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in non-po la r  solut ions.  B u t  t he  cor re la t ion  w i t h  t he  
effect  upon  ca ta lys is  of lumino l  decompos i t ion  is on ly  fair. 

E x a m i n a t i o n  of t he  ca t a ly t i c  ab i l i ty  of a la rger  series 
of de r iva t ives  w i t h  changes  in o the r  t h a n  t he  2 a n d  4 
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TER for helpful discussions. 
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pos i t ions  should  be  i l lumina t ing .  W e  h a v e  found  he ine  
a to  be  a n  e x t r e m e l y  poor  ca ta lys t .  ~ 

Zusammen/assung. U n t e r s u c h u n g e n  t iber  den  W i r k u n g s -  
m e c h a n i s m u s  der  Chemolumineszenz  y o n  Luminol .  
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Activities of Decarboxylases of Histidine and Ornithine in Young Mice after Injection of 
Epidermal Growth Factor 

E p i d e r m a l  cell pro l i fe ra t ion ,  i n i t i a t ed  b y  surgical ly  
inf l ic ted skin  wounds ,  ha s  been  f o u n d  assoc ia ted  w i t h  a 
s t r ik ing  increase  in h i s t a m i n e  fo rmat ion ,  i.e. h i s t id ine  
deca rboxy lase  ac t iv i ty ,  in  t h e  growing  w o u n d  t issues  of 
r a t s  a n d  man .  On ar t i f ic ia l ly  lowering or e l eva t ing  t he  
h i s t a m i n e  f o r m a t i o n  of r a t  skin,  t he  r a t e  of hea l ing  was 
r e t a r d e d  or accelera ted ,  respect ively .  I t  t h u s  appea r s  t h a t  
a c a u s a I  r e l a t i o n s h i p  be t w een  g r o w t h  processes  in t he  
skin  w o u n d  and  h i s t id ine  deca rboxy lase  a c t i v i t y  exists.  
Some r ap id ly  growing t issues  genera te  o rn i t h ine  decar-  
boxy lase  a c t i v i t y  (for references  see KAHLSON a n d  
ROSENGREN1,2). An  ' ep ide rma l  g r o w t h  fac to r '  (EGF),  
occurr ing  in t he  s u b m a x i l l a r y  g land  of a d u l t  mice  ~, 
s t i m u l a t e s  ep ide rma l  g r o w t h  in  severa l  species 4. These  
obse rva t ions  led us to  i nves t i ga t e  E G F  for  poss ible  
effects on  ac t iv i t ies  of h i s t id ine  and  o r n i t h i n e  deca rboxy l -  
ases of skin a n d  some o the r  t issues.  

Material and methods. E G F  was  o b t a i n e d  b y  p rocedures  
des igned to  s impl i fy  ex is t ing  p u b l i s h e d  m e t h o d s  a n d  to  
increase  t he  overa l l  yield a n d  re l i ab i l i ty  of t he  e x t r a c t i o n  
f rom male  mouse  s u b m a x i l l a r y  glands.  Comple te  de ta i l s  
of t he  m e t h o d o l o g y  will  be  descr ibed  in a f o r t h c o m i n g  
p u b l i c a t i o n  and  the re fo re  on ly  a s u m m a r i z e d  accoun t  
will be  p r e sen t ed  here.  The  m e t h o d  consis ts  of a f i rs t  
s tage e x t r a c t i o n  s imi la r  to  t h a t  descr ibed  b y  COHEN 3 and  
also TAYLOR, MITCHELL a n d  COHEX 5, up  to  and  inc lud ing  
t he  p r e c i p i t a t i o n  w i t h  a m m o n i u m  su lpha te .  The  resolubi-  
l ised m a t e r i a l  is t h e n  sub jec t ed  to acidic cond i t ions  a t  
p H  3.0, followed b y  dia lysis  a t  p H  5.5. T he  p rec ip i t a t e  
is r e m o v e d  a t  each  stage.  T he  l iquor  is t h e n  app l ied  to  a 
co lumn  of D E A E  cellulose a t  p H  5.5. Af te r  b a t c h  e lu t ion  
w i t h  0.09 M salt,  t h e  e lua te  is re -appl ied  to  an  iden t ica l  
c o l u m n  and  e lu ted  w i t h  a sa l t  g rad ien t .  T he  ac t ive  peak  
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Fig. 1. Histidine decarboxylase activity in terms of nmeles histamine 
formed in abdominal skin and hind foot after injection of EGF 
(6 txg/g). C, controls; h, time after injection. The EGF-induced 
elevation is significant for the time course studied, p < 0.001 by 
Student's t-test. 

is dia lysed,  c o n c e n t r a t e d  a n d  sub jec t ed  to  molecu la r  
f i l t r a t ion  on a c o l u m n  of S e p h a d e x  G-75 a t  p H  5.5. 

The  E G F  o b t a i n e d  b y  t h e  above  p rocedure  is found  to 
be  as ac t ive  as t h a t  p r e p a r e d  accord ing  to  t he  m e t h o d  of 
COHEN a, w h e n  t e s t ed  in v ivo  on  t h e  eye open ing  response  
of n e o n a t a l  mice. However ,  t he  p r o d u c t  d i f fe rs  in  i ts  
molecu la r  we igh t  (5,750 b y  u l t r a cen t r i f uga t i on )  and  in 

i ts  a b s o r b a n c e  a t  280 nm,  a va lue  for ~-1% ~f 8.4 be ing  ~ 1  c r a v  

obta ined ,  c o m p a r e d  to  a r epo r t ed  va lue  of 25.9 or 30.9 for 
COHEN'S prepara t ionS ,  6. The  lower va lue  is ref lec ted  
in t he  presence  of on ly  t r ace  a m o u n t s  of t r y p t o p h a n  in 
t h e  p roduc t .  The  amino  acid, pheny la l an ine ,  is also a b s e n t  
in  a g r e e m e n t  w i t h  COHEN'S f ind ings  b u t  t he  presence  of 
2 o t h e r  a m i n o  acids, lys ine  a n d  a lanine ,  is cons i s t en t ly  
shown.  These  amino  acids h a v e  been  c l a imed  to be 
a b s e n t  in  t h e  E G F  molecule  3, ~, 6. D u r i n g  t h e  p r e p a r a t i o n  
of t h i s  manusc r i p t ,  t h e  e x t r a c t i o n  of E G F  b y  a compa-  
rab le  t e c h n i q u e  i n v o l v i n g  low p H  t r e a t m e n t  of c rude  
h o m o g e n a t e s  was r epo r t ed  7, s. A t  p H  va lues  in  t h e  r ange  
3.2 to  3.5 a p r o d u c t  de s igna t ed  E G F - 2  was o b t a i n e d  in 
wh ich  t he  C O O H - t e r m i n a l  l euc ine-a rg in ine  res idue was 
absen t ,  whereas  t h e  p r o d u c t  descr ibed in th i s  pub l i c a t i on  
m u s t  be  lack ing  a m i n i m u m  of f ive C O O H - t e r m i n a l  
res idues  in  order  to  a ccoun t  for t he  absence  of t r y p t o p h a n  
res idues  loca ted  a t  pos i t ions  49 and  50 on  t h e  n a t i v e  E G F  
molecule  s There fore  i t  is p r o b a b l e  t h a t  t h e  p r e p a r a t i o n  
p r e sen t l y  emp loyed  rep resen t s  t he  d e r i v a t i v e  EGFI_a8 or 
a n  even  lower  molecu la r  we igh t  form.  

The  e x p e r i m e n t s  were done  on  t issues  of 6 -9 -days -o ld  
female  mice,  s t r a in  N M R I .  E G F  was in jec ted  s.c. in  t he  
b a c k  of the  neck  and  t he  an ima l s  were killed a t  d i f fe rent  
t imes  the rea f te r .  Controls  were i n j ec t ed  w i t h  t he  so lven t  
0 .9% NaC1 solut ion.  The  a p p r o p r i a t e  t i ssue  f rom 2 ani-  
mals  was  pooled,  f ine ly  cu t  a n d  a sample  r e m o v e d  for 
assay  of enzymic  ac t iv i ty .  

D e t e r m i n a t i o n  of h i s t id ine  deca rboxy la se  a c t i v i t y  was 
m a d e  b y  i n c u b a t i n g  excised t i ssues  w i t h  r ad ioac t ive  
h i s t id ine  a n d  measu r ing  t h e  a m o u n t  of h i s t a m i n e  fo rmed  9. 

The  o r n i t h i n e  deca rboxy lase  a c t i v i t y  of m i n c e d  t i ssue  
samples  was d e t e r m i n e d  b y  m e a s u r e m e n t  of t he  release 
of 14CO~ f rom DL-I-14C o r n i t h i n e  l~ 
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Results. The  t issues  e x a m i n e d  for h i s t a m i n e  f o r m a t i o n  
were a b d o m i n a l  skin,  h i n d  foot  ( con ta in ing  a h igh  pro-  
po r t i on  of sk in ) ,  k idney,  lung, hea r t ,  l ive r  and  spleen. 
E G F  was g iven  in a dosage of 6 ag/g, a n d  h i s t a m i n e  
fo rma t ion  was d e t e r m i n e d  3, 4 ,  7 and  12 h a f te r  t he  
in ject ion.  I n j e c t i o n  of E G F  acce le ra ted  t he  r a t e  of h i s ta -  
mine  f o r m a t i o n  in t he  skin, w i t h  a p e a k  a t  4 h w h e n  t he  
r a t e  of h i s t a m i n e  f o r m a t i o n  was a b o u t  3 t imes  the  
cont ro ls  (Figure 1). H i s t a m i n e  f o r m a t i o n  of the  h i n d  foot, 
wh ich  con t a in s  t i ssue  o the r  t h a n  skin, was  also e l eva ted  
a l t h o u g h  to  a lesser ex t en t .  The  t i ssud  specif ic i ty  of t he  
ac t ion  of E G F  was s h o w n  b y  t h e  fac t  t h a t  i t  p roduced  no 
increase  in h i s t a m i n e  f o r m a t i o n  in t he  o the r  t i ssues  
examined ,  a m o n g  which  on ly  t he  k i d n e y  was s tud ied  in 
detai l .  

I n  4 mice, E G F  6 ~zg/g was in jec ted  da i ly  f rom the  
1s t  d a y  of b i r t h  to  t h e  6 t h  d a y  a n d  t he  mice were killed 
3 h a f te r  t he  las t  in jec t ion .  I n  these  expe r imen t s ,  no 
increase  in h i s t a m i n e  f o r m a t i o n  occurred.  The  o b s e r v a t i o n  
t h a t  a s ingle 6 ~zg/g in jec t ion  of E G F  increased  h i s t a m i n e  
f o r m a t i o n  whereas  r e p e a t e d  in jec t ions  did  no t  m i g h t  be 
a c c o u n t e d  for b y  t he  k n o w n  i n h i b i t o r y  effect  on  g r o w t h  
of h igh  doses of E G F .  

O r n i t h i n e  deca rboxy la se  a c t i v i t y  was m e a s u r e d  in t h e  
same  t i ssue  pool in wh ich  h i s t a m i n e  f o r m a t i o n  was 
de t e rmined .  The  a c t i v i t y  of th i s  e n z y m e  was no t  signif- 
i can t ly  a l t e red  in t h e  mice  g iven  E G F  w i t h  one excep t ion  : 
A t  4 h t he re  was a s l ight  e l eva t ion  in t he  skin  (Figure  2). 

Discussion. I n j e c t i n g  E G F  in n e w b o r n  mice a n d  r a t s  
has  been  r epo r t ed  to p roduce  h y p e r p l a s i a  of t he  epider-  
mis  n.  In  n e w b o r n  rats ,  i n j ec t ion  of th i s  f ac to r  gave  rise 
to  a n  increase  in t h e  p r o t e i n  a n d  nucleic  acid c o n t e n t  
per  un i t  of sk in  12. A re l a t ionsh ip  b e t w e e n  r a t e  of p ro t e in  
syn thes i s  in ce r t a in  t i ssues  and  h i s t id ine  deca rboxy lase  
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Fig. 2. Ornithine decarboxylase activity, in terms of nmoles ~4CO2 
released, in abdominal skin and hind foot after injection of EGF. 
C and h as in Figure 1. Unlike the situation in Figure 1, the appropriate 
elevation is not significant. 

a c t i v i t y  has  been  proposed  3. I t  would now a p p e a r  t h a t  
in  t he  skin  i n d u c t i o n  of h i s t id ine  deca rboxy la se  a c t i v i t y  
somehow is p a r t  of t he  m e c h a n i s m  of ac t ion  of E G F .  The  
k idney,  u n d e r  t h e  g r o w t h  s t i m u l a t i n g  inf luence  of 
t e s t o s t e rone  a d m i n i s t r a t i o n ,  has  r ecen t ly  been  found to 
b r ing  a b o u t  h igh  o r n i t h i n e  deca rboxy lase  ac t iv i ty ,  
fo rming  pu t r e sc ine  a t  increased  ra te ,  whereas  t h a t  of 
h i s t id ine  deca rboxy lase  was depressed  ~0. 

E l e v a t e d  o r n i t h i n e  deca rboxy lase  a c t i v i t y  has  been  
r epo r t ed  to  occur  on  s t i m u l a t i n g  skin  and  k i d n e y  w i t h  
E G F :  on  in j ec t ing  th i s  fac to r  s u b c u t a n e o u s l y  in 6 -9 -day -  
old mice, t he  o r n i t h i n e  deca rboxy lase  a c t i v i t y  of t h e  skin  
rose a b o u t  4-fold, r eached  a m a x i m u m  in 4 h and  t h e n  
r ap id ly  decl ined 13,14. I n  t he  p re sen t  expe r imen t s ,  no  
s t r ik ing  change  in o r n i t h i n e  deca rboxy lase  a c t i v i t y  on  
in j ec t ing  E G F  in n e w b o r n  mice could be d e m o n s t r a t e d .  
This  d i sc repancy  be tween  the  resul t s  could be exp la ined  b y  
t he  d i f fe ren t  n a t u r e  of t h e  E G F  p r e p a r a t i o n s  used. As 
i nd i ca t ed  earlier,  i t  is p r o b a b l e  t h a t  t he  ac t ive  ma te r i a l  
is a d e r i v a t i v e  of E G F ,  lack ing  a t  leas t  5 C O O H - t e r m i n a l  
amino  acid residues.  A l t h o u g h  th i s  d e r i v a t i v e  appea r s  t o  
be  as ac t ive  as E G F  p r e p a r e d  b y  s t a n d a r d  m e t h o d s  3 
w h e n  measured  b y  eye-open ing  response  in n e o n a t a l  
mice, i t  is possible  t h a t  the  differences  in t he  associa ted  
biological  effects such  as those  descr ibed  herein,  m a y  be 
a t t r i b u t e d  to t he  lower molecu la r  we igh t  der iva t ives .  

The  ep idermis  is a specific t a r g e t  o rgan  for E G F  in t he  
sense t h a t  th i s  t i ssue  concen t r a t e s  in j ec ted  E G F  whereas  
in t he  k i d n e y  for example  t he  u p t a k e  is m u c h  less. This  
has  been  d e m o n s t r a t e d  b y  in j ec t ing  131I-labeled E G F  
i n t r a p e r i t o n e a l l y  in  r a t s  and  d e t e r m i n i n g  t he  t i ssue  con- 
t e n t  of t he  labeled p r o d u c t  15. I n  t he  p re sen t  s tudy ,  E G F  
induced  h igh  h i s t id ine  deca rboxy lase  ac t i v i t y  in t he  skin 
alone, t h u s  s u p p o r t i n g  i t s  specif ic i ty  of ac t ion  on epider-  
ma l  t issue. 

I n  conclusion,  E G F  br ings  a b o u t  increased  h i s t a m i n e  
fo rmat ion ,  a p h e n o m e n o n  k n o w n  to  occgr  in  some t issues  
in  t he  process  of n o r m a l  growth16. 

Zusamme~/assung. Nachweis ,  dass  der  ep ide rmale  
W a c h s t u m s f a k t o r  E G F ,  in 6 -9  Tage a l te  M/iuse s.c. 
inj iz ier t ,  eine 3 l a t h e  S te ige rung  der  H i s t i d i n - D a c a r b o x y -  
l a se -Akt iv i t t t t  in  der  H a u t ,  n i c h t  a b e t  in a n d e r e n  Geweben  
he rvo r ru f t ,  w~ihrend E G F  die O r n i t h i n - D e c a r b o x y l a s e  
gar  n i c h t  beeinf luss t .  
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A m y l a s e s  of the Lentil Roots  

The  s t a r c h  d e g r a d a t i o n  in h igher  p l a n t s  is due m a i n l y  
to the  phospho ry l a s e s  a n d  ti le amylases .  T he  l a t t e r  were 
pa r t i cu l a r l y  s tud ied  in t h e  seeds, where  t h e y  are respons ib le  
for t he  mob i l i za t i on  of po lysaccha r ide  reserves1,2. 
A l t h o u g h  in m u c h  smal le r  a m o u n t ,  t h e  amylases  were also 

found  in t he  o the r  organs,  b u t  few de ta i l ed  pape r s  
h a v e  been  p u b l i s h e d  on  t h i s  sub jec t  s-s. The  lent i l  roots,  
in wh ich  severa l  e n z y m a t i c  sys t ems  - perox idases  a n d  
polyphenoloxidases6 ,  RNasesT, t r ansaminase sS  _ h a v e  
a l r eady  been  analysed,  show a s ign i f ican t  amylo ly t i c  


