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ABSTRACT

The binding of the antibiotics netropsin and distamycin A
%o DNA has been studied by thermal melting, CD-and sedimenta-
tion gnalysis. Netropsin binds strongly at antibiotic/nucleoti-
de ratios up to at least 0,05. CD spectra obtained using DNA
model polymers reveal that netropsin binds tightly to poly
(da) » poly (4T), poly (dA-dT) . poly(dA-dl') and poly (dI-dC)e
poly (dI-dC) but poorly, if at'all; to poly (4G) « poly (d4C).
Binding ocurves obtained with calf thymus DNA reveal one netrop-
sin-binding site per 6.0 nucleotides (Ka=2;9 ~105 M'1); corre—
sponding values fox distamyoin A are one site per 6.1 nucle-~
otides with K= 11, 6 105 ek « Binding sites apparently in-
volve predaminantly A*T~rich sequences whose specific confor-
mation determines their high affinity for the two antibiotics.
It is suggested that the binding is stabilized primarily by
hydrogen bonding and electrostatic interactions probably in the
narrow groove of the DNA helix, but without intercalation. Any
local structural deformation of the helix does not involve un-
winding greater than approximately 3° per bound antibiotic
molecule,.
‘INFRODUCTION

The basic oligopoptide antibiotics netropsin (Nt) and
-distamyoin A (Dst) are known %o form extremely stable comple-
'xes_with double helical DNA (1-7). This is assog¢iated with
unusually high affinity for dA'T-rich regions (1,4-6). At low
donic strength, the antibietics interact poorly with RNA (5),
.polyiibonuoleotidon (1) and more or less strongly with poly-
deexyribenucleotides (8,9). However, at moderate to high
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ionic strength (> 10~ Na*) beth oligopeptides show spesific
binding to DNA with preferential affinity for u-z;ricli regions
(5)e In view of the findings (10,11) that Dst mest probably in-
terferes with specific promotor DNA sequendes in the recogni-
tion and binding of B,c0li ENA-polymerase the competitive bine
ding afﬁnity of these antibiotiol $0 A'P~rich regions is of
considerable interest. The pr:lnc:l.plu ;ovcrning formation of
complexes between nucleic acids and the olligopeptides Nt and
Dst - ‘may thus provide a model relevant to the proto:l.nnmu ro- ¢
oognition.

. Our present binding data reveal that the antibiotioa are
tighly bound to dA-T~containing DNA model polymers.. The speci~
fic ‘conformation of A+T-rich regions appears to determine the
complex formation,

MATERIALS AND METHODS

DNA samples are those given by Sarfert and Venner (12).
Circular DNA was isolated from bacteriophage PM2 as described
earlier (13,14); the preparations contained 80~90% closed
circular molecules, Polydeoxyribonucleotides were obltained
from P-L. biochemiocals, Inc., Milwaukee (Wisc.).

Netropsin and distamycin A were products from cultures ot
Streptomyces netropsis (5); some of the distamycin A was &
preparation from Parmitalia kindly donated by H, Grunicke
(Freiburg).

UV absorption and melt:l.ng measurements were made in a
Uvispek spectrophotometer Model H 700; CD spectra were recorded
in a Cary 60 spectropolarimeter with the 6001 CD attachment
using 1 om cells. The spesific ell:l.pt:l.o:l.ty fWJ and molar ellip~
%101ty [B] are expressed in degreesml-g” ~1.ax™" ana dogrooasona-
decimoles™ as previously calculated (15). ' :

Sedimentation coefficients of antiblotio-DNA complexes. .-
were determined at 32000 rev./min at 20° in a Beckman Model E _
analytical ultracentrifuge with UV optiecs; oomplexes with oir~-
cular PM2 DNA were prepared by method 2 of Waring (14), -

Quantitative binding dats were dstermined by the methed
of "sedimentation dialysis® (16) using the analytical ulbrs-
centrifuge equipped with menochromator and photoslestric
scanning system., The monechromatoer was set at a wavelength of-
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310 nm, Since at this wavelength the absorbancies of free and
bound antibiotios differ appreciably, the following procedure
was applied: Using the four-hole rotor An-F, two double~sector
cells were frun simultaneously, one (A) containing the DNA-oli-
gopeptide mixture in the solution sector, the other (B) con-
taining an equally concentrated oligopeptide solution alone,
The corresponding solvent sectors were filled with buffer, Af-
ter the DNA oligopeptide complex had migrated about two-thirds
of the distance from the meniscus to the cell bottom, the con-
centration of free antibiotic was determined from the recor-
der displacement in the supernatant region centripetal to the
boundary in cell-(A), whereas the total oligopeptide concen~
tration was determined from the pattern of. cell (B).
RESULES AND DISCUSSION

Optical neasg;ements, Binding of Nt and Dst to DNA is as~
sociatad with a sharp rise of the melting temperature in the
range . to 0;05 moles of oligopeptide/DNA-P as previously
shown (1,5,7)s A refinement of the melting of the complexes
up to & mole ratio of 0.1 is shown in Fig.1 and 2, The absor-
bance change at 260 nm reflects the helix-coil transition of
the DNA oomplezed'with the antibiotics while at 320 nm and 340
nm the release of Nt dia Dst, respectively, is indicated (7).
Because of some 1nstability of Nt and Dst in aqueous solution
possible degradation effects which might occur during hegting -
were followed speofréphétomatrically. No changes were observed
up £o 50°C, while further heating to 98°C caused 2 % loss of
the absorbance for Nt and 3 to 4 % absorbance decrease for Dst.
The effects are, however, smaller when complexed with DNA.
Thus, the measured absorbance changes are not gréatly influenced
bx thermal degradation of the antibiotics, At mole ratios of
0,01 and 0,02 a biphasic melting profile appears at 260 nm, In
the first melting atep_glmost no pérallel absorbance change can
be detected at 320 nm (Fig.1); the decrease at this wavelength
coincides with the second melting step at 260 nm, Thus, bound
. Nt is mainly released when a more strongly stabilized fraction
"of DNA melts eub, At higher ratios than 0.05 the absorbance de~
oredse at 320 mm reveals diseociation of Nt from the complex
ooopzring at tenperatures far below the helix-coil transition,
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Thig may reflect the existence of different types of binding
regions, i.e. thermally unstable complexed sites as well as
strong binding sites which dissociate within the helix-~coil
temperature range. It appears that up to a ratio of 0,05 Nt is
‘associated exclusively with strong binding regions, Similar be-
haviour with greater resolution of the biphasic melting was ob-
served with the extremely dAsT-rich DNA from Sarcina maxima

(71 mole~% A+T). A plot of the absorbance change beforé the
onset of the transition versus mole ratio of Nt/DNA-P is shown
in the insert of Fig.1. The released Nt 1s lower in the case

of S,maxima DNA (curve 2) due to the higher AT-content of this
DNA. The strongly binding sites for Nt (ratio 0,05) correspond
%o 1 Nt per 10 base pairs, i.e. 1 Nt per 5.8 AT pairs in calf
thymus DNA, a value which is in line with the CD results below.

The melting of the DNA-Dst complex (Fig.2) also shows a
biphasioc profile at low mole ratios, but the release of Dst
molecules below the helix-coil region occurs at 0.1 Dst/DNA-P
as indicated by the absorbance decrease at 340 nm. Dst binding
to DNA .is aaaooiated with a different mechanism as indicated
by different viscometric behaviour (5).

Since both ‘antibiotics exhibit high affinity for dA+T-rich
regions of DNA (4,5,7) we studied the binding to some DNA model
polymera; Binding of Dst to some polydeoxyribonucleotides has
been reported (9), but the experiments were performed at very
low ionic strength, conditions under which one would expect
more -or less strong inteéraction of basic oligopeptides with
DNA, Thus the specificity of binding could hardly be concluded
with certainsy. We have tested the binding of Nt to several
synthetic DNA polymers at different ionic strengths. At 0.1 M
and 0.5 M Nat Nt binds tightly to poly (dA) ¢ (A7), poly (dA-dl)s
(dA-dT) and- poly (dI-d4c) * (d1-dC), but weakly or not at all to
‘poly (dG)-(dC), . Here we show only the most important
melting data-for AP containing polymers with Nt in concen-
trated salt'sblution'(ris;B).:

‘Pige3 demonstrates that even at 4 M NaCl, both poly (dA)-(aT)
and poly (dA~dT).(dA~dT) are stabilized by Nt-binding., Nt is

only released from the oomplex with poly (dA)+(aT) (curve 1 at
325 nm) when melting occurs (curve 41, 260um). The alternating
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DNA poiymer shows a decrease of the absorbance at 325 nm (curve
2) below the melting region indicating the release of bound Nt
molecules at 4 M NaCl, At 2 M NaCl (not shown) the release of
Nt from the poly (dA-dT).(dA-dT) complex entirely coincided
with the melting region. Since the conformation of the alterna-
ting polymer is effectively changed in concentrated salt solu~
tions (17,18) the variation in Nt-binding as reflected in the
melting behavior may originate from local variations of. the
~conformation.

"The importance of conformation in the binding of Nt and Dst to
DNA and model polymers is best demonstrated by CD spectral
changes (15). In Fig.4 to 9 we present new Nt binding data.
Complex formation between Nt and DNA is accompanied by the ap-
pearance of an additional Cotton effect in the long wavelength
region reflecting an induced chirality within the structure of
bound Nt molecules (15). Fig.4 shows an increasing CD maximum
around 320 nm on raising the Nt concentration. This effect is
much greater for the A*T-rich DNA than for the GeC-rich one,
in agreement with our previous ORD and melting data (1,4,7).

‘There 18 an isosbestic point at 289 nm valid for the curves up
to 0.1 Nt/DNA-P, a mole ratio up to which the binding increases
linearly as discussed below (Fig.9). At higher ratios of Nt the
CD curves. are displaced from this isosbestic point.

oThe complete lack of any similar induced Cotton effect
with double~stranded £2 phage RNA in the presence of 0.1
Nt/RNA-P is demonstrated in Fig.5. A small effect is observable
at 0.5, Nt/RNA~P indicating some nonspecific¢ binding. This is,
however, achieved only at relatively high local Nt concentra-
tion, The picture in Fig.,5 reflects effective hindrance of Nt
binding to the A conformation, an observation which has been
previously made with tRNA and rRNA (4,5)e This conclusion is
strongly supported by the fact that Nt binding to DNA is ef-

'feotively diminished when DNA undergoes a transition in etha-
nolic solution from the B to the A conformation (19).

Comparing the_qn results for four DNA model polymers
(Figs.6 and 7) at 0,02 M NaCl, strong binding of Nt to poly
(aa) (aF), poly (AA~dT)- (dA~dF) and poly (dI-4C)-(dI-4C) is
found while pely (4G) ¢ (4C) shows only weak interaction at
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Fig.5 CD of doublestranded BNA from £2 phage in 4he presence
of Nt (mole ratio denoted by nunbera§ at 0,02 M NaCl.
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0.2 Nt/nucleotide (Fig.?7); this small effect completely disap-
peared at 0.1 M NaCl, Poly (dA)-(dTl) exhibits a discrete isos-
bestic point at 285 nm reflecting the formation of a single
type of complex, Evidently two distinct conformations exist,
that of free (d4),r (D), regions and that of complexed sites.
For poly (dA-dTl)- (dA-dT) the isosbestic point is also present
(Fige6). This strong binding affinity of Nt for dA-T containing
model polymers, its lack of interaction with poly (dG).(dC) and
the observed tight binding of Nt to poly (dI-dC)-(dI-dC)
(Fig.7) leads to the suggestion that the conformation deter—
mines the preferential interaction of Nt at A+T-rich regions of
DNA (5,7). Our findings on the lack of a Nt and Dst affinity for
the A conformation slso imply the importance of geometrical
factors (19). ‘Such conformation;dependent effects have already
‘been postulated from recent spectrophotometric results on com-
plexes of Dst with DNA polymers (9).

We have.further substantiated the conformation-~dependent
tight binding of Nt to DNA by CD spectral changes in 5 M LiCl
and 4 M NaCl, solvents which are known to cause alterations in
the conformation of DNA and model polymers (17,18). Fig.8 clear-
ly indicates a large depression of the binding of Nt to calf
thymus DNA in 5 M LiCl while the two A:T-containing polymers
are less affected when compared to lower ionic strength (Fig.6).
The type of complex formation is not changed as indicated by
the presence of isosbestic points in Fig.8. In Fig,9 the ob-
served -effects ([leax and [¥] | .. around 320 nm) are plotted as
a funotion of the mole ratio of Nt added. For poly (dA).(d4T)
the binding inoreases linearly up to a constant value at 0.1
Nt/nucleotide which is oconsistent with 4 bound Nt per 5 nucle-
otide~pairs, a value obtained previously in earlier work (20).
Poly (dA-dT)- (dA~dT) also exhibits a straight line for Nt bin-
ding; however, at higher Nt mole ratios than 0,1 further chan-
ges oocur which follow a line with smaller slope, The effect
of Nt on poly (dI-dC): (dI-4C) is included for comparison, In
the presence of 5 M LiCl the binding of Nt to poly (dA~dT)-
(dA-aT) is more affected by the salt than is the case with poly
(dA)-(aT). The break in the straight line appears at the same
Nt mele ratio of 0,1 as at 0,02 M NaCl, Thus, we believe that
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the type of complex formed is the same under both salt condi-
tions. This similarity very probably reflects a conformational
effect which is indicated by our recent observation (17) that
the conformation, i.e. the twist angle of the helix is greatly
changed for poly (dA-dT).(dA-dT) in solutions of 5 M LiCl or
NaCl but slightly if at all for paly (dA):(4T). It appears from
these considerations and those concerning the inability of Nt:
to bind to the A conformation that Nt is an indicator for a
discrete helical conformation as represented by A:T-rich
domains. The recent f£indings of Bram (21) on X~ray fiber dia-.
grams suggest considerable variations in the geometry of very
dA*T-rich helical regions. The thermal melting behaviour of Nt
complexes with both A*T containing polymers in 4 M NaOl (Fig.3)
is in agreement with the CD results. In the case of calf thymus
DNA (Fig.9) the ellipticity increase 'also follows a straight
line'up to 0.1 Nt/DNA-P, associated with a characteristic 1sos-
bestic point (Fige4) similar ‘40 that observed for the A*T oD~
- taining polymers (Fis.s). This suggests that a mode of binding
similar to that occurring with the polymazs is responsible for
%he induced Cotton efrect at 320 om with DNA (Fige4), involving
an abundance of A°T paira in those bound DNA sites. The further
smooth increase in (V] is indicative of other types of binding
regions containing one or two AT pairs only, In agreement with
thie .suggestion the falloff in the cu:ve for Gcc—rioh DNA oc-
‘curs at lower Nt concentration (F1ge9) .. The point of 1nfleotion
derived from the two parts of the curve for oalf thymus DNA
-(P1g.9) ocorresponds %o 1 Nt per 3 nuoleotide~pairs; if the el-
lipticity around 320 nm reflects predominantly A:T-rich bine-
_ding sites involving most of the 58 mele-% A'T pairs we obtain
‘1 Nt per 5.2 base pairs. This value is close to that estimated.
for strongly binding sites. (5.8 pairs) from melting data in
Fig.1. The sharp rise of the melting tenporatu:o and tho visoco=
8ity inorease up to 0.05 Nt/DNA-P- ¥eported earlier (5,6) as
well as the resent findings: (22) en the variation of the radius
of gyration with Né cono.ntrttion, alse auppo!t oux proaont
oonolusion, In concentrated LiCL selutlen, however, binding ef
Nt %o calf thynun DNA 1. ltronsly redused £11¢l¢3,9) due pxon
' sumably Yo salt~indueed confdrmatienal ‘Whanges Vaking plass

518



Nucleic Acids Research

more effectively for calf thymus DNA than for poly (dA)e (dT)
(47)+ Consequently the small -binding curve in 5 M LiCl should
represent interagtion of Nt with the most tightly-binding daA.
Twregions, whose dominating conformetion may be determined by
(da),+(ar), olusters. Recently a high resolution of A+T-rich
satellite DNA from Drosophila melanogaster chromosomes has been
achieved using a Nt-CsCl gradient (23). Pyrimidine tract ana-
lysis suggests that the pentamer TTATA is responsible for the
Nt binding. These findings AATAT  gocord well with our
CD binding data obtained for dA-T containing polymers,

Bind;gg experiments, In the analytical ultracentrifuge a
co-sedimentation of Nt and Dst with DNA was observed giving more
direct physical evidence for the binding of these antibiotics
to. DNa, Binding ourves evaluated from the sedimentation experi-
ments are shown in Fig.10 where r, the number of moles of anti-
biotic bound pér mole (total) DNA phosphate, is plotted as a
funotion of the concentration of free oligopeptide, At low con-
centrations of free Nt there is a steep increase of r up to a
saturation value. In the region of saturation approximately
0¢16=0,17 Nt molecules are bound per nucleotide, i.e. one bin-
ding site corresponds to approximately 6 phosphate groups or 3
nucleotidavpairs, corresponding to a length of the single phos-
phate chain of 20 £. This figure would be compatible with the
length of one Nt molecule, neglecting steric factors. Dst shows
a similar behaviour %o N& (Fige10). Again, an approach to a sa-
turation plateau is evident.

In Pige11 the data of Fig.10 are plotted 1n the form of
Al /> vezrsus [A)([A] s molar concentration of nonbound ligand
melecules). This spesial transformation has been chosen because
it makes bettex use of the data obtained at higher concentra-
tions of free ligand than the commonly used Scatohard plot. If
the binding process under investigation is based on equivalent
and independent binding sites, the ratio .[A]/r must be a linear
funoction ef [A] (24). Pig.11 shows that, within the limits of
experimental error, this requirement seems to be fulfilled by
our.data. Apparently evex ¥he concentration range investigated
the binding of Nt (as well as that of Dst) to DNA may be formal-
iy - dplortbod by a ninsln class ur binding sites uith the same
intzinsio binding sonstant, !hio result 1s_not noooasarily in
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contradiction with the two main classes of binding sites which
were deduced earlier for the DNA-Nt complex (5). It should be
noted, however, that the strong A:T-cluster-specific binding of
Nt to DNA occurs at very low total Nt/nucleotide ratios and in
this respect the data from CD measurements differ from those of
the sedimentation analysis. The -1imited sensitivity of the scan~
ning system of the ultracentrifuge does not permit accurate
'‘binding experiments in the range of Nt/DNA~P ratios below 0;05;
thus we could not expect to detect the strong AT specific as- .
sociation process. A similar statement holds for the Dst~DNA
cdmblex as will be discussed in more detail below. According %o
the equation (24) ,
[Q/x = «/K + & [A) “

the number-of phosphate groups per binding site, £ , is givén :
by the slope of the straight line in 'Fig,11, whereas the asso-
ciation constant K (referring to the concentration of binding
sites) may be evaluated from the ordinate intercept, A least-
squares calculation on the basis of eque (1) with equal weight
given ¥o all points would generally lead %o inaccurate binding
data, however, because points with relatively high experimental
error are disproportionétely weighted after the transformation,
‘Therefore best-fitting binding curves for the original data
given in Fig.10 were calculated, assuming that the equilibrium
is governed by the law of mass action for a single class of in-
dependent binding sites. The binding curves drawn in Fig.10 are
those calculated with an IGL 1900 computexr, In the case ot Nt
the best £it was obtained with = 6,0 and K'= 2,9:10° M,
whereas the corresponding values for the DNA-Dst complex are
&= 6.1 and K = 11,6:10° M*1, Recently, Mazza et al. (25) have
studied complex formation between Dst and SPP1 phage DNA in SSC
at extremely low total concentrations of Dst and DNA by using
the methoq of preparative sucrose gradient sedimentation with
[*c]-1abeled Dst. Prom the data given in figure 3 of their
paper a binding:curve versus [Dat]t may be constructed which
approaches a saturation value of N ad 0.06 at a concentration .
of free Dt ef some 10-8 M, The oorruponding linou Soatchard-
plot md:loatos a -1nslo olass of binding sitves, From the best-
ﬁtting binding ourve ‘we caloulated one d:l.ltnyo:n—tindug ‘site
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per 16,1 nucleotides and a very high binding constant of
2.4:407 M1, A combined plot of r versus log [Dst] p including
the measurementis of Mazza et al., (25) and our data clearly
shows Yhe presence of two independent binding processes with
quite different association constants. Unfortunately, both the
DNA species and the ionic strength used by Mazza et al. (25)
differ from these used by us., Therefore we desisted from treat-
ing the combined binding curve on the basis of a model for two
classes of sites, Nevertheless, it must be borne in mind that
the of value calculated from Fig.10 involves both types of bind-
ing sites, while the corresponding K value must be regarded as
an apparent assoeciation constant deduced from measurements at
high ligand concentrations, The real binding constant which
describes the second, weaker binding process alone should have
a value neér-5o1o5'u”1.Similarly the same seems to apply to the
&« and K values derived from Fig,10 for the Nt-~DNA complex since
two classes of sites with quite different intrinsic affinity
for Nt must likewise be assumed (5). Binding experiments at
very low Nt concentrations have not yet been reported.
3ince the interaction‘betweén Nt and DNA is affected by ionic
strength (5), a series of binding measurements was performed
in Na0104 solutions of varying conceptration, at a constant Nt
(total)/DNA-P ratio of O,1 and constant DNA concentrationd.
Fig.12 shows that the number of Nt molecules bound per nucle-
otide clearly decreases with increasing Nat concentration, but
does not vanish even at a Na'* concentration of 4 M, From this
result it must be conocluded that ionic forces actually play an
important role in the binding process, but are not solely res-
ponsible for the association of Nt with DNA, in line with our
CD results discussed above and the ionic strength dependence of
Ty (5) and CD of the complexes (20). This conclusion is rein-
forced by earlier findings (26) that binding of Nt and Dst to
DNA is 1nf1uenqed by high salt concentration and urea.

Figs.13 and 14 show the effect of Nt and Dst on circular
PM2 .DNA, Binding of Nt leads to a'émall, steady increase in
the sedimentation soefficient of both closed and nicked circu~
lar molecules, Dst causes a 8light increase followed by a
gontle decline back almost to the starting values. In neither
case does the oharacteristic, large dip in S50 of the closed
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netropsin bound per nucleotide (r )

F:I.s.13 ntfoot of Nt on the sedimentation goefficient of PM2
INA in 0,08 M. tris HCl buffer pH 7.9. Circles show the
820 of clesed sirgular duplex molesules; that of nicked ocircles
'is represented by triangles. -
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circles caused by intercalating drugs occur, reflecting pro-
gressive removal and reversal of the supercoiling (14,27). Bvi-
dently therefore the binding of Nt and Dst does not measurably
alter the supercoiled state of closed circular DNA and inter—
calation of the N-methyl pyrrole.rings can be ruled out. The
highest antibiotic/nucléotide ratios tested were 1:1 in each
case, corresponding %o virtual saturation of binding sites. In
this buffer the dip in 320 of the closed circles produced by
ethidium bromide centres around a binding ratio of 0.05. Assum-
ing that each ethidium molecule unwinds the DNA helix by 12°
(14,27,28) ‘it can be calculated that any unwinding of the DNA
helix associated with the binding of one antibiotic molecule
cannot exceed 3° for netropsin and 2.8° for distamycin, based
on the observation that binding to the levels shown in Figs.13
and 14+ produces less effect than the binding of 0,04 molecules
of ethidium per. nucleotide (29). Recent viscometric measure-
ments on the binding of distamycin to closed circular DNA (9)
are in agreement with the conclusion that intercalation does
not ocour,

Conclusions and binding model: On the basis of the present
findings concerning differences in Nt binding to DNA model po-
lymers and its variation in concentrated LiCl solution it is
suggested that the conformation of AsT~rich helical segments
dete:mines the high binding efficiency. The tightest binding
of Nt should occur in a A+T-rich region containing homooligo-~
nugleotide clusters of the type (dA)n.(dT)n. One Nt molecule
is bound for every five base pairs, a value which has also been
discussed elsewhere (20). Comparing the melting, CD and sedi=-
‘mentation meaaurementé it appears that more than one type of
binding may occur for the DNA-Nt complex, i.e. both strong and
weak interaction.- -A% .least two classes of binding sites were
derived from our data and that of Mazza et al. (25) with bind-
ing constants of %5 105M" and 2.4+ 109n" for Dst, For Nt bind-
ing the corresponding values should be similar, The narrow
groove of the helix with an interchain distance of approx. 10 3,
appears more favourable for strong binding of Nt than the wide
groove, 620). Suggoations concerning groove attachment and a
‘possible binding model have been made previously. (20). 4As evi-
denced by the results in Figs.13 and 14 attachment of both oli-
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gopeptides to the hol:lx takes place: w:urhout thb unwinding rew-
quired by an intercalation process. (26). The ruulil of Beiners
(6) on the elongation of Nt-bound ATwrich DHA from extensive.
viscosity studies are in close agyesment with the present data.
His calculated elongation of the BNA oontour length by 1.5 8/N¢
implies a profound change in the Gontormaticn. The tight binfe
ing to predominantly A¢T~rich regions in oconcentrated salt so-
Iution oan hardly be explained by merely elesctrostatio attrqo-
tion as postulated in our previous tentative intexpresations
‘(5)« We have already surmised (25) that hydrogen bonding as
well as other non-ionic forces contribute considerably to the
stabllity of the DNAmcomplex with Nt as well as with Dst,
Réoognitidn of‘a-A.T-riqh'helioal segment by the eligo-
peptide molecule most probably ocours threugh hydregen bonding
‘besides the long range electrostatic interactions, This is
strongly suggested by the effective binding in concentratved
salt solution, which is attributed to a specific eonformation
of A-T-rich sequences. The importance of the guanidine and
amidino groups in forming hydrogen bondﬂ 1- susgolted by the
following considerations,. Elinminatien of both groups leads to
almost complete loss of binding affinity (15), and hydregen am’
.well as hydrophobio_bond;bzdaking,asonﬁs sause partial or. gom-
plete dissociation of the complex (25). As a model for the for-
mation of strong hydrogen bonds by the charged guanidinium ien
to phosphate sites and to other hydrogen bend-acceptor sites,
the hydrogen-bonded orystal structure of pzopylsuanidinium ai-
ethyl phosphate (30) is most informative, Agcording %0 this
- model the propylguanidinium ien tarml four rolativoly strong
hydrogen - bonds_ (and one wesk) direotod %o three neighbouring
phosphate groupﬂ in the orystal strunture. The charsod Nt mole~
~cule qontains eleven Endonor and three H~acceptor sites which
could form an H-bonded conplox with a gedmetrically tavouxablo
helical region containing suitably corresponding aoocptor-donor
sites. Such a situation is present in the narrew gzaave ‘of the
helix (31). There is a great acounulation of ouygonn ‘from phos-~
phate &nd deoxyribose groups facing the narrow groove and 111
the C(2) = O groups of thymine are free far a contact in this
groove. Some van der Waals contacts may also be fermed which
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would provide further stabilization of the complex and may ex-
olude water from the interaction, A local chirality is induced
in the structure of the Nt attached to A:T~rich segments which
is accompanied by some perturbation of the B type structure of
those regions as discussed previously (15) without, however,
any change in the twist angle greater than approximately 3 .

' Stroag guanidino group-binding to phosphates has been
shown to be important in the interaction of arginyl residues
of Staphylococous nuclease with thymidine 3',5'-diphosphate
(32) and is probably also involved in the interaction of ar-
ginyl side chains in the  histone~DNA complex where attachment
in the small groove has been suggested (33). With respect to
such protein-nNA recognition the dA:T specifio binding of Nt to
the double helix represents an important model.
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ADDENDUM _

- ,After oompletion of this paper Dr.R.D.Wells (Madison)
kindly provided one of us (M.W.) with his results prior to
publication, His data are substantially in agreement with our
own, ‘ '
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