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The seeds  of va r ious  plants  contain one or  more  enzymes  posses s ing  l ipase  act ivi ty  [1-5]. Cotton- 
seed has  been found to contain l ipases  which have opt imum act ivi ty at pH 4.75 and 8.75 [6]. This  pape r  
gives  the r e su l t s  of a study of the subs t ra te  speci f ic i ty  of the action of the soluble l ipase  which has  opti-  
m u m  act ivi ty pH 8.75. 

At pH 8.75, the l ipase  ca ta lyzes  the hydro lys i s  not only of t r i g lyce r ides  but also of l inear  e s t e r s  and 
Tweens ,  and also of emuls i f ied  oils  (Table 1). Such broad speci f ic i ty  is somewhat  unusual [5]. The ra te  of 
hydro lys i s  of t r i g l yce r i de s  depends on the length of the carbon chain of the fa t ty  acid.  On pass ing  f r o m  t r i -  
butyrin to t r iole in ,  the act ivi ty  r i s e s  by a fac tor  of 1.8, which shows the impor tance  of the size of the hydro-  
phobic moie ty  for  the occu r r ence  of l ipolys is .  The act ivi ty  of the enzyme with r e s p e c t  to l inear  e s t e r s ,  on 
the other  hand, d e c r e a s e s  on pass ing  f r o m  acetoacet ic  e s t e r  to i soamyl  ace ta te .  A s i m i l a r  re la t ionship  is 
found for  the Tweens.  

Fo r  a m o r e  detai led in te rpre ta t ion  of the r e su l t s  it was n e c e s s a r y  to de te rmine  which bond in the 
molecule  of the t r ig lyce r ide  is hydrolyzed f i r s t .  An analys is  of the hydro lys i s  products  during the hydro l -  
ys i s  of t r io le in  using th in - l aye r  ch romatography  [7] has  shown that  the f i r s t  products  of l ipolys is  a re  oleic 
acid and 2,3-diolein.  Monoolein is  fo rmed  only on prolonged incubation (Fig. 1). 1,3-Diolein is  not found 
during the react ion.  Thus,  the bond in posit ion 1 is the mos t  r eac t ive  with r e spec t  to l ipase .  Since pos i -  
t ions 1 and 3 in t r io le in  a re  equivalent,  this conclusion means  that the bond in posi t ion 3 in the 2,3-diolein 
hydro lyzes  m o r e  slowly. On compar ing  the r a t e s  of hydro lys i s  of a monoglycer ide  and a t r ig lyce r ide ,  it 
can be seen that under  the same  conditions the ra te  of c leavage of the t r i g lyce r ide s  is h igher .  This  means  
that ,  although the bonds in posi t ions  2 and 3 a re  not hydrolyzed d i rec t ly  in the f i r s t  s tage,  they a re  bound to 
the act ive center  of the enzyme.  Since, with the appearance  of two bonds in the e n z y m e - s u b s t r a t e  complex,  

the s t ruc tu re  becomes  more  r igid,  the act ivat ion ene rgy  of the 
reac t ion  d e c r e a s e s  in compar i son  with the reac t ion  with the 

TABLE 1. Specific Act ivi t ies  of the 
Hydro lys i s  of Var ious  Substances by 
Cottonseed Lipase  

TribuWrin 
Tripalmitin 
Tristearin 
Triolein 
Acetoacetie ester 
Methyl butyrate 

Spec. activity, % with'~ 
Subslrate rn ~mole per respect to 

mm per mg tributyrin 

16 8 
19,6 
21,6 
40,0 
12,0 

100 
140 
164 
180 
332 
100 

Isoamyl acetate 
Tween 21 (monolaurate) 
Tween 80 (monooleate) 
Tween 85 (trioleate) 
Oils 

cottonseed 
groundnut 
olive 
castor 
sunflower seed 

5,5 46 
21,0 175 
12,0 100 
21,0 175 

8,1 67 
8,1 67 

11,1 89 
11,5 95 
13,8 115 

monoglycer ide .  In i ts  turn,  this  leads ,  according to the A r r h e n i -  

us equation v - -  Ae -EIkr (where E is  the act ivat ion energy) to an 
inc rease  in the reac t ion  ra te .  

Consequently,  the hydro lys i s  of a t r ig lyce r ide  takes  place 
with the par t ic ipa t ion  of at l eas t  three  groups  of the enzyme.  Let  
us denote these  a r b i t r a r i l y  by - X H , - Y H ,  a n d - Z H .  The s t r u c -  
ture of such an e n z y m e - s u b s t r a t e  complex is  i l lus t ra ted  in 
Fig. 2. Since the hydro lys i s  of t r i g lyce r i de s  by cot tonseed l ip-  
ase takes  place  as a z e r o - o r d e r  reac t ion  (the amount of acid 
l ibe ra ted  is propor t iona l  to the t ime ,  at all concentra t ions  of en-  
zyme and subs t ra te ,  Fig. 3), the l imit ing stage is  the mono-  
mo lecu l a r  decomposi t ion of the e n z y m e - s u b s t r a t e  complex (see 
Fig. 2). Such a model  sa t i s fac to r i ly  explains the speci f ic i ty  of 
cot tonseed l ipase  with r e s p e c t  to t r i g lyce r ides .  As exper imen ta l  
ma te r i a l  is accumulated,  the m e c h a n i s m  of the reac t ion  can be 
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Fig. 1. Th in- layer  chromatography of the products  of 
the hydrolys is  of tr iolein by l ipase:  1) s tar t ;  2) mono-  
olein; 3) oleic acid; 4) 1,3-diolein; 5) 2,3-diolein; 6) 
t r iolein.  
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Fig. 2. Scheme of the deeomposition of the t r i g l y c e r i d e -  
Hpase complex. 
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Fig. 3. Kinetic curves  of the hydrolys is  of t r ibutyr in  
at pH 8.75 in the presence  of cottonseed l ipase:  a) at 
var ious  concentrat ions of substra te ;  b) at var ious  con-  
centrat ions of l ipase.  

refined.  In this connection it is most  important  to study the nature of the - X H ,  - Y H ,  and - Z H  groups.  
Since l ipase is inhibited by sulfhydryl reagents  [S], it may be assumed that at least  one of them is an - S H  
group. 

The given scheme was drawn on the assumption that the rate  of formation of the Michaelis complex is 
fa i r ly  high and that the p rocess  takes place in the s ta t ionary state. As expected, the react ion rate increases  
with a r i se  in the concentrat ion of the substrate .  However, the lVIichaelis curve (Fig. 4) has an unnatural 
form with a horizontal  asymptote.  Interpreta t ion of such a curve can be based on the revers ib le  adsorption 
of the enzyme on the micel le  of the substrate .  If all the external fac tors  are  kept constant,  an increase  in 
the volume of the emulsion ar r iv ing  at the lipase in unit volume leads to the situation in which the rate of 
hydrolys is  inc reases  and tends to reach a limit.  The adsorption of the enzyme and, consequently, the lipase 
activity, depend on the state of dispers ion of the subs t ra tes ,  i .e. ,  emulsions of t r ibutyrin in water ,  in a l~c 
solution of dodecylsulfate,  and in a 0.1~c solution of Tri ton X-100. The specific act ivi ty  of the lipase hydrol -  
ys is  under these conditions is 7.4, 12.0, and 18.0, respect ively .  An increase  in the total surface suitable for 
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Fig.  4. Dependence of the ra te  of l ip-  
o lys i s  of t r ibu tyr in  on the subs t ra te  
concentra t ion.  
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Fig. 5. Scheme of the hydro lys i s  of l inear  
e s t e r s  of cot tonseed l ipase .  

adsorpt ion by increas ing  the number  of pa r t i c l e s  i n c r e a s e s  the ra te  of hydro lys i s .  The emuls i f ica t ion  of 
cot tonseed oil in a Po t t e r  homogen ize r  for  0-30 rain i n c r e a s e s  the l ipase  act ivi ty .  

T ime of homogenizat ion,  min 1 2 5 10 15 30 

Lipase  act ivi ty  2.0 7.2 9.6 12.0 12.5 12.5 

Thus,  the overa l l  scheme of the hydro lys i s  of lipids under  the action of l ipase  can be wri t ten in the 
following manner :  

E + s ~ (ES)~ ~ (ES)M-~ E + Pt + P~. 

where  E r e p r e s e n t s  the enzyme,  S r e p r e s e n t s  the subs t ra te ,  (ES) a is the adsorpt ion complex,  (ES) M is the 
Michael is  complex,  and P1 and P2 a re  the reac t ion  products .  

The hydro lys i s  ra te  is  de te rmined  by the i so the rma l  adsorpt ion and the ra te  of migra t ion  of the enzyme 
to the sur face  of the mice l le  of the lipid. With an i nc rea se  in the hydrophobic moie ty  of the lipid, i ts  capa-  
ci ty for  forming mice l l e s  and the propor t ion  of act ive surface  i n c r e a s e s ,  and a r i s e  in the ra te  of l ipolys is  
mus t  be found. In actual fact ,  the ra te  of hydro lys i s  i n c r e a s e s  by a f ac to r  of 1.6 in the sequence t r i b u t y r i n -  
t r i p a l m i t i n - t r i s t e a r i n  (see Table  1). The l imi t  of the i nc rea se  will be de te rmined  by s t e r i c  hindrance.  

The es te ro ly t ic  act iv i ty  of cot tonseed l ipase  with r e spec t  to soluble subs t r a t e s  depends on the r e a c -  
t ivi ty of the - X H  group alone (Fig. 5). The probabi l i ty  of the fo rmat ion  of e n z y m e - s u b s t r a t e  complexes  
and the i r  number  and, consequently,  a lso the r a t e  of hydro lys i s ,  will be de te rmined  by the mobil i ty  of the 
molecule  undergoing hydro lys i s .  Ethyl aceta te  is hydrolyzed 7.2 t i m e s  f a s t e r  than i soamyl  aceta te  (see 
Table  1). Within the l imi t s  of the exper imenta l  ma t e r i a l  p resen ted  it is imposs ib le  to es tab l i sh  quantitat ive 
re la t ionships  between the l ipase  and e s t e r a s e  ac t iv i t ies  of the cot tonseed enzyme.  They apparent ly  r e p r e -  
sent different  f o r m s  of t r ibu ty r inase  with an opt imum pH at 8.75 [6]. Kinetic expe r imen t s  with highly pu r i -  
fied p repa ra t ions  will p robably  enable us to obtain a knowledge of the detailed m e c h a n i s m s  of these  reac t ions .  

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

Subst ra tes .  The t r ibu tyr in  was purif ied by vacuum dist i l lat ion; the t r io le in  was ch romatograph ica l ly  
homogeneous [7]; the Tweens and plant oils we re  used without additional purif icat ion;  the ace toace t ic  e s t e r ,  
methyl  bu tyra te ,  and i soamyl  aceta te  were  pur i f ied by redis t i l la t ion.  Tr i ton X-100 (0.17c solution in 0.1 M 
t r i s  buffer ,  pH 7.4) was used for  emuls i f ica t ion.  

Enzyme.  The l ipase  was  obtained f rom an acetone powder of cotton seeds  by the method desc r ibed  
p rev ious ly  [6]. Medium" 0.1 M phosphate buffer ,  pH 7.4. 

Measuremen t  of Activity.  The l ipase  and e s t e r a s e  ac t iv i t ies  were  de te rmined  by the t i t r i m e t r i e  
method [6] at 25°C and at pH 8.75. The medium for  the act ivi ty  m e a s u r e m e n t  contained 0.9 ml of 1 M CaC12 
solution and 60 mg of the subs t ra te ,  and the enzyme was added in a volume of 1 ml  so that the final concen-  
t ra t ion  was 0.33 m g / m l ,  the total  volume being made up to 30 ml  with double-dis t i l led  water .  Ti t ra t ion  
was ca r r i ed  out with 0.01 M KOH solution (Fixanal).  
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Thin-layer Chromatography [7]. Silica gel (Kiselgel G) plates with dimensions of 9 × 9 cm were used 
for the analysis of triolein and the hydrolysis products. The solvent for chromatography was hexane-e the r  
(60:40). The spots were revealed with iodine vapor. The layers  were activated at ll0°C for 30 min. 

C O N C L U S I O N S  

1. The lipase from cotton seeds possesses  lipase, es terase ,  and tweenase activities. 

2. The broad substrate specificity of the lipase is connected with its capacity for functioning both in 
homogeneous and in heterogeneous media. A mechanism of the action of the lipase explaining the specificity 
of its action is proposed. 
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