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as t he  fas t  and  t he  slow c o m p o n e n t  1,3,5,s b y  t he  s lab 
e lectrophoresis .  B o t h  b a n d s  B~ a n d  B 2 could  n o t  be  de- 
t ec t ed  in any  o the r  o rgans  (liver, k idney ,  h e a r t  muscle  a n d  
so on) excep t  in ne rvous  t issues.  As to  species d i s t r ibu t ion ,  
b o t h  b a n d s  were obse rved  in a l m o s t  equa l  p r o p o r t i o n  in 
ca t  whole  b ra in ,  whi le  t he  B 1 c o m p o n e n t  was  r e m a r k a b l y  
d o m i n a n t  in  r a t  as m e n t i o n e d  b y  p rev ious  a u t h o r s  5. W e  
carr ied ou t  micro  e lec t rophores is  w i t h  micro  samples  which  
were p r e p a r e d  f rom a b o u t  1 [xg of we t  t i ssues  o b t a i n e d  
f rom specific a reas  of b r a i n  (Figure  2). The  re la t ive  a m o u n t s  
of t h e  two S-100 f rac t ions  are d e t e r m i n a b l e  d i r ec t ly  on  ti le 
des t a ined  micro  gels b y  d e n s i t o m e t r y  in a mic rodens i to -  
m e t e r  ( M K I I I C S ,  Joyce  Loebl  Co., Ltd.) .  FILIPOWICZ and  
associates  3 r epo r t ed  t h a t  r e l a t ive  a m o u n t s  of t he  two  frac- 
t ions  va r i ed  f r o m  one a rea  to  a n o t h e r  of beef  cen t r a l  ner-  
vous  sys tem.  A n d  a p re fe ren t i a l  cel lular  loca l iza t ion  of each  
c o m p o n e n t  in  ne rvous  t i ssues  was sugges ted  n,  however ,  
f u r t h e r  e x a m i n a t i o n s  w i t h  mic rosamples  are required .  

R e c e n t l y  HYDs a n d  LANGE 12 r epo r t ed  a n  i n t e r e s t i ng  
i nves t i ga t i on  on  S-100 p r o t e i n  syn thes i s  occur r ing  in h ip-  
p o c a m p u s  p y r a m i d a l  cells of r a t  specif ical ly r e l a t ed  to 
l ea rn ing  behav io r .  I n  t h a t  case micro  e lec t rophore t i c  se- 
p a r a t i o n  of p ro t e in  was car r ied  ou t  on  po l yac r y l am i de  gel 
(25% w/v)  in  a cap i l la ry  t u b e  w i t h  Dav i s ' s  d i scon t inuous  
buf fe r  sys tem.  A f ron t  a n o d a l  p r o t e i n  b a n d  was r ega rded  
as t he  S-100 f rac t ion.  However ,  t h a t  b a n d  is conce i vab ly  
one of t h e  mu l t ip l e  f rac t ions  of S-100 pro te in ,  s ince elec- 
t r o p h o r e t i c  he t e rogene i t y  of t h e  p r o t e i n  a n d  i ts  depen-  
dence  upon  t he  buf fe r  s y s t e m  used a n d  t h e  gel concen t r a -  
t i on  has  been  p r o v e d  ~, ~, 7, la 

The  p re sen t  s t u d y  concerns  f r a c t i o n a t i o n  of S-100 p ro -  
t e in  b y  micro  disc e lec t rophores i s  as a modi f ied  m e t h o d  of 
s lab  e lec t rophores i s  w i t h  c o n t i n u o u s  buf fe r  sys tem.  Disc  
e lec t rophores i s  ha s  t he  genera l  a d v a n t a g e  of e lec t ropho-  
resis on  slabs,  since e lec t rophore t i c  p a t t e r n s  are d i s t i nc t  
a n d  well  reproducib le .  The  micro  disc m e t h o d  descr ibed  
here  m i g h t  c o n t r i b u t e  to  neurob io log ica l  i n v e s t i g a t i o n  
w i t h  r ega rd  to l ea rn ing  a n d  o t h e r  h i g h e r  b r a i n  func t ions .  

Zusammenfassung. Die T r e n n u n g  von  schne l len  u n d  
l a n g s a m e n  K o m p o n e n t e n  yon  S-100-Pro te in  wurde  d u r c h  
D i sk -E iek t ropho re se  m i t  e inem k o n t i n u i e r l i c h e n  Puffer -  
s y s t e m  ausgef i ihr t  u n d  die A n w e n d u n g e n  auf  Mikroelek-  
t rophorese  des s au ren  P ro t e ins  yon  k le inen  i so l ier ten  Men- 
g e n d e r  H i r n s u b s t a n z e n  (1 [zg Feuch tgewich t )  darges te l l t .  
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Enzymatic Spectrophotometric Assay for Dihydroorotic Acid in Serum and Urine 

D i h y d r o o r o t i c  acid is a n  i n t e r m e d i a t e  c o m p o u n d  
p roduced  du r ing  de novo  p y r i m i d i n e  nuc leo t ide  synthes is .  
I n t e r e s t  in  t h i s  a n d  o the r  p roduc t s  of t h e  p a t h w a y  ha s  
increased  in r ecen t  years  as an t i neop l a s t i c  d rugs  des igned 
to i n t e r d i c t  t he  p a t h w a y  h a v e  been  deve loped  a n d  w i t h  
d i scovery  of a n  h e r e d i t a r y  e n z y m a t i c  defect  of p y r i m i d i n e  
syn thes i s  1-a. Q u a n t i t a t i o n  of d ihydrooro t i c  acid has  been  
based  upon  m e a s u r i n g  increased a b s o r b a n c e  a t  wave-  
l eng th  280 n m  p roduced  w i t h  e n z y m a t i c  conve r s ion  of t he  
c o m p o u n d  t o  orot ic  acid or u p o n  m e a s u r i n g  loss of ab-  
so rbance  a t  230 n m  w i t h  d e g r a d a t i o n  of t he  c o m p o u n d  b y  
a lkal i  4, 5. These  p rocedures  requi re  r ead ing  of a b s o r b a n c e  
in t h e  u l t r av io l e t  r ange  m a k i n g  t h e m  u n s u i t a b l e  for 
q u a n t i t a t i o n  of t he  acid in u r ine  or o the r  biological  
ma te r i a l s  w i t h  h i g h  b a c k g r o u n d  u l t r av io l e t  absorbance .  
The  s p e c t r o p h o t o m e t r i c  assay  p resen ted  is r ead i ly  a d a p t e d  
for use w i t h  u r ine  or s e rum since a b s o r b a n c e  is measu red  
a t  w a v e l e n g t h  480 n m  a w a y  f rom in te r fe r ing  subs t ances  
a b s o r b i n g  in t he  u l t r av io l e t  spec t rum.  

Principle of the assay. I n  t he  assay  d ihydrooro t i c  acid 
of u r ine  or s e rum is c o n v e r t e d  e n z y m a t i c a l l y  to  orot ic  
acid b y  d ihydrooro t i c  acid d e h y d r o g e n a s e  p r e p a r e d  f rom 
r a t  liver.  Af te r  dep ro t e i n i za t i on  of t he  r eac t ion  mix tu re ,  
e n z y m a t i c a l l y  fo rmed  orot ic  acid is r eac ted  sequen t i a l ly  
w i t h  b romine -wa te r ,  ascorbic  acid a n d  p - d i m e t h y l a m i n o -  
b e n z a l d e h y d e  to  fo rm a colored com pl ex  a b s o r b i n g  
m a x i m a l l y  a t  w a v e l e n g t h  480 n m  ~. T he  resu l t ing  ab- 
so rbance  is c o m p a r e d  to  t h a t  p roduced  b y  s imi la r ly  
r eac ted  d ihydrooro t i c  acid s t anda rds .  

Materials and methods. ]Reagents. 1. L-d ihydrooro t ic  
acid, 0.01 m g / m l  and  1 mg/ml .  2. 0.5 M Tris buffer ,  
p H  8.1. 3. 10% t r i ch loroace t ic  acid. 4. 2.5% p - d i m e t hy l -  

a m i n o b e n z a l d e h y d e  in n-propanoI .  5. 5% ascorbic  acid.  
6. S a t u r a t e d  b romine -wa te r .  7. 0.25 M sucrose. 8. En -  
zyme:  D ihyd roo ro t i c  acid dehyd rogenase  was p r e p a r e d  
f rom r a t  l iver  as follows: R a t s  were decap i t a t ed ,  and  t h e  
l ivers  were r e m o v e d  i m m e d i a t e l y  a n d  d i lu ted  1 : 10 w t / v o l  
in 0.25 M sucrose a t  4~ The  m i x t u r e  was h o m o g e n i z e d  
a t  4000 r p m  for 30 sec in a m o t o r - d r i v e n  glass t e f lon  
homogenizer .  The  h o m o g e n a t e  was cen t r i fuged  15 m i n  
a t  2000 g. The  pe l le t  was r e suspended  in t he  o r i g i n a l v o l u m e  
of the  sucrose solut ion,  and  cen t r i f uga t i on  was repea ted .  
The  pel le t  was  t h e n  r e suspended  in ha l f  t h e  or ig inal  v o l u m e  
sucrose solut ion.  Th i s  p rocedure  was fac i l i t a ted  b y  an  addi -  
t i ona l  10 sec homogen iza t ion .  D ihyd roo ro t i c  acid dehydro -  
genase  a c t i v i t y  of the  suspens ion  was assayed  us ing  
r eac t ion  m i x t u r e  c o n t a i n i n g  500 gg L-d ihydrooro t ic  acid, 
0.5 ml  0.5 M Tris p H  8.1, e n z y m e  suspens ion  (0.05 t o  
0.4 ml) a n d  w a t e r  to  m a k e  a f ina l  v o l u m e  of 2 ml.  Af te r  
10 ra in  i n c u b a t i o n  a t  37 ~ t he  m i x t u r e  was  d e p r o t e i n a t e d  
b y  a d d i t i o n  of 1 ml  10% t r i ch lo roace t i c  acid fol lowed b y  
cen t r i fuga t ion .  The  b l a n k  was iden t ica l  to  t he  r eac t ion  
m i x t u r e  excep t  t h a t  t r i ch lo roaee t i c  acid was added  before  
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a d d i t i o n  of t he  homo gena t e .  T h e r e a f t e r  1.5 ml  of t h e  
s u p e r n a t e  was t r e a t e d  as descr ibed  be low for t he  de- 
p r o t e i n a t e d  s u p e r n a t e  of the  u r i n a r y  d ihyd roo ro t i c  acid 
assay.  A b s o r b a n c e  was d e t e r m i n e d  a t  w a v e l e n g t h  480 nm,  
a n d  1 u n i t  of e n z y m e  a c t i v i t y  was  def ined  as t h a t  p roduc-  
ing a change  of a b s o r b a n c e  of 0 . 1 0 . D .  un i t s  u n d e r  
cond i t ions  of t he  assay.  The  e n z y m e  was found  to be  
s t ab l e  for a t  l eas t  3 weeks f rozen a t  - - 1 0  ~ C. 

Assay o/ urinary dihydroorotic acid. U r i n e  for t he  assay  
was acidi f ied upon. collection,  t h e n  neu t r a l i zed  to  ap-  
p r o x i m a t e l y  p H  7.0 to  8.0 w i t h  sod ium h y d r o x i d e  j u s t  
p r io r  to  a d d i t i o n  to  t h e  assay.  P r e l i m i n a r y  s tud ies  showed 
t h a t  loss of d ihyd roo ro t i c  acid a d d e d  to  u r ine  was negli-  
gible  w h e n  s tored  acidif ied a t  4 ~ for  48 h or a t  - - 1 9 ~  
for  1 week. Care was t a k e n  no t  to  a lka l in ize  t h e  u r ine  
excess ive ly  since d ihydrooro t i c  acid is i n s t ab l e  a t  h igh  pH.  
T h e  r eac t ion  m i x t u r e  c o n t a i n e d  1 ml  of neu t r a l i zed  urine,  
0.5 ml  0.5 M Tris buffer ,  p H  8.1, 6 un i t s  of t he  r a t  l iver  
d i h y d r o o r o t i c  acid dehyd rogenase  and  w a t e r  to  fo rm a 
f ina l  v o l u m e  of 3 ml.  The  m i x t u r e  was i n c u b a t e d  1 h 
a t  37 ~ The  r eac t i on  was h a l t e d  b y  t he  a d d i t i o n  of 1 ml  
TCA. P r e c i p i t a t e d  p ro t e i n  was r e m o v e d  b y  cen t r i fuga t ion .  
To 1.5 m l  s u p e r n a t e  was added  0.2 ml  b romine -wa te r .  
Af te r  1 ra in  0.2 ml  5% ascorbic  acid was added,  and  a f t e r  
a n  a d d i t i o n a l  ra in  2 ml  p - d i m e t h y l a m i n o b e n z a l d e h y d e  in 
n - p r o p a n o l  was  added.  Color was a l lowed to  deve lop  a t  
37~ for 15 rain,  a n d  a b s o r b a n c e  was d e t e r m i n e d  a t  
w a v e l e n g t h  480 rim. T he  b l a n k  for t he  s ample  was 
p r e p a r e d  b y  a d d i t i o n  of TCA to t he  m i x t u r e  p r io r  to  
a d d i t i o n  of t he  e n z y m e  reagent .  S t a n d a r d s  were p r e p a r e d  
b y  s u b s t i t u t i n g  for u r ine  k n o w n  an )oun t s  of d ihyd roo ro t i c  
acid (5 to  10 Fg), and  a b l a n k  for t he  s t a n d a r d  was pre- 
p a r e d  b y  o m i t t i n g  the  ur ine  a n d  the  d ihydrooro t i c  acid. 
As ill t h e  case of t he  samples ,  t he  vo lumes  of t he  s t a n d a r d s  
a n d  b l a n k s  were b r o u g h t  to  a t o t a l  of 3 ml.  Ca lcu la t ion  
of d ihydrooro t i c  acid in  t he  ur ine  spec imen  was based  
u p o n  t he  fol lowing fo rmula :  

R e c o v e r y  of d ihydrooro t i c  acid added  to the  biologic 
f luids was s tud ied  b y  add i t i on  of t he  acid in t he  fol lowing 
a m o u n t s :  Serum,  4, 8, 12, 16, 20 ~g/ml ;  urine,  2, 4, 6, 
8, 10 ~g/ml.  The  assay  was pe r fo rmed  on these  samples  
as descr ibed.  I n  a d d i t i o n  6 n o r m a l  ur ine  samples  a n d  6 
n o r m a l  s e rum samples  were screened for t he  presence  of 
d ihydrooro t i c  acid. Rep roduc ib i l i t y  of t he  m e t h o d  was 
eva lua t ed  b y  a d d i n g  d ihydrooro t i c  acid to  s e rum (10 
Fg/ml  a n d  20 ~g/ml),  a n d  7 s epa ra t e  m e a s u r e m e n t s  of t he  
sample  were made.  D ihyd roo ro t i c  acid was added  to  
ur ine  (5 Fg/ml) and  8 s epa ra t e  m e a s u r e m e n t s  of t he  
s ample  were made.  

Results and discussion. Studies  of d ihydrooro t i c  acid 
c o n t e n t  of ur ine  a n d  se rum h a v e  been  l imi ted  b y  t he  
u n a v a i l a b i l i t y  of a specific assay  m e t h o d  which  is free of 
t echn ica l  difficulties.  Discovery  of h e r e d i t a r y  orot ic  
ac idur ia  a n d  d e v e l o p m e n t  of d rugs  in te r fe r ing  w i t h  
p y r i m i d i n e  m e t a b o l i s m  sugges t  app l i ca t ions  of a s imple,  
specific assay  for t he  search  of o the r  i n b o r n  d e r a n g e m e n t s  
of p y r i m i d i n e  syn thes i s  and  for t he  s t u d y  of drugs  
a f fec t ing  t h e  p a t h w a y .  The  as say  measures  as l i t t l e  as 
1 ~g /ml  d ihydrooro t i c  acid in  u r ine  and  2 Fg/ml  in serum.  
Since t he  acid was unde t ec t i b l e  b y  t he  assay  in these  
f luids f rom n o r m a l  subjects ,  i t  is p r e s u m a b l y  n o r m a l l y  
p r e sen t  in lower concen t ra t ions .  R e c o v e r y  of d ihydro -  
orot ic  acid f rom n o r m a l  s e rum and  ur ine  closely para l le led  
added  a m o u n t s  (Figure).  Rep roduc ib i l i t y  of t he  m e t h o d  
was d e m o n s t r a t e d  in recover ing  f rom se rum to wh ich  
10 ~zg/ml d ihydrooro t i c  acid h a d  been  added  an  ave rage  
for 7 d e t e r m i n a t i o n s  of 10.2 • 0.2 (SE) Fg/ml. W i t h  
add i t i on  of 20 Fg/ml  of t he  acid to serum,  r ecove ry  in 7 
d e t e r m i n a t i o n s  ave raged  20.2 z~ 0.4 (SE). R e c o v e r y  of 
5 Fg/ml  d ihydrooro t i c  acid added  to u r ine  ave raged  
5.2 ~: 0.1 (SE) for  8 de t e rmina t i ons .  

Fo r  q u a n t i t a t i o n  of t h e  acid, suff ic ient  d ihydrooro t i c  
acid dehyd rogenase  a c t i v i t y  m u s t  be  p r e sen t  ill t h e  
r eac t ion  m i x t u r e  to  b r ing  t he  e n z y m a t i c  r eac t ion  to 

(O. D. S a m p l e  - O. D. S a m p l e  B lank)  • ~g d i h y d r o o r o t i c  acid in  s t a n d a r d  
(O. D. S t a n d a r d  - S t a n d a r d  B lank)  • m l  u r ine  used -- ~zg d ihydrooro t i c  acid pe r  ml  urine.  

Assay o/serum dihydroorotic acid. Blood was col lected 
w i t h o u t  a n t i c o a g u l a n t  and  a l lowed to clot. Se rum was 
s epa ra t ed  and  s tored  a t  4~ or k e p t  f rozen a t  - - 1 9 ~  
w h e n  assay  was de layed  b e y o n d  48 h. The  assay  us ing  
O : S m l  s e rum was pe r fo rmed  as descr ibed  for urine.  
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equ i l ib r ium w i t h i n  t he  h o u r  of i ncuba t ion .  The  add i t i on  
of 6 un i t s  of t he  e n z y m e  should  assure  a d e q u a c y  of a c t i v i t y  
unless  a n  i n h i b i t o r  is p re sen t  in  t he  u r ine  or se rum tes ted .  
The  presence  of s ign i f ican t  i n h i b i t i o n  m a y  be  exc luded  
b y  p e r f o r m a n c e  of t he  assay  w i t h  a m i x t u r e  of t h e  sample  
and  d ihyd roo ro t i c  acid used in  the  s t a n d a r d .  I n  t he  
absence  of an  inh ib i to r ,  t h e  a b s o r b a n c e  p roduced  b y  the  
m i x t u r e  of the  sample  a n d  t he  added  d ihydrooro t i c  acid 
should  equa l  the  sum of abso rbances  p roduced  w h e n  t h e y  are 
assayed  separa te ly .  The  absence  of s ign i f ican t  e n z y m a t i c  
i n h i b i t i o n  b y  t he  ur ine  a n d  se rum samples  used in th i s  
s t u d y  is shown  b y  t he  close a g r e e m e n t  be tween  added  and  
recovered  d ihydrooro t i c  acid. 

Zusammen/assung. E i n e  enzymat i sche ,  s p e k t r o p h o t o -  
me t r i s che  B e s t i m m u n g s m e t h o d e  fiir D ihyd roo ro t s~u re  im 
U r i n  u n d  S e r u m  wird  beschr ieben .  
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Recovery of known quantities of dihydroorotic acid added to seruna 
a%d urine. The values shown represent dihydroorotic acid contained 
in urine and serum assayed as described. Based upon absorbanee 
produced by the standards, the theoretical recovery values are 
indicated by the solid line. Also demonstrated is the linear relation- 
ship between absorbance produced by the assay and the quantity of 
dihydroorotie acid in urine and serum. 
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