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c o m p o u n d  does no t  ar ise  d i rec t ly  f rom t h e  3 c a r b o n  
a t o m s  un i t s  such  as a l an ine  i tself  or p y r u v i c  acid.  The  
or ig in  of th i s  molecule  is u n k n o w n ,  a l t h o u g h  i t  cou ld  
t a k e  place  b y  d e c a r b o x y l a t i o n  of a n  hypothe t ica lc~-methyl -  
L-serine, w h i c h  ha s  been  found  in n a t u r e  as a c o n s t i t u e n t  
of t h e  molecule  of t h e  a n t i b i o t i c  a m i c e t i n  18, a n d  w h i c h  
ha s  been  s h o w n  to  be  n o n  enzym i ca l l y  d e c a r b o x y l a t e d  
b y  pyfidoxa114. 

I I  is n o t  a n  i n t e r m e d i a t e  in  t h e  biogenesis  of I I I  a n d  
I V  as can  be  deduced  b y  t he  lack  of i n c o r p o r a t i o n  of 
aH-ergomet r ine ,  in  c o n t r a s t  w i t h  t h e  h igh  i n c o r p o r a t i o n  
r a t e  of aH-lysergic acid.  T he  re l a t ive  i n c o r p o r a t i o n  ra t e s  
of l~C-alanine in to  t he  ~ -hyd roxy -~ -aminoac id  f r a g m e n t s  
of I I I  a n d  I V  would  be  in a g r e e m e n t  w i t h  t h e  p roposed  
m e c h a n i s m  of t h e  f o r m a t i o n  in v ivo  of t he  co r r e spond ing  
n o n - h y d r o x y l a t e d  a m i n o a c i d s  15. However ,  t he  eff iciency 
of 14C-alaninol to  ac t  as a source  of t h e  c a r b o n  a t o m s  of 
these  f r a g m e n t s  suggests  t h a t  t h e  f o r m a t i o n  of t he  said 
e - h y d r o x y - a - a m i n o a c i d s  in  v ivo  m a y  follow a d i f fe rent  
route .  

Riassunto. D a l l ' e s a m e  del la  incorporaz ione  di possibi l i  
p recursor i  negl i  a lca lo idi  p r o d o t t i  d a  C. paspali e C. pur- 
purea r i su l t a  che  n o n  v i  6 u n a  d i r e t t a  corre laz ione  I ra  la  
b iogenes i  delle ca t ene  la te ra ! i  del la  e r g o m e t r i n a  e del la  
a - id ross i e t i l ammide  del l ' ae ido  lisergico, e che l ' e rgome-  
t r i n a  n o n  6 u n  precursore  dei d e r i v a t i  pep t id ic i  de l l ' ac ido  
lisergico. 
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T e m p e r a t u r e  and Ac id i ty  for M a x i m a l  Fluorescence  of Serotonin  and S e r o t o n i n - O . P . T .  

N u m e r o u s  t e c h n i q u e s  are  ava i l ab l e  for  t he  d e t e r m i n a -  
t i on  of se ro ton in  1; however ,  f l u o r o m e t r y  ha s  emerged  as 
t h e  t e c h n i q u e  of choice due  to  i t s  i n h e r e n t  s ens i t i v i t y  a n d  
se lec t iv i ty  2. The  m o s t  c o m m o n l y  e m p l o y e d  f luoromet r i c  
m e t h o d  is t h a t  of BOGDANSKI et  al.3; however ,  r e cen t l y  
MAICKEL a n d  MILLER 4 h a v e  r e p o r t e d  increased  de t ec t i on  
s ens i t i v i t y  a f t e r  r e ac t i on  of se ro ton in  s t a n d a r d s  w i t h  
o - p h t h a l d i a l d e h y d e  (O.P.T.).  T he  f luorescence of a com- 
p o u n d  is p r o f o u n d l y  in f luenced  b y  t h e  t e m p e r a t u r e  a n d  
p H  of t he  so lu t ion  r ead  ~. Con t ro l  of these  2 p a r a m e t e r s  
will r esu l t  in  g rea t e r  m e t h o d  s ens i t i v i t y  a n d  precis ion.  
Since no  de ta i l ed  d a t a  are ava i l ab l e  in  t he  l i t e r a tu re  
desc r ib ing  p H  a n d  t e m p e r a t u r e  effects  on  t he  f luorescence 
of s e ro ton in  or se ro ton in -O.P .T ,  these  were s tud ied .  

Instrumentation. Fluorescence  was recorded  b y  us ing  
a s p e c t r o p h o t o f l u o r o m e t e r  (S.P.F.)  6. A c t i v a t i o n  wave-  
l eng ths  were 295 n m  a n d  360 nm ,  respect ive ly ,  for t h e  
s e ro ton in -d i r ec t  a n d  se ro ton in-O.P .T ,  me thods .  W a v e -  
l e n g t h s  versus  f luorescence d i a g r a m s  (spectra)  were re- 
corded  7 f rom 200-800 rim. Se ro ton in -d i r ec t  and  se ro ton in-  
O.P.T.  f luorescence were r ead  a t  545 n m  a n d  470 n m  
wave l eng th s ,  respect ive ly .  

Experimental, serotonin-direct. 13 a n a l y t i c a l  dup l i ca te s  
of s e ro ton in  s t a n d a r d s  were p r e p a r e d  f rom a 520 n g / m l  
s t a n d a r d  in 0 .003N HC1. 5 ml  a l iquo ts  were d i lu t ed  w i t h  
4 g / 1 0 0  ml  (w/v) ascorbic  acid, doub le  dis t i l led  w a t e r  
(D.D.W.)  a n d  conc. HC1. F i n a l  c o n c e n t r a t i o n s  o b t a i n e d  
were  200 n g / m l  serotoriin,  5.6 • 1 0 - ~ M  ascorbic  acid a n d  
g raded  no rma l i t i e s  f rom 1.50-6.00 HC1. I n d i v i d u a l  b l a n k s  
were  a l so  p r e p a r e d  c o n t a i n i n g  5.6 X 1 0 - a M  aseorbic  acid 
for  each  no rma l i t y .  E a c h  of t h e  13 s t a n d a r d s  and  b l a n k s  
were d iv ided  in to  8 f r ac t ions  a n d  re f r ige ra ted  a t  4~ 
un t i l  t es ted .  

Experimental, serotonin-O.P.T. 12 a n a l y t i c a l  dup l i ca te s  
of s e ro ton in  s t a n d a r d s  were  p r e p a r e d  f rom a 1560 n g / m l  
s t a n d a r d  in  0 .008N HC1. 1.59 m l  of t h i s  s t a n d a r d  were  
d i lu t ed  w i t h  0.4 m l  of 0.05 g/100 m l  (w/v) O.P.T. ,  D .D.W.  
a n d  102V HC1. F i n a l  c o n c e n t r a t i o n s  o b t a i n e d  were 
200 n g / m l  s e ro ton in  a n d  g raded  no r m a l i t i e s  of HC1 f rom 
4.50-7.50.  I n d i v i d u a l  b l a n k s  were  p r e p a r e d  f rom 0.008 N 
HC1 a n d  were  t r e a t e d  s imilar ly .  Spec imens  were  com- 
p lexed  w i t h  O'.P.T. 4. E a c h  of t h e  12 s t a n d a r d s  a n d  

b l a n k s  were t h e n  d iv ided  in to  5 f rac t ions  a n d  re f r ige ra ted  
a t  4~ u n t i l  t es ted .  

]~luorometry. I n  sequence,  a single se t  of 13 or 12 
samples  a n d  b l a n k s  r ep r e sen t i ng  t he  en t i r e  n o r m a l i t y  
r anges  of t he  d i rec t  a n d  O.P.T.  series were p laced  in a 
w a t e r b a t h  to  b r ing  t h e  t u b e s  to  t h e  desi red t e m p e r a t u r e  
(5-50~ range) .  The  w a t e r b a t h  was  connec t ed  to  t h e  
f l ow- th rough  c o m p a r t m e n t  of t h e  S.P~F. c u v e t t e  hous ing  
to  m a i n t a i n  t e m p e r a t u r e .  Dry,  f i l te red  n i t r ogen  gas  was 
used to  c o n t i n u o u s l y  f lush  t he  c u v e t t e  hous ing  to  reduce  
c o n d e n s a t e  fo rmed  on t he  c u v e t t e s  a t  low t e m p e r a t u r e s  
a n d  to  reduce  op t ica l  sca t te r ing .  Samples  were  p e r m i t t e d  
to  equ i l ib ra t e  in  t he  w a t e r b a t h  for  5 m i n  pr io r  to  f luoro- 
mer ry .  

Results. Serotonin-direct. Resu l t s  cor rec ted  for indi-  
v i d u a l  b l a n k s  (Figure 1) i nd ica t ed  t h a t  (a) m a x i m a l  
s e ro ton in  f luorescence was  ach ieved  a t  a n  ac id i ty  of 
3 . 2 5 - 3 . 5 0 N  HC1; th i s  was  found  to  be  i n d e p e n d e n t  of 
t e m p e r a t u r e .  (b) The re  was a n  inverse  r e l a t i onsh ip  be-  
tween  t e m p e r a t u r e  a n d  se ro ton in  f luorescence for al l  
no rmal i t i e s  tes ted .  A t  t he  n o r m a l i t y  of m a x i m a l  f luore-  
cence (3.5N HC1), t h i s  r e l a t ionsh ip  was e x p o n e n t i a l  
b e t w e e n  5-20 ~ (Figure  3). A t  t e m p e r a t u r e s  g rea t e r  t h a n  
20~ th i s  r e l a t i onsh ip  was  no  longer  l inear  due  to  
se ro ton in  des t ruc t ion .  I n  s u p p o r t  of this ,  t h e  cu rve  
o b t a i n e d  f rom samples  a t  50~ (Figure  1) was  i r regu la r ;  
t h i s  i r r egu la r i t y  was  st i l l  p r e s e n t  w h e n  these  samples  
were  cooled a n d  re read  a t  20~ 
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Results .  Sero ton in-O.P .T .  Resul ts  corrected for indi-  
v idual  b lanks  indica ted  (Figure 2) t h a t  (a) max i ma l  
serotonin-O.P.T,  f luorescence was achieved a t  an ac id i ty  
of 6 .25-6 .50NHC1.  This  was found to  be i n d e p e n d e n t  
of t empera tu re .  (b) There  was an inverse  re la t ionship  
be tween  t e m p e r a t u r e  and sero tonin  f luorescence for all 
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Fig. i. Acidity and temperature for maximal serotonin fluorescence. 
Fluorescence intensity for 200 ng/ml serotonin standards and blanks 
made from spectra at 545 nm wavelength. All readings corrected 
for individual blanks. Instrumental conditions were activation wave- 
length 295 rim, attenuation 1.0% full scale and sensitivity 60 sen- 
sitivity units. 

normal i t ies  tes ted.  At  6.5 HC1, this  re la t ionship  was l inear 
(Figure 3) be tween  5-35~ and  could be descr ibed as 
follows : 

F.I .  2 = -- 1.4 (T 1 -- T~) + F . I .  1 

where,  

F . I .  1 = Fluorescence in t ens i ty  read, in F . I .U.  
F.I .  2 = Fluorescence in t ens i ty  desired, in F . I .U .  
T 1 = T e m p e r a t u r e  of reading,  in ~ 
T 2 = T e m p e r a t u r e  desired, in ~ 
-- 1.4 = Der ived correct ion factor.  

Discussion.  The in t ens i ty  of sero tonin  and  serotonin-  
O.P.T. f luorescence is p H  and  t e m p e r a t u r e  dependen t .  
Many  inves t iga tors  rou t ine ly  read  serotonin  f luorescence 
at  a no rma l i t y  of 2.8 HC1K The work  repor ted  here  
indicates  t h a t  m a x i m a l  f luorescence is achieved a t  a 
concen t ra t ion  of 3.25=3.50NHC1. However ,  t he  curve 
is r a the r  f lat  and  f luorescence a t  20~ in 3 . 5 N H C I  is 
only  5% grea ter  t h a n  t h a t  in 2 .8N HC1. This is s imilar  
to the  normal i ty  originally repor ted ,  bu t  widely  di f ferent  
f rom t h a t  of 6 .0N repor ted  by  SI~NTENAC-ROUMANOU 
et al. s. However ,  the  curve repor ted  by  these  la t t e r  
au thors  has one po in t  a t  6 .0N wi th  ad j acen t  po in t s  a t  
4 and  12N. 

Serotonin  f luorescence increases wi th  decreasing t em-  
pe ra tu re  and  m a x i m a l  f luorescence at  5 ~ is 26% greater  
t h a n  a t  20 ~ however ,  i r respect ive  of t empera tu re ,  the  
peak  of m a x i m a l  serotonin  f luorescence remains  co n s t an t  
a t  3 .25-3 .50N HC1. Thus,  the re  is ap p ro x i ma t e l y  a 2% 
increase in f luorescence per  degree fal l .  The  sl ight  irre- 
gular i ty  of readings  seen in Figures  i and  2 are p r e sumab ly  
due to  imper fec t  t e m p e r a t u r e  control  i n  the  S.P.F.  
cuve t t e  housing a t  the  t i m e  of reading.  

MAICKEL and MILLER 4 h a v e  suggested t h a t  max i ma l  
f luorescence of the  serotonin-O.P.T,  complex  is achieved 
a t  a concen t ra t ion  (present  au thors '  calculation) of 6.00 N 
HC1. The data ,  however ,  r epor ted  here show t h a t  m a x i m a l  
sero tonin-O.P.T,  f luorescence is achieved at  a concent ra-  
t ion  of 6 .25-6 .50NHC1.  Serotonin-O.P.T.  f luorescence 
increases wi th  decreasing t e m p e r a t u r e  and  m a x i m a l  
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Fig. 2. Acidity and 'temperature for maximal serotonin-O.P.T. 
fluorescence. Fluorescence intensity for 200 ng/ml serotonin-O.P.T. 
standards and blanks made from spectra at 470 nm wavelength. 
All readings corrected for individual blanks and adjusted to a 
common attenuation and sensitivity of 10.0% full scale and 60 
sensitivity units, respectively. Activation wavelength was 360 nm. 
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Fig. 3. Change in fluorescence of serotonin and serotonin-O.P.T. 
with temperature. Data obtained from readings of fluorescence 
intensity at the normalities of maximal fluorescence presented in 
Figures 1 and 2. 
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f luorescence a t  5 ~ was 30% g rea t e r  t h a n  a t  20 ~ how- 
ever,  t he  p e a k  of m a x i m a l  f luorescence r e m a i n e d  con- 
s t a n t  for t he  r a n g e  s tudied .  

The  a u t h o r s  r o u t i n e l y  r ead  f luo romet r i ca l ly  in t he  
s e r o t o n i n - d i r e c t  a n d  se ro ton in -O.P .T ,  m e t h o d s  a t  20~ 
since i t  is easier  to  m a i n t a i n  samples  a t  t h i s  t e m p e r a t u r e  
t h a n  a t  5~ fu r the rmore ,  t e m p e r a t u r e s  a b o v e  20~ 
resu l t  in  acce le ra ted  a m i n e  d e s t r u c t i o n  in t h e  d i rec t  
m e t h o d  a n d  i n a b i l i t y  to  cor rec t  in  a s imple  w ay  for  
t e m p e r a t u r e  v a r i a t i o n s  (Figure  3). I t  was  found  t h a t  if 
s amples  are  f rozen in l iquid  n i t r o g e n  a n d  read  in t he  f rozen 
s t a t e  f luorescence could be  increased  a p p r o x i m a t e l y  
300-fold. However ,  no de ta i l ed  s tud ies  h a v e  been  under -  
t a k e n  to  op t imize  se ro ton in  f luorescence b y  sample  
f reezing 9. 

Rdsumd. D a n s  la d 6 t e r m i n a t i o n  f luo r im6t r ique  de la 
s6ro ton ine  e l le-mSme e t  du  complexe  s6ro ton ine-O.P .T .  
(o -ph tha ld ia ld6hyde)  u n  m a x i m u m  de f luorescence a 6t6 
a t t e i n t  p o u r  des no rma l i t6 s  de HC1 de  3.25-3.50 et  
6.25-6.50, r e spec t i vem en t .  P o u r  les deux  proc6d6s, on  a 

no t6  des r a p p o r t s  en  sens inverse  en t re  la f luorescence 
p rodu i t e  et  la t e m p e r a t u r e  de l%chant i l lon ,  p o u r  des 
t e m p 6 r a t u r e s  compr ises  en t r e  5 ~ 5, 35 ~ E n t r e  la t e m -  
p6 ra tu re  a m b i a n t e  (de 20 ~ et  5 ~ la f luorescence s ' es t  
accrue  de 30% envi ron .  
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On the Origin of Wound A r y l a m i n o p e p t i d a s e s  

An increase  in  a r y l a m i n o p e p t i d a s e  (AAP) a c t i v i t y  
d u r i n g  t he  v e r y  f i rs t  pos t - ope r a t i ve  hou r s  has  been  dem-  
o n s t r a t e d  b o t h  h i s tochemica l ly  1 a n d  b iochemica l ly  2. 
The  in tens i f ied  A A P  a c t i v i t y  invo lves  a n  ac tua l  increase  
in t he  a m o u n t  of enzymes,  i.e. in  t h e  n u m b e r  of e n z y m e  
molecules  a p p e a r i n g  in t h e  w o u n d  p e r i p h e r y  3, ~. I t  seems 
possible  t h a t  e n z y m e  a c t i v i t y  is p a r t l y  respons ib le  for t h e  
m e d i a t i o n  of t h e  increased  va scu l a r  p e r m e a b i l i t y  a n d  
t i ssue  leucocytos is  in t h e  e a r l y  s tage  of i n f l a m m a t i o n .  
The  or ig in  of these  enzym es  - w h e t h e r  f rom t he  local  
connec t ive  t i ssue  ceils, b lood  p lasma ,  or leucocytes  - is 
the re fo re  f u n d a m e n t a l .  I t  h a s  r ecen t l y  5 been  c la imed  
t h a t  t h e  in tens i f ied  e n z y m e  a c t i v i t y  is de r ived  solely 
f rom the  i n v a d i n g  leucocytes .  

I f  t h e  increase  in A A P ' s  is rea l ly  due  to t he  leucocytes ,  
t h e i r  e n z y m e  p a t t e r n  o u g h t  to  be  q u a l i t a t i v e l y  s imi la r  
to  t h a t  in  t h e  w o u n d  t i ssue  of t h e  same  ind iv idua l .  To 
e luc ida te  t h i s  we m a d e  an  e x p e r i m e n t a l  s t u d y  on  rats .  
Blood a n d  t i ssue  samples  f rom each  a n i m a l  were processed 
s e p a r a t e l y  a n d  t h e  resu l t s  were c o m p a r e d  reciprocal ly .  
The  p r e p a r a t i o n  of t he  w o u n d  t i ssue  sample ,  t h e  c o l u m n  
c h r o m a t o g r a p h i c  procedures ,  a n d  t h e  m e t h o d  for  t h e  
e s t i m a t i o n  of t he  A A P  a c t i v i t y  h a v e  b e e n  descr ibed  
earlier3,4, 6. The  b lood leucocytes  were o b t a i n e d  f rom 
the  rats ,  g iven  10 U of h e p a r i n / g  b o d y  we igh t  i.v. The  
an ima l s  were  d e c a p i t a t e d  5 m i n  a f t e r  t h e  in jec t ion .  A b o u t  
10 m l  of whole  b lood  was o b t a i n e d  in th i s  w ay  f rom r a t s  
we igh ing  250-300 g. T he  f ina l  col lec t ing of t he  leucocytes  
was accompl i shed  b y  t he  Ficoll  f l o t a t ion  m e t h o d  7. The  
r e m a i n i n g  e r y t h r o c y t e s  were t h e n  lysed b y  h y p o t o n i c  
shock  in 0 .21% NaC1 for 30 seeS: T he  lysis was  t e r m i n a t e d  
b y  a d d i t i o n  of KC1 to a f ina l  c o n c e n t r a t i o n  of 0 .15M.  
The  leucocytes  o b t a i n e d  were  suspended  to a sma l l  
v o l u m e  of 0 . 0 1 M  tris-HC1 buffer ,  p H  7.15, a n d  d is in te-  
g r a t e d  b y  3 t i m e s  r ap id  f reezing ( - -20  ~ a n d  t hawing .  
Af te r  c e n t r i f u g a t i o n  a t  23,000 g, t h e  c lear  s u p e r n a t a n t  
f luid was used for f u r t h e r  s tudies .  

The  F igure  shows an  exam pl e  of t h e  f r a c t i o n a t i o n  of 
l eucocy te  a n d  w o u n d  t i ssue  AAP ' s .  T he  resu l t s  cons i s t en t ly  
showed  t h a t  t he  l eucocy te  p r e p a r a t i o n s  were a l m o s t  

a lways  devoid  of t he  las t  A A P  peak.  W h e n  t he  ac t ive  
f ract ions ,  f o rming  t he  las t  p e a k  a n d  s h o w n  in t he  Figure,  
were pooled and  t he  e n z y m e  p r e p a r a t i o n s  r e su l t i ng  t e s t ed  
for t he i r  ab i l i ty  to  hyd ro lyze  va r ious  a m i n o  acid 2 -naph-  
thy lamides ,  t he  resul t s  g iven  in t he  Tab le  were ob ta ined .  
The  co r re spond ing  f rac t ions  w i t h  t he  v e r y  low e n z y m e  
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Fractionation of arylaminopeptidases of rat blood leucocytes (--) 
a n d  wound tissue (- - - ) ,  acting on L-methionyl-2-naphthylamide. 
Column: 10• CM-Sephadex C-50. Salt gradient: NaC1 
gradient from 0 to 1M (mixing volume 150+150 ml). Fraction 
volume: 3.2 mI. 
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