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A B B R E V I A T I O N S

In general the abbreviations and symbols employed in th i s  

t h e s i s  are those described in  the In s tru c t io n s  to  Authors for  

the Biochemical Journal (Biochem, J,  (1?78) I 6 9 » 1-27)*

Hepes

PPG

BNPS

ATP

DNA

DTT

GTP

hnRNA

mRNA

HAK

PBS

P.A.G.E.

o l ig o  (dT)

poly (U)

RNA

Na DOC

SDS

TCA

EDTA

EGTA

N~2-hydroxyethylp iperazine  -  N-2-e thane-  
Bulphonic ac id .

2 , 5  -  Biphenyloxazole .

2 -(2~nitrophenylsu lphenyl) -5  m ethyl-5-  
bromoindolenine.

adenosine 5~triphosphate.

deoxyribonucleic  a c id .

d i t h i o t h r e i t o l .
J

guanosine 5“tr iphosphate .

heterogenous nuclear  r ibonu cle ic  ac id .

messenger r ib o n u c le ic  ac id ,

methylated albumin on Kieselguhr.

phosphate-buffered s a l i n e  
(0'8% NaCl, 0*02% KĤ  PO ,̂
O'02% KOI, 0*12% NàgE PO4 ) 

polyacrylamide g e l  e le c tr o p h o re s i s ,  

polythymidylic  ac id ,  

p o ly u r id y l ic  ac id ,  

r ib on u c le ic  ac id ,  

sodium deoxycholate ,  

sodium dodecyl su lph ate ,  

t r i c h lo r o a c e t i c  a c id .

ethylenediaminetetraacet ic  ac id ,  

e t hyleneglycol-b ls- (p-aminoethyl ether)  N,N». 

t e tra a ce t ic  ac id

TEMSD N, N, N ’ , N * —te  t  rame t  hyle t  hyle ne diamine .



N.Z.W. New Zealand White.

MWt molecular weight,

2-ME 2-me r c apt oe t  hanol •

b is  aciy 1 ami de N,N^Methylene-b i  s-acry1 ami de.

Tris T r i s (hydroxymethyl)aminomethane.
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The a i  Tri o f  t h e  i n v e s t i g a t i o n  was t o  d e t e r m i n e  the  

s t r u c t u r a l  and b i o s y n t h e t i c  r e l a t i o n s h i p s  b e tw een  

th e  v a r i o u s  form s o f  t h e  s w e e t  p r o t e i n ,  t h a u m a t i n ,  

which a r e  found i n  t h e  t r o p i c a l  p l a n t ,  Thauir.atococcus  

d a n i e l l i .

Three  t h a u m a t i n s ,  TO, TIand T i l  were  i s o l a t e d  from  

t h e  a r i l  t i s s u e  o f  T h au m atococcu s  f r u i t s  i n ,  a p p a r e n t l y ,  

homogenous  form s  and t h e  s t r u c t u r a l  r e l a t i o n s h i p s  

b e tw e e n  them were i n v e s t i g a t e d  u s i n g  v a r i o u s  p r o t e i n  

a n a l y t i c a l  t e c h n i q u e s .  A n t i b o d i e s  t o  th a u m a t in  I I  

were  r a i s e d  and u se d  t o  measure  t h e  i m m u n o l o g i c a l  

r e l a t e d n e s s  o f  t h e  t h r e e  p r o t e i n s  by q u a n t i t a t i v e  

p r e c i p i t i n  and m ic r o -c o m p le m e n t  f i x a t i o n  m eth o d s .

The e v i d e n c e  s u g g e s t s  t h a t  t h e  t h a u m a t i n s  h a v e  a l m o s t  

i d e n t i c a l  amino a c i d  s e q u e n c e s  and c o n f o r m a t i o n s .  The 

o b s e r v e d  d i f f e r e n c e s  i n  i s o e l e c t r i c  p o i n t s  a r e  c o n s i s 

t a n t  w i t h  t h e  v ie w  t h a t  t h e  t h a u m a t i n s  r e p r e s e n t  forms  

o f  t h e  same p r o t e i n  which d i f f e r  o n l y  i n  t h e i r  r e l a t i v e  

amide  c o n t e n t s .

S t u d i e s  on t h e  c o n t e n t  o f  T hau m atococcu s  f r u i t s  a t  

d i f f e r e n t  s t a g e s  o f  m a t u r a t i o n  showed t h a t  t h e  amount  

o f  t h a u m a t in  i n c r e a s e d  d u r i n g  d e v e l o p m e n t  and t h a t  

i n  t h e  r i p e  f r u i t  up t o  6 0 % o f  t h e  p r o t e i n  i n  t h e  

a r i l  t i s s u e  was t h a u m a t i n .  I n t e r e s t i n g l y  f r u i t s  from  

t h e  A s h a n t i  r e g i o n  o f  Ghana have  r o u g h l y  s i m i l a r  TI 

and TII  c o n t e n t s  t o g e t h e r  w i t h  much l o w e r  am ounts  o f  

TO w h i l s t  K adjebe  r e g i o n  m a t e r i a l  d o e s  n o t  c o n t a i n  

any TTI but  h a s  c o r r e s p o n d i n g l y  l a r g e r  amounts  o f  TT and 

TO.



The h y p o t h e s i s  t h a t  t h e  th a u m a t in  form s  a r i s e  by 

I n t e r c o n v e r s i o n  o f  a common p r e c u r s o r  was t e s t e d .

No i n t e r c o n v e r s i  on was o b se rv e d  under  c o n d i t i o n s  o f  

h ig h  s a l t  c o n c e n t r a t i o n  or h i g h  pF or i n  t h e  p r e s e n c e  

o f  a r i l  p r o t e i n  e x t r a c t s .

P o l y so m e s  and RF’A p r e p a r a t i o n s  i s o l a t e d  from a r i l  

t i s s u e  d i r e c t e d  p r o t e i n  s y n t h e s i s  i n  wheat  germ and 

n u c l e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e  s y s t e m s .  SDS 

P .A .G .E .  a n a l y s i s  o f  t h e  r a d i o l a b e l l e d  p r o d u c t  p r e c i p 

i t a t e d  by a n t i - T I I  showed t h a t  o n ly  a s m a l l  p r o p o r t i o n  

( 0 . 0 5 ..̂ ) o f  t h e  t o t a l  p r o t e i n  s y n t h e s i s e d  was th a u m a t in .

The p r o p o r t i o n  o f  th a u m a t in  s y n t h e s i s e d  was s i m i l a r  i n
p l u s

t h e  c a s e  o f  p o l y ( A )  RNA p r e p a r a t i o n s  from r i p e

and u n r i p e  A s h a n t i  and r i p e  K adjeb e  r e g i o n  f r u i t s ,  
m inus

P o l y ( A )  RNA p r e p a r a t i o n s  d i r e c t e d  s y n t h e s i s  o f  a

s i m i l a r  p r o p o r t i o n  o f  th a u m a t in  t o  t o t a l  p r o t e i n  a s  
p l u s  

p o l y  (A) RN'A.

V a r i o u s  m eth o d s  were  u se d  t o  d e t e r m i n e  w h eth er  t h e

immuTi opr e e l  pi  t a b l e  p r o d u c t  was a s i n g l e  or  a m ix t u r e

o f  t h a u m a t i n s  b u t  t h i s  uroblem rem ained  u n r e s o l v e d .



C O N T E N T S

I . SWEETENERS

A. THE SWEET TASTE DETERMINAI^TS

B. SWEET TASTING MOLECULES 

C SWEET TASTING PROTEINS

1. M i r a c u l i n

2. M o n e l l in

3 . Thaumat in  ( i )  Occurence

( i i )  M o le c u l a r  and P h y s i o l o g i c a l  P r o p e r t i e s

I I .  MICROHETEBGGENEITY OE PROTEINS

A. GENERAL

B. HETEROGENEITY OP PROTEIN FORMS ARISING FROM DIFFERENT GENE COPIES 

C HETEROGENEITY ARISING FROM POST-TRANSLATIONAL MODIFICATIONS

I I I .  RIPENING OF FRUIT

A. PHYSICAL CHANGES OF FRUITS DURING RIPENII\G

B. HORMONAL REGULATION OF RIPENING

C. CLIMACTERIC RESPIRATION

D. NUCLEIC ACIDS AND RIPENING

E.  PROTEINS AND RIPENING

IV. MESSENGER RNA IN PLANTS

A. GENERAL

B. PLANT mRNAs

C. RECOGNITION OF PLANT mRNA PRODUCTS

V. MATERIAlo AND METHODS

A. GENERAL METHODS

1. P r o t e i n  d e t e r m i n a t i o n

2. Measurement o f  i n c o r p o r a t i o n  of  l a b e l l e d  amino a c i d s  i n t o  
TCA i n s o l u b l e  m a t e r i a l .

3 . P o ly ac ry lam id e  g e l  e l e c t r o p h o r e s i s  ( P .A .G . E . )

( i ;  P ro ced u re  of  G a b r i e l



( i i )  SDS P .A .G .E .  by t h e  p ro ced u re  o f  Weber,

( i i i )  P o ly a c ry l a m i d e  g e l  i s o e l e c t r i c  f o c u s i n g  
by t h e  method o f  W r ig ley .

B. METHODS

1. P u r i f i c a t i o n  o f  T 0,  T I  and T I I .

2. Amino a c i d  a n a l y s i s

3. N - t e r m i n a l  a n a l y s i s

4.  P e p t i d e  mapping

5. P r e p a r a t i o n  o f  a n t i b o d i e s  t o  th a u m a t in  I I

6. I m m u n o e le c t ro p h o re s i s

7 .  O u ch te r lo n y  d o u b le  d i f f u s i o n

8.  Q u a n t i t a t i v e  p r e c i p i t i n  a n a l y s i s  ( o f  T 0 ,  T I  and T I I  
r e a c t i o n  w i t h  a n t i - T  I I )

9.  Q u a n t i t a t i v e  micro-complement f i x a t i o n  a n a l y s i s .

10. Development o f  a  p ro c e d u re  f o r  q u a n t i t a t i v e  e x t r a c t i o n  
o f  a r i l  p r o t e i n .

( i )  E f f e c t  o f  pH, s a l t  and m u l t i p l e  e x t r a c t i o n s  on 
p r o t e i n  r e c o v e r y .

( i i )  T e s t  o f  a  p ro c e d u re  f o r  s e q u e n t i a l  e x t r a c t i o n  of  
s o l u b l e  and h ig h  pH and s a l t  s o l u b l e  p r o t e i n .

11. Measurement o f  q u a n t i t i e s  o f  T 0,  T I  and T I I  p r e s e n t  
i n  d i f f e r e n t  d ev e lo p m en ta l  s t a g e s  of  f r u i t .

12. The e f f e c t  o f  h i g h  pH, t e m p e r a t u r e  and s a l t  c o n c e n t r a t i o n s  
on t h e  t h a u m a t i n  fo rms ,

1 3 . R a d i o i o d i n a t i o n  o f  t h a u m a t in  u s i n g  lo d o -g e n ,

14 . Exposure  o f ^ ^ ^ ^ I ^  t h a u m a t i n  I I  to  an a r i l  homogenate.

15 . P r o t e i n  s y n t h e s i s  i n  i n t a c t  a r i l s .

l é .  P r e p a r a t i o n  of  r a b b i t  r e t i c u l o c y t e  l y s a t e .

17 . The r a b b i t  r e t i c u l o c y t e  l y s a t e  c e l l  f r e e  system.

18. P r e p a r a t i o n  o f  th e  wheat  germ S-30  c e l l  f r e e  e x t r a c t ,

19 P r e p a r a t i o n  of  RNA from r a b b i t  r e t i c u l o c y t e s .

20. E x t r a c t i o n  and p u r i f i c a t i o n  of  polysomes.

( i )  Magnesium p r e c i p i t a t i o n  of po lysomes.



( i i )  P r e p a r a t i o n  o f  polysomes by h i g h  speed  c e n t r i f u g a t i o n  
th r o u g h  a s u c r o s e  pad ,

( i i i )  S u c ro s e  d e n s i t y  g r a d i e n t  f r a c t i o n a t i o n  of  polysomes.

( i v )  Washing o f  polysomes on h y d r o x y l a p a t i t e .

21. E x t r a c t i o n a n d  p u r i f i c a t i o n  o f  p o ly  ( a )^^^® RNA.

22.  Assay f o r  mRNA a c t i v i t y .

23 . Measurement o f  t h a u m a t i n  s y n t h e s i s  i n  c e l l - f r e e  s y s t e m s .

24 . D i s s o c i a t i o n  and i s o e l e c t r i c  f o c u s i n g  o f  a n t i - t h a u m a t i n  I I -
t h a u m a t i n  complex.

V I .  RESULTS AND DISCUSSION.

A. PURIFICATION OF T 0 ,  T I  and T I I .

B. FRUIT DEVELOPMENT AND THAUMATIN CONTENT.

1. Development o f  a  p r o c e d u r e  f o r  q u a n t i t a t i v e  e x t r a c t i o n  of  
Thaumatococcus ar i l  p r o t e i n .

2. D i s t r i b u t i o n  o f  T 0 ,  T I  and  T I I  i n  d i f f e r e n t  d e ve lopm en ta l  
s t a g e s  of  f r u i t .

C. STRUCTURAL ANALYSIS OF T 0,  T I  and T I I .

1. M o le c u la r  w e ig h t  d e t e r m i n a t i o n  o f  T 0 ,  T I  and T I I .

2. Amino a c i d  a n a l y s i s  of  T 0 ,  T I  and T I I .

3 . N - t e r m i n a l  a n a l y s i s  of  t h e  t h a u m a t i n s .

4 .  D e te r m in a t io n  o f  t h e  p i s  o f  T 0 ,  T I  and T I I .

5 . F i n g e r p r i n t s  of  T 0,  T I  and T I I  by SDS P .A.G.E .  a f t e r  
l i m i t e d  p r o t e o l y s i s .

D. INi'UNOLOGICAL COMPARISON OF T 0,  T I  and T I I .

1. P r o d u c t i o n  o f  a n t i s e r u m  t o  th a u m a t i n  I I .

2. T e s t  o f  a n t i b o d y  s p e c i f i c i t y  by I m m u n o e le c t ro p h o re s i s .

3 . D e te rm in a t io n  o f  t h e  d e g r e e  of  c r o s s - r e a c t i v i t y  between 
a n t i - T  I I  and t h e  t h r e e  t h a u m a t i n  fo rm s .

E.  STUDIES ON THE BIOSYNTHETIC RELATIONSHIP BETWEEN T 0,  T I  and T I I .

1. Attempted i n t e r c o n v e r s i o n  of  m u l t i p l e  forms of  th a u m a t in .

( i )  E f f e c t  o f  pH, t e m p e r a t u r e  and s a l t  c o n c e n t r a t i o n  
on t h e  t h a u m a t i n s .

( i i ;  A ttempted  c o n v e r s i o n  o f  r a d i o i o d i n a t e d  T I I  t o  T I  
and T 0 i n  th e  p r e s e n c e  o f  a r i l  e x t r a c t s .



F .  STUDIES ON TEE BIOSYNTHESIS OF THAUMATIN.

1. S y n t h e s i s  o f  Thaumatococcus  a r i l  p r o t e i n s  i n  i n t a c t  a r i l s ,

2. S y n t h e s i s  o f  Thaumatococcus  a r i l  p r o t e i n s  i n  a  c e l l - f r e e  system,

( i )  P r e p a r a t i o n  o f  polysomes.

( i i )  I s o l a t i o n  o f  RNA f r a c t i o n s  from Thaumatococcus a r i l s .

( i i i )  Assays  f o r  mRNA a c t i v i t y .

( i v )  A n a l y s i s  of  t o t a l  p r o t e i n  s y n t h e s i s e d  i n  v i t r o  
u n d e r  t h e  d i r e c t i o n  of  a r i l  RNA.

( v )  Im m u n o e le c t r o p h o r e t i c  d e t e c t i o n  of  t h a u m a t in  
s y n t h e s i s e d  in  v i t r o .

( v i )  I s  T I ,  T I I  o r  T 0 th e  p r im ary  i n  v i t r o  p ro d u c t?

V I I .  GENERAL CONCLUSIONS



I N T R O D U C T I O N



I .  SWEETENERS.

A. THE SWEET TASTE DETERMINANTS.

Sweetness  i s  a  q u a l i t y  of  food t h a t  i s  g r e a t l y  p r e f e r r e d  by

most  humans,  t h i s  p r e f e r e n c e  i s  p ro b ab ly  in b o rn  s i n c e  i t  seems t o

a p p e a r  as e a r l y  as  t h e  f o u r t h  f o e t a l  month.
U n f o r t u n a t e l y ,  s u c r o s e  can have s e r i o u s  d e l e t e r i o u s  e f f e c t s

on human m etabo l i sm  i f  t a k e n  i n  e x c e s s .  One problem i s  t h a t  t h e  

m e tabo l i sm  of  s u c r o s e  y i e l d s  a r e l a t i v e l y  l a r g e  amount of  en e rg y .

I t  t h e r e f o r e  can c o n t r i b u t e  t o  a  s i g n i f i c a n t  problem i n  o v e r 

n o u r i s h e d  i n d i v i d u a l s  where excess  energy  i s  s t o r e d ,  p r i n c i p a l l y  

i n  t h e  form of f a t .  Consequen t ly  i t  i s  d e s i r a b l e  t h a t  s w e e te n e r s  

w i t h  good t a s t e  p r o p e r t i e s  and which have  no a p p r e c i a b l e  e f f e c t  on

( 2 )m e tabo l i sm  s h o u ld  be d ev e lo p ed .

The b a s i s  o f  sw ee tnes s  i s  t h e  a b i l i t y  of  a  m o le c u le  t o  i n t e r 

a c t  s p e c i f i c a l l y  w i t h  c e r t a i n  t a s t e  r e c e p t o r s .  Man p o s s e s s e s  up 

t o  h a l f  a  m i l l i o n  t a s t e  c e l l s  i n  t h e  mouth which a r e  c l u s t e r e d  i n t o  

g roups  of  40-60  t o  form t a s t e  buds .  Each t a s t e  bud has  p r o j e c t i n g  

m i c r o v i l l i  ( 0 * 2 p x  2*0^) which a r e  i n  c o n t a c t  w i th  s a l i v a  in  t h e  

mouth.  I t  i s  most  l i k e l y  t h a t  t h e  r e c e p t o r  s i t e s  f o r  sweet  

m o le c u le s  a r e  a s s o c i a t e d  w i t h  t h e  roémbranes of  t h e  m i c r o v i l l i  on 

t h e  tongue .

Many d i f f e r e n t  m o lecu le s  can b ind  r e v e r s i b l y  t o  t h e  t a s t e  bud 

membrane and produce  t a s t e  e f f e c t s .  The p r i n c i p a l  t a s t e s  a r e  s a l t ,  

s o u r ,  b i t t e r  and s w e e t .  S a l t  t a s t e s  a r e  g e n e r a l l y  caused  by a l k a l i  

and a l k a l i n e  e a r t h  c a t i o n s  w h i l s t  hydrogen  io ns  p l a y  t h e  dominant  

r o l e  in  p ro d u c in g  t h e  s e n s a t i o n  of  s o u r n e s s , S w e e t  and b i t t e r  

m o lecu le s  a r e  much more complex and t h e r e f o r e  can d i s p l a y  much 

h i g h e r  s p e c i f i c i t i e s  i n  t h e i r  i n t e r a c t i o n s  w i th  t h e  t a s t e  c e l l  

membranes. Not a l l  sweet  b i n d i n g  s i t e s  on t h e  tongue  a r e  i d e n t i c a l  

s i n c e  some r e a c t  b e t t e r  w i th  f r u c t o s e  than g l u c o s e  w h i le  o t h e r s  do



t h e  o p p o s i t e .  Thus i t  seems t h a t  t h e  m i c r o v i l l i  have many v a r i e d  

r e c e p t o r  s i t e s  c a p a b le  o f  b i n d i n g  t a s t e  m o le c u le s  which produce  

c o n f o r m a t io n a l  changes  i n  t h e  membrane which i n  t u r n  l e a d  t o  

e v e n t u a l  t a s t e  r e s p o n s e s .  The c o n fo rm a t io n  o f  t h e  swee t  t a s t i n g  

m o lecu le  i s  a l s o  i m p o r t a n t  and t h i s  may be a l t e r e d  by t h e  b i n d i n g  

r e a c t i o n . ^

Sweet s u b s t a n c e s  have  been  examined e x t e n s i v e l y  i n  a t t e m p t s

t o  f i n d  t h e i r  common d e t e r m i n a n t s ,  S h a l l e n b e r g e r  and A cree^ ^ ’ ^^

p o i n t  ou t  t h a t  mos t  sweet  m o l e c u le s  have  an e l e c t r o n e g a t i v e

atom B and a p o l a r i s e d  sys tem  A-H w i t h  a d i s t a n c e  be tween them

of  abou t  3^. However t h e  D-amino a c i d s  (A-H = NH^; B = CO)

h i s t i d i n e ,  l e u c i n e ,  p h e n y l a l a n i n e  and t r y p t o p h a n  a r e  sweet  w h i l s t

t h e i r  L-enan t iom orphs  a r e  n o t .  T h i s  s u g g e s t e d  t h a t  t h e  r e c e p t o r

a l s o  p o s s e s s e d  s t e r e o s p e c i f i c i t y  which  r e q u i r e d  a t h i r d  b i n d i n g

s i t e ( x ) .  In  1972 K ie r ^ ^ )  p o s t u l a t e d  t h a t  t h i s  t h i r d  s i t e  was

hydrophob ic  i n  n a t u r e  and f rom s t u d i e s  o f  t h e  swee t  amino a c i d s

t h a t  i t  was p o s i t i o n e d  3*5 & from t h e  A-H s i t e  and 5*5 ^  from

t h e  B s i t e  ( F i g . 1 ) .  Th i s  v a l u a b l e  p i c t u r e  o f  t h e  s t r u c t u r e -

t a s t e  r e l a t i o n s h i p  i n  sweet  m o l e c u le s  i s  s t i l l  n o t  f i n a l i s e d .  I t

i s  n o t  p o s s i b l e ,  f o r  example ,  t o  p r e d i c t  from m o l e c u l a r  s t r u c t u r e

t h e  i n t e n s i t y  o f  s w e e tness  o f  a  m o lecu le  o r  even w h e th e r  i t  w i l l

be sweet  a t  a l l .  Fu r therm ore  t h e  model  canno t  a c c o u n t  f o r  t h e

( 8 )sw e e tn e s s  of  d i a n h y d ro f u r a n o  t r e h a l o s e '  which does  n o t  c o n t a i n  

an  A-H, B system w i t h  t h e  u s u a l  i n t e r a t o m i c  (A—>B) d i s t a n c e  of  

2-8 -  2-9 I  ( F i g .  2 ) .

To d a t e  i t  has  n o t  been p o s s i b l e  t o  p u r i f y  t h e  sweet

r e c e p t o r  s i t e  from tongue  membr anes ^^*^ H o w e v e r ,  i t  has been

found t h a t  a n t i b o d i e s  t o  t h e  sweet  p r o t e i n ,  t h a u m a t i n ,  r e a c t

( 11 1 2 )w i th  o t h e r  sweet  m o lecu le s  * so  t h a t  i t  i s  p o s s i b l e  t h a t  

a n t i - t h a u m a t i n  may i n  t h e  f u t u r e  p r o v id e  a model system f o r



F i g u r e  1 The s w e e t  site; atomic pattern

3 - 5  A

AH

5 -5  A

2.8-  
2 - 9  %



F I G U R E  2 The molecu lar  structure of 3 ;6 ,3 :6 ' -d i anh yd ro-( fu rano )-
OC.oC-trehatose.

OH

0
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s t u d y i n g  t h e  sw ee t  t a s t e  r e c e p t o r .

B. SWEET TASTING MOLECULES.

The m ajo r  s w e e te n e r s  u s e d  i n  t h e  food  and d r i n k  i n d u s t r y  a t  

t h e  p r e s e n t  t im e  a r e  s u c r o s e  and s a c c h a r i n .  However, i n d u s t r y  

has  a g r e a t  i n t e r e s t  i n  a l t e r n a t i v e  s w e e te n e r s  f o r  f o u r  major  r e a s o n s  

F i r s t l y ,  t h e  consumpt ion  of  s u c r o s e  i n  l a r g e  q u a n t i t i e s  can be a 

majo r  cause  of  o b e s i t y ,  w i th  a t t e n d a n t  d i s e a s e s ,  and of  d e n t a l  

caries.  S e c o n d ly ,  d i a b e t i c s  must  have  a d i e t  which i s  s t r i c t l y  

c o n t r o l l e d  w i t h  r e s p e c t  t o  s u c r o s e  consumption.  T h i r d l y ,  s i n c e  

s u c ro s e  i s  u s e d  i n  l a r g e  q u a n t i t i e s  c o n s i d e r a b l e  commercial s a v in g s  

can be made by r e d u c i n g  i t s  u se  w h i l s t  m a i n t a i n i n g  th e  l e v e l  of  

sw ee tness  i n  a  g iv e n  p r o d u c t .  F i n a l l y ,  s a c c h a r i n  has  a  poor  t a s t e  

q u a l i t y  on i t s  own and i t s  s a f e t y  as a food  a d d i t i v e  i s  s u s p e c t .

The c o s t  problem can  be p a r t i a l l y  so lv e d  by u s e  of  corn  s y rups

( 1 5 )which a r e  p roduced  by enzymic h y d r o l y s i s  of corn  s t a r c h '  . 

U n f o r t u n a t e l y  t h e  m a jo r  c o n s t i t u e n t  of  corn sy ru p s  i s  g lu c o s e  

which has  o n ly  abou t  h a l f  t h e  sw e e tnes s  of  s u c r o s e  and so  t w ic e  as  

much must  be used  i n  f o o d s t u f f s  and ,  hence ,  t h e r e  i s  a d i s a d v a n t 

age i n  u s i n g  co rn  s y ru p s  w i th  r e s p e c t  t o  c a l o r i c  c o n t e n t .  Glucose 

can be c o n v e r t e d  t o  f r u c t o s e ,  which i s  n e a r l y  tw ic e  as sweet  as  

s u c r o s e ,  by enzymic i s o m e r i z a t i o n ^ .  H i g h - f r u c t o s e  corn s y rups  

a r e  now f i n d i n g  wide s p r e a d  a p p l i c a t i o n s  e s p e c i a l l y  i n  t h e  s o f t  

d r in k s  m a rk e t^ ^ ^ ^ .  U n f o r t u n a t e l y  f r u c t o s e  i s  s u s p e c t  as  a  

c a u s a t i v e  a g e n t  i n  a t h e r o s c l e r o s i s  and h y p e ru r i c a e r a i a .  (1 9 6 ,1 9 9 )

O ther n a t u r a l l y  o c c u r i n g  mono and d i - s a c c h a r i d e s  which occur

i n  th e  d i e t  and which t a s t e  sweet  a r e  l a c t o s e ,  m a l t o s e ,  i s o m a l t o s e

and CC- I) -mannose .  However, none of  t h e s e  a r e  a s  sweet  as  g lu c o s e

and th e y  would ,  t h e r e f o r e ,  have t o  be used  i n  r e l a t i v e l y  l a r g e

q u a n t i t i e s  which  migh t  i n  some i n s t a n c e s  prove h a rm fu l .  (Tab le  1.

shows t h e  r e l a t i v e  s w e e tn es s  of some n a t u r a l l y  o c c u r i n g  d i e t a r y  
s u g a r s ).
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Ta b l e  1 The r e l a t i v e  s w e e t n e s s  o f  n a t u i a l l v  

oc eu r ir- f  d i e ^ a r v  pu r a r e

Sur ai' S w e e t n e s s  l ' & l a t i v e  
t o  s u c r o s e

Su c r o s e 1 . 0

CX-L-Glucose 0 . 3

jS -  J - F r u c t o s e 1 . 7

L a c t o s e 0 . 2

F a i t o s e 0 . 3

CX-D-r.snnose - 0 . 4

I s o u a l t o s e  | - 0 . 3
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In  c o n t r a s t  t o  t h e  c a r b o h y d r a t e  s w e e te n i n g  a g e n t s  t h e  

a r t i f i c i a l  s w e e ten e rs  a r e  a l l  i n t e n s e l y  s w e e t .  Of t h e  known 

m a t e r i a l s ,  none of  which  b e a r s  any obv ious  s t r u c t u r a l  re sem b lance  

t o  t h e  s u g a r s ,  on ly  s a c c h a r i n  and c y c lam a te  have  been p e r m i t t e d  

f o r  food  u s e  i n  t h e  U n i t e d  Kingdom, Cyclamate h a s ,  however,  been 

banned s i n c e  1970 b e c a u se  of  e v i d e n c e  t h a t  i t  can induce  b l a d d e r  

tumours i n  an imals  when g iv e n  i n  v e r y  h ig h  dosage  t o g e t h e r  w i th  

s a c c h a r i n  (2 0 0 ) .  B e s id e s  b e i n g  i n t e n s e l y  s w e e t  t h e  a r t i f i c i a l  

s w e e te n e r s  a l s o  d i f f e r  from t h e  c a r b o h y d r a t e  s w e e te n e r s  i n  t h a t  

the y  a r e  n o n - n u t r i t i v e .  Th is  i s  an  ad v a n ta g e  i n  d i e t a r y  c o n t r o l .  

S ince  i t  i s  c a l o r i e - f r e e  and r e l a t i v e l y  cheap  due t o  i t s  ex treme 

s w e e tn e s s ,  s a c c h a r i n  i s  a  g r e a t  boon t o  t h e  fo o d  m a n u f a c t u r e r s .  

(Tab le  2 shows t h e  r e l a t i v e  s w e e tn e s s  of some a r t i f i c i a l  sw ee t 

e n e r s ) .

A s y n t h e t i c  d i p e p t i d e  L - a s p a r t y l - L - p h e n y l a l a n i n e  m e th y l  

e s t e r  ( a s p a r t a m e )  which i s  2pO t i m e s  s w e e te r  t h a n  s u c r o s e ,  was 

under  deve lopment by t h e  S e a r l e  Chemical  Company and a p p e a re d  

t o  be a p o t e n t i a l  s w e e te n e r  f o r  f u t u r e  mass m a rk e t i n g .  

U n f o r t u n a t e l y  i t  p roved  to  be t o o  t o x i c  f o r  human consumpt ion .

The n a t u r a l l y  o c c u r i n g  n o n - c a r b o h y d r a t e  s w e e te n e r s  have 

a t t r a c t e d  a g r e a t  d e a l  of  i n d u s t r i a l  a t t e n t i o n  d u r i n g  t h e  l a s t  

f i f t e e n  y e a r s .  These m a t e r i a l s  w hich  a r e  n a t u r a l  d i e t a r y  

c o n s t i t u e n t s  a r e  o b v i o u s l y  l e s s  s u s p e c t  r e g a r d i n g  t o x i c i t y  th a n  

s y n t h e t i c  compounds.

S t e v i o s i d e ,  f o r  example,  i s  a  g l y c o s i d e  w i t h  a  s t e r o i d  

aglyconç,which i s  o b t a i n e d  from t h e  s m a l l  s h r u b ,  S t e v i a  r e b a u d i a n a  

which i s  used  by t h e  n a t i v e s  o f  Pa raguay  as  a  s w e e te n e r .  

U n f o r t u n a t e l y  t h e  s t e r o i d  a g l y c o n e i s  r e s p o n s i b l e  f o r  p o t e n t  

b i o l o g i c a l  s i d e  e f f e c t s  and so s t e v i o s i d e  has  been  r e j e c t e d  by 

food m a n u fa c tu r e r s  i n  t h e  Western  w o r ld .



Te Die  2 The r e l a t i v e  s w e e t n e s s  o f  t h e  

e r t l f i c i e l  e w e e t e n e i - s .

S w e e t e n e r S w e e t n e s s  r e l a t i v e  
t o  s u c r o s e  ( s u c r o s e = l )

Type o f  
n o l  e c u l e

p - a n l s y l  u r e a lb aromRti c

cy clarnate 30 c y c l i  c

c h i  o.rcf orr 40 Rcy c l  i  c

p - e t h  0 >: y ph en y l
urea  ( D u l c i n )

200 a r o m e t l c

s a c c h a r i n 300 a r  QuiB. t i c

1 -  hr om o- 5-
n l t r o a n l l i n e

703 a ro m a t i  c

5 - n i  t r o -  2 - r -  
p r o p o r y  a n i l i n e

4 0 0 0 a r o r a t l c
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G l y c y r r h i z i n ,  a n o t h e r  n a t u r a l  g l y c o s i d e ,  i s  o b t a i n e d  from 

l i c o r i c e  r o o t .  The u s e  of  t h i s  compound i s  a l s o  l i m i t e d  because  

of  i t s  ha rm fu l  p h y s i o l o g i c a l  a c t i v i t y  and,  i n  a d d i t i o n ,  i t  has a 

r a t h e r  u n d e s i r a b l e  t a s t e ,

N a r in g in  d i h y d r o c h a l c o n e  and n e o h e s p e r i d i n  d ih y d ro c h a lc o n e  

can be o b t a i n e d  by a l k a l i n e  h y d ro g e n a t io n  of  t h e  p a r e n t  g l y c o s i d e s  

p r e s e n t  i n  o ra n g e  p e e l .  Both of  t h e  d ih y d ro c h a l c o n e s  p o s s e s s  a 

Rhamnose -  G lucose  d i s a c c h a r i d e  r e s i d u e  which ap p ea r s  t o  be 

e s s e n t i a l  f o r  t h e i r  s w e e tn e s s .  The i s o l a t e d  d i s a c c h a r i d e  i s  n o t  

s w e e t .  The d ih y d r o c h a l c o n e s  ap p ea r  t o  have  no u n p l e a s a n t  

p h y s i o l o g i c a l  s i d e  e f f e c t s  bu t  i n  te rms of  s w ee tness  t h e y  a r e  more 

expens ive  t o  p roduce  th a n  s a c c h a r i n .

F i n a l l y ,  i n  t h e  l a s t  decade ,  t h e  i n t e n s e l y  sweet  t a s t i n g  

p r o t e i n s  t h a u m a t in  and m o n e l l i n  and t h e  t a s t e  m od i fy ing  g l y c o p r o t e i n  

m i r a c u l i n  have  been  d i s c o v e r e d .  These m a t e r i a l s  w i l l  be more f u l l y  

d i s c u s s e d  i n  s e c t i o n  I  0 (Table  3 shows t h e  r e l a t i v e  s w e e tn e s s  

o f  t h e  n a t u r a l  s w e e te n in g  a g e n t s ) .

C. SVSET TASTING PROTEINS.

G e n e r a l . U n t i l  r e c e n t l y  no macromolecu le  was known t o  a c t  as  

a  s p e c i f i c  t a s t e  s t i m u l u s  i n  man, and p r o t e i n s  were c o n s i d e r e d  to  

be t a s t e l e s s .  However, t h r e e  t a s t e  a c t i v e  p r o t e i n s ,  a l l  o b t a in e d  

from p l a n t s  of  West A f r i c a n  o r i g i n ,  a r e  now known. Two o f  t h e  p ro 

t e i n s ,  m o n e l l i n  and th a u m a t in  can be d e s c r i b e d  as c h em os t im u la to ry  

and t h e  t h i r d ,  m i r a c u l i n  ( a  g l y c o p r o t e i n ) ,  as  t a s t e - m o d i f y i n g .  

M o n e l l in  and th a u m a t in  a r e  i n t e n s e l y  sweet  w h i l s t  p r e - t r e a t m e n t  of 

t h e  tongue w i t h  m i r a c u l i n  changes th e  normal t a s t e  s e n s a t i o n  of  

a c i d s  from s o u r  t o  sweet .

I t  seems l i k e l y  from a n t ib o d y  b i n d i n g  s t u d i e s  t h a t  t h a u m a t in

( 11 12 )and m o n e l l i n  have s i m i l a r  sweet  t a s t e  d e t e r m i n a n t s '  * ,

M i r a c u l i n  p r o b a b ly  e x e r t s  i t s  e f f e c t  by a  d i f f e r e n t  mechanism.
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T j. t j. Ve FKe e t n e s F of n a t u j'a

s w e e t f e r e r t  s.

£v;̂ :e tenei- fweetness l'eiative to 
sucrose ( s u c r o s e . - l }

St evi osl de 300

Cly cyi-rhizir: 100

fonelïM "̂ 2 , 0 0 0

Thfâuinatln - 3 , 0 0  0

Y e o n e s p e r i  nIr
d 1V; y d T 0 c h a 1 c on e 2 , 0 0 0
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1. M i r a c u l i n

In  I 852  W. F.  D a n i e l l ^ ^ ^ ^  r e p o r t e d  t h e  a s t o n i s h i n g  p r o p e r t i e s

of t h e  ’m i r a c u l o u s  b e r r y  o f  Western A f r i c a '  b u t  i t  was n o t  u n t i l
( 1 7 )

1965 t h a t  i t  was ’r e - d i s c o v e r e d ’ by I n g l e t t  e t  a l  . The s h ru b

which b e a r s  m i r a c l e  f r u i t ,  R i c h a r d e l l a  d u l c i f i c a  (Schum and Thonn) ,

f a m i ly  S a p o t a c e a e , i s  in d i g e n o u s  t o  t r o p i c a l  West A f r i c a  from

Ghana e a s tw a rd s  t o  t h e  Congo^^^^.  When grown from s e e d l i n g s  i t

( 19 )t a k e s  5 ~ 4 y e a r s  b e f o r e  f r u i t i n g  o c c u r s '  \  g row ing  s lo w ly  and

e v e n t u a l l y  r e a c h i n g  6 -  15 f e e t  i n  h e i g h t .  The b ranche s  b e a r

s i n g l e  f r u i t s  which a r e  t y p i c a l l y  2 cm l o n g ,  b r i g h t  r e d  and

e l l i p s o i d a l .  The t a s t e - m o d i f y i n g  s u b s t a n c e ,  m i r a c u l i n ,  i s  fo und

i n  a t h i n  l a y e r  of  p u lp  sandwiched be tween t h e  s k i n  and t h e  l a r g e

o l i v e - s h a p e d  s e e d .  M i r a c u l i n ,  when t a k e n  o r a l l y ,  has  t h e  p r o p e r t y

of  s w e e te n in g  s o u r  -  o r  a c i d - t a s t i n g  food  o r  d r i n k .  The e f f e c t  i s

p e r s i s t e n t ,  l a s t i n g  f o r  s e v e r a l  ho u r s  and can a l s o  modify t h e

o v e r a l l  f l a v o u r  p e r c e p t i o n ,  f o r  example ,  chang ing  v i n e g a r  i n t o  a

p o r t - l i k e  d r i n k .

M i r a c u l i n  i s  p r e s e n t  o n ly  i n  low c o n c e n t r a t i o n s  i n  t h e  f r u i t

and i t  i s ,  t h e r e f o r e ,  f a i r l y  d i f f i c u l t  t o  p u r i f y .  I t  has now been

e s t a b l i s h e d  t h a t  m i r a c u l i n  i s  a  g l y c o p r o t e i n  o f  m o l e c u la r  w e ig h t

4 2 ,000  i  3 ,000  co m p r i s in g  abou t  370 amino a c i d  r e s i d u e s ^ ^ ^ ^ .

I t  has  a r e l a t i v e l y  h ig h  i s o e l e c t r i c  p o i n t  o f  ab o u t  9- The

c a r b o h y d r a t e  p o r t i o n  o f  m i r a c u l i n  has  n o t  been  e x t e n s i v e l y  s t u d i e d

b u t  p r o b a b ly  c o n s t i t u t e s  ab o u t  6/c of  t h e  molecule^^*^’ ^^ \

M i r a c u l i n  i s  i n a c t i v a t e d  below pH3 and above pH12 and i t  i s

s e n s i t i v e  t o  t e m p e r a t u r e  changes .

V a r io u s  modes o f  a c t i o n  have  been  p roposed  f o r  m i r a c u l i n ,

(22 )K u r ih a ra  and B e i d l e r '  p roposed  t h a t  an a c i d  env i roment changed 

t h e  shape  o f  t h e  m o le c u le  s u f f i c i e n t l y  to  a l lo w  t h e  c a r b o h y d r a t e  

m oie ty  t o  i n t e r a c t  w i th  t h e  sweet  t a s t e  r e c e p t o r ,  D zendole t
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su g g e s te d  t h a t  m i r a c u l i n  b locked  th e  s o u r  r e c e p t o r  s i t e s  a l l o w i n g  

a sweet  t a s t e  t o  be g e n e r a t e d  by t h e  a n i o n i c  g ro ups  of  a c i d  

m o l e c u l e s .

Attempts  have been made to  m arke t  a  m i r a c u l i n - c o n t a i n i n g  

p roduc t  i n  t h e  U n i ted  S t a t e s  b u t  u n f o r t u n a t e l y  m i r a c u l i n  was 

e v e n t u a l l y  d e n ie d  food a d d i t i v e  s t a t u s .

2. M o n e l l i n .

The b e r r i e s  of  t h e  West A f r i c a n  o l a n t  Uioscoreophyllum 

cumminsii  were f i r s t  r e p o r t e d  t o  be i n t e n s e l y  sweet  i n  1695^^^^.

f  *1 ^I r v i n e  " '  made a more d e t a i l e d  d e s c r i p t i o n  of  t h e  p l a n t  i n  1961

and t h i s  was f o l l o w e d  by i t s  i n c l u s i o n  i n  a l i s t  of  t r o p i c a l  p l a n t s
( 25 )

w i th  u n u s u a l  t a s t e  p r o p e r t i e s  by I n g l e t t  and May i n  1968 '

They named t h e  f r u i t  t h e  ’s e r e n d i p i t y  b e r r y ’ .

U ioscoreophyl lum cumminsii  ( f a m i ly  Menispermaceae ) i s  a  

he rb ac eo u s  p e r e n n i a l  which b e a r s  male and fem ale  f l o w e r s  on s e p a r a t e  

p l a n t s .  Only f r u i t s  from p l a n t s  found i n  t r o p i c a l  West A f r i c a ,  t h e  

Sudan and e q u a t o r i a l  A f r i c a  have  been r e p o r t e d  to  be sweet  t a s t i n g .  

However p l a n t s  b e a r i n g  non-swee t  f n u i t s  a r e  found i n  R hodes ia ,  

Mozambique and K e n y a ^ ^ ^ \  The p l a n t s  have h e a r t - s h a p e d  l e a v e s  

which a r e  s u p p o r t e d  by long ,  v i n e - l i k e  stems and th e y  grow amongst  

humid,  u n d e r s t o r e y  v e g e t a t i o n  in  c l o s e d  f o r e s t s .  The stems grow 

from t u b e r s  a t  t h e  o n s e t  of  t h e  r a i n y  season  b u t  t h e  a e r i a l  v e g e t 

a t i o n  d i e s  down d u r i n g  th e  d ry  s e a s o n .  Female  p l a n t s  p roduce  g r a p e 

l i k e  c l u s t e r s  of  s m a l l ,  r e d  b e r r i e s  (up t o  100 in  each bunch)  which 

a r e  m a in ly  found in  deep  shade under  t h e  bushes  from J u ly  t o  October  

(F ig .  4 ) .  Each b e r r y  has  a t h i c k ,  f l e s h y  s k in  which covers  a thorny  

seed su r rounded  by a w h i t i s h  m u c i l a g e ,  which t a s t e s  ex t rem ely  sweet .  

The p l a n t  i s  n o t  c u l t i v a t e d  nor  i s  i t  g e n e r a l l y  e a t e n ,  exce p t  by

th e  peop le  of Z a i r e  who a l s o  e a t  t h e  t u b e r s  which re sem ble  sm al l  
( ? 6 )yams . P l a n t s  of  Uioscoreophyllum cumminsii  can be rep ro d u ced



F i g u r e  4 E x am p les  o f  P i  ose  o re  ophy 1 1 urn c u mnil n s i  i  a n d  

T h a u m a to c o c c u s  d a n l e l 11 p l a n t s .

[ a I F r u i t s  o f  P i  o s c o r e o p h y l l u m  c u m m in s i i  i n  s i t u  ( s e r e n d 

i p i t y  b e r r i e s ) .
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B

B A d e n s e  p a t c h  of  T h a u m a to c o c c u s  d a n l e l l l  p l a n t s
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young f r u i t s ,  f l o w e r s  and r h i zo me s  of Thaumat o c o c

d a n l e l l l .
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Ï51 Rice  f r u i t  of  Thaumatococcus  dan l  e l l i . (Kadjebe

r e g i o n  t ype  , c e n t r e ;  A s h a n t i  r e g i o n  t y p e ,  l e f t  and 

r i g h t )
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m i i i i L k u t k u t t e i u i u i t i u  11 i j  u l L i i  1 i a i i t o 3 . i a r i  n ta i i f c m n r f i i i t i iT ln i i

Thaumatococcus  d a n l e l l l  f r u i t s  a t  d i f f e r e n t  d e v e l o p 

menta l  s t a g e s .  (Rad j ebe  t ype )  U nr i p e ,  l e f t  ( s t a g e  A); 

i n t e r m e d i a t e ,  c e n t r e  ( s t a g e  3 ) ;  r i p e , r i g h t  ( s t a g e  D) .
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from s e e d ,  t u b e r s  or  s tem c u t t i n g s .

I n g l e t t  and r e p o r t e d  i n i t i a l l y  t h a t  t h e  sweet  e s s e n c e

of  ' s e r e n d i p i t y  b e r r i e s ’ was a h igh  m o le c u la r  w e ig h t  c a r b o h y d r a t e .

The sw ee tness  was s a i d  t o  be about  1 ,600  t im es  g r e a t e r  tha n  t h a t  

of  s u c ro s e  which a roused  worldwide  i n t e r e s t  i n  th e  m a t e r i a l  as  a

C 2 8 2 9 *)p o s s i b l e  commercial  s w e e te n e r .  In 1972'  * '  two groups w ork ing

in d e p e n d e n t l y  c h a r a c t e r i s e d  th e  sweet  s u b s t a n c e  as a  p r o t e i n  and

i t  was named ' m o n e l l i n ' .

I n i t i a l  c h a r a c t e r i s a t i o n  of  m o n e l l i n  was c a r r i e d  o u t  by M or r i s
(Ç>Q 7(1 71 1

and Cagan and Van d e r  Wei and Loeve * \

The d i s c o v e r y  t h a t  p r o t e i n s  cou ld  t a s t e  sweet  made e l u c i d a t i o n  

of  t h e  p r im ary  s t r u c t u r e  of  m o n e l l i n  an i n t e r e s t i n g  o b j e c t i v e  s i n c e  

i t  was ex p ec ted  t h a t  t h i s  would shed  l i g h t  on t h e  s t r u c t u r a l  

c h a r a c t e r  of  th e  sweet  t a s t e  d e t e r m i n a n t .  Three  amino a c i d  sequence  

s t u d i e s  have  been p u b l i s h e d ^ ^ ^ ’ ^^*^^^.  M o n e l l in  has  two non -  

c o v a l e n t l y  bound s u b u n i t s ,  A and 3 ,  of  44 and 50 amino a c i d  r e s i d u e s ,  

g iv i n g  a m o l e c u la r  w e ig h t  of approx .  11 ,000,  The p r im ary  sequence  

i s  shown i n  F ig u r e  5» The i s o e l e c t r i c  p o i n t  o f  m o n e l l i n  was found 

t o  be 9 *0 3 .

H ea t in g  th e  m olecu le  above 55-65°C caused  l o s s  of  t h e  sweet
( 7 1 ) ( 7 5 )

t a s t e  ' and enzymic h y d r o l y s i s  y i e l d e d  no sweet  p e p t i d e s ' ^

Some sw ee tness  i s  r e t a i n e d  a f t e r  l i m i t e d  p r o t e o l y s i s  w i th  
(76)

c a rb o x y p e p t id a s e  ' . D é n a tu r a t i o n  of  m o n e l l i n  w i th  81 Urea or

w i th  S:)S r e s u l t s  i n  i r r e v e r s i b l e  l o s s  of  s w e e tn es s  bu t  6h g u a n id in e

( 3 7 )h y d r o c h l o r i d e  t r e a t m e n t  a l low s  f u l l  r e c o v e ry  o f  sw ee tness  

When s e p a r a t e d  n e i t h e r  t h e  A or 3 ch a in s  of  m o n e l l i n  t a s t e  sweet^^ 

even a t  h i r h  c o n c e n t r a t i o n s .  However th e  two c h a i n s ,  on r e m ix in g ,  

s low ly  g e n e r a t e d  a sweet  t a s t e  which never  r e a c h e d  f u l l  i n i t i a l  

sweetness  i n t e n s i t y .  Twenty t o  f o r t y  p e r c e n t  of  t h e  l y s i n e  groups 

of  m o n e l l in  can be m e th y la t e d  w i th o u t  l o s s  of  sw ee tness  bu t  f u r t h e r
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F i g u r e  3 The p r i m a r y  s e q u e n c e s  o f  c h a i n s  I  

a n d  I I  o f  m o n e l l i n .

S u b u n i t  I _

A rg -G lu -  11 e - 1 y £ - C1y - T yr-C1 u - T y r - C I n - L e u - T y r -  

Va 1 -  Ty r -  Al e -  S e r -  A s p - 1 y s -  L e u- F h e -  A l 'g -  Al a -  A sn - 1 1 e - 

S e r - G l n - A s n - T y r - I y s - T h r -  7 - G l y -  ? - A r g - L e u - I eu- 

A rg -P h e -  7 -  ? -  ?

Subuni t  I I

C l y - G l u - T r p - C l u - I l e - I l e - A s p - I l e - C l y - P r o - P h e - T h r -  

G1 n -  A s n -  L e u -  G1 y -  L y s -  P h e -  A1 a -  V a 1 -  A s p -  G1 u -  G1 u -  A s n - 

Ly s - 11 e -  G1 y -  c 1 n-  Ty r -  G1 y -  A.r £- L eu- Thr- P h e -  A sn -  Ly s- 

Val - 1 1 e -  Ar g -  P r  o- Cy s -  h e t - L y  s -  Ly s -  T h r - 1 1 e -  Ty r -Glu-  

Glu-Asn

(FROM BOHAK AND LI REF 32)
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/ X Û ^
m é t h y l a t i o n  r e s u l t s  i n  gj ' adual  d i s a p p e a r a n c e  of  t a s t e '  . Al l  

of t h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  f a c t o r ( s )  r e s p o n s i b l e  f o r  t h e  

sweet t a s t e  of  m o n e l l i n  a r e  n o t  p r e s e n t  i n  a s im p le  p e p t i d e  

sequence a l o n e .  I t  a p p e a r s  t h a t  s eco n d a ry ,  t e r t i a r y  and q u a t e r n a r y  

s t r u c t u r a l  i n t e g r i t y  i s  v e ry  im p o r t a n t  i n  p ro d u c in g  s w e e tn e s s .

Work w i th  v a r i o u s  an im a ls  by H e l l e k a n t  e t  shown

t h a t  m o n e l l i n  i s  n o t  p e r c e i v e d  as sweet  by g u in e a  p i g s ,  r a t s ,  

h a m s t e r s ,  dogs ,  p i g s ,  r a b b i t s  o r  th e  New World monkey S agu inas  

midas t a m a r i n ^ ^ ^ \  The ev id e n c e  was g a t h e r e d  by b e h a v i o u r a l  

o b s e r v a t i o n s  and by e l e c t r o p h y s i o l o g i c a l  r e c o r d i n g s .  However, t h e  

Old World monkeys C ercon i thec us  a e t h i o p s  and Macaca f a s i c u l a r i s . 

bo th  of  which ,  l i k e  man, be long  t o  t h e  i n f r a o r d e r  P l a t y r r h i n a  

were found t o  respond  t o  m o n e l l i n  i n  such  a way as t o  make i t  seem 

t h a t  t h e y  e x p e r i e n c e  t h e  same t a s t e  s e n s a t i o n s  as man. A l l  of  t h e  

an im als  t e s t e d  responded  t o  s u c r o s e ,  s u g g e s t i n g  t h a t  m o n e l l i n  has  

a  s e p a r a t e  r e c e p t o r  s i t e  a t  which i t  e l i c i t s  i t s  swee t  t a s t e  and 

which i s  a b s e n t  i n  some s p e c i e s .

M one l l in  has no t  been developed  f u r t h e r  as  a  commercial  

s w e e ten in g  a g e n t  s i n c e  i t  has  s e r i o u s  d i s a d v a n t a g e s  which make i t  

l e s s  a t t r a c t i v e  tha n  a l t e r n a t i v e s .  F i r s t l y ,  i t  i s  u n s t a b l e  u nde r  

normal s t o r a g e  c o n d i t i o n s .  S econdly ,  i t  has i n f e r i o r  t a s t e  q u a l i t i e s  

and t h i r d l y ,  t h e  y i e l d  of  m o n e l l i n  from t h e  f r u i t  i s  low.

7. Thaumat i n

( i )  O ccu r rence . The f r u i t  o f  Thaumatococcus d a n i e l l i  has  long 

been known f o r  i t s  i n t e n s e l y  sweet  t a s t i n g  a r i l .  The p l a n t  was f i r s t  

d e s c r i b e d  by D a n ie l l  i n  who r e p o r t e d  t h a t  t h e  sweet  p ro 

p e r t y  o f  t h e  f r u i t  was th e n  a l r e a d y  w e l l  known and u t i l i s e d  f o r  

sw e e ten ing  breads  and wines i n  West A f r i c a  .

The p l a n t  grows w e l l  w i t h o u t  s p e c i a l  a t t e n t i o n  but  i t  i s  

encouraged ,  n o t  f o r  i t s  f r u i t s  bu t  f o r  i t s  l a r g e  tough  le a v e s  which
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a r e  used  f o r  wrapping  f o o d s t u f f s .  I t  i s  common th r o u g h o u t  t h e  

West A f r i c a n  r a i n - f o r e s t  zone from S i e r r a  Leone t o  Z a i r e  and has  

been  r e p o r t e d  t o  be p r e s e n t  i n  t h e  P r i n c e s  I s l a n d s ,  t h e  C e n t r a l  

A f r i c a n  R epub l ic  and A ngo la^^^) ,  The p ho tog raphs  i n  f i g u r e  4 

show examples o f  th e  p l a n t ,  i t s  f r u i t  and f l o w e r s ,

Thaumatococcus d a n i e l l i  i s  a  p e r e n n i a l  t r o p i c a l  h e r b  which 

forms p a r t  of  t h e  ground  f l o r a  o f  f o r e s t s .  I t  be longs  t o  t h e  monocot 

f a m i ly  M a ra n ta c e a e . The p l a n t s ,  which a r e  h e r m a p h r o d i t e ,  b e a r  s p i k e  

i n f l o r e s c e n c e s  a t  t h e  j u n c t i o n  o f  t h e  s w o l l e n  p e t i o l e  base  w i th  t h e  

rh izome.  Up to  tw e lv e  p a i r s  of  p u r p l i s h - p i n k  f l o w e r s  form on each 

i n f l o r e s c e n c e  b u t  u s u a l l y  on ly  2 t o  3 form ma tu re  f r u i t s . The 

m a j o r i t y  of  f r u i t s  have  a t r i a n g u l a r  shape  formed by t h r e e  f l e s h y  

p e r i c a r p  segments which t u r n  from g reen  t o  r e d  d u r i n g  r i p e n i n g .

W i th in  each f r u i t  t h e r e  a r e  up t o  t h r e e  s e e d s  ( g e n e r a l l y  t h r e e )  

which a l s o  change c o l o u r  d u r i n g  r i p e n i n g  from w h i t e  t o  b l a c k .  At 

t h e  p o i n t  of  a t t a c h m e n t  of  each  seed  t o  t h e  f r u i t  i s  a  y e l l o w y / w h i t e  

f l e s h y  a r i l .  The seeds  a r e  su r ro u n d ed  by a  g e l  l a y e r .  Sweet p r o t e i n  

i s  found on ly  i n  t h e  a r i l  t i s s u e .

The sweet  p r o p e r t y  of  t h e  a r i l s  was ' r e d i s c o v e r e d '  i n  I 968 by 

I n g l e t t  and M a y ^ ^ ^ \

( i i )  M o lecu la r  and P h y s i o l o g i c a l  P r o p e r t i e s  The c h a r a c t e r 

i s a t i o n  o f  t h e  sweet  p r i n c i p l e  from Thaumatococcus d a n i e l l i  began 

w i th  t h e  r e p o r t  t h a t  i t  could  be e x t r a c t e d  from t h e  a r i l  w i th  w ate r^^^^ ,  

In 1972 Van d e r  Wei and Loeve^^^^ r e p o r t e d  p u r i f i c a t i o n  and 

c h a r a c t e r i s a t i o n  of  t h e  sweet  m a t e r i a l  which th e y  found was composed 

of  two p r o t e i n s  which were d e s i g n a t e d  th a u m a t in  I  ( T I )  and tha um a t in  

I I  (T I I ) .

T I  and T I I  were p u r i f i e d  from an aqueous a r i l  e x t r a c t  by 

■ u . l t ' r a f i l t r a t i o n ,  g e l  f i l t r a t i o n  and io n -e x c h a n g e  chromatography.  

Sweetness  e v a l u a t i o n  of  T I  and T I I  by a t a s t e  p a n e l  gave
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i d e n t i c a l  v a l u e s  f o r  bo th  p r o t e i n s .  Tne p ro c e d u re  a dop ted  was 

t o  d e t e r m in e  t h e  c o n c e n t r a t i o n  of  th a u m a t in  r e q u i r e d  f o r  i s o -  

sw e e tness  w i th  a 7% s u c ro s e  s o l u t i o n .  On a w e ig h t  b a s i s  th a u m a t in  

was 1 ,600  t im es  s w e e te r  than  s u c r o s e  and on a m olar  b a s i s  i t  was 

10-"̂  t im es  s w e e te r .

T I  and T I I  were bo th  shown t o  be p r o t e i n a c e o u s  by t h e i r  

c h a r a c t e r i s t i c  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a ,  t h e  p r e s e n c e  of  

a lm os t  100% p o l y p e p t i d e  m a t e r i a l  ( as  de te rm ined  by t h e  b i u r e t  

method,  t h e  100*% y i e l d  of  amino a c i d s  On a c i d  h y d r o l y s i s ,  by t h e i r  

p o s i t i v e  r e a c t i o n  w i th  amido b l a c k  and by t h e  d i s a p p e a r a n c e  of  

t h e i r  sweet  t a s t e  a f t e r  t r y p s i n  d i g e s t i o n ) .

T I  and T I I  were r e p o r t e d  t o  have p i  v a l u e s  of  a lmos t  12 as 

judge d  from s t a r c h  g e l  e l e c t r o p h o r e s i s  a t  d i f f e r e n t  pH v a l u e s  and 

beca u se  t h e y  were p r e c i p i t a t e d  a t  pH 12, This  was an unex p ec ted  

f i n d i n g  s i n c e  t h e  amino a c i d  a n a l y s i s  of  t h e  th a u m a t in  p r o t e i n s  

showed a normal number of  b a s i c  and a c i d i c  amino a c i d s  a p a r t  from 

t h e  absence  o f  h i s t i d i n e .  I t  i s  more u s u a l  t o  f i n d  t h a t  p r o t e i n s  

w i t h  v e r y  h ig h  p i  v a l u e s  l i k e  th e  h i s t o n e s  o r  p r o ta m in e ,  f o r  

example,  have a h ig h  p r o p o r t i o n  of  b a s i c  amino a c i d s .

A n a ly s i s  o f  bo th  T I  and T I I  showed t h a t  a l a n i n e  was N - t e r m i n a l ,  

M o le c u la r  w e ig h t  d e t e r m i n a t i o n  by u l t r a c e n t r i f u g a t i o n  gave s i m i l a r  

m o l e c u l a r  w e ig h t s  of  21 ,000  ^ 600 and 20 ,400  ^ 600 f o r  T I  and T I I ,  

r e s p e c t i v e l y .  E s t i m a t io n  o f  m o l e c u la r  w eigh ts  by g e l  f i l t r a t i o n  

on Sephadex G -  50 gave 19,500 ^ 1 ,900  (T l )  and 18,000 ^ 1 ,800

(T I I ). The p rocedu re  of  El lman^^^^ was used  t o  show t h a t  b o th  

th a u m a t in s  c o n t a i n e d  no f r e e  s u l p h y r y l  g roups .  S ince  b o th  th a u m a t in s  

c o n t a i n  16 c y s t e i n e  r e s i d u e s  t h e y  must be p r e s e n t  as  c y s t i n e  which 

p resumably  g iv e s  r i s e  t o  a h i g h l y  r i g i d  t e r t i a r y  s t r u c t u r e .

C i r c u l a r  d ic h ro i sm  and p r o to n  m agne t ic  re sonance  measurements 

i n d i c a t e  t h a t  r e v e r s i b l e  c o n fo rm a t io n a l  changes occur w i th  both
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p r o t e i n s  as t h e  t e m p e r a t u r e  i s  r a i s e d  b u t  t h a t  a t  c e r t a i n  temp

e r a t u r e s ,  which v a r y  w i th  pH, i r r e v e r s i b l e  h e a t  d é n a t u r a t i o n  

o c c u r s ^ ^ ^ ^ .  The i r r e v e r s i b l e  h e a t - i n d u c e d  t r a n s i t i o n  seems t o  be 

r e s p o n s i b l e  f o r  t h e  l o s s  of  s w e e tness  of  t h e  p r o t e i n s .  The 

s p e c t r o p h o t o r a e t r i c  ev idence  s u g g e s t s  t h a t  t y r o s i n e  r e s i d u e s  and a t  

l e a s t  one d i s u l p h i d e  chromophore a r e  in v o l v e d  i n  t h e  c o n fo rm a t io n a l  

change .

The pr im ary  s t r u c t u r e  o f  T I  has  now been  de te rm ined  by 

Iyengar  e t  a l / ^^^ .  The p r o t e i n  c o n s i s t s  o f  a  s i n g l e  p o l y p e p t i d e  

cha in  o f  207 r e s i d u e s .  In  o r d e r  t o  a r r i v e  a t  t h e  comple te  sequence  

i t  was found t o  be n e c e s s a r y  to  s e q u e n c e ,  a u t o m a t i c a l l y ,  f ragm en ts  

produced by t h e  f o l l o w i n g  t r e a t m e n t s :  cyanogen bromide c l e a v a g e ,

BNPS -  s k a t o l e  c l e a v a g e  and t r y p s i n .  S tap h y lo c o c c u s  V8 p r o t e a s e  

and chym otryps in  d i g e s t i o n s .  F i g u r e  5 g iv e s  t h e  p r im ary  sequence 

of  th a u m a t i n  I .

U s ing  t h e  method o f  Chou and Fasman^^^^,  Iyenga r  e t  a l ^^^) 

found t h a t  i t  was p o s s i b l e  from t h e  known amino a c i d  sequence  of  

th a u m a t in  I  t o  p r e d i c t  t h a t  t h e  p r o t e i n  had a  low OC-hel ix  c o n te n t  

which a g re e d  w e l l  w i t h  t h e  p u b l i s h e d  s p e c t r o s c o p i c  d a t a ^ ^ ^ ^ .  The 

P - s h e e t  and p - b e n d s  c o n t e n t s  were p r e d i c t e d  t o  be h ig h .

Two groups o f  w orkers  have r a i s e d  a n t i b o d i e s  t o  T I  i n  r a b b i t s .  

Hough and Edwards on ̂   ̂  ̂ were i n  t h e  p r o c e s s  o f  d e v e lo p in g  a 

s e n s i t i v e  a s s a y  f o r  th a u m a t in  i n  d i l u t e  s o l u t i o n  u s i n g  r a d i o 

immunoassay when the y  d i s c o v e r e d  t h a t  s a c c h a r i n  ( p r e s e n t  as  p a r t  

o f  a s o f t  d r i n k  f o r m u l a t i o n )  was c a p a b le  of  i n t e r f e r i n g  w i th  th e  

t h a u m a t i n - a n t i - t h a u m a t i n  r e a c t i o n .  They ex tended  t h i s  work t o  o t h e r  

sweet  m a t e r i a l s ,  i n c l u d i n g  m o n e l l i n ,  and found  t h a t  the y  a l l  r e a c t e d  

w i t h  a n t i - t h a u m a t i n .  The degree  of  r e a c t i o n  showed a c l o s e  r e l a t i o n 

s h i p  t o  t h e  r e l a t i v e  sw ee tness  of  t h e  m o le c u le .

Table  4 shows t h e  r e l a t i o n s h i p  between c r o s s - r e a c t i v i t y  w i th
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a n t i - t h a u m a t i n  and s w e e tn e s s  i n t e n s i t y .
( 1 2 )

Van d e r  Wei and B e l '  '  have looked a t  t h e  c r o s s - r e a c t i v i t y  

between a n t i - t h a u m a t i n  I  and m o n e l l i n  by O uch te r lony  double  d i f f u s i o n .  

T h e i r  r e s u l t s  showed a r e a c t i o n  of  i d e n t i t y  between T I  and m o n e l l i n  

b u t  t h e r e  was no c r o s s - r e a c t i v i t y  between i o d i n a t e d  m o n e l l i n  and 

a n t i - T  I  ( i o d i n a t i o n  of  m o n e l l i n  s p l i t s  th e  two m o n e l l i n  p o l y p e p t id e  

c h a i n s ) .  They concluded  t h a t  th a u m a t in  and m o n e l l i n  s h a r e  an 

i d e n t i c a l  c o n f o r m a t io n a l  d e t e r m i n a n t  which i s  p ro b ab ly  t h e  s i t e  

r e s p o n s i b l e  f o r  t h e  s w e e t - t a s t e  s e n s a t i o n .  The s t r u c t u r a l  f e a t u r e  

of  th a u m a t in  which i s  c a p a b le  o f  i n t e r a c t i o n  w i th  t h e  s w e e t - t a s t e  

r e c e p t o r  and which i s  a l s o  a m a jo r  a n t i g e n i c  d e t e r m i n a n t ,  appears  

t o  be s i m i l a r  i n  a l l  i n t e n s e l y  sweet  m a t e r i a l s .  Hough and Edwardson 

have t h e r e f o r e  s u g g e s t e d  t h a t  u s e  of  the  a n t i - T  I  radio immunoassay  

may p r o v id e  a v a l u a b l e  method f o r  the  a s say  of  sw ee tness  i n  v i t r o .

Thaumatin has  been shown t o  e l i c i t  a  s i g n i f i c a n t  e l e c t r o -  

p h y s i o l o g i c a l  r e s p o n s e  i n  t h e  chorda  tympani of  a n a e s t h e t i s e d  

C e rco p i th ec u s  a e t h i o p s  (Old World monkey s p e c i e s )  bu t  n o t  i n  th e  

n e rv e  from Saguinas  midas t a m a r i n  (New World monkey s p e c i e s ) ,  p i g ,  

r a b b i t ,  h a m s te r ,  r a t  o r  B eh a v io u ra l  t e c h n iq u e s  have

shown t h a t  t h i s  e l e c t r o p h y s i o l o g i c a l  r e s p o n s e  p robab ly  c o r r e l a t e s  

w i th  t h e  a b i l i t y  t o  p e r c e i v e  sw ee tnes s  of  th a u m a t in .  I t  would a p p e a r ,  

t h e r e f o r e ,  t h a t  n o t  a l l  a n im a l s  r e c o g n i s e  thaum at in  as  s w e e t - t a s t i n g .  

G la s e r  e t  a l ^^^) r e c e n t l y  su rveyed  54 s p e c i e s  of  p r im a te  f o r

t h e i r  t a s t e  r e s p o n s e  t o  th a u m a t i n .  Only th e  Old World monkeys of  th e  

C e r c o p i t h e c i d a e , H y lo b a t id a e  and Pongidae respond  t o  t h e  p r o t e i n .

This  s u g g e s t s  t h a t  t h e  c a p a c i t y  t o  t a s t e  thaum at in  evolved  58 m i l l i o n  

y e a r s  ago.  Whether t h e  change i n  t a s t e  p e r c e p t i o n  which occured  was 

a s u b t l e  change t o  t h e  e x i s t i n g  s w e e t - t a s t e  r e c e p t o r  o r  th e  a p p e a r 

ance of  a  whole new c l a s s  o f  r e c e p t o r s  i s  as  y e t  u n c l e a r .  Comparison 

of  T I w i th  m o n e l l i n  shows t h a t  b e s id e s  bo th  t a s t i n g  sweet  both
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I f b l e  . Imfi^unolo^'i ca l  c r o s s  r e a c t i v i t y  w i t h

a n t l - t h a ùoat i n  and s w e e t n e s s  I n t e n s 1 1y .

S w e e te n er
R e l a t i v e  s w e e t n e s s

I mm un o-  
r ea  c t i v l t yr e l a t i v e  to  

10/.- s u c r o s e
r e l a t i v e  t o  
thauma t i n  

( molar  )
thauniat in 0 , 0 0 0 1 1

n i o n e l l i n 2 , 0 0 0 1 / 3

n e o h e s p e r l d l n  
dll; y t r o c h a i c  on e

1 , 0 0 0 1 / 1 0 0 ÿ . O x l c S

4 , 1 ,  é , t e t r a  
c h 1 or 0  s u C lo s e

203 1 / 7 2 0 3. 0X1o6

2 - a s p a r t y l - l -  
p h e n y l a l a n y l  
ii.e t h y l  e s t e z

200 1 / 9 7 0 O.OxiO®

l ' , o , 6 - t r l c h l -  
o r o s u e r o s e

ICO 1 / 1 , 3 0 0 3 . 0 x 1 0 ?

sr cch- r i  ■ ■ 1.^0 1 / 1 . 6 0 0 Z . 0x10®

c y c l a ma t e 30 1 / 6 , 0 0 0 l .CxlO®

'alien fi-om r e f e r e n c e  i i
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have r e l a t i v e l y  h ig h  p i  v a l u e s ^ ^ ^ * ^ ^ * ^ ^ \  s i m i l a r C C - h e l i x / ^ - s h e e t  

c o n t e n t s ^  and b o th  r e a c t  w i th  a n t i b o d i e s  r a i s e d  a g a i n s t  th a u m a t i n  I  

( 11 , 12 )^ However,  compari son of  t h e  p r im ary  s t r u c t u r e s  does  n o t  r e v e a l  

any s i m i l a r  s equences  beyond what cou ld  be e x p e c t e d  by chance .

There a r e  f i v e  t r i p e p t i d e  sequences  which a r e  p r e s e n t  i n  b o th  s w e e t -  

t a s t i n g  p r o t e i n s .  I t  i s  p o s s i b l e  t h a t  one of  t h e s e  i s  i n  a  f a v o u r a b l e  

p o s i t i o n  t o  i n t e r a c t  w i th  t h e  t a s t e  r e c e p t o r .



31

I I .  MICROHETERCGENEITY OF PROTEINS

A. GENERAL.

The main f e a t u r e s  of  p r o t e i n  b i o s y n t h e s i s  a r e  now w e l l  

e s t a b l i s h e d .  The i n f o r m a t i o n  r e q u i r e d  f o r  th e  assembly  of  amino 

a c i d s  i n  t h e i r  c o r r e c t  s equence s  t o  form p o ly p e p t id e s  i s  s u p p l i e d  

by t h e  n u c l e o t i d e  sequence  of  t h e  g e n e s .  The p r o c e s s  i s  c a l l e d  

t r a n s l a t i o n  and i t  i n v o l v e s  t h e  m a tch ing  ( v i a  tRNA) of  s p e c i f i c  

n u c l e o t i d e  t r i p l e t s  w i th  t h e i r  r e s p e c t i v e  amino a c i d s .  I f  th e  

p ro c e s s  p roceeds  a c c u r a t e l y  t h e  p o l y p e p t i d e s  which r e s u l t  from a 

g iv e n  n u c l e o t i d e  sequence  w i l l  be i d e n t i c a l .  However, i t  has 

been found  t h a t  w i t h i n  p o p u l a t i o n s  of  c e r t a i n  p r o t e i n s  and p o ly 

p e p t i d e s ,  s u b - p o p u l a t i o n s  e x i s t  which can be d i s t i n g u i s h e d  e i t h e r  

c h e m ic a l ly  o r  p h y s i c a l l y .  Two e x p l a n a t i o n s  of t h i s  phenomenon a r e  

p o s s i b l e .  F i r s t l y ,  d i f f e r i n g  co p ie s  of  a gene may e x i s t  w i t h i n  t h e  

g e n e t i c  m a t e r i a l  of  an o rgan ism  g i v i n g  r i s e  t o  p o l y p e p t i d e  c ha in s  

which  d i f f e r  s l i g h t l y .  S eco n d ly ,  p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n  

o f  p r o t e i n s  may occur .  The l a t t e r  can g iv e  r i s e  t o  h e t e r o g e n e i t y  

i f  n o t  a l l  o f  t h e  s y n t h e s i s e d  p r o t e i n  i s  m od i f ied  i d e n t i c a l l y ,  o r  

i f  t h e  r a t e  of  m o d i f i c a t i o n  i s  s low r e l a t i v e  t o  t h e  h a l f - l i f e  of 

t h e  p r o t e i n ,

B. HETEROGENEITY OF PROTEIN FORMS ARISING FROM DIFFERENT GENE COPIES

S e v e ra l  gene  cop ies  can code f o r  a  s i n g l e  p r o t e i n  m olecu le .

This  a r i s e s ,  f i r s t l y ,  b eca use  t h e  s o m a t ic  c e l l s  of  e u k a r y o t i c  

organ isms a r e  u s u a l l y  d i p l o i d  and c o n t a i n  tw ic e  t h e  number of  

chromosomes found i n  t h e  germ c e l l s .  Each gene i n  a e u k a ry o te ,  

t h e r e f o r e ,  occurs  as two a l l e l e s .  Secondly ,  s t r u c t u r a l  genes  i n  

g e n e t i c  m a t e r i a l  may be m u l t i p l i e d  i n  a s i n g l e  h a p l o i d . s e t  of  

chromosomes. Each of  t h e  gene c o p ie s  has th e  p o s s i b i l i t y  of  s ep 

a r a t e  change wi th  t ime due t o  m u t a t i o n  and so t h e  p r o t e i n s  which



32

r e s u l t  may have d i f f e r e n t  amino a c i d  s e q u e n c e s .

In p l a n t s ,  t h e  c e r e a l  s t o r a g e  p r o t e i n s  have been  examined i n

o r d e r  t o  d e t e rm in e  t h e  cause  of  t h e i r  h e t e r o g e n e i t y .  F o r  example

t h e  o a t  p ro lam in ,  a v e n i n ,  c o n s i s t s  of  two f r a c t i o n s  d e s i g n a t e d

y 1 and X4 which can be s e p a r a t e d  by io n -e x c h a n g e  chromatography.

1 and have t h e  same N - t e r m i n a l  amino a c i d  and a lm o s t  equa l

m o le c u la r  w e ig h t s  w i th  a c a l c u l a t e d  number of  r e s i d u e s  p e r  m o lecu le

o f  191 ^ 5* S l i g h t  d i f f e r e n c e s  i n  t h e i r  amino a c i d  c o m pos i t ions

were found .  I t  was s u g g e s t e d  t h a t  t h e  two m o lecu le s  r e p r e s e n t e d

t r a n s l a t i o n s  of  c l o s e l y  r e l a t e d  s t r u c t u r a l  genes  and p o s s i b l y

t h a t  th e y  were a l l o p r o t e i n s ^ ^ ^ ^ .  Z e i n ,  t h e  s t o r a g e  p r o t e i n  from

maize,  has  a l s o  been s t u d i e d  w i th  r e s p e c t  t o  i t s  h e t e r o g e n e i t y .

( 51 )R i g h e t t i  e t  a l  '  s u g g e s t e d  t h a t  t h e  h e t e r o g e n e i t y  was due to

d i f f e r e n c e s  i n  cha rge  and amino a c i d  co m p o s i t io n  r e s u l t i n g  from a

com bina t ion  o f  p o s t - t r a n s l a t i o n a l  d e a m id a t io n  and t h e  p r e s e n c e  of

( 52 )m u l t i p l e  g e n e s .  However V i o t t i  e t  a l  have  now d em o n s t r a ted  

t h a t  a  d i f f e r e n t  mRNA s p e c i e s  e x i s t s  f o r  each  z e i n  s p e c i e s .  I t  i s  

t h e r e f o r e  l i k e l y  t h a t  more th a n  one copy o f  t h e  z e i n  gene  must  e x i s t  

i n  each h a p l o i d  genome.

C. HETEROGENEITY ARISING FROM POST-TRANSLATIONAL MODIFICATIONS.

P o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n s  o f  p r o t e i n s  which  r e s u l t  i n  

h e t e r o g e n e i t y  a r e  u s u a l l y  d e t e c t e d  as  d i f f e r e n c e s  i n  ch a rg e s .  

Deamidat ion of  g l u t a m i n y l  and a s p a r a g i n y l  r e s i d u e s  i n  a wide v a r i e t y  

o f  p r o t e i n s  has  been d e s c r i b e d .  A c l a s s i c a l  example of  t h i s  i s  t h e  

m o d i f i c a t i o n  of  cytochrome C. The h e t e r o g e n e i t y  o f  t h i s  p r o t e i n  was
( 57 )

f i r s t  d i s c o v e r e d  i n  1957* by P a l eus and T h e o r e l l '  ^  who s e p a r a t e d  

a number of  forms by e l e c t r o p h o r e s i s .  In 19&4 F la tm ark^ ^^ ^  showed 

t h a t  i n  r a t ,  h o r s e  and b ee f  h e a r t s  f o u r  forms of cytochrome C were 

p r e s e n t  and i t  was s u g g e s te d  t h a t  th e y  were  produced i n  v iv o  and 

n o t  as  a r t i f a c t s  of  t h e  i s o l a t i o n  p r o c e d u r e .  L a te r  i n  v i t r o



33

c o n v e r s io n  of  cy tochrome C i n t o  s i n g l y  and doubly  d eam ida ted  forms 

was d em o n s t r a ted  and t h e  p ro c e s s  was shown t o  be dependen t  on pH, 

i o n i c  s t r e n g t h  and t e m p e r a t u r e I n  e x p e r im en t s  t o  d e t e rm in e  t h e  

i s o e l e c t r i c  p o i n t s  of  unm odi f ied  ( C y l ) ,  s i n g l y  deam ida ted  (Cy I I )  

and doubly  deam ida ted  (Cy I I I )  cytochrome i t  was found  t h a t

Cy I I  was made up of  a t  l e a s t  two d i f f e r e n t  components and i t  was 

s u g g e s te d  t h a t  t h e  two forms c o n t a in e d  t h e  same numbers of  amide 

groups ,  b u t  t h a t  t h e  p o s i t i o n i n g  of  one o f  t h e  groups was r e s p o n 

s i b l e  f o r  t h e  d i f f e r e n c e s  i n  p i .  The b i o l o g i c a l  a c t i v i t i e s  of  

Cy I I  and of  Cy I I I  were o n ly  59% and 19%, r e s p e c t i v e l y ,  o f  t h e
( 57 )

a c t i v i t y  of  Cy I '  . The d i f f e r e n t  deam ida ted  forms a l s o  p o s s e s s  

d i f f e r e n t  v i s i b l e  a b s o r p t i o n  and c i r c u l a r  d ic h ro i s m  s p e c t r a  and 

o x i d a t i o n - r e d u c t i o n  p o t e n t i a l s  and th e  r a t e s  of  r e d u c t i o n  by 

a s c o r b a t e  and o x i d a t i o n  by 0^ a r e  a l s o  d i s s i m i l a r .

I n  v iv o  f o u r  forms o f  cytochrome C (Cy I ,  Cy I I ,  Cy I I I  and 

Cy IV ) a r e  p r e s e n t .  P la tm a rk  and S l e t t e n ^ ^ ^ ^  s u g g e s t e d  t h a t  t h e  

t u r n o v e r  o f  cy tochrome C may be p a s s i v e l y  a t t r i b u t e d  t o  t h r e e  

s u c c e s s i v e  de a m id a t io n s  which  would g iv e  r i s e  t o  a  h a l f - l i f e  i n  

v iv o  of  cytochrome C of 80 days or  more.  However i t  i s  p o s s i b l e
( 59 )

t h a t  t h e  deam ida ted  cytochromes  a r e  p r e f e r e n t i a l l y  d e g ra d e d '

This  i s  su p p o r te d  by t h e  f i n d i n g  t h a t  t h e  h a l f - l i f e  o f  cytochrome 

C i n  r a t  kidney m i to c h o n d r i a  i s  only 16 d a y s .  T h i s  i n c r e a s e d  

s u s c e p t i b i l i t y  t o  d e g r a d a t i o n  may be caused  by a change i n  

cytochrome C s t r u c t u r e  a n d / o r  l o c a t i o n .

Cal f  l e n s  OC- c r y s t a l l i n  c o n s i s t s  of b a s i c  and a c i d i c  p o l y 

p e p t i d e  c h a i n s a n d  on h igh  pH u r e a - p o l y a c r y l a m i d e  g e l  e l e c t r o 

p h o r e s i s  f o u r  f r a c t i o n s , A1, A2, B1 and B2, s e p a r a t e ^ ^ ^ I n  

1968 Bchoenmakers and Eloemendal^^^^ were a b l e  to . show t h a t  i n  

embryonic c a l f  l e n s e s  t h e  A1 cha in  was a b s e n t  and t h a t  i t  was 

g r a d u a l l y  produced w i th  i n c r e a s i n g  age of  t h e  embryo. Palmer
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and P a p a c o n s t a n t in o u  su g g es ted  t h a t  t h e  A1 c h a i n  was n o t  formed 

by de novo s y n t h e s i s  bu t  by chem ica l  o r  enzymic m o d i f i c a t i o n  

of  A2. Both c h a i n s ,  A1 and A2, have i d e n t i c a l  amino a c i d  c o n t e n t s  

and p e p t i d e  mapping a f t e r  ch y m o t ry p t i c  d i g e s t i o n  r e v e a l e d  t h e  

occurence  of  o n e ' d i f f e r e n c e - p e p t i d e ’ of  s i m i l a r  amino a c i d  

c o n t e n t S t r o n g  ev idence  now e x i s t s  t h a t  a  g lu t a m i n e  t o  

g lu t a m ic  a c i d  c o n v e r s io n  i s  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e  between 

A1 and A2^^"^^. Messenger ENA s p e c i e s  from c a l f  l e n s  were  t r a n s 

l a t e d  i n  two d i f f e r e n t  c e l l - f r e e  systems and i n  one in  v i v o  

system.  I t  was found  t h a t  no d e t e c t a b l e  mRNA s p e c i e s  c o d in g  f o r  

A1 was p r e s e n t  i n  c a l f  l e n s .  The p o s s i b i l i t y  t h a t  a  r e p r e s s i o n  

mechanism blocked  t h e  t r a n s l a t i o n  of t h e  A1 messenger  co u ld  n o t  

be c o m p le t e ly  r u l e d  o u t  bu t  t h e  p r e s e n c e  o f  A1 i n  t h e  a d u l t  l e n s  

was t h o u g h t  t o  a r i s e  by d e am id a t io n  of  one g lu t a m in e  i n  t h e  A2 

c h a i n ^ ^ ^ ) .  In  o C - c r y s t a l l i n  from b o th  c a l f  and m a tu re  b o v in e  l e n s  

n u c l e i  e x t r a  s u b u n i t s  have been o b s e rv e d ,  t h e s e  have been  d e s i g n a t e d  

AA1, AA2; AA3, N1 and N2. AA1, AA2 and AA5 a r e  p r o d u c t s  of  i n t r a 

c e l l u l a r  d e g r a d a t i o n  of  A1 and N2 i s  deg rad e d  B2 w h i l s t

N1 i s  deamidated  B1. E l e c t r o p h o r e  t i c a l l y  homogenous p r e p a r a t i o n s  

of  t h e  A -chains  a c t u a l l y  c o n t a i n  two ty p e s  of  c h a i n s ,  normal and 

t h o s e  l a c k i n g  5 r e s i d u e s  a t  t h e i r  C - t e rm in i  \  A l l  o f  t h e  

degraded  O C - c r y s t a l l i n e  AA1, AA2, AA), and N2 have  p e p t i d e s  of  

v a r y i n g  l e n g t h s  m i s s in g  from t h e  C - t e rm in i  . T h i s  s i t u a t i o n  w i th  

t h e  O C - c r y s t a l l i n s  i s  now f a i r l y  w e l l  u n d e r s t o o d ;  t h e  de a m id a t io n  

p ro c e s s  i s  a p p a r e n t l y  n o t  r e l a t e d  t o  a g e i n g  s i n c e  i n  c a l f  l e n s  

n u c leu s  t i s s u e  no deam ida t ion  changes  occur  w i t h  age .  However 

l i m i t e d  p r o t e o l y s i s  of  t h e  s u b u n i t s  i n c r e a s e s  w i t h  age o f  t h e  

t i s s u e .  I t  remains  t o  be seen w he the r  t h i s  view of  p r o t e i n  a g e in g  

d e r iv e d  from t h e s e  s t u d i e s  w i th  O C - c r y s t a l l i n  w i l l  have any 

r e l e v a n c e  f o r  o t h e r  p r o t e i n s .  T ab le  3 shows t h e  o r i g i n  of  t h e
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Table The oïl pin of the various subuni t s of

OC-cry s t a l l i n

Ĉ ai n C o n t e n t

depraoec A

dearidateQ A

depraded A

rad ec

earad ed

ene or oc

d e

G epraaea

raded



36

s u b u n i t s  of  C X - c i y s t a l l i n .

Very many o t h e r  c a s e s  of  deam id a t io n  of  p r o t e i n s  and p e p t i d e s  

have been r e p o r t e d :  i n  some cases  t h e  p rocess  may be enzyme-

c a t a l y s e d  as i n  t h e  case  of  t h e  p e p t i d e  hormone t h y r o l i b e r i n ^ \  

However, deam ida t ion  more u s u a l l y  ap p ea r s  t o  p ro cee d  s p o n ta n e o u s ly  

as  w i th  r a b b i t  muscle  a l d o l a s e ^ ^ ^ ^  and lysozyme^^^^.

G l y c o s y la t io n  i s  a l s o  a m a jo r  cause of p r o t e i n  h e t e r o g e n e i t y .  

V a r i a t i o n s  i n  g l y c o s y l a t i o n  p a t t e r n s  a r e  r e s p o n s i b l e  f o r  t h e

(71 )h e t e r o g e n e i t y  of  v e ry  many g l y c o p r o t e i n s ,  f o r  example,  ova lbum in '  \

( 72 )human a n t i - t h r o m b i n  I I I '   ̂ and CB -  7 + 8 a component of  bovine

m i l k ( 7 ' ) .

I t  has  a l s o  been r e p o r t e d  t h a t  human a lbumin becomes g l u c o s y l a t e d  

n o n -e n z y m ic a l ly  i n  v i t r o  and i n  v i v o ^ '̂^  ̂ g i v i n g  r i s e  t o  Schifffe base  

d e r i v a t i v e s  of  t h e  l y s i n e  r e s i d u e s  which make t h e  p r o t e i n  l e s s  b a s i c  

( f i g ,  6 ) .  Lens c r y s t a l l i n s  can a l s o  become g l u c o s y l a t e d  when exposed 

t o  h ig h  c o n c e n t r a t i o n s  o f  g lu c o s e  i n  v iv o  o r ,  i n  v i t r o , i n  t h e

( 7 5 '̂p r e s e n c e  of  h ig h  c o n c e n t r a t i o n s  of  G-6-P or  g lu c o s e  , The 

p ro c e s s  of g l u c o s y l a t i o n  of  l e n s  c r y s t a l l i n s  was th ough t  t o  con

t r i b u t e  t o  t h e  f o r m a t io n  o f  c a t a r a c t s  i n  d i a b e t i c s  bu t  r e c e n t  r e s u l t s

r 76 ')s u g g e s t  t h a t  i t  i s  n o t  a  p r im ary  f a c t o r  i n  humans^ ,

A c é t y l a t i o n  of  p r o t e i n s  occurs  i n  v ivo  and r e s u l t s  i n  h e t e r o 

g e n e i t y  in  a  number o f  i n s t a n c e s ,  N - te rm in a l  a c é t y l a t i o n  occurs
(77 )

i n  th e  a c i d i c  p r o t e i n s  A1 and A2 from 5O-S r ibosomes  of  E. c e l l '  ^

and i n  d o g f i s h  F4 l a c t i c  dehydrogenase^^^^ .  A l t e r n a t i v e l y ,  l y s y l  
S

r e s i d u e s  can be N - a c e t y l a t e d  and t h i s  occurs  a t  s p e c i f i c  s i t e s  in

(79 ^h i s t o n e s '  p o s s i b l y  w i t h  some e f f e c t  upon t h e i r  r e g u l a t o r y  r o l e .

Other m o d i f i c a t i o n s  r e s u l t i n g  in  h e t e r o g e n e i t y  i n c lu d e  : -  

# - c a r b o x y l a t i o n  of  N - t e r m i n a l  g lu t a m i c  a c i d ^ ^ ^ ^ ,  a m ida t ion  of  

C - te rm ina l  g r o u p s ^ ^ ^ \  fo rm a t io n  of  t y r o s i n e  s u l p h a t e  e s t e r s ^ ^ ^ ^ ,
/ g  ̂\

and p h o s p h o r y l a t i o n '  . Removal of  a c i d i c  o r  b a s i c  t e r m i n a l
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FIGURE 6. The glucosylct'on of albumin
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amino ac id i '^^ ^  and even b i n d i n g  of  p o ly  (A) sequence s   ̂ have a l s o

been found to  be causes  of  p r o t e i n  h e t e r o g e n e i t y .



39

I I I  RIPENING OF FRUIT

A. FEYSICAL CHANGES OF FRUITS LURING RIPENING

V ar ious  p h y s i c a l  s i g n a l s  u s u a l l y  accompany t h e  r i p e n i n g  o f  

f r u i t s ,  t h e s e  can i n c l u d e  changes  i n  c o l o u r ,  e i t h e r  hy l o s s  of  

c h l o r o p h y l l  which unmasks u n d e r l y i n g  p ig m e n ta t i o n  o r  by s y n t h e s i s  

of  new p igm en ts ,  a l t e r a t i o n  o f  f l a v o u r  by changes  i n  a c i d i t y ,  

b i t t e r n e s s  and s w e e t n e s s ,  changes  i n  t e x t u r e ,  u s u a l l y  s o f t e n i n g ,  

a b s c i s s i o n  and i n c r e a s e d  wax development on t h e  s k i n .  R ipen ing  

does n o t  beg in  u n t i l  t h e  f r u i t  has  developed  c o n s i d e r a b l y  from t h e  

t i s s u e s  p r e s e n t  a t  a n t h e s i s .  I t  i s  d i f f i c u l t  t o  s t i m u l a t e  f r u i t s  

t o  r i p e n  u n t i l  t h e y  have  r e a c h e d  th e  a p p r o p r i a t e  p o i n t  i n  deve lop

ment,  c o n v e r s l y  once t h e  p ro c e s s  has  begun i t  i s  n o t  p o s s i b l e  t o  

r e v e r s e  i t  a l th o u g h  i t  can be slowed^®^^.

B. HORMONAL RBGÏÏLATION OF RIPENING

True  r i p e n i n g  o f  f r u i t s  must  in v o l v e  s i g n i f i c a n t  changes i n  a 

r an g e  o f  enzyme a c t i v i t i e s  w i t h i n  t h e  f r u i t  t i s s u e .  The c o n t r o l  o f  

t h e s e  changes may be a t  a  v a r i e t y  of  l e v e l s  i . e .  t r a n s c r i p t i o n ,  

t r a n s l a t i o n  o r  i n h i b i t i o n  o f  enzymes. I t  i s  l i k e l y  t h a t  t h e  p rocess  

i s  u l t i m a t e l y  u n d e r  t h e  c o n t r o l  o f  phytohormones .  Auxins ,  c y t o k in in s  

and g i b b e r e l l i n s  can a l l  a c t  t o  r e t a r d  t h e  a g e i n g  p r o c e s s  i n  p l a n t s .  

In  f r u i t s  a u x in  i s  a b l e  t o  c o u n t e r a c t  t h e  s t i m u l a t o r y  e f f e c t s  of  

e t h y l e n e  o r  a b s c i s i c  a c i d  on r i p e n i n g ^ ^ ^ * ^ ^ ) .

E t h y le n e  has  l o n g  been known t o  be in v o lv e d  i n  f r u i t  r i p e n i n g .

At one t im e  i t  was th o u g h t  t h a t  i t  was th e  f r u i t  r i p e n i n g  ' t r i g g e r '  

h o r m o n e ^ ^ ^ ' ^ ^ ' ^ ^ )  and t h i s  may be t r u e  i n  some c ase s  b u t  i n  the  

g r a p e ,  f o r  example,  a  c o n s i s t a n t ,  low p r o d u c t i o n  o f  e t h y l e n e  

p e r s i s t s  d u r in g  t h e  b e g in n in g  of  t h e  r i p e n i n g  p r o c e s s .  I t  can be 

s t i m u l a t e d  t o  produce  l a r g e r  amounts of  e t h y l e n e  b u t  t h e r e  i s  no 

c o r r e l a t i o n  between t h e s e  l e v e l s  and r i p e n i n g ^ ^ ^ ^ .  Even i n  th e
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c l a s s i c a l  example of  e t h y l e n e - i n d u c e d  r i p e n i n g  of  t h e  tomato  i t

has been found t h a t  t h e  r i s e  i n  t h e  l e v e l s  o f  e t h y l e n e  does  no t
(92  )

beg in  u n t i l  a f t e r  r i p e n i n g  has  begun '  I t  may be t h a t  e t h y l e n e

i s  r e s p o n s i b l e  f o r  j u s t  p a r t  of  t h e  r i p e n i n g  p r o c e s s .  In t h e

peach t h e  r i s e  i n  e t h y l e n e  c o n c e n t r a t i o n  was found t o  c o i n c i d e

w i th  t h e  a c c u m u la t io n  of  dry  m a t t e r  b u t  n o t  w i th  e xpans ion  of
( 93, 9/  )

c e l l s  bo th  of  which a r e  i n v o l v e d  i n  r i p e n i n g '

A b s c i s i c  a c i d  has  been proposed  as  a ' t r i g g e r *  f o r  r i p e n i n g  

i n  some f r u i t s ^ ^ ^ * ^ ^ * ^ ^ * ^ ^ * ^ ^ ) .  In g r a p e s  t h e  ev id en ce  i s  t h a t  

a b s c i s i c  a c i d  c o n c e n t r a t i o n  f a l l s  s t e a d i l y  d u r i n g  t h e  f i r s t  r a p i d  

growth phase r e a c h i n g  a low v a l u e  s even  t o  t e n  days  b e f o r e  r i p e n 

i n g  becomes e v i d e n t .  I t s  l e v e l  t h e n  i n c r e a s e s  and c o n t in u e s  t o  

r i s e  u n t i l  r i p e n i n g  i s  w e l l  e s t a b l i s h e d  when t h e  l e v e l  b e g i n s  t o  

f a l l .  T rea tm e n ts  which de layed  o r  h a s t e n e d  r i p e n i n g  were found

( 9 5 )t o  have  p a r a l l e l  e f f e c t s  upon a b s c i s i c  a c i d  l e v e l s '  T r e a t 

ment o f  g rap es  w i th  a b s c i s i c  a c i d  b ro u g h t  on r i p e n i n g  b u t  on ly  

when t h e  endogenous a b s c i s i c  a c i d  l e v e l  was r e l a t i v e l y  low.

S t o r a g e  of  tom atoes  a t  low a i r  p r e s s u r e  r e s u l t s  i n  a  d e l a y  

i n  r i p e n i n g .  Th is  i s  n o t  due t o  a  low c o n c e n t r a t i o n  of e t h y l e n e  

b u t  t o  a  low p a r t i a l  p r e s s u r e  of  o x y g e n ^ I n  t h e  same way 

r e s t r i c t i o n  of t h e  oxygen supp ly  t o  avocado s l i c e s ,  by wash ing ,  

a l s o  r e s u l t s  i n  a  d e l a y  i n  r i p e n i n g ^  \  The r i p e n i n g  o f  whole 

p e a r s  can be speeded up e i t h e r  by t r e a t m e n t  w i th  oxygen o r  w i th  

aux in  o x i d a t i o n  p r o d u c t s .  Although bo th  t h e  t r e a t m e n t s  s t i m u l a t e  

e t h y l e n e  p r o d u c t i o n  i t  seems most  l i k e l y  t h a t  aux in  o x i d a t i o n  

p r o d u c t s  s t i m u l a t e  t h e  r i p e n i n g  p r o c e s s  and e t h y l e n e  s y n t h e s i s  i n  

t h e  case  of  pea r^ ^^ ^ ^ .

C. CLIMACTERIC RESPIRATION

Kidd and West^^^^^ were f i r s t  t o  n o t e  a r e l a t i v e l y  sudden 

r i s e  i n  t h e  l e v e l  of  r e s p i r a t i o n  which occured  i n  a p p le s  e i t h e r
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on o r  o f f  t h e  t r e e  a t  t h e  b e g i n n in g  of  r i p e n i n g .  I t  was soon 

e s t a b l i s h e d  t h a t  a s i m i l a r  p a t t e r n  o f  r e s p i r a t i o n  (a c l i m a c t e r i c ]  

was a s s o c i a t e d  w i t h  t h e  r i p e n i n g  of  many o t h e r  f r u i t s .  I n  f a c t  

t h e  m a j o r i t y  of  f r u i t s  show t h e  c l i m a c t e r i c  p a t t e r n  of  r e s p i r a t o r y  

changes a s s o c i a t e d  w i th  r i p e n i n g .  The i n c r e a s e  i n  r e s p i r a t i o n  

over  th e  base  l e v e l  v a r i e s ;  i n  a p p le s  i t  i s  60--100^o, i n  banana 

200% and i n  avocado 300-400%. In  to m a to ,  as  i n  a p p l e  t h e  c l i m a c t e r i c  

r i s e  occurs i n  d e t a c h e d  f r u i t  o r  i n  f r u i t  on th e  p l a n t ^ ^ ^ ^ ^ .  On 

t h e  o th e r  hand t h e  avocado only  shows a c l i m a c t e r i c  r i s e  a f t e r  

detachment from t h e  t r e e ^ ^ ^ ^ ^ .  In  many f r u i t s  ( e . g .  avocado ,  

banana ,  mango) t h e  s t a g e  of  e a t i n g  r i p e n e s s  c o r re sponds  t o  t h e  

c l i m a c t e r i c  peak .  In  o t h e r s ,  l i k e  t h e  a p p l e  and tomato^ 

e a t i n g  r i p e n e s s  i s  n o t  r e a c h e d  u n t i l  some t ime  a f t e r  t h e  c l i m a c t e r i c  

peak .  In  I 96O B ia le ^ ^ ^ ^ ^  c l a s s i f i e d  a l l  f r u i t s  i n t o  c l i m a c t e r i c  

and n o n - c l i m a c t e r i c  g roups  : t h e  n o n - c l i m a c t e r i c  ty p e  of  f r u i t

were th o s e  which showed a  s t e a d y  d e c l i n e  i n  r a t e  of  r e s p i r a t i o n  

a f t e r  p i c k i n g .  S ince  t h e  o r i g i n a l  c l a s s i f i c a t i o n  was made more 

f r u i t s  of  t h e  n o n - c l i m a c t e r i c  c a t e g o r y  have been shown t o ,  i n  f a c t ,  

have  a c l i m a c t e r i c  u n d e r  t h e  a p p r o p r i a t e  p h y s i o l o g i c a l  c o n d i t i o n s .

The d i f f e r e n c e  between t h e  two groups  i s  e i t h e r  t h a t  th e y  have  

d i s t i n c t  mechanisms o f  r i p e n i n g  o r  t h a t  t h e  even t s  which occur  

q u i c k l y  in  t h e  c l i m a c t e r i c  f r u i t s  t a k e  p l a c e  s low ly  over  a  long  

p e r i o d  i n  t h e  n o n - c l i m a c t e r i c  t y p e s .  I t  seems more l i k e l y  t h a t  t h e  

second  h y p o t h e s i s  i s  c o r r e c t .

I). NUCLEIC ACIDS JŒD RIPENING

Two main h y p o th e s e s  have  been p roposed  t o  e x p l a i n  t h e  r i p e n i n g  

of  f r u i t s .  The f i r s t  assumes t h a t  i n  t h e  e a r l y  s t a g e s  t h e r e  i s  a  

l o s s  of  s t r u c t u r a l  i n t e g r i t y  l e a d i n g  t o  t h e  l o s s  o f  c e l l u l a r  

membrane c o n t r o l  of s u b s t r a t e - e n z y m e  a s s o c i a t i o n s ^ ^ ^ ^ ^ .  The second
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i s  t h a t  t h e  p r o c e s s  i s  u n d e r  complex b io c h e m ic a l  c o n t r o l  so  t h a t  

a n a b o l i c  a c t i v i t y  occurs  which i s  e s s e n t i a l  i n  t h e  su b se q u en t  

r i p e n i n g  of  t h e  f r u i t .  What i s  known ab o u t  n u c l e i c  a c i d  and 

p r o t e i n  m e tabo l i sm ,  p a r t i c u l a r l y  a t  t h e  b e g i n n in g  of  t h e  r i p e n i n g  

p r o c e s s ,  seems t o  s u p p o r t  t h e  second h y p o t h e s i s .

I t  i s  c l e a r  t h a t  t h e r e  can be c o n s i d e r a b l e  v a r i a t i o n  between 

t h e  r i p e n i n g  of  d i f f e r e n t  f r u i t s  w i th  r e s p e c t  t o  t h e  s y n t h e s i s  of  

n u c l e i c  a c i d s ,  Looney and P a t t e r s o n ^ ^  s t u d i e d  t h e  changes i n  

t o t a l  ENA c o n t e n t  d u r i n g  t h e  c l i m a c t e r i c  phase  i n  y e l lo w  t r a n s p a r e n t  

a p p l e s .  Th is  i n c r e a s e d  by a p p r o x im a te ly  50^o as  r e s p i r a t i o n  i n c 

r e a s e d .  The change was a t t r i b u t e d  l a r g e l y  t o  an  i n c r e a s e  i n  t h e  

amount of  r ib o s o m a l  RNA p r e s e n t .  Hulme et__^^  110) i n v e s t i g a t e d

t h e  e f f e c t  o f  e t h y le n e  on RNA s y n t h e s i s  i n  p r e c l i m a c t e r i c  a p p l e s .  

Exogenous e t h y l e n e  f i r s t l y  s t i m u l a t e s  t h e  endogenous p r o d u c t i o n  of  

e t h y l e n e  which s i g n a l s  t h e  c l i m a c t e r i c .  S e c o n d l y , i n c r e a s e d  i n c o r p 

o r a t i o n  of  ^ ^ c l - u r i d i n e  i n t o  RNA o c c u r s  and a f t e r  r e a c h i n g  maximum 

l e v e l s  t h i s  i s  fo l lo w e d  by a  s u rg e  i n  t h e  r a t e  o f  i n c o r p o r a t i o n  of  

- v a l i n e  i n t o  p r o t e i n .  In  avocado Richmond and B ia le^ ^^ ^^  

found  t h a t  [^^f] i n c o r p o r a t i o n  i n t o  rRNA and mRNA was h ig h  i n  t h e  

e a r l y  phase of  t h e  c l i m a c t e r i c  b u t  t h a t  t h i s  d e c l i n e d  t o  ze ro  by th e  

t i m e  th e  c l i m a c t e r i c  peak  was r e a c h e d .  In  l a t e  c l i m a c t e r i c  f r u i t  

an  u p s u rg e  i n  t h e  s y n t h e s i s  o f  low m o l e c u l a r  w e ig h t  s p e c i e s  o f  RNA 

o c c u re d .  I t  was though t  p o s s i b l e  t h a t  t h i s  migh t  r e p r e s e n t  

s y n t h e s i s  o f  a  s p e c i f i c  tRNA s p e c i e s .  M e th y la te d  a lbumin on 

K e i s e lg u h r  column s e p a r a t i o n s  o f  t h e  RNA s p e c i e s  p r e s e n t  d u r in g  t h e  

c l i m a c t e r i c  r i s e  showed no s i g n i f i c a n t  changes  i n  t h e  RNA p a t t e r n  

w i th  development  and a l s o  no s i g n i f i c a n t  changes  i n  t o t a l  RNA 

c o n t e n t .

Ku and Romani^^”*^^ have  s t u d i e d  t h e  r ibosom es  of  p e a r  f r u i t .

The d i s t r i b u t i o n  of  r ibosom es  between monosome and polysome forms
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remained r e l a t i v e l y  c o n s t a n t  u n t i l  t h e  c l i m a c t e r i c  peak a f t e r  

which t h e  polysomes d e c l i n e .  Dur ing  t h e  c l i m a c t e r i c  r i s e  changes 

occured i n  t h e  r a t e  o f  t u r n o v e r  of  r ibosom es ;  an i n c r e a s e  i n  t h e  

r a t e  a t  t h e  b e g i n n in g  of  t h e  c l i m a c t e r i c  was fo l l o w e d  by a d e c l i n e  

u n t i l  a t  t h e  c l i m a c t e r i c  peak ,  no i n c o r p o r a t i o n  o f  r a d i o a c t i v e  

bases  i n t o  r ibosom es  cou ld  be d e t e c t e d .  Chromatography on M A K 

was used  t o  d e m o n s t r a te  t h a t  t h e  RNA newly s y n t h e s i s e d  a t  t h e  

c l i m a c t e r i c  r i s e ,  was r i b o s o m a l .  Rat tanopanone  e t  

t r a n s l a t e d  mRNA from tomato  f r u i t s  i n  a  wheat germ c e l l - f r e e  

sys tem. Comparison of  t h e  p r o t e i n  p ro d u c t s  from g reen  and r i p e  

tomatoes  gave ev id en ce  o f  changes in  t h e  amounts o f  mRRA cod ing  fox- 

s p e c i f i c  p r o t e i n s .  The a v a i l a b l e  ev idence  c e r t a i n l y  appea rs  t o  

s u g g e s t  t h a t  RNA s y n t h e s i s  p l a y s  an im p o r ta n t  r o l e  i n  f r u i t  r i p e n 

i n g ,  As a measure  of  t h i s  im por tance  i t  has  been found t h a t  

an t inomycin  D i s  c ap a b le  of  i n h i b i t i n g  t h e  r i p e n i n g  o f  p e a r s ^ ^ ^ ^ ^ .

E. PROTEINS AND RIPENING

Work on t h e  p r o t e i n  c o n t e n t s  of r i p e n i n g  f r u i t s  has  shown

t h a t  i n  c e r t a i n  c a s e s ,  such  as  apple^^  ̂  ̂ ^ % t h e r e  i s  a n e t  i n c -

v 1 1 7  118  1 ?7  1 2 8 1r e a s e  d u r in g  r i p e n i n g .  In  o t h e r s  such as  banana  ' '

th e  p r o t e i n  c o n t e n t  s t a y s  r e l a t i v e l y  c o n s t a n t  and i n  avocado i t

f a l l s ( l 1 9 ) .

P o ly a c ry l a m id e  g e l  e l e c t r o p h o r e s i s  has been employed t o  examine

th e  p r o t e i n  p r o f i l e s  o f  v a r i o u s  f r u i t s ^ ^ ^ ^ * ^ ^ ^ ' ^ ^ ^ )  a t  d i f f e r e n t

s t a g e s  of  r i p e n i n g .  I t  has  been found t h a t  changes in  s p e c i f i c

p r o t e i n s  occur  which i m n l i e s  a  r e d i r e c t i o n  of  p r o t e i n  s y n t h e s i s .

A l a r g e  number of  i n v e s t i g a t i o n s  of  changes i n  enzyme l e v e l s

d u r i n g  r i p e n i n g  have been made. The c e n t r e  of  a t t e n t i o n  has  been

th e  enzymes which  have t h e  c a p a c i t y  f o r  c a t a l y z i n g  d e g e n e r a t i v e
( 1 )a s p e c t s  of r i p e n i n g '  Most of  t h e s e  enzymes i n c r e a s e  markedly

in  a c t i v i t y  a t  some t ime  d u r i n g  f r u i t  growth and d u r i n g  r i p e n i n g .
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In  t h e  avocado,  f o r  example,  f r u i t  s o f t e n i n g  shows a c l e a r  

c o r r e l a t i o n  w i th  t h e  a c t i v i t i e s  o f  t h e  p e c t i c  enzymes,  p o l y 

g a l a c t u r o n a s e  and p e c t i n  m e t h y l e s t e r a s e ^ ^ ^ ^ * ^ ^ ^ ) .  In t h e  same 

f r u i t ,  c e l l u l a s e  a c t i v i t y  can a l s o  be d i r e c t l y  c o r r e l a t e d  w i th  

r i p e n i n g  and t h e  enzyme aan be induc ed  by e t h y l e n e ^ ^ ^ ^ \  I n c r e a s e s

In t h e  l e v e l s  of  o t h e r  enzyme have  been n o te d  d u r i n g  m a t u r a t i o n

1 1 6 )
>

( 130 )

f o r  example c h lo ro p h y l l a s e ^ " '^ ^ * ^ ^ ^  , l i p a s e ^ ^ ^ ^ t  l i p o x i d a s e ^

and p h e n y l a l a n i n e  ammonia—ly a s e

Changes i n  t h e  r a t e  of p r o t e i n  s y n t h e s i s  have been examined 

by t h e  u s e  of  r a d i o l a b e l l e d  amino a c i d s .  Brady e t  i n v e s t 

i g a t e d  p r o t e i n  s y n t h e s i s  i n  r i p e n i n g  banana s l i c e s .  During  t h e  

e a r l y  p a r t  of  t h e  e t h y l e n e  in d u c ed  c l i m a c t e r i c  r i s e ,  b o th  t h e  r a t e  

of  u p t a k e  of  l a b e l l e d  l y s i n e  i n t o  t h e  c e l l s  and t h e  r a t e  of  

i n c o r p o r a t i o n  i n t o  p r o t e i n  i n c r e a s e d .  The r a t e  of  i n c o r p o r a t i o n  

was, however ,  on ly  i n c r e a s e d  a t  13 2-nd 24 h o u r s ;  a t  40  hours  which 

c o r r e s p o n d s  t o  t h e  m idd le  of  t h e  c l i m a c t e r i c  r i s e  t h e  r a t e  d e c l i n e d  

s h a r p l y .  Richmond and B i a l e ^ ^ ^ ^ '  have  measured t h e  r a t e  of  i n c o r p 

o r a t i o n  of  [ ^ ^ c l - l a b e l l e d  l e u c i n e  and v a l i n e  i n t o  p r o t e i n  i n  avocado 

t i s s u e  s l i c e s .  I n c o r p o r a t i o n  was r e l a t i v e l y  h ig h  a t  t h e  b e g i n n in g  

of  t h e  c l i m a c t e r i c  bu t  d e c l i n e d  and was v i r t u a l l y  ze ro  by t h e  

c l i m a c t e r i c  peak .

F r e n k e l  e t  a.1^^"^^ have shown t h a t  i f  i n t a c t  p r e c l i m a c t e r i c  

B a r t l e t t  p e a r s  a r e  t r e a t e d  w i th  cyc lohex im ide  r i p e n i n g  does n o t  

o c c u r .  Cycloheximide i s  u n a b le  t o  i n h i b i t  r i p e n i n g  i f  i t  i s  

a d m i n i s t e r e d  d u r i n g  th e  l a t e r  s t a g e s  of  t h e  c l i m a c t e r i c .  The 

c l i m a c t e r i c  r i s e  was n o t  b locked  by c y c lo h ex im id e .  S t u d i e s  on th e  

r a t e  of  i n c o r p o r a t i o n  o f  l a b e l l e d  p h e n y l a l a n i n e  i n t o  p r o t e i n  d u r in g  

r i p e n i n g  showed t h a t  a peak occured  d u r i n g  t h e  e a r l y  p a r t  o f  t h e  

c l i m a c t e r i c  r i s e .  These r e s u l t s  s u g g e s t  t h a t  p r o t e i n s  n e c e s s a r y  

f o r  r ipen ing-  a r e  s y n t h e s i s e d  e a r l y  i n  th e  c l i m a c t e r i c .  In banana
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s l i c e s  t r e a t m e n t  w i th  cyc lohex im ide  o r  p - f l u o r o p h e n y l a l a n i n e  

blocked  t h e  r i p e n i n g  e f f e c t  of e t h y l e n e .  A d m i n i s t r a t i o n  of  c y c lo 

heximide d u r i n g  t h e  c l i m a c t e r i c  p re v e n te d  any f u r t h e r  r i s e  i n  

r e s p i r a t i o n  b u t  had no immediate e f f e c t  on t h e  r e s p i r a t i o n  r a t e  of 

u n r i p e  t i s s u e ^ ^  \
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17.  MESSENGER RNA IN PLANTS

A. GENERAL

In  e u k a r y o t i c  c e l l s  g e n e t i c  i n f o r m a t i o n  ' f l o w s '  from th e  

nuc leus  t o  t h e  c y to p la s m  as  RNA t r a n s c r i p t s  of  DNA. These t r a n 

s c r i p t s ,  known as pre-mRNAs a r e  combined w i th  p r o t e i n s  and undergo

p r o c e s s i n g  and m o d i f i c a t i o n s  t o  become t r a n s l a t a b l e  mRNAs. The

p ro ces s  of  t r a n s c r i p t i o n  of  t h e  DNA, t h a t  i s ,  th e  f o r m a t i o n  of  RNA

complementary t o  a s t r a n d  o f  t h e  chromosomal DNA i s  u n d e r  complex 

c o n t r o l  i n  e u k a r y o t e s .

The f o r m a t i o n  o f  m a tu re  mRNA s p e c i e s  from t h e i r  r e s p e c t i v e  

pre-mRNAs can i n v o l v e  s e v e r a l  p o s t - t r a n s c r i p t i o n a l  m o d i f i c a t i o n s .  

Many e u c a r y o te  mRNA m o le c u le s  a r e  c o n v e r t e d  t o  matu re  mRNAs by 

c l e a v a g e  and p o s s i b l y  s p l i c i n g  of  t h e  mRNA s t r a n d .  Most e u k a r y o t i c

mRNAs c o n t a i n  a t  t h e i r  3 ’“ ends a  p ô l y a d e n y la t e d  (PoIy  ( a )  ) t a i l  of  

50-200  r e s i d u e s ^ ^ w h i c h  i s  added a f t e r  t r a n s c r i p t i o n  b e f o r e  

and a f t e r  p r o c e s s i n g  o f  hnRNA i n  t h e  n u c l e u s  and cy top lasm ^^^^^ .

Th is  poly  ( a ) s equence  does  n o t ,  however ,  appea r  t o  be an e s s e n t i a l  

r e q u i r e m e n t  f o r  mRNA f u n c t i o n  s i n c e  s e v e r a l  mRNA s p e c i e s  l a c k i n g  a 

p o ly  ( a ) s equence  a r e  known; f o r  example t h e  h i s t o n e  mRNAs^^

However, a r o l e  f o r  po ly  (A) i n  mRNA may have been dem o n s t r a ted  by 

Soreq e t_aJ^  1 37)  W i l l i am son  e t  a l ^'^^^^. Globin mRNA from which

t h e  po ly  ( a ) was e n z y m ic a l ly  removed w i t h  p o l y n u c l e o t i d e  p h o s p h o ry la s e  

d i r e c t e d  g l o b i n  s y n t h e s i s  i n  t h e  Kreb’s a s c i t e s  c e l l - f r e e  system a t  

t h e  same i n i t i a l  r a t e  as p o ly  ( A ) - c o n t a i n i n g  mRNA. However, t h e  

r a t e  w i th  t h e  d e a d e n y l a t e d  mRNA, r e l a t i v e l y  s p e a k in g ,  became p r o g r e s s 

i v e l y  s low er  w i th  i n c r e a s i n g  i n c u b a t i o n  t i m e s .  This  e f f e c t  may be 

b e s t  a t t r i b u t e d  t o  t h e  g r e a t e r  s t a b i l i t y  of p ô ly a d e n y la t e d  mRNA. 

A l t e r n a t i v e  f u n c t i o n s  of  th e  p o ly  ( a ) sequence  have been  s u g g e s te d  

i n c l u d i n g  a r o l e  i n  t h e  c l e a v a g e  of hnRNA and i n
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,, t r a n s p o r t  o f  mRNA t o  t h e  cytoplasm^^

At t h e  5 ' - t e r m i n i  of  e u k a r y o t i c  mRNAs a capping  s t r u c t u r e  of  

7 5 '  5 'the  form m G ppp XmYm i s  g e n e r a l l y  found.  The 7 methy l  guanos ine  

i s  l i n k e d  by a 5 ' , 5 ' - p y r o p h o s p h a t e  b r id g e  t o  th e  a d j a c e n t  m e th y la t e d  

n u c l e o t i d e ^ ^ T h e  f u n c t i o n  o f  t h e  5 ' - t e r m i n a l  m*̂ G was f i r s t  

exp la ined  by Both e t  Muthukr ishnan  e t  a l ^ '*'^^\ Messenger
7

RNAs l a c k i n g  5 '-m G were  p r e p a re d  and t r a n s l a t e d  i n  th e  wheat  germ 

system. The e f f i c i e n c y  of  t r a n s l a t i o n  was much lower th a n  w i th  t h e  

e q u i v a l e n t  capped m e s s e n g e r s .  However, e u c a r y o te  mRNAs w i th o u t  a 

m"̂ G cap have  been f o u n d ^ ^ ^ ^ ' ^ ^ ^ ^ .  These can be e f f i c i e n t l y  t r a n s 

l a t e d  i n  eu c a ry o t i c  c e l l - f r e e  sy s tem s .  The cap s t r u c t u r e  i s  l e s s  

im p o r ta n t  in  t h e  c a s e  of  mRNAs where t h e  i n i t i a t o r  AUG i s  f a r  from 

the  5 ' t e rm in u s  o r  i n  t h e  case  o f  c e r t a i n  r ib o s o m a l  systems where 

t h e r e  i s  h ig h  a f f i n i t y  f o r  t h e  mRNA-binding s equence .  The cap a l s o  

p r o t e c t s  t h e  mRNA from 5 ' - e x o n u c l e o l y t i c  d e g r a d a t i o n  r e s u l t i n g  i n  

i n c r e a s e d  s t a b i l i t y  o f  t h e  messenger  i n  th e  v a r i o u s  c e l l - f r e e  p r o t e i n

s y n t h e s i s i n g  sys tems  and i n  t h e  Xenopus oocyte  i n  v iv o  system^

S' S'Dempthylated G ppp X - t e r m i n a t e d  RNA was as s t a b l e  as t h e  m e th y la t e d  

form bu t  was n o t  as  e f f i c i e n t l y  t r a n s l a t e d .  Enzymic removal  o f  mRNA 

caps may be a f a c t o r  i n  t r a n s l a t i o n a l  c o n t r o l .  M é th y la t io n  of  

i n t e r n a l  a d e n o s in e  i n  RNA has  a l s o  been found t o  occur  bu t  t h e  f u n c t i o n  

of  t h e s e  r e s i d u e s  has  n o t  been e s t a b l i s h e d .

B. PLANT mRNAs

In com par ison  w i th  a n im a ls  and m ic ro -o rgan ism s  l i t t l e  has  been 

done t o  e l u c i d a t e  t h e  d e t a i l e d  mechanisms o f  p r o t e i n  s y n t h e s i s  i n  

p l a n t s .  However, a  r a t h e r  c l o s e  s i m i l a r i t y  between p l a n t  and animal 

mRNAs i s  s u g g e s t e d  by s t u d i e s  of  mRNA t r a n s l a t i o n .  For  example,  

messengers  from an imal c e l l s  can be t r a n s l a t e d  in  t h e  wheat-germ 

c e l l - f r e e  sy s tem .  C onverse ly  RNA from p a r s l e y  c e l l  su sp e n s io n  

c u l t u r e s  can d i r e c t  s y n t h e s i s  of  p h e n y l a l a n i n e  ammonia-lyase (PAL),
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a p l a n t  s p e c i f i c  i n  t h e  r a b b i t  r e t i c u l o c y t e

l y s a t e  system o r  i n  Xenopus o o c y te s   ̂  ̂ \  I t  seems l i k e l y  t h a t  the

main s t r u c t u r a l  f e a t u r e s  o f  mRNA s p e c i e s  i n  b o th  an imal  and p l a n t  

kingdoms a r e  i d e n t i c a l .

Higgins  e t  a l ^^^^  ̂ were  f i r s t  t o  show t h a t  p o ly  ( a ) o ccu r red  

i n  p l a n t s  and t h a t  t h e s e  sequence s  were a s s o c i a t e d  w i th  t h e  po ly 

somes i n  t h e  r a p i d l y  l a b e l l e d  f r a c t i o n  o f  h ig h  s p e c i f i c  a c t i v i t y ,  

which was th o u g h t  t o  r e p r e s e n t  mRNA.

A number o f  s t u d i e s  have shown t h a t  p l a n t  mRNA s p e c i e s  can be 

s e p a r a t e d  from t o t a l  c e l l u l a r  o r  po lysomal  RNA p r e p a r a t i o n s  by 

a f f i n i t y  chromatography on o l i g o  (d T ) ,  po ly  (u) o r  c e l l u l o s e  columns 

a l l  of which a c t  by b i n d i n g  po ly  ( a ) s equences^^^^*^^^ '^^^*^^^*^^^ ,

154 , 155 , 156 , 157 )^

Gray and C a s h m o r e ^ ^ ^  i s o l a t e d  t o t a l  po lysomal RNA from pea 

le a v e s  and fo und  t h a t  o n ly  a p p r o x im a te ly  50% of  t h e  mRNA was capab le  

of  b in d in g  t o  po ly  (u) s e p h a r o s e .  I t  was found  t h a t  t h e  mRNAs which 

d id  n o t  bind t o  p o ly  ( u )  columns ( p o ly  and th o s e  which d id

(p o ly  ( a )^“^ ^ )  b o th  coded f o r  t h e  same m a jo r  p o l y p e p t i d e s  when th e y  

were t r a n s l a t e d  i n  t h e  wheat  germ s y s tem .  The po ly  ( a )™^^^^ RNA 

f r a c t i o n  was found  t o  be e s s e n t i a l l y  po ly (A )  f r e e .  The p o s s i b i l i t y  

t h a t  poly  ( a ) i n  t h e  po ly  (A)^^^^^ s p e c i e s  was l o s t  by th e  a c t i o n  

o f  a r i b o n u c l e a s e  d u r i n g  i s o l a t i o n  was e l i m i n a t e d .  I t  t h e r e f o r e  

seems most l i k e l y  t h a t  a t  l e a s t  i n  pea  s e e d l i n g s  two c l a s s e s  of 

each messenger s p e c i e s  e x i s t ,  one w i th  and one w i th o u t  a poly ( a ) 

s equence .

Sagher e t  a l ^^^^^ have  e s t i m a t e d  t h a t  mRNA s p e c i e s  from s e v e r a l  

p l a n t s  c o n t a in  p o ly  ( a )  sequence s  15G—250 n u c l e o t i d e s  long.  Covey 

and G r i e r s o n ^ ^ ^ ^ )  have shown t h a t  t h e  ave rage  s i z e  of  sycamore 

poly ( a )  sequences  r e l e a s e d  from p o l y d i s p e r s e  RNA by n u c l e a s e  d i g e s t 

ion  i s  160 n u c l e o t i d e s  w i th  m o le c u le s  r a n g i n g  i n  s i z e  from 50-250
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n u c l e o t i d e s .

Wheeler  and H a r t l e y ^ ^  have shown t h a t  t h e  major mRNA s p e c i e s  

of sp inach  c h l o r o p l a s t s  do n o t  c o n t a i n  poly ( a ).  Th is  may prove t o  

be a n o t h e r  r e s p e c t  i n  which th e  c h l o r o p l a s t s  re sem ble  p ro k a ry o te s  

which a l s o  do n o t  u s u a l l y  c a r r y  p o ly  ( a ).

As s t a t e d  above ,  p o ly  and poly RI<IA p r e p a r a t i o n s

from p l a n t s  have  been s u c c e s s f u l l y  t r a n s l a t e d  i n  v a r i o u s  c e l l - f r e e  

systems and i n  one c a s e  i n  t h e  Xenopus oocy te  i n  v ivo  sys tem.  The 

system of c h o i c e  has  u s u a l l y  been  t h a t  d e r iv e d  from wheat  germ^^^^^ 

s in c e  t h i s  has  t h e  obv ious  advan tage  of b e in g  of  p l a n t  o r i g i n ;  i t  

a l s o  has  a low background a c t i v i t y  and i t  i s  r e l a t i v e l y  easy t o  

p r e p a re  and t o  h a n d l e .

C. RECOGNITION OF PL/iHT mRNA PRODUCTS

R e c o g n i t i o n  o f  p l a n t  mRNA p ro d u c ts  s y n t h e s i s e d  i n  c e l l - f r e e  

p r o t e i n  s y n t h e s i s i n g  sys tems  h a s ,  t o  d a t e ,  r e l i e d  on e i t h e r  SDS g e l  

e l e c t r o p h o r e s i s  a l o n e  o r  on a combination  of  t h i s  t e c h n i c u e  and 

p r e c i p i t a t i o n  w i t h  s p e c i f i c  a n t i b o d i e s .  Examples o f  s p e c i f i c  

p ro d u c t s  r e c o g n i s e d  by t h e  l a t t e r  t e c h n iq u e  i n c lu d e  p h e n y la la n in e  

ammonia l y a s e ^ ^ ^ ^ ^ ,  c e l l u l a s e ^ ^ ^ ^ ^ ,  leghaemoglobin^^^^^ ,  CC-amylase  

and i s o c i t r a t e  l y a s e ^ ^ ^ ^ ^ .

As an a l t e r n a t i v e  t o  t h e  p r e p a r a t i o n  of  i s o l a t e d  RNA f r a c t i o n s  

f o r  th e  s t u d y  of  i n  v i t r o  p r o t e i n  s y n t h e s i s  some workers  have used

( 152 )i s o l a t e d  p o l y s o m e s , f o r  example Verma e t  a l  have shown t h a t

leghaemoglob in  i s  s y n t h e s i s e d  i n  a c e l l - f r e e  system c o n t a i n i n g  

wheat-germ n o s t - r i b o s o m a l  s u p e r n a t a n t  and soybean r o o t - n o d u l e  

polysomes.  L a r k i n s  e t  a l ^^^^^ have s e p a r a t e d  maize membrane-bound 

and s o l u b l e  polysomes and added them to  a wheat germ sys tem c o n t a i n 

ing  tRNA from maize  k e r n e l s .  The membrane bound r a t h e r  t h a n  th e  

s o lu b l e  no lysomes  were found t o  be th e  p r i n c i p a l  s i t e s  of  s y n t h e s i s  

in v i t r o  o f  t h e  maize p r o t e i n ,  z e i n .  Zein was rec o g n i se d  by i t s
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s o l u b i l i t y  i n  h o t  e t h a n o l .
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V MATERIALS.

Hûdiochemicals vL-|^A, - i s o l s u c in e ,  1 1 3 Ci/mmol; L-^A, 5-^nj- 

leucine, fSSi/nmol; - tyros ine ,  AOCi/mnol; 5-%]-

lys ine r.onohydrochloride, 7 5Ci/mnol; L-p-^sj-methionine, 500C i/mmol;

1200C i/mmol) were ob ta ined  from th e  Radiochemical  Cent re ,  

Amersham, Bucks.

Acrylamide,  N,N‘-m e t h y le n e - b i s - a c r y l a i a id e ,  u r e a  and o t h e r  Analar  

grade r e a g e n t s  were ob ta in ed  from BDH Chemicals L td ,  Poole,  Dorse t .  

Coomassie B r i l l i a n t  b lue  R and G 250, 2 -m ercap toe thano l ,  

Tetramec.hylethylenediamine (TBi-ZD), e thy lened iam ine ,  D? i ,  N -e thy l -  

morrl iol ine,  T r i t o n  X-100, T r i t o n  X-A05, a g a r ,  phenylhydraz ine ,  

haemin, human f i b r i n o g e n ,  hyaroxyquinolone,  sucrose(RNAse f r e e ) ,  

EGTA, c r e a t i n e  phosphate  k i n a s e ,  ATP, GTP, c r e a t i n e  phospha te ,  

spermine,  isoamyl a l c o h o l ,  sodium deoxycholate and h epa r in  were 

from Sigma (London) Chemical Company Ltd ,  Poo le ,  D orse t .  MGS 

t i s s u e  s o l u b i l i z e r  (Amersham-Searle) was ob ta ined  from Hopkins 

and b i l l i a m s  L td ,  Romford, E ssex .  PPu was supp l ied  by Koch-Light 

L a b o r a to r i e s  Ltd ,  Colnbrook,  Pucks ,  Pharmalyte (ampholines)  were 

from Pharmacia (Gb) Ltd ,  Hounslow, Middlesex.  CM-cellulose (CM52) 

was p rov ided  by V’hatman Lab S a les  Ltd,  Maidstone ,  Kent .  Dowex 

r e s i n s  and h y d r o x y la p a t i t e  were from Bio-Had L a b o r a to r i e s ,

' . ' a t ford ,  H e r t s ,  Freund’s ad ju v a n t  was supp l ied  by Calbiochem Ltd,  

Bishops S t o r t f o r d ,  H e r t s .  Sheep red  blood c e l l s  and guinea p ig  

complement were from Flow L a b o r a t o r i e s ,  I r v i n e ,  f -^ ' r sh ire . habb i t  

Haemolytic serum was from t h e  v.'ellcome Foundation  Ltd ,  H ar t fo rd ,  

Kent.  Ttanhvlococcus  au reus  nuc lease  was supp l ied  by ’’he 

Boelir inger Corpo ra t ion  (London) Ltd ,  Lewes, .u s rex .  -  ta  phy 1 oc or c u s 

aureus VS n ro t e a s e  was from i-.iles L a b o r a to r i e s  Ltd,  atoke i o g e s ,
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Slough. Rabbi t  an t i -hum an  f i b r i n o g e n  was from Dako immuno

g lo b u l in s ,  Mercia Brocades  L td ,  Weybridge, Surrey .  lodo-gen  was 

the p roduc t  o f  F i e r c e  Chemical  Company, Rockford,  I l l i n o i s ,  

S aga ta l  was s u p p l i e d  by tiay and Baker Ltd ,  Dagenham, Essex .  

Oligo-(dX) c e l l u l o s e  (Type 2) was ob ta ined  from Unisc ience Ltd ,  

Cambridge,

Rabbi ts  ( l o p s  and M.Z.W.) were ob ta ined  from Hylyne R abb i t s  Ltd,  

Lymm, C h e s h i r e ,  Pea seeds  ( v a r .  P ionee r )  were from Buttons  Seeds 

Ltd.

F r u i t s  o f  Thaumatococcus d a n i e l l i  were provided  by Tate and Lyle

Ltd, and were d iv i d e d  i n t o  f o u r  c a t e g o r i e s  A,E,G and D u s in g  the

fo l lo w in g  c r i t e r i a ,

A: u n r ip e  p e r i c a r p : -  green or  green and
orange,

s e e d s : -  w h i t e .

a r i l s : -  w h i t e .

B; i n t e r m e d i a t e  r i p e n e s s p e r i c a r p ; -  orange o r  orange w i th  
some r e d  p a t c h e s ,

s e e d s : -  p u rp l e ,

a r i l s : -  w h i te .

C: e a r l y  r i p e p e r i c a r p : -  l i g h t  r ed ,  

s e e d s : -  ve ry  dark p u r p l e , 

a r i l s : -  ve ry  pa le  yel low,

D: r i p e p e r i c a r p : -  dark red,  

s e e d s : -  b la c k ,  

a r i l s : -  pa le  yel low,
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METHODS.

A. GENERAL METHODS

1. P r o t e i n  d e t e r m i n a t i o n :

i )  P r o t e i n  was measured  by t h e  method o f  Lowry e t a l ^ ' * ^ ^ \

To avoid  n o n - s p e c i f i c  c o l o u r  r e a c t i o n s  t h e  p r o t e i n  was i n i t i a l l y  

p r e c i p i t a t e d  w i th  a 7% s o l u t i o n  o f  T O  A. i i )  A l t e r n a t i v e l y  

e s t im a te s  were made by measurement o f  ab s o rb a n c e  a t  280 nm,

(E f o r  a l l  forms o f  th a u m a t i n  was 11*05).

2. Measurement o f  i n c o r p o r a t i o n  o f  l a b e l l e d  amino a c i d s  i n t o  

T C A i n s o l u b l e  m a t e r i a l ;

R a d i o a c t i v i t y  i n  TCA i n s o l u b l e  m a t e r i a l  was measured by th e  

method of Mans and N o v e l l ! S a m p l e s  were s p o t t e d  Onto 2* 1cm 

d i s c s  of  Whatman 5 ^  p a p e r  and d r i e d  i n  an oven a t  60°C. The d i s c s  

were the n  p l a c e d  i n  a 10% TCA s o l u t i o n  c o n t a i n i n g  t h e  a p p r o p r i a t e  

u n l a b e l l e d  amino a c i d  t o  f a c i l i t a t e  t h e  removal  of  u n i n c o rp o r a t e d  

l a b e l .  A f t e r  5 min t h e  d i s c s  were washed,  s u c c e s s i v e l y ,  ( i n  minimum 

volumes of  2 m l / d i s c )  i n  5% TCA a t  90°C (30 m in ) ,  5% TCA (5 m in ) ,  

e t h a n o l / e t h e r  3 :1 ( v / v )  (30  m in ) ,  e t h a n o l / e t h e r  3 :1 (V/v)  (5 min)  

and f i n a l l y  e t h e r  (5 m i n ) .  The papers  were a g a i n  d r i e d ,  p laced  i n  

s c i n t i l l a t i o n  v i a l s  and t h e n  w e t t e d  w i th  w a te r  ( 100^ 1) b e fo re  

a d d i t i o n  of  NOS (500^1 ) .  S o l u b i l i z a t i o n  was a l low ed  t o  proceed 

e i t h e r  o v e r n i g h t  a t  57°C o r  f o r  2 hours  a t  55* 0̂ and th e n  th e  v i a l s  

were cooled on i c e .  To t h e  c o ld  v i a l s  g l a c i a l  a c e t i c  a c i d  (17jj1)  

was added,  f o l l o w e d  by 5 & / l i i f e  to luene /P P O  (lOml).  The r a d i o 

a c t i v i t y  i n  t h e  v i a l s  was measured w i th  a Packard  T r i -C a rb  

s c i n t i l l a t i o n  c o u n t e r ,

3» P o ly ac ry lam id e  r e l  e l e c t r o p h o r e s i s  (PAGE)

i  ) P rocedu re  of  G a b r i e l ^ \  P r o t e i n  samples were d i s s o l v e d  

a t  Img/ml in  e l e c t r o p h o r e s i s  b u f f e r  ( ^ - a l a n i n e ,  a c e t i c  ac id  5CmM
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pH4*5)* 0'1% m e thy l  g r e e n  (5 ^ 1 )  and g l y c e r o l  (5 | /1)  were added t o

each sample (5-100^1).  The s e p a r a t i n g  g e l  ( 6cm) was 15% ac ry lam id e ,  

0 *1% b i s a c r y l a m i d e  a t  pH4*3 and t h e  s t a c k i n g  g e l  ( 5mm) was 2 *5% 

acry lam ide ,  0*625% b i s a c r y l a m i d e  a t  pHé*7. Samples were a p p l i e d  

in  th e  p o s i t i v e  compartment and a c o n s t a n t  c u r r e n t  of  1*5mA/tube 

was a p p l i e d  (4°C) u n t i l  t h e  m arke r  dye r e a c h e d  the  ends of  th e  g e l s .  

Gels were removed from t h e i r  t u b e s  by rimming and the n  f ix e d  and 

s t a i n e d  f o r  1h i n  Coomassie b r i l l i a n t  b lu e  R250 s o l u t i o n  ( l*25g 

in  methanol  ( 227m l) ,  g l a c i a l  a c e t i c  a c i d  ( 46m l) ,  w a te r  ( 227m l))  

then  d e s t a i n e d  i n  d e s t a i n i n g  s o l u t i o n  (methanol  ( 50m l) ,  g l a c i a l  

a c e t i c  a c i d  ( 75m l ) ,  w a t e r  ( 875ml)).

i i )  SDS PAGE by t h e  p ro c e d u re  of  Weber e t  a l  Samples

were d i s s o l v e d  a t  1mg/ml i n  sample  b u f f e r  (0*01M sodium phosphate ,  

pH7*0, 1% SDS, 1% 2 - m e r c a p t o e t h a n o l ) .  The s o l u t i o n  was hea ted  i n  

a b o i l i n g  w a te r  b a t h  (2  min)  t h e n  cooled  t o  room te m p e ra tu re  and 

0 *05% bromophenol b lu e  i n  0*02M sodium phospha te  b u f f e r ,  pH7*0, 

( 5 jj1 ) ,  g l y c e r o l ,  ( 5 ^ 1 )  and 2- m e r c a p to e t h a n o l  ( 5 y u l )  were added.

The s e p a r a t i n g  g e l  ( 6cm) was 10?  ̂ a c ry l a m i d e ,  0*27% b i s a c r y l a m i d e .  

Samples were a p p l i e d  i n  t h e  n e g a t i v e  compartment and a c o n s ta n t  

c u r r e n t  of  6mA/tube was a p p l i e d  a t  room t e m p e r a t u r e  u n t i l  t h e  marker 

dye r e a c h e d  t h e  end of  t h e  g e l s .  Gels were p rocessed  as i n  s e c t i o n  

V A 3 i ) .

i i i )  P o ly a c ry l a m id e  g e l  i s o e l e c t r i c  f o c u s i n g  by th e  method of 

W r ig ley^ ^^ ^) .  Gels  were p r e p a re d  and e l e c t r o p h o r e s e d  b a s i c a l l y  

acc o rd in g  t o  t h e  method of  W r i g l e y ^ ^ ^ " \  M o d i f i c a t i o n s  were made 

acc o rd in g  t o  van K lee f  and Hoenders^^^^^  and to  th e  s p e c i f i c  

i n s t r u c t i o n s  on t h e  u s e  of  P harm aly te  ( t h e  sou rce  of am pho l ines ) .

The g e l  fo rm u la  was as f o l l o w s ; -  3^ jufl TEMED, 11ml a c r y l a m i d e /  

b i s a c r y l a m i d e  s o l u t i o n  ( 3Ĝo a c r y l a m i d e ,  0 *8'"o b i s a c ry l a m id e  ( ^ / ^ ) ) t  

3m 1 P ha rm aly te  (pH ra n g e  8 — 10*5),  31ml u r e a  s o l u t i o n  (^Ô o w/v),
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3 ml ammonium p ersu lp hate (1% w /v ) . The g e ls  were cast in  tubes 

8cm long with an in te r n a l diam eter of 0*5cm. A space (2cm long) 

was l e f t  a t the top o f each tube fo r  the a p p lica tio n  of samples.

The anode buffer (to p )  was 0»01M Hepes and the cathode bu ffer was 

0*01M ethylenediam ine. Ampholyte overlay so lu tio n  was layered onto 

the top of the g e ls  to  a depth of 1'5-2'Ocm. (Ampholyte overlay  

so lu tion : 6M u rea , 5% su cro se , 0*75% Pharmalyte, 0*04% DTT).

A pH gradient was e s ta b lish e d  by p re -e lec tro p h o resis  a t 3507 for  

45 min. P rotein  samples were d is so lv ed  in  8M urea, 10?o sucrose,

O'04% DTT so lu tio n  to  g iv e  a f in a l  volume o f up to  15(^1. The 

sample was layered between the g e l  and the ampholyte overlay (to  

f a c i l i t a t e  the a p p lic a tio n  o f th e  sample i t  was p o ss ib le  to  add 0*1% 

bromophenol blue to  the sam ple). Gels were electrophoresed  at a  

constant v o lta g e  o f 350V fo r  4h and f in a l ly  sta in ed  in  0 *04% (w/v) 

Coomassie b r i l l ia n t  b lu e G250 in  3*5% (v/v .) perch loric  acid  prepared 

according to  R eisner et__^^ 171 )  ̂ This s ta in  was used because i t  

was not a ffe c te d  by th e ampholine. I t  has the added advantage th at  

i t  requires no d e s ta in in g  but u n fortu n ately  i t  i s  not as s e n s it iv e  

as methods usin g  Coomassie b r i l l ia n t  blue R250. The pH gradient was 

measured e ith e r  w ith a su rface  pH e lec tro d e  or by s l i c in g  the g e l ,  

placing the s l i c e  in to  a sm all volume o f w ater, a llow ing 1h fo r  i t  

to eq u ilib ra te  and then measuring the pH w ith a m icroelectrode.

3. METHODS

1» P u r ific a tio n  of TO, TI and TII

A ll procedures were carried  out a t 4^C. Ripe f r u it  (stage  D) 

were d issec te d  and th e  a r i l s  were removed. The a r i l  t is s u e  was 

homogenised in  4 volumes (w /v) cf 0*01M sodium phosphate buffer pH7-*2 

in a p e s t le  and mortar u n t i l  a l l  o f the t is s u e  was pulped. The 

homogenate was cen tr ifu g ed  fo r  5 min at 2 ,100g in  an MSE minor
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bench c en tr ifu g e . The supernatant was applied to  a column of CM5€ 

(Na^form) (30 % 1cm) which had been eq u ilib rated  w ith the homogenis

ation  b u ffer . The thaumatins were e lu ted  with a sm all volume of 

hom ogenisation bu ffer  fo llow ed  by a lin ea r  gradient of 0-0-2M NaCl 

in  the same b u ffer . The sweet ta s t in g  protein  peaks were c o lle c te d ,  

dia lysed  a g a in st d eion ised  water and f in a l ly  ly o p h ilis e d ,

2. Amino acid  a n a ly s is

Amino acid  analyses were performed according to the procedure
(172)of Moore and S te in ' , P rotein  samples were hydrolysed in  

evacuated, sea led  ampoules in  6MBCL at 110°C for  e ith e r  24 or 48h.

The h yd ro lysates were dried  on a rotary  evaporator a t 40^C and 

d isso lv ed  in  w ater. The so lu t io n  was brought to  pBé»5 by add ition  

of an equal volume o f 0*2M sodium phosphate buffer pH6*5 The 

so lu tio n s  were allow ed to  stand fo r  4h to  permit oxidation  of  

c y ste in e  to  c y st in e  and then brought to  pH2 by ad d ition  o f 1M BCL.

The so lu tio n s  were d ilu te d  as necessary with 0*01M HCL contain ing  

5m l/ l i t r e  o f th iod ig ly co lw ^ a liq u o ts  o f approximately 1ml o f the 

so lu tio n s  were used fo r  each chromatogram; th is  id e a l ly  represented  

0«2mg of the o r ig in a l sam ple. Analyses were performed u sin g  an amino 

acid an alyser ( JLC-6Aïï/Jeol Ltd).

Tryptophan was determined as described by Fraenkel-Conrat^^^^^. 

Dry, weighed p rote in  samples were d isso lv ed  in  0-1M NaOH. The absor

bance of the so lu tio n s  was measured a t 2 9 4 *4um, 280nm, 320nm, and 

360nm. The molar concen tration  of tryptophan and ty rosin e  could be 

determined according to the form ulae.

m olarity  ty ro sin e  = ( 0*592  x absorbance 294•4nm —

0*262  X absorbance 280nm) x 10 ^

m olarity  tryptophan = (0*263 x absorbance 280nm -  

0*170  X absorbance 2 9 4 •4nm) x 10 "
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The a b s o rb a n c e  a t  520nm and a t  560nin was used  t o  e x t r a p o l a t e  

th e  base l i n e  t o  280 and 294*4nm.

3, N - te rm in a l  a n a l y s i s

The c y a n a te  method as d e s c r i b e d  by S t a r k ^ ^ ^ ^ )  used  in  

c o n j u n c t i o n  w i t h  a u t o m a t i c  amino a c i d  a n a l y s i s .  P r o t e i n  samples 

were d i s s o l v e d  i n  8JM u r e a  s o l u t i o n  a t  a  c o n c e n t r a t i o n  of  20mg/ml.

To t h i s  was added an equa l  volume of N -e th y lm o rp h o l in e  b u f f e r  

( 50% v /v  N - e t h y I m o r p h o l i n e , 8M u r e a ,  b ro u g h t  t o  pH8 by a d d i t i o n  of  

g l a c i a l  a c e t i c  a c i d )  and po ta s s iu m  c y an a te  5mg/mg of  p r o t e i n .

Carbam yla t ion  was ach i e v e d  by i n c u b a t i n g  th e  m i x t u r e  o v e r n ig h t  

a t  50°C i n  a s t o p p e r e d  t u b e .  A f t e r  i n c u b a t i o n  g l a c i a l  a c e t i c  a c i d  

( i m l )  was added t o  t h e  p r o t e i n  ( 1 Cmg) w i th  thorough  s t i r r i n g  and 

the n  t h e  m i x tu r e  was s a t u r a t e d  w i th  a c e t o n e .  The p r e c i p i t a t e d  

p r o t e i n  was p e l l e t e d  by c e n t r i f u g a t i o n  (5  m i n ,2 ,1 0 0 g )  i n  t h e  MSE 

minor t h e n  washed w i th  d i s t i l l e d  w a te r  s a t u r a t e d  w i th  a c e to n e .

The c a rb a m y la t e d  p r o t e i n  was d r i e d  u n d e r  n i t r o g e n  and samnles were 

c y c l i z e d  by h e a t i n g  a t  100°C ( l h )  i n  a  s o l u t i o n  made up of  1 volume 

50% ( v / v )  g l a c i a l  a c e t i c  a c i d  and 1 volume c o n c e n t r a t e d  HCl i n  

s e a l e d  e v a c u a te d  t u b e s .  The c y c l i z e d  m a t e r i a l  was d r i e d  on a 

r o t a r y  e v a p o r a t o r  a t  40°C and t r a n s f e r r e d  onto a column of Dowex 

5O-X2- 4 OO (lOx T cm) w i t h  3 % 1ml r i n s e s  of  d i s t i l l e d  w a t e r .  The 

column was deve loped  w i th  w a te r  a t  a f low  r a t e  of  50ml/h.  The 

f i r s t  30ml of e l u a n t  was c o l l e c t e d  and e v a p o ra te d  t o  d ryness  on a 

r o t a r y  e v a p o r a t o r  a t  30^0.  The d r i e d  m a t e r i a l  was d i s s o l v e d  i n  

3M HCl (5ml) and h e a t e d  a t  100°C ( 3O min) .  The a c i d  was removed 

on a r o t a r y  e v a p o r a t o r  and t h e  r e s i d u e  was d i s s o l v e d  in  w a te r  ( 2ml) 

and t r a n s f e r r e d  t o  a column of Dowex 5O—X2-400 (5 x 04cm) w i th  an 

a d d i t i o n a l  1ml of  w a te r .  Th is  column was developed w i th  6m1 of 

w a te r  and t h e  e f f l u e n t  was d r i e d .  The r e s i d u e  was d i s s o l v e d  in  

0'2M NaOH (2ml)  and t r a n s f e r r e d  to  a s e a l e d  h y d r o l y s i s  tu b e  and
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h e a t e d  a t  100°C f o r  36h.  The h y d r o l y s a t e  was b ro u g h t  to  a c i d i c  pH 

w i th  1M HCl ( i m l )  and e v a r o r a t e d  t o  d r y n e s s .  The f i n a l  r e s i d u e  was 

d i s s o l v e d  in  O'OIM HCl (2ml) and t h i s  was a p p l i e d  to  th e  JEOL amino 

a c i d  a n a l y s e r .  The t r a c e s  a t t a i n e d  were compared w i th  a s t a n d a r d  

amino a c i d  m i x t u r e  t o  f a c i l i t a t e  t h e  i d e n t i f i c a t i o n  of  the  N - t e r m i n a l  

amino a c i d .

4. P ep t ide  manning

P e p t i d e  mapping was performed u s i n g  t h e  p ro c e d u re  of  C leveland  

e t  SDS PAGE, was c a r r i e d  out  as d e s c r i b e d  i n  s e c t i o n  V A 3 ü )

e x c e p t  t h a t  15% a c ry l a m id e  was emnloyed ( s e e  r e f e r e n c e  168 ).

P r o t e i n  sa m r l e s  were d i s s o l v e d  in  sample b u f f e r  ( im g /m l ) ,  (Samnle 

b u f f e r  c o n t a i n e d :  0*IM N S ^ è c e ta t e pH 4 *0 o r  0*1M sodium phospha te

pH 6 *8 , IŒ0 g l y c e r o l  and 1 x 10 bromophenol b l u e ) ,  and h e a t e d  a t  

100°C (2 m i n s ) .  V ar ious  c o n c e n t r a t i o n s  o f  p r o t e a s e  were added t o  

e q u a l  volumes of  p r o t e i n  s o l u t i o n .  The m i x tu r e s  were i n c u b a te d  a t  

37^0 f o r  d i f f e r e n t  t i m e s .  The p a r t i a l  p r o t e i n  d i g e s t s  o b t a in e d  were 

a p p l i e d  t o  t h e  SDS p o ly a c r y l a m id e  g e l s .  E l e c t r o p h o r e s i s  and s t a i n 

i n g  were  as  d e s c r i b e d  i n  s e c t i o n  V A 5 i i ) *

Thaumatin  I I  p u r i f i e d  as d e s c r ib e d  i n  s e c t i o n  V B 1 was d i s s o l v e d  

i n  0*9% NaCl u nde r  s t e r i l e  c o n d i t i o n s .  Equal  volumes of  T I I  s o l u t i o n  

and preundb a d j u v a n t  were mixed and s o n i c a t e d  u n t i l  a  s t a b l e  emuls ion 

had fo rmed .  The em uls ion  was s t o r e d  u n t i l  r e q u i r e d  a t  -20°C in  

s t e r i l e  s y r i n g e s .  Two male lop  r a b b i t s  w e igh ing  2kg were i n j e c t e d  

e i t h e r  s u b c u t a n e o u s l y  ( in  t h e  b a c k ) o r  i n t r a m u s c u l a r l y  ( in to  t h e  t h i g h  

muscle), a l t e r n a t e l y .  The f i r s t  two i n j e c t i o n s  g iven  c o n ta in e d  

Freund's comple te  a d j u v a n t ,  su b se q u e n t  i n j e c t i o n s  con ta ined  incom ple te  

a d j u v a n t .  At each i n j e c t i o n  ’?Ojjg T I I  were a d m in i s t e r e d  f o r  each 

kilogramme of body w e ig h t .  The t o t a l  i n j e c t i o n  volume was 200|)1. 

I n j e c t i o n s  were g iv e n  weekly f o r  f o u r  months a f t e r  which t ime t h e
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a n t ib o d y  t i t r e  was s t a t i c .  A f t e r  two months r e s t  weekly i n j e c t i o n s  

were resumed u n t i l  t h e  t i t r e  had r e a c h e d  a s a t i s f a c t o r y  l e v e l  which 

was m a in t a i n e d  w i th  f o r t n i g h t l y  b o o s t e r  i n j e c t i o n s .

Blood samples  were o b t a i n e d  v i a  an e a r  v e i n .  Serum was p r e 

pared  by a l l o w i n g  t h e  b lood  t o  c l o t  a t  room t e m p e r a t u r e  f o r  5-6  hours  

t h e n  s p i n n i n g  down t h e  c l o t .  The serum was made 0*1% in  sodium a z i d e  

by a d d i t i o n  of  a  1h s o l u t i o n  and s t o r e d  a t  4°C.

Ant ibody t i t r e  was de te rm in e d  by t h e  p r e c i p i t i n  method. A 

s o l u t i o n  of T I I  ( im g/m l)  was p la ced  i n  i n c r e a s i n g  q u a n t i t i e s  i n t o  

a s e r i e s  of  t u b e s .  A l iq u o t s  o f  serum ( u s u a l l y  20Gjjl)  were added to  

t h e  tu b e s  which were  in c u b a t e d  f o r  1h a t  57^0 and then c e n t r i f u g e d  t o  

pack t h e  p r e c i p i t a t e .  The tu b e  c o n t a i n i n g  t h e  l a r g e s t  p e l l e t  i n d i c a t e d  

t h e  optimum c o n c e n t r a t i o n s  of  a n t i b o d y  and a n t i g e n  and th e  a n t ib o d y  

t i t r e  was c a l c u l a t e d  a c c o r d i n g l y .

6 . I m m u n o e le c t r o p h o r e s i s ^ 176)

I m m u n o e lec t ro p h es i s  was c a r r i e d  o u t  on g l a s s  s l i d e s  (8*5 % 9*5cm) 

c o a t e d  w i th  1% a g a r  ( t o  a d e p th  of  1 *5mm) b u f f e r e d  w i th  0 *2M b a r b i t a l  

b u f f e r  pH 8 »6 . The a n t i g e n  samples ( l O y l )  were p la ced  in  t h e  w e l l s  

cu t  a t  i n t e r v a l s  a c r o s s  t h e  c e n t r e  of  t h e  p l a t e  and e l e c t r o p h e s i s  

was c a r r i e d  ou t  on a  coo led  p l a t t e r  a t  4V/cm ( i n  an LKB m u l t iu h o r  

a p p a r a t u s ) .  The e l e c t r o p h o r e t i c  b u f f e r  was 0*1M b a r b i t a l  b u f f e r  

pH 8 *6 . E l e c t r o p h o r e s i s  was s to p p ed  when t h e  bromophenol b lu e  marker 

( p l a c e d  in  a s i d e  w e l l )  had m ig ra te d  t o  t h e  end of  t h e  p l a t e .  A f t e r  

e l e c t r o p h o r e s i s  t r o u g h s  were cu t  be tween th e  w e l l s  and t h e  g e l  was 

removed.  Anti serum was p laced  i n t o  t h e  t r o u g h s  and d i f f u s i o n  was 

a l lowed  t o  p roceed  a t  4^C f o r  48b i n  a damp box.  A f te r  t h e  g e l s  had 

been p r e s s e d ,  washed and d r i e d  th e y  were s t a i n e d  f o r  10 m inu te s  in  

e t h a n o l :  a c e t i c  a c i d :  w a t e r ,  4«5*. 1 : 4*5 c o n t a i n i n g  0 * 5%

Coomassie B r i l l i a n t  Blue R-250 and th e n  d e s t a i n e d  in  a f r e s h  s o l u t i o n  

w i th o u t  t h e  dye ,  u n t i l  t h e  background  co lo u r  was f a i n t .  F i n a l l y  th e
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p l a t e s  were r i n s e d  w i th  w a te r  and d r i e d ,

7. O uch te r lony  double  d i f f u s i o n ^196)

Agar c o a ted  g l a s s  s l i d e s  were p repa red  as d e s c r i b e d  in  s e c t i o n  

V B 6 . Wells  were cu t  in  a hexagona l  p a t t e r n  around a c e n t r a l  w e l l .

Serum (20^1)  was p l a c e d  i n  t h e  c e n t r a l  w e l l  and a n t i g e n  ( lO | ; l )  was 

p laced  i n  th e  o u t s i d e  w e l l s .  The p l a t e s  were s t o r e d  i n  t h e  cold 

(4°C) f o r  4Sh t o  a l lo w  p r e c i p i t i n  l i n e s  t o  fo rm , th e n  th e y  were 

s t a i n e d  as d e s c r i b e d  i n  s e c t i o n  V B 6 ,

8 . Q u a n t i t a t i v e  p r e c i p i t i n  a n a l y s i s  of  'T C, T I  and T I I  r e a c t i o n

w i th  a n t i - T  I I

Q u a n t i t a t i v e  p r e c i p i t i n  a n a l y s i s  was c a r r i e d  ou t  a c c o r d in g  to  

P r a g e r  and W ilson^^^^^.  0*9% NaCl ( 2 0 0 p l )  c o n t a i n i n g  v a r i o u s  

q u a n t i t i e s  o f  th a u m a t in s  0,  I  and I I  was added t o  a n t i s e ru m  (200^%) 

h a v i n g  a t i t r e  of  55|>g/ml i n  smal l  p o ly p ro p y le n e  t u b e s .  The tubes  

were i n c u b a t e d  a t  20°C o v e r n i g h t  and t h e  p r e c i p i t a t e  formed was 

p e l l e t e d  by c e n t r i f u g a t i o n  ( 2 , 100g f o r  20 min) .  The p r e c i p i t a t e  

was washed tw ic e  w i th  c o l d  0*9% NaCl (400^1)  and t h e  washed p e l l e t  

was d i s s o l v e d  i n  0*5M NaOH (400^1) .  The ab so rbance  (BSOnm) of t h i s  

s o l u t i o n  was measured.

9.  Q u a n t i t a t i v e  micro-complement f i x a t i o n  a n a l y s i s

Q u a n t i t a t i v e  micro-complement f i x a t i o n  was performed u s i n g  the  

method o f  Wasserman and Bevine^^^^^ .  The d i l u e n t  was t h a t  d e s c r ib e d  

by Arnheim and W i lson^^^^^.  Seven hundred m i c r o l i t e r  r e a c t i o n  

volumes were used  c o n t a i n i n g  300^1 d i l u e n t  (0*14M NaCl, O'OIM T r i s /  

HCl pH 7 * 4 5 t 0*5 mM Mg SO^, 0*15mM CaClg), 100^1 an t i s e ru m  ( t i t r e  

400 a g / m l ) ,  100^1 complement ( 34*5 C^^g/ml) ,  100^1 a n t i g e n  s o l u t i o n  

(1 -200 a g  thaum at in  )^&100^1 s e n s i t i z e d  sheep e r y t h r o c y t e s  (5 x 1 o'  ̂

c e l l s / m l ) .

A ll  components of  t h e  a s say  m ix tu re  excep t  sheep e r y t h r o c y t e s  

were i n c u b a te d  f o r  18h (4'^C). The sheep e r y t h r o c y t e s  were added
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and t h e  f i n a l  m i x tu r e  was in c u b a te d  f o r  a  f u r t h e r  1h a t  37°C, The 

r e a c t i o n  was s topped  by c o o l in g  on i c e .  The u n ly s e d  e r y t h r o c y t e s  

and c e l l u l a r  d e b r i s  were removed by c e n t r i f u g a t i o n  f o r  4 min i n  a 

Unipan m i c r o - c e n t r i f u g e .  The ab s o rb a n c e  o f  t h e  s u p e r n a t a n t  was 

measured  a t  41

Sheep r e d  b lood  c e l l s  were s u p p l i e d  as 50% whole b lood  i n  

Alsever's  s o l u t i o n .  An a l i q u o t  ( i m l )  was washed i n  5ml d i l u e n t  

(3 t i m e s ) .  The c e l l s  were c o l l e c t e d  between washes by c e n t r i f u g 

a t i o n  f o r  1 min a t  500g.  The washed e r y t h r o c y t e s  were suspended i n  

d i l u e n t  (4 '5^U )  to  make 6% e r y t h r o c y t e s ,  ( t h e  p e r c e n t a g e  was d e t e r 

mined by m ix ing  Iml e r y t h r o c y t e s  w i t h  1M NH  ̂ OH (25ml)  t o  l y s e  t h e  

c e l l s  and r e a d i n g  t h e  ab s o rb an ce  a t  541nm; 6% e r y t h r o c y t e s  shou ld  

g iv e  an ab s o rb a n c e  of  0*48 -  0*50) .  R a b b i t  h a e m o l y t i c  serum ( t i t r e  

1 i n  2000 o r  1 i n  ‘̂OOO) was d i l u t e d  t o  1 i n  150 and added t o  t h e  

suspended c e l l s  ( 30^1 added t o  4*5ml of  6% e r y t h r o c y t e s ) • t h i s  m ix tu re  

was i n c u b a t e d  a t  37^0 f o r  15 min.  The s e n s i t i z e d  c e l l s  were s t o r e d  

a t  4°C and u sed  w i t h i n  48 h o u rs .  Imm edia te ly  b e f o r e  u s e  t h e  c e l l s  

were a d j u s t e d  t o  a  c o n c e n t r a t i o n  o f  5 % 1 o'  ̂ c e l l s / m l  ( d i l u t i o n  

f a c t o r  1 i n  2 0 ) .  The c o n c e n t r a t i o n  o f  complement used  was c a l c u l a t e d  

f o r  maximum s e n s i t i v i t y  by m e asu r in g  t h e  hcemolysis  o f  sheep  r e d  blood 

c e l l s  i n  t h e  s t a n d a r d  complement f i x a t i o n  a s s a y  o f  0*5 - 1 0  of

complement i n  t h e  absence  o f  a n t i s e r u m  and a n t i g e n .

10.  Development of  a p ro ced u re  f o r  q u a n t i t a t i v e  e x t r a c t i o n  of  a r i l  

p r o t e i n

;i) E f f e c t  of  pH, s a l t  and m u l t i p l e  e x t r a c t i o n s  on p r o t e i n  

r e c o v e r y .  All  p ro c e d u re s  were c a r r i e d  ou t  a t  0—4^0.  A r i l s  were 

e x c i s e d  from f r u i t  and minced w i th  s c i s s o r s .  The minced a r i l s  were 

weighed and homogenised i n  20 volumes o f  b u f f e r ,  e i t h e r  b u f f e r  A 

(pH 6*0, O'OIM sodium ph o sp h a te )  o r  b u f f e r  B (pH 7*7» O'OIM sodium 

p h o s p h a te ) .  The samples were f i r s t l y  homogenised by hand w i th  a
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p e s t l e  and m o r t a r  u n t i l  a l l  of  t h e  t i s s u e  had been pulped and then  

s o n ic a t e d  f o r  50 s ,  a t  f u l l  power, s e t t i n g  5 on an MSE s o n i c a t o r .

The homogenate was c e n t r i f u g e d  t o  remove i n s o l u b l e  m a t e r i a l  

a t  100,000g f o r  9O min.  The s u p e r n a t a n t  ( 1 s t  e x t r a c t )  was removed 

and the  p e l l e t  was r e s u s p e n d e d  i n  t h e  o r i g i n a l  b u f f e r  ( e i t h e r  A or B) 

and r e c e n t r i f u g e d .  The s u p e r n a t a n t  (2nd e x t r a c t )  was removed and 

t h e  p e l l e t  was e i t h e r  u sed  d i r e c t l y  f o r  e s t i m a t i o n  of t h e  r em a in ing  

p r o t e i n  c o n t e n t  o r  r e s u s p e n d e d  i n  t h e  o r i g i n a l  b u f f e r  ( e i t h e r  A or B) 

c o n t a i n i n g  0'3M NaCl and in c u b a te d  a t  4^C o v e r n i g h t ,  then  s t i r r e d  

and r e c e n t r i f u g e d .  The s u p e r n a t a n t  (3rd  e x t r a c t )  was removed and 

t h e  p e l l e t  was r e s u s p e n d e d  in  t h e  o r i g i n a l  b u f f e r  ( e i t h e r  A o r  B) 

c o n t a i n i n g  0 '3N NaCl and f i n a l l y  r e c e n t r i f u g e d ,  t h e  s u p e r n a t a n t  teing 

- removed ( 4 t h  e x t r a c t ) .  A l iq u o t s  of  th e  s u p e r n a t a n t s  were used  

f o r  p r o t e i n  e s t i m a t i o n  as  d e s c r i b e d  i n  s e c t i o n  V A 1 i ) .  P e l l e t s  

were t r e a t e d  w i th  1M NaOH f o r  1-2h a t  room t e m p e ra t u r e  and t h e  

s o l u t i o n s  were u s e d  d i r e c t l y  f o r  p r o t e i n  e s t i m a t i o n  w i th o u t  TCA 

p r e c i p i t a t i o n .

i i  ) T es t  of  a p ro c e d u re  f o r  s e q u e n t i a l  e x t r a c t i o n  of s o l u b l e  

and h igh  pH- s a l t - s o l u b l e  p r o t e i n .  A r i l s  were e x c i s e d  and then  

chopped and weighed .  Homogenisa t ion  was i n  b u f f e r  A as i n  s e c t i o n  

i , ).  The homogenate was c e n t r i f u g e d  a t  100,000g f o r  90 min and t h e  

s u p e r n a t a n t  was saved  ( 1 s t  e x t r a c t ) .  The p e l l e t  was re suspended  i n  

b u f f e r  A and th e n  r e c e n t r i f u g e d  ( s u p e r n a t a n t  was 2nd e x t r a c t ) .  The 

p e l l e t  was e i t h e r  t a k e n  f o r  r r o t e i n  e s t i m a t i o n  or  resusnended  in  

b u f f e r  B c o n t a i n i n g  0*3M NaCl and i n c u b a t e d  a t  4°C o v e r n i g h t .

A f t e r  i n c u b a t i o n  t h e  m i x tu r e  was shaken and then  r e c e n t r i f u g e d  

( s u p e r n a t a n t  was 3I'd e x t r a c t ) .  The p e l l e t  was resuspended  in  b u f f e r  

B c o n t a i n i n g  0*3M NaCl and f i n a l l y  r e c e n t r i f u g e d  ( s u p e r n a t a n t  was 

4 t h  e x t r a c t ) .  A l iq u o t s  of  t h e  s u p e r n a t a n t s  were used f o r  p r o t e i n  

e s t i m a t i o n  as d e s c r i b e d  in  s e c t i o n  V A 1 i ) .  P e l l e t s  were t r e a t e d
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w i t h  O'TM NaOH f o r  1- 2h a t  room t e m p e r a t u r e  and t h e  s o l u t i o n s  were 

u sed  d i r e c t l y  f o r  p r o t e i n  e s t i m a t i o n  w i t h o u t  TCA p r e c i p i t a t i o n .

11. Measurement o f  q u a n t i t i e s  of  T 0,  T I  and T I I  i n  d i f f e r e n t  

d e v e lo p m en ta l  s t a g e s  of f r u i t .

F r u i t s  of  d i f f e r e n t  m a t u r i t i e s ,  u n r i p e ,  i n t e r m e d i a t e ,  e a r l y  

r i p e  and r i p e  ( s t a g e s  A-D) were u s e d .  A r i l s  were e x c i s e d , c o u n t e d  

and weighed.  The p r o t e i n s  were e x t r a c t e d  from t h e  a r i l s  as  d e s c r i b e d  

i n  s e c t i o n  V B 10 i i ) .  The h ig h  s a l t  e x t r a c t s  were  d i a l y s e d  a g a i n s t  

b u f f e r  A f o r  24h.  The e x t r a c t s  were a p p l i e d  t o  io n -ex c h an g e  

chromatography  columns (CM 52 (Na"*^)) which were deve loped  as 

d e s c r i b e d  i n  s e c t i o n  V B 1. Sweet p r o t e i n  was e s t i m a t e d  by measure

ment of  a b s o rb a n c e  a t  280nm of  each  f r a c t i o n  c o n t a i n i n g  T O ,  T I  o r  

T I I .  T o t a l  p r o t e i n  was e s t i m a t e d  a s  d e s c r i b e d  i n  s e c t i o n  V A 1 i ) .

12 . The e f f e c t  o f  h ig h  pH ^tem pera tu re  and s a l t  c o n c e n t r a t i o n s  on 

t h e  t h a u m a t i n  f o r m s .

Method 1 ; P u r i f i e d  sweet  p r o t e i n s  T 0 ,  T I  and T I I  were 

d i s s o l v e d  ( im g /m l)  i n  O'OIM sodium p h o s p h a te  b u f f e r  pH 7 '7  c o n t a i n 

i n g  0'3M NaCl and f i l t e r e d  th ro u g h  s t e r i l e  m i l l i p o r e  f i l t e r s  i n t o  

s t e r i l e  ampoules which were s e a l e d .  The ampoules were i n c u b a t e d  a t  

37°C f o r  7?h o r  24Oh. A f t e r  i n c u b a t i o n  t h e  s o l u t i o n s  were s t o r e d  

f r o z e n  u n t i l  a n a l y s i s .  Samples were a n a l y s e d  by P .A .G .E .  as  

d e s c r i b e d  i n  s e c t i o n  V A 3 i ) .

Method 2 : Samples of  T I  and T I I  were d i s s o l v e d  i n  O'OIM 

sodium p h o s p h a te  b u f f e r  pH 7*7 ( im g /m l )  and d i a l y s e d  a g a i n s t  a  

s o l u t i o n  o f  ammonium s u l p h a t e  i n  t h e  same b u f f e r  so  t h a t  t h e  f i n a l  

ammonium s u l p h a t e  c o n c e n t r a t i o n  o f  t h e  th a u m a t in  s o l u t i o n  r e a c h e d  

45%. The s o l u t i o n s  were i n c u b a t e d  a t  room t e m p e r a t u r e  f o r  I44h and 

t h e n  d i a l y s e d  a g a i n s t  w a te r  a t  4°C f o r  24h.

A f t e r  t h i s  t ime t h e  s o l u t i o n s  were  removed from t h e i r  d i a l y s i s  

bags  and f r o z e n  u n t i l  a n a l y s i s .  Samples were a n a l y s e d  by P .A,G.E .
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as d e sc r ib ed  in s e c t i o n  V A 5 i ) .

13. R e d io io d in a t io n  of thaum at in  us ing  lodo-gen 

l o d i n a t i o n  was achieved u s in g  the  method of Markwell and

lodo-gen  (2mg) was d i s so lv e d  in chloroform (lOO^jl ) and nlaced in to  

a s c i n t i l l a t i o n  v i a l .  The chloroform was removed under a stream of 

n i t r o g e n  gas a t  room t e m p e ra tu re .  The dry ve sse l  was r in sed  w i th  P P S 

to  remove any lo o se  f l a k e s  of  iodo-gen. Thaumatin (20mg) was d i s 

so lved  in  P B S  ( im l )  and t h i s  was added to the  r e a c t i o n  v e s s e l ,

Na (5 j u C i , s p e c i f i c  a c t i v i t y  1 ,200Ci/mmol ) was added and mixed.

The r e a c t i o n  was allowed to  proceed f o r  10 min a t  room temperature  

d u r in g  which t ime th e  v e s s e l  was a g i t a t e d  p e r i o d i c a l l y  to  a id  d i f f u s io n  

The sample was removed from th e  r e a c t io n  v e s s e l ,  made 0 ’ 2'ÿK in  sodium 

io d id e  and d i a ly s e d  e x h a u s t iv e ly  a g a in s t  d i s t i l l e d  w a ter .  F in a l ly  

th e  sample was a p p l i e d  to  an ion-exchange column (CIi5? Na^) and 

e lu te d  as d e sc r ib e d  in  s e c t i o n  V B 1. The p r o t e in  content  of  the  

f r a c t i o n s  was determined by measurement of the  absorbance a t  280nm.

The con ten t  was measured by p r e c i p i t a t i o n  of an a l i q u o t  (hOjul)

w i th  10% TCA and bovine serum albumin ( Img/ml ) as c a r r i e r .  The 

p r e c i p i t a t e  was c o l l e c t e d  and washed with ace tone :  e th e r  ( l : l )  v/v

(3 t im es ,  20 volumes) and f i n a l l y  d r i e d .  The dry m a te r i a l  was 

d i s so lv e d  in  1M NaOH (0»5ml),  n e u t r a l i z e d  with g l a c i a l  a c e t i c  acid, 

and then  added to  a s c i n t i l l a t i o n  v i a l  with  10ml of t r i t o n  s c i n t i l l a n t .

[Toluene:  t r i t o n :  PPG (2 p a r t s  to luene  c o n ta in in g  PPG 5 s / l  to

1 p a r t  t r i t o n  X -  1^0)] .  P i s i n t e g r e t i o n s  per minute were est imated 

in th e  t r i t i u m  ch.annel of a Packard t r i - c a r b  s c i n t i l l a t i o n  counter .

14. Exposure of thaum at in  I I  to an a r i l  homogenate

A r i l s  of s t a g e  D Kad.iebe reg ion  f r i u t  which had p rev io u s ly  been

f rozen  in l i q u i d  N2 and s to r e d  a t  -70^C were thawed and homogenised
T l  2 5  *in an enual volume of O'OIM sodium nhcsphate b u f f e r  pP: 7*2. I
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l a b e l l e d  thaumatin  was'added to  a sample of homogenate ( im l )  and 

incuba ted  a t  26°C f o r  15h. Contro ls  were f r o z e n  w i thou t  in c u b a t io n .  

A f t e r  in c u b a t io n  the  samples were e x t r a c t e d  with  0*01M sodium 

phosphate  pH 7 ' 7 ,  0»5M NaCl (2 x 5ml) and d i l u t e d  w i th  O'OIM sodium

phosphate  pH 7*2 (2 volumes).  This e x t r a c t  was a p p l i e d  to  an i o n -

exchange column (CM52 Na^) which was e lu te d  as d e sc r ib e d  in  s e c t i o n  

V B 1. F r ac t io n s  were assayed f o r  p r o t e i n  con ten t  and

d e sc r ib e d  in  s e c t i o n  V B 13.

15" P r o te in  s y n th e s i s  in  i n t a c t  a r i l s

A r i l s  were removed from e a r ly  r i p e  f r u i t  t i s s u e  and i n j e c t e d  

( 5 | i l )  with B - (4 ,5 -  H) - l e u c i n e  ( O - ^ j j C i ) .  Control  a r i l s  were t r e a t e d  

i n  th e  same way. except t h a t  cycloheximide ( 2 ' 5mg/ml) was inc luded  

i n  th e  i n j e c t i o n .  The i n j e c t e d  a r i l s  were in cu b a ted  in  a p e t r i  dish 

w i th  a  p iece  of mois t  t i s s u e ,  in  a dark cupboard,  a t  26°C f o r  l 6h. 

A f t e r  t h i s  t ime p r o t e i n  was e x t r a c t e d  by homogenisat ion in  O'OIM 

sodium phosphate  pH 7*7 c o n ta i n in g  0'3M NaCl (2 x 5™l) and an a l i q u o t  

was taken  to  dete rmine  in c o r p o r a t i o n  i n t o  TCA i n s o l u b l e  m a t e r i a l  

( s e c t i o n  V A 2 ) .  The e x t r a c t  was d i a ly s e d  o v e rn ig h t  a g a in s t  de ionized  

w a te r  and then  a p p l ie d  t o  an ion-exchange chromatography column (CM52 

Na^) and e lu te d  as desc r ibed  in  s e c t i o n  V B 1. Each f r a c t i o n  was 

t r e a t e d  wi th  a f i n a l  c o n c e n t r a t i o n  of 10% TCA to  p r e c i p i t a t e  p r o t e in  

(lmg bovine serum albumin added as c a r r i e r )  and t h e  p r e c i p i t a t e s  were 

washed twice with  5% TCA (20 volumes) and once in  e thano l  ( t h i s  

d i s so lv e d  albumin and thaum a t in ) .  The p r o t e in  was f i n a l l y  r e p r e c i p i t 

a t e d  by adding 10 volumes of e t h e r ,  d r i e d  and d i s s o lv e d  in  0'5M NaOH 

( i m l ) .  This s o l u t i o n  was n e u t r a l i s e d  with  g l a c i a l  a c e t i c  ac id  and 

used f o r  s c i n t i l l a t i o n  coun t ing  with  t r i t o n :  t o l u e n e :  PPG s c i n t i l l 

a n t  ( s e c t i o n  V B 13).

16 . P r e p a ra t io n  of r a b b i t  r e t i c u l o c y t e  l y s a t e
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Rabbi t  r e t i c u l o c y t e  l y s a t e  was prepared by the  method of Hunt 

and J a c k s o n ^ \  The l y s a t e  was made Messenger dependent as 

de sc r ib ed  by Pelham and J a c k s o n ^ ^ ^ . A young New Zealand White 

r a b b i t  weighing 2kg was i n j e c t e d  (subcu taneous ly )  on four  s u cc e ss 

ive  days wi th  1*25% phenylhydrazine  ( l*4m l) .  On th e  n in th  day a f t e r  

th e  f i r s t  i n j e c t i o n  the  r a b b i t  was a n a e s th e t i s e d  with 'Sagata l*  and 

bled by c u t t i n g  the  j u g u la r  v e i n .  The blood was drained in to  1 l i t r e  

of ic e  cold s a l i n e  b u f f e r  c o n ta in in g  300 u n i t s  of h epar in .  (S a l in e  

b u f f e r  c o n ta in ed :  0*13M NaCl, 5̂ 44 KCl and 7'bmM MgCl% brought to

pH 7*4 by a d d i t i o n  of NaOH). The c e l l s  were c o l l e c te d  by c e n t r i f u g 

a t i o n  a t  2°C ( 2 ,5 0 0 g , l0  min) and the  lo o se ly  packed c e l l s  were 

resuspended and washed in  s a l i n e  b u f f e r  (3 t im es ) .  The washed c e l l s  

were lysed  by a d d i t i o n  of an equal volume of de ion ized  water wi th  

g e n t l e  s w i r l i n g  f o r  1-2 min.  The l y s a t e  was c en t r i fu g e d  a t  22,000g 

f o r  10 minutes and the  s u p e r n a ta n t  was s to r e d  as smal l  a l i q u o t s  

under l i q u i d  n i t r o g e n .

Lysate was made messenger dependent as fo l low s .  An a l i q u o t  was 

removed from s to r a g e  and warmed g e n t l y .  As i t  began to  thaw ImM 

haemin s o l u t i o n  was added to  make a f i n a l  c oncen t ra t ion  of 20^M,

When comple te ly  thawed O'lM CaClg (Sjj l)  and 10 nuc lease  ( l 5 , 0 0 0  

un i ts /m g  from Staph a u r e u s ) were added and d i g e s t i o n  was allowed to  

occur f o r  15 minutes  a t  20°C. A f te r  t h i s  t ime O'lM EGTA ( l 6 ' 5 ^ 1 )  

was added to  i n a c t i v a t e  the  nu c lea se  and th e  t r e a t e d  l y s a t e  was 

s to re d  e i t h e r  under  l i q u i d  n i t r o g e n  or  f o r  up to  30  minutes on i c e .

17. The r a b b i t  r e t i c u l o c y t e  l y s a t e  c e l l  f r e e  system

The s t a n d a r d  a s say  m i x tu r e  c o n t a i n e d  in  a f i n a l  volume of 50^1 : 

l y s a t e  ( 2 5 ^ 1 ) ,  lOmM Tr i s -K G l  pH 7*6, c r e a t i n e  ®  k in a se  ( 2 ' 5 ^ g ) ,

ImM ATP, 200 jiVlCTP, 10mM c r e a t i n e  phosphate ,  0'15mM a l a n i n e ,  0'025mM 

a r g i n i n e ,  O'OObmM asp a ra g in e ,  O'ImM a s p a r t i c  a c id ,  0*025mM c y s t e in e ,  

0'025mM g lu tam ine ,  O'imM glu tamic  a c i d ,  O'ImM glycine,O'ImM h i s t i d i n e .
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0 ' 025mM i s o l e u c i n e ,  0 *15mM le u c i n e ,  0 «1mH l y s i n e ,  0 ' 025^M meth ionine ,  

0 ' 075mM ph en y la lan in e ,  p r o l i n e ,  0 *1mM s e r i n e ,  0 ' 075mM th re o n in e ,

0'0?5ml'l t ryp to p h an ,  0'025mM t y r o s i n e ,  0*1 v a l i n e ,  10OmK KAc,

ImM MgAc 2 5 ^ 1  co n ta in in g  RKA and l a b e l l e d  amino ac id  ( th e  approp

r i a t e  cold amino ac id  was o m i t t e d ) .

18. P r ep a ra t io n  of th e  wheat germ S-^O c e l l  f r e e  e x t r a c t

Wheat germ e x t r a c t  was prepared in  a cold  room a t  4°C. Wheat

germ ( 2g) was ground w i th  an equal weight of sand in  a mortar f o r  1 

min. The homogenate was scraped i n t o  a c e n t r i f u g e  tube and mixed 

with  2 volumes (w/v) of 20mM Hepes b u f f e r  pH 7*6 c o n ta in in g  lOOmM 

KCl, ImM MgAc, 2mM CaClp and ImM DTT. A f te r  mixing t h i s  m a te r i a l  

was c e n t r i f u g e d  a t  30,000g f o r  $0 s .  The upper f a t t y  l a y e r  and 

p e l l e t  were d isca rded  and the  s u p e r n a t a n t  was l a y e r e d  onto a column 

of Sephadex G-25 (?5 x 1 cm) which had been e o u i l i b r a t e d  wi th  20mK 

Hepes b u f f e r  pH 7*6 c o n ta i n in g  1OOmhI KCl, ^mM MgAc and ImM DTT.

The column was e lu te d  w i th  the  e q u i l i b r a t i o n  b u f f e r  a t  a flow r a t e  

of ^ml/ min and f r a c t i o n s  of 0*5ml were c o l l e c t e d .  F r a c t io n s  with 

absorbance a t  260nm  of  g r e a t e r  than 90 CD's/ml were pooled and 

ce n t r i fu g e d  a t  $0,000g f o r  20 min. The s u p e r n a t a n t  was s to red  a t  

-70°C in smal l  a l i o u o t s .

The s tan d a rd  in c u b a t io n  mixture  con ta ined  in  a f i n a l  volume of 

80^1: wheat germ S-70 f r a c t i o n  (2 0 | i l ) ,  12mM Hepes-KOH pH 7*6, 2mM

DTT, 8mM c r e a t i n e  phosphate ,  c r e a t i n e  @  Kinase ( 2 ^ ) ,  ImM ATP, 20|jM 

GTP, 98*2 spermineoiAamino ac ids  a t  ^O^M except th e  amino acid to 

be added as l a b e l  which was added cold a t  a c o n c e n t r a t i o n  of 6^M 

( th e  20 amino ac ids  used were those  l i s t e d  in  s e c t i o n  V B 17).

P r e p a r a t io n  of BNA from r a b b i t  r e t i c u l o c y t e s ^ ^ ^

A r a b b i t  was made anaemic as d e sc r ib e d  in  s e c t i o n  V B 16 and 

was b led  on the  s ix th  day i n t o  100ml of Richs* S a l in e  con ta in in g  

hepar in  (500 u n i t s ) .  R ic h s '  S a l ine  con ta ined  0-14K H^Cl, KCl,
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5mM MgClp. The c e l l s  were c o l l e c t e d  by c e n t r i f u g a t io n  a t  4°G 

(5 ,000g, 10 min) and washed twice wi th  3 volumes of R ichs '  S a l in e .

The c e l l s  were lysed  by a d d i t i o n  of 4 volumes of l y s in g  s o l u t i o n  

c o n ta in in g  2mM MgClg, ImM DTT and O'ImM ETTA (brought to  pH 7*0 

with  NaOH ). The l y s a t e  was d i l u t e d  with  1 volume of a s o l u t i o n  

c o n ta in in g  Vt SDS, 0*4M HaCl and to  t h i s  s o lu t io n  an equal volume of 

phenol :  m etacreso l  : hydroxyquinolone : water (lOOO: 1 4O; 1 : 16O

v/v /w /v)  was added. This mix ture  was shaken v igo rous ly  fo r  10 

minutes a t  room tem pera ture  and then the  phases were separa ted  by 

c e n t r i f u g a t i o n  (6 ,000g, 5 min).  The aqueous l a y e r  was removed and 

th e  phenol l a y e r  and i n t e r p h a s e  were r e - e x t r a c t e d  with  an equal 

volume of 0*1M Tris-HCl pH 9*0* The aqueous phases  were pooled and 

r e - e x t r a c t e d  twice  with  an equal volume of phenol s o l u t i o n .  The 

RNA was p r e c i p i t a t e d  by a d d i t i o n  of ammonium a c e t a t e  to  make a 0*24M 

s o l u t i o n  and 2 volumes of co ld  ( - 2 0 ^ c )  e th an o l^ ^ ® ^ \  Afte r  p r e c i p i t 

a t i o n  ove rn igh t  a t  -20^0 th e  RKA was c o l l e c t e d  a t  100,000g ( l h )  and 

washed i n  e thano l  to  remove th e  phenol.  The washed p e l l e t  was 

d i s so lv e d  in  g l a s s  d i s t i l l e d  de ion ized  water  and th e  absorbtloa spec

trum was measured in  the  r e g io n  230-320nm to  determine the  RKA 

c o n c e n t r a t i o n ( 2 0  CD u n i t s  were taken to  be eq u iva len t  to  1mg RKA) 

and a l s o  to  a s c e r t a i n  t h a t  th e  p r e p a r a t io n  was f r e e  of contaminating 

phenol .

20. E x t r a c t io n  and p u r i f i c a t i o n  of polysomes

i) Magnesium p r e c i p i t a t i o n  cf polysomes^^^^ 186)^

Polysomes were p repared  from r a t  l i v e r  by the  method of Pa Imiter^ 

Tissue  was homogenised in  5 volumes (w/v) of b u f f e r  A (2pmM Tris-HCl 

pH 7*8, 25mM KaCl, 3mM MgCl-, 2% T r i to n  X-100 and Img/ml hepa r in )  

with 15 s t ro k e s  of a loose  f i t t i n g  g l a s s - t e f l o n  homogeniser. The 

homogenate was c e n t r i f u g e d  ( 2 7 , 0 0 0g, 5 min) and the  superna tan t  was 

decan ted  i n t o  an equal volume of b u f f e r  S ( 20mM Tris-HCl pH 7*5»
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20mM NaCl, ?04ïïiH MgClp, 1*62 T r i to n  X-lOO). This mixture  was incub

a ted a t  0°C. A f te r  1 h , a l i q u o t s  ( • ^ ? 5 m l )  were layered  over 10ml 

pads of b u f f e r  C (25mM Tris-HCl pH 7*5» 25mK HaCl, NgCl^, 0*2M 

s u c ro se )  in  80ml c e n t r i f u g e  tubes  and c e n t r i f u g e d  (27,C0Qg. l O m i n s ) .  

The s u p e r n a ta n t s  were removed by a s p i r a t i o n  and th e  pads were p a r t l y  

removed. The s id e s  of the  tubes  were washed with d i s t i l l e d  water 

and the  remaining s u p e r n a ta n t  was removed by a s p i r a t i o n .  The s id es  

of the  tubes  were wiped dry and th e  p e l l e t s  were d is so lv ed  in  b u f f e r  

f o r  a p p l i c a t i o n  to  a sucrose  d e n s i t y  g r a d i e n t  or s to red  a t  - 7 0 °C.

A v a r i a t i o n  of t h i s  te chn ique  was employed f o r  i s o l a t i o n  of 

polysomes from a r i l s  and pea s u b - a p ic a l  segments as desc r ibed  by 

Akalehiywot^^^^).  The t i s s u e  was homogenised in  8 volumes (w/v) of 

b u f f e r  A (25mM Tris-HCl pH 7 ' 8 , 28mN NaCl, 8^M MgCl2 , H  T r i to n  X-100, 

8mM 2-MH). The in c u b a t io n  t ime was in c r e a s e d  to  1 '8h .  Buffer C 

con ta ined  28ml{ Tris -HCl pH 7*5» 28mM NaCl, 8mM MgCl^ and 1M su c ro se .

i i )  P r e p a ra t io n  of polysomes by h ig h  speed c e n t r i f u g a t i o n  

through a sucrose  pad. Polysomes were prepared  from pea s u b -a p ic a l  

t i s s u e  segments as d e sc r ib ed  by Verma e t  a l ^**^^^. Frozen t i s s u e  was 

ground under l i q u i d  n i t r o g e n  in  a p e s t l e  and mortar  u n t i l  a f i n e  

powder was ob ta ined .  The powder was then  scraped i n t o  another p e s t l e  

and m or ta r  ( to  avoid f r e e z i n g  the  b u f f e r )  w i th  6 volumes (w/v) of 

e x t r a c t i o n  medium (l80mM T r i s - a c t a t e  pH 8 *8 » 200mN sucrose  (RKAse 

f r e e ) ,  80mM KCl, 20mM MgAc, 4mM 2-MS and 0*49t Nonidet P-40 con ta in ing  

h epa r in  ( Img/ml)) and mixed thoroughly .  The s l u r r y  was cen t r i fu g ed  

(25,OOOg, 10 min).  A l iquots  of th e  s u p e r n a t a n t  were layered  over 

pad b u f f e r  ( 8ml c o n ta in in g  80mM T r i s - a c e t a t e  pH 8 *8 , 1*5N sucrose ,

20mM KCl, lOmM MgAc) in  10ml c e n t r i f u g e  tubes  and th e se  were c e n t r i 

fuged ( I08 ,000g ,  90 min).  The c l e a r  p e l l e t s  obta ined were re suspen

ded g e n t ly  with a small  g l a s s  rod in  r e su sp en s io n  b u f f e r  (80mM T r i s -  

a c e t a t e  pH 9*8, 20mM KCl, lOmMMgAc). This s o lu t io n  was cen t r i fu g ed
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(1 0 ,0 0 0 g ,  5 min) t o  remove any i n s o l u b l e  m a t e r i a l .  A l i q u o t s  of  t h e  

polysome s o l u t i o n  were  a p p l i e d  to  s u c ro s e  d e n s i t y  g r a d i e n t s .

A r i l s  were homogenised  i n  5 volumes (w /v )  e x t r a c t i o n  medium.

The polysomes were c o l l e c t e d  t h ro u g h  a 10ml s u c r o s e  pad i n  a 50ml 

c e n t r i f u g e  t u b e .  I n  some exper im en t s  h e p a r i n  was o m i t t e d  from t h e  

e x t r a c t i o n  medium.

i l l )  S uc rose  d e n s i t y  g r a d i e n t  f r a c t i o n a t i o n  of  polysomes.  

A l iq u o t s  o f  polysome s o l u t i o n s  i n  up t o  0»5ml o f  v a r i o u s  b u f f e r s  

were l a y e r e d  ove r  15ml l i n e a r  s u c r o s e  g r a d i e n t s  o f  125- 500mg/ml 

formed from s u c r o s e  s o l u t i o n s  i n  b u f f e r  c o n t a i n i n g  50mM T r i s - a c e t a t e  

pH 8*5, 20mM KCl and 10mM MgAc. Sucrose  g r a d i e n t s  were c e n t r i f u g e d  

i n  a s w in g -o u t  r o t o r  (6  x l6*5ml)  (91 ,000g ,  100 m in ) .  The g r a d i e n t s  

were a n a l y s e d  by pumping th ro u g h  a con t inuous  f low  c e l l  i n  a  Pye 

Unicam SP 1800 s p e c t r o p h o t o m e t e r  and abso rbance  a t  260nra was measured .  

Smoothness o f  t h i s  p r o c e d u r e  was en su red  by u s i n g  an LKB p e r i s t a l t i c  

pump t o  l a y e r  50^  s u c r o s e  s o l u t i o n  i n t o  t h e  bottom o f  t h e  g r a d i e n t  

tu b e .

i v )  Washing o f  polysomes on h y d r o x y l a p a t i t e ^ ^ ^ ^ ^ .  Polysomes 

were suspended  i n  b u f f e r  E ( i m l )  (50mM T r i s -B C l  pH7*4, 253iM KCl, 

MgCl2 ) .  Dry,  h y d r o x y l a p a t i t e  c r y s t a l s  were suspended i n  ImM NaH2 PO4 , 

t h e  s u s p e n s i o n  was a l l o w e d  t o  s e t t l e  f o r  10-15  min and t h e  s e t t l e d  

c r y s t a l s  ( i m l )  were r e s u s p e n d e d  i n  b u f f e r  E (0*15 M KE^ PO^, 60mM 

T r i s ,  lOmM MgClg pH6*55)* The re su sp en d ed  c r y s t a l s  were poured  o n to  

a m o is t ened  f i l t e r  p a p e r  d i s c  h e l d  on a s i n t e r e d  g l a s s  s u p p o r t  ove r  

a  Buchner f l a s k  so t h a t  t h e  e f f e c t i v e  d ia m e te r  was 1cm. Th i s  a p p a r 

a t u s  was k e p t  on i c e .  A f t e r  p o u r in g  a  g e n t l e  vacuum was a p p l i e d  

u n t i l  t h e  s e t t l e d  c r y s t a l s  were abou t  t o  go dry  and th e n  th e y  were 

Washed w i t h  10 volumes o f  b u f f e r  P.  At t h i s  p o i n t  th e  c r y s t a l  

t h i c k n e s s  was abou t  5~4mm. Polysomes were added t o  the  c r y s t a l  

s u r f a c e  and washed w i t h  a f u r t h e r  10-15  volumes of  b u f f e r  F,
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As th e  c r y s t a l  s u r f a c e  began to  dry b u f f e r  G (0*3M KHp PO^, 0*152M 

T r i s ,  20mM Mg Cl 2 pH 6 *8 ) was added and the  vacuum d isconnec ted .  The 

f l a s k  was r i n s e d  in  b u f f e r  G and the  vacuum l i n e  reconnec ted ,  

polysomes were e lu ted  with  a f u r t h e r  8-10 volumes of b u f f e r  G and 

recovered  by c e n t r i f u g a t i o n  ( 16 0 , 0 0 0 g , 1h ).

21. E x t r a c t io n  and p u r i f i c a t i o n  of poly  RNA

RKA was i s o l a t e d  by the  method of Verma e t  a l ^^"^^. A r i l  t i s s u e  

was d i s s e c t e d  out and f ro ze n  in  l i q u i d  n i t ro g en  ( th e  f rozen  t i s s u e  

was u s u a l l y  s to red  a t  -70°C u n t i l  r e q u i r e d ) .  The f rozen  t i s s u e  was 

rowdered in  a p e s t l e  and m or tar  under l i q u id  n i t r o g e n .  The nowdered 

m a t e r i a l  was t r a n s f e r r e d  to  a f l a s k  and shaken with 8-4  volumes of 

b u f f e r  H (0*1M T r i s - a c e t a t e ,  0*1M NaCl, 2mM Nap EDTA, 1% SDS, pH 9*0 

c o n ta in in g  800^^/ml h e p a r in )  f o r  ? minutes  a t  20^C. An equal volume 

of pheno l :  ch loroform:  isoamyl a lcoho l  ( 8 0 :8 0 :1 v /v /v )  was added

and shaken v ig o ro u s ly  f o r  10 min. The phases were sepa ra ted  by 

c e n t r i f u g a t i o n  (6,800g, 8 min) and th e  phenol phase was r e - e x t r a c t e d  

wi th  an equal  volume of b u f f e r  H. The combined aqueous phases were 

r e - e x t r a c t e d  twice w i th  the  o r i g i n a l  volume of phenol:  chloroform:

isoamyl a lcoho l  and made 0*24M in  ammonium a c e t a t e  (by a d d i t i o n  of 

a 2'4M s o l u t i o n )  and 66^  in  e th an o l  (by a d d i t i o n  of 2 volumes of 

cold e thano l  ( -20^C)) .  P r e c i p i t a t i o n  was allowed to  occur  overn igh t  

a t  -20°C and the  p r e c i p i t a t e  c o l l e c t e d  by c e n t r i f u g a t i o n  (30,000g,

10 min) .  The RNA was washed t h r e e  t imes in  cold e th an o l  (20 volumes) ,  

d r i e d  and d i s so lv e d  in  b u f f e r  I  (0*4M NaCl, lOmM T r i s - a c e t a t e ,  0*89  ̂

SDS, pH 7*6 ). I n so lu b le  m a t e r i a l  was removed by c e n t r i f u g a t i o n  

( 3 0 , 0 0 0g, 8 min) and the  su p e r n a ta n t  was app l ied  to  a column of o l ig o  

( d T ) - c e l l u l o s e  (2ml in  a 2m1 s y r i n g e )  a t  a flow r a t e  of 2ml/min.

The absorbance (260nm) of the  e lu a n t  was monitored with  a Uvicord 

(LKH Ltd) .  Kon-absorbed RNA (poly  (A)^^^^^) was c o l l e c t e d  and 

n r e c i p j t a t e d  with e th an o l .  The column was e lu ted  with b u f f e r  J
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( b u f f e r  I  minus 0*5% SDS). When the  absorbance of the  e luant had 

r e tu rn e d  to  th e  base l i n e  th e  poly RKA was e lu ted  with  10r.M

T r i s - a c e t a t e  pH 7*6. The poly ( a )^'^^^ RNA was c o l l e c t e d  and p re 

c i p i t a t e d  with  e th an o l .

RNA samples were su b jec te d  to P.A.G.E. as desc r ibed  by Loèning 

(l88)^ E l e c t r o p h o r e s i s  was a t  15 v o l t s  f o r  20 min fol lowed by 90 min 

a t  40 v o l t s .  At th e  end of t h i s  period th e  ge ls  were removed from 

t h e i r  tubes  and washed in  water ( 18 min) and f ix ed  in e thanol

o ve rn ig h t .  A f te r  a w a te r  wash ( l h )  the  ge ls  were s t a in e d  in  0*2/

To lu id ine  b lue  ( l h )  and d e s ta in e d  in  wate r ,

22. Assay f o r  mRNA a c t i v i t y

Standard  in c u b a t io n  m ix tures  con ta in ing  e i t h e r  the  wheat germ 

c e l l  f r e e  e x t r a c t  o r  th e  r a b b i t  r e t i c u l o c y t e  l y s a t e  ( s e c t i o n  V S 

1 7 , IB) were incubated  a t  26 or 37^0 (37^0: l y s a t e  on ly) .  At the  

end of th e  in c u b a t io n  per iod  (60 min) a l i q u o t s  were withdrawn and 

spo t ted  onto paper d i s c s  f o r  measurement of TCA in s o lu b le  l a b e l  as 

d esc r ibed  in  s e c t i o n  V A 2.

2 3 . Measurement of thaumat in  s y n th e s i s  in c e l l - f r e e  systems

Incuba t ion  mixtures  co n ta in in g  nuc lease  t r e a t e d  r e t i c u l o c y t e

l y s a t e  or wheat germ system were prepared as desc r ibed  in s e c t io n s  

V B 17 and V B 18 except t h a t  l a r g e r  volumes were used.  The mix tures  

were supplemented with th e  a p p ro p r i a t e  RNA f r a c t i o n s .  Thaumatin 

sy n th es i sed  under  these  co n d i t io n s  was i d e n t i f i e d  by immunoprécipit

a t i o n  and SDS P. A.G E. as desc r ibed  by Cashman and P i t o t ^ ^ ® ^ \

Afte r  incu b a t io n  th e  r e a c t i o n  was stopped by a d d i t i o n  of -g volume 

of a s o l u t i o n  c o n ta in in g  88c T r i t o n  X-100, 880 NaDOC and lOmM a rn ro p -  

r i a t e  cold amino a c i d s .  A l iouo ts  ( lO ^l )  were removed and sp o t ted  

onto paper d i s c s  f o r  de te rm in a t io n  of the  t o t a l  TCA in s o lu b le  l a b e l  

as desc r ibed  in s e c t io n  V A 2. Polysomes were removed from the 

mix ture  by c e n t r i f u g a t i o n  (l60,0OCg, 1h ) and f u r t h e r  a l i q u o t s  (10^1 )
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were removed f o r  d e te rm in a t io n  of i n c o rp o ra t io n  of lab e l  in to  

r e l e a s e d  p r o t e i n s .  A p re - im m unoprec ip i ta t ion  was performed u s ing  

human f ib r in o g e n  and r a b b i t  a n t i - f i b r i n o g e n  serum (4 0 jul, t i t r e

300|A^/ml ). The n r e c i p i t a t e  was removed a f t e r  lh a t  57°C. Thaumatin 

was p r e c i p i t a t e d  by a d d i t i o n  of excess a n t i - t h a u m a t in  I I  serum 

( s e c t i o n  V B 5) t o g e t h e r  wi th  thaumatin  I I  (lO|ig) which was added as 

c a r r i e r .  The n r e c i p i t a t e  was c o l l e c t e d  by c e n t r i f u g a t i o n  a f t e r  a 1h 

in c u b a t io n  a t  37°C and washed ’ ( t h r e e  t im e s )  in  P B S con ta in ing  1 /  

T r i t o n  K-405 (v /v  ) ard 10mM of th e  a p p r o p r i a t e  cold amino acids  (50G|;1)' 

The f i n a l  immunoprec ip ita te  was d i s so lv ed  in  b u f f e r  co n ta in ing  1OmM 

sodium phosphate  pH 7*2, 2% SDS, 2% DTT and 258o g l y c e r o l  by h e a t i n g  

in  a b o i l i n g  w a te r  ba th (5 min) .  Bromophenol blue (5^1) was added 

and th e  sample was su b jec ted  to  SDS P.A.G.E. as d e sc r ib e d  in  s e c t io n  

V A 3 i i )«  The g e l s  were removed from t h e i r  tubes and immediately 

f r o z e n  in  c a r d i c e /m e th a n o l . The f r o ze n  g e l s  were s l i c e d  i n t o  2mm 

segments which were p laced  i n t o  s c i n t i l l a t i o n  v i a l s  and t r e a t e d  with 

9G'o NCS in  wa ter  (0*6ml) f o r  2h a t  S c i n t i l l a t i o n  counting was

performed as  d e sc r ib e d  in  s e c t i o n  V A 2.

2 4 . D i s s o c i a t i o n  and i s o e l e c t r i c  focus ing  of a n t i - th a u m a t in  I I  -  

thaumatin  com rlex .

Immunoprecip ita tes  were c o l l e c t e d  and washed in  T r i t e p  X-405 

as d e sc r ib e d  in s e c t i o n  V B 23. The f i n a l  p r e c i p i t a t e  was suspended 

in  a s o l u t i o n  (80^1) c o n ta in in g  1% SDS, 0*01M 2-ME and d i s so lv e d  by 

h e a t in g  in  a b a i l i n g  water  ba th  a t  lOO^C f o r  2 min. The s o lu t io n  

was cooled and made 6M in  u re a  by a d d i t i o n  of a s o l u t i o n  con ta in ing  

0-01M 2-ME and 9M u r e a  (lOO^l) and incubated f o r  3O min a t  20^C.

SDS was removed from t h i s  s o l u t i o n  by a m o d i f i c a t io n  of the  method 

of Weber and Kuter^^^^) .  powex AG-X2 (200-4 00 mesh) was ex tens ive ly  

washed on a Buchner funne l  wi th  t h e  fo l lowing  s o l v e n t s ;  2M HaOH, 

d i s t i l l e d  w a te r ,  4M a c e t i c  a c i d ,  d i s t i l l e d  water  and f i n a l l y  0 «05M
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T r i s - a c e t a t e  b u f f e r ,  pH 7*8. I f  not r e q u i re d  immediately the  r e s i n  

was s to r e d  in  t h i s  form. P r io r  t o  use a small  amount of r e s i n  was 

packed i n t o  a Iml sy r in g e  to  g ive  a :%nl column of r e s i n  and e q u i l i b 

r a t e d  w i th  a s o l u t i o n  co n ta in in g  6N urea ,  0*01K 2-ME. The im-uno- 

p r e c i p i t a t e  s o l u t i o n  was passed through t h i s  column which was developed 

with the  e q u i l i b r a t i o n  s o l u t i o n .  P r o t e i n - c o n t a in in g  f r a c t i o n s  of the  

e f f l u e n t  were pooled and made 10ko in  sucrose  and 8M in  u re a  by add

i t i o n  of s o l i d  sucrose  and u re a .  The f i n a l  p r o t e i n  s o l u t i o n  was 

s ub jec ted  t o  i s o e l e c t r i c  fo cu s in g  as described in s e c t io n  V A 3 i i i ) .
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VI. RESULTS AND DISCUSSION

A. PIJRIFICATKN OF T 0, T I  AH:D T I I

The p u r i f i c a t i o n  of  T I  and T I I  was f i r s t  r e p o r t e d  by Van der  

Wei and Loeve in  197?^^^ \  A s i m i l a r  p rocedu re  was adopted  f o r  the  

p r e p a r a t i o n  of  t h e  t h a u m a t i n  forms in  t h i s  p r o j e c t ,  however th e  

u l t r a f i l t r a t i o n  and g e l  f i l t r a t i o n  s t e p s  were omitted  s i n c e  i t  was. 

found  t h a t  pure  p r o d u c t s  cou ld  be o b t a in e d  by u s i n g  only  an i o n -  

exchange p r o c e d u r e .  The p u r i f i c a t i o n  was g r e a t l y  f a c i l i t a t e d  by t h e  

f a c t  t h a t  i n  m a tu re  t i s s u e  th a u m a t in  r e p r e s e n t s  a l a r g e  p r o p o r t i o n  

o f  t h e  t o t a l  p r o t e i n  c o n t e n t  and t h a t  a l l  t h r e e  sweet p r o t e i n s  a r e  

r e l a t i v e l y  b a s i c  po lym ers .  The p u r i f i c a t i o n  of  T G, T I  and T I I  by 

ch romatography  on a C M -ce l lu lo se  ion -exc hange  column i s  i l l u s t r a t e d  

i n  F i-g jr e  7.

With some a r i l  e x t r a c t s  from A shant i  f r u i t  t h e  f i n a l  non-sweet  

f r a c t i o n  was r e l a t i v e l y  s m a l l e r  b u t  g e n e r a l l y  t h e  p a t t e r n  was c o n s i s t 

e n t .  The d eg ree  o f  p u r i t y  o f  t h e  th a u m a t in  p roduc ts  was a s s e s s e d  by 

P .A .G .E.  Three  methods were employed ;P .A.G.E .  a t  a c i d  p H,  P.A.G.E.  

i n  t h e  p re s e n c e  of  SDS and P.A.G. i s o e l e c t r i c  f o c u s in g  i n  t h e  pH 

ra n g e  8 -10*5.  SDS P .A.G.E .  would be e x p ec ted  t o  g iv e  t h e  most r e l i 

a b l e  i n d i c a t i o n  of  t h e  p u r i t y  of  t h e  th a u m a t in s  s in c e  a l l  contamin

a t i n g  p r o t e i n s  would e n t e r  t h e  g e l .  With th e  o t h e r  two methods o n ly  

th o s e  p r o t e i n s  w i th  s p e c i f i c  c h a r a c t e r i s t i c s  would m i g r a t e  i n t o  th e  

g e l .  T y p i c a l  g e l s  a r e  shown i n  f i g u r e  8. S i n g l e  p r o t e i n  bands were 

o b t a in e d  w i th  t h e  v a r i o u s  pure  th a u m a t in  samples with a l l  t h r e e  

e l e c t r o p h o r e t i  c m e th o d s .

These r e s u l t s  showed t h a t  th e  p r e p a r a t i o n s  were f r e e  from major  

c o n t a m in a n t s .  The s i n g l e  band o b ta in e d  in  th e  case  of SDS g e l s  

s u g g e s te d  t h a t  t h e  sweet  p r o t e i n s  a l l  poss.pssed one p o l y p e p t id e  

cha in  or  a l t e r n a t i v e l y  t h a t  i f  the y  had s u b u n i t  s t r u c t u r e s  a l l  o f
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^ i g u r e  7. Chromatography o f  Thaurat  o c eus  a r i l  

e x t r a c t  on a C M - c e l l u l c s e  column.

In a t y p i c a l  e x p e r i m e n t  a r i l  t i s s u e  ( 2 g )  y i e l d e d  

20?nig o f  t o t a l  p r o t e i n  which was f r a c t i o n a t e d  i n t o  

t h r e e  c o m p o n e n t s ; TO ( 2 . 3 i n g ) ,  TI ( 4 j . c m g )  and TII  

(4 2 .2 m g )  a l l  o f  which were  s w e e t  t a s t i n g .  The column  

was e l u t e d  w i t h  b u f f e r  ( O. Ol H sodium p h o s p h a t e  pE 7 . 2 ;  

5 6 ml) and t h e n  a l i n e a r  s a l t  g r a d i e n t  o f  0 - 0 . 2M NaCl 

i n  b u f f e r  ( 2 0 0 ml ) .  The f l o w  r a t e  was 0 . 2 m l / m i n .  F r a c 

t i o n s  o f  4 ml were  c o l l e c t e d .



79

CO

<o

(Oin

CO

H-

O

CD

oO

p Oo
m O

Co
u
O
lii

U U U 0 9 Z  e o u D q j o s q v



go

F i g u r e  8 P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  of  p u r i f i e d

t h a u m a t i n s .

I

Cl b c d e f g h i

p.  A. G.E.  a t  a c i d  pH was a s  d e s c r i b e d  i n  s e c t i o n  %  A 3 (1 )  

ia)TO (5^g) ,  t ) TI  ( 5y^) ,  (5^8) ,  d^TI (5^8)+ TII

( 5 ^ 8 ) ,  ( 5 f g ) , i ) T 0  ( lO O p g ) ,  ( 1 0 0 ^ ^ ) ,

t?)TII (lOOy^g), l ) ] ^  ( 1 0 0 ^ ^ )+  T I I  ( lO O ^ g ) .  The t%md p r e s e n t

n e a r  t h e  end. o f  e a c h  g e l  was a t  t h e  same p o s i t i o n  a s  

t h e  m e th y l  g r e e n  dye  f r o n t  ( t h e  band was a l s o  presen t  

i n  g e l s  t o  w hich  no  p r o t e i n  was a p p l i e d ) .



P . A . G . S .  i n  the presen ce  of  SDS was as  d e s c r ib e d  i n  

s e c t i o n  T  A 3 ( ü )  ^  TO ( lO u g )^  TI (1 0 p g )+  T I I  ( lO pg)  ,

0  TI ( 3 0 ^ g ) f  t r y p s i n o g e n  (20pg}^  ly s o z y m e  ( 20j;:g)^ ^ - l a c t o -  

g l o b u l i n  (20yig) ,  ^ t r y p s i n o g e n  ( 2 0 ^ g ) ?  l y s o z y m e  ( 20|ig)

4 p - l a c t o g l o b u l i n  (2 0 j i g ) .  The b rom o p h en o l  b l u e  dye  f r o n t  

was m arked  w i t h  I n d i a n  i n k .
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a b e d

P o l y a c r y l a m i d e  g e l  i s o e l e c t r i c  f o c u s i n g  was p e r f o r m e d  

a s  d e s c r i b e d  i n  s e c t i o n  JV A 3 ( 1 1 1 ) .  0 TI (^Ojig) ,  ^ T I  

( 4 0 y g ) ,  (4Cps)+  T I I  (4Cji£) ,  <^TT {40yig)+ T I I  (40jig)
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t h e  component ch a in s  were of i d e n t i c a l  m o le c u la r  w e igh t ,

B. FRhlT DBVEI.QPi^KT AND THAllKATIh CQTvTKhT

1. Development of a p ro c e d u re  f o r  q u a n t i t a t i v e  e x t r a c t i o n  of 

Thaumatococcus a r i l  p r o t e i n .

In o r d e r  t o  measure t h e  amounts o f  T 0,  T I  and T I I  p r e s e n t  

i n  f r u i t s  a t  d i f f e r e n t  s t a g e s  of r i p e n i n g  i t  was f i r s t  n e c e s s a r y  to  

be s u r e  t h a t  a l l  of  th e  swee t  c r o t e i n  could be e x t r a c t e d .  I n i t i a l l y  

a r i l s  from s t a g e  C Kadjebe f r u i t  were e x t r a c t e d  u n d e r  d i f f e r e n t  

c o n d i t i o n s  of  pH and i o n i c  s t r e n g t h  t o  t e s t  t h e  e f f e c t  of  t h e s e  

pa ra m e te r s  on p r o t e i n  e x t r a c t a b i l i t y , The r e s u l t s  i n  Tables 6a and 

6b show c l e a r l y  t h a t  t o t a l  a r i l  p r o t e i n s  were e x t r a c t e d  more e f f e c t 

i v e l y  a t  pH 7*7 th a n  a t  nH 6-0  and a t  h ig h  r a t h e r  tha n  low s a l t  

c o n c e n t r a t i o n :  th e  t i s s u e  which had been  e x t r a c t e d  with  a h ig h  s a l t /

h igh  pH b u f f e r  r e t a i n e d  only  a p p r o x im a te ly  10pc of  t o t a l  p r o t e i n  

m a t e r i a l .  I t  was,  t h e r e f o r e ,  d e c id e d  t o  adop t  t h e s e  c o n d i t i o n s  f o r  

e x t r a c t i o n  of  t o t a l  a r i l  p r o t e i n .  Another p o s s i b i l i t y  would have 

been t o  have s o l u b i l i s e d  t h e  p r o t e i n s  u s i n g  a n o n - i o n i c  d e t e r g e n t ,  

T r i t o n  X-100 f o r  example,  b u t  t h i s  would have  been d i f f i c u l t  t o .  

remove from th e  e x t r a c t .  The e x t r a c t i o n  p ro c e d u re  t h a t  was even

t u a l l y  a d o p te d  f r a c t i o n a t e d  t h e  a r i l  p r o t e i n s  i n t o  two g roups .

The e a s i l y  e x t r a c t e d  p r o t e i n  ( e x t r a c t e d  a t  pH 6*0 and low i o n i c  

s t r e n g t h )  and t h e  more t i g h t l y  bound p r o t e i n  ( e x t r a c t e d  a t  pH 7*7 

and h i g h  i o n i c  s t r e n g t h ) .  The t i s s u e  samples  were e x t r a c t e d  tw ice  

w i th  each b u f f e r .  The r e s u l t s  (Tab les  7 and 8 }  show t h a t  t h e  

e x t r a c t i o n  of  p r o t e i n  i s  a lm o s t  comple te a f t e r  th e  f u l l  e x t r a c t i o n  

p r o c e d u r e .  About ^O’t' of  th e  p r o t e i n  i s  e x t r a c t e d  a t  pH 6*0 with  

low i o n i c  s t r e n g t h  and th e  r e m a in in g  70/V hy t h e  second t r e a t m e n t .

I t  i s  l i k e l y  t h a t  t h e  p r o t e i n  e x t r a c t e d  a t  pH 6*0 co r responds  t o  

t h a t  p r o t e i n  which i s  n o rm a l ly  unbound in  v ivo  s i n c e  the  pH of 

a r i l  j u i c e  i s  a rp r o x l i n a t e ly  6 and p r e s u m a b l y  i t  has a low s a l t  co n ten t .
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2. D i s t r i b u t i o n  of  T 0,  T I  and. T I I  in d i f f e r e n t  development 

stg,p~es o f  f r u i t .

A s t u d y  of  t h e  q u a n t i t a t i v e  d i s t r i b u t i o n  of t h e  thauo ie t in  forms 

d u r in g  f r u i t  development was th e n  ™ade u s i n g  t h e  p ro ced u re  developed 

i n  s e c t i o n  VI B 1.

I t  i s  c l e a r  from t h e  d a t a  i n  Tab les  9-12 t h a t  a d r a m a t i c  r i s e  

i n  sweet  p r o t e i n  l e v e l s  occurs  d u r i n g  t h e  r i p e n i n g  of  Thaumatooo^cus 

f r u i t s  and t h i s  seems t o  acc oun t  a lmos t  e n t i r e l y  f o r  n e t  p r o t e i n  

s y n t h e s i s  d u r i n g  t h i s  p e r i o d .  However, t h e  t r u e  r a t e s  o f  p r o t e i n  

s y n t h e s i s  a r e  p ro b a b ly  masked by d i f f e r e n t  r a t e s  of  p r o t e i n  

d e g r a d a t i o n .  I t  i s  n o t  p o s s i b l e  t o  r e l a t e  t h e  r i s e  in  sweet  p r o t e i n  

l e v e l s  t o  f r u i t  a.ge i n  a p r e c i s e  way s i n c e  the  exac t  age of  t h e  f r u i t s  

i n v o l v e d  in  t h i s  s t u d y  were u n k n o w n .  However t y p i c a l  d a t a  f o r  th e  

r i p e n i n g  t im es  of  Thaumatococcus f r u i t s  have been g a t h e r e d  by Ta te  

and Lyle Ltd w ork ing  i n  Ghana. The t o t a l  t ime which e l a p s e s  between 

f r u i t  s e t  and t h e  r i c e  f r u i t  s t a g e  (u )  i s  ap p ro x im a te ly  110 days .

The ' u n r i p e '  s t a g e  ( a )  i s  r e a c h e d  a f t e r  12 days ,  t h e  i n t e r m e d i a t e  (b )  

a f t e r  2? d ays ,  t h e  n e a r l y  r i p e  (c)  a f t e r  'JO days and t h e  r i p e  (li) 

a f t e r  110 days .

There does n o t  ap p ea r  t o  be any d e f i n i t e  c o r r e l a t i o n  between 

th e  r a t i o s  of  t h e  d i f f e r e n t  th a u m a t in  forms and f r u i t  m a t u r a t i o n  

s t a g e s .  In  f a c t  t h e  r a t i o  of  T I  t o  T I I  was v e ry  v a r i a b l e  r a n g i n g  

from 0*d t o  2*0. I t  i s  p o s s i b l e  t h a t  t h e  samples t a k e n  were not  

t r u e l y  r e p r e s e n t a t i v e  because  o f  th e  sm a l l  number of  i n d i v i d u a l  

f r u i t s  used  bu t  a l a r g e  number o f  f r u i t s  of  each r i p e n i n g  s t a g e  from 

a s i n a l e  f r u i t  b a t c h  was n o t  a v a i l a b l e .  The amount of  T 0 was always 

much s m a l l e r  th a n  t h e  amounts of  T I  and T I I .

The low s a l t  e x t r a c t i o n s  a t  pH 6 r e l e a s e d  a h i g h e r  p r o p o r t i o n  

of  sweet  T-irotein t o  non-swee t  p r o t e i n  and a l s o  of  T I t o  T I I  than  

th e  h igh  s a l t  e x t r a c t i o n  a t  pH 7*7» I t  seems l i k e l y  t h a t  the
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F r u i t  o f  t h e  A s h a n t i  r e / r i  on t y p e  c o I ' J e c t e d  i n  3un s o  

w e r e  d i v i d e d  a c c o r d i n g  t o  t h e i r  u . a t u r i t y .  The  t h a u r a t i n  

c o n t e n t  o f  e a c ^  d i v i s i o n  wee e s t i m a t e d  by t h e  p r o c e d u r e  

d e s c r i b e d  i n  s e c t i o n  V r  1 1 .  The  s a m p l e  s i z e s  w e r e  A 

( u n r i p e )  9 f r u i t s ,  20 a i  i  I s .  3 ( i n t e r m e d i a t e )  20 f i - u i t s ,  

9 ?  a i ' i l  s .  C and  Ü ( e a r l y  r i p e  a n d  r i p e )  6 f r u i t s ,  13 

a i ' i l s .  The  v a l u e s  g i v e n  a i e  a s  mg o f  p r o t e i n / y  o f  a r i l  

t i  s s u e .
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F r u i t  o f  t h e  A s h a n t i  i - e t l  on t y p e  v .e re  d i v i d e d  

a c c o r d  i n  p t o  t ’- ^ e i r  n : a t u r i t y .  The t h a u r a t i n  c o n t e n t  

o f  e a c h  d i v i s i o n  v.es e s t i m a t e d  by t h e  p r o c e d u r e  d e s 

c r i b e d  i n  s e c t i o n  V F 11 .  The s a m p l e  s i z e s  'were A 

( u n r i p e )  c f r u i t s ,  l 6  a r i l s .  - ( i n t e r m e d i a t e )  6 f r u i t s ,  

l 4  a r i l s .  C and  D ( e a r l y  r i p e  and  r i p e )  6 f i ' u i t s ,  1?  

a r i l s .  The  v a l u e s  g i v e n  a r e  a s  mg o f  p r o t e i n / g  o f  a i ' l l  

t i  s s u e .
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F r u i t  o f  A s h a n t i  r e g i o n  t ^ p e  c o l l e c t e d  I r  Ja::if<si

^ e r e  d i v i d e d  A c c o r d i n g  t o  t h e i r  n e t u r l t y .  The  t h a u n a t i r  

c o n t e n t  o f  e a c ^  d i v i s i o n  wee e s t i m a t e d  by t h e  p r o c e d u i - e  

d e s c r i b e d  i n  s e c t i o n  V F 1 1 .  The s e u i p l e  s i z e s  i^-ere A 

( u n r i p e )  6 f r u i t s ,  1'' a i i l s .  C ( e a r l y  r i p e )  ( f r u i t s ,  

l b  a r i l s .  D ( r i p e )  C f r u i t s ,  1 ?  a r i l s .  The  v a l u e s  g i v e n  

a r e  a s  r,g o f  p r c t e i n / g  o f  a r i l  t i s s u e .
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F r u i t  o f  t h e  K a d j e b e  r e r i o r .  t y p e  c o l l e c t e d .  I n  

A lB V fc l jo  w e r e  d i v i d e d  a c c o r d i n g  t o  t h e i r  i n a t u r i t y .

The  t h a u i i j a t i n  c o n t e n t  o f  each, d i v i s i o n  was; e s t i m a t e d  

by t h e  p r o c e d u r e  d e s c r i b e d  i n  s e c t i o n  V 5 11 .  I ' l e  s a m p l e  

s i z e s  w e r e  A ( u n r i p e )  6 f r u i t s ,  1 ?  a r i l s .  B ( i n t e r 

m e d i a t e )  6 f r u i t s ,  i S  a r i l s .  C and  L< ( e a i - l y  r i p e  and  

r i p e )  6 f r u i t s ,  i d  a r i l s .  T o t h a u m a t i n  I I  w as  d e t e c t e d  

i n  an y  o f  t h e  s a m p l e s .  T he  v a l u e s  g i v e n  a r e  a s  mg o f  p r o 

t e i n / r  o f  a i l 3 t i s s u e .
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t h a u m a t in s  a r e  g e n e r a l l y  he ld  t o  i n s o l u b l e  c e l l u l a r  m a t e r i a l  by a 

n o n - s o e c i f i c  i o n i c  ty p e  i n t e r a c t i o n .  I t  shou ld  be noted f o r  example 

t h a t  T I I  which i s  more p o s i t i v e l y  charged i s  most s t r o n g l y  h e ld .

The r e s u l t s  show s t r i k i n g l y  t h a t  f r u i t  from th e  Kadjebe r e g io n  

do no t  c o n t a i n  T I I  w h i l s t  t h e  th a u m a t in  c o n t e n t  i s  made up f o r  by 

a g r e a t e r  c o n t e n t  of  T I .  (This  i s  a r e s u l t  which has been  ob ta ined  

many t im es  u s i n g  r i p e  K ad jeb e - ty p e  f r u i t s  when these have been used 

as  a s o u r c e  of  T 0 and T I .  U n f o r t u n a t e l y  on ly  one ba tch  of  Kadjebe 

r e g i o n  f r u i t  which c o n t a in e d  m a tu re  and immature m a t e r i e l  was a v a i l 

a b l e ) .  This  r a i s e s  t h e  i n t e r e s t i n g  s u b j e c t  of  taxonomic d i f f e r e n c e s  

between Thaurr:e to c o  ecus r i a n t s  from Kadjebe and Ashanti  and whether  

f r u i t s  from the  fo rm er  a r e a  l a c k  a s p e c i f i c  gene f o r  T I I  p ro d u c t i o n .  

The two most l i k e l y  h y p o th e s e s  t o  a c c o u n t  f o r  t h e  r e g i o n a l  p r o t e i n  

d i f f e r e n c e  a r e :  ( i )  t h e  swee t  p r o t e i n s  a r e  d i f f e r e n t  gene p ro d u c t s

and t h e  gene f o r  T I I  i s  a b s e n t  o r  n o n - f u n c t i o n a l  i n  Kadjebe f r u i t  ; 

( i i )  t h e  sweet  p r o t e i n s  a r e  t h e  same gene r r o d u c t  and e i t h e r  T I I

i s  d e r iv e d  from T I  by an enzyme a b s e n t  i n  Kadjebe f r u i t  o r  T I I  i s

broken down as f a s t  as  i t  i s  made i n  Kadjebe bu t  n o t  i n  A shan ti  f r u i t ,  

I f  t h e  th a u m a t in s  a r e  d i f f e r e n t  gene p ro d u c t s  the n  th e y  a r e  

l i k e l y  t o  have fundam en ta l  s t r u c t u r a l  d i f f e r e n c e s .  Attempts were 

t h e r e f o r e  made t o  d i s c o v e r  d i f f e r e n c e s  be tween t h e  t h r e e  forms.

G. STRUCTURAL ANALYSIS OF T 0,  T I AND T I I

1. M olecu la r  w e ig h t  d e t e r m i n a t i o n  o f  T 0,  T I  and T I I

Smal l  d i f f e r e n c e s  between th e  m o l e c u la r  weigh ts  o f  T I  and T I I  

were r e p o r t e d  by Van de r  Wei and Loeve^^^^ who used  bo th  u l t r a 

c e n t r i f u g a t i o n  and g e l  f i l t r a t i o n  methods .  In t h i s  p r e s e n t  s tudy  t h i s  

was r e i n v e s t i g a t e d  by IDS P .A .G .S .  V a r io u s  p r o t e i n s  of  known mole

c u l a r  w e igh t  were used  to  c a l i b r a t e  t h e  g e l  system. A l l  t h e  sweet  

p r o t e i n s  co-chromatogra.phed on ZVo p o ly a c ry la m id e  g e l s  ( F i g . 9^ which 

s u g g e s t s  s t r o n g l y  t h a t  they  have i d e n t i c a l  m o lecu ln r  weigh ts  of
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F i g u r e  9 SDS P .A .G .E .  of  t h a u m a t i n  and m o l e c u l a r

w e i g h t  s t a n d a r d s .

E l e c t r o p h o r e s i s  was a s  d e s c r i b e d  i n  s e c t i o n  _V A j ( i i ) .  

a ) l y s o z y i n e  ( l0^ .g )+  TI ( 5 / g ) ,  b ) m y o g l o b i n  ( l 0 ^ g ) +  TI (5pg)  

c) p e p s i n  ( I 0 u g ) +  TI ( 5 y g ) ,  d ) l y s o z y m e  ( 5 0 | i g ) ,  e ) m y o g l o b i n  

(5 0 j i g ) ,  ^ p e p s i n  ( 5 0 p g ) .  The b ro m o p h e n o l  b l u e  dye  f r o n t  

was marked  w i t h  i n d i a n  i n k .



9 8

F I g u r e  10 SDS P . A . G . F . s  m o b i l i t y  a g a i n s t  m o l e c u l a r  

w e i g h t  o f  s t a n d a r d  p r o t e i n s .

V a r i o u s  p r o t e i n  m o l e c u l a r  w e i g h t  s t a n d a r d s  w e r e  

s u b j e c t e d  t o  SDS F . A . G . E .  on  10,% p o l y a c r y l a m i d e  g e l s  

( 5 m A / g e l  f o r  7 . 5 % ) ,

a)RNA p o l y m e r a s e  b) p e p s i n  c )  s o y b e a n  t r y p s i n  I n h i b i t o r  

( ^ m y o g l o b i n  e ) l y s o z y m e .

A t h a u m a t i n  m i x t u r e  (TO, TI  a n d  T T I ) w a s  a p p l i e d  t o  

f i v e  g e l s  a n d  t h e  m o l e c u l a r  w e i g h t  w as  c a l c u l a t e d .

4 9

4-6

47

o 4-5

43

4 2

4-0
02 0-3 04  05

mo bi l i t y
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20 ,200  -  250 (f rom 5 g e l s )  ( ? l g . 1 0 ) .  Th is  can be compared wi th  t h e

r e s u l t s  o f  Van d e r  Wei and Loeve^"^^^ who quo ted  m o l e c u l a r  w eigh ts  of

2 1 ,000  -  600 and 20 ,400  -  600 f o r  T I  and T I I  r e s p e c t i v e l y  o b ta in e d  

by u l t r a c e n t r i f u g a t i o n  and 19 ,500  -  1,900  and 18,000 -  1,800 c a l c u l 

a t e d  from g e l  f i l t r a t i o n  on Sephadex G-50.  The m o l e c u l a r  w eigh t  of  

T I  c a l c u l a t e d  from t h e  amino a c i d  c o m pos i t ion  i s  22 ,415^^^^ .

2. Amino a c i d  a n a l y s i s  o f  T 0 ,  T I  and T I I

Amino a c i d  a n a l y s i s  of  t h e  tha um a t in s  was per formed  i n  o r d e r  to  

d i s c o v e r  w h e th e r  m e a su ra b le  d i f f e r e n c e s  i n  c om pos i t ion  o c c u r re d  between 

t h e  t h r e e  fo rm s .  Obvious ly  p r o t e i n s  w i th  s i m i l a r  m o l e c u l a r  w e igh t s  

bu t  d i f f e r i n g  amino a c i d  c o m pos i t ions  a r e  n o t  l i k e l y  t o  be d e r i v e d  

from a  s i n g l e  p r e c u r s o r .

The r e s u l t s  o f  t h e  amino a c i d  a n a l y s e s  a r e  shown i n  Table 13 

which i n d i c a t e s  t h a t  t h e  t h r e e  sweet  p r o t e i n s  a r e  a lm o s t  i d e n t i c a l .

The s m a l l  d i f f e r e n c e s  which e x i s t  could  be a cc oun ted  f o r  e n t i r e l y  by 

e x p e r i m e n t a l  e r r o r .  The r e s u l t s  f o r  T I  and T I I  a g r e e  w e l l  w i t h  

t h o s e  g iv e n  by Van d e r  Wei and Loeve^^^),  i t  i s  i n t e r e s t i n g  t o  n o t e

t h a t  t h e  t h a u m a t i n s  do n o t  c o n t a i n  a l a r g e  p r o p o r t i o n  o f  th e  b a s i c

amino a c i d s ,  h i s t i d i n e  b e i n g  a b s e n t .  A h i g h  p r o p o r t i o n  of  b a s i c  amino 

a c i d s  m igh t  have  been  p r e d i c t e d  from th e  r e p o r t e d  p i  o f  th a u m a t in .

3. K - t e r m i n a l  a n a l y s i s  o f  t h e  thaum at ins

I n i t i a l l y  K - t e r m i n a l  a n a l y s i s  of t h e  t h r e e  forms by t h e  

d a n s y l a t i o n  method was u s e d ^ ”*^^^ bu t  u n f o r t u n a t e l y  t h e  r e s u l t s  

o b t a i n e d  were d i f f i c u l t  t o  i n t e r p r e t  because  of  t h e  p ro d u c t i o n  of 

d a n s y l a t e d  f r a c t i o n s  which cou ld  no t  be i d e n t i f i e d  t o g e t h e r  w i th  

d a n s y l a t e d  a l a n i n e .  The c y a n a te  method was t h e r e f o r e  employed.

This  p ro c e d u re  y i e l d s  as a  f i n a l  p roduc t  t h e  f r e e  N - t e r m i n a l  amino 

a c i d  which can r e a d i l y  be c h a r a c t e r i s e d  w i th  an amino a c i d  a n a l y s e r .

The r e s u l t s  o b t a i n e d  w i th  T 0, T I  and T I I  were i d e n t i c a l  i n d i c a t i n g  

th e  p r e s e n c e  of  N - t e r m i n a l  a l a n i n e  ( s ee  F i g . 1 l ) .  With T 0,  however,
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F i g u r e  11 K - t e n r d n a l  a n a l y s i s  of  Tu, TI and T i l

a

arg |

S a m p le s  o f  TTI,  TI and  TG were u s e d  f o r  N - t e r m i n a l  

a n a l y s i s  by t h e  c y a n a t e  method a s  d e s c r i b e d  i n  s e c t i o n  V_ 

3 3 . The N - t e r m i n a l  am ino  a c i d  was i d e n t i f i e d  by am ino  

a c i d  a n a l y s i s .  A sam ple  o f  a r g i n i n e  was i n c l u d e d  on t h e  

s h o r t  column o f  t h e  a n a l y s e r  a s  a  r e f e r e n c e .  ^ T O ,  ^

TI and  ^ T I I .
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a smal l  amount of  g l y c i n e ,  t o g e t h e r  w i th  t h e  a l a n i n e ,  was d e t e c t e d  

( F i g . 11( c ) ) .  Th is  was c o n s id e r e d  t o  be a minor co n ta m in a n t .  The 

r e s u l t  w i th  T I  and T I I  con f i rm s  e a r l i e r  p u b l i sh e d  data^^"^^ 

o b t a in e d  by the  d i n i t r o f l u o r b e n z e n e  method and a l s o  in  t h e  case  of  

T I  from sequence  d a t a ^ ^ ^ ^ .

4 . D e te rm in a t io n  of  t h e  p i s  o f  T 0, T I  and T I I

The f a c t  t h a t  t h e  t h r e e  t h a u m a t i n s  could  be s e p a r a t e d  by i o n -

exchange chromatography ( s e e  s e c t i o n  VI a ) s u g g e s t e d  t h a t  t h e  p i

v a l u e s  were d i f f e r e n t  and so t h e s e  were i n v e s t i g a t e d .  I n i t i a l l y

i s o e l e c t r i c  f ocus ing  was th o u g h t  t o  be u n s u i t a b l e  f o r  t h e s e  measure -
( âà' )ments beca u se  Van d e r  V/el and Loeve'"" had r e p o r t e d  v a l u e s  o f  about  

12 f o r  T I  and T I I  and am pholines  g i v i n g  pH v a l u e s  g r e a t e r  than  11 

were n o t  a v a i l a b l e .  However,  i t  was no ted  t h a t  t h e  sweet  p r o t e i n s  

d id  no t  m i g r a t e  towards t h e  c a th o d e  when examined on p o ly a c ry la m id e  

g e l s  a t  pH 8*6 c o n t a i n i n g  u r e a .  T h i s  s u g g e s t e d , t h e r e f o r e ,  t h a t  t h e i r  

p i  v a l u e s  were s i g n i f i c a n t l y  low er  tha n  12 and t h a t  i s o e l e c t r i c  

f o c u s i n g  could be u s ed .  Hence samples were focused  in  t h e  p r e s e n c e  

and ab sence  of  u r e a  (F ig .  12 and 13 ).

In t h e  p r e s e n c e  of  u r e a  t h e  p i  o f  t h e  p r o t e i n s  can be seen t o  

be i n  t h e  r a n g e  8»0-8*5 (T 0,  8*04;  T I ,  8»18; T I I  8 • 2 4 ) .  In t h e  

ab sen ce  of  u r e a  the y  have  s l i g h t l y  h i g h e r  p i  v a l u e s  as judged by 

t h e i r  i n c r e a s e d  m o b i l i t i e s  on t h e  g e l s ,  Salaman and Wi ll i amson^^^^^ 

have  measured t h e  p i  v a l u e s  o f  v a r i o u s  p r o t e i n s  i n  t h e  p r e s e n c e  and 

ab sen ce  of  u r e a .  They found t h a t  o f  th e  t e n  p r o t e i n s  th e y  examined 

o n ly  in one c a s e ,  bovine serum a l b u m in , was th e  p i  changed by more 

th a n  one pH u n i t  i n  th e  n r e s e n c e  of  u r e a .  Thaumatin,  t h e r e f o r e ,  

appea rs  t o  resem ble  t h e  m a j o r i t y  of  the  p r o t e i n s  used in  t h e  above 

s tu d y  i n  which only minimal d i f f e r e n c e s  in  p i  were noted

u nde r  t h e  two d i f f e r e n t  e l e c t r o p h o r e t i c  c o n d i t i o n s .  d i f f e r e n c e

in  t h e  p i  v a l u e s  of T G, T I  and T I I  was of  the  o r d e r  t o  be
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hi pure  12 F . A . C . I . F .  of  TC, I I  a n d T i l  I n  t he  p r e s e n c e

and a bs e n c e  of u r e a .

a  b c d e f

T o l y a c r y l a i u i d e  ge l  i s o e l e c t r i c  f o c u s i n g  was p e r f o r m e d  

as  d e s c r i b e d  i n  s e c t i o n  V B 3(111)  e x c e p t  t h a t  u r e a  was 

o m i t t e d  from zh e  sample and ge l  i n  t h e  case  of  g e l s  b - f .

0  Tu (20^gj+ Î I  (2(^p) tTII  ( 2 Q f è ) ,  ^ T : ü  ( i C y g ) ,  cJTI ( l O p )  

i ) T I I  ( l O y s ) ,  d  TI ( i Oyg) f  TIX ( lOyg) , f )TC ( lOyg)* TI 

( l O y e ) .  TIX ( lOyg) .
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F i g u r e  i 3  F . A . C . I . F .  a p l o t  of t h e  pF g r a d i e n t .

1
86
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X  8 '4  
CL
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TO, TI and TI I  were  s u b j e c t e d  t o  F . A . C . I . F . .  A f t e r  

f o c u s i n g  t h e  g e l s  were c u t  l o n g i t u d i n a l l y .  One h a l f  was 

s t a i n e d  w h i l s t  t h e  o t h e r  was used  f o r  measurement  of  

t h e  pr a t  v a r i o u s  p o i n t s  u s i n g  a s u r f a c e  pH e l e c t r o d e .  

The ge l  i n c r e a s e d  i n  l e n g t h  d u r i n g  s t a i n i n g ;  t h i s  was 

t a k e n  i n t o  c o n s i d e r a t i o n  i n  p l o t t i n g  t h e  p o s i t i o n s  of 

TO, TI an;
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expec ted  i f  th e  s t r u c t u r e s  d i f f e r e d  by a s i n g l e  amide g roup as could
( 1Q2 )

occu r  by in  v ivo  d eam ida t ion^   ̂ '  as  f o l l o w s :  T I I  T I  T 0.

5. F i n g e r n r i n t i n g  o f  T 0, T I  and T I I  by SDS F .A.G.E. 

a f t e r  l i m i t e d  p r o t e o l y s i s

F i n g e r p r i n t s  of  t h e  t h a u m a t i n  forms were o b ta in e d  in  o rd e r  t o  

be a b l e  t o  a s s e s s  p o s s i b l e  d i f f e r e n c e s  in  amino a c id  s eq u en ce s .  

I n i t i a l l y  t r y p t i c  d i g e s t s  were chromatographed on paper  o r  t h i n  l a y e r  

chromatograms in  two d im e n s io n s .  The f i n g e r p r i n t s  o b t a i n e d  f o r  th e  

d i f f e r e n t  thaum at in  forms were observed t o  be e s s e n t i a l l y  i d e n t i c a l  

b u t  t h e r e  were a sm al l  number of  ' d i f f e r e n c e  p e p t i d e s ' .  U n f o r t u n a t e l y  

d i f f i c u l t i e s  were e n co u n te red  w i th  r e p r o d u c i b i l i t y  u s i n g  t h e s e  

t e c h n i q u e s  and i t  was n o t  p o s s i b l e  t o  de te rm ine  the e x a c t  l o c a t i o n  

o r  numbers of  t h e  ' d i f f e r e n c e  p e p t i d e s ' .  Column chromatography was, 

t h e r e f o r e ,  i n v e s t i g a t e d  as  a method f o r  th e  s e p a r a t i o n  of t h e  tha.um- 

a t i n  t r y p t i c  p e p t i d e s .  Th i s  method should  have a l lowed  easy r e c o v e ry  

and a n a l y s i s  o f  t h e  ' d i f f e r e n c e  p e p t i d e s ' .  However, h e r e  a g a i n  g r e a t  

d i f f i c u l t y  was e n c o u n te r e d  i n  o b t a i n i n g  r e p r o d u c i b l e  r e s u l t s .

F i n a l l y ,  t h e  method of  C leveland  e t  employed f o r

f i n g e r n r i n t  a n a l y s i s .  This  method has many advan tages  over  th e  

p r e v io u s  t e c h n i o u e s  u s e d .  Very sm al l  q u a n t i t i e s  of  p r o t e i n  a re  

r e q u i r e d  which in  t h e  ca se  of  sm a l l  samples of p r o t e i n  b e i n g  a v a i l 

a b l e  s t i l l  a l low s  v a r i o u s  c o n d i t i o n s  of p r o t e o l y s i s  t o  be examined.  

Ih ir thermore  t h e  p e p t i d e s  can be o u i c k ly  ana ly se d  by SDS F.A.G.E.  

Samnles of  t h e  t h r e e  t h a u m a t in s  were t r e a t e d  w i th  p a p a in ,  chymotryps in  

and t h e  p r o t e a s e  from S ta n h y l o c o c eus a u r e u s . The S t a r h .  aureus  

d i g e s t i o n  was r e p e a t e d  in  t h e  p re s en ce  of  both phosuhate  and a c e t a t e  

b u f f e r s .  In ph o s p h a te  b u f f e r  t h i s  enzyme c leaves  p e p t i d e  bonds on

t h e  c a r b o x y l - t e r m i n a l  s i d e  of  e i t h e r  a s p a r t a t e  or  g lu t a m a te  r e s i d u e s
( 19  ̂)

w h i l s t  in  a c e t a t e  b u f f e r  on ly  g lu tamoyl  bonds a re  c leaved  I t

was honed t h a t  i f  t h e  th a u m a t in  p r o t e i n s  d i f f e r e d  only  in  t h e i r
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r e l a t i v e  degrees  of  am ida t ion  the n  t h e  f i n g e r p r i n t s  o b ta in ed  f o r  

pap a in  and chymotryps in  would be i d e n t i c a l  s i n c e  t h e s e  enzymes 

c l e a v e  a t  s i t e s  o t h e r  than  g l u t a m i n e / g l u t a m i c  a c i d  and a s p a r a g i n e /  

a s p a r t i c  a c i d .  However i f  t h e  p a t t e r n s  o b ta in e d  w i th  S taph ,  an reus  

p r o t e a s e  were d i f f e r e n t  t h e n  i t  would have  shown t h a t  d i f f e r e n t  

am id a t io n  p a t t e r n s  e x i s t e d  which cou ld  have  r e l a t e d  to  d i f f e r e n c e s  

o f  p i  between t h e  t h a u m a t i n s .  F u r th e rm o re  i t  would have been p o s s 

i b l e  t o  t e l l  w he the r  a m id a t io n  d i f f e r e n c e s  were due t o  g l u t a m i n e /  

g lu t a m i c  a c i d  o r  a s p a r a g i n e / a s p a r t i c  a c i d  because  o f  t h e  b u f f e r  

dependen t  p r o p e r t i e s  of  t h e  S ta p h ,  au re u s  p r o t e a s e .

F i g . 14 shows t h a t  t h e  t h a u m a t i n s  gave i d e n t i c a l  f i n g e r p r i n t s  

u n d e r  a l l  of t h e  d i g e s t i o n  c o n d i t i o n s  employed.  This  i s  s t r o n g  

ev id en ce  t h a t  t h e y  have very  s i m i l a r  amino a c i d  s e q u e n c e s .  E v i d e n t l y  

i f  T O^T I  and T I I  d i f f e r  i n  t h e i r  r e l a t i v e  deg ree s  of  am ida t ion  

th e n  t h e  d i f f e r e n c e  groups a r e  n o t  among t h o s e  a c c e s s i b l e  t o  S t a p h . 

a u reu s  p r o t e a s e  perhaps  f o r  c o n f o r m a t io n a l  r e a s o n s .  The r e s u l t s  

a l s o  s u g g e s t  t h a t  t h e  c o n fo rm a t io n s  of  t h e  th a u m a t in s  a r e  s i m i l a r  

s i n c e  any g ro s s  d i f f e r e n c e s  would have r e s u l t e d  i n  t h e  a c c e s s i b i l i t y  

o f  a d i f f e r e n t  s e t  of  s i t e s  t o  t h e  p r o t e a s e .

O v e r a l l  t h e  ev id en ce  i n d i c a t e s  t h a t  t h e  th a u m a t in s  have a lm os t  

i d e n t i c a l  s t r u c t u r e s .  Th is  c o n c l u s i o n  i s  b a sed  on t h e  s i m i l a r i t y  

between t h e i r  m o l e c u la r  w e i g h t s ,  amino a c i d  co m p o s i t io n s ,  N - te rm in a l  

amino a c i d  r e s i d u e s ,  i s o e l e c t r i c  p o i n t s  and f i n g e r p r i n t  p a t t e r n s .

The d i f f e r e n c e s  be tween them could  perhaps  b e s t  be e x p l a in e d  by 

d i f f e r e n c e s  in  t h e  numbers o f  amide groups  p r e s e n t .  A ga ins t  t h i s  

must be s e t  the  f a c t  t h a t  i d e n t i c a l  p e p t i d e  p a t t e r n s  r e s u l t e d  from 

d i g e s t i o n  of  t h e  th a u m a t in s  w i th  S taph ,  a u r e u s . p r o t e a s e .

The p i  d i f f e r e n c e s  between T 0,  T I and T I I  a r e  o f  th e  

ma.gnitude? e x r e c t e d  i f  th e  th a u m a t in s  d i f f e r  only in  t h e i r  amide 

PTouo c o n t e n t s .  A nalys is  of  t h e  t o t a l  amide c o n te n t s  w'as a t t em p ted
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F I g u r e  l 4  P e p t i d e  maps o f  TO, TI and  T I I

b e  d e f g
P e p t i d e  maps w ere  made a s  d e s c r i b e d  i n  s e c t i o n  V B 4.

Each d i g e s t  was o f  20jig o f  TO, TT or  T I I  w i t h  v a r i o u s  

a m o u n t s  o f  p a p a i n  i n  a  f i n a l  volume of  40^1 of  phosphate buffer  

f o r  i h .  ^ T I ,  l y g  p a p a i n ;  ^ T I I ,  I j i g  papain; ^ T O ,  l}xg 

p a p a i n ;  ^  T I , 0 . 4 p g  p a p a i n ;  ^ T I I , 0 . 4 y g  p a p a i n ;  f )TO,

O.àj ig  p a p a i n ;  ^ T I , O . l j ^ g  p a p a i n ;  ^ T I I ,  0 . l 3 ^ g  p a p a i n ;

^  TO, O . l j y e  p a p a i n .
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a e f g h

P e p t i d e  maps w ere  made a s  d e s c r i b e d  i n  s e c t i o n  V B 4.  

Each  d i g e s t  was o f  20^g o f  TO, TI o r  T I I  w i t h  v a r i o u s  

a m o u n t s  o f  d - c h y m o t r y p s i n  i n  a  f i n a l  vo lume o f  4 0 u l  o f  

p h o s p h a t e  b u f f e r .  I n c u b a t i o n  t i m e s  w e re  a s  s t a t e d .  ^  T I , 3 y s  

o c - c i i y m o t r y p s i n ,  30min;  ^  TT 1 , O C-chymotryps in ,  30min;

^ TO, 5^g OC-c h y m o t r y p s i n ,  30min;  ^  T I , 2. 5^g OC-chymo-. 

t r y p s i n ,  60min; ^ T I I ,  2 . 5^g  oC.-chymotryps in ,  60mln;  ^

TO, 2.  3jig d C - c h y m o t r y p s i n , 60min;  ^  T I , 5^8'OC-c h y m o t r y p s i n  

60mln;  ^  T I I , 5y^g OC-c h y m o t r y p s i n , oOmin; ^  TO, 5jigOC-chy

m o t r y p s i n ,  60min.
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G b c d e f  g h i  j k i  

P e p t i d e  maps w ere  made a s  d e s c r i b e d  i n  s e c t i  on %  B 4,  

Each  d i g e s t  was o f  20yig o f  TO, TI o r  T I I  w i t h  v a r i o u s  

a m o u n t s  o f  S t a p h y l o c o c c u s  a u r e u s  V8 p r o t e a s e  i n  a  f i n a l  

vo lum e o f  40yil p h o s p h a t e  b u f f e r ,  I n c u b a t i  on t i m e s  were  a s

s t a t e d .  ^ T I ,  1.  7yig p r o t e a s e ,  30min;  ^ T I I ,  1 . 7 ^ g  pro1>

e a s e ,  30min;  ^ T O ,  1 .7 j ig  p r o t e a s e ,  30min*, ^ T I , 3j^g 

p r o t e a s e ,  30min; ^ T I I ,  5^g  p r o t e a s e ,  30min; ^ T O ,  3jig 

p r o t e a s e ,  30min;  ^ T I , p r o t e a s e ,  60min;  ^  T I I , 5jig

p r o t e a s e ,  oOmin; ^  TO, 5jig p r o t e a s e ,  60mln;  ^ T I ,  lOyg

p r o t e a s e , ,  60min; ^  T I I , lOjig p r o t e a s e ,  60min,  ^  TO, lOjig 

p r o t e a s e ,  60min.



I l l

a f g h

P e p t i d e  maps w ere  made a s  d e s c r i b e d  i n  s e c t i o n  V B 4 ,  

e x c e p t  t h a t  10^ a c r y l a m i d e  g e l s  w ere  u s e d .  Each  d i g e s t  

was o f  15jig o f  TO, TI o r  T I I  w i t h  l 5 ^ g  S t a p h y l o c o c c u s  

a u r e u s  V 8  p r o t e a s e  i n  a  f i n a l  vo lume o f  30ji l  o f i ^ c e t a t e  b u f f e r .  

I n c u b a t i o n  t i m e s  w ere  a s  s t a t e d ,  ^ T O ,  60min;  ^ T I , 60 

min;  ^ T I I ,  60min ;  (^TO, 45min;  e ) T I ,  45m in ;  ^ T I I ,  45 

min ;  ^ T O .  30 inin; ^ T I ,  30min; ^ T I I ,  30min .
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by t r e a tm e n t  of the  p ro t e in s  w i th  concen tra ted  HCl a t  57®C fo r  10 

days .  The f r e e  ammonia gen e ra ted  was c o l l e c t e d  by th e  Conway 

m ic r o d i f f u s i o n  method^**^^^ and determined w i th  n inhydrin^^^^^ .

I n i t i a l  exper iments  showed t h a t  a l l  forms of the  p r o t e i n  possessed 

a ve ry  s i m i l a r  amide con ten t  (T 0, O '572 jjimol/mg; T I ,  0 *505 pjnol/mg;

T I I ,  0*440|jimoi/mg) but the  procedure  was no t  a c c u r a t e  enough to 

show small d i f f e r e n c e s  between the  thaumatin  forms.

D. T'- '̂-TmCIOGICAI COMPARISON OF T 0, T I  AND T I I

1. Product ion  of an t iserum to  thaumatin  I I
( 1O  ( 1?')Hough and Edwardson'  '  ̂ and Van de r  Wei and B e l '  ' have r a i s e d

a n t i b o d i e s  to  thaumatin I  in  r a b b i t s .  These workers did  n o t ,  however,

r e p o r t  on the  c r o s s - r e a c t i v i t y  between th e  a n t ib o d ie s  and th e  o th e r  

thaum at in  forms. In the  p r e s e n t  i n v e s t i g a t i o n  thaumat in  I I  was 

chosen as an t ig en  f o r  two r e a s o n s ,  f i r s t l y ,  because i t  seemed most 

l i k e l y  t h a t ,  a t  l e a s t  in  f r u i t  from th e  Ashanti  r e g io n  of Ghana,

Î  I I  was th e  primary produc t  of th e  thaumatin  gene w h i l s t  the  o the r  

forms were derived by p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n s .

Secondly,  i t  was thought d e s i r a b l e  to  r a i s e  a n t ib o d ie s  to  

thaumat in  I I  r a t h e r  than  to  T I  s in c e  a n t i - T  I  had a l re ad y  been 

s t u d i e d ( l T * 1 2 ^ .

A f te r  the  primary course  of i n j e c t i o n  (u s in g  two an im a ls )  the  

an t i s e rum  t i t r e  reached  a p l a t e a u  a t  approximate ly  20 - 2 5 ^  g (lml 

serum a t  eouivalence  with 20-25^g thaumatin I I ).

A f te r  the  secondary  i n j e c t i o n s  and subsequent b o o s te r  i n j e c t i o n s  

th e  an t ibody t i t r e  slowly ro se  t o  anproximate ly  70  ^  g. This leve l  

of a n t ibody  was adequate  f o r  th e  purposes of th e  p r o j e c t ,  however, 

th e  low v a lu e  sugges ts  t h a t  thaumatin  I I  i s  r a t h e r  a 'p o o r '  an t igen .

2. Tes t  of antibody s p e c i f i c i t y  by immunoelectronhoresis

Immunoelectrophoresis was used to  a s s e s s  the  s p e c i f i c i t y  of 

th e  an t i se rum  fo r  T I I .  Samnles of a r i l  e x t r a c t  and p u r i f i e d
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thaumatins  were s u b je c te d  to  e l e c t r o p h o r e s i s  and then allowed to  

d i f f u s e  a g a in s t  c o n t r o l  and a n t i - t h a u m a t in  I I  s e r a .  The f i n a l  p l a t e s  

ob ta ined  a r e  shown in  f i g u r e  1 5 .

P u r i f i e d  T I I , a  mix tu re  of p u r i f i e d  T 0, T I  and T I I  and an 

a r i l  e x t r a c t  a l l  gave r i s e  to  s i n g l e  l i n e s  of  r r e c i p i t a t i o n .  No 

p r e c i p i t i n  a rcs  o th e r  than those a s so c ia te d  wi th  the  thaumatins  were 

observab le  in  the  case  of immunoelect rophoresis  of th e  a r i l  e x t r a c t .  

T h e r e f o r e ,  i t  must be presumed t h a t  the  an tibody p re p a r a t io n  was spec i

f i c  fo r  thaumatin . As  expected the  mix ture  of thaumatins  and the  

a r i l  e x t r a c t  gave extended p r e c i p i t i n  a rc s  because of the  degree of 

s e p a r a t i o n  of T 0 ,  T I , and T I I  on the  agar  g e l .  A l l  t h r e e  thaumatins  

r e a c t e d  with  a.nti-T I I  dem ons t ra t ing  t h a t  T 0,  T I  and T I I  share  a t  

l e a s t  some a n t i g e n i c  d e te r m in a n t s .  Ouchterlony double d i f f u s i o n ,  

q u a n t i t a t i v e  p r e c i p i t i n  and micro-complement f i x a t i o n  techniques  were 

nex t  used to  examine the  immunological r e l a t i o n s h i p  between the  sweet 

p r o t e i n s .

5. Determinat ion  of the  degree  of c r o s s - r e a c t i v i t y  between a n t i  T I I  

and th e  t h r e e  thaumatin  fo rm s .

When us ing  the  Ouchterlony method^"^^^ to compare d i f f e r e n t  ant igens  

w e l l s  are  cu t in  agar to  form a hexagonal p a t t e r n  around a c en t r a l  w e l l .

The an t ibody  i s  p laced  in the  c e n t r a l  well  and the  va r io u s  an t igens  

in  th e  o th e r  w e l l s .  I d e n t i c a l  an t ig en s  give a s in g le  curved p r e c ip 

i t i n  l i n e  w h i l s t  comple te ly  d i f f e r e n t  an t igens  give s t r a i g h t  l i n e s .

I f  one a n t ig e n ,  A, has some of the  a n t ig e n ic  dete rminants  of a 

second a n t ig e n ,  B, to  which an t ibody  in the  c e n t r a l  well  has been 

r a i s e d  then a curved p r e c i p i t i n  band forms between A, B and an t i -B  

with  a spur  coming o f f  a t  a t a n g en t  in  the  d i r e c t i o n  of A (see  F i g . l 6 ) .

The p l a t e s  ob ta ined  by t h i s  method ( F i g . 17) show t h a t  s in g le  

curved u r e c i p i t i n  l i n e s  were ob ta ined  in the case of each thaumatin 

form ( th e  r e a c t i o n  of i d e n t i t y ) .  The absence of any spurs  is
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F i g u r e  15 I in iTiunoelec trophores i  s of t h a u m a t in

a  A b B C D F

Im - i î i tnoe lec t rophores i  s was pe r fo rm ed  a s  d e s c r i b e d  i n  

s e c t i o n  V B 6. Troughs  A and C c o n t a i n e d  50pl  and 

t r o u g h s  D and F, lOOjil of  a n t i - T T I  a n t i  serum ( t i t r e  

? O y g /m l , m ix tu r e  of s e r a  from two r a b b i t s ) .  T ro u g h s  3 

and £ c o n t a i n e d  30 and l O O y l  of  pre-Immune serum r e s 

p e c t i v e l y .  W el l s  a and c c o n t a i n e d  TII  (2pg) and w e l l s  

d and  f ,  T I I  ( 4 j i g ) .  Wel l  b c o n t a i n e d  Ij jg eac h  o f  TO, TI 

and T I I .  well  e c o n t a i n e d  a r i l  e x t i a c t  (20jig p r e p a r e d  

a s  d e s c r i b e d  i n  s e c t i o n  V 3 1).
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F i g u r e  1 6 O u c h t e r l o n y  d o u b l e  d i f f u s i o n .

O

O
O

On t h e  l e f t  ; a n t i g e n  A h a s  soiLe o f  t h e  a n t i g e n i c  

d e t e r m i n a n t s  o f  a n t i g e n  E.

On t h e  r i g h t  ; t h e  c e n t r a l  w e l l  c o n t a i n s  a n t i b o d i e s  

t o  a n t i g e n s  C a n d  D w h i c h  d o  n o t  s h a r e  a n t i g e n i c  d e t 

e r m i n a n t s .
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F i g u r e  17 O u c h t e r l o n y  d o u b l e  d i f f u s i o n  of  t h a u m a t i n .

© ©
©  O  ©

© ©

©
©

©

O
©
©

© ©
C  ,  © 0 0

© ©

O u c h t e r l o n y  d o u b l e  d i f f u s i o n  was c a r r i e d  o u t  a s  

d e s c r i b e d  i n  s e c t i o n  V B ?. A n t l - T I I  a n t i  serum was 

p l a c e d  i n  t h e  c e n t r a l  w e l l ,  t h a u m a t i n  s a m p le s  were  

d i s s o l v e d  i n  0 . 1 n b a r b i t a l  b u f f e r  pH 6 . 6  and p l a c e d  

i n  t h e  o u t s i d e  w e l l s .  A; t h e  c e n t r a l  w e l l  c o n t a i n e d  

a n t i - T I I  a n t i  serum ( 2 0 ^ 1 , t i t r e  7 0 ^ g / m l ) ,  t h e  o u t s i d e  

w e l l  s were  f i l l e d  a s  f o l l o w s  Î)  T I I  , 4'Ojig ; ^  TT , g ; 

^ T 0 , 4 O ^ g ;  ^ T I I , 4 © ^ g ;  ^ T l . ^ - O ^ g ;  ^ b u f f e r .  2; t h e  

c e n t r a l  w e l l  c o n t a i n e d  a n t i - T I I  a n t i  serum ( l O y l ,  t i t r e  

7 0 y g / m l } , ou t s i d e  wel 1 s c on t  a i  ned  ^  TT I , 'àOys ; ^  ,

| ) T 0 , 2 0 ^ f i  t ) " : i  , 2 C p f - i  i ^ ù u f f e r .
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Cî the central well contained antl-TII anti serum (lOjil, 

t i tre 70^g/ml), outside wells contained l)TII,2.0^g; ^  

buffer; ^buffer; ^T0,2.0|ig; ^buffer.
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e v id e n c e  of  a  c l o s e  s i m i l a r i t y  between T 0 ,  T I  and T I I .  C uch te r lony  

doub le  d i f f u s i o n  i s  n o t  as s e n s i t i v e  t o  sm a l l  a n t i g e n i c  d i f f e r e n c e s  

between p r o t e i n s  as th e  q u a n t i t a t i v e  p r e c i p i t i n  o r  micro-compiement 

f i x a t i o n  t e c h n i q u e s .  According t o  P rager  and W i l s o n ^ ( w o r k i n g  

w i th  b i r d  lyaozymes)  t h e  r e s u l t s  of  t h e  l a t t e r  two methods can be 

r e l a t e d  g r a p h i c a l l y  by p l o t t i n g  p e r c e n t  c r o s s - r e a c t i o n  in  th e  q u a n t i t 

a t i v e  p r e c i p i t i n  method a g a i n s t  t h e  index  of  d i s s i m i l a r i t y  i n  t h e  

micro -complement f i x a t i o n  method.  ( in d ex  of  d i s s i m i l a r i t y  i s  th e  

f a c t o r  by which t h e  a n t i s e ru m  c o n c e n t r a t i o n  must  be r a i s e d  i n  o r d e r  

f o r  a h e t e r o l o g o u s  a n t i g e n  t o  produce  a complement f i x a t i o n  curve 

w i th  a peak  h e i g h t  e q u a l  to  t h a t  produced by t h e  homologous a n t i g e n .  

C r o s s - r e a c t i v i t y  i s  c a l c u l a t e d  from th e  r e l a t i v e  a b s o rb a n c e  a t  th e  

p o i n t s  of  maximum p r o t e i n  p r e c i p i t a t i o n  i n  t h e  q u a n t i t a t i v e  p r e c i p i t 

i n  m e th o d ) .  This  p l o t  g iv e s  a s t r a i g h t  l i n e  which can be ex p re s s e d  

by a s im p le  e q u a t i o n :

log  y = 2 '24  (100 -  Z)
100

where y = in d e x  of d i s s i m i l a r i t y  and z = p e r c e n t  c r o s s - r e a c t i v i t y .

The t h r e s h o l d  f o r  t h e  fo rm a t io n  of  s p u r s ,  as  opposed t o  l i n e s  

of  i d e n t i t y ,  i n  t h e  lysozyme system wag a t  abou t  SCPi c r o s s - r e a c t i v i t y  

which c o r r e s p o n d e d  t o  an index  o f  d i s s i m i l a r i t y  o f  3- When p e r c e n t  

c r o s s - r e a c t i o n  was p l o t t e d  a g a i n s t  t h e  known p e r c e n t  sequence  d i f f e r 

ences i n  t h e  same lysozyme system and f o r  o t h e r  p r o t e i n s  a g e n e r a l  

r e l a t i o n s h i p  was s een .  I t  was c a l c u l a t e d  t h a t  i f  t h i s  was a r p l i e d  

t o  t h e  t h a u m a t i n s  a c r o s s - r e a c t i v i t y  of  >8Œ-c would imply a range  of  

O-5O amino a c i d  sequence d i f f e r e n c e s  between fo rm s .

Hence, q u a n t i t a t i v e  p r e c i p i t i n  and micro—complement f i x a t i o n  

were emrloyed in  o rder  t o  determine the  percen t  c r o s s - r e a c t i v i t y  

between the  t'-.aumatin forms and the  r e s u l t s  a re  shown in f i g u r e s  18 

and 1 9 .



119

1 p u r e  1 t l t p

"T

c04
oCO

o 03

0*2
P/

thauiTiat in

TO - X -

d e s c i i r t c  i  

■ - f  t h e u r p t l  

t i t r e

ri  — o — , III  — o— ,

l e c l r i t l r  erPl ,  s i

c e r t l c -  2  B Î c r&roe  of

l i s e :p f  1 yer' vclu::.e Oj ^

| :L / ; L :  ) . y - ^ c l p l t A t e s  Ke i e  â l s s o ' i v e c  I r

t h e  s c s o r b e r c e  o f  t h i s  s o l u



120

. I c T o - c o ü u l e ^ ^ r t  f l y n t i  or &r j

t  r  R. Ü .-.iA t i n  f o r i i F .

02

03

90 10060 20020  30

TIIT 0 — X—  , TI oo

h i  o r e - c o ino ie i r - e r t  f i x a t i o n  a n a l y s i s  kb & r e r f  orjied

a s  d e s c r i b e d  i n  s e c t i o n  h_ r 1.  Each a s s a y  icxxt. 

c o n t a i n e d  a f i x e d  q u a n t i t y  o f  a n t l - T I I  a n t i s e r u o  (100  

^ 1 : 4 0 0  d i l u e n t  c o ^ p l e s e r t  ( l C0^1;ÿC

C'E / z 2 ) ,  t h a u o a t i n  ( 1 0 0 ^ 1 : 1 - 2 0 n ■'■ 1 \ c c c ' T i -? p a^  . j '  . y f k» » K. ^

s he ep  e r y t h r o c y t e s  ( 1 0 0 ^ 1 : f x i O c e l l s / u l ) .  A f t e r  

i n c u b a t i o n  c e l l  l y s i s  w b s  e s t i m a t e d  by r e a s u . s n e n t  

c f  a b s o r b a n c e  o f  t h e  c e l l  f r e e  - ...... .......
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Q u a n t i t a t i v e  p r e c i p i t i n  a n a l y s i s  gave a v a l u e  of  100% f o r  t h e  

c r o s s - r e a c t i v i t y  of  t h e  forms and micro-complement f i x a t i o n  showed 

a  v e ry  c l o s e  s i m i l a r i t y  between t h e  t h r e e  thaum at ins  w i th  an e s t i m 

a t e d  i n d e x  of  d i s s i m i l a r i t y  of  ap p ro x im a te ly  1*?5 between T 0 and 

T I I  and of  apr - rox im ate ly  1*09 between T I  and T I I .  These v a l u e s  

g iv e  c r o s s - r e a c t i v i t i e s  of  96% and 98% r e s p e c t i v e l y .  I t  i s  l i k e l y  

t h a t  t h e s e  c r o s s - r e a c t i v i t i e s  r e s u l t e d  from a p e r c e n t  sequence  

d i f f e r e n c e  of  from 0-4% f o r  T I / T  I I  and from 0-$o  f o r  T O/T I I .

In  c o n c l u s i o n ,  t h e  immunologica l  ev idence  aga in  shows t h a t  

s t r o n g  c o n f o r m a t io n a l  and sequence  s i m i l a r i t i e s  e x i s t  between th e  

th a u m a t in  p r o t e i n s .  The r e c o r d e d  d i f f e r e n c e s  a r e  of  t h e  o r d e r  

expec ted  i f  t h e  p r o t e i n s  d i f f e r  on ly  i n  t h e i r  amide c o n t e n t s  or  

p o s s i b l y  o t h e r  s u b s t i t u e n t  groups  on th e  p o ly p e p t id e  c h a i n .

K  STUDIES ON THE hlOSYlTTFBTIC BEIATICKSHIP T5'T//5EN T 0 ,  T I  AND T I I

1. Attempted  i n t e r c o n v e r s i o n  o f  m u l t i p l e  forms of  th a u m a t in

I f  t h e  th a u m a t in  forms d i f f e r  only in  th e  r a t i o  of  a s p a r a g i n e  

and g lu t a m i n e  t o  a s p a r t a t e  and g lu t a m a te  then  i t  i s  p o s s i b l e  t h a t  

in  v iv o  p o s t - t r a n s l a t i o n a l  d e a m id a t io n  produces  the  m u l t i p l e  forms.  

A ttempts  were t h e r e f o r e  made t o  i m i t a t e  t h e s e  changes i n  v i t r o .

i)  E f f e c t  of  pH, t e m p e r a t u r e  and s a l t  c o n c e n t r a t i o n  on t h e  

t h a u m a t i n s .  A number of  p r o t e i n s  which e x i s t  i n  v a r i o u s  forms 

d i f f e r i n g  only i n  t h e i r  amide c o n t e n t s  have  been d e s c r i b e d  ( s e e  

s e c t i o n  I I  C) Cytochrome C i s  a t y p i c a l  example.  The

s e q u e n t i a l  d ea m id a t io n  and c o n v e r s io n  of  Cyl ^  Cy I I  ^  Cy I I I  was 

shown t o  occur  i n  v i t r o . The p ro c e s s  was dependent  upon t e m p e r a t u r e ,  

i o n i c  s t r e n g t h  and pH. In  t h i s  p r e s e n t  i n v e s t i g a t i o n  c o n d i t i o n s  

( s e e  s e c t i o n  V B 12) which would have r e s u l t e d  i n  e x t e n s i v e  deam ida t ion  

of  cytochrome C were chosen and a p p l i e d  to  th e  p u r i f i e d  th a u m a t in s .

I t  was found t h a t  no i n t e r c o n v e r s i o n  of  th e  thaumat in  forms occured 

[as judged by P.A.G.E.)  under  th e  v a r i o u s  i n c u b a t i o n  c o n d i t i o n s
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employed.  In  a d d i t i o n  no e l e c t r o p h o r e t i c  m o b i l i t y  changes were 

observed and hence ,  t h e  amide groups  p r e s e n t  i n  a l l  o f  t h e  tha um a t in  

forms must be r e l a t i v e l y  s t a b l e .  T h e re fo re  i f  deam ida t ion  does 

r e s u l t  i n  f o rm a t io n  o f  T I  and T 0 from T I I  i n  v iv o  th e n  e i t h e r  i t  

occurs  s p o n ta n e o u s l y  over  a  long  p e r i o d  o r  i t  i s  enzyme c a t a l y s e d ,  

i l )  Attempted  c o n v e r s io n  of  r a d i o i o d i n a t e d  T I I  t o  T I  and T 0 in  

t h e  p r e s e n c e  of  a r i l  e x t r a c t s .  I f  t h e  t h a u m a t in s  T I  and T 0 a r e  

d e r iv e d  e nzym ica l ly  from T I I  then  i t  was c o n s id e r e d  t h a t  T I I  m igh t  

be q u i c k l y  conver ted  t o  t h e  o t h e r  forms in  t h e  p r e s e n c e  of  an e x t r a c t  

o f  f r u i t  o b ta in ed  from t h e  Kadjebe r e g i o n :  t h e s e  f r u i t s  do no t

c o n t a i n  m easurab le  q u a n t i t i e s  of  T I I .  In  o r d e r  t o  t e s t  t h i s  hypo

t h e s i s  l a b e l l e d  th a um a t in s  were p r e p a r e d  u s i n g  t h e  i o d i n a t i n g  r e a g e n t  

1, 3» 4» 6 t e t r a c h l o r o  -  50C, 60C -  d i p h e n y l g l y c o l u r i l  ( l o d o - g e n ) .  

Th is  i s  a s im ple  p rocedu re  and has  a d v an tag es  over  o t h e r  i o d i n a t i o n  

methods i n  t h a t  i t  i s  a m i ld  r e a c t i o n  and no a d d i t i o n  of  ex t ra n e o u s  

p r o t e i n  o r  r e d u c i n g  a g e n t  i s  n e c e s s a r y .  The r a d i o - i o d i n a t e d  p r o t e i n s  

o b t a i n e d  (T I  and T I I )  were r e -ch ro m a to g ra p h e d  on an ion -exchange  

column in  o r d e r  to  d e t e rm in e  w hether  t h e y  had r e t a i n e d  t h e i r  b a s i c  

c h a r a c t e r s  and were s t i l l  i d e n t i f i a b l e .

F i g u r e  20 shows a t y p i c a l  ion -ex c h an g e  e l u t i o n  p r o f i l e  f o r  t h e  

i o d i n a t e d  t h a u m a t i n s .  The r a d i o a c t i v e  peaks were s l i g h t l y  o f f - s e t  

from t h e  p r o t e i n  (§280)  peaks ,  A change i n  t h e  i o n i z a t i o n  of  

t y r o s i n e  P h e n o l i c  hydroxy l  grouns p roduced  by i o d i n a t i o n  may be 

r e s p o n s i b l e  f o r  t h i s  s h i f t .  The o b s e r v a t i o n  t h a t  th e  p r o t e i n  peaks 

d id  n o t  co r re s p o n d  w i th  t h e  r a d i o a c t i v i t y  shows t h a t  most  o f  th e  

th a u m a t in  was n o t  i o d i n a t e d .  The low y i e l d  may r e s u l t  from th e  

i n a c c e s s i b i l i t y  of  t y r o s i n e  r e s i d u e s  due t o  t h e  f o l d i n g  of  th e  

tha um a t in  m olecu le s  ( th a u m a t in  a p p a r e n t l y  c o n t a i n s  8 c y s t i n e  r e s i d u e s  

and so i t  i s  p robab ly  h ig h l y  f o l d e d ) ,  o r  t h e  c h o ic e  of  u n fa v o u ra b l e  

c o n d i t i o n s  f o r  t h e  r e a c t i o n .



1 2 3

" 1 z ; , re  23 .  -  c e  i I 1 o s e  o f  l o c i  r a t e d

t r . a uciat  I r  s .

- l a b e l l e d  t h a u m a t i n s  I  a n d  I I  ( lOing I , l O m g  I I  j 

p r e p a r e d  a s  d e s c r i b e d  i n  s e c t i o n  _V 3 1 ]  w e r e  e x a m i n e d  

by c h r o m a t o g r a p h y  on C M - c e l l u l o s e . The c o l u m n  was  

e l u t e d  w i t h  b u f f e r  ( 0 . 0 1  r: s o d i u m  p h o s p h a t e  pH 7 . 2 ;  2 c m l ) 

a n d  t h e n  a  l i n e a r  s a l t  g r a d i e n t  o f  0 - 0 . 2M H aCl  i n  

b u f f e r  ( 2 0 0 n i l ) .  The  f l o w  r a t e  w as  0 . 2 m i / m l n .  F r a c t i o n s  

c f  1ml w e r e  c o l l e c t e d  ( t h e  f i n a l  20 f r a c t i o n s  w e r e  

d i s c a r d e d ) .  T he  p r o t e i n  a n d  c o n t e n t s  w e r e  m e a s u r 

ed  a s  d e s c r i b e d  i n  s e c t i o n  V 3 13-
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The f i n a l  s p e c i f i c  a c t i v i t i e s  of  th e  thaum at in s  were 500DPM/^gr 

and 2 5 C t t P M / f o r  T I  and T I I  r e s p e c t i v e l y .

[^125iJ __ip j j  inc u b a ted  w i th  an homogenate of  a r i l  t i s s u e

from f r u i t s  of  t h e  Kad.jebe r e g io n  and th e  m ix tu re  was t h e n  examined

by io n -e x c h a n g e  chromatography ( F i g . 2 l ) .  No c o n v e r s io n  of  t h e

l a b e l l e d  m a t e r i a l  t o  l e s s  b a s i c  forms was d e t e c t e d .  The r e c o v e ry  of 

r a d i o i o d i n a t e d  t h a u m a t i n  from th e  i n c u b a t i o n  m ix tu re  was low. I t  i s  

p o s s i b l e  t h a t  t h i s  l o s s  was caused by th e  r e l e a s e  o f  p r o t e a s e s  by 

h o m o g e n i s a t i o n  of  t h e  t i s s u e .  However th e  procedure  was s u f f i c i e n t l y  

s e n s i t i v e  t o  have  a l lowed a 2̂ 4 convers ion  of  T I I  t o  e i t h e r  T I  or  

T 0 t o  have been o b s e rv e d .  The f a i l u r e  t o  d e t e c t  enzymic c o n v e r s io n  

of  T I I  t o  o t h e r  t h a u m a t i n  forms in  v i t r o  does n o t  n e c e s s a r i l y  mean 

t h a t  t h i s  does  n o t  o c c u r  in  v i v o . I t  may be a slow p r o c e s s  o r  i o d i n 

a t i o n  of  T I I  may have produced an u n s u i t a b l e  s u b s t r a t e  f o r  t h e  

enzyme(s)  i n v o lv e d  o r  t h e  enzyme(s ) may have been r a p i d l y  i n a c t i v 

a t e d  d u r i n g  and a f t e r  p r e p a r a t i o n  of  the  e x t r a c t .  A f u r t h e r  r o s s -  

i b i l i t y  i s  t h a t  t h e  f r u i t  which had been p icked  4-6 days p r i o r  to  

f r e e z i n g  and s t o r a g e  may have l o s t  t h e  n e c e s s a r y  a c t i v i t y .

I t  i s  c o n c e iv a b l e  t h a t  m u l t i p l e  forms of thaum at in  a r e  produced 

by s y n t h e s i s  r a t h e r  t h a n  d e g r a d a t i o n  i . e .  am ida t ion  of  T Ü t o  T I  

and T I  t o  T I I .  However i t  was co n s id e re d  i m p r a c t i c a b l e  t o  t e s t  

t h i s  h y p o t h e s i s  by ad d in g  l a b e l l e d  T 0 or  T I  to  crude  e x t r a c t s  of  

f r u i t  b eca u se  of  t h e  h ig h  l e v e l s  of  n a t i v e  T 0 and T I  p r e s e n t  which 

would have reduced  t h e  s p e c i f i c  a c t i v i t y  of added l a b e l l e d  t r a c e r .

For a s i m i l a r  r e a s o n  t h e  exam ina t ion  of th e  e f f e c t  of  a r i l  e x t r a c t s  

from A sha n t i  f n j i t  on T I I  were c ons ide re d  not  t o  be f e a s i b l e .

F. STUDIES ON THE HTCSYNThFSIS CF THAUMATIN

F o l lo w in g  th e  a t t e m p te d  i n t e r c o n v e r s i o n  of t h e  sweet  p r o t e i n s  

i t  was dec ided  to  i n v e s t i g a t e  th e  b i o s y n t h e s i s  of thaum at in  in  o rd e r  

t o  d e te rm in e  th e  r e l a t i o n s *  in  between th e  t h r e e  fo rms.



1 2 6

F Ig u r e  21. C h - c e l l u l o s e  chrom atography o f  l o d -  

i n s t e d  TII a f t e r  I n c u b a t i o n  w i t h  a K adjeb e  

f r u i t  e x t r a c t .

@ - l a b e l l e d  t h a u m a t i n  I I  ( 1 0 0 , 0 0 0  D . F . K . ,  0 .4mg)  

was added t o  a hom ogenate  o f  K ad jeb e  r e g i o n  f r u i t  

( s t a g e  D) and t h e  m i x t u r e  was i m m e d i a t e l y  f r o z e n .  

A f t e r  s t o r a g e  f o r  a t  l e a s t  13h a t  - 2 0 t h e  t h a u m a t in  

was e x t r a c t e d  w i t h  O.OIM sodium p h o s p h a t e  pH 7*7 ,

0.3& KaCl b u f f e r  and s u b j e c t e d  t o  C m - c e l l u l o s e  chrom

a t o g r a p h y .  The column was e l u t e d  w i th  b u f f e r  (O.OiK 

sodium p h o sp h a te  pH 7 - 2  , 30ml) and t h e n  a  l i n e a r  

s a l t  g r a d i e n t  c f  0 - 0 . 2M KaCl i n  b u f f e r  ( 2 0 0 m l ) .  The 

f l o w  r a t e  was 0 . 2  m l /m in .  F r a c t i o n s  o f  4ml were  c o l l 

e c t e d  ( t h e  f i n a l  10 f r a c t i o n s  were  d i s c a r d e d ) .  The 

p r o t e i n  and c o n t e n t s  were  m easured  a s  d e s c r i b e d

i n  s e c t i o n  V 3 l 4 .

[b] As i n  A e x c e p t  t h a t  t h e  m i x t u r e  o f  hom ogen ate  and 

l a b e l l e d  th a u m a t in  was i n c u b a t e d  a t  26°C f o r  l 5 h  

b e f o r e  f r e e z i n g .
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1 . S y n t h p s j s  of Thaumatococçi.Tg a r i l  p r o t e i n s  i n  i n t a c t  a r i l s

Under i d e a l  c o n d i t i o n s  i t  would have been p o s s i b l e  t o  have 

in t r o d u c e d  a l a b e l l e d  amino a c id  i n t o  i n t s c t  Thaumatococcus f r u i t  

on t h e  growing  p l a n t  and then  a f t e r  v a r i o u s  t im es  to  have  e x t r a c t e d

t h e  th a u m a t i n s  and. measured th e  r a d i o a c t i v i t y  o f  t h e  t h r e e  fo rm s .

The i n f o r m a t i o n  ga ined  would th e n  have  r e v e a l e d  whether  t h e  th a u m a t in  

forms were p ro d u c ts  of  a  s i n g l e  gene and which th a u m a t in  form was 

t h e  p r im ary  p ro d u c t .  I f  i n  t h e  s h o r t  term T 0,  T I  and T I I  had

a l l  been produced  i t  would have been s t r o n g  ev id en ce  t h a t  t h e y  were

t r a n s l a t e d  from d i f f e r e n t  mRKA s p e c i e s .  U n f o r t u n a t e l y ,  f r u i t i n g  

p l a n t s  were u n a v a i l a b l e  because  of  t h e  d i f f i c u l t i e s  of  g rowing them 

under  g reenhouse  c o n d i t i o n s  i n  t h e  U.K..  T h e r e f o r e ,  as  an a l t e r n 

a t i v e ,  i s o l a t e d ,  d e v e l o p in g  a r i l s  from f r e s h  f r u i t s  ( s t a g e  C) were 

i n s t e a d  i n j e c t e d  w i th  L-[^4 » 5 -  - l e u c i n e  and t h e  p ro d u c t s  were 

an a ly se d  by ion -ex c h an g e  chromatography .  The r e s u l t s  ( F i g . 22)  

show t h a t  t h e  a r i l s  a c t i v e l y  s y n t h e s i s e d  p r o t e i n s  as judged by t h e  

i n c o r r o r a t i o n  of  l a b e l l e d  amino a c i d  i n t o  TCA p r e c i p i t a b l e  m a t e r i a l  

v/hich could be i n h i b i t e d  by cyc lohex im ide .  No r a d i o a c t i v e  peaks 

c o r r e s p o n d i n g  to  t h e  sweet  p r o t e i n s  were o b s e r v a b le  a l th o u g h  u n d e r  

t h e  c o n d i t i o n s  of  t h e  exper im en t  as l i t t l e  as  1-29t i n c o r p o r a t i o n  

o f  l e u c i n e  i n t o  t h e  th a u m a t in s  would have been d e t e c t a b l e .  I t  i s  

p o s s i b l e  t h a t  in  v iv o  t h e  s y n t h e s i s  of  th a u m a t in  does p roceed  slow^ly 

over  a lo n g  p e r io d  of  t ime  w i th  n e g l i g i b l e  t u r n o v e r .  The d e v e lo p 

menta l  s t u d y  p r e s e n t e d  in  s e c t i o n  B s u p p o r t s  t h i s  i d e a .  On t h e  

o t h e r  han d ,  i t  i s  p o s s i b l e  t h a t  t h e  p h y s i o l o g i c a l  s t a t e  o f  t h e  a r i l  

t i s s u e  had changed d u r i n g  t h e  t ime  which e l a p s e d  between p i c k i n g  

t h e  f r u i t  and th e  e x p e r im e n t .  Such changes may have r e s u l t e d  from 

w a te r  s t r e s s ,  l a ck  of  n u t r i e n t s , c h i l l i n g  o r ,  s im p ly ,  de tachment 

of  t h e  f r u i t  from t h e  p l a n t .  A c l i m a c t e r i c  r i s e  in  r e s p i r a t i o n  

may o c c u r  a f t e r  p i c k i n g  t h e  f r u i t  which could p o s s i b l y  r e s u l t  i n



1 3 0

F I g u r e  22 P r o t e i n  s y n t h e s i s  i n  i n t a c t  Thaun iatococcus

a. r i  1 s

Each sample ( i n  both  e x p e r i m e n t s )  c o n s i s t e d  o f  10 a r i l s  

from Kadjebe  f r u i t s  ( s t a g e  C) which were  t r e a t e d  by i n 

j e c t i o n  o f  L- [4 , 5 - - 1  e u c i n e  i c y c l o h e x i m i d e .  A f t e r  i n 

c u b a t i o n  a p r o t e i n  e x t r a c t  was p r e p a r e d  and. an e s t i m a t e  

was made o f  t h e  i n c o r p o r a t i o n  o f  l e u c i n e  i n t o  p r o t e i n  a s  

d e s c r i b e d  i n  s e c t i o n  V 3 13 ( s e e  t a b l e  b e l o w ) .  The p r o 

f i l e  ( o p p o s i t e )  shows t h e  r e s u l t  o f  f r a c t i o n a t i o n  o f  

sample  3 on C K - c e l l u l o s e .  The column was e l u t e d  w i t h  

b u f f e r  (O.OIK sodium p h o s p h a t e  pH 7 . 2 ,  3 0 m l ) and th en  

a l i n e a r  s a l t  g r a d i e n t  o f  0 - 0 . 2  K NaCl i n  b u f f e r  ( 2 0 0 m l ) .  

The f l o w  r a t e  was 0 . 2 m l / m i n .  F r a c t i o n s  o f  4 ml were  c o l l 

e c t e d  ( t h e  f i n a l  13 f r a c t i o n s  were  d i s c a r d e d ) .  The p r o 

t e i n  and TCA i n s o l u b l e  pF:] c o n t e n t s  were  m easu red  a s  d e s 

c r i b e d  i n  s e c t i o n  V B 1 3 .

E xp er im en t  1 A r i l  sample c y c l o h e x i m i d e TCA i n s o l u b l e  
CPm/23}il

A
B
C 4-

283
2 0 9 9

1 5 7

E xn er im en t  2
D - 1 2 7 7
"P - 1 6 7 2
F 3 6 6
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t h e  s y n t h e s i s  of  a s p e c t r a  of  p r o t e i n s  d i f f e r e n t  from t h o s e  found 

when f r u i t s  a r e  s t i l l  a t t a c h e d  t o  t h e  p l a n t .  A l t e r n a t i v e l y  th e  

f r u i t  used  i n  t h e s e  exper im en ts  ( s t a y e  C) may have been a t  a  s t a g e  

of  development i n  which v e ry  l i t t l e  thaum at in  s y n t h e s i s  was t a k i n g  

p l a c e .

I t  would have been  p o s s i b l e  t o  have r e i n v e s t i g a t e d  thaum at in  

s y n t h e s i s  by s c a l i n g  up t h e  exper iment  and u s i n g  a l a r g e r  amount of  

l a b e l l e d  amino a c id  w i th  a h i g h e r  s p e c i f i c  a c t i v i t y .  However, i f  

t h a u m a t in  s y n t h e s i s  had o c c u r r e d  under  such c o n d i t i o n s  i t  would 

have been d i f f i c u l t  t o  have d e t e c t e d  sweet p r o t e i n  s y n t h e s i s  in  view 

o f  t h e  accompanying s y n t h e s i s  of  p r o t e i n s  o t h e r  than  thau ina t ins  which 

would have a l s o  o c c u r r e d .  I t  would not  have been p o s s i b l e  t o  have 

used  t h e  a n t ib o d y  t o  T I I  t o  d e t e c t  th e  p r o d u c t ( s )  b ecause  of t h e  

l a r g e  amounts of  t h e  th a u m a t in s  p r e s e n t  i n  t h e  t i s s u e .  A t t e n t i o n  

was n e x t  t u r n e d  t o  t h e  p o s s i b i l i t y  of  u s i n g  an in  v i t r o  system.

P, S y n t h e s i s  of Th.aumato'^oocus a r i l  p r o t e i n s  in  a c e l l - f r e e  system.

I t  was c o n s i d e r e d  l i k e l y  t h a t  th e  f a i l u r e  t o  d e t e c t  s y n t h e s i s

r  d ”1of  t h a u m a t in  i n  i n t a c t  a r i l s  i n j e c t e d  w i th l r |4 ,  5 ~ "HJ - l e u c i n e  

cou ld  be overcome by u s i n g  a system in  which newly s y n t h e s i s e d  

t h a u m a t i n  was n o t  swamped by t h e  p re s en ce  of  endogenous sweet  p r o t e i n ,  

The aim of t h e s e  i n v e s t i g a t i o n s  was t o  deve lop  a h e t e r o l o g o u s  c e l l -  

f r e e  system c a n a b le  of  s y n t h e s i s i n g  tha um a t in  and,  h en ce ,  to  d i s c o v e r  

t h e  n a t u r e  of  t h e  p r im ary  th a u m a t in  gene p ro d u c t .  A h e t e r o l o g o u s  

p r o t e i n  s y n t h e s i s i n g  system wr^uld be u n l i k e l y  t o  p o s s e s s  th e  means 

t o  b r i n g  abou t  s p e c i f i c  n o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n s  of  th e  

primer}' r r o d u c t ,  which would be advantageous  i f ,  f o r  example,  

deam id a t io n  r e a c t i o n s  were r e s p o n s i b l e  f o r  th e  p ro d u c t i o n  o f  m u l t i p l e  

forms o f  t h a u m a t in  from a s i n g l e  form. However, i t  was re c o g n i se d  

t h a t  t h e  ab sen ce  of  s p e c i f i  c p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n  enz\nnes 

in  th e  in  v i t r o  system might  r e s u 1t  in  th e  s y n t h e s i s  of  s sweet
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p r o t e i n  p r e c u r s o r  o r  p r e c u r s o r s  d i f f e r i n g  from th e  n a t i v e  t h a u m a t i n s .  

For  example,  t h e  i n i t i a l  p roduc t  of  n r o t e i n  s y n t h e s i s  may r e t a i n  i t s  

N - t e r m i n a l  m e th io n in e  group ( t h e  i n i t i a t i n g  amino a c i d )  as does  t h e  

p r e c u r s o r  of  egg w h i te  l y s o z y m e ^ ' ^  : such a molecu le  would n o t

d i f f e r  s i g n i f i c a n t l y  in  i t s  p r o p e r t i e s  from n a t i v e  th a u m a t in  and 

would he e a s i l y  r e c o g n i s a b l e .  This  may n o t  be th e  ca s e  i f  t h e  

t h a u m a t i n  p r e c u r s o r  were t o  be s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  n a t i v e

( 20?)p r o t e i n  as occu rs  w i th  a m a j o r i t y  of s e c r e t e d  p r o t e i n s ^  \

F o r  t h e  s tu d y  of  th a u m a t in  s y n t h e s i s  two p o t e n t i a l  s o u rc e s  of  

a c t i v e  th a u m a t in  mRNA were examined,  f i r s t l y ,  polysomes and s e c o n d ly  

i s o l a t e d  RNA f r a c t i o n s ,

i )  P r e p a r a t i o n  of  polysomes.  I n i t i a l l y  th e  p ro c e d u re  f o r  

a s s e s s i n g  th e  q u a l i t y  of  polysomes ( s u c r o s e  d e n s i t y  f r a c t i o n a t i o n )  

was t e s t e d  u s i n g  polysomes p r e p a r e d  from r a t  l i v e r  by t h e  magnesium 

p r e c i p i t a t i o n  method of P a l m i t e r ^ ^ ® ^ \  The r a t  l i v e r  polysome 

p r o f i l e  shown i n  F t  gore  25 d e m o n s t r a te s  t h a t  th e  y i e l d  and q u a l i t y  

of  t h i s  p r e p a r a t i o n  wa.s good.  The s u c r o s e  d e n s i t y  g r a d i e n t  f r a c t i o n 

a t i o n  p ro c e d u re  u s e d  s u c c e s s f u l l y  s e p a r a t e d  t h e  polysomes i n t o  t h e  

d i f f e r e n t  s i z e  c l a s s e s  p r e s e n t .

The magnesium p r e c i p i t a t i o n  method as developed  by P a lm i te r^   ̂ ^

has  been  adap ted  by Akaleh iywot e t  f o r  th e  i s o l a t i o n  of

po lysomes  from p l a n t  s o u r c e s .  Th is  t e c h n iq u e  was, t h e r e f o r e ,  used i n  

a f i r s t  a t t e m p t  t o  p r e p a r e  polysomes from a r i l  t i s s u e .  However, no 

n r e c i p i t a t l o n  o c c u re d ,  p ro b a b ly  because  t h i s  t e c h n iq u e  i s  not  

a p p l i c a b l e  i n  s i t u a t i o n s  i n  which th e  c o n c e n t r â t  ^on o f  polysomes i s

A second method o f  p r é p a r â t  ion was used^ wnich invo lved

e x t r a c t i o n  of  th e  polysomes a t  pH 8*5 w i th  a s o l u t i o n  of  h igh  i o n i c  

s t r e n g t h  fo l lowed  by h igh  speed c e n t r i f u g a t i o n  through a ’s u c ro s e  

pad*.  The high pH and r e l a t i v e l y  c o n c e n t r a t e d  s a l t  s o l u t i o n s  have
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F i r u r e  23  P o l y  soûles  f r o m  r a t  l i v e r

0-6

c 0-5 oC£>(SI
-  0 4

2 0  2

TOP Sucrose gradient BOTTOM

F r e s h  r a t  l i v e r  ( 8 g) from a  s t a r v e d  f e m a l e  r a t  g a v e

a y i e l d  o f  605 OD u n i t s  ( 260nm) o f  p o l y s o m e s  e x t r a c t e d
( 1 8 5 )

by t h e  method o f  P a l m ! t e r  , The a b s o r b a n c e  r a t i o

260 /2S0n m  was 1 . 6 ?. A p o lysom e  s a m p l e (20 OD u n i t s  ( 260  

nm) ) r e s u s p e n d e d  In  b u f f e r  ( 25mil T r l s - H C l  pH ?,5 ,  25nuM 

NaCl,  5mFî MgCl2 , 2 0 Oui) was f r a c t i o n a t e d  on a l i n e a r  

s u c r o s e  g r a d i e n t .
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been found to  p r o t e c t  polysomes from r i b o n u c l e a s e  a c t i o n .  High pH 

was shown t o  r e d u c e  t h e  a c t i v i t y  of  ac id  r i b o n u c l e a s e  and to  h e l p  to 

p r e v e n t  t h e  a s s o c i a t i o n  of  r i b o n u c l e a s e  w i th  t h e  r ibosomes  

High s a l t  c o n d i t i o n s  p ro b ab ly  h e l p  to  remove r i b o n u c l e a s e  from the  

r ibosomes^  ^ \  Th i s  method was f i r s t  t e s t e d  by p r e p a r i n g  polysomes

from pea t i s s u e .  A t y p i c a l  pea nolysome p r o f i l e  i s  shown i n  F ig u re

24 which shows t h a t  t h e  o r g a n e l l e s  ob ta in ed  were of  r e a s o n a b l e

q u a l i t y  and compared f a v o u r a b l y  w i th  th o se  p u b l i s h e d ^ ^ \  The 

h igh  monosome to  polysome r a t i o  may i n d i c a t e  t h a t  some d e g r a d a t i o n  

had occu re d  b u t  n e v e r t h e l e s s  c o n s i d e r a b l e  quan t i t i es  of  l a r g e r  polysomes 

were o b t a i n e d .

T h i s  second  method was t h e n  a p o l i e d  to  t h e  i s o l a t i o n  of  polysomes 

from. Thaumatocoocus a r i l  t i s s u e  i n  th e  p re s en ce  and ab sen ce  of  h e p a r i n ,

The polysome p r o f i l e s  ( F i g s . 25 and 2 6 ) show t h a t  i n  c o n t r a s t  t o  th e

polysomes o b t a in e d  from pea t h o s e  from a r i l s  appeared  t o  hgve a h i g h e r  

p r o p o r t i o n  of  l a r g e  polysomes i n d i c a t i n g  t h a t  t h e  a s s o c i a t e d  mRHA was 

i n t a c t .  The i n c l u s i o n  of  h e p a r i n  as an i n h i b i t o r  o f  r i b o n u c l e a s e  

( F i g . 2 5 ) i n c r e a s e d  th e  p r o p o r t i o n  of  l a r g e  polysomes and f o r  t h i s  

r e a s o n  i t  i s  u n l i k e l y  t h a t  t h e  polysomes were m e re ly  r ib o s o m a l  

a g g r e g a t e s  produced as a r t i f a c t s  of  t h e  i s o l a t i o n  p ro c e d u re .  The 

y i e l d  c f  polysomes co r responded  t o  app rox im ate ly  10D u n i t  ( 260nm)/g 

of  a r i l  t i s s u e .  Th is  v a l u e  i s  low compared to  t h o s e  quo ted  f o r  

animal and p l a n t  t i s s u e s ^ ^ ^ ^ "  and e x p la in s  t h e  f a i l u r e  of  th e

magnesium p r e c i p i t a t i o n  method to  y i e l d  polysomes.

A r i l  polysome p r e p a r a t i o n s  were assayed f o r  t h e i r  a b i l i t y  to  

d i r e c t  t h e  s y n t h e s i s  of  tha um a t in  in  c e l l - f r e e  p r o t e i n  s y n t h e s i s i n g  

s y s t e m s .

11) I s o l a t i o n  o f  RNA f r a c t i o n s  from Thaumatococcus  a r i l s .

In view o f  t h e  low c o n c e n t r a t i o n  o f  polysomes p e r  gram o f  a r i l  

t i s s u e ,  r a t h e r  than  u s i n g  polysomes as the  s t a r t i n g  m a t e r i a l  f o r
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Fiffure  24 P o l y s o m e s  from p ea .
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BOTTOMTOP S u c r o s e  gradient

Ten day pea  ( v a r i e t y  P i o n e e r )  s u b - a p i c a l  s eg m en ts  

( 6 g) gave  a y i e l d  c f  9 OD u n i t s  (260nm) o f  p o ly s o m e s
( 1 6 3 )

e x t r a c t e d  by t h e  method o f  Verma . The a b s o r b a n c e

r a t i o  260 /280nm  was I . 8 7 . A p o ly so m e  sample  ( 4 . 5  OD 

u n i t s  2 6 0 nm) ) s u sp e n d e d  i n  b u f f e r  (lOOjil)  c o n t a i n i n g  

50mf{ T r i s - a c e t a t e  pK 8 . 5 , 20mK KOI, 10ml*i MgAd) was  

f r a c t i o n a t e d  on a  l i n e a r  s u c r o s e  g r a d i e n t .
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F i g u r e  23 P o l y s o m e s  from T haum atococcus  a r i l s ,

012

010

f  0 0 6

0 0 4

00  2

TOP S u c r o s e  grad ient BOTTOM

F r o z en  a r i l  t i s s u e  ( 3 0 g )  from A s h a n t i  t y p e  f r u i t

( s t a g e  D) gave  a y i e l d  o f  22 OD u n i t s  (260nm) o f
(163)

p o l y s o m e s  e x t r a c t e d  by t h e  method o f  Verma 

The a b s o r b a n c e  r a t i o  260 /280nm  was 1 . 7 0 .  A p o ly so m e  

sample  ( 4 . 4  OD u n i t s  ( 260njm')) su sp en d ed  i n  b u f f e r  

( lO O pl)  c o n t a i n i n g  50mi\ T r i s - a c e t a t e  p E 8 .5 ,  20mK K C l , 

lOmK FigAc, was f r a c t i o n a t e d  on a l i n e a r  s u c r o s e  

g r a d i e n t .
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FI gure  26  P o l y  sonies from T h a u n ia to c o cc j s  a r i l s  

p r e p a r e d  i n  th e  a b s e n c e  o f  h e p a r i n .

0-12 r

0-10

f  006

004

002

V /

TOP S u c r o se  gra d ien t BOTTOM

Frozen aril tissue (25e) from Ashanti type fruit 

(stage D) gave  a yield o f  26 OD units (260nm) of poly-
( 1 6 ] )

somes e x t r a c t e d  by t h e  method o f  Verma e x c e p t

t h a t  h e p a r i n  was o m i t t e d  from th e  e x t r a c t i o n  b u f f e r .  

The a b s o r b a n c e  r a t i o  260 /2c0nm  was 1 . 7 1 . A p o ly so m e  

sample ( 6 . 5  OD u n i t s  (260nm))  susp en d ed  i n  b u f f e r  

(lOOpl)  c o n t a i n i n g  50mM T r i s - a c e t a t e  p H 8 .5 ,  20mh KCl,  

lOmM J'lgAc, was f r a c t i o n a t e d  on a l i n e a r  s u c r o s e  g r a d -  

i  e n t .
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i s o l a t i n g  mRj.A, th e  a l t e r n a t i v e  procedure of i s o l a t i n g  mRNA from 

t o t a l  RNA was a t tem pted .  This involved the  p re p a r a t io n  of t o t a l  

RNA d i r e c t l y  from the  a r i l  t i s s u e ,  u s ing  phenol;  chloroform 

e x t r a c t i o n  accord ing  to  the  method of Verma e t  a l ^"'^^^ followed hy 

th e  i s o l a t i o n  of r o l y  RNA u s in g  o l ig o  ( d T ) - c e l l u l o s e  a f f i n i t y

chromatography. I t  was hoped t h a t  t h i s  method would be more e f f i c i e n t  

with  r e s p e c t  to  y i e l d s  of mRKA per  gram of a r i l  t i s s u e .  The phenol 

e x t r a c t i o n  method t y p i c a l l y  y ie ld e d  about 4 OD u n i t s  (260nm) of RNA 

per gram of a r i l  t i s s u e  as compared to  1 OD u n i t  of polysomes by the  

p rev ious  method. F igure  27 shows an e l u t i o n  i r o f i l e  obta ined  by 

f r a c t i o n a t i o n  of t o t a l  RNA on an o l igo  (dT ) - c e l l u l o s e  column.

G enera l ly  about 0*47  ̂ of the  t o t a l  RNA samples was r e t a i n e d  on th e  

columns as poly RNA (e q u iv a l e n t  to  1 g poly ( a )^^^^ RNA pe r

gram a r i l  t i s s u e ) .  As a rough e s t im a te  of th e  degree of d e g ra d a t io n  

samples of the  t o t a l  and f r a c t i o n a t e d  RNAs were s u b je c te d  to  gel  

e l e c t r o p h o r e t i c  a n a l y s i s  as desc r ibed  by Loening \  In the  cases  

of th e  t o t a l  and poly (A)^^"^^ RNA f r a c t i o n s  ( F i g . 28) th e  presence  

of two major bands a t  the  top  of the  ge l  r e p r e s e n t i n g  th e  28S and 

18S ribosomal  RNAs sugges ts  t h a t  much of the  RNA remained undegraded 

although th e  occurrence of a d d i t i o n a l , m u l t i p l e ,  f a i n t  bands may 

i n d i c a t e  t h a t  a t  l e a s t  some d eg rad a t io n  had taken  p lace .  The ge l  

c o n ta in in g  th e  poly ( a )^^^^ RNA f r a c t i o n  i s  more d i f f i c u l t  t o  

i n t e r p r e t  in  t h e se  terms s in c e  the  expected p a t t e r n  of RNAs i s  not 

known. F u r th e r ,  only small  q u a n t i t i e s  of t h i s  RNA were a p p l i e d  

to  the  g e l s  because of the  extremely  low y i e l d s  and requ i rem ent  f o r  

in  v i t r o  mRNA assays .  The 25S and IBS RNAs were s t i l l  t h e  major 

s p e c i e s ,  showing t h a t  th e  poly ( a )^^^^ f r a c t i o n  was contaminated by 

ribosomal RNAs. Some workers r e c y c l e  the  n a r t i a l l y  p u r i f i e d  pel y ( A) 

RNA through the  a f f i n i t y  column in o rde r  to  f r e e  i t  from 

con tam inat ing  ribosomal R N A s ^ * 2 0 6 However,  I t  was f e l t  t h a t
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FI f  ure  27 C i l  g-o( dT )-  c e l l u l o s e  chrom atography

of  T haum atococcus  a r i l  RI\A.

• n

oto

Poly (A)* RNA

E lution volume

RNA ( 270 OD u n i t s  (260nm)) I s o l a t e d  from s t a g e  D, 

K adjeb e  t y p e  a r i l s  (lOOg) was  d i s s o l v e d  i n  b u f f e r  

c o n t a i n i n g  lOmh T r i s - a c e t a t e  p H ? .6 , 0.4m KaCl,  0.5/^ 

SDS (20m l)  and a p p l i e d  t o  an o i l g o ( d T ) - c e l l u l ose  

column, a t  a f l o w  r a t e  o f  2m l/m in .  The column was e l u t 

ed w i t h  b u f f e r  c o n t a i n i n g  lOmh T r i s - a c e t a t e  p H ? .6 , 

0.4M KaCl (23m l)  u n t i l  t h e  a b s o r b a n c e  o f  t h e  e l u a n t

was s t a b l e  and f i n a l l y  w i th  bu f  f e r  (lOnüH T r i s - a c e t a t e ,
minus p l u s

pH?. 6)  The p o l y ( A )  HKA and p o ly ( A )  HNA ( y i e l d

G o  OD u n i t s  ( 260nm) ) f r a c t i o n s  were c o l l e c t e d .
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F i g u r e  23 SDS P .A .G .E .  o f  T h aum atococcus  a r i l

ENA

ISS

S

ENA s a m p le s  were s u b j e c t e d  t o  SDS P .A .G .E .  i n  2 .6 )

a c r y l a m i d e ,  0.13% b i  s a c r y l a m i d e  g e l s  a s  d e s c r i b e d  by, 
( 1 S8 )

o e n i n g . Af t o t a l  RNA ( 0 , 6  OD u n i t s  ( 260nm) ) . Es
minus  p l u s

p o l y ( A )  RNA ( 0 . 6  OD u n i t s  ( 260nm) ) . C; p o l y ( A )

ENA ( 0 . 3  OD u n i t s  (2 6 0 n m )) .
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some r ibosomal HKA contaminat ion  would be b e n e f i c i a l  s e r v in g  as a 

c a r r i e r  f o r  the  ve ry  small  amount of poly RIjA r r e s e n t  in the

f i n a l  recovery  s t e p  inv o lv in g  e thanol p r e c i p i t a t i o n ,

The polysome and RKA p re p a ra t io n s  were then  t e s t e d  f o r  t h e i r  

a b i l i t y  to  d i r e c t  th e  s y n th e s i s  of a r i l  p r o t e in s  in  both wheat germ 

and r a b b i t  r e t i c u l o c y t e  in  v i t r o  p ro te in  s y n t h e s i s i n g  systems, 

i l l )  Assays f o r  mRKA a c t i v i t y .  The p o s s i b i l i t y  e x i s t e d  t h a t  

mRNA from th e  a r i l s  of Thaumatocoecus f r u i t  would not be t r a n s l a t e d  . 

e f f i c i e n t l y  in  a c e l l - f r e e  system der ived  from an animal e .g .  th e  

r e t i c u l o c y t e  l y s a t e .  For t h i s  reason a wheat germ c e l l - f r e e  e x t r a c t  

which i s  commonly used  fo r  t r a n s l a t i o n  of p la n t  mRKAs was f i r s t  

examined. This  system has low endogenous p ro t e in  s y n th e s i s in g  

a c t i v i t y  and i t  i s  easy to  p repare .  The wheat germ system has been 

r e p o r t e d  no t  to  s y n th e s i s e  high molecu lar  weight p ro te in s  e f f i c i e n t l y  

bu t  t h i s  was cons idered  to  be unimportant in  view of the  low molecula r
( mQ"? OOo 7

weights  of the  thaumatins '   ̂  ̂ . When a r i l  polysomes were i n t r o 

duced i n t o  t h e  wheat germ incuba t ion  mixture  t h e r e  was a marked 

i n h i b i t i o n  of t h e  endogenous mRhA a c t i v i t y  (Table 14). In a d d i t i o n  

when r a b b i t  r e t i c u l o c y t e  RTA was added t o  the  system to g e th e r  with 

th e  polysome p re p a r a t i o n  i t s  a b i l i t y  to  d i r e c t  p r o t e i n  s y n th e s i s  was 

blocked . I t  was cons idered  p o s s ib le  t h a t  h e p a r in  contamination (see  

s e c t i o n  V E ? O i i ) )  of th e  polysomes was r e s p o n s ib le  f o r  the se  i n h i b i t 

ory e f f e c t s  as t h i s  m a t e r i a l  i s  known to  be an i n h i b i t o r  of n r o te in  

s y n t h e s i s ^ ^ ^ ^ ) .  Hoffman and I lan^^^^)  had r e p o r t e d  t h a t  polysomes 

could be p u r i f i e d  by a d so r p t io n  chromatography on h y d ro x y la p a t i t e .

The procedure  had been designed to  s e p a ra te  l i v e r  polysomes from 

con tam inat ing  glycogen.  This  method was, t h e r e f o r e ,  used in  an a ttempt 

to  remove h e p a r i n ,  or p o s s ib ly  o ther  extraneous  m a t e r i a l s ,  from the  

polysome f r a c t i o n  and h y d r o x y l a p a t i t e - t r e a t e d  poiysomes were scown 

to  s t i m u l a t e  n r o t e in  s y n th e s i s  in the  wheat germ system (Table 1 5 ).
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e f t  e e: ?-y s t. e;i. t e h d l t i  o*-’ c f  r c- j v t omi

A d d i t i o n  t o c . : . : . .
s t  a c a 1 ' d Inc,.'. 1"- .a t  i  cri,

r  e 712

2 . 3 ^ '  r e t l  cu l  ocy t  e Id a. i 0 3 d -

2.5pfc- r e t i c u l o c y t e  h i  A pC '' g
+ p o l y s o m e s

3' Ip." P' '̂ï y s cm, e s 271

1 * 55^f p o ly  scr ies 3 3  V

0 . 7 7 pi '  Pcl  y £ o n e  s

0 . 3 cyj g p o l  y s oc e s r - y

Folv5-on:eE prepared from Ashanti type fruit collected 

in Eunso (25c of arils from stage D fruit gave a yield 

of 24.6 CD ur.its (DCOno.)) were suspended in deionised 

water at a concentration of 24.6 OD units/ml and added 

at various concentrations to the standard wheat gern 

system containing l-[4,5-]'n -leucine ( l^Ci} as the 

labelled amino acid. At the end of the incubation period 

(ih) 2x20pl aliquots were withdrawn from the mixture 

(total volume poyi ) and spotted onto paper discs for 

determination of the C.F.D. f l gure (ÎCA insoluble material).
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T a b l e  15 Vb.eet  gei 'm s y s t e m ,  a d d i t i o n  o f  c u r l  f i e ;

n ol V s OS: e s .

A d d i t i o n  t o
s t  a r- ci a rd i n c u b a  t i  c n

c , y . j' .

n. on e ^  ^ j

3 . 0 ^ 0  r e t i c u l o c y t e  Il'A 2udo

6 . 3 ^  Ô p o l  y s 0 n. e s b t  0

4 . 4 3 ^,- pc'Ly s o n e s 74?

3 ' l 5 y y g  p o l y s o m e s 325

1 . 37^' u o iy  soL.es 3 s  4

r o l y s o n e s  pi  s pared  from Kad j e b e  t y p e  f r u i t  (pOg c f  

s r i l s  f i co:  s t a r e  ù  f r u i t  g e v e  b  y i e l d  o f  2 j . o  CD u n i t s  

{2b0nm).  A f t e r  wash i ng  on b y d r o x y i e p a t i t e  t h e  f i n a l  

v i e l d  was 1 . 0  lD u n i t s  (2bOnm) . )  were suspended i n  

d e i o n i s e d  w a t e r  a t  a c o n c e n t r a t i o n  o f  3 0 . 2  CD u n i t s /  

nil end added a t  v a r i o u s  c o n c e n t r a t i o n s  t o  t h e  s ta nd a rd  

wheat  germ s y s t e m  c o n t a i n i n g  1 -  , 5 - ^r] -1  so l  e u c i n e

i l j j U i )  a? t h e  l a n e l l e d  eu. iro  a c i d .  At t h e  end c f  t h e  

i n c u b a t i o n  p e r i o d  ( lb  ) 2 x 2 :y/l al I c u o t  s were wi thdrawn  

from t'-e m ix t u r e  ( t o t a l  volume 5 Oui ) end s p o t t e d  o n t o  

pa pe l  d i s c s  f o r  d e t e r m i n a t i o n  c f  t^e  C . f . . . f i g u r e  (TCi 

i n s o l u b l e  m a t e r i a l ) .
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I t  would an-near, t h e r e f o r e ,  t h a t  h e p a r i n  o r  p o s s i b l y  o t h e r  m o lecu le s  

( such  as  po ly p h e n o ls   ̂ ) were removed by t h e  hydroxyl  a p a t i t e

t r e a t m e n t  and t h a t  t h e s e  were a t  l e a s t  p a r t l y  r e s p o n s i b l e  f o r  t h e  

o bse rved  i n h i b i t i o n  of  p r o t e i n  s y n t h e s i s .

I n  view of  t h e  low i n c o r p o r a t i o n  of  l a b e l  i n t o  t o t a l  p r o t e i n  

which was o b t a i n e d  u s i n g  t h e  wheat-germ sys tem i t  was d e c i d e d  to  

examine a r i l  RKA p r e p a r a t i o n s  f o r  t h e i r  a b i l i t y  t o  d i r e c t  p r o t e i n  

s y n t h e s i s  i n  an  a l t e r n a t i v e  c e l l - f r e e  sys tem .

The most  e f f i c i e n t  a v a i l a b l e  e u k a r y o t i c  c e l l - f r e e  sys tem  i s  t h e  

u n f r a c t i o n a t e d  r e t i c u l o c y t e  l y s a t e .  One problem w i th  t h e  system i s  

t h a t  exogenous mRNA has  t o  compete w i th  t h e  endogenous m essenger  

s p e c i e s  (m a in ly  g l o b i n  mRNA) i n  o r d e r  t o  be t r a n s l a t e d .  Because of  

t h e  endogenous components t h e  t r a n s l a t i o n  p r o d u c t s  of  t h e  exogenous 

mRNA canno t  be d e t e c t e d  by s im ply  m easur ing  i n c o r p o r a t i o n  o f  r a d i o 

a c t i v e  amino a c i d s  i n  t h e  system and so a method f o r  p r o d u c t  

r e c o g n i t i o n  i s  r e q u i r e d .  However,  n u c l e a s e  t r e a t m e n t  of  t h e  r e t i c u l o 

c y t e  l y s a t e  sys tem l a r g e l y  d e s t r o y s  t h e  endogenous mRNA w i t h o u t  

s e r i o u s l y  harming  t h e  a b i l i t y  o f  t h e  l y s a t e  t o  t r a n s l a t e  exogenous 

mRNA ( t h e  Ca*^ dependen t  n u c l e a s e  i s  f i r s t  r e n d e re d  i n a c t i v e  by t h e
/ 1 g p N

a d d i t i o n  of  EGTa) , Under t h e s e  c o n d i t i o n s  t h e  t r a n s l a t i o n  o f

t h e  exogenous mRNA can exceed  t h a t  of r e s i d u a l  endogenous mRNA by 

many t im e s  and m essenger  RNa a c t i v i t y  can t h e r e f o r e  be measured  

w i t h o u t  a  method f o r  s p e c i f i c  p ro d u c t  r e c o g n i t i o n  b e in g  a v a i l a b l e .

In t h e  p r e s e n t  s t u d y  n u c l e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e  was 

u s e d  f o r  t h e  t r a n s l a t i o n  of  mRNA p r e p a r a t i o n s  from Thaumatococcus 

b ecause  of  t h e  a dvan tages  d e s c r i b e d  above.  I n i t i a l l y  t h e  e f f e c t s  of  

haemin ( an  a g e n t  known t o  i n h i b i t  t h e  fo rm a t io n  o f  t h e  r e p r e s s o r  of 

i n i t i a t i o n  i n  t h e  r e t i c u l o c y t e  ly sa te^^ ^^ '^^ ^^ * ,  t e m p e r a t u r e  and 

t ime  of  i n c u b a t i o n  upon i n c o r p o r a t i o n  of  l a b e l l e d  amino a c i d  were 

d e t e rm in e d .  Lysa tes  which had low a c t i v i t i e s  u n d e r  a l l  c o n d i t i o n s
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v/ere d i s c a r d e d . The t im e  course  of  l e u c i n e  i n c o r p o r a t i o n  i n t o

p r o t e i n  u n d e r  t h e  d i r e c t i o n  of  endogenous mSNA i n  th e  u n t r e a t e d

r e t i c u l o c y t e  l y s a t e  i s  shown i n  f i g u r e  29. At 26°C t h i s  system

c o n t in u e d  t o  s y n t h e s i s e  p r o t e i n  a t  a l i n e a r  r a t e  f o r  Ih ,  w h i l s t  a t

57°C s y n t h e s i s  only  c o n t in u e d  a t  a  s i g n i f i c a n t  r a t e  f o r  15 min.

The n e t  s y n t h e s i s  of  p r o t e i n  was g r e a t e r  a f t e r  Ih a t  26°C th a n  a t

57°C. Haemin s t i m u l a t e d  p r o t e i n  s y n t h e s i s  a t  37*̂ C bu t  i n h i b i t e d  i t

a t  26°C. These p r o p e r t i e s  of  t h e  r e t i c u l o c y t e  l y s a t e  a r e  s i m i l a r

(212)t o  t h o s e  d e s c r i b e d  by Woodward e t  a l  ̂ * who examined a l a r g e  

number o f  l y s a t e s .

In  t h e  n u c l e a s e - t r e a t e d  system ( F i g . 3 0 j supp lemented  w i th  r a t  

l i v e r  p o ly  ( a )^^^^  ENA a h i g h e r  n e t  s y n t h e s i s  of  p r o t e i n  occured  

a t  37^0 i n  th e  p r e s e n c e  of  haemin th a n  under  any o t h e r  c o n d i t i o n s  

examined.  Hæmin had t h e  same t e m p e r a t u r e - r e l a t e d  e f f e c t  as  was 

o b s e rv e d  i n  t h e  u n t r e a t e d  system.  The n e t  s y n t h e s i s  o f  p r o t e i n  

r e a c h e d  a  maximum a f t e r  30 min o f  i n c u b a t i o n .  I t  i s  u n c l e a r  why 

t h e  n u c l e a s e - t r e a t e d  sys tem sh o u ld  have  s topped  s y n t h e s i s i n g  p r o t e i n  

e a r l i e r  t h a n  t h e  n o n - t r e a t e d  system.

P r e p a r a t i o n s  of  a r i l  polysomal m a t e r i a l  and i s o l a t e d  ENA 

f r a c t i o n s  were t h e n  a s s a y e d  f o r  messenger ENA a c t i v i t y  u s in g  t h e  

n u c l e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e  system by f i r s t  m easur ing  t h e  

i n c o r p o r a t i o n  o f  l a b e l l e d  amino a c i d  i n t o  TCA p r e c i p i t a b l e  m a t e r i a l .

I t  was assumed t h a t  on ly  a sm a l l  p r o p o r t i o n  of  t h e  p r o t e i n  s y n t h e s i s e d  

would be t h a u m a t i n  ( s e e  s e c t i o n  VI F 1 ). A c c o r d i n g ly  a t t e m p t s  were 

made t o  maximise t h e  a.mount of  l a b e l  i n c o r p o r a t e d  i n t o  t o t a l  p r o t e i n  

so t h a t  l a b e l l e d  th a u m a t in  could  be more e a s i l y  d e t e c t e d .

The r e s u l t s  o f  a s s a y i n g  th e  mRNA a c t i v i t y  of  t h e  polysome 

p r e p a r a t i o n s  u s i n g  t h e  n u c l e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e  a r e  

shown i n  T a b le  l 6 .  As i n  t h e  case of  t h e  wheat  germ system th e  

polysomes which had n o t  been  p u r i f i e d  on h y d r o x y l a p a t i t e  i n h i b i t e d



147

F l g u r e  29  Time c o u r s e  o f  l e u c i n e  i n c o r p o r a t i o n  i n  

t h e  r e t i c u l o c y t e  l y s a t e .

u

— op------

min

I n c u b a t i o n s  o f  th e  r a b b i t  r e t i c u l o c y t e  l y s a t e  c e l l -  

f r e e  s y s t e m  were a s  d e s c r i b e d  i n  s e c t i o n  V 5 17 e x c e p t  

t h a t  t h e  vo lum es  were  i n c r e a s e d  ( 2 0 0 p l ) .  The l a b e l l e d  

amino a c i d  L - [ ^ ,  5-% 1 “ l e u c i n e  (2 u C i )  was n o t  o m i t t e d  

from th e  m ix t u r e  o f  c o ld  amino a c i d s .  The l y s a t e  was  

n o t  n u c l e a s e  t r e a t e d .

S o l i d  l i n e s ;  i n c u b a t i o n  a t  26 °C haemin n o t  added

t o  t h e  l y s a t e ,  - x - x -  haemin added.

D o t t e d  l i n e s ;  i n c u b a t i o n  a t  37 - f - * -  haemin n o t

added t o  th e  l y s a t e ,  - 0 - 0 -  haemin added.
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F i g ^ r e  30  Time c o u r s e  o f  l e u c i n e  i n c o r p o r a t i o n  

i n  t h e r . u  c l  e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e ,

X

2:Q_
O

hours

I n c u b a t i o n s  o f  t h e  r a b b i t  r e t i c u l o c y t e  l y s a t e  c e l l -  

f r e e  s y s t e m  were a s  d e s c r i b e d  i n  s e c t i o n  17 e x c e p t

t h a t  t h e  v o lu m es  were  i n c r e a s e d  ( 2 0 0 ^ 1 ) .  The l a b e l l e d  

amino a c i d  was L -  [^ , 5*%]- i  s o l e u c i n e  ( 2 p C i ) .  The l y s a t e  

was n u c l e a s e  t r e a t e d .  A l i q u o t s  o f  the  i n c u b a t i o n  mix

t u r e  ( I 5 ) i l )  were withdrawn a t  v a r i o u s  t im e  i n t e r v a l s  

and t h e  GF.M. i n  TCA p r e c i p i t a b l e  m a t e r i a l  was d e t e r m i n 

ed by t h e  p a p er  d i s c  method.
p l u s

S o l i d  l i n e s :  su p p lem en ted  w i t h  r a t  l i v e r  p o ly ( A )

RNA ( 6.  2 | i g / i n c u b a t i  on). D o t t e d  l i n e s ;  un su p p le m e n te d  

- D - D -  haemin added ,  i n c u b a t i o n  a t  37°^;  - x - x -  haemin  

add ed ,  i n c u b a t i o n  a t  26 - * - 4 -  no haem in ,  i n c u b a t i o n

a t  37 - 0 - 0-  no haem in ,  i n c u b a t i o n  a t  26°Ci
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'a b le  16  : u c l e a s e - t i  e a te d  I 'et l  cul oc: t e  ] \ s B t e  s v s t er.-

a cl d. 1 1 i or o f  o l  s or e  s ,

Ad d i 11 or 1 0  
s t an d ard  I r c u b e t i o r

C • P . ' 1

n one 1 6 / 0

l . f j Jd p o l y  semes

o . G ^ r p o l y  some s

0 . b £ p o l y  s 0 :0 e s 1 7 ÔB

F o l y s o j . e s  p r e p a r ed  from A srar . t i  t y p e  f r u i t  c o l l e c t e d  

i n  run so  (pOy o f  a r i l s  f i - o j  s t a r e  D f r u i t  g a v e  e y i e l d  

o f  2 2 . 0  CD u n i t s  ( 2COnm) ) were suspended  i n  d e i o n i s e d  

w a t e r  a t  a c o n c e n t r a t i o n  o f  3 . 6  cD u n i t s / m l  and added  

a t  v a r i o u s  c o n c e n t r a t i o n s  t o  t h e  n u c l e a s e  t r e a t e d  r e t i c 

u l o c y t e  l y s a t e  s y s te m  c o n t a i n i n g  D-[D , 3 -  % ] - l  e u c i n e  ( 2 ^ C i )  

a s  t h e  l a b e l l e d  a m i n o  a c i d .  A t  t h e  end o f  t h e  i n c u b a t i o n  

p e r i o d  ( I n )  a t  2 b *C, 2 x 2 0 ^ 1  a l i q u o t s  were  withdrawn f r o m  

t h e  m i x t u r e  ( t o t a l  volume 3 0 u l )  and s p o t t e d  o n t o  paper  

d i s c s  f o r  d e t e r m i n a t i o n  o f  t h e  TCA i n s o l u b l e  l a b e l  ( C . T . I . ) ,
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t h e  endogenous l e v e l  of  p r o t e i n  s y n t h e s i s  i n  t h e  n u c l e a s e - t r e a t e d  

r e t i c u l o c y t e  l y s a t e .  The u se  . o f  polysomes p r e p a r e d  i n  t h e  absence  

o f  h e p a r i n  d i d  n o t  r educe  t h e  l e v e l  of  i n h i b i t i o n  (T a b le  1 ? ) .  I t  

was,  t h e r e f o r e ,  assumed t h a t  some m a t e r i a l ,  o t h e r  t h a n  h e p a r i n ,  

p r e s e n t  i n  t h e  polysome p r e p a r a t i o n  was r e s p o n s i b l e  f o r  t h e  obse rved  

i n h i b i t i o n  o f  p r o t e i n  s y n t h e s i s .  As i n  t h e  case  o f  t h e  wheat  germ 

sys tem polysomes p u r i f i e d  by a d s o r p t i o n  ch romatography  on h y d r o x y l 

a p a t i t e  s t i m u l a t e d  p r o t e i n  s y n t h e s i s  i n  t h e  n u c l e a s e - t r e a t e d  

r e t i c u l o c y t e  l y s a t e  (Tab le  18),  D e s p i t e  removal  o r  a t  l e a s t  p a r t i a l  

remova l  of  t h e  i n h i b i t o r  t h e  l e v e l  o f  s t i m u l a t i o n  o f  p r o t e i n  s y n t h e s i s  

was s t i l l  low (2-3% above background) .  The i n c r e a s e d  l e v e l  o f  i n c o r p 

o r a t i o n  p r o b a b ly  r e p r e s e n t s  th e  t r a n s l a t i o n  o f  po lysom al  mENA a l th o u g h  

o t h e r  i n t e r p r e t a t i o n s  a r e  f e a s i b l e  such  as s t i m u l a t i o n  of  t h e  r e s i d u a l  

endogenous a c t i v i t y .  A f u r t h e r  p o s s i b i l i t y  would be t h a t  t h e  polysomes 

were co n ta m in a te d  by r e s i d u a l  i n h i b i t o r  which was n o t  c o m p le te ly  

removed by t h e  h y d r o x y l a p a t i t e  t r e a t m e n t .  No f u r t h e r  a t t e m p t s  were 

made t o  p u r i f y  t h e  Thaumatococcus po lysomes.

Poly  (A)^^^^ RNA was nex t  a s say ed  f o r  mRNA a c t i v i t y  i n  the  

n u c l e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e  (Tab le  19 ) .  Cycloheximide ( 5 ^  g /  

m l ) ,  an  i n h i b i t o r  o f  p r o t e i n  s y n t h e s i s  a t  t h e  l e v e l  o f  i n i t i a t i o n  and 

e l o n g a t i o n ,  was added t o  some i n c u b a t i o n s  so  t h a t  i t  would be p o s s i b l e  

t o  d e t e r m in e  which p r o p o r t i o n  of  t h e  D- ^4, - l e u c i n e  i n c o r p o r a t e d  

i n t o  TCA p r e c i p i t a b l e  m a t e r i a l  was a s s i m i l a t e d  by ‘t r u e *  p r o t e i n  

s y n t h e s i s .  In  t h e  case  of  i n c u b a t i o n s  c o n t a i n i n g  no exogenous RNA 

t h e r e  was on ly  a s m a l l  r e d u c t i o n  i n  th e  q u a n t i t y  o f  r a d i o - l a b e l l e d  

T C A - inso lub le  m a t e r i a l  produced i n  the  p r e s e n c e  of  cyc lo h e x im id e .

This  r e s u l t  i s  i n t e r e s t i n g  s i n c e  i t  i n d i c a t e s  t h a t  o n ly  a sm al l  

p r o p o r t i o n  of  t h e  endogenous i n c o r p o r a t i o n  o f  amino a c i d s  i n t o  TCA 

p r e c i p i t a b l e  m a t e r i a l  can be r e g a rd e d  as  ’ t r u e ’ p r o t e i n  s y n t h e s i s .

I t  i s  a t  r r e s e n t  u n c l e a r  what i s  r e s p o n s i b l e  f o r  t h i s  e f f e c t  though
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Tpb '^ 17 7 u c'j es  s e - t i - e  p t e •y • C i 1 cul  o c ’v t e  1 FB t e  s./ s t  ei. :

Rddl t i  or o f  - o l  \ eoi; e s .  ( hepprl^'  or i 11 er ;

A d d i t i o n  t o ‘w » Jr t i ; •
s t an 0 a rd 1 n c u ha 11 or

n on e 2

I D.  3 j j -  re  t i  c u l  0  cy t e At  A 4 7 0 7 3

' > : '■' o l  y s OiD e s 7 4 5

p o l y s o m e s S I S

l . d ^ r  p o l ys ome s ? 0 3

O .c w g  p o l y s 0.0e s 9 1 3

r o l y e o a e s  p r e p a r e d  f r o c  A s h e n t l  t y p e  f r u i t  c o l l e c t e d  

I n  B u r s o  ( 2 3 r  o f  e r l l e  f i o n  s t a g e  D f r u i t  g e v e  e y i e l d  

o f  2 t . 0 CD u n i t s  ( 2 6 0 n j ) . r e p s r l n  w as  n o t  u s e d  i n  t h e  

e x t r a c t i o n  b u f f e r . )  w e r e  s u s p e n d e d  I n  d e l o r l E e d  w a t e r  

a t  P c o n c e n t r a t i o n  o f  2 b . 6 cD u n i t s / m l  an d  a d d e d  a t  

V P i l o u s  c o n c e n t r a t i o n s  t o  t - e  n u c l e a s e  t r e a t e d  r e t l c u l o -  

c v t e  l y s a t e  F^-sten c o n t a i n i n g  y - [ ^  , 3 - - l e u c i n e  ( 2 ^Ci)  

a s  t h e  l a b e l l e d  e r l n o  a c i d .  A t  t h e  end  o f  t h e  i n c u b a t i o n  

p e r i o d  ( i t )  e t  2 - * C ,  2 x 2 0 u l  a l i q u o t s  w e r e  w i t h d r a w n  f r o r  

t r e  K l x t u r e  ( t o t a l  volu-'ie P'- ĵl ) and s p o t t e d  onuo oepei  

d i s c s  f o i  d e t e r m i n a t i o n  c f  tr.e 1 i n s o l  u c i e  l a c e l
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-  trepte-.^ r e t i c u l o c y t e  l y s p- t e  sy s te: .

A d d i t i o n  c f  : cT'j. f  1 ed ro ] v50re&.

1?' e t  c p t i  on

r on e

no ey  s o n e n

p ol  y £ c

po ly

r o l y s o r e s  p rep a red  fro% h e â je & e  Type f r u i t  or

a r l l s  f r c u  s t s y e  D f r u i t  c a v e  a y l 2 ]d c f  2 ; , ô  (_D u n i t s

( fcOnru . A f t e r  was h i n y  on h y d r o x y l a p a t i t e  t h e  f i n a l  

y i e l d  %as 6 . 0  Oh u n i t s  ( 2 6 0 n z ) . ) y e r e  suspended  i n  

d e l  oni s e c  va t e r  a t  e c o n c e n t r a t i o n  o f  f O . 2  CD u n i t s /  

n i  And added a t  v a r i o u s  c o n c e n t r a t i o n s  t o  t h e  s tand ard  

n u c l e a s e  t r e a t e d  l e t i  cuxocy t e  l y s a t e  sy s te m  c o n t a i n i n g  

y _ | d , g _ 3 y ] _ i c o l e u c l n e  ( l y C i )  s s  t h e  I s o e l l e d  amino a c i d .  

At t h e  end of  t h e  i n c u b a t i o n  p e i i o d  ( I n )  2 x 2 0 u l  a l i q u o t s  

were withdrawn from t h e  m i s t u r e  ( t o t a l  volume SOul) and 

s u o t t e d  onto pap er  d i s c s  f o r  d e t e r m i n a t i o n  o f  t h e  C.F.m.  

f i a _ r v  (TCA i n s o l u b l e  m a t e r i e l ) .
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i t  i s  p o s s i b l e  t h a t  i t  i s  caused  by a s p e c i f i c  i n t e r a c t i o n  between 

t h e  l a b e l l e d  amino a c i d ( s j  ( o r  l a b e l l e d  i m p u r i t i e s )  and t h e  paper  

d i s c  ( s e e  s e c t i o n  V A 2 ) ,  a l t e r n a t i v e l y  a s y n t h e t i c  mechanism i n  t h e  

l y s a t e  cou ld  be i n v o l v e d .  The mRNA - d e p e n d e n t  s y n t h e s i s  of  p r o t e i n  

i n  t h e  system on t h e  o t h e r  hand was a lm o s t  com p le te ly  i n h i b i t e d  by 

c y c lo h e x im id e .  I f  only  c y c l o h e x i m i d e - s e n s i t i v e  i n c o r p o r a t i o n  i s  

c o n s i d e r e d  th e n  a 1 5 - f o ld  s t i m u l a t i o n  o f  p r o t e i n  s y n t h e s i s  was 

a c h i e v e d  under  t h e  e x p e r i m e n t a l  c o n d i t i o n s  u s e d .  T h i s  l e v e l  o f

s t i m u l a t i o n  o f  t h e  system cou ld  only  be a t t r i b u t e d  to  t h e  p r e s e n c e  of

a c t i v e  mRNA i n  t h e  p o ly  RNA p r e p a r a t i o n .  Poly  (A)^^^^^ RNA

f r a c t i o n s  were assayed  and t h e s e  a l s o  s t i m u l a t e d  p r o t e i n  s y n t h e s i s

(T a b le  2 0 ) .  The p r e s e n c e  o f  mRNA in  t h e  po ly  RNA f r a c t i o n

i n d i c a t e s  e i t h e r  t h a t  some n o n - p o ly a d e n y la t e d  mRNA was p r e s e n t  or  

a l t e r n a t i v e l y  t h a t  some po ly  (A) sequences  were n o t  o f  s u f f i c i e n t  

l e n g t h  t o  s t i c k  t o  t h e  o l i g o  t , d T ) - c e l l u l o s e  a f f i n i t y  column.

The r e s p o n s e  o f  t h e  r e t i c u l o c y t e  l y s a t e  t o  d i f f e r e n t  c o n c e n t r a t i o n s  

o f  b o th  t h e  po ly  (A)^^^^ and poly (A)^^^^^ ENA p r e p a r a t i o n s  was n o t  

l i n e a r .  In  t h e  ca s e  o f  po ly  ( a )^^^^  RNA t h e  g r e a t e s t  s t i m u l a t i o n  of  

p r o t e i n  s y n t h e s i s  occured  a t  between 20 and 40 ju g BNA/ml i n  t h e  

i n c u b a t i o n  m i x t u r e ,  h i g h e r  c o n c e n t r a t i o n s  i n h i b i t e d  p r o t e i n  s y n t h e s i s .  

U sing  po ly  ( a )^*^^^^ RNA t h e  optimum RI^A c o n c e n t r a t i o n ;  was abou t  20 

t im e s  g r e a t e r .  These r e s u l t s  s u g g e s t  t h a t  t h e  i n h i b i t i o n  caused by 

t h e  h i g h e r  RNA c o n c e n t r a t i o n s  i s  c l o s e l y  a s s o c i a t e d  w i th  t h e  hlRNa 

c o n t e n t  which would be h i g h e s t  in  t h e  po ly  RNA p r e p a r a t i o n s .

I t  i s  p o s s i b l e  t h a t  damaged mKNa m o lecu le s  i n  t h e  p r e p a r a t i o n s  which 

canno t  be t r a n s l a t e d  p r o p e r l y  b u t  which a r e  s t i l l  a b l e  t o  compete 

f o r  r ibosom es  and i n i t i a t i o n  f a c t o r s  i n  th e  system a r e  t h e  i n h i b i t o r y  

a g e n t s .  The p o s s i b i l i t y  t h a t  an i n h i b i t o r  o f  p r o t e i n  s y n t h e s i s  i s  

p u r i f i e d  i n  p a r a l l e l  w i th  th e  po ly  ( a )^^^^  ENA canno t ,  however,  be 

r u l e d  o u t .
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I t  va s  dec id ed  t o  u s e  t h e  n u c l e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e  

r a t h e r  t h a n  t h e  l e s s  a c t i v e  whea t-germ sys tem f o r  a s s a y i n g  f o r  s p e c i f i c  

t h a u m a t in  mRNAs, I s o l a t e d  RNA p r e p a r a t i o n s  were p r e f e r r e d  as  s o u rc e s  

o f  m essenger  "because t h e y  s t i m u l a t e d  t h e  r e t i c u l o c y t e  l y s a t e  sys tem 

more t h a n  t h e  polysome p r e p a r a t i o n s ,

i v )  A n a ly s i s  of  t o t a l  p r o t e i n  s y n t h e s i s e d  i n  v i t r o  u n d e r  t h e  

d i r e c t i o n  o f  a r i l  RNA, L a b e l l e d  p r o d u c t s  r e s u l t i n g  from t h e  i n c u b 

a t i o n  of  p o ly  o r  po ly  RNAs i n  t h e  n u c l e a s e - t r e a t e d

r e t i c u l o c y t e  l y s a t e  system were a n a l y s e d  by p o ly a c r y l a m id e  g e l  e l e c t r o 

p h o r e s i s  i n  th e  p r e s e n c e  o f  SDS. In  view of  t h e  r e s u l t s  o f  t h e  i n v e s t 

i g a t i o n  i n t o  t h e  s y n t h e s i s  o f  p r o t e i n s  i n  i n t a c t  a r i l s  ( s e e  s e c t i o n  

V I I  F 1) t r a n s l a t i o n  of  mRNA i n  an  i n  v i t r o  sys tem was n o t  ex p e c te d

t o  g i v e  a  h ig h  y i e l d  o f  th a u m a t i n .  However i t  was hoped t h a t  i t  would 

be p o s s i b l e  t o  show t h a t  p r o t e i n s  o f  a  s i m i l a r  s i z e  t o  t h a u m a t i n  were 

s y n t h e s i s e d  and t h e r e f o r e  t h a t  any th a u m a t in  mRNA p r e s e n t  would be 

l i k e l y  to  be s u c c e s s f u l l y  t r a n s l a t e d .

In  t h e  c a s e  o f  b o th  p o ly  and po ly  RNA, l a b e l l e d

p r o t e i n s  w i t h  a wide r a n g e  of  m o l e c u l a r  w e igh t s  were  s y n t h e s i s e d  ( F i g u r e  

3 1 ) .  However t h e  bu lk  o f  th e  p r o t e i n  p r o d u c t s  were  w i t h i n  t h e  m o le c u la r  

w e ig h t  r a n g e  10 ,000  -  25*000  . R o s t  appea red  t o  have  m o l e c u la r  weights  of  

ca  14*000, The p r o f i l e s  were b r o a d l y  s i m i l a r  f o r  b o th  o f  t h e  RNA 

p r e p a r a t i o n s .  Because o f  t h e  l a r g e  number o f  d i f f e r e n t  n r o t e i n  s p e c i e s  

p r e s e n t  t h e  r e s o l u t i o n  o f  t h e  g e l  sy s tem  was i n s u f f i c i e n t  f o r  i n d i v i d 

u a l  p r o t e i n  forms t o  be seen  as s e p a r a t e  peaks o f  r a d i o a c t i v i t y .  As 

ex p e c te d  t h e r e  was no peak  o f  r a d i o a c t i v i t y  on t h e  g e l  a t  ^^20 ,000  

MWt which cou ld  be i n t e r p r e t e d  as a  l a r g e  q u a n t i t y  o f  l a b e l l e d  th a u m a t in  

b e i n g  p r e s e n t .  However p r o t e i n s  o f  a  s i m i l a r  m o l e c u l a r  w e igh t  were 

s y n t h e s i s e d .  I t  was de c id e d  t h e r e f o r e  t o  s e l e c t  t h a u m a t in  by s p e c i f i c  

im m u n o p r é c i p i t a t i o n  u s i n g  a n t i - T  I I .

v )  I m m u n o e le c t ro p h o re t i c  d e t e c t i o n  of  t h a u m a t i n  s y n t h e s i s e d
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F i g u r e  31 A n a l y s i s  o f  T haum atococcus  R!\A c e l l -

f r e e  p r o d u c t s .

I n c u b a t i o n s  o f  t h e  n u c l e a s e  t r e a t e d  r a b b i t  r e t i c 

u l o c y t e  l y s a t e  c e l l - f r e e  sy s te m  were a s  d e s c r i b e d  i n  

s e c t i o n  T  E 19 e x c e p t  t h a t  t h e  v o lu m es  were i n c r e a s e d  

t o  iOO|il .  The l a b e l l e d  amino a c i d s  were  L- [ 4 , 5 - K ] - l e u c i n e  

{2jxU) , L - [4 , 5( n ) - % ] - i  s o l e u c i n e  ( 2^C4) , L- [3 » -  t y r o s i n e

{ZyZi ) ,  L-[4, 5 - ^ J - l y s i n e  m o n o h y d r o c h lo r id e  ( 2vCl) .

A l i q u o t s  o f  t h e  i n c u b a t i o n  m i x t u r e s  ( p u l )  were  w i t h 

drawn a t  t h e  end o f  t h e  i n c u b a t i o n  p e r i o d  ( Ih a t  37 °C) 

and used  t o  d e t e r m i n e  t h e  i n c o r p o r a t i o n  o f  l a b e l  i n t o  

TCA p r e c i p i t a b l e  m a t e r i a l .  The r e m a in d e r  o f  each  i n 

c u b a t i o n  m ix t u r e  ( 9 0 y l )  was p r e c i p i t a t e d  w i t h  5 v o l 

umes o f  e t h a n o l .  The p e l l e t  was washed (3%) w i t h  80% 

e t h a n o l  c o n t a i n i n g  30ml>l NaCl.  The f i n a l  p e l l e t  was  

d i s s o l v e d  i n  sample b u f f e r  ( 200^1) and a l i q u o t s  (lOOji l)  

were  s u b j e c t e d  t o  SDS P .A .G .E .  on 10% g e l s .  The g e l s  

were  s l i c e d  and s u b j e c t e d  t o  s c i n t i l l a t i o n  c o u n t i n g  

a s  d e s c r i b e d  i n  s e c t i o n  % E 2 3 .

 o— o— i n c u b a t i o n  su p p lem en ted  w i t h  2 , 7ug
p l u s  

p o l y ( A )  RNA.

 □— □— i n c u b a t i o n  su p p lem en ted  w i t h  7 2 ug
minus  

p o l y ( A )  RKA.

 X-----X — i n c u b a t i  on u n su p p lem e n ted .
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i n  v i t r o . In  view of  t h e  l i k e l i h o o d  t h a t  th a u m a t in  s y n t h e s i s  i n  t h e  

r e t i c u l o c y t e  l y s a t e  would c o n s t i t u t e  on ly  a  sm a l l  p r o p o r t i o n  o f  th e  

t o t a l  p r o t e i n  s y n t h e s i s e d  a s e n s i t i v e  a s s a y  was needed to  d e t e c t  t h e  

swee t  p r o t e i n  p r o d u c t .  Im m u n o p ré c ip i t a t i o n  w i th  a n t i - T  I I  was ,  t h e r e 

f o r e ,  employed i n  c o n j u n c t i o n  w i t h  SDS po ly a c ry lam id e  g e l  e l e c t r o 

p h o r e s i s .

P r e l i m i n a r y  exper im en t s  i n  which polysomes were used  t o  d i r e c t  

p r o t e i n  s y n t h e s i s  i n  th e  n u c l e a s e - t r e a t e d  r e t i c u l o c y t e  l y s a t e  f a i l e d  

t o  y i e l d  s u f f i c i e n t  tha um a t in  f o r  d e t e c t i o n  by th e s e  methods .  L a t e r  

p o ly  and p o ly  ENA f r a c t i o n s  were used  and s e v e r a l

d i f f e r e n t  p r e p a r a t i o n s  were employed to  i n v e s t i g a t e  t h e  p o s s i b i l i t y  

t h a t  t h e r e  were d i f f e r e n c e s  be tween t h e  Kadjebe and A s h a n t i ' r e g i o n  

f r u i t  and be tween r i p e  and u n r i p e  t i s s u e s .  The r a d i o a c t i v i t y  p r o f i l e s  

o f  t h e  thaum at in  im m u n o p re c ip i t a t e s  o b t a i n e d  by SDS P.A.G.E.  i n  each 

c a s e  a r e  shown i n  f i g u r e  $2.  A r a d i o a c t i v e  band which m i g r a t e d  a t  

t h e  sajTie r a t e  a s  th a u m a t in  o c c u r r e d  i n  t h e  case  o f  a l l  o f  t h e  ENA 

supp lem en ted  i n c u b a t i o n s  b u t  n o t  i n  c o n t r o l s  i n  which exogenous RNA 

was a b s e n t .  Although t h e  peaks were  n o t  l a r g e  ( i . e .  on ly  2-3  t imes  

t h e  background l e v e l  a t  t h e  peak maximum) i t  can be assumed t h a t  th e y  

r e p r e s e n t e d  t h a u m a t in  s y n t h e s i s  on t h e  b a s i s  of  t h e i r  im m unopréc ip i t 

a t i o n  w i th  a n t i - T  I I  and t h e i r  m o l e c u l a r  w e igh ts  which were c a l c u l a t e d  

t o  be j u s t  ove r  20 ,000 .

Only a  s m a l l  p r o p o r t i o n  ( 0 ‘ C5-0*1%) of t h e  t o t a l  p r o t e i n  s y n t h e s i s 

ed i n  t h e  sys tem was th a u m a t i n .  The p r o p o r t i o n  was t h e  same when 

m a tu re  f r u i t s  ( s t a g e  D) of  e i t h e r  t h e  A sh a n t i  o r  Kadjebe r e g i o n s  were 

u s e d  as  t h e  s o u r c e  of  t h e  po ly  RNA. I f  th a u m a t in  s y n t h e s i s

i n  t h e  i n t a c t  a r i l  system ( s e c t i o n  VI F 1 ) r e p r e s e n t e d  a s i m i l a r  

p e r c e n t a g e  of  t h e  t o t a l  p r o t e i n  s y n t h e s i s  th e n  i t  i s  c l e a r  t h a t  t h e  

methods  used  t o  d e t e c t  t h e  newly s y n t h e s i s e d  thaum at in  were n o t  of  

s u f f i c i e n t  s e n s i t i v i t y .
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F i g u r e  32 I m m u n o e l e c t r o p h o r e t i c  d e t e c t i o n  o f

t h a u m a t i n  s y n t h e s i s e d  iui v i t r o

I n c u b a t i o n s  o f  t h e  n u c l e a s e  t r e a t e d  r a b b i t  r e t i c 

u l o c y t e  l y s a t e  c e l l - f r e e  s y s t e m  w e r e  i n c u b a t e d  f o r  

Ih a t  37°C

Â1 I n c u b a t i o n s  ( 3 50y i l )  c o n t a i n e d  t h e  f o l l o w i n g  l a b e l l 

ed a m i n o  a c i d s : -  L - [ 4 , 5 ( n ) - “F j - i s o l e u c i n e  ( l 4 u C i ) ,

L - [4 , 5 - ^ k ] - l e u c i n e  ( 2 lu U )  .— x-x— no RKA a d d e d ;  — o— o—  
p l u s

3 . 2 ^ g  p o l y ( A )  RKA f r o m  A s h a n t i  t y p e  a r i l  t i s s u e  

( s t a g e  D) a d d e d .

a d d i t i  on Cr’.r'i, i n  10 p i a l i q u o t
t o  s y s t e m t o t a l p r o t e i n r e l e a s e d  c h a i n s

n o  a d d i t i o n 2 0 5 3 1 6 4 5
p u u s

5 . 2 u g  p o l y ( A )  RKA 1 2 1 3 7 8167
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3 I n c u b a t i o n s  ( j O O ^ l )  c o n t a i n e d  t h e  f o l l o w i n g  l a b 

e l l e d  a m i n o  a c i d s : -  L - [ 4̂ , 5( n ) - - 1  s o l e u c l n e  ( 2 0 p C l  ) ,

L - f  5 - ^ H ] - l e u c l n e  ( jO u C l  ) . - x - x —  n o  RNA a d d e d ; —o - o — 
 ̂ p l u s

8 . 4 u g  p o l y  (A) FdCA f r o m  K a d j e b e  t y p e  a r i l  t i s s u e

( s t a g e  D) a d d e d .

a d d l t l  on CP.r-i. i n  1 0 p i  a l i q u o t
t o  s y s t e m t o t a l  p r o t e i n r e l e a s e d  c h a i n s

ncy a d d i t i o n 2 l 6 4 1 6 3 4
p l u s

8 . 4 y g  p o l y ( A )  RNA 4 1 5 ?
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\~T \ I n c u c a t i c n s  c o n t a i n e d  the  f o l l o w i n g ,  amino

a c 1d s : -  L - [ ^ , 5 ” - l y s i n e  m o n o h y d r o c h l o r i d e  ( Z O u C l) ,

L - [ ^ ,  5( rx)-^h] - 1 s o l e u c l n e  (2Gj iZl ) ,  L - | ^ , 5 - ^ H l - l e u c l n e

( 2 0 u C i ) ,  L- [ 3  . 5 - ^ k ] - t y r o s i n e  ( 20uCi ) , L- [ ^^s ] - met h i  c n l n e
p l u s

( 2 ^ j i C i  ) .— X—X—  no RNA added;  —o-a>~ 1 3 , 6|ig p o l y  (A) ENA 

from A s h a n t i  t y p e  a r i l  t i s s u e  ( s t a g e s  A and 3) added .

a d d i t i  on 
t o  sy ste m

CFR in  lO u l a l i q u o t
t o t a l  p r o t e in 'r e le a s e d  c h a in s

no a d d i t io n 5098 4189
p lu s

13 ' cug p o ly (A ) RNA 23371 2 l8 l4

Mobility of native thaumatin5

4

3-

Z
CLU

2

X X

i. J L XXXXX
18 26 28

Slice No
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Incubations ( 500̂ .1) contained  ̂the following amino

a c i d s ; -  L - [ ^ , 5- ^h] - l y  s in e  m o n o h y d ro ch lo r id e  ( lO y iC i),

L - [4 , 5 ( n ) - ^ n j - i  s o le u c in e  ( lOuCi),  L - [ ^ ,  5 - ^ h ] - l e u c i n e

( lO ^ C i) , L - [3 .  5 - ^ h ] - t y r o s in e  ( I C u C i)   — no UNA a d d ed ,
m inus

0-0 - 4 3 2 |ig  p o ly  (A) RNA from  A sh a n ti ty p e  a r i l  t i s s u e

( s t a g e s  Aand B) ad d ed .

addi tion CrK in 10pi aliquot
to system total protein released chains

no addition 1326 1083
minus

poly(A) RNA 6271 3493

J^Mobility of nat ive thoumatin

%
X

i
u

w

Slice No
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The poly RNA preparation from immature Ashanti f r u i t s

(s ta g e s  A and B) did not sy n th es ise  a h igher proportion o f thaumatin 

than RNA from mature t is s u e  (s ta g e  D) su ggestin g  th a t the le v e l  of 

thaumatin sy n th es is  was not very v a r ia b le  over the range o f develop

m ental sta g es  of f r u i t  A F in a lly  poly ( a )^^^® and poly ( a )“ ^^^^

RNA preparations from immature Ashanti region  f r u i t s  were both shown 

to  contain  thaumatin mRNA, which may th erefo re  occur in  both p o ly -  

adenylated and non-polyadenylated form s. On the other hand a propor

t io n  o f the thaumatin mRNAs may have sh ort (10-20 b a ses) or blocked  

poly ( a ) sequences which would not bind e f f e c t iv e ly  to  the o l ig o  (dT) 

column^^^^). The amount of thaumatin sy n th esised  under the d ir e c t io n  

o f both poly (A)^^*^ and poly (A)^^^^^ RNA fr a c tio n s  was approxim ately  

0*05^ o f the t o t a l  p rote in  sy n th es ised . W hilst i t  i s  p o ss ib le  that 

thaumatin mRNA was d iscrim inated  a g a in st by the p ro te in  sy n th e tic  

'machinery* o f th e r e t ic u lo c y te  ly sa te  i t  i s  more l ik e ly  th a t thaumatin 

mRNA rep resen ts a sm all proportion of th e to t a l  mRNA occuring in  v iv o . 

This would agree w ith th e s tu d ies  u sin g  in ta c t  a r i l s  (s e c t io n  VI P 1) 

and in d ic a te s  th a t thaumatin i s  a minor product o f  p rote in  sy n th es is  in  

th e  a r i l  and th a t the f in a l  large accumulation o f sweet p ro te in  found in  

mature t is s u e  could only be explained by i t s  very slow ra te  o f turnover. 

On th e other hand the proportion of thaumatin mRNA may be changed 

s ig n if ic a n t ly  as a ccnsequence of p ick in g , tran sp ort and storage of 

th e  f r u i t ,  e ith e r  by p r e fe r e n tia l degradation o f thaumatin mRNA or by 

a change in  the ra te s  of sy n th es is  o f the d if fe r e n t  mRNAs present 

in  v iv o .

v i )  Is  T I ,  T II  or T 0 the primary in  v itr o  product ? The 

s tr u c tu r a l and immunological stu d ies  on T I ,  T I I  and T 0 demonstrate 

a very  c lo se  r e la t io n sh ip  between the sweet p r o te in s . This would be 

expected i f  the thaumatins are derived from a s in g le  precursor form 

( in  turn derived from a s in g le  gene) by a sim ple chemical or enzymic
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mechanism. In v e stig a tio n  of th is  p o s s ib i l i t y  fa i le d  to  uncover 

any in tercon version  of forms. As an a lte r n a tiv e  i t  was decided to  

examine the thaumatin mRNA product to  see  i f  i t  was a s in g le  form 

and i f  so whether i t  was T 0, T I ,  T I I  or a d if fe r e n t  precursor.

T ran slation  of a r i l  RNA preparations (se c t io n  VI F 2 v } )  in  the  

r e t ic u lo c y te  ly s a te  system was used to show th at the primary thaumatin 

mRNA product (which was id e n t if ie d  by i t s  rea ctio n  w ith anti-T  I I  

antiserum ) had e s s e n t ia l ly  the same r e la t iv e  m o b ility  as thaumatins 

0, I and I I  in  10% polyacrylam ide g e ls  contain ing SLS and th a t ,  

th ere fo re , i t  had a s im ila r  m olecular w eight. The messenger product 

could be d etected  only a f te r  immunoprécipitation w ith an ti-T  II  which 

e f f e c t iv e ly  removed the large  amounts o f non-thaumatin p roteins present. 

Once the im m unoprécipitation step  was performed the thaumatin could  

be recovered by h eatin g  a t 100°C fo r  2 min to  d is so lv e  the immuno- 

p r e c ip ita te  in  b u ffer  con ta in in g  SDS. U nfortunately the d if fe r e n t  

thaumatin forms trea ted  w ith  SDS in  th is  way could not be id e n t if ie d  

on the b a s is  o f th e ir  charge d ifferen ces  due to  the binding of n ega tive

ly  charged SDS m olecu les. An i n i t i a l  attempt to  overcome th is  problem 

was made in  which the complete a r i l  RNA-^directed r e t ic u lo c y te  ly sa te  

incubation  m ixture was fra c tio n a ted  by ion-exchange chromatography on 

C M -cellulose as described  in  sec tio n  VI A. The fr a c tio n s  from th is  

column were, then trea ted  w ith anti-T  I I  and the immunoprecipitates 

analysed by SDS P .A .G .E .. U nfortunately no ra d io a c tiv e  p rote in s of 

m olecular weight 20,000 were id e n t if ie d  in  any o f the fr a c tio n s  

elu ted  from the ion-exchange column. One problem was th a t some of the 

fr a c tio n s  contained a large  quantity of ra d io a ctiv e  m ateria l which may 

have masked any la b e lle d  thaumatin present. I t  i s  a lso  p o ss ib le  th at  

the sm all qu antity  of la b e lle d  thaumatin under in v e s t ig a tio n  was lo s t  

during CM -cellulose chromatography. However, i t  i s  unclear by what 

mechanism th is  could have occured.
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As an a lte r n a tiv e  i t  was decided to  use i s o e l e c t r ic  fo cu sin g  in  

urea g e ls  to  id e n t ify  the thaumatin precursor. This system req uires  

th a t the p rote in s to  be focused  are d is so lv ed  in  a so lu tio n  contain ing  

8M urea. I t  was hoped th at th is  urea con cen tration  would e f f e c t iv e ly  

d is s o lv e  the immunoprecipitate and break the a n ti-T  Il-thaum atin  

a s so c ia t io n :  Awdeh et a l ^^^^  ̂ have described  the a n a ly s is  o f s p e c if ic

immunoglobulins by th is  method. When the procedure was te s te d  using  

25iJ_ig^beiied thaumatin (s e c t io n  V B I 5 ) the recovery o f thaumatin 

from the im m unoprecipitates was very low (< 5^) even when the urea 

concen tration  was increased  to  10K. To overcome t h is  problem i t  was 

decided to  d is so lv e  the imm unoprecipitate in  an SDS so lu t io n , then to  

remove the detergent in  the presence o f urea on an ion-exchange r e s in  

(as described by Weber and Ruter^^^^^) and f in a l ly  to  examine the 

fr e e  thaumatin by polyacrylam ide g e l i s o e l e c t r ic  fo cu sin g  (pH range 

8 *0-10*5 ) in  the presence o f urea. This procedure was i n i t i a l l y  

t e s te d  u sin g  an immunoprecipitate o f I I .  The r a d io a c t iv ity

p r o f i le  of the r e s u lt in g  g e l i s  shown in  f ig u re  33* the recovery of 

thaumatin was approxim ately 40%. A fu rth er  t e s t  was made u s in g  another 

p ro te in  (oC2U-globulin) which was a lso  a v a ila b le  as a la b e lle d  immuno

p r e c ip ita te  in  order to determine whether the method could be applied  

more g e n e ra lly . C)C2U-globulin,the r a t urinary p ro te in  (sy n th es ised  in  

a short term hepatocyte cu ltu re  w ith medium con ta in in g  t r i t ia t e d  

leu c in e),w a s immunoprecipitated u sin g  s p e c i f ic  anti-0C2U antibody and 

th e  immunoprecipitate was d is so c ia te d  and analysed by P .A .G .I.P  in  

the pH. range 4-6*5. The la b e lle d  o62U -globulin was recovered w ith an 

e f f ic ie n c y  of =8:50% (F ig 3 4 ) ,  This prelim inary work, th ere fo re , 

suggested  th a t th is  procedure could be a u se fu l and rapid a n a ly t ic a l  

method fo r  examining minute q u a n tit ie s  o f la b e lle d  proteins syn th esised  

in  in  v itr o  systems and is o la te d  as im m unoprecipitates.

When th is  method was applied  to  the id e n t i f ic a t io n  of the
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o f  1 ' i : :nanop rec l  p i  t a t e d  [_

An 1 dmur: op r e  c i  p i  t  a  t  e i f 125i - t h a u j i a t i n  i l  ( l 5 y g ,  3750

CPi’l.) was  d i s s o c i a t e d  a s  d e s c r i b e d  i n  s e c t i o n  V 3 24 a n d  

s u b j e c t e d  t o  F . A . G . I . F . .  The x e l  was  s l i c e d  a n d  t h e  

s l i c e s  p r e p a r e d  f o r  s c l n t i l l a t i o n  c o u n t i n g  a s  d e s c r i b e d  

i n  s e c t i o n  V 3 2 ] .

CL
O

S l i c e  No
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F i  g u r e  j h  P . A . G . I . P .  o f  i  m i a u n o p r e c i  p i  t a t e d  [^Hj-o(2U

An I m m - i i n o p r e c l p i t a t e  o f  pH ]-oC2U ( 2 0 ^ g ,  1 0 , 0 0 0  CP.M. ) 

w as  d i s s o c i a t e d  a s  d e s c r i b e d  i n  s e c t i o n  _V B 24 a n d  

s u b j e c t e d  t o  P . A . G . I . P . . The  g e l  w as  s l i c e d  a n d  t h e  

s l i c e s  p r e p a r e d  f o r  s c i n t i l l a t i o n  c o u n t i n g  a s  d e s c r i b e d  

i n  s e c t i o n  V 3 2 3 *

{_)
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th a u m a t in  form s y n th e s i s e d  in  an a r i l  RNA d i r e c t e d  n u c l e a s e - t r e a t e d  

r e t i c u l o c y t e  l y s a t e  system  no r a d i o a c t i v e  s p e c ie s  were d e t e c t e d  on 

th e  g e l s  (pH ra n g e  8 -1 0 * 5 )  u nder  c o n d i t io n s  which were c a l c u l a t e d  to  

y i e l d  a  m e asu ra b le  amount o f  l a b e l l e d  th a u m a tin  p r e c u r s o r  ( i t  was 

assumed t h a t  th a u m a tin  p r e c u r s o r  would r e p r e s e n t  0 *05^  o f  t o t a l  

p r o t e i n  s y n th e s i s e d  ( s e e  s e c t i o n  VI F 2 y ) ) .  I t  i s  p o s s i b l e  t h a t  

th e  p i  of th e  p r e c u r s o r  was n o t  i n  t h e  pH ran g e  o f  th e  g e l  due to  

d i f f e r e n c e s  i n  c o n fo rm a tio n  o r  amino a c i d  c o m p o s i t io n  which m igh t 

e x i s t  i f  th a u m a tin  i s  s y n th e s i s e d  as a  p re - fo rm .  On th e  o th e r  hand 

i t  i s  more l i k e l y  t h a t  th e  f a i l u r e  t o  d e t e c t  th e  th a u m a tin  m essenger 

p ro d u c t  a f t e r  im m u n o p ré c ip i ta t io n  and P A .G .I .F .  was r e l a t e d  to  th e  

s m a l l  q u a n t i t y  o f  th a u m a t in  s y n th e s i s e d  i n  th e  c e l l - f r e e  sy s tem . T h i s  

d i f f i c u l t y  rem ained  u n r e s o lv e d .

The above work le a v e s  u n s e t t l e d  th e  q u e s t io n  o f  t h e  o r i g i n  of th e  

th a u m a t in - fo rm s , F u r th e r  s t u d i e s  d i r e c t e d  a t  s o lv in g  t h i s  problem 

s h o u ld  in v o lv e  a  r e - e v a l u a t i o n  o f  th e  c o n d i t io n s  f o r  th e  d i s s o c i a t i o n  

o f  t h e  a n t i - T  I l - t h a u m a t i n  complex and th e  u s e  of l a r g e r  q u a n t i t i e s  

o f  l a b e l l e d  amino a c id s  and a r i l  mRNA i n  o rd e r  t o  i n c r e a s e  th e  

q u a n t i t y  of l a b e l l e d  th a u m a t in  m essenger p ro d u c t  a v a i l a b l e  f o r  a n a l y s i s .
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V II .  GENERAL CONCLUSIONS

Thaum atin i s  found i n  l a r g e  q u a n t i t i e s ,  up to  50% of t o t a l  

p r o t e i n ,  i n  t h e  a r i l s  o f  t h e  f r u i t s  o f  Thaumatococcus d a n i e l l i .

At p r e s e n t  t h e r e  i s  no s a t i s f a c t o r y  e x p la n a t io n  a v a i l a b l e  f o r  th e  

p re se n c e  o f  such a  l a r g e  q u a n t i t y  of th a u m a tin  i n  th e  t i s s u e .

The on ly  known b i o l o g i c a l  a c t i v i t y  o f  th a u m a tin  i s  i t s  a b i l i t y  to  

s t i m u l a t e  th e  sw eet t a s t e  r e c e p t o r s  o f  man and some s p e c ie s  o f  o ld  

w o rld  monkey.

Net s y n t h e s i s  o f  th a u m a t in  was found to  occur o v e r  th e  r i p e n i n g  

p e r io d  exam ined, a  p e r io d  o f  a p p ro x im a te ly  100 d ay s .  I t  was fo u n d  

t h a t  f r u i t s  from th e  A sh a n ti  r e g io n  o f  Ghana c o n ta in  t h r e e  th a u m a t in  

form s T 0 ,  T I  and T I I  w h i l s t  th o se  from  th e  Kadjebe r e g io n  have  

o n ly  T 0 and T I .  T I ,  i n  t h e  Kadjebe f r u i t s  and T I  and T I I  i n  

t h e  A sh a n ti  f r u i t s  were always- found i n  much g r e a t e r  q u a n t i t i e s  th a n  

T 0 . However i n  t h e  A sh a n t i  f r u i t s  no d e f i n i t e  c o r r e l a t i o n  o cc u re d  

be tw een  th e  c o n te n t s  o f  T I  and T I I  which were p r e s e n t  i n  s i m i l a r  

am ounts . The i n t e r e s t i n g  d i f f e r e n c e  in  th a u m a tin  c o n s t i t u e n t s  

betw een th e  p l a n t s  from d i f f e r e n t  r e g io n s  could  be e x p la in e d  i n  a  

number o f  ways. I f  th e  t h r e e  th a u m atin  forms a r e  d i f f e r e n t  gene 

p ro d u c ts  th e n  th e  gene f o r  T II-m ay  be a b s e n t  o r  n o n - f u n c t i o n a l  i n  

th e  Kadjebe r e g io n  f r u i t .  On th e  o th e r  hand i f  some p o s t - t r a n s l a t i o n -  

a l  m o d i f i c a t i o n  i s  r e s p o n s i b l e  f o r  th e  change th e n  t h e  mechanism f o r  

c o n v e rs io n  t o  T I I  may be a b s e n t  o r  a l t e r n a t i v e l y  T I I  may be q u ic k ly  

deg raded  to  t h e  o th e r  th a u m a t in  fo rm s. A ttem pts  w ere made to  d i s c o v e r  

which o f  th e s e  p o s s i b i l i t i e s  acco u n ted  f o r  th e  o bse rved  d i f f e r e n c e s  

betw een th e  p l a n t s  and t h e r e f o r e  to  d e te rm in e  th e  r o u t e  of th a u m a t in  

b i o s y n t h e s i s .

Amino a c id  and N - te r r a in a l  a n a ly s e s ,  m o lecu la r  w e igh t  d e t e r m in a t io n  

and f i n g e r p r i n t i n g  gave i d e n t i c a l  r e s u l t s  in  th e  case  of a l l  t h r e e
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th a u m a t in  forms s u g g e s t in g  s t r o n g l y  t h a t  th e y  s h a r e  s i m i l a r  p r im ary  

s t r u c t u r e s .  T h is  was confirm ed  by im m unolog ica l e x a m in a t io n  o f  th e  

r e l a t i o n s h i p  between th e  form s u s in g  a n t i b o d i e s  r a i s e d  a g a i n s t  

th a u m a t in  I I .  The th a u m a tin s  were n o t  d i s t i n g u i s h a b l e  by th e  

O u ch te r lo n y  double  d i f f u s i o n  and q u a n t i t a t i v e  p r e c i p i t i n  methods b u t  

th e  more s e n s i t i v e  m icro-com plem ent f i x a t i o n  t e c h n iq u e  showed t h a t  

m inor d i f f e r e n c e s  were p r e s e n t .  The im m unolog ica l a n d . ' f i n g e r p r i n t -  

i n g  s t u d i e s  su g g e s t  n o t  o n ly  t h a t  th e  sequences  b u t  a l s o  th e  

c o n fo rm a tio n s  of th e  sw ee t p r o t e i n s  b e a r  a  c l o s e  re se m b la n c e .

Sm all d i f f e r e n c e s  were observed  betw een th e  p i ' s  o f  th e  th a u m a t in s .  

These cou ld  be accoun ted  f o r  by d i f f e r e n c e s  i n  t h e  numbers o f  amide 

g roups  p r e s e n t  i . e .  i f  T I I  c o n ta in e d  one more amide th a n  T I  and 

two more th a n  T 0. T h is  would a l s o  be c o n s i s t a n t  w ith  th e  immuno

l o g i c a l  v a r i a t i o n s  o b se rv ed  by m icro-com plem ent f i x a t i o n .  On th e  

o t h e r  hand i n  f i n g e r p r i n t i n g  e x p e r im e n ts  u s in g  t h e  p r o te a s e  from 

S ta p h .a u r e u s  which i s  known to  c l e a v e  s p e c i f i c a l l y  a t  g lu ta m ic  a c id  

and a s p a r t i c  a c id  r e s i d u e s ,  t h e r e  w ere no d i f f e r e n c e s  i n  t h e  p e p t id e  

f rag m e n ts  g e n e ra te d .  However th e  te c h n iq u e  u sed  in v o lv e d  o n ly  p a r t i a l  

d i g e s t i o n  o f  th a u m atin  so  t h a t  i t  i s  p o s s i b l e  t h a t  th e  r e l e v a n t  groups 

were n o t  e f f e c t e d .

The p o s s i b i l i t y  t h a t  th e  o b se rv ed  d i f f e r e n c e s  i n  p i  between 

th e  th a u m a t in  forms were due to  th e  r e l a t i v e  d e g re e  of a m id a t io n  o f  th e  

m o lecu le s  was i n v e s t i g a t e d  f u r t h e r  by s u b j e c t i n g  th e  th a u m a t in  forms 

to  c o n d i t io n s  in  v i t r o  which had been  shown to  r e s u l t  i n  d eam id a t io n  

o f  o th e r  p r o t e i n s  such as  cytochrom e C, a l d o l a s e  and lysozym e.

[^125i J  l a b e l l e d  th a u m a tin  I I  which was c o n s id e r e d  to  be t h e  most 

h ig h l y  am ida ted  form was t r e a t e d  w i th  a f r u i t  e x t r a c t .  No co n v e rs io n  

was d e t e c t e d  under  any o f  th e  c o n d i t i o n s  em ployed. I t  may be ,  however, 

t h a t  th e  d e a m id a t io n  mechanism i s  v e ry  s low .

A nother approach  to  th e  problem of t h e  o r i g i n  o f  th e  d i f f e r e n t
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th a u m a t in  forms was to  s tu d y  t h e i r  b i o s y n t h e s i s .  A r i l s  were l a b e l l e d  

by i n j e c t i o n  o f  L -F 4 ,5” ^ H ^ l e u c i n e  and a t te m p ts  were made to  d e t e c t  

any s y n t h e s i s  o f  th a u m a t in .  Under th e  c o n d i t io n s  u sed  no l a b e l l e d  

th a u m a t in  cou ld  be i d e n t i f i e d .  One d i f f i c u l t y  was th e  p re se n c e  o f  

l a r g e  q u a n t i t i e s  o f  th a u m a tin  i n  th e  t i s s u e  which made i t  im p ra c t i c a b le  

t o  t e s t  s p e c i f i c a l l y  f o r  th e  p re s e n c e  o f  l a b e l l e d  th a u m a tin  by u se  

o f  t h e  a n t i - T  I I  a n t ib o d y .

P u r i f i e d  polysomes and d e p r o t e in i z e d  RNA p r e p a r a t io n s  from th e  

a r i l  t i s s u e  were shown to  d i r e c t  p r o t e i n  s y n t h e s i s  in  th e  w h e a t-  

germ and r a b b i t  r e t i c u l o c y t e  c e l l  f r e e  sy s tem s . In  th e  c a se  of th e  

t r a n s l a t i o n  o f  d e p r o t e in i z e d  RNA (p o ly  and poly

p r e p a r a t i o n s  i t  was p o s s i b l e  t o  i d e n t i f y  a  sm a l l  p ro p o r t io n ,  o f  th e  

p o ly p e p t id e s  as  th a u m a t in  ( i . e .  th e y  r e a c t e d  w ith  a n t i - T  I I  and had 

th e  same r e l a t i v e  m o b i l i t y  as th a u m a t in  d u r in g  SUS P .A .G .E .)  The 

po ly  ( a )^^^^  and p o ly  ( a )°^^^^^ RNA p r e p a r a t io n s  gave ro u g h ly  th e  

same p r o p o r t i o n  o f  th a u m a tin  t o  t o t a l  p r o t e i n  so t h a t  i t  can be 

assumed t h a t  a t  l e a s t  some th a u m a t in  mRNA has  a -3 p o ly  (a )sequence.

The p r e s e n c e  o f  th a u m a t in  mRNA in  th e  po ly  (A)^^^^^ f r a c t i o n  i n d i c 

a t e s  t h a t  n o t  a l l  o f  th e  th a u m a tin  messages a r e  p o ly a d e n y la t e d .

However i t  may be t h a t  some th a u m a t in  mRNAs have po ly  ( a ) sequences  

which a r e  to o  s h o r t  to  i n t e r a c t  w i th  o l ig o  ( d T ) - c e l l u l o s e , a l t e r n a t i v e 

ly  th e  p o ly  ( a ) may have been removed from some th a u m a tin  mRNAs by 

n u c le a s e  a c t i v i t y  o r  m e ch an ica l  damage d u r in g  th e  i s o l a t i o n  p ro c e d u re .

Immature and m a tu re  f r u i t s  from  th e  A sh an ti  r e g io n  o f  Ghana and 

m ature  f r u i t s  from th e  Kadjebe r e g io n  were a l l  found to  c o n ta in  

th a u m a t in  mRNA. The p r o p o r t i o n  o f  th a u m a tin  t o  t o t a l  p r o t e i n  

s y n th e s i s e d  in  v i t r o  was i n  each c a se  s i m i l a r  and i n d i c a t e s  t h a t  th e  

low amount o f  th a u m a t in  mRNA p r e s e n t  was n o t  a f u n c t i o n  o f  f r u i t  

developm ent s t a g e  o r  f r u i t  ty p e .

A number of p o s s i b l e  e x p la n a t io n s  a r e  a v a i l a b l e  to  e x p la in  why
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t h e  mRNA f o r  th a u m a tin  i s  p r e s e n t  i n  much low er amounts th a n  would 

be  ex p e c te d  from th e  abundance o f  th a u m a t in  i n  t h e  m a tu re  f r u i t s .  

F i r s t l y  th e  r a t e  o f  th a u m a t in  s y n t h e s i s  may be slow  in  v i v o .

( i n  t h i s  c a s e  i t  must be assumed t h a t  th e  r a t e  o f  breakdown o f  

th a u m a t in  i s  v e ry  s lo w ) .  S econd ly  i t  i s  p o s s i b l e  t h a t  th e  p h y s io 

l o g i c a l  s t a t e  o f  th e  t i s s u e  i s  a l t e r e d ,  by p i c k in g  and t r a n s p o r t  

from  Ghana, i n  such  a  way t h a t  th e  th a u m a t in  m essage i s  b roken  down 

and t h e r e f o r e  o ccu rs  o n ly  i n  v e ry  s m a l l  q u a n t i t i e s  i n  t h e  a v a i l a b l e  

t i s s u e .  T h i r d ly  th e  th a u m a t in  m essage may be p r e f e r e n t i a l l y  d e s t ro y e d  

d u r in g  i s o l a t i o n  o r  f i n a l l y  th e  th a u m a t in  m essage may be i n e f f i c i e n t l y  

t r a n s l a t e d  i n  t h e  c e l l - f r e e  system s i n v e s t i g a t e d .

The p o ly p e p t id e  m a t e r i a l  p r e c i p i t a t e d  from t h e  m essenger d i r e c t e d  

system  by t h e  a n t i - T  I I  a n t i s e ru m  had th e  same m o b i l i t y  on 10% p o ly 

a c ry la m id e  g e l s  i n  t h e  p r e s e n c e  o f  SDS as  n a t i v e  th a u m a tin  so t h a t  i t  

i s  l i k e l y  t h a t  th a u m a tin  i s  n o t  s y n th e s i s e d  as  a  p r e c u r s o r  o f  s i g n i f i c 

a n t l y  h ig h e r  m o le c u la r  w e ig h t .

No ev id e n c e  was o b ta in e d  a b o u t w h e th e r  th e  t h r e e  th a u m a t in  forms 

a r i s e  from a  s i n g l e  p r e c u r s o r  form o r  from d i f f e r e n t  mRNA m o lecu le s  

co d in g  f o r  T 0 , T I  and T I I .

The r e a s o n  why ex p e r im e n ts  t o  d e te rm in e  t h e  p i  o f  th e  c e l l - f r e e  

th a u m a t in  p r o d u c t ( s )  was u n s u c c e s s f u l  rem ains  u n c l e a r .  I t  i s  p o s s i b l e  

t h a t  th e  th a u m a t in  p r e c u r s o r  had a  s i g n i f i c a n t l y  d i f f e r e n t  p i  from 

th e  n a t i v e  fo rm s .
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