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In vitro Conversion of Sepiapterin to Isosepia- 
pterin via Dihydrobiopterin 

The m u t a n t  sepia of Drosophila melanogaster is charac-  
te r ized  by  accumula t ion  of 2 yellow d ihydrop te r id ines ,  
sepiapter in  and  isosepiapter in ,  in the  eye. In  spi te  of the i r  
s t ruc tura l  s imilar i t ies  ~, the  metabol ic  or  b iochemical  
re la t ionship  be tween  these  p ter id ines  has  no t  been  eluci- 
da ted .  

In  a recent  paper ,  we have  descr ibed evidence showing 
t h a t  sep iap te r in  is reduced  in the  presence  of reduced  
n ico t inamide  dinucleot ide  p h o s p h a t e  (NADPH)  to  di- 
hyd rob iop t e r i n  b y  a sepiapter in  reductase  f rom ra t  l iver 2. 
Dur ing  the  course of these  studies,  we not iced t h a t  if the  
reac t ion  mix tu re  of sep iap te r in  and the  enzyme was 
t r ea t ed  wi th  d i lu ted  acids af ter  a lmost  comple te  reduc t ion  
of t he  pter idine,  a s t rong  blue f luorescent  subs tance  was 
p roduced  toge the r  wi th  a small  a m o u n t  of yel low fluores- 
cent  mater ia l  which  was dis t inguishable  f rom sep iap te r in  
b y  pape r  ch roma tography .  The blue f luorescent  com- 
p o u n d  was ident i f ied  as b iopter in  by  its character is t ic  
UV-absorp t ion  spec t rum and  pape r  ch romatograph ic  be- 
hav iour  ~,3. By  pape r  ch romatograph ic  analysis,  we pos tu-  
la ted  t h a t  the  minor  yellow compound  was ident ical  wi th  
isosepiapter in  and  was spon taneous ly  der ived f rom di- 
hydrob iop te r in  by  acid t r e a t m e n t ;  now we p resen t  evi- 
dence in favour  of th is  inference.  

To isolate d ihydrob iop te r in  f rom the  reac t ion  mix tu re  
of sep iap te r in  and  its reductase ,  we adop ted  essent ia l ly  
the  m e thods  descr ibed by  MATSUBARA 3. The reac t ion  
mixture ,  in a f inal  volume of 26.6 ml, was incuba ted  at  
37~ for 35 min  in the  dark,  and conta ined:  po tas s ium 
p h o s p h a t e  buffer,  p H  6.8, 200 raM;  sepiapter in*,  9.2 
/ ,moles;  N A D P H  (prepared f rom N A D P  by  the  m e t h o d  
of ZAKRZEWSKIS), 8.0 / ,moles;  g lucose-6-phosphate  de- 
hydrogenase  6 (742 #g prote in/ml) ,  2.0 ml;  and sepia- 
p te r in  reductase  f rom ra t  l iver 2 (916 #g prote in /ml) ,  
8.0 ml. The a lmos t  colourless react ion mix ture  was ap- 
plied to a Sephadex  G-50 co lumn (3.  22 cm) t h a t  was 
e luted wi th  dist i l led water .  Dihydrob iop te r in  f ract ions  
were combined  and  lyophilized.  The yield was approxi -  
ma te ly  8.0 pmoles .  The concen t ra t ion  of d ihydrobio-  
p te r in  was calcula ted f rom optical  dens i ty  a t  330 n m  3. 
P ro te in  was de t e rmined  by  the  me thod  of LowRY et al. 7. 

The lyophil ized powder  was dissolved in 1.5 ml of 0 .5N 
sulphuric  acid and  s tored  overn igh t  in a deep freezer 
(--20~ The t h a w e d  solut ion was neut ra l ized  wi th  
a sa tu ra t ed  solut ion of ba r ium hydroxide .  After  centr i fu-  

gat ion,  the  yel low f luorescent  s u p e r n a t a n t  solut ion was 
appl ied  to a Sephadex  G-50 co lumn (1 �9 22 cm) t h a t  was 
e luted wi th  dist i l led water .  The combined  yel low eluate 
was sub jec ted  to  the  following analyses.  The yield was 
abou t  0.85 Fmoles  (as isosepiapter in) .  The concen t ra t ion  
of i sosepiapter in  was e s t ima ted  f rom the  ex t inc t ion  
coeff icient  a t  430 n m  in 0 .1N NaOH.  

P a p e r  ch roma tograph ic  behav iour  of the  yel low com- 
p o u n d  is ident ical  w i th  t h a t  of i sosepiapter in  ob ta ined  
f rom sepia flies 4 (Table). I t s  UV-abso rp t ion  spec t rum is 
prac t ica l ly  the  same as t h a t  of i sosepiapter in  (Figure). 

Comparison of Rf values of the yellow compound and isosepiapterin 

Rf value 

Solvent Yellow Isosepia- 
system compound pterin 

1 0.49 0.50 
2 0.44 0.44 
3 0.57 0.57 
4 0.61 0.61 
5 0.65 0.65 
6 0.69 0.69 
7 0.24 0.23 
8 0.23 0.22 

Solvent system: (1) n-propanol-ethylacetate-water (7:1:2, v/v); 
(2) 95 ~ ethanol-n-amylalcohol-water (7 : 5 : 3) ; (3) n-butanol-acetic 
acid-water (4 : 1 : 2) ; (4) iso-propanol-water (7 : 3) ; (5) n-propanol-1% 
ammonia (2:1); (6) n-propanol-l% ammonium acetate (1 : 1); (7) 
3% ammonium chloride; (8) 4% sodium citrate. Ascending method. 
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Absorption spectra of the yellow compound and 
isosepiapterin. The yellow compound: = in 
0.1N NaOH; . . . . .  in O.1N HC1. Isosepiap- 
terin: . . . . .  in 0.1N NaOH; . . . . .  in 0.1N 

HC1. 
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T h e  a b s o r p t i o n  m a x i m u m  of f luorescence s p e c t r u m  (515 
n m  a t  n e u t r a l  pH)  was also co inc iden t  w i t h  t h a t  of iso- 
sep iap ter in .  F u r t h e r m o r e ,  on  a lka l ine  p e r m a n g a n a t e  oxi- 
d a t i o n  t he  c o m p o u n d  gave  2 - am i no - 4 - hyd r oxyp t e r i d ine -  
6-carboxyl ic  acid (Rf  = 0.03, s o l v e n t  s y s t e m  1 in t he  
Tab le  ). H y d r o g e n  perox ide  ox ida t i on  gave  b o t h  x a n t h o -  
p t e r i n  ( R f =  0.10, so lven t  s y s t e m  1) a n d  2-amino-4-  
h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  acid. I n  a lka l ine  solut ion,  
t he  c o m p o u n d  was  read i ly  oxidized w i t h  b r o m i n e  to  
x a n t h o p t e r i n .  Labi le  h y d r o g e n  was d e t e r m i n e d  b y  iodine 
t i t r a t i o n  s& Iod ine  e q u i v a l e n t  to  0 .81 / ,moles  of h y d r o g e n  
was c o n s u m e d  p e r / , m o l e  of t he  compound .  T he  c a r b o n y l  
g roup  of t he  c o m p o u n d  was d e t e r m i n e d  b y  t he  2,4-di-  
n i t r o - p h e n y l h y d r a z i n e  m e t h o d  1~ a n d  gave  1 .07 / ,moles  of 
c a r b o n y l  g roup  p e r / , m o l e .  These  chemica l  cha rac te r i s t i c s  
are  cons i s t en t  w i t h  those  of i sosep iap te r in  descr ibed  b y  
FORREST e t  al. n,l~,. F r o m  t he  above  resul t s  i t  can  be  con-  
c luded  t h a t  t he  yel low c o m p o u n d  is iden t ica l  w i t h  iso- 
sep iap ter in .  Bes ides  acid t r e a t m e n t ,  adso rp t ion  of di- 
h y d r o b i o p t e r i n  a t  n e u t r a l  p H  on F i l t ro l  Grade  58 fol lowed 
b y  e lu t ion  w i t h  20% aqueous  ace tone  also leads to  t h e  
f o r m a t i o n  of i sosepiapter in .  B iop t e r i n  gives no  oxid ized  
fo rm of i sosep iap te r in  b y  s imi la r  t r e a t m e n t .  S tudies  on 
t h e  biological  s ignif icance of t he  reac t ion  are be ing  unde r -  
t aken .  

Rdsumd. L a  d ihydrob iop tGr ine  o b t e n u e  p a r  le mGlange 
rGactionel de s6piapt6r ine  e t  de sa rGductase se t r a n s f o r m e  
en s u b s t a n c e  j a u n e  p a r  t r a i t e m e n t  ~ l 'acide sulfur ique.  
E m p l o y a n t  des t echn iques  c h r o m a t o g r a p h i q n e s ,  l ' ana -  
lyse du  spec t re  & a b s o r p t i o n  U V  et  l ' ana lyse  ch imique ,  
on a pu  m e t t r e  en 6vidence que  ce t te  s u b s t a n c e  es t  iden-  
t i que  de l ' isos6piaptGrine.  
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C h a n g e s  in  A l a n i n e  T r a n s a m i n a s e  A c t i v i t y  in  
t h e  L i v e r  o f  R i b o f l a v i n - D e f i c i e n t  R a t s  

NICHOL et  al. 1 a n d  ]~ISENSTI~IN 2 obse rved  a d i rec t  cor- 
r e l a t i on  be tween  a lan ine  t r a n s a m i n a s e  ac t i v i t y  and  glyco- 
gen depos i t ion  in  l iver  t h r o u g h  gluconeogenesis .  T h e y  
h a v e  s tud ied  th i s  assoc ia t ion  in var ious  ways,  inc lud ing  
t he  use of py r idox ine -de f i c i en t  rats .  I t  has  also been  re- 
p o r t e d  t h a t  a l an ine  t r a n s a m i n a s e  ac t i v i t y  var ies  accord-  
ing  to  t he  size of t he  free amino  acid pool  in  the  l iver  1. 

I n  r i bo f l av in  def ic iency MORGAN et  al.8,4 obse rved  a n  
increased  gluconeogenesis  i n t h e  l iver  a t  t he  b e g i n n i n g  of 
r ibo f l av in  deficiency.  Af te r  5 weeks on  r ibof lav in-def i -  
c ient  diet ,  r a t s  showed  depressed g luconeogenet ic  ac t iv i ty .  
These  workers  sub jec t ed  the  n o r m a l  a n d  def ic ien t  r a t s  to  
physio logica l  s t ress  a n d  obse rved  a n  impa i r ed  gluconeo-  
genet ic  response  to  s t ress  in  r i bo f l av in  deficiency,  w h i c h  
was a t t r i b u t e d  to  t h e  fai lure  of p i t u i t a r y  ad rena l  axis  or  
' t r igger  m e c h a n i s m '  to  release A C T H  b y  t he  p i t u i t a ry .  

VChen n o r m a l  r a t s  were in jec ted  w i t h  deoxycor t i -  
costerone,  hepa t i c  a l an ine  t r a n s a m i n a s e  a c t i v i t y  was 
lowered.  This  i n h i b i t o r y  effect  of deoxycor t i cos t e rone  on 
a lan ine  t r a n s a m i n a s e  a c t i v i t y  was sugges ted  to be due  to 
t he  suppress ion  of A C T H  release b y  t he  p i t u i t a r y  1. Th i s  
s i t ua t i on  is s imi la r  to  t h a t  obse rved  in r ibof lav in -def ic ien t  
r a t s  b y  MORGAN et  al. 4. 

I f  such  a defect  exis ts  u n d e r  r ibo f l av in  deficiency,  i t  is 
n a t u r a l  to  e x p e c t  low ac t i v i t y  of a l an ine  t r a n s a m i n a s e  in  
t he  l iver  of r ibo f l av in -de f i c i en t  rats .  On the  con t r a ry ,  i t  
has  been  r epo r t ed  t h a t  the re  is increased a c t i v i t y  of t h i s  
enzyme  in t he  l iver  of r ibof lav in -def ic ien t  r a t s  5. 

I n  t he  p r e sen t  inves t iga t ion ,  changes  in a l an ine  t r a n s -  
a m i n a s e  ac t iv i ty ,  g lycogen a n d  py r idoxa l  p h o s p h a t e  con-  
c e n t r a t i o n  of l iver  h a v e  been  s tud ied  in r i bo f l av in  de-  
ficiency. 

Y o u n g  male  a lb ino  r a t s  of 80-100 g were d iv ided  in to  2 
groups  of equa l  ave rage  b o d y  weights.  Group  A con- 

s is ted of n o r m a l  animals ,  a n d  Group  B of r ibof lav in -  
def ic ient  rats .  The  an ima l s  were pai r - fed on  16% p ro t e in  
for 45 days.  Pa r t i cu l a r s  r ega rd ing  t he  d ie t  h a v e  been  re- 
p o r t e d  elsewhere 6. W a t e r - s o l u b l e  v i t a m i n s  were suppl ied  
da i ly  b y  s u b c u t a n e o u s  in jec t ion:  

Af t e r  t h e  e x p e r i m e n t a l  pe r iod  was over,  t he  r a t s  were 
k e p t  f a s t ing  for  24 h a n d  t h e n  decap i t a t ed .  The  l ivers  
were removed ,  c leaned of a d h e r e n t  blood, weighed, and  
chi l led in  ice. A weighed q u a n t i t y  of l iver  was  d iges ted  
in 30% K O H  and  used for  t he  d e t e r m i n a t i o n  of g lycogenL 
A n o t h e r  p a r t  of the  l iver  was  homogen ized  in p h o s p h a t e  
buf fe r  of p H  7.4 a n d  used for  t h e  d e t e r m i n a t i o n  of a l an ine  
t r a n s a m i n a s e  ac t i v i t y  8 and  p y r i d o x a l  p h o s p h a t e  concen-  
t r a t i o n  9. I t  can  be seen f rom t h e  a c c o m p a n y i n g  Tab le  
t h a t  a l an ine  t r a n s a m i n a s e  a c t i v i t y  and  t he  c o n c e n t r a t i o n  
of p y r i d o x a l  p h o s p h a t e  a n d  g lycogen in l iver  are increased  
in r i bo f l av in  deficiency.  

I n  r i bo f l av in  deficiency,  t he  ox ida t ive  enzyme s y s t e m  
is af fected b y  decreased c o n c e n t r a t i o n  of f l av in  en- 
zymes  1~ There fo re  t h e  o x i d a t i o n  of a m i n o  acid is ex-  
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