
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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TABLE 1. Substrate Specificity of GGT from Rat Hepatoma and Liver  

Acceptor 

Glycine 
L-serine 
L-homocysteine 
L-alanine 
L-valine 
L -leucine 
L -isoleucine 
D,L-phenylalanine 
L -methionine 
L-asparagine 
L-gtutamine 
L-aspartic acid 

L-glutamic acid 

i~ ~ ctivity, % 

o o  Itomal 

Acceptor 

' tctivity ' ~ 

~ lioma liver 
/ 

100 100 L-lysine 40 130 125 
122 143 L-arginine I 50 150 142 
147 167 L-histidine I 25 89 91 
211 241 GlycyI-glycine I 50 703 736 
187 171 Glycyl-glycyl- I 
131 117 glycine | 50 175 156 
125 121 Gly.cyl-D,L-norleu J 
125 100 cine | 19 159 146 
I27 100 t 
213 200 L-histidyl-L-leu- 
140 i29 cine t 7 118 109 
197 188 Methylamine 50 103 102 
87 . 98 Spermine I 50 115 108 

. Spermidine i 50 115 103 
2 ill 105 Putrescine 50 123 126 

Cadaverine 50 1 l0 118 

E X P E R I M E N T A L  R E S U L T S  

Solubilization of GGT was ca r r i ed  out in aqueous solution at 37~ in the p resence  of papain (1 mg/15 mg 
membrane  protein), 0.005 M EDTA, and 0.005 M EGTA. After incubation for 1 h, protamine sulfate was added 
(1 mg to 20 mg membrane  protein) to precipi ta te  the nucleic acids.  Under these conditions almost  100% of the 
enzyme activity was solubilized f rom the hepatoma membrane,  but only 20% f rom the liver membranes ;  in the 
la t ter  case, 0.3% sodium deoxycholate had to be added to obtain complete solubilization. Membranes not con- 
raining GGT activity were  removed by ul tracentr ifugat ion at ]00,000g for 1.5 h. 

For  fur ther  purif ication of the solubillzed GGT prepara t ions  gel-f i l t ra t ion on Ultragel  AcA-44 (from. 
LKB, Sweden) in TrIs-HC1, pH 8.6, and ion-exchange chromatography on DEAE-Molselect  A-50 (from Reanal, 
Hungary) in the same buffer, with subsequent gradient elution with KC1, were  used. All types of chromatography 
were  ca r r i ed  out on glass columns (from East  Germany) at 4~ using automatic equipment f rom Gilson (France).  
The enzyme prepara t ions  were  concentrated by means of Dyflo PM-10 Ul t ramembranes  (from Amicon, Hol- 
land). To purify GGT f rom the hepatoma, fract ionation with ammonium sulfate (50-75% saturation) was used. 
However, this p rocedure  was accompanied by considerable  loss of total  enzyme activity, and it was therefore  
not used in the purif icat ion of GGT f rom rat l iver,  in which the initial level of activity was much lower. At 
all s tages of purif ication tes ts  were  ca r r i ed  out to determine whether nonspeclflc hydrolase activity could be 
exhibited, by omitting glycyl-glycine f rom the incubation sample.  GGT prepara t ions  f r o m l l v e r  and hepatoma 
were  purif ied by 160 and 220 t imes respect ively .  

Both GGT prepara t ions  f r o m l l v e r  and hepatoma had a pH-opt imum at 8.0-8.2 In Tris-HC1 and K-phos-  
phate buffers.  At pH 6.9, activity of GGT was reduced by half. The pH-opt imum of the au to t ransferase  r eac -  
tion ( t ransfer  of a 7 -g lu tamyl  residue f rom one molecule of L-T-g lu tamyl -p-n i t roan i l ide  to another) lay be-  
tween 9.3 and 9.5. The cha rac te r  of the pH-opt lmum curve for  the two GGT prepara t ions  was independent of 
the nature of the buffer used. 

Apparent values of the Mlchaelis constant for L-T-g lu tamyl -p -n i t roanf l ide  (LGGN) in the l iver  and hepa- 
toma prepara t ions  were  1.9 and 2.1 mM respect ively,  and for  glycyl-glycine 10.5 and 5.6 raM. These values 
are  close to those given in the l i te ra ture  for GGT f rom kidneys and other  sources  [3, 5, 7] when GGT activity 
was determined by the same method. 

After disc e lec t rophores is  in 5% polyacry lamide  gel in Tr t s -po tass tum-phospha te  buffer, pH 7.8, GGT 
activity was detected in the react ion with LGGN or  with L-T-glutamylnaphthylamlde (0.5 mM). In both cases  
one diffuse band of enzyme activity was found; the mobility of GGT f rom the l iver  was considerably  higher than 
the mobili ty of the enzyme f rom the hepatoma. 

I soe lec t r ic  focusing, on the instrument  f rom LKB (Sweden), within the pH range 3.0-10.0 on a column 
with a capacity of 110 ml, demonst ra ted  the heterogenei ty  of the GGT prepara t ions .  In the case of enzyme 
f rom hepatoma two main peaks of activity were  detected with i soe lec t r ic  points (IEP) of 6.5 and 7.0, and two 
minor  peaks with an IEF of 5.7 and 6.0, whereas  for GGT f rom liver three peaks were  obtained with IEP of 
3.9, 4.2, and 4.4 respect ively .  Heterogenei ty of GGT during tsoelec t r tc  focusing has been demonstra ted for 
the enzyme f rom rat  kidney [5], and the authors cited explained this phenomenon by the p resence  of different 
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quanti t ies of s lal ic  acids bound with the enzyme.  A s i m i l a r  si tuation evidently is obse rved  also In the case  of 
GGT f r o m  ra t  l i ve r  and hepatoma:  Enzyme f r o m  the l ive r  contained m o r e  sial ic acids,  and this may  perhaps  
have accounted for  the difficulty of its solubil lzat lon f r o m  the m e m b r a n e s .  

The react ion  with LGGN (as donor of the 7 - g l u t a m y l  radical)  was used to t e s t  25 different  compounds 
capable  of se rv ing  as accep tors  of this rad ica l .  The resu l t s ,  e x p r e s s e d  in pe r cen t ages  of the au to t r ans fe ra se  
react ion,  in which LGGN i t se l f  was  used as the d i rec t  accep to r  (5 mM), a re  given in Table  1. 

The bes t  subs t ra te ,  just  as fo r  GGT f r o m  rat  kidney [5], was  glycyl-glycine;  the same tendency as with 
the enzyme f r o m  different  sources  was obs e rv ed  for  p r e f e r e n t i a l  util ization of neut ra l  amino acids as accep to r s .  
Po lyamlnes  w e r e  the f i r s t  to be t es ted  in this sys tem,  although of these  only pu t re sc ine  exhibits m e a s u r a b l e  
accep to r  act ivi ty.  The poss ib i l i ty  that GGT may  pa r t i c ipa te  in the fo rmat ion  of Y-glu tamyl  der iva t ives  of the 
po lyamines  has  been demons t ra t ed  in the bra in  [8]. 

S imi la r i ty  of behav ior  of GGT p repa ra t i ons  f r o m  rat  l ive r  and_ hepa toma toward  accep tors  will be noted. 
The act ivi ty  of the two GGT p r e p a r a t i o n s  also was de te rmined  at pt/  7.0 with g lycyl-g lycine ,  L - s e r t n e ,  and L -  
methionine:  The pe rcen tage  ra t io  between the i r  act iv i t ies  r ema ined  the same  under these  c i r cums tances  as at 
the p E - o p t i m u m  of 8.1. 

P r e p a r a t i o n s  of foIic acid (USSR) and me tho t rexa te  ( f rom Leder le ,  U.S.A.) inhibited GGT act ivi ty f r o m  
rat  l ive r  and hepa toma by 50% both at pH 8.1 and at pH 7.0 in concentra t ions  of 3.5 and 0.9 mM respec t ive ly .  
Fo r  compar i son  It m a y  be noted that  glycine has  the s ame  Inhibi tory action in a concentrat ion of 25 mM; L -  
methionine in a concentra t ion of 45 mM, whereas  g lycy l -g lycy l -g lyc ine  (13 mM) had p r ac t i c a l l y  no effect  on 
GGT act ivi ty  f r o m  ra t  hepa toma and l ive r .  

The effects  of folic acid and i ts  analogs on GGT cal ls  for  fu r ther  invest igat ion.  The study of this p rob -  
l em could be e x t r e m e l y  useful  in elucidating the functional role  of the enzyme,  m o r e  espec ia l ly  because ad- 
min i s t r a t ion  of me tho t rexa te  to r a t s  (2.7 m g / k g  body weight i n t r a m u s c u l a r l y  ove r  a per iod  of 14 days, fol -  
lowed by 6.0 m g / k g  In t raper i tonea l Iy  during the next 14 days) Ieads to an Inc r ea se  of 50-100%in the specif ic  
act iv i ty  of the enzyme in the l ive r .  
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