
S U M M A R Y  

l. The poss ib i l i ty  has been shown of obtaining 5 , 6 - u r e y l e n e - 3 - m e t h y l i n d a n - l - o n e  and 6 ,7 -u rey lene -3 ,5 -  
d imethyl indan-1-one  in one s tage by condensing the co r respond ing  benz imidazo l in -2 -ones  with $ -bu ty ro lac tone  
or  crotonic  acid in the p r e s ence  of an excess  of anhydrous a luminum chlor ide.  

2. The plant  growth inhibiting act ivi ty  of the indanones synthes ized has been  studied. 

3. Der iva t ives  of the indanones with hydroxylamine ,  s emica rbaz ide ,  and 2 ,4-dini t rophenylhydrazine  have 
been obtained and the i r  fungicidal ac t iv i t ies  have been studied. 
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A fac tor  capable  of causing inhibition of the ac t iv i ty  of ex t r aee l lu l a r  l ipase  has  been detected 
in the myce l ium of the fungus Rhizopus m i c r o s p o r u s .  By fract ionat ing a homogenate  of the m y -  
ee l ium followed by chromatograph ic  pur i f icat ion on a column of DEAE-ce l lu lose  and on Sepha- 
dex G-7 5 this inhibi tor  has been isolated in the e l ec t rophore t i ca l ly  homogeneous s ta te .  It is a 
subs tance  of p ro te in  nature  with M ~ 24,000, consis t ing of two subunlts.  The inhibi tor  ac ts  on 
the i s . e n z y m e s  of the l ipase  to different  extents .  

The fungus Rhizopus m i e r o s p o r u s  is known as a producing agent  of ac t ive  l ipases .  On studying var ious  
components ,  we detected a pro te in  fac tor  capable  of exer t ing  an inhibiting act ion on ex t r ace l lu l a r  l ipase.  

F igure  1A p r e s e n t s  the r e su l t s  of gel f i l t ra t ion of the superna tant  liquid f r o m  a homogenate  on a column 
of Sephadex G-75. When the influence of the individual f rac t ions  on the act ivi ty  of the ex t r aee l lu l a r  l ipase  the 
p repa ra t ion  of which has  been desc r ibed  p rev ious ly  [ 1] was studied, i t  was found that elution f rac t ions  42-46 
contained a pro te in  causing inhibition (Fig. 1A). These  f rac t ions  were  combined,  dialyzed agains t  dist i f led 
water ,  and f r e e z e - d r i e d .  The resul t ing  p repa ra t ion  was subjected to ion-exchange ch roma tog raphy  on a column 
(1 × 15 cm)  of DEAE-ce l lu lose  in 0.01 M phospha te -c i t r a t e  buffer ,  pH 7.4. The pro te ins  were  eluted with a 
l i nea r  gradient  of NaCI f r o m  0 to 1 M at  the r a t e  of 12 ml /h .  F rac t ions  with a volume of 3 ml  were  col lected 
(Fig. 1B). Of the five pro te in  peaks  obtained, only the pro te ins  of f rac t ions  51-56 p o s s e s s e d  inhibi tory capabi l -  
ity. 

A r epea t  of gel f i l t ra t ion on Sephadex G-75, a f t e r  d ia lys is  and lyophil ization,  pe rmi t t ed  us to obtain the 
l ipase  inhibitor in an e lec t rophore t i ca l ly  homogeneous s ta te  (Fig. 1B). The homogenei ty  of the inhibi tor  was 
shown by r eeh roma tog raphy  ( ion-exchange chromatography  on DEAE-ce l lu lose  - the pro te in  eluted as on e peak 
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Fig. 1. Purif icat ion of the lipase inhibitor f rom the fungus Rhizopus 
mic rosporus :  A) gel f i l trat ion of the supernatant liquid f rom a 
homogenate of the mycel ium on Sephadex G-75 (here and below the 
blackened zone represen t s  the inhibitory fraction}; B) ion-exchange 
chromatography of fract ions 42-46 af ter  Sephadex G-75 on DEAE- 
cellulose; C) repeated gel fi l tration of the inhibitory fract ion on 
Sephadex G-75. 

at  0.55 M NaCI; by gel f i l trat ion on Sephadexes G-75 and G-100 - the protein eluted as a single symmet r i ca l  
peak) and by disc e lec t rophores is  in 7.5% polyacrylamide get (in Tr i s -g lyc ine  buffer, pH 8.9, only one bandwas 
detected, with Rf 0,78). The homogeneous protein obtained also eluted as a single band on disc e leet rophores is  
on polyacrylamide gel in a buffer containing 1% of sodium dodecyl sulfate, but with a different Rf value, 0.81, 
which shows the existence of a subunit s t ructure .  

Thus, a protein fract ion possess ing  an inhibitory action with respec t  to ext racel lu lar  l ipase has been iso- 
lated f rom a homogenate of the mycel ium of the fungus Rhizopus microsporus .  

The molecular  mass  of the homogeneous protein inhibitor was determined by gel f i l trat ion on a calibrated 
column of Sephadex G-100 (M ~ 24,000 according to [2]). 

It was interest ing m establish whether the protein factor  obtained, possessed  an inhibitory action with 
respec t  to the different  forms of the lipase of the fungus Rhizopus microsporus .  All five known forms of the 
l ipase differ by their  s t ruc tura l  composit ion [2] and also by their catalytic and physicochemical  proper t ies  [3]. 
With respec t  to specific activity, they form the following sequence A + 2B > A + B > 3A + 2B > 2A + B > 4A + B 
(where A and B are  subunits of the l ipases)  [2]. The protein factor  that we isolated affected the activit ies of 
the individual forms of the enzyme differently. The degree of inhibition was studied at an equimolar concentra-  
tion of the protein fac tor  at pH 7.5. 

The subunit composit ion and some proper t ies  of the various forms of the l ipases  of the fungus Rhizopus 
rnierosporus  a re  given below: 

Form of the Suburdts A 4 . l O a  PHre 1 Amount Rel. activ-De~reeof 
lipase subunits,% f0rmsity of-the inh]bition,% 

1 A + B  28 7,8 50 1,0 8 
2 2A-I-B 39 7.2 33 0.7 39 
3 A-v2B 43 8.2 66 ! ,5 37 
4 4A+B 65 6,0 20 0.5 10 
5 3A-F2B 67 7 .4  40 0.9 23 

Thus, the prote in  fac tor  not only inhibits the extracel lu lar  l ipase but acts  on the separated forms of the 
enzyme. All five i soenzymes  are  capable of interacting in different degrees  with the protein inhibitor produced 
by the same fungus, This may have g rea t  value for regulating the lipase activity of the producing agent and 
will enable us to obtain new information on the nature of the multiplicity of forms of l ipases and their  in t e r re -  
lationship. 

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

The conditions of cultivation and the composit ion of the nutrient medium for the growth of the fungus 
Rhizopus mic rosporus  and the biosynthesis  of the l ipases have been descr ibed previously [ 1-4]. After  the com-  
pletion of growth, the mnycelium of the fungus was separated f rom the culture liquid by vacuum filtration on a 
Btictmer funnel. The myceliurn was careful ly washed with distilled water and homogenized. For  this purpose, 
20 g of the crude biomass  was ground with quartz  sand in a mor t a r  in an ice bath until the hyphae of the my-  
cel ium had been completely disrupted, the completeness  of disruption being followed with the aid of a MBI-3 
microscope,. The hornogenate obtained was treated with 0.1 M phosphate-ci t ra te  buffer, pH 7.4, containing 0.1 

353 



M CaC12 and the mix tu re  was lef t  for  1 h. Af te r  centr i fugat ion at  600 x g for  15 min, the superna tan t  liquid was 
sepa ra t ed  off and was used for  the pur i f icat ion of the pro te in  inhibitor.  

L ipase  ac t iv i ty  was de te rmined  t i t r i m e t r i c a l l y  [ 1]. The subs t r a t e  was a 40~0 emuls ion  of olive oil s t ab i -  
l ized in a 2% solution of polyvinyl alcohol.  The conditions of s tabi l izing the subs t r a t e  have been desc r ibed  
p rev ious ly  [1, 4]. The reac t ion  med ium contained 2.5 ml of subs t ra te ,  6.5 ml  of 0.1 M phospha te -c i t r a t e  buf- 
fe r ,  pH 7.5, and 1 ml of enzyme solution. The l ipolysis  r eac t ion  was stopped by the addition of 30 ml  of 96% 
ethanol. 

P ro te in  was de te rmined  by  L o w r y ' s  method o r  by spee t ropho tome t ry  - f r o m  the change in the absorpt ion  
of l ight a t  280 and 260 nm on a SF-16 spec t ropho tomete r .  

E lee t rophore t i c  studies were  c a r r i e d  out accord ing  to Davis  [ 5] on a " R e a n a l "  in s t rumen t  in 7% poly-  
a c r y l a m i d e  gel a t  pH 8.9. P ro te ins  were  v isual ized  in a 0.1% solution of Amido Black 10B in 7% acet ic  acid. 

The subunit s t ruc tu re  of the isola ted pro te in  was inves t igated by disc  e l ec t ropho re s i s  in po lyac ry lamide  
gel in the p r e s e n c e  of sodium dodecyl sulfate  and f l -mercap toe thano l  by the W e b e r - O s b o r n  method [6] and 
a lso  accord ing  to L a e m m l i  [7]. 

S U M M A R Y  

1. A pro te in  fac tor  exhibiting an inhibi tory act ion on ex t r aee l lu l a r  l ipase  has  been i so la ted  f r o m  the 
in t r ace l lu l a r  f rac t ion  of the myce l ium of the fungus Rhizopus m i c r o s p o r u s  in the e lec t rophore t i ca l ly  h o m o g e -  
neous s ta te .  The mo lecu l a r  weight of the pro te in  is ~ 24, 000. 

2. Dif ferent  f o rms  of the l ipase  have d i f ferent  sens i t iv i t ies  to the pro te in  inhibi tor  and f o r m  the d e c r e a s -  
ing sequence 3 - 2 - 5 - - 4 - 1 .  
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