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Zur Synthese der Teilsequenzen I - I X  wurde ]3OC-Ala- 
Phe-NHNI-I~ mit  H-Ileu-Gly-OMe bzw. It-Leu-Gly-OMe 
oder H-Val-Gly-OMe gekuppett und nach Umwandlung in 
die Hydrazide mit  H-Leu-Met-NH~ oder H-Leu-Ala-NH~ 
umgesetzt. Nach der Abspaltung der BOC-Gruppe wurde 
mit BOC-Asp(OtBu)-OH, MeOCbo-Asp(NH~)-OPhNO~, 
MeOCbo-Glu(NH~)-OPhNO 2 oder MeOCbo-Pyroglu-OH 
gekuppelt. Die freien Heptapept idamide resultierten nach 
Abspaltung der Schutzgruppen mit  Trifluoressigsiiure. 

Zur Synthese yon X - X I I  wurde aus BOC-Gly-OH und 
I-I-Ala-Phe-OMe das Tripeptid erhalten, das imch t tydra-  
zinolyse des Methylesters mi t  H-Ileu-Gly-Leu-Met-NH 2 
bzw. der entsprechenden VaI- oder Leu-Verbindung um- 
gesetzt wurde. Die erforderlichen Tetrapept idamide 
Wurden aus ]3OC-Val-Gly-NHNH~ bzw. ]3OC-Leu-Gly- 
N H N H  2 and H-Leu-Met-NH,,  das I leu-Derivat  aus 
H-Leu-Met-NHz durch schrittweise Ankondensation yon 
BOC-Gly-OH und BOC-Ileu-OH hergestellt. 

Die Verbindungen X I I I - X V I I  stellen Zwischenprodukte 
dieser Synthesen dar. Da ein Teil der hier beschriebenen 
Verbindungen zur Synthese von Eledoisinanaloga Ver- 
wendung land, erfolgt eine ausffihrliche Beschreibung an 
anderer Stelle. Die analytischen und biologischen Daten 
der synthetisierten Verbindungen sind in der Tabelle zu- 
s.ammengestellt. Alte Verbindungen mit  Ausnahme yon I X  
stud mit  Leucinaminopeptidase vollstgndig hydrolysier- 
bar. Bei den biologischen Daten wird die Kontrakt ion des 
Meerschweinchen-Ileums als Grenzdosis in ng/ml angege- 
ben. Der Kaninchenblutdruck bezieht sich auf ein yon uns 
synthetisiertes Eledoisin ~ (Meerschweinchen-Ileum, 
Grenzdosis 0,15 bis 0,3 ng/ml;  Kaninchenblutdruck, 
Grenzdosis 0,5 his 1 ng/kg, relative Aktiviti~t zu Brady- 
kinin etwa 10fach). 

Der Vergleich der biologischen Wirksamkeiten erlaubt 
bereits eine Aussage fiber die fiir eine Aktivit~.t entschei- 
denden Aminos~uren. 

Die kiirzeste noch deutlich wirksame Sequenz ist das 
C-terminale Pentapeptid ~. ~¥sent t ich  hSher wirksam sind 
die Hexapeptide,  die Heptapept ide liegen zum Teil bereits 
:n der gleichen Gr6ssenordnung wie das Eledoisin selbst. 

Der Asparagins~Lurerest l~sst sich ohne wesentliche Beein- 
flussung gegen andere Aminos/iuren austauschen (IV, VI I  
und X). Der Isoleucinrest liisst sich bei nur geringem Ab- 
fall der \¥i rkung durch Valin ersetzen (XI und XIV), einen 
sehr starken Wirkungsverlust bewirkt der Ersatz dutch 
Leucin (II, V, V I I I  und XV). Ebenso Ifihrt der Austausch 
des Methionins gegen Alanin zu geringer wirksamen Ver- 
bindungen (III, V I u n d  XVI). Die Bedeutung des Methio- 
ninrestes wird auch durch die kfirzlich yon CAMERINO 
et al. ~ publizierten Teilsequenzen best~tigt. Erstaunlich 
ist die sehr hohe, mit  dem Eledoisin vergleichbare Wir- 
kung der Glu(NH2)- und Gly-Heptapept ide (VII, X und 
xi). 

Summary .  A series of synthetic Eledoisin and Eledoisin- 
related subunits are described. The biological activities of 
the peptides are discussed. 
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Biochemical  Aspects  of Pha~ocytosis  in Poly-  
morphonuclear Leucocytes.  NADH and NADPH 

Oxidation by the Granules of Rest ing and 
Phagocytiz ing Cells 

I t  is known :-s that, during phagocytosis by guinea-pig 
polymorphonuclear leucocytes, a dramatic increase of 
Oxygen uptake occurs. The phagocytic event is also ac- 
Companied by a slight increment in lactic acid production 
(+ 10%, + 20%) and by an increase of about sevenfold in 
the conversion of glucose-carbon 1 to CO v I t  is beyond 
doubt tha t  the most significant change in phagocytizing 
polymorphonuclear leucocytes is the stimulation of the 
hexose-monophosphate shunt of glucose oxidation. 

Owing to the lack of a relationship between the enor- 
mous increase of respiration and the very low CO~ produc- 
tion from glucose-carbon-6, the oxygen uptake must  be 
related to oxidation of coenzymes reduced by processes 
different from tricarboxylic acid cycle, i.e. Embden-  
Meyerhof and I-IMP-pathways. 

A recent hypothesis 0-1° suggests tha t  a possible se- 
quence of the biochemical events during phagocytosis 
might be as follows: (a) Stimulation of glycolysis would 

lower the intracellular pH;  (b) this condition would 
stimulate a NADPH-l inked  formation of lactate from 
pyruvate,  and consequently the HMP-pathway of glucose 
oxidation through enhanced regeneration of NADP+;  (c) 
furthermore, N A D H  produced in glycolysis would now be 
avMlable for a NADH-oxidase released from disrupted 
granules. According to EvaNs and KARNOWSKY 9-1°, the 
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oxygen  u p t a k e  of p h a g o c y t i z i n g  leucocytes  would  be 
r e l a t ed  to  o x i d a t i o n  of N A D H ,  On t h e  o t h e r  h a n d ,  IVER 
e t  all. ~,lx sugges t  t h a t  o x i d a t i o n  of N A D P H  (fas ter  t h a n  
t h a t  of N A D H )  accoun t s  for  r e s p i r a t i o n  t h r o u g h  a 
N A D P H - o x i d a s e ,  H~O= forming ,  w h i c h  was  f o u n d  in  
h o m o g e n a t e s  of r e s t i ng  p o l y m o r p h o n u c l e a r  leucocytes ,  
a n d  is p r o b a b l y  re leased  f rom g ranu l e s  d u r i n g  p h a g o -  
cytosis .  

I t  is w o r t h w h i l e  to  e m p h a s i z e  t h a t  t he se  h y p o t h e s e s  
a s sume  t h a t  t he  t e r m i n a l  s y s t e m  of  o x i d a t i o n  for  r educed  
coenzymes  is b r o u g h t  i n to  p l a y  a f t e r  t h e  lysis of t h e  
granules .  Howeve r ,  whi le  i t  is c e r t a i n  t h a t  d e g r a n u l a t i o n  
occurs  in  p h a g o c y t i z i n g  leucocytesl~-z% t h e r e  are  no  ex-  
p e r i m e n t a l  d a t a  showing  a re lease  of such  a N A D H -  or  
N A D P H - o x i d a s e  in a d d i t i o n  to  t he  release of t h e  d e m o n -  
s t r a t e d  lysosomial - l ike  enzymes .  Th i s  c o m m u n i c a t i o n  re-  
p o r t s  some e x p e r i m e n t a l  ev idence  sugges t ing  t h a t  t h e  
r e s p i r a t o r y  ehanges  d u r i n g  phagocy t o s i s  c a n n o t  be  r e l a t ed  
to  deg ranu l a t i on .  

T h e  e x p e r i m e n t s  were  p e r f o r m e d  on  gu inea -p ig  poly-  
m o r p h o n u c l e a r  leucocytes  o b t a i n e d  f rom pe r i t onea l  ex-  
u d a t e s  (following in j ec t ion  of 1% NaC1). T he  p h a g o c y t o s i s  
e x p e r i m e n t s  were  ca r r ied  o u t  a t  37°C for  30 ra in  in  p las t i c  
t u b e s  us ing  a cell suspens ion  (300-400 mil l ions)  in  Krebs -  
R i n g e r  p h o s p h a t e  w i t h o u t  Ca++, a n d  3-5  m g  p r o t e i n  of 
ki l led Sa rc ina  L u t e a  in f resh  gu inea -p ig  serum.  I n  e v e r y  
e x p e r i m e n t  t h e  changes  of r e s p i r a t o r y  a c t i v i t y  were  
checked  b y  t h e  c o n v e n t i o n a l  m a n o m e t r i c  t e chn ique ,  a n d  
t he  n u m b e r  of p h a g o c y t i z i n g  cells was  e s t ab l i s hed  b y  
mic roscop ica l  e x a m i n a t i o n .  T he  r e s t i ng  a n d  p h a g o c y t i z i n g  
leucocytes  were r a p i d l y  w a s h e d  in 0 . 3 4 M  sucrose  a n d  
h o m o g e n i z e d  for  3 m i n  a t  0°C in  0 . 3 4 M  sucrose,  c o n t a i n -  
ing  10 m M  n ico t i namide ,  w i t h  a P o t t e r - E l v e j h e m  t y p e  
( tef lon pest le)  homogenize r .  

The  g r a n u l a r  a n d  s u p e r n a t a n t  f r ac t ions  were o b t a i n e d  
b y  c e n t r i f u g a t i o n  a t  20 ,000×  g for  30 ra in  in  t h e  cotd, 
a f t e r  r e m o v a l  of  t he  n u c l e a r  f r ac t i on  a n d  cell debr i s  a t  
low cen t r i f uga l  force. T h e  granu les  were t h e n  r e s u s p e n d e d  
in n i c o t i n a m i d e  c o n t a i n i n g  sucrose.  

T h e  s u p e r n a t a n t  f r ac t ions  were used for the  a s s a y  of 
ac id  p h o s p h a t a s e  a n d  N A D H -  a n d  N A D P H - o x i d a s e  ac t i -  
vi t ies ,  a n d  t he  g r a n u l a r  f r ac t i ons  for t h e  a s say  of N A D H -  
a n d  N A D P H - o x i d a s e  ac t iv i t ies .  

T h e  resu l t s  show t h a t  in  t h e  s u p e r n a t a n t  f r ac t i on  t h e  
ac id  p h o s p h a t a s e  a c t i v i t y  is s t r o n g l y  increased,  whi l s t  t he  
low N A D H - o x i d a s e  a c t i v i t y  is u n c h a n g e d  a f t e r  t h e  
p h a g o c y t i c  e v e n t  (Table).  T he  N A D P H - o x i d a s e  is un -  
de tec tab le .  T h e  v a l u e  of N A D H - o x i d a s e  for t he  g r a n u l a r  
f r ac t i on  of r e s t ing  cells, expressed  as mic romoles  of oxi-  
d ized  coenzymes  is 0.39 q- 0.09/1 m g  p r o t e i n / h  (5 exper i -  
m e n t s ) ;  t h e  va lue  o~ N A D P H - o x i d a s e  is v e r y  low. As 

s u m m a r i z e d  in t h e  Figure ,  t he  g r a n u l a r  f r ac t ion  of 
p h a g o c y t i z i n g  leucocytes  e x h i b i t s  a d r a m a t i c  increase  of 
b o t h  N A D H -  a n d  N A D P H - o x i d a s e  ac t iv i t ies .  

T h e  p resence  of a n  inc reased  p h o s p h a t a s e  a c t i v i t y  in  
t h e  s u p e r n a t a n t  f r ac t i on  a f t e r  phagocy tos i s ,  w i t h o u t  a n y  
d e m o n s t r a b l e  inc rease  of t h e  ox idase  ac t iv i t ies ,  m a y  b e  a 
l ine of ev idence  to  sugges t  t h a t  t h e  lysosomia1-1ike g r anu l e s  
are  d i s r u p t e d ,  whi le  o thers ,  c o n t a i n i n g  e l ec t ron  t r a n s p o r t  
sys tems ,  do  n o t  lyse.  P o l y m o r p h o n u c l e a r  l eucocy tes  a re  
known ,  indeed,  to  c o n t a i n  d i f f e ren t  t y p e s  of  n o n - m i t o -  
c h o n d r i a l  g r anu le s  15 

Moreover ,  t he  f i nd ing  of g r ea t e r  N A D H -  a n d  N A D P H -  
ox idase  ac t iv i t i e s  in  g ranu les  o b t a i n e d  f rom p h a g o c y t i z i n g  
cells, leads  us  to  sugges t  t h a t  t h e  r e s p i r a t i o n  of p h a g o c y -  
t i z ing  p o l y m o r p h o n u c l e a r  leucocytes  is a c c o u n t e d  for  b y  
a n  e l ec t ron  t r a n s p o r t  s y s t e m  local ized in  a k i n d  of non-  
d i s r u p t e d  granules .  R e g a r d i n g  t h e  m e c h a n i s m  of in t e r -  
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Granules from rNinfl leucocytes 

I -1 Granules tram phagecytizing leucocytes 
NADH- and NADPH-oxidase activities of granules obtained from 
resting and phagocytizing polymorphonuclear leucocytes. Values are 
expressed as % variations with respect to NADH-oxidase of granules 
of resting cells. For conditions see Table. Each vessel contained about 
0.5 mg protein. In some experiments the oxidized coenzymes formed 
were also measured by adding the specific dehydrogenase and sub- 

strate and reading at 340 m~t. 
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NADH oxidase and acid phosphatase in the supernatant fraction {~0,000 × g) of resting {SR) and phagocytizing (SP) polymorphonuclear 
leucocytes. All activities are expressed per 1 rag protein 

SR No. of SP No. of 
experiments experiments 

NADH-oxidase micromoles of 0.3t 4- 0.1 4 0.38 4- 0.1 4 
oxidized cocnzyme]h 
~zl 0Jh  2.6 4- 0.9 2.7 :]2 1.0 

Acid phosphatase ~zg P/20 min 20.1 4- 4.0 6 59.5 4- 12 6 

Conditions: NADH oxidase was measured in a Warburg apparatus using vessels of 5 ml vohnne. At the end of incubation the remaining 
NADH was determined in a Beckman DU spectrophotometer at 340 tn[z. The reaction mixture contained in 1 ml total volume: sucrose 
~tmoles 136; KC1 31.6; NcC1 31.6; KHzPOa-K3HPO 4 buffer 10.8 pH 7.4; MgC12 1; NADH 1.9; nicotinamide 4. Temperature 38°C. Acid 
phosphatase was measured as reported by Cons and HIRscn TM. 
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action of the intragranular electron transport  system with 
the externally reduced coenzymes, as an hypothesis one 
may assume the involvement  of some structural  factor 
or/and of a carrier system (diaphorase, quinone) scarcely 
participating in the respiration of resting cells. 

Riassunto. Gli autori dimostrano che l 'aumento della 
respirazione dei leucociti durante la fagocitosi non ~ do- 
vuto a fuoriuscita di una NADH-ossidasi dai granuli, ma 

alla maggiore attivitA N A D H  e soprat tut to N A D P H -  
ossidasica localizzata in granuli non lisati. 

F. RossI and M. ZATTI 

Unit Centre 'G. Vernoni' /or the Study o/Physiopathology, 
National Research Council and Islituto di Patologia 
Generale, Universith di Padova (Italy), 
September 78, 7963. 

The Effect of ACTH on Cholinesterase A c t i v i t y  
in Plasma,  Whole Blood, and Blood Cells of Rats 

In  1960 one of us proved tha t  when ACTH was ad- 
ministered to normal subjects and asthmatic patients, it 
produced increased cholinesterase act ivi ty  in plasma, 
whole blood, and blood cells L 

For this present s tudy we used Wistar  rats weighing 
about 250 g each. Blood was extracted by puncturing the 
jugular vein on four successive occasions: (a) under basic 
conditions, (b) and (c) after intramuscular and intraperi- 
toneal injection of 10 units of ACTH, (d) under basic con- 
ditions. In this way £he rats acted as their own controls. 

Cholinesterase act ivi ty  was determined in plasma, 
whole blood and blood cells by BmG'S colorimetric 
method 2. 

ACTH was administered in the following way:  6 gel 
units intramuscularly and 4 units in a saline solution 
intraperitoneally. 

:Blood was extracted between 20 mill and 120 min after 
the intraperitoneal injection of ACTH and from 3 to 5 h 
after its injection by the intramuscular route. This tech- 
nique produced maximum stimulating effect of the cor- 
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Cholinestcrase activity in basal conditions and after ACTH. 

ticotrophin on cholinesterase activity.  Intramuscular  and 
intraperitoneal injections were also given separately, but  
with this method we obtained less variation. 

Extract ions were performed weekly and blood tests 
performed in order to avoid anaemia in the experimental  
animals. 

The averages obtained under' basic conditions, and ex- 
pressed in units of cholinesterase act ivi ty  were: 92 ± 3.7, 
148 4- 3.9, and 199 =[= 4.3 in plasma, whole blood, and blood 
cells respectively (Figure). 

The values rose to 97, 171, and 252 after the first ad- 
ministration of ACTH. After the second administration, 
using the same technique, cholinesterase act ivi ty  again 
increased, to 118, 185, and 253. The general average under 
the action of ACTH was 108 =1= 4.5, 178 =t= 2.4, and 255 + 3.3 
in plasma, whole blood, and blood cells respectively. Anal- 
ysis of the statistics showed a highly significant increase, 
P: 0.001, in the different blood fractions. 

Cholinesterase act ivi ty  was again determined 7 days 
after the last administrat ion of ACTH and the values 
were found to have dropped to the basic figures: 72, 135, 
and 205 units of cholinesterase act ivi ty  in plasma, whole 
blood, and cells, respectively. 

According to these findings ACTH possesses a st imu- 
lating effect on cholinesterase ac t iv i ty  both in man and 
rats. 

Rdsumd. On a d6termin6 chez des rats l 'activit6 cholin- 
est6rasique dans le plasma, sang total  et cellules sanguines 
avant  et apr~s l 'administrat ion d 'ACTH. On a constat6 
une augmentation hautement  significative: P :  0,001 
apr~s l 'administration de cette hormone. 
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Stimulation of Dorsal Axial Differentiation in 
Ventral Explants of Rana pipiens Embryos b y  

CaCI2 and Guanidine HCI 

I t  has been demonstrated that  exposure of ectoderm of 
the early salamander gastrula in vitro to saline solutions 
of pH 4.0 and 9.7 for brief periods can stimulate the dif- 
ferentiation of parts of the brain 1, while brief t reatment  
of ventral  mesoderm at pH 12.0 promotes the formation 

of notochord, muscle and pronephric tubules ~. The means 
by which the extreme pH levels cause prospective ventral  
tissue to form dorsal axial structures possibly may  be 
allied with the provision of soluble prgtein, and possibly 
some ribonucleie acid, from some of °the yolk platelets 

a j. HOLTVRETER, J. exp. Zool. 106, 197 (1947). 
T. YAMADA, Biol. Bull. SS, 98 (1950). 


