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T h e  Lipids  of  H y d r o g e n - O x i d i z i n g B a c t e r i a :  O c c u r r e n c e  of cis-9,10-Methylene H e x a d e c a n o i c  Acid  in 
Hydrogenomonas H 16 

H y d r o g e n - o x i d i z i n g  b a c t e r i a  are ab le  to  oxidize  mole-  
cu la r  h y d r o g e n  w i t h  oxygen  as t he  h y d r o g e n  accep to r  a n d  
to  ut i l ize  t h e  ene rgy  t h u s  o b t a i n e d  for  t h e  a s s imi l a t ion  of 
c a r b o n  dioxide.  Hydrogenomonas is t h e  m o s t  r e p r e s e n t a -  
t i ve  genus  of t he se  bac te r i a .  Th i s  genus  h a s  b e e n  in tens i -  
ve ly  s tud ied  w i t h  r e spec t  to  i t s  morpholog ica l ,  phys io logi -  
cal  a n d  b iochemica l  p rope r t i e s  x. I t s  l ipids,  however ,  h a v e  
n o t  been  i n v e s t i g a t e d  - w i t h  t he  e x c e p t i o n  of poly-f l -hy-  
d r o x y b u t y r a t e  (PHB) .  

I f  c a r b o n  d iox ide  is a s s imi l a t ed  u n d e r  s to rage  condi-  
t ions '  (e.g. if t h e  cells are  k e p t  in  a n i t rogen - f r ee  m i n e r a l  
solut ion) ,  Hydrogenomonas cells a c c u m u l a t e  large  a m o u n t s  
of P H B  as i n t r a c e l l u l a r  g ranu les  ~. P H B  can  b e  comple t e ly  
e x t r a c t e d  w i t h  ch loroform.  P a r t  of o t h e r  ce l lu la r  l ipids  is 
also e x t r a c t e d  b y  t h i s  p rocedure ,  whi le  t h e  r e m a i n i n g  
' I ree '  l ip ids  c an  be  s u b s e q u e n t l y  e x t r a c t e d  w i t h  more  po l a r  
so lven t s  (e.g. e t h a n o l / d i e t h y l  e ther) .  T he  l a t t e r  l ipids  a re  
a p p a r e n t l y  more  s t rong ly  b o u n d  to  ce l lu lar  c o n s t i t u e n t s  
t h a n  t he  former .  I n  t he  p r e s e n t  i nves t iga t ion ,  on ly  t h e  
' loosely  b o u n d '  l ip ids  o t h e r  t h a n  P H B  h a v e  b e e n  s tud ied .  

Hydrogenomonas . s t r a in  H 16 was  g rown  chem ol i t ho -  
t r o p h i c a l l y  in  a h o m o g e n e o u s  suspens ion  a t  28°C a n d  
suppl ied  w i t h  a gas m i x t u r e  of hyd rogen ,  oxygen ,  a n d  
c a r b o n  d iox ide  as desc r ibed  b y  SCHLEGEL et  a l ) .  T h e  bac -  
t e r i a  were  h a r v e s t e d  a f t e r  g r o w t h  u n d e r  s to rage  condi-  
t ions ,  w a s h e d  w i t h  water ,  lyophi l ized ,  weighed,  a n d  ex- 
t r a c t e d  w i t h  ch loroform,  y ie ld ing  a m i x t u r e  of t h e  accu-  
m u l a t e d  P H B  a n d  o t h e r '  loosely b o u n d '  l iq ids  (non P H B ) .  
P H B  was  s e p a r a t e d  f rom n o n - P H B  b y  p r e c i p i t a t i o n  w i t h  
d i e t h y l  e ther .  De ta i l s  on  cu l tu re  condi t ions ,  on  e x t r a c t i o n  
a n d  s e p a r a t i o n  procedures ,  as well  as t h e  y ie lds  of l ip ids  in  
r e l a t i on  to  t he  bac t e r i a l  g r o w t h  phases ,  will  be  desc r ibed  in 
a f o r t h c o m i n g  p a p e r  4. On  c o l u m n  c h r o m a t o g r a p h y  s t h e  
n o n - P H B  were  f r a c t i o n a t e d  in to  n e u t r a l  l ip ids  (e luted w i t h  
ch loroform)  a n d  po l a r  l ip ids  (e lu ted  w i t h  m e t h a n o l ) .  

T h i n - l a y e r  c h r o m a t o g r a p h y  of t h e  po la r  l ipids  w i t h  2 
d i f f e ren t  so lven t  sy s t e m s  (d i i sobu ty l  k e t o n e / f o r m i c  ac id /  
w a t e r  40 :15 :2 ,  v / v / v  ~ a n d  c h l o r o f o r m / m e t h a n o l / g l a c i a l  
ace t ic  a c i d / w a t e r  50 :25  : 8 : 4, v/v /v /v /7)  r evea led  on ly  one  
c o m p o n e n t .  I t s  co lour  r eac t i on  was found  to  be  pos i t i ve  
w i t h  p h o s p h o r u s  s p r a y  r e a g e n t  8 a n d  w i t h  n i n h y d r i n  s p r a y  9. 
C o - c h r o m a t o g r a p h y  w i t h  va r ious  p i lo t  s amples  i n d i c a t e d  
p h o s p h a t i d y l  e t h a n o l a m i n e .  T he  w idesp read  occur rence  
of t h i s  p h o s p h o l i p i d  in b a c t e r i a  ha s  b e e n  r e p o r t e d  re- 
p e a t e d l y  z0. T h e  f a t t y  acid c o m p o s i t i o n  of t h e  p h o s p h a t i -  
dy l  e t h a n o l a m i n e  was s tud ied  b y  gas- l iquid  c h r o m a t o -  

g r a p h y  (GLC). As shown  in  F igu re  1, t h e  m a j o r  f a t t y  acid 
is a C17 cyc lop ropane  acid.  T h e  presence  of a p r o p a n e  r ing  
was  s u p p o r t e d  b y  t he  fol lowing fac ts :  a) No c h a n g e  of re- 
t e n t i o n  t i m e  in  GLC a f t e r  mi ld  h y d r o g e n a t i o n ,  i n d i c a t i n g  
absence  of u n s a t u r a t i o n ,  b) A f t e r  r e f lux ing  w i t h  a solu- 
t i on  of hyd roch lo r i c  acid in m e t h a n o l  a m a r k e d  decrease  of 
t h e  GLC p e a k  was observed .  Th i s  p h e n o m e n o n  is said  to  
be  cha r ac t e r i s t i c  for cyc lop ropane  f a t t y  acids n .  c) The  r a t i o  
of r e t e n t i o n  t i m e  of u n k n o w n / r e t e n t i o n  t i m e  of Ca,: o 
m e t h y l  es te r  is app.  1.6 a n d  the re fo re  iden t i ca l  w i t h  t he  
r a t i o  of r e t e n t i o n  t i m e  of lac tobac i l l ic  acid m e t h y l  es ter /  
r e t e n t i o n  t i m e  of ClS :0 m e t h y l  es te r  as obse rved  in p rev ious  
s tud ies  on  Brucelta i a t t y  acids  1~. Th i s  o b s e r v a t i o n  indi-  
ca tes  a cyc lop ropane  acid w i t h  a c h a i n  l e n g t h  of 17 c a r b o n  
a toms .  

T h e  m i x t u r e  of f a t t y  acid m e t h y l  es te rs  was  h y d r o -  
g e n a t e d  in o rder  to  decrease  t he  n u m b e r  of c o m p o n e n t s .  
The  cyc lop ropane  ac id  m e t h y l  es ter  was  s u b s e q u e n t l y  iso- 
l a t ed  b y  p r e p a r a t i v e  GLC (using a n  A u t o p r e p  a p p a r a t u s  
equ ipped  w i t h  a 240 c m  c o l u m n  of 10°/o e t h y l e n e  glycol  
a d i p a t e  po lyes t e r  on  C h r o m o s o r b  40-60  mesh,  a t  175°C, 
h e l i u m  f low r a t e  200 ml /min ) .  The  fol lowing fac ts  are  con-  
s i s t en t  w i t h  t h e  p resence  of a cis-cyclopropane r ing  in t h e  
i so la ted  f a t t y  acid m e t h y l  e s t e r :  a) Mass s p e c t r o m e t r y  
shows  a p a r e n t  p e a k  a t  role 282 i n d i c a t i n g  t h e  lack  of 2 
h y d r o g e n  a t o m s  w i t h  r e spec t  to  a n o r m a l  a lkano ic  acid 
m e t h y l  ester .  Th i s  l ack  m u s t  be  due  to  a n  alicyclic s t rue-  
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Fig. 1. Gas-liquid chromatogram of fatty acid methyl 
esters of 'loosely bound' phosphatidyl ethanolamine of 
Hydrogenomonas H 16. Pye Argon chromatograph, 120 cm 
glass column with 10% ethelene glycol adipate polyester 
on Chromosorb WS, 80-100, 177 ° mesh column tempe- 
rature, gas flow 60 ml/min. Black areas: unsaturates 
(disappearing after catalytic hydrogenation). 
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t u re  since unsa tu ra t ion  has  been excluded,  b) IR-spectro- 
scopy (as f i lm on a t?erkin E l m e r  mode l  125) revea led  a 
charac ter i s t ic  band  a t  9.8 lzm. 

The  local izat ion of t h e  p ropane  r ing was de te rmined  by  
GLC (Aerograph mode l  204 A equiped  wi th  a 240 cm 
co lumn of 10% SE-30 on Chromosorb  W, p rog ramming  of 
t e m p e r a t u r e  100-250 °, rise of 2°/rain, N2 flow ra te  200 ml /  
min) af ter  ox ida t ive  degrada t ion  by  ref luxing wi th  potas-  
s ium p e r m a n g a n a t e  in ace tone  ~3. A series of homologous  
f a t t y  acids up to C~: 0 and f rom Cx0:cyel to C17:eycl was ob- 
t a ined  (see F igure  2). F r o m  the  absence of Cs and  C, f a t t y  
acids, t he  Cl~ cyc lopropane  f a t t y  acid  was decided to  be 
9, 10-methylene  hexadecanoic  acid. The  change of charac-  
t e r  of t he  acids w i t h  increase of carbon  n u m b e r  f rom 
s t ra igh t  chain  to cyc lopropane  was c lear ly  demons t r a t ed  
by  co -ch roma tog raphy  of u series of even  numbered  
s t ra igh t  chain alkanoic acid m e t h y l  esters up to CI~: 0 

The  neut ra l  l ipid f ract ion of n o n - P H B  consis ted of a 
v a r i e t y  of components .  Only  small  amoun t s  of long-chain 
f a t t y  acids were obta ined  by  saponif icat ion.  GLC of these 
f a t t y  acids (as m e t h y l  esters) revealed C~r cyclopropane  
acid as t he  ma jo r  componen t  (98.4%, w/w) besides pal-  
mi t ic  acid (1.6%, w/w).  

C17 cyc lopropane  acid  has been  de tec ted  in a n u m b e r  of 
bacter ia ,  p r e d o m i n a n t l y  g ram-nega t ive  (listed inX~), the  
local izat ion of the  p ropane  ring, however ,  has  no t  been 
de te rmined  in al l  these  cases. I n  eases known so far, the  
propane  ring is s i tua ted  be tween  C-9 and C-10. 

I t  is well  es tabl ished 14 t h a t  cis-cyclopropane acids in 
bac ter ia  are  synthes ized by  t ransfer  to  the  corresponding 
cis-monoenoic acid of a me thy lene  group f rom S-adenosyl  
methionine .  I t  is wor thy  of note  t h a t  bo th  cis-9,10-methy- 
lene hexadecanoic  acid and lactobacil l ic  acid (i.e. cis-1 I, 12 
methy lene  oc tadecanoic  acid, present  in a va r i e ty  of bac-  
terial  species) belong to the  same co-family (with propane  
ring a t  the  same posi t ion f rom the  t e rmina l  m e t h y l  group). 
This  fact  is consis tent  w i th  the  f inding t h a t  bac ter ia  can  
synthesize  long-chain monoenoic  f a t ty  acids by  e longat ion  
of a l ready  unsa tu ra t ed  precursors  ~. 

Zusammen/assung. Knal lgasbak te r ien  (Hydrogenomo- 
has H 16) wurden  un te r  Speicherbedingungen in Submers-  
ku l tu r  herangezogen.  Die dabei  gespeicher te  Poly-fl- 
hydroxybu t t e r s~ure  wurde  zusammen  mi t  anderen  , lok- 
ker  gebundenen  ~> Lipiden m i t  Chloroform extrahier t .  Die  
daraus  abge t renn ten  polaren Lipide bes tanden  aus- 
schliesslich aus Phosphat idylAthanolamin .  Die Analyse  
der Fe t t s~u rezusammense t zung  dieses Phospha t ids  ergab 
einen Geha l t  yon  42% (bezogen auf  das Gewicht  der  Ge- 
samtfe t t s~uren)  einer  CwCyclopropans~ture.  Durch  spek- 
t roskopische  Un te r suchungen  und  o x y d a t i v e n  Abbau  wur-  
de le tz te re  als cis-9,10-MethylenhexadecansXure ident i -  
fiziert .  
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Homologous series C,o,cy:~ = C17,c~ct 
Fig. 2. cis-9,lO-Methylene hexadecanoic acid. Mode of oxydative de- 
gradation. 
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Optical Rotatory Dispersion of Proline-Rich Peptides from the V e n o m  of  Bothrops jararaca 
The  observa t ion  t h a t  the  v e n o m  of the  Brazi l ian snake 

I3othrops j a ra raca  po ten t ia tes  b radykin in  1 and also inhi- 
b i ts  the  enzyme  2 t h a t  conver t s  angiotens in  I in to  angio-  
tens in  I I  led to  the  isolat ion 3,4 of a series of pept ides  re- 
sponsible for these  act ivi t ies .  Subsequent ly ,  t he  sequences 
of pept ides  I - V  (Table I) were  e luc ida ted  and p r o v e d  b y  
synthesis  4 Compound  VI  is a syn the t ic  pep t ide  prepared  
to  de te rmine  wha t  is t he  ac t ive  'core '  of IV, while  V I I  is an 
equiac t ive  analog of the  pen tapep t ide  isolated by  GREENE 
and  FERREIRA 3 to which t h e y  assigned the  s t ruc ture  Pyr -  
Lys-Trp-Ala-Pro .  

A conspicuous feature  of t he  v e n o m  pept ides  I -V is the  
f requency  wi th  which  prol ine occurs in them.  Compound  
VI ,  a pen tapep t ide ,  conta ins  two  prol ine residues, while  
there  is only  one in pep t ide  V I I .  Yet ,  a second s t ruc tura l  
fea ture  is equa l ly  r emarkab le :  in each pep t ide  isolated 
f rom the  v e n o m  so far, py rog lu t amic  acid is the  N- t e rmina l  
residue. Py rog lu t amic  acid resembles prol ine;  i ts pyrro-  
l idone ring is p robab ly  even  more rigid than  the  pyrrol i -  
dine in proline, The  combina t ion  of several  constra ined 
areas in a sequence could result  in g more  or  less well-de- 
f ined geome t ry  of t he  chain  and therefore  i t  was in t r i gu ing  

to explore,  wi th  the  aid of ord and cd spectra,  the  existence 
of a preferred conformat ion  in these peptides.  

No t  qui te  unexpec ted ly ,  the  ord spectra  of pept ides  
I - V I I  resemble  those  of prol ine ol igomers 6 and of poly-  
prol ine 7, though  no m u t a r o t a t i o n  could be  observed  in 
acet ic  acid. All  spect ra  (Figure) exhibi t ,  as a pr inc ipa l  
feature,  a t rough  around 215 rim, a l though  the  m e a n  
residue ro ta t ion  a t  this wave leng th  is d i f ferent  f rom pep- 

1 S. H. FERREIRA, Br. J. Pharmac. Chemother. 2d, 163 (1965). 
2 y. S. BARHLE, Nature, Lond. 220, 919 (1968). 
a S. H. FERREIRA, D. C. BARTELT and L. J. GREENE, Biochemistry 

9, 2583 (1970). 
4 M. A. ONDETTI, N. J.  WILLIAMS, ]~. F. SABO, J .  PLUSCEC, E . R .  

WEAVER and O. Kocv, 2nd American Peptide Symposium, Cleve- 
land, Ohio, August, 1970 (in press). 

5 D. W. CUSH~tAU and H. S. CrtEUNG, Fedn. ]?roe. 28, Abstr. 3019 
(1969). 
H. OKABAYASItl, T. ISEMURA and S. SAKAKIBARA, Biopolymers 6, 
307 (1968). 

7 j .  p. CARVER and E. R. BLOUT in Treatise on Collagen (G. RAMA- 
CHANVRAS; Academic press, New York, 1967), vol. 1, p. 441, 


