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The p r e s e n c e  in the cu l ture  liquid of the fungus Rhizopus m i c r o s p o r u s ,  UZ LT-1,  of an ex t r ace l l u l a r  
l ipase  (E.C. 3.1.13 -- g lycero l  e s t e r  hydrolase)  has  been  r epor t ed  p rev ious ly  [1, 2]. In the p r e s e n t  c o m m u n i c a -  
t ion we give the r e su l t s  of the pur i f ica t ion of the enzyme and the study of some  of i ts  p rope r t i e s .  

Pur i f ica t ion  was begun with the gel  f i l t ra t ion  of the p r epa ra t i on  on columns of Sephadex G-75 in 0.005 M 
phosphate  buf fer  at  pH 7.8 (Fig. la ) .  Af te r  separa t ion  the act ivi ty of the enzyme p r e p a r a t i o n  had r i s en  f ive -  
to sixfold (Table 1). F u r t h e r  pur i f ica t ion was p e r f o r m e d  by ion-exchange ch roma tog raphy  on a column of CM- 
cel lulose .  The column was equi l ibra ted  with 5 . 1 0  -3 M phospha t e - c i t r a t e  buffer ,  pH 6.0. Elution was c a r r i e d  
out f i r s t  ~2th the ini t ial  buffer  and then with a s tepwise  grad ien t  f o r m e d  by inc reas ing  the ionic s t rength  of the 
buf fer  with sodium chlor ide  (Fig. lb) .  The p ro te in  was eluted f r o m  the column in the f o r m  of t h r ee  p e a k s .  
L ipase  act ivi ty  was shown mainly  in the second peak (hatched area) .  The act ive  f rac t ion  was concent ra ted  and 
was p a s s e d  through a column of Sephadex G-150 equi l ibra ted  with the ini t ial  buf fer  (Fig. l c ) .  The pro te in  was 
eluted f r o m  the column as th ree  f rac t ions ,  two of which showed lipolytic act ivi ty  (hatched a rea) .  Af te r  gel 
f i l t ra t ion  the act ivi ty  of the enzyme had doubled. E l ec t ropho re s i s  on po lyac ry l amide  gel of the enzyme m a t e r -  
ial  in the second ac t ive  peak  showed the p r e s e n c e  of two pro te in  bands.  The act ive  f rac t ion  (33-60) (Fig. lc )  
was  col lected,  concent ra ted ,  and r ech roma tog raphed  on a column of Sephadex G-150 under  the s a m e  condit ions.  
Elution gave a single p ro te in  peak  with a high specif ic  activity.  The r e su l t s  of the inves t igat ions  a re  given in 
Table  1 (all the de te rmina t ions  were  p e r f o r m e d  at +4°C). 

The r e su l t s  of the invest igat ion of the dependence of the act ivi ty  of the l ipase  on the pH showed that  the 
to ta l  enzyme had two pH opt imas;  in the case  of ol ive oil and t r io le in  as s u b s t r a t e s  the opt ima were  p r e s e n t  in 
the pH ranges  4 .2-4.8  and 7.6-8.0,  and in the case  of t r ibu ty r in  they w e r e  at  pH 3.8-4.8 and 6.0-6.8.  In t r i o -  
le in and olive oil the enzyme showed g r e a t e r  act ivi ty in the alkaline pH region,  and in the case  of t r ibu ty r in  in 
the acid region.  The pur i f ied enzyme had a pH op t imum of 8.0. 

We studied the action of sodium deoxycholate  and sodium cholate  on the act ivi ty of the l ipase .  Sodium 
deoxycholate  in concentra t ions  of 0.025-0.15% ac t iva tes  the l ipase  activity,  while sodium eholate acts  as an 
inhibi tor  in these  concent ra t ions .  Other  inhibi tors  of l ipase  act ivi ty axe zinc and coppe r  chlor ides  and, to a 
s m a l l e r  degree ,  cobal t  and i ron  ch lor ides .  An invest igat ion of the hea t  s tabi l i ty  of the l ipase  showed that  at 
0°C the enzyme does not lose  act ivi ty f o r  30 h. The ha l f -decompos i t ion  of the enzyme in aqueous solution at  
20, 37, 45, and 50°C takes  20 h, 6 h, 130 rain, and 60 min,  r e spec t ive ly .  

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

The fungus was  grown in 250-ml  f l asks  in a medium of the following composi t ion  (%): maize  ex t rac t  - 

2; cot tonseed oil - 1; CaCO 3 - 1.5. 

The p ro te in  content  in the solut ions was de te rmined  by the b iu re t  r eac t ion  and by the W a x b u r g - C h r i s t i a n  

method [3]. 

The l ipase  act ivi ty  was  de te rmined  by the method of Ota and Yamada  [4]. The act ivi ty  was e x p r e s s e d  in 
mi l l i l i t e r s  of 0.1 N alkal i  n e c e s s a r y  fo r  the t i t r a t ion  of the fat ty  acids fo rmed .  The reac t ion  mix tu re  for  de ter -  
mining l ipase  act ivi ty  had the following composi t ion:  1 ml  of enzyme solution, 6.5 ml  of 0.001 M phospha te -  
c i t r a te  buffer ,  pH 8.0, and 2.5 ml  of an emuls ion of olive oil in a 2% solution of poly(vinyl alcohol). Incubation 
was p e r f o r m e d  in a Warburg  appara tus  under  s tandard  conditions at 37°C fo r  60 rain. Af te r  the end of incu-  
bation, 30 ml  of ethanol was added to the f l a sk  to p reven t  the hydroly t ic  d i ssoc ia t ion  of the oil. The mix tu re  

Depar tmen t  of Microbiology,  Academy of Sciences of the Uzbek SSR, Tashkent .  T rans l a t ed  f r o m  Khimiys 
Pr i rodnykh  Soedinenii, No. 5, pp. 636-639, Sep tember -Oc tobe r ,  1976. Original  a r t i c l e  submit ted  J anua ry  13, 

1976. 

This material is l~rotected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, iV. Y. 10011. No part 
of  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical,7, photocopying, 

I microfilming, recording or otherwise without written permission o f  the publisher. A copy of this article is available from the publisher for $ 50. 

568 



~8 

% 
0.8 

02 

/# 30 M 70 

N u'12o 

tggg 40 g Bg 

%t d 

Tube Nos. 
7O 

Fig .  1. Ge l  f i l t r a t i o n  of  the  t o t a l  p r o t e i n  f r a c t i o n  on  Sephadex  G-75 (the 
h a t c h e d  a r e a  r e p r e s e n t s  the  l i p a s e  a c t i v i t y )  (a); c h r o m a t o g r a p h y  of  the  a c -  
t i ve  f r a c t i o n  a f t e r  Sephadex  G-75 on a c o l u m n  C M - c e l l u l o s e  {b); e l e c t r o -  
p h o r e t o g r a m  (bl); and g e l  f i l t r a t i o n  of  the  ac t i ve  f r a c t i o n  f r o m  the  C M -  
c e l l u l o s e  c o l u m n  on Sephadex  G-150  (e). 

T A B L E  1. P u r i f i c a t i o n  of  t he  E x t r a c e l l u l a r  L i p a s e  f r o m  the Fungus  
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o b t a i n e d  was  t i t r a t e d  wi th  0.1 N KOH to p h e n o l p h t h a l e i n .  Con t ro l  s a m p l e s  w e r e  t r e a t e d  in the  s a m e  way  bu t  
the  c u l t u r e  l i qu id  was  added  a f t e r  the  e thano l .  The  r e s u l t s  of the  t i t r a t i o n  of the  c o n t r o l  w e r e  d e d u c t e d  f r o m  
the  r e s u l t s  of  the  e x p e r i m e n t .  The  s p e c i f i c  a c t i v i t y  i s  the  n u m b e r  of u n i t s  r e f e r r e d  to  1 m g  of p r o t e i n  in t h e  
e n z y m e  p r e p a r a t i o n .  

P r e c i p i t a t i o n  b y  I s o p r o p a n o l .  The  c u l t u r e  l i qu id  w a s  s e p a r a t e d  f r o m  the funga l  m y c e l i u m  by f i l t r a t i o n  
and was  c o o l e d  in a r e f r i g e r a t o r  to 0°C. Then ,  wi th  c o n s t a n t  s t i r r i n g ,  coo l ed  i s o p r o p a n o l  was  added  d r o p w i s e .  
A t  a r a t i o  of  c u l t u r e  l iqu id  to  i s o p r o p a n o l  of 1 : 6, a v o l u m i n o u s  p r e c i p i t a t e  d e p o s i t e d ,  which  was  c o l l e c t e d  b y  
cen t r i fughag  at  6000g f o r  15 rain.  The  p r e c i p i t a t e  w a s  w a s h e d  t h r e e  t i m e s  with  c o o l e d  i s o p r o p a n o l  and t hen  
wi th  ace tone ,  and was  d r i e d  in  a v a c u u m  d e s i c c a t o r  o v e r  a n h y d r o u s  c a l c i u m  c h l o r i d e .  

D i s k  E l e e 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 .  V e r t i c a l  e l e e t r o p h o r e s i s  was  p e r f o r m e d  in p o l y a c r y l a m i d e  
ge l .  The  c o n c e n t r a t i o n  of  the  c o n c e n t r a t i n g  ge l  was  2.5% in 0.025 M t r i s - g l y c i n e  buf fe r ,  pH 6.6, and the  c o n c e n -  
t r a t i o n  of  the  s e p a r a t i n g  g e l  was  7.5%, pH 8.6. The  s i z e  of the  g l a s s  tubes  f o r  f i l l i n g  wi th  the  g e l s  was  0.6 × 
10 e m .  B e f o r e  d e p o s i t i o n  on the  g e l s ,  the  s a m p l e s  w e r e  s a t u r a t e d  with  s u c r o s e  in  an  amoun t  of  250 m g / m l .  
The  c u r r e n t  s t r e n g t h  d u r i n g  e l e c t r o p h o r e s i s  was  3.5 mA on each  tube.  

S e p a r a t i o n  on a Co lumn of Sephadex  G-75.  A f t e r  s a t u r a t i o n  with  i s o p r o p a n o l ,  the  p r e c i p i t a t e  o b t a i n e d  was  
d e p o s i t e d  on a c o l u m n  (3.0 x 50 era) of Sephadex  G-75 p r e v i o u s l y  e q u i l i b r a t e d  wi th  5 • 10 -3 M p h o s p h a t e  bu f f e r ,  
pH 8.0. The  r a t e  of  e lu t ion  w a s  24 m l / h .  F r a c t i o n s  of  6 m l  each  w e r e  c o l l e c t e d  in an a u t o m a t i c  c o l l e c o t r .  In 
each  f r a c t i o n  the  a c t i v i t y  was  m e a s u r e d  by  the  m e t h o d  d e s c r i b e d  above  and the e x t i n c t i o n  was  d e t e r m i n e d  on 
an  S F - 4  s p e e t r o p h o t o m e t e r  a t  280 and 260 nm ( see  F i g .  l a ) .  
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Separat ion on CM-Cel lu lose .  The ac t ive  f rac t ion  (184 rag) a f t e r  gel f i l t ra t ion  (Sephadex G-75) was con-  
cen t ra ted  and deposi ted on a column containing CM-ce l lu lose  (1.0 x 17 em) equi l ibra ted  with the init ial  buffer ,  
The ra t e  of elution was 12 ml /h .  Elution was p e r f o r m e d  f i r s t  with the init ial  buffer  and then with a s tepwise  
gradient  with an inc reas ing  ionic s t rength  of the buffer .  F rac t ions  with a volume of 3.0 ml  w e r e  col lec ted  in 
an automatic  co l lec tor .  The activi ty of each f rac t ion  Was de te rmined  by the method desc r ibed  above and the 
extinction was m e a s u r e d  on the SF-4 spec t ropho tome te r  at 280 and 260 nm. A graph  was plot ted f r o m  the 
spec t ropho tomet r i c  r e su l t s  (see F i g .  lb) .  T h r e e  peaks  w e r e  obtainecL The act ivi ty was de te rmined  in each 
f rac t ion  and was found to be shown by  one peak (see Fig. 1). 

Gel F i l t r a t ion  on Sephadex G-150. The act ive  f rac t ion  (58 mg) a f t e r  separa t ion  on CM-ce l lu lose  was 
concent ra ted  and deposi ted  on a column of Sephadex G-150 (3.0 x 50 cm) equi l ibra ted  with 5 . 1 0  -3 M p h o s -  
p h a t e - c i t r a t e  buffer ,  pH 8.0. The ra t e  of elution was 12 ml /h ,  and the f rac t ion  volume 3 ml. The graph  of the 
elution of the p ro te in  has  t h r ee  peaks  (see Fig. l c ) .  The l ipase  act ivi ty  was checked in each t e s t  tube; it ap -  
pea red  in two peaks .  

Repeat  Gel F i l t r a t ion  on Sephadex G-150. The act ive pro te in  f r o m  the second act ive  peak  (16.5 mg)was  
concent ra ted  and deposi ted on a column of Sephadex G-150 (2.2 x 25 cm) equi l ibra ted  with the initial  buffer .  
The r a t e  of elution was 12 ml /h .  F rac t ions  with a volume o f  3 ml were  collected.  The pro te in  was eluted in 
one s y m m e t r i c a l  peak  with a high l ipase  act ivi ty.  

All the opera t ions  in the pur i f icat ion of the enzyme were  p e r f o r m e d  at +4°C. The influence of var ious  
ions was studied a f t e r  incubation of the enzyme fo r  15 rain in a solution of the ac t ive  subs tance  at r oom t e m -  
p e r a t u r e  followed by a de te rmina t ion  of act ivi ty.  

The hea t  s tabi l i ty  of the enzyme was studied by incubating solut ions of the enzyme fo r  a definite t ime  
at the given t e m p e r a t u r e s  in a wa te r  bath, br inging the t e m p e r a t u r e  to that  of the room,  and de te rmin ing  the 

activity.  

S U M M A R Y  

1. An act ive l ipase  enzyme has  been  iso la ted  f r o m  the cul ture  liquid of the fungus Rhizopus m i c r o -  
sporus ,  UZLT-1 ,  by prec ip i ta t ion  with isopropanol ,  gel  f i l t ra t ion  on Sephadexes G-75 and G-150, and ch ro -  
ma tography  on CM-cel lu lose .  Some p r o p e r t i e s  of the pur i f ied enzyme (opt imum pH, heat  s tabil i ty,  influence 
of va r ious  ions) have  been studied. 
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