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Through the use of ion/molecule reactions and tandem mass spectrometry, phosphate
position is assigned in both phosphorylated monosaccharides and oligosaccharides. In
previous work [1, 2] phosphate moieties of monosaccharides were stabilized under collisional
activation, by first derivatizing the deprotonated monosaccharide with trimethyl borate
through an ion/molecule reaction, and the phosphate position determined through marker
ions generated in tandem mass spectra. In this work, the methodology is extended to larger
phosphorylated oligomers employing chlorotrimethylsilane (TMSCl) as the ion/molecule
reagent. Phosphorylated monosaccharides were first investigated to determine diagnostic ions
for phosphate linkage in monomeric standards. It was observed that the diagnostic ions
showed both linkage and some monosaccharide stereochemical information. Furthermore, it
was observed that TMS addition stabilized the phosphate moiety under collisionally activated
conditions. Upon identification of the diagnostic ions, the methodology was applied to
lactose-1-phosphate. It was found that TMSCl, stabilized the phosphate moiety upon colli-
sional activation, and furthermore, the phosphate linkage could be determined through
tandem mass spectrometric analysis. As a further extrapolation to biologically relevant
problems, the methodology was applied to a lipophosphoglycan analog from the protozoan
parasite Leishmania. This sample contains bridging phosphates which were converted to
terminal phosphates through collision induced dissociation. The sample was then analyzed in
the same manner as lactose-1-phosphate, yielding phosphate linkage information and stereo-
chemical information. This study showed that, using the developed methodology, phosphate
linkage can be determined from both monosaccharides and larger oligosaccharides; further-
more it is applicable to samples in which the phosphates are either terminating or
bridging. (J Am Soc Mass Spectrom 2003, 14, 323–331) © 2003 American Society for Mass
Spectrometry

Phosphorylated carbohydrates are intimately in-
volved in several biological processes such as
glycolysis [3], as glycosyl donors in the biosyn-

thesis of oligosaccharides [4], and as molecular recog-
nition markers for the trafficking of lysosomal enzymes
to the lysosome [5]. Phosphorylated lipooligosaccha-
rides (LOS) are major components of bacterial cell
walls, where it is postulated that the pathogen may use
these structures to evade the host’s defense mechanisms
and contribute to virulence [6–8]. In addition, phos-
phate modification is believed to stabilize the bacterial
cell wall adding to membrane coherence [8], or even to
aid in the adherence of the bacteria to host cells [6].
Other phosphorylated glycolipids, termed lipophos-

phoglycans (LPG), have been implicated in the viru-
lence of the parasite Leishmania [9–11].
The infectious cycle of Leishmania, a protozoan par-

asite and the causative agent of the disease leishmani-
asis, is dependant on the LPGs found on the organism’s
cell surface. The parasite exhibits a two-phase life cycle,
where it alternates between the bloodfeeding sandfly
vector and a mammalian host [9–11]. In these organ-
isms, the parasite resides in exceptionally harsh envi-
ronments. For example, it lives in the gut of the sandfly,
where it must resist digestive enzymes and expulsion
during the bloodmeal. Similarly, in the mammalian host
the parasite thrives in the phagolysosome, where it
must resist hydrolytic enzymes and microbiocidal oxi-
dative burst [9, 10]. LPG is a major component of the
parasite’s cell membrane, and has been implicated in
the survival and overall persistence of the organism.
For example, it has been shown that the binding/
release of the parasite to/from the gut of the sandfly is
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governed by modifying the length of the phospho-
disaccharide domain within the LPG. In the mamma-
lian host, LPG has been shown to mediate the attach-
ment of Leishmania to macrophages; furthermore, it is
postulated that the anionic nature of the LPG affords
the parasite protection from hydrolytic enzymes and
oxidative attack [9, 10].
In order to investigate the structure/function rela-

tionship of phosphates in the aforementioned and other
undiscovered examples, the location of phosphate at-
tachment and the overall structure of phosphorylated
glycoconjugates must be determined. Analysis of phos-
phate position within glycoconjugates is a challenging
task, and oftentimes a direct structural connection be-
tween phosphate position and biological function can-
not be elucidated. This limitation is often due to the lack
of analytical methods to analyze phosphate position.
Mass spectrometry is well suited for such an analysis,
given that it is often the technique of choice for struc-
tural elucidation of carbohydrates, proteins, and lipids,
as is evidenced by a book devoted to this subject [12].
However, analysis of phosphate positioning within
oligosaccharides to date has been relatively unsuccess-
ful by mass spectrometric methods. This is due to the
facile loss of phosphate-containing moieties during tan-
dem mass spectrometry, thus obviating determination
of phosphate position [1, 2]. For example, in tandem
mass spectrometric analysis of underivatized phos-
phate-containing oligosaccharides (or peptides/pro-
teins), phosphate cleavage results in such species as
PO3

�, H2PO4
�, HPO3, or H3PO4 [1, 2, 13]. Thus, either the

charge is lost from the carbohydrate (and the neutral
saccharide can no longer be analyzed), or the phosphate
moiety is lost from the sugar, and an alkoxide results at
its former position. While diagnostic ions may often be
utilized for the determination of phosphate attachment
in underivatized peptides, such ions are either not
observed or of low abundance in tandem mass spectro-
metric studies of carbohydrates. Thus, cleavage of phos-
phate-containing groups makes the phosphate position
indeterminate. This problem is particularly problematic
in the analysis of larger phosphorylated oligomers
where several stages of tandem mass spectrometry
must be utilized for full structural characterization, and
thus phosphate cleavage is even more prevalent. Previ-
ous methods of characterizing sugar phosphate
monosaccharides have utilized trimethylsilyl derivati-
zation coupled to GC/MS [14, 15], HPLC/MS/MS [16],
and tandem mass spectrometry [17]. However, until
recently a purely mass spectrometric method for the
characterization of phosphate positioning within
monosaccharides and phosphorylated oligomers had
not been developed.
Recently, research in this laboratory explored the

combination of ion/molecule reactions and tandem
mass spectrometry for the rapid determination of phos-
phate position within phosphorylated monosaccharides
[1, 2]. The ion/molecule reactions stabilized the phos-
phate moiety under collisionally activated conditions,

allowing structurally significant product ions to be
generated and the phosphate position to be determined.
The analytical application of ion/molecule reactions
has long been realized and is currently of much interest
as is evidenced by two recent reviews [18, 19]. Other
recent examples include those by Kenttämaa and co-
workers who utilized ion/molecule reactions to differ-
entiate isomeric species such as diols [20, 21] and
steroids [22]. In other studies, ion/molecule reactions
have been utilized to develop a potential gas phase
sequencing method for peptides [23], to determine
enantiomeric excess [24–26], and to explore non-cova-
lent interactions [27]. In addition, McLuckey and co-
workers have employed ion/ion proton transfer reac-
tions to enrich specific charge states of protein ions as
part of their “ion parking” methodology [28].
In previous studies, trimethyl borate was the ion/

molecule reagent employed to determine phosphate
position in phosphorylated monosaccharides [1, 2]. In
order to extend upon the current method, several new
ion/molecule reagents were investigated. These in-
cluded several boron-containing reagents, however
these suffered from the prevalent neutral losses of the
boron-attached groups. The most promising reagent
was found to be chlorotrimethylsilane (TMSCl). Previ-
ously, McLuckey and O’Hair studied the reaction be-
tween TMSCl and nucleic acid anions [29]. They found
that the modification of the phosphate ester with TMS
allowed sequence information to be gained since the
dissociation of the modified and unmodified species
was drastically changed. In this study, the application
of TMSCl to phosphorylated mono- and oligosaccha-
ride isomers is investigated. In particular, this method-
ology has been improved since non-specific losses are
no longer observed, as they were previously with
trimethylborate [1, 2]. Furthermore, this methodology is
now extended from monosaccharides to larger oli-
gomers such as lactose-1-phosphate and a synthetic LPS
analog [30]. This study illustrates the flexibility of the
method for characterizing isomers and larger oli-
gomers.

Experimental

Instrumentation

All experiments were performed on a Bruker-Daltonics
(Billerica, MA) Apex II FT-ICR mass spectrometer
equipped with a 7.0 tesla actively shielded supercon-
ducting magnet. Ions were generated using electros-
pray ionization in the negative ion mode (Analytica,
Branford, CT). All monosaccharides were sprayed at a
concentration of 30 �M in 1:1 MeOH:H2O with no
added acid or base. Ions were accumulated external to
the FT-ICRMS trapping cell [31] in a hexapole ion guide
for 0.5–2.0 s. After accumulation the ions were trans-
ferred to the FT-ICR MS cell, where they were trapped
and analyzed as explained below.
Tandem mass spectrometry (MSn) experiments were
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performed by first isolating the precursor ion by a
CHEF [32] isolation sweep, followed by “cleanup” shots
if necessary. SORI-CID [33] was accomplished by low-
ering the cell pressure to �1 � 10�6 mbar range, while
exciting the ion off resonance for 250 ms. The off-
resonance amplitude was adjusted to give nearly com-
plete attenuation of the precursor ion signal. Following
excitation, a pumpdown time of 3 s allowed the product
ions to be detected under high-resolution conditions.
For ion/molecule reactions chlorotrimethylsilane

(TMSCl) was pulsed into the FT-ICR MS cell after the
ion-trapping event for 100 ms–5 s. The ion/molecule
reagent was degassed by cycling through several
freeze-pump-thaw cycles.

Chemicals and Materials

All phosphorylated monosaccharides and disaccharides
were purchased from Sigma Chemical Company (St.
Louis, MO). Chlorotrimethylsilane was purchased from

Aldrich Chemical Company (Milwaukee, WI). The li-
pophosphoglycan was kindly provided by Professor
Michael A. J. Ferguson and Dr. Andrei Nikolaev (Uni-
versity of Dundee, Scotland, UK) [30]. All solvents were
purchased from Fisher (Fairborn, NJ) and the solvents
were of HPLC grade.

Results and Discussion

Stabilization of Phosphates and Determination of
Phosphate Position

Analysis of phosphate position using mass spectro-
metry is often problematic as is depicted in Figure 1.
When either glucose-1-phosphate (Glc1P) or glucose-6-
phosphate (Glc6P) is ionized, isolated and subjected to
collisionally activated conditions, information as to the
phosphate position is lost. For example m/z 199.0 and
169.0 result from cross ring cleavages of the monosac-
charide ring and observed as loss of C2H4O2 and

Figure 2. The ion/molecule reaction of glucose-6-phosphate (m/z 259.0) with chlorotrimethylsilane
(TMSCl). The reaction product ([Glc6P/TMSCl–HCl]�; m/z 331.1) results from addition of TMSCl to
the Glc6P� followed by elimination of HCl.

Figure 1. Product ion spectrum from the dissociation of (a) [glucose-1-phosphate–H]� (Glc1P) and
(b) [glucose-6-phosphate–H]� (Glc6P).
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C3H6O3, respectively. Neutral loss of phosphoric acid is
also observed at m/z 161.0, however, the predominant
product ion observed in this spectrum is at m/z 97.0 and
corresponds to the dihydrogen phosphate anion. These
data illustrate the difficulty in analyzing phosphory-
lated carbohydrates (or peptides), in which the phos-
phate group is lost upon CID. Furthermore, the low
abundance of the other product ions containing phos-
phate in the spectrum does not allow further analysis
by subsequent stages of mass spectrometry.
Figure 2 shows the ion/molecule reaction between

Glc6P and TMSCl. Glc6P is observed atm/z 259.0, which
corresponds to a singly-deprotonated hexose phos-
phate. Upon pulsing TMSCl into the ICR cell for 3 s, a
single reaction product is observed atm/z 331.1. This ion
is formed through addition of TMSCl and elimination
of HCl. The reaction was carried out for all six phos-
phorylated monosaccharide isomers shown in Figure 3.
In all cases, this reaction yielded a single reaction
product at m/z 331.1 ([HexP/TMSCl–HCl]�, where
HexP � hexose-phosphate).
Upon reacting deprotonated Glc1P and Glc6P with

TMSCl and subjecting these reaction products to colli-
sionally activated conditions, several product ions re-
sult (Figures 4a and b). For example,m/z 169.0 and 241.0
correspond to loss of the hexose moiety (�C6H10O5)
and a cross ring cleavage (�C3H6O3), respectively.
Also, generation of the metaphosphate anion (m/z 79.0,
PO3

�) is observed. More importantly, there are two
differences observed between the Glc1P and Glc6P
spectra. These are a loss of H2O (m/z 313.1) for the
1-linked isomer and a loss of C2H4O2 (m/z 271.0) for the
6-linked isomer. These ions are consistently observed
for these isomers and are therefore classified as diag-
nostic ions (Table 1). Similar differences are observed
for the galactose and mannose isomers as well (Table 1).
For example, loss of H2O (m/z 313.1) is observed for
galactose-1-phosphate (Gal1P) and absent for galactose-
6-phosphate (Gal6P), while loss of C2H4O2 (m/z 271.0)
and C3H6O3 (m/z 241.0) is observed for mannose-6-
phosphate (Man6P), but absent for mannose-1-phos-
phate (Man1P). Thus, by comparing the diagnostic ions

Figure 3. Structure of the monosaccharide phosphates investi-
gated in this study.

Figure 4. Product ion spectrum of (a) [Glc1P/TMSCl–HCl]� and (b) [Glc6P/TMSCl–HCl]�, illus-
trating the diagnostic ions for the glucose-phosphate isomers.
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generated from these samples, the phosphate position
may be determined.
It is equally important to note that not only can the

linkage of the phosphate be determined, but in select
cases, the stereochemistry of the monosaccharide can be
probed. For example, when the phosphate moiety is in
the 1-position, loss of H2O (m/z 313.1) and C3H6O3 (m/z
241.0) are observed for the Glc1P and Glc6P isomers;
however, these product ions are not observed for the
Man1P isomer. This is likely due to the fact that the
phosphate and the C(2)-OH are anti in the Man1P
isomer and syn in the Glc1P and Gal1P isomers. Similar
axial and equitoral positioning of hydroxyl groups have
been found to be important in determining the stereo-
chemistry of hexose isomers upon CID in the analysis of
transition metal-ligand derivatized monosaccharides
[34–37] and in the stereochemical analysis of cyclic
diols [20, 21, 38]. Thus, it appears that the stereochem-
istry of the hydroxyl group adjacent to the phosphate
plays a role in the product ions observed upon subject-

ing the [HexP/TMSCl–HCl]� complexes to collisionally
activated conditions.

Lactose-1-Phosphate
With the successful application of TMSCl to deproto-
nated phosphorylated monosaccharides, focus turned
to the investigation of larger phosphorylated oligomers.
In particular, lactose-1-phosphate was investigated to
determine the applicability of this methodology to
phosphorylated disaccharides. Reaction of lactose-1-
phosphate (Lac1P) with TMSCl yielded a reaction prod-
uct at m/z 493.1, which is analogous to the addition/
elimination reaction product observed for the
phosphorylated monosaccharides (i.e., [Lac1P/TMSCl–
HCl]�). Upon collisional activation of the ion/molecule
reaction product, several product ions are observed
(Figure 5a). For example, several neutral losses such as
H2O (m/z 475.1) C2H4O2/H2O (m/z 415.1) and C3H6O3
(m/z 403.1) are present in the spectrum as well as

Table 1. Product ions observed when the various [HexP/TMSC1�HCl]� precursors are subjected to collisionally activated
conditions

m/z 313.1 (�H2O) m/z 271.0 (�C2H4O2) m/z 241.0 (�C3H6O3) m/z 169.0 (�C6H10O5) m/z 79.0 (PO3
�)

Glc1P X X X X
Gal1P X X X X
Man1P X X
Glc6P X X X X
Gal6P X X X X
Man6P X X X X

Figure 5. MS/MS of ion molecule reaction product (a) [Lac1P/TMSCl–HCl]� m/z 493.1, and (b) MS3

ofm/z 331.1, generated from glycosidic cleavage of the original lactose species ([Lac1P/TMSCl–anhex–
HCl]�).
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glycosidic cleavage ions at m/z 259.0 and 331.1 generat-
ing a free phosphorylated monosaccharide and one
derivatized with TMS, respectively. Interestingly, the
base peak in the spectrum, m/z 169.0, is generated from
the cleavage of the phosphate moiety derivatized with
TMS [i.e., HO3P-O-Si(Me)3]

�. This ion was also ob-
served from collisional activation of the TMS derivat-
ized monosaccharide phosphates (Figure 4, Table 1). It
is important to note that the normal pathways of
phosphate loss yielding the metaphosphate anion (PO3

�

m/z 79.0) and the dihydrogen phosphate anions
(H2PO4

�; m/z 97.0) are minimized upon collisional acti-
vation of the TMS derivatized disaccharide. Thus, ad-
dition of the TMS reagent allows for stabilization of the
phosphate moiety even when applied to larger oli-
gomers. Further isolation and collisional activation of
m/z 331.1 yields the spectra depicted in Figure 5b. Upon
comparison of the MS3 data of the Lac1P sample (Figure
5b) with the MS2 spectra of the Glc1P and Glc6P (Figure
4a and b, Table 1) standards, it is clear that the phos-
phorylated hexose monomer in Lac1P is phosphory-
lated in the 1-position and not in the 6-position. This is
evidenced through the abundant loss of water present
in the Glc1P and Lac1P standards, which are not
present in Glc6P. Furthermore, the loss of H2O suggests
that the hydroxyl group adjacent to the phosphate is cis
rather than trans. These results are consistent with a
phosphate linked to the 1-position in either glucose or
galactose.

Application to a Lipophosphoglycan from
Leishmania

Encouraged by the results from Lac1P, a chemically
synthesized lipophosphoglycan (LPG) analog [30] from
the Leishmania parasite was investigated (Figure 6a).
LPG is made up of repeating disaccharide units, which
are elongated on a lipid core. Previous studies by
Ferguson and coworkers showed that lipophosphogly-
cans can be analyzed using ESI-MS/MS product ion
scanning mode [39]. While their method allows for the
determination of the repeating moieties in a LPG sam-
ple, it does not provide phosphate linkage information.
Therefore, the ion/molecule methodology was applied
to ascertain its effectiveness in determining phosphate
linkage in a larger oligomer. Furthermore, it allows the
investigation of a molecule in which the phosphate is
internal rather than terminal. Ionization of this LPG
yielded a doubly charged ion, which is observed at m/z
643.7 (Figure 6a). Since all previous applications of the
methodology employed a singly-charged precursor ion,
CID was undertaken on the intact molecular species to
see if a singly-charged ion would result. Upon colli-
sional activation several ions are formed, all of which
result from the cleavage of the LPG backbone around
the bridging phosphate moieties. This type of behavior
has been observed before by Ferguson et al., where
cleavage of the LPG backbone around the phosphate

moieties is in preference to other types of cleavages (i.e.,
cross ring cleavages) [39]. Two of these ions, m/z 481.1
and 559.2, result in terminating phosphate residues.
Since m/z 481.1 is the base peak in the spectrum, it was
chosen for further analysis.
Reaction of m/z 481.1 with TMSCl yielded a singly-

charged species (through elimination of the chloride
anion) at m/z 1035.3. Previous studies by McLuckey and
coworkers have shown that TMSCl undergoes charge
elimination when reacting with multiply-charged oligo-
nucleotides, while for singly charged oligonucleotides,
the addition/elimination pathway is favored [29]. Col-
lisional activation of m/z 1035.3 (Figure 6c) resulted in
several product ions, all of which are glycosidic cleav-
age products. It is important to note that addition of the
TMSCl can occur at either phosphate moiety. Therefore,
pairs of peaks are observed in the product ion spectrum
from those ions with and without addition of the
trimethyl silyl group. For example, m/z 403.1 and 475.1
result from cleavage of the disaccharide portion on the
non-reducing end. However, m/z 403.1 does not contain
the TMS group in the terminating phosphate moiety,
while m/z 475.1 does show TMS derivatization at the
same location (Figure 6c). Another pair of ions is
observed at m/z 259.0 and 331.1. These ions result from
cleavage of the glycosidic bond between the terminat-
ing and the penultimate monosaccharide and corre-
spond to the [HexP-H]� anion and the [HexP/TMSCl–
HCl]� complex respectively. Thus, a hexose-phosphate
monosaccharide with and without TMS addition has
been generated.
Isolation of m/z 259.0 and 331.1 and reaction with

TMSCl results in full conversion of m/z 259.0 to 331.1.
Collisional activation of m/z 331.1 (Figure 6d) yielded
product ions that agree with a Gal6P standard run
under identical conditions (Figure 6f). In particular,
water loss is not observed in this product ion spectrum,
which is known to be diagnostic for Gal1P (Figure 6e).
Thus, the ion/molecule methodology can be applied
not only to terminal phosphates, but also to phosphor-
ylated oligosaccharides in which the phosphates are
bridging. This analysis is accomplished by generating
the terminal phosphate from collisional activation, fol-
lowed by the ion/molecule reaction to stabilize the
phosphate moiety. Once reacted, the newly generated
phosphate is stabilized, allowing further analysis by
tandem mass spectrometry.

Conclusions

Low energy loss of phosphate from carbohydrates often
occurs under collisionally activated conditions, which
obviates determination of the phosphate linkage posi-
tion by tandem mass spectrometric methods. In previ-
ous work [1, 2], phosphate linkage position was accom-
plished through reaction of the phosphate moiety with
trimethyl borate (TMB), which stabilized the phosphate
moiety under collisional activation. Upon reaction with
TMB, phosphate linkage position and unambiguous
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Figure 6. (a) MS1 of the lipophosphoglycan analog, generating an ion at m/z 643.7. (b) Product ion
spectrum of the doubly charged lipophosphoglycan analog (MS2 643.73), bond cleavages are noted
on the inset. (c) Following CID of m/z 643.7, m/z 481.1 was isolated and reacted with TMSCl yielding
a singly charged species at m/z 1035.3. Subjecting this ion to collisionally activated conditions (MS3

643.73 481.1� TMSCl3 1035.33) yielded several product ions resulting from glycosidic cleavages.
The ions containing TMS are underlined in the figure. (d) Isolation and further reaction of m/z 259.0
with TMSCl, yielded an ion at m/z 331.1, which corresponds to [Gal6P/TMSCl–HCl]�. Subjecting m/z
331.1 to collisionally activated conditions yielded the spectrum shown in the (d). Comparison of the
product ions in (d) to those in (e) (Gal1P) and (f) (Gal6P) (and Table 1), illustrates that the phosphate
was 6-linked to the galactose moiety.
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monosaccharide identification was determined through
analysis of diagnostic product ions generated from
tandem mass spectrometric analysis. In this work, the
methodology was extended to larger oligomers with
both internal and terminal phosphates through the use
of the ion/molecule reagent TMSCl.
The hexose phosphates were initially investigated to

ascertain the diagnostic ions generated for the mono-
meric species. Upon reaction of the HexP with TMSCl a
single reaction product was observed at m/z 331.1,
corresponding to [HexP/TMSCl–HCl-H]�. Upon sub-
jecting this ion to CID, product ions were observed that
allowed assignment of the phosphate linkage position.
Furthermore the assignment of the stereochemistry of
the hydroxyl group adjacent to the phosphate moiety
was possible in the 1-linked case. In addition, phos-
phate loss was minimized compared to the underivat-
ized case.
Once the diagnostic ions were determined for the

HexP’s, the methodology was applied to Lac1P. The
sample was analyzed by first reacting the phosphate
with TMSCl to form the HCl elimination product. The
sample was then subjected to CID, which yielded an ion
at m/z 331.1, corresponding to a derivatized monosac-
charide species (as was formed with the HexP’s above).
Subjectingm/z 331.1 to collisionally activated conditions
and comparison to Glc1P and Glc6P standards yielded
product ions that agreed with the Glc1P isomer. This
example shows that phosphate position as well as
monosaccharide stereochemical information can be ob-
tained from larger oligomers.
With the knowledge that the ion/molecule method-

ology works for oligomers with terminating phos-
phates, it was of interest to test larger oligomers with
bridging phosphates. A sample exhibiting this charac-
teristic is a lipophosphoglycan from the protozoan
parasite Leishmania. To generate a terminating phos-
phate, the sample was subjected to collisionally acti-
vated conditions without TMS derivatization. Upon gen-
eration of a terminating phosphate, the sample was
derivatized with TMS and again subjected to CID,
generating the derivatized monomer species discussed
above. Subjecting this ion to tandemmass spectrometric
analysis and comparison to monosaccharide standards
yielded phosphate linkage position and monosaccha-
ride stereochemical information.
Thus, this methodology has been successfully ap-

plied to phosphorylated oligomers with both termi-
nating and bridging phosphates. The general strategy
for phosphate linkage position assignment is to gen-
erate a terminating phosphate through CID (in the
case of bridging phosphates), react the terminal phos-
phate with TMSCl, and generate a derivatized HexP
through collisional activation. Upon comparison of
CID of derivatized monosaccharide standards with
that generated through successive CID analysis of the
larger oligomer, phosphate linkage position may be
assigned.
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