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L. ntroduction

The interactions between DNA and proteins or
enzyries involve conformationat changes of the DNA-
duutiJe helical molecule which are important for the
functional stite of the penctic material. DNA uader-
goes structural changes into a compact state in com-
plexes with T1 histone [1], complexes with f2al his-
tone [2] , complexes with polylysine [3—5] and in
synthetic polymer solution, such as polyethylene ox-
ide [6 7] or polyel.hylene glycol [8]. In many studies
concerning DNA--protein and polypeptide interac-
tions [9-12] the special effects and the role of ly-
sine and afginine residues have been intensively dis-
cussed Recently the possible role of aromatic amino
“acid in protein binding to stucleic acids was inferred
[13] from binding data of try ptamine [14]. No data
exist on DNA—puIypeptlde ‘complexes containing
minor amino acids such as tryptophane or histidine,
The latte: "has a pK of 6.0 2nd is therefore of special
interest in changing tlm posmve charges along the _
pulypepude cham ina physmloglcal pH regmn

2 Matcnalsand metlmds

.Calf thymus DNA wns I:hal descnbed by Sarfert
and Venner [1s]. Poly-L-hlsttdme was 2 commercial
pmduct l'rom Mlles l.aborntones Inc., Elkhan,

Nmflﬂol!md Publishing Campany — Amaterdam

indiana, with a molecular weight of 6,000 to 7,000.
DNA-polypeptide complexes were prepared by salt
gradient dialysis [16] with minor modifications
{17]. After salt gradient dialysis at pH << 6 thecom-
plexes were titrated discontinuously by 0.1 M HCl or
NaOH to the desired pH using a method which mini-
mizes [ocal acid effects [18]. The amount of poly-
peptide material which could dialyze through the
bag was found to be negligibl2 under the experimen-
tal conditions. CD measurements were made in a
Cary 60 spectropolarimeter with 6001 CD attach-
ment using I cm cells.

3. Results and discussion

Poly-L-histidine exhibits a dissociation constant
of pK, of 5.9 for the imidazolic group of the polymer
{19-21] and undergoes possibly a transition from
random coil to right-handed a-helix between pH
6.0 to 3.0 [22,23). Infoermation on conformational
changes of DNA were obtained from ORD and CD
spectra. Typical changes of the ORD of DNA upon
complex formation with poly-L-histidine are shown
in fig. 1. At 1 M NaCIO,4 the ORD profile of DNA
plus poly-L-histidine is identical with that of DNA
alone {curves 2 and 3). Dialysis to 0.02 M Na* exhib-
its a pronounced decrease of the peak at 290 am
(curve 4) accompanied by a shift of the crossover -

“point to a longer wavelength. The complete
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Fig. 1. ORD of the DNA-poly-L-histidine complex a1
approx. 0.5 histidine to DNA-phosphate. A) Complex pre-

pared by e.alt pradient dialysis; curves indicate as follows: 1,
DNAin 107 Mand 2 X 1072 M NaClO4: 2. DNA, atone and

3, complox in 1.0 M NaClO4: 4, complex in 2 X 1072 M
HaClOy;5.in 1073 M NaCl04, pH ~ 6. B) Complex pre-
pared by mixing at 10> M NaClOg, pH ~ 6.

depression of this ORD peak (curve 1) appears at
0.001 M Na* {(curve 5) indicating perturbation of
the DNA secondary structure due 1o binding between
DNA and poly-L-histidine. lic the pH region from neus
tral to pH 6 there is almost no influence of the poly-
peptide itself on the ORD-shape from 300 nm to
250 am, but in the acidic region poly-L-histidinc
shows significant rotation at higher wavelengths
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Fig. 2. D sprectra of the DNA - poly-L-histidine complex

ut the input ratio histidine to DNA - pho:phata of 1. 0.
Curver indicue as follows: 1, DNA in 1072 and 10” M
Na*; 2, comglox at pH 7. 2 in 10! Mand 1072 M Na™: 3,
complex nt pH 5.2§n 10”" M Na*; 4 and 5, poly-L-histidine

at pH 5.8 and 5.0, respectively.

[22]. €D spectra of poly-L-histidine solutions ex-
hibit Cotton effects in neutral and acidic pH region
below 235 nm [22] only. Thus for the positive and
negative Cls band of DNA the contribution of CD of
thc pnlypa.pnde is. ncgligi ' e,abuvc 240 nm. ln nddl-

fects have no 1nﬂuencc on the CD \casurements in
this case as also reported by -other authors [4]. The
DNA«puly-L—hmudinc complux formed by, 'dialysm
shows at neutral pH a decrease of the. positive CD
maximum 1t 275 nm while the ncgalive maximum
is almost unaltered as demomtmted in fig. 2 (curve |

and 2). The CD of the polypeptide itself (curve 4
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and 5) clearly has no influence in this region. In-
creasing protonation of poly-L-histidine to approx.
70-80% at.pH 5.2 [21] -causes a characteristic neg-
ative: band at 268 nm in. the DNA complex which has
alarge amphtude at 1.0 histidine to DNA phosphate
(cunre 3). This negative maximum wc also observed
at lower pH,
The appearance of this large nepative CD maxi-
mum is strikingly similar to that observed vpon com-
plex formation of DNA with polylysine [4,5], with
nuckeohistone [1,24] or in the presence of certain
organic polymers [7, 8] . All these polymers change
the DNA conformation considerubly. They may alter
the DNA-double helix structure in the B-form to a
wore compact conlormation as first has been pointed
out for DNA in polyethylene oxide [7]. This form
was termed by Lerman as y.state |[6] which belongs
to the B fibre structure. A compact DNA strugture
has been visualized in polyethylene glycol by electron
mivtosgopy [8]. On the other hand the change trom
e CD spectrum of DNA (curve 1) to that of the
cemplex in which polyhistidine is weak protonated
{curve 2) closely resembles that of free DNA at high
salt concentration such as NaCl or LiCl {25--30.
From the similarity of the CD changes in solution to
films of Li* DNA o C-like conformation has been
wggested in concentrated salt sulutions [25] and in
ethyione glycol [31. The Cdike structure repre-
sents a more condensed form regarding the change
uf the winding angle trom B- to the Cfornm [32
The depression of the positive CD maximum of DNA
in congentrated salt solutions |28 - 30} were ex-
plained by o conformational ehange of the B helix
structure which involves an increase in winding angle
between base pairs, This implies an increased spi-
tality in the double helix. The CDF spectrum of the
UNA - polyhistidine complex in the neutral pH range
ifig. 2, curve 2; fig. 3, curve 4) shows the spme char-
aeleristics as observed in the presence of concen-
trated alkali salts [25—30]. There is a decrease of the
posiive CO maximam at 275 mn while the nepative
C0 hanal is atmost unaltered. Thus it scems probable
that binding of protonated poly-L-histidine modi.
lies che DNA B conformation by changing the wind-
lng amgle like that observed in the transition from B
Wi form [32] . Whether the formation of the com-
Pact state (fig. 2, curve 3;and Lig. 3, curve 2) of
NA involves C-type or pure B-type strugtures is
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Fig. 3. D specira of the DNAC-polv-L -histidine complex at

the input ratio histidine w DNA phosphate 0.7 in 107

Na". Curves indicate as toltows: 1, DNA alone. Compleaes:

2 after dialysisat phl 5.2: 3, titration o pti 6.5: 4. 10 nli
K.): 5, wecand forwied titration from pli 8.3 to pit 5.7,

uncertain at this stage.

CD spectry of 4 forward- and back-titration of
the dialysed complex are shown in fig. 3. Upnn ti-
tration trom the condensed state at pl 5.2 (fig. 3

gurvg 23 to the tegion pt 6 10 6.5 (vurve 3) a non-
conservative CD spectrum appears as indicated by
the inerease of the positive CD band accompanying a
blue shift and a decrease of the negative maximum
when compared to the conservative spectrum ol the
B-DNA curve ) This behavior was repeatedly oh.
served. The general shape of the non-conservative
spectrum is shimitar 1o that of the A-form of DNA in
ethanol 128, 33] or to double-stranded RNA {33]
and to that observed for the arginine-rich histone -
DNA complex | 2] . Further deprotonation of
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poly-L-histidine in the neutral and slightly alkaline -
pH region (pH 8 3) again changes the CD spectrum
back to that with a conservative behavior (fig. 3,
curve 4). The second forward m.ratmn from pH 8.3
to pH 5.7 demonsirstes the reversibility of thase
conformaticoai changes involviag the formation of a
condensed state (curve 5). It is most interesting that
in the course of complex furmation of DNA with
poly-L-histidine through pH manipulation three dif-
ferent conformational states may be reversibly in-
deced froar B- 1o A- aond to tee condensad 3tate oon-
taining B-type or possibly C-type structures. The
conservative behavior appears when the polypeptide
exists as randon coil with very few ionized imidazolic
groups (pH ~ 7--8) [19—21] ; the A-ike structure
occurs above the pK-range of poly-L-histidine (pH 6
—7} and the compact form is observed at higher
degree of protonation of the polypeptide where it
tends to form a right-handed helical structure {22,
34] . It should te emphasized, however, that this dis-
cussion corresponds to the dissociation coustant of
the free polypeptide structure. The pK of poly-L-his-
tidine may be shifted in the DNA complex due to the
polyanionic nature of DNA._ [t is [eft open to conjec-
ture whether these pH dependent binding effects and
changes of the DNA structure are important in DNA—
protein interactions of enzymatic reactions or in
changing the conformation of DNA in chtomosomal
state. The behavior of our model DN A—polyhistidine
complexes is certainly not direcily comparable with
DNA bound proteins, but it gives novai features for
possible local effects of histidine adjacent to amino
acids such as arginine or lysine. The importance of
histidine as a trigger in the initiation of structural
changes for DNA has been regayded for metaphase
chromosomes [35] since the imidazolic groups of his-
tidine of proteins show pK values between 6.4 and.
7.0 [36]. Very recently a histidine switch mechanism
for the specific DNA protein association from titra-
tion studies with spermine has been postulated [37].
in view of the presence of histidine in proteins associ-
ating DNA those pH-dependent conformational effects
are of great biological intersst. Further work on this
subject is in progress.
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