
S U M M A R Y  

F r o m  a chymotryp t ic  hydrolyzate  of the CM-7S-globulin of cotton seeds  we have isolated and c h a r a c t e r -  
ized in re la t ion  to amino-ac id  composi t ion and N - t e r m i n a l  amino acids 65 homogeneous peptides,  38 of which 
contain arginine o r  lysine res idues  and a r e  overlapping.  
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I S O L A T I O N  O F  A N  I N T R A C E L L U L A R  L I P A S E  F R O M  T H E  

HEAT-TOLERANT F U N G U S  R h i z o p u s  m i c r o s p o r u s  

U z L T - 1  A N D  I T S  P R O P E R T I E S  

K.  D. D a v r a n o v  a n d  Z h .  K h .  D u y a r o v  UDC 577.153.2 

The comprehens ive  study of the in t r ace l lu l a r  and e x t r a c e l l u l a r  enzymes  sec re t ed  by m i c r o o r g a n i s m s  is 
impor tan t  fo r  explaining the physiological  ro l e s  of p a r t i c u l a r  enzymes  and the rou tes  of  t he i r  b iosynthes i s  and 
s ec re t i on  by the ce i l s .  We have prev ious ly  repor ted  that  the fungus Rhizopus m ! c r o s p o r u s  UzLT-1  d i s cha rges  
into the surrounding med ium two e x t r a c e l l u l a r  l ipases  [1] and have desc r ibed  methods for  t he i r  purif icat ion [2]. 
In the p r e s e n t  p a p e r  we give a method for  the isolat ion and pur i f icat ion of an in t race l lu la r  l ipase  f r o m  the m y c e -  
l ium f rom the fungus Rhizopus m i c r o s p o r u s ,  UzLT-1 .  

The fungus was grown by a known method [1]. The fungal myee l ium was separa ted  f rom the cul ture  liquid 
by  f i l t ra t ion  and was washed with dist i l led wa te r  until the f i l t ra te  was c l ea r .  The washed myce l ium was broken 
down in 0.005 M phosphate  buffer ,  pH 7.5, with g lass  beads  in a m o r t a r  and was then separa ted  by vacuum f i l -  
t ra t ion  on a Buchner  funne l  The enzyme was concent ra ted  with the aid of dry washed Molselekt  G-25 ( f rom the 
f i r m  nReanalW). All the subsequent  purif icat ion was c a r r i e d  out at 2-4°C. The concentra ted  enzyme solution 
was dialyzed f i r s t  agains t  dis t i l led wa te r  and then against  0.005 M phosphate  buffer ,  pH 7.5. The p rec ip i t a te  
that  deposi ted a f t e r  d ia lys is  was separa ted  by centr ifuging.  The supernatant  liquid, containing 39.84 units of 
l ipase  act ivi ty,  was deposited on a column of DEAE-Sephadex A-50 equi l ibra ted  with the initial buffer .  The 
pro te in  was eluted with phosphate buffer ,  using a s tepwise  concentra t ion  gradient  f r o m  0.005 to 0.2 M followed 
by the use  of the buf fe r  containing 0.3 M NaC1. 

T h r e e  pro te in  f rac t ions  were  obtained (Fig. 1). The f i r s t  f ract ion,  eluted by the initial buffer ,  and the 
third,  etuted by 0.2 M phosphate  buffer  containing 0.3 M NaC1, exhibited l ipase  act ivi ty.  

The f rac t ion  cor responding  to the f i r s t  act ive peak  (Fig. 2) was concent ra ted  and dialyzed against  0.005 M 
ace ta te  buffer ,  pH 5.6 overnight .  The dialyzed enzyme solution was f i l te red  and deposited on a column of 
SE-Sephadex C-50 prev ious ly  equi l ibra ted  with 0.005 M ace ta te  buffer ,  pH 5.6. 

Under  these  conditions, the bulk of the inact ive pro te in  was washed out with the f r ee  volume.  The column 
was washed with the initial buffer  at  the r a t e  of 30 m l / h  until the absorp t ion  of the eluate at 280 nm reached 0.01. 
The l ipase  was eluted with ace ta te  buf fe r  with s tepwise  increas ing  concent ra t ion  to 0.05 M, pH 5.6. The r e su l t s  
of  pur i f icat ion a r e  given in Table 1. Af t e r  pur i f icat ion an e l ec t rophore t i ca l ly  homogeneous f rac t ion  of l ipase  
the specif ic  act ivi ty of which was  16 t imes  g r e a t e r  than the specif ic  act ivi ty of the f i r s t  ex t r ac t  was obtained. 
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Fig.  1. C h r o m a t o g r a m  of the i n t r a e e l l u l a r  l ipase  on DEAE-Sephadex  A-50 :  A} act iv i ty ,  ml  of  0.1 M KOH; 
B) e l e c t r o p h o r e t o g r a m  of  the individual f r ac t ion .  

Fig.  2. C h r o m a t o g r a m  on SE-Sephadex  C-50  of  the  1st  ac t ive  f r a c t i o n  a f t e r  DEAE-Sephadex  A-50  ( a r b i -  
t r a r y  symbo l s  the s a m e  as  in Fig.  1). 

T A B L E  1. P u r i f i c a t i o n  of  the  I n t r a c e l l u l a r  L i p a s e  of  U z L T - 1  

Stage of purification 

Filtrate from the disimegrated cells 
Concentration of filtrate 

Total 
lipase 
activity. 
ml of 
0.1 N 
KOH 

Wotal S e'--iYieXa &hi 
amount laetiv- [ [ [ Degree 
of pro, lity. l activ-] pro- I of pu- 
tein. mglunits/ lity [ tein I rifiea- 

lmg of I [ [ tion 
Iprotein I I I 

48,0 200.0 0,215 103 
40,50 90,0 0,45 93,0 

Dialysis 39,84 75,0 0 ,525  92,6 
Chromatographic separation on DEAE- 

Sephadex A-50 with 0.005 M phos- 
phate buffer, ~ %5 23,5 10,8 2,35 54,7 
With 0.1 M phosphate buffer, pH 7.5 1,87 27.2 0,07 4,3 
With 0.2 M phosphate buffer, pH 14,4 12,6 1,80 33,3 
"/.5, + 0.3 MNaC1 

Cb.romato~taphy of the 1st active frac- 
tion on~-~ephadex C-50" 17.3 5,4 3,2 40.3 

*8.4 mg  of the e n z y m e  with a to ta l  ac t iv i ty  of  19o7 uni ts  was  
depos i t ed  on the c o m u m n  of SE-Sephadex  C-50.  

I00 1 
45,0 2,7" 
37,2 2,4 

5,4 10.9 
13,7 0,3; 
6,3 8,4 

2,7 15,9 

The pur i f ied  p r e p a r a t i o n  showed no e s t e r a s e  ac t iv i ty  ( subs t r a t e s :  e thyl  ace ta te  and methy l  bu ty ra te ) .  On e l e c -  
t r o p h o r e s i s  in p o l y a c r y l a m i d e  gel  at  pH 8.3, the pur i f ied  l ipase  m i g r a t e d  t o w a r d s  the anode f a s t e r  than  the 
e x t r a c e l l u l a r  l ipase ,  in the f o r m  of a sha rp  band. 

Some p r o p e r t i e s  of  the  pur i f ied  e n z y m e  have been  s tudied:  the op t imum pH is 6.0, and the m a x i m u m  ac t i -  
v i ty  is shown at 40°C. 

The r e s u l t s  of an inves t iga t ion  of  the inf luence of  v a r i o u s  ions on the i n t r a c e l l u l a r  l ipase  of Rhizopus  
m i c r o s p o r u s ,  U z L T - 1 ,  have shown that  the c l eavage  by the e n z y m e  of ol ive oil  does  not  r e q u i r e  the p r e s e n c e  of  
me ta l  ions.  A l k a l i - m e t a l  sa l t s  in phosphate  bu f fe r  have a s l ight  ac t iva t ing  ef fec t  which is apparen t ly  connec ted  
with the nonspec i f i c  inf luence of  the ionic s t rength .  The  ions Cd 2+, Mg 2+, Mn 2+ and Ni 3+ a r e  inhibi tors  of  the  
i n t r a c e l l u l a r  l ipase .  It is  poss ib le  tha t  the inhibiting ac t ion  of Mg 2+ ions is due to  m e t a l - e n z y m e  in te rac t ion .  In  
a c o n c e n t r a t i o n  of  1 • 10 -4 M, Co 2+ ions did not  s u p p r e s s  the ac t iv i ty  of  the i n t r a c e l l u l a r  l ipase ,  while the e x t r a -  
c e l l u l a r  e n z y m e  is inhibited u n d e r  s i m i l a r  condi t ions  [3]. The inhibition of  the  l i p a s e  by Cd 2+, Mg 2+, Mn 2+, and 
Ni 3+ ions was  shown m o r e  d i s t inc t ly  in T r i s - H C 1  bu f f e r  than in phosphate  buffer .  

Inhibi t ion was  a l so  o b s e r v e d  at high conc e n t r a t i ons  of  Ca 2+ ions.  Th i s  ef fec t  can  apparen t ly  be explained 
by  the r e m o v a l  of  me ta l  ions f r o m  the sphere  of the e n z y m e  r eac t i on  b e c a u s e  of t h e i r  i n t e rac t ion  with phosphat~ 
ions.  
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On compar ing  the changes  in l ipase  act ivi ty  in aqueous solution, in buffer ,  and in buffer  containing sodium 
chlor ide  at pH 6.0 it can be seen that  the act ivi ty  at 60°C fal ls  sharply .  Incubation at 45°C in phosphate buffer  
and in phosphate buf fer  containing 0.06 M NaC1 in the cour se  of an hour  (5, 10, 30, 45, and 60 rain) showed that 
an inc rease  in the ionic s t rength  of the buffer  by the addition of NaC1 r a i s e s  the hea t - s tab i l i ty  of the 1Lpase, 
Thus,  fo r  example ,  at 45°C the enzyme incubated in phosphate buf fer  for  30 min loses  50% of its act ivi ty,  while 
in the p r e s e n c e  of sodium chlor ide  it loses  only 20%. 

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

Source of the Enzyme.  The fungus Rhizopus m i c r o s p o r u s ,  UzLT-1,  was grown as  descr ibed  prev ious ly  
[1, 2]. The l ipase  was obtained f r o m  the myee l ium of a 24-hour  cul ture  of the fungus by grinding with g l ~ s ~  
beads  that  had been washed with concent ra ted  sulfur ic  acid.  The enzyme was ex t rac ted  with 0.005 M p h o s p h a ~ 6 ~ _  
buffer ,  pH 7.5. The cel l  f r a g m e n t s  were  separa ted  by centr i fuging o r  by vacuum fi l t rat ion on a Buchner  funnel. 
The enzyme solution was concent ra ted  with the aid of Molselekt  G-25 in an amount of 1.0 g/4 .0  ml  at 2-4oc.  

Chromatography  on DEAE-Sephadex A-50.  An amount  of enzyme solution containing 39.84 mg of p ro te in  
(4 ml) was deposi ted on a column of DEAE-Sephadex A-50 (3.0 × 60 cm) equi l ibra ted  with 0.005 M phosphate 
buffer ,  pH 7.5. The pro te in  was eluted f i r s t  with the initial buf fer  and then with 0.1 M phosphate bu f fe r  con ta in -  
ing 0.3 M NaC1. L ipase  act ivi ty  was shown in the f rac t ions  of the f i r s t  and third peaks .  The f rac t ions  c o r r e -  
sponding to the f i r s t  peak  were  col lected,  concentra ted ,  and dialyzed f i r s t  agains t  dist i l led w a t e r  and then 
aga ins t  0.001 M ace ta te  buffer ,  pH 5.6, and were  deposi ted on a column of SE-Sephadex C-50.  

Chroma tog raphy  on SE-Sephadex C-50.  The dialyzed solution of the enzyme a f t e r  separa t ion  on DEA E -  
Sephadex A-50 (8,4 rag) was  deposi ted on a column (3.0 × 50 cm) of SE-Sephadex C-50.  Elution was  p e r f o r m e d  
with 0.005 M ace ta te  buffer ,  and then the concent ra t ion  of the buf fer  was r a i s ed  to 0.05 M at constant  pH, The 
l ipase  act ivi ty  was  eluted by  the 0.05 ace ta te  buffer .  The f rac t ions  were  collected,  dialyzed against  doub le -d i s -  
t i l led w a t e r  overnight ,  and f r e e z e - d r i e d .  The l ipase  p repa ra t ion  so obtained contained 40.3% of the initial  a c t i -  
v i ty .  

Disk e l e c t r o p h o r e s i s  in po lyac ry l amide  gel was p e r f o r m e d  as  desc r ibed  p rev ious ly  [2]. 

Pur i ty  of the Enzyme.  The l ipase  p r e p a r a t i o n  was homogeneous according  to disk e l e c t r o p h o r e s i s  in po ly -  
a c r y l a m i d e  gel.  Af t e r  the staining of the gel with Amido Black 10B and Coomass i e  Blue, and also on a z y m o g r a m  
obtained by Abe ' s  method [4], only one band was revea led .  

Opt imum pH. The l ipase ac t iv i ty  was de te rmined  in 0.1 M Tr is -HC1 buffer  and 0.1 M phospha te -c i t r a t e  
buf fe r  at pH 4.2-9.5.  It  was  found that  in the b u f f e r  solution studied the re  was one pH op t imum located in the 
pH range  of 5,8-6.2.  

Opt imum T e m p e r a t u r e .  In studying the influence of the t e m p e r a t u r e  on the act ivi ty  of the enzyme,  the 
reac t ion  mix tu re  used in the s tandard  act ivi ty  de te rmina t ion  was incubated fo r  an hour  at every  5°C in the t e m -  
p e r a t u r e  range f r o m  20 to 70°C. The m a x i m u m  act ivi ty  of the in t r ace l lu la r  l ipase  was obse rved  a t  40°C. 

Heat  Stability. Solutions of the enzyme  in water ,  in 0.1 M phosphate  buffer ,  pH 6.0, and in the same buf fe r  
containing 0,06 M NaC1 w e r e  heated at 30, 40, 45, 50, and 60oc for  f r o m  5 to 60 rain. Af te r  rapid  cooling, the 
l ipase  ac t iv i t i es  we re  m e a s u r e d  in the usual  way. 

The influence of sa l t s  was  studied a f t e r  incubation of the enzyme  in sa l t  solutions fo r  15 rain at room t e m -  
p e r a t u r e  followed b y  act ivi ty  de te rmina t ions .  

S U M M A R Y  

1. A method of isolat ing and purifying a n  in t r ace l lu l a r  l ipase  of the fungus Rhizopus m i c r o s p o r u s ,  UzLT-1 ,  
has  b e e n  desc r ibed .  

2. Some p r o p e r t i e s  of  the purif ied enzyme have been studied and it has  been shown that the in t race l lu la r  
l ipase  d i f fe rs  f r o m  the e x t r a c e l l u l a r  l ipase in i ts  pH op t imum and e lec t rophore t i c  mobil i ty.  

3. The p r e s e n c e  of sodium chlor ide  (0.06 M) in the reac t ion  mix tu re  r a i s e s  the heat  stabil i ty of the  p u r i -  
fied l ipase.  
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