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Lipases and phospholipases are  enzymes playing an important  role in the metabol ism of lipids and 
also in the formation of some enzyme sys tems [1-3]. The study of the proper t ies  and behavior  of these 
enzymes in plant seeds,  in which lipids form the bulk of the r e se rve  substances,  is of par t icu lar  interest ,  
since the development of the seeds in the ea r ly  stage is accompanied by the intensive hydrolysis  of the 
plant oils [4, 5]. In our work we have charac te r ized  the proper t ies  of the lipases and phospholipases of 
dormant cotton seeds.  

A suspension of a defatted powder of cotton seeds in water  is capable of hydrolyzing cottonseed oil, 
t r ibutryin,  and egg lecithin. The hydrolysis  of t r ibutyr in  and cottonseed oil takes place at the maximum 
rate in the pH ranges f rom 4 to 6 and 7.5 to 9.5, and that of lecithin at pH 4.5-6.5.  The enzymatic  activities 
mentioned are  absent f rom the mitochondrial  and mic rosomal  fractions and are  concentrated ent irely in 
the soluble fract ion (Table 1). When the conditions for the extract ion of the lipase active in the acid region 
are  varied,  it is ext rac ted  best  in a buffer containing sucrose  and in 0.025 M ammonia; the lipase active 
at alkaline pH values is best extracted in O.1 M phosphate buffer,  pH 7.4, and the enzyme producing choline 
f rom lecithin [6] is best  extracted in 0.1 M acetate buffer,  pH 5.6 (Table 2). In the buffers mentioned, the 
optimum pH values of the enzymes differ: for the acid lipase 4075, for the alkaline lipase 8.75, and for 
phospholipase D 5.6. The resul ts  obtained agree  with those given in the l i terature.  In the seeds of wheat 
[7], soya [8], and the f ir  [9], two pH optima in the acid and alkaline regions are  found° The optimum pH 
for phospholipase D isolated f rom cabbage [6], groundnuts [10], and other  plants [11] is in the range f rom 
5.6 to 6.0. The acid lipase of cotton seeds resembles  the acid lipase found in the seeds of the cas to r  plant 
[12, 13]. 

A study of the heat stabil i ty of the enzymes has shown that the phospholipase D retains its activity 
even after  being heated to 50°C for 30 min. At 0°C, the activity does not change for a week for incubation 
in 0.1 M acetate buffer,  pH 5.6. The heat stability of the Iipase depends on the medium in which the en- 
zyme is dissolved.  In water ,  the lipase rapidly loses its activity: the activity has fallen to one half af ter  
12 h at 0°C and after  4 h at 20°C. The stabili ty of the enzyme is substantially higher  in phosphate buffer 
(0.1 M, pH 7.4) and in 0.1 M t r i s  buffer containing sucrose  (0°5 M), pH 7.4. In these buffers the lipase is 
stable even at 50°C, and at 0°C the activity does not change in two weeks.  The fall in activity is connected 
with the aggregat ion of the lipase in an aqueous medium (see below). Aggregation is prevented in phosphate 
and i r i s  buffers .  

Interest ing results  were obtained in a study of the action of calcium ions on the lipolytic enzymes of 
cotton seeds .  Calcium ions are  specific act ivators  for the major i ty  of lipases [14, 15] and phospholipases 
[10, 16]. In many cases  it may be considered as demonstra ted that the activation by calcium ions is con- 
nected with the p re l iminary  interact ion of Ca 2+ with the lipid micelles [14, 17, 18]. 

The phospholipase D and the lipase f rom cotton seeds react  with calcium ions in different ways. The 
hydrolysis  of lecithin by the phospholipase D is impossible in the absence of ca lc ium ions. The optimum 
concentrat ion depends on the puri ty and concentrat ion of the lecithin. Apparently, the react ion is preceded 
by the interaction of the calc ium ions with the emulsified subst ra te  [10, 17, 18]. Conversely,  the activity 
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TABLE 1. Subcellular Distribution of the Lipolytic En- 
zymes  in Dormant Cotton Seeds 

Fraction 
,~.cid Alkaline lipase Phosphol - 

I l lpase,  
Itributy- tributy- Icotton- ipase D 
rha, pit rin, pH tseed oil, (lecithin*), 
4.75 8.75 ~)H .8..75 ] pH5,6 _ 

Homogenate 
Aqueous-far't,/ laver 
Mltochondria'l frgction 
Microsomal fraction 
Soluble fraction 

t ,0 02,4 
0 8  0 

0 
1,8 8,0 

,9 

0 

5,2 

3,5 
0 
0 
0 

10,8 

*The resul ts  are  given with the free choline taken into 
account.  

TABLE 2. Yield of Lipolytic Activit ies under Various 
Conditions 

Conditions of extraction 1 2 3 4 s 6 7 

Amount of protein ex- 
tracted 

Specific activity 
pH 4.75 lipase 
pH 8.75 lipase 
Phospholipase D 

312 

1,9 
3,0 

39O 

0,11 
2,0 
4,2 

~20 

1,0 
1,2 

320 

0,9 
1,8 
4,0 

540 

0,21 
1,0 

280 

0,22 
0,58 
4,8 

460 

0,4l 
0,61 

Note. 1) H20; 2) 0.1 M phosphate buffer,  pH 7.4; 3) 
0.025 M ammonia; 4) 0.1 1V[ t r i s  hydrochlor ide contain- 
ing 0.5 M sucrose ,  pH 7.2; 5) 10% sodium chloride; 6) 
0.1 M acetate buffer,  pH 5.6; 7) 50% glycerol .  

of the Iipase is inhibited by the p resence  of calc ium chloride.  However,  the inhibiting action of calc ium 
ions is not shown in all cases .  Thus,  CaCI 2 completely suppresses  the lipase activity in water  and 0.1 M 
i r i s  buffer  but at the same concentrat ion of ca lc ium ions lipase is active in 0.1 M phosphate buffer .  This 
is the result  of a specific interact ion of phosphate ions with the lipase. In the phosphate buffer,  the lipase 
pos se s se s  no hydrolyt ic  activity in the absence of Ca 2+. An increase  in the concentrat ion of phosphate ions 
in the aqueous solution of lipase completely  inhibits l ipolysis.  The addition of a solution of calc ium ehlo- 
r i d e t o a  medium containing the subst ra te ,  the enzyme, and phosphate in an amount sufficient for complete 
inhibition re s to res  the lipase activi ty (Fig. 1). Activation is not connected with the interact ion of ca lc ium 
and phosphate ions since 33.3 gmoles of CaCI 2 is neces sa ry  completely to nullify the inhibiting action of 
2.3/~moles of phosphate. The addition of an excessive amount of CaC12 acts in the same way as in the ab- 
sence of phosphate (Fig. 1, curve 2). This specific action of calc ium and phosphate ions is apparently ex-  
plained by conformational  states of the [ipase and requires  an accumulation of experimental  facts for  its 
explanation. 

The lipase has an enhanced heat stabil i ty in 0.1 M phosphate buffer,  which we used to develop a 
method of purifying the lipase. The lipase was precipi tated quantitatively f rom an 0.1 M phosphate buffer,  
pH 7.4, in the range of concentrat ions of ammonium sulfate of f rom 10 to 55% saturat ion.  The precipi ta te  
was dissolved in the same buffer and fract ionated on a column of Sephadex G-100. Analysis of the fract ions 
issuing f rom the column for t r ibutyr inase  activity (the activi ty was measured  with the addition of the ca l -  
culated amount of CaC12 solution) showed the presence  of six zones containing lipases differing f rom one 
another  in molecular  weight (Fig. 2). The number  of microequivalents  of butyric acid formed by the action 
of 1 ml of the fract ion issuing f rom the column on emulsif ied t r ibutyr in  (2 mg /ml ,  pH 8.75) has been plotted 
along the axis of ordinates and the volume of eluate issuing f rom the column along the axis of absc i s sas .  
Figure 2 gives a z y m o g r a m  of the fract ion deposited on the column (the gel was colored with the dye Amido 
]3 lack). 

The relat ionships that were found in the distr ibution of the t r ibutyr inase  activit ies in these zones p e r -  
mit the assump~Aon that two enzymes are  present  which exist in the monomer ic ,  d imer ic ,  and t e t r amer i c  
forms (see Fig. 2). 
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Fig. 1. Influence of phosphate ions (a) and calc ium iONS (b) on the activity of the lipase at pH 8.75 and 25°C 
with concentrat ions of protein and t r ibutyr in  of 2 mg/m[ .  1) Inhibition of the lipase activity by Ca 2+ ions; 
2) influence of ca lc ium ions on the lipase activity in the presence  of phosphate buffer (100 mmoles) .  A = 
specific activity,  A 0 = 8.2. 

Fig. 2. Chromatography of the alkaline lipase on Sephadex G-100. 

The quantitative relationships in the maxima of the zones of t r ibutyr inase  activity obtained by ch ro -  
matography on Sephadex G-100 a re  as follows: 

Variety Ratio of the maxima of 
lipase activity 

I/HI I/V l l /IV II/VI l/II Il l /IV V/V[ 
2847 1,9 1,1 1,8 1,1 1,9 1,9 1,9 
108-F 1,9 1,1 1,85 -- 0,39 0,39 
108-F 1,9 1.1 1,9 -- 0,40 0,40 -- 

The lipases isolated by fractionation are  stable in phosphate buffer.  Prolonged dialysis against 
water  leads to the formation of inactive aggregates  constituting a white precipi tate .  The process  is r eve r -  
sible: when the precipi ta te  is dissolved in phosphate buffer,  the activity is slowly res to red .  After 4, 12, 
24, and 72 h in 0.1 M phosphate buffer,  pH 7.4, 28, 42, 52, and 60% of the original activity,  respect ively,  is 
res tored° 

The liberation of butyric acid in the hydrolys is  of t r ibutyr in  by the lipase is proport ional  to the t ime 
at all concentrat ions of subst ra te .  This relationship is found for  other l ipases,  also [19, 20]. The activity 
of the [ipase is proport ional  to the concentrat ion of t r ibutyr in  at low concentrations of the latter and re -  
mains constant at high concentrat ions.  This nature of the relationship can be explained on the basis  of the 
revers ib le  adsorption of the enzyme on the micelle of the subs t ra te  [21, 22]. In the hydrolys is  of olive oil, 
the activity as a function of the concentrat ion of the subst ra te  is expressed in the form of a curve with a 
maximum, i.e., large concentrat ions of oil inhibit the react ion (Fig. 3). It is possible that the oils contain 
iipase inhibitors [23]. In all cases ,  the rate of hydrolys is  r i ses  with an improvement in the degree of d is -  
pers ion  of the substrate  [22]° The rate of hydrolys is  of lecithin by phcspholipase D doubles if the emulsion 
is homogenized in a Potter  homogenizer  and quadruples if the detergent Tri ton X-100 (0.1 ml per  12.5 mg 
of lecithin) is added during homogenization.  

In addition to t r ibutyr in  and oiIs, the lipase f rom cotton seeds is capable of cleaving other  subs t ra tes .  
The specific activity obtained for various substra tes  using the combined lipases is as follows: t r ibutyr in  
18.0, t r iolein 28.1, olive oil 16.0, cotton seed oil 12.0, cas to r  oil 17.1, apricot oil 12.0, Tween-21, 21.0, 
Tween-80,12.0, Tween-85,21.0, and acetoacetic e s t e r  40.0 [22]. The specific activities of the enzyme with 
respect  to various substrates  depends on the concentrat ion of the enzyme.  At high concentrations of p ro -  
tein the activity is low, and it r ises  when the solution is diluted: 

Concentrat ion of protein,  m g / m I  28,8 17,8 6,7 2,5 0,67 0,33 0,17 0,1 0.067 

Specific activity 0,4 1,0 3,0 6,7 8,5 15,0 26,0 45 240 
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Fig .  3. Influence of the concen t r a -  
t ion of the s u b s t r a t e  on l ipase  a c -  

The r e s u l t s  given show the p r e s e n c e  in cotton seeds  of t h r ee  
enzymes  with l ipolyt ic  ac t iv i ty :  an acid l ipase  with a pH opt imum 
of 4.75, a l ipase  with a pH opt imum of 8.75, and phosphol ipase  D. 
The b road  subs t r a t e  spec i f i c i ty  d i s t inguishes  the l ipase  f rom the 

c o r r e s p o n d i n g  enzymes  of an imal  and m i c r o b i a l  o r ig in  [20, 22]. 
The spec i f ic  act ion of phosphate  and ca l c ium has been  de tec ted  for  
the f i r s t  t i m e .  How far  this  is  shown in the case  of o the r  l ipases  
is  not yet  known. 

EXPERIMENTAL 

t ivity° Subs t ra tes°  Leci th in  was obtained f rom f resh  egg yolks by  
the method of Singleton et a l .  [24]. Its pu r i t y  was checked by th in-  

l a y e r  ch roma tog raphy  on s i l i c a  gel G in the c h l o r o f o r m - m e t h a n o l - w a t e r  (65 : 24 : 4) s y s t e m .  Before  use  
the t r i b u t y r i n  was d i s t i l l ed  in vacuum at 10 m m  Hg (bp 183-185°C) o The t r i o l e i n  was c h r o m a t o g r a p h i c a l l y  
homogeneous in the  h e x a n e - d i e t h y l  e ther  (40 : 60) s y s t e m .  The oil's were  ex t r ac t ed  with organic  solvents  
f r o m  the app rop r i a t e  s o u r c e s .  The s u b s t r a t e s  were  emuls i f i ed  in a Po t t e r  homogen ize r  with the addi t ion 
of de te rgen t s  where  r equ i r ed .  

Enzymes .  The enzymes  were obtained f rom an acetone powder  i so la ted  f rom the ke rne l s  of the seeds  
which had been s e p a r a t e d  f rom the hul ls  by means of liquid n i t rogen,  by c rush ing  in a m o r t a r  and gr inding 
in a coffee mi l l  without hea t ing .  The oil  and the p igments  we re  ex t r ac t ed  s u c c e s s i v e l y  with 85% aqueous 
acetone (twice), ace tone ,  and a mix ture  of acetone and diethyl  e the r  (1 : 1). The white powder  obtained was 
s to red  in an evacuated  vacuum d e s i c c a t o r  at 0-4°C. The ex t r ac t s  for  the product ion  of the enzymes  we re  
p r e p a r e d  by t r i t u r a t i n g  the acetone powder  in a m o r t a r  with a tenfold amount of the r equ i r ed  buffer  so lu -  
t ion toge the r  with quar tz  sand or  ground g l a s s .  This opera t ion  was more  ef fec t ive  than homogeniza t ion  o r  
pro longed  ex t r ac t ion  in the cold.  Centr i fuging was c a r r i e d  out at 18,000 r p m  at 0°C for  30 m i n .  

Measu remen t  of Enzymat ic  Ac t iv i t i e s .  The ac t iv i ty  of the l ipases  was inves t iga ted  t i t r i m e t r i c a l l y .  
In s t anda rd  e x p e r i m e n t s ,  the subs t r a t e  was t r i b u t y r i n  emul s i f i ed  in 0.1 M t r i s  buffer .  The nonionic d e t e r -  
gent T r i t on  X-100 (0.1% solution) was used  to s t ab i l i ze  the emul s ions .  The medium for  the ac t iv i ty  m e a -  
s u r e m e n t s  contained 60 mg of emuls i f i ed  t r i b u t y r i n ,  10 mg of enzyme p ro te in ,  10 mM phosphate ,  and 90 mM 
CaCI 2 in a to ta l  volume of 30 ml .  The amount of bu tyr ic  ac id  l i be r a t ed  in the r eac t ion  was de t e rmined  by  
t i t r a t i o n  with 0.01 M KOH at constant  pH by means  of a s ens i t i ve  LPM-60MZ p H - m e t e r  with g lass  and 
s i l v e r - c h l o r i d e  e l e c t r o d e s .  The o the r  s u b s t r a t e s  were  hydro lyzed  under  s i m i l a r  condi t ions .  The opt imum 
concen t ra t ion  of s u b s t r a t e  was s e l ec t ed  by  s tudying the dependence of the l ipase  ac t iv i ty  on the c oncen t r a -  
t ion of the s u b s t r a t e .  

The ac t iv i ty  of the phosphol ipase  D was evalua ted  by m e a s u r i n g  the amount of f ree  choline formed in 
the h y d r o l y s i s  of lec i th in  [25]. The medium for the ac t iv i ty  m e a s u r e m e n t s  cons i s ted  of 0.1 M ace ta te  buf-  
f e r ,  60 gmoles  of CaC12, and 1.25 mg of lec i th in  suspended in 0.1 M ace ta te  buffer  containing 0.1% of Tr i ton  
X-100. The to ta l  volume was 3 ml .  The spec i f i c  ac t iv i t i e s  were  e x p r e s s e d  in ~moles  of product  formed 
in 1 min ca lcu la ted  to I mg of p ro t e in .  

Chromatography  on Sephadex G-100. A column with a porous base  having d imens ions  of 25 x 1.8 cm 
was f i l led  with Sephadex that had been  swol len  in 0.1 M phosphate  buffer ,  pH 7.4, and was eluted overnight  
with the s ame  buffer  for  compact ion.  The p r e c i p i t a t e  obtained a f t e r  the f rac t iona t ion  of the ex t r ac t  of de -  
fat ted powder  of cotton seeds  (10 g of powder  suspended in 100 ml of 0.1 M phosphate  buffer ,  pH 7.4) by  a m -  
monium sulfa te  in the range  of concent ra t ions  f rom 10 to 55% sa tu ra t ion  was d i s so lved  in the buffer  and 
cent r i fuged  at 18,000 r p m  at 0--2°C for 30 min.  The concen t ra t ion  of p ro te in  in the superna tan t  was adjus ted  
to 10 m g / m l  by means  of the phosphate  buffer ,  and 10 m[ of the solut ion was depos i ted  on the column.  Elu-  
t ion was c a r r i e d  out with 0.1 M phosphate  buffer ,  pH 7.4. The r a t e  of elut ion was 18 m l / h ,  4 .5 -ml  f rac t ions  
be ing  co l l ec ted .  The t e m p e r a t u r e  was 0-5°C. 

Disc E l e c t r o p h o r e s i s .  V e r t i c a l  e l e c t r o p h o r e s i s  was c a r r i e d  out on p o l y a c r y l a m i d e  gel .  The concen-  
t r a t i o n  of the concen t ra t ing  gel was 2.5% in 0.025 M t r i s - g l y c i n e  buffer ,  pH 6.6, and the concen t ra t ion  of 
the s e p a r a t i n g  gel was 7.5%, pH 8.6. The d imens ions  of the g lass  tubes for  f i l l ing  with the gel we re  0.5 × 
5.0 cm.  Before  depos i t ion ,  the s a m p l e s  we re  s a tu r a t ed  with s u g a r  at the r a t e  of 250 m g / m l .  The cu r r en t  
s t r eng th  in e l e c t r o p h o r e s i s  was 3 mA for  each tube .  
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S U M M A R Y  

1. Three  enzymes p o s s e s s i n g  lipolytic act ivi ty  have been detected in dormant  cotton seeds:  a l ipase 
act ive  in acid media  with a pH opt imum of 4.75, a l ipase act ive  in alkaline media  with a pH opt imum of 
8.75, and phospholipase D with a pH opt imum of 5.6. 

2. The local izat ion of the enzymes  in the seeds  has been es tabl ished and the i r  p rope r t i e s  (heat s t ab-  
i l i ty,  s tabi l i ty  in var ious  media ,  nature  of the hydro lys i s  of the lipids, necess i ty  for  phase  separa t ion  for 
enzymat ic  action,  etc.) have been desc r ibed .  

3. The alkal ine l ipase  with a pH op t imum of 8.75 is capable  of cata lyzing the hydro lys i s  of t r i g ly -  
ce r ide s ,  var ious  oi ls ,  Tweens,  and e s t e r s .  It is spec i f ica l ly  inhibited by ca lc ium and phosphate ions.  
Chromatography  on Sephadex G-100 has shown that  the alkal ine l ipase r e p r e s e n t s  a whole c lass  of enzymes  
consis t ing of s ix pro te ins  each of which is capable  of hydrolyzing t r ibu tyr in .  Definite quanti tat ive re la t ion-  
ships exis t  between the components .  
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