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A S T U D Y  O F  T H E  O P T I M U M  C O N D I T I O N S  

F O R  T H E  E X T R A C T I O N  O F  U R E A S E  F R O M  

O F  T H E  W A T E R M E L O N  C i t r u l l u s  v u l g a r i s  

S.  I .  D i k h t y a r e v  

T H E  S E E D S  

UDC 615.322:635.654.6:577.152 

The influence of a number  of f ac to r s  on the ex t rac t ion  of u r e a s e  f rom the seeds  of the w a t e r -  
melon  Citrullus" vu lgar i s  Schrad. has  been inves t igated by file method of ma thema t i ca l  planning 
of expe r imen ta l  work.  On the bas i s  of the r e su l t s  obtained,  using the method of s t e epes t  a s -  
cent ,  the op t imum conditions of  the ext rac t ion  p r o c e s s  ensur ing  the m a x i m u m  speci f ic  a c -  
t ivi ty of the enzyme have  been de te rmined .  

Recent ly ,  enzyme p repa ra t i ons  have  been finding eve r  g r e a t e r  use  in medic ine  [ 1, 2]. In addition to the 
main  d i rec t ion  of the use  of enzyme  p r e p a r a t i o n s  in subst i tut ion the rapy ,  to supplement  a def ic iency of enzymes  
causing var ious  d i s e a s e s ,  t he r e  is  i n t e r e s t  in the use  of enzymes  for  diagnosis  and as  ca ta lys t s  of the hyd ro ly -  
s i s  of  p a r t i c u l a r  toxic p roduc t s  of  the me tabo l i sm.  One such enzyme is u r e a s e ,  which ca ta lyzes  the hydro lys i s  
of  u rea .  An ana lys i s  of  file l i t e r a t u r e  shows a g r e a t  i n t e r e s t  in the use  of  u r e a s e  fo r  the pu rposes  of diagnosis  
[3-5] and,  in the immobi l ized  f o r m ,  for  the hydro lys i s  of u rea  in "ar t i f ic ia l  kidney" appa ra tuses  [6]. 

Tne mos t  impor tan t  s tage  in the isolat ion of u r e a s e  f r o m  plant raw m a t e r i a l  is the ext rac t ion  p r o c e s s .  
The p r o c e s s  of ex t rac t ing  enzymes  is a f fec ted  by such fac tors  as the deg ree  of comminut ion of the raw m a t e r i a l ,  
the t e m p e r a t u r e  of the p r o c e s s ,  the t ime  of ex t rac t ion ,  the pE of  the ex t rac tan t ,  and the ra t io  of  r aw m a t e r i a l  
and ext rac tan t .  To check the s ignif icance of these  f ac to r s  we have p e r f o r m e d  an expe r imen t  of the 25-2 f r a c -  
tional rep l ica  type.  The use  of  such a f ract ional  rep l ica  p e r m i t s  the de te rmina t ion  of the s ignif icance of a l a r g e  
n u m b e r  of  f ac to r s  in the de te rmina t ion  of opt imum conditions with the min imum number  of  expe r imen t s  and 
enables  the t i m e  of  exper imenta t ion  to be substant ia l ly  shor tened [7, 8]. 

To p e r f o r m  the exper imen ta l  invest igat ions we introduced the following coding of the f a c to r s :  
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T A B L E  1. P l a n  a n d  R e s u l t s  of  t h e  e x p e r i m e n t  

Num- 
ber xa X 3 X 4 X 5 re rc Ye-- Yc (¥e-- Y02 

1 -- - -  - -  [ + 273,0 273,05 

2 - -  -- - -  I - -  + 146,5 138,59 

3 + --  - -  I -- + 117,8 125.63 

4 T -- - -  I _a_ _ 186,2 186,05 

5 - -  - -  + I n- + 162,0 161.87 

6 - -  + + [ - -  - -  180.2 188,05 

7 q- --  + I - -  -- 183,0 175,09 

8 + + ~" I + + 74,8 74,87 

9 0 0 0 I 0 0 165,9 165.25 +0,65 0.4225 

I0 0 0 0 [ 0 0 165.3 165,25 +0,05 0.0025 

11 0 0 0 I 0. 0 164.2 165,25 --!.05 1,1025 

12 0 0 0 I 0 0 165.1 165,25 --0.15 0.0225 

13 0 0 0 I 0 0 165,7 165.25 +0,45 0.2025 

14 0 0 0 1 0 0 165.3 165,25 +0,05 0,0025 

E=1,7550 

Factor Particle pH of the Time of Tempera- Ratio of raw 
size, nm extrac- extrac- ture of the material and 

rant tion, h process, *C extractant 

Code symbol X~ X.. A~ X, X5 
Base l eve l  X o 3 7,0 .'20 1 : 5  
Interval  o f  var ia t ion,  

~X 2 1.0 1 l0 1 : 2 
Upper level, +1 5 8,0 3 30 1 = 7 
Lower level, --1 l 6.0 1 10 1 : 3 

T h e  d e c i s i v e  c o n t r a s t s  o f  t h e  g i v e n  q u a r t e r - r e p l i c a  a r e  a s  f o l l o w s -  X 4 = X 1 • X2, a n d  X~ = X 1 • X 2 • X3. 

T h e  o p t i m i z a t i o n  p a r a m e t e r s  u s e d  w e r e  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  u r e a s e ,  e x p r e s s e d  in  ~ m n e r  u n i t s  r e -  

f e r r e d  t o  u n i t  o f  p r o t e i n .  

On t h e  b a s i s  of  t h e  v a l u e s  o f  Y e  o b t a i n e d ,  f o r  e a c h  e x p e r i m e n t  w e  d e t e r m i n e d  t h e  c o e f f i c i e n t s  o f  t h e  r e -  

g r e s s i o n  e q u a t i o n :  

~ x • a~r 1323. 5 ~-r " t 
B° -~-- n 8- 165.4, B I n = 24.99, 

B2= - -  18,51, B 3 = 15,43, B , =  + 8.56, B.~ = - -  40.16. 

~11e c a l c u l a t i o n  o f  t h e  e s t i m a t e  o f  t h e  d i s p e r s i o n  o f  a n  e x p e r i m e n t  w a s  c a r r i e d  o u t  o n  t h e  b a s i s  o f  t h e  r e -  

s u l t s  o b t a i n e d  i n  t h e  c e n t e r  o f  t h e  p l a n  w i t h  r e s p e c t  t o  t h e  b a s e  l e v e l  of  a l l  t h e  f a c t o r s  ( e x p e r i m e n t s  9 - 1 4 ) .  

Yp 3~Y° = 165 .25 ,  S~r = 1. 7 5 5 0 : 5  O. 351, S~',, = 0 . 3 5 1 : 8  = O. 044, S,,  - V-O, 044 = o. 21 
n 

On c a l c u l a t i n g  t h e  v a l u e s  o f  t h e  t r a t i o s  ( S t u d e n t ' s  c r i t e r i o n )  a n d  c o m p a r i n g  t h e m  w i t h  t h e  t a b u l a r  v a l u e  

0 . 9 5  (5) = 2 . 5 7 ,  w e  c o n v i n c e d  o u r s e l v e s  t h a t  t h e  e x p e r i m e n t a l  v a l u e s  of  t h e  t r a t i o s  f o r  a l l  t h e  c o e f f i c i e n t s  w e r e  

g r e a t e r  t h a n  t h e  t a b u l a r  v a l u e s  a n d ,  c o n s e q u e n t l y ,  a l l / h e  c o e f f i c i e n t s  w e r e  s i g n i f i c a n t :  

B0 165.4 i o = ~ =  0 . - - -5 i -=787"6 '  t , = l 1 9 . 0 ,  t 2 = 8 8 .  14, t ~ = 7 3 , 4 7 ,  

t4 = 40, 76, [~ = 191 .24 .  

On t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d ,  t h e  p r o c e s s  o f  t h e  e x t r a c t i o n  o f  u r e a s  f r o m  w a t e r m e l o n  s e e d s  c a n  

b e  d e s c r i b e d  b y  t h e  f o l l o w i n g  e q u a t i o n :  
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Y =  165. 4 - -  24. 99x, 18.51 xz-- 15. 43 xs+ 8. 56 X4-- 40. 16xs. 

Let us de termine  the adequacy of  the equation to the experimental  resu l t s .  For  this purpose ,  by subs t i -  
tuting in the equation the values of Y for  each fac tor  we o~tain Yc- Since the experimental  and calculated values 
of Y do not coincide at each point of the plan, the theoret ical  deviations f rom the experimental  values ,  the squares  
of the deviations,  the dispers ion of adequacy, and the experimental  value of the Fisher  c r i te r ion  a re  considered.  
The value obtained F e = 0.13 is compared  with the tabular value F0.gs(2.8 ) = 4.46, and since F e < Fta b all the c o -  
efficients of the equation a r e  adequate to the resul ts  of the experiment.  

In an analysis  of the signs of the coefficients of the r eg res s ion  equation it is possible to draw the conclu-  
sion that the yield of the p rocess  (specific activity) r i ses  with a dec rease  in the degree  of comminution of the 
raw mater ia l  (Xi), in the pH of the a t t rac tant  (X2), in the type of extraction (X@, and in the rat io of  raw mate r ia l  
and extractant  (Xs) and with a r i se  in the t empera tu re  of  the p rocess  (X4). The coefficients of the equations 
enable us to judge the degree  of influence of each factor .  It is obvious that the g rea tes t  influence is exerted by 
the rat io of raw mate r ia l  and extractaut  (B 5 = - 4 0 . 1 6 ) ,  and then the comminution of the raw mater ia l  (I31 = 
-24.99) and, to a somewhat  sma l l e r  degree ,  the pH of the extractant  032 = -18.51) and the t ime of extract ion 
(B 3 = --15.43). The tempera tu re  of the p roces s  has only a slight effect (B 4 = +8.56). 

The finding of the coefficients of the r eg res s ion  equation enabled the extract ion p rocess  to be optimized. 
For  this purpose we used the method of s teepes t  ascen t :  

Characteristic X: X= )(3 X4 Xs Yo 
Base 1eve1. 

Xo 3,0 7.0 2 9-0 I : 5 
Interval of varia- 
tion A X  2 . 0  1 . 0  I I 0  1 , 2  

Coefficient Bi --24.99 --18.51 --15.43 +8,56 ---40.16 
a X . ~ i  --49,98 --18.51 --15,43 +85.6 80.82 
RCa(ulCUlation step -0.5 - - 0 . 1 8  -0.15 -0.85 --0.8 h 

naed-off step h --0,5 --0.2 --0.15 +l.O ---0.8 
] 3.0 6.8 1.85 21 1:4,2 274,82 

Imagi .nary 2 2,5 6.6 1.70 22 1:3.4 283.33 
expert- 3 2.0 6,4 1,55 23 I : 2,6 211.95 
merits 4 1,5 6.2 1,40 24 I : 1.8 178,22 

5 1,0 6.0 1,25 25 1 : 1 - -  
6 0.5 5.8 l,l 26 1:0.2 - -  

As the unit step we took a change in the par t ic le  s ize  of the raw mater ia l  by 0.5 mm. F o r  the other  factors ,  

the size of the step was dec reased  by a fac tor  Ax. B i 100,  The conditions of  experiment  2 a r e  taken as op -  0.5 

t imal.  Thus, to achieve the maximum yield of the extract ion p rocess  (specific activi ty o f  the enzyme) the fo l -  
lowing a r e  requi red :  raw mater ia l  with a par t ic le  s ize  of 2.5 re_m, extractant  with a pH of 6.6, t ime of ex t r ac -  
tion 1.70 h (1 h 42 min),  t empera tu re  of  the p rocess  22°C, and ratio of raw mater ia l  and extractant  1 : 3.4. 

From technological cons idera t ions ,  in the p rocess  of obtaining u rease  it is possible to c a r r y  out e x t r a c -  
tion within the l imits  of the experiments  1 and 2 for  all the fac tors  of the r eg res s ion  equation. Experiments 5 
and 6 were  not pe r fo rmed ,  since at a rat io of 1 : 1 the extractant  was absorbed by the raw mater ia l  with the r e -  
quired par t ic le  s ize.  

EXPERIMENTAL 

In the per formance  of the experiments  we used seeds of the table watermelon of the Ogonek var ie ty ,  spe -  
c ies  Citrullus xnzlgaris Schrad. The seeds were comminuted by a single method - c r u s h i n g  with a smooth-ro l l  
c rushe r .  For the sieving analysis  of the comminuted plant raw mater ia l  we used a sieve according to GOST 
[All-Union State Standard] 214-57. The extractant  was 0.1 M sodium-potass ium phosphate buffer. The pH of 
the extractant  was checked on a model  pH-340 pH mete r .  A weighed sample of r aw mate r i a l  with the given 
degree  of comminution was ext rac ted  by the macera t ion  method. The meal  was p res sed  through gauze and the 
final c lar if icat ion of the ext rac t  was achieved on a TsLB- re f r i ge ra t ed  centrifuge at 4°C and a speed of 3000 rpm 
for  25-30 min. Urease  activity was determined by Sumner ' s  method [9], and the concentrat ion of protein in the 
ex~rac~ Dy Lowry ' s  method [10]. The optical densit ies of colored solutions were  measu red  on a F]~K-56M pho-  
teelectr ic  co lo r ime te r  in cells  with a l aye r  thickness of the liquid of 10 mm using light f i l ters  5 and 8, r e s p e c -  
t ively,  for  the above-mentioned m e t h o d s .  
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S U M M A R Y  

The influence of the main  f ac to r s  on the p r o c e s s  of ext rac t ing  u r e a s e  f r o m  wa te r  melon seeds  has  been 
studied.  The op t imum values  of the f a c t o r s ,  deg ree  of coraminution,  pH of the ex t rac tan t ,  t ime  of ext rac t ion ,  
t e m p e r a t u r e  of the p r o c e s s ,  and ra t io  of raw m a t e r i a l  and ex t rac tan t  have  been de te rmined .  
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A N  I N V E S T I G A T I O N  O F  T I l E  F R A C T I O N A L  C O M P O S I T I O N  

O F  D I O X A N E  L I G N I N  O F  T I l E  C O T T O N  P L A N T  

B Y  T t t E  P M R  M E T H O D  

L .  S. S m i r n o v a ,  K. L .  S e i t a n i d i ,  
K h .  A .  A b d u a z i m o v ,  a n d  M. R.  Y a g u d a e v  

UDC 547.458.84 + 549.927.2 

Analys is  of  the PMB spec t r a  of s ix f rac t ions  of the dioxane lignins of the cotton plant  d i f fer ing 
cons iderab ly  in m o l e c u l a r  weight has  confirmed the i r  chemica l  nonidentity.  It has  been e s t a b -  
l i shed that  the l o w - m o l e c u l a r - w e i g h t  f rac t ions  a r e  l e s s  condensed than the h i g h - m o l e c u l a r -  
weight f rac t ions .  It  has  been found that  al iphatic  Oil groups  a r e  app rox ima te ly  evenly d i s t r ibu ted  
between the ~ -  and ~/-C a toms  of the lignin side chain. 

We have  s epa ra t ed  the dioxane lignin of the r ipe  s t e m s  of the cotton plant  of va r i e ty  108-F  (DLA) into 
s ix  f rac t ions  d i f fer ing  cons ide rab ly  in m o l e c u l a r  weight [1]. The chemica l  nonidenti ty of the f rac t ions  has  been 
shown by the fact  that they contain d i f ferent  amounts  of functional groups  in the phenylpropane s t ruc tu ra l  units 
(PPSUs), by a compar i son  of the re la t ive  optical  dens i t ies  of the main  bands in the i r  IR s p e c t r a ,  and a lso  by  an 
ana lys i s  of the products  of  alkal ine n i t robenzene  oxidation [2]. Continuing a study of  the f rac t ions  obtained,  we 
have  inves t iga ted  the i r  PlVIR spec t r a  a f t e r  aeetyla t ion.  As was shown p rev ious ly ,  this  method g ives  e x t r e m e l y  
valuable  informat ion  in the c o m p a r a t i v e  s tudy of d i f ferent  dioxane lignins of  the cotton plant.  

The conditions of record ing  the PlVIR spec t ra  and the methods for  t r ea t ing  them have  been given p r e v i o u s -  

ly [3]. The r e su l t s  of the  p r e s e n t  invest igat ion a r e  given in Table 1. 

Analys is  of the n u m b e r s  of f r e e  a roma t i c  protons  (zone I) showed that  in the var ious  f rac t ions  they ranged 
f r o m  2.02 to 2.16 p e r  C 9. Knowing that  in all  f rac t ions  the amount  of p - c o u m a r y l  s t r u c t u r e s  was 10-15 t imes  

Insti tute of  the Chemis t ry  of Plant  Substances,  Academy of Sciences of  the  Uzbek SSB, Tashkent .  T r a n s -  
la ted  f r o m  Khimiya t>rirodnykh Soedinenii,  No. 1, pp. 116-120, J a n u a r y - F e b r u a r y ,  1980. Original a r t i c l e  sub -  

mi t red  July 5, 1979. 
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