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I. IntroducticPrI 

We wish to report the accidential discovery of 
protease activity towardshistone N2B in a commercial 
sample of snake venom phospbodiesterase EC 3.1.4-l 

supplied by Worthington Biochemicals, obtained 
from cpOto?r~s adamatztws venom. 

et aI_ 3. Viol. Chem. 236 (1961) 1130). Al possessed 
the &tease activity towards H2B. The incubation 

buffer originally used was that recommended by the 
suppliers, 0.2 M Tris--He3 (or glycine buffer) (pH 8.0), 
50 IRM A@* bu? Later the Mg2* was found t6 be 
unnecessary for the activity. Initially the enzyme con- 
centration used was 2% (wjw) of that of the substrate. 

The Ijsine-rich histone MZB (mol. wt -13 700 - 
f 25 amino acids) forms part of the histone octomer 
of the nucleosome particle wlrich is the basic struc- 
tural unit of chromatin [I ]_ In contrast to H4, H3 

and H2A, however, its sequences do not display 
complete evolutionary conservation of structure. 
There are definite species and cell variations around 
the N-terminal part of the molecule [2] whereas the 

C-terminal (hydrophobic regions) are more conserva- 
tive. It has a single N-terminal proline and the mole- 

cule can be phosphorylated both in viva (cell c_ycle- 
dependent) and in vitro 133. 

Electrophoresis was carried out mainly in 15% 
SDS-potyacrylamide gels 143 but results were checked 
in the Panyim and Chalkley system (15% acrylamide, 
pH 2.6). Samples (S-1 0 pg) were loaded onto 

12 X 0.5 cm gels. Loss of stained bands was checked 
and monitored in a Joyce Loebl chromoscan. 

Rat liver non-h&tones were extracted from isollated 
nuclei by 8 M wea 50 mM phosphate (pH 7-G) [5] 
and the histones removed with dil. acid (0.2 M M&h 

or 0.2 N HCI). 
Calf thymus HI, W4 and H2B histones were 

obtained from Boebringer Mannbeim GmbH. 
In the course of our recent structural investigations 

in which we were Iooking for possible polyADPR 

links in nuclear proteins we digested various fractions 
with many phosphate splitting enzymes including the 
pbosphodiesterase described above. Whereas the non- 

histone protein profile on SIX-gel electrophoresis 

was relatively unchanged after incubating with the 

enzyme we found that H2B both singly tind in histone 
mixtures was extensively degraded to at least two 
Iower molecuiar weight species. 

2. Materhki and methods 

The limit digest under the origtial conditions used 

was found to be obtained at 37% for 2 h. The rendts 
of these digestions on rat liver nuclear proteins and 

calf thymus histones is shown in fig-l. Ckarly no 
breakdown of the non-histone proteins or HL and H4 
histones occurred. Dansylation [6] of the 2 h hychol- 
ysate al: 37?2 revealed the formation of at least 34 new 

end groups (not from the enzyme itse!f) indicating 
extensive exopeptidase activity. 

Several batches of snake venom phosphocliesterase f 
were purchased from Worthington Biochemicals 

(catalog no. LSOO 03926; preparation of Williams 

The crude whole histone standard we used 
(f&n) was deficient in H2A but other samples con- 
taining this. histone showed no breakdown. This is 

interesting in view of the discovqy of a unique 



Volume 103, number 2 

Fig.1. SDS-polyncrylamide gels of control (c) and enzyme treated (e) nuclear proteins. Left to right: S M urea soluble rat liver 
non-histone protein (75 &; a crude histone fraction (5 &; Boehringer calf thymus histones H2B, Hl and I?4 (2.5 pg each). Geb 

stained with Coomassie brilliant blue. Figures show the positions of molecular weight mxker polypeptides for histcne gels only. 
Non-l&one proteins were run in 110% (w/v) gels. 

prstease that specifically degrades 55% and has beex? 
shown to be tightly bound to calf thyrnus chromatin 
[7]. A single fragment, &KU, similar in electrophoretic 

mobility to H4, and a pentapeptide were produced. 

Tabk 1 
Effect of various chemicals and inhibitors on the breakdown 

of histone HZB by snake vcnc~rn protease 

Sodium phosphate (0.25 M) ++ 
Sodium phosphate (0.5-1.5 M) - 
NaCi (0.5-3 M) +i+ 
Urea (l-5 MI) - 

Sodium bisulphite (1 O-25 mM) + 
Sodium bisulphite (50 mM) if 
Phenylmethylsulphonylfluoride (l--2 mM) -I-F+ 
TrlTpsin inhibitor (soya bean) <50- 100 rg) +F+ 

+++ = compleiz inhibition. Assay based on disappearance of 
H2B band on gel efectrophoresis after digestion for 1.5 h at 

,37”C with 2% (w/u:) of crude enzyme 

In contrast to these fmdings (table 19 our enzyme was 
inhibited by increasing NaCl concentrations and not. 

affected by up to 5 M urea. We also found (as they 
did) that proteolytic activity was observed over a 
wide pN range, the optimum observed being in rhe 
pH rafige 7-9. In addition the enzyme was comp!et$ 
inhibited by the usual proteolytic inhibitors (see 

table 1). 
Attempts to isolate the digest fragment (mol. wt 

-10 000) by column chromatography on G-l 00 
resulted in the isolation of two peaks one of which 

seemed to be an aggregate mixttire. The other was 
hydrolysed to its constituent amino acids and the 
composition of the hydrolysate was indicative of the 
removal of-29-30 amino acids from the W-terrniRal 

(marked loss of proline and lysine residues). Dansyla- 
tion of the new end groups released gave an equivocal 

answer indicating a number of products to be present. 

353 
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Further work on these fragments is required before References 
the cxnposition can be s4atsd with confidence. 
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We also found the enzyme in solution to be stable 
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degrading enzymes in isolated chromatin and nudei 

Many~authors have reported the presence of histone 

[8- 1 i 1; they are usually inhibited by sodium bisulphite. 
However, these seem to lack any specificity towards a 
particular histone class except that Hl is more sensi- 

tive; probably because it does not form part of the 
nucleosome complex. It remains to be determined 
whether the enzyme we have described is able to 
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enzyme might prove useful for physico-cheniical 
studies on the role of H2B in nucleosome structure. 

951-954. 

Function of Histones, CRC Press, Cleveland, 6H. 

[2] Va11 Melden, P_, Strickland, W. N., Brandt, W. F_ and 
van I-Jolt, C. (1978) Biochim. Biophys. Acta 533, 
278-281. 

131 Hnika, L. S. 41972) The Structure and Biolo&al 

I43 Weber. K. and @born, M. (1969) J. Sol. Chem. 244, 
4406-4412. 

[S] Gronow, M. and Griffiths, G. (1971) FEBS Lett. 15, 

340-344. 
[6] Gray, W. R. (1972) Methods Enzymol. 25, 121-138. 
171 Eickbush, T. H., Watson, D. K- and Moudrianokis, 

E. M. (1971) Cell 9,785-792. 
IS] Phillips,D_M.P.and~ohns,E_(1959) Biochem.3. 72, 

538-545. 
[9] Furlan, hf. and Jericijo, M. (1967) Biochim. Biophys. 

Acta 147,135-145. 
[lOI Bartley, J. and Challiley, R. (lq70) 9. Sol. Chem. 245, 

4286-4292. 
[l I] Garrels, J. L, Elgin, S. C. R. and Banner, J. (1972) 

Biochcm. Biophys. Res. Commun. 46,545-55 1. 

We thank the Yorkshire Cancer Research Campaign 

for financial support, the Manpower Services Corn- 
mission for a Job Creation Grant (M.R.C.) and Tony 

Thackrah for some technical help. 


