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Distribution of Phenylalanine Transaminase  and Phenylalanine Ammonia-Lyase  
Activities in Etiolated and Light Irradiated Radish Seedlings (Raphanus sativus L.) 

P h o t o r e g u l a t i o n  of  e n z y m e  a c t i v i t y  is a n  i m p o r t a n t  
c o n t r o l  m e c h a n i s m  in  p l a n t  g r o w t h L  I n  p a r t i c u l a r  i t  h a s  
b e e n  d e m o n s t r a t e d  t h a t  t h e  p h e n y l a l a n i n e  a m m o n i a - l y a s e  
a c t i v i t i e s  ( P A L )  o f  m a n y  d i c o t y l e d o n s  a r e  c o n t r o l l e d  b y  
p h y t o c h r o m e  or  o t h e r  b l u e  l i g h t  r e c e p t o r s  2. O u r  p r e s e n t  
w o r k  a i m s  t o  e x a m i n e  w h e t h e r  a n o t h e r  e n z y m e  p l a y i n g  
a m a j o r  r61e in  p h e n y l a l a n i n e  m e t a b o l i s m  - i.e. t h e  p h e n y l -  
a l a n i n e  t r a n s a m i n a s e  (TR)  - is a lso  u n d e r  p h o t o c o n t r o l .  
T h i s  e n z y m e  c a t a l y z e s  t r a n s a m i n a t i o n  b e t w e e n  p h e n y l -  
a l a n i n e - p h e n y l p y r u v a t e  a n d  o t h e r  e - k e t o  a c i d - a m i n o  ac id  
s y s t e m s .  I t  is t h u s  c l o se l y  c o n n e c t e d  w i t h  a m i n o  ac id  
s y n t h e s i s ,  a p r o c e s s  v e r y  a c t i v e  in  t h e  ea r l i e r  p h a s e s  o f  
s e e d l i n g  f o r m a t i o n  a. A n  e f f ec t  of  l i g h t  o n  T R  a c t i v i t y  l eve l  
in  p e a c h  a p i c e s  h a s  b e e n  r e p o r t e d  b y  EREZ a. 

I n  t h i s  r e p o r t  we  i n v e s t i g a t e d  t h e  l eve l s  o f  b o t h  T R  a n d  
P A L  a c t i v i t i e s  in  t h e  d i f f e r e n t  p a r t s  of  r a d i s h  s e e d l i n g s ,  
a n d  we  c o m p a r e d  t h e  e f f e c t s  o f  l i g h t  on  t h e  t w o  a c t i v i t i e s .  
M o r e o v e r ,  o w i n g  t o  t h e  p r o b a b l e  e r r o r s  i n d i c a t e d  b y  
EREZ a a n d  r e g a r d i n g  t h e  s u i t a b i l i t y  o f  t h e  P A L  a s s a y  
u s e d  in  p r e v i o u s  e x p e r i m e n t s  w i t h  r a d i s h  ~, we  d i s c u s s  a l so  
t h e  p o s s i b i l i t i e s  of  i n t e r f e r e n c e  of  T R  w i t h  t h e  P A L  a s s a y .  

Experimental .  R a p h a n u s  sativus L.  s e e d s  cv .  " t o n d o  
ro s so  q u a r a n t i n o "  w e r e  o b t a i n e d  f r o m  F r a t e l l i  I n g e g n o l i ,  
Mi l ano .  S o w i n g  w a s  as  p r e v i o u s l y  d e s c r i b e d  6. S e e d l i n g s  
we re  g r o w n  in  d a r k n e s s  in g l a s s  c r y s t a l l i z i n g  d i s h e s  s e a l e d  
w i t h  t r a n s p a r e n t  p l a s t i c  foil,  in  a t e m p e r a t u r e  c o n t r o l l e d  
c a b i n e t  a t  2 3 - 2 4 ~  T h e n  48 h a f t e r  s o w i n g ,  t h e  d i s h e s  
we re  t r a n s f e r r e d  t o  a t h e r m o s t a t e d  (24~ i r r a d i a t i o n  
f ie ld  a n d  t h e  i n t a c t  s e e d l i n g s  in  t h e  s e a l e d  c o n t a i n e r s  w e r e  
e x p o s e d  to  l i gh t .  W h i t e  l i g h t  w a s  o b t a i n e d  f r o m  t w o  1 4 - W  
G r o - L u x  f l u o r e s c e n t  l a m p s ;  f a r  r e d  l i g h t  w a s  f i l t e r e d  
t h r o u g h  p l a s t i c  f i l t e r  (no t r a n s m i s s i o n  u n d e r  690 n m )  
f r o m  a n  i n c a n d e s c e n t  s o u r c e  e q u i p p e d  w i t h  a h e a t  f i l t e r .  
R e d  l i g h t  w a s  o b t a i n e d  w i t h  a B a l z e r s  i n t e r f e r e n c e  f i l t e r  
( p e a k  t r a n s m i s s i o n  a t  655 n m ,  40 n m  h a l f  w i d t h ) .  

E n z y m e  e x t r a c t i o n  a n d  p a r t i a l  p u r i f i c a t i o n  on  S e p h a -  
d e x  G-25  " f i n e "  w a s  c a r r i e d  o u t  as  r e p o r t e d  p r e v i o u s l y  T, 
w i t h  t h e  e x c e p t i o n  t h a t  0.1 M b o r a t e  b u f f e r  p H  8.8 w a s  
u s e d .  T h e  s p e c t r o p h o t o m e t r i c  a s s a y  of  b o t h  T R  a n d  P A L  
a c t i v i t i e s  w a s  c a r r i e d  o u t  in  p a r a l l e l  a t  25~ F o r  T R  

a s s a y ,  0.5 m l  o f  e n z y m e  s o l u t i o n  ( c o r r e s p o n d i n g  t o  t h e  
p r o t e i n  c o n t e n t  of  2.5 o r g a n s ) ,  100 # m o l e s  of  b o r a t e  
b u f f e r  p H  8.8, 50 ~ m o l e s  of  L - p h e n y l a l a n i n e ,  2 ~ m o l e s  o f  
a - k e t o  g l u t a r a t e  (~ -KG)  a n d  d i s t i l l ed  w a t e r  for  a t o t a l  
v o l u m e  of  2 m l  were  m i x e d  in  1 - c m  p a t h  c u v e t t e .  I n c r e a s e  
in  a b s o r b a n c e  a t  290 n m  w a s  r e c o r d e d  a g a i n s t  a c o n t r o l  
w i t h o u t  p h e n y l a l a n i n e  a n d  a - K G .  F o r  P A L  a s s a y ,  t h e  
s a m e  m i x t u r e  w a s  i n c u b a t e d  w i t h o u t  ~ - K G  a n d  t h e  a b -  
s o r b a n c e  i n c r e a s e  a t  290 n m  w a s  r e c o r d e d  a g a i n s t  a c o n t r o l  
w i t h o u t  p h e n y l a l a n i n e .  T h e  a b s o r b a n c e  i n c r e a s e  in  b o t h  
c a s e s  w a s  l i n e a r  for  a t  l e a s t  2 h a n d  p r o p o r t i o n a l  to  t h e  
v o l u m e  of  e x t r a c t  u s e d .  A n  e n z y m e  u n i t  is t h a t  a m o u n t  
of  e n z y m e  p r o d u c i n g  a n  i n c r e a s e  a t  290 n m  of  0.001 in  
60 m i n  u n d e r  t h e  c o n d i t i o n s  r e p o r t e d  a b o v e .  

Results.  F i g u r e  1 s h o w s  2 t y p i c a l  k i n e t i c s  of  a b s o r b a n c e  
i n c r e a s e  a t  290 n m  o b t a i n e d  w i t h  t h e  p r o c e d u r e  u s e d  b y  
EREZ4. Br ie f ly ,  t h e  P A L  a c t i v i t y  h a s  b e e n  d e t e r m i n e d  
w i t h  t h e  c l a s s i c a l  m e t h o d  of  ZUCKER a, in  a s y s t e m  c o n -  
t a i n i n g  r a d i s h  e x t r a c t  p u r i f i e d  w i t h  S e p h a d e x  G-25  ( t h u s  
e l i m i n a t i n g  t h e  low m o l e c u l a r  w e i g h t  s u b s t a n c e s  as  t h e  
~ - k e t o  ac ids )  p l u s  b o r a t e  b u f f e r  a n d  p h e n y l a l a n i n e  as  
s u b s t r a t e .  I n  t h e  p a r a l l e l  a s s a y ,  a s a t u r a t i n g  q u a n t i t y  of  
~ - K G  (2 ~ m o l e s )  w a s  a d d e d  a t  ze ro  t i m e .  I n  t h e  p r e s e n c e  
of  t h e  ~ -ke to  ac id  T R  c a t a l y z e s  t h e  t r a n s a m i n a t i o n  of  
p h e n y l a l a n i n e  w i t h  t h e  p r o d u c t i o n  of  p h e n y l p y r u v a t e  a n d  
t h e  c o r r e s p o n d i n g  a m i n o  a c i d s  9,~~ I n  b o r a t e  bu f f e r ,  a n  
a b s o r b a n c e  i n c r e a s e  a t  290 n m  a rose ,  d u e  n o t  o n l y  to  t h e  
f o r m a t i o n  of  c i n n a m a t e  b u t  a l so  t o  t h e  e n o l - b o r a t e  corn-  
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Fig. 1 (left). Time course of the increase of absorbance at 290 nrn in the 2 reaction systems of the coupled assay. Curve A) represents the 
formation of cinnamate due to the PAL activity only, since the reaction mixture consisted of 0.5 nfl enzyme, i00 ktmoles of borate 
buffer and 50 p.inoles of phenylalanine in a final volume of 2 ml. In 2A) at zero time, ~-KG was added to obtain the final concentration 
of 1 raM. The absorbance increase in 2A) is due to the formation of both cinnanxate and enol-borate complex of phenylpyruvate.  The 
difference between the 2 rates of absorbance increase give the TR  activity. 

Fig. 2 (right). The enhancement of the absorbance of the reaction system by the presence of borate and ~-KG. A) absorption spectra 
of the reaction system used for Figure 1 (in borate buffer) after 100 rain of incubation. Curve 2A) shows the effect of adding 0~-KG to a 
final concentration of 1 mM. B} absorption spectra of the reaction mixture made with Tris-HC1 instead of borate and containing ct-KG. 
In 2B) boric acid was added at the end of the incubation at a final concentration of 0.1 M. 
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Table I. Distribution of PAL and T R  activities ill radish seedlings 

EXPERIENTIA 31/10 

Organ and t reatment  Enzyme activity (Units / organ 4- SE) Fresh weight Protein 

PAL TR (mg/organ 4- SE) (rag/organ) 

Cotyledons, 3 h D 2.50 -4- 0.42 21.25 ~ 0.85 13.56 • 0.16 1.00 
Cotyledons, 3 h WL 5.86 4. 0.29 25.15 :~ 1.35 13.55 ~ 0.20 --  
Cotyledons, 5 min R + 175 min D 3.08 -4- 0.21 23.48 • 1.87 - -  --  
Cotyledons, 5 min R + 5 min FR + 170 min D 2.72 ~= 0.08 25.60 i 0.92 --  
Cotyledons, 3 h FR 8.90 i 0.30 27.00 4- 1.16 - -  --  
Hypocotyl, 3 h D 2.00 4- 0.23 4.12 4- 0.60 6.87 4- 0.14 0.66 
Hypocotyl, 3 h WL 5.60 ~_ 0.13 4.40 -1- 0.47 6.83 4. 0.15 - -  
Root, 3 h D 12.72 4- 0.94 2.56 4- 1.40 9.11 4- 0.76 0.15 
Root, 3 h WL 22.60 4- 2.84 3.68 :t_ 0.66 9.75 • 0.74 --  

Treatment  started 48 h after sowing. SeedIings were dissected just  before enzyme extraction. Each determination was made on extracts from 
50 organs. Mean and standard errors are from 3 independent experiments (8 for cotyledons). Tile protein content was determined with the 
biuret reagent. D, R, FR and WL mean darkness, red, far red and white light respectively; total irradianee at the seedling level: 65, 140, and 
560 ~xW/em ~. Enzyme units as described in Experimental.  

p l e x  of  p h e n y l p y r u v a t e ,  w h i c h  s t r o n g l y  a b s o r b s  in  t h e  
300 n m  r e g i o n  1~ T h i s  f o r m a t i o n  of  t h e  b o r a t e  c o m p l e x  is 
c u r r e n t l y  u s e d  t o  m e a s u r e  t h e  a c t i v i t y  of  TR~a .  

W e  c a n  a s s u m e  t h a t  t h e  a b s o r b a n c e  i n c r e a s e  a t  290 n m  
is d u e  t o  b o t h  T R  a n d  P A L  a c t i v i t i e s  in  t h e  r e a c t i o n  m i x -  
t u r e  w i t h  p h e n y l a l a n i n e  a n d  e - K G ,  w h i l e  w i t h o u t  e - K G ,  
o n l y  P A L  a c t i v i t y  - i .e. c i n n a m a t e  f o r m a t i o n  - c a n  d e v e l -  
op .  T h e r e f o r e  t h e  d i f f e r e n c e  b e t w e e n  t h e  2 r a t e s  o f  a b -  
s o r b a n c e  i n c r e a s e  g i v e  t h e  a c t u a I  T R  a c t i v i t y  - i.e. f o r m a -  
t i o n  o f  t h e  e n d - b o r a t e  c o m p l e x  of  p h e n y l p y r u v a t e .  

S p e c t r a  o f  F i g u r e  2 i n d i c a t e  t h a t  ~ - K G  a n d  b o r a t e  a r e  
b o t h  n e c e s s a r y  t o  i n c r e a s e  t h e  a b s o r b a n c e  of  t h e  a s s a y  
s y s t e m  in  t h e  300 n m  r eg i on .  T h i s  f a c t  is a p r o o f  o f  t h e  
p r e s e n c e  o f  T R  in  t h e  e x t r a c t ,  a s  p o i n t e d  o u t  b y  L i n  e t  
a1.10, a n d  t h e  a b s o r b a n c e  m a x i m u m  in  t h e  r e g i o n  o f  
300 n m  a g r e e s  wel l  w i t h  t h e  s p e c t r a  of  p h e n y l p y r u v a t e  in  
b o r a t e  r e p o r t e d  b y  EREZ 4. 

Distr ibut ion o] P A L  and T R .  W'e u s e d  t h e  d i f f e r e n c e  
m e t h o d  d e s c r i b e d  a b o v e  t o  m e a s u r e  t h e  a c t i v i t i e s  o f  P A L  
a n d  T R  in  t h e  v a r i o u s  p a r t s  of  51-11-old r a d i s h  s eed l i ng ,  
e t i o l a t e d  o r  i r r a d i a t e d  w i t h  w h i t e  l i g h t  fo r  3 h j u s t  b e f o r e  
e x t r a c t i o n  ( T a b l e  I).  A t  t h i s  age ,  t h e  r a d i s h  s e e d l i n g  is 
l a r g e  e n o u g h  t o  be  h a n d l e d  a n d  r e s p o n d s  o p t i m a l l y  t o  
l i g h t L  T a b l e  I r e p o r t s  a c t i v i t i e s  p e r  o r g a n ,  b u t  f r e s h  
w e i g h t  a n d  p r o t e i n  c o n t e n t  a r e  a l so  i n d i c a t e d .  I n  t h e  
e t i o l a t e d  s eed l i ng ,  m a x i m u m  P A L  a c t i v i t y  is  f o u n d  in  t h e  
roo t ,  w h i l e  t h e  T R  leve l  is  h i g h e r  in  t h e  c o t y l e d o n s .  T h i s  
r e l a t i v e  d i s t r i b u t i o n  a p p l i e s  a l so  on  f r e s h  w e i g h t  b a s i s  o r  
t o t a l  p r o t e i n  c o n t e n t .  

Table II. ~-keto glutarate content of the various parts of the radish 
seedling 

Organ ~-keto glutarate 
(~xmoles per i g fresh weight) 

Darkness White light 

Cotyledons 0.490 0.597 
Hypocotyl 0.239 0.335 
Root 0.235 0.270 

Light t reatment  started 48 h after sowing. Seedlings were dissected 
after 3 h light or darkness, just  before extraction; ~-KG was deter- 
mined in the neutralized acid extracts with (NH4)2SO4, NADH and 
glutamate dehydrogenase, according to BERGMEYER and BERNT TM. 
Figures are averages from 3 independent experiments. 

T h e  i n c r e a s e  of  P A L  a c t i v i t y  d u e  to  w h i t e  l i g h t  is c l e a r  
in  a l l  t h e  3 p a r t s  of  t h e  s eed l i ng ,  wh i l e  T R  is w e a k l y  
e n h a n c e d  b y  l i g h t  o n l y  in  c o t y l e d o n s .  W e  h a v e  e x a m i n e d  
t h e  e f f ec t  o f  3 h f a r  r ed  l i g h t  a n d  of  s h o r t  p u l s e s  of  r e d  a n d  
f a r  r ed  l i g h t  o n l y  i n  c o t y l e d o n s .  T h i s  k i n d  o f  i n v e s t i g a t i o n  
w a s  s u g g e s t e d  b y  p r e v i o u s  w o r k  c o n c e r n i n g  t h e  f a r  r e d  
e f f ec t  o n  P A L  5,1~. T h e  d a t a  of  T a b l e  I s h o w  a q u i t e  c o n -  
s i s t e n t  i n c r e a s e  o f  P A L  a c t i v i t y  ( a b o u t  2 0 0 % )  t o g e t h e r  
w i t h  a b a r e l y  s i g n i f i c a n t  i n c r e a s e  o f  T R  a c t i v i t y .  T h i s  l o w e r  
s e n s i b i l i t y  of  T R  to  f a r  r e d  i r r a d i a t i o n  a g r e e s  wel l  w i t h  
t h e  low s e n s i b i l i t y  to  w h i t e  l i gh t .  A b r i e f  i r r a d i a t i o n  w i t h  
r e d  l i g h t  a l o n e  o r  f o l l o w e d  b y  f a r  r e d  h a d  no  s i g n i f i c a n t  
e f f ec t  e i t h e r  o n  P A L  or  o n  T R  as  c o m p a r e d  to  d a r k  c o n -  
t ro i s .  T h e  i n t e n s i t y  of  t h e  r e d  l i g h t  u s e d  w a s  e n o u g h  t o  
s a t u r a t e  o t h e r  p h o t o r e s p o n s e s  in  t h e  s a m e  m a t e r i a l  6. 
T h e s e  r e s u l t s  on  c o t y l e d o n s  c o n f i r m  t h e  s t r o n g  spec i f i c  
e f f ec t  o f  f a r  r e d  l i g h t  o n  t h e  P A L  a c t i v i t y  of  r a d i s h  
h y p o c o t y l s  6. 

Remarks  on T R - P A L  inter/erence. A s  a c o n s e q u e n c e  of  
t h e  p r e s e n c e  o f  T R  in  r a d i s h  e x t r a c t s ,  a n  i n t e r f e r e n c e  
w i t h  P A L  d e t e r m i n a t i o n s  o f  t h e  k i n d  s u g g e s t e d  b y  EREZ 4 
is  pos s ib l e .  T h e  d e g r e e  of  t h i s  i n t e r f e r e n c e  d e p e n d s  on  t h e  
p r e s e n c e  of  a s u i t a b l e  a m o u n t  o f  e n d o g e n o u s  a - k e t o  ac ids .  
W e  d e t e r m i n e d  ~ - K G  w i t h  a n  e n z y m a t i c  m e t h o d  la in  t h e  
v a r i o u s  p a r t s  o f  t h e  r a d i s h  s e e d l i n g  ( T a b l e  II) a n d  f o u n d  
a l eve l  o f  a - K G  c o n s i s t e n t l y  h i g h e r  t h a n  t h a t  r e p o r t e d  b y  
KRETOVlCI-I a n d  GEIKO 14 in  v a r i o u s  s eed l i ngs .  F r o m  t h e  
d a t a  of  T a b l e  II, we  c a n  e x p e c t  ill t h e  c u v e t t e  a b o u t  2 t o  
20 • 10 -a txmoles,  e n o u g h  t o  f o r m  s o m e  p h e n y l p y r u v a t e  
d u r i n g  t h e  P A L  a s s a y .  

SAUNDERS a n d  McCLURE 15 f o u n d  no  s i g n i f i c a n t  d i f f e r -  
e n c e  a t t r i b u t a b l e  t o  t h e  i n c l u s i o n  of  ~ - K G  in  t h e  P A L  
a s s a y  s y s t e m  of  b a r l e y ,  p e a  a n d  b n c k w e a t h  : t h e  d i s a g r e e -  
m e n t  w i t h  t h e  s i t u a t i o n  in  r a d i s h  m a y  d e r i v e  f r o m  t h e  
f a c t  t h a t  in  t h e  f o r m e r  c a s e  t h e  e x t r a c t s  w e r e  t e s t e d  for  
T R  a c t i v i t y  w i t h o u t  r e m o v i n g  t h e  e n d o g e n o u s  = - k e t o  
a c i d s  ~ .  I f  t h e s e  w e r e  p r e s e n t  in  s u f f i c i e n t  q u a n t i t y  to  s a t u -  

11 M.  FUJIOKA, Y. MORINO and H. WADA, in Methods in Enzymology 
(Eds. H. TABOR and C. W. TABOR; Academic Press, New York 
1970), vol. 17A, p. 586. 

lz p. SCHOPFER and H. MOHR, Plant  Physiol. 49, 8 (1972). 
is H. U. BERG~EYER and E.BERNT, in Methods o] Enzymatic Analysis 

(Ed. H. U. BERGMEYER; Academic Press, New York 1963), p. 324. 
14 V. L. KRRTOVlCH and N. S. GEIKO, Dokl. Biochem. 758, 333 (1964). 
15 j .  A. SAUND~RS and J. W. McCLuRE, Plant  Physiol. 5d, 412 (1974). 



15. 10. 1975 Specialia 1121 

ra te  the  TR,  no difference in absorbance  a t  290 n m  would  
be expec ted  be tween  mix tu res  con ta in ing  only  phenyl -  
a lanine or pheny la lan ine  and  e-KG.  

In  radish,  t he  T R  ac t iv i ty  is re la t ive ly  h igh  in cotyle-  
dons  and  ve ry  low in roots ;  therefore  one m u s t  expec t  a 
h igher  degree of in ter ference  w i t h  the  P A L  assay in the  
case of cotyledons .  This  is in ag reemen t  w i t h  the  f inding 
t h a t  the  coeff icient  of var ia t ion  for the  P A L  ac t iv i ty  
(de termined in crude  ex t rac t s  and  borate)  is h igher  for 
co ty ledons  t h a n  for roots~% In  hypocoty ls ,  t he  T R  ac- 
t i v i t y  is qui te  low and  i n d e p e n d e n t  f rom light.  This  fact,  
and  the  re la t ive cons tance  of the  ~-KG c o n t e n t  in darkness  
and  in light, suggests  t h a t  t he  da t a  of BELLINI and  HILL- 
~aAN 5, ob ta ined  wi th  hypoco ty l s  f rom 48-h-old seedlings, 
can be in t e rp re t ed  as the  sum of two par ts ,  the  f i rs t  one 
s table  and  inhe ren t  to TR, the  second one var iable  in the  
d i f ferent  expe r imen ta l  condi t ions  and due to t he  t rue  P A L  
act iv i ty .  Moreover,  t he  conf i rmat ion  of the  non-eff ic iency 
of one single red l ight  pulse - th is  is the  crucial po in t  in 
t he  pape r  ci ted 5 - has  subsequen t ly  been  repor ted  using 
de te rmina t ions  made  on purif ied extracts6.  

Conclusions. Al though  our d a t a  do no t  r ep resen t  a 
cri t ical  kinet ic  analysis  of the  d e v e l o p m e n t  of P A L  and 
T R  activit ies,  t h e y  are suff icient  to indicate  a comple te ly  
d i f fe rent  d i s t r ibu t ion  p a t t e r n  of T R  and  P A L  in the  
var ious  pa r t s  of the  radish  seedling. This  m a y  be connec ted  
wi th  the  d i f ferent  r61e of the  2 enzymes :  P A L  is a key 
enzyme in the  l ignif icat ion process and th is  m a y  explain  
its h igher  level in roots,  while T R  ac t iv i ty  seems involved 

in amino  acid synthesis ,  which  is ve ry  act ive in t he  cotyle-  
dons  of ge rmina t ing  seeds a. The effect  of l ight  is clearly 
more  ev iden t  on P A L  t h a n  on T R  level, and  th i s  agrees 
w i th  o the r  d a t a  suggest ing a h igher  sens i t iv i ty  of the  de- 
v e l o p m e n t  of P A L  ac t iv i ty  to light, as co mp a red  to  o the r  
enzymes,  also of the  t r ansc innamic  acid p a t h w a y .  The 
p re sen t  inves t iga t ion  also conf i rms t h a t  t h e  presence  of 
T R  ac t iv i ty  in p l a n t  ex t rac t s  in terferes  w i t h  t he  de ter -  
mina t ion  of P A L  by  spec t ropho tome t r i e  me thods .  This  
in ter ference  can be e l imina ted  by  removal  of e-keto  acids 
present ,  for example  by  pass ing  crude ex t r ac t s  t h r o u g h  
Sephadex.  

Summary .  In  da rk -grown R a p h a n u s  sat ivus seedlings 
t he  level of pheny la lan ine  t r a n s a m i n a s e  is h igher  in 
co ty ledons  t h a n  in root  and  hypocoty l .  The m a x i m u m  
ac t iv i ty  of pheny la lan ine  ammonia - iyase  (PAL) is found 
in the  root.  Only  P A L  is s ignif icant ly  increased b y  light. 

FRANCA TOMk, L. CAMPEDELLI and  E. BELLINI 

Is/itt~to di Scienze Botaniche dell' Usivers i ta  e 
Cenlro di S tudio  del C N R  per la Biologia Cellulare e 
Molecolare delle Piante ,  
V ia  G. Colombo 60, 1 -20133  M i l a n o  (Italy),  
9 J u n e  7975. 
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In vitro Lipid Synthesis by Lathyrogen-Treated L-929 Fibroblasts 

A previous in vi t ro  s t u d y  has shown t h a t  the  la thy-  
rogen, B-aminopropioni t r i le  fumara t e  (BAPN),  in a 
concen t ra t ion  of 5 m a r  increased the  secret ion of collagen ~. 
I t  has  been suggested t h a t  cer tain lipids are p resen t  in 
close p rox imi ty  to collagen fibres 2, a and t h a t  the  lipids 
p lay  an i m p o r t a n t  role in the  calcif icat ion process 2. The 
purpose  of this  s tudy  was to de te rmine  whe the r  the  ra te  

Effect of 5 mM BAPN on lipid synthesis by L-929 fibroblasts fronl 
14C-acetate 

Lipid class Control BAPN 

CPM" SD �9 CPM ~ SD~ 

Triglycerides 17,297 921 4,384 314 
Lecithin 26.687 927 6,960 189 
Mono- and diglyeerides 5,335 644 2,089 338 
Cholesterol 5,578 749 4,258 397 
Free fatty acids 13,951 183 3,665 388 
Cholesterol esters 877 558 582 249 
Unknown 1,943 413 822 356 
Phosphatidyl ethanolainine 2,996 168 1,187 10 
Phosphatidyl inositol 4,032 229 1,266 83 
Sphingomyelin 2,775 286 1,240 133 
Lysoqecithin 741 280 842 314 
Phosphatidyl seriim 1,464 59 707 55 

~Mean and standard deviation of three samples; p < 0.01 in all eases. 
The samples analyzed were made by pooling 3 plates of cells. Each 
value represents the niean of 3 samples. The 3 control samples 
contained 15.49, 13.84 and 14.25 nit of phospholipid phosphorus, 
while the BAPN group contained 11.68 ,9.72 and 9.31 mg phos- 
pholipid phosphorus, respectively. 

of lipid syn thes i s  paral leled the  increased ra te  of collagen 
syn thes i s  seen in 5 m M  B A P N - t r e a t e d  cell cultures.  

3/Ialerials and methods. Strain L-929 f ibroblas ts  were 
grown in Eagle ' s  m i n i m u m  essent ial  med i u m conta in ing  
10% calf serum. 5-day-old cul tures were t ryps in ized  and  
resuspended  into a c o m m o n  suspension hav ing  approxi -  
ma te ly  100,000 cells per  ml. The suspension was d iv ided 
equal ly : one des igna ted  as the  exper imenta l  to which  was 
added  5 m M  of BAPN,  and the  o ther  as control  to which  
was added  an equal  a m o u n t  of sodium fumara te .  Repl i -  
cate  cul tures  were p repa red  and grown for a 5-day period.  
On the  5th day,  the  med i u m was decan ted  and replaced 
wi th  fresh contro l  and exper imen ta l  med i u m conta in ing  
1.25 ~Ci/ml ~4C-acetate. Af ter  4 h incubat ion ,  the  cells 
were washed  and  ha rves ted .  

For  lipid analysis,  the  cells were ex t r ac t ed  wi th  
ch lo ro fo rm/me thano l  (2/1) ; the  lipid ex t r ac t s  were 
puri f ied by  wash ing  wi th  0.9% sodium chloride a. Lipid 
classes were  sepa ra ted  on silicic acid papers  according to  
the  ch ro ma t o g rap h i c  procedures  of MARINETTI 5 and  
WUTmF.R% Radioac t ive  lipid spots  were located  by  auto-  
rad iography ,  cut  f rom the  papers ,  and coun ted  in a 
Packa rd  Tri-Carb Scint i l la t ion Spec t rometer ,  model  3375, 
using BRAY'S solut ionL Lipids were ident i f ied on chroma-  

1 j .  j .  ALEO, Proc. Soc. exp. Biol. Med. 1,30, 456 (1969). 
2 j .  T. IRVING, Arch. oral Biol. 8, 735 {1963). 
a A. H. MELCHER, Nature, Lond. 211, 593 (1966). 
4 j.  FOLCH, M. LESS and G. H. SLOANE STANLEY, J. biol. Chem. 226, 

497 (1957). 
5 G. V. MARINETTI, J .  Lipid .  Res. 3, 1 (1962). 
6 R. E. WUTHIER, J. Lipid Res. 7, 544 (1966). 
v G. A. BriAr, Analyt. Biochcin. 1, 279 (196(}). 


