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prote in  4~ This is credible since i t  has been demons- 
t r a ted  t h a t  h ighly  purif ied preparat ions,  g lycoprote in  in 
nature,  wi th  no lipid fract ion are capable  of ini t ia t ing the  
dif ferent ia t ion and subsequent  ma tu ra t i on  of red ceil 
precursors f rom pr imi t ive  mesel lchyme.  

The above ment ioned  facts are cont inual ly  appear ing 
ill the  l i terature,  and correlate  qui te  closely wi th  the  more 
per t inen t  features in the  present  s tudy  1~-16, 43. 

Although  the  in te rmedia te  lobe has not  been implicated,  
heretofore,  in the  normal  sequence of events  associated 
wi th  red blood cell product ion,  this  s tudy  places the  lobe 
wi th in  a central  nervous  sys tem hormonal  complex.  I t  is 
suggested tha t  under  the  influence of the  hypotha lamus ,  
the  in te rmedia te  lobe undergoes degenera t ion  and auto-  
lysis result ing in the  format ion  of in t raglandular  colloid. 
The  colloid passes into the  venous circulat ion of the  
cavernous sinuses by  way  of well  defined capsular  clefts. 
Wi th in  the  circulation, colloid components  (possibly 
ACTI-I or ACTt l - l ike  substances) e i ther  d i rec t ly  induce 
red blood cell product ion,  or ac t iva tes  e ry thropoie t in  
which ini t iates this  phenomenon.  Proper ly  s t imula ted  
erythroid  commi t t ed  cells different ia te  and prol iferate  
along the  red blood cell line. 

A working model  (Figure) was const ructed f rom these 
data.  The  present  mode l  is designed to inves t igate  erythro-  
poiesis and makes  no a t t e m p t  to replace any previous 
models  for the  regula t ion of red blood cell product ion.  
Al though  the  process or processes concerning the  produc- 
t ion of e ry thropoie t in  are unknown,  the  model  suggests 
t h a t  inac t ive  e ry thropoie t in  ei ther  stored (kidney, liver, 
etc.) or circulating,  is ac t iva ted  ei ther  by  a sudden demand  
for an increased number  of c i rculat ing red blood ceils or 
by  mechanisms regulat ing the  normal  tu rn-over  ra te  of 
red blood cells. 

The model  is main ta ined  in a s teady  s ta te  by oxygen  
sensors. They  are sensitive, for example,  to a decrease in 
circulat ing red blood cells, a decrease in oxygen  carrying 

capac i ty  of blood, a decrease in tissue tension of oxygen,  
etc, Thus, an immedia t e  demand  for c i rculat ing red blood 
cells caused by  a rapid shift  in the  sensors, d i rect ly  
ac t iva tes  e ry thropoie t in  or like substances.  The  opera t ion  
of the  sensors dur ing the  normal  course of regulat ing red 
blood cell p roduct ion  is t hough t  to be th rough  cer ta in  
hypo tha lamic  centres, which in tu rn  control  the  cyclic 
behavior  of the  in te rmedia te  lobe. This results in the  
format ion of in t raglandular  colloid. Components  of the  
colloid wi th in  the  circulat ion ac t iva te  e ry thropoie t in  or 
like substances. In  turn,  erythroid  commi t t ed  ceils wi th in  
a large number  of organs different ia te  and proliferate 
along the  red blood cell line, and at  speeds necessary to 
sat isfy the  requi rements  of the sensors. Once accomplished,  
on the  one hand, e ry thropoie t in  is inact iva ted ,  and on the 
other,  the  hypo tha lamus  is inhibi ted.  

Zusammen/assung. Ein  Modell zur Unte r suchung  der 
Ery thropoese  zeigt zwei Haup tmerkma le .  Ers tens  akti-  
v ie r t  eine schnelle Vergnderung der Sauerstoffsensoren 
unmi t t e lba r  das gespeicherte und das im Umlau f  befind- 
liche Ery thropoe t in .  Zweitens w i r d  der normale  Verlauf  
des Umsatzes  von  roten Blu tk6rperchen  durch die Sauer- 
stoffsensoren beeinflusst ,  die die Hypo tha lamuskon t ro l l e  
des zykl ischen Verhal tens  des Hypophysenzwischen-  
lappens und seiner innerdrfisl ichen Kol lo idprodukt ion  
steuern. 
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P R O  E X P E R I M E N T I  S 

Separation of Fast and Slow Components  of S-100 Protein by Column Electrophoresis  with Continuous 
Buffer System and Application to Micro Electrophoresis 

The S-100 protein is a defined and bra in  specific pro- 
tein. Correlat ions be tween  the  protein and neural  funct ions 
are supposed bu t  no t  ye t  certain.  For  the  phys iochemical  
s tudy  of neural  functions,  micro analyt ica l  methods  at  the  
cellular level  are va luable  because of the  highly differen- 
t i a ted  s t ructure  and funct ion in the  central  nervous  tissue. 

W i t h  regard to the  separat ion of the  S-100 protein,  
UYEMURA et al. 1 t r ied  slab electrophoresis of mixed  
agarose acry lamide  gel wi th  cont inuous buffer  sys tem 
and obta ined  much  be t te r  results  in comparison wi th  
tha t  of s tarch gel electrophoresis  =. According to the  former  
e lectrophoret ic  systems, bra in  S-100 was separated into a 
fast  and a slow migra t ing  fraction.  Ident i f ica t ions  of the  
fract ions have  been detai led 1, a-7. In  the  present  paper,  an 
appl icat ion of the  me thod  to micro disc electrophoresis  is 
described. 

Materials and methods. Cats were anes thet ized  wi th  so- 
d ium pen tobarb i ta l  and rats  were killed by  decapi ta t ion.  
The brains were rapid ly  obta ined  after  extens ive  cranio- 
t o m y  and separa ted  respect ive ly  into forebrain,  brain stem. 
and cerebellum. These bra in  samples were homogenized in 
a Teflon homogenizer  wi th  2 vo lumes  of Tris-phosphate 

buffer 5 m M  (pH 7.1) and centr i fuged at  10,000 •  for 
30 min. Before use the  superna tan t  was colored wi th  a 
small  a m o u n t  of b romphenol  blue (BPB) and used as a 
sample  for electophoresis.  E x t r a c t s  f rom other  organs of 
cat  were prepared in the  same way. In  order to ob ta in  
micro samples for micro electrophoresis  fresh cells or small  
pieces (approximate ly  1 b~g of wet  wt.) of t issue in identi-  
fied locations were dissected f rom brain  slices (1.5 m m  
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thick) w i th  po in ted  stainless steel  wires under  a s tereo- 
microscope as descr ibed elsewhere 3. These micro samples  
were homogen ized  for 2 min  in a 440 ~m capi l lary  tube  
(2.0 ~1 in content )  con ta in ing  1.0 F1 of Tris-phosphate 
buffer  5 m M  (pH 7.1). A loop of t h i n  (30 ~m in diameter)  
stainless s teel  wire fas tened  to  a h igh-speed  den ta l  drill  
(20,000 rev . /min)  was used for homogeniza t ion .  The ho- 
mogena te  was cent r i fuged a t  15,000 • g for 15 rain and  the  
s u p e r n a t a n t  (0.5 F1) was used for micro electrophoresis .  

Mixed agarose (0.75 % of the  final  concent ra t ion)  acryl-  
amide  (various final  concen t ra t ions  f rom 3 t h rough  20%) 
gels buffered  to  p H  8.6 wi th  0.09 M Tris-acetate buffer  
conta in ing  2.5 m M  E D T A  were  p repa red  a t  60~ b y  a 
modi f ica t ion  9 of the  procedure  of URIEL 1~ A 5 m m  dia- 
me te r  plas t ic  tube  was used for s t a n d a r d  disc e lect ropho-  
resis and  2 k inds  of glass capi l lary  were used for micro disc 
e lect rophores is ;  one was 1.0 m m  in d i ame te r  and  49 m m  
in leng th  w i t h  a 40 bd capac i ty  and  the  o ther  was 440 ~m 
in d i ame te r  and  33 m m  in leng th  wi th  a 5 ~1 capac i ty  
( D r u m m o n d  Sci. Co., Broomall ,  Pa.).  Af te r  the  gel was 
comple ted  in the  tube  (or the  capillary) 40% sucrose was 
in t roduced  a p p r o x i m a t e l y  2 m m  (or i m m  for the  capillary) 

Fig. 1. Disc electrophoresis with continuous buffer system on mixed 
agarose (0.75%) acrylamide (15%) gel of soluble protein of cat brain 
stem. B 1 and B~ bands ale the fast and the slow components of S-100 
protein, respectively. A) standard electrophoresis in a 5 mm diameter 
plastic tube. B) semimicro electrophoresis in a 1 mm diameter glass 
capillary ( • 2). C) micro eleetrophoresis in a 440 [xm diameter glass 
capillary ( • 5). 

in th ickness  upon  the  gel. Then  a t issue sample  was placed 
2 to  3 m m  (or 1 to 1.5 m m  for t he  capil lary) in th ickness  
to  make  an even layer  on the  sucrose solution.  Therea f t e r  
t he  e lect rode buffer  (0 .09M Tris -EDTA ace ta te  buffer,  
p H  8.6) was filled up careful ly by  means  of a th in  micro-  
p ipe t t e  w i t h o u t  d i s tu rb ing  the  even  sample  layer  purp led  
wi th  BPB.  The s t a n d a r d  e lect rophores is  i n s  5 m m  dia- 
me te r  t u b e  was run  wi th  a cur ren t  of 3 m A  for 90 rain un- 
t i l  B P B  m o v e d  7 cm. Fo r  micro e leet rophoresis  i t  is im- 
p o r t a n t  for good separa t ion  of S-100 f rac t ions  to use a re- 
la t ive ly  in tens ive  cu r ren t  pe r  gel column,  t h a t  was 700 ~A 
for 20 min  to a 1.0 m m  d i ame t e r  capi l lary and  90 ~A for 
15 rain to a 440 Fm d iame te r  capil lary.  Af te r  e lect ropho-  
resis t he  gel ex t ruded  wi th  a t i gh t ly  f i t t ing  wire was s ta in-  
ed overn igh t  wi th  0.013% Coomassie br i l l iant  b lue  R250 
(Kishida  Chemicals Co., Ltd. ,  Osaka) dissolved in me t h a -  
nol = glycerol = acetic acid - - w a t e r  (40 = 2.5 = 5.5 = 52, 
by  vol.) and des ta ined  using m e t h a n o l  -~ glycerol  = acetic 
acid = wa te r  (20 = 2.5 = 5.5 = 72, by  vol.). 

Results and discussion. Three  fas t  c o m p o n e n t s  were 
found at  t he  region of the  migra t ing  f ron t  des igna ted  as 
131, 133 and 133 f rom the  anodal  end. The 3 bands  were per-  
fect ly  sepa ra ted  f rom each o ther  on a 15 % acry lamide  and 
0.75% agarose compos i te  gel (Figure 1). On the  occasion of 
micro e leet rophoresis  rear  bands  were no t  a lways well 
f rac t iona ted .  This  resul t  came f rom the  in tens ive  cur ren t  
used for ga in ing good separa t ion  of t he  th ree  f rac t ions  
f rom each other.  The bands  of t31 and  B~ were placed jus t  
in f ron t  of t he  migra t ing  line of B P B  on a 5% gel and  no t  
comple te ly  d i f fe ren t ia ted  on a gel under  5 % of concent ra-  
t ion, while  the  ]33 could be separa ted  well f rom the  o thers  
even on a 3% gel. These f indings were coincident  w i th  t he  
previous  resul t  1 f rom the  s lab e lect rophoresis  using mixed  
agarose acry lamide  gel, and  accordingly  the  B I and B 2 
here  were considered to be f rac t ions  of S-100 prote in .  
Moreover  the  S-100 bands  sepa ra ted  on a gel slab accord-  
ing to UY]EMURA e t  al. ~ were re - run  on our  column.  Conse- 
quen t ly  the  131 and  B~ f rac t ions  were identif ied,  respect ively,  
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Fig. 2. Micro electrophoretic pattern and corresponding microdensitometric recording. Microsample was obtained from pyramidal 
Cell bank (CA3 region) of A) cat and B) rat hippocampus (see text). Micro electrophoresis was carried out in a 440 ~m diameter capillary 
and the destained gel was scanned directly with a microdensitometer. Final magnification of the photographs and the original cm-ves is 
• 10.131 and 132 bands are the fast and the slow components of S-100. 
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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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