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The a m o u n t  of 14CO2 produced f rom 1-1~C-galactose is 
unaffected in normal  l iver  slices by  the  adminis t ra t ion  of 
ac t inomycin  D ; whereas, in regenera t ing  ra t  l iver  there  is 
a marked  decrease approaching  the  control  values (Table 
II) .  Fur thermore ,  in regenera t ing  ra t  l iver  slices e thanol  
inhibi t ion is a t t enua ted  approaching  the  normal  values 
if the  ant ib io t ic  is injected a t  the  beginning of par t ia l  
hepa t ec tomy  (Table II) .  

The  observat ions  correlate  w i th  the  reports  t h a t  the  
act ivi t ies  of mi tochondr ia l  and microsomal  enzymes are 
a l tered dur ing the  early phase of regenera t ion  and re turn  
to normal  levels upon the  res tora t ion of l iver  mass 5. 
However ,  this  is not  t rue  wi th  all  biological  processes ; for 
instance, po lyplo idy  remains high af ter  complete  restora- 
t ion of tissue mass by  the  liver*~ 

The re turn  of normal  metabol ic  ac t iv i ty  in the  regener- 
a ted l iver  m a y  result  f rom ei ther  regulat ion of enzyme 
ac t iv i ty  or newly synthesized proteins.  The  abol i t ion of 
the  increase in galactose metabo l i sm and decrease in 
e thano!  inhibi t ion by  act i l lomycin D would indicate  t ha t  
the  synthesis  of nucleic acids and thus, the  e laborat ion 
of a new protein migh t  be needed for metabol ic  adap ta t ion  
of  the  regenerat ing ra t  liver. 

This  exper imenta l  approach  of inhibi t ing nucleic acid 
synthesis  has been successfully used to demons t ra te  de 
novo format ion  of several  enzymes.  For  instance, the  
in ject ion of ac t inomycin  D to animals  suppressed the  
adap t ive  synthesis  of g lucokinase~,  glucosyl t ransferase ~ 
and t r yp tophan  pyrrolase ~3. I t  should be emphasized tha t  
the  evidence obta ined by  these exper iments ,  however  

valuable,  can only be deemed t en t a t i ve  unt i l  the  ac tual  
tu rnover  of enzyme-prote ins  is demonst ra ted .  W i t h  this  
l imi ta t ion  in mind,  i t  is concluded tha t  the  act ivi t ies  of 
enzymes of galactose metabo l i sm are adapted  to the  
process of regenerat ion,  being regula ted  by  the  synthesis  
Of newly formed proteins. 

Zusamme*z/assung. Es zeigt  sich w~hrend des frtihen 
Regenera t ionss tad iums bei  der teilweise hepa tek tomie r t en  
Rat tenleber ,  dass ein Anst ieg im Galaktose-Metabol ismus 
mi t  gleichzeit iger Abnahme  seiner H e m m u n g  durch 
E thano l  einhergeht.  Nach  vol ls t~ndiger  Geweberegenera-  
t ion kehr t  der normale  Metabol ismus zurtick. 
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Fibrinogen-Fibrin Conversion as Determined by 

A newly-developed,  sensi t ive method  for de termining  
the c lot t ing t ime  of f ibr inogen involves addi t ion  of suit- 
ably-sized bead part icles to a f ibr inogen solut ion followed 
by exposure of the  mix tu re  to coagula t ing enzyme.  The  
t ime required for gel fo rmat ion  to occur is re la ted to the  
ex ten t  of par t ic le  sed imenta t ion  observed and can be 
readi ly  assessed a t  any t ime  af ter  clot  fo rmat ion  by  
measur ing  the  absorbance of the  coagulated system. The 
influence of several  parameters  on the  results obta ined 

Polymer Bead Sedimentat ion Technique 

with  this technique  suggests t ha t  i t  m a y  be useful in the  
de te rmina t ion  of low f ibr inogen concentra t ions  and low 
levels of t h rombin  c lo t t ing act ivi ty .  

Methods. Bovine  f ibr inogen (65% clottable,  Pentex ,  
iKankakee, Illinois, USA) was dissolved in 0.05 M Tris/HC1 
bulfer,  p H  7.4, conta ining 0 .15M NaC1 (hereafter referred 
to as 'buffered saline') to give a final  concent ra t ion  of 
0.125% (w/v) (in te rms  of 100% clot table  fibrinogen) and 
br ief ly  centrifuged. Bio-Gel  P-2 (200-400 mesh, Bio-Rad 
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Fig. 3. Effect of fibrinogen concentration 
on clot absorbance at several thrombin levels, 
with fixed concentration of Bio-Gel P-2 (1%) 
in 'buffered saline' at 22~ Legend: Final 
thrombin concentrations. 0, 0.36 U/ml; �9 
0.12 U/ml; ~, 0.060 U/ml; • 0.036 U/ml; ~, 
0.024 U/ml. 
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Fig. 1. Clot absorbance plotted against time 
(after combination of reagents), with fixed 
concentrations of fibrinogen (0.1%) and Bio- 
GeI P-2 (1%) in 'buffered saline' at 22~ for 
several concentrations of thrombin. Legend: 
O, 0.30 units per ml; ~9, 0.135; ID, 0.090; 
~ 0.060; (}, 0.040; �9 0.025; x,  0,015. 

Labora to r ies ,  R i c h m o n d ,  California,  USA)  was added  to  
t he  s u p e r n a t a n t  to  a f ina l  c o n c e n t r a t i o n  of 1.25% (w/v). 
The  resu l t ing  suspens ion  was m a i n t a i n e d  a t  t he  desired 
t e m p e r a t u r e  b y  slow s t i r r ing  in a doub l e - j a cke t t ed  vessel.  
2.0 ml  a l iquo ts  were r ap i d l y  d i spensed  b y  syr inge  in to  
12 • 75 m m  cuve t t e s  c o n t a i n i n g  var ious  concen t r a t i ons  of 
pur i f ied  b o v i n e  t h r o m b i n  ~ in 0.5 ml  buf fe red  saline.  Af te r  
br ie f  mix ing ,  t h e  cuve t t e s  were se t  ve r t i ca l ly  in racks  
p laced  in w a t e r  b a t h s  a t  a p p r o p r i a t e  t e m p e r a t u r e s .  F i n a l  
i n c u b a t e d  m i x t u r e s  c o n t a i n e d  0 .10% I ibr inogen,  1 .0% 
Bio-Gel ,  a n d  var ious  concen t r a t i ons  of t h r o m b i n  in 2.5 ml.  
Absorbances  were d e t e r m i n e d  in a Coleman J u n i o r  I I  
spec t ropho tome te r .  To min imize  t u r b i d i t y  of f ib r in  itself, 
a w a v e l e n g t h  of 800 n m  was  used  ~. 

Results. Firs t ly ,  t o  e s t ab l i sh  a n  i n c u b a t i o n  t ime,  
a b s o r b a n c e  of samples  a t  r oom t e m p e r a t u r e  (22~ was  
m e a s u r e d  as a func t ion  of t ime.  F r o m  Figure  1 i t  is appa r -  
en t  t h a t  a b s o r b a n c e  d id  no t  v a r y  app r ec i ab l y  b e y o n d  each 
c lo t t ing  t ime,  or in  a n y  case b e y o n d  10 min.  

In  t he  2nd expe r imen t ,  t h e  f ina l  a b s o r b a n c e  w i t h  a 
r ange  of t h r o m b i n  c o n c e n t r a t i o n s  was s tud ied  a t  d i f fe ren t  
t e m p e r a t u r e s ,  w i t h  f ib r inogen  c o n c e n t r a t i o n  k e p t  c o n s t a n t .  
I n  t h e  3rd expe r imen t ,  f ib r inogen  c o n c e n t r a t i o n  was 
va r i ed  a t  Several t h r o m b i n  levels,  w i t h  t e m p e r a t u r e  
m a i n t a i n e d  cons t an t .  I n  t h e  l a t t e r  case, t h e  t h r o m b i n  
so lu t ion  a n d  ]3to-Gel suspens ion  were  p r e - m i x e d  a n d  
added  b y  syr inge  to v a r y i n g  f ib r inogen  concen t r a t i ons  in 
buf fe red  saline.  

The  effect  of v a r y i n g  t h r o m b i n  c o n c e n t r a t i o n  a t  severa l  
t e m p e r a t u r e s  is shown  in  F igu re  2. I t  is a p p a r e n t  t h a t  t h e  
effect  of t h r o m b i n  c o n c e n t r a t i o n  on  a b s o r b a n c e  va r i e s  
w i t h  t e m p e r a t u r e ,  M t h o u g h  i t  is n o t  d e a r l y  seen a t  w h i c h  
pa r t i cu l a r  t e m p e r a t u r e  m a x i m u m  s e n t i t i v i t y  is achieved.  
Fo r  th i s  reason,  t h r o m b i n  c o n c e n t r a t i o n s  p roduc ing  equa l  
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Fig. 2. Effect of throlnbin concentra- 
tion on clot absorbanee at several tem- 
peratures, with fixed concentrations 
of fibrinogen (0.10%) and Bio-Gcl P-2 
(1%) in 'buffered saline'. Insert: Va- 
riation of thrombin concentration at 
fixed clot absorbance levels with tem- 
perature. Legend: • 10~ O, 20~ 
6~, 30~ O, 37~ ~, 44~ 
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a b s o r b a n c e  were p l o t t e d  aga i n s t  t e m p e r a t u r e ,  a n d  t he  
cu rves  o b t a i n e d  for 3 d i f fe ren t  a b s o r b a n c e  levels a r e  
s h o w n  in t h e  inse r t  of F igure  2. The  resu l t s  o b t a i n e d  
ind ica t e  t h a t  t h e  r equ i red  t h r o m b i n  c o n c e n t r a t i o n  is 
m i n i m a l  and,  therefore ,  t h a t  s ens i t i v i t y  is m a x i m a l ,  
somewhere  ill t h e  v i c in i t y  of 25-26 ~ I t  is p r o b a b l e  t h a t  
increased  v i scos i ty  of t h e  ge l forming  m i x t u r e  a t  lower 
t e m p e r a t u r e s  is r e spons ib le  for  m a k i n g  t h e  pa r t i c l e  sedi- 
m e n t a t i o n  m e t h o d  more  sens i t ive  j u s t  above  room 
t e m p e r a t u r e  t h a n  i t  is a t  37~ Thus ,  u n d e r  s u i t a b l e  
cond i t ions  of t e m p e r a t u r e  a n d  f ib r inogen  ccncen t r a t i on ,  
t h r o m b i n  levels of less t h a n  1 U / m l  can  be  r ead i ly  de ter -  
m i n e d  b y  m e a n s  of t h i s  procedure .  E v e n  lower concen t r a -  
t ions  should  be  s imi l a r ly  m e a s u r a b l e  us ing  po l ym er  beads  
wh ich  se t t le  more  slowly, eg. Bio-Gel  P-2 (minus  400 mesh) .  

I n  t he  3rd expe r imen t ,  a r ange  of f ib r inogen  concen-  
t r a t i ons  was s tud ied  a t  d i f fe ren t  t h r o m b i n  levels,  w i t h  
t e m p e r a t u r e  be ing  m a i n t a i n e d  a t  22~ (room t e m p e r a -  
ture) .  F r o m  the  d a t a  shown  in  F igure  3 i t  is a p p a r e n t  t h a t  
f i b r inogen  c o n c e n t r a t i o n s  as low as 0 .003% can  st i l l  be  
d e t e r m i n e d  q u a n t i t a t i v e l y  b y  m e a n s  of th i s  me thod .  One 

reason  for th i s  m a r k e d  sens i t i v i t y  p r o b a b l y  is the  lack of 
ag i t a t i on  in t h e  i n c u b a t e d  samples .  The  poss ib i l i ty  of 
a d a p t i n g  th i s  p rocedure  to t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  
of e x t r e m e  h y p o f i b r i n o g e n e m i a  would  a p p e a r  to  be  
i nd i ca t ed  3. 

Zusammen/assung. Die p h o t o m e t r i s c h e  Absorp t ions -  
mes sung  ffir F ib r in -Ger inse l  m i t  zum Teil  s e d i m e n t i e r t e n  
P o l y a c r y l a m i d - P a r t i k e l n  e rm6g l i ch t  eine q u a n t i t a t i v e  
B e s t i m m u n g  sehr  n iedr iger  T h r o m b i n -  u n d  F ib r inogen-  
K o n z e n t r a t i o n e n .  
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T h e  Ant ib io t i c  Ede ine  IX: T h e  I s o l a t i o n  and the  

Prev ious ly  we r epo r t ed  t h a t  t he  a n t i b i o t i c  edeine,  
p roduced  b y  Bacillus brevis Vm4,  a p p e a r e d  to  be  a 
complex  of 4 b io logica l ly  ac t ive  pr inc ip les  n a m e d  edeines 
A, B, C a n d  D w h i c h  could be  s e p a r a t e d  on  p a p e r  or t h i n  
l aye r  c h r o m a t o g r a p h y  1. W e  h a v e  also r epo r t ed  t he  pre-  
p a r a t i v e  i so la t ion  of edeines  A a n d  B on ca t ion  exchange  
res insL c a r b o x y m e t h y l  cellulose a a n d  S e p h a d e x  4. B o t h  
c o m p o u n d s  can  also be  i so la ted  b y  coun te r  c u r r e n t  
d i s t r i b u t i o n  5. P r e p a r a t i o n s  of edeines  A and  B t h u s  
o b t a i n e d  are usua l ly  c o n t a m i n a t e d  b y  t h e i r  v e r y  closely 
r e l a t ed  i n a c t i v e  i somers  wh ich  could be r e m o v e d  in h i g h  
vo l t age  e lec t rophores i s  6. 

The  compos i t i on  5, 7 a n d  t h e  s t r u c t u r e  ~ of edeines A a n d  
B h a v e  been  es tab l i shed .  B o t h  c o m p o u n d s  are oligo- 
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Fig. 1. Paper  ch roma tog raphy  of edeine on W h a t m a n  No 1. A) De- 
scending chromatography for 17 h in the solvent system: n-propalloh 
methanol:ammonia:water = 8:2 : 3 : 0,54. B) Ascending chromato- 
graphy for 26 h on filter paper buffered with phsophate-cifrate buffer 
(pH = 5) in the solvent system: phenol:buffer (phosphate-citrate 
pH = 5) = 1:1. Visualization with ninhydrin. 

C o m p o s i t i o n  of Ede ine  D 

pep t ides  and  con juga te s  of po lyamines .  A m i n o  acid 
compos i t i on  of b o t h  an t ibo t i c s  is ident ical .  T h e y  con t a in  
one res idue  of each :  glycine,  2 -hyd roxy-3 -amino-p rop ion ic  
acid (isoserine), /~-tyrosine,  2, 3 -d iaminoprop ion ic  acid and  
2, 6 -d iamino-7 -hydroxy-aze la i c  acid. Ede ines  A a n d  B dif- 
fer in  t he  n a t u r e  of p o l y a m i n e  m o i e t y  wh ich  is spe rmid ine  
or gnany l spe rmid ine ,  respect ively .  I n  t he  p re sen t  com- 
m u n i c a t i o n  t he  p r e p a r a t i v e  i so la t ion  and  t he  d e t e r m i n a -  
t ion  of compos i t i on  of edeine  D is repor ted .  

The  c rude  edeine complex  was o b t a i n e d  accord ing  to  
t he  p rev ious ly  descr ibed p rocedure  2 and  f u r t h e r  pur i f ied  
b y  coun t e r  c u r r e n t  d i s t r i b u t i o n  7 in so lven t  s y s t e m  pre-  
p a r e d  w i t h  one p a r t  of 80% aqueous  p h e n o l  and  one p a r t  
of a m m o n i u m  ace t a t e  buf fe r  (0 ,15M a m m o n i u m  ace t a t e  
and  0 , 3 M  acet ic  acid), a p p l i y n g  500 t r ans fe r s  of u p p e r  
phase .  

The  pur i f ied  edeine  complex  o b t a i n e d  c o n t a i n e d  
v a r y i n g  a m o u n t s  of ede ine  D d e p e n d i n g  on  t he  f e r m e n t a -  
t ion  cond i t ions  a n d  compos i t i on  of f e r m e n t a t i o n  med ium.  
I n  some p r e p a r a t i o n s  s u b s t a n t i a l  a m o u n t s  of edeine  D 
were presen t ,  a l t h o u g h  usua l ly  th i s  c o m p o n e n t  is pro- 
duced as m i n o r  c o n s t i t u e n t  of t he  complex.  

The  p r e p a r a t i v e  i so la t ion  of edeine  D f rom the  complex  
could be  ef fec t ively  done  b y  m e a n s  of c o l u m n  c h r o m a t o -  
g r a p h y  in so lven t  s y s t e m  : i sopropano l  : a m m o n i a  : 
w a t e r  = 6 0 : 3 5 : 5  a n d  sil icagel (par t ic les  be low 0.08 mm)  
as a b s o r b e n t  or n -p ropano l :  m e t h a n o l :  wa te r :  
a m m o n i a  = 8: 2: 3 :0 ,54  a n d  cellulose. Us ing  t he  fo rmer  
sys tem,  wh ich  is preferable ,  70 m g  of pu re  edeine  D were 
ob ta ined .  P a p e r  c h r o m a t o g r a p h y  of edeine  D as c o m p a r e d  
w i t h  edeines  A a n d  B is p r e sen t ed  on F igure  1. 
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