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Superstructure of DNA Induced by a synthetic polypeptide (*
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InmuaoucTion

DNAbasic polspeptide complenes bave been widely investigated with the
aim of elucidating the nature of DNA/proteins recogrition [1]. While DNA.
polplysine complexes show striking similarity fn thelr physico-chemical properties
and structure with nuocloprotmines, pone of the various DNA-cationic <opoly-

peptide 3o fur investigated eshibits structural analogy with nucleoistones.

I fact, since until 1974 12] the key role of histone histone intersctions in
detecmining the structure of swwociation compleses was not dlearly understood,
(pethaps as a consequence of the preconceived idca that DNA has u central role
in pucleating biological stiucture), the syntheric polypeptides adopted a5 hisiooss
models were genenally desigined taking o sccount only. the. DNA-polypeptide
interactions. The Kernberg proposal [2] of the nucleorhistone structore reversed
this point of view 30 that a proteic cote, constituted by the octamer (F, H3,
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H2A, H2B), is now gencrally recognized ta be the central block in chromatin
building,

Xetay and ocution scattering investigations (31 and the recent Koy cryseal
anait ¢ 20 & resoluion of the s digedon prodct of chroetin (41,

whers kinking or supercailing 1 + 3/4 wms of DNA, 140 base pai
ate wonnd around the proteie core.

As the interpolypeptide interactions are now considered of primaty impostance,
we have synibetized 2 model polypeptide, designed 1o mimic the fundamental
feature of the histanes, Le. haviog @ part of the aminoscil sequence highly basc
and hydrophilic and a part containing a proportion of hydrophobic residucs re-

d:mhﬂnhwubmﬂ:ihnmdmpwpmnnl-mhhkdmmmnd
Iao]-led sninoscids [61.

segions chasactesized by both Jow hydropbobicity and high by, are
mmymm»nmwmnm.wg-uumm in
nackoprotamines (7], whercas the oher regions expectcd to be charscsesioed (a3
are the globular proteins) by secondary and tertiary structures, provide the sives
of interhistones interactioas.

We have designed block copolypeptides where these features are idealized.
The highly basic sequence is mimicked by a polyornithine block of 20 aminoscid
residucs and the suctured maiety, by 4 copolypeptide block constirted by the
stutistical scquence (Lys”, Lea”an which was expected 1o be able to provide strong
imerpolypeptide interactions, mimicking one tendency (o association of histoncs.

ExpERiuesTAL

The polypeptide was secording 1o the scheme reparted belows
e e o e Ay we llpm'wd elsewhere [8].
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Tn u lasge range of pH and terperature, the polyomithine block is random
coil, whereas sbout 8096 of the copelypeptide molety (Leu” - Lys“hm Is abelical.

Fig: 2 — Schematic dwwing of the mevhinium of formuion of the DNASlock copolypxpide
woeples
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By dircct mixing of solutions the block polypepeide gives imevenible com-
plexes with DNA [8]. The reduced viseosity decreases,

(peptide/nuclcotide] to teach 20% of that of pure DNA
of teconstituted pucleohistones. A saturation fatio
by cvalisting the residual fraction of free DNA, from the differential meltiog Typer-
cheomism, and by determining the residual DNA in the supernatant of the cent
fugation at 10,000 g at different input ratice. The titration corve of the residual
DNA in the supernstant shows a clear cooperative trend which rellects a possitle
hydrophobic mucleation in the complex formation, aceording o the scheme in
fig. 2.

RESULTS AND DISCUSSION

“The diffeaction patteen of the pellet chusined by centrifugation reveals strong
reflections at 34 A typicsl of DNA form B, and at 115 &, which characteries
the pattcia. of the pure block copolypeptide sad cxn be astigaed 1 the packing of
whelices. The lowangle Xay diffraction pattern, shown in fig. 3 (a) s charac
verized by reflections at 50, 30 and 23 A rémindicent of those at 35, 37 and 27 A
of chromatin and reconstituted auclechistones [9, 10

“The simplicity of this model system of nucleobiswee and the abmence of any
specfic intespalypeptide. Intersctions, in principle allows the scanning of plausible
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Fig. 3 (s} - Lowangle Tiay diffraction pacen (dessitometer trace) of 8 pelles of the
DNAblsek copolypepide ccangles at 8 specimen 1o (ke distance of 20 cm.
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Fig. 3 (b) - Schemsaic drewing of the DNMlock copolypepdide e

structures to be restricted 1o these charscscrised hy belical symmetry. with DNA
woun sound & compact hydophobic polypeptide

In 8 rough approximation we have assumed a mbnlu structure with constant
density in the janer copalypeptide gy, end outer DNA, pu, cylindsical shells, as
represented in fig. 3 (b). In thiy case the intensiey distribution alony the seattering
2 %0 0

eordinate B =( ) ‘an be approximated by:

= .
wh @snR =2 g wn m]
o

where [ (R} it the unitasy ecatteriag atomic factot, rr and rx ave the radii of cylindcical
domaias of the copolypeptice block and DNA, respectively. Ji () represents
the firseonder Bessel function.
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aking into sccount the experimental value of § = 37 and a density of

1.25 gefens of the copalypeptide cors, the stracture which emerges

1 1 compact solencidal DNA with on external enveloing surface of ~ 50.A of

mm.pmei ~ 23 A, This value is not fir from the Xoray cquutorial
in fibers of DNA nocleoprotamines and DNA polylysine complexes

qliqhnhdwhum]ﬁry‘m]lq;llnmqn[uumhwimdmc

Table 1 smmncies the strcearal parsmerers of the model sytem a5 compared
with the correspanding values derived, for the noclasame core, by Xeray single
crystal analysis [4].

Tante 1
B
Diamees Bish  pamfmen P eeleculeymm
mckevsome: core 100 A A 50 33 4%
model system 904 RS 68 3 42

On the basis of the resuhs of this paper the canclisien can be drawn that the
rautual hydrophobic. intersctions between the. capolypeptie. blocks sachored 1o
DNA, stabilize o eylindrical micellar struciure, whose dimensions are dictated by
the dimenaions of the polypeptide hydrophobic core. Tt is, however, possible that
DNA itself hos the property of stahilizi wolenoidal superstructure, a5 alrcady
-“mﬂ m 121, A systematic ....hm af model systems by varying the di-
f Inpdsophobic core would be nccessary to assess this point. On the basis
de&ihMm&h.mWAmﬂmmrbmw:hwehm
fractions 1 ssvome & chromatinlike structure, may be aicribed to the reduced
tendency of histones 1o sclf-association as compared with the black copalypeptide;
this s, bowever, very high In the ternary complee DNA(HY, 3 which oxhibinn
practically the ame structute as chromatin [13].
In spite of the rigid conservativity of the histone structures that cun be, bow-
eves, coqulted for other subile and exsenial biskogical comtrols s speclic sepulaary

residucs
pnrmur structure and the tendency 1o self associate of the globular structure of

recent evidence that a similar DNA. superstructare can e induced by &
'hdu-hnml 1141, further supponts. this conclusion.
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