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Among the alkaline l ipases  of cotton seeds  a group of enzymes  with a pH opt imum of 9.5 stands out 
by i ts  high activi ty [1, 2]. The p re sen t  pape r  desc r ibes  the r e su l t s  of the isolat ion of t r i ace t inase  with 
tool. wt. 18,000. 

The ex t rac t ion  of the enzyme f r o m  an acetone powder  of cotton seeds  was p e r f o r m e d  with 0.1 M phos -  
phate buffer ,  pH 7.4, as in the case  of o ther  alkaline l ipases  [1-4]. The main  amount of ba l las t  p ro te ins  
was sepa ra ted  by acidifying the solution to pH 3.8. At this pH about 90% of the pro te in  p rec ip i t a tes ,  while 
p rac t i ca l ly  all  the t r i ace t inase  r em a i ns  in solution. Prolonged incubation at pH 3.8 is undesi rable ,  s ince 
it l eads  to the inact ivat ion of the enzyme.  Consequently,  the solution a f t e r  the separa t ion  of the ba l l a s t  
p ro te ins  was centr i fuged at 6000 rpm,  neut ra l ized ,  and dialyzed against  0.01 M phosphate buffer ,  pH 7.4. 
The prec ip i ta te  that deposited on dia lys is  was separa ted  off, and the solution was passed  through a column 
of DEAE-cel lu lose  for  concentrat ion.  A column with a volume of 1.5 l i t e r  and height of 40 cm is capable  
of concentra t ing about 55 g of p ro te in  in a volume of 4-5 l i t e r s .  Af ter  the adsorpt ion of the prote in ,  the 
t r i ace t inase  was eluted with a mola r i ty  gradient  of sodium chloride up to 1.0 M. The solution was desal ted 
by dialysis ,  and ion-exchange ch romatography  was p e r f o r m e d  on a column of DEAE-cel lu lose  equi l ibra ted 
with 0.01 M phosphate buffer ,  pH 7.4 (Fig. la) .  

The act ive f rac t ion  was eluted at a concentra t ion of sodium chloride of 0.8 M. The f rac t ions  p o s e s s -  
ing t r i ace t inase  act ivi ty were  col lected and desal ted by dia lys is  and were  then f reeze-dr ied .  

The following stage of pur i f ica t ion  was gel f i l t ra t ion in a column of Sephadex G-50. Here  the bulk 
of the p ro te in  having no activity was separa ted ,  but the t r i ace t inase  f rac t ion  sti l l  contained smal l  amounts  
of p ro te in  impur i t i e s  (Fig. lb).  Final pur i f icat ion was achieved by r ech romatography  on a column of Sepha- 
dex G-50 (Fig. lc) .  The enzyme obtained in this s tage p o s s e s s e d  a high activity (70,000 units) and showed 
constancy of the D28°/D26° ra t io  on a ch rom a tog ram.  The yield of pro te in  by the method descr ibed  was 30 
mg f r o m  330 g of acetone powder,  or  0.025% calculated on the total  prote in .  The yield with r e spec t  to ac -  
t ivity was 35%. A 1400-fold pur i f ica t ion was achieved. 

The homogeneity of the enzyme obtained was checked by r ech romatography  on DEAE-cel lu lose  and 
Sephadex G-50 (three t imes) .  The p ro te in  was eluted in all c a se s  as a single fract ion,  and the activity peak  
on the elution d iag ram coincided with the pro te in  peak.  No inc rease  in specif ic  act ivi ty on r e c h r o m a t o g -  
raphy was found. The resu l t s  of sedimenta t ion analys is  a lso  showed the homogeneity of the prote in .  The 
mo lecu l a r  weight calculated f r o m  the s ed imen tog ram was 19,200. The mo lecu l a r  weight de te rmined  by 
gel f i l t ra t ion  on Sephadex G-100 was 18,000. An e lec t rophore t i c  map obtained on disk e l ec t ropho re s i s  is 
shown in Fig. lc .  An analys is  of the amino-ac id  composi t ion  of the enzyme gave the following resu l t s  (~): 
lysine 1.54, histidine 6.15, arginine 4.48, aspar t i c  acid 1.78, threonine 3.26, se r ine  6.5, g lu tamic  acid9.35,  
prol ine 1.7, glycine 2.4, alanine 8.45, semicys te ine  2.23, valine 5.4, methionine 4.8, isoleucine 1.87, leucine 
6.54, ty ros ine  9.5, phenylalanine 5.1, and t ryptophan 2.6. The molecu la r  weight calculated f rom the amount 
of each amino acid was 18,500 +1200. 

The homogeneity of the pro te in  was conf i rmed sa t i s fac tor i ly  by the resu l t s  of a de terminat ion  of the 
N- t e rmina l  group of the enzyme.  The dansylat ion method showed a high degree  of pur i ty  of the t r i ace t inase ,  
and methionine was found as the only N- te rmina l  group. 
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Fig. 1. Results of the purification of 
t r iacet inase ,  a) ion-exchange chro-  
matography on DE,4E-cellulose; b)gel  
f i l trat ion on Sephadex G-50; c) r ech ro -  
matography on Sephadex G-50. 

a E X P E R I M E  NT,4L  

The methods of measur ing the t r iacet inase  activity and 
the preparat ion of the solutions of the subst ra tes  and buffers 
have been described previously [1, 3, 4]. 

Isolation of the Enzyme.  ,4n acetone powder [4] f rom 
bare cotton seeds of the variety 108-F (330 g) was extracted 
with 0.1 M phosphate buffer, pH 7.4 (6 : 1) with s t i r r ing  in the 
cold for  16 h. The suspension was centrifuged at 2000 rpm 
for  30 min in a TsLR-1 centrifuge, and the supernatant liquid 
was separated off and acidified with concentrated hydrochloric 
acid to pH 3.8 with continuous s t i r r ing.  The precipitate that 
had deposited was separated off by centrifuging at 6000 rpm 
for 30 rain, and the supernatant was neutralized with 6 MKOH 
and dialyzed against 0.01 M phosphate buffer, pH 7.4, with two 
changes of the dialysis liquid for  a day. For  the pre l iminary  
purification and concentrat ion of the enzyme f rom the dilute 
solution we used ion-exchange chromatography.  Two l i ters  of 
solution was passed through a column of DE,4E-cellulose (4.5 x 
100 cm) at the rate of 100 ml/h.  Then the column was washed 
with another 400 ml of buffer and a sodium chloride gradient 
up to 1 M in a total volume of four l i ters  was applied to the 
column. The active fractions,  with the maximum activity at 
0.8 M NaC1, were combined and were desalted by dialysis 

After dialysis for 16 h, the protein fract ion was deposited on a against 0.01 M phosphate buffer, pH 7.4. 
column of DEAE-cellulose (3.0 x 55 cm) at the rate of 45 ml/h,  and elution was per formed with 0.01 Mphos-  
phate buffer having a molar i ty  gradient of sodium chloride up to 1 M. The rate of elution was 60 ml /h  and 
the fract ion volume 10 ml. The fract ions containing the t r iacet inase  were combined (250 ml), dialyzed 
against two l i ters  of buffer, and f reeze-dr ied .  The yield of dry powder was 200 mg. The f reeze-dr ied  
powder was dissolved in 2 ml of double-distil led water  and deposited on a column of Sephadex G-50 (3.0 × 
65 cm) equilibrated with 0.1 M phosphate buffer, pH 7.4, and elution was per formed with the same buffer. 
.4 fract ion with an elution volume of 275 ml possessed  t r iacet inase  activity. The active fract ions were col-  
lected and f reeze-dr ied .  Yield 50 rag. Gel fi l tration was repeated on a column with a size of 2.0 x 120 cm 
filled with Sephadex G-50. The rate of elution was 12 ml /h  and the volume of the samples taken was 3 ml. 
The protein fraction containing t r iacet inase  was f reeze-dr ied .  Yield 30 rag. 

Molecular Weight Determination. Column gel fi l tration was per formed under the conditions described 
by Andrews [5]. ,4 column of Sephadex G-100 (3.0 x 65 cm) was cal ibrated with proteins having known mo-  
lecular  weights: catalase - 300,000; lactate dehydrogenase - 140,000; malate dehydrogenase - 124,000 
(dimer) and 62,000 (monomer); bovine se rum a l b u m i n -  60,000; h e m o g l o b i n -  68,000; t r y p s i n -  24,000; and 
cytochrome - 13,000. The molecular  weight of the enzyme under investigation was found to be 18,000. 

The molecular  weight was also determined by th in- layer  chromatography on plates of Sephadex G-200 
(14 x 18 cm 2) with an angle of slope of 15 ° [6]. The same proteins were used for  cal ibrat ion as for  column 
chromatography.  The molecular  weight of the t r iacet inase was found to be 18,200 with an e r r o r  of the de- 
terminat ion of * 8%. 

Sedimentation analysis was per formed on a MOM 120 ultracentrifuge at 50,000 rpm in 0.1% NH4HCO 3, 
pH 8.0 in the absence of NaC1. The molecular  weight calculated f rom the sedimentogram was 19,200. 

Disk Elec t rophores i s .  The concentrat ion of polyacrylamide in the concentrat ing gel was 2.5°~ and in 
the separat ing gel 7.5%. The medium was t r i s -g lyc ine  buffer, pH 8.0. The size Of the tubes was 0.5 × 6 
cm, the cur ren t  2-3 m,4 per  tube, and the voltage 400 V. To stain the proteins,  the gels were t reated with 
a solution of Coomassie  Blue. 

,4mino-Acid Analysis.  The enzyme was hydrolyzed in 6 N HC1 at ll0°C for  24 and 72 h and at 145°C 
for  4 h [7]. The hydrolyzates were investigated on a A,4,4-881 amino-acid analyzer .  The amount of protein 
necessa ry  for  one analysis was 3 rag. Tryptophan was determined by the spectrophotometr ic  method [8]. 

Rechromatography.  In an investigation of the homogeneity of the t r iacet inase,  the enzyme was passed 
three t imes through a column of Sephadex G-50, with the collection each t ime of only those samples the op- 
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t ical  density of which exceeded 0.3 D~°ax (the maximum value of the optical density was at 280 rim). The 
, ' tails" of the prote in  peaks were combined and were chromatographed on a column of Sephadex G-50 (2.0 × 
120 cm) and on a column of DEAE-cel lulose (1.0 × 22 cm). With this procedure  for  rechromatography,  no 
separat ion of the protein peak on the elution diagram or change in its symmet ry  was observed.  

Determination of the N-Terminal  Amino-Acid Residue. In o rde r  to determine the purity of the en- 
zyme reliably, the amount of N-terminal  amino acid was determined by the sensitive dansyl method [9, 10]. 
To 5-!.0 mmole of the enzyme was added 0.5 ml of 8 M urea,  0.15 ml of 0.4 M phosphate buffer, pH 8.9, 
and 0.25 ml of dimethylformamide.  Dansylation was per formed with a 1% solution of dansyl chloride in 
acetonitr i le  (0.2 ml) at room tempera ture  for 24 h [11]. The react ion was stopped by the addition of 5 ml 
of a 10% solution of t r ichloroacet ic  acid, and the protein precipi tate  was separated by centrifuging at 5000 
rpm for  15 min. The precipi tate  was washed twice with 4 ml of cold acetone, and the prote in  was hydrolyzed 
in 0.3 ml of 6 N HC1 at ll0°C for  4 h. The hydrolyzate was dried in vacuum and the dansylamino acid was 
dissolved in 0.1 ml of a mixture of acetone and 1 M HC1 (19 : 1). 

The terminal  amino acid in the form of the dansyl derivative was identified by two-dimensional  thin- 
layer  chromatography on plates (6 x 6 cm 2) of si l ica gel (1.2 ml of a 40% suspension of si l ica gel in water  
per  plate). Chromatography was per formed in the f i rs t  direction in the c h l o r o f o r m - t e r t - b u t a n o l - a c e t i c  
acid (6 : 3 .. 1) sys tem and in the second direction in th~ c h l o r o f o r m - b e n z y l  a l coho l - ace t i c  acid (70 : 30 : 3) 
sys tem twice, Rf  0.20 and 0.59 for  the N-terminal  amino acid and 0.18 and 0.6 for  dansylmethionine. 

SUMMARY 

A t r iace t inase  has been isolated f rom cotton seeds by the methods of gel f i l t rat ion and ion-exchange 
chromatography.  The homogeneity of the enzyme was shown by rechromatography,  e lec t rophores is ,  u l t ra -  
centrifugation, and a determination of the terminal  amino acid. The molecular  weight of the t r iacet inase 
obtained by four different methods (column gel filtration, th in- layer  chromatography,  ul t racentr ifugat iom 
and amino-acid  composition) is 18,000 • 1200. The amino-acid composit ion and the N-terminal  amino-acid  
residue - methionine - have been determined.  
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