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Desorption Chemical Ionization Tandem
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Negative-ion desorption chemical ionization (DCI) tandem mass spectrometry was applied to
the analysis of nanomole quantities of semisynthetic polyisoprenyl phosphates, the chain
length of which ranged from 7 to 20 isoprene units. The DCI spectrum of all the compounds
tested show the presence of independently generated ions [M ~ HPO; — H]~, [M — H;PO,
— H]~ and [M — H;PO, — H] " resulting from the loss of a part of or the entire phosphate
group of a polyisoprenyl-P. In tandem mass spectrometry, the [M — H;PO, — H]™ fragment
produces series of ions 68 mass units apart, indicative of the polyisoprenoid nature of a
compound. Studies with deuterated and a-saturated polyisoprenyl phosphates demonstrated
that fragmentations of the [M — H,PO, — H]~ ion proceed from both ends (a and w) of a
polyisoprenoid chain and may occur at either allylic (A) or vinylic (V) sites. Fragments of
masses equal to [n X 68 — 1] and [n X 68 — 13] (where # is the number of isoprene units
and 3 < n is less than the total number of isoprene residues within a polyisoprenoid chain)
comprise the aA and wV series, respectively, and represent the most abundant ions in
tandem mass spectra of the [M — H,PO, — H]~ fragment of polyprenyl phosphates. a-
Saturated dolichyl phosphates can be distinguished easily from corresponding polyprenyl
phosphates not only on the basis of a 2-u shift of the [M — H;PO, — H]~ ion and the «
series of fragments, but also because of the presence of an additional (A + 14) series of ions
14 u heavier than fragments resulting from the allylic cleavages of an a-saturated polyiso-
prenoid chain. Possible mechanisms of the collision-induced dissociation reactions of

polyprenyl phosphates are discussed. (] Am Soc Mass Spectrom 1996, 7, 958—964)

(Scheme I) can be divided into two classes of

biochemically distinct compounds—dolichyl and
polyprenyl phosphates—dependent on the presence of
a saturation in the a-isoprene residue (adjacent to the
hydroxyl group) [1]. In polyprenyl derivatives, the
a-isoprene unit is unsaturated (Scheme Ia), whereas in
dolichyl compounds, it is saturated (Scheme Ib). Other
structural variations are found within each of the two
classes of naturally occurring polyisoprenyl phos-
phates, such as the number of isoprene units, the
cis/trans geometry, and the presence of saturations
and other modifications at the @ end of a polyiso-
prenoid chain. The structural features of polyisoprenyl
phosphates seem to be specific for the biological origin
and function of a compound. It is generally accepted
that dolichyl and polyprenyl phosphates are interme-

The phosphate esters of polyisoprenoid alcohols
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diates for the biosynthesis of glycoconjugates and that,
in the first step, they serve as acceptors of glycosyl or
glycosyl phosphate moieties from glycosyl esters of
nucleoside pyro- (or mono-) phosphates.

Long-chain (Cgq.;qp) dolichyl phosphates are pres-
ent in higher eukaryotes, both animals [2] and plants
[3], whereas shorter-chain (Cg5_g5) compounds are
found in lower eukaryotes and in cell-surface glyco-
protein-producing bacteria as, for example, Halobac-
terium sp. [4] and Bacillus sp. [5]. The major biological
function of dolichyl phosphates is to serve as obliga-
tory intermediates in the process of protein glycosyla-
tion [6]. Dolichyl phosphates may exist in a form
covalently linked to a protein [7]; however, the biologi-
cal significance of this observation is not known.

a-Unsaturated polyprenyl phosphates are found in
bacteria, where they function as precursors for the
biosynthesis of cell-wall polymers. The most common
form of bacterial polyprenyl phosphates is a Cgs-
undecaprenyl phosphate [8]. In mycobacteria, arabi-
nosylated and ribosylated forms of a shorter Cyy
decaprenyl phosphate were described [9,10] and the
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Scheme I. The structure of naturally occurring polyprenyl (a)
and dolichyl (b) phosphates. The cis/trans geometry of internal
isoprene units (where y is usually 2 and x may vary from 7 to
about 20, depending on the source), as well as the position of a-
and w-isoprene residues are shown.

decaprenyl chain was shown to contain only one inter-
nal trans-isoprene residue [9] in contrast to other natu-
ral polyprenyl and dolichyl phosphates, which are
known to contain two internal frans-isoprene units
(Scheme I) [1]. A few physicochemical studies demon-
strated that dolichyl and polyprenyl phosphates have a
destabilizing effect on membrane structure [11], which
suggests another possible physiological role of polyiso-
prenyl phosphates in the activity and function of bio-
logical membranes.

Given the key role of polyprenyl and dolichyl phos-
phates in nature and the fact that, in some organisms
[5,3], both types of polyisoprenyl phosphates seem
to operate (for example, Bacillus sp. utilizes a Cgs-
undecaprenyl-P for the biosynthesis of cell-wall
polysaccharides and a Cgs-dolichyl-P for the biosynthe-
sis of a glycoprotein), it is important to develop new
sensitive and informative methods for the structural
determination of these compounds. Until now, several
different physicochemical and degradative approaches
have been applied for the structural analysis of poly-
isoprenyl phosphates. Thus, to confirm the polyiso-
prenoid nature of a lipid, methods such as infrared
spectroscopy, nuclear magnetic resonance and electron
impact mass spectrometry have been used [12]. All the
three methods are quite insensitive, however. Addi-
tionally, the electron impact mass spectrometry re-
quires a dephosphorylation step prior to analysis and
this may cause important losses of dolichyl phosphate
samples, which are resistant to hydrolytic treatments.
Although the problem can be overcome partially by
the use of desorption electron impact ionization mass
spectrometry for the analysis of intact polyisoprenyl
phosphates [13], the electron impact mass spectra of
polyisoprenoid compounds are difficult to interpret
because of extensive rearrangement reactions.

Evidence for the presence of a phosphorylated
derivative of polyisoprenol can be obtained by nuclear
magnetic resonance and fast-atom bombardment mass
spectrometry. In spite of its good sensitivity, the only
useful information provided by the latter method [14]
is the molecular weight of a compound, because of a
lack of sufficient fragmentation. Some structurally rele-
vant fragmentations could be observed, however, in
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the fast-atom bombardment tandem mass spectro-
metry of short-chain isoprenoid pyrophosphates [15]
and of glycosyl esters of polyisoprenyl phosphates
[9,10,13,16]. The latter approach proved to be useful
for the determination of the anomeric configuration of
polyisoprenyl-phospho-sugars [16). Finally, the pres-
ence of an a-saturated isoprene unit in a dolichyl
phosphate molecule can be deduced by infrared spec-
troscopy, ozonolysis, acid hydrolysis, nuclear magnetic
resonance [12], and by mass spectrometric techniques,
such as fast-atom bombardment [14,17] and plasma
desorption mass spectrometry [5], on the basis of a 2-u
shift in comparison with a corresponding unsaturated
polyprenyl phosphate.

Our preliminary report [13] showed that, in nega-
tive-ion desorption chemical ionization mass spectrom-
etry (DCI-MS) of the mycobacterial Cgy-decaprenyl
phosphate, a dephosphorylated [M — H,PO, — H]™
ion was produced which, in tandem mass spectrome-
try, gave series of intense fragment ions 68 u apart,
indicative of the polyisoprenoid nature of a phospho-
lipid. In the present work, by using chemically defined
unlabeled and deuterated polyprenyl and dolichyl
phosphate standards, we demonstrate that fragmenta-
tions of a polyisoprenyl-P chain in desorption chemical
ionization tandem mass spectrometry (DCI-MS/MS)
proceed from both ends (« and ) of the lipid moiety
and take place at both allylic and vinylic sites. We
show also that the DCI-MS/MS pattern of dolichyl
phosphates differs from that of polyprenyl phosphates
and, consequently, that it can be utilized to determine
the presence of an o-saturation in a polyisoprenyl-P
molecule. A possible mechanism of fragmentation of
polyprenyl phosphates is discussed.

Experimental

Preparation of Polyisoprenyl Phosphates

Polyprenols were isolated from leaves of Rhus typhina
and Laurus nobilis as previously described [18,19].
Dolichols were obtained by selective hydrogenation of
the a-isoprene residue of the corresponding poly-
prenols [20]. Labeling of undecaprenol at the C-1 posi-
tion with deuterium was performed by oxidization of
the isoprenoid alcohol with chromium trioxide—pyri-
dine complex, followed by reduction of the obtained
aldehyde with sodium borodeuteride, in accordance
with the procedure of Keenan and Kruczek [21].
Polyprenyl and dolichyl monophosphates were pre-
pared by chemical phosphorylation [22, 23].

Proton-NMR Spectroscopy

'H-NMR spectra of 10-mg/mL solutions of polyiso-
prenyl phosphates in a C[?HICl,-C[?H];O[*H] mix-
ture (2:1 v/v) were recorded on a Bruker 500-MHz
instrument. Chemical shifts are reported with respect
to internal tetramethylsilane.
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Mass Spectrometry

Fast-atom bombardment (FAB) mass spectrometry was
performed on a Finnigan-MAT (San Jose, CA) TSQ 70
triple quadrupole mass spectrometer with an Ion Tech
(Middlesex, UK) FAB gun operated at 7 keV and 1 mA
with xenon as the target gas. Polyisoprenyl phosphates
were dissolved in chloroform-methanol (2:1) to a con-
centration of 1 mg/mL and 1 pL of the solution was
applied to a thioglycerol matrix. For purposes of de-
sorption chemical ionization, 1 uL of the solution was
deposited on a rhenium wire and the solvent was
evaporated. The wire was then introduced into the
TSQ 70 ion source and heated from 40 to 1100 °C at a
rate of ~ 450 °C/min in the chemical ionization
plasma composed of a mixture of CH, and N,O (3:1).
Polyisoprenyl phosphates desorbed usually at about
380 °C. In the tandem mass spectrometry experiments,
the collision offset voltage was 6 V and the pressure of
the target gas (xenon) was 0.6 mtorr. In all experiments
the scan time was 1 s and each recorded spectrum
represented an average of approximately 10 significant
spectra.

Results and Discussion

Fast-Atom Bombardment Mass Spectrometry and
Proton-NMR Characterization of Semisynthetic
Polyisoprenyl Phosphates

The molecular weights of the semisynthetic polyiso-
prenyl phosphates were determined by using negative-
ion fast-atom bombardment mass spectrometry (FAB-
MS). For unlabeled Cgs-undecaprenyl and Cgs-dolichyl
phosphates, an abundant signal derived from the de-
protonated free acid molecule [M — H]~ was observed
(relative intensity, 100%) at m/z 845 and 847, respec-
tively (Table 1). In the case of [1-?H]undecaprenyl
phosphate labeled with deuterium at the C-1 position,
the signal of the deprotonated free acid molecule was
shifted by 1 u (m/z 846) in comparison to the unla-
beled undecaprenyl-P, which indicates that the reduc-
tion of the corresponding aldehyde with sodium
borodeuteride went to completion (see Experimental
and Table 1).
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The negative-ion FAB mass spectra of Cgs-polyiso-
prenyl phosphates also showed the presence of a series
of fragment ions (for example, for the undecaprenyl
phosphate at m/z 775, 707, 639, 571, 503, 435, 367, 299,
and 231) resulting from the loss of one or more iso-
prene residue and a hydrogen atom from the iso-
prenoid chain (not shown). It is significant that this
series was shifted by 1 u in the case of deuterium-
labeled [1-?H]undecaprenyl-P (at m/z 776, 708, etc.;
not shown), which indicates that fragmentation pro-
ceeded from the w end of the chain probably through
a charge-remote fragmentation mechanism(s) [24].
Similar charge-remote fragmentations of the poly-
isoprenoid chain were observed in the fast-atom
bombardment mass spectra of the arabinosyl- and ribo-
syl-monophosphodecaprenols isolated from a myco-
bacterium [9, 10]. Because signals derived from charge-
remote fragmentations of polyisoprenyl-P derivatives
are very weak (relative intensities of ions of m/z > 400
are 10% or lower), the FAB-MS pattern of a polyiso-
prenyl-P hardly could be used for confirmation of the
polyisoprenoid nature of a compound, especially in
biological samples in which impurities may give sub-
stantial chemical noise signal. Furthermore, the [M —
H]~ deprotonated molecule of polyisoprenyl phos-
phates produces no fragments in low collision energy
fast-atom bombardment tandem mass spectrometry,
which fact points again to the limitations of the fast-
atom bombardment techniques in the structural deter-
mination of polyisoprenyl phosphates.

Further structural information on the semisynthetic
polyprenyl phosphates was obtained by 'H-NMR
spectroscopy (Table 2). Integration of the methyl pro-
ton signals of the undecaprenyl phosphate revealed
that four isoprene methyl groups of the undecaprenyl
phosphate (one from the w residue and three others)
are in trans configuration and eight isoprene methyl
groups (one from the o residue, one from the «
residue, and six others) are in cis configuration [19].
Since isoprene trans residues are known to be located
at the » end of a polyisoprenol molecule [1], we
conclude that all the Czs-undecaprenyl-based deriva-
tives (undecaprenyl and dolichyl phosphates) used in
this study contain three internal trans-isoprene groups
at the w end of the isoprenoid chain. Comparison

Table 1. Negative-ion fast atom bombardment mass spectrometry of unlabeled and deuterated

semisynthetic Cgs-polyisoprenyl phosphates

Relative abundance {%)

Undecaprenyl-P [1-2HlUndecaprenyl-P . C;5-Dolichyl-P
lon (Mw*® 846) (MW 847) (MW 848)
m/z 845.7 100 — —
m/z 846.7 46 100 —
m/z 847.7 23 47 100
m/z 848.8 — 19 57
m/z 849.8 — — 21

2 MW is molecular weight.
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Table 2. 'H-NMR characterization of the unlabeled and deuterium-labeled semisynthetic

undecaprenyl phosphates

Relative areas®

Chemical shift
(ppm) Assignment Undecaprenyl-P  [1-2H]Undecaprenyl-P
1.660 CH,-trans
12.5(12) 13.0(12)
1.573 CHj-trans(w)
1.637 CHj-cis and CHj-cis{ w)
25.0 (24) 26.8 (24)
1.690 CHj;-cis{a)
' b b
2.002 —CH,—C=
=CH—CH,—0— 1.98 (2) —
4.350, 4.364, 4.376 =CH—CH[2H]—0— Al 1.03 (1)
|
5.091 —C=CH— 11.20(11) 11.77(11)
5,338, 5.350, 5.365 =CH—CH,—0— 1.03(1) —
5.340, 5.353 =CH—CHI[?H}—0— — _ 1.04 (1}

:Theoretical values are given in parentheses.
Not determined.

of the "H-NMR spectra of the undecaprenyl and
deuterium-labeled [1-?H]undecaprenyl phosphates
confirmed the presence and location of the deuterium
atom in the latter derivative (Table 2). In particular,
the signal at 4.364 ppm that corresponds to the meth-
ylene protons at the C-1 position of the a-isoprene
residue (=CH—CH[?H]—O —) integrated for only
one proton of the deuterated derivative in contrast to
two protons in the unlabeled undecaprenyl-P. Conse-
quently, the multiplicity of the signal at 5.350 ppm
derived from the adjacent methine proton of the « res-
idue (=CH —CH[*H]—O —) changed from a triplet
(for the unlabeled undecaprenyl-P) to a doublet in the
proton-NMR spectrum of the deuterium-labeled [1-
“H]undecapreny! phosphate (Table 2).

Negative-lon Desorption Chemical Ionization Mass
Spectrometry of Polyisoprenyl Phosphates

The negative-ion desorption chemical ionization spec-
trum of Cgss-undecaprenyl phosphate shows the pres-
ence of fragment ions at m/z 779, 765, and 747, de-
rived from independent losses of a part of or the whole
phosphoric acid molecule, and corresponding to [M ~
H,;PO, ~ H]l-, [M - HPO; — H]", and [M — H;PO,
— HIJ;, respectively (Figure 1a). No signal of the depro-
tonated undecaprenyl phosphate molecule [M — H]~
could be observed in the DCI-MS spectrum. Analogous
DCI-MS fragments were obtained for all the other
polyprenyl and dolichyl phosphates tested, the poly-
isoprenoid chain of which length ranged from 7 (Cj;)
to 20 (C,) isoprene units (not shown). In DCI-MS, the
[1-?’Hlundecaprenyl phosphate labeled specifically
with deuterium at the C-1 position produced an in-
tense [M — H,PO, — H]™ ion at m/z 748 (relative
intensity 100%), thus indicating that the proton sub-

traction does not occur at the C-1 position. It is worth
noting that the carbon-1 site of the deuterated [1-
2H]undecaprenyl phosphate represents a new chirality
center and that the chemically synthesized compound
can be expected to consist of a mixture of (R, S)
isomers.

In contrast to polyisoprenyl phosphates, free poly-
isoprenoid alcohols produce an abundant M - H]™
signal of the deprotonated molecule by chemical ion-
ization [17]. However, low-energy collision-induced
dissociation spectra of the [M — H]~ deprotonated
molecule of polyisoprenyl alcohols produced by de-
sorption chemical ionization are very complex and,
therefore, unsuitable for the structural analysis of poly-
isoprenoid chains.

Tandem Mass Spectrometry of the [M — H; PO, —
HI~ Ion of Polyisoprenyl Phosphates

The product ion spectra of the [M — H,PO, — H]~
fragment of polyisoprenyl phosphates reveal the pres-
ence of an intense series of ions 68 u apart at m/z 475,
407, 339, 271 and at m/z 477, 409, 341, 273 for un-
decaprenyl and Cgs-dolichyl phosphates, respectively
(Figure 1b and d). These fragments arise from the
allylic cleavages of a polyisoprenoid chain. By a proper
selection of the collision energy, intense fragments can
be obtained except at low mass; the smallest observ-
able ion (at m/z 189) would correspond to a fragment
that contains three isoprene residues minus 14 u.
Examination of the tandem mass spectrum of the
(M - H;PO, — H]™ fragment of the deuterated [1-
?H]undecaprenyl phosphate (m/z 748) demonstrated
that, for this derivative, the above-mentioned series of
ions is shifted by 1 u and observed at m/z 476, 408,
340, and 272, respectively, which indicates that the
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Figure 1. Negative-ion desorption chemical ionization tandem mass spectrometry of Css-polyiso-
prenyl phosphates. (a) The negative-ion DCI spectrum of undecaprenyl phosphate. The product ion
spectrum of the [M — H;PO, — H]~ fragment derived from (b) undecaprenyl phosphate [nominal
mass 747, observed mass 747.9, monoisotopic mass 747.7 (Hsu, L. Anal. Chem. 1984, 56, 1356-1361)],
(¢) [1-?Hlundecaprenyl phosphate (nominal mass 748, observed mass 748.9, monoisotopic mass
748.7), and (d) Cgs-dolichyl phosphate (nominal mass 749, observed mass 749.9, monoisotopic mass
749.7). A denotes allylic cleavage; V denotes vinylic cleavage.

deuterium atom of the a-isoprene residue is preserved
in all these fragments (Figure 1c). Accordingly, this
series of ions can be described as aA series (A, for
allylic cleavage). The a A series of product ions of the
[M — H,PO, — H]~ polyisoprenyl-P fragment is ac-
companied by an analogous series of fragments that
are 14 u smaller and also contain the o end, but arise
from vinylic cleavages of a polyisoprenoid chain (aV
series). The aV series is much less intense than the A
series with the exception of a four isoprene units-de-
rived fragment at m/z 257 and 258 for the unlabeled
(Figure 1b) and deuterated (Figure 1c) undecaprenyl-P,
respectively.

Another series of fragments can be distinguished in
the product ion mass spectra of the [M — H, PO, —
H]~ ion of polyisoprenyl phosphates at m/z 531, 463,
395 and 327 (Figure 1b—d). These signals are not in-

fluenced by the presence of deuterium or a saturation
of the a-isoprene residue and, therefore, they can be
ascribed to fragments containing an intact w end and
resulting from vinylic cleavages of a polyisoprenoid
chain (wV series). In addition to the wV series, frag-
ments that contain the w-isoprene unit but are derived
from allylic cleavages of a polyisoprenoid chain (at
m/z 545, 477, 409, 341, 273 and 205) are clearly seen
(Figure 1b—d); they form the wA series.

The product ion spectrum of the [M — H;PO, —
H]~ fragment of Css-dolichyl phosphate demonstrates,
however, a distinct feature, namely, the presence of an
additional series of ions (A + 14) 14 u larger than
fragments resulting from allylic (A) cleavages of an
a-saturated polyisoprenoid chain (Figure 1d). Since in
the case of dolichyl phosphates, allylic fragments of
the o series are observed at the same mass-to-charge
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ratio value as vinylic fragments of the w series, it is
impossible as yet to determine to which series (a or w)
the (A + 14) ions belong. Nevertheless, the described
pattern is characteristic for dolichyl phosphates and
can be used to distinguish between fully unsaturated
and a-saturated polyisoprenyl phosphates, as shown
in Figure 2 for the Cgy-octadecaprenyl phosphate (Fig-
ure 2a) and 2,3-dihydro-octadecaprenyl (Cqy-dolichyl)
phosphate (Figure 2b).

The polyisoprenoid anion obtained by desorption
chemical jonization of polyisoprenyl phosphates con-
tains no stable charge location and, consequently, it is
expected that the observed fragmentations would rep-
resent charge-driven reactions (Scheme II). Our results
show that all the fragments are derived from allylic or
vinylic cleavages from both ends of the polyisoprenoid
chain and that cleavage across double bonds does not
occur in tandem mass spectrometry of the [M —
H;PO, — H]~ ion of polyisoprenyl phosphates. As de-
picted in Scheme II, abstraction of a proton from either
the methyl or one of the two methylene groups of an
isoprene unit yields an allylic anion. Ionization of the
methyl group (x) may occur because this group con-

a 100 1223
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LIPS 3 "4
Z
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g 60{
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£ 40 w o
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Figure 2. Negative-ion desorption chemical ionization tandem
mass spectrometry of Cgg-polyisopreny! phosphates. The product
ion spectrum of the [M — H3PO, — H]~ fragment derived from
(a) octadecaprenyl phosphate [nominal mass 1223; observed mass
1223.8, monoisotopic mass 1224.1 (Hsu, L. Anal. Chem. 1984, 56,
1356-1361)] and (b) 2,3-dihydro-octadecaprenyl (Cgq-dolichyl)
phosphate (nominal mass 1225, observed mass 1226.1, monoiso-
topic mass 1226.1).
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Scheme II. Possible mechanisms of fragmentation of a polyiso-
prenoid chain in the negative-ion desorption chemical ionization
tandem mass spectrometry of polyprenyl phosphates. If ioniza-
tion occurs at the methyl group of an isoprene unit (ionization
center x; reactions 1 and 2) or at the methylene group (ionization
center y; reactions 3 and 4), two series of fragments are pro-
duced, aA and @V, where a and w refers to the fragments that
contain a- and w-isoprene units, whereas A and V refer to allylic
and vinylic cleavages, respectively.

tains the highest number of hydrogen atoms and is
more acidic in comparison to the two methylene groups
of an isoprene residue [25,26]. The resulting anion
could give the wV and aA series of fragments (Scheme
II, reactions 1 and 2, respectively), which are, indeed,
the most abundant fragments observed experimen-
tally. Alternatively, if a methylene group is ionized at
the (y) position, a more stabilized anion [27] could
result from a rearrangement and give the same (wV
and aA) series of fragments (Scheme II, reactions 3
and 4). Finally, generation of the wA and «V series of
fragments (not shown) could be expected if ionization
occurs at the (z) position (Scheme II). However, fur-
ther isotopic studies would be necessary to explain the
mechanism of formation of the (A + 14) series in the
desorption chemical ionization tandem mass spectrom-
etry of dolichyl phosphates.

Conclusions

Our results show that negative-ion desorption chemi-
cal ionization tandem mass spectrometry offers an
alternative approach for the analysis of polyisoprenyl
phosphates. The method is sensitive (polyisoprenyl-P
can be analyzed at the nanomole level) and provides
important structural information about the chain
length, the phosphorylation state, and the presence of
a saturation and, possibly, other modifications within
a polyisoprenoid chain.

Polyprenyl and dolichyl phosphates of different
chain length (from C;5 to C,y) produce, in the nega-
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tive-ion desorption chemical ionization, an intense [M
- H,PO, — H]™ ion and two less abundant [M —
H,PO, — H]™ and [M — HPO,; — H]~ fragments. Col-
lision-induced dissociation of the [M — H,PO, — H]~
fragment results in generation of series of product ions
that are 68 u apart, indicative of the polyisoprenoid
nature of a compound. By using deuterated and o-
saturated polyisoprenyl phosphates, it was shown that
fragmentations proceed from both ends of a polyiso-
prenoid chain, thus giving rise to two (a and ) series
of product ions with preserved a- and w-isoprene
unit, respectively. Cleavages of a polyisoprenoid chain
in the tandem mass spectrometry of the [M ~ H,PO,
~ H]~ ion may occur at either allylic or vinylic sites
with respect to a double bond and, consequently, two
subseries (A and V) can be distinguished within the «
and w series of fragments. For polyprenyl phosphates,
the four series of fragments can be described by the
following formulas: A = [n X 68 — 1], aV = [aA -
14] =[n X 68 —15], wA =[69+ (n—1) X 68] =[n
x68—1], oV=[wA-14]=[69+(n~1) X 68 —
14] = [n X 68 — 13], where n is the number of iso-
prene units and 3 < # is less than the total number of
isoprene residues within a polyisoprenoid chain. For
dolichyl phosphates, the a-series undergo a 2-u shift
because of the presence of an « saturation; the corre-
sponding formulas are aA =[70 + (n — 1) X 68 — 1]
=[nx68+ 1land aV =[aA — 14] = [n X 68 — 13].
Therefore, in the case of dolichyl phosphates, the
masses of the two a series of fragments, a A and aV,
coincide with those of the wA and wV series, respec-
tively.

Additionally, the product ion spectra of the [M —
H,;PO, — H]" ion of a-saturated dolichyl phosphates
show a distinct pattern due to the presence of another
series of ions (A + 14) 14 u larger than fragments
arising from the allylic cleavages of an a-saturated
polyisoprenoid chain, and this feature can be used for
the differentiation between polyprenyl and dolichyl
phosphates of the same chain length.

Further studies on isotopically labeled dolichyl
phosphates and other polyisoprenyl phosphates that
contain modifications within a polyisoprenoid chain
will be necessary to elucidate specific fragmentation
pathways of these compounds in desorption chemical
ionization tandem mass spectrometry.
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