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Studies on Relationships Between Riboflavin and Folate 

Rela t ionsh ips  be tween  r ibof lavin  and  folate were 
d e m o n s t r a t e d  f irs t  by  NELSON et al.:. New-borns  of 
r ibof lavin-def ic ient  ra t s  p resen ted  congeni ta l  mal-  
fo rmat ions  similar to  those  induced  by  folate deficiency. 
Af te rwards  MILLER et al. 2 showed a decrease in the  l iver 
levels of folate and  c i t rovormn  fac tor  in riboflavin= 
def icient  p r e g n a n t  rats.  

I n  order  to  ob ta in  addi t iona l  d a t a  regarding these  
re la t ionships ,  t he  excre t ion  of forrniminoglutamic  acid 
(FIGlu) and  4-amino-5- imidazolecarboxamide  (AIC) in 
r ibof lavin-def ic ient  ra t s  was inves t iga ted .  F IGlu  de- 
g rada t ion  is d e p e n d e n t  on the  t issue s torage of folate 
coenzymes  s as well as the  convers ion of AIC into inosinic 
acid ~. Consequent ly ,  t he  es t imat ion  of u r inary  FIGlu  
and  AIC is a sensi t ive  and  specific index  of folate de- 
f iciency or of impa i red  funct ion  of folate coenzymes.  

Liver  fo rmiminog lu tamate5  H~ fola te-5-formimino 
t ransferase  (FIGIu t ransferase)  (EC 2.1.2.5) and  amino-  
imidazo leca rboxamide  r ibot ide  t r ans fo rmylase  (AICR- 
t ransformylase)  were also measured.  

Materials and methods. Male weanl ing albino ra ts  of 
Wis t a r  s t ra in  were  d iv ided in to  2 groups,  and  fed ad 
l ib i tum on a r ibof lavin-def ic ient  diet% and the  same die t  
s u p p l e m e n t e d  wi th  30 mg of r ibof lavin  per  kg of d ie t  
respect ively .  Af ter  60 days  of t r e a t m e n t  the  an imals  
received by  s t o m a c h - t u b e  1 ml  of 0 . 1 M  L-hist idine and 
2 ml  of steri le 0.9% NaC1 by  i.p. in ject ion per  100 g of 
b o d y  weight .  

Then  the  ra t s  were placed in ind iv idua l  metabol ic  
cages and  urine was collected for 24 h in bot t les  conta in-  
ing 0.5 ml  of 0 .5N tIC1. F IGlu  was de t e rmined  measur ing  
a t  '365 n m  the  5, 10-CH=H~ folate fo rmed incuba t ing  a t  
25 ~ for 30 min  samples  of urine wi th  sui table  amoun t s  of 
FIGlu- t rans fe rase ,  HCNH-H~ folate cyclodeaminase ,  H~ 
folate  and  2 -mercap toe thano lL  AIC was  de t e rmined  b y  
the  m e t h o d  of BRATTON and  MARSHALL s in a t iquots  of 
ur ine passed  t h r o u g h  a co lumn of Biorad  AG 2 • 8, 200 
to  400 mesh,  C1- form, to  r emove  in ter fer ing  mate r i a l sL  

For  the  e s t ima t ion  of FIGlu- t rans fe rase ,  the  ra t s  were 
sacrificed and  l iver  ace tone  p o w d e r s  were  prepared .  The 
powde r  was ex t r ac t ed  wi th  10 volumes  of H20  a t  2 ~ 
s t i r r ing for 15 min.  The  suspens ion  ob ta ined  was t h e n  
cent r i fuged a t  20,000 g for 15 rain and  the  s n p e r n a t a n t  
was added  wi th  solid a m m o n i u m  su lpha te  (0.2 g/ml  of 
solution).  Af te r  2 h t he  p rec ip i t a t e  was collected b y  
cent r i fuging  a t  20,000 g and  suspended  in a sui table  
a m o u n t  of 0 . 2 M  sodium ace ta te ;  t he  solut ion was  
allowed to  s t a n d  a t  2 ~ for 16 h. The  FIGlu  t rans fe rase  
ac t iv i ty  was  measured,  incuba t ing  for 30 rain a t  25 ~ an 
a l iquot  enzym e  solut ion wi th  FIGlu,  H 4 'folate and  phos-  
p h a t e  buffer  p H  7.2. The  5, 10-CH=t-I~ folate fo rmed was 
measured  spec t ropho tomet r i ca l ly  a t  355 n m  ~0. 

Fo r  t he  e s t ima t ion  of A I C R  t r ans fo rmylase  t he  
ace tone  powder  was ex t r ac t ed  a t  2~ for 30 min  wi th  
0 .01M Tris-HC1 buffer  p I I  7.4. The suspens ion  was cen- 
t r i fuged a t  13,000 g for 10 min,  and the  s u p e r n a t a n t  was 
added  w i t h  a m m o n i u m  su lpha te  (0.2 g/ml).  The resul t ing 
prec ip i ta te ,  collected by  cen t r i fuga t ion  was dissolved in 
Tris-HC1 buffer  0 .01M pFI 7.4 and  dialyzed aga ins t  the  
same buffer .  A l iquo t s  of enzyme  solut ion were incuba ted  
for 20 min  at  38~ w i t h  AICR,  10-CHO-H 4 folate, KC1 
and  Tris-HC1 buffer  ::. The  a m o u n t  of A I C R  no t  r emo v ed  
was  de t e rmined  using the  BRATTON and  MARS~IALL s 
me thod .  

Results and discussion. The FIGlu  excre t ion  (Table I) 
resul ts  m a r k e d l y  increased in r ibof lavin-def ic ient  r a t s  as 
compa red  wi th  controls  (2o < 0.01). Small  b u t  s ignif icant  

differences were observed  in AIC excre t ion  ( P <  0.05). 
On the  contrary ,  no difference was found  in the  l iver le- 
vels of FIGlu  t ransferase  and A I C R  t rans fo rmylase  be t -  
ween r ibof lavin-def ic ient  ra t s  and contro l  ra t s  (Table II) .  

These  da t a  show t h a t  in r ibof lavin  deficiency there  is a 
failure to metabol ize  FIGlu.  Since th is  canno t  be ascribed 
to a decrease of F IGlu  t ransferase ,  t he  decreased degra-  
da t ion  of F IGlu  migh t  be the  consequence  of a lower 
s torage of H 4 folate which is involved in the  first  s tep  of 
F IGlu  metabol i sm.  In  fact,  when  tile enzyme  p repa ra t ion  
f rom livers of r ibof lavin-def ic ient  ra t s  was  incuba ted  wi th  
excess of H 4 folate, the  a m o u n t  of F IGlu  metabol ized  was 
similar  to t h a t  metabol ized  by  control  rats .  Also AIC 

Table I. Urinary excretion of FIGlu and AIC by riboflavin-deficient 
rats 

Group Animals FIGlu excreted AIC excreted 
in experiment (nmoles/day per (nmoles/day per 

100 g body wt.) 100 g body wt.) 

1 Control 498 -k 92 (6)~ 71 • 3.4 (6) 
2 Riboflavin- 2120 ::~ 113 (8) 88 • 5.6 (6) 

deficient (P < 0.001) (P < 0.05) 

Mean • S.E.M.; No. of animals in parentheses; P, probability of 
difference (Student's t-test). 

Table II. Liver FIGIu transferase and AICR transformylase in ribo- 
flavin-deficient rats 

Group Animals FIGlu AICR 
in experimen t transferase ~ transformylase b 

Units/g tissue DS:its/g tissue 

1 Control 34.2 • 3.1 (6) o 14.7 zh 2.6 (6) 
2 Riboflavin- 36.3 i 2.7 (6) 13.1 -4- 2.1 (6) 

deficient (n.s.) (n.s.) 

A unit of activity is defined as the amount of enzyme catalyzing 
the conversion of 0.05 ~mole of FIGlu in 30 min. b A unit of activity 
is defined as the amount of enzyme catalyzing the removal of 
0.1 ~tmole AICR in 20 rain. ~ Mean :~ S.E.M.; No. of animals in 
parentheses; n.s., not significant. 
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metabol i sm is par t ia l ly  modified, bu t  this cannot  be 
ascribed to a decrease of A I C R  transformylase.  

These results seem to demons t ra te  t h a t  r ibof lavin  
deficiency determines  a decrease of s torage of folate 
coenzymes.  This  could be considered the common 
biochemical  !esion responsible in te ra togenic i ty  observed 
ei ther ill r ibof lavin or in folate deficiency. 

Rdsurnd. Des rats  carenc6s en r iboflavine,  compar6s 
aux  contr61es, ou t  pr6sent6 une remarquab te  augmenta -  
t ion de la quant i t6  de F IGlu  61train& Une augmenta t ion  

moins 6vidente a 6t6 observ6e dans l '61imination de AIC. 
Aucune  var ia t ion,  au contraire,  en ce qui  concerne les 
enzymes F IGlu  transferase et A I C R  tr/~nsformylase. 
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Microbial Degradation of Aliphatic Branched Compounds:  Isobutyric, 2 ,2-Dimethylmalonic  and 
2,2-Dimethylsuccinic  Acids 1 

In  order  to improve  research on the  microbia l  degrada-  
t ion of synthe t ic  chemicals  in soil, we h a v e  been t ry ing  
to isolate microorganisms able to grow on al iphat ic  
branched compounds  supplied as only carbon source. 
These compounds  are ve ry  resis tant  to bacter ia l  oxida-  
tion, especially those hav ing  a qua t e rna ry  ca rbon .a tom ~. 
Concerning this, only K~RSTIN a reports  the  isolation of 
microorganisms capable  of growing on 2, 2, 4-dimethyl-  
pentane  and MOKANRAO and )/~cKINNI~Y zt the  degrada-  
t ion of some qua te rna ry  carbon acids by  ac t iva ted  sludges. 

Results. The  enr ichment  cultures were effected by  
direct  incubat ion  of r iver  waters,  added wi th  the  minera l  
salts of TAIJSSON med ium 5 and the  required carbon 
source. At  present,  3 microorganisms able to oxidize 
isobutyric,  2, 2-dimethylmalonic  and 2, 2-dimethylsuc-  
cinic acids have  been isolated. 

F r o m  enr ichments  wi th  isobutyric  acid a motile,  
Gram-nega t ive  short  rod, which produces a f luorescent  
green-yellow p igment  on King B medium,  bu t  not  
phenazine p igmen t  on King A med ium ~, has been iso- 
lated. I t  does no t  produce gelatinase, and, by  the  cri- 
ter ion proposed by  STANIER et  a l J ,  we m a y  consider 
this o rganism to be a strain of Pseudomonas putida. This 
microorganism is unable  to grow on 2, 2-dimethyhnalonic  
and 2, 2-dimethylsuccinic  acids. 

Af te r  a long incubat ion  t ime  from an enr ichment  
cul ture  wi th  2, 2-dimethylmalonic  acid, a motile,  Gram- 
nega t ive  short  rod has been isolated which does not  
produce f luorescent  and phenazine  pigment ,  gelat inase 
and gas f rom carbohydra tes ;  i t  m a y  be t en t a t i ve ly  
assigned to the  genus Achromobaeter. Firs t  the  growth 
on 2, 2-dimethylmalonic  acid was slight bu t  ve ry  abun-  
dan t  af ter  several  subcultures.  This s t rain is able to 
grow also on isobntyr ic  acid as only  carbon source, no t  
on 2, 2-dimethylsuccinic acid. Different  i tems prove  tha t  
the growth on 2, 2-dimethylmalonic  acid is real ly sup- 
por ted  by  this compound  and not  by  isobutyric  acid, 
which can b e  formed by  non-enzymat ic  decarboxyla t ion  
f rom 2, 2-dimethylmalonic  acid : 2, 2-dimethylmalonic  
acid, whose pur i ty  had been tested af ter  v a c u u m  subl ima- 
t ion at  100~ was always supplied to the  sterile media  
by amicrobia l  f i l t rat ion.  JPseudomonas putida isolated 
f rom i sobutyra te  enr ichment  cultures was unable  to 
grow on 2 ,2-dimethylmalonic  acid;  washed cells of 
A chromobacter sp. grown on asparagine were no t  se- 
quent ia l ly  induced to oxidize 2 ,2-d imethylmalonic  and 
isobutyric  acids, while cells grown on 2 ,2-dimethyl-  
malonic  acid were sequent ia l ly  induced to oxidize 2,2-di- 
methy lmalon ic  and isobutyric  acids; 2, 2-dimethylmalonic  
acid was oxidized wi th  the  product ion  of 2 moles of CO S per  
mole of substrate,  while isobutyric  acid wi th  the  p roduc-  
t ion of 1 mole of CO2 per  mole of substrate .  The same 

cells, hea ted  a t  100~ for 2rain ,  do not  give oxygen  
uptake  and CO 2 release wi th  the  above compounds.  F r o m  
this it  can be assumed t h a t  the  first  step of the  degrada-  
t ion of 2, 2-dimethylmalonic  acid is the  format ion  of iso- 
butyr ic  acid by  enzymat ic  decarboxyla t ion .  

CH a CI-I a 

H O O C - - C - - C O O H  - ~ C H a - - C H - - C O O H  
I 

CH a 
2,2-dimethylmalonie acid isobutyric acid 

F r o m  enr ichment  cultures wi th  2 ,2-dimethylsuccinic  
acid a motile,  Gram-nega t ive  short  rod has been isolated, 
different  f rom the  above strain,  which does no t  produce 
fluorescent and phenazine pigment ,  gelat inase and gas 
f rom carbohydra tes :  i t  m a y  be t en t a t i ve ly  adscribed to 
the  genus Aehromobacter. This microorganism is able to 
grow on 2, 2-dimethylsuccinic,  2, 2-dimethylmalonic  and 
isobutyric  ac ids . .Washed  ceils of this  s t rain grown on 
2,2-dimethylsuccinic  acid immedia te ly  oxidize 2,2-di- 
methylsuccinic,  not  2, 2-dimethylmalonic  acid. Research 
is in progress to isolate microorganisms able to grow 
on hydrocarbons  wi th  qua te rna ry  carbon atom. 

Riassunto. Da colture di a r r icchimento  si 6 isolato un 
ceppo di JPseudomonas putida capace di crescere in pre- 
senza di acido isobutirrico, un Achromobacter sp. c a p a c e  
di crescere in presenza degli acidi  2, 2-dimeti lmalonico e 
isobufirr ico e un al tro A ehromobaeter sp. capace di ere- 
scere in presenza degli acidi  2, 2-dimetilsuccinico, 2, 2- 
d imet i lmalonico  ed isobutirrico. Esper ienze di induzione 
sequenziale hanno d imos t ra to  che l 'acido 2,2-dimeti l -  
malonico viene  degradato  ad acido isobutirr ico per  decar- 
bossilazione enzimatica.  
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