
15. 9. 1977 Speeialia 1137 

t ion, prepared according to R a y ' s  procedure 10, was k indly  
supplied by  Dr  J.  R. Riordan.  Using q u a n t i t a t i v e  
morphomet r i c  techniques  in the  electron microscope, the  
composi t ion of these fract ions has been character ized 
as 82% of rough microsomes,  a t  least  70% of Golgi com- 
plexes and 88% of p lasma membranes  in the 3 fract ions 
respect ively,  
The  subcellular  fract ions were frozen and dispersed in 
disti l led water  by  sonicat ion jus t  before incubat ion.  
1, 2-diacyl-sn-glycerol  dissolved in hexane  was purchased 
f rom Serdary  Research Labora tory ,  London,  Ontario.  An 
a l iquot  was dried under  n i t rogen and dispersed by  
sonicat ion for 2 rain in 0.1 M Tris buffer, p H  7.4, con- 
ta ining 0.03% tween 20. Cyt idine 5'-diphospho~2-1~C] - 
e than- l -o l -2 -amine  (Amersham Searle) was di luted wi th  
disti l led water  to conta in  1 ~Ci/ml a t  a specific radio- 
a c t i v i t y  of 28 mCi/mmole .  The  incubat ion  medium,  based 
on t h a t  used by  Van Golde, et  al. 5, consis ted of the follow- 
ing: 50 ~1 of 1,2-diacyl-sn-glycerol  (5 mg/ml) ,  10 V1 of 
CDP-e thano lamine  (2 mM), 20 ~1 of cyt idine 5 '-diphos- 
pho(2-14C)ethan-l-ol-2-amine (1880 cpm/v1), 10 ~1 of 
g lu ta th ione  (0.1 M), 25 V1 of MgC12 (0.1 M), 85 tzl of Tris 
(0.1 M, p H  7.4 in 0.03% tween 20) and 50 V1 of sub- 
cellular f ract ion (2-5 mg of protein/ml) .  Samples were 
incuba ted  a t  37 ~ for 0, 10, 20 and 30 min  a n d t h e n  0.94ml 
of ch lo ro fo rm:me thano l  (1:2 v/v) was added. To ta l  
phospholipids were ex t rac ted  according to the  me thod  
of Bl igh and Dyer  11 and separa ted  on TLC. The spot  
corresponding to phospha t idy le thano lamine  was scraped 
and counted  in Aquasol  (New Eng land  Nuclear).  Pro te in  
was de te rmined  according to the  me thod  of Lowry,  
et  al. TM, with bovine  serum a lbumin  as s tandard.  
Results and discussion. The figure i l lustrates the  recovery  
of r ad ioac t iv i ty  in phospha t idy le thano lamine  af ter  0 to 
30 min  of incubat ion  a t  37~ in rough microsomal ,  
Golgi-rich and p lasma membrane  fractions.  The rough 
microsomal  f ract ion (R) incorpora ted  radioact ive  CDP-  
e thanolamine  into phospha t idy le thano lamine  rapidly  a t  

a ra te  propor t iona l  to the  t ime  of incubat ion.  The Golgi- 
r ich fract ion (G) incorpora ted  r ad ioac t iv i ty  into phos- 
pha t idy le thano lamine  rapid ly  bu t  the  ra te  of incorpora t ion  
decreased wi th  t ime. The p lasma membrane  fract ion (P) 
showed no signif icant  incorpora t ion  of radioact iv i ty .  
The  specific ac t iv i ty  of e thano lamine  phosphotransferase  
was measured  as nmoles of CDP-e thano lamine  t ransfer-  
r ed /min  mg of prote in  a t  37~ The specific ac t iv i ty  in 
the  rough microsomal  f ract ion was 0.070 nmoles /min  mg  
of prote in  and t h a t  in the  Golgi-rich f ract ion was 0.069 
nmoles /min  mg of protein.  The  da ta  show t h a t  the  Golgi 
complex  of the  ra t  l iver  ac t ive ly  synthesized ph0sphat idyl -  
e thanolamine.  This was no t  due to ac t i v i t y  of contami-  
na t ing  microsomes because the  Golgi fract ions conta ined 
at  least  70% of Golgi membranes  wi th  the  major  con- 
t a m i n a n t  being plasma membrane  and wi th  only min imal  
con tamina t ion  by  rough microsomes.  
Ev idence  from studies in v ivo  has suppor ted  our findings 
t h a t  at  least  some phospha t idy le thano lamine  was synthe-  
sized de novo and incorpora ted  into the  membranes  of the  
Golgi complex (Chang, et  al., manuscr ip t  submi t t ed  
for publicat ion).  Thus,  if the  Golgi complex  ac t ive ly  
generates  its own membrane  phospha t idy le thano lamine  
by  de novo synthesis,  its role in membrane  biogenesis m a y  
no t  be res t r ic ted solely to membrane  different ia t ion as 
proposed in the  endomembrane  flow hypothesis  TM. The 
specific function(s) of the  phospha t idy le thano lamine  t h a t  
is independen t ly  synthesized in the  Golgi complex  is 
being fur ther  examined.  
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Summary. Angiotensin  I conver t ing  enzyme in pu lmonary  t issue of fetal  and newborn  rabbi ts  was measured using 
Hip-His -Leu  as substrate .  E n z y m e  ac t iv i ty  was de tec ted  in the  late fetal  period, increased gradua l ly  unt i l  b i r th  and 
increased marked ly  af ter  birth.  E n z y m e  ac t iv i ty  reached adul t  levels on the 2nd and 3rd d a y  af ter  birth.  This  obser- 
va t ions  suggests t h a t  the  metabol ic  ac t iv i ty  of the lung for angiotensin develops suddenly  a t  the t ime  of derivery.  

The  non-resp i ra tory  funct ion of the  lung have  been in- 
ves t iga ted  recent ly  ~-5. Many  vasoac t ive  substances are 
metabol ized  in the  p u l m o n a r y  circulation.  These func- 
t ions are considered to  h a v e  an i m p o r t a n t  role for regula- 
t ion on the  level  of these substances in the  sys temic  
c i rcula t ion s . I t  is in teres t ing to know when the  metabol ic  
funct ion  of the  lung for vasoac t ive  substances does de- 
velop dur ing fetal  life. 
In  the  present s tudy,  angiotensin  I conver t ing  enzyme 
(carboxydipeptidase)  a c t i v i t y  i n  pu lmona ry  tissue was 
measured  dur ing the  fetal  and neonata l  life in rabbits .  
This enzyme t ransforms angiotensin  I to  angiotensin I I  
and inac t iva te  b radyk in in  by  releasing a dipept ide  f rom 
the  C- terminal  of the  peptides.  

Materials and methods. Male and female rabbi ts  were kep t  
in the  same cage overn igh t  and the  first  day  of the  gesta- 
t ion was calculated.  Fe tuses  were excised f rom uterus  
under  l ight  anesthesia  wi th  pen tobarb i t a l  sodium. The 
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lungs  were  r e m o v e d  and  w a s h e d  w i t h  chi l led sal ine solu- 
t ion ,  t h e n  weighed  a n d  k e p t  in - - 2 0 ~  un t i l  use. All  
m a t e r i a l s  were m e a s u r e d  w i t h i n  3 days  a f t e r  freezing. 
The  e n z y m e  assay  was pe r fo rmed  s p e c t r o p h o t o m e t r i c a l l y  
accord ing  to C u s h m a n  and  Cheung  ~. S y n t h e t i c  H ip -Hi s -  
Leu (ob ta ined  f rom t he  I n s t i t u t e  for P r o t e i n  Research ;  
Osaka  Un ive r s i t y ,  Osaka,  J a p a n )  was used as t h e  sub-  
s t ra te ,  a n d  fo rmed  h ippur i c  acid was m e a s u r e d  b y  ab-  
s o r b a n c y  a t  228 nm.  The  a c t i v i t y  was expressed  as 
[zmole/g of l ung /min .  
Fo r  t h e  p r e p a l a t i o n  of t he  e n z y m e  ma te r i a l ,  t h e  lung  was  
homogen i zed  w i t h  P o l y t r o n  | (Luzern,  Swi tzer land)  for 
60 sec a t  power  con t ro l  6 w i t h  10 t imes  vo lume  of 10 m M  
of p h o s p h a t e  buf fe r  p H  8.3 for fe ta l  lung,  and  w i t h  200 
t imes  v o l u m e  for a d u l t  lung,  t h e n  cen t r i fuged  a t  1500 r p m  
for 10 rain.  The  s u p e r n a t a n t  was used as t he  e n z y m e  
mate r i a l .  

The development of b. wt, lung weight and angiotensin I converting 
enzyme in fetal neonatal rabbit 

Body Lung ATI-CE 
weight (g) weight (mg) activity 

(~xmole/g/min) a 

Gestational days 
16(n = 6) 2.9 • 0.02 b 55.8 :k 0.9 0 
24(n = 7) 13.9 -t- 0.98 390.6 4- 26.9 0.30 4- 0.02 
30(n = 8) 40.7 4- 1.2 1210 =~ 50 0.89 ! 0.07 
31(n = 9) 47.6 -1- 1.7 1130 -4- 50 1.54 4- 0.59 

Days after birth 
l~(n = 4) 30.8 -1- 3.09 662.0 :t: 86.0 1.88 4- 0.19 
2(n = 13) 50.6 4- 0.65 843.0 :t: 63.6 2.98 -t- 0.21 
3(n = 10) 46.5 4- 0.71 855.6 i 29.7 3.40 • 0.23 
10(n = 2) 74.5 a 1125 3.75 
Adult (n ~ 10) 3.7 -1- 0.1 

�9 ATI-CE: Angiotensin I-converting enzyme; bmean 4- SE; c6 h 
after birth; a average. 

Results and discussion. As s h o w n  in t i le table ,  b . w t  and  
l ung  we igh t  increased  g r a d u a l l y  un t i l  b i r th ,  followed b y  
a decrease  for  few h. On t h e  2nd day  a f t e r  b i r th ,  t he  b . w t  
a n d  lung  we igh t  increased  again .  
Ang io t ens in  I c o n v e r t i n g  e n z y m e  a c t i v i t y  was n o t  de-  
t ec t ed  on t he  16 th  d a y  of ges ta t ion ,  de t ec t ed  v e r y  low a t  
24 th  d a y  of ges ta t ion ,  1 week  before  der ivery .  The  e n z y m e  
a c t i v i t y  increased  g r a d u a l l y  u p  to t he  30 th  and  31st d a y  
of t he  g e s t a t i o n  and  increased  s u d d e n l y  a f te r  b i r th .  On 
t he  1st d a y  Of ges ta t ion ,  t he  lung  we igh t  is r educed  b y  
a l m o s t  50%,  p r o b a b l y  m o s t l y  b y  d e h y d r a t i o n .  Conse- 
quen t ly ,  t o t a l  c o n v e r t i n g  e n z y m e  a c t i v i t y  per  lung  is de-  
creased once a f t e r  b i r th .  T h e n  the  a c t i v i t y  increased  to 
t he  a d u l t  level  w i t h i n  2 or 3 days  a f te r  b i r th .  These  resu l t s  
sugges t  t h a t  t he  me tabo l i c  a c t i v i t y  of t he  lung for vaso-  
ac t ive  pep t ides  is no t  essent ia l  d u r i n g  fe ta l  life, a n d  be-  
comes  i m p o r t a n t  on ly  a f te r  b i r th .  FriedliS e x a m i n e d  t he  
m e t a b o l i s m  of b r a d y k i n i n  in t he  p u l m o n a r y  v a s u c u l a r  
bed  of t he  fe ta l  and  n e w b o r n  l amb ,  and  showed a b o u t  ha l f  
of t h e  capac i t y  to  i n a c t i v a t e  b r a d y k i n i n  in the  fe ta l  l a m b  
a t  t e r m  c o m p a r e d  w i t h  t he  m a t u r e  ewes. In  the  p r e t e r m  
fetus,  no  i n a c t i v a t i o n  could be  d e m o n s t r a t e d  in t he  pul-  
m o n a r y  bed.  
The  p u l m o n a r y  s u r f a c t a n t  c o n t e n t  of t he  lung  was re- 
p o r t e d  to show s igni f ican t  increase  on  t h e  21st a n d  22rid 
d a y  of ge s t a t i ona l  days  in ra ts% The  d e v e l o p m e n t a l  be-  
h a v i o u r  of t he  s u r f a c t a n t  was  the  same  as was found  in 
our  e x p e r i m e n t  in r a b b i t s  conce rn ing  ang io tens in  I con-  
v e r t i n g  enzyme.  P u l m o n a r y  s u r f a c t a n t  is t h o u g h t  to  h a v e  
some r e l a t i onsh ip  to  t he  m a t u r a t i o n  of the  lung, angio-  
t e n s i n  I c o n v e r t i n g  e n z y m e  m i g h t  also h a v e  a close 
r e l a t i onsh ip  to  t he  m a t u r a t i o n  of t he  lung.  The  m e c h a -  
n i sm  of s u d d e n  increase  of t he  e n z y m e  a c t i v i t y  is u n d e r  
i nves t iga t ion .  
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O c c u r r e n c e  of A s n  2, LeuS-caeru le in  in the  s k i n  of the Afr ican  frog  H y l a m b a t e s  m a c u l a t u s  
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Summary. The  skin  of the  Af r i can  frog, H y l a m b a t e s  macu la tu s ,  c o n t a i n s  large a m o u n t s  of a caerulein- l ike  pept ide ,  
wh ich  ha s  been  ident i f ied  as Asn% Leu S-caerulein. The  cho lecys tok ine t i c  a c t i v i t y  of H y l a m b a t e s - c a e r u l e i n  is v e r y  
s imi la r  to  t h a t  of caeruleinl  

A new caerule in- l ike  pep t i de  has  been  i so la ted  f rom 
m e t h a n o l  e x t r a c t s  of t i le sk in  of H y l a m b a t e s  m a c u l a t u s ,  
a n  Af r i can  frog be long ing  to  t he  R a n i d a e  f ami ly  (sub- 
f ami ly  Hypero l ineae ) .  
The  a m i n o  acid compos i t i on  a n d  sequence  of H y l a n b a t e s -  
cae ru le in  differs  f rom t h a t  of caeru le in  on ly  in t h a t  t h e  
2 aminoac ids ,  g l u t a m i n e  2 a n d  t h e o n i n e  e, of t he  caeru le in  
molecule  are  rep laced  b y  a spa rag ine  a n d  leucine,  respec-  
t i v e l y  2. 

Pyr-Gln-Asp-Tyr(SO3H)-Thr-Gly-Trp-Met-Asp-Phe-NH 2 
Caerulein 

Pyr-Asn-Asp-Tyr(SO3 H)-Leu-Gly-Trp-Met-Asp- Phe-NH l 
Hylambates-caerulein 

Thus ,  H y l a m b a t e s - c a e r u l e i n  m a y  be cons idered  as Asn2, 
Leu 5-caerulein. 
Materials. The  f resh  skins  of 92 spec imens  of H y l a m b a t e s  
m a c u l a t u s  col lected a t  St. Lucia ,  Zu lu l and  (Sou th  Africa) ,  
d u r i n g  t he  per iod  1973-1975 were used th i s  s tudy .  The  
m a t e r i a l  weighed 14 8g (average  1.6 g pe r  fresh skin). The  
skins  Were r e m o v e d  f rom the  frogs i m m e d i a t e l y  a f t e r  
k i l l ing and  e x t r a c t e d  twice  w i t h  a v o l u m e  of m e t h a n o l  5 
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