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1. 1NTRODlXTION 

Gas chromatography (GC) xxi mass spectrometry (MS) are both indispcns:tble 
microtechniques in the lield of lipid research. Their combination adds a new dimen- 
sion to this tieId_ Even when available in microgram quantities_ a variety of clttsses 

OF polar lipids and their innunierable niolecular species can be characterized by this 
combined technique_ 

It is known that polar (ionized) lipids are not amenable either to vapour phase 

separations or MS clla~tcterization (exception is the direct inlet system). However_ 
the volatility conferred on nxwy of these substances by dcriv:ttization_ especially ivith 
a trimethylsil~l (TMS) group_ 11:;s ~nade this method one of = ~ve;il iniporttmcc in GC_ 
mdr more recently_ in kiS_ 

In the present review_ li,r the sake c?f convenience and clarity. the polar lipids 
are c;ttegorizcri into txo niajiir groups. ri-_. ( I ) glvcerc~lipids 
The types of lipids so Far ir:vesti~:ttal in the first 

and (2) sphinfolipidr. 
gi-wp belong to the subgroup 

gluceropli~~spliolipids: = _ ~~l~~ero~l~colipiris have not keen investi _ gated so I%-_ The types 
of lipids investigated in the second group m-c divided into three categories, ~-i-_. (a) 
sphingosines and ceraniides_ (1~ j spliin~_c~pl~osplii~lipids :lllJ sphingophosphi~riolipicls_ 
and (c) syhiti~o~I\~colipids. 

Primxlitrcs f0r the cstt-action of lipids from anininl tissues. plant tissues :rncl 

mici-~~-or~anisiils’-~_ aid their puritication from non-lipid wnt;tniin;tnts \vere de- 
scril-d’-S~h_ Sepamtion of lipids into individual classes by various chrum~ttogr~tphic , 
tec!miques \\‘a &m described’-‘_ C liromatogr~!phic tech:lirlues used in the isolation of 
n~o!ecultir species of lipids \vere recently revie\ved5~0_ 

The importance of preprrriri g voltitile derivatives from polar lipids for GC-- XIS 
investigations W:‘;LS emphasized earlier_ The dcrivatization procedure_ however. rlc- 
pen& on the chemkd make-up of the individual cklss of polar lipids_ In this rcqxct 
a polar lipid classifkttion on the followin, t* basis \vill be useful: 

( I) Phospholipids (~l~ceropl~ospl~olipi~s_ sphin~tiphospholipicis anal sphingo- 
phosphonolipids). 

(1) Glycolipids (sphingogIycolipids)_ 
PhosphoIipids_ because of the thermal susceptibility of their phosphate ester 

bond to h_vdroiytic cleavage_ are usually silylsted after dtlpliosplior~l:itioti_ The 
dephosphorylation is achieved either chernicdly or enzymatically_ On the other hand. 

the sphingoglyeolipids are usually directly silylated_ H~NWW_ somerimes they m-c 
deglycosylated chenkally and then silylated- 
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(i) Ciiivnicui ~ie/,/losl)ilol_l-lurionl9 Ciiycerophosphoiipids and sphin~opiiospiio- 
lipids were dephosphorylated in phenyl ether at 250 for 15 min. The respective yields 

of di@ycerides and ceramides could be increased by addition of trace amounts of 
water. In the former case the products forincd were composed of a mixture of 1.2- 
and 1,3-diglycerides. in the latter case cerrtmides and ~tnhydt-ocet-ttniiides \vere formed 

and hence ceramides had to be isolated by prepttrntive thin-layer cht~oomat~~t-~tpil~ 
(TLC) (silica se1 Gjchloroform) and then sil_vlttted. 

(ii) Etlqxrrctic- ~l~~~/l~~.~~~/loi~~-~~~ti~~~~‘_ Although phosphoiipase c can he isoixted 

ftro ni Chstr-idiunz n~dclziianrl Bud/us c’w~wx. the enzyme from the latter organism is pre- 
ferred because of its broader specificity \vith nxtn> 1 gi\cerophosphoiipids_ The reaction _. - 
is best perf-ot-tned in diethyi ether. For optinxli enzymatic xtivity, phosphoiipase ( 

from Chstr-iditrnz wlclrii requires Tris bulk (pH 7.3) containing 0.03 AI C&l2 and 
30” incubation temperarut-e. The enzyme from Bwi//us cc’~yws_ on the other htmd, 
requires ;t phosphate bull& ( pH 7.0) containing 0.001 i1.I ‘-tiiercaptoethanoi and 
O_O(!4 iI.1 ZliCi, illid 37 it~citlxttion temperatttre l-or its optiniutn activity. 

The technique of de~i~cosidatiot~ developed by Carter et ul_” to uxnsfotm 
cerebrosides into ceran&lcs on a prcpm-ativc scale \vas modilicd by H;ti\iIii;trStt-CjIII” 
for microgr:ttn ;mounts of sample. The retnoval of _ ~lvcosvl residue from the cere- _ 

hrosidts was :tchieved in three steps: Firstly. the giycoside rin 2 \v;ts opened bv osida- 

tion G:ith potassium periodste_ Ihen the osidized proditc~ \v:ts reduced by sodium 
borohydride and finally the sicohol fornwd \vas reniovcd by mild acid hydrolysis. 

The rcsttlti~~g ceratnidc. if necessary. can tx converted to the long-chain base by alkaline 
hydrol_vsis. The base so -iWained retains its natut-al stereochetnicsl conii~ur;t- 
Con_ 

.A tnisrur~ of ~l~ccrophospholipids can be illl:tl~Sed for its individual conipo- 
nenls by CC-MS. Rut before dcrivarization to TMS ethers. it is necessary to Jcscylate 

rhc misture_ The Jcacyiation is achie\-cd in ;t solution ~t~cl~iot~c~li,t-t~~-t~~eti~at~oi (. I :4) 
nitii 0.1 A’ aqueous sodiitni hydrosidr. AfIer twittralizstion u?th 0.1 h’ rtqiteous iKetic 

acid_ the solution is esrracted \vith it misture of chlot-oofot-tn-isob~t~~ttlnol-merhtlnol- 
\vttter ( I .S:l :0_2:2)_ The separttred aqueous layer contains the sodium salt ofgl?:cet-o- 
phosphate esters. which m-e converted to rile acids by pt1ssttg-e through a aCon-exchange 

resin (Dowes 5OW. H’ form). With the escepiion of _ _ ~~l~cet-ophosphor~iclioiiiie. .the 

remnking plycet-ophosphste esters are eluted from the resin \sith \\atet-_ If the fortnet- 
is required. it should be &ted from the t-esin with dilurc acid. The itqueotts solution 

of glyzerophosphatr esters is Iyophilized and then silylated. 

The location of unsatut-ation in a IonS-chain aliphatic moiety cm be detet-- 

mined by the osidative technique developed for pol_vunsaturatrcl fatty a%ls’” and 
sphingosine baseP_ Osidation \vitb either potitssittnl peri1I;ttl~I-;tn9t~“’ or osmium 
tetroside”-th yields a diol at the site of uns:tturatiot~ which is subsequently converted 
to its TMS derivative and analysed by GC-MS_ 
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Silylation of hydrosyl or ‘amino compounds is achieved using a combination 
of diffkrent solvents (pyridine. acetonitrile. etc_)_ different catalysts (trin~etl~ylcl~lot-o- 
siltme (ThGCS)_ water) and 3 variety of silylatin g reagents (hesnmethyldisilazane 
(HMDS). N-t~imethylsilylimidazole (TSlM)_ bis(trin~ethy1silyl)acet3mide (BSA) and 
bis( trin~ethy1sily1)fluoroncettm~ide (BSTFA). etc_) in varying proportions_ The silyla- 
tion reaction is ususlly carried out overnight at room temperature or a-ound 60’ for 
cu. 2 11. Howxer, the various silylatin g agents show some specificity. Thus TSIrVl in 
either pyridine or acetonitrile converts the phenolic and alcoholic hydrosyl groups to 
the TMS derivative in about 3 h at 60”_ but N-silylation does not take place at this 
temperature even over a period of 3S h (ref. IS)_ On the other hand, H hlDSLsZ 
HSA”-‘” and BSTFA”-Lo can convert all types of hydrosyl groups and the primary 
amino goup into TMS derivatives: the secondary nmino goup, holvever, remains 
unt&kted’9-zo_ The rate ofreaction in all these instances could beconsiderably hastened 
by the catalytic amounts of TMCS and trace amounts of w;lteP_ The marked increase 
in the rate of reaction resultin_p from the addition of water is of considerable interest, 
since most discussions on silyltttion reactions point ottt the desirability of maintaininp 
anhydrous conditions- 

An initial attempt to characterize sttbsttmces separated by GC by MS wx by 
condensing the eluate emerging from the GC column on the inner surface of ;1 glass 
tube, \vhich wx then transferred to the inlet system of the mass spectrometer. This 
method xts rather time consuming. and the idea of directly combining these instru- 
ments through some kind of pressure reduction system arose.The pioneering attempt 
in this direction WZLS made b_v Holmes and Morell”_ _A historical account of this has 
keen published”_ 

Although an excellent review on the subject ofGC--MS coupling is available”. 
;L few important points are briefly summarized here. 

The main difference in the operation of an ordinarv ~1s chromatogrr~ph as - - 
compared to the one linked to a mass spectrometer via ;L molecular separator interface 
is that the coupled instrument is more sensitive to the carrier ptis flolv-rate and to the 
liquid phase bleeding eflect_ The former problem is taken exe of through installing a 
tlow controller operating at 3 kg/cm’ or 35 p.s.i_ By this, even during temperature 
programming of the column, the flo\v-rate is kept constant. The problem of liquid 
phase bleeding has to be controlled by choosing such a phase (selective or non- 
selective) which will produce the desired separation effect but at the same time produce 

a minimum of coltmm bleed. In more common use for this purpose are the non- 
selective type phases like SE-30 (methyl silicone). OV-1 (dimethyl silicone) or moder- 
ately selective type like OV-17 (methyl phenyl silicone). which are reltttively stable at 
high temperatures_ As the amount of bleed is proportional to the surface :trea of the 
coated support, concentration of liquid phase and the Opel-sting temperatures, best 
results are obtained with a liquid phase concentration of 0.5 to 5’):. 
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The scanning of a GC component by MS should be as rapid as possible to 
ensure the sample concentration remaining relatively constxtt during this peri- 
od. 

Trttnstkrring ofrhe eluatc at atmospheric pressure from the s:ts chronxttograph 
to the tn;tss spectrometer without escecdin, 0 the v;tcitittn limit of the latter and in- 
creasing the snniple to carriet- gas ratio (enrichment ofsuniple) when its input and out- 
pur concentt-xtions are considered, are problems, which have been solved by using a 
molecular separator interface as the connecting link betlveen the s:ts chrotnatograph 
and the mass spectrometer. A tn.ttnbet- of such devices are available. 

In a jet separtitor the carrier gas and the eluate from the GC colunit~ at-e fed 
under pressure and viscous flow conditions to a nozzle fi-orn which the gas emerges 
in ;t jet periphery. A sharp-eded collector nozzle eti-ectcts a separation, since the lighter 
component of the zas is ewiched in the peripheral portion, \vhich is evxua- 
tedz3_ 

Another category of molecular separators exist. which work on the principle 
of ditlkrcnr pcrtneabilitics for the carrier f-as :w_i heavier nioIccuIes. The devices, like 
porous glttss separators, P-I-FE capillary separators, porous silver tnetnbr:tne sepm-a- 
tot-s, porous stainIess-steel tnen~brat~e separators and vttriable conductance sepamrors, 
favour the pertnertbility of the carrier gas. The carrier gas is preferentittlly sepamred 
from the solute by application of vac~t~m to the outer surface of the semi-permeable 
sepat-ator_ 

On the other hand, a third category of molecular sepnratot-s, like silicone rubber 
nwtnbrme and silicone-coated rubber tnetnbrane, \vork on the principle of diKusion 
of the orgmic vapoitrs through the nietnbrttnc to the ion source of the 1liilSS spcctro- 
ureter while the carrier gas is t-ejected become of its lo\v solubilitv in the tnetnbmne, 
One point to be retncmbrt-ed in using any type of diKerentia1 pet-t&ability separators 
is to silanize them before use. This is essenriai to avoid absorption ot~polttt~cotnpot~ents 
on their Itir~er zlctivr siirfkc. 

Recently it t\vo-stase niolcculttr separator (combined nwztnbrat~e and porous 
silver separator) has been developedzJ. 

The complexity of individual classes of polar lipids. especittlly that ofsphinso- 
lipids_ necessitated investi gators to use certain specitic pt-efrrtctionation TLC tech- 
niques. These at-e sutntnttrized in Table I_ 

Esperitnenrsl conditions for the CC seputxtions of TMS ethers of glycero- 
phosphare esters. of TMS ethers of glycerophospholipids, and of TMS ethers of 
sphingolipids for their characterization by ;I coupled CC-MS technique are sutn- 
tnarized in Tables 2, 3. and 4, respectively. 
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TABLE 1 

PREFRhC-fIOX_;\TCOX TLC TECHNIQUES USED FOR -l-HE CHAR.ACTERlZATION OF 

MOLECULAR SPECIES OF SPHINGOLIPIDS BY GC-MS 

Silk2 ec1 G 

76 

3. ISVESTICi~iTIONS OF POLXR LIPIDS BY GC-MS 

.- It mxi poinlrd out in Inrroducrion that the coupled CC-klS reclinique has 

been used for both the separtltion and charrlcterization of classes of poiar lipids ~1s 
weI1 3s their innlllner:lble luolecular species. Wo\v \ve \vill first consider the sqxlration 
and charactcrizalion of poIzlr lipids- This \\-ill be follo~ved by separation and chamc- 
lcrizzltion of molecular species of -_ _ l ~l~cerophospholipi~s_ sphingolipids (sphingosine 
bases_ cerrllnide), spinpophospholipkk sphingophosphondipids and sphingoglyco- 
Iipids_ 

Almost silnuItaneollsIy, but independently, two research grollpsx3-*i-2r ap- 
proached this problem in identictll mnnner_ This method has so Elr been applied only 
to I ,I-diacyt-_w-glycero-S-phosphate esters. (it may be mentioned that thesame method 
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A nlisture of-diac~lphnspholipids \vcre deacylated by niild alkaline hydrolysis 
and tilt- resulting sodium ssits of-~/r-~l~cc[-~~-_i-phospharc t’slers uwe couvcrwd to free 

acids by ion-eschange chromato~raphv rind. after Iyophilyzrition. silylated md am- 

lysed by GC-MS_ The conditions employed durin g the GC separation of TMS ethers 
of various _\-~~-~l_i~~ero-3-pIi~~sp~~~ite esters arc given in Table 2. Their retenrion times 
are given in Table 5. 

From Table 5 it is clear thar eight classes of = _ ~~l~cerophospliolipids could be 
separated from each other as the TMS derivatives ofglycerophosphr~te esrers. Dwxm 

LV ~1.‘~. however. pointed out that although the method possessed the capabilit_\’ of 
beins used ;LS a convenient qutllitative nlethod of anal_vsis, its use as a quantitntive 
tintilysis procedure \vas not yet realizable. The reasoning put forwtlrd for this ~1s that 
varying amounts ofTMS ethers of-~/r-~lrcero-_7-phosphate and srr-~l_vcero-2-phosphstc 
were detected during CC of all glycerophosphate ester derivatives. On the orher 
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BLE 3 

PERIMEN-I--AL CONDITIONS FOR GC SEPARATION OF TMS ETHERS OF GLYCEROPHOS- 
GC-MS PHOLIPIDS FOR THE CHARACTERIZATION OF THEIR MOLECULAR SPECIES 
______~____ -- 

Lipid cIu.ss Lkriwciw of Lktuik about Cotum tii- Ttvnpcrarrrrt! (0 cj Rtft*rlVtCt* 
s~rulictl’ Ih iipfd clcus COh?UZ memiorrr- mui -~-~- --.---.-----~ -- --. .- - --- -- -- 

ilrWSfi~~aftY/ COllIIlllI _-. puckin_y curritv- gas I~~iccror, 

maltv-id fiow-rare rft~tt~ctur, cm-_ 
_____-- ----.--. --- ---___ 

PC, PE_ 
and L-PC 

PC 

phospho- 
lipids 

Dizzy1 ester 
of propmedio1 
(thermal clea- 
usge product) 
Monoaq4 ester 
of propenrdiol 

DhcyI ester of 
propenediot 

TXIS ether of 
original phos- 
phoIipid yields 
by therma 
cleavage TMS 
ether of 
digIycerides 

T&IS cthcrs of 
I,?-diglyceridc 
obtained by 
phosphotipase 
C hydroI\ sis 
of g&zero- 
pllospholipids 

5 >: SE-30 
on acid- 
washed 
Chromosorb 
W, 6040 
mfsh 

Either 3 :,c, 
JSR or I Ti 
OV-I7 on 
Gas-Chrom 
Q, 100-1~0 
m2sh 

1 T: SE-30 on 
acid-wshcd 
and silanizrd 
Gas-Chmm 
P, 100-110 
mesh 

1_sy: XE-60 
on silanized 
Chronlosorb 
w 

7 ft. X IjS in. 
stainless-steel 
column: 
helium at 
15 ml~min 

staintess-steel 
coIun1n: 
nitrogen at 
150 nlI:‘min 
at 200’ 

15in. glass 
column r 

helium at 
15 n+nGn 

Either iso- 
thermal at 
30’ or pro- 
grammmg 
from XM- 
361)’ at 
I Z”!min 

Linear& pro- 
grmllnled at 
4-6’/min 

over the 
range I OO- 
j25’ 

Tcmperarurc 
programmed 
from X70- 
300’;1~ 
1 -i’min fol- 
lowed by iso- 
therlilrii oper- 
ation at 301) ’ 

Tcmpcrature 
programmed 
from 255 ’ at 
3”:‘min 

Injector be- 3 1 
tween 350” 
to 400’ and 
detector at 
360” 

Injector at 32.33 
300’. derec- 
ior at 330 ‘. 
and derwtor 
line at 370y 

Injector ai IO. 3-l-36 
160 and dr- 
tector -iL ;OO- . 

- 37 

_ Abbreviations: PC = phosphntid\-Icholitl~: L-PC .= Igo-PC: SPH = sphingom~clin. See aIso footnore 
Table 2. 

hand, Cicero and Shermrtn’J-‘y used CC-MS as a method of measuring and 
identifyins mono-2 di-, and t - h np osphoinositides 2s well as diphosphatid~l~lvcerol 
from rat brain estracts. For quantitation purposes they compared the chromaro- 
graphic peak heights of their sampIe with standards run under identical conditions. 

The ions used in the characterization of these compounds can be grouped under 
three categories. The first category: characterizing the molecular weight of the com- 
pound, represents ions formed by loss of a number of neutral fragments typical of 
TMS derivatives and these were confirmed by label@ the parent compound with 
TM!%& groups”. The second category of ions are diagnostic for compounds with the 
terminal sequence CH1(OTh4S)-CH(OTMS)-CHIOPO(OTMS)I and were confirmed 
upon Iabelling with the TMS-(I, group by the corresponding mass shift. The first of 
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TABLE 4 

EXPERIMENTAL CONDITIONS FOR CC SEPARATION OF TMS ETHERS OF SPHiNGOLlPlDS AND 

THEIR OTHER DERLVATIVES FOR THE CHARACTERIZATION OF THEIR MOLECULAR SPECIES 

BY GC-MS 
__-____.-_ ___-- 

: l-Amino-l.5 
diol alk-axs 

3 Cmtmide with 
eitherspllin~osi~le 
or sphinganine or 
phylosphingosine 
xs base and either 
nornul or 
hvdrosy fatty 
&ids 

Di-0-TMS 
ether 
N-Acetyl di- 
O-T&IS ether 

AIdehyde 
Fatty acid 
methyl ester 

N-acctyl poly- 
TMS ether 

N-acetvl di-O- 

TXIS e&x 

Di-0-TMS 
cthrr 

TZlS crher 

TXlS cthcr 

2y.L SE-30 on 
Chromosorb W’. 
60-50 mesh 

15 ‘?’ diethvlenc- ‘I 
&co1 suc&atr 
on Chromosorb 
W, 6040 mesh 

7 “’ SE-i0 on -a, - 
Chromosorb W’, 
60-SO mesh 

3 y(, SE-30 or 3 :‘<, 
OV-1 i non polar) 
3 7: SE-60 or 
3 “;: OV-17 
(polar) on acid- 
washed Gas- 
Clironi S. 1OlL 
110 111es11 

6 0’ silicone on 
siiked Gas- 
Chrom P, SO- 
100 mesh 

1 ‘!,’ SE-30 ~111 , I, 

acid-washed mid 
silanized Gas- 
Chrom P. 10% 
12’0 mesh 

Vnriwion be- % 
tween 1 to 1.5 y:L 
OV-I on Gas- 
Chrom Q, 60-W 
mesh 

_... _ ..-.. ._. _ 

2 Ill :-: 3 111111 

glass colu!ll!l 

1 111 .-. 3 111111 
glass colunm 

6 l-t. :-: 3 Illill 

glrtss colu!ll!l 

7 111 :-. 3.5 !ll!ll 

glass c0l1111111: 
helium, 
1 kg.cm~ 

12 ft. ._- 5-5 111111 

&ss column: 
nitrogen. 40-50 

ml.‘niin at 100 

Bet\vecIl 1 to 1.7 
111 s 3 !ll!Tl u- 
shaped glass 
column: helium 
\vitli an inlet 
pressure of3 
!-&C!ll' 

. .- 

205 3s 39 
7 

107 11 

Temperature $2 
prograniniing 
from 230 ’ up to 
350’ at Zzi niin 
md from ZM’ 
up to 350; at 
7zjnIin for 
ceramides of 
normal and 
hydrosy fatty 
acids. respec- 
tively 

Isotilsrmal he- ->_ 7- 33-46 

t\\'!xn 175’ to 

250’. depending 
on the conipo- 
news ofcemnidc 

(Cor~ti~rrrc~l 011 p. 110 



TABLE 5 

RETESTIDS TIZlES OF T51S ETHERS DERIVED FROM DIFFEREST .vrr-GLYCERD-3- 

I 

2 

3 

-l- 

5 

6 

7 

s 

t_3-DiacyI-~~~-&xro-3- 
pilospho~linositol nionophospl 

0. IO 

0.07 

0.4 1 .~ 

o_-w 

0.5’ 

I.61 

- OnI\- one proron of rhc scrinc ixniino group is siIylatcd. 

these ions from the second ctttezory results from cleavage of the carbon and phosphate 
ester oxygen bond \i-ith charge retention by the osysen accompanied by a hydrogen 

and TMS back-transfer yieldin g a protonatcd phosphate ion. The second ion results 
from back-transfer of two hydrogzns_ The third ion of this category at III~L, = 299 
originates throqh loss of methane in a rearrtmemcnt ion at IIZ/‘~* == 3 15 (C,H,,O,Si,P) 
(ref. 50) (Fig. I ). The third caregory of ions arc the most important ones in the char- 
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C%- OTMS 

I CH2-OTMS 
CH - OTMS 

I 

2x 
CH - OTMS 

- 243 

xtet-iztttion of the it;dividual class of _ ~l~cerc~phospholipiit. In ;I phosphate diestcr 
like Sol-~lvcero-3-phosphare-X. the cleavage between carbon and phosphate esrer 
osyen bond \vith charge retention by the osygen accompmied by tither double 
hydrogen or hydrogen and -I-MS hack-transfer yielding ;I protonated phosphate ion 
can result in either loss of glycerol or the X _ recoup_ The ions resulting from the loss 

of $rerol [( >I - zi 7) d0Llbk H-transfer: A4 - 145 (H and TklS rramfcr)] are 
diagnostic of the various S groups present in phosphate dicsters (Fig. 2). In xidition 

to these. there are certain ions \vhicli at-e typically characteristic for the individt~al 

class of phosphate diesters. Thus. for esan~ple. the ?-MS ether of .~~z-gl~cc1-0-3-phos- 
phorylserine yields abundant ions due to loss of the c3rbotrimrth~lsilosy radical 
(-COOTXIS) from the n~oleculnr ion at M - I 17. a cleavage process noted previously 
for the TklS dcrivatiurs of amino rtcids’l_ In the case ofeth:ii~oltimine orethanolamine- 
derived ~l~cerophospholipids, :I simple single-bond cleavage between its carbon a:~! 
phosphorus ester os>-sen bond \vith clxu-se retention on itself (N’) yields structttrally 

relevant information. Thus the TMS ether of s~z-~lvcet-o-j-phosphor,l-N,N-bis (tri- 
mcthylsilyl) ethanolrtmine \vill yield iotx at III:‘L, =: 174 (M - 401) and IIZ~‘L, =- 1SS 
( M-X7) (Fig. 3). \vhilr the TMS ether of sn-~l?;cero-3-phospl~~~r~ldi~~~~t~~~lct~~~~~~ol- 
inc \vill yield III,!L* == 72 (kl - 101) and m/c* =y 5S (M - X7) (Fig. 4). At IOU 
ionizing energy these simple cleavages predoniinate even to :i grc:lter extent. 

C5-i2--OTMS 

I 

CF!- OTMS 

I 
Cii - OTMS CH -0TMS 

I 186 

Ct;,-0.PO~O~CH~-+CH2-NN(TMS)2 

I ’ : -174 

OTMS 

I 72 

CHz---00.P0.0+CH2-+CH2-N(CH& 

I 58 
OTMS 

Since the discovery of phosphonate-containing organic substances in ~xtturP_ 
their existence as lipids is \vell documented5’. Hence the necessity to differenriatc 
chemically the phosphonates from the phosphates has been very essential. Although 
methods like paper chromrito~r:iphy”J_ ion-eschmge chrom:tto~_raph;“_ eiectro- 
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phorcsiP_ infraredj7 an d nuckar mztsnetic resonan& specrroscopy_ ;LS well 3s knowl- 
edge of the stability of phosphonate phosphorus to prolonged acid hydrolysis5s-5y 
esistcd to distinguish phosphates from phosphonatcs. they required relatively ktrge 
amounts of material and did not always provide conclusive evidence. On the other 
hand GC-MS could be used successfully for this purpose3”_ When using reference 
materials, 2-:tminocth~iphosphoni.tte_ 0-phospl~or?;lethttn?olt~mine, 2-amino-3-phos- 
phonopropionic acid. and 0-phosphorylserine were separated from each other as 
TMS ethers on a non-selective phnse (Table 3)_ The separation W:LS no doubt based 

on the molecular weight of the compounds but the “phosphono” components were 
tilways eluted ahead of their corresponding “phosphate_’ components. The distin- 
g.tishins mass spectral features in these components were: (1) The __phosphono__ 
dtriaatives had a more intense ion (M - IS) than the corresponding “phospho” 
derivatives_ (1) The phosphate derivtttiues she\\-ed the characteristic ion /n!c --- 299 
white the phosphonate derivatives possessed the ion IIZ~~ = 29s (C,,HZ703Si5P)_ 

Urin_e this ;LS his basis_ kirkson”” identified I-phosphono-2-aminocthane and 
sm~tll amounts of N-methyl-I-pliosphono-2-aminoethane as the polar parts of the 
major sphingophosphonohpids of the sea-;tnemone_ Mm-idiwtr scttik. The polar 
parts \r-ere reiersed from this sphin~ophorphonolipid by phospholipase c-_ 

(0 j Gi_1-~~rctltitrt_~~tit~~li[~i~~~ 
Separation and charttcterization of molecuixr species of wrious glycerophw- 

pholipids wm achieved by CC-MS usin g either direct pvrolvsis products obtained 
by GC of native underivatizcd gl_vcerophospholipids’1-333 _ _ or TMS ethtrs derived from 
I _I-diylycerides obtained from ~l~cerophospholipids by enzvmatic hydrolysiP or 
TMS ethers derived from I,?- and-1 5diglyceridcs obtained by chemical degradation 
ofglycerophosphoiipirfss6 or T%lS ethers of native gIycerophosphoIipidr’9 The dcriw- 
tives used had a higher temperature of volatilisation and hence it was necessary to 
use non-polar Iiquid phases and high temperatures during CC sepacttiorx (Table 3). 
The use of hish temperatures either durin s dcrivstization procedures or GC sepam- 
tions resuhs in the partial isomerization of 1 _I-digiycerides to 1%diglyccrides. TMS 
derivatives of I _I-di+ceride are alwa?;s elmed ahcud of the corresponding TMS 
derivatives of 1-5di&ceride (Fis. 5)_ but the latter isomer is likely to overlap the 1.2- 
isomer of another digiyceride with :L higher carbon nun~htr1n-37_ 

The MS characterization of the TMS ethers of I.?- and I _3-di&ctxidc sho\ved 
a [WI - 151’ fragment_ indicatinp its molecular \vei&t_ The spectra :lko showed pct~l;~ 

due to acyl ions corresponding to each substituent fatty acid and peaks due to loss 
of acyiosy plus TIMS minus hydrogen_ loss of acyl plus TMS minus hvdrogen, and 
loss of acylosy_ A readily distinguishable feature betlveen TMS ethers of 13 and I.?- 
diglyceride was that the former had an intense peak due to the loss from the nioleculx- 
ion of an ac~losv croup together with methylene (Fis_ 6). The TMS ethers of pairs _ L 
of mixed acid I_?-diglyceride isomers can be readily distin_euished from their IIILKS 

spectra when introduced into the ion source on a direct insertion probe_ In these spec- 
tra there is ;I preferential loss of the acylosy group fromrthe 2 position and an even 
more marked difference in the preferential loss of the complete acid from the 2 posi- 
tion37_ 
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45 

39 

38 

37 

Satttrttted ttnd ttt~s;ttlIt_~tted, odd-and c~cn-nllnIbcrcd_ and straight and brttnchcd 
long-chain 2-illl~iil~~p~~l~~~lS (2-amino- 1_3-diol : I-aniino- 1 .X4-viol) ill-L‘ the bilSiC 

constittttntS of sphingolipidS. TkSe bilScS itrt’ derived from the native lipids by either 
acid 1l~Jrol~siP or alkaline li~drolysirJo_ The ARC bases ill‘t’ characterized by GC-?vI S 
X: ( I ) tong-chain ~~l&h~d~~ obtained by periodate4’ Or kXi tt?trXlCet~~te osidation: 

(2) di-0-TMS ethers of long-chain 2-amino-l-3-diok. and (,3) N-acet_vl-di-0-ThES 
ethers of long-chain 2-smitio-l__i-dials. For locating the position of the double bonds 

in these COIII~OLIII~S they :~IT t~d~sed by GC-h4S 3~: (1) nlcthyl esters of tnonocitr- 
bosylic acids derived by pcriodi~te-pcr~lli~n grtnate osidation of the N-itcct\Pl base and 
(2) the T&IS ether of the pol?;bydrosylated N-acetyl long-chain base obtained by 0~0, 
osidtttion of the double bond. The GC conditions for various septtrittions arc SLIIII- 

nxtrized in Table 4. Although it shottld be possible to sep:tr;kte by ttrgentation chronxt- 
tosraphy the full_~ ucetylated C,,-s:mu-ated, monoene and dime 2-ttnlino-1 $diols, 
Polite cat af_60 nsed :I combination of preparative GC on polar and non-polar phases 
to get PLIIT ilntllo~s of C,, bitses. On it non-polar phase (3 y.i, SE-30 01~ 3 It,; Ok’- 1) the 
t11011o-tttls9turitted bttse \\‘;Is eluted ahead of the saturated atId di-t~ns:~tltritted bases. 

I 
CH2-O_CO_R, 

Fig. 6. Clxnxctcristic AIS fixgmenrtA_m prtttrrn ot_thcTMS &rivarive of 1_3_diglyceri&. R ;I!I~ R, = 
Alkyl chains. 
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which ma-e eluted together. The latter eiuant. when put on a polar phase (3 yg:, XE-60 
or 3 ‘,!,; OV-17). eIuted the srtturrtted component ahcad of the di-unsaturated compo- 
nent. 

The MS chtlrtlcterizntion of tong-chain I-amino-l 3diols as their di-0-TMS 
ethers depends on the detection of the followiil, ~7 ions (Fie. 7): (1) h4 - 15, resulting 
from loss of- the methyl group fmrom one of the TMS goups: (2) M - 103, resulting 

229--t--6i0 46;-376 

cri,--ux&-- cti+cic-:c~~l -Cti-kr.-Cn-Cl%--C~.orh;s 

I I I :i I i 
OTMS OTMS OiP6 OTMS OTIS X&i 

I 
coc3, 

IJZ>p T-.= (510_ ;lnd III.:C* I-.- 430 for C, and C,,(rcf. 62). Siniilm-ly_ the chamctcrization ofC,, 
2-amino-l-LA--trio1 (phytosphinsosine) WIS hased on the fragnxnts mjc* :y- 401 (M - 
174); and ~~l_;t* :-= 299 (M - 276)’ produced by the N-acetyl-tri-0-TMS ether of this 
base_ These t\vo fi-ztgn~ents indicttted cleawge between C,-C, and CA-C,. rcspectiveIy”. 

The xidehydcs and methyl eta-s of monoc;trbos_vlic acid m-e char:wterized 
individtt:t[Iy hy their respective molecular peaks and M - 29 (cleavage between C,-C2 
in the case ofaldehyies) and i\;l -- 59 (clemagc bet\vcen C,-C2 in the cast of mcrhyl 
esterslhz_ 

The GC-MS technique has been successfully exploited for the chal-ticterizatiori 
of n~oIecuIar species of ceramides_ The comples nature of cernmides, resultins ii-on1 
con~binations bet\vcen long-chain saturated or ttr?s;ttttratcci 3-ttnG-miiols or -hots 
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with nornx~l or hydrosy fatty acids. necessitates use of certain pl-efi-actionatioll TLC 
techniques. which are briefly summarized in Table l_ The cermnides ditferin~ in chro- 

niatogrriphic properties because of the presence ofan rktditiontil hydrosyl group either 
in the long-chain ttminopolyol OI- long-chain fatty acid are separated by plain xdsorp- 
tion chromtltofnlph~. On the other hand, w-amides ditt‘erir., .- only in number of un- _ 
saturated sites in their molecules are separated by ar?entation chrc,matographl_ This 
is achieved by ttccentuatiug the polarity difl-erexe dl!e to li~s:~ttI1-:~tion alone. after 
acetylrttin~ the free hydrosyl groups ofcersmide molecules. The resulting polyacetates 
are then separated by argenttttion chromato~rr;ph__ anil after hydrolysinf the O- 
acetyl I:onJr by mild aIkalir;e hydrolysis_ the certtniides are siiytnted and subjected to 

GC-MS anaiysis. 
The GC data obtained by Casparrini C*I ctl_J’ 01: a 1 I’;, SE-30 liquid phase ;;s 

methylene unir (MU) mlL;es of TMS derivatives ofceramides \vere plotted against the 
fatty acid carbon number. The I-ami::odiol conlpoml>t of all the cermnides was 
sphingosine (Fig 9). The solid Ike represents cer:lmides \vith hyclrosy I:ltty acids anal 

the dotted line represents ceramidcs with ~x~nnal htty acids. Sin-iiiar data obtained b> 
Sani~~rl~~~n‘s ~roiIp \vith ceramides derived from sphingosine and normal t’,ltty xidsJ3_ 
sphingosinr \vith hydrosy fatly acidsJ5_ itihvJrosphiIigosinc \vith normal ttitty ;leidsJ’_ 
dihydrosphingosine \vith hxdrosy fatty ;1cids‘“, and phytosphingosine \\-irh ~mrrntd 
fatty ;icidsZ5 are shown in Fis. 10. 

The MS chr~racterization of the TklS ethers of ceramides can be brielly sum- 
marized as follows. For detaik please refer to the original publicationsJ’--‘“. 

( 1) Molecular lveight fragments eharxterizing cermnides (all types) are ~hosc 
formed by elimination of a methyl group, trimethylsilanol g-oup_ and -CH:-OTMS 
voup from the nioIec&r ion_ -_ 
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(2) The fragmenrs resulting from cIeawge betaxzen C2 and Cj of the long-chain 
aminopoIyoIs of the ccmtnidc (all types) yield information on long-chain base and 
fatty acids ( Fig_ I I )_ 

(3) Information simikw to that obtained in (2) is t&o derived due to clct~vag-e 
of the amide structure and hydrogen rransfer (exception is the cetxmide de,ivcd from 
phytosphingosinej (Fig. 11). 

323 - 480 
i 

CY,-(C:-~?~=-=~tCfi-CHB_OTMS 

! :I 
427-H=426 -__ __________________ 

OTWS NH 

I 
c0co;,1,,cn, 

Fig. 11. MS fragnmtation pattern fa- pi TMS drrivariw of ccmnidc G-ith normal Farry acid. 

(1) In certtmides conraining phgtosphingosinc as the long-chain base additional 
cleavage between C3 and C, of the base gives additional ions characteristic of the base 
and Otty acid ( Fig_ 12). 

(5) Ceramidc containing normal f&tty acid and ;1 diol amino base has a special 
intense peak 91 izr!e = 85, representin, a rhe two terminal carbons of the base and the 

amide derived strucmre remaining after a McLafferry cleavage of the long-chain acyl 
groupJ1 (Fig. I;)_ 
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- 
:- 
: 

I - 

! 
CH3-KH2&-CH>-CHfCH+CH+C%OTMS 

I ‘I ‘I ’ 
OTMS OTMS NH 

I 
COtCH,&CH, 

+ 
CH = cl-L2 

I 
NH --c=CH2 

7 

I 

m/e = 05 

OH 

(6) Ccrainidcs containing 2-hydrosy fatty acids yield ;I fatty acid-char:uzterizing 
fragment due to cleava~c bct\vecn the carbosyl carbon and the hydrosyl carbon (Fig_ 
lrc)_ i 

CH3-~CHB)I~-CM-CH-Cti2~TMS 

I I 
OTMS NH 

l- 
CO*CH--CCH&--CH3 

I 
OTMS 

( d) S~~hitl~c~~~it~~.~~~~~~~~i~~i~is 

T\vo t_\:pcs of sphin~ophospholipids, t-i=_ ( I) ceraniide phosphorylchoiinr 
(spliin~om_veliiI)hJ rtI:d (3) ceramidc ph0Sphc~r~lctllanolamine (sphingoethanol- 
;inline)“5* occur in xiturc. So far no attenipts to analyse the n~olccular species of 
ceramide pl~osphor~lethtlnolt~~~i~~e by CC-MS have been nude. However, ;I number 
of different approaches havs been used to characterize the n~olccular species of 
certimidr phosphor~lcholilie*“-~~-;~_ In one of the methods. phospholipase c is used to 
rclettse the cerrtnGdc moiety of the lipid, \vhich is subsequently analyscd for its molcc- 
~11ar species as the di-0-TMS ether derivative by GC-M5”. In the second meth- 
od, silylated ccrtunide phosphorylcholine was directly anrllyscd. SinGlar to glycero- 
phospholipids. the phosphate ester nwicty was eliminated. perhaps in a thcrnul 
elimination fashion equivalent to dch_vdration”“. In the third method’“, the ccrxnide 
i’hosphor~(cIiolirle \Y;LS thernially degraded in phenyl ether- This reaction yielded three 
products lvith RF valuts of O._, 3 0.X and 0.39 on :I Chromar sheet with chloroform 
3s the dcvelopin~ solvent. Or?e of the products was ccramide. the other ~vas tlnhydro- 
ceramidr and the third remained uncharxterized. Water in trace amounts increased 
the yield of certunide. These products. after prcptuxtiw TLC. \verc analyscd as their 

-I-MS ether by GC-MS. 

The following sphingophosphonolipids have been discovereJ so farr ( 1) 
ccramide 2-anGnoethylphosphonate0h, (2) ceraniide N-monometl~yl-l-aliiilloeth.l- 
phosphonate”, (3) ceranlide N-ncyl-2-an~inoethylphosphonatch”_ and (4) ceramide 
N,N-r~cyhnethyl-2-rtminocthylphosphonatc6s_ Recently Haysshi and Matsuura69 rc- 
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ported the occurrence of ;L cew type of N-methyl sphingophosphonolipid containing 
2-hudross futtv acid and phvtosphingosinc The use of GC-MS has been made to _ 
character& the molecular species of two types of ccr~mide 2-aminoethylphosphonate 
by Hayashi‘s group3y-6y_ 

in analysing the molecular species of ccrarnide 2-nminoeth~Iphosphon3te 
Hngashi L-I N[_~~-‘” used two difkent approaches. k_ (I) GC-MS tmal~sis ofccrtunides 
obtained from ceramide 2-aminoethylphosphonate by enzymatic (phospholip:lse c) 
hydrolysis and (2) analgis of intact ccrnmide 2-sminocthylphosphonate by GC-MS. 
In both cases they \sere converted to TMS ethers prior to anttl_vsir. To substantiate 
the results obtained by the above txo techniques they independently analysed the 
fatt\r acids and long-chain bases derived bp methanol_vsis of ceranlidc 2-arninoethyl- 
phosphonatc and further identification of long-chain bases by GC anal>-sis of their 
osidation products- All the three anrtl~ticttl approaches yielded the same results: the 
presence of N-hesr~deczulo~ll~~s~~dectlsphin~-rt-enin~l-2-aminoeth_vlpl~osphot~ttte as 
the nwjor component I the three minor components inciuded N-heptadecailo\:lhesa- 
decasphin@- eninyi-_ N-hesrtdr~~linoylocttldec;lsphin~~_~-dieninyl-_ and N-hcsadec- 
~~~oyloctadeczlsphin~~-enin_vl-~-~~~~~inoeth~lphospl~o~~ate_ One interesting observa- 
tion the authors made about their GC separation \sas that intact ceramide 2-amino- 
cthylphosphonate could be separated accordin, ‘x to the number of both carbon atom 
and double bond on ;1 not;-seiectiw OV-1 liquid phase. Although intact ceranlide 2- 
tlminoeth~lpl~osp~~o~~~~tc as TiviS ether couId be tuxtlysed directlg by GC-MS. no 
information could be derived :dwut the C-P moiety_ This LV;IS done by the method of‘ 
KarlssonJ”_ 

Recently molecultu- species analysis by GOMS ofcertunide 2-N-mctI~~lamino- 
ethylphosphonate containing _ _ 2-hvdrosv fxtty acid and ph_vtosphinfosine ~1s compo- 
nents_ WLIS reported- The certunides derived from this sphingophosphonolipid after 
sil_vlation yielded at least nine different peaks on a non-selective 2”,, OV-1 liquid phase 
coltunn \vhich NXS run isothermall>- at 396 ‘_ The authors quxntitated the nine dil?-erent 
peaks and found as main components cerrunide 2-N-meth~lr~min~~et~~~lphosphont~tes 
containing 46’:;. of C,, 2-h~drosyhestldectlnovlph_vtosphin~osinc_ 17 ‘I.;, of CL,, 1- 
h~dros_t-he~~drrtn~~~lpi~~t~~sp~~in~osine_ and II ‘1,. of Czl l-hydrosvhesadectnoyl- 
deh~droph~tosphingosine. The MS characteriztttion \vtls hxtd on the &ults obtained 
on reference cerrunides by Samtrelsson‘s goupJ3-“_ Tht authors“” suggested that a 
collection of data on III;LSS spectra of standard ceramides containing I-hydrosy fatt) 
xi& and phytosphingosines would te useful_ 

Lon_9_chnin aminopolyols. tkty acids and cm-bohydrates constitute sphing~- 
glvcolipids- They are all derivatives of ceranlides to which one 01~ IIIOTt’ carbohydrate 
units are linked glycosidictdly (mostly in i;-configuration) via the h_vdrosyl group at 
the C-l in the long-chain ztrninopolyol. So Far GC-MS anal>-sis has been exploited in 
the successful charticterization of inolccular species of crraniide nionohesosides 
(ceramide @actosides” and cerrtmidc glucosidesJ”). Two :ipprotlches have been used_ 
In the first one”, the cerebrosides lvere chemically degraded by the procedure ofC:uwr 
IYi Nt_‘1 and the resulting certunides were analyscd by GC-MS as theirdi-0-TMSethers. 
In the second approach_ the cerebrosides were anol~sed by GC-MS directly after 
silylationiu-J7-“_ 
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In studying the molecular species composition of mouse brain ~lucosyl cera- 
mides. it is essential to use some prefractionation TLC techniques_ Use of borate- 
impregnated silica gel plates (.Table 1) was made to free the piucosyl ceramides from 
the bulk of the galactosyl ceramides. The isolated pure glucosyl ceramides were then 
fractionated on plain silica gel plates into non-hydrosy fatty acid-containing and hy- 
drosy Fatty acid-containing glucosyl ceramides (Table I )_ A point to remember is that 
the cerebrosides having either normal fatty acids or the hydrosy fatty acids \vith iden- 
tictll tons-chain bases cannot be separated by GC_ This etl?ect is due to the polyhgdrosy 
function in the hesose molecule_ These 11.ere subsequently silylated and analyscd by 
GC-MS4S. 

The conditions employed to achieve GC separation are reported in Table 4 
and the achieved GC separations are shown in Fig. 15_ The MS characteriztltions of 

TMS ethers ofcerebrosides are. in many respects. similar to those of‘Cel-;tll1ideS”‘-~‘-~“_ 
Thus a C2-C, cleavtl~e in the long-chain base produced ions chtuxcterizing the base 
~1s well as the fatty acid. The ion characterizin, o the fatty acid (Fig_ 16) by further 
elimination of hesose produced another ion characteristic for fatty- acids (Fis. 17). 
The ions formed by elimination of the \vhole hesose moiety and b_v elimination of 

Fig.. 16. Ion cimrxterizing http tlcili chain in a cer&roside_ R1 -= .&pi chain: R, =-: ailyhtcd hxose. 

Fig 17. Ion charxtrrizing fatty acid chin in :I cerehroride_ RI - Xcyl chain. 
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hesose plus TMS-OH from molecular ion yielded fragments characteristic of the 
ceramide_ The distinguishing feature between the galactosyl ceramide and the 
~lucosyl ceramide was the relatively higher abundance of the ioti formed by the elimi- 

nation of the &cosyl residue from the cerebroside”_ 

4. .APPLICATIONS 

A sensitive and reliable meals of identifyins and quantitatively assaying the 
tissue content ofphosphoinositides (mono-_ di- and tripliosphoitlositides)‘J :md cttrdio- 

lipin (diphosphatidylplycerol)‘9 1~s developed. The values obtained for rat brain 
extracts were ZAZ, 0_3_ 0_19, and 0_62/lmoles per ,e of \vet tissue for mono-, di-, tri- 
phosphoinositides and diphospharidyl&ceroi, respectiveiy. 

Qualitative identification of phosphatidic acid. phosphatidyl~lycerol and 
phosphatidylinositol in the bronchopulmonary lava~e flrom t\vo patients with 
pulmonru-y nlveolar proteinosis zlnd in two lttvages obtained ~x~sf ~IIO~WIIZ ft-om undis- 

cased lungs” was achieved_ 
Confirmation of the base I-phospliono-2-amilioetfitlllc and idenrilictttion of a 

new base; N-methyl-I-phosphono-l-aminoethane, in the sphinsolipids of the sea 
anemone_ Mrrridium smik_ was reported30_ 

GC-MS NXS successfully used to chrtracterize three molecular species ofdiol- 
choline pltlsnxtIo~ens’“_ The lipid was cnz~maticxlly dcphosphot+ted and antdyscd 
lvithout prior deriwtiztttion. The three molecular species \\-ere identitied as: (1) 
hesndec-I’-envl-ethanediulphospl~or~lcl~oline_ (2) hessdec-l’-enyl-propane-1_3-diol- 
phosphorylcholine, and (3) octadec-I’-en+propane-1 _Z+-dioiphosphorylcholine_ 

f a j Gl~c-~~luij~i~~~_~j~j~~l~~i~~s 
In the bovine phosphatidylserint I-stearoyl-2-oleoyl- (and perhaps I-oleoyl-2- 

stearoyl)_wr-&zero-3-phosphorylserine \vxs the major molecultir species_ Other 
species included: I-strxo$2-docosahexaenoyl- and I-stearoyl-2-eicosaenoyl-srr- 
glycero-3-phosphorylserine. These results agreed very ~~11 with the fAtty acid compo- 
sition of the phosphatidykerine determined by independent methods’J. Molecular 
species of phosphatidylcholine (from egg_ plant and bile). phosphtltidyIiilosit~~l_ 
phosphatidylethacolarnine and diphosphatidvl+cerol from commercial sources _ I_ 
were also reported’U-36_ 

A long-chain base from oyster glycolipid has been identitied as sphinga- 
U-diene”2_ The unique occurrence of Z-amino-1 _3-diol-iC-trw.s-tetradecrme and 2- 
amino-l _3-diol-+t~u~~~--hesrtdec;lne W;LS reported in M. dcwcwicw larvae and itdults”. 
The presence of sphinga4,14-diene in human plasma1 sphingomyelin has also been 
reported!5_“_ TK-o bmnched phytosphinsosine bases, 1,3.&trihydrosy-2-:mko-16- 
methyloctadecane and 1.3.~trihydrosy-2-amino- l6-methylnonadecane, were identi- 
fied by Karlsson et d-b’ _ m the sulfatides of the salt gland of the spiny dogtish. 
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Identification and quantitation of ceratnides in human plasma have been 
reported73. Only ceratnidcs with normal fatty acids (C,,-C,, chainlength) \vere found. 
Although sphingosine was the main lon, CT-chain base: the other bases detected were 
hesadeca-, heptadeca- and nonadecasphingosine, sphinganine and sphin~adiene. 
Healthy subjects had a ceranide content of 5.64 + I .5 1 ygjtnl of plastna. 

A patient who had a special phenotype of lipo~ranulotntttosis and a control 
werestudied forceramide content :ttid its nature 74 In a subcutaneous nodule (analysed _ 
one year before the death of the patient)_ ceratnide had ttccunmlated to the extent of 
11.9 tndg of\vet \veight. The main components wet-e sphingosine base and paltnitic, 
behenic and lisnoceric acids. In the kidney of the dead, the accumulation of ceratnides 
with hydrosy fatty acids \v;ts seven times higher than in that of the control (6CO waist 1 t, -_ 
of \vet \\-eight). 

Human platelets \vhich had :t free cemnide content of 1.31 &lo9 platelets 
or O-47 ycgjmg platelet protein contained as its major tnoleculttr species: N-paltnitoyl- 
sphingoske, N-stearoylsphingosine, N-docosanoylsphingosine, and N-tetracosanoyl- 
sphingosinei5. Mitior amounts of ccratnides containing sphin~anine and sphingadiene 
as \vell as unsaturated fatty acids Lvet-e also present_ The quantitation of ceratnides 
\v;ts achieved by use of radioactive cet-amide as internal stmdard and syntheti2 
cr_vstaIIine ceramides for comparison of peak ;u-eas. 

(Jj Si,l~it~~~~~~l~c~.~~~l~~~ii~~i~l.~ (_\~)i~iil~i)t;l~.~~lii~ j 
A cotnbinrition of prefrttctionation TLC and GC-kIS indicated the existence 

of at least 33 n~oleculttr species of sphin~otnyelin frotn hutnttn plastntt and two of the 
GC fractions were put-e tnolecular species of N-tetr:icoseno~lsphitigositle and N- 
tetracosetio~Isphiti~~-C, 14-diet~e’~. 

In the ceratnide I!-atnitioeth~l pliosplioti~ite isoltited from oyster adductoP, 
N-l~esttdecttno~lf~esttdecasphin s-I--l-eninvl-2-mninoeth~~phosphon~te \ms -the major 
molecular species_ The other species \\-et-e: N-l~eptxie~at~oyll~esttdecaspl~in~-4-eninyl-, 
N-l~esttdecat~o_vlsphit~g-4.~-dienit~yl-~ and N-l~esttdecttnoylspl~in~--4-et~it~yl-2-ttn~ino- 
ethglpliosplionate_ 

The molecular species of ceratnide tnonotnetl~~lntninoetl~y~phospl~onate oc- 
currit;s in the viscera of TN-h mu-mms wei-e: C,, 3_-l~vdrosvhes~tdecat~oylphytospl~it~- _ _ 
gositie-_ C,, 2-l~~dt~os\-l~esadec~tt~o~lpl~~tospl~it~~osit~e-~ and C1, _ _ 3-hvdrosvhesadeca- _ 
t:oyldehydrophytosphircz ~~osit;e-2-N-t~~etl~\:lrtt~~it~oct!~~lpl~ospl~ot~ate in the ratio of 
46 : 17 I 27 (ref_ 70). 

About fifteen molecular species each of glucos~l cet-tttnide~s and palztctosyl 
cermlideL2 have been identified. Mouse brain glucosvl ceratnides contained 20 ‘J;, 
hydrosy tkty acids (mainI> ’ 2-hydt-osystearic md -behenic acids)_ and the rest non- 
hgdrosy (stearic arttchidic. lignoceric, and behenic acids, in that order ofabund:u~~e)_ 
The IlltlJOl~ long-chain base ~~1s sphingosine and C,+phinSenine comprised 10 y;, ofthe 
total bases. 

Cerebrosides from cerebt-ospinal RuiP’, cotitaitiitig sphin~ositie, tiortnal and 
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hydrosy Fatty acids. and galactose, resembkd in composition the cerebrosides from 

brain_ 

5. 1’)1scussi0x 

It is ckar from the information @ven above that GC-MS has been successfully 
c_xploited not only for the identification and sometimes quantitrttion of the molecular 
species of ;1 variety ofglycerophospholipids, long-chain 2-amino-l J-or- 1 t3.4-polyols. 
ceramides_ sphingophospholipids, sphingophosphonoiipids. and sphingoglyzolipids. 
but zko f0r the identification and quantitation of a number of glycerophospholipid 
cktsses from samples of biolo$al origin_ 

Recently some reports have appeared in the literature on identification of 
molecultlr species of comples lipids by MS alone. Thus Klein”-‘” has dcmonstratcd 
the possibility to detect fragments related to the moIecular species of phosphatidyI- 
cholinss in nnturally occurrin, a mistures and has tentativeIy identified eight dill~rent 
molecular species’“. The author sugsestcd the necessity to obtain correction factors 
for the commonly occurring species and, in certain cases, for the less readily available 
molecular species, it-the tissue were rich in a particular fatty ttcid. and in case quantita- 
tive analysis of biological samples XIS sought_ The molitt_ correction factor dcrivcd 
z&o\\-cd that the yxxwst repons e \vas for those compounds containing the sm~illct;t 
number of carbon atoms tind the introduction of one double bond increased the rc- 
sponse approsimately two-fold. 

During their \vork on structure determination of pure sphingo~lvcolipids as 

their Th4S derivatives by direct MS, Sweeley and Da\vson7” used a partially scanned 

mass spectrum (nzje 60 to UI~;C SO01 to set the information rc yarding the positions of 
substitution of monosaccharide units_ the nature of sphingoiipid bases and the r&- 
tive i~lllOlIIltS‘Of constituent fatty acids_ 

StotEI and Hantkmds” used GC-MS to chtwxterize methylatcd alditol iicctatcs 
and ~-meth_vlacetamidoalditol ilcet;lteS in characterizing amino-sugar containing 
sphingo&coIipids_ 

A recently reported centrichromrtto~-rtiph_v-mass spectt-omrtrx tcchniquc 
stems to have similar potential of anrtlysin, *m microgram quantities of mtilticoiiiponcnt 
mistures. This technique involves the application of centrif_ugaI force to rtccefcr:ttc 
the migration and separation by solid-liquid chromatog-riphy of stm~plcs through 
columns of microparticulate silica and subsequently analyse them b_v &-IS”‘. 
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7_ SUMMARY 

The review discusses, in brief_ the methodology involved in the coupled gas 
chromsto~raphv-mtrss spectrometry separation and characterization of some classes 
of polar lipids and their molecultlr species_ Its application to the field of biological 
sciences has been indicated_ 
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