
122 Speeialia EXPERIENTIA 26/2 

The existence of fish without an oxygen-carrying pig- 
ment provided the obvious extension for such studies. 
The icefish (Chaenocephalus aceratus) has a large blood 
volume and circulates relatively large volumes through 
the gills in unit time. Both the ventilation and cardiac 
pumps operate at low pressures and thus help maintain 
a low total O~ consumption 5s. 

From this survey it is apparent that fish respiratory 
studies have already gained a great deal from the 
comparative approach which is one of its most rapidly 
advancing areas. Nevertheless, the importance of 
detailed investigations using single species must not 
be neglected. The advantages of the two approaches 
are now more generally appreciated and in some 
laboratories both are going on simultaneously. I t  is 
important that communication between workers of the 
two sorts should be encouraged so that  the advantages 
of the comparative approach are gained as rapidly as 
possible. In this way we can expect a continuing expan- 
sion of studies on fish respiration, especially as they 
have become significant in relation to work on pollu- 
tion and underwater exploration. 

Zusammenfassung. Es wird ein !3berblick fiber 
neuere Forschungen gegeben, die das weite Arbeits- 
gebiet des Mechanismus der Fischatmung betreffen. 
Nachdruck wird auf den vergleichenden Standpunkt 
einer solchen Forschungsarbeit gelegt, wobei gezeigt 
wird, dass die Wahl besonderer Spezies ein t6rderndes 
Licht auf allgemein wichtige Probleme werfen kann, 
die bei Kiemenuntersuchungen sowohl auf der Makro- 
strukturstufe wie auf der Ultrastrukturstufe auf- 
treten. Vom physiologischen Standpunkt aus gesehen, 
erweisen sich einige Arten auf Grund ihrer Lebens- 
weise ffir experimentelle Untersuchungen ihres Sauer- 
stoffverbrauchs besonders geeignet. Die strukturelle 
Anordnung des Pumpenmechanismus anderer Arten 
erleichert wiederum ~usserst gfinstig die Direkt- 
messung des Ventilationsvolumens und anderer mit 
dem Gasaustausch zusammenh~ngender Parameter. 

5~ G. M. HUGHES, Comparative Physiology oJ Vertebrate Respiration 
(Heinemann, Garstedt 1963). 

5: G. M. H~J~HES, Folia morph., in press (1970). 

S P E C I A L I A  
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KOpOTKHe coo6meHHa Hecgi HCKnmqHTeJ]bUO aBTOp. -- E1 responsab le  de los i n fo rmes  reducidos ,  es ts  el au tor .  

The Monamycins ,  a New Family of Cyclodepsipeptide Antibiotics 

An earl ier  c o m m u n i c a t i o n  1 descr ibed t h e  isolat ion,  f rom 
cul tures  of Streptomyces jamaicensis, of m o n a m y c i n ,  a 
c rys ta l l ine  p r e p a r a t i o n  w h i c h  i n h i b i t e d  t h e  g r o w t h  of 
va r ious  Gram-pos i t i ve  b a c t e r i a  a t  h igh  di lu t ion .  W e  h a v e  
r e inves t i ga t ed  the  p r o d u c t i o n  a n d  isola t ion  of m o n a m y c i n  
a n d  h a v e  e x a m i n e d  f u r t h e r  t h e  chemica l  a n d  biological  
p roper t i e s  of w h a t  has  now been  iden t i f i ed  as a new 
fami ly  of an t ib io t ics .  

I t  has  been  es t ab l i shed  t h a t  m o n a m y c i n  p r o d u c t i o n  in 
deep cu l tu re  is f avou red  b y  a m e d i u m  based  on neo- 
p e p t o n e  a n d  glucose. Us ing  a New B r u n s w i c k  Fe rmace l l  
100 1 f e rmen te r ,  low ae ra t i on  (0.25 v / v / m i n )  a n d  a g i t a t i o n  
rates ,  s h o r t  f e r m e n t a t i o n  t i m e s  (42 h), low p h o s p h a t e  
c o n c e n t r a t i o n  a n d  h i g h  c a r b o n - n i t r o g e n  ra t ios  gave  
o p t i m u m  yields (150 rag/l).  T he  c rude  m i x t u r e  of c rys ta l -  
l ine  an t ib io t ics ,  w h i c h  was  o b t a i n e d  f rom a p e n t a n e  
e x t r a c t  of t h e  cu l tu re  fluid, was  sepa ra t ed  b y  recrys ta l -  
l i za t ion  in to  2 f rac t ions .  One  consis ted  of c o m p o u n d s  
c o n t a i n i n g  non- ion ic  chlor ine,  t he  o the r  of n o n - c h l o r i n a t e d  
an t ib io t ics .  E x t e n s i v e  c o u n t e r c u r r e n t  d i s t r i b u t i o n  s tud ies  
of each  of these  f rac t ions  (5500 a n d  7000 t ransfers) ,  us ing  
t he  s y s t e m  e thy l  ace ta te ,  cyc lohexane ,  m e t h a n o l ,  w a t e r  
(41 : 35 : 35 : 10) led to  t h e  i so la t ion  of p u r e  pept ides ,  or 

concen t r a t e s  in  which  p a r t i c u l a r  c o m p o n e n t s  pre-  
domina t ed .  The  molecula r  fo rmulae  of the  i n d i v i d u a l  
an t ib io t i c s  were  es tab l i shed  b y  h igh- reso lu t ion  mass  
spec t rome t ry .  T h e  amino -ac id  a n d  h y d r o x y - a c i d  composi-  
t i on  of acid h y d r o l y s a t e s  was  d e t e r m i n e d  b y  isola t ion of 
i n d i v i d u a l  componen t s ,  b y  g.l.c. (for hydroxy-ac ids )  a n d  
amino-ac id  analys is .  

I n  add i t i on  to  t he  acids L-proline, D-Valine, N-methyl -  
D-leucine, L-isoleucic acid a n d  L-~-hydroxyisovaler ic  
acid, all  of w h i c h  h a v e  been  iden t i f i ed  as me tabo l i t e s  of 
micro-organ isms ,  t he  u n u s u a l  amino-ac ids  D-isoleucine 
(an a b n o r m a l  i somer  of t h e  isoleucine g r o u p ) )  trans-4- 
methy l -z -p ro l ine ,  and  4 new Cs-amino-acids  were p r e sen t  
in t he  h y d r o l y s a t e s  of t he  m o n a m y c i n s .  Of t he  4 new C 5- 
amino-ac ids  ~, two,  p ipe r idaz ine -3 - (R) -ca rboxy l i c  acid (I) 
a n d  5- (S) -ch loropiper idaz ine-3- (R)-carboxyl ic  acid (II)  
h a v e  been  iden t i f i ed  as m e m b e r s  of t he  Ds-series and  a 
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th i rd ,  5- (S)-hydroxypiper idazine-3-(S)-carboxyl ic  acid 
(III) of the  Ls-series; the  fourth,  available in t races  only, 
and  p resumed  to  be the  anhydrode r iva t ive  of (III) was 
no t  isolated as a pure  c o m p o u n d  bu t  was  shown to be 
der ived f rom the  acid (III).  

Tile sequence of the  acids in t he  major  cyclohexadepsi -  
pept ide ,  m o n a m y c i n  D~ (mo1. wt.  691), has  been deter-  
mined  f rom the  evidence of par t ia l  hydrolysis ,  and  
t h rough  a high-resolut ion mass  spec t rome t ry  s tudy  of the  
m e t h y l  ester  of the  l inear pep t ide  formed by  t r e a t m e n t  
of the  cyclic compound  wi th  mild alkali. I t  is of in te res t  
t h a t  d iketopiperazines  such as (IV) involving 1 or 2 
p iper idazine  carboxyl ic  residues, were isolated wi th  di- 
pep t ides  and a t r ipep t ide  f rom the  mix tu re  formed by  
part ial ,  ac id-cata lysed hydrolysis .  The high-resolut ion 
NMR-spec t r a  (100 MHz and 220 MHz) of bo th  m o n a m y c i n  
D~ and its degrada t ion  p roduc t s  were par t icu lar ly  in- 
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format ive  and  were in accord wi th  the  ass ignments  of 
s t ruc ture  and  conf igurat ion based  on a l t e rna t ive  evidence.  
The molecular  s t ruc ture  of m o n a m y c i n  D 1 is shown in 
formula  (V). 

Other  members  of t he  m o n a m y c i n  family  resemble  I~ t 
in being der ived f rom 1 hyd roxy -ac id  and 5 amino-acids .  
Quan t i t a t i ve  s tudies  have  d is t inguished  9 non-ch lo r ina ted  
m o n a m y c i n s  and 6 ch lor ina ted  compounds  (Table). 
N-methy l leuc ine  and  5 -hydroxypiper idaz ine  carboxyl ic  
acid (III) occur in all compounds ,  b u t  subs t i tu t ions  of t he  
o ther  acids give rise to  d i f ferent  molecular  species; these  
subs t i tu t ions  are summar ized  in formula  (V). The level of 
an t ibac te r ia l  ac t iv i ty  of the  m o n a m y c i n s  varies w i th  these  
differences in s t ructure .  Thus  m o n a m y c i n  I, the  least  
act ive m e m b e r  of the  family,  has  app rox ima te ly  one- 
s ix th  of the  ac t iv i ty  of m o n a m y c i n  Da. 

Studies  on the  mode of ac t ion of the  m o n a m y c i n s  are, 
as yet ,  explora tory .  Concen t ra t ions  (0.5-2.0 Fg/ml) 
which were bac ter ios ta t ic  for Staphylococcus aureus, led 
to  par t ia l  lysis, bu t  a t  bacter ic idal  levels ( >  20 ~zg/ml) 
ex tens ive  degrada t ion  of the  cell wall occurred rapidly.  
The m o n a m y c i n s  form specific complexes  wi th  po tas s ium 
ions; th is  m a y  relate to the i r  an t ibac te r ia l  ac t iv i ty  as 
proposed  for o ther  cases of cyclic pept ides  and  depsi-  
pep t ides  ~. Low concen t ra t ions  of m o n a m y c i n  cause lysis 
of e ry th rocy tes  in aqueous  suspensions.  The acute  
tox ic i ty  of m o n a m y c i n  in tes t s  on ra ts  m a y  be a t t r ibu ted ,  
a t  least  in par t ,  to this  process. This  tox ic i ty  makes  it un- 
likely t h a t  the  m o n a m y c i n s  will f ind use in h u m a n  
t h e r a p y  a. 

Zusamnmn/assung. Die Analyse  yon  Monamycin ,  e inem 
Ant ib io t ika -Komplex ,  f i ihrte zur Ident i f iz ierung der  15 
Cyc lohexadeps ipep t idkomponen ten .  Fiir Monamyc in  t h 
wurde  S t ruk tu r fo rmel  V abgelei tet .  

K. BEVAN, J. S. DAVIES, 51. J. HALL, 
C. H. I-1ASSALL, R. B. MORTON, ~). A. S. PHILLIPS, 
Y. OGIHARA and ~vV. A. THOMAS 

Chemistry Department, 
University College o/ Swansea, 
Singleto~z Park, Swansea (U.K.), IS .4ug'~.tst 1969. 

a M. PINKERTON, L. K. STEINRAUF and P. DAW'KINS, Biochem. 
biophys. Res. Commun. 35, 512 11969). 
We are grateful to the National Research Development Corpora- 
tion for fiimncial support and to the S.R.C. for two research 
studentships (I<.B. and D.A.S.P.). 

Amino-acid and hydroxy-acid composition of the monoamycins 

Compound A B 1 B 2 B s C D 1 D 2 E F G 1 G 2 G a H a H a I 

Formula C;~aHssN~O s C:mH55N~O s C3~H~NTO 8 C~4I-tsTNTO ~ C35HsvNTOs CaaH~,jN~O 8 CssHsaC1NTO s Ca4Hs~C1NTO s CasH58CtNTO s 
Mol. wt. 675 677 689 691 703 705 711 725 739 

Amino-acids 
N-Me-Leu + + + + + + + + + + + -t- + + + 
4-Me-Pro + + + + + + -I + + + + 

Pro + + -F + 
1 le + + + + + -F q- 
Val  + + 2- + _1- __ + 2_ 

CsHsNaO2 + + + 
C~HI~N~.O2 + + + + + + 
CsH10N2Oa + + + + + + + + + + + + + + + 
CsHuC1NzO2 -+- + + -k 2- + 
Hydroxy-acids 
Isoleueic + + 2- + + + 2- + 
0~-HO-lsovaleric + + 2- -F 2_ + + 


