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The presen t  paper  gives the resul ts  on the isolation of the enzyme t r iace t inase  with mol. wt. 36,000 - 
one of the representa t ives  of the alkaline l ipases [1, 2]. The protein f rom an acetone powder of cotton 
seeds was extracted with 0.1 M phosphate buffer, pH 7.4. With such a procedure,  the specific activity of 
the enzyme was 40 uni ts / rag (~aoles /min) ,  and the degree of extraction was 64-66% (pH optimum 9.5). 

In o rde r  to concentrate  the enzyme and free i t  f rom the bulk of the ballast proteins we used a m m o -  
nium sulfate as precipitant  (5570 saturation). 

When the fraction precipi tated by ammonium sulfate was chromatographed on a column of Sephadex 
G-100, six peaks possess ing  enzymat ic  activity in the hydrolysis  of t r iacet in  were observed on the chro-  
matogram [1]. The f i r s t  two of them had a low specific activity and were associa ted  with the appearance 
of the nonspecific activity of t r ibutyr inases .  The enzymatic  activi t ies of the other four peaks corresponded 
to t r iace t inases  with molecu la r  weights of 74,000, 38,000, 18,000, and 12,000 (determined by th in- layer  gel 
f i l trat ion on Sephadex G-200). The f ract ions  corresponding to the enzyme with reel. wt. 38,000 were com-  
bined and dialyzed against  0.01 M phosphate buffer with one change of dialysis  liquid (pH 7.5) for  16 h, and 
then the solution was deposited on a column of DEAE-cel lu lose  and was eluted with the same buffer. The 
small  amounts of protein impuri t ies  possess ing  no lipase activity were separated off and, with the appli-  
cation of an NaC1 gradient,  the active f ract ions  were eluted, and then they were then combined and dialyzed. 
The dialyzate was f reeze-dr ied .  The final purification of the enzyme was achieved by chromatography on 
an analytical  column of Sephadex G-100 (Fig. 1). The peak of the activity of the enzyme corresponded to 
the peak of the protein (reel. wt. 36,000) and its specific activity had not decreased  in comparison with the 
preceding stage (Table 1). 

The degree of purification of the enzyme amounted to a factor  of 1050, the yield with respec t  to the 
activity of the initial mater ia l  was 147o, and yield with respec t  to protein was 0.01270. The specific ac -  
tivity was 42,000 units at 25°C. This activity is the limiting value. With fur ther  purification, the specific 
activi ty of the enzyme did not increase .  

TABLE i 

Stage of purification 
P[o- 
tein, 
mg 

I,,  ool 
1 00(  

11,1 
8,2 
2,4 

Act ivi tz__ 

Extraction 
Fractionation with ammonium sulfate 
Gel filtration on Sephadex G-100 

Fraction with me1. wt. 74,000 
Fraction with mol. wt. 88,000 
Fraction with mol. wt. 18,000 

Ion-exchange chromatography on 
DEAg-cellulose 

Gel filtration on Sephadex G-100 
4,2 
1,4 

specific, ! total 
units/rag] units 

41) 
370 

6700 
19 .300 
26 000 

38 000 
42 000 

440 000 
390 000 

76 000 
164 000 
60 ooo 

16o oo0 
• ~9 000 

De~. o~ 
Yield,lpunfi- 
% cation 

I00 1 
84 9 

17 170 
37 4!;0 
14 65O 

35 950 
14 1050 
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Fig. 1. Elution profiles of the chromatographic stages 
of the purification of the t r iacet inase:  a) ion-exchange 
chromatography of the t r iaeet inase on a column of 
DEAE-cel lulose;  b) gel filtration of the t r iaeet inase  on 
a column of Sephadex G-100; 1) optical density at 280 
nm; 2) specific activity (units/rag of protein). 

Fig. 2. Sedimentogram of the t r iaeet inase in 0.1 M 
phosphate buffer, pH 7.4. 

The homogeneity of the protein obtained was analyzed by rechromatography  on a column of Sephadex 
G-100 (three t imes),  rechromatography  on a column of DEAE-eel lulose,  and ultracentrifugation.  Reehro-  
matography on a column with Sephadex G-100 gave a symmetr ica l  profile of the curve of the elution of the 
protein corresponding to the activity peak. The rat io of the optical densit ies at  280 and 260 nm was con- 
stant at 1.52. On rechromatography  on a column of DEAE-cel lulose equilibrated with 0.01 M phosphate 
buffer, pH 7.4, the enzyme was eluted by the application of an NaC1 gradient up to 1 M, and the maximum 
on the elution curve corresponded to 0.8 M NaCI. 

The resul ts  of an analysis  of purified enzyme by the ultracentrifugation method a re  shown in Fig. 2. 
The sedimentation coefficient was 2.18 S and the diffusion coefficient was 5.97 • 10 -7 cm2/sec -1. 

The molecular  weight of the protein determined f rom the resul ts  of ul tracentrifugation was 35,600. 
This figure agrees  well with those obtained by other methods. Gel fil tration on a column of Sephadex 
G-100 calibrated with standard proteins gave a value of the molecular  weight of 36,000, and th in- layer  
chromatography on plates with Sephadex G-200 gave a figure of 38,000. The pH optimum of the purified 
enzyme was 9.5 and the tempera ture  optimum 40°C. Calcium ions do not show an activating effect, but ac -  
tivation by ions of divalent i ron is possible. 

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

Isolation of the Enzyme. The acetone powder obtained by the method descr ibed previously [3] (18- 
20 g) was s t i r r ed  with a tenfold amount of 0.1 M phosphate buffer, pH 7.4, at0-6°C for  1 h. The suspension 
was centrifuged at 18,000 rpm on a TsLR-1  centrifuge for  30 rain. The supernatant was t rea ted  with am-  
monium sulfate to 55% saturation and the precipitate was separated off by centrifuging. Then it was dis-  
solved in 20 ml of 0.1 M phosphate buffer (pH 7.4), using a Pot te r  homogenizer,  and the solution was c la r -  
ified by centrifugation. The supernatant,  with a protein concentration of 50-56 m g / m l  was deposited on a 
column of Sephadex G-100 (3.4 x 70 cm) equilibrated with the same buffer. The rate of elution was 24 m l / h .  
Frac t ions  were collected every  15 rain. The optical densit ies at 280 nm and the lipase activi t ies with t r i -  
aeetin at  pH 9.5 were measured.  The active fract ions corresponding to the enzyme with tool. wt. 36,000 
(the column was previously  cal ibrated with standard proteins) were combined and f reeze-dr ied .  Yield 7-8 
rag. 
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The f r e e z e - d r i e d  prote in  was d isso lved  in 3-5 ml  of double-dis t i l led  water ,  and the solution was 
dialyzed aga ins t  0.01 M phosphate buffer ,  pH 7.5. The dia lyzate  was deposi ted on a column of D E A E - c e l -  
lulose (1.0 x 20 cm) equi l ibra ted  with 0.01 M phosphate  buffer,  pH 7.5, and was eluted with the s a m e  buffer  
(200 ml).  The ra t e  of elution was 12 m l / h  and the volume of the s a m p l e s  3 ml .  Then the m a t e r i a l  was 
ch romatographed  with a l inear  gradient  of NaCI f r o m  0 to 1.2 M (total volume 400 ml).  The act ive  f r a c -  
t ions were  eluted at  0.8 M NaC1. They were  combined and dialyzed aga ins t  0.1 M phosphate buffer,  pH 7.4. 
The dia lyzate  was f r e e z e - d r i e d .  Yield 3.5-4 rag. Then the enzyme was dissolved in 2 ml  of H20 and the 
solution was deposi ted on a column of Sephadex G-100 (1.0 x 22 cm) equi l ibra ted  with 0.1 M phosphate buf- 
fer ,  pH 7.4, and the column was washed with the same buffer.  The ra te  of elution was 6 m l / h  and the vo l -  
ume of the s a m p l e s  1.5 ml.  The solution of the enzyme was f r e e z e - d r i e d ,  giving a yield of 1.2-1.5 rag. 

The concentra t ion of the prote in  in the f i r s t  s t ages  of purif icat ion was de te rmined  by the biuret  m e t h -  
od and, subsequently,  a f t e r  the separa t ion  of the p igment  components ,  spec t ropho tomet r i ca l ly  by m e a s u r i n g  
the optical  densi ty  at 280 and 260 nm on an SF-4a  spec t ropho tomete r .  

Subs t ra tes .  Tr ibu tyr in  and t r iace t in  were  purif ied by redis t i l la t ion.  Cot tonseed oil was ex t rac ted  
f r o m  the seeds  with pe t ro leum ether ,  and the solvent  was dis t i l led off under  vacuum. The o ther  subs t r a t e s  
were  not pur i f ied additionally.  The insoluble subs t r a t e s  were  suspended in double-dis t i l led  wa te r  in a r a -  
tio of 15 : 85, and the suspens ion was s tabi l ized with the nonionic de te rgent  Tr i ton  X-100 ( f rom 0.1 to 1%). 

In the expe r imen t s  to detect  l ipolytic enzymes  we used t r ibutyr in ,  which can eas i ly  give s table  emu l -  
sions with aggrega ted  molecu le s  and a t  the s a m e  t ime p o s s e s s e s  a high solubil i ty [4]. The ac t iv i t ies  were  
m e a s u r e d  at pH 8.8. At this pH i t  is  poss ib le  to detec t  both t r ibu ty r inases  [5] and t r i a ce t i na se s  with r e -  
spect  to the i r  nonspecif ic act ivi ty  [1]. 

In the expe r imen t s  on the pur i f icat ion of the t r i ace t inase  we used t r i ace t in  (kh. ch. [~chemical ly  
pure"])  and m e a s u r e d  reac t iv i ty  at  pH 9.5 [1, 2]. The capaci ty  of the enzymes  for  hydrolyzing l ipids was 
moni to red  f r o m  the ra te  of c leavage of cot tonseed oil at pH 9.5. 

M e a s u r e m e n t  of Enzymat ic  Act ivi t ies .  To de te rmine  the l ipase  ac t iv i ty  we used the t i t r o m e t r i c  
method with the aid of a TTT1 pH-s ta t  or  a BAT-12 LMZ + pH 340 automat ic  t i t ra t ion unit. The amount  of 
enzyme was chosen in such a way that  the t i t ra t ion  of the react ion product  f o rmed  consumed 0.05 ml  of 
the t i t rant  (0.1 M KOH) in 1 min.  The concentrat ion of subs t ra t e  of 0.1-6 m g / m l  was chosen in accordance  
with the sa tura t ion  curve  for  the subs t ra te  [3]. In the ac t iv i ty  m e a s u r e m e n t s ,  buffer solut ions were  not 
used, the pH being checked by LPM-60 M and pH-340 p H - m e t e r s .  The total  volume of the cell  was 20 ml ,  
and the t e m p e r a t u r e  25°C. 

De te rmina t ion  of Molecular  Weights by Column Gel Chromatography .  The m o l e c u l a r  weights of the 
l i pa ses  were  de te rmined  by Andrews '  method [6]. A column of Sephadex-100 (3.0 x 60 era) was ca l ib ra ted  
with s tandard  prote ins :  lac ta te  dehydrogenase  f r o m  porc ine  l i ve r  (140,000), ma la te  dehydrogenase  (124,000, 
d imer) ,  hemoglobin (68,000), bovine s e r u m  albumin (60,000), t ryps in  (23,800), and cy tochrome e f rom horse  
hear t  (12,500). The f ree  volume was found by the use of dextran blue (116 ml).  

De te rmina t ion  of Molecular  Weights by T h i n - L a y e r  Chromatography .  Sephadex G-200 was lef t  to 
swell in 0.05 M phosphate  buffer  containing 0.15 M of po tass ium chloride (pH 7.4) for  2 days  and was then 
centr i fuged at  3000 r p m  on a T-30 centr i fuge fo r  10 rain. The prec ip i ta te  was s p r e a d  in a uni form l aye r  
(0.8-0.9 ram) on a 14 x 18 cm plate.  The gel was equi l ibra ted in a closed chamber  with the buffer for  24 h. 
The samples  of prote in  were  deposi ted on the plate  by means  of a ca l ib ra ted  capi l la ry .  The angle of slope 
of the plate was 20 ° [7]. Under these conditions the ra te  of migra t ion  of the hemoglobin band was 12 m m / h .  
As s tandard  pro te ins  we used the s ame  prote ins  as  in the cal ibrat ion of the Sephadex G-100 column. I~or 
all  the pro te ins  a l inear  dependence of RHb (rat io  of the d is tances  mig ra t ed  by the prote in  under  inves t i -  
gation and by hemoglobin) on the logar i thm of the m o l e c u l a r  weight was observed.  

Sedimentat ion Analysis .  The ana lys i s  of homogenei ty and the de terminat ion  of m o l e c u l a r  weights 
by the u l t racent r i fuga t ion  method was p e r f o r m e d  on an MOM-120 ins t rument .  The speed of rotat ion of the 
centr i fuge was 50,000 rpm,  20°C. The concentrat ion of prote in  was 40 m g / m l  in 0.1 ml  of phosphate buf- 
fe r ,  pH 7.4. 

SUMMARY 

A t r i a ce t i na se  with tool. wt. 36,000 has been i so la ted  f r o m  cotton seeds  by ion-exchange c h r o m a -  
tography  on DEAE-ce l lu lose  and gel f i l t ra t ion on Sephadex G-100. 
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The homogeneity of the protein has been confirmed by the results of reehromatography and ultra-  
centrifugation. 
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