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in 0 . 1 M  sod ium ace t a t e  buffer ,  p H  4, a t  25~ for 30 ra in  
essent ia l ly  accord ing  to  SPANDE and  WITKOP 9. Loss of 
F M N  f rom N B S - t r e a t e d  f l avodox in  was n o t e d  b y  spec t ra l  
m e a s u r e m e n t  of t he  p r o t e i n  a f t e r  dialysis.  P h o t o c h e m i c a l  
ox ida t ions  w i t h  450 n m  l igh t  f rom a x e n o n  l a m p  mono-  
c h r o m a t i z e d  b y  a n  A m i n c o - B o w m a n  spec t ropho to f luoro -  
m e t e r  were car r ied  ou t  in  aerobic  so lu t ions  of 0.1 M sod ium 
p h o s p h a t e  buffer ,  p H  7.5, a t  25 ~ These  cond i t ions  h a v e  
been  found  sa t i s f ac to ry  for  p h o t o o x i d a t i o n  of t r y p t o -  
p h a n  in t he  p resence  of F M N  10. T r y p t o p h a n  was assessed 
b y  t h e  co lor imet r ic  m e t h o d  of SPIES a n d  CHAMBERS 11, 
which  is insens i t ive  to  t he  o x i d a t i o n  p r o d u c t s  of th i s  
a m i n o  acid.  

Results and discussion. Resu l t s  o b t a i n e d  u p o n  t r ea t -  
m e n t s  of t r y p t o p h a n  alone, f lavodoxin ,  f l av iny l  t r y p t o -  
p h a n  w i t h  5 m e t h y l e n e  g roups  b e t w e e n  chro lnophores ,  
a n d  t r y p t o p h a n  in t h e  presence  of F M N  in t h e  r a t io  
k n o w n  for f l avodox in  is s h o w n  in t he  Figure .  U n d e r  t he  
cond i t ions  used for  t he  ox ida t i on  w i t h  NBS,  t r y p t o p h a n  
alone,  w i t h  FMN,  a n d  in t he  f l av iny l  pep t i de  is ex tens ive ly  
a n d  a l m o s t  equa l ly  oxidized.  T he  same  b e h a v i o r  was  also 
found  for t h e  f l av iny l  t r y p t o p h a n  w i t h  on ly  1 m e t h y l e n e  
g roup  b e t w e e n  chromophores .  Hence,  such  t i g h t  com- 
p lex ing  as occurs  be t w een  f l av in  and  t r y p t o p h a n  po r t i ons  
of t h e  s y n t h e t i c  pep t ides  does no t  p r e v e n t  t he  r e a d y  a n d  
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Oxidat ion by  N-bromosuccinimide (left) and aerobic i l luminat ion 
at 450 nm (right) of tryptophan alone (dashed lilies), within flavo- 
doxin (�9 in a flavinyl-(5-nlethylenes)-tryptophan peptide (A), and 
together with FMN in solution ([]). All solutions were initially 
equimolar with respect to tryptophan. 

comple t e  chemica l  ox ida t i on  of t he  a m i n o  acid. On the  
o the r  hand ,  on ly  a b o u t  ha l f  of t he  t r y p t o p h a n  res idues  of 
f l avodox in  are ox id ized  b y  s imi la r  t r e a t m e n t ,  w h e r e u p o n  
F M N  is re leased and  a c t i v i t y  lost. Most  of t he  r e m a i n i n g  
t r y p t o p h a n  in t h i s  f l avop ro t e in  becomes  suscept ib le  to  
o x i d a t i o n  b y  N B S  in 83/I urea,  as ind ica ted .  A p p a r e n t l y  
2 of t h e  4 t r y p t o p h a n s  are m u c h  less exposed.  As shown 
b y  t he  d a t a  for p h o t o o x i d a t i o n  in t he  figure, t he  f l av in  
coenzyme  in f l a v o d o x i n  c a n n o t  ac t  as pho tosens i t i z e r  for 
o x i d a t i o n  of t r y p t o p h a n  res idues  in f lavodoxin ,  as is also 
t r ue  for t he  f l av iny l  t r y p t o p h a n  w i t h  1 m e t h y l e n e  group  
b e t w e e n  chromophores ,  u n d e r  cond i t ions  where  r e a d y  
p h o t o o x i d a t i o n  of t r y p t o p h a n  in t he  presence,  b u t  no t  
absence  of F M N  occurs. E v e n  t he  f l av iny l  t r y p t o p h a n  
w i t h  5 m e t h y l e n e  groups  be tween  c h r o m o p h o r e s  loses b u t  
l i t t l e  of t he  t r y p t o p h a n  por t ion .  Hence,  t i g h t  complex ing  
b e t w e e n  f l av in  a n d  t r y p t o p h a n  does p r e v e n t  r e a d y  and  
comple t e  p h o t o c h e m i c a l  ox ida t i on  of t h e  amino  acid. 

Overal l ,  t h e  p r e sen t  resu l t s  i nd i ca t e  t h a t  2 of t he  4 
t i y p t o p h a n  res idues  of f l avodox in  are  re la t ive ly  bur ied  
and  t h a t  a t  l eas t  one of these  could be  t i g h t l y  complexed  
w i t h  FMN.  I t  shou ld  also be  recal led t h a t  a cys te ine  
su l fhyd ry l  has  b e e n  impl i ca t ed  in t he  b i n d i n g  of t he  co- 
e n z y m e  8. N B S  t r e a t m e n t  m i g h t  also oxidize  th i s  func t ion  
a n d  lead to  a loss of ac t iv i ty ,  a n d  p h o t o c h e m i c a l  t r ea t -  
m e n t  would  n o t  necessar i ly  invo lve  t r y p t o p h a n  1~. 

Zusammen/assung. Zwei der  v ier  T r y p t o p h a n - R e s t e  in  
F l a v o d o x i n  s ind  re la t iv  gu t  abgesch i rmt ,  wie das  Aus- 
mass  der  O x i d a t i o n  d u r c h  N - B r o m s u c c i n i m i d  zeigt. 
Ausse rdem k a n n  wahrsche in l i ch  m i n d e s t e n s  e iner  dieser 
T r y p t o p h a n - R e s t e  m i t  F M N  einen s t ab i l en  K o m p l e x  
b i lden,  wie die U n e m p f i n d l i c h k e i t  gegeni iber  Pho toox ida -  
t ion  nahe leg t .  
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Turnover of Hepatic Collagen in Reversible and Irreversible Fibrosis 
Diffuse  hepa t i c  f ibrosis  in  t h e  r a t  p r o d u c e d  b y  e th ion ine  

i n t o x i c a t i o n  is cha rac t e r i zed  b y  a para l le l  increase  in t he  
a m o u n t  of col lagen and  in t he  n u m b e r  of cells. Therefore ,  
t h e r e  is a c o n s t a n t  h y d r o x y p r o l i n e  ( O H P r ) / D N A  ra t io  1. 
The  f ibrosis  is revers ib le  u p o n  r e p l a c e m e n t  of e th ion ine  b y  
m e t h i o n i n e  w h e n  5 t imes  t he  n o r m a l  col lagen c o n t e n t  of 
t h e  l iver  is ca tabo l i zed  w i t h i n  14 days.  D u r i n g  t he  per iod  
of r ap id  f iber  resorp t ion ,  t h e  half-l ife of hepa t i c  col lagen 
is on ly  10 days  2. 

I n  ear ly  c a r b o n t e t r a c h l o r i d e  (CCI~) i nduced  hepa t i c  
fibrosis,  t h e  O H P r / D N A  ra t io  s imi la r ly  r e m a i n s  cons t an t .  

L a t e r  t he  r a t io  increases  3. These  obse rva t i ons  pose t he  
fol lowing ques t ions :  (a) Does hepa t i c  f ibrosis  r e m a i n  re- 
ve rs ib le  w h e n  t h e  O H P r / D N A  ra t io  is increased  ? (b) Is 

1 F. HUTTERER, R. RUBIN, E. V. SINGER and H. POPPER, Cancer 
Res. 21, 206 (1961). 

2 F. HUTTERER, E. ROBIN and H. POPPER, Expl. Molec. Path. 3, 215 
(1964). 
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(1963). 
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e x c e s s  collagen synthes is  or decreased collagen ca tabol i sm 
the  main  fac tor  in the  d i sp ropor t iona te  increase of col- 
lagen in t he  la ter  s tages ? 

Mater ials  and methods. Sprague-Dawley  female  ra t s  
w i th  an init ial  body  weight  of 150 g, were fed Rock land  
Fa rms '  r a t  d ie t  and  were given 0.1 ml CC14 in minera l  oil 
s.c. twice weekly.  They  were kep t  in a cons t an t  environ-  
m e n t  and the i r  food in take  was regulated.  Groups  of 10 
ra t s  were killed a t  intervals.  CC14 t r e a t m e n t  of 2 o the r  
groups  of 20 ra ts  each was d i scont inued  af ter  60 and  140 
days,  respect ively.  10 rats  f rom each group were sacrificed 
40 and 90 days  af ter  d i scont inua t ion  of CC14 t r e a t m e n t .  
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Fig. 1. Thin dotted line represents the least squares plot of hepatic 
collagen increase during CCI 4 treatment (y - 4 . 2 7 +  0.12x). Heavy 
dotted line and solid line represent the hepatic collagen content after 
discontinuation of CC14 treatment after 60 days (D1) and 140 days 
(D2) , respectively. 
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Fig. 2. Semilogarithmie plot of radioactivity of insoluble collagen 
of the liver after glycine-C ~4 injection. Solid line, glycine-C ~4, was 
given after 60 days of CC14 treatment. Dotted iine, glycine-C ~4, was 
given after 140 days of CC14 treatment. Time: 0 represents the 
maximum labeling of insoluble collagen obtained 72 h after glycine- 
C 14 administration. 

Insoluble Reversible phase Irreversible phase 
collagen 

Rate constant k 1 0.0189 0.0023 
k 2 0.2334 0.0991 

Initial activity A t 21,740 3,984 
(cpm) A 2 8,208 1,727 
Hail life (days) t11/2 36.7 301.3 

tzl/2 2.9 6.9 

A n o t h e r  2 groups  of ra t s  were given glycine-C 14 (u.1.), 
10 txc/100 g body  weight  i.p. on the  60th and  140th d a y  
of CC14 t r e a t m e n t ,  respect ively ,  and  were killed in groups  
of 10 at  var ious  in terva ls  up to 100 days  af ter  t he  i so tope  
injection.  Hepa t i c  O H P r  was de t e rmined  as descr ibed 
previously  1. The alkali-soluble collagen and  insoluble col- 
lagen of l iver were ex t rac ted ,  purified,  and  the  radio-  
ac t iv i ty  measured  as descr ibed previously  2. The mor-  
phological  charac te r i s t ics  and  the  changes  of O H P r / D N A  
rat io were descr ibed in detai l  elsewherea. 

Results  and discussion. The progress ive  increase of t he  
collagen co n t en t  dur ing  CC14 t r e a t m e n t  is shown in 
Figure 1. D i scon t inua t ion  of t he  CC14 t r e a t m e n t  a f te r  60 
days  resul ted  in a s ignif icant  decrease in t he  hepa t i c  
collagen co n t en t  ( p < 0 . 0 1 ) .  Discon t inua t ion  of CC14 
t r e a t m e n t  af ter  140 days,  on the  o the r  hand,  did no t  re- 
sult  in a s ignif icant  decrease of the  collagen conten t .  
Therefore,  under  t he  condi t ions  of the  exper iment ,  
hepa t ic  f ibrosis was revers ible  af ter  60 days  of CC14 t r ea t -  
m e n t  and i rreversible  af ter  140 days.  

The up take  of glycine-C 14 into the  insoluble collagen 
was ahnos t  10 t imes  h igher  in the  reversible phase  t h a n  in 
the  i r reversible  phase  (Figure 2). 

The semi logar i thmic  p lo t  indica tes  t h a t  t he  sys t em is 
m u l t i c o m p a r t m e n t e d  in b o t h  phases,  i n s t e ad  of the  usual  
free h a n d  f i t t ing  ~ of nml t ip le  exponent ia l s  to  the  da ta ,  
we appl ied the  i te ra t ive  m e t h o d  of SHEPPARD 5 and  solved 
a set  of equa t ions  y = Zn. Ane-knt, where  y is the  radio-  
ac t iv i ty  a t  any  t ime,  t; A is the  init ial  ac t iv i ty  of t he  
c o m p o n e n t  and k is t he  ra te  cons tant ,  wi th  a compute r .  
The p ro g ram was w r i t t en  in MAD language.  In  the  re- 
versible  phase  there  were 2 c o m p o n e n t s  of insoluble 
collagen wi th  half  life of 3 days  and 37 days,  respect ively .  
In  the  i r reversible  phase  there  were also 2 c o m p o n e n t s  
wi th  half  lives of 7 and 301 days.  The A n values  indica te  
t h a t  the  longer l ived c o m p o n e n t s  accounted  for 70% of 
the  rad ioac t ive  uptake .  

The half  life of the  ma jo r  c o m p o n e n t  of the  insoluble 
collagen is a p p r o x i m a t e l y  10 t imes  longer in the  i rrever-  
sible phase  t h a n  in the  reversible  phase.  Thus  a decreased 
ra te  of collagen ca tabol ism,  r a the r  t h a n  increased ra te  of 
synthes is  d is t inguishes  the  irreversible phase  f rom the  
reversible  phase.  The cause of th is  decreased ra te  of 
collagen ca tabol i sm is no t  known.  Decrease of hepa t i c  
lysosomal  hya lu ron idase  6, or the  increase of hya luroni -  
dase res i s tan t  Chondro i t in  Su lpha te -B 7 in the  i r reversible  
phase  m a y  con t r ibu te  to  the  decreased ra te  of degrada-  
t ion  8. 

Zusammen/assung .  W e r d e n  R a t t e n  bis zu 60 Tage lang 
mi t  Carbon te t rach lo r id  behandel t ,  d a n n  ist  die Ver-  
meh ru n g  des hepa t i s chen  Kol lagens  revers ibel ;  bei e iner  
Behand lung  yon m e h r  als 140 Tagen b le ib t  sic j edoch  
bes tehen.  
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