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The m o s t  impor t an t  p rob lem of bioorganic chemis t ry  is the study of the in te r re la t ionsh ip  between 
the s t ruc tu re  and m e c h a n i s m  of the action of biologically act ive subs tances .  In the final account,  the so-  
lution of this  p rob lem gives rea l  bases  for  the s ea r ch  for  and synthesis  of substances  with p rede te rmined  
biological p r o p e r t i e s  and leads  to an understanding of the fea tu res  of the in teract ion of the molecule  of a 
biologically ac t ive  substance  with a biological r ecep to r .  

Recent ly ,  g r ea t  p r o g r e s s  has been achieved in the study of the m e c h a n i s m  of the action of polypep-  
t ide ant ib iot ics .  A definite sequence is  obse rved  in the pe r fo rmance  of such invest igat ions:  the es tab l i sh -  
men t  of the p r i m a r y  s t ruc tu re  of the antibiotic,  the de terminat ion  of the role  of the f rac t ional  groups in 
the mani fes ta t ion  of the biological act ivi ty  e i ther  by the i r  chemical  modif icat ion or  by the synthes is  of 
s t ruc tu ra l  analogs of the na tura l  compound, and the determinat ion by the l a tes t  phys icochemica l  methods  
of the spat ia l  a r r a n g e m e n t  of all  the e l emen t s  of the s t ruc tu re  of the substance under  invest igat ion both in 
solution and in the p r o c e s s  of i ts  in te rac t ion  with the bac ter ia l  cell or  with ar t i f ic ia l  m e m b r a n e s  [1]. 

Work on the conformat ioual  ana lys i s  of known a n t i b i o t i c s -  val inomycin [2], g ramic id in  S [3], g r a m i -  
cidin A [4], s tendomycin [5], etc. ,  - is  pa r t i cu la r ly  in te res t ing .  In the course  of the invest igat ions  p e r -  
f o r m e d  it has been shown that in the functioning of these  subs tances  a fundamental  role  is  played by the 
individual functional groups and a lso  by the spat ia l  s t ruc tu re  of the molecule  as  a whole. 

The p r e s e n t  pape r  is  the f i r s t  of a s e r i e s  devoted to the conformat ional  s tate of the polpeptide ant i -  
biotic A-128-OP and a number  of i t s  de r iva t ives .  
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Structural formula of the antibiotic A-128-OP 

The s t ruc tu ra l  fo rmula  of the antibiotic A-128-OP was de te rmined  in our  l abo ra to ry  [6]. It  i s  a t r i -  
pept ide-cyclooetapept idolac tone  which includes s eve ra l  amino acids of "nonprotein" nature ,  and i ts  c h a r -  
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Fig.  1. ORD (1) and CD (2) curves  of the 
antibiotic A-128-OP (a), A-128-OP acid 
(b) and de r iva t ives  of the antibiotic A-  
128-OP at  the ~-methy l t ryp tophan  and 
dehydrotryptophan r e s i d u e s -  the 2-hy-  
d roxy-6-n i t robenzy l  der iva t ive  (c), 2- 
ni t rophenylsulfenyl  der iva t ive  (d), and 
fo rmyl  der iva t ive  (e} [solvent: m e t h a n o l -  
wa te r  (2: D]. 

a c t e r i s t i c  fea ture  is  the p r e s e n c e  of such hydrophobic 
amino acids as  ~-methyl t ryptophan,  dehydrotryptophan,  
and e ry th ro -~-hydroxy leuc ine .  

In this paper  we give the resu l t s  of a study of the 
conformat ion of the f rac t ion  of the molecule  of the ant i -  
biotic A-128-OP fo rmed  by the B-methyl t ryptophan and 
dehydrotryptophan res idues  by the methods  of optical r o -  
t a to ry  d i spers ion  (ORD) and c i r cu l a r  d ich ro i sm (CD). 

The ORD and CD curves  of the antibiotic A-128-OP 
(Fig. 1) show a posi t ive Cotton effect  at  270 nm and a neg-  
at ive Cotton effect  at  337 nm. Consequently,  the Cotton 
ef fec ts  a r e  obse rved  in the regions  of the absorpt ion of 
the a r o m a t i c  amino acid res idues  of the antibiotic A-128-  
O P -  f l -methyl t ryptophan and dehydrotryptophan [7]. The 
appearance  of a Cotton effect  in the region of absorpt ion 
of a s y m m e t r i c a l  chromophore  (dehydrotryptophan) is  
due to the in teract ion of the l a t t e r  with the neighboring 
amino acid res idues .  In view of the cha r ac t e r i s t i c s  of 
the s t ruc tu re  of antibiotic A-128-OP it  m a y  be cons idered  
that the r eason  for  the induced optical  act iv i ty  of the de-  
hydrotryptophan is  the in terac t ion  of this chromophore  
with the ~-methyl t ryp tophan  res idue.*  F o r  the effect ive 
in terac t ion  of /~-methyltryptophan and dehydrotryptophan 
the p rox imi ty  and a definite or ientat ion of the planes of 
the indole r ings  of these amino acid res idues  re la t ive  to 
one another  a r e  n e c e s s a r y .  In our opinion, the mos t  
probable  conformation of the antibiotic in solution is  one 
in which the planes  of the indole r ings of the B-methy l -  
t ryptophan and dehydrotryptophan a re  or iented  para l le l  
to one another  and a r e  kept in this position by the hydro-  
phobic in teract ion between them.  

Analysis  of the m o l e c u l a r  s t ruc tu re  using S t u a r t -  
Br ieg leb  models  has shown that the molecule  of the ant i -  

biotic A-128-OP is  compact  and e x t r e m e l y  rigid. In this s t ruc tu re ,  the side chains of the f l -me thy l t ryp-  
tophan and dehydrotryptophan res idues  a r e  ro ta ted  outwards.  F r e e  rotat ion of the indole nucleus of the 
/3-methyltryptophan res idue  is  s t e r i ca l ly  hindered.  The sma l l e s t  s t ra in  in the cyclopeptide pa r t  of the 
molecule  of this antibiotic is  c r ea t ed  with a para l le l  or ientat ion of the indole r ings .  

In a compar i son  of the ORD and CD spec t ra  of the antibiotic A-128-OP and the ant ibiot ieal ly  inact ive 
A-128-OP acid [8] (see Fig.  2), i t  can be seen that the ORD and CD curves  of the l a t t e r  do not have the 
Cotton effect  at  337 nm that appea r s  in the case  of the initial  antibiotic.  The resu l t s  obtained show that 
the c leavage of the e s t e r  bond in the molecule  of the antibiotic is  accompanied  by a cons iderable  change in 
the conformation of this compound. On pass ing f rom the cycl ic  s t ruc tu re  of the antibiotic to a l inear  s t r u c -  
ture ,  the s t e r i c  hindrance prevent ing  the f r ee  rotat ion of the f l -methyl t ryptophan res idue is  probably r e -  
moved.  In view of this, the para l l e l  or ientat ion of the indole r ings  of the ~-methy l t ryp tophan  and dehydro-  
t ryptophan res idues  is  d is turbed and the in terac t ion  between them is cons iderably  weakened, which leads 
to a d i sappearance  of the induced Cotton effect  at  337 nm. An ana lys i s  of mo lecu l a r  models  has shown 
that  on pass ing  f rom the cyclic  s t ruc tu re  to a l inear  s t ruc tu re  the molecule  of the antibiotic loses  i ts  o r -  
dered  s t ruc tu re  and becomes  less  rigid. F r e e  rotat ion of the ~-methy l t ryp tophan  res idue  is not s t e r i ca l ly  
hi ndered. 

In o r d e r  to de te rmine  the role  of the f ree  amino group in the molecule  of the antibiotic,  we have p e r -  
f o rmed  i ts  speci f ic  chemical  modif icat ion by reagen ts  of var ious  chemical  na tures  [9] and have found that 
all  the de r iva t ives  pos s e s s  a s m a l l e r  antibiotic ac t iv i ty  than the initial ma te r i a l .  

~ I n  favor  of this a s s e r t i o n  a r e  the r e su l t s  of invest igat ions of the CD of synthetic  pept ides  of dehydro-  
t ryptophan,  which will be r epor t ed  subsequently.  
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Fig. 2. ORD curves  of N-ace ty l -A-  
128-OP (1) and N-DNS-A-128-OP (2) 
(concentration of the N-DNS-A- 128-OP 
half that of the other  compound). The 

ORD curves  of the other W-derivatives 

of the antibiotic coincide completely 
with those given above. 

The resul ts  of a compar ison of the ORD curves of the 
antibiotic A-128-OP and i ts  der ivat ives  at the amino group 
(N-acety l -A-128-OP,  N-benzyloxycarbonyl -A-128-OP,  N- 
benzoyl-A-128-OP,  N-succ iny l -A-128-OP,  N-monocarboxy-  
methyl -A-128-OP,  and N-( l -d imethylaminonaphthalene-5-  
sulfonyl)-A-128-OP [10]) show that in the wavelength range 
studied (230-450 nm) the ORD curves  considered are  iden- 
tical within the l imits of the experimental  e r r o r  (Fig. 2). 
Consequently, modification of the amide group by acylating 
and alkylating agents of different natures does not substan- 
t ially affect the conformation of the "hydrophobic section "* 
of the molecule of this compound. The decrease  in the anti-  
bacter ial  activity of the N-der ivat ives  of the antibiotic shows 
the important  role of the free NH 2 group in its functioning. 

In addition to modification of the f ree  amino group, 
derivat ives of the antibiotic at positions 1, 2, and 3 of the 
indole r ings of the tryptophan amino acids have been ob- 
tained: formyl ,  2-hydroxy-5-ni t robenzyl  (HNB), and 2- 
nitrophenylsulfenyl (NPS) derivat ives  of the antibiotic A- 
128-0P  [11]. 

In a study of the optical proper t ies  of the HNB and NI)S derivat ives  of this antibiotic, it was found 
that the ORD and CD curves  of these compounds (see Fig. 2) differ substantially f rom the ORD and CD 
curves of the initial mater ia l .  A decrease  in the amplitude of the Cotton effect at 337 nm in the HNB and 
NPS der ivat ives  shows a weakening of the interact ion between the f~-methyltryptophan and dehydre t ryp-  
tophan residues in these compounds. A change in the optical activity of the antibiotic A-128-OP with the 
introduction of the HNB and NPS substituents into positions 2 and 3 of the indole r ings of the f l -methyl-  
tryptophan and dehydrotryptophan is  probably connected with a conformational  r ea r r angemen t  of the "hy- 
drophobic sect ion" of the molecule of the antibiotic. It may be assumed that the voluminous HNB and NPS 
substituents a re  introduced between the fl-methyltryptophan and dehydrotryptophan residues and thereby 
weaken the interact ion between them. The resul ts  of a consideration of molecu la r  models confirm the pos-  
sibility of this hypothesis.  

The ORD and CD curves of the antibiotic A-128-OP and its formyl  derivative at the tryptophan amino 
acids (see Fig. 2) have no fundamental differences.  The introduction into position 1 of the indole r ings of 
the f~-methyltryptophan and dehydrotryptophan of the small formyl  substituent apparently has no substan- 
tial influence on the spatial a r rangement  of the indole rings.  

In conclusion, it must  be noted that the introduction of the HNB and NPS substituents into the mole-  
cule is accompanied by a marked  dec rease  in its antibiotic activity. The replacement  of the hydrogen 
atom in position i of an indole ring lowers the antibacterial  activity of the initial antibiotic by a factor  of 
4-5. 

The resul t s  of a study of the conformational state of the antibiotic and its der ivat ives  by the ORD 
and CD methods in the 230-450-nm region has shown that modification of the amino group of the antibiotic 
A-128-OP does not affect the conformation of the "hydrophobic section" of the molecule of this compound. 
Cleavage of the e s t e r  bond or modification of the tryptophan amino acids at positions 2 and 3 of the indole 
r ing is accompanied by a considerable change in the conformation of the initial antibiotic. 

On the basis of the resul ts  obtained it may be assumed that thanks to the hydrophobic nucleus formed 
by the f l-methyltryptophan and dehydrotryptophan residues and to the presence  of the cyclic s t ructure  in 
the molecule  of the antibiotic A-128-OP a definite "p re fe r red"  conformation is created which is mos t  fa- 
vorable for its functioning. A disturbance of this conformation through the modification of the f l -methyl-  
tryptophan and dehydrotryptophan res idues  or  the cleavage of the es te r  bond leads to a considerable de- 
c rease  in the ant ibacter ial  act ivi ty of antibiotic A-128-OP.  

In our la ter  investigations we shall investigate in detail the conformation of the antibiotic by the ORD 
and CD methods in the 190-230-nm region. 

* By hydrophobic section we mean the B-methyl t ryptophyl -dehydrot ryptophan sequence. 
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E X P E R I M E N T A L  

The antibiotic A-128-OP was isola ted by a p rocedure  descr ibed  previously  [12]. A-128-OP acid and 
der iva t ives  of the antibiotic at the amino group and the f l -methyltryptophan and dehydrotryptophan res idues  
were  obtained as  descr ibed  previously  [8, 10, 11]. 

The ORD spec t ra  were  taken on a ORD/UV-5 spec t ropo la r ime te r  (Japan), and the CD spec t ra  on a 
Jouan II d iehrograph (France) in the wavelength range f rom 230 to 450 nm in ceils 1 cm thick. The con- 
centra t ion of the solutions invest igated was (0.5-1.0).  10-4M, and the t empera tu re  20-22°C, the solvent 
being MeOH-H~O (2 : 1). The values of the molecu la r  el ipt ici ty (®) and the molecu la r  rotat ion (M) a re  
given without co r rec t ion  for  the re f rac t ive  index of the solvent. 

SUMMARY 

1. The optical rotatory dispersion and circular dichroism of the antibiotic A-128-OP and deriva- 
tives of it have been investigated in the wavelength range from 230 to 450 nm. 

2. On the basis of the ORD and CD cha rac te r i s t i c s  and the resu l t s  of biochemical tes ts ,  it  has been 
concluded that the molecule  of the antibiotic A-128-OP has a " p r e f e r r e d "  conformation which is  mos t  fa-  
vorable  for  i ts  functioning. 
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