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THE EFFECTS OF ETHANOL ON LABELING OF Y-AMINO­

BUTYRIC ACID BY PHOTOSYNTHETIC FIXATION OF IN

OAT LEAVES

CHAPTER I 

I n t r o d u c t i o n

A rev ie w  o f  t h e  l i t e r a t u r e  r e v e a l s  t h a t  d i l u t e  s o l u t i o n s  o f  

e t h y l  a l c o h o l  have commonly b e e n  u se d  as s o l v e n t s  f o r  growth r e g u l a t i n g  

s u b s t a n c e s  in  s t u d i e s  on g row th  and m etabo lism  i n  p l a n t s  . However w i t h ­

i n  r e c e n t  y e a r s  low c o n c e n t r a t i o n s  o f  e th a n o l  have b een  shown t o  m a t e r i a l ­

l y  a f f e c t  th e  grow th  and  m e ta b o l i c  p r o c e s s e s  in  p l a n t s  . Ber and Moskwa 

(4 )  o b se rv e d  s u b s t a n t i a l  in c re m e n ts  i n  b o th  sh o o t  h e ig h t  and s h o o t  w e ig h t  

f o l l o w i n g  t r e a tm e n t  o f  o a t  s e e d l i n g s  w ith  weak c o n c e n t r a t i o n s  o f  e t h a n o l .  

LaCer Mer (1 5 ,  16) showed t h a t  low n o n - to x ic  dosag es  o f  e t h y l  a l c o h o l  

g r e a t l y  enhanced  m e so c o ty l  g row th  i n  o a t s  .

Anker (2 )  r e p o r t e d  t h a t  upon t h e  a d d i t i o n  o f  Avena c o l e o p t i l e  

segm en ts  t o  m edia  c o n t a i n i n g  s m a l l  q u a n t i t i e s  o f  e th a n o l  an  i n c r e a s e  i n  

oxygen  c o nsum ption  became e v id e n t  . S im i l a r  r e s u l t s  w i th  c a r r o t  r o o t  

s e c t i o n s  were o b se rv e d  by Lowe and James ( 1 4 ) .

Rohrbaugh (19 )  w h i l e  s tu d y i n g  th e  e f f e c t s  o f  p l a n t  grow th  r e g u ­

l a t o r s  on  in te r m e d ia r y  m e ta b o lism  i n  l e a v e s  d i s s o l v e d  c e r t a i n  o f  t h e s e  

s u b s t a n c e s  i n  d i l u t e  e t h a n o l .  Subsequen t t o  p r e t r e a t m e n t  i n  w a t e r ,



d i l u t e  e t h a n o l ,  and  s o l u t i o n s  o f  grow th  r e g u l a t o r s  i n  d i l u t e  a l c o h o l  t h e
14

le a v e s  were a l lo w e d  t o  f i x  C 0^ p h o t o s y n t h e t i c a l l y  . He n o te d  t h a t  th e  

d i l u t e  a l c o h o l  augmented t h e  p e r c e n ta g e  o f  l a b e l  g o in g  i n t o  some m eta ­

b o l i t e s  .

E a r l i e r  I  (13 )  s t u d i e d  t h e  e f f e c t s  o f  e th a n o l  on t h e  l a b e l i n g  

o f  in te rm e d ia ry  p r o d u c t s  i n  th e  l e a v e s  o f  o a t  and p e a .  The d a t a  showed 

t h a t  g e n e r a l l y  a l c o h o l  b ro u g h t  a b o u t  s l i g h t  changes i n  l a b e l i n g  t r e n d s
14

i n  most m e t a b o l i t e s  b u t  th e  p e r c e n ta g e  o f  C f ix e d  i n t o  Y -am in o b u ty r ic  

a c i d  appeared  n o ta b ly  en h an ced .  T h is  amino a c id  i s  known t o  b e  w ide ­

s p re a d  among a n im a ls ,  p l a n t s ,  and  m ic ro o rg a n ism s  ( 1 7 ,  20 , 24, 2 7 ) .

G e n e r a l ly  in  an im a ls  o n ly  t i s s u e s  o f  th e  b r a i n  have  b een  shown 

t o  c o n ta i n  a s i g n i f i c a n t  q u a n t i t y  o f  Y -a m in o b u ty r ic  a c i d  and i t  i s  now 

b e l i e v e d  t o  p la y  a m ajor  r o l e  i n  t h e  n e u r o t r a n s m is s i o n  mechanism o f  t h e  

c e n t r a l  nervous  sy s te m  ( 1 ,  9 ) .  Among mammals t h i s  m e t a b o l i t e  seems t o  be 

a lm o s t  c o m p le te ly  r e s t r i c t e d  t o  t h e  t i s s u e s  o f  t h e  b r a i n  (18)  . Hakkinen 

and Kulonen (11) o b t a in e d  d a t a  w hich showed t h a t  t h e  b r a i n  l e v e l  o f  

Y -a m in o b u ty r ic  a c i d  i n  W is ta r  r a t s  was r a i s e d  by a s  much a s  34% s h o r t ­

l y  a f t e r  a d m i n i s t e r i n g  e th a n o l  a s  a 33% aqueous  s o l u t i o n  o r a l l y  by means 

o f  a stomach t u b e .  L a t e r  H ig g in s  (1 2 )  r e p o r t e d  a  s i m i l a r  r i s e  i n  b r a i n  

Y -am inobu ty ric  a c i d  c o n te n t  u n d e r  t h e  same c o n d i t i o n s .

I n  e x t r a c t s  o f  v a r i o u s  p l a n t  t i s s u e ,  Y -a m in o b u ty r ic  a c i d  has  

been  found t o  be one o f  t h e  m a jo r  c o n s t i t u e n t s  o f  t h e  f r e e  amino n i t r o g e n  

p o o l  (17 , 23, 2 5 ) .  Y e t ,  in  s p i t e  o f  i t s  abundance and e x c e e d in g ly  b road  

d i s t r i b u t i o n ,  th e  b a s i c  r o l e  o f  t h i s  compound i n  t h e  m e ta b o lism  o f  p l a n t s  

i s  n o t  w e l l  known.

The p r e s e n t  p a p e r  d e a l s  w i th  a s tu d y  o f  t h e  e f f e c t s  o f  e th a n o l
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on th e  p r o d u c t s  form ed i n  s h o r t - t i m e  p h o to s y n t h e s i s  i n  o a t  l e a v e s  w ith  

s p e c i a l  a t t e n t i o n  t o  th e  m eta b o lism  o f  Y -am inobu ty r ic  a c id  .



CHAPTER I I

M a t e r i a l s  and  Methods

E x c ise d  V ic to ry  o a t  ( Avena s a t i va L .)  l e a v e s  were u sed  in  t h e  

e x p e r im e n ts  d e s c r i b e d  i n  t h i s  s t u d y .  They w ere  t a k e n  from  s e e d l i n g s  

k e p t  u n d e r  c o n t r o l l e d  c o n d i t i o n s  f o r  two-weeks . The s e e d s  w ere  sown i n  

a m ix tu r e  o f  loam s o i l ,  t h e n  w a te re d  and  p la c e d  i n  a n  a i r  c o n d i t i o n e d  room 

k e p t  a t  23 * 1 C. Two 150-w r e f l e c t o r  f lo o d  lamps and s i x  " c o o l  w h i t e "  

40-w f l u o r e s c e n t  lamps p r o v id e d  an  i r r a d i a n c e  o f  500 t o  800 f t - c  a t  t h e  

l e v e l  o f  t h e  p l a n t s  . F o r  each e x p e r im e n t  t h e  s e e d l i n g s  w ere k e p t  on a 

d a i l y  12 hour p h o to p e r io d  d u r in g  t h e  2-week growing p e r i o d .

F i f t e e n  days a f t e r  p l a n t i n g ,  u n i fo rm  s e e d l i n g s  were s e l e c t e d  and 

p l a c e d  i n  w a t e r .  From each  th e  f i r s t  l e a f  was c u t  and w eighed  a f t e r  

b l o t t i n g  away any e x c ess  w a t e r .  The t i p  o f  each l e a f  was a l s o  tr im m ed 

u n t i l  t h e  r e m a in in g  p o r t i o n  o f  t h e  b l a d e  weighed 90 mg. For b e t t e r  c o n ­

t a c t  w i th  t h e  p r e t r e a t i n g  s o l u t i o n s ,  a b o u t  7 mm o f  s h e a t h  was a l lo w e d  t o  

r e m a in  on each l e a f .  The p r e t r e a t i n g  s o l u t i o n s  c o n s i s t e d  o f  1%, 4%, and 

16% e th a n o l  w i th  d i s t i l l e d  w a te r  a s  t h e  c o n t r o l .

Im m ed ia te ly  a f t e r  w e ig h in g ,  t h e  s h e a th  ends o f  t h e  l e a v e s  w e re  

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

v i a l s  were th e n  a r r a n g e d  u n d e r  a bank o f  s i x  " w h i te "  and s i x  " d a y l i g h t "  

30-w f l u r o e s c e n t  lamps which p ro d u ce d  an i r r a d i a n c e  o f  800 t o  1000 f t - c
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d u r in g  t h e  tw o -h o u r  p r e t r e a t m e n t .  A l l  p r e t r e a t i n g  o p e r a t i o n s  w ere  

c a r r i e d  o u t  i n  t h e  c o n t r o l  room w i th  t h e  t e m p e ra tu re  m a in ta in e d  a t  

23 ± 1 C . To i n s u r e  a d e q u a te  t r a n s p i r a t i o n  t h e  a i r  i n  t h e  c o n t r o l  

room was k e p t  c i r c u l a t i n g  d u r in g  t h e  p r e t r e a t m e n t  p e r i o d .  An e q u a l  

q u a n t i t y  o f  l e a f  t i s s u e  was used  in  each p r e t r e a t m e n t  f o r  i n d i v i d u a l  

e x p e r im e n t s .

I n  E x p e r im en ts  1 and 2, a f t e r  t h e  tw o-hou r  p r e t r e a t m e n t ,  t h e  

v i a l s  c o n ta i n in g  t h e  p l a n t  m a t e r i a l  were low ered  i n t o  s e p a r a t e  p h o to ­

s y n t h e s i s  c h a m b e rs .  Each chamber c o n s i s t e d  o f  an 80 ml g l a s s  t e s t  

t u b e ,  a c u rv e d  g l a s s  s i d e  arm i n s e r t e d  i n t o  a one h o le  r u b b e r  s t o p p e r ,  

and a serum v i a l  cap . The cham bers c o n ta i n in g  t h e  l e a v e s  were submerged 

i n  a w a te r  b a th  t o  a d e p th  w e l l  above th e  h e ig h t  o f  t h e  l e a v e s .

In  E xpe r im en t  3 ,  16% e th a n o l  and d i s t i l l e d  w a te r  were t h e  o n ly  

p r e t r e a t i n g  s o l u t i o n s  u s e d .  Some s e t s  o f  le a v e s  in  each o f  t h e  two 

s o l u t i o n s  were exposed  t o  e i t h e r  a low oxygen o r  a h ig h  oxygen e n v i r o n ­

ment . T h is  was a c c o m p lish e d  by p l a c i n g  th e  v i a l s  c o n ta in in g  th e  p r o p e r  

s o l u t i o n s  and l e a v e s  i n t o  chambers th ro u g h  which f low ed  c u r r e n t s  o f  oxy­

gen  (h ig h  oxygen) o r  n i t r o g e n  (low o x y g e n ) . Each chamber c o n s i s t e d  o f  

a 110 ml g l a s s  t e s t  t u b e  p lu g g ed  w i th  a t h r e e  h o le  s t o p p e r .  I n t o  one 

h o le  o f  each s to p p e r  a g l a s s  s i d e  arm w i th  a r e c e i v i n g  w e l l  was i n s e r t e d ,  

and t h i s  was l a t e r  s e a l e d  w i th  a  serum v i a l  c a p .  The re m a in in g  two 

h o le s  in  each s to p p e r  p r o v id e d  p o r t s  f o r  t h e  e n t r a n c e  and e x i t  o f  th e  

p r o p e r  g a s . A ir  was a l lo w e d  to  f lo w  o v e r  t h e  s u r f a c e  o f  t h e  c o n t r o l  

l e a v e s .  For t h i s  e x p e r im e n t  p r i o r  t o  lo w e r in g  t h e  chambers i n t o  t h e  

b a t h ,  i t  was n e c e s s a r y  o n ly  t o  d i s c o n n e c t  th e  t u b e s  from th e  r e s p e c t i v e  

gas  s t r e a m s  and s e a l  t h e  p o r t s .
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E ig h t  150-w r e f l e c t o r  f lo o d  lam p s ,  f o u r  on each  o f  two s id e s  o f  

t h e  b a t h ,  s e rv e d  as  a so u rc e  o f  i l l u m i n a t i o n .  These lamps p roduced  an 

i r r a d i a n c e  o f  2500 t o  2800 f t - c  a t  t h e  s u r f a c e  o f  t h e  l e a v e s .  Heat from 

th e  lamps was a b s o rb e d  by ru n n in g  t a p  w a te r  th ro u g h  r e c t a n g u l a r  g l a s s  

c u l t u r e  b o t t l e s  p l a c e d  be tw een  each lamp and t h e  w a te r  b a t h .  The te m p e ra ­

t u r e  o f  t h e  cham bers was k ep t  a t  20 ± 1 C by p l a c i n g  i c e  cubes a s  needed 

i n t o  t h e  w a te r  b a t h .

One h u nd red  m i c r o l i t e r s  (50 m i c r o c u r i e s )  o f  lab e led ,  sodium b i c a r ­

b o n a te  (NaHC^*^Og) s o l u t i o n  w ere  p la c e d  i n  t h e  r e s e r v o i r  o f  each s id e  

arm j u s t  b e f o r e  t h e y  w e re  s e a l e d  w ith  t h e  serum v i a l  c a p s .  Then from 

3 t o  5 d ro p s  o f  a 3% a c i d  (H^SO^) s o l u t i o n  were i n j e c t e d  i n t o  t h e  l a b e l e d  

b i c a r b o n a t e  i n  t h e  r e s e r v o i r s  by means o f  a hypoderm ic  n e e d le  in t r o d u c e d

th rough  t h e  serum  v i a l  c a p s .  The a c id  s o l u t i o n  b ro u g h t  a b o u t  a  r e l e a s e  

14o f  C 0 ^ from t h e  b i c a r b o n a t e  s o l u t i o n  and t h e  gas  q u i c k ly  d i f f u s e d  th r o u g h ­

o u t  t h e  chambers .

14The l e a v e s  w ere a l lo w e d  t o  f i x  C 0^ p h o t o s y n t h e t i c a l l y  f o r  20 

o r  30 m in u te s  and t h e n  k i l l e d  im m ed ia te ly  by subm ergence  i n  5 ml o f  

b o i l i n g  85% e th a n o l  f o r  a bou t  3 m in u te s .  A f t e r  s t a n d i n g  i n  t h e  a l c o h o l  

s o l u t i o n s  o v e r n i g h t  t h e  l e a v e s  w ere  removed an d  b o i l e d  i n  3 ml o f  d i s ­

t i l l e d  w a te r  f o r  one h o u r .  The l e a f  t i s s u e  was t h e n  removed from each 

d i s t i l l e d  w a te r  e x t r a c t  and s t o r e d .

The w a te r  and a l c o h o l  e x t r a c t s  w ere combined and d i l u t e d  t o  10 

ml w ith  d i s t i l l e d  w a t e r .  From th e  combined e x t r a c t s  10 m i c r o l i t e r  a l i ­

q u o ts  ( i n  t r i p l i c a t e )  w ere  t a k e n  and p l a t e d  o u t  on s t a i n l e s s  s t e e l  p l a n -  

c h e t s  . A f t e r  d r y in g ,  t h e  r a d i o a c t i v i t y  was c o u n te d  w i th  a M ylar end 

window g as  f low  c o u n t e r .  From t h e  mean c o u n ts  f o r  t h e  s e p a r a t e  p l a n c h e t



s e r i e s  t h e  t o t a l  f i x e d  in to  t h e  e x t r a c t a b l e  m a t e r i a l  was c a l c u l a t e d .

Each e x t r a c t  was e v a p o ra te d  t o  0 .5  ml by s l i g h t l y  h e a t i n g  i n  a 

w a te r  b a th  w h i le  p a s s i n g  a s t r e a m  o f  a i r  o v e r  i t .  A l i q u o t s  o f  t h e  c o n ­

c e n t r a t e d  e x t r a c t s  e q u iv a l e n t  t o  a  g iv e n  w e ig h t  o f  t i s s u e  w ere  s p o t t e d  

on s e p a r a t e  s h e e t s  o f  Whatman No. 1 f i l t e r  p a p e r  ( 1 8 - 1 /4  x 2 2 -1 /2 )  i n c h e s )  

T hese  p a p e rs  were d e v e lo p e d  tw o - d im e n s io n a l ly  w i th  p h e n o lz w a te r  (71: 29

v /v )  i n  th e  f i r s t  d i r e c t i o n  and b u t a n o l : p r o p i o n i c  a c i d : w a t e r  i n  th e  s e c ­

ond d i r e c t i o n .  The b u t a n o l : p r o p i o n i c  a c i d : w a t e r  s o l v e n t  d e s c r i b e d  by 

Benson e t  a l .  (3 )  was p re p a re d  im m ed ia te ly  b e f o r e  u s e  by th o ro u g h ly  m ix­

in g  e q u a l  p a r t s  o f  a s o l u t i o n  c o n ta i n in g  1245 ml o f  b u t a n o l  and 84 ml o f  

w a te r  w i th  a s o l u t i o n  c o n ta i n in g  620 ml o f  p r o p i o n i c  a c i d  and 790 ml o f  

w a t e r .  The chrom atogram s were a l lo w e d  t o  d ry  a t  room t e m p e r a tu r e  and 

t h e n  each  was exposed t o  Kodak n o - s c r e e n  X -ray  f i l m  (14 x 17 in c h e s )  from 

one t o  t h r e e  weeks . The f i lm s  were d e v e lo p e d  and a l l  r a d i o a c t i v e  s p o t s

were marked on t h e  p a p e rs  and c o u n te d  w ith  a  l a r g e  F u l l e r  (8 )  ty p e  end -

14window gas  f low  c o u n t e r .  The p e rc e n ta g e  o f  t h e  t o t a l  C f ix e d  i n t o  t h e  

s e p a r a t e  compounds on each chromatogram was c a l c u l a t e d  and  r e c o r d e d .

Some s p o t s  on t h e  p a p e rs  were e l u t e d  and t h e  i d e n t i t y  d e te rm in e d  

by c o -c h ro m a to g ra p h in g  w ith  a u t h e n t i c  compounds . O th e rs  w ere i d e n t i f i e d  

w i th  sp ra y  t e s t s  o r  by a  com parison  o f  t h e  r e l a t i v e  p o s i t i o n  on t h e  

p a p e rs  w i th  r e s p e c t  t o  known compounds. I n  a few c a s e s  a  c o m b in a t io n  o f  

t h e  t h r e e  m ethods was used  t o  l e a r n  t h e  i d e n t i t y  o f  a s p o t .

Sm all segm ents  ( 2 .2  x 4 .5  cm) c o n ta i n in g  t h e Y - a m i n o b u t y r i c  a c i d  

were c u t  from each  chrom atogram . The segm ents  w ere e l u t e d  s e p a r a t e l y  

w i th  d e io n i z e d  w a te r  in  excess  o f  2 .0 ml and t h e  e l u a t e s  w ere  concen ­

t r a t e d  t o  a p p ro x im a te ly  0 .1  ml . The c o n c e n t r a t e d  e l u a t e s  were s p o t t e d
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on s e p a r a t e  1 x 11 in c h  washed and  b u f f e r e d  p a p e r  s t r i p s  (2 5 )  and t h e r e ­

a f t e r  d e v e lo p e d  o n e - d im e n s io n a l ly  by a s c e n d in g  ch rom atography  i n  77% 

e t h a n o l .  A f t e r  d r y in g  a t  room t e m p e r a t u r e  t h e  Y - a m in o b u ty r i c  a c id  a r e a  

on each s t r i p  was l o c a t e d  w i th  t h e  u s e  o f  a chrom atogram  s c a n n e r .  These  

a r e a s  w e re  c u t  from t h e  s t r i p s  and  e l u t e d  s e p a r a t e l y  w ith  d e io n iz e d  w a te r  

i n  ex cess  o f  1 .5  m l.  The s e p a r a t e  e l u a t e s  were c o n c e n t r a t e d  t o  a volume 

o f  1 .0  m l .

From t h e  i n d i v i d u a l  c o n c e n t r a t e d  e l u a t e s  100 m i c r o l i t e r  a l i q u o t s  

w ere t a k e n  ( i n  t r i p l i c a t e )  and  p l a t e d  o u t  on s t a i n l e s s  s t e e l  p l a n c h e t s . 

A f t e r  d r y in g  t h e  p l a n c h e t s  w ere c o u n te d  w i th  a  M ylar end-window c o u n te r  

and  t h e  amount o f  Y - a m in o b u ty r ic  a c id -C ^ ^  ( b a s e d  on c o u n ts  p e r  second) was 

c a l c u l a t e d  f o r  each  e l u a t e  . L a t e r  t h e  amount o f  Y -a m in o b u ty r ic  a c id  

( b a s e d  on w e ig h t  p e r  ml) was d e te r m in e d  c o l o r i m e t r i c a l l y  w i th  n in h y d r in  

( 6 )  on d u p l i c a t e  250 m i c r o l i t e r  a l i q u o t s  from  t h e  s e p a r a t e  e l u a t e s .  The 

o p t i c a l  d e n s i t y  o f  each sam ple was measured w i th  a  S p e c t r o n i c  20 c o l o r i ­

m e te r  s e t  a t  570 mp . The s p e c i f i c  a c t i v i t y  ( c o u n t s  p e r  second  p e r  

m ic rogram ) o f  Y -a m in o b u ty r ic  a c i d  was c a l c u l a t e d  f o r  t h e  s e p a r a t e  e l u a t e s .



CHAPTER I I I

R e s u l t s

In  E x p e r im en ts  1 and 2 ,  t h r e e  90 mg l e a v e s  were p la c e d  i n  v i a l s

and each  s e t  p r e t r e a t e d  f o r  two h o u r s  in  e i t h e r  d i s t i l l e d  w a t e r ,  1%, 4%,

14o r  16% e t h a n o l .  They were t h e n  p e r m i t t e d  t o  f i x  C 0^ p h o t o s y n t h e t i c a l l y

14f o r  t h i r t y  m in u te s .  The t o t a l  C i n c o r p o r a t e d  i n t o  a l c o h o l - w a t e r  e x -

t r a c t a b l e  m a t e r i a l  was d e t e r m i n e d .  No a t te m p t  was made t o  m easu re  th e  

14n o n - e x t r a c t a b l e  C i n  t h e  t i s s u e  . The d a ta  a r e  shown i n  t a b l e s  I and

IV.
lu

S l i g h t  v a r i a t i o n s  i n  amount o f  C ' f i x e d  were a p p a re n t  even among

th e  c o n t r o l s  . But i n  g e n e r a l  t h e  t o t a l  l a b e l  i n c o r p o r a t e d  by t h e  p l a n t

t i s s u e  a p p e a re d  not t o  b e  m a t e r i a l l y  a f f e c t e d  by a l c o h o l  in  t h i s  r a n g e

o f  c o n c e n t r a t i o n s .  However, on e  s e t  o f  le a v e s  t r e a t e d  i n  4% e th a n o l

14( t a b l e  IV) i n c o r p o r a t e d  n o t a b l y  l e s s  C th a n  g e n e r a l l y  found among 

o t h e r  p r e t r e a t m e n t s .

14T a b le s  I I  and  V show t h e  p e r c e n ta g e s  o f  C f i x e d  i n t o  d i f f e r e n t  

m e t a b o l i t e s  d u r in g  t h e  p e r i o d s  o f  p h o t o s y n t h e s i s . T re a tm e n ts  " a "  and 

"b" r e p r e s e n t  d i f f e r e n t  s e t s  o f  l e a v e s  which were s i m i l a r l y  p r e t r e a t e d  

f o r  each  e th a n o l  c o n c e n t r a t i o n .  The d a ta  f o r  r e p l i c a t e s  1 and 2 were 

o b t a i n e d  from s e p a r a t e  chrom atogram s made from e q u a l  volumes o f  th e  

same e x t r a c t .  A l iq u o ts  e q u i v a l e n t  t o  a p p ro x im a te ly  46 mg o f  f r e s h  t i s s u e
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w ere p l a c e d  on t h e  o r i g i n  o f  s e p a r a t e  chromatograms . L a rg e r  a l i q u o t s  

were fo u n d  g e n e r a l l y  no t  t o  be s a t i s f a c t o r i l y  r e s o l v e d  on th e  p a p e r .

G e n e r a l ly  d e f i n i t e  l a b e l i n g  t r e n d s  can  be se en  i n  t h e  i n d i v i d u a l  

m e t a b o l i t e s ,  b u t  th e  t r e n d  f o r  Y -a m in o b u ty r ic  a c id  seemed t o  be more 

c o n s i s t e n t  t h a n  t h a t  found  f o r  o t h e r  compounds. For b o th  ex p e r im e n ts  

t h i s  am ino a c i d  a ccu m u la ted  t h e  l e a s t  i n  th e  c o n t r o l  l e a v e s .  I n ­

c r e a s e s  i n  e th a n o l  c o n c e n t r a t i o n  c o n s i s t e n t l y  enhanced th e  p e rc e n ta g e  

14o f C go in g  i n t o  t h i s  m e t a b o l i t e  ( t a b l e s  I I I  and V I ) .

The amount (w e ig h t )  o f  Y -a m in o b u ty r ic  a c id  p r e s e n t  i n  th e

l e a v e s  a p p e a r s  t o  have been  l i t t l e  changed by th e  d i f f e r e n t  a l c o h o l

p r e t r e a t m e n t s .  Some v a r i a t i o n s  were found b u t  t h e  d i f f e r e n c e s  f o r

s i m i l a r l y  t r e a t e d  l e a v e s  a r e  a s  g r e a t  as  f o r  t h o s e  t r e a t e d  d i f f e r e n t l y  .

14The amount o f  C f i x e d  i n t o  Y -a m in o b u ty r ic  a c id  was g r e a t l y

in c r e a s e d  by t h e  p r e t r e a t m e n t  w i th  e th a n o l .  Leaves p r e t r e a t e d  w ith  16%

e th a n o l  i n c o r p o r a t e d  o v e r  5 t im e s  a s  much i n t o  Y -a m in o b u ty r ic  a c id

as d id  t h e  c o n t r o l s  . S in c e  t h e  t o t a l  amount o f  Y- a m in o b u ty r ic  a c id  was

no t  c h a n g ed ,  t h e  s p e c i f i c  a c t i v i t y  o f  th e  Y -a m in o b u ty r ic  a c i d  i n  th e

14le a v e s  c l o s e l y  f o l lo w e d  th e  t r e n d  f o r  C i n c o r p o r a t i o n .

F o r  E xper im en t  3 t h e  p r e t r e a t i n g  s o l u t i o n s  c o n s i s t e d  o f  on ly  16%

e th a n o l  and  d i s t i l l e d  w a t e r .  D uring  p r e t r e a t m e n t  w i th  t h e s e  s o l u t i o n s ,

s e t s  o f  l e a v e s  i n  each were exposed  t o  an a tm o sp h e re  o f  oxygen , n i t r o g e n ,

o r  a i r  d u r in g  p r e t r e a t m e n t .  A f t e r  t h e  tw o-hour p r e t r e a t m e n t  t h e  l e a v e s

14w ere a l lo w e d  t o  f i x  C 0 ^ p h o t o s y n t h e t i c a l l y  f o r  tw e n ty  m in u t e s .  I n  each  

c a s e  t h o s e  l e a v e s  p r e t r e a t e d  in  16% e th a n o l  w h i l e  b e in g  exposed  to  oxygen , 

n i t r o g e n ,  o r  a i r  f i x e d  l e s s   ̂ t h a n  t h e i r  c o u n t e r p a r t s  in  d i s t i l l e d  

w a te r  ( t a b l e  V I I ) .  The d a t a  i n d i c a t e  t h a t  p r e t r e a t m e n t  in  an  a tm o sp h e re
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w i th  h ig h  oxygen c o n c e n t r a t i o n  g r e a t l y  r e t a r d s  t h e  p h o t o s y n t h e t i c  f i x a ­

t i o n  o f  by o a t  l e a v e s ,  b u t  t h a t  p r e t r e a t i n g  i n  an  a tm o sp h e re  o f

n i t r o g e n  w i th  v e ry  l i t t l e  oxygen had l i t t l e  e f f e c t  .

Shown i n  t a b l e  V I I I  a r e  t h e  p e r c e n ta g e s  o f  t h e  t o t a l  f i x e d
14

C i n c o r p o r a t e d  i n t o  t h e  s e p a r a t e  m e ta b o l i c  p r o d u c t s  i n  E x p e r im en t  3 .  

The e f f e c t s  o f  p r e t r e a t m e n t  w i th  a l c o h o l  were g e n e r a l l y  th e  same r e g a r d ­

l e s s  o f  w he ther  t h e  l e a v e s  w ere  k e p t  i n  an a tm o sp h e re  o f  h ig h  oxygen 

c o n c e n t r a t i o n ,  h ig h  n i t r o g e n  c o n c e n t r a t i o n ,  o r  a i r .

The s p e c i f i c  a c t i v i t y  o f  y - a m in o b u ty r ic  a c id  a s  d e te rm in e d  f o r  

t h i s  expe r im en t  i s  shown i n  t a b l e  IX . I n  each c a s e  more was f i x e d

i n t o  t h i s  amino a c i d  by t h e  c o n t r o l  l e a v e s  t h a n  by t h o s e  exposed  t o  

oxygen o r  n i t r o g e n .  The amount o f  Y -a m in o b u ty r ic  a c id  a p p e a re d  not 

t o  b e  m a t e r i a l l y  a l t e r e d  by e i t h e r  t r e a t m e n t .  The r e s u l t s  i n d i c a t e  

t h a t  n i t r o g e n  may have  c a u se d  a r e d u c t i o n  i n  t h e  s y n t h e s i s  o f  t h i s  

amino a c i d .  In  most c a s e s  t h e  s p e c i f i c  a c t i v i t y  o f  Y -a m in o b u ty r ic  

. a c i d  showed a  d e c r e a s e  when l e a v e s  were p la c e d  i n  an a tm o sp h e re  o f  

oxygen  o r  n i t r o g e n  d u r in g  p r e t r e a t m e n t  w i th  o r  w i t h o u t  e t h a n o l .  The 

d a t a  i n d i c a t e  t h a t  t h e  s p e c i f i c  a c t i v i t y  o f  t h i s  compound i s  enhanced  

by t h e  t r e a t m e n t  o f  o a t  l e a v e s  w i th  low c o n c e n t r a t i o n s  o f  e t h y l  a l c o h o l .  

T hese  f i n d i n g s  a r e  i n  ag re e m e n t  w i th  t h o s e  o b se rv e d  f o r  E x p e r im en ts  1 

and 2 ,



12

TABLE I

EFFECTS OF ETHANOL ON PHOTOSYNTHETIC FIXATION OF IN THE

LEAVES OF VICTORY OATS DURING THIRTY MINUTES (Expe r im en t  1)

Two hou r  
p r e t r e a t m e n t

S e t s  o f  
3 l e a v e s  each

F r e s h  weight  
(mg)

c / s / m g  f t  wt 
t i s s u e

a 270 .0 452
Water

b 270.0 342

a 270 .0 437
1% E t h a n o l

b 270.0 420

a 270 .0 400
4% E t h a n o l

b 270.0 309

a 270 .0 332
16% E t h a n o l

b 270.0 312
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TABLE I I

EFFECTS OF ETHANOL ON THE LABELING OF INTERMEDIARY METABOLITES

DURING THIRTY MINUTES OF PHOTOSYNTHETIC FIXATION OF 
1 a

C O  IN VICTORY OAT LEAVES (E x p e r im e n t  1)

P e r c e n t a g e s  o f  t h e  t o t a l  C^^ f i x e d  i n t o  s e p a r a t e  
m e t a b o l i t e s  d u r i n g  30 m in u t e s  p h o t o s y n t h e s i s

M e t a b o l i t e s Qo
a f t e r  a 2-h o u r p r e t r e a t m e n t

V
*H

P r e t r e a t m e n t s o l u t i o n
H
A
o HOH 1% ETOH 4% ETOH 16% ETOH

K

a b a b a b a b

% % % % % % % %

G l y c e r a t e 1
2

1 .3  
1 .1

1 .1
1 .1

1 .0
1 . 1

1 . 2  
1 . 2

1 .1
1 .0

1 .2  
1 .1

0 . 5
0 . 6

1 .6  
0 .6

M a l a t e 1 4 .8 4 .0 5 .2 4 .3 4 .3 4 .2 2 .2 2 .6
2 4 .0 4 .0 4 .6 4 .5 4 .7 4 .1 2 .5 2 .8

C i t r a t e
1
2

0 .3 
0 .3

0.3 
0 .3

0 .5 
0 .4

0 .2 
0 .3

0 .5 
0 .7

0 .3 
0 .3

0 .3 
0 .3

0 .3 
0 .3

Gl u t a m a t e
1
2

0 .8 
0 .7

0 .5 
0 .6

0 .7 
0 .7

0 .7  
0 .7

1 .1  
0 .9

0 .6 
0 .7

1 .0
0 .9

0 .9
1 .0

A s p a r t a t e 1
2

0 .5 
0 .6

0 .5  
0 .6

0 .5 
0 .5

0 .5 
0 .5

0 .3 
0 .3

0 .4 
0 .4

0 .1 
0 . 1

0 .1
0 .1

A l a n i n e
1
2

1 .3
1 .0

1 .0
1 .0

1 . 2
1 .1

0 .7 
0 .6

0 .8 
0 .8

0 .6 
0 .6

0 .9 
0 . 7

0 .5
0 .4

G l y c i n e ^  * 
S e r i n e  r 
G lueo s e y

1 13 .8 10 .9 14 .0 13 .0 18 .3 16 .9 23 ,6 25 .1
2 11 .0 10 .9 13 .3 11 .8 1 8 .2 16 .7 24 .0 26 .2

S u c r o s e 1 66 .0 7 2 .2 67 .8 70 .5 54 .6 65 .7 61 .7 59.0
2 71.8 72 .0 69 . 3 71 .3 63 .6 65 .7 50 .8 57.4

Y-Amino- 1 0 .3 0 .2 0 .4 0 .5 0 .8 1 .0 2 .0 2.3
b u t y r a t e 2 0 .2 0 .2 0 .4 0 .5 0 .8 0 .8 2 .1 2 .5

F r u c t o s e 1
2

0 .2 
0 .1

0 .2 
0 .2

0 .2 
0 .2

0 .1 
0 .1

0 .1 
0 . 1

0 .1 
0 .1

0 .2
0 . 1

0 . 2
0 . 1

P h o s p h a te 1 8 .1 6 .9 6 .4 5 . 5 5 .8 6 .7 5 .3 5 .2
e s t e r s 2 7 .0 7 .4 6 .3 6 .4 6 .5 7 . 2 5.4 5.6

AThese compunds were n o t  w e l l  enough r e s o l v e d  on chromatograms t o  p e r m i t
i n d i v i d u a l  c o u n t i n g ,
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TABLE I I I

EFFECTS OF ETHANOL ON THE SPECIFIC ACTIVITY OF Y -AMINOBUTYRIC 

ACID IN VICTORY OAT LEAVES AFTER THIRTY MINUTES OF

PHOTOSYNTHETIC
lU

FIXATION OF C 0 (E x p e r im e n t  1)

Two h o u r  
p r e t r e a t m e n t R e p l i c a t e s

Cl' '̂ f i x e d  p e r  Weight o f  
46 mg f r  wt amino a c i d

S p e c i f i c
a c t i v i t y

c / s 4g c / s /  yg

1 4 .0 1.4 2.8â 2 5 .0 1.9 2.6
Water

v, 1 10 .0 1.3 7 .7
D 2 8 .0 1 .1 7 .3

1 18 .0 2.7 6 .7
cL 2 28 .0 1 .5 18 .7

1% E t h a n o l
1 23.0 2.1 10 .9
2 21.0 1.3 1 6 .2

1 24 .0 2.4 10 .0
5 2 39 .0 0 .3 130 .0'

4% E t h a n o l
K 1 31 .0 2.0 1 5 .5
D 2 36 .0 1 .7 21 .1

1 98 .0 0 .5 196.0
B. 2 117 .0 ft -

16% E t h a n o l
1 121 .0 0 .3 403 .3
2 137.0 1 .0 137 .0

*The w e i g h t  o f  Y -am inobu ty r i c  a c i d  was no t  d e t e r m i n e d f o r  t h i s
f r a c t  i o n ,
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TABLE IV

EFFECTS OF ETHANOL ON PHOTOSYNTHETIC FIXATION OF C^^O^ IN THE 

LEAVES OF VICTORY OATS DURING THIRTY MINUTES (E x p e r im e n t  2)

Two hour  
p r e t r e a t m e n t

S e t s  o f  
3 l e a v e s  each

F r e s h  w e ig h t  
(mg)

c / s /m g  f t  wt 
t i s s u e

a 270 .0 369
Water

b 270 .0 416

a 270 .0 309
1% E th a n o l

b 270 .0 390

a 270 .0 261
4% E th a n o l

b 270 .0 385

a 270 .0 379
15% E t h a n o l

b 270 .0 372
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TABLE V

EFFECTS OF ETHANOL ON THE LABELING OF INTERMEDIARY METABOLITES 

DURING THIRTY MINUTES OF PHOTOSYNTHETIC FIXATION OF 

C^^O IN VICTORY OAT LEAVES ( E x p e r im e n t  2)

M e t a b o l i t e s

G l y c e r a t e

M a la te

C i t r a t e

G lu t a m a te

A s p a r t a t e

A la n in e

G ly c in e " !  * 
S e r i n e  r 
G lu c o s e J

S u c r o s e

y -A m ino- 
b u t y r a t  e

F r u c t o s e

P h o s p h a te
e s t e r s

P e r c e n t a g e s  o f  t h e  t o t a l  0^'+ f i x e d  i n t o  s e p a r a t e  
m e t a b o l i t e s  d u r i n g  30 m in u te s  p h o t o s y n t h e s i s  

a f t e r  a  2 - h o u r  p r e t r e a t m e n t

in

"So•HHA11
K

P r e t r e a t m e n t  s o l u t i o n

HOH 1% ETOH 4% ETOH 16% ETOH

a b a b a b a b

% % % % % % % %

1 1 .5 1 .3 1 .8 1 .2 1 .6 1 .0 0 .8 0 .9
2 1 .6 1 .2 1 .9 1 . 1 1 .7 1 .0 0 .1 0 ,9

1 6 .4 5 .3 5 .5 5 ,1 5.9 4 . 8 3 .7 4 . 3
2 5 .3 4 .5 5.1 5 .2 6 .1 5 .0 3 . 1 4 .0

1 0 .6 0 .5 0 .5 0 .5 0 .7 0 .6 0 . 5 0 . 5
2 0 .5 0 .4 0 .5 0 .6 0 .7 0 .6 0 . 5 0 .5

1 1 .4 1 .3 1 .3 1 .4 1 .6 1 . 4 1 .8 1 .7
2 1 .7 1 .1 1 .2 1 .3 1 .7 1 . 4 1 . 7 1 .9

1 0 .6 0 .4 0 .3 0 .4 0 .4 0 .3 0 .1 0 .2
2 0 .6 0 .4 0 .3 0 .4 0 .4 0 .3 0 .1 0 .2

1 1 .4 0 .9 0 .9 0 .9 0 .8 0 .6 0 . 5 0 .7
2 1 .3 0 .8 0 .8 0 .9 0 .8 0 .6 0 . 5 0 .7

1 19 .0 1 2 .5 24 .6 17 .0 3 2 .1 19 .5 23 .1 26 .9
2 15 .8 13 .0 24 .4 1 7 .0 33 .4 18 .7 2 0 .1 3 1 .3

1 53 J 67 .3 49 .6 6 2 .3 4 1 .1 59 .9 57 .4 4 9 .7
2 60 .6 68 .4 46 .1 61 .8 40 .2 6 1 .0 62 .3 45 .7

1 0 .5 0 .4 1 .0 0 .6 1 .5 1 . 0 2 .4 3 .3
2 0 .5 0 .3 1 .1 0 .6 1 .3 1 . 0 2 .1 3 . 1

1 0 .2 0 .1 0 .1 0 .1 0 .1 0 .1 0 .2 0 . 1
2 0 .1 0 .1 0 .1 0 .1 0 .1 0 .1 0 .1 0 .1

1 11 .0 6 . 9 10 .8 7 .6 10 .3 8 .2 6 .0 8 .0
2 9 .1 7 .5 10 .2 8 .1 10 .1 7 .7 5 .5 7 .8

* T h ese  compounds w e re  n o t  w e l l  enough  r e s o l v e d  o n  ch ro m a to g ra m s  
t o  p e r m i t  i n d i v i d u a l  c o u n t i n g  .
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TABLE VI

EFFECTS OF ETHANOL ON THE SPECIFIC ACTIVITY OFY-AMINOBUTYRIC 

ACID IN VICTORY OAT LEAVES AFTER THIRTY MINUTES OF 

PHOTOSYNTHETIC FIXATION OF C^^O^ (E xpe r im en t  2)

Two hour  
p r e t r e a t m e n t R e p l i c a t e s

1 4
C f i x e d  p e r  

46 mg f r  wt
Weight  o f  
amino a c i d

S p e c i f i c
a c t i v i t y

c / s c / s  y g

1 19 .0 1 . 5 1 2 .7a 2 20 .0 2 .0 1 0 .0
Water

1 17 .0 1 . 6 1 0 .6
2 17 .0 2 . 0 8 .5

1 22 .0 1 . 5 1 4 .7a 2 29 .0 1 .4 20 .7
1% E thano l

V, 1 24 .0 1 .5 1 6 .0
D 2 25 .0 1 .9 1 3 . 2

1 18 .0 2.0 9 .0
2 24 .0 1 . 5 1 6 .0

4% E th a n o l
1 50 .0 1 .3 3 8 . 5
2 42 .0 1 .0 4 2 . 0

1 1 01 .0 2.3 4 3 .9
2 1 14 .0 1 .8 6 3 .3

16% E thano l
1 129 .0 1 . 1 126.4
2 120 .0 0 .4 300.0
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TABLE VII

EFFECTS OF HIGH OR LOW OXYGEN LEVEL ON PHOTOSYNTHETIC FIXATION
1 ii

OF C O  IN VICTORY OAT LEAVES DURING TWENTY MINUTES AFTER 

PRETREATMENTS WITH AND WITHOUT ETHANOL (E xpe r im e n t  3)

Two hou r  
p r e t r e a t m e n t  3

S e t s  o f  
l e a v e s  each

F re sh  w e ig h t  
(mg)

c / s / m g  f r  wt 
t i s s u e

a 270 ,0 256
A i r  Ê HOH

b 270 .0 271

a 270 .0 255
A i r  6 15% ETOH

b 270 .0 23L

a 270 .0 101
Oxygen S HOH

b 270 .0 79

a 270 .0 65
Oxygen £ 16% ETOH

b 270 .0 37

a 270 .0 315
N i t r o g e n  £ HOH

b 270 .0 304

a 270 .0 296
N i t r o g e n  £ 16% ETOH

b 270 ,0 278



TABLE V III

EFFECTS OF HIGH OR LOW OXYGEN LEVEL ON LABELING OF INTERMEDIARY METABOLITES 

DURING TWENTY MINUTES OF PHOTOSYNTHETIC FIXATION OF C^^Ü2 IN VICTORY OAT 

LEAVES PRETREATED WITH AND WITHOUT ETHANOL ( E x p e r im e n t  3)

M e t a b o l i t e s P e r c e n t a g e  o f  t o t a l  C^^ f i x e d  i n t o  s e p a r a t e  m e t a b o l i t e s  d u r i n g  
20 m in u te  p h o t o s y n t h e s i s  a f t e r  a  2 - h o u r  p r e t r e a t m e n t

P r e t r e a t m e n t

A i r  & A i r  & Oxygen Oxygen & N i t r o g e n N i t r o g e n  &
HOH 16%ET0H & HOH 16%ET0H & HOH 16% ETOH

a b a b a b a b a b a b
% % % % % % % % % % % %

G l y c e r a t e 1 .5 1 . 7 1 . 7 0 . 6 1+.7 1.1* 0 .9 0 . 7 0.2 0.2 0 .3 0 . 7
M ala te 0 A 1 .0 2 . 2 1 . 9 3 .8 2 . 3 5 .0 l*.6 2 . 2 1 .2 3 .2 2.0
C i t r a t e 0 . 1 0 . 1 0 . 3 0 .2 0 . 3 0 . 3 0 .5 0 . 7 0 . 1 0 . 1 3 .2 2.0
Glu tam ate 0 .3 0 .5 1 . 1 1 . 2 0 .9 0 . 7 1 . 6 1 . 9 0 .2 0.2 0,1* 0 . 3
A s p a r t a t e 0 . 1 0 .3 0 . 2 0 . 3 3 .2 1*.9 7 .7 8 . 1 1 .0 0 . 9 1 .5 1 . 3
A l a n in e 0 .6 1 . 1 1 . 6 2 . 0 1 .5 2 .0 3 . 1 3 . 7 1 . 7 2 . 0 3.1* 3 .6
G l y c i n e !  * 
S e r i n e  L 1 1 .9 1 2 .9 2 7 . H 2 1 .9 1 5 .6 1 9 .7 17.1* 2 3 .9 2 . 7 2 . 7 3 .8 9 . 7
Glucose  J 
Sucrose 7 5 .1 7 1 .7 5 1 .6 59 . 0 1*3.2 1*7.6 1*0.2 3 2 .2 81 .1 80.1 7 1 . 1 69.2
y - A m in o b u ty ra t e 0 .2 0 .5 1 . 6 1 .5 0 . 3 0 .5 2 . 1 3 .5 0 .2 0 . 1 0 . 7 0 . 8
F r u c t o s e 0 . 1 0 . 1 0 . 1 0 . 1 0 . 3 0 . 3 0 . 5 0 . 3 0 . 1 0 . 1 0 . 1 0 .2
P h o s p h a te 8 .1 8 .7 9 . 8 8 . 1* 2 3 . 1 1 7 .3 17.1* 1 6 . 5 9.1* 1 0 .6 1 3 .1 9.9
e s t e r s

*These compounds were n o t  w e l l  enough r e s o l v e d  on chromatograms t o  p e r m i t  i n d i v i d u a l  
c o u n t i n g .
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lABLE IX

EFFECTS OF HIGH OR LOW OXYGEN LEVEL ON THE SPECIFIC ACTIVITY OF Y-AMINO- 

BUTYRIC ACID IN VICTORY OAT LEAVES PRETREATED WITH OR WITHOUT 

ETHANOL DURING TWENTY MINUTES PHOTOSYNTHESIS (E x p e r im e n t  3)

Two hour S e t s  o f Cl*  ̂ f i x e d  pe r Weight o f S p e c i f i c
p r e t r e a t m e n t  3 l e a v e s  each 46 mg f r  wt amino a c i d a c t i v i t y

c / s Vg c / s  Ug

a 17 ,1 1 .5 11.4
A i r  £ HOH

b 10 .3 1 .0 10 .3

a 54 .8 1 .0 54 .8
A i r  £ 16% ETOH

b 47 .7 1 .5 31 .8

a 4 .5 1 .1 4 .1
Oxygen £ HOH

b 6 .7 0 .8 8 .4

a 17 .6 1 .3 13 .5
Oxygen £ 16% ETOH

b 21.2 1 .5 14 .1

a 7 .5 0 .3 24 .3
N i t r o g e n  £ HOH

b 5 .9 0 .6 9 .8

a 33 .5 1 .0 33 .5
N i t r o g e n  £ 16% ETOH

b 26 .8 0 .9 29 .8



CHAPTER IV 

D i s c u s s i o n

The r e s u l t s  p r e s e n t e d  i n  t h i s  p a p e r  show t h a t  e t h a n o l  a f f e c t s  

14t h e  d i s t r i b u t i o n  o f  C among many i n t e r m e d i a r y  m e t a b o l i t e s  o f  V i c t o r y  

o a t  l e a v e s .  A lc oho l  s e a n s  t o  h a v e  i n c r e a s e d  t h e  p e r c e n t a g e  of  l a b e l  

i n c o r p o r a t e d  i n t o  some compounds b u t  d e c r e a s e d  i t  f o r  o t h e r s  . I t s  most  

a p p a r e n t  e f f e c t  was t h e  d e c i d e d  enhancement  o f  C go ing  i n t o  Y-amino-  

b u t y r i c  a c i d  by i n c r e a s i n g  c o n c e n t r a t i o n s  o f  t h e  e t h a n o l .  S i m i l a r  r e ­

s u l t s  were o b s e rv e d  in  a p r e v i o u s  s t u d y  ( 1 3 ) .  Other  i n v e s t i g a t o r s  have 

d e m o n s t r a t e d  t h a t  i n  p l a n t  t i s s u e ,  growth and m e ta b o l i c  p r o c e s s e s  may 

be m a t e r i a l l y  a f f e c t e d  by low c o n c e n t r a t i o n s  o f  e thy l  a l c o h o l .

G u d j o n s d o t t e r  and B ur s t rom  (10)  s t a t e d  t ha t  weak s o l u t i o n s  o f  

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

of  l i g h t  on wheat  r o o t s .  They p o i n t e d  ou t  t h a t  the a l c o h o l s  p r i m a r i l y  

s t i m u l a t e d  c e l l  e l o n g a t i o n  r a t h e r  t h a n  m u l t i p l i c a t i o n ,  an  e f f e c t  which 

was o b s e rv e d  o n ly  i n  c o n c e n t r a t i o n s  a p p r o a c h i n g  t o x ic  l e v e l s .  They 

s u g g e s t e d  t h a t  p r o b a b ly  t h e s e  a l c o h o l s  enhanced e lo n g a t io n  by s t i m u l a t i n g  

t h e  p r o d u c t i o n  o f  a c t i v e  g r ow th  s u b s t a n c e s  .

Her ( 1 5 ,  16) found  t h a t  when t h e  c a r b o n  d i o x i d e  c o n c e n t r a t i o n  

in  a i r  f lo w in g  o v e r  e t i o l a t e d  o a t  s e e d l i n g s  was r a i s e d  t o  5%, g r ow th  o f  

t h e  m es o c o ty l  was s u b s t a n t i a l l y  i n c r e a s e d  w h i l e  t h a t  o f  t h e  c o l e o p t i l e  

was d e p r e s s e d .  He r e p o r t e d  f u r t h e r  t h a t  when d i l u t e  e t h a n o l  was s u p p l i e d

21
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t o  t h e  r o o t s ,  s t r i k i n g l y  s i m i l a r  r e s p o n s e s  were p r o d u c e d .  In  bo th  c a s e s  

t h e  enhancement e f f e c t  was a t t r i b u t e d  t o  t h e  e x t e n s i o n  o f  t h e  m e r i s t e -  

m a t i c  a c t i v i t y  of  t h e  modal m e r i s t e m s .

Working w i th  Avena c o l e p t i l e  s e c t i o n s  Anker ( 2) showed t h a t  

oxygen u p t a k e  induced by i n d o l e a c e t i c  a c id  could  be f u r t h e r  enhanced 

by low amounts  o f  e t h y l  a l c o h o l .  He a l s o  r e p o r t e d  t h a t  t h e  p r e s e n c e  o f  

e t h a n o l  ( ‘+0 m g / l i t e r )  i n  media w i t h o u t  an added s o u r c e  o f  c a rb o n  i n ­

c r e a s e d  oxygen consumpt io n  8 to  23% This r e s p o n s e  would seem to  i n ­

d i c a t e  t h e  u s e  o f  e th a n o l  a s  a s u b s t r a t e ,  bu t  Anker  s ^ g g s u t e d  t h a t  p e rh a p s  

i t  s t i m u l a t e d  endogenous s u c r o s e  m etabo l i sm  which s u b s e q u e n t l y  may have  

been  i n d i r e c t l y  r e s p o n s i b l e  f o r  t h e  i n c r e a s e d  u p t a k e  of oxygen

Lowe and James ( l u )  r e p o r t e d  r e s u l t s  from work w i t h  c a r r o t  r o o t  

t i s s u e  which a p p e a re d  t o  be  in  harmony wi th  Anker ' s  S u g g e s t i o n .  They 

found t h a t  upon a d d i t i o n  o f  e t h y l  a l c o h o l ,  i n  s m a l l  am oun ts ,  to  media 

c o n t a i n i n g  c a r r o t  d i s c s  a sudden  r i s e  i n  oxygen c onsum pt ion  f o l l o w e d .
i U

Yet when e t h a n o l - l - C  was used  o n ly  n e g l i g i b l e  q u a n t i t i e s  o f  C were 

i n c o r p o r a t e d  i n t o  o r g a n i c  a c i d s  and ca rbon  d i o x i d e .  They s u g g e s t e d  t h a t  

p r o b a b l y  t h e  i n t r a c e l l u l a r  s p a t i a l  s e p a r a t i o n  of  t h e  a p p r o p r i a t e  enzymes 

(known t o  be  p r e s e n t  i n  c a r r o t  r o o t s )  may have p r e v e n t e d  t h e  a e r o b i c  

o x i d a t i o n  o f  t h e  a l c o h o l . .

I n  g e n e r a l  t h e  d a t a  a p p e a r i n g  i n  t a b l e s  I I I ,  VI ,  and IX show t h a t  

t h e  s p e c i f i c  a c t i v i t y  o f  Y- a m i n o b u t y r i c  a c i d  was enhanced by t h e  e t h a n o l  

s o l u t i o n s .  But a t  t h e  same t ime t h e  pool  s i z e  of t h i s  amino a c i d  a p p e a r s  

no t  t o  have be e n  m a t e r i a l l y  c h a n g e d .  These f i n d i n g s  s u g g e s t  t h a t  e t h a n o l  

s t i m u l a t e d  t h e  s y n t h e s i s  o f  Y -am inobu ty r i c  a c i d  i n  a d d i t i o n  t o  i t s  u t i l i ­

z a t i o n  w i t h i n  t h e  l e a f  t i s s u e .  Tha t  t h i s  compound a c t i v e l y  p a r t i c i p a t e s
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i n  amino a c i d  and p r o t e i n  m etabo l i sm  o f  p l a n t s  has  become e v i d e n t  w i t h i n  

r e c e n t  y e a r s  ( 9 ,  20,  2 2 ) .

S h o r t l y  a f t e r  t h e  d i s c o v e r y  o f  Y - a m i n o b u t y r i c  a c i d  i n  h i g h e r  

p l a n t s  by Dent e t  a l .  (7 )  and s u b s e q u e n t  c o n f i r m a t i o n  by S t e w a r t  e t  a l  „ 

( 2 4 ) ,  t h i s  compound was th o u g h t  t o  be  m e r e ly  a n  end p r o d u c t  o f  g l u t a m i c  

a c i d  m e ta b o l i sm  formed p r i n c i p a l l y  u n d e r  t h e  i n f l u e n c e  o f  t h e  enzyme, 

g l u t a m i c  a c i d  d e c a r b o x y l a s e  ( 2 7 ,  2 9 ) .  A l though  t h i s  method of  s y n t h e s i s  

i s  f e a s i b l e  and has  be e n  t h o r o u g h l y  s u b s t a n t i a t e d  ( 2 2 ,  2 4 ) ,  y e t  f r e q u e n t ­

l y  i n  p l a n t s  t h e r e  i s  found no c o r r e l a t i o n  be tween  t h e  amount o f  Y -am ino­

b u t y r i c  a c i d  p r e s e n t  and t h e  a c t i v i t y  o f  t h i s  enzyme ( 2 7 ) ,

St eward  ( 2 0 )  q u e s t i o n s  w he the r  Y- a m i n o b u t y r i c  a c i d  i s  formed by 

g l u t a m i c  a c i d  d e c a r b o x y l a s e  i n  growing t i s s u e  c u l t u r e s  -, From an  i n t e n s i v e  

s t u d y  o f  n i t r o g e n  m e ta b o l i s m ,  r e s p i r a t i o n ,  and growth  o f  c a r r o t  r o o t  t i s ­

s u e  Stewart  e t  a l .  (21)  c i t e d  d a t a  which t h e y  c o n s i d e r e d  e v i d e n c e  t h a t  

Y- a m i n o b u t y r i c  a c i d  s e r v e d  as  a s o u rc e  f o r  g l u t a m i c  a c i d  and g l u t a m i n e .  

F u r th e r m o r e  t h e y  c o n s i d e r e d  Y - a m i n o b u t y r i c  a c i d  t o  be an e x c e e d i n g ly  

a c t i v e  m e t a b o l i t e  and t h e r e f o r e  was i n t i m a t e l y  a s s o c i a t e d  ( a s  a p r e c u r ­

s o r  o f  g l u t a m i c  a c i d  and g l u t a m i n e )  w i th  t h e  g e n e r a l  n i t r o g e n  m eta bo l i sm  

o f  p l a n t s .  S u c c i n i c  s e m i a ld e h y d e ,  p r o b a b l y  a r i s i n g  from s u c c i n i c  a c i d  of  

t h e  c i t r i c  a c i d  c y c l e ,  was presumed by them t o  be t h e  a p p a r e n t  p r e c u r s o r  

o f  t h i s  amino a c i d  .

The work o f  Gonza lez  e t  a l .  (9 )  g e n e r a l l y  s u p p o r t e d  t h e  s u g g e s t i o n  

o f  Steward  e t  a l .  (21) r e l a t i v e  t o  t h e  a c t i v e  r o l e  o f  Y - a m i n o b u t y r i c  a c i d  

i n  p l a n t s .  They found  i t  t o  be  r e a d i l y  m e t a b o l i z e d  by segmen ts  o f  H e l i a n -  

t h u s  t u b e r o s u s  t u b e r s  suspended  i n  l i q u i d  m e d i a .  On chrom atograms made 

w i t h  e x t r a c t s  f rom t h e  t u b e r  t i s s u e  t h e  h i g h e s t  l a b e l  n o t e d  among t h e
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amino a c i d s ,  e x c l u d i n g  7 - a m i n o b u t y r i c  a c i d ,  was a l a n i n e ,  p r o l i n e ,  a s ­

p a r t i c  a c i d ,  and g l u t a m i c  a c i d „ Only m a l i c  a c i d  i n  t h e  o r g a n i c  a c i d

14f r a c t i o n  showed any a p p r e c i a b l e  a c c u m u l a t i o n  o f  C From t h e s e  r e s u l t s  

t h e y  a r r i v e d  a t  t h e  same c o n c l u s i o n  as  S teward  e t  a l ,  t h a t  Y - a m i n o b u t y r i c  

a c i d  i s  an  a c t i v e  m e t a b o l i t e  and 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  i n t e r ­

m e d i a t e s  o f  t h e  c i t r i c  a c i d  c y c l e  .

The e x p e r i m e n t a l  d a t a  p r e s e n t e d  i n  t a b l e  VII show t h a t  t h e

14p h o t o s y n t h e t i c  f i x a t i o n  o f  C 0^ i n  l e a v e s  o f  o a t  i s  g r e a t l y  r e t a r d e d

14i n  a n  a tm osphe re  w i th  h igh  oxygen  c o n c e n t r a t i o n . .  At t h e  same t im e  C 0^ 

f i x a t i o n  i n  t h e  l e a v e s  exposed  t o  an a tm o s p h e re  w i th  ve ry l i t t l e  oxygen 

a p p e a r e d  not  t o  d i f f e r  m a t e r i a l l y  from t h a t  i n  the  c o n t r o l s . These r e ­

s u l t s  c l o s e l y  r e s e m b l e  t h e  f i n d i n g s  o f  T u r n e r  e t  a l .  (28)  which showed 

t h a t  p h o t o s y n t h e s i s  was g r e a t l y  i n h i b i t e d  by h i g h  oxygen c o n c e n t r a t i o n s .  

These workers  s t a t e d ,  " I f  g l y c e r a l d e h y d e  p h o s p h a t e  dehyd rogenase  a c t e d  

a s  a pacemaker  i n  p h o t o s y n t h e s i s  ( e . g ,  a t  h igh  l i g h t  i n t e n s i t y  and h i g h  

CO^ c o n c e n t r a t i o n )  t h e n  i n h i b i t i o n  o f  t h e  enzyme by oxygen co u ld  i n h i b i t  

p h o t o s y n t h e s i s  ( i )  by d e p r e s s i n g  t h e  r a t e  of  r e - o x i d a t i o n  o f  r e d u c e d  p y r i ­

d i n e  n u c l e o t i d e  d e r i v e d  from t h e  p h o t o l y s i s  o f  w a t e r ,  s o  t h a t  t h i s  p r o c e s s  

and oxygen e v o l u t i o n  would s low down, ( i i )  by c a u s i n g  a  b lo c k  a t  t h e  3 -  

p h o s p h o g l y c e r i c  a c i d  l e v e l  which c o u ld  i n t e r f e r e  w i th  t h e  o p e r a t i o n  o f  t h e  

c a r b o n  c y c l e . "  A c cord ing  t o  C a r r  ( 5 ) ,  Tamiya and H u z i z ig e  i n  1949,  and 

Miyachi  e t  a l .  i n  1955 wer^ i n  a g re e m e n t  w i t h  t h i s  p o i n t  o f  v i e w .  I  b e ­

l i e v e  t h a t  p h o t o s y n t h e s i s  was p r o b a b l y  i n h i b i t e d  by t h e  p r e t r e a t m e n t  o f  

l e a v e s  i n  an a tm osphe re  o f  h i g h  oxygen c o n c e n t r a t i o n  i n  my s t u d y .

Tu rne r  e t  a l ,  ( 2 8 ) ,  f u r t h e r m o r e ,  n o t e d  no s i g n i f i c a n t  d i f f e r e n c e  

b e tw e e n  t h e  r a t e s  o f  p h o t o s y n t h e s i s  i n  a i r  and n i t r o g e n .  These  r e s u l t s
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a r e  l i k e w i s e  s u p p o r t e d  by my d a t a .

The most a p p a r e n t  e f f e c t  o f  oxygen on t h e  m etabo l i sm  o f  Y-amino-

14b u t y r i c  a c i d  was t h e  d e c i d e d  r e d u c t i o n  in amount o f  C f i x e d .  Oat l e a v e s

e xposed  t o  n i t r o g e n  a c cu m u la t e d  l e s s  l a b e l  i n t o  t h i s  m e t a b o l i t e  t h a n  t h e

c o n t r o l s  b u t  t h e  d i f f e r e n c e  i s  no t  g r e a t  and may not  be s i g n i f i c a n t .  The

p o o l  s i z e  o f  Y - a m in o b u ty r i c  a c i d  appeared  not  t o  have  be en  a f f e c t e d  by

e i t h e r  oxygen o r  n i t r o g e n .  T h e r e f o r e  i t  a p p e a r s  t h a t  t h e  l o w e r i n g  o f  t h e

s p e c i f i c  a c t i v i t y  o f  t h i s  m e t a b o l i t e  i n  each c a s e  r e s u l t e d  from an i n h i b i -

14t i o n  o f  t h e  p h o t o s y n t h e t i c  f i x a t i o n  of C 0^ In s p i r e  o f  t h e s e  c o n d i t i o n s  

t h e  s p e c i f i c  a c t i v i t y  o f  Y - a m in o b u ty r i c  a c i d  a p p e a r e d  d e f i n i t e l y  t o  be i n ­

c r e a s e d  by e t h a n o l  u n d e r  each  a tm o s p h e r i c  c o n d i t i o n .



CHAPTER V 

Summary

V i c to r y  o a t  s e e d s ,  Avena s a t i v a  L.,, were g e r m i n a t e d  and grown

un d e r  c o n t r o l l e d  c o n d i t i o n s , .  F i f t e e n  days  a f t e r  p l a n t i n g ,  s e l e c t e d

l e a v e s  from un i fo rm  s e e d l i n g s  were c u t  and p r e t r e a t e d  for '  i:wo h o u r s

i n  d i s t i l l é e  w a t e r ,  1%, 4%, and 16% e t h a n o l  . Imm edia te ly  a f t e r  each

14p r e t r e a t i n g  p e r i o d  t h e  l e a v e s  were p e r m i t t e d  t o  f i x  C 0^ p h o t o s y n t h e t i -  

c a l l y  f o r  tw en ty  o r  t h i r t y  m i n u t e s .  Then they  were e x t r a c t e d  w i t h  b o i l ­

i ng  85% e t h a n o l  and f u r t h e r  e x t r a c t e d  w i th  b o i l i n g  a i s t i l i e d  w a t e r  f o r  

one h o u r .  The r e s p e c t i v e  e t h a n o l  and w a t e r  e x t r a c t s  were  combined,  

c o n c e n t r a t e d ,  and a l i q u o t s  e q u i v a l e n t  t o  a g i v e n  amount o f  t i s s u e  were

p l a c e d  on t h e  o r i g i n  o f  s e p a r a t e  chromatograms. ,  A f t e r  d e v e lo p i n g  two-

14d i m e n s i p n a l l y ,  t h e  p e r c e n t a g e s  o f  C f i x e d  i n t o  t h e  s e p a r a t e  i n t e r m e d i a r y  

m e t a b o l i t e s  were d e t e r m i n e d  .

For  one e x p e r i m e n t  d i s t i l l e d  w a t e r  and 16% e t h a n o l  were t h e  on ly  

p r e t r e a t i n g  s o l u t i o n s  u s e d .  B u t ,  i n  t h i s  c a s e ,  some l e a v e s  i n  each k in d  

o f  s o l u t i o n  were exposed  t o  a h ig h  oxygen  o r  low oxygen ( n i t r o g e n )  e n v i r o n ­

ment  d u r i n g  t h e  p r e t r e a t i n g  p e r i o d .  They were e x t r a c t e d  and t r e a t e d  as  

a b o v e .

The Y - a m i n o b u t y r i c  a c i d  from each chromatogram was p u r i f i e d  by 

rec h ro m a to g ra p h y  o n  washed and b u f f e r e d  p a p e r .  Then t h e  r a d i o a c t i v i t y

26
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( b a s e d  on c o u n t s  pe r  s econd  p e r  ml)  and t h e  amount ( b a s e d  on w e igh t  p e r  

ml)  o f  Y -am in o b u ty r i c  a c i d  i n  each sample was d e t e r m i n e d .  The s p e c i f i c  

a c t i v i t y  ( c o u n t s  p e r  s econd  pe r  microgram) was c a l c u l a t e d  f o r  each e l u a t e , 

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

C among t h e  i n t e r m e d i a r y  m e t a b o l i t e s .  I t s  most  a p p a r e n t  e f f e c t  was t h e  

d e c i d e d  enhancement  o f  go ing  i n t o  Y -am in o b u ty r i c  a c i d ,  w i th  i n c r e a s i n g  

c o n c e n t r a t i o n s  .

The p o o l  s i z e  o f  Y -am in o b u ty r i c  a c i d  a p p e a r e d  not  t o  be  m a t e r i a l ­

l y  a f f e c t e d  by t h e  a l c o h o l  s o l u t i o n s  . But t h e  d a t a  i n d i c a t e  t h a t  t h e  

amount o f  f i x e d  i n t o  t h i s  compound and t h e r e f o r e  i t s  s p e c i f i c  a c t i v i t y

were  augmented by r a i s i n g  t h e  c o n c e n t r a t i o n  o f  t h e  e t h a n o l  s o l u t i o n .

14The p h o t o s y n t h e t i c  f i x a t i o n  o f  C 0^ i n  o a t  l e a v e s  was d e f i n i t e l y

r e t a r d e d  by a h igh  oxygen env ironm en t  . In  l e a v e s  exposed t o  n i t r o g e n

(low oxygen)  t h i s  p r o c e s s  a ppeared  not  t o  d i f f e r  s i g n i f i c a n t l y  f rom t h e

14c o n t r o l s .  Excep t  f o r  a r e d u c t i o n  i n  t h e  t o t a l  amount  o f  C f i x e d  i n  an 

a tm osphe re  w i t h  a h i g h  l e v e l  o f  oxygen ,  t h e  d i f f e r e n t  a tm o s p h e r i c  c o n d i ­

t i o n s  a p p e a r e d  t o  have  l i t t l e  e f f e c t  on t h e  m e ta b o l i sm  of  T-am inobu ty r ic  

a c i d .
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