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ABSTRACT

" ENHANCEMENT OF THE FIELD DESORPTION
'MASS SPECTRA OF PHOSPHOLIPIDS
by

Susan Elizabeth Perkins

Criteria for iudging the field desorp;ion mass spectra
of phospholipids are introduced. Methods bf enhancing
these spectra are comhared including removal of sodium
ions by both a modified Bligh-Dyer extraction and by high
performance liquid chromatogr@phyd addition of p-to1ﬁenem

sulfonic acid and addition of water.
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" CHAPTER I
- INTRODUCTION

This thesis concerns the investigation of methodé of
1mprdv1ng;the*fie1d desorption mass spectra tFDMS) of
phospholipids. '

Libids in genera? are a subject of great interest.and

importance in biological systems. They are_yéTuab]e'as‘

- sources and as storage and transport forms of metabolic

energy as well as for protection .and insulation not only
qf specific organs but.also of whole organisms. Of'all
the Tlipids present in normal individuals, phospholipids
are a major class, representing almost 50% of the total
lipids of the blood plasma in:man:1

Sfrucfurai1y, phospﬁolipids are defined as being
esters of fatty acids qnd a]coﬁo1s‘(usua11y glycerol) with
the additional identifying character{stic of é phosphate
ester residue. The tatter may be terminal, as in the case
of phosphatidic acid and its analogues, or it ma} be )
esterified with another alcohol such as choline, ethanola-
mine, glycerol, inositol or serine (Figure 1).°

The most abundant of the phospholipids in the p]ésma

and various tissﬂes in man are the lecithins, or phosphatidy!

cholines {PC). They perform both metaboliic and structural

1
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Fig. 1

: ‘General Structure for Phbspho1ibids
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roles, the latter in their caﬁacity as a major lipid
component of cell membranes along with glycolipids and

cholesterol. ‘In particular, dipa1mitqy1 lecithin is a

powerful_surfactant; 1mﬁortant‘in the alveolar cells of

the lungs. By preventing alveoiar collapse on expiratioh,

dipalmitoyl lecithin is critical in Tung function. Since

" upon maturity of the fetal lTung dipaimitoyl Tecithin from

the lung is found 1in the amniotic fluid, its preseice there

. [
is the basis for tests of fetal lung maturity such as the

2 3

Tecithin/sphinébmyeTin ratio (L/S ratio),  total lecithin
and tota™ choline-containing phospholipids4 in amniotic v
f1uid." More recently 1nterest has centred on saturated

pc2+6 and the cdntenfs of Tameliar bodies7’8

which comprise
the‘pulmqnary‘port10n of amniotic fluid.
Cepha]fnsforrphosﬁﬁatidyl ethanolamines, (PE), phospha-
tidyl inositols (PI), fouad mostly in the brain and
phosphat{dyTlser%nes (PS) ére'aTSo found in .amniotic fluid.

Recetly there has been.increased interest in phosphatidyl

“g1yCEr01 (PG) and its role in the surfactant properties of

the a]ﬁeoligs Phosphatidic acids, on the other hand, are
believed to be fmpoftanf mainly as intermediateg in the
synthesis of trig1ycerides and other phcspho1igids.

The analysis of phospholipid samp]es‘of both synthetic
and biological origin presents certain problems with
respect to storage and haﬂdTing. Those lipids containing

unsaturated fatty acids may undergo peﬁbxidation at the

¥

-
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" double bond when exposed to the oxyéen of laboratory air or
to peroxide 1mpur1t1es in organlc solvents. For this

reason it may be advisable to use freshTy distilled soIvents
and in extreme cases to remove oxygen by n1trogen sparging.
In addition, phospho11p1ds should be stored in solution, |
preferabTy CHC1 /GH 0" (1/1) to minimize contact w1th a1r

Contact of phospholipids with acids or alkalis dur1nq
analysis should be minimized. Bases cause hydro1ys1s at
the fatty acid ester linkages y1e1d1nq egcerol compoupds"
and'fatiy acjd soaps. At extremely high pH the phosphate-
alcohol (x) linkage méy even be destroyed. In contrast,
unfavourably acidic conditions may encourage hxdrbﬁysis at
the glycerol-phasphoric acid Tinka .producing a.diacyl
glyéerol and a‘phosphory1 egzer or phosphoric acid in the
case of PA and its ana]ogues. The latter class of com-
poundé, and PG as well, present even further problems due
to thei} hygroscopic nature. - |

In summary, phospholipids are best handied with minimal
' exposure fo air, moisture and extremes of pH. In addition,
storage at reduced temperatures of 0-159C also reduces the:
chances of peroxidative or hydrolytic degradation.

Ffeld desorption (FD) mass spectrometryg has been
calted "a black art . . . more mystical than scientific,“10
however, it has been applied successfully to the elucida-
tion of the structures of hany hipherto troublesome, non-

10-12

volatile molecules. Among these compounds, which’
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for the most part are of a bjo1ogica1'nature, are

phospholipids. '3

Phospholfpids.are signif1cantiy poIah,
non-volatile and thermally labile, thus pfesenting‘unique
problems when submitted for‘structura1_ana1ysis by most
mass spectnomefric processes. Chemical fonization (CI)

14 yesults in much

mass spectrometry of phosphqlipids
fragmentation, although several structural features can
be deduced from the spectra. Electron impact (EI) mass
spectrometry yields usefd? information mainly on de-

rivatized phosphq11pids.15

However, the "soft ionization"
technique of FDMS enables the identification of the M*' dr‘
["*H]+species while the Tow ihternaT.energy of the.ions
fgrmed re¢uces the incidence of fragmentation.

| The techniques of_th{s'fast expanding area of reseaqch
ére well-known and can be found in a number of excellent

10-12

reviews. Briefly, the protedure is as follows: the

sample to be analyzed is placed on the anode, a tungsten

wire 10 um in diameter on which have been growh16

30 um
Tong carbon needles. Sampies may be applied either by
dipping into a sample solution or by direct delivery of
the solution via a microliter syringe. When the solvent
has evaporated,'the anode is plkaced in the ion source where.
a vacuum is prodyced. Analysis is begun by slowly heating
the anode in the presence of a large constant electric
field. |

It is postulated that at temperatures approaching the

best anode temperature (BAT) the solid lattice of the sample



on the anode becomes semi-fluid, thus allowing molecules
to migrate to the high field reéions qﬁ the Hendritg tips
where the force is great énpugh to reQ€ve an eTectrbn by
the well-known quantum mechanical tu:;ﬁ%iing effect. . In
‘thjs way very little energy is transferred to the sample
molecules and fragmentation is minimized. Phospholipids
generally exhibit an [M+H]+ peak rather than M+f, due to
addition of a proton arising from anothef 1ipid molecule

This and other surface reactions

or from the solvent.

such as methyl ansfer processes occur on the anode.

A11 positive ions, however formed, desorb from the
anoqe-towards é negative countereTectroée Férming the ion
beam to be subsequently ana]yzéd.

In comparison with other mass spectrometric processes,
FD is considered superior for ana]yiing phospholipids,
however there exist obstacles associated with both FD and
the phospholipids themselves.

Inherentdifficulties in FD that have been solved
include unassignable ions produced from reactions taking
platé on the anode before desorption such as hethyl

17,18 19

transfer reactions

and cluster ion formation. In

addition, the very nqtﬁfe of the formation of jons in the
. '

absorbed layers og/{he anode predisposes the technigue
to be dependent/On many parameters. These include anode
preparation,/field strength, temperature and thickness of

the adso -ed sample Tayer.

/
/

v
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tinuing controversy.

: équipment.

The actual mechanisms of all of the above processes
A . . . -

~and their relative importance are the subject of a con- -

10,20-23

'Prpb]ems arising from the nafure'of the phospholipid -
samples or their preparation invo1ve,contémination by‘bbth
organic and inorganic compounds. During Taboratory syﬁ-_
thesis or purification, impurities may be introduced.
Bécause of the amphipathic nature of the phospholipid
molecules these contaminants may be both non-polar and
polar. O;ganic contaminants may include other 1lipids
extracted during §epafation or purification procedures.
Another'interfering group of compounds are phthalate esters.
fhese fat-soluble compounds are found in many commercial
organic'reagents as.we11 as in plaétic and other laboratory

24

The main inorganic contamination is that of alkali
metal ions, especially sodium. The Tatter ig an insidious’
problem not only because of the ubiquitous n:}U?Q\of the
ion in the laboratory environment but also because its -
effect on FD spectra is unpredictable. At its worst,
sodium may cause Tow 1ntehsities, increased fragmentation
and cluster jon formation, .or possibly.the absence of any
spectrum at all. However, good spectra can also occasion-
ally be obtained in the presence of moderate amounts of
sodium. In fact, cationization with sodium waé used
successfully for molecular weight determination of certain

polar organic mo]ecu‘ies.ZS’26



'  Effects on FD mass spectra of various methods to
remove sodium fons from phqspthTpid samples constitute
the major portion of thts;thesis; Seiéral proced@res have

13 with some degree of

Qeeﬁ tried by_pre&ious investigatbrs
success. These fnciude‘gel iltration, dialysis, TLC
_and compTeXing with'ligands such as the crown ethers and

cryptands. Often these techniques proved extremely time-

consuming.

. More recently with the édvent of reverse-phase pacﬁzngs
and their wide range-of soTvent applicability in the high
performance liquid chromatography (HPLC) qf phoépho1ipids,27'32
it was thought that it might also successfully separate
them from their }onic contaminants. I .

The 1ipid purification method of Bligh and Dyer33 has
beén used successfully in this regard. Thus its abi]ify to
remove sodium was investigated to determine if the resulting
phospholipid specimens showed improved spéctra after ex-
traction. |

The original Bligh-Dyer procedure involved. initial
extraction of 1ipids'with a monophasic solution pf com-
position chloroform/methanol/water (1/2/0-8). Bthhe
addition of one part chloroform and one part water, thus
changing the ratio to (2/2/1:8), the 1ipids were effectively
back-extracted into the Tower chlorofﬁrm ﬁayer while in—"
organic cbntaminants_were removed in the upper methanol/

" water Tayer.

Vi f
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A modified Bligh-Dyer extracfion has been proposed
by Kates®* in which the 1ipid is.initially dissolved in
chidroform/;:thano] (1/1) followed by the addition of the
0.9 parts water thus making the final ratio chlorofprm/ '
methanol/water (2/2/1-8) as in the original méthod.

The present research compared the two methods for
ability to remove sodium from a mildly contam1nated
sample of d1pa1mitoy1 phosphat1dy1 choline and found the -
difference in sod1um values for 1n1t1a1 washes to be
negligible. |

Since the‘criferionrof maximum sodium removal was
satisfied it was decided to use Kates' modified yersion
because it was simp1ér and less time-consuming. The
latter reason is most importanf when extracting under
acidic conditions as is the case for acidic bhospho1ipids.
Thus in the later part of this thesis, "Bligh-Dyer Ex-
traction" in fact refers to the Kates' modified version.

Elimination of extraneous compounds is one method of
improving mass spectra. Another approach may be to add a
compound to the sample in order to enhance a merely
mediocre sp;ctrum. Studies are finderway to improve
spectra by the addition of acids as.proton donors. Keough

35 had some success with this approach using

and DeStefano
p-toluenesulfonic acid (pP-TSA) and zwitterions. The re-
sulting spectra are characterized by a significant

increase in intensity, a decrease in the BAT and thus a —

decrease in the number of fragment ions. p




1

Inf similar ®xperiments, L_igon36 used p&lyphosphofic
acid £o enhance spex ré in the field tonization (FI). mode.

The present pap Jaetajls and coﬁpareﬁ'some of the
ab ve methods of imy vin--: d ehhéncinq the FD mass spectra
of specific phospho11pids,\1n pe rticu1ar those which have
previpusly proved intractabTe to the technique. 37

‘hospho]ipids;sttlj present problems for mass
spectrometrists who must deal wifh their thermal Jability
and sengitivity to the ever-present problem of_godium
contamihation. ‘It has been necessary to fifd methods for
imppoving spectra which are then firsf ipplied to ‘commercial
sygthetic samples with a Qiew to Tate} adapting these pro-
cedures to the more complex area of FDWS of bioTogica1
sampla

HopefulTy, FDMS stud1es of phospholipids will add to
the increasing quantity of data being collected on
phospholipids in order to better understand their behaviour
in the mass spectrometer. At the same time knowledge of
both purification and enhancement techniques ensures that
the best cﬁoice may be made when applying these techniques
to phosphol%pid; of differing structures and degrees of

purity. . &
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CHAPTER IT o .
EXPERIMENTAL

A. Instrumental

A11 FD mass spectra were obtained from a Varlan.
CH-5 DF mass spectrometer thh an FD/FI/EI source, inter-
faced to an INCOS Model 2000 Data System and operated at
a nominaT resolution of 750. Calibration was aécomp1is d
using the EI spectrum of perfluorokerosene as the standard.
Samples were dissolved in chloroform or ch1orof9rm/methano1
mixtures depending on solubilities and applied to the
anode by the dipping technique. When the solvent had

evaporated the anode was introduced into the cool ion

source through a vacuum lock. Vacuum was restored to

10'6 torr or greater and then an anode voltage of

+3kV and a cathode voltage of -8kV (unless otherwise in-

dicated) were applied. The anode was heated steadily at

/)approximate1y 1-5mA per minute and the magnet was scanned

from high to low mass in 12 second scans.

Total ion counts (TIC) were registered in arbitrary
units where one unit is equivalent to approximately 1?00
ions. | \~ |

On the average, smooth sample desorption was ab-

tained for 5 or 6 consecutive scans; however, results

12



tabulated could be for ag many as 12 or as:few as 2 useful

scans. '

On comp]étfon of a sample ruﬁ; the anode was heated
to a maximum of 50mA in order to remove all sémp1g and
inorganic cohtaminants before the next run:.

Sodiuml1eve1$ were determined on' an IL 251 aa/ae
spéctrophdtometef at 589-2 nm in the flame-emfssfon mode
with an air/acetylene flame. A1l B1igh¥Dyef wash samples
were aspirated at.1-2 ml per minute and read against a
blank and standards in a matrix of methanol/water/chloro-
form (50/35)5). "High performance liquid chromatography
(HPLC) fractions were run against a blank and standards in
a8 matrix of methanol/water/chloroform (84/10/6) at an

aspiration rate of 1-2 ml per minute. These readings were

‘compared to a pre-injection readina in order to detect

a chaqge in sodium levels.

HPLC separations were pefformed at room temperature
without the use of the detector on a Spectra Physics
SP-8000 liquid chromatograph equipped with an RP-8 column
on 10 Lichrosor:b®and‘1nterfaced with a fraction
collettor, Modetl 328, from Instrumentation Specia]fies

Company.

® T.M~of E. Merck, Darmstadt, W. Germany.



O~ .
B. Chemicals ., ., _ ' _
Palmitoyl LPA, oleoyl LPA, dipalmitoyl PA, dialeoyl PA,
~dipalmitoy! PG; dioleoyl -PG, ind dipalmitoyl PE were pur-
chased from Serdary R?search Laboratories; inéorporated,
.London, Ontario. .
Dfpa]mitoyl PC.was purchased from P-L Biochemicals
.Incorporated, Milwaukee, Wisconsin. . |
| Methan61 and chloroform used in HPLC experiments were
HPLC grade purchased ffom Fisher Scientific Company:and
daiedon_Laboratories Limitéd,‘Georgetowns Ontario,
respectively. )
Affﬁdisti]1ed water was passed throuch a Barnstead
Ultrapure mixed Led column and then filtered with a .22
' um GS tybe filter from Millipore Corporation, Bed*grdgﬁ:
Massachusetts. A
For.other experiments, all solvents and other %Qégents

were at least ACS grade.

Silica Gel H was purchased from Sigma Chemical Company.

"C. Modified Bligh-Dyer Procedure : T
1. For Neutral Phospholipids
To 5 mg of phdsph01fpid-samp1e, in a 15 ml centrifuge -
tube, were added 2 ml chloroform and 2 ml methanol. The
solution was swirled to dissolve af1 possible 1ipid,
1-8 ml deioniied water were added, the tube was invenrted
10 times and then centrifuged for 1 minute at 3500 rpm.

The top methanol/water layer was removed and labelled
&

PR TP P
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‘wash #1.% Two ml of ‘methanol/water (10/9) were added and

. the invefsion and centrifugation repeated for the second

wash. The sample was washed up to § times. Upon removal
of the finai wash, theLremaininQ Ghloroform layer coﬁ—
taihfngithe Iipidlwas évaporated ét 370¢ dnder h}trogeni
Benzene was added to remove‘any water present in the extract.
A11 1ipid samples were redissolved in chloroform ar
chloroform/methanol solutions to-gfve a conceﬁtration of.
approximately 1 mg/0.1 mf and stored at -49C before sub-
mission for FD mass spectrometrié¢ analysis.

2. For Acidic Phospholipids

The abdve procedure was carried out with the‘repléceQ
ment of water by 0.1N hydrochloric acid. .After all the
washes were removed, the chloroform layer was heutra]fzed.
with 0.2N methanolic ammonium hydroxide. Thecsamh1é was
evéporated,-redissolved, stored and submitted in the same

manner as neutral phospholipids.

D. High Performance Liquid Chromatography
"~ Procedures -

A11 separations were performed on the RP-8 column
using an isocratic solvent mixture of methanol/water/
chloroform (84/10/6) at a f1oﬁ rate of 2 ml per minute and
a. pressure of 400 psi. Prior to sample.injection, the
column was- washed overnight with a total of 1800 mi
filtered deionized water at 1-5 ml per minute. Ten ul
of an equimolar solution of sodium iodide/dipa1mitoy1‘PC

in methanol wefe injected resulting in 9.14 nM of each on
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o f ‘on chumn, Fracticns collected at 1 fraction per minute
:';. | - were first tested for sodTum by fF?Ee\epission spectro- .
" photometry and then for phospho1ip ds by TLC in order to
find a reproducfble 1Tpid e]ution time; Fractions collected
- ; " for FD mass spectrometrlc analysis were testefd for sodium
| . and then combined, dried down, rediﬁso]ved, stored and e

"submitted in the same manner as were Bligh-Dyer extracted

' samples.

i E. 'fhfn-Leyer Chromatogrephy
%. 5 S \‘ The TLC of phospholipids was performed on glass plates

f - manuaTTy coated with 03 mm of silica gel H using a Desaqga

ix R | spreader and tray Plates were run in a ch]oroform/methano1/
| | o water (65/25/4) solvent system and were sprayed for phosphate

-by the method of Hack}ﬁnd Ferrans.38

~
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CHAPTER III
. - RESULTS AND DISCUSSION

" A. Sodium Determinations on
Bligh-Dyer Washes

It is most important to begin by ﬁéntioning that the
“sodium contamination we are dealing with is in the ppm
rangé, specifically between 0 and 5 ppm. ﬁ{T ppm are ex-
pressed as w/w, not w/v. | >
It should be realized thatJ:fter extraction the com-
'position'of thé washes was not methanol/water (10/§) But
- closer to méthano1/water/cgloroform (10/9/{) which is due
to saturation of the methano]/HZO phaée‘with ch'lbroform.39
Thus sodium<levels in the waipes were detefmined‘by running
samﬁles against a blank and stangards in a matrix of
métﬂéno1/water/chToroform (10/9/1). This was necessary,
since the presence of chlorofdrm has an apparent negative
effect 6n.§he sodium resﬁonse in flame émiss%pn.

The chToroform and methanol used in the extractions &
" were found to contain sodium in concentrations of 0-01 and
0-20 ppm, respectively. The resulting sodium washes
therefore_have a minimump possible sodium Tével of 0-09 ppm.
Extﬁactidns were repeated ‘until sodium levels in the.
‘washes were constant. Fof moderately contaminated samples
“this required three washes and for h$§h1y contaminated

samples, 5 washes (Figure 2).

, o 17
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Fig. 2: Sodium Cbncentration "of B]igh-nyér Washes -
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B. The Lipid Spectra
1. Introduction
_ Since the purpose of thTF thesis 1s to investigate
methods of improving the FD mass spectra of phospholipids,

it is necessary to establish criteria by which to judge

them. However, because of the versatility of mass spectro-

metry in its many forms, many different kinds of informa-
tion may be obhtained from an analysis depending on which
technique, whether Fb, FI, ET, CI, is used and also on
hoﬁ it is run. Thus the 1abe1'of‘ﬁa.good spectrum®” may
depend on the kind of information the investiéator seeks.
For instance, FD, because of the small amo\zﬁ/g;Tenerg}
it transfers to sample molecules, minimizing fragmentation,
1s extremely useful in molecular weight determinations.
On the'other hand, fragmentation may be desired to
elucidate structural features of the sample.

The qualities thaf were considered necessary in "a
good phospholipid spectrum” in this research were the
following: (1) a low emitter current, (2) a high total

ion intensity per scan, (3) at least three consecutive

" scans of the desired quality, (4) a base peak of [M+H]+,

(5) high base peak abundance as a ¥ of total ion intensity.
As mentioned in the introduction, sodium contamination

of phospholipid samples produces deleterious but incon-

sistent results in their mass spectra. Any one or all of

the abovefive criteria may not be fulfilled. In addition
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one will also observe lons of the form 1Xx+Na]" where X may
be equal to the molecular weight or some characteristic

fragment of that particular molecule. Thus, in the Bligh-.

Dyer results,‘a sixth criterion, the absence of [X+Na]+

ions, was taken into account. The six criteria were

used to compare spectra of samples before extraction,
("pre") and after ext?éction, ("post™).

It is important to note that‘for_every set of FD mass
spectrometr;c results in this thesis possibly three or
four ﬁave been discarded.‘ That is, phospholipids are
difficult to run well and the reader should not expect
toc be able to Huh1icate these_resu]ts'on the first try.

Tabfe 1 1ists the phospholipids that were studied.

2. Dipalmitoyl Phosphatidic Acid

A phospholipid that has not behaved well during
pfevious investigation534 i; dipalmitoyl PA (Figure 3).
Highly contaminated with sodium ﬁnitia11y, this sample
did not yield.a “pre" spectrum at all. After extraction
however, a good spectrum was obtained (Table 2) with a
high average intensity per scan and consistent desorption
over eleven consecutive scﬁns. The intgnsities of the
isotope peaks related to the base peak, [M+H]+, were close
to the calculated values. Other recognizable fragments
were aiso observed namely, [M+H-RCOOH]+ at m/z 393,
[M-RCO0+2H]™ at m/z 395, [HyPO,+H]™ .at m/z 99 and the
familiar ioﬁ at m/z 551 representing loss of the phosphate

moiety, H2P04.



* gL'vz  v9'z¥ - 00°0ol 26 22! QUloSiy8E, nd LAo3uwpedyp
W g . . : Lol 12 P
| g6° 9 29°€2 00° 001 92°9€Y aloliyley Vd1 LAosto
. 667§ 21z 007Ul veuty atoBEuBly vd1 1403 uted _
29° 02 19°€¥  00°00L  05°00L a8otLybty Vd LAo3loLp
86°91 22768 00" V0L LY 8v9 SN LA TR vd LAo1juledip
. Lo°22 8L°Sb 00° 001 95" €€/ an8o%8u0vy 9y |Ko3puwpedyp
E+H HH L+ -
\mwuzmvzsnE 9}de30s] .1ed}13409Y) AW T LOW elhwdog [edjua)duy \|r/,m/=_cz
. S .
o _ pa|pnis spidijoydsoyy .

L aLqe] \




23

Fig.

3:

Structure and Fragmentation of
Dipalmitoyl Phosphatidic Acid -
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Table 2 _
FDMS of DTpaTmitoyl Phosphatidic Acid
Post Bl1igh~Dyer Extraction

m/z “hssigmment © Rel. Abund. (%)2

. Post b
13.5-18.5 mA
TIC=3.7€

99  [H4PO4*H D 6
393 o (Mo RCOOH] 25
395 o 56
396 ’ 13
5571 v IM-H,P0 ] 10
647 [M- H] ‘ - N
649 IM+HT T 100
650 | .47
651 12
671 [M+Nal™ 1
683 L 8
684 7
789 7

8A11 ions greater than 5% rel. abund. are tabulated
bAnode heating current

\J .
CTIC = average total ion 1ntens1ty per scan 1n
arb1trary units

D

o~
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3. Dioleoyl Phosphatidic. Acid
1o1eoy1 PA, (Figure 4], an example of a moderately

contaminated phaspholipid gave [M+H] as the base peak for

both the "pre" and the "post" runs. However, the "post"

_spectrum did show significant 1mprovements ‘over the "pre'"

(Table 3). The anode currents at which the samp]e de-
sorbed decreased and the number of useable scans 1ncreased
from 4 to 11 as the resu1t of the Bligh-Dyer clean-up
even though the average totaT 1ntens1ty per scan was down.
The [H P04-H 0] " peak at m/z 116, aver 61% in the "pr o
run, had completely disappeared after extract1on. A
smaller change was noted for [M-H, 0- RCOOH] -at m/z 437
The expected [M-HZO] was absent, nevertheless the greater
average total intensity per scan of the "pre" sample leads
to the speculation that water was absorbed prior to ex-
traﬁtion. Some further results on this problem will bg
disqussed-1qter under “Additional Techniques.”

_ Although a fragment of 5% intensity at m/z 419,
representing a 1oss‘of oleic ac{d from M+H, had increased
to 60% in the fpostg“ overall the amount of fragmentation’
decreased bgcause of the Bligh-Dyer c1ean-uE:‘ In addition,
the base peak abundance as a percentage of the total in-
tendity increased from 12% to 19% and the "post" isotope
peaks compare slightly better with the theoretical values.

Perhaps the most striking evidence of the efficiency of

extraction was the change in the relative abundance of the

_—

any,



27

- Fig.

4:

Structure and Fragmentation of
Dioleoyl Phosphatidic Acid
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N ‘Taﬁ]e 3
FDMS of Dioleoyl Phosphatidic Acid
~Pre and- Post Bligh-Dyer Extraction

~

m/z ‘ Assignment ' Rel. Abund. (%)2
Pre. 6 : Post b
17.2-18.9 mA® "14.1-18.5 mA
TIC=5.8¢ | TIC=1.1¢
116 [H 904 01T 61 -
118 | - 9 ' -
351 : - 7
419 = M#H-RCOOHIT 5 61
420 | e - 20
421 | - - 14 27
422 - 6
437 [M-H,0-RCOOH]™" 1 .-
534 | 13 . -
552 - - 10 -
699 (M-H1T | 5 : -
700 B o -a -
701 M1 . 100 100
702 28 57
703 | ' 10 14
723 (M+Na]® R - T 1

3A11 ions greater than 5% rel. abund. are tabulated
bAnode heating current |

CrI¢ = average total ion intensity per scan 1m
arbitrary units

4 —————i
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[M+Na]+' hi “Prior.to extraction it was, greater than 12%,
but after sod1um removal, it had dropped to 1ess .than 1%

4. Pa1m1toy1 Lysophosphat1d1c Acid

The case of palmitoyl LPA (Figure 5). presents some

.'_prdb1ems (Table 4). ATlthough there was obvious Tmprpvement '
. in the ‘spectrum after reﬁova] of sodium, the base peak
g o in both spectra was [M-H20]+ at m/z 3892.. The relative
| abundance of [M+H] increased with sodium removal, but
only to 14%. There was a parailel increase in m/z 822 and
; - m/z 823, e1ther of which could be [2M+H] , mass assignment
' at that end of the spectrum being poor Similarly an
increase of e 501" at m/z 428 from 14% to 29% corresponded
N _ to the increase of m/z 840 which is probably [2M-H D] . \
‘\\\<‘ The [M+Na] peak at m/z 433 dropped from 4% to an un-
detectab1e level, suggesting a successfulremoval of
sodium overall.
5. 01eoy1 Lysophosphat1d1c Acid
\\RQe second EPA;'p]eoyI LPA, (Figure RY, is inferesting
because in general the "pre“lsamp1e gave a better spectruﬁ
than the” “post® (Table 5). Prior to extraction, emitter
§ : “ . currents and fragmentation were lower, average total -in-
tensfty per scan.was higher and five tides as'many consecu-
; ' tive scans could be summed. The most significant observa-
i fdon, as we were to learn later, was the base peak of’
| [M-H20]+‘ (see fAdditiona1 Techdddugs“). The ‘protonated <
ions identified as IH3P02+H]+ and {M:ﬁ}i\if m/z. 99 and
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Fig. 5: Structure and Fragmentation okaa1m1toy1
Lysophosphatidic Acid - , :
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Table 4

FDMS of Palmitoyl Lysophosphatidic Acid

. Pre and Post Bligh-Dyer Extraction

m/z . Assignment

392 CM-H,01"
1393

a1 | M+H1

428 (M H,017
433 [M+Na] ™

821 |
82?, [2M+H] T 2
823 ] :
840 M0t

-

-~

33

Rel. Abund. (%)°

Pre
11.5-13

TIC-0.¢

*100
21

9

14

4
14
15

b
.gcmA

Post b
8.9-11.3 mA
TIiC=2.6AC

100

i 28

14
29

34
14
10

aA]l ions greater than 5% rel. abund. are tabulated

bAnode heating current .

- ©TIC = average total jon intensity per scan in

arbitrary units
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tructure and Fragmentation of -0leoyl
Lysophosphatidic Acid
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m/z

23
39
99
116
157
173
190
219
418
436
437
438

439

454

. 455
459

475
535
572
885
895
915

Table § _
FDMS of 0teoyl Lysophosphatidic Ach
Pre and Post Bligh-Dyer Extract1on

-

Assignment - Rel. Abund. (%)a
Pre b Post
6.8-9.6 mA® 13.1-13.5 ma®
| TIC=4.9C TI1C=2.0€

Na+ - 5
K+ - 3
[H4PO +H] | - 6
[H Po4 H 0] . 10 .' -
. .

- 7

- 7

| - 12
[M-H,017" 13 7
M* - 8
M+H] T _ 17 . 100
: .- 15
- -1

[M-Hzol*' 100 52
16 ] -

[M+Na] ™" 2 2
MKy T .- . 6
[M+H PO +H] T - 15
| - 5
[2M+H] T 2 - omn
[2M+Na) " 2 S -
[(2M+Na] " 7 - 12

2411 ions greater than 5% rel. abund. are tabulated

bAnode heating current

CT1c =

average total- <gg intens1ty per scan in
arbitrary units

4
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miz 437 respectiveTy.in the "post® sample, have their
corresponding hydrated ions in the “ﬁre" sample,
(H3PO,-H,01%" and M-H,017 at m/z 116 and m/z 454
respectively. ATthough‘o1eoy1 LPA was only moderately
contaminated with Eodium, needing only three washes
.before the levelling-off effect was observed (Figure 2),
it is still surprising that the "post"'was'as‘confaminated
as the "pre". In fact, potassium (m/z 39) was observed, as
was [M+K]+ at m/z 475 -in the "post" ‘only, suggesting that

some contamination occurred during the B1igh-Dyer pro*

cedure. The fact that no m/z 23 was observed in the "pre®

+
does not discount the presence of sodium since [M+Na] at

"m/z 459 was present in the "pre" as well as‘an ion at m/z

895 which could quite likely be due to [2M+Na]® as could

'm/z915 in the “post."

This sample is not a good demonstration of the

efficiency of the Bligh-Dyer clean-up procedure, especially

~since the "pre" spectrum is further enhanced by the.

presance of water.

6. Dipalmitoyl Phosphatidyl Glycerol

In many ways the investigation of dipalmitoyl PG
(Figure 7) produced one of the best exampies of the
efficiency of the Bligh-Dyer method. The initial sodium
contamination of the PG was high, the first wash reading

being greater.than 3 ppm (Figuﬁe,z). Nevertheless, the

‘"pre“ sample, as well as the "post,” yielded spectra when
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. tructure Zand_Fr-_agm.entation of
N -Dipalmitoyl Phosphatidyl Glycerol -
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subjected to FD mass spectrometric analysis (Table 6).
As expected, anode current values were down and the averd&e
total Tntensity per scan was up after extraction In
addition, the number of usefu] consecutive scans had 1n-
creaseqe Most ions of th% form [X+Ne] in the "pre"™ had
corresponding (x+H1" values in the="post® sample, thus
demonstreting the success of sodium removal. Peaks at

.m/z 745 and m/z 727 representing [M+Na]+ and [M-H20+Na]+

) respectiveTy, have parallels of [M+H]+ at m/z 723 and
~ [M=H 0+H] at m/z 705. The loss of water probably occurs
across two glycerol carbons on the phosphory1 glycerol
mo1ety in a process ana1ogous to the loss of water from
the glycerol backbone of LPAs. lons at m/z 619 and m/z
597 are probably homologue contaminants from the commercie]
synthesis of the lipid since they are each 28 mass units
higher than the base peaks in .the respective.samples.
The cationized dipalmitoyl glyceXols, which are the base
peaks of the spectra, present the only unexpected results
and probably derive from another contaminant, namely

] almitoyl glycerol, introduced during lipid preparation.

///hizz\;;;st reason for this conclusion is that fragmentation

between the phosphate and‘tne glycerol backbone in most
phospholipids usually occurs between the carbon and the
oxygen, producing an m/z 551 peak in dipaimitoyl species.
In the expenience of this investigator, m/z 569 is rarely

seen. Secondly, the percentage of m/z 569 ion did not

]
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FDMS of Dipalmitoyl Phosphatidy! Glycero]l

m/z

104
331
569
570
571
591

592
593
597
619
705
723
727
740
745
746

Pre ‘and Post Bllgh-Dyer Extraction

Assignment N Rel.

Pre

e

Abund.

17..4-18.9 mA® 12.

TIC=0.7¢

8
[RCOOCHZCHOHCH 0H) -
[dipalmitoyl gTycero1+H] -

m1pa]m1toy1 glycerol

+Na 1* 100
| 23

6

[569+28 ] - -
[591+28) 15
[M- H20+H] -
[MEHTT . -
M-H 0+Na] | 11
(M- H 0] | .-
{M+Na] _ 12
| :

41

(%)°
Post

£-13.6 mA

TIC=3

100
41

3411 ions greater than 5% rel. abund. are tabulated

bAnode heating current

‘TIC =

average total
arbitratry un1ts

ion 1ntensity per scan 1n

.4¢

b
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increase with anode current,. suggesting it did not

originate from a decomposition of the motecule.

. -Additional Tecég;;;es for Phospholipid
Spectra Enhancement ‘

1. Adsorption of Water
L : " (a) Introduction -
| During the course of this-ﬁroject it‘was obserVed
that hygroscopic¢ 1ipids allowed to‘remain on thé bench in
contact with a humid atmosphere exhibited large [M'H20}+'
peaks that were often th; base peak of the §pectrum. This
occurrence coincided with observable increases in total
ion fntensity, lowered emiﬁsibn current and sometimes less
. ‘ frdgmentation. .The'hygroscopic'1ipids-in this study were
phosphatidic acids, lysonhosphatidic 2acids and phosphatidy!
glycerol. o
The first results, some of thch have already been
noted in this thesis, were for samples that were allowed
to adsorb water indiscriminantly from the atmosphere. .
The following experimenfs involved saturating a "post"
Bligh-Dyer cﬁ]droform extragt with one drop of deionized‘
water. A1l samples were run both before and after HZO
adsorption, usually on/;he same day and on the same anode.
/(b) Dioleoyl Phosphatidic Acid |
In general, the spectrum of dioleoyl PA exhibited
the expected changes due to the adsorption of water (Table 7).

The emitter current decreased and the base peak changed

-
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m/z .

351
418
419
420
421
422
436

. 437

438
454
468
682
683
701
702
703
718
719
720
723

4411 jons greater than 5% rel.
bAnode heating current

Cric = average total ion int
.arbitrary units

Rt

- - Table 7

Before and After‘hater Adsorption

_ Assignment

{M-RCOOH] "
" [M+H-RCOOH] T

(M- H,0-RCOOH] "

[M-znzo-Rcoom+
+
[M-H,,0]

M+H] T
+
M HZO]

[MTNa]+

a~

Rel
- Before
TIC=1.1¢
7

61
20

FDMS of Dioleoyl Phosphatidic Acid

. Asund.‘(%)a

14.1-18.5 mA?

)

43

After
10.5-12.4 mA

b

T1C=23.6C

20

100
41
13

abund. are tabulated

eis1ty per scan in
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. from [M+Hf# the result of protonation end:deSprpt}on,e

to {h H 0] ,‘the resu]f-of a one eTeetroﬁ'fonization.

In add1t1on, there were other notab]e changes in the
fragment ions. - Whereas m/z 41q, represent1ng [M+H- RCOOH]
‘was prom1nent in the spectrum without water, 1n the water-
absorbed sample m(z 418, m/z 436 and m/z 454 were found, |
representing [M-RCOOHI® ™, [M-H,0-RCOOH]™’ and [M-2H,0-RCOOH) "

respectively. Thus’again we find’a contrast between the.

"desorption process of the initiaf:samp1e and the jonization

process of the Hzo-adsorbed sample.

(c) Dipalmitoyl Phqephatidie Acid

The other PA 15 th;s project was also investigated in
d similar manner. The results are shown in Table 8. As
expected, upon the addition of water the base peak changed
from (MEH] T to [M-H20}+'. In addition, the emitter current -
was lower and the total intens%ty increased.- Some of the
expected fragment ion changes were seen. - The ion at m/z
393 representing [M+H-RCOOH] was seen 1n1t1a11y, whereas
with :;ter there appeared m/z 410 corresponding to
[M.HZO-RC00H1+'. However, the expected peaks at m/z.392

and'm/z 428 corresponding to [M-RCOOH]T™ and (M-2H,0-RCOOH]™

2
were not found.

It is interesting to note that although the fon at‘m/z

410 was previously tdentified as'M+' for palaitoyl LPA and

*used to verify contamination of the commercial sample of

dipalmitoyl PA by the corre5pond1ng LPA, 37 1t now appears

more 11ke1y that it represents the adsorption of one
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_ Table 8 ‘
FDMS of Dipaimitoyl Phosphatidic Acid
Before and After Water Adsorption
. m/z ..  Assignment . - Rel. Abund. (%)2 T\
. ‘eﬁ’ . : )

13, .Before b After b

X 13.8-17.3 mA” 11.6-12.8 mA

: . TIC=1.3C TIC=2.1C =

. + : ’ . t
139 s - 12
180 ‘ | \ S - ) "6
183 o T e | 45
393 [M+H-RcOOW]T ¢ v 11 - _ -
395° o : g | -
o410 . [M-H,0-RCOOH] ™ - 9
+. : .

551 [M-H,P0,] 5 . 6 5.
552 | - 5
648 | ‘ B 6 -
649 [M+eH] " , 100 | 4
650 o a1 .-
651 : | ) 8 o -
665 | - 25 .
666 Men01% - 100
667 _ - 36
668 - E - - 5

671 /" - - -

2411 ions greater than 5% rel. abund. are tabulated

, PAnode heating current

°TIC = average total ion intensity per scan in
arbitrary units '

-
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‘molecule of water by the sample_followed by a lass of the’

fatty acid.

An interesting result was recorded during one of the
water addition experiments w1th the 1ipid oleoyl LPA
During the analysis of the water-free sampIe, the 1nstrument
was focused on [M-HZOI " at m/z 454, not [M+H]® at m/z 437.
As'a resu]t; the base peak of the spectrum was m/z 454. Now
it is’not sufprising.there is water in a sample that was
thought to.be watef-free@ especially since the sample is
hygraoscopic. 'Nhat.initia11} is surprising, however, is that
[M-H20]+' is the base péak. However, this observation
demonstrates a characteristic of FDMS-that has been noted in
th1s 1aboratory The opt1mum focus may not be the same for
all ions, especially if they are formed by d1fferent mechan-
isms. In this case it may be that focuss1ng on the odd-
electron species resulted in Tess than optimum focussing
for the even-electron ion.

(d’ Summary

Several conclusions may be drawn from the results of
ﬁhe-water-adsorpt1on experiments. The add1t?§h\gf water to

the extracts of certain hygroscopic 1ipids results in im-

" proved spectra with base peaks of the form [M-H26]+'. Other

usual fragments may appear in a hydrated -form.

The water molecules are most T1ikely associated with
the Tipids fﬁrqﬁgh hydrpgen—bonding; Thus the [M'HZO]*-:,
desorb at a 10w’temperature:"This-is reasonable since

increasing the emitter current supplies extra thermal

t
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energjﬁio the specieé whiéﬁ overcomes ‘the hydrogen-bonding

' attract1on ' The site of comp]exat1on of the water molecule

may be at the d101 of the g1ycer01 mo1ety of PG where

hydrogen- -bonding is be11eved to occur37

and at the phosphate
of * the PAs and LPAs.

A water molecule 1n the vicinity of the phosphate group
could 1nduce hydrolysis of the ester Tinkage of PAs to pro-
ducg the observed [M- RCOOH]. ; and subsequent]y [M- HZO RCOOH]
and [M-2H,0-RCOOH] ™™ (Figure 10). ‘

Improved charééteristic§ of the§e'spectra include lower
anode currents, increased tota1 inﬁensity and less frequently,
fncreased base peak abundance and decfeased fragmentation.

2. p-Toluenesulfonic Acid

Purification and removal of extraneous compounds can

~only improve. an FD mass spectrum to a'certaianxtent._ For

- further enhancement, other techniques must be used. In

the FD mass.spectra 0f»11p1ds, the 1ntact samp]e moTecu]e
generally appears as tkedﬁrotonated [M+HI rather than the
moTecuIar ion M . Therefore, it seems. 11ke1y that in-
\i;eas1ng the supp]y of protﬁﬂg‘tg\;hé samﬁTe might 1n7
tensify the [M+H]' peak. This could be accomplished by
dissolving the sample in a p%otic solvent ar by mixing the ’
sample with a proton doner. An example of the Tatter that
has been used with some s&ccess?s is p—toTuenésu]fonTc

acid (ﬁ-TSA). A good choice because it i{s a strong acid

but non-vo1at11e; it has been added to zwitterions prior

to FD mass spectrometric analysis with the following
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" Fig. 8: Water-induced Hydrolysis
- . Phosphatidic Acids
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results: an increase tn [M+H1" » a dacrease fn the anode
current and the eITmination of fragmentatton

p—TSA was added to dipa1m1toy1 PC (Figure 9), in a
1/1 molar ratio immediately prior to sample loading in
order to minimize fhe chance of acid hydrolysis Of.the'
1ipid sample. Some degree of success was acﬁfeVed (Table
9). The anode current for samp]e ‘desorption was in the |
range of 7-11 mA, approximately 10 mA be]qw the usual
value. Ffagmentation was virtually eliminated, the only
ion with a relative abundahce_greater than 5% being [M+H]+

~ However, the sample behaviour was not éonsistent.

That is, total intensities and the m/z value of the base
peak changed from scan to scan. For example, total in- |
tensities varied bet;een 1.4 and-5;3 and the base peak
fluctuated between m/z 734 and m/z'735. Two scans with
results consistent with calculated isotope ratios are shown
in Table 9. . |

The p}oblém'with these results may be due to the fact

36 that the

that the p-TSA. is too strong. It is thought
success of this‘technique is duelto the fact that the
Targe electric field 1ncreasgs thg effective Ka of the
acid. Thus weaker acids (perhaps polyacrylic acids)

could be tried in future experiments.
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 Structure and Fragmentation of

Dipaimitoyl Phosphatidyl.Choline
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m/z

733
734
735

736

Table 9

_FDMS of Dipaimitoyl Phosphatidyl Choline

Plus ;-To1uenesu1fdnic Acid

Assignment

53

Rel. Abund. (%)2

5.0 mAh

TIC=7.0°
100
37
1

10.3 mAP

TI1C=3.4°
100
58
11

8A11 fons greater than 5% rel. abund. are tabulated

bAnode heating current

“T1cC

average total ion intensity of each scan in

arbitrary units



used it to separate and quantitat

Jungalwala et al°? used HPLC to separate
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3. Hiagh Pgrformance Liquid Chromatography .

As pre}ious1y mentioned, HPLC has gained popularity

24,28

in phospholipid analysis. Severa have

investigators
different classes of
phospholipids usiné a'variety oi olumns such as anion-

nt of detection

exchange and siliga gé] and an assovt

techniques such as FID and uv. In si ar studies,

quantitate

“lecithins and sphingomyelins. Even species of PCs were

separated according to fatty acid ch¥th length on a
partially aklylated Sephadex coTumn.ZS' On a preparative
scale, Radin’| used'a silica gel column to purify crude
egg lecithin extracts after an initial clean-up on
alumina. One of the few applications of reverse%phase

columns to phospholipid investigations was made by Porter

et alzg'wﬁo used an RP-C-18 column again in order to

separate lecithins by their "carbon number" or fatty acid.

chain.length. ‘
It seemed possible that a reverse-phase column that
could retard different molecular species of PC could also
separate a Tecithin or other phospholipid from more polar
contaminants by a]]qw%ng thém to efute before the lipid.

( -
A moderately non-polar RP-8 column was chosen and

-various ternary solvent systems and compositions were tried

in order to achieve sgpa;ﬁtion of a 10 pul 1/1 molar mixture

of Nal/dipalmitoyl PC in methanol. The best solvent
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- the wider lipid band.

system was found to be methanol/water/ch1oroform (84/10/6)
(F1gure 10). 'f N

Experiments established that the bulk of the sodium
Tons eluted between 1 and 2 minutes and that the dipalmitoyl
PC eluted between 8 and 24 minutes-kifh a maxiﬁum between
10 and 12-minutes after‘injection . .Attempts.to narﬁow
the 1ipid band also decreased the sodium-1ipid separation
thus Ieesening the applicability of the‘method to othef

.}more'polar lipids. It was decided, therefore, to tolerate

Once repreducible elut1en times were established,
lipid fractions between 9 and 18 minutes were collected,
pooled, dried down and submitted for FD mass pectrometric
analysis (Table 10). The peak at m/z 734 of 2&% relative
abundance representing [M+H]+ suggests that the eluate
contained considerap]e amouﬁts of the intact phosopholipid.
However, the average intensify per scan was low even though
seven consecutive ecans were aeceptable enough for summa-
tion. There appeare to be much'fregmentation. Although
the base peak Qas m/z 550, the 82%-fragment at m/z 551
is too large to be an isotope of 550 and thus indicates
a considerable amount-of [M-phosphoryl ch6Tine]+ was ~ \—
present. Other peaks characteristic of dfpa]mitoyl PC at

m/z 104, 184, 86 and 129 represent chdline, phosphoryl
cho]ine,(ﬁECHN(CH3 and (CHi/}NCHCH OCH CHZ,respectiv§$¥\\
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_Fig. 10: HPLC Elution of Sodium Ion and
N Dipatmitoyl Phosphatidyl.Choline
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Table 10 d

FDMS of HPLC-ETuted Dipalmitoyl .

Phosphatidyl Choline

ahTT ions greater than 5% rel. abund. aEE tapu1ated

bAnode heating~currént : )

m/ z _ " Assignment Rel. Abund. (%
] 18.0-20.1 mA®
T1¢=0.1¢
o . + 7 ' .
86 - ~ CHy=CHN(CH, ) 3 49
104 [chn]ine]f - 52
- . N + )
’ i ' - - i
129 | (CH ) 3NCHCH,0CH=CH, ! 27
184 fphosphoryl chioline]™ 39
239 | . 16
550 - 100
551 (M-phosphoryl cholinel® 82
552 L T 19
734 w1 24
735 ' 55
‘ -4
736 15
756 M+Nal™ 24
- -

849 [M+H PO, H,0] 13

CT1c = average total ion intensity ‘per scan in.’

arbitrary units

)
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The,[MJNaf+ peak at m/z 756 suggestélthe presence
of sodium even tﬁougﬁ most fractions collected showed no

sodium. - This could be explatned by the fact that fractions

wfth'sodium levels below fhe_fiame emission détectfon

‘.. '.

-1imit, when combined and concentrated,'¥e§u1ted in a

sample containing appreciable sodium;



. . -\ . 3 - -

CHAPTER IV

CONCLUSIONS |

. The results of this work have contributed to dvaiiable

data on the FD mass spectrometry of phospho]ipids,;es-

pecially in_ the area of spectra .enhancement. Several .

: = /
characteristics of the spectra have been confirmed; in

addition, some new_propqsaTs have been introduced. The

- following is a list of the significant conclusions:

CT) The modified B1igh;Dyer extrac}ion is a
quick and efficient method of removing . f "
sodium from phospholipid samples thus
providing samples of a purity that meets
the requirements of FD mass spectrometry.

(2) The Bligh-Dyer method appears to be superior

" to HPLC separation on an RP-8 column for

separafqng sodium ;rom ind?vidua] lipid
samples. - .

(3) The remoﬁaf of sodium may {mproye the’

phospholipid spectra in several ways by:
- {(a) decreasing anode currents
{b) increasing total intensity

(¢) ‘decreasing fragmentation

(d) increasing abundance of.[M+H]f- dh
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)

The addition of water to hygroscopic

phasﬁhoTibids may improve medfocre spectra

by (a) and?&Q).and sometimes (c) and (d).

p-TSA additfon has limited applicability
to phospholipid FD mass spectrometric

N\

analysis.
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