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Gel f i l t r a t i on  c h r o m a t o g r a p h y  gave  2 ac t ive  peaks  w i t h  
molecu la r  we igh ts  of 27,000 a n d  52,000 da l t ons  (figures 
4 a n d  5). W e  also obse rved  t h a t  in ea r ly  cu l tu res  m a i n l y  
t he  h i g h  molecu la r  K A  was released,  a n d  in la te  cu l tu res  
m a i n l y  t h e  low molecu la r  KA.  No o t h e r  mo l .w t  de te r -  
m i n a t i o n s  of p r e p a r a t i o n s  f rom k i d n e y  cu l tu res  are  on  
record.  Fo r  u r i n a r y  p r e p a r a t i o n s ,  va r ious  tool. w t s  h a v e  
been  repor ted .  Lesuk  e t  al. 3 p r e p a r e d  u rok inase  w i t h  a 
mo l .w t  of 54,000. W h i t e  et  al. ~ found  2 f rac t ions  w i t h  
mol .wts  of 31,500 and  54,700, respect ive ly ,  a n d  K o k  a n d  
A s t r u p  17 2 f r ac t ions  of a b o u t  43,000 a n d  54,000. U s i n g  
S e p h a d e x  s e p a r a t i o n  Doleschel  a n d  Auerswald lS  found  3 
ac t ive  peaks  for f rac t ions  w i t h  t he  mol .wts  of 27,000, 
54,000 and  104,000. R e c e n t l y  Ogawa  e t  al. 5 r epo r t ed  t he  

mo l .w t  to  be 33,000, J o h n s o n  e t  al. 1~ 2 fo rms  viz 33,500 
and  47,000, a n d  H o l m b e r g  e t  al. 15 2 fo rms  viz 33,000 a n d  
54,000. Th i s  ind ica tes  t he  ex is tence  of 2 molecu la r  fo rms  
of a b o u t  30,000 a n d  50,000 da l tons  in u r i n a r y  p repa ra t ions .  
I n  our  s tudy ,  in wh ich  t he  K A  was o b t a i n e d  f rom o rgan  
cul tures ,  i.e. w i t h  t he  k i d n e y  cells in t h e i r  h i s t o typ i ca l  
a r r a n g e m e n t ,  t he  2 mo l .w t  f rac t ions  t h u s  seem to  cor- 
r e spond  to those  found  in t he  u r i n a r y  p r epa ra t i ons .  
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Summary. O r n i t h i n e  c a r b a m o y l t r a n s f e r a s e  (EC 2.1.3.3) ha s  been  d e t e r m i n e d  in h o m o g e n a t e s  of l iver  of t h e  sei wha le  
( B a l a e n o p t e r a  borealis) ,  t h e  bo t t l e -nose  do l ph i n  (porpoise) (Tursiops t r u n c a t u s )  and  Cal i fornia  sea l ion (Zalophus  
ca l i fornianus) .  These  m a r i n e  m a m m a l s  show levels of th i s  o r n i t h i n e - u r e a  cycle e n z y m e  wh ich  are  t yp i ca l  of t e r r e s t r i a l  
m a m m a l s .  

All  t e r r e s t r i a l  m a m m a l s  s tud ied  possess in  l iver  t he  en-  
zymes  for t he  b io syn thes i s  of u r ea  v ia  t h e  o r n i t h i n e - u r e a  
cycle ~. I t  is e s t ab l i shed  t h a t  t e r r e s t r i a l  m a m m a l s  exc re te  
u r ea  in t he  u r ine  as t he  p r inc ipa l  n i t rogenous  was te  pro-  
d u c t  8. On ly  a few r epo r t s  are ava i l ab le  on  t he  u r i n a r y  
n i t r ogen  c o m p o n e n t s  of m a r i n e  m a m m a l s ,  however .  I n  
some ear ly  work,  Schm i d t - N i e l s en  a n d  H o l m s e n  4 m a d e  
d e t e r m i n a t i o n s  on  n i t r o g e n o u s  c o m p o n e n t s  of t he  u r ine  
of severa l  sei whales  ( B a l a e n o p t e r a  borealis)  a n d  found  
t h a t  u r ea  was t h e  m a j o r  n i t rogenous  mate r ia l .  I n  one 
spec imen,  for example ,  u r e a - N  c o n s t i t u t e d  93% of t he  
t o t a l  u r i n a r y  n i t rogen ,  whi le  lesser a m o u n t s  were found  
p a r t i t i o n e d  a m o n g  a m m o n i a - N  (3.3%), p r o t e i n - N  (1.9%), 
uric ac id -N (0.58%) a n d  c r e a t i n e - N  (0.45%) (ca lcula ted  
f rom the  or ig ina l  d a t a  b y  BrownS).  Most  of t h e  u r i n a r y  
n i t r o g e n  in h a r b o r  seals (Phoca  v i tu l ina)  a a n d  in n o r t h e r n  
fur  seals (Cal lorhinus  urs inus)7  is a c c o u n t e d  for b y  urea.  
The  u r ea  c o n t e n t  of t h e  u r ine  of t he  f a s t i ng  h u m p b a c k  
wha le  (Megap te ra  nodosa)  r e p o r t e d  b y  B e n t l e y  8 sugges ts  
t h a t  t h i s  m a r i n e  m a m m a l  is also p r i m a r i l y  ureotel ic .  

Ornithine earbamoyltransferase of marine mammaIs (liver, 38 ~ 

System [zmoles citrulline produced in 15 min 
Balaenoptera Tursiops Zalophus 
borealis* truncatus** californianus*** 

Complete 6.34 • 0 2.58 2.99 
Less ornithine 0.25 0.01 0.01 
Less 
earbamoylphosphate 0.14 0.07 0 
Boiled homogenate 0.21 0.03 0.02 

*Homogenate in cetyltrimethylammonium bromide representing 
3.0 mg liver; triplicate determination. Male specimen; 14 m body 
length. **Homogenate in water representing 0.5 mg liver. Male 
specimen, 114 kg; 3 m body length. ***Homogenate in water re- 
presenting 0.5 mg of liver. Adult specimen. 

One of t h e  5 enzymes  respons ib le  for  t h e  b iosyn thes i s  of 
u r ea  b y  t he  o r n i t h i n e - u r e a  cycle is o r n i t h i n e  c a r b a m o y l -  
t r ans fe r a se  (EC 2.1.3.3) which  ca ta lyzes  t h e  fol lowing 
r eac t i on  : 

Ornithine + carbamoyIphosphate = citrulline + P~. 

Th i s  r e p o r t  p rov ides  ev idence  for  t he  occur rence  of orni-  
t h i n e  e a r b a m o y l t r a n s f e r a s e  in  t he  l iver  of 3 m a r i n e  m a m -  
mal s :  t he  sei whale ,  B a l a e n o p t e r a  borea l i s ;  t he  b o t t l e -  
nose  do lph in  (porpoise),  Turs iops  t r u n c a t n s ;  a n d  t he  
Cal i fornia  sea  lion, Za lophus  ca l i fornianus .  
Materials and methods. H o m o g e n a t e s  of l iver  (10% w / v  
in  w a t e r  or ill 0 .1% c e t y l t r i m e t h y l a m m o n i u m  bromide)  
were assayed  for  o r n i t h i n e  c a r b a m o y l t r a n s f e r a s e  as de-  
scr ibed e lsewhere  9. The  comple t e  i n c u b a t i o n  s y s t e m  con-  
t a i n e d  N a  glycylglycine  buf fe r  (45 raM), L - o r n i t h i n e  
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(Sigma Chemical  Co.) (10 raM), Li  ca rbamoylphospha te  
(Sigma Chemical  Co.) (10 mN[), l iver  homogena te  and 
wate r  to a final vo lume  of 2.00 ml ;  f inal  pH,  8.1. Reac-  
t ions were run  at  38 ~ for 15 rain. The  ci trul l ine produced 
was de te rmined  spec t ropho tomet r i ca l ly  af ter  react ion 
wi th  d iace ty lmonox ime  by  the  me thod  of Archibald  10 as 
modif ied by  R a t n e r  il. The  un i t  of enzyme  ac t iv i ty  em- 
p loyed is 1.00 Fmole ci t rul l ine produced  per  rain. 
To de te rmine  dependence  of the  react ion on the  substra tes  
employed,  incubat ions  of homogena te  were carried out  
in the  comple te  sys tem and in the  comple te  sys tem minus  
ei ther  orni th ine  or ca rbamoylphospha te .  To rule ou t  the  
possibi l i ty  of ci trul l ine being produced  by  a non-enzymic  
ca rbamoyla t ion  of orni thine by  carbamoylphospha te ,  
boiled enzyme was also assayed in the  comple te  system. 
Results and discussion. Liver  of the  3 mar ine  m a m m a l s  
exhib i ted  high levels of the  enzyme:  Ba laenopte ra  bore-  
alis, 141 uni ts /g  l iver  wet  w t ;  Tursiops t runcatus ,  344 
uni t s /g  l iver  we t  w t ;  Zalophus californianus,  399 uni ts /g  
l iver  wet  wt.  These values  are typ ica l  of those found for 
l iver  of ter res t r ia l  m a m m a l s  2. As shown in the  table,  the  

react ion was s t rongly  dependen t  upon orni thine,  car- 
bamoy lphospha te  and undena tu red  (unboiled) enzyme.  
Since in the  presence of boiled enzyme less t h a n  4% of 
the  ac t iv i ty  of t h a t  of the  un t rea ted  enzyme was realized, 
the  possibi l i ty  t h a t  the  observed citrull ine produc t ion  
was due to s ignif icant  non-enzymic  ca rbamoyla t ion  re- 
actions is ruled out. 
These findings, coupled wi th  the  observat ions  (see above) 
on the  high percentage  of u r ina ry  urea-ni t rogen in mar ine  
mammal s  studied, suppor t  the  v iew t h a t  mar ine  mammals ,  
like thei r  ter res t r ia l  counterpar ts ,  synthesize urea  by  the  
orni th ine-urea  cycle. F u r t h e r  studies on the  o ther  enzymes  
of the  cycle are wa r r an t ed ,  however .  They  could pro.vide 
d a t a  on the  levels of these o ther  enzymes,  on the  rate-  
l imi t ing step of the  cycle and on compara t ive  proper t ies  
of the  enzymes  f rom mar ine  m a m m a l s  and o ther  ureotel ic  
ver tebra tes .  

10 R.M. Archibald, J. biol. Chem. 756, 121 (1945). 
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Summary. Pro tohemin  is excre ted  in biles of p r ima te  fetuses and p rema tu re  newborns.  I t  also was found in re la t ive ly  
large quant i t i es  in the  lower i leum and mesenter ic  lymph-nodes  of newborn  pr imates .  

Vi r tua l ly  all p igments  in normal  adul t  bile are open chain  
te t rapyrroles ,  p r edominan t l y  bilirubins.  Whi le  bile con- 
ta ins  small  amoun t s  of different  porphyr ins  3, meta l lo-  
porphyr ins  apparen t ly  have  no t  been demons t ra ted .  We  
observed a b rown p igmen t  in the  in tes t inal  mucosal  cells 
and lamina  propr ia  of newborn  monkey*  and in h u m a n  
fetuses weighing 200 g or more  (Blumenthal ,  Bergs t rom 
and Ruebner ,  unpublished).  In  the  older German  histo-  
pa tho logy  l i terature,  th is  p igment  had  been named  meco- 
n ium corpuscles, the  assumpt ion  being t h a t  i t  repre-  
sented absorbed meconium.  We  also observed this pig- 

meri t  in i leocecal l y m p h  nodes of newborn  monkeys ,  bo th  
grossly and histologically*. His tochemical ly ,  this p igment  
was no t  bil irubin.  Spec t ropho tomet r i c  studies of this pig- 
m e n t  in frozen sections of intes t inaI  mucosa l  cells and the  
lamina  propr ia  f rom a newborn  m o n k e y  (Blumenthal ,  
Bergs t rom and Ruebner ,  unpublished) had  an absorpt ion 
peak  a t  abou t  410 rim. In  pen tan-2-one-n-bu ty l  ace ta te  
(17:3, v/v)  ex t rac t s  of diazoreact ions  using e thyl  an- 
thrani la te ,  we observed a d iazo-negat ive  b rown p igment  
in all monkey  and human  newborn  meconiums.  The  Ri-  
va lue  of this  p igment  was 0.40 wi th  ch loroform-methanol -  
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Fig. 1. Electronic absorption spectrum of protoheme-pyridine hemo- 
chrome in water-pyridine-l.0 M KOH (4 : 1 : 0.5 v/v). 
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Fig. 2. Electronic absorption spectrum of reduced pigment ill water- 
pyridine-l.0 M KOH (4 : 1 : 0.5 v/v). 


