
;ince the researches of KOSSEL many investigations 
ins extracted by  acids from cell nuclei and various 
,ugh histones obtained from different tissues nearly 
ino-acid composition, STEDMAN AND STEDMAN i and E 
hat the analyses reported by different authors for hi 
variations greater than those which could be at t r ibut  
,, analytical procedures. Indeed, DALY, MIRSKY AND Rl 
[ that  different histone samples extracted from th~ 
dure, still showed quite marked differences in compo 
?hese variations may  be due to real differences in tt 
tissue, when taken at different times, or from diffe 

~s; to contamination or breakdown of the histone duff: 
; has been suggested by the above-mentioned author 
imental procedures which result in the extraction , 
,' family of closely similar histones, which, it becon 
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the same tissue, by a unifon 
3osition. 
the nature of the histone in 

different individuals of the sail 
histone during the extraction procedure 

authors, to slight differences in tt  
of different fractions from 

becomes necessary to assume, al 

aents was to examine the homogeneity of histones extracQ 
~tein by a variety of procedures. In theory it would t 

nuclei before extracting first the nucleoprotein and th¢ 
ae isolation of nuclei on a large scale is difficult, and instea 
n directly from the tissue homogenate, and obtained tt 
is also probable that  the nucleus contains proteins oth 
cleoprotein. 
t by different methods have been reported to differ col 
;arily contain the same proteins in the same proportion 
~5 found that  the histones, extracted from nucleoprotein 
mthods from rat  epithelioma, differed in composition. Tt 
Le MIRSKY AND POLLISTER 6 method (extraction with conce~ 
[ilution) has been dissociated and reconstituted, i t  m~ 
'ith foreign proteins, which are not removed in the prelim 

procedure 
These 

given 
species; 
or, as 
experimental  
whole 
present in the cell nucleus. 

The aim of these expenm¢ 
from calf thymus  nucleoprotein 
preferable to isolate the cell 
the histone, but in practice the isolat 
we isolated the nucleoprotein 
basic proteins from this. I t  
than those present in the nucleo 

Nucleoproteins prepared 
siderably and do not necessarib 
Thus, KHOOVINE AND BARON 5 

prepared by two different me 
nucleoprotein prepared by the 
t ra ted saline followed by dilution 
therefore be contaminated with 
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lg N]P as high as 7-5. The significance of these variatic 
m N/P ratio of 4.3-5.5 and often contained a smal 
dthstanding this the histones prepared from differenl 
~tic patterns. 
Fhe fraction of protein extractable by acids also va: 
rn if this fraction is connected with the N/P ratio o 
MAN AND STEDMAN 13 regarded this inability to extracl 
~oprotein as due to simple physical occlusion of the hist 
,ugh they were able to extract all the histones from 
:ted 0nly 50% of thymus nucleoprotein to be soluble i 
a striking similarity of the amino acid composition , 
ions. We have found that practically the whole o f  
dilute nucleoprotein solutions with N/2 H2SO 4, but 

below). 
Since it was thought that the acids normally used foi 

some degradation, we attempted, in the first place 
h the isolated nucleoprotein was dissolved in strong s 
)rotein from the nucleic acid (DNA). By the additi 
~ic acid was then precipitated, leaving the protein 
~ver, that  this procedure yielded products which v 
)lex than those obtained by acid extractions. I t  is t 
tegradation of the histones in neutral saline, by the 
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for extraction might themselv 
?lace, an alternative procedure 

salt solutions, which dissocia 
:ion of ethanol or acetone t 

ms in solution. I t  was foun 
were electrophoreticaaly mc 
believed that this was due 

the action of cathepsins prese 
~istence of these intra-nuclear cathepsins has been demo 
~,OVTRUP AND DALTON 15. Attempts were made to inactiva 
lted in an improvement of the product, but the best pre F 
ogeneous, and often less so, than those obtained by ac 

fusion and electrophoresis measurements were carried e 
he methods described by BUTLER, GILBERT AND JAMES 
by micro-Kjehldahl, and phosphorus by the method 

cause 

which 

the r 
nucleic 
however 
com t 
the de 
in the nucleoprotein. The existence 
strated by MAVER, GRECO, L~ 
the cathepsins and this resulted 
rations were no more homo 
extraction. 

Methods 

The sedimentation, diffusion 
in the apparatus and by the 
Nitrogen was determined 
MARTLAND AND ROBISON 22. 
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ut the lowest layer of the precipitate was resuspen( 
suspension was centrifuged 30 rain at 2200 r.p.m 
pended and the washing process was repeated unti 

~ction o/histones in neutral salt solutions 

Fhe nucleoprotein was dissolved in I o % sodium chlori 
protein are largely dissociated. The solution was vig 
precipitated by the slow addition of acetone or eth 
%. Some protein was carried down with the D N A  
of the precipitate which was usually between 2.2 

cipitating the nucleic acid, the protein contaminat 
"ed until the final N/P ratio of the precipitate reache 
of 1.7, but since the nucleic acid of these preparatio 
HMIDT AND THANNHAUSER 1~ to contain up to 8% p 
rocedure described would not be expected to remove tl 
,s considered that all the protein originally bound 

[f the nucleic acid was precipitated from solutions o: 
m chloride, the protein contamination was much larg 
,,asily redissolve. This would suggest that the prote 
lete in solutions of sodium chloride below a concentr 

reached 1. 9. Pure DNA has an Nj 
~arations was shown by the meth< 

)entosenucleic acid, and sin 
the protein bound to the RN~ 
to the DNA was obtained 

of nucleoprotein in 5% to 7 
:er, and the precipitate wou 

~ro te in-DNA dissociation is i 
~ntration of lO%. 

tion so obtained, precipitates slowly formed during tl 
h could not be redissolved by any mild reagents. The 
ratios between 12 and 20 represented about one third 

solutions. This fraction was not extensively investigate 
chromatography one-dimensional stri l 

alitative difference of amino-acid content was detect{ 
oluble proteins. Since the phosphorus content of the pr 
.~gligible it is thought that the precipitates possibly repr 
ein complexes which were denatured by the precipitan 
s may represent a particularly easily denatured fraction q 
g down the last traces of the nucleic acid. This precipital 
Lhe insoluble "non-histone protein" which HAMER 14 h~ 
es in amino-acid composition which HAMER reported wou] 
he analytical procedure adopted. 
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the procedure 
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solution by this technique. 
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From the protein solution 
subsequent operations which 
precipitates, which had N/P 
the protein nitrogen in the 
although by simple paper 
(McFARREN17), no large qualitativ 
between the soluble and insolubl 
cipitate was by no means ne 
sented synthetic nucleoprotem 
Alternatively the precipitates 
the proteins present, carryin 
might thus correspond to the 
analysed• The small differences 
not be easily detectable by the 
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~ a Visking 
detected 1 
I t  appear~ lal 

I 
t. Electrophoresis of histones in Miller and proteolysi 

Golder's buffers, o.2 ionic strength. 
mending boundary IIO min I2.5mA. pH 6. 7 studied s~ 
~cending boundary 165 rain IO tha t  their 
:ending boundary lO 4 rain 17 
mending boundary i i2  rain 17 
:ending boundary 146 min 18. 5 mA. pH 7 inactive a 

solutions 
sis, and the electrophoretic complexity of the p 
edly reduced (Fig. I C). FRUTON AND BERGMANN n 
,psins, reported that  some of these enzymes were ac 
zion of ethyl iodoacetate, as an enzyme inhibitor, 
~red to improve the product (Fig. I d). In the final 
iodoacetate was added to the medium, and the who 

sis, was carried out as rapidly as possible. Although n 
actory, the best yielded a protein of similar charac 

act ivated oy tnlOl groups. 1 I 
in the isolation media al, 

procedure that  was adopt( 
whole preparation, including tt 

h not all such preparations we 
characteristics to that  obtained t 

stones prepared as described above, a number of differm 
rere used. 
nucleoprotein in aqueous solution was vigorously stirr( 
dded to bring the fin ,1 concentration of acid to N/Io. Aft, 
.ution was centrifuged. The histone was precipitated fro 
an of ethanol or isopropanol. The histone was redissolv( 
[ and then freeze-dried, or reprecipitated then redissolvc 
mt of the residue from the first extraction with more aci 
f bistone could be obtained. 
Le histone was extracted with N]5 HC1, and precipitate 
.~ss of acetone (STEDMAN AND STEDMANla). The histone w~ 
:l and freeze-dried. 
histone was extracted with N/Io HaPO ,. From the supe 
was precipitated by a large excess of acetone, sometim~ 

appeared 
ethyl 
dialysis, 
satisfactor 
the acid extraction (Fig. I e). 

Extraction o/histones by acid 

To compare with the histones 
acid extraction procedures were 

a. Sulphuric acid. The nucleo 
while N sulphuric acid was added 
standing some hours the solution 
the supernate by the addition 
in water  and either dialysed 
and freeze-dried. By t reatment  
further but  small amounts of 

b. Hydrochloric acid. The 
from solution by a lerge excess of 
redissolved in water, dialysed and 

c. Phosphoric acid. The 
natant  solution the protein 
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I'he fraction of protein remaining with the precipitat 
.ctions, which was determined by estimating the N/P ] 
derably. In view of SIEDMAN AND STEDMAN'S la sug i 
,,in was simply occluded by the precipitated nucleic a( 
mt of protein should be extracted from a more dilute 
is borne out by the following figures for single ext: 
: is also found that the fraction of protein extracted inc 

acid. The figures reached on repeated extraction ar( 

Concentration of 
sulphuric acid 

0 

O.I  

)geneity o~ acid-extracted histones 

n the electrophoresis of the acid-extracted histones 
d in short periods of time, but after prolonged electropt 
;harp peaks are observed in the ascending limb (Fig 

very little separation is ot 
phoresis (9 o min at 17 m.amps 

(Fig. 2a), and similar but muc 
scending limb. Similar pictures of other acid preparatior 
The electrophoretic pattern in the cases examined did nc 

~cid used for extraction. The peaks are too close to perm 
.' sizes, but the slower component gives the higher peal 
.our is observed at all pH's between 4 and 9- The mobilit 
of two peaks) as a function of the pH is shown in Fig. " 
)int of the histone is apparently at about pH II .  
:rifuge pictures of these preparations are also shown i 
[ these runs, a small rapidly sedimenting component is als 
)idly disappears from view. A similar observation has bee 
Jggested it was caused by a small proportion of denature 

tion runs were also carried out with some of the extracte 
~pproximate estimate of the molecular weights. Notwittl 

0 .2  

0. 5 

Homo 

In 
served in 
two shar 
more diffuse peaks in the descendin 
are shown in Fig. 2 b and 2 c. 
depend on concentration of acid 
an estimate of their relative 
An essentially similar behaviour 
(measured before separation 
from which the isoelectric point 

Corresponding ultracentrifu 
Fig. 2. In the initial stages of 
observed (Fig. 2 d), which rapidly 
reported by HAMER ~°, who sugg 
protein. 
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Fig. 2. Electrophoret ic  and ultracentrifuge pictures of ~ 

lphuric acid preparat ion.  Electrophoresis:  ascending bounda  
t racentr i fugat ion in o.2 M NaC1. Time intervals, f rom right  t 
Lric acid preparat ion.  Electrophoresis:  ascending boundary ,  : 
atr ifugation in 0.2 M NaC1. Time intervals,  f rom right  to left 
lphuric acid preparat ion,  enriched in one component .  Elec 
6 min at  16. 5 mA, p H  4-5. Ul t racentr i fugat ion in o.2 M NaCI 

Lric acid prepara t ion.  Ultracentr i fugat ion in o.2 M NaC1 only 

ding the electrophoretic inhomogeneity the diffusing b 
ssian and are not capable of being analysed into more 

On account of the kno 
should however be aco 
acid-extracted histone~ 

• . . ~ . . 

L u  I ~ L ,  v ,  D ~ ,  l ~ o  , i t * * * .  

Electrophoresis:  ascending bounda  
El. Time intervals from r ight  to h 

ty. Time intervals  from right  to h 

boundaries were approximat~ 
more than one diffusion coefficie 

,wn inhomogeneity, the resu 
accepted with some reserve. ~I 

histones 32/H and SH (Table II) bc 
appear to contain a high molecular weight compon~ 

weight 50,000-65,000. 32/H sho 
two boundaries in the ultracentrifuge (Fig. 2a), 
slower of which (using the same diffusion consta~ 
corresponds to a much lower molecular weight. 
preparation SH was more nearly homogeneous a 
had only one apparent  sedimentating boundary. 
variation of S and D for similar tool. wts. must 
due to the varying shape of the histone molecule 

Some observations 
also shown of a salt-extracted histone SA/D wh 

known from its electrophoretic pat tern to 
very heterogeneous. The molecular weight, as mi~ 
have been expected, is comparatively low. 

14u 
o, 6 4, 13o rain. 

d. Citric 
o, I2, 4 2 min. 

standin 
Gaussian 

I I I I 
4 6 ~ 10 OH 12 

Fig. 3. The mobil i ty (/~ in cm*/sec/ 
vol t .  5 IO- ) of sulphuric acid extracted 

histone SH as a function of pH.  
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[n this work it has been found that  practically all the t 
oprotein is removable by  salt dissociation, but  when 
precipitation of the nucleic acid, with an organic reag 
asiderable part  of it becomes insoluble during dialy~ 
.~tically very complex. Since this complexity can bc 
as rapid handling and thiol enzyme inhibitors, it has 

action of proteolytic enzymes (cathepsins) present i 
nsoluble protein which cannot be brought into solu 
be a denatured material.  Another possibility, howew 
tetic action of the proteolytic enzymes. I t  has be( 
~otrypsin, acting on a peptic digest of egg albumin, gJ 
)rotein nature, owing probably to its ability to act a 
alt of which peptide links are formed between the 1 
)e that  the insoluble material  formed in these experin 

t is clear from our experiments that  the acid extracti  
ique, probably owing to the inactivation of cathep., 

comparat ively 
ved both by  electrophoresis and in the ultracentrifu~ 

m shown by IAUBER za th~ 
'ives rise to insoluble materi  
as a t ransaminating agent, 
main peptide chains. I t  ma 

)eriments is the result of a simil~ 

:tion is a superior experiment 
)sins in an acid medium. TL 

components bein 
ge. 

proportion of these components varies somewhat in tL 
m preparation SH appears to consist almost entirely of tL 
3mponents differ in chemical composition we should ha~ 
Lhe varying chemical reported. STEDM.~N AN 
he fractionation of their calf thymus histone into t~ 
tion. We have not undertaken any quanti tat ive amino-aci 
it was considered that  analyses of mixtures is not fruitfi 
hods of testing the homogeneity of the preparations, b~ 
lete separation are being made and a study of the corr 
ances will then be valuable. 
t agreement with the main conclusions of several othc 
as from this and other tissues which have appeared durin 
us, KHOUVINE, GREGOIRE A.ND ZOLTA 24 found in a histon 
rous tissue and necrotic tissue (rat epithelioma) two shar 

of ale 
a result 
well be 
process. 

I t  
technk 
product is found to be 
observed 

I t  is obvious that  the 
different extract ions--e.g,  the 
heavier component. If  the com 
a possible explanation of the 
STEDMAN 13 have reported th~ 
fractions of different composition. W 
estimations at this stage as it 
and we had alternative methods 
a t tempts  to achieve a complete 
position of the isolated substances 

Our experiments are in 
investigators of nucleoproteins 
the writing of this paper. Thus, 
extracted by acid from cancerous 
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We thank Miss P. J.  CAUL~IELD for analyses and Mr. 
investigation has been supported by  grants to the 
Ler Beat ty  Research Inst i tute from the British Empil 
1 Childs Memorial Fund for Medical Research, the 
)nal Cancer Inst i tute of the National Inst i tutes of 
c e .  

?hys ico-chemica l  s tud ies  h a v e  been m a d e  of h i s tones  ext rac te  
r ious t echn iques .  Those  e x t r a c t e d  a t  neu t r a l  p H ' s  were for 
bly  by  ca theps ins ,  un less  p r ecau t ions  were t aken .  The  bes t  
~xtraction or by  a neu t r a l  sal t  t e c h n i q u e  were ve ry  similm 
l t r acen t r i fuga t ion ,  two componen t s ,  of wh ich  t he  propor t i  
mt  p repa ra t ions .  T he  s e d i m e n t a t i o n  and  diffusion c o n s t a n t  

Les  h i s tones  ex t r a i t s  des  nucl6oprot6 ines  du t h y m u s  de ve~ 

c ted  f rom calf t h y m u s  nucleoprote  
md  to be cons ide rab ly  degrade  

p r epa ra t i ons  ob ta ined  by  ei th  
s imi lar  a n d  showed,  by  electrophore~, 

~ortions differed cons ide rab ly  in t 
ts of different  p r epa ra t i ons  shc 

veau  pa r  d iverses  t echn iques  on t  
-chimique.  Les  h i s tones  ex t r a i t s  ~ p H  neu t r e s  son t  cons id6rab leme 
ca theps ines ,  ~. mo ins  que  des  p r6cau t ions  soient  prises.  Les  mei l leur  
ex t r ac t i on  acide, soit  pa r  la t e chn ique  a u x  sels neut res ,  son t  t r  
ec t rophor~se  et  A l ' u l t r acen t r i fuga t ion ,  denx  cons t i t uan t s ,  don t  1 
at d ' u n e  p r6pa ra t ion  ~. l ' au t re .  Les  c o n s t a n t e s  de diffusion et  
selon les p r6para t ions .  

t e r s u c h u n g e n  w u r d e n  mi t  den  aus  d e m  T h y m u s n u c l e o p r o t e i n  d 
oden ex t r ah i e r t en  H i s t onen  u n t e r n o m m e n .  Die bei  n e u t r a l e n  p 
wie ge funden  w u r d e -  wahrsche in l i ch  m i t  K a t h e p s i n  betr/ichtli( 
mss rege ln  getroffen werden.  Die bes t en  en twede r  du reh  Ex t r ak t i (  
:me thode  e rha l t enen  Pr / ipara te  wa ren  sehr  fi.hnlich u n d  bestand~ 
m c h u n g e n  u n d  Unte rsuchunger~  mi t  der  U l t r azen t r i fuge  aus  zw 
]en ve r sch i edenen  Pr~.paraten betrAcht l ich yon  e inande r  abwiche  
m s k o n s t a n t e n  der  ve r sch iedenen  Pr / ipara te  zeigten eine bemerken  

b y  varaous 
p r o b a b l y  
ac id  ex t r ac t i on  
a n d  u l t racen t r i fu  
di f ferent  
a m a r k e d  var ia t ion .  

6tudi6es du  po in t  de vue  phys ico-ch imic  
ddgrad6es,  p r o b a b l e m e n t  p a r  des  
p r6pa ra t i ons  ob tenues ,  soit  pa r  
compa rab l e s  et  p r6sen ten t ,  5. l'61ectro 
p ropor t ions  different  6 n o r m 6 m e n  
s 6 d i m e n t a t i o n  va r i en t  f o r t e m e n t  

Phys ika l i s eh -chemische  U n t e r s m  
Ka lbes  mi t  ve r sch i edenen  Metho  
e x t r a h i e r t e n  Hi s tone  w e r d e n -  wi~ 
abgebau t ,  wenn  n ich t  Vors i ch t smass re  
m i t  S~ure oder  e iner  Neut ra l sa lzm,  
n a c h  e l ek t rophore t i s chen  U n t e r s u  
K o m p o n e n t e n ,  deren  Ante i le  in den  
Die S e d i m e n t a t i o n s -  n n d  Di f fus ionskons  
wer te  S c h w a n k u n g .  
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ies. GREGOIRE, GREGOIRE AND REY 
gives on dialysis an insoluble fr~ 

rolonged dialysis. They find that s 
soluble portion is complex. 

) far as can be judged from elect 
nucleoprotein is not highly compl, 

ces showing a continuous range o 
The varied products of earlier i 
ocedures used gave varied proport 
bered that although acid extracti 
aity for some proteolysis occurs in 
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