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ABSTRACT: The interaction of F1 histones and DNA was studied by means
of circular dichroism specfroscopy and enzymatic assays with DNAase I
‘ and'RNA po1yherase. F1 histones prepared by TCA éxtraction from a
giveﬁ?ggﬁlies were more effective in protecting DNA of that species
ffom DNAase hydro]ySis, than a similar preparation from a foreign
species. Ana]ogous.rebults have been obtained with RNA po]ymeraée
assays. Changes'in the circular dichroism spectra of DNA-histone |
complexes Were attained at lower histone: DNA ratios when both histone
and DNA were from the same species than if heterologous mixtureé were
used. - In contrast, when chrdmatographica]]y purified F1 histones were
used in these experiments, no evidence for species specificfty vas
obtained. We conclude fhat somé component present in the TCA extraéts"
and absent from the purified fractions imparts species-specific proper-

ties on the nucleoprotein complex either by acting alone or in concert

with the F1 histones.



Introductioo?.'
.The-genetic~materia1 of higher.organisms eXiSté'as a complex of o
nucleic ac1d (DNA and RNA) and chromosoma] prote1ns (h1stone and non- |
hlstone). when isolated from 1nterphase nuc1e1, th1s complex (chromat1n)
s less act1ve than deprote1n1zed DNA, isolated from the same chromat1n,
in- support1ng DNA-dependent RNA synthes1s (Huang and Bonner, 1962)
: temp]ate act1v1ty of chromat1n may be ra1sed to that of DNA by the se]ec-
tive remova1 of chromatin-bound h1stones by techn1ques which leave non-
_ h1stone prote1ns bound to DNA (Marush1ge and Bonner 1966). Evidence
for. the regu]atory role of histones comes from the f1nd1ng that the
temp]ate act1v1ty of deprote1n1zed DNA- may be reduced by reannea11ng DNA
twjth»hlstones (Barr and But]er,,1963), furthermore, h1stooes a]ter the
- base ‘composition and neareét neighbor frequency of the transcribed RNA
'(Salha“et'alA v1966)v 'Bonner et al. (1963) have e]egant]y demonstrated
that by remova] of histones from pea bud chromatin, a pea cote]ydon-
'Spec1fic RNA cou]d be synthes1zed. The RNA ) produced was found to:be
capable,ofidirecting the synthesis of a cote]ydon-specific globulin in an
ig,xitgg proteinDsynthesfzihg system.
| If histones do indeed oerve some regu]atory role, and do not act
so]e]y‘dé structura] elements in the architeeture of chromosomes,'one
: mfght‘expect to'see variations in the. pattern'ot distribution‘of,the
' :tidsses‘and‘humbers of histones throughout nature; Severalvgrouos‘ -,
V(Cramptonlgt;gl., 1957; Fambrough and Bonner, 196 ; Ste]jwaoen and
Cole,;1§68) have failed to detect suchfvariétioos, while Panyim et

al. (1971):haVe reoentlytreoorted“differencesin:theve]eetrophoretic
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patterns of vértebrate histones. Evidence that histones do not act as
genetic regulators, but rather as generalized repressors, comes from
the finding that poly-L-lysine can éct as an inhibitor of DNA-directed
RNA synthesis (Shih and Bonner, 1970). Huang and Bonner (1965) have
advanCedﬁheiview that histones éct as specific genetic regu1a£ors only
when they are complexed with a special class of RNA (chromosomal RNA).
This RNA was reported to be of wide occurrence and organ-specific
(Bonner and Widholm, 1967; Benjamin et al., 1966; Huang, 1967; Shih and
Bonner, 1969). Bekhor et al. (1969) have shown that chromosomal RNA is
required'for the séquence—specific interaction of DNA:and chromosomal
proteins. Recent]y,_however, the unique nature of this RNA has come
.'uﬁderquestion'(Heyden and Zachau, 1971).
The conéervation of the prima@y structure of the arginine-rich |
. Fa2al histonééthroughout evolution (De Lange et al., 1969) refutes
the hypothesis that this histone component acts as an organ- or species-
specific regulator of gene activity. Such a role, however, could be
played by.thellysine—rich F1 histone fraction. Rall (1970) has found
that in the N-terminal third of thfee individual lysine-rich histones,
~ one from calf thymus and two from rabbit thymus, there are between
seven and foﬁrteen amino acid replacements. Furthermore, the F1 his-
tones of different vertebrate species vary considerab]y in electro-
phoretfc mobility (Panyim, et al., 1971).

In light of the simi]arify of FZé] histones from calf and péa and
the prohounced_differences between F1 histonés of calf and rabbit, it
appeared interesting to test whether F1 histones of a given species

might bind preferentially to DNA from that sbecies. Over the past



few years,‘a‘varietyIOfxmethods haVe.beeh;used'to probe'the:nature of
the DNA—histone.ihteraction:_ Bonner'and his coworkersahave pioneered'
the use-of*the:RNA po]ymerase-system with chromatin and reconstituted.
_nuc]eoh1stones (e g Bonner et.al. ]968);'C]ark’andifelsenfer.(1371)
have_stud1edrthe action of\nuc]eases onfchromatin;ymany'groupsthave
inYestigated-bNAéprotein_interactions by;means‘of,thermal denatUration7
studiesc(blins and Olins; 1971) and by means'ofrcircu]ar-djchroism, o
' (Simpson and Sober, 1970; Fasman et_al., 1970 Shih and Fasman, 1971;
.Oljns and 01jns€}]97]). ‘We have used several otathese methods(in»aﬁf
~search'forxspecies speciftcity jn{the_interaction_bfvthe,1ystne-richi_
_fn histones with DNA. © | )

Mater1als and Methods

Preparat1on of 1ys1ne r1ch h1stones Thymus g]ands from ca]f were

obta1ned from a local s]aughter house and transported to the laboratory
in wet 1ce Rabb1t thymus g]ands were obtained from the Pe] Freeze h:r
B1o]og1cals Co., Rogers, Ark., and shlpped to the'laboratory on‘sol1d '”
j COZ. T1ssue was stored at -20° until needed. Ly51ne -rich histones
‘.from ‘these: t1ssues were prepared by the method of de Nooij and Westen-

brink (1962) as mod1f1ed by K1nkade and Cole (1966) Thymus g]ands were.

' homogen1zed in 10% (w/v) tr1chloroacet1c ac1d (TCA) and 1nso]ub]e mater1a1

'was removed by centr1fugat1on for ]0 m1n at 1100 X g. The supernatant
- so]ut1on was made 20%. (w/v) in TCA by the add1t1on of ]00% (w/v) ‘TCA,
and was’ st1rred for 5 m1n The prec1p1tate was - col]ected by centr1fu—
gatlon at 1100 X g. for 10 m1n and washed once with ac1d1f1ed acetone
(475 m] acetone p]us 0.25 m] concentrated HC]), and then repeated]y
with neutra] acetone The final products were frozen at -20° and then .

: dried under reduced pressure over anhydrous P20 at room temperature

Th1s preparat1on w11] be referred to as the acetone powder
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Column chromatography of the lysine-rich histones was carried

out on Amberlite IRC-50 (Bio-Rad Laboratbry, Richmond, Calif.) on a column
measuring 2.5 X 36;5 om, which had been prepared by the method of Kinkade
and Cole (]966). 100 mg ofvatetone powder was dissolved in 12 ml of 0.1 M
sodium phosphate buffer, pH 6.8, containing 7% (w/v) guanidine-HC1, by
stirring overnfght at'rodm temperature. A small amount of insoluble
materié] was removed Qy'centrifugation, and the éupernatant was applied
“to the co]umn; The chromatogram was developed by e]htion with a Tinear
gradient between 7 and 14% guanidine-HC1, in 0.1 M sodium phosphate buffert
“pH 6.8. A flow rate of 9 to 10 ml per h was maintained with a peristaltic
‘pump. Fractions were collectedevery 30 min, and prbtein content was deter-
 mined by_turbidimetry. Each fraction (0.2 m1) was incubated for 30 min
with 2.8 m]r18% (w/v) TCA. The absorbancie$>were then.measured at 400 nm
'with a Zéiés PM QII Spectrophotoheter; using cells of 1 cm path length.
Guanidium chloride concéntratidns Wére determined by refractometry.

Amino acid composition analysis was performed on a Beckman/Spinco

analyzer, according to the method of Spackman, Moore and Stein (1958).
The compositions presented are uncorrected for loss during 22-h hydrolysis
at 110°. | |

Protein determinatjons were performed routinely by the method of

Lowry et al. (1951) usihg F1 histones purified by Amberlite chromatography
as the standard. |

Deoxyribonucleic acid was iso]ated from rabbit thymus and rat 1fver

after the tissue had been treated in the following manner: frozen tissue
was cut into small pieces and pressed through a sieve to remove connective

tissue. This material was then hohogenized in 200 m1 of 0.32 M sucrose
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With"a tef10néhomogenizerk"The homogenate'waS“centrituged at*1000 X'g
for 10 m1n at 5°, ‘the supernatant was d1scarded and ‘the pe]let (crude
nuc1e1) was carr1ed through the procedure of Marmur (1961) for the iso-

. lation of DNA DNA prepared in this manner showed an A320/A26D value of

: p 0 03 and an A260/A230 va]ue of at least 2.0.

DNA was a]so obta1ned from commerc1a] sources. High1y po]ymerizedN

DNA from calf’ thymus was the product of.the.S1gma Chemica1 co.; St.ftouis, -
Mo. (Tot no. 60C-4800). DNA from salmon sperm was obtained from Calbiochem,

Los Angeles, Calif. (lot no.,40059).:Poiydeoxyadenylate-thymidylatet(po1y”
B d(AT))'was a product'bf'Mi]es”Laboratories, E]khart."Ind (1ot no. 27)a

_ DNA from phage T2 was a g1ft of Dr. M. Chamber11n, Dept of Mo]ecu]ar

' B1ology, Un1vers1ty of Ca11forn1a Berke]ey »

- DNA concentrat1ons were determ1ned e1ther spectrOphotometr1ca11y,
'_using an €260 value. of 6800 or by the d1pheny1am1ne procedure of -Burton
.'(1956). us1ng 2- deoxy D-r1bose as the standard Prote1n contam1nat1on of

: the var1ous DNA samp]es was- determ1ned to be 1ess than 0. 5%.

" RNA concentrat1ons ‘were detérmined by the orcinol react1on as modified .

by Hatcher and Go]dstein (1969) (without cadmium salt precipitation),
| us1ng yeast RNA as - the standard. | x |

Sucrose grad1ent sed1mentat1ons were run on the DNA preparat1ons to

vvtest for homogen1ty w1th respect to mo]ecular we1ght A small vo]ume -
=(about 100 u1) of the DNA preparat1on to be tested was: 1ayered on a 5 ml 3
"gradlant of,5 -,20% (w/v) sucrose in 0.01 M,Trjs_HC],‘pHv7,.1nna,centr1f'

'iv_fuée tube. Centrifugation was-tarried'outvin ‘a Beckman Model L;2’U1tra?

.centr1fuge w1th a no. 39 rotor at 39, 000 rpm at O° for 2 h. At the end R,

uvof a run, the tubes were. punctured and 0. 2 m] fract1ons were . co]]ected

!

[
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with the aid of an apparatus previously described by F]amm.gg_gl; (1969).
To each fraction_wés added 0.8 ml of water, and the absorbancies were
read at 260 nm.

- Complexes of DNA and 1ysine-rich histones were formed by three

different méthods: (])vComplexes were'prepared by the urea-salt gkadient
dia]ysis brocedure of Shih and Bonner (1970). Histone and DNA were mixed
‘in 1.8 M NaC], 0.0I’M +ris-HC1, pH 8.0, and dialyzéed against a step gra-
“dient of 0.5, 0.3, and 0.14 M NaCl in 5 M urea, 0.01 M Tris, pH 8.0.
~ Each step was for a minimum of 3 h at 4°. vA‘finallﬂia]ysis aéainst 0.14 M
~ NaCl, 0.01 M Tris-HC1, pH 8.0, for the removal of irea’ was carried out
for 16 h. For enzymatic assays, the COmblexés were dialyzed against 1.5
v mM NaCl, 0.01 M Tris-HC1, pH 7, for at least 24 hf Generally, 2'm1 of
sample was dia]yzed against 2 1 of buffer at a]l stages of dialysis.

'(2)‘ The.second.method was baéed on the addition of excess histbne
to DNA 1n:m6derate salt concéntratidn (0.23 M NaC1) and the removal of

unbound'histoné from complexed DNA by means of chromatdgraphy on Bio-Gel

| P-30 (BiofRad Laboratories; contrb] no. 56433); Histone was in a 2.5
"f01d excess of DNA (by weight). Histdhe-DNA solution (3 m1) was applied
'to-é'co1umn méasuring 2.4 X 20 om, andeas eluted with 0.01 M fris-HC],
" pH 7.5. ‘Fractions of 3 ml1 (180 drops) were collected, and the Aycq of
eéch fraction was determinéd A port1on (0 25 m1) of each fraétion was
taken for protewn determ1nat1on

(3) ‘The final method was d1rect add1t1on of DNA to h1stone so1ut10ns
in Tow jonic strength buffer accompan1ed by vigorous agitation. Generally,

100-200 uliof DNA sp]utfbn.(about ] mg/ml)‘was pipetted s]ow]y into a
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" histone sOiution of desfredkconcentration'(10-200 pg/m]) whi]e'the
_h1stone so1ut1on was be1ng agitated on a Vortex mxxer So]ut1ons of
‘complexes formed in th1s manner are more turb1d than those formed by -
fe1ther of the two methods above '

U]trav1o1et absorpt1on Apectra were obta1ned w1th a Cary Mode] 14

| record1ng spectrophotometer and with a Cary Mode] 14R spectrophotometer
equipped with the,Cary Mode] 1462 scattered transmlssjonvattachmentt‘The

, path ]ength for al absorption spectra was 1 cm. Spectra,taken with the _.
1 : Model 14R. were obtained with a fluorscat cell (Dorman‘and HearSt,v1971).
-All spectra were taken at room temperature | - |

Circular dichroism spectra were taken w1th a Cary Mode] 60 record1ng

1spectropo]ar1meter equipped w1th a Cary Mode] 6001 CD attachment Spectra
were recorded at room temperature with the sample ce]] (1 cm path 1ength)
'1n a n1trogen atmosphere D spectra are reported in terms of the d1ffer-
yvence in the ext1nct1on coeff1c1ents for 1lght and rwght c1rcu1ar1y po]ar1zed
light, respectjvely ‘h“[ej:- er] is defined as

e, ~ where

| 133050 1c |
60 is thelmeasured ellipticity in"degrees, 1 is the path length of the
sample in cm,Vand c is the'concentration of the'sample in'moles per ”

cmSL' A]] spectra presented here1n are: reported in terms of mo]ar

. concentrat1on of DNA nuc1eot1de res1dues

Deoxyrlbonuclease assays were performed us1ng three separate

assay techn1ques The spectrophotometr1c assay method of Kun1tz (1950)
.was therprocedure used‘most frequent]y'1n this work. DNAse I (WOrtthgton
vBidchemica1 Corp s Freehold, N. J » 1ot no. DQAJ) ‘was used at a final

concentrat1on of 0. 25 ug/m], un1ess otherwwse stated The assay buffer '
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was 0.02 M.Tris-HCI, pH'6.7, containing 8.0‘hM MgCIé and 2.0 mM CaClz.
Change ih’absorbance at 260 nm was followed on.the Cary Model 14.

We haVe also measured fhe hydrolysis of DNA by:the nuclease with a
pH-stat as deécribed by Gottesfeld et al. (1971). The third assay tech-
niquevwa; based on the measﬁfement of TCA-soluble material after hydrolysis
. of the DNA by the nﬁciease. To a DNA or DNA-histone complex solution
(approximatgly 100 ug/%] in 3 m1'0f10.02 M Tris-HC1, pH 6.7, 8.0 mM MgC]z,
2.0 mM CéC]Z) was added 20 u1 of DNAase I (100 ug/m]) and hydrolysis was
~allowed fo proceed for 5 min. To this solution was added 1 ml o% coid 10%

(w/v) TCA, and the solution stored in the cold for 15 min to allow a
precipitéte to form. At the end of this time, the solution was filtered
through a Millipore (0.3 p bore size) filter, and the A260 of the fi1trate

was measured on thé Cary 14.

" RNA polymerase assays were carried out in a final volume df 0.25 ml

in a reaction mixture previously described by Marushige and Bonner (1965).
[6'%C]uridine-5'-triphosphate (10 uC/ml) was the labelled nucleotide
(Schwarz/Mann, Orangeburg, New York). RNA polymerase (E. coli B) was purchaéed

from Mi]es Laboratories (lot ho.-31-1-642). A sémp]e.of RNA polymerase, known

to contain the o factor, was the generous gift of Dr. M. Chamberlin. Incubation

was cafried at at 37° for 30 min, and the reaction étopped by the_addition

of 3 ml of cold 10% (w/v) TCA. After}incubation'at 4° forv15 min to

allow thé precipitate to'form;"the'aéid-inso]ub]e material waé collected

6n a Millipore fi]ter-(0;3ixpore size). The}fi1ter was washed twice

with 3 ml cold 10% TCA, and was sucked dry for 1-2 min before it was

diSso1ved:ih 18 ml of a toluene-dioxanevfluid previpusly described by

Kinard (1957). Radioactivity was counted in a Paékard Tri-Carb Liquid

Scintillation Spectrometer.
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ResuTts‘and Discussion |

Inh1b1t1on of DNAase I Qy_Fl h1stones;” Comp]exes of DNA and the very

1ys1ne r1ch -F1 h1stones (acetone powder and chromatograph1c fract1ons)
prepared by the d1rect add1t10n method (see Mater1a] and Methods) were |
'res1stantlto the action of pancreat1c deoxyrfbonuclease. We have measur-
‘ed the hydrolysis of DNA by DNAase, and the inhibition of this hydrolysis
o by Fi'histones, using'three'Separate assay.téchniques: hyperchromic
éffécts'ﬁH-Sfatfand TCA-soluble material. Figure 1 illustrates the
protection of calf thymus DNA by calf thymus F1 histones (acetone
powder)*as:assayed separately by the hyperthrbmicceffect and TQAQ"‘
so]uble materfal assay prOCedures Fffty percent'fnhibition was attain-
ed as determ1ned by the hyperchrom1c effect procedure, at a h1stone |
:DNA rat1o of 0.6 (w/w), w1th the assay based on TCA-so]ub]e mater1a1
this ratio was 0.75. The resu]ts of the pH -stat assay procedure are |
in genera1 agreement with those of the hyperchrom1c effect assay pro-.
cedure. Oth et a] (1958) have reported that the measurement of the |
' nhydro]ys1s of DNA by DNAase using four separate assay techniques. (11bera-'

tion of ac1d soluble mater1a1, changes in v1scos1ty, pH, and u]trav1o1et'
_ absorpt1on) gave d1fferent resu]ts for the t1me course of hydro]ys1s |
foyeach assay techn1que 'S1nce, however each assay procedure measures
.changes 1n a d1fferent phys1ca1 property of the DNA substrate on DNAase |
hydro1y51s, s]1ght1y different results with each of the assay techn1ques was
not unexpected It 1s therefore not surpr1s1ng that we have obta1ned

s]ight]y different va]ues for the ratio of hfstone.DNA at 50% 1nh1b1t1on'_

of hydrolysis using three different'assay techniques;
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- While the binding of F1'histones tb DNA -causes a hyperchromic
shift, which iS'at least partly due to an increase in light Scattering,
this does not.inva]idate'the use. of the'spectrophotometric assay pro-
cedure. The Similarfty of ‘the resulfs obtajned withvfhe hyperchromic
effect assay‘procedure and fhbse of the pH-stat and thé acid-soluble
material assay proceddreé fu]es ouf the poésibility that this initial
hyperchromic éhift on 'the binding of histonés_to DNA masks any subsequent
hyperChromié shift on the addition of DNAase (thereby causing an apparent
" inhibition of DNAase hydrolysis). Due to the ease of the hyperchromic
effect assay technique, we usually used this pfocedure tQ explore the
“interaction between DNA and the 1y$ine-r§ch'F1 histones. »

- That inhibition arose from the action of the histdnes on the DNA,
and not»by difect action of the histones on the enzyme, was demonstrated
by an experiment on the order of addition as reported in Table I. This
series of assays was performed~usihg calf thymus DNA and calf thymus F1
histones (acetone powder). Preincubation of DNA with histones comp]éte]y
inhibited”hydrolysis on the subsequent addition of DNAase (assay 2, compared
‘with control, assay 1). Howéver, préincubétion of DNAase with histones had
" no effect on the rate of hydrolysis when DNA was added later (assay 3).
This indicated that inhibition arose from the interaction of histones
'_.and DNA; furthermore, thé DNA-histone complexes were not formed fast
.énough to protect the DNA from hydrolysis by the nuclease. If an a]iquof
of DNA was added to a cuvette containing DNAasé and DNA whichbhad been
hydro]yzed'by the enzyme, hydrolysis of the added DNA was observed
(assay 5). It should be.hqted that the rate of hydrolysis of the Secqnd
a]iquot:of_DNA was lower than that of the first because (i) the concen-

tration of DNA was 25 pg/mllih the second hydro]ysis, versus 62 ug/m]
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:,k1n the f1rst (11) DNAase I 1s 1nh1b1ted by the products of DNAase hydro]y--<
sis (Pr1vat de Gar11he 1967). '

| When: a second a11quot of DNA was added to a cuvette conta1n1ng DNAase |
and an enzyme -resistant DNA- h1stone comp]ex the second a]1quot of DNA
was hydro]yzed by the nuclease (assay 4) Th1s hydro]ys1s was faster than
that»1n assay 5 because 1n}assay 4 there was,no accumu1at1on of hydro]ysts
prod0cts in the'first*inCUbatiOn' We conchde fromfthese'eXperdments that
._DNAase T 1s enzymat1ca1]y act1ve after exposure e1ther to F1 h1stones or .
to DNA-F] h1stone comp]exes , | v
| L1neweaver Burk p]ots showed that inhibition of DNAase I by F1
. histones was competitive. It is 1nterest1ng to-compare this result wtth
that of Shih and Bonner‘(]é]d),"who found the inhibition of RNA po]ymerase
by po]y?Lélysine'to'beinon—competttive. Since RNA potymerase‘binds,to
Cits DNA'template'and'then transcribeslthe.base-sequenée of‘the'DNA into
RNA in a continuous manner,'non—éompetitiVe'inhibitton of this enzyme by
poly-L-lysine is qu1te reasonab]e In contrast, ‘such a mode of action
-‘wou1d not be expected for ' the hydro]ys1s of DNA by DNAase I, and, in fact,
\ would not be consistent w1th our present data We therefore suggest a s1ng]e
‘h1t ‘and release mechanism for DNAase I: each time a phosphodlester bond
~is -to be'broken, the nut]ease muSt rebind to the DNA. Compet1t1vev1nh1e

i’b1t1on by F] h1stones 1s consistent with th1s mode. of action.

| Inhtb1t1on gﬁ transcription 'y_fl histones. The 1nh1b1tory act1on
'ofihistoneS‘on the.transorjptionvof'DNA bbeNA>po]ymerase is well docu-
mented (Barr andeutler. 1963? Huang and Bonner, 1962~ A]Tfrey, et al.,
1963). . Using RNA po]ymerase from E. coli B, it was observed that
1nh1b1t1on by rabb1t thymus F1 h1stones (acetone powder) of po]y d(AT)

'transcr1pt1on para]]e]s the 1nh1b1t1on of DNAase 1 (F]gure 2a), similarly,
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TABLE'I: Effect of ordef of addition on the DNAase hydrolysis of DNA-

_ histone.hiXtufes. o |

Assays based'on fhe hyperchromic. effect were performed on nuc]eohistbne

complexes fofmed by direct addition (see Materia]é ﬁnd Methods) by the

hyperchromic effect assay proceduré. Final cohcentratibns of calf thymus

DNA and DNAasewefe 62 ug/ml and 1.0 ug/ml, respective]y | The ratio of

ca]f thymus F1 h1stone (acetone powder) to DNA in all assays was 1.5 (w/w).
In assays 4 and 5, the second a11quot of DNA was 50 ug in 1.0 ml added

directly to the cuvette and mixed immediately. In assay 5, hydro]ys1s

of the first a]iqubt of DNA was complete after 10 min, as determined

by no further increase in A26Q nm’

Mode of assay , - Initial Rate of Hydrolysis
(Mag0nn/min)
1. DNA + DNAase PR 0.27%

2. DNA + h1stone incubated 10. m1n, |
DNAasethen added : . K ' - 0.00
3. Histone + DNAase incubated 10 min;
" DNA then added - - 0.28

4, DNA + histone incubated 10 min;

DNAase then added 0.00
after 10 min, a second aliquot of DNA added 0.12
5;. DNA + DNAase; 0.25
after 10 min, a second aliquot of DNA added 0.09

@ precision of assays is i-O'O]“(AAZGOnm unit/min), average deviation.
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| thé inhibftfoh by rabbit.thymus F1 histones (acétonefb@wder) Of rabb1£ :
"5 thmes DNA ffansc%iption roUgh]y\péfallelé';he iﬁhibitioﬁ of DNAase I
(Figuré‘Zb).‘ While theSe}experihentsvwefe hot”réplic#ted enﬁugh for

precisevcomparisons (due to the limited availability of RNA pbiymekaSé)v

~ the results clearly support the conclusions reached from the DNAase éssays.-

Circular dichroism of DNA-F1 hfSione-cdmg]eXes: Fasman gi_gl; (1970)

have repbrtéd the CD sbectka of DNA-F1 histone complexes formed by gradient
dialysis ‘in the absence of urea. They found that the relative magnitudes

_of the nucleic acid CD bands ih‘the'comb1éxe§ were dépendent'bofh upon

thé_histone:DNA'ratib in the complex, and upon the absolute concentration

of complex when the spectra were taken. Furthermore, the €D spectrum of
the complex Was highly dependent on the salt concentration in the final
step of thé gradient; the €D Spectrum*of the cohp]ex formed.by did]&éis
£0°0.01 MvNaC] was identical to the sum of the spectra df_hiStohes ahav
Uncompléxed'DNA taken individua]]y (0lins, 1969), aﬁd wasbdifferent from
that of the DNA-histone complex formed by dialysis to 0.14 M NaF (Fasman
"_e_t_‘_a-_]_.,'1970). - ' . ' o :
" We have prepared complexes by édding ékceSS'histphe to- DNA 1n‘0.23vM
f NaC], and isolated the complexed DNA by.chromatogfaphy on Bio-Gel b;36.
) Fiéure 3 i11ﬁstrates ohe'such chromatogram for calf thymus DNA and calf
thymus F]'histones'(acetOne powder). The ratio of histone to DNA in this
complex was 2.2 (w/w) fof fraction number 11. It was,demonstrated by 
 means of,thefmal denaturatioﬁ that complexes were indeed formed'by'tﬁé
method -of dia]ysis to 0.01 M NaCl (Olins, 1969;-011ns and Olins, 1971),
or by the Bio-Gel P—30 method (Gottesfé]d and Schwab; 1971). figufe 4a
shows fhé CD spectra}of calf thymus DNA-calf thymus F1 histone comp1exes '

formed by{direttvadditidn,"and'Figurev4b-sh0ws spectra of the simi]ar'
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complexes formed in moderate salt and isolated by Bio-Gel chromatography.
These data suggest that the CD éhanges accompanying DNA-F1 histone cqmp]ex
formation, a1though'resemb1ing the transformation ovaNA 1n£o_the "ct
form’(Tunis-SChneider and Maestre, 1970), were actually due to the aggre-
gation of the DNA-histone complexes. It is well known that native nucleo-
histones are least soluble at 0.14 M NaCl (Zubay and Doty, 1959). These
cD changes might have been partly the resulf,of'light scattering (Glaser
and Singer;;T971). A comparison of the UV spectra of calf thymus DNA;
F1 histone complex and uncomplexed calf thymus DNA; taken with a Cary 14
spectrophoﬁomete}, and with a Cary 14R spectropnotométer equipped with a
scattered transmission attachment and fluorscat cell (Dorman and Hearst,
1971), demdnstratéd that these complexes do scatter light (Figure 5).
Although it_is not yet known whether the CD of thése DNA-F1 histone com-
plexes arisés from the differential scattering of left andvright circular-
ly polarized light (Dorman‘and Maestre, 1971), investigation of the CD spectral
changes upon complex fonmntion nevertheless is a useful even phnugh
empirical technique in exploring spesies specificity of DNA-histone

interactions.

Experiments with Acetone Powders of F1 Histones.

Spécies-specific interaction of DNA and F1 histones as detected

by DNAase and RNA polymerase inhibition. Both calf and rabbit thymus

F1 histones (acetone powders) prbtectéd their homologous DNAs more
effectivé]y than any foreign DNA tested from attack by DNAase I. Figure 6
shows fhe inhibition of DNAase hydro]ysis of calf and rabbit thymus DNAs,
salmon sperm DNA, and poly d(AT), by calf and rabbft thymus F1 histones

(acetone powders). This species-specific inhibition is also seen if the
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resu]ts of assays w1th d1fferent h1stones ‘and the same DNA are p]otted B
coord1nate1y F1gure 7 demonstrates the protection of ca]f and rabbit
thymus DNAs from DNAase hydro]ys1s by ca]f and rabb1t thymus F1 h1stones
_ (acetone powders) AN comp]exes assayed for species spec1f1c1ty were
formed by the d1rect addition method.
It 1s 1nterest1ng to note that ca]f thymus F] histones (acetone* ‘

-powder) protected poly d(AT) frOmDNAase hydrolys1s almost as effectively

as they protected rabbit thymus DNA (F1gure 6a), similarly, rabbit thymus.

F1 h1stones protected po]y d(AT) from DNAase hydro]ys1s Just as’ eff1c1ent1y,

-as:they protected calf thymus DNA (Figure 6b). Barr and Butler (1963)

haYe noted-that’Ft histohes precipitate (AT)4richfDNA—preferentia11y
to (GC)-rich DNA. Our present data‘on.the inhibition of DNAase‘hydronSis
of poly d(AT) by calf and.rabbit histones might be a reflection of this |
base composition preference. The fact that Flvhistones preferentia1]y
protect homologous DNA from nuclease action indicatesathat therevis more
than a base composition preference involved in thé interaction ot histones
~ and DNA, | o
| _ The data for sa]mon sperm DNA (Figure 6) show that small amounts

of h1stone act1vate the nuclease. F1gure 8 presents a more deta1]ed
curve for the protection of salmon sperm DNA by ca]f thymus F1 h1stones
‘Act1vat1on might result from the chelation by the h1stones of inhibiting
metals present in the salmon sperm DNA preparat1on, or, a]ternat1ve1y, |
add1t1on of the f1rst amounts of h1stone might cause a conformat1ona]
| change 1n the DNA which renders 1t more susceptible to the action of the
nuclease. We suSpected such a,conformat1ona1 change mlght‘be detected
vby_means of CD. ‘However, the spectrum_ofia salmon;sperm DNA-caif thymus
F1 histonevcomptex‘Which gaye.maximalfactivation of DNAase was a]most"

identica]:to the CD spectrum of uncomplexed'salmon sperm DNA. Since it
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is not un]ikély that commercia]isﬁerm DNAs contain significant amounts
of metal ions, we‘aftempted to purify our saimon sperm DNA by gé]
~ filtration on Bio-Gel P-30. The'results obtained with DNA purified in
this manner were identical wifh our brevibﬁs results. Unless metal
ions are so tfghtly bound that they.are not eliminated on Bio-Gel, the
initial binding of F]ihistonesAto'sa1mon sperm DNAfprobab1y either
promotes the binding Jf the nuclease to the DNA, or causes a minor
confonnatidnaT change in the DNA which renders it more susceptible
to hydrolysis, thus causing actiVatibn of the nuclease.

| RNA po]ymeraée and DNAase assays showed a similar pattern of species
specificity.vFigure 9a shows the inhibition by rabbit and calf thymus
F1 histbnes (acetone powders) of transcription of rabbit'thymué DNA.
| Fifty percent inhibition was attained at histone:DNA ratios of 0.65
and 0.9 (w/w) with rabbit and calf thmes F1 histones, respectively.
Rabbit fhymus Fl;histones_(acetone powder) restricted the‘transcription-
‘of rabbit thymus DNA more efficiently than it réstricted the transcrip-
tion of either calf thymus DNA or poly d(AT) (Figure 9b).

~ Species specificity as detected by circular dichroism. €D spectra

of comb]exes‘between calf thymus F1 histones (acetone powder) and a variety
of DNAs (complexes formed by the direct addition method) have yielded the
most striking evidence for the species-specific interaction of DNA and
histones. (D sﬁectra for calf thymus'DNA-histong comp]e*es have already
béen presented (Figure 4a); Figures 10 - 12.depéct the CD spectra‘of
Compiexeé'df calf thymus F1 histones .2 with DNA from }at liver,
sa]monvspérm,'and T2 phage, respectively.

The binding of calf thymus F1 histones to rat liver DNA caused a

change in the CD of the nucleic acid similar to that observed with the
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b1nd1ng of calf thymus. F2a1 h1stone (g]yc1ne and arg1n1ne r1ch) to e1ther

- calf thymus DNA (Shih and Fasman,,]971) or to T7 DNA (011ns and 0lins,

1971). The 275 nmvand_220-nm pos1t1ye bands of rat liver DNA were 1n-'
creased in magnitude;‘and the 245 nm‘nejative band:decreaSed,’upbn’comf.
p]exing‘With F1'histcnes from calf. At_a.histone:DNA ratdosof 1.75 (moles

of ‘amino acid residues/moles of nucleotide residues) the 275 nm positive -

‘band reached a maximum. The spectrum of rat liver DNA atvthis'histdne

to'DNA*ratio*was_simi1ar to either DNA in the "A" form (Tunis-Schneider

and Maesthe; 1970) or native RNA (Yang and Samejima,t1969). On further

: addition of F] histones, the positive band decreased in mdgnitude,

and'shifted'to"]onger Wavelengths until,at a histone:DNA ratio of 3.0
(moles amino acids/moles nucleotides), the spectrum was similar to DNA

in the "C" fdhm (Tunis Schneider and Maestre, 1970) or to a ca]f thymus

ADNA-calf thymus F1 histone complex at a histone:DNA ratio of 0.75

(mo]es amino acids/mo]es nucleotides). This pattern of transformatidn'
vof‘the CDespectrum of DNA first to that of DNA in the "A" fbrm;:and
then to that 6f DNA in the l.‘C" form, has only been'observed.w1therat'
1iver DNA~ca1f'thymus F1 histone'comp1exes

Add1t1on of even very large amounts of calf thymus F1 h1stones to
salmon sperm DNA caused only sma]l changes 1n the CD spectrum of the

DNA (F1gure 11). Comp]exes of salmon sperm DNA and calf thymus F] histone

~"wer‘e nevertheTess fohmed since the DNA became resistant to\DNAase hydroly-

sis at the ratios of h1stone DNA shown on these spectra

. F1 histones from caif thymus caused only a slight change in the

‘CD,spectrum of T2 DNA (Figure 12). These data, however, should be
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vfewed with'céution since tﬁe.cytosine resfdues of T2 DNA are glucosylated,
and the presence of g]ucose'residues in the major groove of DNA might
interfere with the forhation of T2 DNA-histone complexes. O0lins (1969)

has reported that F1 histones interfere with the g]ﬁcosy]ation»Of ungluco-
sylated T2 DNA by glucosy]l fransferase when.complexed with this DNA.

Ana]ysis_gj the histone preparations. ~ F1 histones isolated from

calf and rabbit, and"ﬁurified by the procedure of Kinkade and Cole (1966),
.gave e]utidn]patterns on Amberlite IRC-50 cation exchange columrs very
similar to those reported by Bustin and Cole (1968) for the same tissUes,
énd their ahino acid compositions as presented.in Tables II and III are
in good agreement with those presented pkevious]y. Unlike the earlier
preparations of Busin and Cole (1968) and Kinkade and Cole (1966) which
showed ro traces of histidine, the preparations used in the present case
contain smé]] amounts of histidine. As expected,(Stellwagen and Cole,
1968), the uﬁchromatographed.F1 histoneé (acetone powders) contained
considerably moré histidine than any,df thevpurified'fractions obtained
by éhromatograbhy. ' |

While the vast majohity of published studies on lysine-rich histones
are carried out with pfeparations containing traces of histidine residues, it
is known (Sfe]]wagen and Cole, 1968) that the histidine 1ndi&ates contamina-
tion. This contamination probably occurs because the nuclei were not puri-
fied befofe TCA extraction.

The RNA composition of thé acetone powders wés determined tg be
1.5 percent by weight, while the RNA cdmpositions_of.the purified fractions

were be]owfthe limit of detectability of the orcinol reaction.
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TABLE II: Amino acid composition ana1ysis.of.rabbit-thymus‘F] histone

acetone powder and chromateréphica]]y purified fractions.

: o, _ "~ Mole Percent®
Amino Acid Acetone  LI% L2 13 14
L Powder ' ' g L
Lyeins | 22.0 27.4  28.8 297 313
- Histidfne‘. 2.2 02 . 0.0 0.2 0.0
Arg1n1ne 3.3 16 1.5 1.8 1.0
Aspartic Ac1d‘ 4.7 2.4 | 2.2 2.6 2.5
: Threonine 4.4 4.2 4.5 £ 3.8 4.4
Serine 6.1 14 6.9 6.4 7.5
 Glutamic Acid 7.5 a7 3.9 42 46
Proline 7.9 0.1 - 9.5 9.6 - 9.2
Glycine 6.6 7.0 6.9 6.9 7.9
Manine. 18.2 23,3 20.8 207 231
Half-cystine 1.7 0.0 00 0.0 0.0
“_Va]iner 5.2 5.3 5.0. 4.0 3.6
Methionine 0.0 0.0 0.0 0.0 0.0
Isoleucine 20 1.0 0.8 0.8
Leucine 5.5 43 43 40 35
Tyrosine - 1. 0.5 0.5 0.5 0.3
Phenylalanine 13 05 0.5 0.7 0.5
Total Basic Amino . - -
“Acids 215 29.2 303 317 - 32.3
Rat1o of Lysine to o - - | -
Arginine 6.2 - 171 19.2 6.5 31.3

2 Va]ues are reported as mo]es of amino acids per 100 moles of all am1no
- acids’ recovered after 22-h hydrolysis at 110° in 6 N HC1..

b
. Nomenc]ature of Busin and Cole (1968).
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1TABLE II1: Amino acid composition analysis of calf thymus F1 histone

acetone powder and chromatographically purified fractions.

Mole Percent?®

Amino Acid Acetone 1P L2 La; L3b
' Powder '
Lysine 20.7  28.8 28.5 28.9
Histidine o}gv: 0.1 0.1 0.4 0.4
Argininé_ _ - 3.5 2.7 1.0 1.5 1.5
Aspartic Acid : 60 1.7 2.6 2.3 2.7
Threonine 50 5.3 5.1 55 5.1
Sefine | 6.2 6.0 8.1 7.9 7.8
Glutamic Acid 8.0 3.6 5.0 4.7 5.6
‘Proline 8.7 7.6 7.5 8.8 7.4
Glycine 7.1 6.6 7.8 7.6 8.2
Alanine 174 26.2 205  23.8  23.3
Half-cystine 1.2 0.0 0.0 0.0 0.0
Valine 4.8 5.4 4.8 4.2 4.0
‘Methionine 0.0 0.0 0.0 0.0 0.0
Isoleucine - 1;9 - 0.8 0.9 0.7 0.5
" Leucine 5.7 4.3 3.5 3.8 3.8
Tyrosine 1.1 0.5 0.5 0.4 0.5
Phenylalanine 1.6 0.6 0.5 0.5 0.5
v 'Tdtal'Basic Amino o o
Acids 25.1 3.6 31.6  30.4  30.8
Ratio of Lyéfne to | -
. Arginine s 107 30.5 19.0  19.3

Values are reported as moles of amino acids per 100 moles of all
b - amino acids recovered after 22-h hydrolysis at 110° in 6 N HC1.
Nomenclature of Bustin and Cole (1968). :
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EXperiments with-Amber]ite Fractions of F]'Histonesa

C1rcu]ar d1chro1sm and DNAasehydro1ys1s of complexes between DNA

and f]_h1stone sub-fract1pns - Complexes of DNA and F1 h1stone sub- fract1ons _ .

obtained by:Amber]ite cation exchange chromatography were prepared by
direct additidn. The various fractions of can and rabbit thymuS.FT his-

" tones differed in their respective effieiencies in‘protecting'theirv
hdmOIOQOUS'DNAS from‘DNAaseI hy&rolySis; The ‘sub-fractions also differedu_e
in thefr'abfTityvto cauee cqnformational changes in fheir hpmo]pgous'DNAs
as detecfed_by CD. Table IV summarizes these results for complexes of
calf thymus and rabbit'thymus histone fractions nith DNA iso1ated from

the ‘same tissue The*fractions from rabbit‘thmeS were more effective

N

 inhibitors of DNAase hydro]ys1s than were the sub- fract1ons from calf
thymus The order of effectiveness for,1nh1b1t1on of DNAase hydroiys1s was -
CTLT $CTL3a & CTL2 > CTL3b, and RIL3'> RILI > RIL2 > RILA. |
On_ the other‘hand"rabbit ihymus hiStpne fractions were less effective

than calf thymus fract1ons in cau51ng CD spectral changes The'order_of.
effect1veness in inducing CD spectra] changes was CTL3a > CTL1 > CTLé >
_CTL3b, and RTL] > RTL4 > RTL3 > RTL2. There appeared to be‘no

obvfous relafionships between amino acid compOSitipn of.the varipus histone

vfractions and the order of effectiveness in inducing CD changes or in

protect1ng aga1nst DNAase hydrolysis.

Species spec1f1c1ty 1n DNA-F1 histone. fract1on complex format1on ‘_' ‘

Complexes of the fractionated histones with a varlety of DNAs were pre-
pared byidirect addition, and by urea-salt gradient dialysis. (D and
.ultravio]ef_absorpffon spectra nere:obtained, and these.comp1exes were:-
a]so asSayed for'resistancevto DNAase hydrolysis. Complexes of histone

' fractions_and-hetero1ogous DNAs “showed the:same~degreefof resistance to-



TABLE'IV: Effect of Histone Sub-fractions on the Circular Dichroism and DNAase Sensitivity of

Homologous DNAs.

: bHistone:DNA Ratio (w/w)a'Required | Histone:DNA Ratio-(w/w)a Required
- Sub-fraction b

For 50% Change in [eL-eR]275¥nm- For 50% Inhibition of DNAase Hydrolysis

Rabbit thymus L1 |  0.75 0.3
12 | | 1.35 . 0.5
13 | 1.2 s 04 )
| uo 0.85 - 0.7 |
Calf thymus L1 o 015 . 06 3
TR o 0.2 1.0
L3a 04 1.0

L3b o 0.3 - 2.9

3711 complexes prepared by direct addition.

'bHyperchromic effect assays.
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DNAase as did comp]exes of the same histone fract1ons with their homo]ogous
DNAs (F1gure 13). No evidence for species spec1f1c1ty was obte1ned, even
though”from'the datajpresented in,Tahle IV,'we may cohc]ude that variooé
histone'§ub;fraotions differ in their.respeotive abilities to protectN
DNA from.DNAase_I hydro]ysie. Furthermore, from ngure 137we.conolude
that the:amOUnt'of'histone required to protect a giveh amount of DNA
from hydro1ysis by DNAase 1 is affected neithervby the base composition
" nor the biological source of the DNA‘ The results in‘Figure‘13 are
for comp1exes prepared by direct add1t1on, s1m11ar resu]ts were obta1ned
w1th complexes prepared by dialysis. |

Comp]exes of calf thymus, rabb1t thymus, and salmon sperm DNA and
po]y d(AT) ‘with calf thymus histone fract1on 't3a and rabbit thymus his-
tone fract1on L3, were prepared by urea-salt gra1dent dialysis. F1gure 14
dep1cts-the_CD spectra of these comp]exes at a h1stone.DNA ratio of»0;5'.
(w/w); the'CD'spectra of the onCOmp1exed DNAs are a150‘given, ‘The most
unusual featdre of these spectra is that rabbit thymus DNA remaih5‘1arge1y
“in the "B" conformation on complexing Nith fractions of rabbit and calf
v'histone Notw1thstand1ng, both of these histone fractions vere capable of
inducing large changes in the CD spectra of other DNA preparations. A1]

I of the DNA preparat1ohs oonta1ned less than 0.3% (w/w) protejn. D1fferences
in the seoimentation»patterhs for the calf and rabbit thymus DNAs indicate
the’calf DNA was more heterogenous (with respect to mo]ecular'weight).than
the rabbit thymus DNA (F1gure 15). | |

' The exper1ments reported in th1s section indicate that there is no
spec1f1c1ty directed toward the DNA in the_b1nd1ng of the 1nd1v1dua],.
purifieo Fl fractionsvto DNA. It appeared interesting,'therefore to
- comb1ne the individual fract1ons in the same relat1ve proportions

that they were found on chromatography of the acetone powders on

v
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Amber]itg IRC-50, and test the miktures for species specificity. The

- results of éssays of complexes of rabbit and calf DNAs with the mixtures

of rabbit thymus and calf thymus histone fractions were the same,.howeVer,

as the results obtained with the individual fractionsi Fifty percent
inhibition'of hydro]ysis of both calf and rabbif‘DNA was found at histone:DNA
ratios of 0.9 (w/w) and 0.75 (w/w) for mixed histone fractions from ca]f

thymus and rabbit. thymus, respectively

Concluding Remarks

We have shown that preparations of F1 histones (acetone powders)
from a given species are more effective in protecting DNA of that species
- from DNAase I hydrolysis, than a simi]ar‘preparation:Of histones from a
foreign speﬁies. Furthermore, F1 histones (acetone powders) isolated
from a given species protect DNA from that species from hydrolysis by
DNAase I_moreveffectiveiy than foreign néturai.DNAs or a synthetic
polydeoxyribonucleotide. Analogous resﬁ]ts have been obtained using
RNA polymerase assays; While each chromatographic fractioég of F1
histones differs from others in the extent to which it protects DNA
against DNAaSe and RNA polymerase, it is indifferent to the nature
of the DNA and thus does not exhibit any species specificity toward
the nucleic acid. DNAase assays on cohp]exes formed between DNA and
a combination of all F1 histone sub-fractions also failed to show
species specificity. We thereforeléohc]ude that some component pre-
sent ih the.F]»acetohe powders,'and absent-from the Amberlite frac-
fions, accounts for_the species-specific recognition of DNA, either

acting alone or in concert with the histone.
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'Fron the amino acid analyses of the acetOne-powders and pnrified

‘ fractions we have concluded that.tne'acetone-powders*contain certain‘
protein comoonents‘whiCh are absent from the purffied fractions. Further-
 more, RNA determinations indicate the presence of stgniticant_amounts:
(].5%_w/w) ofcthis nucleic acid in the'acetone powders nhiie'the RNA
composition of the purtfied fractions was found tolbe below the ]imit of
detectabi1jty'of the determination'prbcedure used (]ess'than 0.1% w/w).

We have teStedtthe poSSibility thatﬁthe.RNA component of the acetone
powders inoarts“species-spécifiCity on the histone component:of the
'acetone powders by treat1ng the acetone powders w1th r1bonuc]ease
Ribonuclease treated - acetone powders . and untreated powders were
then'used,infDNAase assays on DNAvof the same species and fore1gn

4 species; No differencestwere found in the.1nhibitory‘effectiveness of
_ribonuclease treated and. contro] acetone“powders- {These results, hoWever,

' must be v1ewed with caut1on, s1nce the RNA component of the acetone .

powders cou]d exist in a comp]ex ‘with prote1n that renders th1s nuc1e1c o

'ac1d res1stant to hydro]y51s by ribonuclease. This is ana]ogous to the
fact that F] h1stones in comp]ex with DNA- render DNA resistant to
DNAase hydro1ys1s. |

At th1s time, we may conc]ude that gur1f1ed F1 h1stones do not act
as spec1esfspec1frc inhibitors of DNAase hydrolysis. FT hlstones 1n»

thegpresence.of,'or complexed with, either RNA, non-F1 histone proteins

. or non-histone proteins, or some other unknown molecules, or with a

combination of these mO]ecu1ar‘specjes, may act as species-specific
inhibitors of the hydrolysis of DNA by DNAase. If we may extend our
results with DNAase assays to RNA polymerase assays, we hypothesize

thatspUrified F1 histones do not act as species—Specific regnlatorsdof
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gene activity unless perhaps in the presence of, or complexed with,

some non-F1 histone component of the acetone powders.
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Figure Captions. =

Figure 1: DNAase assays on calf thymuS'DNA-ca]f thymus F1 histone
(acetone_powder) complexes formed:by the direct addition method.
Assays wefe'carried out by the hypefchkqmic effect assay procedure
: v(c]oséd circles), and by the TCA-soluble material assay proceduré

(open circles). For details, see Materials and Methods section.

Figure 2:° Inhibition of DNAase I (c]osed circ]es)’and RNA'po1ymerase
(open circ]eﬁ) by rabbit thymus F1 histones (aéetphefpowder). Complexes

| of histpnes and DNA were formed by the direct addition method. (a) Upper
graph: .comp1exes.of F1 histones and poly d(AT). (b) Lower graph:
comp]exes of F]Vhistones and rabbit thymus DNA. |

Figure 3: - Isolation of calf thymus DNA-calf thymus F1 histone (acetone
powder) complex by gel filtration chromatography on Bio-Ga1 P-30.

DNA (1.5 mg) and -histones (3.75 mg.of'acetone powder) wera mixed in
0.23 M NaCl in a.fina1 voiume of 3.0 m]; This mixture was app]ied to
the column after a 5 min period of incubation atvrdom temperature;
chromatography was carried 6utvas described in Matefia]s and Methods.
f'Protein‘concentrations (oben cifc]es) were determined by the method of
Lowry et al. (1951) on 0.25 ml of each fraction; the absorbance of each
~ fraction at 260 nm (closed circles) Was>taken as an indication of the

presence of DNA.

Figure 4:';Circu]af dichroism spectra of calf thymus DNA-calf thymus F1-
histohe.(écetone powder) comp1exes. (a) Upper grjph: complexes formed
by difeci addition»method. The molar ratios of histone amino acids:
DNA nucleotides were (a) 0, -(b) 0.2, (c) 0.3, (d) 0.4, and (e) 0.75.

- Abcissa on right refers,fo spectra (d) and (e)»which have been reduced



-32-

Figure Captiohs (2) -
in size‘by a factor of 5. (b)_Lower'graph: complexes with excess

histone formed in O.23_MvNaCI,'andkiso1atedyby means of Bio-GeT

P-30 chromatography. So]id_]ine,_uncomp]eXed DNA chromatographed on Bio-

Gel P-30r Dashed~]ine, DNA-histone complex with molar ratio of histone .

amino acids:DNA nucleotides = 4.0.

Figure 5: U]travio]et absorption spectrarof (a) calf thymusdDNA and
(b)'ca;¥ thymus DNA-calf thymus F1 histone (Amberlite chromatogram.-'
peak i):COmpjex prepared by the urea-salt gradient_dialysis_procedUre
(histone to DNA ratio of 0.2 [w/wl). .A11 spectra were taken in 0.14 M

NaCl, O. 01 M Tris- HC], pH 8, at a DNA concentrat1on of approx1mate]y

35'ug/m1 Spectra were taken w1th a Cary 14 (dashed 11ne), and w1th a

| Cary 14R equ1pped with a Cary 1462 scattered transm1ss1on attachment

and. f]uorscat cell (so]1d 11ne)

F1gure 6 Inh1b1t1on of DNAase I hydro]ys1s of ca]f thymus DNA (-~ v),

'_ rabbit thymus DNA (-O~), sa]mon sperm DNA (& ), and poly d(AT) ( 1&—)

by (a) calf thymus F1 histones (acetone powder), and (b) rabb1t thymus
F1 histones (acetone powder). Assays were performed by means of the

hyperchromic effect procedure. Inhibition or activation was determ1ned

fby'comparing the change in'absorbance 2 min after addition of the enzyme

‘with a'controlksamp]e of ‘DNA in the absehCe of histone. Comp]exés.were

prepared by direct addition.
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~ Figure Captions (3) o

Figure 7: 'Inhibition of DNAase I hydrolysis'of (a) calf thymus DNA and
(b)rrabbii thymus DNA by calf thymus F1 histones (acetone powder) (-r)
and rabbit thymus F1 histones (acetone powder) (_%9— ). Hyperchromic
 effect assays wefe performed on complexes prepared by the direct addition

method.

- Figure 8: Effect of calf thymus F1 histones-(acetohe powder) on DNAase -
I hydrolysis of saimon sperm DNA. -Complexes were prepared by the direct

addition method, and assayed by the hyperchrbmic effect procedure.

Figure 9:  (a) Inhibition by rabbit (=0~ ) and calf (0~ ) thynus FI
histbne§ (acétone powder) of transcription of rabbit thymus DNA.

(b) Rabbit thymus F]Ihistones (acetone powder) as an inhibitor of
transcriptibn of rabbit thymus DNA (-O-), calf thymds DNA ( =0 ), and
poly d (AT) (}7*'). RNA polymerase assays on compTexes formed by.the
direct addﬁtfon method were performéd as described in Materials and

Methods.

Figure 10: Circular dichroism spectra of rat liver DNA-calf thymus FI
histone (acetone powder) comp]exes‘prepared by theldirect addition
method. The molar ratios of histone amino acids:DNA nucleotides

were (a) 0, (b) 1.0, (c) 1.5, (d) 1.75, (e) 2.0, (f)'2.1, (g) 2.2, and
(h) 3.0.‘Spectra are not corrected for histone contrifbution. Abcissa
insert on rfght refers to spectrum (h), which has been reduced in size

by a factor of 4.

,Fighre 11&»Cikcu1ar dichroism spectra of sa]monlsperm DNA-calf thymus F1
histone (acetone powder) complexes prepared by the'direct'additidn

method. The molar ratios of histone amino acids:DNA nucleotides are

- given on the spectra. The data are not corrected for histone contribution.
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F1gure ]2 C1rcu]ar dichroism spect:a of T2 phage DNA calf thymus F]
histone (acetone‘powder).comp]ex-(broken line) at a histone: DNA rat1o ”
of 3 0 (méleshof histone amino aeids:moTes of DNA nuc]eot1des), and

of uncomp]exed T2 phage DNA (su1id Tine). 'DNA-histuhelcompiex]Was‘
_prepared by the direct addition method. | |

v o ' . .
Figure']B Effect of rabb1t thymus h1stone fract1on L1 on the hydro]ys1s

of rabbit ( ~o-) and calf thymus ( ~0~) DNAs, and poly d (AT) (‘1ﬁf‘),
- by DNAase‘I. Hyperchrom1c effect assays were perfohmed.on complexes pre-

pared by the direct addition method.

Figure ]4; C1rcu1ar dichroism spectra of comp]exes of ca]f thymus h1stone”
L fraction'L3a (——--) and rabbit thymus h1stone fraction L3 (e ) w1th
(a) calf thymus DNA, (b) rabb1t thymus DNA, (c) salmon sperm DNA and
_',(d pp]y_d(AT),‘ The h1stone DNA rat1o was 0 5 (w/w) for all comp]exes.7
Spectra ofFuncomp]exed DNA are also:shown. A]]'camp]exes were prepared '
by urea;sa1t‘gradient diaTysis. Insert abcissa in sections (a) and'(d)

refer to:spectra of the complexes.

Figure 15: Sucrose gradient sedimentatibn patterns for po]y'd(AT)
calf thymus DNA and rabbit thymus DNA The Sw 20 value for poly d(AT)‘iy
18 8.0. Sed1mentat1ons carr1ed out as descr1bed 1n Mater1als and |

| Methods
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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