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Table II. Excretion of porphyrins and heme from the cells 
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Organism 
Porphyrins according to the biosynthetic chain 

Addi- Heme Total 
tion porphy- 8 C00H 7 COOH 6 C00H 5 COOH 
of ALA tins 

Percentage found in the culture fluid. 

4 C 0 0 H  3COOH 2COOH 

E. coli - -  15.4 17.8 . . . .  73.2 - - 
+ 29.1 71.2 91.7 76.4 77.9 76.4 86.8 49.3 24.3 

Ps. aeruginosa - -  16.4 58.4 66.4 38.5 - 75.4 88,2 43.2 - 
+ 27.5 89.3 96.4 86.4 87.8 85.3 89.7 53.5 16.7 

A. metalvaligenes --  18.5 16.3 . . . .  70.7 - - 
+ 26.7 69.8 91.6 73.8 78.5 76.9 84,3 50.7 24.5 

m a i n l y  of s a t u r a t e d  a lcohols  a n d  f a t t y  acids  w i t h  cha in  
l eng th s  of C14, C,s, a n d  Clss. 

Discussion. The  exc re t ion  of c o p r o p o r p h y r i n - I I I  u n d e r  
cond i t ions  of i ron  def ic iency  was o b s e r v e d  in  va r ious  
bac te r i a ,  especia l ly  in  Corynebacterium diphtheriae 9. The  
m e d i u m  for  E. coli, Ps. aeruginosa, a n d  A.  metalcaligenes 
in  t h e  e x p e r i m e n t s  u n d e r  d iscuss ion  he re  l ikewise  con-  
t a i n e d  i ron  c o n c e n t r a t i o n s  of less t h a n  0.1 ~zM. Sup-  
p l e m e n t a l  i ron  (10 vM)  e n h a n c e s  t h e  p r o d u c t i o n  of h e m e  
b y  5 0 - 1 0 0 % ,  a n d  reduces  p o r p h y r i n  s y n t h e s i s  b y  a b o u t  
40% s. However ,  i t  h a s  no  in f luence  on  t h e  r e l a t ive  
d i s t r i b u t i o n s  of t h e  i n d i v i d u a l  p o r p h y r i n s  b e t w e e n  the  
cells a n d  t h e  m e d i u m .  

T h e  e l i m i n a t i o n  of c o p r o p o r p h y r i n  in  con t ro l l ed  por-  
p h y r i n  syn thes i s  is of genera l  b io logica l  i n t e r e s t :  Micro-  
o rgan i sms ,  m a m m a l s ,  a n d  m a n  exc re t e  p r e d o m i n a n t l y  
c o p r o p o r p h y r i n ,  a long  w i t h  smal l e r  a m o u n t s  of t h e  por-  
p h y r i n s  b e a r i n g  8 to  3 c a r b o x y l  groups,  a l l  of w h i c h  
r e m a i n  in  t h e i r  r educed  fo rms  d u r i n g  h e m e  b iosyn thes i s .  
Mic roo rgan i sms  a n d  a n i m a l  cells show ana logous  be-  
h a v i o r  w h e n  p o r p h y r i n  s y n t h e s i s  c an  p roceed  w i t h o u t  
l i m i t a t i o n ,  i.e., in  t h e  p re sence  of a d d e d  ALA,  or  of 
inc reased  a c t i v i t y  of A L A  s y n t h e t a s e .  T h e  g r ea t e r  por -  
t i o n  of t h e  p o r p h y r i n s  w i t h  8 to  4 c a r b o x y l  groups,  a n d  
ove r  90% of t h e  u r o p o r p h y r i n ,  are  e l i m i n a t e d  f rom t h e  
cells ( congen i ta l  p o r p h y r i a  1° a n d  p o r p h y r i a  c u t a n e a  
t a rdaa ) .  E v e n  p r o t o p o r p h y r i n  is excre ted  ( e ry th ropo ie t i c  
p r o t o p o r p h y r i a  a n d  p o r p h y r i a  va r i ega ta l ° ) ,  if, as is t h e  
case w i t h  m i c r o o r g a n i s m s  to  w h i c h  A L A  is added ,  m o r e  
p r o t o p o r p h y r i n  is p r o d u c e d  t h a n  can  be  u t i l ized  in he ine  
syn thes i s .  T h e  p a t t e r n  of d i s t r i b u t i o n  of p o r p h y r i n s  w i t h  
8 to  5 c a r b o x y l  g roups  fo l lowing syn thes i s  f rom a d d e d  
A L A  is s t r ik ing ly  s imi l a r  to  t h a t  f o u n d  in  chron ic  h e p a t i c  
p o r p h y r i a  s, w h i c h  sugges ts  t h e  ex is tence  of a s imi la r  
e n z y m a t i c  m e c h a n i s m  of s tepwise  d e c a r b o x y l a t i o n  of 
u r o p o r p h y r i n o g e n  in  b o t h  t y p e s  of cells. 

T h e  e l i m i n a t i o n  of 7 0 - 9 0 %  of t h e  t o t a l  p o r p h y r i n s  
f o r m e d  f rom exogenous  A L A  in  E. coli, I s .  aeruginosa, 

a n d  A. metalcaligenes m u s t  p r o b a b l y  be  r e g a r d e d  as u 
m e c h a n i s m  for  t h e  p r o t e c t i o n  of the  cell, whose  n o r m a l  
processes  would  m o s t  l ike ly  be  d i s r u p t e d  if e x t r e m e l y  
large  a m o u n t s  of p h o t o a c t i v e  p o r p h y r i n  ca rboxy l i c  acids  
were to  a c c u m u l a t e .  These  e x p e r i m e n t s  i l l u s t r a t e  once  
aga in  t h e  s u i t a b i l i t y  of m ic roo rgan i sms  as mode l  sys t ems ,  
espec ia l ly  for  t h e  s t u d y  of t he  pr inc ip les  u n d e r l y i n g  t h e  
exc re t i on  of  p o r p h y r i n s ,  wh ich  a p p a r e n t l y  are  of gene ra l  
va l i d i t y .  

Zusammen/assung. Escherichia coil, Pseudomonas aeru- 
ginosa u n d  Achromobacter metalcaligenes b i lden  s i imtl iche,  
de r  B i o s y n t h e s e k e t t e  z u m  Hi~m e n t s p r e c h e n d e n  P o r p h y -  
r i ne  aus  e n d o g e n e r  6-Aminol~ivul insi iure (ALS)  u n d  schei-  
d e n  K o p r o p o r p h y r i n  n n d  H ~ m  aus.  P o r p h y r i n s y n t h e s e -  
s t i m u l a t i o n  m i t  exogener  A L S  f i ih r t  h i n g e g e n  zur  E l imi -  
n a t i o n  auch  der  f ibr igen P o r p h y r i n e  aus  d e n  O r g a n i s m e n ,  
wobei  die h 6 h e r  c a r b o x y l i e r t e n  zu 7 8 - 9 9 %  in  die K u l t u r -  
f lf issigkeit  f ibergehen u n d  P r o t o p o r p h y r i n  n o c h  zu f iber 
75% in den  Zel len v e r b l e i b t .  
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Regionale Inkorporation der optischen Isomeren der Aminosiiure Prol in-H 3 im Autorad iogramm 
des M i i u s e g e h i r n s  1 

D, L-Prot in  wi rd  i m  G e g e n s a t z  zu a n d e r e n  Aminos/~uren 
in  v e r s c h i e d e n e n  H i r n r e g i o n e n  de r  Maus  sehr  u n t e r s c h i e d -  
l ich e i n g e b a u t  ~-4. D as  E n z y m  D-Aminos i iu re -Oxydase  
weis t  im  G e h i r n  de r  Maus  s n n d  a n d e r e r  SAugerspecies s 
ebenfa l l s  betr~tcht l iche reg iona le  A k t i v i t g t s u n t e r s c h i e d e  

auf.  D a h e r  e r s c h e i n t  e in  Verg le ich  de r  t o p o g r a p h i s c h e n  
V e r t e i l u n g  dieses E n z y m s  m i t  d e m  E i n b a u v e r h a l t e n  de r  
o p t i s c h e n  I s o m e r e n  des P ro l in s  im G e h i r n  y o n  In teresse .  

M/ innl iche  M/iuse des  S t a m m e s  N M R I / H a n .  e rh i e l t en  
im Al t e r  yon  12 W o c h e n  je  20 tzCi/g K 6 r p e r g e w i c h t  D, L- 
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P r o l i n - G - H  ~ (spez. Ak t .  3 0 4 m C i / m M )  bzw. L-Prol in-  
G - H  3 (550 m C i / m M )  in w~ssr iger  L 6 s u n g  (~Ci/~l) i.p. 
in j iz ier t .  Die V e r m e s s u n g  de r  o p t i s c h e n  D r e h u n g  (Pe rk in -  
E l m e r - P o l a r i m e t e r  141) e r g a b  fiir D, L-Prol in  e inen  Ante i l  
v o n  11 ,4% D-Prol in .  Die  p a p i e r c h r o m a t o g r a p h i s c h e  Prfi-  
l u n g  a l le r  P r o l i n - C h a r g e n  ( n - B u t a n o l :  P y r i d i n  : VV~asser 
1 : 1 : 1) e r g a b  gleiche R F - W e r t e ,  we lche  d e m  re inen  P r o l i n  
e n t s p r a c h e n  L 

Die Tiere  w u r d e n  1 h n a c h  der  T r a c e r - I n j e k t i o n  d u r c h  
Pe r fu s ion  v o n  20 m l  1 0 % i g e m  F o r m a l i n  in  N e m b u t a l -  
na rkose  g e t 6 t e t  u n d  die G e h i r n e  n a c h  3t~giger  N a c h f i x a -  
t i on  in g le icher  F ix i e r l6 sung  zur  H e r s t e l l u n g  v o n  Dipp ing -  
A u t o r a d i o g r a m m e n  ( I l f o r d - E m u l s i o n  G5) 10 ~ m  d icke r  
G e w e b e s c h n i t t e  in  P a r a p l a s t  e i ngebe t t e t .  Zur  E n t f e r n u n g  
n i c h t - p r o t e i n g e b u n d e n e r  Aminos/~uren w u r d e n  H i r n -  
s c h n i t t e  v o r  de r  a u t o r a d i o g r a p h i s c h e n  E x p o s i t i o n  in 
5 % i g e r  Trichloressigs~ture be i  0°C gewaschen .  

F i g u r  1 a ze ig t  da s  E i n b a u v e r h a l t e n  v o n  D, L-Prol in  a m  
A u t o r a d i o g r a m m  eines  s a g i t t a l e n  H i r n s c h n i t t e s  de r  Maus.  
W ~ h r e n d  f iber  de r  G r o s s h i r n r i n d e  e ine  i n t e n s i v e  Si lber-  
k o r n s c h w ~ r z u n g  vor l iegt ,  e r s che in t  das  K l e i n h i r n  n a h e z u  
ausgespar t .  Zwischenh i rn ,  M i t t e l h i r n  u n d  N a c h h i r n  s ind 
m a r k i e r t ,  weisen abe r  e ine  wesen t l i ch  ger ingere  Schw~ir- 
zung  als die H i r n r i n d e  auf.  Bei  de r  p h o t o m e t r i s c h e n  Be- 
s t i m m u n g  s de r  m i t t l e r e n  S i l b e r k o r n d i c h t e n  f iber den  
g e n a n n t e n  H i r n a b s c h n i t t e n  i m  A u t o r a d i o g r a m m  der  
F i g u r  1 a e r g i b t  sich, dass  s ich  Grossh i rn r inde ,  S t a m m h i r n  
u n d  K l e i n h i r n  e t w a  wie 1 0 : 5 : 2  v e r h a l t e n .  I n  de r  Gross-  
h i r n r i n d e  u n d  in de r  H i p p o c a m p u s - F o r m a t i o n  s ind  v o r  
a l l em die Ne rvenze l l en  s t a r k  m a r k i e r t .  I m  S t a m m h i r n  
t r e t e n  m a r k i e r t e  N e r v e n z e l l e n  a u t o r a d i o g r a p h i s c h  n i c h t  
in  E r sche inung .  H i e r  lgss t  s ich  eine B e z i e h u n g  des  E in -  
b a u e s  y o n  D, L-Prol in  zur  Lage  e inze lne r  H i r n k e r n e  n i c h t  

b 

/ 

Fig. l a-b. Ungef/irbte Autoradiogramme paramedianer Sagittal- 
schnitte dutch die Gehirne yon zwei M~usen. a} 1 h nach i.p. Injek- 
tion yon D,L-Prolin-G-H 3. b) I h nach i.p. Injektion yon L-Prolin- 
G-H 8. Die Schw~rzung entspricht der Silberkorndichte fiber radio- 
aktiv markierten Strukturen. In b) beruht die Schw/irzung im 
Bereich des Kleinhirnmarkes und quergetroffener Kommissuren 
auf Doppelbrechung. Negativ-Vergr6sserung: × 2,3. 

e r k e n n e n ;  v i e l m e h r  is t  die R a d i o a k t i v i t ~ t  f iber  d e m  
g a n z e n  S t a m m h i r n  g le ichf6rmig  ve r t e i l t .  

Mi t  r e i n e m  L-Prol in  k o n n t e  die  fiir D, L-Prol in beschr ie -  
b e n e  E i n b a u v e r t e i l u n g  n i c h t  b e o b a c h t e t  werden .  W e d e r  
i m  G r o s s h i r n  u n d  S t a m m h i r n  n o c h  i m  K l e i n h i r n  i s t  e ine  
M a r k i e r u n g  zu s ehen  (F igur  l b).  G le i cha r t i g  dagegen  
v e r h a l t e n  s ich  D, L-Prol in  u n d  L-Prol in  be i  d e r  M a r k i e r u n g  
de r  P i a  ma te r ,  des  E p e n d y m s ,  des P l e x u s  chor io ideus  
u n d  de r  z i r k u m v e n t r i k u l ~ r e n  Organe .  H i e r  f i n d e t  s ich  
eine b e v o r z u g t e  A k t i v i t ~ t s a u f n a h m e  i m  Bere i ch  des  Re-  
cessus p raeop t i cus ,  im  Subfo rn ika lo rgan ,  i m  Bere i ch  des 
Recessus  i n f u n d i b u l a r i s  u n d  in de r  Area  p o s t r e m a .  

Aus  d e m  u n t e r s c h i e d l i c h e n  E i n b a u v e r h a l t e n  y o n  D, L- 
P ro l in  u n d  L-Prol in  e r g i b t  sich, dass  die op t i sche  I somer i e  
des  P ro l in s  fi ir  die A u f n a h m e  u n d  die  reg ionale  V e r t e i l u n g  
dieser  A m i n o s ~ u r e  im G e h i r n  d e r  Maus  e n t s c h e i d e n d  i s t :  
D-Prol in  wi rd  i m  Gross-  u n d  S t a m m h i r n ,  n i c h t  a b e r  i m  
K t e i n h i r n  zu r  P r o t e i n s y n t h e s e  v e r w e r t e t .  L-Prol in  w i rd  
wede r  im G r o s s h i r n  u n d  S t a m m h i r n  n o c h  i m  K l e i n h i r n  
in P r o t e i n e  e i n g e b a u t .  Bei  de r  I n k o r p o r a t i o n  y o n  D-Prol in  
k o m m t  es in  de r  G r o s s h i r n r i n d e  zu e inem b e v o r z u g t e n  
E i n b a u  in  Nervenze l l en ,  die V e r t e i l u n g  de r  R a d i o a k t i v i t ~ t  
im  S t a m m h i r n  s p r i c h t  fiir e ine f iberwiegende  M a r k i e r u n g  
v o n  Gliazel len.  

Es  is t  b e k a n n t ,  dass  das  E n z y m  D-Aminos / iu re -Oxydase  
im G r o s s h i r n  der  Maus  eine m i n i m a l e ,  i m  K l e i n h i r n  
dagegen  e ine  m a x i m a l e  A k t i v i t ~ t  aufweis t .  Die E n z y m -  
a k t i v i t ~ t  des  S t a m m h i r n s  l ieg t  zwischen  d e n e n  des  Gross-  
u n d  K l e i n h i r n s  5. Die  V e r t e i l u n g  dieses E n z y m s  korre-  
s p o n d i e r t  i n  auffg l l iger  Weise  m i t  de r  V e r t e i l u n g  y o n  
D-Prol in  i m  P a r a f f i n s c h n i t t - A u t o r a d i o g r a m m :  I n  H i r n -  
a b s c h n i t t e n  m i t  n iedr ige r  Ak t iv i tA t  d e r  D-Aminos~ure-  
O x y d a s e  k o m m t  es o f f enba r  zu e i n e m  s t a r k e n  E i n b a u  y o n  
D-Prolin,  in  R e g i o n e n  m i t  h o h e r  E n z y m a k t i v i t A t  is t  die 
A u f n a h m e  v o n  D-Pro l in  gering.  

Diese B e f u n d e  weisen  d a r a u f h i n ,  dass  d e m  u n t e r s c h i e d -  
l i chen  E i n b a u v e r h a l t e n  y o n  D, L-Prol in  in  d en  e inze lnen  
H i r n a b s c h n i t t e n  de r  Maus  S t o f fw ech s e l f ak t o r en  de r  Ge- 
h i rnze l l en  u n d  n i c h t  r eg iona le  U n t e r s c h i e d e  in de r  D u r c h -  
1/issigkeit d e r  B l u t h i r n s c h r a n k e  z u g r u n d e  l iegen.  

Summary. C o m p a r a t i v e  l abe l l i ng  of t h e  m o u s e  b r a i n  
w i t h  t r i t i a t e d  D,L-prol ine a n d  L-prol ine r evea l s  a dis- 
s i m i l a r i t y  of i n c o r p o r a t i o n  b e t w e e n  t h e  op t i ca l  i somers  
of t h i s  a m i n o  acid.  T h e  d i f f e ren t i a l  r eg iona l  d i s t r i b u t i o n  
p a t t e r n  of D-prol ine  can  be  co r re l a t ed  to  t h e  ce rebra l  
d i s t r i b u t i o n  of t h e  . enzyme  a c t i v i t y  of D-aminoac id-  
ox idase  in t h e  mouse  bra in•  
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