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AB S TRAC T 

Th e p u r p os e s  of this s tudy w e r e  t o  p a r t i a l l y purify 

p e c tin me thy l e s t e r a s e ( PME ) of S ou th e r n  p e a s  ( Vigna 

s i ne n s i s ) ,  to d e te rmine op timum pH a nd NaC l c on c e n tr a t i on 

f or maximum e n z yme a c tivity , to mea s ur e  th e e n e r g y  of 

a c tiva t i on a n d  k i n e tic r e a c t i on s , a n d  to a s c e r t a in t h e  

pr e s e n c e  of mu l tip l e  mol e c u l a r  f orms o f  the e n z yme a n d  

th e i r  is oe l e c tric poin t s . 

PME w a s  e x t r a c t e d  f r om an a c e tone pow d e r  p r epar a tion 

and p urif i ed by a two- s te p  ammon i um s u l f a te f r a c t i on a t i on 

a n d  dialy s is . Th e a c tiv i ty of the p a r tia l l y  p urifie d  

e n z ym e  w a s  s i g n i f i c a n t l y  ( p  < 0 . 0 5 )  i n f l u e n c ed by pH , Na C l  

c on c e n t r a t i on , and the i n t e r a c tion b e tw e e n  p H  a n d  Na C l  

c on c e n t r a t ion . T h e  op t imum p H  a n d  NaC l c on c e n t r a t i o n  w e r e  

7 . 9 a n d  0 . 2 5 M ,  r e s pe c t i ve l y . Th e e ne r g i e s  o f  a c t i va t ion 

w e r e  c alc u la ted to b e  4 , 90 0 , 5 , 9 5 0 , a n d  6 , 90 0  c a lor i e s /mole 

a t  pH 6 . 0 ,  7 . 0 ,  and 7 . 0 ,  r e s p e c tive l y . PME h a d  a K of 
m 

0 . 78 1% pe c tin N.F. and a V o f  24.34 PME units . 
max 

Addit i o n a l  p ur i f i c a t i on w a s  a c h ie ved b y  mea n s  of 

c olumn c h r omatog r aphy o n  DEAE- c e l l ul o s e  a n d  S pe h a d e x G- 1 00 . 

Th e PME p r e p a ra t i o n  t h u s  ob ta i n ed w a s  s ubje c t e d  to ge l 

e l e c t r ofoc u si ng . O n e  P ME c omp on e n t  and two prote i n  

c omp on e n t s  w e r e  d e t e c te d . Th e i s oe l e c t r i c  p oi n t  of th e P ME 

was 4 . 5  a t  2 0 ° C .  
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CHAPTEr< 

I NT R ODUCT I ON 

P e c tin m e t hy l  e s t e r a s e  ( P ME , EC 3.1. 1. 1 1) c a ta l y z e s  th e 

s t e r i f ic a t ion of th e m e th y l  e s t e r  group s o f p o  

a d u nits of p e e  n .  I t  i s  f ou n d  i n  many h i gh e r  

l n  s ome mi c r oorg a n i sms . 

l a c t u r on i c  

a n t s  a nd 

Th e e n z yme is o f  g r e a t  i n tere s t  1n p l a n t  t i s s u e s  a n d  h a s  

b e e n  th e s ub je c t  of a numb e r  o f  s tudie s b e c a u s e  o f  th e rol e 

of p e c t i c  s ub s t a nc e s  i n  i n fl ue nc i ng t h e  s truc tu r e , t e x tu r e , 

a nd c ha ra c t e r  of food s of p l a n t  orig i n . Th e a c t i vi o f  PME , 

in the p r e s e n c e  of c a l c ium ion s , b r ings abou t  a d e c r e a s e  of 

s ol ub il i ty of the pee c s ub s t a n c e s  a n d  r e s u l t s i n  s e d  

firmn es s  o f  p l a n t  s s u e s . Th e s of n g  o f  p l a n t t i s s ue s  

d u r  r i pe n i ng o r  s ls a l s o  though t to b e  c a u s e d  b y  

PME a c t i vity p r  r t o  a n y  a p p r e c i ab l e  d e g r a d a tion b y  the 

polyg a l a c tu r on a s e .  

PME is f irm l y  b ou n d  t o  the p l a n t  c e l l wall mater i a l s  a n d  

e x t r a c ted w i th f a i r l y  h i  

a lk a l in e  pH . The a c ti v i  

c on ce n t r a t  ns of s a l t  a t  

o f  PME i s  infl u e nc ed c on s id e r ab l y  

b y  the c on c e n t r a tion a n d  t y p e  of s a l t p r e s ent . O p timum 

of this e n zyme is a l s o  a f f e c te d  b y  t he p re s en c e  of s a l t s . 

I n  ge n e ra l , PME of hi g he r  p l a n t s  i s  s omew h a t  mor e h e a t  

s tab l e  a n d  exh ibits a b r oa d  h igh e r  p H  op t imum a s  c ompar 

w i th t h a t  of m i c r oorganisms . 

1 



Mul tip l e  mol e c u l a r  f orms of PME f r om a va r ie ty of 

high e r  p l a n t s  a n d  m i c r oor g an i sms h av e  b e e n i s ol a ted a n d  

we l l  c h a r a c t e r iz ed . 

2 

A l th ough th e e x t r a c tion c h a r a c ter i s t i c s  of PME f r om 

dif f e r e n t  s our c e s  a n d  its phy s ic ochem i c a l  p r op e r t ie s  h a v e  

b e en e x t e n s iv e l y  s tudied , th e r e  is l i tt l e  i n f orma t ion 

c on c e r ning th e phys i c oc h emic a l  p rop e r t i e s of PME i n  S ou th e r n  

pe a s . Th e p urpos e s  of t h is s tudy w e r e  t o  pa r t i a l ly pur i fy 

PME of S ou th e r n  p e a s  ( V i gna s i n e n s i s ) ,  to determ i n e  op t i mum 

pH a n d  N a C l  c on c e n t r a t i on f or maximum e n zyme a c t i v i ty , to 

mea s u r e  th e e n e rgy of ac t i va t i on and k i n e t i c  r e a c tion s ,  a n d  

to a s c e rta i n  th e p r e s e n c e  of mu l t i p l e  mol e c ul a r  f orms of the 

en z ym e  a n d  the i r  i s oe l e c t r i c  poi n t s . 



CHAP TE R I I  

REV I EW O F  L I TERATU RE 

I .  S OU RC E S  OF P E C T I N  ME THYL E S TE RA S E  

P e c t i n  m e th y l  e s t e ras e ( PME , E C  3 . 1 . 1 . 1 1 )  lS w i d e ly 

dis t r ib u t e d  i n  th e variou s t i s s u e s  of man y  h i gh e r  plan t s . 

I t  i s  als o prod u c ed b y  num e r ou s  m i c r oor g anisms . Sou r c e s  of 

the e n z yme wh i ch h av e  b e en s tud i e d ar e alf alfa ( 3 2 ) , apple 

( 3 1 ) , avoc ado ( 6 1 ) , b an an a  ( 2 1 ) , c ar rot ( 8 ) , c u c umb e r  ( 2 ) , 

oran g e  (9, 2 4 , 3 4 , 54 ) ,  papay a ( 3 ) , pear ( 4 5 ) , s n ap b e an ( 59) ,  

S ou th e r n  pe a ( 5 ) , s oy b e an ( 4 ) , tob ac c o  leaf ( 1 8 ) , tomato ( 7 , 

1 3 ,  1 5 ,  1 7 , 3 8 ,  4 6 ) , fu ngi (JO, 4 3) , ann bact e r ia (42). 

Mac Don n e ll e t  al . ( 3 4 )  f ound that th e f lavedo i n  c i t r u s  

f ru i t s h ad a h i gh e r  PME ac t i v i ty than d i d  th e al b e eo .  Th e 

pr e s s  ju i c e  of the f lav ed o ,  as w e ll as th e f i lte r ec f r u i t 

ju i c e s , c on tai n e d  l i t tle or no e n z yme ac t i v i ty . Th e ju i c e  

s a c s  of or an g e  var i e t i e s c on t a i n e d  t h e  mos t PME ac t i v i ty , 

w h i le the g r eate s t  amo u n t  of pe c ti n  w as pre s en t  i n  th e 

memb r an e  ( 5 4 , 5 5 ) . H old e n  ( 1 8 )  s how e d  that th e s ap of tobac c o  

leav e s  c on tai n e d  only a s mal l propor tion o f  t h e  t otal PME 

pr e s e n t , mos t of wh i c h w as as s oc i ated w i th th e f i b e r . 

3 



II . SUBS TRi'\TE FOR PECTIN r1ETHYL ESTERASE 

Pectin , the s ub strate o f  PME, is a poly s a c  de 

compo s e d  nc i p ally o f  alph a- D-(1, 4 ) - g alactu r o nic acid 

4 

uni t s  o r  the me thyl e s te r  o f  t h e  units (36). Th i s  s ub s tance 

also pos s e s s e s  va rying amo unts o f  L- rh amno s e, L- a r abino s e , 

D- g alacto s e , and tr ace s  o f  oth e r  neutral s uoa r s  a s  its 

inte g r al pa rts ( 4 1) .  In natu r al pectin, a p p r o x i mately 

two - th ird s o f  the carbo xyl i c  ac i d  groups a r e e s te ri fie d 

with meth anol. The ree o f  e s t e ri fica t i on o f  a pa rticula r 

p ectin d e pend s upon its s ource and e xtr act i on method (36) 

The a c tivi o f  PME s eems to be little related to th e 

mol ecul a r  weight o f  p ectin (8 ). 

P ecti n  h a s  an impo rtant structu r al r ole in th tis s ues 

o f  h er plants . It d e p o s ited in th e cell wall wh e r e  it 

acts a s  "inte rcellula r  cement .. " Th e e nzymatic b r e akd own o f  

p ectin may lea d to 

It is general 

s s u e macera on (36) . 

bel i eved, although only partly und e r s tood , 

that th e noncellulosic cell wall polysaccharide such as 

p ecti n  is s ynth e s ized in vesicles de rived f r om th e Golgi 

body s o  th at the bio synthesi s o f  the PME may be deriv e d  from 

th e Gol g i  b o dy ( 4 4 ). Th e newly formed pe c t in and the PME 

a r e  k ept a p a r t  by li d memb r ane s o f  the cells a s  long a s  

th e integ ri o f  the structu r e  is mai ned ( 2 S) . 



III. MODE OF ACTION OF PECTIN METHYL 
ESTERASE 

5 

PME i s  a h i ghly s p ec i f i c  e n z yme . Ma c Don nell e t  a l . ( 3 5 )  

ob s e rv ed th a t  PME f rom the or ang e  a c t e d  on p e c t i n  a t  le a s t  

1 , 0 0 0  tim e s  a s  f a s t a s  on v a r i ou s  nong a la c turon i de e s t e r s ;  

L i newe a v e r  a n d  B a llou ( 32) f ou nd tha t  a l f a l f a  PME de e s t e r i f i ed 

pe c t i n  a t  le a s t  s ev e ral h und r e d  times a s  f a s t  a s  i t  d id e i th e r  

a l pha-m e th y l - D-g a lac tu rona t e  or a lph a-methyJ- D- g a la c t u r ona t e  

methyl g ly c os i d e . 

L e e  a nd Ma cmil l a n  ( 3 0 )  r e por t ed tha t a pp r ox i ma t e ly 50 % 

of t om a t o  PME a c t iv i ty w a s  i n i t i a ted a t  or n e a r  th e r e du c i ng 

e nd s  of h i ghly e s terif i e d p e c t i n  mole c u le s , and s uage s t e d  

tha t t h e  r ema i ni ng e nzyma tic ac tiv i ty would oc c u r  a t  s ome 

s e c ond a r y  loc u s  or loc i ne x t  t o  f r e e  c a rboxyl g r ou ps . 

H ow e v e r , De u e l  a nd S tu t z  ( 8 )  i nd i ca ted tha t PME o f  th e or ange 

h y d r ol y z e d  only m e th y l  e s te r  g r oups a d j a c e n t  to fr ee c a rb ox y l 

g r oups a n d  the h y d r oly s is would th e n  p r oc e e d  a l ong th e p e c tin 

c h a in b y  th e s ingle c h a i n  m e c h a ni s m . 

P r e s s ey and Ava n ts ( 5 0 ) s ug g e s ted th a t  on e of th e PME 

fo rms that th e y  found in tomato miqh t f unc t i on to c r e a t e  

initia t i on poi n ts f or t h e  d e e s t e r if i c a t i on by th e o t h e r  

e n z ym e s . 

A random d i s trib u t i on of th e f r e e  c a rbox y l  groups 1s 

obs e rved d u r ing alk a l i ne d e e s t e r i fic a t i on of p e c tin , wh e r e a s  

a b l ockwis e a r r a ngeme nt of the f r e e  c a rbox yl g r ou p s  1s 

form e d  d u r ing e n z yma tic d e e s t e r i f i c a tion ( 8 ,  2 8 ) . 



I V . P ROPERTIES OF P ECT I N  MFTHYL E S TERASE 

L i n ew e a v e r  and B a l l o u  ( 3 3 )  found th a t  t h e  a c t i v i ty o f  

a l f a l f a PME a t  p H  5 . 7 i nc r e a s e d 3 0 - fo l d  i n  th e p r e s e n c e  o f  

0 . 2 M mo nova l en t  o r  0 . 0 2 M d i v a l e n t  c a t i o n s , and c o n c l u d ed 

tha t a l a rg e  p a r t  o f  t h e  a c t i va t i on w a s  d u e  to i n te r a c t i o n  

b e tw een c a t i o ns a nd p e c t i n  ( 3 2 ) . I n  g e n e r a l ,  mono - a n d  

d i va l e n t  c a t i on s  s t i mu l a te the a c t i v i t i e s o f  b o th p l a n t  a n d  

f ung a l  P ME ( 1 0 ,  2 7 , 3 3 , 4 0 ) , wh i l e t r i - a nd t e tr ava l e n t  

c a t i o n s  i n h i b i t  the e n z yme a c t i o n s  ( 1 0 ) . 

Th e c o n c e n t r a t i o n  a n d  ty p e  o f  s a l t  p r e s e n t  ln th e 

r e a c t i o n  m e d i um n o t  o n l y  a f f e c te d  th e a c t i v i ty o f  PME ( 3 3 ) , 

but a l s o  a f f e c te d  th e e x t r ac t i o n , e l u t i on , a n d  s tab i l ity o f  

t h e  e n zyme ( 3 4 ) . The o p t i mum s a l t  c o n c e n tr a t i on var i e d 

cons i d erab l y  d e p e nd i ng o n  th e s o u r c e  a n d  d egr e e  o f  pur i ty 

6 

o f  PME , a s s a y c o nd i t i on s , and type o f  s a l t  p r e s e n t  ( 2 ,  5, 10 , 

2 6 , 3 4 , 4 0 , so, 59) . 

P ME a c t i v i ty i s  m a r k ed l y  a f f ected b y  t h e  pH o f  th e 

r e a c t i o n m i x t u r e  a nd o p t i mum pH o f  th i s  e n zyme i s  a l s o  

i n f l u e n c e d  b y  the amou n t  a nd k i nd o f  s a l ts p res e n t  ( 3 4 )  

Ke r t e s z ( 2 7 )  e xp l a i n e d  th a t  th e e f f e c t  of a d d e d  s a lt s  i s  

gene r a l l y to l ow e r  th e p H  o p t imum an d to e x te nd th e a c t i v i ty 

r a n g e  to l ow e r  p H  r eg i on s . Con t r a ry to the a c t i v i ty o f  PMB o f  

h i g h e r  p l a n t s , o n e  f u ng a l  PMB w a s  found a c t i v e  i n  a s a l t  f r e e  

me d i um a n d  t h e  a dd i t i o n  o f  s a l ts d i d  n o t  c a u s e  a d r i f t  o f  

opt i mum p H  r a ng e s  ( 2 7 ) . 



P l a n t  PME s how s o ptimum a c tiv i ty n e a r  n eu t r a l i ty . 

Fung a l  P ME h a s  a pH o p timum g e ne r a l ly i n  th e a cid r a n g e , 

whi l e  b a c t e r i a l  PMR h a s  a p H  o p t i mum in the a l k a l ine r a n g e  

( 5 1 )  

7 

Th e f irming o f  c a nn e d  tom a t o e s  

by th e a dd i t i o n  o f  c a l c i um s a l t s . 

1s u s u a l l y  ac c omp l is h e d  

H s u  e t  a l . ( 2 0 )  f o u n d  th a t  

the ac t i v i ty o f  P ME in c a nned tom a to e s  w a s  r e s po n s ib l e  f o r  

a n  i n c r ea s e  o f  l ow-m e thoxy l p e c tin f o r  c a l c i um p e c ta te 

fo rm a t i o n , wh i ch in turn , r e s u l t e d  i n  a h i gh e r  f i rm n e s s .  

S o f t e n i ng o f  p l an t  t i s s u e s  d u r i ng r i p e n i ng o r  s to r age lS 

thou gh t to b e  a s s oc ia t e d  w i th d e e s terif i c a t i o n  b y  P ME p r 1 o r  

t o  a n y  a p p r e c i ab l e  d e g r ad a t i o n  by po l y g a l a c tu r o na s e  ( 8 , 17) . 

PME o f  h i gh e r  p l a n t s  is mo r e  h e a t s tabl e than th e 

fung a l  p r e pa r a tio n . Wh e n  mold and tom a to PME w e r e  subje c ted 

to v a r i o u s  temp e r a tu r e s  f rom 0 °  to 5 0 ° C  for o n e  h o u r  a t  

pH 5 . 8 - 6 . 0 ,  th e former w a s  ra p i d l y  i na c t i va t e d  a t  40 ° C  a nd 

above , wh e r e a s  th e l a tter w a s  una f f e c t e d  even a t  5 0 ° C ( 4 0 ) . 

In g e n e r a l ,  PME is mo r e  s u s c e p t i b l e  to h e a t  d e n a tu ra t i o n  a t  

aci d i c  p H  tha n  a t  a l k a l i n e  p H . Va n B u ren e t  a 1 .  ( 59) found 

tha t t h e  PME in th e pod of  s n a p  be ans w a s  mo r e  h e a t  r e s i s ta n t  

a t  pii 6 . 5  t h a n  t ha t  i n  a n  a c e tone powd e r .  

Co l l i n s  ( 5 ) ob s e rved th a t  S o u th e r n  p e a s  s u bje c te d  to 

fro z e n  s to r ag e  had a h i ghe r a pp a r e n t  a c tiv i ty th a n  t h e  f r e s h  

p e a s , a nd t h e  i nc r e a s e d a c t i vity wa s mo r e  pro n o u n c e d  in th e 

mo r e  ma tu r e  p e a s . Fro z e n  s to r a g e  did no t g r e a t l y  r e du c e  th e 
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PME a c t iv i ty i n  s nap b e a n s , b u t  th e e n z yme d e s troyed by 

b l a n ch i ng w a s  no t r e ge n e ra ted upon f r o z e n  s to r a g e  ( 59 ) . 

The amo u n t s o f  PME i n  v a r i o u s  h i gh e r  p l a n ts i nc r ea s ed 

w i th m a tu r i ty a s  r epo r te d  f o r  b a n a n a  ( 2 2 ) , c h e r ry ( 51 ) , 

o r a n g e  ( 54 ) a n d  tom a to ( 1  7 )  , o r  i t  d e c r e a s e d  a s  ob s erved 

for avo c ado ( 6 1 ) , pear ( 4 5)  and S o u th e r n  pea ( 5) , o r  i t  

rema i n e d  c o n s ta n t  a s  f o u n d  f o r  c u c umb e r  ( 2 )  a n d  tob a c c o  

l e a f  ( 1 9 ) . Th e a c t i v i t i es o f  PME a l s o  va r i e d  w i th s e a s o n a l  

c ha n g e s  ( 54 , 6 1 ) , v a r i e t i e s  ( 5) , s to r a g e  c o n d i t i o n s  ( 51 , 6 1 ) , 

f e r t i l i z e r  c omp o ne n t s ( 1 6 , 1 9 ) , a nd e th yle n e  t r e a tm e n t ( 1 1 ) . 

V .  CHARACTE RI ZAT I ON OF PECT I N  METHYL 
ES TERAS E 

Le e and Macmi l l a n  ( 2 9 )  repor ted t h a t tom a to P ME s ta i n e d  

o n l y  f a i n t l y w i th p r o t e i n  s ta i n s s uc h  a s  Am i do b l a c k  o r  

a n i li ne bla c k , b u t mo r e  s tr o n g l y  w i th l i p i d  s ta i n s  s u ch a s  

s ud a n  b l a ck B o r  o i l  r e d  0. Li p i d  c omp o n e n t s  w e r e  f o u n d  by 

g a s  c h roma tog r a ph y  in e x t r a c t s  of a l k a li n e  h yd r o l y s a te s  o f  

the purified enzyme, and it was tentatively concluded that 

toma to PME i s  a l i p o p r o t e i n . 

D e l i nc e e  a n d  Rad o l a  ( 7 )  found t h a t  toma to PMP. s ta i n e d  

r e ad i ly wi t h  a c a rbohyd r a t e  s ta i n suc h  a s  PAS ( pe r i od i c  

ac i d- S ch i f f ) , a nd th a t  i t s e l e c t ropho r e t i c  mob i l i ty i n c r e a s ed 

i n  a b o r a x  b u f f e r . Co n s eq u e n t l y , th e y  s u g g e s ted t h a t  tom a to 

PME i s  a g l y c o p r o te i n. 



Ma rkov i c  ( 3 7 )  ob s e rved tha t one o f  t h e  mu l t i p l e  

mo l e c u l a r  f o rms o f  toma to PME , wh o s e  q ua n t i ty w a s  domi n a n t , 

d i d  no t s ta i n  w i th s ud a n  b l a c k B .  Th i s  f o rm w a s  a l s o  

an a l y z ed f o r  p r e s ence o f  f a t ty a c i d s by g a s  c h rom a to g r aphy 

af t e r  m e t h a no l y s i s . No t e v e n  a t r a c e  o f  fa t ty a c i ds w a s  

f o u nd . I n  v i ew o f  t h e s e r e s u l t s , the a s s um e d  l i po pro t e i n  

9 

c h a r a c t e r  o f  tomato P ME w a s  e l i m i n a t e d . A t temp ts to c o n f i rm 

t h e  s u g g e s ted g l yc o p ro te i n  c h a r a c t e r  o f  toma to PME w e r e  

uns u c c e s s f u l  b e c a u s e  the g ly c i d i c , a r ab i no s e - c o n t a i n i ng 

c ompo n e n t  c o u l d  b e  s e p a r a t e d  by d e s a l t i ng o f  the f i n a l  

p ro d uc t .  

VI . I NH I BIT I ON OF P E CT I N  METHYL E S TE RA S E  

Mc Co l l o c h  a n d  Ke r te s z ( 4 0 )  f o u nd tha t p l an t  a nd fung a l  

P ME w e r e  e f f e c t i ve l y  i nac t i va t e d  b y  d e te r g e n ts , a l though 

f u ng a l  e n zyme w a s  mo r e  r e s i s ta n t  than p l an t  e n zyme . Th ey 

th eo r i z e d  th a t  P ME a c t ivity d e p e n d e d  o n  phy s i ca l  p rope r t i e s  

o f  a mo l e c u l a r  s u r f ac e  r a th e r  t h a n  o n  fu n c tio n a l g r o u p s , 

and c o n c l u d e d  t h a t  the i n a c t i v a t i on o f  t h i s  e n zyme was d u e  

t o  s u r f a c e  d e n a tura t i o n  by d e t e r g e n t s . 

Th e i nh i b i to ry e f fe c t  o f  b an a n a  P MR b y  s o d i um dod e c y l 

s u l fa t e  wa s mo r e  evid e n t  a t  p H  3 . 6  t h a n  a t  piT 7 . 7  ( 21 ) . 

H a l l  ( 1 3 )  r e p o r ted t h a t  th e d e g r e e  o f  i nh i b i t i o n  o f  tom a to 

P ME b y  t a n n i c  a c i d w a s  d e p e nde n t  on the c o n c e n t r a t i on o f  

bo th th e i nh ib i tor and the p e c t i n  s ub s t r a te . The de c r e a s e  l n  
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o range PME activ i ty by s i l v e r  nitr a t e  was gre a t er a t  pH 7 .0 

tha n  a t  4. 0 ( 9 ) . Bell e t  al. (2) reported t h a t the l a c t i c  

a c i d  produced by f erm e n t a t i o n  w a s  responsib l e  the l ow 

PME ac t i  vi i n  b o th the cucumber ex trac t a n d  the br i n e d  gre e n  

cucumb er. Chang e t  a1. ( 3 )  observed tha t the e f  t o f  

s ucro se i nh i b i t i o n  on papay a  PME was l i n e a r  up to a 

conce n tr a t i o n  o f  5 0  sucro s e. Appro x i m a t e  40% o f  a pp l e  PMF 

i nh i b i  o n  was a t ta i n e d  by a 1 5 % sucrose conce n tr a t i o n  ( 3 1) 

po 

To m a to PME was fo und to b e  compe t i vely nh i b i te d  by 

1acturon a te w i th a K. v al ue o f  7 x 10
- 3  

M 
l 

a nhydrogalac turo n a t e r es i dues (29 ) , o r  by pol y g a l ac turo n i c  

aci d  w i th a K. va lue o f  0.0 24 polyg a l a ct uro n i c a c i d  ( 6) . 
.l 

V I I. AC'I' I VNI' I ON ENERGY AND TEMPEHATURE 
C O E F F I C I EN T  OF PEC T I N  

METHYL E S TERASE 

En ergy of act i va t i o n  may be r e g arded as th e a moun t of 

e�ergy n e e d e d  for the substrate mol ecul e s  to react with the 

e nzyme a n d  be converted to produc t s  ( 3 1 )  The r e ported 

ac t i va t i o n  e n erg i e s  were 6 , 000 c al or i es (6) a nd 7 , 28 0  ca l or i es 

(1 5) f o r  toma to PME , 5 , 800 c a l o r i e s  for app l e  PME ( 31) , a n d  

7 , 600 calo r i es f o r  mold PME (40) . 

Na k a gawa e t  al. (47) repo r ted a break i n  the Arrhe n i us 

p l o t  a t  3 1  C. N a C1 i ncre ased t h e  act i v a t i on e n ergy a n d  

l ow e r e d  t h e  br e a k  po 



1 1  

Th e tempe r a tu r e  c oe f f i c i e n t  (Q
1 0

J i s  c o n v e n i e n t l y  

expr e s s ed by th e i nc rea s e  i n  r a t e  o f  a n  e n z ym e  r e a c t i o n w i th 

i n c rea s e  i n  t empe ra t u r e  (1 5 ) . Some m e a n  a
1 0  

va r epo r t e d  

w e r e : 1.4 0 o v e r  th e r a nge o f  2 0 - 5 0 °C f o r  s n ap b e a n  PME (SO) ; 

1 .3 5 o v e r  the r a n g e  o f  3 0 -5 0 °C f o r  Sou t h e r n  p e a  PME (5 ) ;  

1 . 4 7 o v e r  th e r a ng e  o f  1 0 -5 0 °C t omato PME (1 5 ) ; 1 .6 0  o v e r  

t h e  r a ng e  o f  0 -20 °C f o r  mo l d  PME (40 ) .  

VII I. K INETIC REACTIONS FO R P E CTIN 
METHYL ESTE RASE 

The e n z ym e  k e t i c s  of al l fa PME (3 3 )  s howe d tha t the 

max i mum v e l oc i ty (V ) value at 0 . 2 0 M NaCl wa s abou t 3 . 5 
ma x 

s th a t  a t  0 . 0 2 5  M NaCl , b u t  the va l ue s  of th e � i c h a e l i s -

Me n t e n  c o n s tan t (K ) a t  the two l eve l s  o f  s a l t  w e r e  a bo u t  
m 

th e s am e : 0 .0 4 %  pe c t i n. H i l l s  and Mo t te rn (15 ) r epo r te d  

tha t th e va l ue s  o f  a n d  K for toma to P ME w e r e  0 .0 3 3 4  
m 

a n d  0 .0 4 1% pe c t i n , r e s pe c t i v e l y. Oth e r  v a l u e s  r e po r t e d  fo r 

K we r e  0 .0 8 %  pe c ti n  f o r  o r a n g e  P ME (34 ) , 0 . 24 %  pec t i n  (4 7 )  
m 

- 3  
and 4 x 10 M methyl anhyd rogalacturonat resid ues (29) for 

tom a to PME , 0 .0 9% p e c t i n  f o r  tobacco l a f  P ME (18 ) , a n d  0 .20 

pec t in for fungal P ME (6). 

P ub l ished s tud i e s  o n  P ME d i s ag r e e  a s  to wheth e r  the 

e n z ymati c d e e s t e r i fic a t i on of  pec tin is  a f i r s t  o rd e r  or a 

z e ro o r e ac t i on . l e  PME (3 1 )  f o l l owed a f i r s t  r 

r ea c t i o n , whereas alfalfa (3 3 )  a nd tomato P ME (1 5 )  followed 

a z e r o  o rde r r e a c tio n  o v e r  t h e  i n i t i a l  4 0  5 0  hyd r o l ys i s .  
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However , Speiser et a l . (5 8 )  fail to prove whe ther the 

kinetic s o f  toma to PME were a first or zero order reac tion . 

IX . PURIFICA TION OF P ECTIN METHYL 
E STEEASE 

Since PME is firm l y  bound to the water ins o l u b l e ce l l  

wal l  ma teria l s ,  the ex trac tion o f  the enzyme from p lant 

tis s ue s  u s ua l  emp l oys a 2- 1 0 % NaC l s o l u tion adju s to an 

a l ka line pH (2 7 ) .  

Lee and Macmi l l an (29) p urified tomato PME 19 f o l d  by 

ammonium s u l f a te prec tation fol lowed by c a l cium phosphate 

ge l ads orp tion and c o l umn chromatography on DEAE - ce l l u lose 

and Sephadex G- 7 5. The purified enzyme s howed a s ing l e  

homogeneou s band both o n  u l tracen trif ugation and dis c  gel 

elec trophoresis. The sedimentation c oe f ficient was 3 . 0 8  S .  

Nakagawa e t  al . (46 ) a l so puri fied tomato PME abou t 6 0 - fo l d  

b y  means o f  ammonium s u l fate f rac tionation, chroma togra phy 

on DEAE- ce l l u l ose and gel fi l tration on Sephadex G-10 0 

column . The enzyme thus obtained was homogeneou s  both on 

u l tracen tri f uga tion and dis c  gel elec trophoresis with a 

s edimentat ion coe f fi c ient o f  3 . 1 7  s. 

Three f ractions o f  PME have been i s o l a ted by di f ferentia l 

extrac tion f rom banana p u l p  (21 ) and f urther puri fication o f  

these enzymes was achieved by ammonium s u l fate frac tionation 

and D EAE- and eM- ce l l u l o se c o lumn chromatography (23 ) . 



1 3  

Endo ( 10 ) o b ta i n e d  two h i gh l y  p u r i f i e d  fo rms o f  f u ng a l 

PME f r om c u l tu r e  e x t ra c t  o f  Co n i o th y r i um d ipl o d i e l l a by 

u t i l i z i ng a mmo n i um s u l f a te f r a c t io n a t i on a n d  column 

chr oma tog r a ph i e s  on D uo l i t e CS - 1 0 1 , D uo l i te A - 2  a n d  DEAE-

c e l l u l o s e .  Th e pu r i f i e d  e n zymes w e r e  h omog e ne o u s  o n  f r e e  

bo u n da r y  e l e c trophore s i s . A f un g a l P ME f rom t h e  c u l t u r e  

b r o th o f  Fus a r i um oxy s po r um f .  s p . va s i n fcc t�m w a s  p u r i f i ed 

5- f o l d  by a p r o c e d u r e  e mp l o y i ng co l umn c h roma to g r a ph y  o n  

DEAE- S e p h a d e x , S eph a d e x  G- 7 5 , CM- S eph a d e x  a nd eM- c e l l u l o s e  

( 4 3 )  • Th e pur i f i ed en zyme w a s  f r e e  o f  po l y g a l a c t u r o n a t e  

l ya s e  ac t i v i ty , b u t  a t r a c e  o f  po l yg a l a c t u r o n a s e  r ema i n e d .  

D i s c  g e l  e l e c t rophore s i s  i n d i c a ted tw o pro t e i n  b a nes a t  

pH 4 . 3 ,  b u t  n o n e  a t  p H  9 . 5 .  

X. MULT IPLE MOL ECULAR FORMS OF P ECT IN 
METHYL ES TERAS E 

G l a s z i ou a nd I ng l i s  ( 1 2)  f o u n d  th a t  tob a c c o  pi th 

c on t a i n ed two PME f o rms , o n e  o f  wh i c h  was f i rml y b ound to 

the c e l l  wa l l  ma ter i a l s . Ar t i c h o ke t ub e r s  y i e l d e d  th r e e  PMR 

fo rms , b a s e d o n  whe th e r  c a l c i um i o n s o r  2 , 4 - d i ch l o r ophenoxy-

a c e t i c  a c i d  o r  n e i the r c a u s ed b i nd i n g o f  the enz yme to the 

c e l l w a l l s . 

H u l t i n  and Lev i n e  ( 21 )  o b s e rved th r e e  mo l e c u l a r  f o rms o f  

b a n a na PME wh i ch d i f f e r e d  c o n s i de rab l y  i n  r e s po n s e  to pH , 

temp e r a t u r e  i na c t iva t i on , a n d  a c t i v a t i on o r  i n a c ti v a tion b y  



sod i um d o d e c y l  s u l f a te . The f u r ther p ur i f i e d  e nzyme s ( 2 3 )  

s howed d i f f e r e n t  re s pon s e  to c a t i o n s , i no r g a n i c  pho s ph a te ,  

nuc l e o t i d e s ,  s uc ro s e ,  and i n i ti a l  r e a c ti o n  k i ne t i c s . 

Ma rkov i c  e t  a l . ( 3 9 )  r e c e n t l y  r e p o rte d t_h e  p r e s e n c e  o f  

s i x  mo l e c u l a r f o rms o f  b a n a n a  P ME . Th e th i n  l a y e r  ch roma to­

g r a p h y  o n  Se phadex G- 1 5 0  Supe r f i ne i n d i ca te d  tha t the 

mo l e c u l a r  we i gh t  o f  e a c h  of th r e e  f o rm s  was a b o u t  3 5 , 0 0 0 . 

The o th er two forms we r e  4 6 , 0 0 0  M . W .  e a ch and th e l a s t  f o rm 

was 1 0 , 0 0 0  M . W .  

P r e s s ey a n d  Av a n ts ( 5 0 )  s e p a r a t e d , b y  DEAE-Se p h a d e x  

A- 5 0  c h r oma to g r a phy , f o u r  f o rms o f  tom a to PME , w i th 

mo l e c u l a r  w e i g h t s  o f  3 5 , 5 0 0 , 2 7 , 0 0 0 , 2 3 , 7 0 0 , a n d  2 4 , 3 0 0 . 

The n umb e r  a n d  amou n t s  o f  th e s e  c ompo n e n t s  v a r i e d  w i th 

r i p e n e s s  and v a r i ety of tom a to , a nd n o  s ing l e  e x t r ac t 

c o n ta i ne d  a l l  f o u r . Th ey w e r e  d i f f e r e n t  i n  h e a t  s tab i l i ty ,  

r e s p o n s e  to p H  a n d  c a t i o n s . 

E nd o  ( 1 0 )  r e por te d  th a t  two mo l e c u l a r  f o rms o f  a f u n g a l 

PME we r e  v e ry s im i la r i n  th e s p e c i f i c  a c t i v i ty , d e e s t e r i f i c a­

t i o n  o f  p e c ti n  and p e c t i n i c  a c i d s , o p t imum pH a n d  h e a t  

s tab i l i ty ,  e x c ep t th a t  t h e  f i r s t  f o rm h a d  a broad e r  s tab l e  

pH-r e g i o n than th a t  o f  t h e  s e cond f o rm . 

R e i d  ( 5 2 )  s e p a r ated two acti ve P ME f o rms , by p a p e r  

c h r oma to g r a ph y , f rom a f u n g a l s o u r c e  a n d  s ug g e s te d  th a t  P �E 

f r om va r i ou s  fung i d i f f e r s  i n  i t s  in i t i a l  ra te s a n d  t o t a l 

amo un t s  o f  d e e s t e r i f i c a t i on o f  p e c t i n . 



C HAPTE R  I I I  

MATER IALS AND HETI-IO DS 

I. S OURCES O F  SOUTHERN PEAS 

So u th e r n  p e a s  ( Vi g n a  s i ne n s i s ) ,  P u r p l e  H u l l  P i nk Eye 

var i e ty ,  were g rown o n  the P l a n t  Sci e nce Fa rm , Un i ve r s i ty o f  

T e n n e s s e e , K n o x v i l l e . Aft e r  the p e a s  h a d  deve l o ped to th e 

s ta g e  wh e n  t h e  pod s w e r e  g r e e n ( ju s t  p rio r to s h ow i ng p u r p l e  

co l o r a t i o n ) ,  th e y  w e r e  h a r v e s te d  a n d  s h e l l ed by h a nd . Th e 

p e a s  w e r e  p l a c e d  i n to po l y e thyle n e  bag s  w i th o u t  wa s h i ng o r  

bl a nch i ng a n d  p l a c e d  imm e d i a te l y  i n  a n  a i r-bl a s t  fr e e z e r  a n d  

fro z e n  a t  - 20 °C . Th e froze n p e a s  w e r e  l y o ph i l i ze d  a n d  s to r e d  

i n  a d e s i c c a to r  a t  room temp e r a tu r e . 

I I . PARTIAL P U R I FICAT I O N  O F  EN Z YME 

Ac e to n e  Powd e r  

Ac e to n e  p owder w a s  p r ep a re d  by a mod i f i c a t i o n  o f  the 

m e t h o d  d e s c r i be d  by N a s o n  ( 4 8 ) . The fr e e z e -d r i e d  pe a s  w e r e  

bl end e d  wi th c h i l l e d  8 0 %  a c e tone i n  t h e  r atio o f  1 : 2  ( W/V ) 

i n  a Wa r i ng b l e nd e r  f o r  4 mi n tu e s  a t  4 °C . Th e r e s u l tan t  

s l u r r y  w a s  f i l t e r e d  on a B u c h ne r  funn e l  w i t h s u f fic i e n t  

ch i l l e d  8 0 % a c e to ne a n d  w a s h e d  fur the r w i th a n  e x c e s s  o f  

100% c h i l l e d  a c e tone . Th e w a s h e d  re s i du e  w a s  s p r e a d  o u t  o n  

fi l te r  p a p e r a n d  a l lowed t o  d r y  over n i gh t  at 4 ° C .  Th e 

15 
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a c e to ne- d r i ed r w a s  th e n  i z e d  i n  a water - c oo l e d  

C RC M i c r o - Mi l l  c a l  Rub b e r Co. , C l e v e l a n d , Oh i o )  and 

stor e d  in a d e s i c c a to r  at 4 °C u nt i l u s ed . 

Ex t r a c t i o n  o f  C r u d e  En z yme 

PME wa s e xtra c ted from th e a c e to n e  powd e r  w i th a 2 %  NaC l  

s o l ut i o n  o f  p ii 8 .0 at room temp e r atur e  a c c o rd i n g  to th e 

method o f  C h en ( 4 ) . Th i rty g rams of a c e to n e  powd e r  w e r e  

s l ow a d d ed to 3 0 0  ml of c on t i nuous ly s t i r re d  2 NaC l 

s o l u t i o n  o f  pH 8 . 0  a nd e x t r ac t i o n  wa s c on t i nu e d  fo r 2 h o u r s . 

An a u tomat i c  t i tr ato r ( Mo d e l  K ,  I n s truments , 

F u l l e rto n , C a l if. ) w a s  emp l o y e d  to continu o u s l y  s t i r  the 

m i xtu r e  a n d  m a i nta i n  the pH at 8 .0 

N N a OH . Afte r t h e  e xtr a c t i on , t h e  

add i t i o n  o f  0 . 0 9937 

xtu r e  w a s  c e n tr i fu g e d  

a t  3, 0 0 0  G fo r 30 m i n u tes a n d  t h e  p r e c i p i tate w a s d i s c a r d ed . 

Th e s up e r n a ta nt l d t h u s  obta i ned was u s ed a s  th e c r u d e  

e nzyme extr a c t . 

So l i d ammo n i um s u lfate w a s  s low added to 250 m l  o f  

cru d e  e n zyme e x t r ac t  t o  0 . 55 s atu r a t i o n .  After s ti r r i ng fo r 

30 m i nute s a t  4 ° C ,  t h e  mi xtu re w a s  c e ntr i fuged fo r 30 minute s  

a t  2 0 , 0 0 0  x G a n d  th e p r e c i p i ta te w a s  d i s c ar de d .  S o l i d  

ammo n i um s u l fa t e  wa s further added t o  th e s u p e r n atan t to 0 . 8 0  

s a tu r a  a n d  the m i x t ur e  w a s  r e c entr i The:: p r e c i tate 

was c o l lec ted and d i s s o l ve d  i n  100 ml of dei o n i z e d  wate r . 
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Th i s  s o l u t i o n  was t r e a te d  a g a i n  w i th s o l i d  a mmo n i um s u l f a t e  

to 0 . 6 5 a n d  0 . 8 0 s a tur a t i o n a n d  the mi xture w a s  r e c e n t r i f u g e d . 

The p r ec i p i t a te wa s co l l e c te d  a n d  d i s s o lved i n  5 0  ml o f  

d e i o n i z e d  w a t e r  a nd t h e n  d i a l y z e d  ove r n i ght a ga i n s t  0 . 0 2  M 

s od i um pho s pha t e  bu f f e r  o f  pH 7 . 5 .  The e n zyme p r e p a r a t i o n  

f r om the ammo n i um s u l f a te f r ac t i o n a t i o n  w a s  u s e d  f o r  the 

d e t e rm i n a tio n o f  the f o l l ow i ng phy s i c o c hemi c a l  p r o p e r t i e s : 

( 1 )  o p t imum pH and Na C l  c o nc e n tr a tio n f o r  maximum PME ac t i vi ty , 

( 2 )  e n e r gy o f  ac t i va t io n , a n d  ( 3 ) ki n e tic r e a c t i o n s . 

Qua l i ta t ive Tes t 

I I I . E N Z Y ME AS SAY METHODS 

B r omthymo l b l u e  lS an i nd i c a to r  tha t c ha n g e s  c o l o r  i n  

the r a n g e  o f  pii 6 . 0 - 7 . 6 .  The i n d i c a to r  s o l u t i on w a s  p r e p a r ed 

by d i s s o l vi ng 1 0 0  mg o f  b r om thymo l b l u e w i th 3 . 2  ml o f  

0 . 0 5 N NaOH . D e i o n i z e d  wa t e r  w a s  added to mak e a vo l ume of 

1 0 0  m l  s olu t i o n  ( 4 ) . 

B r omthymol b l ue i nd i c a to r  s o l u t i o n  was u s e d  f o r  a 

qu a l i ta tive a s s a y  o f  PME a c t i vi ty .  A mixtu r e  o f  1 ml o f  

s am p l e , 2 m l  o f  1 .  0 %  p e c t i n  N .  F .  ( W/V ) ( S u nk i s  t Growe r s ,  I n c . , 

C o r o n a , C a l i f . )  and 2 dr o p s  o f  bromthymo l bJue i n d i ca to r  

was adju s te d  t o  p H  7 . 6 w i th 0 . 1  N NaOII . A c ha n g e  i n  c o l o r  

f r om b l u e  ( a t p H  7 . 6 ) t o  g r e e n i s h  ye l l ow ( n e a r  pii 6 . 0 )  

i nd i c a t e d  the p r e s en c e  o f  PME . 
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Qua n t i ta t i ve Te s t  

PME a c t i v i ty was qu a n t i t a t i v e l y  m e a s u r e d  a t  3 0 °C b y  

t i t r a t i o n  o f  the c a rboxy l g r oup s  o f  the p e c t i n  r e l e a s e d  by 

the a c t io n  o f  the e n z y me . The r e a c t i o n  m e d i um c o n t a i n e d  

1 5  ml o f  1 . 0 %  p e c t i n  N . F . , 1 0  m l  o f  0 . 7 5 M NaCl a n d  5 m l  o f  

PME so l u t i o n. The p H  o f  the r e a c t i on was a u toma t i c a l l y  

ma i n t a i n e d  a t  7 . 9  wi th a t i t r a tor (Mo de l K ,  B e c kman 

I n s t r ume n t s , Fu l l e r to n , Ca l i f . )  whi c h  c o n tro l l e d  the 

amo u n t  o f  0 . 0 9 9 3 7  N NaOH a d d e d  to the r e a c t i o n  med i um .  

P re i nc ub a t i o n w a s  f o l l ow e d  for 2 m i nu t e s  a t  3 0 °C w i th a 

w a t e r b a th d ur i ng the r e a c t i o n  a n d  then t i tra t e d  f o r  1 0  

m i nu t e s  to the o r i g i n a l  pH o f  7 . 9 . 

One un i t  o f  PME a c t i v i ty w a s  d e f i ned a s  the amo u n t  o f  

- 3  
e n z yme whi ch produc e s  1 x 1 0  mo l e s  o f  f r e e  c a rb o x y l  g r o up s  

p e r  m i nu t e  u n d e r  the above c o nd i t i o n s . 

P r o t e i n  De t e rm i na t i o n  

The p r o t e i n  con c e n t r a t i o n  o f  c o l umn e l u a t e s  (d e s c r ib e d  

l a t e r ) w a s  d e t e rmi n e d  by m ea s u r i n g th e ab s o r ba n c e  a t  28 0 nm 

wi th a d o ub l e- b e am gra t i ng s p e c t rophotome ter (Co l e man Mo d e l 

124 , Hita c h i  L td . , Tokyo , Jap a n ) . A s t and a rd c u r v e  f o r  

d e t e rm i n i ng t h e  p r ot e i n  c o n c e n t r a t i o n  was d ev e l o p e d  w i th 

var i o us k n own amo u n t s  o f  b ov i n e  s e rum a lbumin (Nutr i t io n a l  

Bio c h emi c a l s  Co r p . ,  C l e v e l a n d , Oh io ) d i s s olv e d  i n  a 1 . 0 % 

NaCl s o l u t i o n . Two r e p l i c a t i o n s  w i th two obs e rva t i o n s  at 
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e a c h  p ro t e i n  c o n c en t r a t i o n  were made . The r e g r e s s i o n  

e qua t i o n  f o r  t h e  s t and a r d  c u r ve was : A ==  0 . 0 0 0 4 [P] 
I 1

-
pg rr 

0 . 0 0 0 1 .  Th e s ta n d a r d  c urve i s  p r e s e n t e d  i n  F i gu r e  1 ,  and 

e a c h  data p o in t  r e p r e s e n t s  the mean of two ob s e rva t i o n s  for 

e a ch of two r e p l i ca t i o n s . 

S o d i um C hl o r i d e  D e t e rmi n a t i o n  

The NaC l c o n c e n tra t i o n  o f  e l u a t e s  f r om the DEAE-

c e l l u l os e c o l umn wa s mea s ur e d  wi th a chl o r i de i o n  e l e c t r o d e  

a t t a c he d  to a pH mi l l i vo l t  m e t e r ( Mo d e l 8 0 1 , O r i o n  Re s e a r c h  

Inc . , C nmb r i dg e , Ma s s . ) . A s t anda rd c urve f o r  d e te rm i n i n g 

the chlori d e  i o n  conce n t r a t i o n  was p r e p a r e d  w i th va r i o u s  

k nown amo u nt s  o f  s o l i d  NaC l d i s s o l ve d i n  1 0 0  m l  o f  0 .  0 2  M 

s o d i um pho s pha t e  bu f f e r  o f  p H  7 . 5 .  '1\vo r e p l i c a t i o n s w i th two 

obs e rva t i on s  a t  e ach c hl o r i d e  i o n  c o nc e n t r a t i o n  w e re made . 

Th e r e g r e s s i o n  e qua tio n  f o r  t he s ta n d a r d  c urve wa s :  

Log [Na C l ]  = - 0 . 0 2 mV - 1 . 7 4 8 . The s t a n d a r d  c ur ve i s  

pr e s e n te d  i n  F i g ure 2 ,  a n d  e a c h  data po i n t  r e p r e s e n t s  the 

me a n  o f  two ob s e rva tio n s  f o r  e a c h  o f  two r e p l i c a t i on s .  

IV . DETE RMINATION OF OPTIMUM p H  AN D N a C l  
CONCENTRATION 

The e xp e r i m e n ta l d e s i g n  f o r  th e d e t e rmi n a t i o n  o f  the 

o p t i mum p H  a nd N a C l  c o n c e ntr a t i o n  fo r m a ximum P ME a c t ivi t y  

was a 4 x 4 f a c t o r i a l  i n  t w o  comp l ete b l o c k s . 'T'he f a c to r s  

we r e  p H  a t  l eve l s  o f  6 . 8 ,  7 . 2 ,  7 . 6  a nd 8 . 0  a n d  N a C l  

co n c e n tr a t i o n  a t  l eve l s  o f  0 . 1 2 , 0 . 1 8 ,  0 . 2 4 a n d  0 . 3 0 M .  
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For the re action mixture in which Pl\1E e1c vi ty ''-'C1S 

mee1sured, 5 ml of enzyme solution, l ml of 1.0 pectin N.F., 

0. 7S M NaC] 0nd <l sufficien amount of clPionizecl water wer 

mixed to brinq tlle NoCl concentration to the ck�;ired level 

with a total volume of 30 ml. The rature of the mixture 

was 30°C, anc1 was mointained by holclirHJ the beaker con taining 

the mixtu in a constant temperature 'di:1tc:r bath. The pH of 

the mixture wos then ocl j ustcd to the c1 sired lcvc with 

0.09937 N No0!1. 'I'lw pi! I:JCJ s maintained by an au tom a tic 

trator durinq the reaction pE'riod of 10 minutes. Since 

alkali nc ch::es teri f ic a tion occurrcd at: pll 7. 6 and 8. 0, rate s 

for a l k a 1 i n c d 0 �� r i f i c a t i on vn' n' d L c r m 1 n e c1 a t t h c s 

level 1n the abs ence of PME and correc ons were app lied to 

the rat ;:; ohtainc::d enzymatically. One obs rvation was mad 

r each of two replication . The valu of PME activi 

thus obtained were analyzed by the analysi�; of variance, 

usinq tho St<Itisti al !malysi stem (57) adapted for 

comp�1tat:i n t:ho IBr·i 360-65 compu r at the Univc:rsi 

Comt•utinq C ntor (56). The rc:;pcns of Pf\1T� ac iv ty to 

differcnl \' 0 l o f p ll a n d N a C 1 con c c n t r.:1 t i on vl a c x p r e s s c d 

as a three dimensional respons e  surface rna (Sfl). 

V. DETEf<NlN!\TION OF l1CTI Vi\TlON El\:ERGY 

The reaction rnixturcs con alnJnq n-1E solution wcr 

incubated at G differ nt ratu r cs , n, ::>5, 30, 35, 40 and 



The i n i t i a l  r e a c t i o n  ve l o c i  s w e r e  d e t e r m i  a t  

i o n s  w e r e  c o n d uc 

r a t ur e  a 

the me tho d  o f  Nak a g aw a  e t  al.  ( 4 7 )  . The p H  va l ue s  o f  

r e a c  

7 . 0 

m i x tur e s  emp l o y e d  f o r  this e x p e r ime n t  w e r e  6. 0, 

7 . 9 ,  r e s pec l y .  The e ne r g y  o f  a c t i va t i on w a s  

2 3  

f or 

to 

c a l c u l a ted by t he gr i c  p roc e dure f ro m  the A r r he n  s p l ot 

(49). One ob s e rvat n wa s made f or e a c h  o f  two r e  i c a ti o n s  

a t  e a c h  temp e r a t ure. 

V I .  DETE R M I NA T I ON O F  K I NET I C  REACTI ON S  

The i n i t i a l  r a t e s  f or PME a c  ty we r e  mea s u  a t  

va r i o us co n c e n t r a  on s o f  pec tin N.F. The a s s ay c ond i t i on s  

of t he r e a c t i on m i x ture con ta i n i ng PME s ol utio n  w e r e  0.25 M 

Na C l ,  p H  7 . 9  a nd 30°C. The r e a c t w a s  c a rr i e d  out f or 

10 m i nut e s . One ob s er va t i o n  w a s  made f o r e a c h  o f  two 

r i c a t i on s  a t  e a c h  c o n c e n tr of pe c t i n  N . F . The 

va l ue s  o f  K a n d  V we r e  d e  n e d  b y  c a l c ul at io n , a n d  
m max 

the d a ta a n d  reg r es s i on c urve w e r e  plot t e d  on t he L i newe ave r -

Burk p l o t . 

V I I .  A DD I T I ONAL PURI F I CAT I ON 

A f te r  p a r t i a l  pur i f i c a t i on o f  the PME b y  a two-s t e p  

ammo n i um s ul f a te f r a c t i o na t i on and d i a l ys i s ,  ad d i t i o n a l 

p ur i f ic a t i on w a s  p e r fo rmed in o r d e r  to a s c e r t a i n  t he 
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s e nce o f  s ibl e mul e mol ecul ar f orm s o f  PME i n  

Sou thern p e a s  a n d  to d e t ermine their i s o e l ec tr i c  po i n t s . 

Accord i ng to procedur e s  sugge s t e d  by Wh i t a k er ( 60) , 

DEAE - ce l l u l o s e  (J. T. B a k er Chemica l Co., Ph i l l  burg, N.J.) 

w a s  s i zed s u s pend i ng 30 grams of ma teria l in one l i t er o f  

0. 25 M IICl .  The sus pend e d  ma ter i al w a s  occa s i o n ally s tirr e d  

to preve n t  clump i ng .  A f ter 7 0-9 0 o f  the DEAE - cel l ul o s e  h a d  

s e t tl ed, the s upern a t a n t  l i qui d w a s  sipho n e d  o f f  t o  r e move 

the f i ne p ar t i c l e s . Th i s  w a s  ng procedure w a s  conti nued 

w i th suf f icie n t  qua n t i tie s o f  d e i on i z e d  wat e r  un t i l the 

ma ter i al s e  e d  un i f orml y a n d  the supern a t a n t  l i qui d w a s  

cl e ar. A f ter s i z  , the DEAE-cel lu l o s e  wa s wash e d f i rs t 

w i th 500 ml o f  0 . 25 M NaC l -0 . 2 5  M NaOII a nd f i lte o n  a 

Buchn er f u n ne l . The resin w a s  then wa s hed w i th two 5 00 ml 

o f  d e i o nize d  w ater a n d  f i l tered again. 'l'he f il t er cak e 

wa s re s u s p e n d e d  i n  500 m l  o f  0 . 2 5  M HC l and f il t ered aga i n. 

The DEAE-cel l ul ose w a s  w a shed finall y with five, 500 ml 

a l iquo t s  o f  d eio nized w a t er a n d  f i l tere d again. The f il ter 

cake was s u s p e n d e d  in 5 00 ml of 0. 1 M s o dium pha te b u f f e r  

a t  pH 7 . 5 a n d  f i ltered. It w a s  then s us p e n d e d  in 500 ml o f  

0. 0 2  M s o d i um pho s ph a te buf f er o f  pH 7. 5 a n d  f il tered. Thi s  

s te p  w a s  repe a t e d  f times a n d  the pii o f  the s u s p e n s i o n  w a s  

f in al l y  ad j us t ed to 7 .5. 
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Th e DEAE-c ellulo s e  s lur was poure d c are fully i n to th e 

column o f  1 . 6  x 40 em t o  a h e i gh t  o f  30 em. Cold wa t er 

(0- 1°C) w a s  c o n t inuou sly c i r cula ted th rough a th ermo s t a ted 

j a c k e t  of the c olum n. Su f f  i e n t  volum e s  o f  0. 0 2 !\1 s o d ium 

pho s ph a te b u f f e r  o f  pH 7 . 5 we r e  allowed t o  p a s s  th r ough t h e  

column o rd e r  to s t ab i lize a n d  equ i l i b rate the DEAE-

cellulos e  b ed p r i or t o  s ample a p plic a t i on . The flow r a t e  o f  

elua te wa s a djus ted to 0 . 2 7 ml per minute. A s l t  gr adie n t  

mixer (GM- 1 , Pharmac ne Chemicals , I n c. , P i s c a taway, N.J. ), 

c on s i s ting o f  two i d e n tic al re s e rvoirs, w a s  u t i l i zed t o  

a c h i eve a lin e a r  s alt g r a d i e n t . Th e m i xing r e s e rvolr w a s  

f illed wi th 0 . 02 M s od ium ph o s ph a te buf f e r  o f  p H  7 . 5  a n d  t h e  

o e r  re s e rvo i r  was f ille d w i th a n  equal amoun t o f  0 . 0 2 M 

sod i um p h o s ph a te b f er, pH 7.5, con ta i ning 1 . 0  M NaCl . 

Fiv e  ml o f  pa r t i ally purified PME s o lut i o n, which h ad 

b e e n  p r evious puri f i e d  by a two- s te p  ammo nium sul f a te 

f ra c t  tion and d i alys i s  aga i n s t  0 . 02 M pho s ph a t e 

buf f er o f  7.5 , w a s  a pplie d t o  the DE AE - c ellulo s e  column. 

An automa tic f r ac t i o n  collec tor (l\1RA Co rp. , B o s ton , M a s s . ) 

wa s employed to colle c t  1 20 f r a c t i on s  o f  4. 28 ml e a ch. A 

quali t a t  a nd a quan ta t ive t e s t w e r e  us ed to d e t e c t  t h e  

PME a c tiv i ty f rom th e elua t e s . A fte r elution o f  120 f r a c tio n s ,  

t h e  DEAE-c ellulo s e  column wa s w a s h e d  w i th 0 . 02 M s o d ium 

pho s ph a te bu f fe r  o f  pH 7.5 f o r  10 hour s .  Ano t h er ml o f  

PME s olutio n  w a s  applied t o  DEAE - c ellulo s e  c o lumn r 



the s a me c o n d i t i on s  a s  p r ev i ously d e s c r i b e d. Th e elua t e s  

c o n t aining t h e  Pf'.lli a c  vi t y  f r a c t i o n s  f r om th e f i r s t  a nd 

s ec o n d  DEAE- c ellulo s e  c o lumn c h r oma togra w e r e  cor:tbin e d , 
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a nd c o n c e n t r a ted by pre c i pita tio n with 0. 90 s a tur a ted sol i d  

a nuno n i um s ul te. The p r e cip i t a t e  w a s  d i s s olved i n  1 0  ml o f  

0. 0 2  M s o d i um phos ph a te b u f f e r  o f  7 .5 a n d  us e d  f o r  t h e  

g e l  fil t r a t i o n  c h r oma tograph y. 

s G - 1 00 Gel F i l t r a tion 

Ten gr am s o f  Seph a d e x  G-1 00 (Ph a rma c i a  Fine c a l s , 

Inc. , Pis c a taway , N.J. ) w e r e  a l lowed to swell i n  600 ml o f  

deio n ized w a t e r  f o r  3 s a t  r oom temp e r a tur e. Th e gel 

slur ry wa s th en packed i n to the column of 1.6 40 em t o  a 

h e  t o f  30 em with t h e  a i d  o f  a gel a n d  elua n t  re s e rvo i r. 

Cold w a t e r  (0-l°C) w a s  c o n tinuous ly circula t e d  t h rough a 

the rmo s t a t e d  j a c k e t  o f  c olumn. S u f f i cie n t  volume s o f  

0. 02 M s odium ph o s ph a te b u f f e r  o f  pH 7 . 5 w e re a llowed to 

pas s  through th e c olumn i n  o r d e r  to s tabilize and equ i l  r a t e  

the gel bed before sample application. Th quali of 

pack i ng w a s  c h e c k ed b y  ob s e rving the b e d  i n  t r a n s m i t te d  

ligh t. The ope r a t i ng sure o n  the c olumn w a s  ma i n t a i n e d  

a t  6 6 . 3 em o f  wa ter wh i c h  gave a flow r a te o f  0. 30 ml per 

minu te. 

Five ml o f  PME sol o n , wh i ch h a d  b een ously 

pur ified by DEAE- c e llulo s e  c olumn c h r omatogr aphy , w a s  l o a d e d  
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onto th e S ephadex G- 1 0 0  column a nd el uted w i th 0 . 0 2 M s o d i um 

pho s ph ate b u ffe r o f  pH 7 . 5 .  F o r ty f r a cti ons o f  4 . 0 5 m l  ea c h  

were c o l l ected b y  an automatic fr a c tion c o l l ec to r . A 

qua l itati ve and a qua ntitative tes t were u s ed to detect the 

PME ac tivity from the el u ates . A fter el uti o n  o f  4 0  fractions , 

the S eph a d ex G- 1 0 0  c o l umn was w a s h ed w i th 0 . 0 2 M s o d ium 

pho s ph a te b u f fer of pH 7 . 5  f o r  1 0  h o u r s .  Another 5 m l  o f  

PME s o l utio n w a s  app l ied to the S eph adex G- 1 0 0  c o l umn under 

the s ame c o nditi o ns as p r ev i o u s l y  des c r ib ed . The elu ates 

c o nta i ning th e PME a c ti v i ty f r a c ti ons f r om th e f i r s t  a nd 

sec o nd S eph adex G- 1 0 0  c o l umn ch r omato g r aphy were c omb ined , 

a nd conc entr ated by p recip i tation w i th 0 . 90  s atu r a ted 

s o l id ammo nium s u l fate .  The p r ec ipitate w a s  dis s o l ved l n  

5 m l  o f  deioni z ed water and dia l y zed a ga i ns t  dei o nized water 

o vernight at 4 °C .  This s o l ution w a s  u s ed f o r  the 

p o l y a c ry l am i de gel electro f o c u s i ng . 

VI I I . POLYACRYLAM I DE GEL ELEC TROFOC U S I NG 

F o r  the prep ara tion o f  g e l  e l ec tro f o c u s ing , ampholy te 

s o lu tions ( 4 0 % W/V) with b u f f ering c a pacities in the pH 

range of 3 - 1 0  were obtained f rom LKB P rodukter , Bromma I ,  

Sweden. N , N , N' , N'- tetramethy l ethy lenediamine (TE ME D ) ,  

a c r y l am i d e  and N ,  N'- meth y l ene b i s a c r y l amide were obta ined 

from E a s tman K o d a k  C o . , Ro c hester , N . Y .  Ammonium per s u l ph a te 

was obta ined from Fis h er S cientif i c  Co . ,  Fa ir Lawn , N.J. 



A s to c k  s o l u ti o n  w a s  pr e p a r e d  b y  d i s s o lving 25 g r ams of 

a c r y l am i d e  a n d  0 . 8  g r am s  of  N ,  N'�me t hy l e n e  b i s ac ry l am i d e  
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i n  1 0 0  m l  o f  d e i o n i z e d  w a t e r . A 4 %  ( W/V ) ammo n i um pe r s u l pha t e  

s o l u t i on w a s  pr e p a r e d  w e e kl y . 

The g e l  s o l u t i o n  wa s a m i x t u r e  o f  8 . 6  m l  o f  d e i on i z ed 

wa te r , 2 . 4 m l  of s to c k  g e l s o l u ti on , 0 . 0 5 m l  o f  TEME D a n d  

0 . 6  m l  o f  LKB Ampho l i n e s . Acc o r d i ng to m e tho d s  of R i g he t t i  

a n d  D r y s d a l e  ( 5 3 ) , the g e l  so l u t i o n  w a s  d e g a s s e d  u n d e r  

vac u um f o r  20 s e c o n d s . F o u r  d r o p s  o f  4 %  ammo n ium pe r s u l pha t e  

we r e  add e d , m i x e d  a n d  p i p e t te d  imme d i a t e ly i n to tub e s  

( 1 0 x 0 . 3  em ) whi c h  w e r e  s e a l e d  a t  o n e  e nd w i th P a r af i lm .  

A i r  b ubb l e s  we r e  r emove d b y  tapp i ng the s i d e s  o f  the t ub e s . 

F i n a l l y , w a t e r  w a s  l ay e r ed o n  top o f  the ge l s o l u t i o n  

t o  q i '.'c' 3 f l a t  g e l  s ur fa c e  and po l yme r i z a t ion o f  the g e l  w a s  

the n  comp l e te d . Wh e n  the g e l s  had f o rme d , t he tub e s  w e r e  

i n s e r te d  i n to the gel e l e c tro f o c u s i ng app a r a tus ( Mode l M 

1 3 7 - A , Me ta l o g la s s  I nc . , B o s to n , Ma s s . )  a n d  c o o l e d  to 0 - l ° C .  

The e le c trode ve s s e l s  w e r e  the n f i l l ed w i th s o l u t i o n s  o f  

0 . 0 1 M H
3

Po
4 

a n d  0 . 0 2 M NaOH a s  ano l y te ( bo t tom ) a nd 

c a tho l y te ( top ) , r e s p e c tive l y . A f te r  3 0  minu t e s  o f  

e l e c t r o ly s i s  ( 1  rnA p e r  tub e ) to d i s cha rge ammo n i um p e r s u l phate , 

the samp l e  w a s  a pp l i e d  to the top o f  the ge l .  The s amp l e  w a s  

a m i x t u r e  o f  1 m l  o f  P ME s o l u t i o n , 20 % s u c r o s e , 2% ampho l y t e s  

( pH 3 - 1 0 )  a nd a t r a c e  o f  b r omophe no l b l ue . Afte r  s amp l e  

app l i c a t i o n , the c u r r e n t  w a s  r e s tored a n d  ma i nt a i n e d  a t  a 
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level of l rnA per tube until the voltagG had rlsen to 300 V .  

Thereafter, the vol was maintainGd at this level for 6 

hours. When the focusing was complete, the gels were 

removed from e tubes by ng with a Number 26 nGedle 

attached to a 5 0  ml syringe filled with cold water and 

injecting the water between the gGl the glass {1 4}. 

I X. ASCERTAINMENT OF THE PRESENCE OF MULTIPLE 
MOLECULAR FORMS AND THEIR ISOELECTRIC POINTS 

Detection of Proteins 

Following the method of Amorim and cJos son (1} , gels 

were dialyzed against several changes of 1 2 . 5% trichloroace c 

acid for 2 days to remove ampholytes, stained with 0 . 5 2  

Amido black 1 0  B solution for 6 hours and destained in 7 

acetic acid. 

Detection of Pee n Methyl Esterase 

To teet PME ac vity, the g s were transferred to a 

medium containing 1 . 0  pectin N.F., 0.1 N NaOH and bromthymol 

blue indicator solution. The reaction was allowed to proceed 

at room temperature. The yellowish color deve t on the 

gels indicated the presence of PME. The incubation time 

red to g adequate color development usually vari 

from 20 to 30 minutes, depending on the amount of enzyme 

present. 



De t e rm i n a t i on of pH Grad i en t  and 
t 

The pH gr ad i ent deve l o p e d  i n  th e g e l s  w a s  m e a s u r e d  
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from e lua t e s  o f  g e l  s ec t i ons. Th e ge l s  we r e  s e c t i on e d  w i th 

a r azor b l ad e  i n to 0.5 em s e gment s  wh i c h  w e r e  d i s p e r s  i n t o  

0.5 m l  o f  d i s t i l l  w a t e r  a nd then s haken f o r  one h ou r  w i th 

an au t oma c s hake r (Mode l 75 , Bur re l l  ., P i t t sburgh ,  

Penn.) a c c o r d i ng t o  the me thod o f  R i  t t i  and D ry s da l e  (5 3). 

of th e ge l e l ua t e s  w a s  me a su r e d  a t  20°C w i th a comb ina t i on 

m i c r o e l e c trode ( F i s h e r  Sc i en t i f i c  Co . ,  Fa i r  Lawn, N.J.) 

c o n j unc t i on w i th a pH me t e r. 

Th e i s o e l e c  c p o i n t  o f  the PME w a s  a ppro x ima ted by 

cor r e l a t ing the pos i t i on o f  the h i s tochem a l ly s n e d  b and 

wit h  p H  g r a d i en t  i n  a r ep l i c a t e  ge l .  



C HAPTE R I V  

RES ULTS AND D I S C U S S I ON 

I .  E F F E C T  OF p H  LEVELS AND Na C l  CONCENTRAT I ON S  
ON P E CT I N  METHYL E S TERA S E AC T I V I TY 

Th e s umma ry of th e a na ly s i s  of v a r i a n c e  f or t h e  e f f e c t  

o f  p H  l e ve l s  a nd Na C l  c on c e n t r a t ion s on th e a c t i v i ty o f  P ME 

p r e p a red by ammon i um s u l f a te f r a c t i on a t i on i s  p r e s e n te d  l n  

Tab l e  I .  The e f f e c t  of p H  a n d  Na C l  c on c e n tr a t i on w e r e  

s i g n i f i c a n t  a t  the 0 . 0 5  l e v e l o f  p rob ab i l i ty w i th t h e  l i n e a r  

e f f e c t  o f  b oth f a c tor s b e i ng dom i na n t  ove r  th e qua dr a t i c  

e f f e c t .  Th e i n t e r a c tion b e tw e e n  pH a n d  NaC l c on c e n tra t i on 

wa s s ig n i f i ca n t  a t  the 0 . 0 5  l ev e l  of p r ob ab i l i ty ,  b e i ng d ue 

to t he i n t e r ac t i on b e tw e e n  the l i ne a r  p H  c omp a r i s on a n d  the 

l i n e a r  NaC l c omp a r i s on . I n  v i ew of th e s e  r e s u l t s , i t  c a n  b e  

s ta te d  th a t  th e l i ne a r  p H  c omp a r i s o n  a nd t h e  l i n e a r  N a C l  

comp a r i s on a r e  th e major f ac t or s  f or t h e  in f l u e n c e  o n  P ME 

a c t iv i ty . 

F i g ure 3 s how s the thr e e  d ime n s i on a l r e s pon s e  sur fa c e  

map , i n  w h i c h  th e r e s p on s e  o f  P M E  a c t i vi ty t o  p H  a nd Na C l  

c on c e n tr a t i on w a s  d e s c r ib e d . Th e va l u e s  f or P ME a c t iv i ty 

f r om t r e a tme n t s  w i th f our p H  l ev e l s  a n d  f our Na C l  c on c e n tr a -

t i on s  a r e  p r e s e n ted a s  t r i an g u l a r  a r e a s  o n  the map . The 

t r e a tm e n t  w i th l owes t p H  ( 6 . 8 ) a n d  low e s t NaC l c on c e n t r a t i on 

( 0 . 1 2  M )  g av e  t he l owe s t  PME a c t i v i ty . A s  the p ii or Na C l  

31 



3 2  

TAB LE I 

S UMMARY OF ANALYSI S OF VA R I ANCE FOR EFF E C T  OF p H  AND Na C l  
CONCENTRA T I O N  ON THE ACT IVITY O F  P EC T I N  METHY L  ESTERA S E  

O F  SOUTHERN P EAS 

S o u rc e  

To t a l 

p H  ( P ) 

L i n ea r  ( L )  
QuacJra t i c  ( Q ) 
C ub i c ( C )  

NaC l ( S )  

L i near (L) 
Quadra t i c  ( Q ) 
C ub i c  ( C )  

pH x Na C 1  

P
L 

X S
L 

P
L 

X S
Q 

P
L 

X sc 
P

Q 
X S

L 

P
Q 

X S
Q 

P
Q 

X sc 
P

C 
X S

L 

P
C 

X S
Q 

P
C 

X sc 

Rep l i c a t i o n  

Res i du a l E rro r 

Degrees of Freedo m  Mea n Sq u a res 

1 
1 
1 

1 
1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 1  

3 

3 

l 

15 

4 . 0 1* 

1 0 . 9 9 *  
0 .  9 6 * 
0 .  0 9  

2 . 5 2* 

6 . 7 9 *  
0 . 7 6 *  
0 . 0 1  

0 . 18* 

1 . 4 2* 

0 . 0 1 

0 . 0 0 

0 .  0 4  

0 .  0 0 

0 .  0 7  

0 .  08 

0 . 0 1 

0 .  0 0  

0 . 1 8  

0 .  0 4  

*S ignif i c a n t  at the 0 . 05 level nf probC\bil ity . 
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Figure 3. Three dimensional representation of the 
response surface of pectin methyl esterase activity of 
Southern peas on 1. 0% pectin N.F. 
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concen tration was in creased , P ME activity increased almos t 

l inear l y  u n ti l  the conditions for maximum PME activity were 

reached. ��is ob s ervation i s  s ub s tan tiated b y  t he significan t 

f ac tor s  presented in the analy sis o f  variance ( Tab le I ,  

page 3 2 ) . 

Based on the res u l t s o f  the ana l y s i s  o f  variance , the 

f o l l owing pol ynomial was developed to des cribe the response 

s ur face ( 5 6 ) : P ME ac tivity - 7 5 . 6 0 + 1 8 . 7 8 [ pH ]  - 1. 0 8  

[ pH ]
2 

+ 7 6. 1 3 [ NaC l ] - 4 2 . 7 1 [ NaC 1 ]
2 

6 . 9 4  [ p H  NaC l ] . 

A ccording to the pol ynomial cal cu lation , the op timum pH was 

7. 9 and the op timum NaC l con centration was 0 .  2 5 l\1 . 

I I . DETE RMI N A T I O N  O F  AC T I VAT I O N  E N E RGY 

The activation es were cal culated by the graphic 

procedure from the Arrhenius p lo t  and are presented in 

Figure 4.  The activity of P ME yie l d s  a l inear re lations hip 

when the pH leve l s  were 6. 0 ,  7. 0 ,  a nd 7. 9. The continuat i on 

o f  t he l inear rate o f  the P ME ac tivity at the elevated 

temperature indicates the ab sence of th ermal denat uration o f  

the en zyme , which obviou s l y  wou l d  h ave inter ferred with the 

res u l tan t PME activity . 

The data in Tab le I I  are t he cal cu l ated val ues for 

ac vation energ s at pH 6. 0 ,  7. 0 ,  and 7 . 9 ( Figur e 4 ) . The 

val ue f or activation energy at pH 7 . 9  is abou t 1 . 5  times 

greater than that at pH 6 . 0. This indicate s t hat the 

ac tiv tion energy is inf l uenced by pH of t he reac tion medium . 
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TABLE I I  

AC T I VA T I ON E N ERG I E S  OF PEC T I N METHYL E ST E RA SE 
F RO M  SOUTH E RN PEAS 

Ac t i va t i on 
l 

Co r r e l a t i on 
E n e r gy C o e f f i c i ent 

c a l o r i e s  r 

4 , 9 00 0 . 9 9 4 8  

5, 950 0 . 9 9 4 2  

6 , 950 0 . 9 9 35 

1
Means o f  one ob s e r va t i on f o r  e a c h  o f  two r e p l i c a t i on s . 
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III . DETE RMINATION O F  KINE TIC REAC TIONS 

The e f fe c t o f  d i f f eren t s ub s tr a t e  ( pe c t i n  N . F . )  

conc e n tra t i on s  on the a c  v i ty o f  PME i s  pre s en t e d  on the 

L i neweav er- B urk p lot ( gure 5 ) . The c a l c u l a t e d  a pparent K 
m 

1 s  0 . 7 8 1 %  p e e  n N . F .  a nd the V i s  2 4 . 3 4 P ME uni t s . 
max 

The 

K i s  h i gher than tha t repor ted from P ME o f  o ther s ourc e s  
m 

( 6 ,  3 3 , 4 7 ) . 

IV. A D DITIONAL P U RIFICATION 

The PME s o l u t i on, wh i ch had b e e n  part l ly puri f i ed by 

a two- s t e p  ammoni um s u l f a te fra c t i ona on a n d  d i a ly s i s , w a s  

s ub j e c ted to DEAE- c e l l u lo s e  and Sephadex G- 1 0 0  col umn 

chroma tog r a phy for a dd i t iona l puri f i c a t ion .  

The chroma togra ph i c  p a t tern o f  P ME on DEAE- c e l l u lo s e  

c o l umn i s  s hown i n  F igur e 6. Two ac t PME fra c t ions w ere 

de t e c ted by a q u a l i t a t iv e  t e s t . The e n zyme a c t iv i ty from 

the f ir s t- a p p e aring fra c t ion w a s  s trong e no ugh for a 

q u an t i ta tive t e s t ,  b u t  tha t  o f  the s e cond- a p p e a r i ng fra c t ion 

( fra c t i on n umber, 4 1 - 4 7 )  w a s  too w e a k  for the q u an tative 

te s t  and con s e que n t l y  i t  i s  no t pre s ented i n  F i gur e 6 .  

The r e fore , the f i r s t- a p p e ar i ng P ME fra c t i on w a s  co l l e cted, 

puri f i ed and u s ed for the remaini ng exp e r i me n t s. Four 

dis t i nc t  protein p e a k s  w er e  de t ected . 
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F i g ure 5 .  L i n ew e av e r - B u rk p l o t  f o r  f f e c t  o f  s ub s t r a t e 
c o nc e n t r a t i o n  ( pe rc e n t pe c t i n  N . F . ) o n  t h e  a c t i v i  o f  p e c t i n  
m e t h y l  e s t e r a s e  f rom S o u t h e r n  p e a s . 
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A linear salt g ien t w i th a limi t ing conce n t r a t ion o f  

l M NaCl was used to desorb the P ME from i ts a t tachment t o  

the DEAE- cellulose mater ial . The fract ions containing P M E  

act iv i ty came o f f  the DEAE- cellulose column early in t he 

course o f  e l u t ion. This phenomenon can be explained by the 

fact t ha t  the f irst - appearing P ME frac tion did no t adsorb 

o n  DEAE- cellul ose , however, passage o f  t he material through 

the column removed signi f icant amo unts o f  e x traneous pro te in 

( 2 9 ) . The P ME from the DEA E - cellulose column represen ts an 

increase o f  1 9 8 - f old ( Table I I I )  in spec i f ic ac tivi o f  

the enzyme o ver tha t o f  the crude enzyme ex tract. 

In general , the purif icat ion o f  PME based on di f f erent 

char ge pro per t ies is relatively d i f f icu l t  because o f  

dif f iculty in f i  ng sui t able condi tions where the enzyme 

is mos t s table. 

x G- 1 0 0  Gel Fil tra t --�-----

The chromat o graphic pat tern o f  P ME on Sephadex G- 1 0 0  

column is given in F ure 7 .  A qua l i ta t ive tes t showed on 

ac tive PME f rac t ion, which was conf irmed by a q uantita tive 

test. A single p ro tein peak was observed . This o bserva o n  

ind ica tes that the P M E  was pur i f ied t o  a grea ter f old than 

that DEAE- cellulose column chroma raphy. The P ME 

ac t iv i  represents an increase o f  3 5 4 - f old ( Table I I I )  in 

the sp ec i f ic ac tiv ity o f  the enzyme o ver t ha t  of the crude 
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e n z yme e x tr ac t . Th e s e  re s u l t s  c l e a r l y  d emo n s t r a te tha t t h e  

me thod u s ed f o r  c h a ra c te r i z a t i on o f  the s i z e p ro p e r t i e s  o f  

PME c an b e  w e l l  emp l o y e d  f o r  p ur i f i c a t i o n  o f  t h e  e n z yme . 

I n  g e n e ra l , g e l  f i l tr a t i on on S e ph a d e x  p ro v i d e s  a n  e f f ec t i v e  

me a n s  f o r  r emov i ng m u c h  o f  t h e  i na c t i ve a c c ompa ny i ng 

pro t e i n s  ( 7 ) . 

Tab l e  I I I , page 4 1 ,  s h ow s  tha t t h e  P ME e x t ra c ted f rom 

S o u th e rn p e a s  was pu r i f i e d  prog r e s s i ve ly b y : f i r s t  a n d  s ec o n c  

ammo n i um s u l f a te f r a c t i o na t i on ,  DEAE - c e l l u lo s e c o l umn 

c hroma t o g r a p h y , a nd S ep h a d e x  G - 1 0 0  c o l umn c hroma t o g r a p h y  w i th 

3 ,  8 ,  1 9 8 , a nd 3 5 4 � fo l d  pur i f i c a t io n , r e s p e c t iv e l y . 

V .  A S C E RTA I NMENT O F  THE P RE S E N C E  O F  MUL T I P L E  
MOLECULAR F O RMS AND THE I R  I SO E L E C T R I C  

P O I NTS 

The g e l  e l e c tro f o c u s i ng of the p a r t i a l ly p u r i f i ed P ME , 

l n  a p H  3 - 1 0  ampho ly te s y s tem , i nd i c a t e d  t h a t a t  l e a s t  two 

p ro t e i n  c omp o n e n t s  w e r e  p r e s e n t . One c omp o ne n t  w a s  s t a i ne d  

s tr o ng l y  w i th Am i d o  b l a ck 1 0  B ,  b ut the o th e r  o n e  w a s  s ta i ne d  

fa i n t l y . 

The q ua l i t a t ive PME a c t i v i ty te s t  s how e d  a t  l ea s t  o n e  

en z ym a t i c a l l y a c t i v e  compo nen t .  The i s o e l e c t r i c  po i n t  o f  th e 

PME w a s  a p p r o x im a te d  to b e  4 . 5  a t  2 0 ° C  a n d  i s  s hown i n  

F i g ur e  8 .  

A s tab l e  p H  g r ad i e n t  w a s  deve l op e d  a c r o s s t h e  c o l umn o f  

g e l . How eve r , i t  w a s  r e l a t i ve l y  d i f f i c u l t  to deve l op a p H  

g r a d i en t  t h a t  w a s  s u f f i c i e n t l y  s tab l e  t o  d i s c o u n t  mo l e c u l a r  

s i e v i ng e f f e c t  i n  th e ge l .  
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A l though the e x p e r i me n t a l  r e s u l t s  w i th a g e l  

e l e c t ro f o c u s i ng s howe d  a s i ng l e  e n zyma t i c a l ly a c t i ve 

compo n e n t , i t  s h o u l d  not be a s s umed th a t  S o uthe rn p e a s  d o  n o t  

c o n ta i n  i s o en z yme s . A s  w a s  d e s c r i b e d  p r e v i o u s l y , DEAE­

c e l l u lo s e  c o l umn ch roma tog r a phy s e pa r a t e d  at l e a s t  two PME 

f r a c t i o n s . S i n c e  o n l y  o n e  PME f r a c t i o n  wa s u s ed i n  th i s  

e x p e r i men t ,  i t  i s  q u i te po s s ib l e th a t  t h e r e  i s  mo r e  than o n e  

PME l n  So uthe r n  p e a s . 

Th e p H  g r ad i e n t  i s  a f f e c te d  c o n s i de rab l y  b y  v a r l o u s  

f a c t o r s  s uc h  a s  c h o i c e  o f  e l e c t r o l y te s , temp e r a t ur e , o r  

conc e n tr a t i o n  o f  amph o l y te s  ( 5 3 )  s o  tha t th e i s o e l e c t r i c  

po i n t  o f  PME s ho u l d  b e  r e a d  unde r tho s e  cond i t i o n s  d e s c r i b e d  

i n  th e Ma t e r i a l s  a n d  Me thods . 



C HAPTER V 

SUMMAR Y  

I n  th i s  s tudy , e x p e r i me n t s  w e r e  c o n d u c t e d  to d e t e rm i n e  

some o f  p hy s i co c h em i c a l  p r o p e r t i e s  o f  p e c t i n  me thy l e s t e r a s e  

( PME ) f r om S o u t h e r n  p e a s  ( V i gna s i ne n s i s ) .  

B a s ed o n  the r e s u l t s  6 f  th i s  s tudy , t h e  f o l l ow i ng 

c o n c l us i o n s  we r e  made : 

1 .  P ME ac t i v i ty w a s  s i gn i f i c a n t l y  ( p  < 0 . 0 5 )  i n f l ue n c e d  

by p H , Na C l  c on c e n t r a t i on , a nd the i n te r ac t i o n  b e tween p H  

a n d  N a C l  c o n c e n t r a t i on . Bo th , the l i n e a r  a n d  q u a d r a t i c  

e f f e c t s  h ad a s i g n i f i c a n t  i n f l u e n c e  ( p  < 0 . 0 5 ) , b u t  t h e  

l i n e a r  e f f ec t w a s  p r e d om i na n t . 

2 .  The o p t imum pH and Na C l  c o n c e n tr a t i o n  w e r e  c a l cu l a t e d  

a s  7 . 9  a n d  0 . 2 5 M ,  r e s pe c t i v e l y . 

3 .  Th e c a l cu l a te d  e n e rg i e s  o f  a c t i va t i on w e r e  4 , 9 0 0 , 

5 , 9 5 0 , a n d  6 , 9 0 0  c a l o r i e s /mo l e  a t  p H  6 . 0 ,  7 . 0 ,  a n d  7 . 9 ,  

r e s p e c t i v e l y . 

4 .  K was 0 . 7 8 1 %  p e c t i n  N . F .  a n d  V wa s 2 4 . 3 4 PME 
m · m a x  

un i t s . 

5 • P ME w a s  p ur i f i e d  p ro g r e s s i ve l y by : 

f ra c t i o n a t i o n , s ec o n d  ( NH
4

)
2

s o
4 

f r a c t i o na t i on , DEAE- c e l l u l o s e  

c o l umn c h roma tog r aphy , a n d  S e ph a d e x  G- 1 0 0  c o l umn c h roma to ­

g r a ph y  w i th 3 ,  8 ,  1 9 8 ,  an d 3 5 4 - f o l d p u r i f i c a t i on , 

r e s p e c t i v e l y . 
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6 .  Ge l e l ec tr o f o c u s i n g , r e s u l t i ng f r om the f i r s t­

a p p e ar i ng PME f r ac t i o n  o f  the DEAE - c e l l u lo s e  c o l um n  

c h r oma t o g raphy , i n d i c a t e d  tha t th e r e  w e re a t  l e a s t  one P M F  

c ompon e n t  and two p ro t e i n  compo n e n ts . 

7 .  Th e i s o e l e c t r i c  po i n t  o f  one PME c ompo n e n t  w a s  

a p pro x im a te d  t o  b e  4 . 5 a t  20°C. 

4 7  
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