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In an analysis  of the cell  lipids of Streptomyces LA 7017 (the producing agent of the antibiotic LA 
7017) by th in - l aye r  chromatography (TLC), we found that with var ious  reagents [1-3] that two lipid f r ac -  
tions give a colorat ion charac te r i s t i c  for glycolipids. We have descr ibed the isolation and the de te rmina-  
t ion of the s t ruc tu re  of one of these lipids - ot 1 -O- [4 -O] (~-D-g lucopyranosy l ) -~ -D- (2 -  or  3 -O-acy l )ga lac -  
topyranuronosyl ] -2 ,3-d ig lycer ide  (I) - in a preceding paper [4]. The present  paper  gives the resul ts  of the 
isolation and the determinat ion of the s t ruc ture  of the second glycolipid (II), which has a somewhat lower 
mobility on TLC in s i l ica gel than the glycolipid I. 

The combined cell lipids obtained by the extract ion of the lyophilized mycel ium with mixtures of 
ch lo ro fo rm and methanol (2 : 1 and 1 : 1) was subjected to p re l iminary  fractionation on a column of s i l ica 
gel, and then the fract ions containing the glycolipids I and II were chromatographed on si l ica gel impreg-  
nated with boric  acid. The glycolipid I was isolated in the chromatographica l ly  pure s tate .  For  the final 
purification of lipid II f rom phospholipids, prepara t ive  TLC was used.  After reprecipi ta t ion with methanol 
f rom chloroform,  this lipid was obtained in the form of a white powder with mp 234-235°C and [~]~ + 67.7 °. 

The glycolipid II, like I, does not contain phosphorus,  sulfur,  orn i t rogen;  but, in addition to carbon,  
oxygen, and hydrogen,  it contains sodium and potass ium. The IR spec t rum of II is s imi l a r  to that of I (Fig. 
1) and has absorpt ion bands at, cm- l :  3380 (alcoholic HO groups),  1730 (ester  groups),  1600 (ionized c a r -  
boxyl), d isappear ing af ter  t rea tment  of the lipid with Dowex-50 cat ion-exchange res in  in the H + form,  1278 
and 1180 (stretching vibrat ions of a C - O  bond), 1050 (deformation vibrations o f a n H - O  bond). There is 
no select ive absorption in the UV region in the 216-300 nm region.  (See Scheme on following page.) 

Under the conditions of acid hydrolys is  (Scheme 1), the glycolipid II forms a mixture of fatty acids 
and water-soluble  products .  The composit ion of the fatty acids of the glycolipid II, studied by the gas-  
liquid chromatography (GLC) of the i r  methyl e s t e r s ,  is given below: 

Fatty acids Vrel  Content, 

C14:0 0.29 3.3 
Cis:o 0.39 45°2 
Cl6:0 0.58 8.2 

Unidentified 0.50 22.3 
" 0.69 21.2 

It was concluded previously  [4] on the basis  of the IR, mass ,  and NMR spect ra  of the mixture of 
methyl es te r s  of the acids of the glycolipid (I) and the resul ts  of chromatography that the two unidentified 
fatty acids present  in this lipid were sa turated branched acids with two or  more  methyl groups in the c a r -  
bon chain, one of these acids being a CiT:0 acid. Since the fat ty-acid composit ions of the glycolipids I and 

*Vre l  r e fe r s  to the retention volume of the methyl es te rs  of the fatty acids relat ive to methyl s tearate°  
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IR spec t ra  of glycoliptds I and II (in chloroform).  
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Scheme 1 

II are  identical qualitatively, all that has been said above apparently applies also to the unidentified acids 
of the latter.  

By paper  chromatography (PC), TLC on si l ica gel, and GLC, the water-soluble  fract ion of the hydro ly-  
sate was found to contain glycerol ,  glucose,  and a fair ly polar  compound coinciding on PC and TLC with glu- 
curonic acid. To determine the chemical  nature of this fragment ,  we subjected the glycolipid II to mild al-  
kaline hydrolys is .  The glycoside IV that was formed was methylated with diazomethane, and the methyla-  
,ion product V was reduced with sodium borohydride to the diglucosylglycerol  VI. The same glycoside was 
also obtained by the reduction of the methyl es te r  III of the glycolipid II with lithium aluminum hydride.  
Since the acid hydrolysis  of the diglucoside VI gave only glycerol  and glucose and the content of the lat ter  
in VI proved to be approximately twice as great  as in the uronoside IV, it is obvious that the molecule of the 
glycolipid II contains a glueoronic acid residue.  Thus, the molecule of the glycolipid II is based on the 
residues of fatty acids,  glycerol ,  glucose, and gtucuronic acid. A quantitative analysis of these components 
showed that they are present  in a ratio of 2 : 1 : I : 1, their  sequence in the molecule of II following f rom 
the experimental  resul ts  (Scheme 2). 

On hydrolysis  under  .mild acid conditions, the glycoside IV split into two f ragments :  glucose and com-  
pound VII, which obviously is a giyceryl  glucuronoside,  since free glycerol  and glucuronie acid are  absent 

680 



IV 

c~o~ 

HO ~ 
o. 

COOH 

* w OH 

OH 

C~OH 
/ - - o \ ,  Foil 

.~ ~:~ 7 t-oH 
3 N , ~ q  0 -J 

O~ 

CHrOMe 

M~ O ~  0 Me 

OMe 

C~._C~e COOke FOCOI~ 
/-~o\ / - -  o.~ ~-OCOR 

0~" I OMe 

1 ix 

~ooM~ i~ 
o@ + Me + + 2RCOOMe 

H ~0 H 

DMB 

= alkyl (C,3- C~6) 
Scheme 2 

f rom the hydrolysa te .  Consequently, the polyol residues of the glycolipid must be a r ranged in the sequence 
glucose ~ glucuronic acid - -  glycerol;  the uronic acid must be bound to a p r ima ry  hydroxyl of the glycerol :  
the product of the alkaline hydrolys is  of the glycolipid II - the glycoside IV - forms one mole of formalde-  
hyde on oxidation with periodate,  while the glycolipi d II i tself  does not form formaldehyde on periodate oxi- 
dation. This fact also shows the pyranose fo rm of the glucose residue.  The pyranose  fo rm of the g lucor-  
onic acid residue,  also, follows f rom the fact that the product of the reduction of the glycoside VII - the 
glyceryl  glucoside VIII - forms only one mole of formaldehyde on oxidation with periodate (by the oxida- 

tion of the g lycerol  residue).  

To determine the positions of the acyl groups,  we exhaustively methylated the glycolipid II (see 
Scheme 2). On acid hydro lys i s ,  the O-methyl derivative IX gave a mixture of products among which free 
glycerol  and a mixture of or- and /~- l ,2 ,3 ,4,6-penta-O-methylglucopyranosides  were identified by PC 
and TLC. The presence  of the f o r m e r  in the methanolysate shows that the glycerol  residue in the glyco-  
lipid molecule has no free HO groups and, consequently, is acylated with two fatty acids.  In addition to this,  
the formation of completely methylated glucosides once again shows the terminal  posit ion of the glucose 

residue.  

In o rde r  to determine the nature of the bond between the carbohydrates  present  in the glucolipid, the 
periodate oxidation of the "reduced" glycoside VI was per formed.  The oxidation product  was reduced with 
sodium borohydride and was then hydrolyzed Under acid conditions. The hydrolysate  was shown by PC and 
GLC to contain ethylene glycol, glycerol ,  and erythri tol ,  which shows a 1 ~ 4 linkage between the glucose 

and the uronic  acid. 

In Scheme 1, the glycolipid II is shown with an oz,o~ conf igurat ion of the glycosidic bonds.  We adopted 
this configuration on the basis of a calculation of molecular  rotations according  to Klyne for all four pos-  
sible anomeric D-glycopyranosyl-D-glucopyranuronosyldiglycerides. 

Glycoside 

Methyl o~-D-glueopyranoside [5] 
Methyl fl-D-glucopyranoside [6] 
Methyl ~-D-glucopyranuronoside [7] 
Methyl fl-D-glucopyranuronoside [8] 
D-l,2-Di-O-stearoylglyeerol [9] 

+158.2 ÷306.1 
- 34.2 - 66.3 
+129.0 +268.3 
- 60.0 -124.8 
- -  2 . 6  - 16.2 
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Glycoside [o~1~3 

Calculated for D-g lucopyranosyl -D-glucopyran-  
u ronosyl -2 ,3-d ig lycer ides  with the following 

configurations of the glycosidic linkages: 
tT~O/ 

fl, o¢ 
~,~ 
Found for the glycolipid II +67.7 

[MI ) 

+558.2 
+173.5 
+185.7 
-199 .0  
+594°4 

Thus, the glyeolipid II is a 1-O- [4-O-(o~-D-glueopyranosyl ) -a-D-glucopyranuronosyl ] -2 ,3-dig lycer ide .  

A diglycosyldiglyceride containing glucose and glucronic acid residues has been isolated previously  
f rom the cells of Pseudomonas diminuta [10]. The glycolipid II descr ibed in the present  paper  differs f rom 
this uronoside by the configuration at the anomeric  C atom of the glucose residueo 

E X P E R I M E N T A L  

Materials  and General Methods. The growth of the culture of Sir° LA 7017, the extract ion of the cell 
lipids, and the preparat ion of the adsorbents and plates for TLC were ca r r i ed  out by the methods descr ibed 
previously [4]. 

TLC was ca r r i ed  out with the following sys tems  of solvents:  1) p r o p a n - l - o l - w a t e r  (7 : 1) [11] for 
carbohydra tes ,  glycosides,  and other  polyols,  and 2) c h l o r o f o r m - m e t h a n o l - w a t e r  (65 : 25 : 4) for lipids. 
Paper  chromatography was per formed on Leningrad S paper by the descending method with the following 
solvent sys tems :  3) ethyl a c e t a t e - p y r i d i n e - w a t e r  (5 : 2 : 5, upper  phase), 4) b u t a n - l - o l - p y r i d i n e - w a t e r  
(6 : 4 : 3), 5) b e n z e n e - b u t a n - l - o l - p y r i d i n e - w a t e r  (1 : 5 : 3 : 3, upper  phase), 6) ethyl a c e t a t e - p y r i d i n e -  
w a t e r - a c e t i c  acid (5 : 5 : 3 : 1), 7) p r o p a n - l - o l - e t h y l  a c e t a t e - w a t e r  (7 : 1 : 2). The spots were  revealed 
in TLC by means of a 0.1% ethanolic solution of morin,  by 50% H2SO 4 with subsequent heating at 180°C, by 
diphenylamine [1], by ors in  [2], by pe r ioda t e -Sch i f f ' s  reagent [3], and by ammoniacal  s i lver  ni trate.  The 
substances were revealed on paper  with ammoniacal  s i lver  ni trate ,  aniline hydrogen phthalate, KIO 4-  
benzidine, NaIO4-Schiff ' s  reagent,  and the p-anisidine reagent° 

The methyl es te r s  of the fatty acids were analyzed by GLC in a column containing 10% of poly(ethyl- 
glycol succinate) on Chromosorb  W (40-60 mesh) at 160°C, the carbohydrates  in the form of the t r ime thy l -  
silyl derivat ives of the corresponding methyl glycosides [12] in a column containing 3% of SE-30 on Chromo-  
sorb  W at 146°C, and the s imple polyols (in the fo rm of acetates) in a column containing 10% of Reoplex- 
400 on Chromosorb  W at 140°C; in all cases  the c a r r i e r  gas was argon (60 ml/min) .  

In addition, the phenol method was used for the quantitative determinat ion of glucose [13], the ca rba -  
zole method for glucuronic acid [14], and the chromotropic  acid method for formaldehyde [15]. When glu- 
cose and glueuronic acid were present  s imultaneously in the glucosides to be analyzed (and the amounts of 
both were determined),  suitable cor rec t ions  were introduced. The amount of glycerol  was determined f rom 
the formaldehyde formed in its periodate oxidation. 

The IR spec t ra  were recorded  on a UR-10 spect rograph (Zeiss,  GDR). 

Isolation of the Glycolipid II° 20 g of the total lipids in 60 ml of ch loroform was deposited on a column 
containing 1.5 kg of s i l ica gel. The column was eluted with 3 l i ters of ch loroform and then elution was con- 
tinued with mixtures of ch loroform and methanol with increas ing contents of the latter (from 25 : 1 to 1 : 1) 
and, finally, with pure methanol. 25-ml fract ions were collected.  They were analyzed by TLC in sys tem 
2 and the fractions containing the glycolipids I and II (to a total amount of 3.5 g) were combined and ch ro -  
matographed onacolumnconta in ing200  g of si l ica gel impregnated with boric  acid° The column was washed 
with 1 l i ter  of a mixture of ch loroform and methanol (19 : 1) and then with 1 l i ter of a mixture of ch loro-  
form and methanol (7 : 1). 1°2 g of the glycolipid I was eluted. Fur ther  elution with 1 l i ter of a mixture of 
ch loroform and methanol (2 : 1 and 1 : 1) gave 500 mg of a f ract ion enriched in the glycolipid II. The latter 
was isolated by preparat ive TLC (20 × 20 em plates with a 0.3-0.4 mm thick layer  of adsorbent) in sys t em 
2; not more than 45 mg of mixture was deposited on each plate. A total of 250 mg (1.25% of the weight of 

g¢ 
the dry  mycelium) of the glycolipid II was obtained with Rf 0.17, R I 0.49 in sys t em 2, Rf 0°24, R I 0.73 

*Mobility relative to the glycolipid I. 
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[ c h l o r o f o r m - m e t h a n o l - a c e t i c  a c i d - w a t e r  (80 : 13 : 8 : 0.3)]; Rf 0.23, RI 0.59 [ c h l o r o f o r m - a c e t o n e -  
m e t h a n o l - a c e t i c  a c i d - w a t e r  (5 : 2 : 1 : 1 : 0.5)]; Rf 0.19, R I 0.45 [ c h l o r o f o r m - m e t h a n o l - 7  N aqueous 
ammonia  (17 : 7 : 1)]. The oily substance obtained was dissolved in 2 ml of ch loroform and the solution 
was t rea ted  with 8 ml of methanol and left at 0°C for 2 days, af ter  which 180 mg of the glycolipid II was 
f i l tered off in the form of a white powder with mp 234-235°C, [~]~ + 67.7 ° (c 0.89; chloroform).  

Found, %: C 58.06; H 9.04. Calculated for C45HsiO16Na*, % C 59.9; H 9.10. 

Acid Hydrolysis  of the Glycolipid II. Lipid II (19 mg) was hydrolyzed in a s imi l a r  manner  to the gly-  
colipid I [4], but the t ime of hydrolys is  was increased to 20 h. The lipophilic fract ion was methylated with 
diazomethane and the methylated product (10.4 mg), consisting, according  to TLC, of a mixture of fatty e s -  
t e r s  [Rf 0.08 in the hexane : -e the r  (85 : 15) system] was analyzed by GLC (for details,  see preceding page). 
The contents of glucose and glycerol  in the aqueous layer  were determined co lor imet r ica l ly .  The yields 
were  3.8 and 1.98 rag, respect ively .  The molar  ratio of fatty acid to glucose to glycerol  was 1.90 : 0.98 : 
1.0. 

Alkaline Hydrolysis  of the Glycolipids II. The glycolipid II (14.2 mg) was hydrolyzed with caustic 
potash in c h l o r o f o r m - m e t h a n o l  [4], the lipophilic par t  of the hydrolysa te  was t rea ted  with an e thereal  so lu-  
tion of diazomethane,  and the mixture of methyl es te rs  of fatty acids (4.20 mg) was analyzed by GLC. The 
amounts of glucose and glucuronic acid in the water-soluble  fraction of the hydrolysate  were  determined 
co lor imet r ica l ly  (found 1.51 and 1.55 mg, respect ively) .  The mola r  ratio of fatty acids to glucose to glu- 
curonic acid was 2.05 : 1.05 : 1.0. 

Evaporat ion of the aqueous solution gave the glycoside IV; on PC, Rglu (mobility relat ive to glucose) 
0.18 (sys tem 3), 0.24(4), 0.33 (6). The action of an ethereal  solution of diazomethane on a solution of IV in 
methanol gave the methyl e s t e r  of V; Rglu on PC 0.65 (system 3), 0.62 (4), 0.79 (6). 

The Glycoside VI. A solution of 8.2 mg of the methyl es te r  V in 1.5 ml of water  was t reated with 10 
mg of NaBH 4 and the mixture was left at 20°C for  1.5 h. Then the excess of hydride was decomposed by the 
addition of acet ic  acid. The mixture was shaken with Dowex-50 (H+), the res in  was fi l tered off, the fi l trate 
was evaporated to d ryness ,  and the boric  acid was removed in the form of t r imethyl  borate  by distil lation 
with methanol (3 × 10 ml). This gave the glycoside VI with mp 173-176°C (from e thanol -methanol ) ;  Rglu 
on PC 0.62 (system 3), 0.60 (4), 0.77 (6); Rglu on TLC 0.81 (system 1). 

l%riodate Oxidation of the Glycoside VI. A solution of 10 moles of the glycoside VI in 1 ml of water  
was t rea ted  with 4 ml of 0.025 M NaIO 4 solution. The mixture was left i n the  dark at 20°C until the con-  
sumption of periodate ceased (72 h), which was determined co lor imet r ica l ly  [16]. A total of 3.92 moles of 
periodate (per mole of glycoside) was consumed.  The periodate and the iodate ions were precipi tated with 
a sa tura ted  solution of ba r ium acetate and the precipi ta te  was separated off by centrifuging. The solution 
was then t reated with 10 mg of NaBH 4 and the mixture was left at 20°C for  24 h. Then the excess of hydride 
was decomposed with acetic acid and the mixture was t rea ted  with Dowex-50 (H+), the res in  was fil tered 
off, the fi l trate was evaporated to d ryness ,  and the boric  acid was eliminated in the fo rm of t r imethyl  b o r -  
ate by distil lation with methanol (3 x 10 ml). The res idue af ter  evaporat ion was hydrolyzed with 1.5 ml of 
2 N hydrochlor ic  acid at 105°C for  2 h. The hydrolysate  was neutral ized with Amberl i te  XE-58 (CO~-), 
concentrated,  and analyzed by PC in sys tems 1 and 7, by TLC in sys tem 1, and by GLC. The ratio of gly-  
cerol  to erythr i to l  was 0.91 : 1.0. 

Aluminum Hydride Reduction of the Glycolipid II. A solution of 16 mg of the glyeolipid II in 2 ml of 
te t rahydrofuran  was shaken with an excess  of Dowex-50 (H +) at 20°C for 15 min, the res in  was fi l tered off, 
and the fi l trate was t rea ted  with an ethereal  solution of diazomethane.  The solvent was distil led off and the 
res idue was reduced with LiA1H 4 in te t rahydrofuran  in a s imi l a r  manner  tO the glycolipid I [4]. The lipo- 
philic f ract ion of the reduction products  consisted of a mixture of fatty alcohols (6.4 mg according to GLC). 
According to TLC and PC in sys tems  1, 3, 4, and 6, the aqueous solution contained the glycoside VI as the 
sole product .  The latter was hydrolyzed by heating at 100°C with 1.5 ml of 2 N H2SO 4 for 4 h.  The hydroly-  
sate was neutralized with Amberl i te  XE-58 (CO T and was then concentrated and was analyzed by PC. The 
content of glucose in the hydrolysate  was 4.8 mg. The mola r  ratio of fatty alcohols to glucose was 1.0 : 1.05. 

~In the calculation of the C and H contents expected theoret ical ly ,  it was assumed that the lipid contained 
only the C15:0 acid; the p resence  of Cl6:0 and C17:0 acids does not introduce an appreciable e r r o r .  
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Mild Acid Hydro lys i s  of the Glycoside IV. A solution of 6 mg  of the glycoside IV in 1 ml of 0.1 M 
hydrochlor ic  acid was heated  at 104°C for  50 rain. After  cooling, the mixture  was neut ra l ized  with A m b e r -  
lite XE-58 (COa-) , and was then evapora ted  to a volume of N0.2 ml and was deposited on paper .  The ch ro -  
m a t o g r a m  was run in s y s t e m  7, the band with Rglu 0.16 was cut out, and the g lycery l  glucuronoside (VII) 
was eluted with 15 ml of methanol  (content of uronic  acid 1.08 mg and of g lycero l  0.51 rag). The eluate 
was evapora ted  to a volume of 1 ml  and t r e a t ed  with an e the rea l  solution of CH2N2; the mixture  was evap-  
ora ted  to d ryness  and the res idue  was t r ea t ed  with a solution of 5 mg of NaBH 4 in 1 ml of water ;  a f t e r  2 h, 
as in the case  of VI, the glucoside VIH was isola ted,  and this was oxidized with per ioda te  as in the case  
of VI. 

The Methyl Der iva t ive  IX. A solution of 20 mg of the glycolipid II in 2 ml  of a mix ture  of d imethy l -  
f o r m a m i d e  and methyl  iodide (1 : 1) was heated with 60 mg of s i l v e r  oxide with s t i r r i n g  at 50°C for  15 h, 
a f t e r  which another  100 mg  of s i l ve r  oxide was added; s t i r r i ng  was continued for  20 h. After  cooling, the 
mix ture  was t r ea t ed  with 7 ml of ch loroform,  the p rec ip i t a te  was e l iminated by centr i fuging,  the supe rna -  
rant liquid was washed with wa te r  (3 × 5 ml),  and the solvent was dis t i l led off. By TLC the res idue  yielded 
14 mg of the O-methyl  der iva t ive  IX wit h Rf  0.41 in the c h l o r o f o r m - e t h y l  aceta te  (5 : 1) s y s t e m .  IR spec -  
t r u m  (in CC14): ~max  1745 cm -1 (es te r  groups) ,  1166, 1111, and 1047 cm - i  ( C - O  bonds).  

Methanolysis  of the Methyl Der iva t ive  IX. A mix ture  of 5 mg of the methyl  der iva t ive  IX and 3 ml of 
5% HC1 in methanol  was boiled for  10 h.  Af ter  cooling, the mix tu re  was neut ra l ized  with Amber l i t e  XE-  
58 (CO?). Glycerol  was detected in the methanolysa te  by p a p e r  ch romatography  in s y s t e m s  3, 5, and 7 and 
by  TLC in s y s t e m  1; 1 ,2 ,3 ,4 ,6 -pen ta -O-methy lg lucose  was detected by TLC on the methanolysa te  in the 
c h l o r o f o r m - e t h y l  ace ta te  (2.5 : 1) and ethyl a c e t a t e - t e t r a h y d r o f u r a n  (5 : 1) s y s t e m s .  

SUMMARY 

A new glycolipid, a l-O-[4-O-(o~-D-glucopyranosyl)-o~-D-glucopyranuronosyl]-2,3-diglyceride has 
been isolated from the total cell lipids of Streptomyces LA 7017. 
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