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C'est une originalit4 de ce groupe, que de permettre 
des biologistes de tousles  horizons de se rencontrer, 

et de discuter ensemble de leurs travaux non pas seule- 
ment pour confronter les r6sultats eux-m4mes inais 
peut-Stre surtout pour comparer les protocoles d'exp6- 
riences et les m6thodes d'interpr6tation des r6sultats. 
Ce groupe se pr6occupe aussi de Ia documentation (col- 
loques, bibliographie, adresses). I1 s 'ajoute ~ diverses 
organisations aux m6thodes d'action diff6rentes (So- 
ciety for Biological Rhythm, International Society of 
Biometeorology, International Institute for Inter- 
disciplinary Cycle Research, International Society for 
the Study of Time etc.). 

Summary. Living beings show many examples of 
rhythmic behaviour. For the majority of biologists 
these are disturbing phenomena, which oblige them 
to think that  2 measurements taken at different times 
are not comparable. But these rhythms may be 
studied in themselves. 

For several decades, biologists have demonstrated 
that  in the functioning of an organism not only the 
questions what ? and where ? have to be answered but 
also the question when ? A striking example is the 
discovery of photoperiodism. 

The study of the relations between living beings and 
time is at present approached in several very different 
ways. BONNING, working mainly on plants, has under- 

lined the internal determination of many rhythms, has 
discovered the participation of endogenous rhythms 
in photoperiodism and has described the general rules 
of the course of the endogenous rhythms, so as to 
allow an experimental approach in tile research of tile 
responsible mechanisms. I t  is this direction of research 
which is discussed here, while comparing it to the 
methods of s tudy of other chronobiological schools, 
in particular to those which especially use animals or 
even man as material, those which concern more 
directly research on biochemical mechanisms and those 
which put forward the practical applications. 

The laws of circadian rhythms are summarized: fre- 
quent self-maintenance in free-running, a persistent 
period of about 24 h not very sensible to temperature, 
possibility of being regulated by external stimula- 
tions etc. 

The author shows that rapid rhythms (at least con- 
cerning plants) obey analogous laws but with slight 
variations: spontaneous or provoked induction by only 
one stimulus, self-maintenance in free-running but less 
regulation by periodical stimulations of a slightly dif- 
ferent length and stronger dependence of the persistent 
period on temperature. 

The low frequency (annual, etc.) rhythms behave 
comparably. 

So the laws of rhythms established by Bt~NNI~G, 
mainly for circadian rhythms, seem to concern the 
biological rhythms as a whole. 
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The  Tota l  Structure  of V i o m y c i n ,  a Tubercu los ta t i c  Pept ide  Antibiot ic  

Viomycin was independently isolated in 1951 by two 
laboratories I,~ from the actinomycetes designated as 
Streptomyces puniceus and Streptomyces ]loridae. It  has 
since been isolated from a number of other Streptomyces 
species and is identical with vinactin A 3 from S. vinaceus. 
The possibility that viomycin belongs to a closely related 
family of antibiotics is exemplified by the similarity of 
its physical, chemical and pharmacological properties to 
those of the capreomycins 4, from S. capreolus and tuber- 
actinomyciI/5 from S. griseoverticillatus. 

The antimicrobial activity of viomycin is restricted 
to Mycobacterium tuberculosis and it has found limited 
clinical use for tubercular patients who have failed to 
respond to more classical chemotherapy, 

Initial chemical investigations established that the 
antibiotic affords crystalline sulphate, reineckate, picrate, 
and hydrochloride derivatives 6. Our own analytical data 
on these derivatives, together with molecular weight 
determinations by a variety of methods, leads to a 

molecular formula C,sH43NI3010 (M.'vV. 689). This differs 
appreciably from earlier assignments 6-s but is completely 
in accord with our proposed structure (VII) (see below). 
It  is also supported by a recent X-ray crystallographic 
molecular weight determination which gives a value of 
1025 for viomycin sulphate picrate, corresponding to a 
molecular weight of 686 for the free base °. Spectro- 
scopically, viomycin is characterized by a strong UV- 
absorption at 268 nm. (e, 24,000) in neutral and acidic 
media which shifts to 285 nm. (e, 15,000) in 0.1 N sodium 
hydroxide s. The NMR-spectrum (D~O) of the antibiotic 
exhibits a low field signal (singlet) at 27 corresponding 
to one proton 8. 

The antibiotic is a strong base which gives positive 
Sakaguchi, Fehling, ninhydrin and biuret tests 2. Total 
acid hydrolysis affords the amino-acids, L-serine, L-m-fl- 
diaminopropionic acid, L-fl-lysine and viomycidine (ratio 
2:1:1:1 respectively) as well as one equivalent of urea 
and varying amounts of carbon dioxide and ammonia. 
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E a r l y  in  our  work  we o b s e r v e d  t h a t  acid h y d r o l y s i s  
c o n s i s t e n t l y  y ie lded  t r ace  a m o u n t s  of g lyc ine  a n d  a 
f u r t h e r  bas ic  amino-ac id ,  v iocidic  acid. 

T h e  a m i n o - a c i d  v iomyc id ine ,  a f t e r  some in i t i a l  con-  
t rove r sy ,  was  ass igned  s t r u c t u r e  (I) lo a n d  t h i s  ha s  r ecen t l y  
b e e n  conf i rmed  b y  severa l  X - r a y  c r y s t a l l o g r a p h i c  ana -  
lyses n-13. However ,  a l t h o u g h  our  own  i n v e s t i g a t i o n  sup-  
p o r t e d  t h e  s t r u c t u r e  (I) for v iomyc id ine ,  f u r t h e r  ex t ens ive  
d e g r a d a t i v e  evidence ,  in  p a r t i c u l a r  base  hydro lys i s  w h i c h  
y ie lded  glycine a n d  2 - am i nopy r i m i d i ne ,  a n d  a n  X - r a y  
c ry s t a l l og raph i c  s t r u c t u r e  d e t e r m i n a t i o n  on  viocidic  
ac id  (II):4, c lear ly  d e m o n s t r a t e d  t h a t  v i o m y c i d i n e  was 
n o t  p r e s e n t  as such  in  t h e  i n t a c t  an t ib io t i c .  
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mophore ,  especia l ly  as t h i s  f r a g m e n t  c a n n o t  be  i so la ted  
i n t a c t  on  t o t a l  hydro lys i s .  The  l ab i l i t y  of b o t h  t h e  
c h r o m o p h o r i c  a n d  t he  g u a n i d i n e - c a r b i n o l  un i t s  ha s  
p r e s e n t e d  cons ide rab le  dif f icul t ies  in  i n t e r p r e t i n g  degra -  
d a t i v e  resul t s .  Ea r l i e r  f o r n m l a t i o n s  of t h e  c h r o m o p h o r e  
c o m b i n e d  b o t h  these  u n i t s  7,8, whereas  2 r e c e n t  pub l i ca -  
t ions  h a v e  m i s i n t e r p r e t e d  re su l t s  r e l a t i ng  to  t h e  g u a n i d i n e  
u n i t  a n d  h a v e  t a k e n  no  a c c o u n t  of t h e  c h r o m o p h o r e  :8, ~9. 
W e  obse rved  t h a t  w h e n  v i o m y c i n  is h y d r o l y z e d  w i t h  
0.1 N hydroch lo r i c  acid, one  e q u i v a l e n t  of u r ea  is l ibe ra -  
t e d  w i t h  c o n c o m i t a n t  d i s a p p e a r a n c e  of t i le  U V - a b s o r p t i o n  
a n d  t he  low f ield p r o t o n  20. The  r e s u l t a n t  d e s u r e a v i o m y c i n  
gives a deep red  ferr ic  t e s t  as well  as r ead i ly  r e d u c i n g  
T o l l m a n ' s  r eagen t ,  s i lver  n i t r a t e ,  a n d  copper  ace ta t e .  
A l t h o u g h  l ack ing  U V - a b s o r p t i o n  in  acidic  med ia ,  i t  
shows a s t rong  m a x i m u m  a t  272 n m  in bas ic  so lu t ion .  

A key  o b s e r v a t i o n  in our  i n v e s t i g a t i o n  has  b e e n  t h a t  
d e s u r e a v i o m y c i n  can  be  s m o o t h l y  r e c o n v e r t e d  to  vio-  
m y c i n  in t h e  p resence  of excess u rea  a n d  d i lu te  acid21. 
Th i s  o b s e r v a t i o n  n o t  on ly  e s t ab l i shed  t h a t  no  deep-  
sea ted  r e a r r a n g e m e n t  h a d  occur red  in  t he  course  of t h e  
hydro lys i s ,  b u t  also p r o v i d e d  a n  e x t r e m e l y  faci le  r o u t e  
to  a series of modi f i ed  v i o m y c i n  d e r i v a t i v e s  c o n t a i n i n g  
s u b s t i t u t e d  ureas.  Th i s  evidence ,  c o m b i n e d  w i t h  degra -  
d a t i v e  a n d  spec t r a l  da t a ,  led us  to  sugges t  t h a t  t h e  
u l t r a v i o l e t  c h r o m o p h o r e  of v i o m y c i n  is due  to  t he  p resence  
of t h e  d e h y d r o s e r i n e  u re ide  (IV) w h i c h  was also t h e  
source of t h e  sma l l  a m o u n t s  of g lyc ine  fo rmed  on ac id  
hyd ro lys i s  of v iomyc in .  T h e  close s imi l a r i t y  in  chemica l ,  
phys ica l ,  a n d  spec t ra l  p rope r t i e s  of t h e  p e n a l d a t e  (V) 
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Thi s  led us to  sugges t  x4,:5 t h a t  t h e  s t r u c t u r a l  u n i t  ( I I I )  
is p r e sen t  in  v i o m y c i n  a n d  severa l  t r a n s f o r m a t i o n s  of 
v i o m y c i n  were i n t e r p r e t e d  on  t h i s  basis ,  al l  of w h i c h  
para l le l led  closely those  of t h e  ana logous  f r a g m e n t  w h i c h  
exis t s  in  t h e  molecule  of t h e  f i sh  po i son  t e t r o d o t o x i n  ~6. 
O t h e r  worker s  h a v e  r e c e n t l y  p r e s e n t e d  s u p p o r t i n g  evi-  
dence  for  t h e  ex i s tence  of t h e  g u a n i d i n e - c a r b i n o l  u n i t  
in  v i o m y c i n  x3,1~. 

A f u r t h e r  comp l i ca t i ng  f ea tu re  of t h e  s t r u c t u r e  of 
v i o m y c i n  is t h e  u n i t  r e spons ib le  for  t h e  u l t r a v i o l e t  chro-  
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a n d  i ts  ure ide  (VI) w i t h  those  of d e s u r e a v i o m y c i n  a n d  
v i o m y c i n  r e spec t ive ly  h a s  p r o v i d e d  s t r o n g  s u p p o r t  for 
t h i s  p roposa l  ~2. 

T h e  sequence  of t he  a m i n o - a c i d s  in v i o m y c i n  ha s  been  
d e t e r m i n e d  f rom t h e  ev idence  ot end  g roup  ana lyses  of 
v i o m y c i n  i tsel f  a n d  of t h e  s t r u c t u r e  of t h e  d ipep t ides  
o b t a i n e d  f r o m  p a r t i a l  base  hydro lys i s .  T h e  molecu la r  
s t r u c t u r e  is s h o w n  in  f o r m u l a  (VII)  a n d  t h e  a s s i g n m e n t  
is in  accord  w i t h  t h e  p h y s i c a l  a n d  spec t ra l  p rope r t i e s  of 
t h e  an t ib io t i c .  

I n v e s t i g a t i o n s  on  t h e  c a p r e o m y c i n  c o m p l e x  a re  s t i l l  
in  p rogress  a n d  wi l l  be  r e p o r t e d  a t  a l a t e r  da te ,  a l t h o u g h  
al l  t h e  c o m p o n e n t s  h a v e  been  s h o w n  to  c o n t a i n  t h e  ehro-  
m o p h o r i c  s y s t e m  (IV). T h e  u n i t s  (III) a n d  (IV) are  
d e r i v e d  I r o m  d e h y d r o a r g i n i n e  a n d  d e h y d r o s e r i n e  respec-  
t i v e l y  a n d  t h e  r e l a t ed  b i o s y n t h e s i s  of t h e  d e h y d r o a m i n o -  
ac id  u n i t s  a n d  D-amino  ac id  u n i t s  f r e q u e n t l y  found  in 
m i c r o b i a l  p e p t i d e s  h a s  been  d iscussed  e lsewhere  z*. 

Zusammen[assung. Die S t r u k t u r  y o n  V i o m y c i n  wi rd  
d u r c h  seine Zer fa l l se igenschaf t en  b e s t i m m t  u n d  das  
V o r h a n d e n s e i n  yon  G u a n i d i n - C a r b i n o l  sowie yon  De-  
h y d r o s e r i n  ode r  F o r m y l g l y c i n  bestAtigt .  
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T h e  I n f l u e n c e  o f  t h e  S e c o n d  H e t e r o a t o m  o n  t h e  S p e c t r a  o f  3 - A l k y l - 2 - A c y l m e t h y l e n b e n z a z o l i n e s  

T h e  in f luence  of t he  second  h e t e r o a t o m  on  t he  chemica l  
p rope r t i e s  z, I R -  2, e lec t ron ic  s - ,  a n d  :N~[R ~-spectra of t h e  
benzazo le s  h a v e  b e e n  a l r e a d y  i nves t i ga t ed .  T h e  differ-  
ences  o b s e r v e d  h a v e  been  i n t e r p r e t e d  in t e r m s  of t h e  
e l ec t ron- re leas ing  mesomer i c  effect  of these  a toms .  F o r  
ins t ance ,  t h e  fac t  t h a t  t h e  benz th i azo l e s  a b s o r b  a t  h i g h e r  
w a v e l e n g t h s  t h a n  t h e  c o r r e s p o n d i n g  benzoxazo le s  ha s  
b e e n  e x p l a i n e d  e i t h e r  by  t he  l a rge r  + M  effect  of t he  
su l fu r  a t o m  in  t h e  exc i ted  s t a t e  3-~ or  b y  i t s  ab i l i t y  to  
be  a c o n j u g a t i o n  t r a n s m i t t e r %  

I n  c o n t r a s t  w i t h  t he se  f indings ,  o u r  m e a s u r e m e n t s  on  
3 - a lky l -2 - acy lme thy l enebenzazo t ine s  (I) led  us  to  t h e  
conc lus ion  t h a t  t h e  in f luence  exe r t ed  b y  t h e  h e t e r o a t o m  X 
on  t he  e lec t ronic-  a n  d I R - s p e c t r a  m a y  be  co r r e l a t ed  w i t h  
t he  i n d u c t i v e  ef fec t  of X.  Th i s  effect  o u t w e i g h i n g  t he  
mesomer i c  one,  con t ro l s  t h e  p h e n o m e n a  obse rved .  Thus ,  
t h e  inc reas ing  o rde r  of t h e  f r e q u e n c y  of t h e  2 ~ z  abso rp -  
t i ons  (Tab le  I) a n d  of vc=c a n d  vc~o (Tab le  I I ) ,  respec-  
t ively ,  is as  expec ted ,  t a k i n g  in to  a c c o u n t  t h e  i n d u c t i v e  
effect  of t h e  h e t e r o a t o m  X, n a m e l y :  S e < S < N < O .  

Table I. ; t ~  Absorption bands • of the compounds I 

R 

X b O (3.5) N-CH 3 (3.0)~ S (2.5) Se (2.4) 
. . . .  nm e 2m,, nm ~.m,, nm ~ )l=,= nm 

(v cm -1) (~ cm -1 ) (v cm -1 ) (v cm -1 ) 

I t ,  357.1 (28,000) 39,700 368 (27,173) 381 (26,247) 37,200 382.2 (26,164) 37,900 

4'-NO~ • 386 (25,906) 18,600 401 (24,937) 411 (24,330) 28,300 414 (24,154) 31,300 

3',5'(NO2)~b 384.6 (26,000) 18,200 - 411.2 (24,319) 21,900 413.9 (24,160) 21,000 

Measurements made in: a) methanol; b) DMF. b PAULING,S s electronegativitles scale. * The optical density varies with time. 
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Fig. 1. The relation between the fre- 
quencies of ~maz absorption bands and 
the eleetronegativity of X in compounds 
I: A) R =  H; B) R = 4 ' - N O  2 and C) 
R = 3"m5"(NO~) v 


