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In one of our  preceding  communica t ions  [1] we desc r ibed  the p r o c e s s  of i sola t ing f r o m  the ce l l s  of 
Ac t inomyces  No. 660-15 an orni th ine-conta intng lipid for  which s t ruc tu re  (I) was  proposed .  According to 
a quant i ta t ive ana lys i s ,  the lipo amino acid amounted to about 35% of the sum of  the po la r  l ipids of  the 
ac t inomyce te .  This  fact ,  and a lso  some  fea tu res  of the chemica l  s t ruc tu re  of (I) - i t s  b ipo la r  na ture  and 
the p r e s e n c e  in the molecule  of two fat ty  chains - pe rmi t t ed  the assumpt ion  that the l ipid (I) fo rmed  pa r t  
of the cell  m e m b r a n e s  of the given m i c r o o r g a n i s m  as one of i t s  main s t ruc tu ra l  components .  

Continuing a study of the l ipids of ac t inomyce tes ,  we have  found that the ce l l s  of Act inomyces  g lob is -  
porous  1131. also contain a cons iderab le  amount  of a lipo amino acid which includes anomi th ine  res idue .  
The p re sen t  p a p e r  g ives  the r e su l t s  of the i so la t ion  and identif icat ion of this lipid (II). 
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To i so la t e  the (II), the total l ipids  obtained by the ext rac t ion  of the f r e e z e - d r i e d  myce l ium with mix -  
t u r e s  of CHC1 s and M e O H  ( 2  : 1 and 1 : 1) we re  ch romatographed  on a column of s i l ica  gel .  In this way i t  
was  poss ib le  to i so l a t e  pa r t  of the (II) in the ch romatograph ica l ly  pure  s ta te  in the f o r m  of an amorphous  

* The producing agent of the antibiotic actinoxanthin [2 ]. 
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Fig.  1. IR spec t rum of the lipo amino acid (II) in ch lo roform.  
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T A B L E  1 .  Fatty-Acid Composition of the Lipo Amino Acid flI) 
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mass  with [a]~ equal to - 2 . 4  °. F o r  the quantitative isolat ion of the lipid (II), the f ract ion containing it  was 
rechromatogr~phed under  the same conditions. 

The lipo amino acid +(II) gives a posit ive react ion with ninhydrin; i ts  IR spec t rum (Fig. 1) shows the 
absorption bands of an NH 3 group (3030 cm-1), of e s t e r  and amide carbonyls  (1730 and 1648 cm -1, r e spec -  
tively), and of an ionized carboxy group (1598 cm -i) .  Under the conditions of severe  acid methanolysis ,  
(II) is  cleaved (Scheme 1) into a Hpophilic f ract ion which consis ts ,  according to th in - layer  chromatography 
(TLC), of a mixture  of methyl e s t e r s  of fatty acids and/~-hydrexy fatty acids,  and a single hydrephil ic  
f ragment  - the methyl e s t e r  of orni thine,  which we identified chromatographical ly  on paper  (PC) and (in 
the form of t r imethyls i ly l  and N,N-diacetyl  derivatives)  by g a s - l i q n i d  chromatography (GLC). The methyl 
e s t e r s  of fatty acids and of ~-hydrexy  fatty acids were  separated by p repara t ive  TLC and were  analyzed 
by the method of combined GLC and mass  spec t romet ry (Tab le  1). 

In the mass  spec t ra  of the methyl e s t e r s  of the fl-hydroxy acids there  are  cha rac te r i s t i c  intense 
peaks of ions with m / e  74 and 103 and also the peaks of the ions M+, [ M - l ]  + (both with a ve ry  low intensity),  
[M-H20] +, [M-H20-MeOH]  +, [IVI-CI-I2COOOMo]* , and [M-CH2COOMe- I ~ O - l ] .  + 
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The s t ruc tu re  of the carbon chains of the acids l is ted in Table 1 is  conf i rmed by the fact  that in the 
NMR spec t ra  of the methyl e s t e r s  of both the fatty acids and of the ~-hydroxy fatty acids,  the C-methyl  
groups a re  represen ted  by a doublet signal at 0.92 ppm (J = 6.5 Hz), which shows that the molecules  of at 
leas t  the main components of these mix tures  have a terminal  i soprepyl  grouping. The f l-hydrexy fatty 
acids give a posi t ive optical ro ta to ry  dispers ion curve,  which shows the L configuration at the a symmet r i c  
C3 atom [3]. As quantitative analysis showed, the e s t e r s  of the fatty acids,  of  the ~-hydroxy fatty acids,  
and of the ornithine were  presen t  in the methanolyzate in a mo la r  ra t io  of 1 : 1 : 1. 
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Fig.  2. Mass spec t rum of the lactum (V) (70 eV)o 

The alkaline methanolysis  of (II) formed a mixture  of methyl e s t e r s  of fat ty acids (the composit ion 
of which did not d i f fe r  f rom that given in Table 1) and aninhydr in-posi t ive  product  (III) the s t ruc tu re  of 
which follows f rom the facts given below. The IR spec t rum of (III) showed the absorption bands of an 
alcoholic OH group (3380 cm-1), of an NII~greup (3050 cm-1), of an amide carbonyl  (1652 cm-1), and of an 
ionized carboxyl  (1600 cm -t) .  Severe  acid methanolysis  of (III) led to the formation of methyl e s t e r s  of 
f l-hydroxy fatty acids and the methyl e s t e r  of omi th ine  in a mo la r  rat io of 1 : 1. The resu l t  of the action of 
methanolic  HC1 at  20°C on (III) followed by t rea tment  with a weak anion:exchange res in  formed a product  
s imi l a r  in i t s  behavior  on TLC in var ious  solvent sys tems to the lac tam (IV) which we have obtained p r e -  
viously by the degradation of the lipo amino acid {I) [1]. The two substances mentioned have prac t ica l ly  
identical  IR and mass  spec t ra  and optical ro ta to ry  dispers ion curves .  This shows that the ornithine res idue 
in the molecule  of (I1) pos se s se s  the L configuration, since the L configuration of the same residue in the 
molecule  of the product  of the degradation of (I) was shown s t r ic t ly  [1 ]. 

The br ie f  acid methanolysis  of (II) at 20°C followed by t rea tment  of the methanolyzate with an anion- 
exchange res in  yielded three  lipophilic f ract ions:  methyl e s t e r s  of fatty acids, the lac tam {IV), and a 
ninhydrin-negat ive f ract ion more  mobile on TLC than (IV) but l e ss  mobile than the methyl e s t e r s  of the 
fatty acids.  On more  prolonged methanolysis ,  this product  Was split  into a mixture  of methyl e s t e r s  of 
fatty acids and the lac tam {IV), and we therefore  proposed for  i t  the s t ruc ture  (V). This was confirmed by 
the resu l t s  of a study of i ts  mass  spec t rum (Fig. 2 and Schemes 2 and 3). In the  mass  spect rum there  a re  
four  peaks in the region of high mass  numbers  which cor respond to homologous molecu la r  ions with m / e  
620 ,606 ,592 ,  and 578. Of these,  only the peaks of the ions with m / e  606 and 592 {Va and Vb, respectively)  
pos se s s  appreciable  intensi ty,  which is  in full agreement  with the re la t ive  amounts of the fatty acids found 
in the lipid (II) [the molecu la r  weights of the homologous lac tams (V) containing fat ty-acid res idues  in the 
combinations C15:0-fl-hydroxy-C17:0 and C15:0-fl-hydroxy -Ct6 : 0 are ,  respec t ive ly ,  606 and 592]. Witl~ the 
loss  by the molecu la r  ions (Va) and (Vb) of the molecule  of 13-methy] te t radeeanoic  acid, ions with m / e  
364 and 350 (or,  fo r  the minor  components ,  m / e  378 and 336) a re  formed,  the loss of the corresponding 
acyi radical  gives ions with m/e 381 and 367, and the loss  of the hydroxy acyl radical  gives ions with m / e  
365 and 351. The spec t rum of (V) contains all the main peaks observed in the mass  spec t rum of {IV) (see 
[1]): 3 8 2 , 3 6 8 , 3 6 4 , 3 5 0 , 1 8 5 , 1 5 6 , 1 4 1 , 1 1 5 , 1 1 3 ,  99, 97. It can be seen f rom Scheme 2 that the na ture  of 
the ions to which the peaks mentioned cor respond  is  the same in both cases ;  Scheme 3 shows o ther  d i r ec -  
tions of the f ragmentat ion of (Va, b). 
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I t  i s  i n t e r e s t i ng  to note that  the m a s s  s p e c t r u m  of the p roduc t  f o r m e d  by the t r e a t m e n t  of  tl~e lipo 
amino acid (II) with N- ( t r ime thy l s i l y l )d i e thy lamine  proved  to be comple t e ly  ident ica l  with the m a s s  s p e c -  
t r u m  of the l a c t a m  (V), I t  i s  d i f f icul t  to s ta te  whe the r  the c l o s u r e  of the l a c t a m  r ing takes p lace  dur ing 
the s i ly la t ion of  the lipid o r  w h e t h e r  the f o r m a t i o n  of  (V) i s  the consequence  of  the t he rma l  cyc l i za t ion  of  
the t r ime thy l s i l y l  de r iva t ive  of  (II) d i r e c t l y  in the ion s o u r c e  of  the m a s s  s p e c t r o m e t e r  (150°C); however ,  
i t  i s  not  a m a t t e r  of  doubt that  the molecu le  of  the l ipo amino acid that  we i so la ted  does  not contain o t h e r  
g roup ings  apa r t  f r o m  r e s i d u e s  o f  fa t ty  ac ids ,  f l -hydroxy  fat ty  ac ids ,  and orn i th ine .  Thus,  the l ipo amino 
acid (I1) is an N 2- [L-  (3 ' -acyloxy)  acyl  ] - L - o r n i t h i n e .  



A lipo amino acid of the type of (II) has recent ly  been d iscovered  in the cel ls  of Pseudomonas  rubes -  
cen s [4], and a lipid of s imi l a r  s t ruc tu re  (V1) has been found in Thiobaeil lus thiooxidans [5], but the s t e r e o -  
che m i s t r y  of these compounds was not establ ished.  
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Descr ipt ions  have also appeared in the l i t e r a tu re  of ornithino lipids of the genera l  s t ruc tu re  (VII) 
in the molecules  of which the carboxy group of the ornithine res idue  is  es te r i f led  e i the r  with a fatty alcohol 
(R ~ = alkyl) [6, 7], with a ~-(acyloxy)ethanol  (R'= CH2CH2OCO(CH2)sCHMe(CH2)~Me [8], R, = CH2CH~OCOCH 
(OH) (CH2)10CHMe 2 [9]), o r  with a monoacyloxyisopropanol  [R ' = CHMeCH~OCO(CH2) gCH-CH(CH2)sMe ] [8]. 
Nei ther  monohydric  alcohols no r  diols were  found in the products  of the methanolysis  of the lipo amino 
acid (I1) that we isolated.  A s t ruc tu re  of type (VII) is  excluded fo r  this lipid also because  the lac tam (V) 
formed f rom i t  re ta ins  both fa t ty-acid  res idues  of the initial  molecule .  

E X P E  R I M E  NTA L 

Type KSK si l ica gel was used for  column chromatography and TLC i100-150 and 150-200 mesh,  
respect ive ly) .  The plates  fo r  TLC were  p repa red  as descr ibed  previously  [10] and were  run in the following 
solvent  sys tems:  1) CHC13-MeOH-wate r  (65:25 : 4); 2) CHC13-MeOH-wate r  (60 : 30 : 5); 3) CHCls-MeOH 
- c o n c e n t r a t e d  aqueous NH 3 (60 : 30 : 5); 4) C H C 1 3 - M e 2 C O - M e O H - A c O H - w a t e r  ( 8 0 :4 0 :2 0  : 20 : 10); 5) 
C H C 1 3 - M e O H - w a t e r - c o n c e n t r a t e d  aqueous NI-I 3 (130 : 70 : 8 : 2); 6) CHC13-MeOH (9 : 1) ; and 7) h e x a n e -  
e the r  (85 : 15). The substances on the ch roma tog rams  were  revealed by t rea tment  with 50% H2SO 4 followed 
by heating to 180-200°C, with a 0.1% ethanolic solution of morin~ and with a 0.3% solution of ninhydrin in 
ethanol. 

P a p e r  chromatography (PC) was pe r fo rmed  on Leningrad C [WmediumW] paper  by the descending meth-  
od in the sys tems  8 ) n - B u O H - A c O H - w a t e r  (4 : 1 : 5, upper  phase),  9) wa te r - sa tu ra t ed  phenol, and 10) 
p h e n o l - w a t e r  (78 : 22) + 1% of concentra ted aqueous NH 3. The spots of the substances were  detected by the 
niubydrin reagent .  

The methyl  e s t e r s  of fatty acids of f~-hydroxy fatty acids were  analyzedon anLKB-9000 ins t rument ,  
and fo r  the chromatographic  separat ion we used a column (3000 × 3 mm) containing 3% of SE-30 on Chremo-  
sorb  W (40-60 mesh) with hel ium as the c a r r i e r  gas (20 ml/min)  at column t empera tu re s  of 190°C fo r  the 
methyl e s t e r s  of fatty acids (standard - methyls teara te)  and 205°C for  the methyl e s t e r s  of f~-hydrexy fatty 
acids (standard - me thy la -hydroxys tea ra t e ) .  The f rac t ions  corresponding to the individual peaks on the 
ch roma tog rams  were  in t roduced d i rec t ly  into the ion source;  the energy of the ionizing e lec t rons  was 70 eV. 
The mass  spec t ra  of the l ae tams  were  taken on the same ins t rument .  

Omith ine  and i ts  methyl e s t e r  were  analyzed by the GLC method in the fo rm of the t r imethyls i ly l  
der iva t ives  [11]: the N, N-diaceta te  of orai thine methyl e s t e r  was obtained by the action of Ac20 in pyridine 
at 70-80°C for  4 ho I n t h e  quantitative de terminat ion  of orni thine,  the corresponding lysine der ivat ive  was 
used as s tandard.  

The IR spec t rum were  taken on a UR-10 spect rograph (Zeiss ,  GDR) and the optical ro ta to ry  d i spe r -  
sion cu rves  on a Cary-60 spec t ropo la r ime te r  in MeOH (for the lactams) o r  in heptane (for  the f~-hydrexy 
acids).  

The cul ture  of Aet inomyees  globisporous 1131 was grown at 280C for  39 h in a medium containing 1% 
of maize  ext rac t ,  1% of s tarch ,  0.5% of glucose,  0.5% of NaC1, 0.35% of (NH4)2SO4, and 0.4% of CaCO 3 (pH 7 
before  s ter i l izat ion) .  The mycel ium was separa ted  by centrifuging, washed with dist i l led water ,  and f r e e z e -  
dr ied.  

_The extract ion of the total cell  hlpids was pe r fo rmed  by the method descr ibed  previous ly  [1]. F r o m  
200 g of f r e e z e - d r i e d  mycel ium the yield of total l ipids was 26.4 g (13.2%). 



Isolation of the Lipo Amino Acid (I1). On a column containing 500 g of  si l ica gel was deposited 26.4 g 
of the combined lipids in 150 ml of CHC13. The column was washed with two l i t e r s  of CHC13, a f t e r  which 
elution was per fo rmed  with mix tures  of CHC13 and MeOH with a gradual  i nc rease  in the proport ion of the 
l a t t e r  (from 30 : 1 to 1 : 1). The eluates (15-ml portions) were  analyzed by TLC in sys tems  2 and 3 .  The 
fract ion of the eluates obtained on elution with CHC13-MeOH (7:1) contained chromatographica l ly  pure  
(II) (64 mg). The  remaining f ract ions  containing (II) (in admixture  with phosphatidylethanolamine) were  
combined and chromatographed on 100 g of si l ica gel.  Elution with mix tures  of CHC13 and MeOH (10 : 1, 
8 : 1, 7 : 1,  6 : 1, and 5 : 1) gave an additional 50 mg of (II) [ a ] ~ - 2 . 4  ° (c 2.9; CHC13), Rf  0.39 (in sys tem 1), 
0.61 (2), 0.52 (3), 0.49 (4), 0.45 (5). 

Severe  Acid Methanolysis of the Lipid (II). A mixture  of 10 mg of (II) and 1.5 ml of a 7% solution of 
HC1 in MeOH was heated in a tube at 105°C for  35 h. After  cooling, the mixture  was neutra l ized with Amber -  
l i te XE-58 (OH-), the MeOtt was dist i l led off, the res idue was t reated with 1.5 ml of water ,  and the mixture  
was extracted with CHC13 (3 × 2 ml). The substance f rom the organic phase was subjected to TLC in 
sys tem 7. This gave 3.7 mg of the methyl e s t e r s  of fatty acids with Rf 0.80 and 3.9 g of the methyl e s t e r s  
of f~-hydroxy fatty acids with Rf 0.12. In the aqueous phase,  the methyl e s t e r  of ornithine was detected by 
the GLC method. The mo la r  rat io of methyl e s t e r s  of fat ty acids to methyl e s t e r s  of f~-hydroxy fat ty acids 
to the methyl e s t e r  of ornithine was 1.0 : 0.92 : 0.90. 

An aliquot of the hydrophilic f ract ion was hydrolyzed by heating with 2 N hydrochlor ic  acid at 100°C 
fo r  15 h, and ornithine was found in the hydrolyzate  by PC (in sys tems  8-10) and GLC. 

Alkaline Methanolysis of the Lipid (II). To a solution of 20 mg of (II) in I ml of CHC13-MeOH (1 : 1) 
was added 1 ml of a 0.5 N solution of MeONa in MeOtt. The mix ture  was kept at 25°C for  1 h and was 
neutra l ized with Dowex-50 (H +) at 0°C. The solvents were  dist i l led off, and the res idue was chromatographed 
on 1.5 g of s i l ica  gel; CHC13 eluted 7.6 mg of methyl e s t e r s  of fat ty acids,  and CtIC13-MeOH (1 : 1) eluted 
10 mg of the hydroxyacylorni thine (III), Rf 0.29, RII* 0.47 (in sys tem 2); Rf  0.21, RII 0.40 (3); Rf 0.26, 
RII 0.54 (4). 

By the method descr ibed  above, aliquots of (III) yielded methyl e s t e r s  of fl-hydroxy fatty acids and 
ornithine in a mola r  ra t io  of 1 :1 .1  (according to GLC). 

The Lactam (IV). A solution of 10 mg of (III) in 1.5 ml of a 5% solution of HC1 in MeOH was left  at 
20°C for  24 h. The mixture  was neutra l ized with Amber l i te  XE-58 (OH-), the solvent was disti l led off, and 
the residue was subjected to TLC in sys tem 6. This gave 7.2 mg of (IV) with Rf 0.65. IR spec t rum (CHC13): 
rmax 3364 cm -i (alcoholic OH and amide NH groups),  1662 and 1564 cm -i (amide bands I and II). 

Mild Acid Methanolysis of the Lipid (II). A mixture  of 17 mg of (II) and 2 ml of a 5% solution of HC1 
in MeOH was left  at 35°C for  4 h, a f t e r  which i t  was neutral ized with AmberHte XE-58 (OH-), the MeOH was 
distil led off, and the residue was invest igated by TLC in sys tem 6. This gave 3.9 mg of methyl e s t e r s  of 
fatty acids migrat ing with the solvent  front ,  5.2 mg of the lactam (IV) with Rf 0.78. 

A solution of (V) (~ 1-1.5 rag) in 0.5 ml of a 5% solution of HC1 in MeOH was left  at 25°C fo r  48 h. 
After  the working up of the react ion mixture  descr ibed  above, methyl e s t e r s  of fatty acids and a substance 
identical  with the lac tam (IV) in i ts  mobili ty on TLC and in i ts  mass  spec t rum were  obtained. 

C O N C L U S I O N S  

F rom the cel l  lipids of Actinom~,ces globisporus 1131 a lipo amino acid has been isolated which is  a 
N2-[L-(3 ' -acyloxy)acyl] -L-orni th ine .  The configurations of all the a symmet r i c  cen te r s  in an ornithino lipid 
have been established for  the f i r s t  t ime. 

1. 
2. 

3. 

4. 

LITERATURE CITED 

S. G. Batrakov,  T. V. Pll ipenko, and L. D. BergePson,  Khim. Pr i rodn .  Soedin., 145 (1972). 
N. M. Vikhrova, T. I. Kryuchkova, E. V. Preobrazhenskaya ,  and A. S. Khokhlov, Antibiotiki, 2, 21 
(1957). 
W. Klyne and P. M. Scopes, in: Optical Rotary Dispersion and Circular Dichroism in Organic 
Chemistry (edited by A. Snatzke), Heydon and Son, London (1967), Ch. 12. 
S. G. Wilkinson, Biochem. Biophys. Acta, 270, 1 (1972). 

* RII is  the mobili ty re la t ive  to the lipid (II). 



5. H.W. Knoche and J. M. Shtvely, J. Biol. Chem., 247, 170 (1972). 
6. A. Gorchetn, Biochem. Biophys. Acta, 152, 358 (1968). 
7. D.R.  Clarke and E. S. Waight, J. Chem. Soc., C, 3743 (1971). 
8. J .-C.  Prome,  C. Lacave, and M.-A. Laneelle, Compt. Rend., 269~ 1664 (1969). 
9. J. Kawanami, Chem. Phys. Lipids, 7, 159 (1971). 

10. L .D.  Bergel'son, ]~. V. Dyatlovitskaya, and V. V. Voronkova, Dokl. Akad. Nauk SSSR, 141, 84 (1961). 
11. D .L .  Stalling, C. W. Gehrke, and R. W. Zumwalt, Biochem. Biophys. Res. Commun., 31, 616 (1968). 


