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tures.  U n d e r  these  condi t ions  the  react ion had  gone to 
comple t ion  in 3-5 rain a t  room tempera tu re ,  wi th  abou t  
75-85% of the  final  concen t ra t ion  of p r o d u c t  p resen t  a t  
1 rain. Var ia t ion  of the  p H  of t he  c i t r a t e -phospha t e  buffer  
showed similar yields of BuOH-ex t r ac t ab l e  an t ibac te r ia l  
ac t iv i ty  a t  p H  2.2 and 3.0, abou t  50% of th is  a m o u n t  of 
ac t iv i ty  at  p H  4.0, a t race  of ac t iv i ty  a t  p H  5.0 and  no 
discernible  ac t iv i ty  a t  p H  6.0, 7.0 and 7.9. 

Again using the  zone of inhib i t ion  as an assay, the  yield 
of p roduc t  f rom aspar t ic  acid t rea ted  wi th  var ious  molar  
ra t ios  of NBS was es t imated .  The q u a n t i t y  of NBS was 
var ied  f rom about  1 mole per  mole of aspar t ic  acid to abou t  
25 moles per  mole. The a m o u n t  of p roduc t  was abou t  34% 
at 1:1, abou t  62% at  2.5:1, and abou t  940/o a t  10:1, 
re la t ive  to 100% a t  25 : 1. 

Since no bioact ive  p roduc t  was ob ta ined  when g lu tamic  
acid was subs t i tu t ed  for aspar t ic  acid as the  subs t r a t e  for 
N B S  decarboxyla t ion ,  th is  reac t ion  migh t  p rove  to be of 
value for the  specific assay of aspar t ic  acid w i thou t  pr ior  
pur i f icat ion of an amino acid n l ix ture  or pro te in  hydro-  
lyzate.  

The  format ion  of bromal ,  IV, t rom aspar t ic  acid, I, m a y  
follow the  route  shown below: 

NBS 
HO2CCH~CHNH2CO2H �9 HO,2CCH2CHO 

I ~ II 

CHaCHO l 
~Y III  NBS N B S  

N B S  
CBraCHO a -- HO2CCBreCHO 

IV V 

The f irs t  step, ox ida t ive  decarboxyla t ion ,  is a charac-  
ter is t ic  react ion of amino  acids w i th  N B S  ~. The resul t ing  
formylacet ic  acid, II ,  would be expec ted  to  b r o m i n a t e  
rap id ly  a t  the  me thy lene  group to  give V, followed by  
b romina t i ve  deca rboxy la t ion  to give bromaI,  IV. The 
a l t e rna t ive  p a t h w a y  of deca rboxy la t ion  of I I  to aceta lde-  
hyde,  I I I ,  followed by  b romina t i on  of I I I  to IV, is ruled 
out  by  the  failure of ace ta ldehyde  to  form b roma l  on 
t r e a t m e n t  wi th  N B S  under  our condi t ions .  

After  t he  i den t i t y  of our  b ioac t ive  subs tance  was  ascer- 
ta ined,  b romal  was eva lua ted  agains t  a va r i e ty  of micro-  
organisms by  a s t an d a rd  twofold  tube  di lu t ion assay. The 
resul ts  are p resen ted  in the  Table.  Such d a t a  for th is  com- 
pound  are no t  t abu la t ed  elsewhere,  even  t h o u g h  the  
germicidal  proper t ies  of b romal  have  been  recognized for 
over  50 years  6. 

Zusammenfassung. Bromal  wurde  als ein E n d p r o d u k t  
der Reak t ion  zwischen Aspargins~iure und  N-Bromsuc-  
c inimid ident i f iz ier t  und die ant ibakter ie l le  Akt iv i t / i t  
dieser  Ve rb indung  gegeniiber  einigen Mikroorganismen 
gepriift .  
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The Tryptophans in Flavodoxin and Synthetic Flavinyl Peptides Characterized by Chemical and 
Photochemical  Oxidations 

]Flavodoxin is a low molecular  weight  electron t ransfer  
f lavopro te in  first  observed in i ron-def ic ient  Clostridium 
pasteurianum 1, The isolated f lavoprote in  was observed 
to exh ib i t  a shoulder  in the  flavin spec t rum at 472 nm and 
was found  to funct ion  as an e lectron carrier  in the  oxida-  
t ion of py ruva t e  by  the  clastic sys tem f rom the  same 
microorganism wi th  the  subsequen t  fo rma t ion  of acetyl  
p h o s p h a t e  2. Analysis  of clostr idial  f lavodoxin  revealed 4 
t r y p t o p h a n  residues and  1 f lavin mononuc leo t ide  (FMN) 
as t igh t ly  bound  coenzyme wi th  an a p p a r e n t  oxidat ion-  
reduc t ion  po ten t ia l  more  nega t ive  t h a n  free f lavin 3. A 
similar  F M N - d e p e n d e n t  f lavodoxin  conta in ing  4 t ryp to -  
phans  recent ly  has been  isolated f rom Peptostreptococcus 
elsdeniiL and the  ox ida t ion- reduc t ion  proper t ies  of th is  
sys tem were e x a m i n e d 5  

The cons tan t  presence of t r y p t o p h a n  in I lavodoxins  
suggests  a possible role a t  the  FMN-b ind ing  site, since of 
all t he  c o m m o n  amino  acids, t r y p t o p h a n  complexes  inter-  
molecular ly bes t  wi th  oxidized (quinoid) f lavin in aqueous 
solution.  Very t i gh t  in t ramolecular  associat ions occur 
wi th  syn the t i c  f lavinyl  t r y p t o p h a n  pep t ides  ~, where in  
f lavin f luorescence is marked ly  decreasedL Moreover,  the  
genera t ion  of a red shoulder  in the  absorp t ion  spec t rum 
of oxidized flavin resu l t an t  f rom associat ion wi th  t r y p t o -  
p h a n  a,7 is compat ib le  wi th  t h a t  seen in oxidized flavo- 
doxins  as is the  lowering of observed ox ida t ion- reduc t ion  
po ten t i a l  which can resul t  f rom selective decrease in the  
effect ive concen t ra t ion  of oxidized versus reduced 
flaviI1 s. 

All of the  above  cons idera t ions  led us to  the  p resen t  in- 
ves t iga t ion  of the  na ture  of the  t r y p t o p h a n  res idues  in 
f lavodoxin  by  compar ing  their  chemical  and pho to -  
chemical  oxidizabi l i ty  wi th  t r y p t o p h a n  in syn the t i c  
f lavinyl  t r y p t o p h a n  pep t ides  and wi th  t r y p t o p h a n  in the  
presence and absence  of flavin. 

;VIalerials and method. Flavodox in  was puri f ied fronl 
i ron-def ic ient  C. pasteurianum and the  phosphoroc las t i c  
assay used 2. F lavinyl  t r y p t o p h a n s  wi th  chains  of 1 and  
5 me thy lene  groups separa t ing  amide- l inked  t r y p t o p h a n  
m e t h y l  ester f rom the  N-10 pos i t ion  of the  f lavin nucleus 
were syn the t i zed  as descr ibed previous ly  6. Chemical  oxi- 
da t ions  wi th  N-bromosucc in imide  (NBS) were carried out  
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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  

100 NBS Oxidali0n Ph010oxidati0n 

~50 ~ Ureal 

25 

[NBS]/[Tro] Illumination 

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 
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