 base pairs. Results
the fraction of free AT region was substantially greater than obtained with a 122-base-pair fragment suggested that three
that of free GC region. At the highest concentrations of H1 proteins could bind per 122 base pairs, or one per 40 base
protein, 270 nM (corresponding to a molar ratio of 2 H1 pairs (data not shown). The thermal denaturation curves of
proteins:DNA molecule), almost none of the GC-rich region AT-92 in the presence of H1however, were different. In
remained free of protein, but most of the AT-rich region was the presence of this protein variant, one rather than two
still free. Two transitions appeared with the addition of transitions appeared (Figure 1C). Such biphasic curves are
protein and increased with increasing concentrations of predicted by the McGhee modeBl). Accordingly, the
protein. These are due to the melting of DNA with protein program of McGhee was used to calculate the curves shown
bound. Possibly the two transitions result from melting of in Figure 2, with values for binding site size,) of 40 base
DNA with one protein or two proteins bound, but the pairs and for the binding constar¢.j of 101°M~. We had
stoichiometry of these complexes cannot be determined fromconsidered the possibility that rather than binding preferen-
these data alone. The results of binding H1-4 to 214-mer tially to particular sequences, the Hivas binding prefer-
were qualitatively similar 11). entially to the ends of the molecule. If the binding site size
Binding of HP to GC-92 and AT-92We used the GC-  were about 40 base pairs, and if the °H&ere to bind
rich 92-base-pair fragment and a 92-base-pair fragment frompreferentially to DNA ends, then the melting profile should
the AT-rich region individually in studies with HY{Figure be similar to what we had observed for GC-92 bound t8. H1
1B,C). Were the observed preference for the GC-rich region In this case, however, the melting profile for AT-92 bound
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I B B on which McGhee’s31) model relies, one of the assump-
- tions necessary for approximating the partition function for
a polymer is that for a polymer of very large length, the
effects of the ends are negligible; however, AT-92 is short
enough that it may not meet this criterion of infinite length,
and the effects of the end sequences may not be negligible.
n The deviations of the calculated from the experimental curves
may result in part from the fact that the end sequences are
not explicitly treated in the calculations.

We attempted to directly address the question of whether
H1° (and H1t; see below) were binding preferentially to ends
of GC-92 rather than to specific sequences within the
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o calculated T fragment, by designing it such that it could be ligated
oo} - together. However, multimers of GC-92 did not have the
S T S SO T same pattern of thermal denaturation, one single transition,
5 & & o & 8 as did the monomeric form of GC-92. Rather, two transitions
Temperature ("C) were observed for the multimeric form (data not shown).

FiGURE2: Calculated thermal denaturation curves for AT-92 titrated ~ Binding of H1t to 214-merThe thermal denaturation
with H1°. The data shown in Figure 1C as derivative curves are curves of 214-mer in the presence of H1t (Figure 3A) were
shown as fraction of bases in the coil conformation at each qualitatively similar to those in the presence of °H1

temperature, indicated by solid lines. Thermal denaturation curves . . i
were calculated as described in the textricr 40 base pairs and suggesting that Hlt also bound preferentially to the GC-rich

K = 101 M~* and are indicated by open circles. region of 214-mer.

Binding of H1t to GC-92 and AT-92hermal denaturation
to H1° should be identical, since AT-92 and GC-92 are the curves of GC-92 in the presence of H1t (Figure 3B) were
same length. The fact that the profiles are not identical qualitatively similar to those in the presence of’Hlhermal
suggests that Hldoes not bind preferentially to DNA ends denaturation curves of AT-92 in the presence of H1t (Figure
and thus must bind preferentially to sequences within GC- 3C) were unlike those in the presence of°Htlit instead
92 but not within AT-92. The experimental curves for AT- were somewhat like those of GC-92 in the presence of either
92 bound to H1 did show substantial differences from protein, with two additional transitions appearing. These
calculated curves. The short length of the fragment may curves are consistent with binding of H1t to specific sites
contribute to these deviations. In the work of Lifsdb), within both AT-92 and GC-92. However, it is possible that
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Ficure 3: Thermal denaturation of 214-mer, GC-92, or AT-92 titrated with H1t. All samples were in 6 mMR@, 2 mM NaHPO,,
and 1 mM EDTA, pH 7. The concentration of 214-mer was 28\ base pairs (136 nM DNA); of GC-92, 29:M base pairs (320 nM
DNA); and of AT-92, 29.5uM base pairs (321 nM DNA). The fraction of bases in the coil conformation at each temperature was calculated

from the absorbance data as described in the text. Derivative curves were calculated from curves of fraction coil as a function of temperature

and were smoothed. (A) 214-mer and H1t. Curve 1, 214-mer alone; cur&sDNA with protein added at a concentration of (2) 675
1078, (3) 1.35x 1077, (4) 2.03x 107, or (5) 2.7x 107 M. (B) GC-92 and H1t. Curve 1, GC-92 alone; curvess DNA with protein
added at a concentration of (2) #51078, (3) 1.5x 1077, (4) 3.0x 1077, or (5) 6.0x 1077 M. (C) AT-92 and H1t. Curve 1, AT-92 alone;
curves 2-5, DNA with protein added at a concentration of (2) %51078, (3) 1.5x 1077, (4) 3.0x 1077, or (5) 6.0x 107 M.
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Ficure 4: Thermal denaturation of poly(dA-dTyA-dT), poly(dC-dA}(dG-dT) or poly(dG-dA)dC-dT) titrated with H1t. (A) Poly(dA-
dT)-(dA-dT) and H1t. All samples were in 6 mM MdPQO,, 2 MM NaH,PQy, and 1 mM EDTA, pH 7. The concentration of DNA was 31

uM base pairs. Experimental curves, indicated by solid lines, are for DNA with H1t at concentrations, from left to right, of 75, 150, 300,
and 600 nM. Calculated curves, indicated by circles, were calculated as described in the textvtithbase pairs and = 2 x 10° M1,

(B) Poly(dC-dA}(dG-dT) and H1t. The concentration of DNA was 31L& base pairs. Experimental curves, indicated by solid lines, are

for DNA with H1t at concentrations, from left to right, of 75, 300, and 600 nM. Calculated curves, indicated by circles, were calculated as
described in the text withh = 12 base pairs and = 108 M~1. (C) Poly(dG-dA)(dC-dT) and H1t. The concentration of DNA was 33.6

uM base pairs. Experimental curves, indicated by solid lines, are for DNA with H1t at concentrations, from left to right, of 75, 150, 300,
and 600 nM. Calculated curves, indicated by circles, were calculated as described in the text=wiit base pairs and = 10° M1,

H1t binds preferentially to DNA ends; we cannot eliminate B
this possibility for H1t as we were able to do for H1

Binding of H1t and H2to HomocopolymersTo consider 08r
the question of simple sequence preference, i.e. AT-rich vs
GC-rich, we chose to use homocopolymers of DNA. Because

of their simple repeating sequences, we expected their

10} A

0.6

04+
observed

Fraction coil

observed

interactions with H1 histones to be described by the o2} o n=10 : E:;fwg
McGhee-von Hippel model 2). We used the homocopoly- I v kescie |

00 »

mers poly(dA-dTipoly(dA-dT), poly(dG-dAjpoly(dC-dT),

and poly(dC-dAjpoly(dG-dT), with the expectation that we
would see differences in affinity of the H1 variants for the )
different polymers. [We could not use poly(dG-d@ly- Ficure 5. Effects on calculated thermal denaturation curves of

~ : : iy varyingn andK. The data from Figure 4A are plotted (solid line),
(dG-dC) in our thermal denaturation assay becaushuits along with calculated curves (symbols). (A) Curves were calculated

too high.] for K=2 x 10° M~1 andn = 10 (circle with bar), 11©), or 12
H1t. For all three homocopolymers bound to H1t, we could (®) base pairs. (B) Curves were calculated fio= 11 base pairs

calculate curves that closely matched the experimentalandK = 1(° (circle with bar), 2x 10° (O), or 5 x 10° M~ (@).
curves. For poly(dA-dTdA-dT), we used values of X

10° M~ for K and of 11 base pairs far (Figure 4A). The the possible experimental error, we consider these results to
values used to calculate the curves for p0|y(dc..w- suggest that the binding site sizes for H1t on these three
dT) wereK = 108 M~ andn = 12 base pairs (Figure 4B); homocopolymers are essentially the same. The affinity of
and for poly(dG-dA)dC-dT), K = 1B Mt andn = 10 H1t for poly(dA-dT)poly(dA-dT) appears to be larger than
base pairs (Figure 4C). These curves are calculated, not fittedts affinity for the other homocopolymers, by about an order
to the data, and the error in the estimates cannot be estimated®f magnitude.

however, the curves were altered in specific and predictable H1°. For poly(dA-dT)(dA-dT) bound to H% several
ways by changes in the parameters. For example, Figure 5Avalues ofK andn were approximately equivalent in generat-
shows the same data as in Figure 4A, along with curvesing curves that showed similarities to the experimental
calculated withk = 2 x 1® M~* andn = 10, 11, or 12 curves. These wei€ = 10> M1, n = 30 base pairs (shown
base pairs. In Figure 5B, curves have been calculated within Figure 6A); K = 10'* M, n = 25 base pairs (Figure

n = 11 base pairs and = 10°, 2 x 1%, or 5 x 1°® M1, 6B); andK = 10'* M1, n = 20 base pairs (Figure 6C). The
The magnitude of the first transition is affected by the value calculated curves showed considerable deviations from the
of n,, as is the slope of the second transition (Figure 5A; experimental curves, especially those obtained with higher
also see Figure 6). The slope of the first transition is slightly concentrations of protein. The curves calculated for poly-
sensitive to the value of,rat very large values, e.g., around (dA-dT)-poly(dA-dT) were shifted, relative to the observed
40 (data not shown), and is somewhat sensitive to the valuecurves, to lower temperature and had steeper slopes for both
of o (data not shown). The value &f, affects the position  transitions. Different values af or K did not improve the

of the second transition but does not alter the first, and the correspondence between experimental data and calculated
slope of neither transition is affected (Figure 5B; also see curves for the entire melting curve. The match between
Figure 6). Nonzero values &H andK shifted the position  experimental and calculated curves was poorer at higher
of the second transition, that is, the same effect as changingprotein concentration; one possibility is that Hself-

the value oK, (data not shown). As can be seen, even small association, which has been reportg6)(accounts for some
changes im alter the calculated curves; however, considering of the differences between calculated and observed curves.
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FiIGURE 6: Thermal denaturation of poly(dA-dTyA-dT) titrated with H2. All samples were in 6 mM N#&lPQ,, 2 mM NaHPQ,, and 1

mM EDTA, pH 7. The concentration of DNA was 30.48/ base pairs. Experimental curves, indicated by solid lines, are, from left to
right, for DNA with H1° at concentrations of 75, 150, 300, and 600 nM. Calculated curves are indicated by solid circles. Curves were
calculated as described in the text with (A= 20 base pairs and = 1013 M1, (B) n = 25 base pairs and = 10 M~1, or (C)n = 30
base pairs an& = 10 M1,

DISCUSSION

The data together suggest that H1 histones exhibit
sequence selectivity in binding to DNA. Such selectivity has
been suggested{13), but the reports have not been in
agreement. To some extent, the varying selectivities reported
have reflected the different assays that have been used in
attempts to measure binding. Many assays have been indirect;
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oo} * calouasted | o caloulated for example, increased degrees of condensation of DNA have
e T e 5 55 90 58 e T e e e e been frequently used as measures of affinity. However,
Temperature ('C) condensation of DNA by H1 histone, while it requires

FIGURE 7: Thermal denaturation of poly(dC-dAJIG-dT) or poly- binding of the protein, is the result of numerous processes

(dG-dA)-(dC-dT) titrated with H2. (A) Poly(dC-dA}(dG-dT) and and could be dictated to a large extent by intrinsic properties
H10. All samples were in 6 mM N#lPO, 2 mM NaHPO,, and 1 of the DNA rather than binding affinity. The data reported
mM EDTA, pH 7. The concentration of DNA was 2481 base  here are a more direct assessment of the characteristics of

pairs. Experimental curves, indicated by solid lines, are for DNA : P g
with H10 at concentrations, from left to right, of 75, 150, and 300 the proteir-DNA binding. Another reason for the conflicting

nM. Calculated curves, indicated by circles, were calculated as '€POrts can be extrapolated from these data; namely, that
described in the text wittlk = 10 M~1 andn = 30 base pairs.  the interactions are more complicated than may generally
(B) Poly(dG-dA)(dC-dT) and H2 The concentration of DNAwas  pe assumed. For example, the results with the heterogeneous
Zo-ﬂ#MDbﬁze ptahira.PExPerimenttal gurves, i”dilcaf‘tt?d b'thtO"C]i‘ gr%es, DNA fragments seemed consistent with a preference for GC
are for wi at concentrations, from left to right, of 75, by
150, and 300 nM. Calculated curves, indicated by circles, were base pairs; however, data on the homOCODOIymerS Sl,jg,geSted
calculated as described in the text wikh= 1012 M1 andn = 30 that both H® and H1t bound more t|ght|y to DNA COﬂSlStlng
base pairs. of alternating AT base pairs than to that consisting of
alternating GA/CT or CA/GT base pairs. In light of these
For poly(dC-dA)(dG-dT) and poly(dG-dA)(dC-dT) bound results, the apparent preference of both proteins for a
to H1° the calculated curves matched the experimental sequence or sequences within GC-92 cannot simply be due

curves quite well at lower temperatures (up to about 80 or to a preference for GC base pairs. The determinants of

70 °C, respectively; Figure 7). For poly(dC-d&JG-dT), sequence preference are not clear from these studies.
the calculated curves that showed the best correspondence The values proposed for the binding site sizes of somatic
to the experimental curves were those calculated Witk H1 proteins cover a wide range, from the-1%% base pairs

10 M~* andn = 30 base pairs (Figure 7A). For poly(dG- protected in footprinting experiments)(up to about 80 base
dA)-(dC-dT) bound to HY, the thermal denaturation curves pairs, inferred from electron micrograpt&7y; values used
that showed the best correspondence to the experimentaln the calculations for H. 30—-40 base pairs, were within
curves were those calculated with= 10> M~* andn = this range. For only one DNA fragment did the value of 40
30 base pairs (Figure 7B). The reasons for the poor base pairs result in a reasonably close calculated curve, and
correspondence between calculated and observed curves dahat was for AT-92. The value used to approximate the
high temperatures are unknown. In the McGhee model it is homocopolymer data at lower temperatures was 30 base
assumed that the ligand that is released as the DNA ispairs. This apparent difference may simply be indicative of
denatured is capable of binding to DNA that is not yet the error in the determination; alternatively, it may suggest
denatured 31). We have preliminary evidence that the that the precise number of base pairs covered by one protein
structure of HR is different at high temperatures than at 25 depends somewhat upon the DNA sequence. The binding
°C (unpublished data). Possibly at high temperaturesigil  site sizes for H1t, 1812 base pairs, were considerably
not capable of binding to DNA in exactly the same manner smaller than those of H1There are few data on the H1t
as at low temperatures, but we have no data to confirm thisvariant for comparison to our results, as H1t is not present
suggestion. in most cells. The intrinsic binding constants were also
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considerably smaller for this variant. These data suggest that

the H1t variant is quite different from Hland perhaps from

any of the somatic H1 variants. The correspondence between
calculated and experimental curves was much better for H1t

than for HL. This may suggest that the McGheeon Hippel

model @) more closely approximates binding of H1t to DNA

than that of HY. Alternatively, we may have failed to find

the appropriate combination of terms, including for example
cooperativity of binding, binding to single-stranded DNA,
or nonzero enthalpy of binding, to precisely describe the
binding of HP to DNA. Either of these explanations points

up, again, that H1t and Hidiffer in the details of their
interactions with DNA.

SUMMARY
The model of McGhee and von HippeR)( in which

binding sites for a ligand overlap on the DNA lattice,

describes the binding of two histone H1 variants? ldd

H1t, to homocopolymer DNA. Both of these variants appear

to bind with higher affinity to poly(dA-dTdA-dT) than to
poly(dC-dAY(dG-dT) or to poly(dG-dAXdC-dT). The bind-
ing constants are quite large, from8ta0° M~ for H1t to

101°—-10" M~ for H1°. The number of base pairs covered

by one H1t is 16-12; by one HY¥, 30—40. The binding of

H1t to either of two heterogeneous fragments of DNA and
the binding of H2 to one of the fragments are not described
by the McGheevon Hippel model. These observations
suggest that the H1 proteins have preferred sequences for
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J. 16 1201.
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18. Lennox, R. W., and Cohen, L. H. (1984) litistone Genes:
Structure, Organization, and Regulati¢8tein, G. S., Stein,

J. L., and Marzluff, W. F., Eds.) John Wiley and Sons, Inc.,
New York.

19. Parseghian, M. H., Henschen, A. H., Krieglstein, K. G., and
Hamkalo, B. A. (1994 Protein Sci. 3575.

20. Lennox, R. W. (1984). Biol. Chem259, 669.

21. Brown, D. T., Alexander, B. T., and Sittman, D. B. (1996)
Nucleic Acids Re24, 486.

binding and that the preference is more complicated than 22-Lu,Z.H., Sittman, D. B., Brown, D. T., Munshi, R., and Leno,

simple preference for GC or AT base pairs.

Three of the seven known mammalian H1 variants have

G. H. (1997)J. Cell Sci. 1102745.
23. Brown, D. T., Gunjan, A., Alexander, B. T., and Sittman, D.
B.(1997)Nucleic Acids Re25, 5003.

been tested and shown to exhibit some degree of sequence24. Cole, R. D. (1984nal. Biochem136, 24.
preference. These include a representative somatic variant, 25. Seyedin, S. M., and Kistler, W. S. (198D)Biol. Chem 255,

H1-4 (11) and two extreme variants; Iwhich is thought

to be associated with inactive chromatin, and H1t, the
spermatocyte-specific variant. The intrinsic differences in
binding affinity, number of base pairs covered by one protein,
and sequence selectivity are likely to be reflected in vivo,
in interactions with nucleosomal DNA, and ultimately to

result in at least subtle differences in function.
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