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Surmaary 

The microsomal fraction of rat kidney contains an enzyme which hydrolyzes 
basic proteins such as histones and protamine. However, the enzyme is present 
in all the organs of the rat to some degree. The enzyme is most active toward 
protamine and histones, but slightly active to ribonuclease. Albumin and 
globulin are completely resistant to the action of the enzyme. The optimum pH 
was found to be around 8 - 9, depending on the proteins used as substrate. 
Evidence indicates that the enzyme is not one of the cathepsins. 

We report in this paper evidence that there is an enzyme in rat kidney 

microsomes which hydrolyzes various histones and protamine most actively. The 

enzyme is present ubiquitously in various rat organs, but the highest amount 

is found in kidney. The enzyme was partly purified from rat kidney and was 

found to have an optimum pH around 8 - 9. Some of the implications for genetic 

regulation are discussed. 

Materials and Methods 

All the proteins used in Table III were purchased from Sigma Chemical Co., 

and the rest of the reagents from local sources. 

Enzymatic assay One-tenth or 0.2 ml of tissue homogenate or enzyme preparation, 

0.2 ml of substrate protein suspension (0.6 mg), 0.1 ml of 0.5 M Tris-HCl buffer 

at pH 9.0 in a total volume of 0.5 ml were incubated at 37' for 20 minutes. The 

reaction was terminated by addition of 0.5 ml of 10% trichloroacetic acid (TCA). 

For a control, the enzyme suspension was added after the reaction was stopped 

by TCA. The mixture was centrifuged at 39,000 x g for 10 minutes. A portion 

of the clear supematant (usually 0.1 or 0.2 ml) was transferred to a Coleman 

spectrophotometer cuvett (19 x 105 zza) and a pre-determined amount of NaOH 

solution was added to bring the pH of the solution to about 5. The volume 
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was adjusted to 1.0 ml with water and the ninhydrin color was developed accor- 

ding to the method of Moore and Stein (1). The values reported in the following 

experiments are the average of duplicate determinations and have been corrected 

to allow for the control value. The enzyme activity was expressed as A580 mu/ 

20 minutes/mg enzyme protein. One unit of A580 mu corresponds to 0.24 umoles 

of leucinc. The enzyme activity, therefore, is the increase in ninhydrin color 

found in the 5% TCA-soluble fraction after reacting the substrate protein with 

the enzyme. Although not presented, the enzyme reaction was dependent on time 

of incubation and on the concentration of the enzyme. 

Partial purification of the enzym= 2.4 g of rat kidney was homogenized in 9.6 

ml of 0.25 M sucrose solution vith the aid of glass homogenizer, and the homo- 

genate was centrifuged at 10,000 x 3 for 10 minutes to remove nuclei and mlto- 

cho3dri.a. The supernatant was further centrifuged at 105,000 x g for 1 hour, 

the pellets were suspended in 5 ml of vater, and an equal volume of 2% sodium 

deoxycholate was added to the suspension. After homogenizing, the mixture was 

centrifuged at 105,000 x g for 1 hour and the clear supernatant was used as the 

Table I 

Distribution of the enzyme among the various organs of rae 

Organ 

Brain 

- 
Enzyme activity 

(AS80 mu 120 minuteslmg enzyme protein) 

0.120 

Spleen 0.132 

Liver 0.168 

Heart 0.216 

Lung 0.450 

Kidney 0.978 

Organs vere homogenized in 0.25 M sucrose by glass homogenizer as 20X, and the 
homogenates were filtered through a double layer of cheese-cloth by gravity. 
Two-tenth ml of purified F’2 fraction (slightly lysine-rich histone; 0.6 mg) 
was used as substrate. The rest of the procedures are described under Methods. 
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enzyme in the following experiments. Attempts to purify the enzyme beyond this 

stage were unsuccessful due to extreme instability of the enzyme. 

Various histones were purified from histone type II-A of Sigma Chemical 

Co. according to the method described elsewhere (2) (hiatone type II-A is a 

mixture of various histones). Protein was determined by the method of Lowry 

et al (3), and subcellular fractionation of rat kidney was carried out accor- -- 

ding to the method of Schneider (4). 

Results and Discussi~ 

Table I lists the results on the enzyme in various rat organs. The enzyme 

is present in all the organs tested, and kidney has the highest activity. 

Practically all the enzyme activity is found in the microsomal fraction 

(Table II). The results in Table II, therefore, strongly suggest that the 

5 6 7 8 9 10 

PH 

Pig. 1. pH-Curve Six-tenth mg of substrate protein and 1.34 mg of partly 
purified enzyme were used under the conditions described under Method. Phos- 
phate buffer was used for p?i 6 and 7; Tris-HCl for 8 and 9; borate for pH 9.3 
and 10.6. 

335 



Ta
bl

e 
II 

-- 

D
is

tri
bu

tio
n 

of
 

th
e 

en
zy

m
e 

am
on

g 
va

rio
us

 
su

bc
el

lu
la

r 
fra

ct
io

ns
 

of
 

ra
t 

ki
dn

ey
 

Fr
ac

tio
n 

V
ol

um
e 

bu
 

P
ro

te
in

 

(w
dm

l) 

To
ta

l 
En

zy
m

e 
To

ta
l 

en
zy

m
e 

R
ec

ov
er

y 
pr

ot
ei

n 
ac

tiv
ity

 
ac

tiv
ity

 
pr

ot
ei

n 
en

zv
m

e 
(4

 
(A

sa
 

,,,
/2

0 
m

in
. 

(A
sa

 
m

uf
2O

 
(%

I 
(7

3 

/m
g 

en
zy

m
e)

 
m

in
) 

5 

W
ho

le
 

ho
m

og
. 

8.
0 

45
.3

 
36

4 
0.

90
5 

32
9 

10
0.

0 
10

0.
0 

N
uc

le
ar

 
5.

0 
16

.7
 

83
.5

 
0.

15
0 

12
.5

 
22

.9
 

3.
8 

M
ito

ch
on

dr
ia

l 
5.

0 
6.

9 
34

.4
 

0 
0 

9.
5 

0 

M
ic

ro
so

m
al

 
5.

0 
15

.6
 

77
.8

 
3.

08
 

23
9 

21
.4

 
72

.7
 

S
ol

ub
le

* 
7.

4 
13

.6
 

10
1 

0 
0 

27
.8

 
0 

* 
S

ol
ub

le
 

fra
ct

io
n 

wa
s 

ob
ta

in
ed

 
by

 
ce

nt
rif

ug
in

g 
8.

0 
m

l 
of

 
w

ho
le

 
ho

m
og

en
at

e 
at

 
10

5,
00

0 
x 

g 
fo

r 
1 

ho
ur

. 
P

ur
ifi

ed
 

hi
st

on
e 

F2
 f

ra
ct

io
n 

wa
s 

us
ed

. 
Th

e 
re

st
 

of
 

th
e 

co
nd

iti
on

s 
ar

e 
th

e 
sa

m
e 

as
 

de
sc

rib
ed

 
un

de
r 

Ta
bl

e 
1.

 



Vol. 38, No. 2, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

enzyme concerned is not a cathepsin, since the latter is located in the parti- 

culate lysosome fraction which sediments together with the mitochondrial 

fraction under these conditions (5). 

pH Optima are slightly different depending on the species of basic proteins 

used as substrate (Fig. 1). However, optimum pH's, in general, lie around 8 - 

9. It is most noteworthy that at pH 5.0 where cathepsins are most active (6) 

the hydrolysis of various histones or protamine is practically nil. This again 

suggets that the hydrolytic enzyme involved is not a cathepsin. 

In order to examine the biochemical significance of the enzyme, the 

hydrolytic activity of the enzyme toward various purified proteins were measured 

Table III 

Specificity of the enzyme- 

Substrate Enzyme activity * 
7.0 9.0 

Protamine 1.51 1.65 

Very lysine-rich histone (F1) 1.12 2.01 

Histone type II-A 0.48 1.28 

Arginine-rich histone (F3) 0.47 0.56 

Slightly lysine-rich histone (P,) 0.31 1.64 

Ribonuclease, 5 x recrystallized 0.45 0.56 

Polylysine 0.19 0.55 

Polyarginine 0.17 0.08 

Lysozyme 0 0.41 

Albumin 0 0 

Globulin 0 0 

Polyleucine 0 0 

Polyglutamic acid 0 0 

* Asso/ min/mg enzyme protein. 

The rest of the experimental conditions are described under Methods. 
Partially purified enzyme (1.34 mg protein) was used. 
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at two different pli's; at a physiological pH of 7.0 and optimal pH of 9.0 

(Table III). The enzyme readily hydrolyzed the various histones and protamine 

at both pH's. Among the histones, the very lysine-rich histone is the most 

susceptible to the action of the enzyme. The fact that polylysine and poly- 

arginine are hydrolyzed to a certain degree suggests that the enzyme preferably 

requires basic amino acids for the reaction. Albumin and globulin are completely 

resistant to the action of the enzyme. 

Preliminary studies on the mechanism of enzyme action have been attempted 

(Fig. 2). When the reaction products of the enzyme on histone substrate are 

chromatographed on Bio-Gel P-2 (exclusion limit of 2,000) with 0.01 M phosphate 

0.0 GLYCYLGLYCINE (132) 
GLYYI N E (75) 

ACETYLi~~~ iHO” (35) 

1 

EFFLUENT (ML) 

Fig. 2. Chromatographic analysis of the hydrolytic products on Bio-Gel 
P-2. 0.8 ml of histone type II-A (2.4 mg), 0.4 ml of 0.5 M Tris-HCl buffer 
TpH 9.0, 0.4 ml of partially purified enzyme (5.0 mg protein) and 0.4 ml of 
water were incubated at 37* for 3 hours, and the reaction was stopped by addi- 
tion of 2 ml of 10% TCA. The control was prepared by adding the enzyme prepa- 
ration after addition of TCA and was treated as the assay, otherwise. The 
incubation mixture was centrifuged at 39,000 x g for 20 minutes, and the super- 
natants were concentrated to 1.5 ml under reduced pressure. The whole sample 
was charged on Bio-Gel P-2 (0.8 x 78 cm) which had been previously equilibrated 
with 0.01 M phsophate buffer at QH 7.2. One ml fractions vere collected at 
room temperature, and portions were determined for ninhydrin color. The arrows 
in the figure indicate the position of the compounds eluted, and the number 
in parenthesis indicates the molecular weight of the compound used for marker. 
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buffer at pH 7.2, peptides of various sizes appear, evidenced by elution of 

ninhydrin-positivity between exclusion and inclusion limit. Near the inclusion 

region two large peaks appear. Even though the control showed these two peaks 

with much less intensity, they may be due to contamination of the enzyme with 

free amino acids. When fractions of these peaks were pooled and were analyzed 

by the Beckman automatic amino acid analyzer, all the commonly occurring 

natural amino acids were found with no outstanding predominance of any particular 

amino acid. Since ninhydrin-positive compounds are continuously eluted in 

the earlier fractions on the column, indicating a continuous variation of the 

size of peptides which became soluble in TCA by the enzyme action, the enzyme 

concerned is most likely an exopeptidase. However, there still exists a 

possibility that the enzyme is an endopeptidase, and that the products are 

further hydrolyzed by contaminating exopeptidase. Why the second peak in Fig. 

2 is formed is not clear at present; since no ninhydrin-positive compound of 

this size smaller than ammonia Is possible and since amino acids were found 

in this peak, there might be an ion-exchange phenomena on Bio-Gal. 

It is evident from the foregoing results that the enzyme is not one of 

the catheasins, because of the difference in optimum pH and of location. The 

enzyme is not stimulated by any reducing agents, and it is inhibited by divalent 

metal ions (6)+. The enzyme is relatively specific for basic proteins, and 

albumin and globulin are completely resistant to the action of the enzyme. 

Since the ratio of histone to DNA in the cell is remarkably kept at unity 

(7) and the amount of DNA per cell does not change, maintenance of constancy of 

the amount of histone should be under command of rigid homeostatic mechanisms. 

This could be achieved by delicate balance between anabolism and catabolism 

of the protein. Since recent evidence indicates that histone is synthesized in 

cytoplasm (8,9), the present enzyme might serve as one of the control mechanism 

on the amount of histone by hydrolyzing any excess amount of the protein. 

+ Unpublished result by Paik and Lee. 
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Finally, the ease of destruction of histone during isolation previously reported 

(10,11,12) might have been due to the action of the enzyme presently discussed. 

This work was supported by research grants AM 09602 from the National 
Institute of Arthritis and Metabolic Diseases, CA 07174 from the National 
Cancer Institute, and B7-0280R from the National Science Foundation. 
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