
Thin-layer chromatographic separation of sphingosine 
and related bases* 

1) lI(~tt iods for th r  srpnration and itlmtificntion of 
sphingosinc nntl rrlatcd lmscs nrr csscntinl to th r  stridy 
of t hr chrmist ry and mrtn1)olism of sphingolipitls. 
I’revinris reports on the srpnrntion o f  sphingosine tmscs 
and thrir tlrrivntivrs inclritlr n pnprr rhrom:rtogrnphic 
scp:irnt inn of sphingosinr nntl dihytlrosphingosint. 
( I ) , r(b\wsc phnsr caoliimn c*hromntogrnphy of the 
.\‘-sricc inyl tlcrivntivrs (t‘), pnprr chrom:itogrnphy of 
t hc 3,-l-tlinitroplicnyl dcrivativcbs ( 3 ) ,  and n gns-li(liiid 
chromatogrnphic. mct hot1 for th r  separation of nldrliytl(~s 
tltvivrtl from the h s c s  (4). .I niunhcr of closrly rc- 
lnt r t l  b:ws of sphingosinr iwre scpnrntctl on pnprr 
imprrgnntrtl with silic.iv nc-id (.;). Ilrcrntly two pnpcrs 
nppr:u.cd that  inclatlcd mct hods for t hr separation of 
spliingosinr Imws l)y t hin-lnyrr c*hromntogrnphy ( f i ,  7). 
Rcymrtetl here is n rapid thin-lnyrr c.hromatogrnphic. 
mrthod risrfril for the qi1nlitntivc srpnrntion and idtmti- 
fication of the frrr  hnscs of er!/lhm-sphingosinc, thwo- 
sphingosine, tlihydrosphingosinc, phytosphingosinr, and 
3-0-met hylsphingosinc. 
.I commcrcinl nppnrntris (Ihinkmnnn Instriimrnts, 

Tnc., Great Seck,  1,ong Island, S. I-.) was iisrtl to 
prepare thin layers of silicic acid (250 p )  on glass plates 
with Silica Grl G (lc.  lIrrck, .I.(:., I)nrmstaclt, 

Supported by PllS 1lesc:wrh (;rmt’I:-388i from thr S;ition:il 
Institutes of IIe:ilth, I‘. S. I’iildie I l w l t l i  Swvirr. 

(;rrm:iny). ‘l’lw plat(- nwr nctivntrtl hy hmting at  
10.;’ for I L‘ hr  m t l  storrtl o ~ ~ r  silic-n grl. . \ h i t  50 
pg of thc snmplc nns  spotted from n chloroform- 
mcthnnol 1 : 1 solution1 nntl tlcvcloprd at 2.;’ in glass 
c*hnml,crs containing chloroform-mrtlinnol 2 Y am- 
monia 10: 10: 1 for .io min. ‘rhc plntrs u r r r  nllo\vrtl 
to dry nt room tcmpcrntrirc for .; 10 min :ind thr spots 
visiinlizrtl with ninhydrin spray (0 .2 g ninhydrin in 
!I.; ml 1,-hritnnol nntl .; ml pyridine). ‘l’he pink spots 
which w r r  vi.;ildc within I L’ hr  tlisnpprnrctl within 2 t  
hr. .I more prrmnnrnt rcwrt l  c-nn l)c o1)tninctl hy 
nvrr-spraying t tic plntrs M ith .ior sirlfiiric. acid nntl 
charring. . \ t w i t  .i pg o f  q)hingosincb can br cnsily 
swn r 4 n g  cithcr y x . v .  

Snmplcs of pliyto<phingo.;inr nntl t rincc.tyl.;phingosinc 
ucrc kindly siipplirtl hy I h .  11. I*;. (‘nrtrr of ttir I-nivrr- 
sity of Illinoi.;. Ppliingosinr 11 as o1)t:iinrtl from tri- 
nwtylsphingosinr hy hydrolyzing for f i  hr with n mis- 
trirc of mrt hnnnl and c-oncrntrntetl hytlrochloric arid 
80 I f i  (v ‘v). ‘I’his rc3:igrnt minimixcs the formation of 
:~-O-mcthyl~phingosinc ( 1) . Sphingosinr wnc: n l w  prr- 
parctl from human h i n  grey mat tcr sphingolipid.. 1)y 
hydrolysis with mcthnnol-siilfuric acid !IT, : 5 nntl rc- 

I A11 solvrnt, r:itios, v/v.  
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peated crystallization of the sphingosine bases from 
petroleum ether. The filtrates were used for the 
preparation of crythro- and thrco-3-O-met hylsphingosinc 
following the procedure of Carter ct al. (8). Ilihy- 
drosphingosine was obtained by hydrogenation of 
sphingosine in ethyl ether solution a t  room temperature 
for 2 hr at, 10 Ih/in? using 5% palladium on charcoal 
as catalyst. Chemically synt hesized m,-erythro-trans- 
sphingosine and I)L-thrm-trans-sphingosine were gener- 
ously supplied by Dr. 1’. W. O’Connell of the Upjohn 
Company, Iialamazoo, Mich. Kryfhro-sphingosine con- 
tained a faster moving contaminant (1 ,X-dihydrosy-2- 
amino-4-oetaderyne) , which is the immediate precursor 
in the chemical synthesis. Gangliosides were prepared 
from human grey matter (9) and from calf brain by a 
similar procedure. Reef gangliosides (purified, type 11) 
were purchased from Sigma Chemical Co., St. Louis, 
Missouri. 

The separation of the different sphingosine bases is 

slightly from plate to plate due to the variable loss 

FIG. 2.  Separation of thr  stcrroisomrrs o f  sphingoPinr 1, 
sho’vn in Fig. The I‘f generally varied I)r.-erUtjro-tr~ns-sphinaosinc, n ith :t f:Lstvr moving co1lt:Imlu:tnt. 

2 ,  ~r,t~~rco-tran~-sl)hin~osinr;  X ,  tlih?tlrosl,hingoslllc,; 1, ini \ tu~v 
of ammonia from the sol\icnt mhture. of 1 + 2 ;  5, mktur r  of 1 + 2 + :<; 6, purifird sphingosinc. f ron l  

hum:m grey mattcr sphingolipids; 7, mi\tnrr of 0 + 2 :  8, 
The relatilie 

mobilities of the different bases compared to 3-0- lnivtrlrc 6 + 1 .  Spot i(lr1ltiflc:ltiorl: s:tmc :is in ~ l g  1 
methylsphingosine were as follows : 3-O-methylsphingo- 
sine, 1 ; erythro-sphingosine, 0.80; thrco-sphingosine, 
0 .AA ; dih ydrosphingosine , 0 .(i 1 ; phyt osphingosine, 
0.37. All the bases tested separated from one another 
except the stereoisomers of 3-0-methylsphingosinc.? 

Both samples of sphingosine in Fig. 1 (Samples 2 and 
3) contained a small amount of dihydrosphingosine and 
a spot that moved between sphingosine and dihydro- 
sphingosine. This spot had the same mobility as 
threo-sphingosine, as seen in liig. 2 .  The addition of 
threo-sphingosine to the sphingosine (Sample 7) in- 
tensified the spot between sphingosine and dihydro- 
sphingosine and no other new spot was found. Upon 
hydrogenation, both sphingosine and this spot disap- 
peared, forming dihydrosphingosine (Samples 3 and 4, 
Fig. 1). When a preparation of sphingosine (Sample 3) 
was refluxed with methanol-sulfuric acid, this spot 
appeared to intensify. Thwo-sphingosine has been 
previously isolated from aqueous methanolic hydroly- 
sates of cerebrosides (IO). Sweeley and Moscatelli (4) 
analyzed the aldehydes derived from a sample of tri- 
acetylsphingosine obtained from Dr. Carter by gas- 
liquid chromatography and found only sphingosine, 

We have been able to  separate these stereoisomers by spotting 
small quantities and developing the plates until the solvent 
moved t o  the top. The 3-O-methylsphingosine I moves faster, 
and 3-O-methylsphingosine I1 is contaminated by some 3-0- 
methylsphingosine I.  The 3-O-methylsphingosine I may have 
the erythro configuration by analogy to  el-ythro-sphingosine, which 
moves faster, than the lhreo isomer. Carter el al. (8) did not 
determine the configuration of these isomers. 

FIG. 3. Separation of sphingosine bases obtained from various 
lipid sources. 1 ,  human grey matter gangliosides; 2, calf brain 
gangliosides; 3, beef brain gangliosidrs; 4, commercial sphingo- 
sine sulfate (General Biochemicals, Chwrin Falls, Ohio); 5,  
human grey matter sphingolipids (once crystallized from pe- 
troleum ether); G ,  human grey matter sphingolipids. Spot 
identification: samr asin Fig. 1. 
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108 NOTES ON METHODOLOGY 

dihydrosphingosine, and 3-0-methylsphingosine. This 
method does not distinguish between erythro and threo 
isomers of sphingosine. The foregoing observations 
strongly suggest that the spot between sphingosine 
and dihydrosphingosine is the threo isomer of sphingo- 
sine. It seems likely that some threo isomer is formed 
by inversion during acid hydrolysis (1 1). However, 
this does not rule out the possibility that some threo 
isomer occurs naturally. 

When a sphingosine preparation (Sample 3, Fig. 1) 
was refluxed with methanol-sulfuric acid, a new spot 
corresponding to that of 3-0-methylsphingosine was 
formed. However, when dihydrosphingosine was 
treated in a similar manner, no new spot could be 
found. The allylic double bond on the sphingosine 
molecule is apparently essential for the formation of the 
ether linkage under these conditions (12). We could 
not conclude that any threo-dihydrosphingosine is 
formed under these conditions, since both erythro- 
and threo-dihydrosphingosine have the same mobility 
in this system. The Rr values of threo-sphingosine and 
dihydrosphingosine are very similar, and it is advisable 
to spot small quantities and allow the solvent front to 
run to the top of the plate in order to effect better 
separation. 

The separation of sphingosine bases obtained from 
various sources is shown in Fig. 3. In  general, 10-20 
mg of the lipid was hydrolyzed with 1-2 ml of 2 N 
methanolic HC1 for 6-8 hr. After removal of methyl 
esters with petroleum ether, methanol was removed 
under vacuum and the hydrolysate made alkaline with 
1 N sodium hydroxide. Sphingosine bases were then 
extracted from the alkaline solution with ethyl ether. 
The ether solution was washed with water, dried over 
anhydrous sodium sulfate, and evaporated to dryness. 
As seen from Fig. 3, the sphingosine bases from the 
gangliosides do not contain any appreciable amount 
of dihydrosphingosine. However, dihydrosphingosine 
is readily observed in the samples derived from human 
grey matter sphingolipids and commercial sphingosine 
sulfate. All the lipids tested contained the spot 
between sphingosine and dihydrosphmgosine. Two 
unidentified ninhydrin-positive spots were found in the 
case of human grey matter gangliosides and calf 
brain gangliosides with Rr values slightly lower than 
that of phytosphingosine. These spots may not 
necessarily be sphingosine bases or related compounds. 
When the sulfuric acid spray was used, two additional 
faint spots appeared, one above and one below the 
3-0-methylsphingosine. These also were not identified. 
The spots at the solvent front gave a yellow color with 
ninhydrin spray instead of the usual purple color. 
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