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1. int'oﬁmﬁon

~ Aswas shown by several investigators, the non-
histone proteins of chromatin are necessary forthe
tissue-specific restriction of DNA in enkaryoies {1--5],
It was possible to slicit antibodies against mixtures of
ceriain nonhisione proteirs with DNA which were
‘shown by the microcomplement fixation technigque to
be highty tissne and species specific [6, 7]. We report
- here the isolation, purification and partial characieriza-
-ticn of the immunocspecific, DNA-}ﬂmdmg pmﬁams of
~ at liver chromatin. .

2. Meﬂlmis |

The isclation of rat liver chromatin was described
“previously [8]. The tissue-specific nonhistone proteins
were obtained by selective removal of ]phmphmpmifm's
and histones with buifered 5 0M urea zhndaining in-

" creasing amounts of NaCl [9] The DNA-—pmnie:in ‘
complex was recovered afier each exiraction by ultra-
centrifugation at 1 15,000 g for a tirne pariod necessary

10 sediment: most-of the- protein- “bound DNA [3%—-48 h:}..‘

* ‘The final nonhis} tone—DNA pellet was hamogemued in-

0.15 M NaCl, 0.013 M sodizm citrate selution (SSC)

~and used for the nmnumzahnn of rabbits [6]. The i nm-

munospemﬁmty of the nonhistone pm"lem-DNA

. complexes was determined by the: microcom, p]ement
fixation meﬁmd of Wasserman and Leyine {10]. The’

- antisera were punﬁed on ‘DEAE-CB]Iulose column.and

' lhe anhgen—-amzsemm ine u“batmn was m‘. 3’7 f nr QB min

‘The affinity for DNA of ﬂle'isfml'amd nonhisione -
proteins of chrom atin was iested by chmmaimgmphy

* on DNA-contzining cohumms. Rat spleen DMA-

agarose—polyacrylamide gel was prepared according

- to the method of Cavalieri and Casyoll [11], eguilibr-

ated with 5 M wrea in 50 mM Tris-HC] buffer, pH 8.0
ina 1.2 ¥ 30 cm column and loaded with 1 mg of
125]-jabeled nonhistone protein [12). A stepwise
pradient of 0—0.6 MKCl in 5.0 M urea in S0 mM Tris-

- HC] buffer, LDH # wasuszd 1o elute the DNA-bound

proteins, Polyacrylamide electrophoresis of the glated

- proteins was perfom—ad in the presence of 0,1%

sodmm ﬂnﬂeayi sulizte {lo 14]

3P‘Résul:t~s |

As was sh@wn pmwmumy, a fraczmn of chromatin

‘nonhistone proteins is immunospecific and the tissue-
" spexificity depends on the presence of both, the DNA
- and nonhjstone proteins in the complex. Shown in fig.
' 1is the inicrocomplement fixation of antibodies -

- apainst rat liver nonhistone pmwm—DNA m‘mpflex,
Thie nnmunm.pemﬁmty of chromatin depends on the
- presence of DINA' a':Omp]exed with a i‘mmon of non- -
- histone pmtcms Neither the proteins nor the DNA -

) -f alone are reactive. ‘However, the nnmnno,s‘.pemﬁf-aty
~can be paﬂlaly restored by reconstmmon Df chmma—
- tin‘proteins with homolo gous DNA, - '

-The nonhzsions pmlems holateﬁ fmm “Ihen acem-
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Fig. 1. Complement fixation in the presence of antisermm
against 12t Hver nonhistone protein—DiNA complex tesniting
from the remowval of phosphoprotein and hisiones fracions in
5 M vrea conlaining phosphate bufier pH 7.6 or 2.5 M Nall
ani 3.1 M snerinate bnfier B 5.0, xesvect:wely {®»— o—m=)

Rat fiver chromalin dissociated In 2.5 M MaTl in $ M uren and
‘30 mM Tas-HCl buifer pH &.0 snd recosstiluted by gradual
decrease of NaCl concentration in the presence of 5 M urea.

Mative, not dissociated chrometin was Immunochemically
identical, {A—a—a) Chromatin oblamed by reeonstilution of
‘the total ret ¥ver chromatin protein 1o isolated. puore 1at
spizen DHA. {o—=——0) Telal chromatin pretein of mat liver
chrometin obtained by gissociation in 5 M uren, 2.3 M NaCl
and 50 mM Tris-HC buffer, pH 8.0 followed by wliracentrd

- fngation (supernatan?), (a—a—a) Rat splesn HNA,

indingted in vitro with 1251 and fractionated by affinity
chromatography {fiz. 2). A large portion of the iodin-
" ated nonhistone protuin s strongly attached to the
DNA and can be eluted only with 0.4 MKClin 5.0M
-urea, 5O mM Tris-HCI buffer, pH 8.0. As seen in fig. 2,
* ihis protein fraction is eluted at a higher KO concen-
tration than is necessary to elute 1251 ipdinated un-
. fractionated histone mizture.
. The 12513abeled nonhistone protein eluted from
ﬂm column was concertrated and analyzed by poly-
. acrylamide electrophoresis in ihe presence of 0.1%
sodiam dedsey] sulfate, The radinactivity maitern of
" the sliced gel is compared in fig. 3 with the elecuo-
*phmem pattern {scan) of nonhistone protein fraction
- uised, in complex with the DNA, for immunization of
- rabbits 1o demonstrate its mmunospemﬁmy The
.- main protein species mpresamed by the stained bands
. appear 1o be identical with the 125L-labeled DNA
; bmdmg sp cies mr:cwer&ﬂ fmm the column.
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Tig. 2. Affinity chromatography of rai liver nonhisone
protein {preparation wsed for mmunizaljon in fig, 1) and
histone. Both protein mixivres were labeled in vitro with
%3], Rat spleen DNA bound 2o agarose—polyacrylamide
matrix was vsed {oy chromatography. {@—=—a) Radicactivirs
of zat Byver nonhistons preteins, (5—o—) Radioactivity of
histones,
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Fig. 3. Polyacrylamide gel electrophoresis of 13514abeleg
proiein eluted from rat spleen DXA eoinmn with 5 3 2zea

ard 0.4 M HCimn 50 mM Trs-HC! bulfzz, pH 8.0, (o-——2)
Radioactivity. { 3 Dyptical scan 2t 535 nm. The elertrc.
phetesis was carnied out in 10% polvacrylamide gel conlain-
ing 0.1% sodium dodecyd sulfate, 4 M wvrea and £.1 M phos
phate baffer pH 7.0. The gels were acznmed by Gfpid speziro-
photometer gel stanner.
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Dur eaﬂner mbservaimn 17 that the i ummum:— .
specificity of certain nonhistore. proteins in chromi-

1in depends on thelr selective associations with homo- X

logrns DNA feads toa suggesh@n that it may be

possible to obtain and purify these proteins by affinity -

chromatography. Indesd, as was shown in figs, 2 and
3, a considerable protein portion of the immuno-
specific DNA—protzin complex pelleted by ultzacen-
trifugation in 5.0 M urea, 2.5 M NaCl and succinate
buffer pH 5.0 binds to rat spleen DNA. Althouch low
molecular weight in 0.1% sodium dodecyl suifate,
thess DNA-binding proteins diffe- from the histones
in electrophoretic mobility, amino acid composition,
and in their stronger binding 1o the DNA. Ascan be
seen ip fig, 2, 12514odinated histones are completely -
eluted from rat spleen DMNA columns with 0.2 MXCl,
A highsr concentration of KC1{{.4 M) is necessary ta
elute the nonhistone protein fraction. Bscause ths

avolutionary conservative histones are extremely poor

antigens, the immunochemical tizsue-specificity of the
DNA-binding proteins deseribed here further supports -
ovr conglusion that these proteins are not histones.
According {o our preliminary studies, the DNA-binding
proteins shown in fig. 3 are extensivery phosphorylated.
The DNA-binding protein fraction <hown in fig. 3
associates only with homologous {7at) DNA. When
applied 10 calf thymus DNA columns, these proteins -
were not retained. This feature of the DNA bmdmg
nenhistone proteins is in a goed agreement with our
garlier finding that the tissue-specific nonhistone pro-
teins formed immunospecific complexes only with'
homologous (rat) DNA bu: not with heterologons

(sea urchin) DNA [7]. It is of interest, that mmpatzme

hybridization studies with RNA ‘species templated in

vitro from yarions I«ecmnstlmveﬁ chromatin pre;pa:raﬁom s
showed that the selective transcmptunn of tissue specsﬁ;: R Ot
RNA species is directed by a fraction of nonhistone . - . -
proteins similar to that deseribed in this paper E[B 4]

The histones were shown 10 be necessary:only for

relatively mnspemﬁwc, qua.nﬁiatwe DNA mstnctmn .’m  _". |

| uchmma"tm [4]. - T e
A mixture: of Enw mnlez:ular nnnhisi me pmtwems i

- with affinity for DNA. was ‘recently shown to be- "

‘present inthe wchmmatm o & sea wrchin - embryos I] 5, )

18] and other tissiies [17; ]8] T.Ine nle*"t:mphorehc

- behamorvof these pmtems 1s%qmte smﬁlar b
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" -fm fwe aassue spacﬁix' nnnmslom rpm‘lem *ﬁram@n w[ﬁg 3}
‘supgesting thai the DNA hmﬂmg pIofeins are relatively
. simple anid may be pmsem in al.cells. Their sm:phcﬂ;v,
~ howsver, may nm ﬂnmpema wnth the specific hislogical ‘
. funetions of thess proteins since a similar situation
-exists in nmrnunog]n[huhm which are knowr for their
. ability to distinguish between minor stmcaural aﬁnffer-
' _ences of vamous anﬂgens o : B
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