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A new enzyme .preparation glutamine asparaginase (ED 3.5.1.38), mainly isolated f rom mic roorgan i sms  
of the genus Pseudomonas  [3, 8, 12], has recent ly  been used in the t rea tment  of cancer  together with p repa ra -  
t ions of L -a spa rag i aa se s .  Clincial t r i a l s  have shown that the prepara t ion has a b roader  spectrum of anti- 
tumor action, for it has a marked anti tumor effect on many tumors  res is tant  to L -a spa rag inases  and, in addi- 
tion, unlike the latter,  it also inhibits the growth of some solid tumors  [9, 13]. This explains the increased 
interest  of r e s e a r c h  workers  in the enzyme glutamine asparaginase .  

This paper  gives data relat ing to the isolation, purification, and study of some phys[cochemical  p roper -  
t ies of glutamine asparaginase f rom Pseudomonas  boreopoiis  526, in which high deamidase activity was dem- 
onstrated in the w r i t e r s '  l abora tory  as  long ago as in 1970 [2]. Much later,  in combined studies with col-  
leagues from the All-Union Oncologic Scientific Center,  Academy of Medical Sciences of the USSR, this en- 
zyme was found to have a marked cytotoxic action in cer tain lymphatic leukemias [4]. 

E X P E R I M E N T A L  M E T H O D  

The improved method of isolation and purification of the enzyme, developed by the wr i te rs ,  included the 
following stages: extraction, heat t reatment,  t rea tment  with protamine sulfate, chromatography on DEAE- 
Sephacel, chromatography on CM-Sephadex, and gel-f i l t ra t ion on Sephacryl S-200. 

An acetone powder of bacter ia l  cel ls  (30 g) was suspended in 800 m l of 0.05 M Tris-HC1 buffer, pH 7.5, 
containing EDTA and 10 -5 M di- isopropylf luorophosphate for 14 h at 4~ The result ing protein extract  was 
centrifuged for  30 min at 15,000 rpm. The cell residue was re -ex t rac ted  in the original buffer (300 ml) for 
5 h under the same conditions, and then centrifuged. The supernatant was collected, the residue discarded,  
and the ext rac ts  pooled. 

The crude ext rac t  was subjected to heat t rea tment  at 55~ for 40 min in the presence  of 0.05 M sodium 
glutamate, after  which the protein solution was quickly cooled to 4~ Denatured proteins  were removed by 
centrifugation. Protamine  sulfate was added drop by drop to the protein solution to a final concentration of 
0.2%, and kept at 4~ for 1 h. Nucleic acids which were precipi tated were removed by centrifugation. 

The protein solution, containing 2.45 mg prote in /ml ,  was mixed with 400 ml of DEAE-Sephacel,  p revi -  
ously equilibrated with 0.05 M Tr is -HCl  buffer, pH 7.5, for  40 min and fi l tered on a Biichner funnel. The res in  
was washed with buffer until no more  active protein appeared in the eluate. The active protein was concen- 
t rated by ul trafi l t rat ion on an "Amicon" cell (The Netherlands), using a Pm-30 membrane.  Loss  of protein 
when a membrane  of this type is used is 8.5-10%, and loss of enzyme activity is 4-6%. The result ing protein 
concentrate was dialyzed against 50 volumes of 0.025 M ci t ra te-phosphate  buffer, pH 5.0. The buffer was 
changed twice in the course  of 12 h. 

The dialyzed enzyme was applied to a column (2.2 • 12 era) with CM-Sephadex A-50 at the rate of 60 
ml /h .  Glutamine asparaginase  was eluted in a l inear  gradient  pH 5.0-7.0 of 0.025 M ci t ra te-phosphate  buffer. 
The rate of elution was 30 ml/h.  Prote in  which contained activity appeared within the range pH 5.8-6.7. F r a c -  
t ions containing active protein were pooled, concentrated to 5 ml, and dialyzed against 0.1 M Tr is -HCl  buffer, 
pH 7.5, containing 0.2 M NaC[. Dialysis  was ca r r i ed  out for 8 h with two changes of buffer. 
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Fig. 1. Chromatography of glutamine asparaginase from 
Pseudomonas  boreopot is  526 on Sephaeryl S-200. Absc is -  
sa, number of fractions; ordinate: on l e f t -  optical density 
at 280 nm (in relative units), on r i g h t -  rate of hydrolysis  
of substrate (in pmoles /min) .  1) Protein; 2) asparaginase 
activity; 3) glutaminase activity. 

Fig. 2. Sedimentation diagram of glutamine asparaginase at 
the homogeneous preparation stage. Rotor speed 56,100 rpm, 
photographed 70 rain after reaching full speed. Protein con- 
centration in solution 3.7 mg /ml .  0.05 M Tris-HCI buffer, 
pH 7.5. 

The dialyzed protein (6 rot) was applied to a column with Sephacryl S-200 (2.6 • 100 cm) previously  equi- 
librated with 0.1 M Tris-HC1 buffer, pH 7.5, containing 0.2 M NaCI. Protein was eluted from the column atthe 
rate of 30 ml /h .  The solution profile of gLutamlne asparaginase is illustrated in Fig. 1. Fractions with spe- 
cific activity of 100 units as  asparagine and 140 units as glutamine were pooled and lyophilized. The resulting 
preparation was kept in sealed ampules at 4~ 

To determine the degree of homogeneity of the enzyme preparation two methods were used: sedimenta- 
tion analysis  and etectrophores is  in polyacrylamide gel. The sedimentation diagram of the preparation, ob- 
tained on a Spinco (model E) ultracentrifuge, is shown in Fig. 2. Electrophores is  was carried out in tubes [10]. 
The ge ls  were fixed for 1 h in 20% TCA solution and stained in 0.2% Coomass ie  Blue R-250 solution for 1 h. 
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F ig .  3. D e t e r m i n a t i o n  of m o l e c u l a r  we igh t  of g l u t a m i n e  
a s p a r a g i n a s e  f r o m  P s e u d o m o n a s  b o r e o p o l i s  526 by  g e l -  
f i l t r a t i o n .  A b s c i s s a ,  log of m o l e c u l a r  w e igh t s  (in d a t -  

tons) ;  o r d i n a t e ,  V e - V 0 / V t .  

T A B L E  1. P u r i f i c a t i o n  of  G lu t amine  A s p a r a g i n a s e  f r o m  P s e u d o m o n a s  b o r e o p o l i s  526 ( e nz yme  
a c t i v i t y  g iven  r e l a t i v e  to a s p a r a g i n e )  

Stage of purification 
t Protein con- 

Volume, ml cent, ration, 
rag/m1 

Extraction 
Treatment with pmtamine 

suifate 
Heat treatment 
D EA E- Sephacel 
CivI- Sephadex 
Sephacryl S-200 

1100 

1070 
1050 
800 
50 
12 

4,5 

3,4 
2,45 
1,0 
3.1 
2,2 

Total quantity 
of protein, mg 

4985 

3638 
2572 
800 
155 
26 

Specific activ- 
ity, IU/mg 

3.3 

4.2 
5,8 

12,4 
4O 

100 

Total activity, Yield, % 
lid 

16 583 

15 279 
14 917 
9 920 
6 200 
2 630 

92 
90 
59 
37 
16 

The m o l e c u l a r  we igh t  w a s  d e t e r m i n e d  by two m e t h o d s .  F i r s t ,  the s e d i m e n t a t i o n  e q u i l i b r i u m  m e t h o d  
(the "ful l  s p e e d "  method)  on a B e c k m a n  (mode l  E) u l t r a c e n t r i f u g e  with a d s o r p t i o n  scann ing  s y s t e m  and with  
12 m m  m u l t i p l e x o r  and 2 ~ s i n g l e - s e c t o r  c e i l s ,  u n d e r  sp l i t  b e a m  cond i t i ons ,  in an AGIi r o t o r  a t  280 nm (20~ 
The e x p e r i m e n t  w a s  c a r r i e d  out  wi th  a r o t o r  speed  of 11,000 r p m  fo r  16 h, p r e c e d e d  by  sp inn ing  of  the  r o t o r  
f o r  3.5 h at  14,000 rprn .  S e d i m e n t a t i o n  d i a g r a m s ,  ob t a ined  at  i n t e r v a l s  of 2 h, showed when e q u i l i b r i u m  had 
been  r e a c h e d  [5]. The s p e c i f i c  p a r t i a l  vo lume  was  c a l c u l a t e d  f r o m  the amino  ac id  c o m p o s i t i o n  [14]. Second,  
m o l e c u l a r  weight  w a s  d e t e r m i n e d  by g e l - f i l t r a t i o n  on a co lumn  (1 x 100 cm)  with  S e p h a c r y l  ~ 2 0 0 ,  e q u i l i b r a t e d  
with  0.1 M T r i s - H C l  buf fe r ,  pH 7.5. Blue  d e x t r a n  (2000 k i l oda l t ons )  w a s  u sed  to d e t e r m i n e  the  dead  v o lume .  
To c o n s t r u c t  a c a l i b r a t i o n  c u r v e ,  s t a n d a r d  p r o t e i n  s o l u t i o n s  (2 m g  in 0.3 m[),  ob t a ined  f r o m  S e r v a  (Wes t  
G e r m a n y ) ,  w e r e  p a s s e d  th rough  the co lumn.  The r a t e  of e lu t ion  of  the p r o t e i n s  was  10 m l / h .  M o l e c u l a r w e i g h t  
was  d e t e r m i n e d  by m e a n s  of  a s t a n d a r d  c u r v e  (Fig .  3). 

The s e d i m e n t a t i o n  d e n s i t y  c o n s t a n t  was  d e t e r m i n e d  on a B e c k m a n  (mode l  E) u l t r a c e n t r i f u g e  with  ad -  
s o r p t i o n  scann ing  s y s t e m  and m u l t i p l e x o r  in 12 ~ t w o - s e c t o r  c e l l s  a t  280 nm (20~ a t  60,000 r p m  f o r  2 h. 

The to ta l  n u m b e r  of  S H - g r o u p s  of the e n z y m e  was  d e t e r m i n e d  by  t i t r a t i o n  with  E l l m a n ' s  r e a g e n t  in 10 
u r e a .  The E l l m a n ' s  r e a g e n t  w a s  u sed  in a 5 0 - 1 0 0 : f o l d  e x c e s s .  The e x t i nc t i on  c o e f f i c i e n t  of E l l m a n ' s  r e a g e n t  
was  t aken  to be 14,100 [7]. 

The g l u t a m i n e  and a s p a r a g i n a s e  a c t i v i t y  of  the  e n z y m e  w a s  d e t e r m i n e d  at  37~ o v e r  the  r a n g e  of  pH 3 .0-  
10.0 and with s u b s t r a t e s  in a c o n c e n t r a t i o n  of 0.02 M. The fo l lowing  bu f f e r  s o l u t i o n s  w e r e  u sed :  0.05 iV[ c i -  
t r a t e - p h o s p h a t e  buf fe r ,  pH 3-6;  0.05 ?JI p h o s p h a t e  buf fe r ,  pH 5-7.4;  0.5 3/I T r i s - H C I  buf fe r ,  pH 7 .5 -9 .0 ;  0.05 N 
V e r o n a l  buf fe r ,  pH 9.0-10.0o To d e t e r m i n e  the t h e r m o s t a b i l i t y  of  the e n z y m e  it  was  i ncuba ted  in 0.05 N T r i s -  
HCI buf fe r ,  pH 7.5, a t  d i f f e r e n t  t e m p e r a t u r e s .  A l iquo t s  of  20 ~l, con ta in ing  8 #g of e n z y m e ,  w e r e  t aken  a t  de f -  
in i te  t i m e  i n t e r v a l s .  E n z y m e  a c t i v i t y  w a s  judged  f r o m  the q u a n t i t y  of  a m m o n i a  f o r m e d ,  which  w a s  d e t e r m i n e d  
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TABLE 2. Subst ra te  Specif ic i ty  of Glutamine 
Aspa rag ina se  f rom Pseudomonas  bo r e opo l i s  526 

Name of substrate 
% of relative 
activity of 
enzyme 

L-Asparagine 
D-Asparagine 
L- Glutamine 
D-Glutamine 
Isoglutamine 
GIvcv1- DL- AsparaRine 
6 1  . . . . .  lycyt- u-asparagzne 
L-ManyI- DL- asparagine 
L-Glutamyl- L- asparagine 
Aspartic acid diamidg 
a-Ethyl- asparagine-NH~ 
ct -Propyl- asparagine- NH 2 

100 
64 

156 
108 

0 
4,6 

0 
t,4 
0 
6 

2,5 
0 

by the method of d i r e c t  ne s s l e r i z a t i on .  The rmos t ab i l i t y  also was de t e rmined  in the p r e s e n c e  of 0.05 N sodium 
glutamate .  

The ac t iva t ion  energy  was de t e rmined  at a t e m p e r a t o r e  of over  35~ Its  value was ca lcu la ted  by the 
equation E a = - 4 . 5 7 6  �9 10 ~ tan a .  The value of tan c~ was found by plot t ing the r eac t ion  veloci ty  of h y d r o l y s i s  
of the subs t r a t e  aga ins t  r e c i p r o c a l s  of absolute  t e m p e r a t u r e s .  

Substra te  spec i f ic i ty  was de t e rmined  in 0.05 M T r i s - H C l  buffer,  pH 7.5, with s u b s t r a t e s  in a concen t r a -  
t ion of 0.02 M. H y d r o l y s i s  of a spa rag ine  was taken as  100%, and al l  o ther  values  were  ex t rapo la ted  to th is  
value. 

E l e c t r o p h o r e s i s  in 0.1% sodium dodecylsu i fa te  was c a r r i e d  out in L a e m m l i ' s  sys t em [10]. Gels were  
fixed in 20% TCA for  8 h and s ta ined with Coomass i e  Blue R-250. P ro t e in  was de t e rmined  by L o w r y ' s  
method [11]. 

EXPERIMENTAL RESULTS 

A highly pur i f ied  p r e p a r a t i o n  of g iu tamine  a s p a r a g i n a s e  f rom Pseudomonas  bo reopo l i s  526 was obtained 
with a y ie ld  of 16% of i ts  content  in the o r ig ina l  ex t rac t ,  with a ra t io  of ac t iv i t i e s  of 1:1.5 (Table 1). De te r -  
minat ion of the m o l e c u l a r  weight of the enzyme by gel f i l t r a t ion  gave a value of 145 ki lodal tons .  Calcula t ion 
of m o l e c u l a r  weight f rom the u l t r acen t r i fuga t ion  data gave a value of 134 ki lodal tons .  These va lues  a re  c lose  
to the co r r e spond ing  m o l e c u l a r  weight obtained for  glutamine a s p a r a g i n a s e s  f rom o ther  m i c r o o r g a n i s m s .  The 
enzyme also d i f fered  l i t t le  f rom o ther  d e a m i d a s e s  in i ts sedimenta t ion  coeff icient ,  which was 7.3. Gel e l e c -  
t r o p h o r e s i s  in the p r e s e n c e  of sodium dodecylsu l fa te  gave one band with tool. wt. of 34 ki lodal tons ,  evidence 
that  the enzyme cons i s t s  of four ident ical  subunits.  

Many w o r k e r s  have obse rved  that  deami da s e s  o f  m i c r o b i a l  o r ig in  are  r e s i s t a n t  to f reez ing  and thawing 
[6, 12]. However,  the enzyme which we obtained is ve ry  labi le  during such t r ea tmen t .  A single f reez ing  and 
thawing leads  to lo s s  of about 50% of i ts  act iv i ty .  By this  p r o p e r t y  the enzyme is s i m i l a r  to glutamine a s p a r -  
aginase f rom Pseudomonas  ae idovorans  [8]. The change in enzyme ac t iv i ty  is  p e r h a p s  explained on the grounds 
that during exposure  to ce r t a in  p r o c e d u r e s ,  including f reez ing ,  the enzyme molecu le s  aggrega te  into supra -  
m o l e c u l a r  complexes ,  with ac t iv i ty  below the o r ig ina l  level .  Like o ther  giutamine a s p a r a g i n a s e s ,  the enzyme 
which we i so la ted  contains  no f ree  SH groups .  Thus in i ts phys icochemica l  p a r a m e t e r s  the enzyme now ob- 
tained is ve ry  s i m i l a r  to a number  of d e a m i d a s e s  of th is  group. Meanwhile the enzyme cause s  only s l ight  hy-  
d r o l y s i s  of L - a s p a r a g i n e  d e r i v a t i v e s  at the a -NH 2 group. The ca ta ly t ic  action of the enzyme in th is  case  de-  
pends  on the length of the carbon  chain of the modifying agent (Table 2). 

Cons ider ing  the marked  cytotoxic act ion of the enzyme agains t  a number  of lymphat ic  l eukemias  [4], i ts  
c o m p a r a t i v e l y  high s tabi l i ty ,  i ts  quite good yie ld  dur ing pur i f ica t ion ,  and also the s impl i c i ty  of cul ture  of the 
m i c r o o r g a n i s m  on semisyn the t i c  medium, it can be concluded that  the enzyme is ve ry  p r o m i s i n g  as  a subject  
for  fu r the r  study in c l in ica l  oncology. 
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A G G R E G A T I O N  A N D  S W E L L I N G  O F  R A T  B R A I N  S Y N A P T I C  V E S I C L E S  

I .  M.  A n t o n i k o v ,  M. N. Z i m e n k o v a ,  UDC 612.8.015 
a n d  R.  N. G l e b o v  

KEY WORDS: synaptic ves ic les ;  r a t  brain;  aggregat ion;  swelling; Ca ++ ions. 

Secret ion of t r a n s m i t t e r s  by nerve  endings and of ho rmones  by gland ce l l s  t akes  p lace  by exocytos is ,  
i.e., Ca-dependent  interact ion between s e c r e t o r y  g ranu les  and c o m p l e m e n t a r y  s i tes  on the inner sur face  of 
the p resynapt ic  m e m b r a n e s  or  cell  m e m b r a n e s  of the gland cei ls .  One r e su l t  of this he tero logous  m e m b r a n e -  
m e m b r a n e  interact ion is the secre t ion  of t r a n s m i t t e r s  o r  ho rmones  into the ex t r ace l l u l a r  medium [1, 2]. It is 
c la imed [5] that the t r i gge r  stage of exocytos is  may  be faci l i ta t ion of adhesion of a fixed s e c r e t o r y  granule  
(adherent to the cell m e m b r a n e  during excitat ion of the cell) to another  " t r ans i t "  s e c r e t o r y  granule .  Under" 
these c i r c u m s t a n c e s  the two granules  fuse toge ther  into one, f rom which the t r a n s m i t t e r s  o r  ho rmones  a re  
l a te r  sec re ted  into the ex t race l lu la r  medium.  This hypothes is  is supported by data of e lec t ron  mic roscopy ,  
showing that during depolar izat ion of nerve  ending m e m b r a n e s  there  is some dec r ea se  in the number  of syn- 
aptic ve s i c l e s  (SV) in the t e rmina l s  [2]. This hypothesis ,  bes ides  he tero logous  m e m b r a n e - m e m b r a n e  in te r -  
action, also pos tu la tes  a homologous type of interact ion,  i.e., fusion (aggregation) of s e c r e t o r y  g ranu les  with 
one another.  The views examined above have s t imulated the study of Ca-induced aggregat ion (fusion) of dif- 
fe ren t  s e c r e t o r y  granules ,  in mos t  c a s e s  of chromaff in  g ranu les  of the adrena l s  and l i posomes  [2, 3, 5, 6]. 

In the investigation descr ibed  below some c h a r a c t e r i s t i c s  of aggregat ion and swelling of isolated SV 
f rom ra t  bra in  were  studied. 

EXPERIMENTAL METHOD 

The SV fract ion was isolated f rom whole bra in  of r a t s  weighing 150-200 g [10]. F o r  this  purpose ,  un- 
purif ied synaptosomes  were  obtained f rom a 10% bra in  homogenate  (0.32 M sucrose ,  20 mM Tris-HC1, pH 7.4, 
0.1 mM EDTA) af ter  r emova l  of the nuclei (10,000g, 10 rain), subjected to osmot ic  shock, a f t e r  which the r e s i -  
due was suspended in dist i l led wa te r  (4 ml of wa te r  to res idue  obtained f rom 1 g of bra in  t issue) .  After  f r e e z -  
ing at -20~ and thawing the suspension was centr i fuged at 18,000g for  30 min and the supernatant  was then 
centr i fuged at 120,000g for  40 min. The res idue  thus obtained was the SV fract ion.  The f rac t ion  was sus -  
pended in 0.25 M sucrose ,  containing 20 mM Tr i s -HCI ,  pH 7.4, and kept  for  1 week at - 10~ The p r e p a r a -  
tion, f rozen once only, was used in the work. Pro te in  was  de te rmined  by L o w r y ' s  method.  
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