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SUMMAI{Y 

I. 0-Aminolaevul inate  synthetase  has been detected in extracts of soybean 
callus tissues and the enzyme act ivi t \ '  reached its max imum when callus were I I days 
old. 

2. The presence of a compound which scems t~, control ~)-aminolaevulinate 
svnthetase  act ivi ty  was demonstrated.  The enzyme was present in the soluble frac- 
tion and was very' labile. 

3. When crude extracts or 5oo .: g superna tan ts  were stored at 4 (),  tilt, ap- 
parent  act ivi ty  of &aminolaevul ina te  synthetase increased by as much as 3-{~ times, 
while the activities of 0-aminolaevul inate  dehvdratase and succinyl-CoA svnthetase 
did not significantly change during the storage. Activat ion was dependent  ~m c~m- 
centrat ions of (-ells suspensions during disruption and aging. 

4. (iel filtration with Sephadex (;--25 of 2ooo . .<* superna tan ts  produced an 
enzvlllC fraction 30"{~ more active. An increase in enz\ 'mv act ivi ty  was observed when 
dark-grown callus were exposed to light. 

5. The addit ion of ATP, gibberellic acid and &aminolaevul ina te  to the culture 
media diminished ac t iv i ty ;  iron deficiency als~ produced an (5-aminolaevulinate 
svnthetase  less active. 

In t roduc t io~z  

I t  is generally accepted that  the tirst step leading specifically to the 1,i()sxn- 
thesis of porphyrins  is the formation of &aminolaevul ina te  from succinvl-( 'oA and 
glycine by the action of &aminolaevul ina te  synthetase.  In  spite of its assumed uni 
versal ~wcurrence, &aminolaevul ina te  svnthetase  has only been demonst ra ted  in cell- 
free extracts of photosynthet ic  and nonq)hotosynthet ic  bacteria, of reticulocvtes and 
of liver cells ~, bu t  no activity' could be flmnd in proplastids or chloroplasts. 

In addition, the enzyme could not be found in plant  mitochondrial  fractions =',:;, 
al though MILLFA¢ AND TF.NG 4 claimed to have detected a-aminolaevul inate  synthetase  
in stfinach. 

In i(}58 , SHF.M1N and associates a reported the presence of an inhibitor  of ~3-ami- 
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nolaevulinate synthetase in extracts of Rhodopseudomo~ms spheroides and Chromatiun~ 
but experimental data of these observations were not published and LAscI:I~i.I¢S ~ w~J~ 
unable to c(mfirm the occurrence of such an inhibitor. However, m~,rc recently 
~IARRIOT et al. 7,8 reported the existence of at least two compounds, an activator and 
an inhibitor which appear to participate i,l the control of r5-aminolaevulinate synthe- 
tase activity in R. spheroides, and also the presence of a specific and reversible i1~- 
hibitor of &aminolaevulinate svnthetase in R. spheroides has been reported previous- 
] y  9, 

This paper presents the results of an investigation of &aminolaevulinate 
synthetase activity in extracts of soybean callus cultures which is a vegetable tissue 
with an active cell division but which fails to synthetize chlorophyll in amounts 
equivalent to that found in mature leaves. 

MATERIAL AND METHODS 

Source material of enzyme 
Callus from soybean seeds was obtained and grown according to MILLER 1°. The 

growth medium and culture conditions have already been reported::. Unless other- 
wise specified, callus cultures which had been grown semi-anaerobically in the dark 
have been used in this work. 

Preparation of celt free extracts 
Wound callus tissues (i g wet wt./ml of o.o5 M Tris -HC1 buffer, pH 9.o) were 

homogenized in a Potter-Elvehjem-type homogenizer or disrupted by ultrasonic 
treatment in an ultrasonic power unit for 3 min at 4 °. The results obtained were the 
same whether cells were homogenized or disrupted by ultrasonic treatment, In some 
cases, extracts were centrifuged at 4 ° for 5 min at 500 × g immediately afterwards 
and the supernatant examined for &aminolaevulinate synthetase activity. 

Assay of enzymes 
6-Aminolaevulinate synthetase was assayed as follows : 2 ml of reaction mixture 

containing IOO/~moles of glycine, Ioo/~moles of succinate, Io#moles of ATP, 3.5 
nmoles of CoA, io/,moles of MgC12, 0.25/~mole of pyridoxal phosphate, Io #moles of 
GSH, 5o#moles of Tris-HC1 buffer (pH: 7.2), I m g  of succinyt-CoA synthetase 
(specific activity 8-12/~moles of succinyl-CoA/h per mg) and appropriate amount of 
extracts, were incubated in a test tube for 30 min at 37 °, then the reaction was stop- 
ped by addition of 0.5 ml of o/ 25/o trichloroacetic acid. 3-Aminolaevulinate formed was 
determined according to the method of URATA AND GRANICK 12 and identified by thin- 
layer chromatography :3 of the reaction product itself and of the pyrrole produced 
from 6-aminolaevnlinate with acetyl-acetone. 

Suceinyl-CoA synthetase was purified x6-fold from soybean callus and assayed 
by the procedures described by WIDER AND TIGIER 14. ~-Aminolaevulinate dehydra- 
tase activity was assayed according to TIGIER et al. 11. 

I unit of enzyme activity is defined as the amount of enzyme which catalyses 
the formation of I nmole of product in 60 rain under tile standard incubation con- 
ditions. 

Protein concentration was measured by the method of LOWRY et a[. 1'5. 
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RESULTS 

.tclivitv d@emtcnce o,t the age of cultures and its spo,da~teous activatio,l 
I t  has been found tha t  6-aminolaevulinate synthetase activi ty was dependent  

upon the age of the cultures and reached its maximum on the i l t h  day ()f growth 
(lrig. I). 
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l:i,v. I. V a r i a t i o n  of  r ) - a i n i n o l a e v u l i n a t c  (AL. \ )  s v n t h e t a s e  a c t i v i t y  in s o y b e a n  ca l l u s  tit  d i f f e r e n t  
(I{L}'S O[- <~rowth. \ V o u n d  c a l l u s  w a s  ( l i s rup t t ,d  a n d  e n z y m e  a c t i v i t y  w a s  d e t e r m i n e d  in c r u d e  e x t r a c t s  
tit  4 ° m in  a f t e r  d i s r u p t i t m .  

As shown in l:ig. 2, the act ivi ty of &aminolaevulinate synthetase in crude ex- 
tracts or supernatants  was %und to change when either of them was aged at 4 for 
various periods of time. Enzymic  act ivi ty of crude extracts showed a rapid increase 
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l"i ,q. . ,  l '-ffect of  a ~ i n g  on a c t i v i t i e s  of  5 a m i n o l a e v u l i n a t e  s \ ' n t h e t a s e  in c r u d e  e x t r a c t s  ( Q - - O )  
a n d  s u p c r l m t a n t s  ( k  ( ) .  \ 'Vound c a l l u s  w a s  d i s r u p t e d  a n d  b o t h  c r u d e  e x t r a c t s  and  
t h e  s u t ) e r n a t a n t s  a f t e r  c e n t r i f u g a t i o n  a t  5oo x g were  s t o r e d  a t  4 - 6 ' .  A t  d i f f e r en t  t imes ,  po r t i on~  
were  ri!nlove(1 a n d  ( ) - a l n i l l o l a e v u l i n a t e  s v n t h e t a s e  a s s a \ ' u d  as  d e s c r i b e d  ill  MATERIAl. AND METIH)I)b;. 
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in t h e  f irst  4 ° ni in;  a t  t i l ls  t ime t h e  a p p a r e n t  d - a m i n o l a e v u l i n a t e  s y n t h e t a s e  a c t i v i t t  

was  3 6 t i m e s  h i g h e r  t h a n  t h a t  in f resh  e x t r a c t s ,  a n d  a f t e r  t h i s  in i t i a l  r ise t h e  a c t i v i t  

b e g a n  to  dec rease .  T h i s  i n c r e a s e  cou ld  also be  o b s e r v e d  w i t h  t h e  s u p e r n a t a n t s ,  an(1 

t h e  s a m e  m a x i n m m  a c t i v i t y  was  r e a c h e d  in 2o min .  I t  is n o t e d  t h a t  t h e  in i t i a l  a c t i v i t v  

is t h a t  m e a s u r e d  i m m e d i a t e l y  a f t e r  d i s r u p t i o n .  No d e t e c t a b l e  a m o u n t  of  & a m i n o  

l a e v u l i n a t e  was  f o r m e d  a t  4 d u r i n g  aging .  T h e  r a t e  of  a - a m i n o l a e v u l i n a t e  f i)rnlation 

TA I3LI,; I 

E F F E C T  OF A G I N G  ON A C T I V I T I E S  OF S U C C I N Y L - ( ' O A  S Y N T H E T A S E ,  ¢ ) - A M I N O L A E V U L I N A T E  S Y N T H E -  

T A S E  A N D  ~ - A M I N O L A I ~ 2 V U L I N A T E  D E H Y D R A T A S E  IN C R U D E  P X T R A C T S  

Wound callus, ~ [ days old were disrupted and the assay of enzymes were as described in MATERIAl 
A N D  IVl E T H O D S .  

En,~ymes examined Specific activzties 

l'i~,c <~f agiJ~<¢ (rain) 

o 2 o  4 ° 

Succinyl-CoA synthetase 472 32S 320 
d-Aminolaevulinate synthetase 6.9 14.6 20.8 
&Aminolaevulinate dehydratase 7.9 ~. ~ 8.o 

was  l i n e a r  d u r i n g  t h e  t i m e  o f  i n c u b a t i o n  for  c r u d e  e x t r a c t  s a m p l e s  t a k e n  b o t h  im-  

m e d i a t e l y  a f t e r  d i s r u p t i o n  a n d  4 ° r a in  l a te r .  

On  t h e  o t h e r  h a n d ,  t h e  a c t i v i t i e s  of  s u c c i n y l - C o A  s y n t h e t a s e  a n d  & a m i n o l a e -  

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

( T a b l e  I) c o n f i r m i n g  t h a t  s u c c i n y l - C o A  s y n t h e t a s e  was  n o t  i n v o l v e d  in t h e  a c t i v a t i o n  

process ,  w h i c h  s e e m s  to  be  specif ic  to  & a m i n o l a e v u l i n a t e  s v n t h e t a s e .  

TABLE I1 

C O N C E N T R A T I O N  D E P E N D E N C E  OF T I l E  A C T I V I T Y  OF S O Y B E A N  C A L L U S  ( ~ - A M I N O L A I £ V U L t N A T E  S Y N -  

T H E T A S E  

Wound callus, I i  days old, were disrupted at  the concentrations shown and ()-aminolaevalinate 
synthetase was determined at the times stated. 

Init ial  Specific activities 
concentration . . . . . . . . . . . . .  
(g wet wt./ml) Time of aging (rain) 

o 20 4 ° 

1. 5 2.0 I8. 4 4.0 
1.5" 5.0 lO.l i8. 4 
i.o 5.o 25.6 29.2 
i.o** 5.0 ~5.o 24.o 
o.7 4.o 4.o 
°.5 3.5 2.S 
0 . 2  0 . 2  O.2 

* The extract  (1. 5 g/ml) was immediately diluted to i g/ml. 
** The extract  (i g/ml) was immediately diluted to 0. 5 g/ml. 
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optimum conditions for the activation 
The best  medium %r ex t r ac t ing  the enzyme was f lmnd to be 0.05 M Tris H('I 

buffer (pH q.o) and  the s imul taneous  add i t ion  of s~me thiol  compounds  such as 
thioglycol la te ,  CySH or GSH improved  ne, i ther  ex t rac t ion  nor actiw~tion, i t  was ob- 
served tha t  ac t iva t ion  was dependen t  upon the  concent ra t ion  of the  cell suspensi~ms; 
large ac t iva t ions  were ob ta ined  when ini t ia l  concent ra t ions  were approx.  I g wet 
wt . /ml  of buffer (Table I1). Concent ra ted  suspensions (~-5 g wet wt. /ml) showed lower 
ac t iv i ty ,  if they  were immed ia t e ly  d i lu ted  after  d is rupt ion  to I g/nil, nmximum ac- 
t i v i t y  occurred at  4 ° min, bu t  was the same as tha t  ~d)tained with the 1.5 g/ml ex- 
t rac t  at 2o rain. They  did not  reach the highest  values de te rmined  for the I g/ml su~- 
pensions.  

In  addi t ion ,  if the  I g /ml  ex t rac t s  were immed ia t e ly  d i lu ted  to o.5 g wet wt./ml, 
ac t iva t ion  was only pa r t i a l ly  prevented .  

T A B L E  1 [ 1 

I '2FFI;CT ()g CI£N' I 'RIFUGA'I ' ION A N D  T R E A T M k _ N T  \ ~ I T H  ~ E P I I A I ) E X  (] 2 5 ON ACTIVIT'~" I l l '  S()h'I*I';AN ~'1 

A M I N O L A E V U L I N A T E  S Y N T H E T A S E  

I~nc),mc fraction Specific 
activity 

1. 1 t o n l o g e n a t e  2 3 
2.  IOOO )< ~r sup¢'rnatant 2 o  

3- i o o o  × g p r e c i p i t a t e  2. 5 
4. 2000  ;4 g s u p e r n a t a n t  2o 
5. S e p h a d e x  ( ; -25  e l u a t e  26 
(~. 24 o o o  x g s u p e r n a t a n t  I I  
7- 24 o o o  / g p r e c i p i t a t e  o 

W o u n d  ca l lu s ,  l I  d a y s  o ld ,  w e r e  u s e d  . A s s a y  c o n d i t i o n s  w e r e  as  desc r i l ) ed .  In S t e p  t, 5, t~ a n d  7 
a c t i v i t i e s  w e r e  d e t e r m i n e d  a t  4 ° r a in  a f t e r  d i s r u p t i o n  a n d  in S t e p  2, 3 a n d  4 a t  2o ra in .  All c e u t r i -  
f u g a t i o n s  w e r e  c a r r i e d  o u t  f o r  5 r a i n  a n d  t h e  p r e c i p i t a t e s  w a s h e d  o n c e  x~ith bu t l e r .  T h e  2~)oo , -, 
s u p e r n a t a n t  w a s  p a s s e d  t h r o u g h  a S e p h a d e x  G - 2 5  c o l u m n  ( 2 c m  x 3 o c m )  a n d  a c t i v i t y  d o t , ' r -  
m i n e d  in t h e  p r o t e i n  f r a c t i o n  e l u a t e d  w i t h  o .o5  M T r i s  b u f f e r  ( p t t  7.2).  

Effect of centrifugation and gel filtration (Table I I I )  
The in t race l lu la r  d i s t r ibu t ion  of the  enzyme in these cul tures  was inves t iga ted  

using convent iona l  f rac t iona t ion  p rocedmes  and  it was found t ha t  most  of the ac t iv i ty  
remained  in the superna tan t s .  I t  was also observed t ha t  if the  supe rna t an t  of 20o0 . 
was passed th rough  a Sephadex  G-25 column, the ac t iv i ty  of b-amin<)laevulinate 
syn the tase  in the eluates  was increased by  3o% as if some inhibi tor  were e l iminated.  
Af ter  spinning at  24 ooo ~< g, enzyme ac t iv i ty  was ra the r  low, but  it mus t  be re,ted 
t ha t  both the  Sephadex  G-25 e luate  and the 24 ooo × g supe rna t an t  were a s s a \ e d  
at  4 ° rain af ter  d i s rup t ion  and  i t  has been found tha t  wi th  the superna tan t s ,  maxi-  
nmm ac t iv i ty  is reached in 2o rain and then began to decrease.  

Effect of the presence of various comj~ounds in culture media (Table IV) 
The conten t  of po rphyr ins  was very  low in callus, dark-  or l ight-grown,  or in 

the  presence of gibberel ic  acid or ATP,  bu t  the  add i t ion  of 6 -aminolaevul ina te  and 
iron deficiency s t i nmla t ed  po rphy r in  accumula t ion ;  within a few hours af ter  sub- 
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E F F E C T  ( ) F  S O M E  C O M P O U N I I S  A I ) I I E D  [ ' ()  "FIII~; B A S A L  M G D I A  ( I N  T H E  5 ~ , ' N T H E S I S  (H ~ I ' (U{PI ; IVRI .NN k N !, 

¢ } - . . \ I ~ I [ N O L A E V U L I N A T I ' 2  S Y N T H E T \ S I ~  A C T [ V I T Y  F R O M  S O Y B E A N  C A L L U S  

ILvpt. 1.ighl .qdd~tiv, Spot{tic F'orphyrins 
conditzons aclivity formed 

( nm(dcs/g wt. ) 

l ight  N o n e  5-7" o .060 
d a r k  N o n e  4. -' 8 0.065 
l ight  A T P ,  2 m M  3.84 0.o5o 
clark ATP,  2 m M  2.4_, o .o5o 
l ight Gibberel l ic  ac id  3.3 I*g/ml 2.8o o. ~ oo 
clark (; ibberel l ic  acid 3 . 3 / , g / m l  2.48 o.030 

2.  clark N o n e  
(lark d - A m i n o l a e v u l i n a t e ,  o. I m M  
dz~rk d - A m i n o l a e v u l i n a t e ,  o.3 m M  
clark \ V i t h o u t  Fe  
d a r k  W i t h o u t  Ire }- () a m i n o l a e -  

v u l i n a t e ,  o . t  m M  

8.1 0 .060 
5.6 o . r  E 5 
5.0 0 .500 
7.0 0.538 

• 4 0.523 

E x t r a c t s  were  prepared from cal lus  g r o w n  in the  l ight  or dark  as s ta ted  and  d - a m i n o l a e v u l i n a t e  
s y n t h e t a s e  a c t i v i t y  d e t e r m i n e d  as described at  4 ° rain af ter  disruption.  Concentrat ions  of  t h e  
a d d i t i v e s  s h o w n  are the  l inal c o n c e n t r a t i o n s  in t he  m e d i a .  E x t r a c t i o n s  o f  porphyr ins  from cal lus  
cu l tures  were  carried out  as described b y  I.LAMBIAS AND t3ATLLE 16. In  E x p t .  i ca l lus  w e r e  I z  days  
old and in E x p t .  2 t h e y  w e r e  9 d a y s  old. 

culturing, the callus had the characteristic red fluorescence of porphyrins and a brown- 
greenish colour. On the other hand, it has been found that when dark-grown callus 
was illuminated by 6o-W bulbs at an appropriate distance, d-aminolaevulinate syn- 
thetase activity was slightly increased. The presence of ATP, gibberelic acid, &amino- 
laevulinate or iron deficiency produced a significant decrease in enzyme activity. 

DISCUSSION 

The most important fact that has emerged from this work is that it was possible 
to obtain the conditions to measure &aminolaevulinate synthetase activity in a 
vegetable tissue; the results obtained are reproducible, although initial activities 
varied with different batches of callus cultures. Some properties of soybean callus 
&aminolaevulinate synthetase resemble those of the R. spheroides synthetaseT,E As 
has been suggested by MARMOT et al.L the presence of some compound which seems 
to control d-aminolaevulinate synthetase activity has also been detected in this tissue 
and could account for the changes in activity during aging of crude extracts or super- 
natants. Although we have not yet obtained direct evidence for the existence and 
chemical nature of this compound, it appears to be unstable. As maximum activity 
was reached at lower intervals by the supernatants, it is suggested that probably some 
inhibitor was partially separated in the precipitate. 

It was observed that the rate and extent of activation was dependent on con- 
centration during disruption and activation; apparently suspensions more concen- 
trated than z g wet wt./ml contained a higher proportion of inhibitor, and those 
having less than I g/ml probably extracted less enzyme and also less inhibitor, since 
no significant activity changes occurred during aging. 

Biochim. Biophys . .4c ta ,  2.35 ( t 97  I) 51 ~ 517 
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An increase in act iv i ty  of c)-aminolaevulinate svnthetase  was found when dark- 
gr~wn ('allus were exposed to light; this could 1)e due t~ the fact that the inhibit~r 
is sensit ive to light 'a. However ,  as this increase in e n z y m e  act iv i ty  was paralleled b \  
an im'rease in chlorophyll  content  ~6, light could have induced the new synthesis  of 
e n z y m e s  necessary for chlorophyll  producti(m ~7. 

l:inally, the addition of ATP t<~ the media diminished act iv i ty;  the sltmc clfl,ct 
()13 o t h e r  e n z x m e s  of  the pathway has b e e n  observe(1 ~, sugg (> t i~g  t h a t  :Vf l  ) c~mhl 

fun(:ti(m repressing enzyme  formati(m. "fhe t)rcsenc( ' ()t-h-aminolaevulinate ~,r iv~)n 
deficiem'v in the media greatly st imulated porphyrin fl)rmati(m, but inhibitc(1 ,5- 
aminolaevul inate  synthetase  act iv i ty;  f)ossil)ly the amount  ~)f p~)rphyrins ~)r related 
intermediates  accumulated under tl~ese ('onditi, ms, significantly interfere with tltc 
act iv i ty  of ¢%aminolaevulinate svnthetase,  s imply operating by a m~gati\e feed back 
control, as prol)osed by I.ASCEI-LlCS 1. It has been sugg~,ste(l that il()ta is inv~lved in the 
synthesis  of a aminolaevul inate  sxnthetase  ~s e0 and, although ir~m (tel ic iemv !w,,- 
dueed an enzvn~e ~o 2o% less active, these results arc m~t c~mclusixe exi(h,~cc 1~, 
indicate that iron is involved in the aeti ,m (ff ~5-a,nim~lacvulinate svnthetase  in s,~v- 
bean callus. The enzyme  is e x t r e m e l y  lab i le  and at tempts  t<) purify it \yore as vet 
unsuc('esflfl. 
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