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d u c t i o n  was m e a s u r e d  b y  m e t h o d  of S ingh  e t  al. a in w h i c h  
label led  l ive mixed  bac t e r i a l  cells were used. 2 sets  of 
e x p e r i m e n t s  were m a d e  us ing  2 feeds n a m e l y  green  ma ize  
a n d  be r s eem ( tables  1 a n d  2). The  p r o d u c t i o n  r a t e s  of 
b a c t e r i a  in  an ima l s  fed green  maize  on a n  ave rage  were 
153.0 g and  153.7 g/3 kg  d r y  m a t t e r  i n t a k e  per  d a y  w h e n  
e s t i m a t e d  b y  in j ec t ing  u n t r e a t e d  a n d  t r e a t e d  label led  
ceils respect ive ly .  I n  t h e  second set  of e x p e r i m e n t s  on  
be r s eem diet ,  t h e  ave rage  da i ly  g r o w t h  was 240.8 g a n d  
238.8 g/4 kg d r y  m a t t e r  i n t a k e  w h e n  m e a s u r e d  b y  us ing  
u n t r e a t e d  a n d  t r e a t e d  cells respect ive ly .  The  v a r i a t i o n s  
obse rved  in t he  bac t e r i a l  g r o w t h  b e t w e e n  d i f fe ren t  ani-  
mals  w h e n  fed t he  same  r a t i o n  were due  to  d i f ference in 
q u a n t i t y  of feed c o n s u m e d  b y  i n d i v i d u a l  an imals ,  a n d  
those  b e t w e e n  2 feeding regimes  m a y  be  due to  t h e  
q u a l i t y  a n d  q u a n t i t y  of t h e  r a t i ons  c o n s u m e d  b y  t h e  

an imals .  T h e  dif ference in t h e  p r o d u c t i o n  r a t e s  b e c a m e  
less w h e n  t h e  r u m e n  bac te r i a l  g r o w t h  r a t e  was  ca lcu la ted  
on  equa l  feed in take .  
T h e r e  was no  s ign i f ican t  di f ference in t h e  r a t e s  of g r o w t h  
e s t i m a t e d  b y  us ing  e i t he r  t r e a t e d  or u n t r e a t e d  cells. 
These  e x p e r i m e n t s  con f i rm  t h e  ear l ier  a s s u m p t i o n  t h a t  
t h e  label led  b a c t e r i a  p roduced  b y  in v i t ro  i n c u b a t i o n  are, 
a f t e r  in jec t ion ,  mixed  w i t h  t h e  r u m e n  mic roo rgan i sms  
a n d  are  n o t  t r e a t e d  as foreign mate r ia l .  T h e  n o r m a l  
m e t a b o l i s m  of label led  cells in  t h e  r u m e n  does n o t  a p p e a r  
to  inf luence  t h e  g r o w t h  r a t e  m e a s u r e m e n t s .  T h e  p r e s e n t  
e x p e r i m e n t s  also sugges t  t h e  poss ib i l i ty  of us ing  a n y  
o t h e r  source of label led  p ro t e ins  (not  necessar i ly  of r u m e n  
origin) a f t e r  t r e a t m e n t  for p r o t e c t i o n  f rom d e g r a d a t i o n  
in t h e  r u m e n  as a m a r k e r  for t h e  e s t i m a t i o n  of mic rob ia l  
g rowth .  

S o m e  c h a r a c t e r i s t i c s  of  u r o k i n a s e  r e l e a s e d  in  o r g a n  c u l t u r e  of h u m a n  k i d n e y  1 
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Summary. P l a s m i n o g e n  a c t i v a t o r  p roduced  in o rgan  cu l tu re  of h u m a n  kidney,  i.e. in t h e  h i s t o t y p i ca l  a r r a n g e m e n t  of 
t he  t issue,  w:,- pa r t i a l ly  pur i f i ed  b y  a f f in i ty  c h r o m a t o g r a p h y  on  p a r a - a m i n o b e n z a m i d i n e  coupled  to  Sepharose  b y  a 
6 -ca rbon  spacer,  fol lowed b y  ~el ch roma tog raph ) -  on S e p h a d e x  G-100. Tile molecu la r  we igh t  of 2 ac t ive  peaks  were  
27,000 a n d  52,000 da l t ons  respect ively .  I t  was  i n h i b i t e d  b y  D F P  an d  by  Ig G an t iu rok inase .  

U r o k i n a s e  ha s  been  p r e p a r e d  a n d  pur i f ied  f rom h u m a n  
ur ine  2-5, and  commerc i a l  p r e p a r a t i o n  s a i c avai lable .  I n  kid-  
n e y  cell cul tures ,  an a c t i v a t o r  of p l a s m i n o g e n  is re leased ~-1~ 
T h e r e  is ev idence  t h a t  in  o rgan  cu l tu re  of h u m a n  k idney ,  
u rok inase  is n o t  on ly  released,  b u t  also s y n t h e t i z e d  11. In 
u r i n a r y  p repa ra t ions ,  u rok inase  ha s  been  found  to  exis t  
in va r ious  molecu la r  forms.  The re  are  no  r epo r t s  ava i l ab le  
conce rn ing  t he  fo rms  of u rok inase  p roduced  in o rgan  
cu l tu re  of t h e  k idney,  i.e. in  i t s  h i s t o typ i ca l  a r r a n g e m e n t .  
W e  r e p o r t  here  pa r t i a l  pu r i f i ca t ion  b y  a f f in i ty  a n d  gel 
c h r o m a t o g r a p h y  a n d  some cha rac te r i s t i c s  of u rok inasc  
p roduced  in o rgan  cu l tu re  of h u m a n  k i d n e y  (KA). 
Material and methods. F e t a l  k idneys  were o b t a i n e d  a t  
legal  a b o r t i o n  of 14-20-week-o ld  foetuses  r e m o v e d  b y  
a b d o m i n a l  h y s t e r o t o m y .  The  k idneys  were d iv ided  in to  
pieces a b o u t  1 m m  3. These  e x p l a n t s  were cu l tu red  in  
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Fig. 1. Elution profile of KA at affinity chromatography on para- 
aminobenzamidine coupled to CH-Sepharose 4 13 with a 6-carbon 
spacer (see text). Flow rate 45 ml h -I, fraction volume 3 ml. 

Fig. 2. Immunodiffusion of KA against UK antiserum. UK anti- 
serum was deposited in the central hole and concentrated medium 
of different kidney cultures in the outer holes. 
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Neutralisation of the fibrinolytic activity of KA by antiurokinase 
antibodies 

Dilution KA KA + normal IgG KA + antiurokinase IgG 

1[2 672 708 116 
l[a 510 602 85 
1[8 420 458 72 
1[i 6 340 320 36 
11,~2 300 300 0 

Dilution series of KA incubated in proportion 1:1 over night at 
+4~ with IgG prepared from normal rabbit serum resp. from 
rabbit urokinase antiserum. The fibrinolytie activity was tested on 
fibrin plates and given in mm a of the lytie zones. 
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Fig. 3. Inhibition of KA and UK incubated with equal amounts of 
DFP in a concentration of 2.5 • 10 -5 M in the reaction mixture. 
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Fig. 4. Elution profile of KA previously purified by affinity chro- 
matography on Sephadex G-100. Flow rate 4.6 ml h -z, fraction 
volume 2.3 ml (see text). 
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Fig. 5. Mol. wt determination of KA. The I~v on Sephadex G-100 
for the 2 peaks were 0.224 and 0.379. 

P e t r i  d ishes  on  gel foam slices (Spongos t an  | Fe r rosan ,  
Malm6,  Sweden).  As cu l tu re  med ium,  t he  pure ly  s y n t h e t i c  
m e d i u m  P a r k e r  199 (SBL, S tockholm,  Sweden) was used. 
Su rv iva l  of t he  e x p l a n t s  was checked  b y  serial  sec t ion ing  
a n d  h is to logica l  e x a m i n a t i o n  ,~f r a n d o m l y  se lected 
exp lan t s .  Good su rv iva l  was  found  for 3 weeks  of cu l tu re .  
D u r i n g  t h i s  period,  t he  cu l tu re  m e d i u m  was col lected 
e v e r y  3rd day.  
The  cu l tu re  m e d i u m  was cen t r i fuged  and  t h e n  d ia lysed  
a g a i n s t  0.1 M p h o s p h a t e  buffer ,  p H  7.0, 0.4 M NaC1 a t  
+ 4~ for 48 h. Af f in i ty  c h r o m a t o g r a p h y  was pe r fo rmed  

xvith a c o l u m n  1.6 ?<40 cm packed  to  a he igh t  of 12 cm in 
wh ich  p - a m i n o - b e n z a m i d i n  was ca rbod i imide -coup led  to  
CH-Sepha rose -4  B ( P h a r m a c i a  F ine  Chemicals ,  Uppsa la ,  
Sweden).  
The  c~,lumn was equ i l i b r a t ed  w i t h  0.1 M p h o s p h a t e  
buffer ,  p H  7.0, 0.4 M NaC1. E l u t i o n  was p e r f o r m e d  b y  
sh i f t  of p H  to 4. The  UV-abs~>rption of t he  f rac t ions  was 
r ead  a t  280 nm.  The  f ib r ino ly t i c  a c t i v i t y  ,.1 the  f r ac t ions  
was t e s t e d  on p l a s m i n o g e n - c o n t a i n i n g  p la t e s  1~ as well  as 
on  p la sminogen- f ree  f ib r in  (Po r t e r  P roduc t ion ,  Oss, 
Ne the r l ands )  p la tes .  
Gel f i l t r a t i on  was  pe r fo rmed  on a c o l u m n  of S e p h a d e x  
G-100, 1.6 • 100 cm ( P h a r m a c i a  F ine  Chemicals ,  Uppsa la ,  
Sweden)  ill 0.05 M Tris-HC1, p H  7.8, 0.3 M NaC1. The  
c o l u m n  was c a l i b r a t e d  w i t h  Blue  D e x t r a n  (Vo) a n d  K2CrO 4 
(Vt). U V - a b s o r p t i o n  was r ead  a t  w a v e - l e n g t h s  620 a n d  
410 n m  respect ive ly .  Soya  b e a n  inh ib i to r ,  c h y m o t r y p s i n o -  
gen, o v a l b u m i n  a n d  b o v i n e  s e r u m  a l b u m i n  r ead  a t  280 n m  
were  used as reference  subs tances .  N e u t r a l i s a t i o n  exper i -  
m e n t :  Di lu t ions  of K A  and  u r o k i n a s e  (UK) (Leo P h a r m a -  
ceut ical ,  D e n m a r k )  were  i n c u b a t e d  over  n i g h t  a t  4~ 
w i t h  IgG  p r e p a r e d  f rom n o r m a l  r a b b i t  s e r u m  a n d  w i t h  
IgG  p r e p a r e d  f r o m  r a b b i t  u rok inase  a n t i s e r u m .  IgG  was  
p r e p a r e d  accord ing  to  t h e  m e t h o d  of S t e i n b u c h  a n d  
A u d r a n  18. Doub le  d i f fus ion  in agarose  was  p e r f o r m e d  
accord ing  to  O u c h t e r l o n y  14. I n h i b i t i o n  b y  d i i sopropyl -  
f l u o r o p h o s p h a t e  ( D F P ) :  Solu t ions  of U K  a n d  K A  were  
i n c u b a t e d  w i t h  equa l  a m o u n t s  of D F P  a t  a f inal  concen-  
t r a t i o n  of 2.5 • 10 -~ M ill t h e  r eac t i on  m i x t u r e  (s tock so- 
l u t i on  of 10 .2 M D F P  in p r o p y l e n e  glycol d i lu ted  in Tris  
buf fe r  0.075 M, p H  7.8) for 0 -2  h. N o n r e a c t e d  D F P  was  
r e m o v e d  b y  gel f i l t r a t i on  on  smal l  co lumns  filled w i t h  
S e p h a d e x  G-25 ( P h a r m a c i a  F ine  Chemicals ,  Uppsa la ,  
Sweden),  a f t e r  w h i c h  t h e  so lu t ions  were  t e s t ed  for t h e i r  
f ib r ino ly t i c  a c t i v i t y  on  f ib r in  p la tes .  
Resul ts  and  comments. A t  a f f in i ty  c h r o m a t o g r a p h y  of t he  
d ia lyzed  cu l tu re  med ium,  m o s t  of t h e  p ro t e in  passed  
t h r o u g h  t h e  c o l u m n  w i t h o u t  be ing  b o u n d  (figure 1). A t  
e lu t ion  t h e  a c t i v i t y  was  found  in a s h a r p  p e a k  w i t h o u t  
a n y  d e t e c t a b l e  p ro te in .  Th i s  is ill a g r e e m e n t  w i t h  t h e  use 
of t h i s  m e t h o d  for  pu r i f i ca t i on  of c o m m e r c i a l  u rok inase  
p r e p a r a t i o n s  1s. I m m u n o l o g i c a l  i d e n t i t y  w i t h  n r o k i n a s e  
p r e p a r e d  f rom ur ine  (Leo P h a r m a c e u t i c a l ,  D e n m a r k )  was 
f o u n d  in t h e  O u c h t e r l o n y  t e s t  (figure 2) a n d  in t h e  neu-  
t r a l i s a t i o n  e x p e r i m e n t  ( table)  in  w h i c h  i n h i b i t i o n  of 
a c t i v i t y  was found  b y  I g G  p r e p a r e d  f rom r a b b i t  uro-  
k inase  a n t i s e r u m  15. F igu re  3 d e m o n s t r a t e s  i n a c t i v a t i o n  
of K A  b y  D F P  i n d i c a t i n g  t h a t  i t  is a ser ine pro tease .  Th i s  
cha rac t e r i s t i c  "has p rev ious ly  been  s h o w n  for u r i n a r y  
p r e p a r a t i o n s  z6. 

12 I.M. Nilsson and B. Olow, Thromb. Diath. haemorrh. 8, 297 (1962). 
13 M. Steinbuch and R. Audran, Arehs Biochem. Biophys. 134, 

279 (1969). 
14 0. Ouchterlony, in: Handbook of experimental immunology, 

p. 655. Ed. D. M. Weir. Blaekwell Scientific Publications, 
Oxford and Edinburgh 1967. 

15 L. Holmberg, 13. Bladh and ]3. Astedt, Biochim. biophys. Acta 
445, 215 (1976). 

16 H. Landmann and F. Markwardt, Experientia 25, 145 (1970). 
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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 .  

17 P. Kok and T. Astrup, Biochemistry 8, 79 (1969). 
18 W. DolescheI and W. Auerswald, Med. Pharmac. exp. 16, 225 

(1967). 
19 A.J .  Johnson, M. E. Soberano and E. B. Ong, in: Serano Sym- 

posia, p. 21. Milan. 

O n  u r e a  f o r m a t i o n  i n  m a r i n e  m a m m a l s  i 

G. W. Brown,  Jr ,  a n d  W. S. T. Mayha l l  

Laboratory o/ Biochemical Ecology, College o/ Fisheries, University o/ Washington, Seattle (Washington 98195, USA), 
75 October 1976 

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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