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An additional hydrolysis site recognized by thrombin on histone HI m olecules was found. 
Snakes venom  proteases from A gkistrodon rhodostom a, Bothrops marajoensis and Bothrops 
m oojeni were further used for the analysis of HI histones. The presence of the main cleavage site 
on HI histone m olecules has been established. This site is localized on main N-terminal thrombin 
peptide. The main venom  protease peptides obtained from different HI subfractions preserve 
differences o f electrophoretic mobility in acid-urea polyacrylamide gels typical for the initial HI 
subfractions.

Introduction

H I histone subfractions isolated from  various 
sources differ in their electrophoretic mobility on 
acid-urea P A G  [1—4], Particularly great difference 
was observed in our laboratory  for one of H I histone 
subfractions isolated from  Syrian ham ster K irkm an- 
R obbins hepatom a. This subfraction is absent in 
hom ologous norm al liver tissue [5, 6].

In this paper we have looked for a m ethod giving 
possibility for localization of differences within H I 
subfraction m olecules causing different behaviour in 
acid-urea P A G . F or this purpose digestion with 
throm bin and snakes venom  proteases was applied. 
Except the K irkm an-R obbins Syrian ham ster hepa­
tom a and liver H I subfractions, lysine-rich histone 
from  calf thym us was used as a standard  system.

Experimental Procedures

The neoplastic tissue was obtained from  K irkm an- 
R obbins ham ster hepatom a tum ors transp lan ted  on 
Syrian ham ster in a procedure described earlier [5], 

H am ster liver was taken from  healthy ham sters as 
described [5],

Abbreviation: P A G , polyacrylamide gel.
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Total H l histone  was extracted with 5%  (v/v) p e r­
chloric acid from  chrom atin isolated from  purified 
tum or or liver nuclei as described [5].

H istone H I subfractions were separated  on Am - 
berlite CG-50 according to the m ethod of K inkade 
and Cole [7] as described by B onner et al. [8] and 
Sm erdon et al. [9]. The final purification was carried 
out on acid-urea preparative gels as described [5].

E lectrophoresis in acid-urea gels was perform ed 
according to m ethod of Panyim and C halkley [10], 
m odified by using 20% cylindrical gels of 3 mm 
diam eter, 10 or 25 cm long. E lectrophoresis was car­
ried out at 12 V/cm. The gels were sta ined  with 0.1%  
am inoblack in 7% acetic acid containing 20% 
ethanol and were destained by electrophoresis in 
0.9 n  acetic acid.

Throm bin degradation  was carried ou t essentially 
according to the m ethod described by C hapm an eta l. 
[11]. The digestion tim es were 2 or 5 h. T rascolan 
(Bayer) was used as the plasmin inh ibitor at the con­
centration 100 U/ml of incubation m ixture.

Snake venom  proteases degradation  w ere p e r­
form ed as follows: H I histone or H I subfractions 
were dissolved in 0.05 m  Tris-H Cl buffer, pH  8.0. 
The digestion was carried out at 36 °C for 5 h with 
A ncrod, Reptilase R or D efibrase. The enzym e p ro ­
tein ratio was 10 or 20 units of enzym e per 1 mg of 
protein . A ncrod, R eptilase R and D efibrase are 
generic nam es assigned to the coagulant fraction 
from A gkistrodon  rh odostom a , B o throps m arajoen ­
sis and B othrops m oojeni, respectively, by the W orld 
H ealth  O rganization.
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Results and Discussion

Throm bin digestion

The typical electrophoretic p a tte rn  of a histone H I 
subfraction after throm bin degradation  is shown in 
Fig. 1. G enerally , it resem bles the results of C hap­
m an et al. [11] for the calf thym us H I histone. H ow ­
ever, m ore detailed  analysis based on electrophoresis 
in 25 cm long acid-urea PA G  of the m ixture of di­
gested during 2 h and undegraded H I subfraction 
(Fig. 2) reveals heterogenous peak  consisting of un­
digested and partially  hydrolyzed m olecules. Similar 
electrophoretic pattern  was noticed for different H I 
subfractions from  Syrian ham ster hepatom a and liver 
as well as for the calf thym us H I histone. Thus, the 
observed phenom enon of slightly increased elec­
trophoretic  m obility after short th rom bin  digestion is 
a com m on fea tu re for H I histone m olecules. These 
experim ents allow to postulate the existence of an 
additional th rom bin  digestion site. T he hydrolysis at
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Fig. 2. Electrophoretic pattern of H l-1 Syrian hamster 
Kirkman-Robbins hepatoma subfraction digested for 5 h 
with thrombin and mixed with initial preparation o f this 
subfraction obtained on 25 cm long acid-urea PA G . H I 
corresponds to initial undegraded H l-1  subfraction and 
[H -l]' to the peptide arising after cleavage o f H l-1  
molecule at the additional thrombin hydrolysis site.

© • ©
Fig. 1. Electrophoretic pattern of the H l-4  Syrian hamster 
Kirkman-Robbins hepatoma subfraction after digestion 
with thrombin obtained on 10 cm long acid-urea PAG. En­
zyme protein ratio was equal to 2  units o f thrombin per 
1 mg o f H l-4  histone subfraction. D igestion time 5 h. 
Marker — bovine serum albumin.

this site proceeds much faster than cleavage at the 
site which divides H I m olecules into two main N- 
and C-term inal peptides described by C hapm an et al. 
[11], A n additional prove confirm ing the existence of 
fast throm bin hydrolysis site is the presence of very 
fast m igrating band on acid-urea PA G  which was 
observed after a short throm bin digestion tim e. This 
band m igrates faster than highly basic C-term inal 
throm bin peptide (data not shown).

D ata concerning specificity of throm bin digestion, 
including also the proteins which are not physiologi­
cal substrates, may suggest (i) degradation  proceeds 
entirely after arginine residue, (ii) 6 , 7 o r 8 positions 
to  the right of susceptible bond is occupied by 
glutam ic or aspartic acid or respective am ine [12], 
A m ong known am inoacid sequences of m am m alian 
H I histone the regions com patible with these data 
are not present [13, 14].

The throm bin cleavage site dividing calf thymus 
H I molecules into two main N- and C -term inal pep­
tides is localized after lysine residue which corre­
sponds to the 122 lysine on RTL-3 H I histone sub­
fraction from rabbit thym us [13]. The am inoacid se­
quence in the region of 122 lysine is — p ro —lys—lys— 
a l a - g l y - a l a - a l a —lys—p r o - ly s —. The closest var-
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iant to  this sequence localized on the same RTL-3 
subfraction is — p ro —lys—lys—ala—lys—ala—val— 
lys— p ro —lys—. T here are two differences between 
these sequences. The 125 glycine is replaced by 185 
lysine and the 127 alanine corresponds to the 187 
valine [13]. M oreover, there are shorter sequences 
—p ro —lys—a la — localized at the proxim ity of C-ter- 
m inal am inoacid of RTL-3 H I subfraction which can 
also candidate for the additional throm bin cleavage 
site [13].

U nresolved question in throm bin digestion of H I 
histone m olecules is the heterogeneity  of C-term inal 
peptides revealed  by acid-urea PA G  electrophoresis. 
This phenom enon is observed even if single H I sub­
fraction is cleaved (Fig. 1), similary to  tha t described 
by C hapm an et al. [11] for the total calf thym us H I 
histone. It seem s not to be possible that the reason of 
the observed heterogeneity  com es from  the absence 
of the described additional throm bin cleavage site in 
a part of H I subfraction m olecules, for exam ple, as 
result of m odification of am inoacid residues, since 
even after short th rom bin  digestion all molecules of 
the cleaved H I  subfraction increase their electro­
phoretic  mobility.

E lectrophoresis in acid-urea PA G  has not shown 
any difference betw een main N- and C-term inal 
th rom bin  pep tides ob ta ined  from  H l-1  and H l-4  
Syrian ham ster hepatom a subfractions (data not 
shown).

D efibrase d igestion

Three snake venom  proteases: A ncrod from 
A g k istrodon  rh odostom a, defibrase preparation 
from  B othrops m oojen i, and reptilase R  derived 
from  B othrops m arajoensis were tested  as a tool to 
localize differences betw een H I subfractions causing 
various electrophoretic  behaviour in acid-urea PA G  
system. Initial experim ents have shown that all three 
tested  p ro teases when applied for digestion of H I 
histones give the same digestion products. T here­
fore, for fu rthe r experim ents only defibrase was 
used.

The general fea ture of these throm binlike enzymes 
is the ability to  cleave peptide bonds betw een Arg-X. 
The m ore often  am inoacid X is glycine. H ow ever, 
the presence of A rg-X  bond is not sufficient for sub­
strate  recognition. They split fibrinopeptide A  from 
fibrinogen (A ) chains by hydrolysis of the Arg-Gly 
bond split by th rom bin , but unlike throm bin do not

cleave the corresponding A rg-G ly bond in the (B) 
chains [15—17]. These pro teases do not split many 
o ther proteins, like native casein and denatured  
hem oglobin despite of the presence of A rg-X  bonds 
[18, 19]. The described pro teases act w ith a species- 
dependent preference on fibrinogen of different 
m am m als, hence, coagulation of rabbit fibrinogen 
proceeds about 10 tim es longer then the coagulation 
of hum an fibrinogen afte r addition of the same 
am ounts of these enzym es. This phenom enon might 
be explained by structural differences of rabbit and 
hum an fibrinogen as reflected  the sequence analysis 
of fibrinopeptide A  from  different m am m als [20]. To 
sum arize, these enzym es recognize am inoacid d iffer­
ences in much longer regions of p ro tein  m olecules 
than hydrolyzed bond.

D efibrase was applied for digestion of: to tal calf 
thym us H I histone, H l-1 , H l-4 , H I histone subfrac­
tions from  Syrian ham ster hepatom a, and H l-1  and 
H I -2, H I histone subfraction from Syrian ham ster 
liver. For all histones tested  main degradation  pep ­
tide and small am ounts o f several o ther peptides 
were released (Fig. 3). D esp ite  of the sam e condi­
tions of hydrolysis H l-1  subfractions derived from 
Syrian ham ster hepatom a appeared to  be m ore 
resistant to  the action of defibrase than  rem aining 
histones under analysis, probably, reflecting struc­
tural differences of the H I  histones under investiga­
tion (Fig. 3).

D igestion of main th rom bin  N- and C-term inal 
peptides with defibrase localizes the cleavage site on 
N -term inal throm bin pep tide  (Fig. 4). Thus, main 
defibrase peptide contains all C-term inal dom ain — 
“ta il” and at least part o r whole central globular do ­
main. It may be suggested tha t main defibrase degra­
dation site should be localized after one of four 
arginine residues. T heir positions in am inoacid se­
quence of CTL-1 H I subfraction are: 31, 32, 53, 78 
[14]. The fact that arginines at the positions 32, 53 
and 78 of am inoacid sequence of CTL-1 H I subfrac­
tion are also conserved in RTL-3 and trou t testis H I 
subfractions [13] and th a t defibrase digestion p a t­
terns for H I histones from  different sources are simi­
lar, suggests that the m ain defibrase cleavage site is 
localized at analogous position in different H I sub­
fractions. P resum able localization of throm bin and 
defibrase cleavage sites are sum m arized on Fig. 5.

M ain defibrase peptides obtained from the H l-1  
and H l-4  Syrian ham ster hepatom a H I subfractions 
when analyzed on 25 cm long, acid-urea PA G  show
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Fig. 3. Electrophoretic patterns o f different H l histone 
preparations after digestion with defibrase. Digestion time
5 h. Enzyme/substrate ratio was equal to 20 units of enzyme 
per 1 mg of histone. 1 0  cm long acid-urea gels were ap­
plied. A  — total H I histone from calf thymus; B and C — 
H l-1  and H l-2  subfractions from Syrian hamster liver, re­
spectively; D and E — H l-1  and H l-4  subfractions from 
Syrian hamster Kirkman-Robbins hepatom a, respectively. 
Marker — bovine serum albumin.
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Fig. 4. Defibrase digestion of the main thrombin N- and C- 
terminal peptide obtained from Syrian hamster liver H l-1  
histone subfraction. Digestion time 5 h. Enzyme/histone 
ratio was equal to 20 units per mg of protein. A  — N- 
terminal thrombin peptide; B — N-terminal thrombin pep­
tide digested with defibrase; C — C-terminal thrombin pep­
tide; D — C-terminal thrombin peptide digested with defi­
brase.
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Fig. 5. Schematic diagram of possible localization o f throm­
bin and defibrase cleavage sites within histone HI 
m olecules. 6  The most probable positions of defibrase 
cleavage site; A thrombin cleavage at lysine 1 2 2  giving two 
main N- and C-terminal peptides; i  lysine 182; 4 positions

of lysine residues near C-end of HI m olecules appearing in 
aminoacid sequence pro—lys—ala. 9 aminoacids region 
starting at proline 1 2 1  and the region showing maximal 
hom ology to that starting at proline 181 are underlined.
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differences in electrophoretic mobility sim ilar to that 
observed for initial subfractions: the peptide origi­
nated  from  H l-1  subfraction m igrates slower than 
tha t from  H l-4  (Fig. 6). Thus, the putative differ­
ences in am inoacid sequences betw een subfractions 
under analysis are localized within main defibrase 
pep tide and probably they are outside of the N-ter- 
minal dom ain — “nose” which contains first 35 N- 
term inal am inoacids [21 , 22].
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Fig. 6 . Electrophoretic pattern of H l-1  and H l-4  histone 
subfractions from Syrian hamster Kirkman-Robbins hepa­
toma digested with defibrase. Digestion time 5 h; enzyme 
protein ratio was equal to 20 units per mg protein. 25 cm 
long acid-urea gel was used.
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