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Metabolic pathways of 6~aminolaevulinic acid in !Rhodopseudomonas spheroides 

R. Couso 1, L. Gorrifio, G. A. Locascio and  H. A. Tigier 

Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturales, Departamento de Quimica Biol6gica, Ciudad 
Universitaria, Buenos Aires (Argentina), 20 December 7976 

Summary. Incorpora t ion  of 6-aminolaevulinic acid 5 14C and 4 14C into t he  inosine m o n o p h o s p h a t e  pool  and  into 
porphyr ins ,  was s tudied  in cell suspensions of R. spheroides. The results  con t r ad i c t  a d i rect  incorpora t ion  of d-amino- 
laevulinic acid in to  the  pur ine  r ing of nucleot ides  t h ro u g h  yd-dioxovaler ic  acid. I t  would suggest  a nonspecif ic  incorpo- 
ra t ion  af ter  degrada t ion  of 6-aminolaevulinic acid w i t h o u t  a t r a n s a m i n a t i o n  as a f i rs t  react ion.  

I t  is general ly  recognized t h a t  &aminolaevul in ic  acid 
(dALA) is a precursor  in p o r p h y r i n  b iosynthes is  t h rough  
its convers ion  to  prophobi l inogen.  Moreover,  i t  is known  
t h a t  a t r a n s a m i n a t i o n  reac t ion  involving 6ALA and  yd- 
dioxivaleric  acid (DOVA) is also possible. 
N e m e t h  e t  al. 3 d e m o n s t r a t e d  t h e  incorpora t ion  of the  
5 C of dALA into  the  pur ine  r ing th rough  its t r a n s a m i n a -  
t ion  to  DOVA. Brauns te in  e t  al. 4 found the  5 C of  6ALA 
inclusion in to  inosine m o n o p h o s p h a t e  (IMP) and  hypo-  
x a n t h i n e  in p idgeon liver. I n  add i t ion  @ALA t r a n s a m i n a -  
t ion was s tudied  in d i f fe rent  t issues 5, 8. However  Neuber -  
ger  and  Turne r  ~ working  wi th  R. spheroides  po in t ed  ou t  
t h a t  the  reverse  react ion,  name ly  dALA format ion  f rom 
DOVA, is favoured.  Fu r the rmore ,  according to Las-  
celles s, R. spheroides  grown anaerobica l ly  and  in the  
presence  of l ight,  excre ted  porphyr ins ,  ma in ly  copropor-  
p h y r i n  I I I .  Such excre t ion  did no t  t ake  place in aero-  
biosis and dark .  
In  th is  p a p e r  I*C incorpora t ion  f rom dALA 5 14C and  
dALA 4 14C into  I M P  and po rphyr ins  was s tudied  in cell 
suspensions  of R. spheroides.  
Materials and methods. @ALA 4 14C and dALA 5 l 'C, and  
glycine 2 14C were purchased  f rom New Eng land  Nuclear .  
Media, g row th  and  ha rves t ing  of cul tures  were pe r fo rmed  
according  to  Lascelles s. 
Cells were grown in anaerobiosis  and l ight  or aerobiosis  
and  dark.  The incuba t ions  were pe r fo rmed  in aerobiosis  
and  da rk  a t  36-37~ suspending  t h e m  in a mix tu re  
indica ted  in the  d i f fe rent  exper iments .  Af te r  incubat ion ,  
t he  cell suspens ions  were cent r i fuged at  40,000 • g. 
The cell pel le ts  con ta in ing  the  in t racel lu lar  pool of I M P  
were careful ly  washed  wi th  saline and r e suspended  in a 
ca rbona t e -b i ca rbona t e  buffer  0.1 M, p H  10.7, w i th  un-  
labelled I M P  as carrier.  P ro te ins  were  e l imina ted  b y  
hea t ing  and  cent r i fugat ion .  S u p e r n a t a n t s  were passed  
th rough  co lumns  of 2 ml  of cat ionic resin AG 1 •  
A solut ion of 6 mM HC1 was added  in order  to  reach 
p H  8.0. F ina l ly  t he  I M P  frac t ions  were evapo ra t ed  and 
r ad ioac t iv i ty  was  measured .  The recovery  of I M P  f rom 
the  resin was 90%;  the  cor responding  f rac t ions  con ta in  
some guanosine  m o n o p h o s p h a t e  and adenosine  mono-  

phospha te .  The I M P  fract ion was hydro lyzed  to  hypo-  
x a n t h i n e  in 0.5 M HC1 for 10 rain a t  100~ I M P  and 
h y p o x a n t h i n e  were ident i f ied b y  t h i n  layer  ch romatog-  
r a p h y  using p la tes  of cellulose MN 300 G and deve loped  
wi th  a mix tu re  of i sopropanol :  HC1 : wa te r ;  65 : 16.5 : 100 
(v/v) 
Porphy r in s  were isolated f rom the  s u p e r n a t a n t s  w i th  a 
new b a t c h  m e t h o d  using a p e r m u t i t  anionic resin ~ Ac- 
cording to th is  me thod ,  nonporphyr in i c  rad ioac t ive  
c o m p o u n d s  and  the  excess of label led ~ALA were dis- 
carded.  The s u p e r n a t a n t s  were mixed  wi th  1 ml  of the  
resin. Af ter  wash ing  careful ly  w i th  dist i l led water ,  the  
po rphyr ins  were e luted and esterif ied wi th  a mix tu re  of 
me thano l - su lphur ic  acid 19: 1. The suspensions  were left 
24 h in the  da rk  and f inal ly po rphy r in s  were ex t r ac t ed  
wi th  chloroform.  The a m o u n t  of po rphy r in s  were deter-  
mined  spec t ropho tomet r i ca l ly  using the  ex t inc t ion  coef- 
f ic ient  for cop ropo rphy r in  II110. Af te r  evapora t ion ,  radio-  
ac t iv i ty  was measu red  in a flow counter .  

1 Present address: Instituto de Investigaciones Bioquimieas, 
Obligado 2490, 1428 Buenos Aires (Argentina). 

2 Present address: Departamento de Ciencias Bioldgieas, Uni- 
versidad National de Rio Cuarto 5800, Rio Cuarto, Prov C6r- 
doba (Argentina). 

3 A.M. Nemeth, C. S. Russell and D. Shemin, J. biol. Chem. 229, 
415 (1957). 

4 A .E .  Braunstein, A. A. Poznanzkaia, R. A. Sprishkova and 
N.V. Gnuchev, Proc. Acad. Sci. USSR 157, 982 (1964). 

5 E. Kowalsky, A. M. Dancewicz, Z. Szot, B. Lipinsky and O. 
Rosiek, Acta bioehim, pol. 6, 257 (1959). 

6 M. Gassman, J. Pluseec and L. Bogorad. P1. Physiol. 43, 1411 
(1968). 

7 A. Neuberger and J. M. Turner, Biochim. biophys. Acta 67, 342 
(1963). 

8 J. Lascelles, Bioehem. J. 62, 78 (1956). 
9 R. C: Gareia, L. C. San Martin de Viale, J. M. Tomio and M. 

Grinstein, Biochim. biophys. Acta 309, 203 (1973). 
10 J. M. Tomio, R. C. Garcia, L. C. San Martin de Viale and M. 

Grinstein, Bioehim. biophys. Acta 198, 353 (1970). 

14C incorporation from labelled aminolaevulinic acid into IMP fractions and porphyrins 

Experiment Culture Substrate IMP recovery dALA conversion Porphyrins 
No. (epm) into IMP recovery 

(nmoles) (cpm) 

~ALA conversion 
into porphyrins 
(nmoles) 

1 Aerobic dALA 5 14C 140 111 1202 956 
2 Anaerobic dALA 5 14C 481 381 12496 9847 
3 Aerobic ~ALA 4 14C 250 198 1248 983 
4 Anaerobic dALA 4 14C 235 186 12 598 9998 

Each tube contained: sodium bicarbonate 200 ~xmoles; radioactive ALA 100 ~.moles (spec. act. 1260 cpm/[xmole), Medium up to 5 ml. Bacterial 
concentration 6 mg/ml (dry wt]ml). Aerobiosis and dark incubation: Time of incubation 4 h; incubation temperature 37 ~ 
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Results and discussion. I n  a f i rs t  series of expe r imen t s ,  
t he  i n c o r p o r a t i o n  of 14C f rom glycine in to  I M P  was  
inves t iga t ed .  I n  these  expe r i m en t s ,  each  t u b e  c o n t a i n e d :  
sod ium b i c a r b o n a t e :  200 ~moles,  sod ium fo rmia t e :  120 
vmoles,  glycine 2 14C: 120 ~moles (spec. act.  : 2000 c p m /  
smole) .  F u r t h e r m o r e  all  acidic f rac t ions  c o n t a i n i n g  IMP,  
c o - c h r o m a t o g r a p h i e d  w i t h  un labe l l ed  IMP.  In  o rder  to  
a s c e r t a i n  t h a t  r a d i o a c t i v i t y  was loca ted  in t he  pu r ine  
r ing,  e ach  label led  spo t  was e lu ted  f rom t he  p la t e  a n d  
hydro lyzed .  T h e n  t he  h y d r o l y s a t e  was r u n  u n d e r  iden t i ca l  
cond i t ions  a n d  all  r a d i o a c t i v i t y  was found  a t  t he  same  
pos i t ion  as un labe l l ed  h y p o x a n t h i n e .  Accord ing  to our  
resul ts ,  cell suspens ions  of R. spheroides (1.8 m g  d r y  
wt /ml )  i n c u b a t e d  in aerobios is  and  d a r k  were able  to  
syn thes i ze  label led  I M P  us ing  glycine  2 ~C as subs t r a t e .  
2% of t he  r a d i o a c t i v i t y  was i nco r po r a t ed  w i t h i n  4 h 
(da t a  n o t  shown) i n s t ead  of on ly  1% in S c h u l m a n ' s  ex-  
p e r i m e n t s  n work ing  w i t h  a n i m a l  t issues.  
I n  o rder  to  s t u d y  t he  b io syn thes i s  of t he  pu r ine  r ing  
t h r o u g h  6ALA t r a n s a m i n a t i o n  to  DOVA,  s imi la r  exper i -  
m e n t s  were pe r fo rmed  us ing  6ALA 5 14C and  6ALA 4 i4C 
as subs t ra t e s .  The  t a b l e  shows t h e  c o m p a r a t i v e  incorpo-  
r a t i o n  of 14C f rom 6ALA 5 14C and  dALA 4 14C in to  I M P  
f rac t ions  and  po rphy r i n s .  
W h e n  dALA 5 14C was t he  subs t r a t e ,  anae rob ic  a n d  l ight -  
g rown b a c t e r i a  i n c o r p o r a t e d  more  r a d i o a c t i v i t y  in to  
p o r p h y r i n s  (10%) t h a n  cells g rown aerob ica l ly  in t h e  

d a r k  (1%).  However ,  t he  1~C i n c o r p o r a t i o n  in to  I M P  
was low in b o t h  condi t ions ,  in  spi te  of t he  fac t  t h a t  cells 
g rown ae rob ica l ly  and  in t h e  d a r k  could  f a v o u r  t h i s  
i n c o r p o r a t i o n  due  to t h e i r  low r a t e  of p o r p h y r i n  b iosyn-  
thesis.  Also w i t h  4 ~*C, bALA i n c o r p o r a t i o n  of rad io-  
a c t i v i t y  in to  I M P  is low in b o t h  cond i t ions  of g rowth .  
These  resu l t s  are n o t  in a g r e e m e n t  w i t h  a d i r ec t  incorpo-  
r a t i o n  of dALA in to  t he  p u r i n e  r ing  of nuc leot ides ,  
t h r o u g h  i ts  conve r s ion  to DOVA.  Accord ing  to t h i s  p a t h -  
way,  a t  leas t  more  t h a n  2 %  i n c o r p o r a t i o n  in to  I M P  
would  be  expec ted ,  i n s t ead  of 0 .1 -0 .3% o b t a i n e d  w h e n  
us ing  dALA 5 t4C as subs t r a t e ,  a n  i n t e r m e d i a t e  closer to  
the  end  p r o d u c t  t h a n  glycine.  
Our  resu l t s  sugges t  a nonspeci f ic  i n c o r p o r a t i o n  of ~*C 
f rom 6ALA in to  IMP,  a f t e r  dALA d e g r a d a t i o n ;  w i t h o u t  
a d i rec t  t r a n s a m i n a t i o n .  In  add i t ion ,  ou r  d a t a  s u p p o r t  
t he  resu l t s  of Neube rge r  a n d  T u r n e r  7 a n d  Lohr  a n d  
F r i e d m a n  12 t h a t  t he  t r a n s a m i n a t i o n  works  in t he  reverse  
sense f rom D O V A  to dALA. 
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Summary. W i l d - t y p e  s t r a i n s  a n d  a u x o t r o p h i c  m u t a n t s  of Aspergillus /lavus, differ ing r ega rd ing  a f l a tox in  p roduc t ion ,  
were t e s t ed  for es te rases  isozymes.  Es te rases  v a r i a t i o n  was found  in all  s t r a ins  used, and  a possible  cor re la t ion  be tween  
t he  p a t t e r n  of es terase  b a n d s  a n d  a f l a tox in  p r o d u c t i o n  is suggested.  

The  p r e s e n t  work  was des igned  to  o b t a i n  p r e l i m i n a r y  
i n f o r m a t i o n  a b o u t  t h e  e x t e n t  a n d  ti le n a t u r e  of e lec t ro-  
phore t i c  v a r i a t i o n  of es terases  i sozymes w i t h i n  3 wild- 
t y p e  isolates  of t he  f i l am en t ous  fungus  Aspergillus flavus. 
M u t a n t s  de r ived  f rom such  s t r a in s  were also t e s t ed  for  
es terases  i sozymes  in a n  a t t e m p t  to  s t u d y  the  inf luence  
of such  m u t a n t s  in  r e l a t i on  to es terase  p roduc t ion .  
Material and methods. 3 wi ld - type  s t r a in s  (A 5 a, A 6e  a n d  
B 2 d )  were used. The  s t r a i n  A 5 a  did  n o t  p roduce  ar ia-  
tox in ,  e i the r  in cu l tu re  m e d i u m  or mycel ia .  A 6 e  has  a 
h igh  p r o d u c t i o n  of a f l a t o x i n  in myce l i a  (400 p p m  of ]31- 
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a f l a tox in  a n d  300 p p m  of Gl-af la toxin)  b u t  a low produc-  
t ion  in cu l tu re  med ium.  B 2 d  p roduces  a h i g h  a m o u n t  of 
a f l a tox in  b o t h  in cu l tu re  m e d i u m  (40 p p m  of 131 a n d  
30 p p m  of G1) and  in myce l ia  (400 p p m  of ]31 a n d  300 p p m  
of G1). M u t a n t s  s t r a ins  A S a  arg, A S a  w, A 6 e  arg, A 6 e  
pur ,  A 6 e  y a n d  B 2 d  lys were also used. M u t a n t  alleles 
were des igna ted  as follows: w a n d  y, w h i t e  a n d  yel low 
con id ia  r e spec t ive ly ;  arg, lys a n d  pur ,  r e q u i r e m e n t  re- 
spec t ive ly  for arginine ,  lys ine a n d  pur ines .  The  isola t ion 
of m u t a n t s  a n d  the  a f l a t o x i n  d e t e r m i n a t i o n s  were re- 
p o r t e d  e lsewhere  ~. S tock  cu l tu res  were m a n t a i n e d  on  
comple te  m e d i u m  s lan t s  ~. Cul tu res  were t r an s f e r r ed  to 
l iquid  m i n i m a l  m e d i u m  and,  a f t e r  7 days  i n c u b a t i o n  a t  
28 ~ t h e y  were used for e l ec t rophore t i c  ana lys i s  b o t h  in 
myce l ia  a n d  cu l tu re  med ium.  The  e l ec t rophore t i c  tech-  
n ique  was as follows: myce l i a  were homogene ized  in 
0.05 ml  of dis t i l led w a t e r  a t  4 ~ The  h o m o g e n a t e  and  t he  

Fig. 1. Schematic representation of esterases zymograms from 
mycelia of wild-type strains: 2(A5a), 3(B2d), 8(A6e) and of mutants 
strains: l(A6e y), 4(ASa arg), 5(A6e arg), 6(A5a w), 7(B2d lys) and 
9(A6e put). 
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