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The deoxyrlbonucleases (DNases) perform widely different functions in cell activity. They take part in 

DNA replication in vivo, in repair processes, in DNA catabolism, and also in injury to DNA arising in certain 
pathological processes accompanied by liberation of DNases from lysosomes. The DNases undoubtedly play 
a role in growth processes and in division of tumor cells. The ability of certain DNA-tropic agents, used in 

the treatment of cancer and of certain parasitic diseases, to inhibit the action of DNases has been described. 

The writers previously obtained data on the inhibition of degradation of free DNA through the action of 
DNase I by certain DNA-troplc agents. 

The object of this investigation was to study the effect of these agents on DNase I activity in the nuclei 
and also on the activity of certain nuclear nucleases, taking into account the great complexity of this system: 
DNA is degraded while in the composition of nuclei, where it is partly bound with proteins, in consequence of 
which the kinetics of the process is more complex than that of degradation of free DNA. 

EXPERIMENTAL METHODS 

Preparations of calf thymus DNA (from "Calblochem"), DNase I (from "Serva"), and the following DNA- 
tropic agents were used: distamycin A and chromomycln A 3 (from "Boehrlnger Mannheim GmbH"), actlnomy- 
cln D (from "Reanal"), carmlnomycln and bleomycln (from the Institute for the Search for New Antibiotics, 
Academy of Medical Sciences of the USSR), ethidlum bromide (from "Calbiochem"), and proflavine (from 
"Sigma"). Activity of the DNase I preparations was verified spectrophotometrlcally [7]. 

Nuclei were isolated from the liver of albino rats weighing 150-200 g in isotonic sucrose solution, using 
four treatments with 0.5% Triton X-100 [5]. 

To estimate the action of Mg++-actlvated nuclease, an incubation medium containing 0.01 M NaCl, 0.03 
M MgCl2, and 0.01 M Tris-HCl, pH 7.4, was used [8]. The nuclear suspension, containing 300-400 pg/ml DNA 
was incubated in the presence of one of the DNA-tropic agents at 37~ for 180 min. Degradation of Intranu- 
clear DNA in the absence of the agent served as the control. To prevent bacterial growth in the samples so- 

dium azlde was added to a final concentration of 0.02%. Allquots were taken from the reaction mixture in 
the course of incubation and mixed with cold HCIO 4 solution to a final concentration of 7%, and then centri- 
fuged at 28,000g for 20 mln. Nucleic acids were determined in the supernatant from the difference in ab- 
sorption at 270 and 290 nm [4]. 

To assess the action of Ca, Mg-dependent endonuclease an incubation medium of the following composi- 
tion was used: 60 mM KCI, 15 mM NaCI, 0.15 mM spermine, 0.5 mM spermidine, 15 mM 2-mercaptoethanol, 
0.34 M sucrose, 1 mM EDTA, 0.2 mM EGTA, I mM CaCI2, I0 mM MgCl2, and 15 mM Trls-HCl, pH 7.4 [6]. 
Nuclease action was estimated from the yield of hydrolysis fragments in I0 mM Tris-HCl, pH 8.0, as de- 
scribed previously [2]. Incubation was carried out at 37~ for 40 min. The DNA concentration in the sus- 
pension nf nuclei was about I mg/ml. DNA was isolated from fractions of soluble deoxyrlbonucleoprotein 
(DNP) and the insoluble residue by dodecylsulfate-phenol deprotelnization by the method described in [I]. 
Electrophoretic fractionation of DNA was carried out in 2.5% polyacrylamlde gel in glass tubes measuring 
5x I00 ram. About 60 #g DNA was introduced into each tube. A current of 5 mA was applied to the tube for 
eleetrophoresls. The gels were staIned with 0.01% toluidine blue solution in 1% acetic acid in electrode buffer. 
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Fig. I. Dependence of logarithm of concentration of intranuclear DNA, not hydrolyzed to 
acld-soluble DNA, on duration of action of DNase I. I) In absence of agent; 2) in presence 
of 40 ttg/ml (156 nmoles/ml) proflavine; 3) in presence of 40 t~g/ml (76 nmoles/ml) dlstamy- 
cin. Abscissa, time (in rain); ordinate, In iS]. 

Fig. 2. Densltograms of gels after electrophoretie fractionatlon of DNA fractions soluble 
in I0 mM Trls-HCl, pH 8.0, obtained by cleavage of nuclear ehromatln by Ca, iV[g-dependent 
endonuclease. I) DNA of soluble intranuclear DNP incubated in the absence of DNA-tropic 
agents; 2) DNA of soluble Intranuelear DNP incubated in presence of 20 p.g/ml (38 nmoles/ 
ml) dlstamycin. 

T A B L E  1. Ac t ion  of  C e r t a i n  D N A - T r o p t c  
Agen t s  on H y d r o l y s i s  of F r e e  and I n t r a n u c l e a r  
DNA by DNase  I 

Agent 

Distamycin A 

Proflavine 
Ethidium bromide 
Actinomycin D 

Concen~a- 
tion 

r~ 

40--44 76--84 
100 190 I 
40 [ 156 ] 40 / too 

/ 4 0 [  32 

free 
DNA 

0,30--0,36 
0,07 
0,35 
0,33 
0.83 

Ke/K c 

imranuclear 
DNA 

phase phase 
I II 

0,66 0,50* 
0,05 0,25 
0,93 0,83 1,00 1.00 1,00 1,00 

Legend :  1) K e / K  c -- r a t i o  of  v e l o c i t y  c o n s t a n t  
of  r e a c t i o n  in p r e s e n c e  of  agent  to c o n s t a n t s  
in c o n t r o l .  2) *--  M e d i a n  of  s e v e n  d e t e r m i n a -  
t i o n s .  

T A B L E  2. C o m p a r i s o n  of C o n c e n t r a t i o n s  of 
D N A - T r o p i c  A g e n t s  (in n m o l e s / m l )  Ca us ing  
E q u a l  Inh ib i t i on  of  D N a s e  I H y d r o l y s i s  of 
F r e e  and I n t r a n u c l e a r  DNA 

Ilntranuclear Agent ~NA Free DNA 

Distamycin A 

Proflavine 

l 76 
190 
156 

57 
110 
22 
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TABLE 3. Action of Some DNA-Troplc Agents 

on Hydrolysis of Intranuelear DNA by Mg ++- 

Activated Nuclease 

[Concentra- IInhibition of 
�9 ~reaction, % 

Agent (40 #g/ml) twn, nrn~ incu- 
ml bation for 

180 rain 

Bleomycin 
Carminomycin 
Actinomycin D 
Chromornycin A~ 
Proflavine 
Ethidium bromide 
Distamycin A 

78 
, 32 

32 
156 
100 
76 

0 
21 
43 
61 
80 
i00 
i00 

EXPERIMENTAL RESULTS 

A previous investigation showed that degradation of DNA in nuclei by DNase I is a rather more complex 
process than degradation of free DNA. DNA in liver nuclei is hydrolyzed by DNase I much more slowly (it 

takes 60 mln) than free DNA. To achieve a comparable reaction velocity, in the first case an enzyme concen- 
tration about 40 times higher (1.8 Kunitz unit) is required than in the second case (0.045 Kunltz unit). A char- 
acteristic feature of degradation of Intranuclear DNA is the existence and combination of two phases which 

differ particularly sharply in velocity: fast and slow hydrolysis. These may be called I and II respectively. 

Regions of dependence of in iS] on t (iS] denotes the concentration of unhydrolyzed substrate, t the reaction 

time), corresponding to these phases, are characterized by a definite angle of slope, the tangent of which ex- 
presses the velocity constant of the reaction (Fig. 1). 

When the actionof DNA-troplc inhibitors in the nucleus is studied what is in fact observed is the combined 
action of the agents tested with chromatin proteins. It will be clear from Fig. 1 that in the presence of DNA- 
tropic agents (in this case proflavlne and dlstamycln) inhibition of nucleolysls is observed. Under these cir- 
cumstances the selected agents had no qualitative effect on the kinetics of the process and, for that reason, 
the ratio of the velocity constant of DNA hydrolysis in the presence of the agents to the velocity constant in 
the control can serve as the primary characteristic of the change in velocity of nucleolysis. 

Tables I and 2 summarize the results of a comparative study of the action of certain DNA-troplc agents 
on hydrolysis of free and Intranuclear DNA by DNase I. Considering the unequal number of functional groups, 
their different role in interaction with DNA, and the considerable differences In the molecular weights of the 

agents tested, preference must be given on a priori grounds only to concentrations expressed in terms of 
weight or only in terms of molar units. 

Inhibltors of DNase I such as ethidium bromide, proflavlne, and dlstamycln, which are similar in their 
effectiveness with respect to hydrolysis of free DNA (Table i), differed sharply in their ability to inhibit the 
action of the enzyme on intranuclear DNA. The effectiveness of the first two was considerably lower in the 

nuclei, and only dlstamycln showed a significant inhibitory action in concentrations of the same order as during 
its action on free DNA (Table 2). Probably most combining sites of the less effective agents on DNA are covered 
by chromatin proteins, and only distamycin, which binds along the small groove [3], manifested its action fully. 
Actinomycin D occtrpled an intermediate position as regards effectiveness on free and intranuclear DNA. 
Carmlnomycin and bleomycin were ineffective inhlbitors of the action of DNase I on both free DNA and intra- 
nuclear DNA. 

The ratio between the effectiveness of the different inhlbltors was different in the case of their action 
on Mg-dependent intranuclear nuclease (Table 3): Actinomycin D, ethldlum bromide, and proflavine were ap- 
proximately equal in their effectiveness in this case to distamycin and chromomycin. The combining sites 

of intranuelear DNases and of these Inhlbitors on chromatin DNA are evidently similar and are not covered by 
chromatln proteins. 

The results of the experiments to study the effect of dlstamycln on the action of Ca, Mg-dependent nu- 
clear endonuclease did not contradict qualitatively the picture observed with the Mg++-activated nuclease. 

Distamycin in a concentration as low as 20 ttg/ml (38 nmoles/ml) significantly inhibited the reaction when the 
DNA concentration in the nuclear suspension was 1 mg/ml (i.e., when the dlstamycin : DNA ratio was I : 50): 
Theyield of the fraction soluble in i0 mM Trls-HCl, pH 8.0, was 61% in the control and 43% in the experiment 
with dlstamycin. 
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Elee t rophore t l c  analys is  of soluble chromat in  DNA f rac t ions  showed that DNA of soluble in t ranuc lear  
DNP, t r ea t ed  with d is tamycin ,  was  hydrolyzed by Ca, Mg-dependent  endonuclease to a much l e s s e r  degree  
than DNA f r o m  the control  nuclei (Fig. 2). This  is c l ea r  f r o m  the p ropor t ion  of f rac t ions  p o s s e s s i n g  the 
highest  e l ee t rophore t i c  mobili ty:  It is s m a l l e r  in the f i r s t  case .  

It can thus be concluded f r o m  the resu l t s  of this invest igat ion that d t s tamycin  is the mos t  un iversa l  in- 
hibi tor  of hydro lys i s  of both f r ee  and ln t r anuc lea r  DNA by DNase I and by in t ranuc lea r  endonucleases .  Its 
advantage ove r  in terca la t ing  agents is p a r t i c u l a r l y  c l e a r l y  m a r k e d  in the case  of inhibition of the action of 
In t r anuc lea r  DNase I.  
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7 - G l u t a m y l  t r a n s f e r a s e  (GGT) is a m embrane -bound  enzyme which ca ta lyzes  the t r a n s f e r  of the 7 -  
g lu tamyl  rad ica l  f r o m  glutathione and o ther  ~/-glutamyl compounds to amino acids and oltgopeptides and also, 
to a much l e s s e r  degree ,  ca ta lyzes  the hydro lys i s  of these  compounds.  High GGT act ivi ty is found in the 
m a m m a l i a n  kidney where ,  it is considered,  the enzyme is respons ib le  for  t r a n s p o r t  of ce r ta in  amino acids 
through the cel l  m e m b r a n e  [4, 5]. The functional role  of GGT in the l i ve r  has  not been explained, but the re  
a re  grounds for  cons ider ing  that it is evidently cons iderably  wider  in the l ive r  than in the kidneys [1]. A sharp  
i nc rea se  in specif ic  act iv i ty  of GGT has been demons t r a t ed  in hepa tomas  by compar i son  with the normal  l i ve r  
[1, 2, 6, 7], but no compara t ive  studies of the enzyme f r o m  n o r m a l  l ive r  and hepatoma for  the s ame  species  
of m a m m a l s  have hi ther to been  under taken .  

The object  of this invest igat ion was to study pa r t i a l l y  pur i f ied  p repa ra t ions  of GGT f r o m  rat  l iver  and 
f r o m  t ransp lan tab le  G-27 ra t  hepa toma.  

EXPERIMENTAL METHODS 

P r e p a r a t i o n s  of washed  m e m b r a n e s  w e r e  obtained by the method descr ibed  p rev ious ly  [1]. GGT activi ty 
was de te rmined  in the reac t ion  between 5 mM L - 7 - g l u t a m y l - p - n i t r o a n i l i d e  ( f rom Calblochem, U.S.A.) and 50 
mM glycyl -g iyc ine  ( f rom Reanal ,  Hungary) at pH 8.1; the reac t ion  ve loc i ty  was de te rmined  by measu r ing  the 
i n c r e a s e  in opt ical  densi ty of l ibe ra ted  p -n i t roan i l ine  at 405 rim. 
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