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I t  is well known that histone is a main constituent protein of cell nuclei in most 
animal tissues t. In the cell, this characteristic, basic protein is present together with 
deoxyribonucleic acid, presumably in the form of a complex known as nucleohistone. 
In view of the possible role of deoxyribonucleoprotein in the multiplication of cells 
and in protein synthesis, it will no doubt be of value to study the nature of its protein 
component. 

In recent years, evidence has accumulated indicating that calf thymus histone 
is not a homogeneous protein. AHI.STR6M 2 reported that  his preparation was not homo- 
geneous with respect to molecular weight; part of the preparation was dialyzable 
through a cellophane membrane and the rest when subjected to ultracentrifugation 
showed two components. Variations in amino acid composition of histone preparations 
isolated from the same tissue by different procedures have been pointed out by several 
investigators a7, and it was suggested that  more than one kind of histonc, each being 
different in amino acid composition, is present in thymus glands. Heterogeneity of 
histone has also been indicated by electrophoresis6, s-*3, sedimentationS-n,*3, ~4 and 
ion exchange chromatography 1~. Many efforts have been made to fractionate calf 
thymus histone. 

While these observations clearly show the heterogeneity of histone, there are 
some discrepancies between the data obtained by several investigators. Some of these 
may be attr ibutable to differences in the isolation procedures and the methods 
employed for the characterization. However, there is a possibility that the properties 
of histone preparations change during the course of isolation. A tendency of histone 
to aggregate has been reported by CRuvr, M.\VRVrZV.N .\.Xl) STr.ZD.~mX a2 and by the 
present author ~e. BUTLFR, D.\VlSON, JAMES AND SHOOTFI?, 9 have reported that the 
preparation extracted at neutral pit  was considerably degraded probahly by the 
action of intra-nuclear cathepsin. 

The purpose of this communication is to describe the most satisfactory and simple 
procedure now adopted by us for the purification and fractionation of calf thymus 
histone. Some properties of the fractions are also described. 

EXPI-RIMENTAI..\NI) RESVLTS 

Preparation and/ractionation, o/histonc 
In this study, histone wa~s fractionally extracted from isolated calf thymus nuclei, 
with sulfuric acid of different concentrations, and precipitated by addition of ethanol 
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to the extracts. Taking advantage of solubility differences in ethanol-water mixtures, 
a fractionation of histone sulfate into two fractions was easiy achieved. Each fraction 
was then converted from the sulfate to the chloride before storage, because it was 
found that the presence of sulfate ion accelerated the aggregation of histone. The 
method used for purification is described below. All operations were carried out near 
o ° C, except the precipitation by ethanol which was effected below o ° C. 
(i) Purification o/cell nuclei. Fresh calf thymus glands were obtained from a slaughter- 
house. Cell nuclei were separated from cytoplasmic constituents as thoroughly as 
possible by the citric acid method of MIRSKY AND POLLISTER1L The nuclei appeared 
clean when examined microscopically. 
(ii) Extraction o/histone. The preparation of nuclei obtained was then extracted with 
acid. Sulfuric acid was the most suitable when ethanol was used as a precipitant of 
histone. Hydrochloric acid was not so suitable, because a large excess of ethanol was 
needed to precipitate histone chloride. It was found, in the preliminary experiments 
using nucleohistone, that a larger part of histone could be extracted with o.2 N 
sulfuric acid, while o.I N acid was sufficient to extract its lower molecular-weight 
fraction. Nearly complete extraction was achieved with o.5 N sulfuric acid. Therefore, 
extraction was carried out successively using sulfuric acid of increasing concentrations 
as is shown in the following example. 

A suspension of purified t h y m u s  nuclei,  which had been ob ta ined  from I . I  5 kg  of t h y m u s  glands,  
was  cent r i fuged and the s u p e r n a t a n t  was discarded.  In  order  to  e x t r a c t  h i s tone  wi th  o.l  N sulfuric  
acid from the  wet  p repa ra t ion  of nuclei, a s l igh t ly  h igher  concen t ra t ion  of acid t h a n  o.I N was  
used in the first ex t r ac t i on ;  i.e., 8oo ml of o . I 3 N  sulfuric acid was  added  to the  we t  nuclei  and  
al lowed to s t and  for 20 rain wi th  occasional  s t i r r ing.  The suspension was then  cent r i fuged a t  
4,ooo r .p.m, for 5 min. The s u p e r n a t a n t  (I. 17 1) was  s l igh t ly  opa lescent  and  it  was found to con ta in  
o.93 g of ni t rogen.  The residue was then  ex t r ac t ed  wi th  30o ml of o . i  N sulfuric  acid for 20 min,  
and  cent r i fuged as before. This  t ime  45 ° ml  of e x t r a c t  was  obta ined,  which con ta ined  o.56 g of 
n i t rogen.  Both  e x t r a c t s  (o.I N) were combined and clarified again  by cen t r i fuga t ion  a t  8,ooo r .p.m. 
for 15 min. This  was  des igna ted  as E x t r a c t  A. 

The residue of the ex t r ac t ion  wi th  e . l  N sulfuric acid was  then  ex t r ac t ed  wi th  500 ml of 
0.2 N sulfuric  acid. After  2o min, the suspension was centr i fuged.  E x t r a c t i o n  was repea ted  thr ice  
more  using a to ta l  of 9oo ml of o.2 N sulfuric acid. The concen t ra t ion  of n i t rogen in each super-  
n a t a n t  decreased g radua l l y  as ex t rac t ion  was repeated.  Each  e x t r a c t  was clarified by centr i fu-  
ga t ion  a t  8,o0o r.p.m, for I5 min and combined ( E x t r a c t  13). About  2.66 g of n i t rogen was found 
in 1.53 I of s u p e r n a t a n t .  

Fu r the r  ex t r ac t i ons  were carr ied out  three  t imes  using a to ta l  of 1.2 1 of 0. 5 N sulfuric  acid.  
In  the  first two ex t r ac t i ons  the suspension was al lowed to s t and  for an hour, while the  las t  ex- 
t r ac t i on  was con t inued  overn ight ,  o.9o g of n i t rogen was ob ta ined  ( E x t r a c t  C). 

These e x t r a c t s  ( E x t r a c t s  A, 13 and C) con ta ined  a to ta l  of 5.o5 g of ni t rogen,  which corre- 
sponded  to near ly  26 g of histone.  Fu r the r  ex t r ac t i on  was not  a t t e m p t e d ,  a l though  there  remained  
a smal l  a m o u n t  of n i t rogen  e x t r a c t a b l e  by the acid.  

Extract A differed markedly from Extracts B and C. When ammonia was added, 
precipitation occurred in Extracts B and C, while in Extract A the solution remained 
almost clear. Judging from the ultracentrifugal patterns, too, Extracts A and B 
were clearly different, while a difference between B and C was not clear by this test. 

(iii) Precipitation and #actionation. To a cooled E x t r a c t  A (x .6 1), chi l led e thano l  was added  slowly. 
Dur ing  the add i t i on  the t e m p e r a t u r e  was kep t  as low as  possible b u t  w i t h o u t  fall ing below the 
freezing point .  When  the  solut ion was  b rough t  to an e thano l  concen t ra t ion  of 2o % by  vo lume 
(4oo ml of abso lu te  e thano l  was added) ,  i t  became tu rb id  and a p rec ip i t a t e  began to form. The 
mix tu r e  was  a l lowed to s t and  a t  - - 5  ° C for three  hours  in order  to comple te  fo rmat ion  of the  
prec ip i ta te ,  which  was  then  separa ted  by  a re f r igera ted  cen t r i fuga t ion  (historic I, see below). 
E t h a n o l  was  added  s lowly to  the  s u p e r n a t a n t  un t i l  the  e thano l  concen t ra t ion  was  45 % by  volume,  
when  the  so lu t ion  became tu rb id  and p rec ip i t a t ion  occurred g radua l ly .  After  s t a n d i n g  for a few 
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hours at -- Io" (', the precipitate was separated as before (histoue I1). The sut)ernatant did m~t 
contain any more histone fractions. 

Each fraction was dissolved in cold distilled water, clarified by ce, ntrifugation at S.ooo r.p.m. 
for 30 min, and then reprecipitated twice more. The final precipitate was dissolved in distilled 
water and sulfate ions were removed by addition of o._, .11 barium chloride. Precipitated 1)arium 
sulfate was separated by centrifllgation next morning, the supernatant was thoroughly dialyzed 
against cold distilled water and lyophilized (yield: 2.6 g of histone I and r.2 g of histone I1). 

l:.xtract B (1.53 1) was brought to an ethanol concentration of 2o % at 5 t ' . . \fte.r  standing 
overnight, the precipitate formed was collected by centrifugation. The supernatant was discarded, 
because only a small amount of precipitate formed by further addition of ethanol. 

The precipitate formed by -o % ethanol was dissolved in distilled water and reprecipitated 
twice more after clarification. It was converted to the chloride, dialyzed and lyophilized as before 
(histonc I). This preparation consisted of nearly half of the histone in the total extracts ( i - .o  g). 

Extract  (" ( t .-  1) was treate.d the same as Extract B. A fraction which precipitated only 
at ethanol concentration of 2o % was obtained (histone I) (yiehl : 2.8 g). 

I t  was  e v i d e n t  f rom th is  resu l t  t h a t  calf  t h y m u s  h i s tone  c o n t a i n e d  at  least  two  

f r ac t i ons  of d i f fe ren t  so lub i l i t y  in e t h a n o l - w a t e r  m i x t u r e .  E x t r a c t  A c o n t a i n e d  t w o  

f rac t ions ,  whi le  E x t r a c t s  B a n d  C c o n t a i n e d  o n l y  one.  As f r ac t ions  p r e c i p i t a t e d  b y  

20% e t h a n o l  were  f o u n d  to be s imi la r  to each  o t h e r  in u l t r a c e n t r i f u g a l  behav iou r ,  

t h e y  were  t e n t a t i v e l y  d e s i g n a t e d  as " h i s t o n e  I "  w h e t h e r  t h e y  were  o b t a i n e d  f rom 

E x t r a c t  A, B or C. The  f r ac t ion  p r e c i p i t a t e d  f rom E x t r a c t  A by  4 5 %  e t h a n o l  was  

d e s i g n a t e d  as " h i s t o n e  I I "* .  
In  th is  case  t he  a m o u n t  of h i s t one  I was  m o r e  t h a n  9 o %  of t h e  to ta l  p r o d u c t s  

o b t a i n e d ,  bu t ,  t a k i n g  in to  c o n s i d e r a t i o n  a fair ly large loss of h i s t o n e  I1 d u r i n g  t h e  

r e p r e c i p i t a t i o n ,  t h e  c o n t e n t  of h i s t one  I was  t h o u g h t  to be 8o~)o°o  of t he  t o t a l  

h i s t one** .  

Homogeneity and some properties o~ histone /ractions 

T h e  h o m o g e n e i t y  a n d  p r o p e r t i e s  of these  two  h i s tonc  f r ac t ions  (h i s tones  I * ' *  a n d  II)  

were  s t u d i e d  b y  va r ious  m e t h o d s .  Di f fe rences  b e t w e e n  t h e  two  f r ac t ions  were  c lear ly  

shown .  

(i) Sedimentation. The sedimentation experiments were carried out in an acetate butfer of pl i  5.o, 
ionic strength o.2, using a Spinco model E ultracentrifuge at 59,780 r.p.m. In the case of histone II 
a synthetic boundary celP s was used to determine its low sedimentation coefficient. 

U l t r a c e n t r i f u g a l  p a t t e r n s  of h i s t o n e s  I a n d  II  (see Fig. I of t he  p r ev i o u s  p a p e r  1.) 

s h o w e d  t h a t  b o t h  f r ac t i ons  were  h o m o g e n e o u s .  T h e  p r e p a r a t i o n s  of h i s t o n c  I o b t a i n e d  

f rom E x t r a c t  A, B a n d  C, cou ld  no t  be d i s t i n g u i s h e d  f rom each  o the r .  S e d i m e n t a t i o n  

c o n s t a n t s  (s20, ~) of h i s t ones  I a n d  II  a t  inf in i te  d i lu t ion  are  s h o w n  in Tab le  I. 

I t  has  o f t en  been  r e p o r t e d  2,9 ~,~a, t4,~9 t h a t  h i s t o n e  c o n t a i n s  a f r ac t ion  w i t h  a 

m u c h  h ighe r  s e d i m e n t a t i o n  coeff ic ient  t h a n  2 S. In  fact ,  a smal l  a m o u n t  of 5 - I 0  S 

" Histone II could be separated from histone I merely by fractional precipitation with ethanol 
from the extract obtained from the nuclei with acid of higher concentration than o.-' N, although, 
in this study, histone II was initially separated from a large portion of histone I by extraction 
with o.t N sulfuric acid in order to facilitate subsequent fractionation. 

"* In one experiment, historic was extracted from isolated nuclei with o.5N sulfuric acid as 
thoroughly as possible and the same volume of io % trichloroacetic acid was added to the extract. 
The mean value of the ratio of nitrogen precipitated by the addition of trichloroacetic acid, to 
the total nitrogen in the original extract was o.85. Since histone I is precipitated by 5 ~o trichloro- 
acetic acid while histone II is not, the relatiw; amount of histone I can be calculated. After 
correction for nitrogen content in both fractions, the content of histone I in the total histone 
was estimated to be 84 %. 

**" In the following investigations of histone I, the preparation obtained from Extract 13 was 
used unless otherwise stated. 
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TABLE I 

M O L E C U L A R  K I N E T I C  D A T A  O F  H I S T O N E S  I A N D  II 

Histone I Historic II 

Sedimentation constant, S2o, w (S) 2.03 0.66 
Diffusion constant, Dz0,w × io ? cm~/~c 5 .I s 7-30 
Partial specific volume 0.74 (0.74) * 
Molecular weight 37,ooo 8.4o0 
Frictional ratio, [//o 1.88 2.16 

" Assumed. 

component  was sometimes observed in our experiments with histone I sulfate. I t  
was also found that  the faster boundary  appeared and increased slowly with t ime 
when an ul t racentr i fugal ly homogeneous solution of histone I in the acetate buffer 
was kept at 3 °0 C, and that  sulfate ions accelerated the aggregation TM. Therefore, it 
was concluded that  such a component  was not an independent  component  bu t  an 
aggregation product.  In an alkaline solution, histone I aggregated even if the solution 
was kept at low temperature.  

Histone II ,  on the contrary,  had no tendency to aggregate. 

(ii) DiOusion. Diffusion measurements were carried out in an acetate buffer of pH 5.o, ionic 
strength 0.2, using a NEUR^TH-type diffusion cell ~° equipped with a PHILPOT-SvENSSON optical 
system u. 

Diffusion pat terns  obtained showed nearly Gaussian curves indicat ing that  both 
fractions were fairly homogeneous. Diffusion constants  at infinite di lut ion (D,0,~) 
calculated by the second moment  method 22 were almost independent  of concentra t ion,  
the average values are shown in Table I. 

(iii) Molecular weights. Combining the values of sedimentat ion and diffusion con- 
s tants  ~3, molecular weights of histones I and II  were calculated. The value of the 
partial  specific volume, necessary for this calculation, was determined as 0.74 for 
histone I, and the same value was assumed in the case of histone II. I t  was clear tha t  
the molecular weight of histone I is much higher than that  of histone I I  (see Table I ) ' .  

(iv) Electrophoresis. EIectrophoresis was carried out at o°C in a TISELIb'S-type apparatus ~t 
equipped with a PHILPOT-SvENssor," optical system 21. A cell with tall center section zs was used 
in order to obtain a better separation of components. Prior to electrophoresis, the solution of 
histone was dialyzed against a large quantity of buffer solution for two days in a cold room. 

The preparat ion of histone I, which had been obtained from Extrac t  B, was electro- 
phoretically not homogeneous under  all conditions examined. Electrophoretic 
pat terns  of this sample at o ° C in acetate buffer solutions of pH 5.0 at ionic s trengths 
of 0.2, o.I and 0.05 are shown in Fig. I. Separation of boundaries was better  in the 
case of lower ionic s t rength;  more than three components  moved to the cathode at 
an ionic s t rength of o.05, while only two were found at 0.2. Electrophoretic mobi l i ty  
values were not accurate, since the boundaries  in the descending l imb were very  
broad. In  the acetate buffer at ionic s trength o.2, the mobi l i ty  of the fastest component  

" Although the molecular weight was as low as 8,400, histone II was not dialyzable through 
a cellophane membrane; it was found that only i % of the total protein nitrogen was lost during 
three days' dialysis. 
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Fig. i. Electrophoretic patterns of histone I (from Extract B) at o ° C in acetate buffers of pH 5.0. 
Protein concentrations are about l o o. Ascending patterns on left and descending patterns on right. 

(.\) /I ~ o._', (B) p := o.l, ((') ,n -- o.05. 

was 6. 4. io  -5 cm2/sec.volt, and  tile value of t i le second bounda ry  was es t ima ted  to 
be 5.9" Io-S cm2/sec-volt- 

The var ia t ion  of the  e lec t rophoret ic  pa t t e rns  of his tone I with ionic s t reng th  
was as tonishingly  great .  At  an ionic s t rength  of 0.2, tile fastest  component  amoun ted  
to 48°o of the to ta l  area  of the  ascending pa t t e rn  not including the 8-boundary ,  
while a t  ionic s t rengths  of o . i  and  0.o5, the values were 63 and 73%, respect ively .  
This  phenomenon was considered to be due to the  b o u n d a r y  anomal ies  26 encountered  
in moving bounda ry  electrophoresis ,  which were especial ly exaggera ted  in this  case. 
F rom both  theoret ica l  27 and exper imenta l  considerat ions,  the true percentage of the  
fastest  component  was es t ima ted  to be 30-40°0.  

E lec t rophore t ic  he te rogenei ty  of this  p repara t ion  was also shown at  o ther  pH 
values,  between 4.0-1o.3. 

The p repara t ion  of histone I tha t  had  been ob ta ined  from E x t r a c t  A or C was 
also e lec t rophore t ica l ly  heterogeneous,  but  i ts e lec t rophoret ic  composi t ion differed 
somewhat  from tha t  of the p repara t ion  from E x t r a c t  B. 

In the case of his tone I I ,  one main  and three minor  components  were found by  
electrophoresis  at  pH 5.0 (see Fig. 2). In cont ras t  to his tone I, the  e lec t rophoret ic  
pa t t e rns  did  not  change marked ly  with ionic s t rength.  The main component ,  which 
migra ted  fastest  of all, cons t i tu ted  near ly  6o% of the whole prepara t ion .  I ts  mobi l i ty ,  
8.3" IO '~ cm2/sec.volt,  in tile ace ta te  buffer of pH 5.0 at  ionic s t rength  0.2, was higher 
than tha t  of any  o ther  component  of histone. This  p repara t ion  was not con t amina t ed  
with histone I. 

Therefore  it was concluded tha t  histone I as well as his tone I I  were mix tures  
of components  in spi te  of thei r  u l t racent r i fugal  homogenei ty .  All  the components  

Fig.  e. Etectrophoretic pattern of histone II at o ° C in an acetate buffer of ptt 5.o, ionic strength 
0 . 2 .  
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had the same basic characteristics; their isoelectric points were definitely higher 
than  pH IO, since none of them migrated toward the anode at  pH IO.O. 
(v) Ultraviolet absorption spectra. Measurements of ul traviolet  absorption were made 
with a Beckman model DU spectrophotometer using I-cm quar tz  cells. 

The absorption maxima of histones I and II ,  both in water (pH 6.3) and  in 
o.I N NaOH, agreed with each other. However, the ext inct ion coefficient at the 
absorption max imum of histone I was approximate ly  five t imes higher than  tha t  of 
histone II  in ei ther  solvent. 

Tyrosine and t ryp tophan  contents  were est imated from the optical densi ty  
readings *s of solutions in o.I N NaOH by the method of GOODWI~ A~D MORTON **. 
The values of the tyrosine content  were 3.4% for histone I and o.7% for histone II.  
T ryp tophan  seemed to be absent  in both fractions, as the values obtained (0.07 and 
o.oi % respectively) were very low. Nearly the same values for the t ryp tophan  content  
of both fractions, 0.05 % (histone I) and  0.02 % (histone I I), were obtaiend on chemical 
analysis by the method of SPIES et al. 3°. 

(vi) Elementary analyses. The nitrogen content was determined by the micro-Kjeldahl method, 
using preparations that had been dried over t'205 in vacuo at IO5 ° C. For this analysis the author 
is indebted to Mr. Y. KAWANXSHI of Prof. T. ANDO'S laboratory in this Institute. 

Sulfur was determined gravimetrically as BaSO,. The author is indebted to the Research 
Laboratory of Daiichi Pharmaceutical Co. for this analysis. 

Phosphorus was determined by the method of KI.xG sl. 

It  is clear from Table II  tha t  the nitrogen content  of histone I is higher than  that  of 
histone II,  and that  sulfur is almost absent  in histone II.  The phosphorus content  
was below o.oi % in both fractions, indicat ing the absence of nucleic acid in these 
preparations. 

TABLE II 

A N A L Y T I C A L  DATA ON H I S T O N E  F R A C T I O N S  

Histone I Histone 11 

N, % 19.3 4:0.2 18.o -- 0.2 
S, % 0.42 0.06 
P, % .~ o.oi • o.oi 

(vii) Basic amino acid composition. Analyses of basic amino acids were kindly carried out by Dr. 
S. ISHII in Prof. T. ANDO'S laboratory in this Institute. These analyses were carried out by the 
ion exchange chromatographic method of MOORE AND STEIN a2 as modified by ISHII 3s (Amberlite 
IRC-5o was used). 

The results are shown in Table I I I .  The difference between the two fractions is clearly 
shown. Histone I was richer in arginine than  histone II ,  while the preparat ion of 
histone II  contained a larger amount  of lys ine ' .  Wi th  respect to basic amino acid 
composition, the former was similar to the arginine-rich histone of DALY AND MIRSKY 7, 
and the lat ter  to their lysine-rich histone. 

" The preparations of histone used in this analysis were not the same samples as those used 
in the other investigations. As it was suspected from the electrophoretic and ultracentrifugal 
patterns that the preparation of histone II used in this case was slightly contaminated with 
histone I, the result obtained with this preparation should be treated with Some reserve. The 
preparation of histone I did not differ appreciably from that used in other studies. 
Re/erences p. 5or]5o2. 
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(viii) Other properties. It was found that  various properties of histones I and II  are 
alike in some respects. 

W h e n  the  s o h l t i o n  of h i s t o n e  I or h i s t o n e  I I  was  m i x e d  w i t h  a s o h l t i o n  of s o d i u m  d e o x y r i b o n u c l e a t e  
a n d  t he  c o n c e n t r a t i o n  of s o d i u m  chh , r i de  in t he  s o l u t i o n  was  b r o u g h t  to  n e a r l y  o.14 31, a f ibrous  
p r e c i p i t a t e  f o r m e d  i m m e d i a t e l y .  

B o t h  f r a c t i o n s  were  solui~le in a h o t  or  cold s o h l t i o n  of o.34 .ll H g S O  t in 1.88 .ll  Ite.SO t. 
.'~TIRSKY AND POLl.INTER 12 found ,  t h a t  t he  n o n - p r e c i p i t a b i l i t y  by  t h i s  re .agent  was  a specif ic  p r o p e r t y  
of h i s t o n e s .  

On the other hand, the two fractions differed as regards several properties other than 
those described before. 

A l t h o u g h  i n s o l u b i l i t y  in an  a l k a l i n e  s o l u t i o n  w a s  r e g a r d e d  by  KOSSEL a4 as  a c h a r a c t e r i s t i c  (,I 
h i s t o n e s ,  h i s tor ic  I I  cmf ld  n o t  be p r e c i p i t a t e d  bv  a d d i t i o n  of a lka l i ,  w h i l e  m o s t  of t he  h i s t o n e  1 
p r e c i p i t a t e d  b e t w e e n  p i t  i o. 5 - I 2 ,  a l t h o u g h  p r e c i p i t a t i o n  b e g a n  a t  lower  p H  v a l u e s  if t he  s o l u t i o n  
w a s  k e p t  for a l ong  t i m e * .  

H i s t o n e  I cml ld  m o r e  e a s i l y  be s a l t e d  o u t  t h a n  h i s t o n e  I i ;  h i s t o n e  I cou ld  be p re . c ip i t a t ed  
a t  6o ",, s a t u r a t i ( m  w i t h  s o d i u m  ch lo r ide ,  w h i l e  h i s t o n e  1I s o l u t i o n  remaine .d  c l ea r  in s a t u r a t e d  
s o d i u m  c h l o r i d e  s o l u t i o n .  In  o r d e r  to  p r e c i p i t a t e  h i s t o n e  I I ,  a m m o n i u m  s u l f a t e  h a d  to  be  addect  
to  n e a r l y  c o m p l e t e  s a t u r a t i ( m "  ". 

S e p a r a t i o n  of t h e s e  t w o  f r a c t i o n s  c o u l d  als() be a c h i e v e d  w i t h  t r i ch l ( ) roace t i c  ac id ;  a p r ec ip i -  
t a t e  w a s  fo rmed  in h i s t o n e  1 s o l u t i o n s  w h e n  t h e  s a m e  v o l u m e  of io  'li, t r i c h l o r o a c e t i c  ac id  so lu t i (m 
w a s  a d d e d ,  b u t  h i s tcme I i  s o l u t i o n s  r e m a i n e d  c l e a r  a n d  m o r e  ac id  h a d  to  be a d d e d  l() p r e c i p i t a t e  
t h i s  fractic)n.  

I t  h a s  been  Ioun(l  "~ t h a t  u n a g g r e g a t e d  h i s t o n e  I, u n l i k e  h i s t o n e  i1 or  a g g r e g a t e d  h i s t o n e  I, 
is c a p a b l e  of i n t e r a c t i n g  w i t h  d e o x y r i b o n u c l e i c  ac id  in I ,11 NaCI  s o l u t i o n  j u s t  as  in n a t u r a l  
n u c l e o h i s t o n e .  

mscusslo.x 

From tile foregoing results, it is clear tha t  calf thymus  histone can be separated 
into two fractions (histones I and II) with different properties and compositions. 
Although each fraction had been precipitated from the acid extract at a definite 
ethanol concentration and was homogeneous with respect to molecular weight, its 
electrophoretic pattern was always complex. Therefore, it was concluded that calf 
thymus histonc consists of a number of different basic proteins, which can be classified 
as subfractions of histone I or II. 

Any difference in these preparations could not have been caused by the purifica- 
tion procedure. Acid had no effect on the preparations a6. The precipitation by ethanol 

" P a r t  of h i s t o n e  I ( nea r l y  xo %) did  n o t  p r e c i p i t a t e  on  t he  a d d i t i o n  of a l ka l i ,  b u t  t h i s  t r a c t i o n  
w a s  u l t r a c e n t r i f u g a l l y  n o t  d i f f e r en t  f rom t h e  r e s t  a n d  s h o w e d  a n  Szo, w of a b o u t  2 S. 

** A f r a c t i o n a t i o n  of h i s t o n e  s i m i l a r  to  t h e  one  d e s c r i b e d  in  t h i s  p a p e r  w a s  a l so  a c h i e v e d  by  
m e a n s  of s a l t i n g - o u t  u s ing  a m m o n i u m  s u l f a t e  or  o t h e r  r e a g e n t s .  

lCe/ercnce.~ p. .5ol [5o2. 
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also would not lead to any modification of the proteins, since no significant difference 
in either electrophoretic or ultracentrifugal behaviour was detected before and after 
the addition of ethanol. Therefore, the acid and ethanol method described here was 
thought to be a mild and convenient method for the purification of calf thymus 
histone provided that  care is taken to keep the temperature at which the operations 
are performed as low as possible. BUTLER et al. 9 have also reported that  the best 
preparation'~ of histone were obtained from acid extracts. 

The yields of the products were found to be rather high in this method. Although 
the content of histone in thymus gland is not exactly known, it was estimated to 
be about 3% of the wet gland by assuming that  the amount of histone present in the 
nuclei is nearly the same as that  of deoxyribonucleic acid, the concentration of which 
is 2.8% ~. As mentioned before, the extracts from I . I  5 kg of glands contained about 
26 g of histone (ca. 80%) and the total amount of purified product amounted to 
I8.6 g (ca. 50%). 

Various values for the sedimentation velocity of calf thymus histone have been 
recorded by different investigators. All the authors found one or two components 
with a sedimentation coefficient below about 2 S; in addition, the presence of a faster 
component was often reported. Our experiments on the fractionated samples clearly 
showed the presence of two components of 2.o~ and 0.66 S, respectively, which nearly 
agreed with the results of BUTLER et al. (2 S and I S) ~°. Although a value of ca. r. 5 S 
was often reported 13,14, it might be due either to the fact that the value was not 
extrapolated to infinite dilution or to incomplete separation of 2 S and 0.7 S compo- 
nents. In fact, unfractionated preparations of ours sometimes showed only one broad 
boundary and an apparent value of nearly 1.5 S was obtained when the duration 
of the sedimentation experiments was not so long. A component much heavier than 
2 S would be an artifact of histone as was pointed out by HAMER TM. In view of the 
results of our experiments, it seems to be due to the aggregation of the 2 S component 
(histone I) which occurred during the isolation of histone or in the solution in which 
sedimentation was performed. 

From the present experiments on the electrophoresis of histone fractions, it was 
concluded that  in calf thymus histone there are at least four components present in 
fairly large amounts (three components of histone I and one component of histone II). 
CRUFT et al. TM found three components (designated as a-, r -  and y-histones), while 
GRI~GOIRE et al. e,8, who examined their histone fractions (P and S) by electrophoresis, 
found three components in fraction S and one almost homogeneous component in 
fraction P. BUTLER et al. 1° observed only two components but they showed that  a 
third component appeared when aggregation took place. In their opinion, the 
presence of the third component in the experiments of the previous authors could 
be attr ibuted to aggregated histone. However, it should be noted that the electro- 
phoretic patterns described in this paper were obtained without formation of an 
aggregate, and that  different patterns were obtained when aggregation took place. 

I t  has been reported that  one fraction of histone contained much arginine and 
tyrosine, and that  another was rich in lysine3, 5-~. From the results of chemical 
analyses, it was concluded that our histone I corresponded to the former fraction 
and histone I I  to the latter. A homogeneous preparation with high lysine content 
(the slow component) was successfully obtained by BUTLER et al. ~, ao, but the molecular 
weight was nearly twice as high as that  of histone II ,  our corresponding fraction. In 

Relerences p. 50I[502. 
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addition, the main component of histone II migrated most rapidly of all histoncs 
at pH 5.0 and its behaviour differed from that of the slow component of Bt:TLF.I~ c t a l .  

According to CRU]:T et al. ~z their subsidiary histone with low arginine content was the 
component with the highest clectrophoretic mobility (a-histonc). The other fraction 
rich in arginine was also fractionated and examined by BUT/.E~ el al. ,  but, unlike 
histonc I, its behaviour in the ultracentrifuge was complex 5. 

A fractionation based on ultracentrifugal separation has been reported by some 
other workers ~a, x4, two components being obtained thereby. As was described before, 
however, it seems likely that the heavier fraction is not an independent component 
but an aggregation product of a component of the lighter fraction. 
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1. A s i m p l e  a n d  usefu l  m e t h o d  for t he  p u r i f i c a t i o n  a n d  f r a c t i o n a t i o n  of ca l f  t h y m u s  h i s t o n e  
is p r e s e n t e d .  T a k i n g  a d v a n t a g e  of s o l u b i l i t y  d i f fe rences  in e t h a n o l - w a t e r  m i x t u r e s ,  t w o  f rac t ions ,  
h i s t o n e s  I a n d  I I ,  w e r e  o b t a i n e d .  

2. P h y s i c o c h e m i c a l  a n d  c h e m i c a l  p r o p e r t i e s  of b o t h  f r a c t i o n s  were  s t u d i e d  a n d  c o m p a r e d  
w i t h  each  o the r ,  l { i s t o n e  l ,  t h e  m a i n  f r ac t ion ,  m a r k e d l y  d i f fered  f rom h i s t o n e  I I  in s e v e r a l  p r o p e r -  
t ies ,  i.e., m o l e c u l a r  w e i g h t ,  e l e c t r o p h o r e t i c  b e h a v i o u r ,  c h e m i c a l  c o m p o s i t i o n ,  e tc .  

3. A l t h o u g h  e a c h  f r a c t i o n  s h o w e d  a good  d e g r e e  of h o m o g e n e i t y  in a n  u l t r a c e n t r i f u g e ,  i t  
was  e l e c t r o p h o r e t i c a l l y  n o t  h o m o g e n e o u s .  H i s t o n e  I c o n t a i n e d  a t  l e a s t  t h r e e  c o m p o n e n t s  an t i  
h i s t o n e  I I  s h o w e d  m a i n l y  one  c o m p o n e n t  w i t h  t h r e e  m i n o r  c o m l m n e n t s .  I t  was ,  t he re fo re ,  con-  
c l u d e d  t h a t  t h e r e  a rc  m o r e  t h a n  four  bas ic  p r o t e i n s  p r e s e n t  in ca l f  t h y m u s  h i s tone .  
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E T H A N O L  P R E C I P I T A T I O N  ANALYSIS OF T H Y M U S  H I S T O N E  

P. BIJVOET 

Laboratory/or Physiological Chemistry, University o I Utrecht (The Netherlands) 

Though thymus histone, and occasionally also the histone prepared from other tissues, 
has been subjected to electrophoresis and ultracentrifugation and various fractions 
have been obtained from it by preparative procedures, no certainty has been obtained 
about the number of components bound to deoxyribonucleic acid in the nucleus. In 
our opinion one of the reasons for this uncertainty is the fact that not all workers 
in this field have been careful enough to avoid the possibilities of denaturation and 
aggregation in the course of the isolation of the total histone and during the storage 
of the product obtained, before the number of components was determined. With 
the ultimate aim of isolating the total histone from various tissues under the mildest 
well-controlled conditions, necessary for a comparison of the histone from various 
sources, we have thoroughly examined two well-known methods of isolation of 
t h y m u s  h i s tone .  These  m e t h o d s ,  de sc r ibed  b y  BUTLER a n d  as soc ia t e s  1, a n d  CRAMPTON, 

LIPSHITZ AND CHARGAFF 2, r e spec t ive ly ,  be long  to  t he  g r o u p  of m e t h o d s  t h a t  s t a r t  

w i t h  t h e  p r e p a r a t i o n  of n u c l e o h i s t o n e  f r o m  the  to t a l  g land .  W e  p r e f e r r e d  to  t e s t  t he se  

m e t h o d s ,  a n d  n o t  t hose  t h a t  beg in  w i t h  t he  i so la t ion  of t h e  nuclei ,  s ince  we are  n o t  

c o n v i n c e d  t h a t  t he  i so la t ion  of  suff ic ient  a m o u n t s  of nucle i  is poss ib le  w i t h o u t  loss 

of c h r o m o s o m a l  p ro te in .  
W e  h a v e  chosen  an  ana ly t i c a l  e t h a n o l  p r e c i p i t a t i o n  t e c h n i q u e  a t  - - 5  ° C for  t h e  
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