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Introduction

In previéus studies from this laboratory (1,2) data on the phospholipid and
phoépholipid fatty acid composition of human serum and serum lipoprotein fractions
were presented. Other authors (3-5) have éublished data from similar studles. Most
of fhese latter studies have presented evidence for ihe presence of lysolecithin as
well aé the pﬁosphatidylethanolamine, lecithin, and sphingomyelin fractions reported
in the work from this laboratory. The procedure previoubly used here did not show
the presence of lysolecithin, and if any Qere pregent in the semples 1t would have
beeq reported in the lecithin fractiont

An extended ghromaﬁographic analysis of the total serum phoagholipid wag under-=
taken to improve the resolution of the individual phospholipids and attempt to
establish the presence or absgence of lysolecithin as well as other minor components.
As & large number of fractions were taken during the chromatographic run, a large
| 1nit1al,amount.af_phosphélipid was necessary to insure an adequate amount of phos=
pholipid in the resulting fréctions. This élso’provided better samples for gas
chromatographic analysis of the fatty acid molety of the individual phospholipids.
Furthnrmore, the subfractionation of the major elution peaks providad a means of
studying the effect of faity acld composition of a phospholipid on the elution rate
from the columm when methanol is the eluting aolvent. It has been recognized pro=
viousiy‘(6) that the fatty acid moiety of eoﬁplex 11p1&s influences the migration
rate of the lipidé on silicic acia cblumna. Kleih (7) hag publisﬁed a method for
the eparation of cholesterol esters based on this effect. Recently, Baer (8) has
reported a method of separating various ;lycerOphoaphmtides by thelr fatty acid com-
'ponents provided that both fatty acid residues are identical. In practice, this pro-
cedure has iittle applicdtion to most patural phdspholipid mixtures becauss different
fatﬁj acld residuég occur in the same molecule and & great varlety of fatty acilds
’occur in patural samples, including both saturated and unsaturated acids. Sphingo=

myzlin and lysolecithin, each having only one fatty acid residue per molecule, wou;df

lend themselves more easily to thils method of separation.
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Experimental Procedure

Blood was drawn in 250 ml. quantities from healthy donors as described pre~
viously (2). Again subjects were chosen with ebove average serum lipid levels.
Versene was added to the separated serum (5 mg/100ml. of serum) as an antioxidant,
After the cells were removed, the gerum was kept at 4°C, and under nitrogen when~
ever possible during all aﬁbnequent operations. |

Ultracentrifugation .

As oﬁly the total serum‘lipids were being studied in this experiment, a multiple
ultracentrifugal separastion ag previcnaly performaa'(é) was unnecessary. Nevertheless,
it wvas decided to concantrate the lipoproteina of the serum before extracting the
1ipida., This offered an advantage during subseguent extraction operations by re-
ducing the volume of golvents needed in the modified Sperry extraction procedure.

It aié§ meant‘that the 1ipid extract was not a total lipid extract of whole serum
but an extract of the lipoproteins of serum with & henaity less than 1.20 g/ml., the
density used iﬁ'the ultracentrifugal separation, - |

To 100 ml; of serum vas added 26,1 g. of solid NaBr (dessicated, analytical
reagent from Baker and Adamg). The density of the resultant solution, (usually_having
8 volume of 108 ml.) ﬁas'checked by terractbmetry, and NaBr or water waé added to
adjust the solution to the required density, 1,210 g/ml; The solution was then
transferred to 18 six'ml; Spinco Lustron pfeﬁaratory cantrifuge tubes which vere
placed in a series 40,3 Spinco preparatory ultracemtrifuge rotor and centrifuged for
48 nours at 40,000 rpm in a Spinco Model L preparative ultracentrifuge.

After centrifugation the top 1 ml. in the preparatory tube had & density of .
1,20 g/ml. and ﬁontaiged ;ll the major lipoproteins of the serum. This volume was
removed by a special pipetiing technigque deécribad'elséwhere (9). The second ml., W
although clear of large molecules, vas 8lso removed and stored separately for later
use as a blank.in calculating_tha total .concentration of lipoprotein obtained in the

first ml. of the tube. The refractometric techniques used for this purpose were
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developed by Dr. F. T. Lindgren. The lower L ml. were discarded. In this procedure
theve is a 1639 of 5-10% of the total lipoproteins with a density less than 1.20 g/ml.
by adherence to the wall of preparative tube. It 48 assumed that this loss is
uniformly distributed thrbughout the lipoprotein spectrum¢ Also the wltracentrifupgal
residue contains mpproximately 5% of the total serum 1ipid (10). Hence, the recovery
by this procedure is appréximntely 85% of that obtained from extraction of unfractionated
scrum. Analytical ultracentrifuge runs were also performed on a portion of the
top ml. for the purpose of determining the distribution of the lipoproteins in the
various lipoproteln classes.
| Extraction

The extraction procedure was scaled up from that préviously described (1), The
pocled top 1 ml, fractions (totai volume 18 ml.)‘from the ultracentrifugal separation
were added to 166 ml. of methanol in a S00 ml. volumetrie tlﬁak; to this was added
166 ml. of CHCls &nd the mixture heated at 60°C for 15 minutes. After cooling the
solution was then brought to volume with CH013, an@ filtered into & 1000 ml. separatory
funnel fitted with a Teflon stopcocks 100 ml, of Hao,were then added to the funnel
and it was_vigorous;y-nhaken for 5 minutes. The two phases were allowed to separate
overnight at b°c. The ;ower, orgﬁnic phase vas drmwn off and transferred to 500 ml.
round bottom flask and evaporated to dryness in & rotary evaporator. The total lipid
extract vas then transferred to & tared vial with minimum volume of CHClj. The
solvent was removed by blowing nitrogen over the surface, and the lipid extract was
then placed in @ ?ﬁeuum dessicator for 24 hours. At this time 1t vas weighed and
prepared for chromatpﬁrﬁphic anélysia o stored at faooc'untilvit was to be chromato-
graphed. B | - | . |

' Chrgmstography

The silicic acid vas prepared as deseribed (11) and contained 1/3 by weight

Celite to increase the flow of solvent through the column. Columns consisted of

20 gm. of sillcie acid = Celite mixture and had a 25 mm. diameter end were approximately
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100 mms in height. The colwun material was packed into the glass chromatographic
column in a slurry of CHClj. The column was then washed with 500 ml. of CHCl§

and then 500 ml. of methanol and finally with 500 ml. of acetones, The scatone was

washed out with another 500 ml. of CHCl,. The methanol wash tends to pack the

3°
column to a uniform height. If this 4s not done the column will undergo & noticeable
contraction with time and especianlly when solvents are changed. However, methanol
fends to deactivate the column and destroy its resclving power. The subsequent
acetone wash restores the ectivity of the column to its initial conditions. Columns‘
packed in this manner are reusable for sgverﬁl chrowatographic runs 1f the same
vashing procedure is used before each run.

The 1ipid extract vas dissolved 1”.10’51‘ of GHGI5 and added to the c¢olumn.
The mon-phospholipids in the lipid extract are then removed by eluting with 1000 wl. of
CHClﬁ at_n flow rate of 1 ﬁl/m1n¢ Generally, & column ptepared in the manner
deseribed has 8 very slovw flow rate under gravity mlone, and & pressure system such
es that described by Hirsch and Ahrens (12) 1s necessary to obtain a reasonable
flow xate. After the CHcl3 has eluted, 200 ml. of mcetone were added tb the column
and mﬂsecond fraction eluted., The CH015 contains moat of the non-phosphorus con=
taining lipids of the 1ipid extract: cholesterol, cholesterol esters, triglycerides,
end f@aévfatty gcids. However if there bas been any oxidation of the lipids in

thia group, the oxidized material will be retained on the column during 03615 elution.,

‘Acetond will remove such oxidation products as well as other, as yet unidentified,

materials associated with phoapholipids but not themselves phosphorus contalning
such a8 cerebrosides or sulfolipids.

The'reserv01r was then filled with 1000 ml. of 35% methanol in methylene chloridé
and the elution coilector'switéhed from 1a?ge bateh collection to an automatic Fraction
collector. An automatic vﬁlv@, described elsewhere (13), cuts fractions of the -
desired volume, in this case 10 m;. After 100 fraétions vere obtained from this
elution, epproximately 20 additional 10 ml. fractions were obtained by elution with

pure methanol. Figure 2 gives the elution curve cbtained in such a chromotopgraphic

‘run. Phosphorus determinations wers performed by the procedure given carlier {(1k).
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Total recoveries as determined by phosphorus analysis variled from 95 to 102 % of
the phosphorus added to the column.

The collecting tubes were screw cap vials (16 x 150 rm.) the caps of which
vere Teflon+«lined. All tubes were capped as rapidly as possible after £illing
and stored at 4°C until further use. Samples for phosphorus determinations were
usually taken as aliquots from each tube. Other aliquots were taken for infrared
ppectral analysis and gas chromatography. In cases where the amount of lipid materisl
in the tube was small the entire sample was utilized, or it was pooled with its
neighboring cuts.

CGas Chromatography

Aliquots chosen to yield approximately 2 mg. of phospholipld were subJected to
transmethylation © . to obtain methyl esters. Two transmethylation procedurcs
were used. The method of Stoffel, Chu, and Ahrens (15) was used to transmethylate
the phoapbétidyl ethanolamine and lecithin samples. It was found to be en excellent
quoentitative procedure with these compounds. Unfortunately it would not trans- -
methylate sphingomyelin quantitatively and, in fact, ylelded omly 5 to 10% of ex-
pected methyl esters, when an identical procedure to that in the reference (15) was
followed. Good recoveries were obtained when 5 or 10% B,80) in anhydrous methanol
wis used for transmethylation of sphingomyelin. The method of Stoffel et al. might
be more satisfactory if the reaction is carried on 1ﬁ & sealed vial (17), rather than
an open one as described. After transmethylation, half of the sample ﬁas subjected
to a catalytlic microhydrogenation as described by Farquhar(gg al. (16) using platinun
dioxidel as the catalyst.

In each run 80 pgs of methyl ester were applied to the column asg reported
earlier, and all operating conditions were the same (2). fThe gas chromatographic unit
vas designed and built in this laboratory (18) and uses an ionization detector of the

type designed by Lovelock (19) with a Sr90 source of beta particles.
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‘Fatty Acid Calculation
" Tha fatty acid composition of the methyl ester samples applied to the gas

c¢olunn was found by measuring the resultant areas of the elution peaks recorded on

(o

the readout recorder of the gag chromatogrﬁphic unit. Two recorders vere opzrated
simultancously, theisecond with @ sensitivity 10 times the first. After the wmethyl
linocleate peak had appeared, the irst récordér was switched to a seasitiviiy 25

times its initlal sensitivity. The unit was calibrated as described (2) with

purified methyl esters obtained from the Hormel Foundation.

The method of calculating the percentage of each individual fatty acid ester
invblved the use of an IBM 704 computer. The program was designed to perform all the
necessary calculations on the basis of the absolute elution times of the individual
componaﬁtslin minutes and the peak heighté of the components in arbitrary units,

(in this case inches), above thevbase line of the‘recorder chart. The method 1s
published in greatér detall elsewhere (20).
Results -

In Figures 1 and 2 are shown column’chronntographic runs gerformed'under
identical conditions except thet in the first chromatogram, after 5C0 ml. of 35%
methanol had eluted, T0% methanol in methy;ene chloride was used, while in the
second instance 1000 ml. of 35% methanol was used, followed by pure mettancl. There
is no improﬁement in resolution 1n thé firét Casé and little reduction in the.volumc
necegsary to remove all the phospholipids from the column. Furthermoré, when -con-=
centrations of méthanol above 35% were ﬁsed, no separatéd peak could be detécted
éppgarihg éfter aphingomyelin: Hhen condentrations of methanol below 35% were usged, .
the sphingomyelin peak tended to be spread over a very brosd region. .Thus it appeared
that 35% methanol in methylene éhloride offerred the best solvent system for the o
elution of serum phoepholipides. . )

On the other hand, no corcentration of methanol used vas capable of geparating
iecithin from sphingomyelin cleanly. In Figure 2 is also shown the distribution cf
the phoapholipids in the elution curve as determined by infrared spectrescopy (shaded

arczs). In Figure 3 are shown the infrered spectra cf representative samples from
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the various elution peaks shown in Figure 2. Curve gvis from the phosphatidyl
ethanolamine peak, Curve b from the phosphatidyl choline peak, Curve ¢ from the
gphingomyelin region, and Curve ¢ from the finasl peak eluted with 100% methanol.
In Figure 4, three spectra from the lecithin-sphingomyelin overlap rcgion are shown
(tubéa 27;30;33). Only the regilon from 5 to 7 B is given in these curves as lecithin
and sphingomyelin have similar ebsorpticns in the other regions of the infrared
Epegtrum. ‘The S.S_p ébsorpfion is characteristic of an estef'bdnd and 1s absent in
sphingomyelih._ The 6.1 p absorption is characteristic of an amide link and is
absent in lecithin., The vgrying composition of thésérfragticns is obvious. Curve.
a calculates to more than 95% lecithin on this basis whi;e Curve ¢ 18 more than T75%
sphingomyelin. Curve b is apprqximatély~an equal mixture.

Curve d in Figﬁra 3 is probably lysolecithin dn.the basis of .its infrared
spactrim,. It 18 almest identical spectrally to l@cithin except for certain qﬁapti?
tative differences in absorption-intensitiesvat‘the major absorption bands. This,
coupled with its eluﬁion characteristics, indicates tiat it 1s lyadleéithin.

In the earlier study (2) a przliminary report on the fatt& acld composition of
the individual phospholipids of ‘serum was given. Several plution peake in gas
chromatograms were observed that COuld not be ddentified at that time. Certain in~
ferencea could be made from tpe position'of the unknowng on the gas chromatogram but
ldentification was not possible in.this manner‘alone,' For this reason micro-
hydrogenation of the samples: has been carried out. Figure 5A is the gas chromato~
matbgram of the fatty acid methyl esters from normal human serum phosphatidyl
athanclamine. In Figure 5B the gas éhrématogram of the'same sample 1s shown after
microhydrogenation.

The slow mbving éomponent with an elution time of 14l minutes has disappeared and
been replaced by a new peak at 45 minutes. The arachidonate peak was, of course,
removed also and replaced by the corresponding arachldate methyl ester peak. In
addition, the minor components have disappeared but no corresponding new pesks have
appeared in the chromatogram of hydrogenated esters indicating that the hydrogenation

products have elution times identical to those of the major components. The elution
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times of the new peaks present in the hydrogenated sample correspond exactly to
those for standard samples of srachidic (C=20) and behenic (C-22) acid methyl esters
¢n this column. Table I shows the percentages of the major groups of the chromato=
raphs shown in Flgure 5. Agreement is good for the conversion of twenty and twenty=
two carbon unsatwrated fatty acid.esters to arachidic and behenic acid methyl esters.
As these were the only peags appearihg after stearic acid ester in the hydrogenated
pampla, the minor as well as the major components present in the natural sample were
assured to be tweniy and twenty-two carbon unsaturated fatty acld esters. In Figure
6 typical gas chromatogrdphic runs on methyl esters from serum lecithin samples are
shown which indicate the decreasing amounis of long chain unsaturated material
present in these samples between the leading and trailing edge of the-alution peak
on the silicic acid column and a reduction of the short chain esters compared to
phdsphatidjlethanolamineQ

Walle the'above evidence indicates that the previously unidentified éomponents
were largely twenty=-two carbon polyunsaturated fatty acid esters, the degree of un~
saturation could not be deteruined by hydrogenatiop. However, it was Known from
éata obtalned én gtandard comﬁounds that the cuwrve of the log of retention time versus
nuisber of double bonds per molecule wiil be a straight line for any homologous fatﬁyv

acld methyl ester series differing only by.the number of double bonds present in

the molecule’ (2, 16, 21). Figure 7 is a semi-log plot of retention time versus nwsber

of double bonds present in the nprmal chain twenty and twenty-two carbon fatity ecid
mathyl esters as obtalned from a chromatogram of serum lecithin. 'The'straignt line
obtained indlcates the presence of hexenoic, penteunoie, tetraenoic,'trienoic, and
monoenolc twenty-two carbon polyunsaturated fatty acids. Dienoic end tr enoic twenty
carbon fatty acids are also present as well as arachidonle acid. Table II suiarizes
the data as t6 which fatiy acids ha§e been tentatively identified in normal husan
phospholipids by these techniques. |

Table III prescnts the fatty acid composition of 9 fractions taken from the

&
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silicic acld chromatography shown in Figure 2. In the previous atudy'(a)-iarge

amounts of polyunsaturated long chain fatty aclid in phosphatidyl ethanclzmine and
lecithin were not observed. This was provably due to oxldative deterioration ofthe
saméla during some phase of the experiment. HMHuch greater precautions to prevent.this
possivility were maintained in this present study. While/EEZree of unsaturated obe
gerved in the phosphatidyl ethanclamine ;s high, this still represents only a small
amount of the total fatty aclds preseat in the serua phospholipids. Leci?hin, on

the other hand, is decldedly more saturated. Table III shows that the more unsa@urated
lecithin molecules tend to clute off silicic acid more rapidly than their corres~
ponding saturated analogues. Fraction 2 in Table III, representing tube No. 14 con=
tains 65% unsaturated material and is the initial lecithin eluted from the column.
Fraction 6 in Table III, representing tube No. 27 contains aluwost 50p saturated
material end 1s near the end of lecithin elution. There does not appear to be a

s8imple relationshlp between the awounts of unsaturated and eaturated fatiy acids
present. In fraction 2 there is 15.7) twenty carbon hexenoic acid and 27.0% arachidonic
acid whiie ouly 6.3 and 9.4 % respectively of oleic and linoleic acid. Yet in
fraction 6 there is 17.3 and 28.1% oleic and linolelc respectively and only 0.9 and
5.5 respectively of the former acids. The migration rate on the column is apparently
dependeﬁt on the number of double bonds present in-the fatéy acid weoletles of the
molecule ratiher thaan chaln length.

Convareely; sphiugomyelin'ahOWS little unsaturation beyond limolzic and less
tgtal uagsaturation ihaq elther phosplatidyl ethanclamine or leecithin. Nevertheless,
the same general elution property; ils present in the sphingoumyelin fraction. The
leading edge has more unsatﬁrated material than the trailling edge.

The lysolecithin sample, fraction 9 in Table IIIX, is more highly saturated than
any lecithin fraction, with over 73p of its fatty acld composition dbelng made up of

palnitic and stearlc acld.
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‘Discusaion

The evidence obtalned in extended silicic acid chromavogfaphy of the total
serum phospholipids makes it appear uniike1y that any single conéentrétion of methanol.
vwill separate lecithin from aphingomYelin.' Several authors (22-24) have nevertheless v
maintained this can be accomplished. In this latter instance, one must not rule out
the possibllity that what the auﬁhor interpretated as & pure sample was rather a
" mixture of the two or more compounds. Whenever elution schemes are used that in-
volve multiple changessin the concentration of eluting solvent, false peaks occur
which can éasily be interpreted as complete separation when ﬁhey are actually
mixtures of the same materials obtained in thé previous fraction. Gradient elution
chromatography may offer a method of obtaining true resolution of lecithin and‘
sphingomyelin (25). A system of concave gradient elution which offers theoretical
advantages over convex gradient elution (26) 18 currently being investigated in this
laboratory: | |

The oelution of the phosphatidyl ethanolamine is accomplished easily and quickly
with this elution scheme although the resulting material is agnin a mixture, with
phosphatidyl ethanolamine being’the primary component. From the infrared spectrum
it appears as if phosphoinosital 13 eluted in this fraction, and in certain sub~
fractions may account for 20 to 40% of the fraction. As the concentration of methancl
is lowvered, better separation of this phosphatidylethanolamine fraction 1s obtained,
but with a corresponding 1ag.in thevelution_of lecithin and other slowly eluting
compounds., Agnin this situation could be greatly facilitated by the use of concave
gradient elution. .

There is evidence for tﬁe pregence of 1ysolec1tﬁ1n. In three extended chrorato= )
graphic runs the range of lysQlecithin found was 2.1 to 4.3 percent with an average v
of 3.0%. This value agrees with the average of 4.7% found by Phillips in his original

report (27) for pooled serum, although he later reported rather higher values in

serum lipoproteins and the serum proteins with  / > 1.21 g/ml. (10) end also an
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average velue of T.1% with a spread of 5.3 to 8.2% in normal subjects total serum
phospholipids (3). Marinetty et al. (L) reported mich higher values of lyso=
lecithin in 17 subjects consisting of normals and coronary cases, representing &
spread of 7.9 to 13.%%. Howaever, they included phosphoinosital in their lyso=
lecithin value with indications that the former contributed the major portion,
These authors aslso stated that an aqueous wash during extraction resulted in loss
of lysolecithin. GJone, Berry and Turner (5) also reported higher velues of lyso~
lecithin., In eight normals they found an average of 8.9% and a spread of 6.6 to
11.5%. An equeous wash was used in their extraction procedure.

There remains the pbssibility that spontaneous degradation may be the cause of
some of the confusion in this matter. To test this hypothesis, a semple of lecithin
in tube No. 20 in Figure 2 was exposed to oxygen for 24 hours and then rechromato=
graphed. Approximately, 15% of sample was obtained in the 100% methanol elution

and, when the fatty aclids of this portion of the sample were analyzed, the composition

regerbled that originally obtained in fraction 9 given in Table III, primarily

saturated fatty acids. This evidence 5uggésts the possibility that the lysolec¢ithin
reported in serum 1s prirarily an artifact.

Generally the results of this extended chromatographic runs have given resulte
in agreement with the préviquq studies. -Tﬁé-average values in three runs analyzed__
in detail vere: 5.6% ﬁon~choline coﬁtdning.pﬁoépholipids (phosphatidyl ethanolamine ),
T1.2% 1ecithin; 20.2% aphingomyelin,«and 3.0% lysoiecithin. The low value for non-
choline ébntaining’phospholipids 1s in agreement with most other recent reports_(e,j,h).

While there had been several recent reports (28-30) on the fatty acid composition

of the total phoapholipid fraction of human serum, no detalled study on the fatty

acid ccmposition of the individual phosphclipids has been previously presented. As
there are significant differences in fatty acid composition Letween the individual
phosrholipid, total serum phospholipid analysis should be evaluated carefully in

this respect. Lecithin, which is the major phospholipid of human serum, contributes
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85%.of the fatty acid to the total fatty seid compasition of serwm. Generally,
studieg (28;50) on the total serum phOsphplipi@ fatty acid composition reflect the
lecithin fatty acid composition end obscure the contributions of phosphatidyl
ethanolamine and sphingomyelin. For the latter, this 13 particularly true vwhen a
transmefhylation nrocedure is used which fails ﬁo yield the fatty-acid associated
with avhingdmyelin,

Vhile the fatty acid eomposition of lysolecithin was essentially palmitic and
stearic with some oleic and traces of other saturated and unsaturated fatty acid,
some of the long chain saturated fatty acids were present in szmll amounts, although
less than the amounts fqund 1ﬁ sphingomyelin. If lysolecithin is derived from
lecithin, this would indicate that these fatty acids are probably present in lecithin
are perhaps phosphatidyl ethanoiamine but b extremely small quantities.

Hanahan originally proposed (31) the concept thét the unsé.turatéd fatty acid
residues cceupy the o' position preferentially while the saturated fatty acid
raaidues are'alwéys round in.the /3 vosition in naturally occurring lecithins.
Recently, this view.was contradicted by Marinetti et al (32-34) who maintained that
soturated and unsaturated fatty acids were found.on both positions in natufal

lecithina. Harahan et 2l., however, have published a new #tudy (35) on this subject
in vhich they maintained that saturated fatty acld moieties are found on the o
position and unsaturated on the (3 Dposition in,eggflec1thin. It would seem frem
the data presented‘here that human seruﬁ'lecithin.cannot have all 1t§ unsaturated
fatty scld residués'attached to & single position in the molecule ag many of the
fractioné analyzed were made up by well over 50% unsaturated fatty acid resldéues. I@
1s not possible from this irnforrmation to say whether all the'safﬁiated fatty'acidg
oceupy the same position although the comﬁosition_of the lysolecithin night be cone
sldered to support this viéw. |

Rowe in recent studies (36) also analyzed the fatty acid composition of sorum
phospholipids by thelr elution rate off a silicic acid colwm. However, & rultinle
solvent elution scheme was used with the result that there was considerably more

overlapping of constitusnts in the various fractions anzlyzed. He algo dld not report

"
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any fatty scld with chain length longer than twenty carbons and no odd chain acida.
Nevertheless, the same general elution characteristics were obgerved. The more un~
saturated material was eluted wmore rapidly, and the degree of unsaturation was found
to be highest in phosphatidyl ethanolauine and lowest in lysolecithin., In general,
however, the degree of uusatuwration was lower thun that reported in any of the
fractions analyzed im this study.

The phosphatidyl ethanolamine and lecithin fatty acld coupusition were siullar
quantitatively and differed only qualitative, which could be indicative of similar
metabolic processea in the‘fofmation of these compounds. Indeed, some recent
studies (37,38) have indicated that phoephatidyl ethanolamine is transformed directly
t0 lecithin by methylation of the ethanolamine to choline. Perhapas the most
noticesble difference between phoaphatidyl ethanolamine an& lecithin fatty acid com=
position is the eignificant amount of fatly acids with chain lengths of thirteen,
fourteen, and fifteen carbons. In phodphatidyl ethanolamine they contribute
approximately 10% of the total tfatty acids, yetfin‘lecithin théy are only 0.7% of
the total. As the phosphgtidyiethanolamine, but not the lecithin, fraction contains
phosphatidyl serine and perhaps phosphoinosital, these relatively uncommon fatty
acids could be contributed by these compounds rather than the mﬁdor component,
phosphatidylethanolamine.

In all golumn cbromatographic studles and, perhaps, paper‘chromatography'as well,
there 1 a dependence of the elution characteristics on the fatty acid compositicn of
the molecule. Natural mixturcs contain a wide variety of different isomcrphs and
it is un;ikely'that cl@ap and distinct separation can easily be obtalned in many
cases. Unsaturated compéunds of ohé cléss may mlgratc with saturated molecules 1in
another. It may be wise to ﬁonaider other criterion of purity than simply the
chromatographic homogeneity of the sample when using chromatographic isolation pro=

cedures in dealing with the individual phospholipides.
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The identification of the unsatu;ﬁted fétéy acidé in this wérk is not inteﬁded
to te absolute. A definite identification féquircs larger aﬁounts éf mét¢rial than
could be cbtained. LEven such elegant micro pr&cedures as thﬁse outlined bnytdffel v
and Ahrens (39) require many times the amount of evuilab}e eamplg; Thefé‘isvuséally_
not enough of eny single fatty acid in human serum ﬁhospholipide, except for the
most common coﬁponenta, to eharacterize it using the standard,qxidat1VQ‘and u-v
isomerization tgchniquea ﬁnless large pooled volumes of serum are utilized. On the
other hand, tentaﬁive identification and reporting of fatty acid components as
characterized by gas chromatographic andlyses is felt to be significant and worihy

of report until more definitive methods of microanalysis are developed.
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pumcary

Normal. huwan serum phosphollplas ware aepm’&ted‘by silicic acid column
chrouatograply. A large nusver of {rawciious were obtalned with vhich Lt vas posgidble
to study the effect of futty acid cuwposition on the elutlon rate of the column.
Fhospholipids containiug unsaturated Jatty acid molecules eluted from the silicie
scid coluwmn more rapldly Lhan Lheir saturated analogues. I“uvwas found that lecithin
could nuv ve cleauly separated fron sphalogony:lin Ly any coneentration of methanol
or mulviple solvent elution schene. OSuall awounts of. lysolecithin were found, but
evidence is presented that suggests lysolecivhin is un artifset of lecithin.

The latty dcidcompositians of the dndividusl ;';.’tmsp}mlipids vere studled.
Phosphatidyl ethanolamine wus the most unsaturated phospholipid of serum. Lec¢ithin,
sphingowyelin, and lysoleclithin showed leds wnsaturation in that order. Twenty
and twenty=two carbqn ungatura ted far.ty aclds were present fn all phospholipids.
Long cbain saturated, as well as Qdd chain saturatlzd.fatly acids, were prasent, aud
vere particularly prominent in the sphingomyelin fraction.
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FPigure Captions
Fig. 1. Elution curve of serum phospholipids from a silicic acid column: Welght
added to column 151.3 mg., recovered 149.0 mg. on the besis of phosphorus. analysis.
Fig. 2. Elution curve of serum phospholipids from silicic acid column. Weight
added to coiumn 175.4 mg., recovered 170.1 mg. on the basis of phosphorus analysis.
The shéded area distinguish the region occupied by the various phospholipid as they
eluted from the colurn as determined by infrared spectrophotometry.
Fig. 3. Infrared spectra from the various elution region shown in Figure 2. Curve
g 18 a sample from tube 6 and is phosphatidylethanqlamine slightly ¢ontaﬁinéted,
probably with phbsphoinositol. This spectrum was run in CS,, 7.5 mg/ml. The region

from 6.2 to T.2 n is obséured by the solvent. The upper cwrve is a CS2 versus C3,
backgrounds Curve b 18 a sample from tube 20 and is spectrbscopigally pure iecithin,

1n'cs2 aolution, 6.9 mg/ml: Curve g is & sample from pgoledvtubgs 48-49, and is
sphingomyelin with a trace contamination of ester containing material as indicated

| by the 5.8 B aﬁsorption. A film run on NaCl plateas Curve 4§ 1s'probab1y lysélecithin
and is taken from tubes 105 to 108, pocled, and run-in CHCL, solution 6.2 mg/ml. The
region from 7.8 to 8 8 p 1s obscured by the solvent.,

Fig. 4. Infrared apectra of aamples showing the overlapping of lecithim and sphingo~
myelin in the elution curve shown in Figure é. Curve g 1s sample from tube 27; b,
tube 303 ¢, tube 33.- Al samples were run in CHCl5 solution at 7.5 mg/ml. Upper
curve is CHc15 versus CH015 background. ’

" Plg. 5. A typ;cal gas chromatogram obtained from phosphatidyl'ethanolamine of fAuman
serum lipoprotéins viih ‘f>> l.ao'gm/ml-_ A. .Ngtura} gample.  B. Hydrogehated ?ample.
Fatty aci&s;areidesiénated by cha;nvlength and_hqmber of‘dquble bonds in the molecula.
Full scale deflection 1072 emp. Sample injécted,;SO_pg. Flow rate, 75 ml/min.

Column temperature'195°c;‘ Stationary phasé, pélyesier of.diethylene glycol succinate.
Samp1es wvere injected 1nAd solution of hexane vhich produced initial solvent peak.
Fig. 6. Gas chromatograms ffom iecithin samples obtained from chromatography shown
in Flgure 2. A 13 a sample from tube 20. B 13 a sample from tube 26. The decrease

between the twenty and twenty two carbon unsaturated fatty acids in Curve A and B is
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obvious. Operating conditions as described in Figure 5.

FPilgure 7. A semi log plot of the data obtained'rrom chiromatograns of lecithin

fatty acid esters of retention 'time as a function of number of double bonds present

in the molecule for the methyl esters of the twenty and twenty fw; carbon unsaturated “

fatty acids.
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Tadble I

Composition of the Major Fatty Acid Groups Shown in Figure 1 by
Carbon Chain Length

(Mass % of Total Mathyl Ester Sample)

Fatty Acid Before Hydrogenation o After Hydrogenation
Cy6 13.6 , .2
Cg 27.6 29,0
cao_ | o 26.6 | | - 25.8
Cop 20.4 — , 19.9.

Totals - “ 88.2 ' 8.9
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Table IT

Fatty Acid Composition of Huwan 3erum Fhosphollpids

(idass B of Total Methyl Sstew Sample)

Tentative
Identification by
Chain Length and

‘No. of Double Fhosphatidyl

Bonds ashanclanine* lecithin Sohingvelin Lysologithin -
12:0 o 0.2 0.1 _ 0.2
13:0 : 2.4 0.2 0.1 0.3
140 2.8 0.3 1.0 1.1
15:0 4.3 0.2 0.5 . 0.7
16:1 1.9 1.2 1.7 1.3
1730 0.8 0.5 1.1 2-5
18:0 14,2 13.5 8.5 34,9
18:1 5.3 9.5 5.8 11.5
18;2 8.3 23,0 14.5 1.k
20:0 0.7 0.2 0.8 0.4
1835 Ocl‘ 006 0-6 0-5
2012 0.1 O O

20:3 1.3 3T 3.8

22:0 0.2 0.5
20:4 25.2 12.2 6.7 :
2310 S.h 0.8
2231 3.5 0.7 1.6

21‘30 ] 3.0 lcl‘ '
22:5 0.7 0.6

2hsl o 3.1

22:h4 0.8 0.4

2215 2.7 1.4 1.7

2216 12.7 b7 2.5

Saturated 37.1 41,6 57.6 85.5
Unsaturated 62.9 58.4 bp, 4

* Contéins phosynatidylserine and phosphoinositide
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No. 9
Tube 105 to 108

Fo. 7 No. 8
fube 43 Tube 65

No. 6

Ho. 5

No. &

Tube 16 Tube 18 Tube 22 Tube 27

Table IIX

a$

1,

Mo, 3

(Mass % of Total Methyl Ester Sample)

No. 2
Tube 14

- Fatty Acid Compositicn of Chromatographic Fractibns
Fraction Fraction Fractioé Praction Fraction PFraction Fraction Fraction

Tube 5

Fo. 1

{2
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Ho. of
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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