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Abstract
Previously, we have characterized the HIV-ISF2 gp120 glycopeptides using matrix-assisted laser
desorption/ionization mass spectrometry (MALDI/MS) and nanospray electrospray ionization (ESI).
Although we characterized 25 of 26 consensus glycosylation sites, we could not obtain any
information about the extent of sialylation of the complex glycans. Sialylation is known to alter the
biological activity of some glycoproteins, e.g. infectivity of some human and nonhuman primate
lentiviruses is reduced when the envelope glycoproteins are extensively sialylated, and, thus,
characterization of the extent of sialylation of complex glycoproteins is of biological interest. Since
neither MALDI/MS nor nanospray ESI provided much information about sialylation, probably
because of suppression effects inherent in these techniques, we utilized online nanocapillary high
performance liquid chromatography (nHPLC) with ESI/MS to characterize the sites and extent of
sialylation on gp120. Eight of the known 26 consensus glycosylation sites of HIV-ISF2 gp120 were
determined to be sialylated. Two of these sites were previously uncharacterized complex glycans.
Thirteen high mannose sites were also determined. The heterogeneity of four of these sites had not
been previously characterized. In addition, a peptide containing two consensus glycosylation sites,
which had previously been determined to contain complex glycans, was also determined to be high
mannose as well.

Introduction
Human immunodeficiency virus (HIV) is the human retrovirus that causes acquired immune
deficiency syndrome (AIDS). Retroviruses are enveloped, positive-stranded RNA viruses in
which the viral envelope is embedded with glycoproteins, known to be involved in the early
steps of infection. In HIV, the initially formed envelope glycoprotein, gp160, is cleaved into
gp41 and gp120. gp41 is the transmembrane portion of the glycoprotein spike and promotes
cell-cell fusion during infection. The gp120 of HIV binds to the CD4 surface molecule
expressed on T-helper cells and on cells of the macrophage lineage. Chemokine receptors are
needed as coreceptors for attachment of the HIV virus. The gp120 structure contains five loops
with varying amino acid composition. One of these, the V3 loop, elicits neutralizing anti-HIV
antibodies and has been a target for HIV vaccine development [1]. It has been shown that
carbohydrates within and around the V3 loop shield binding sites for the chemokine receptors,
and loss of these carbohydrates increases infectivity [2,3,4]. The N-linked glycans on this loop
have been reported to strongly influence coreceptor usage, with CCR5 being used during the
early stages of disease and CXCR4 being used as the disease progresses [3,4]. The V1 and V2
variable loops have been shown to undergo conformational changes upon CD4 binding [5].
The V1/V2 loops may need to alter their native conformation in order for the CCR5 coreceptor
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to bind with a high-affinity interaction. Also, reports show that carbohydrates on Asp197, in
the V1/V2 stem, restrict this movement, thereby allowing the carbohydrates to mask the
binding region [6].

HIV gp120 is highly glycosylated with a large number of consensus glycosylation sites, 26, in
HIVSF2 gp120. The matrix-assisted laser desorption/ionization (MALDI) spectrum of gp120
shows that the protein is very heterogeneous with a molecular mass ranging from 90,000–
110,000 Da [7]. Based on the sequence, this indicates that close to half of its mass is due to
carbohydrate residues. The differences include the number of glycosylated sites and the types
of glycans present. Individual glycosylation sites may be occupied by structurally different
glycans, which give them the ability to cover substantial parts of the peptide surface of the viral
glycoprotein [9]. The structure of gp120 reveals that many of the N-linked glycans could cover
regions of gp120 that would otherwise be exposed to potentially neutralizing antibodies [10].
Also, the system used to express gp120 will have an effect on the glycosylation pattern, e.g.,
the glycosylation pattern when gp120 is expressed in Chinese hamster ovarian (CHO) cells
will differ significantly from that expressed in baculovirus [8].

There have been several reports on the determination of glycosylation sites and of the types of
glycans found on gp120. One research group found that the gp120 glycans are primarily high
mannose, hybrid, and complex varieties, and more than 100 different glycans could be
identified [11,12]. The major types of glycans that can be found in a glycopeptide are shown
in the structures below. High mannose glycans consist primarily of mannose (Man) with a
maximum number of 9 mannoses possible unless not fully processed (Structure 1), whereas
the complex glycans are primarily composed of N-acetylglucosamine (GlcNAc) and galactose
(Gal) with sialic acid (SA) (Structure 2). In the complex glycans, both the number of N-
acetylglucosamine galactose (GlcNAc-Gal) units as well as the number of sialic acids (SA)
can vary. A fucose (Fuc) may be added to the first GlcNAc in the core of the complex glycans.
The hybrid glycans are composed of mannose, GlcNAc-Gal, and SA (Structure 3).
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We have previously identified the major types of glycans found on 25 of 26 consensus
glycosylation sites in HIV-ISF2 rgp120 expressed in CHO cells using nanoelectrospray and
MALDI [13]. Using a molecular model of intact glycosylated gp120 based on the crystal
structure of a truncated highly deglycosylated construct [10], high mannose glycans appear to
cluster together on the surface, as do complex glycans [13]. Consistent with this model, it has
been noted that mannose-binding lectin (MBL) interacts with gp120 by binding to HIV-1 via
high mannose or hybrid carbohydrates on gp120 [14,15]. MBL is a serum protein that binds
to carbohydrates on microorganisms and plays a role in the clearance and destruction of these
microorganisms [14,16]. It has also been reported that high mannose glycans of gp120
contribute largely to the MBL-HIV interaction rather than host cell-derived glycoproteins
[17].

There have been suggestions that modifications to these glycans, such as the sialylation of the
complex glycans, could affect their potential biological activity by possibly reducing the
infectivity of human and nonhuman primate lentivirus [18]. Sialic acids are a family of naturally
occurring derivatives of neuraminic acid that play a role in biological and immunological
events. Sialylation usually occurs on glycoproteins embedded in the plasma membrane, where
the sialic acids stabilize the plasma membranes by their negative charge [19]. Removal of the
fucose associated with sialylated glycans has been shown to shift the protein conformation,
possibly disclosing epitopes that were located in the interior of gp120 [20]. Others have shown
that the removal of some sialic acids from rgp120 enhanced MBL binding [15]. It has also been
shown in a simian immunodeficiency virus (SIV) monkey model that SIV-mutants lacking N-
linked glycosylation are more immunogenic compared to the wild type. This report suggests
that carbohydrates may be responsible for masking immunodominant epitopes on external
glycoproteins and, thus, protect the virus against neutralizing antibodies [21].
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In our previous work, we were able to detect complex and high mannose glycans at 25 of the
26 consensus sites of HIV-ISF2 rgp120 [13], however, we could not detect the presence of sialic
acid residues on the complex glycopeptides using nanospray/MS or MALDI/MS, presumably
due to suppression effects associated with these two ionization techniques. Harvey and co-
workers used MALDI/MS and normal-phase HPLC to investigate oligosaccharides released
from gel-separated proteins by in-gel deglycosylation [22]. This method was used because
previous methods required the sialic acids of the glycopeptides or oligosaccharides be removed
in order for the glycans to be identified [9,23]. Although various MALDI/MS methods have
been used to determine the structure of sialylated glycans [24], successful applications of these
methods to the characterization of complex mixtures of sialylated glycopeptides have not been
reported. Gibson and co-workers characterized sialylated complex glycans using negative ion
MALDI-TOF MS, but, in our initial study, we were unsuccessful in the characterization of
sialylated complex glycopeptides with this approach. If the sensitivity of the sialylated
glycopeptides was reduced due to suppression by other components in the complex proteolytic
digests, we hypothesized that the nHPLC/ESI/MS approach should reduce the complexity of
the mixture presented to the MS at any given time during the analysis and, thus, reduce these
suppression effects. We, therefore, have analyzed the proteolytic digest of gp120 using nHPLC/
ESI/MS as a means of characterizing the sialylation of the complex glycopeptides from gp120.

Methods
gp120 Sample Preparation

The HIV-ISF2 env gp120 (100 μg) (Austral Biologicals, San Ramon, CA), expressed in Chinese
hamster ovary (CHO) cells, was diluted in 152 μL of 0.36 M Tris-HCl buffer (pH 8.6),
containing 8 M urea, 3 mM ethylenediaminetetraacetic acid (EDTA), and 10 mM dithiothreitol
(DTT) and incubated under nitrogen for 4 hours to reduce disulfide bonds. Carboxymethylation
was performed by adding iodoacetic acid (Sigma, St. Louis, MO) to a final concentration of
25 mM and incubating in the dark for 45 minutes. The reaction was quenched by adding DTT
to a final concentration of 40 mM. The carboxymethylated gp120 was purified by HPLC on
an Aglient model 1100 HPLC system (Palo Alto, CA) using a 25 cm × 4.6 mm i.d. Vydac
214TP54 C4 column (Hesperia, CA). Elution from the column was achieved using solvents A
(water/0.1% trifluoroacetic acid (TFA)) and B (acetonitrile/0.1% TFA) with a linear gradient
from 20% B to 60% B over 50 minutes, followed by a ramp from 60% B to 90% B over 10
minutes at a flow rate of 1 mL/min with fractions collected at 1.5 minute intervals. Collected
fractions were lyopholized, reconstituted in 20 μL of 1:1 acetonitrile:0.1% formic acid, and
analyzed for the presence of gp120 by MALDI/MS (as described below). Those fractions
containing gp120 were pooled into one fraction and lyophilized to dryness. The lyophilized
gp120 was then reconstituted in 100 μL of 50 mM ammonium bicarbonate buffer (pH 7.95)
and reanalyzed by MALDI/MS to confirm the presence of the gp120.

Tryptic Digestion of gp120
The 100 μL sample of gp120 was digested with 5 μL of 1 μg/μL sequencing grade modified
trypsin reconstituted in the supplied buffer of 50 mM acetic acid (Promega, Madison, WI) at
a ratio of 20:1 gp120:trypsin (w/w). The tryptic digest was then analyzed by MALDI/MS to
ensure complete digestion.

MALDI-TOF/MS
The MALDI/MS used was an Applied Biosystems Voyager- SUPER DE STR (Framingham,
MA). MALDI/MS analyses of the lyopholized gp120 fractions were performed in the positive
linear mode using an accelerating voltage of 25 kV, a grid voltage of 93%, and a delay time
of 400 nsec. MALDI/MS analysis of the tryptic digest was performed using an accelerating
voltage of 20 kV, a grid voltage of 95%, and a delay time of 400 nsec in the positive linear
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mode. Analysis of the tryptic digest in the negative ion linear mode was performed using an
accelerating voltage of −25 kV, a grid voltage of 95%, and a delay time of 150 nsec. All analyses
in the positive ion mode were performed using a saturated solution of α-cyano-4-
hydroxycinnamic acid in 45:45:10 water:ethanol:formic acid (v:v:v) as the matrix. The
analyses in the negative ion mode were performed using a 100 mM solution of 2,5-
dihydroxybenzoic acid in 50% acetonitrile as the matrix. External calibration was performed
using the Applied Biosystems (Framingham, MA) calibration mixes.

nHPLC/ESI/MS
For the nHPLC/ESI/MS analyses, HPLC separations were performed using an Agilent 1100
Series Capillary LC (Palo Alto, CA). For LC separations acquired by positive ion ESI/MS, a
15 cm × 75 μm i.d. PepMap™ C18 column (LC Packings, San Francisco, CA) with a flow rate
of 400 nL/min was used. An 8 μL aliquot of the tryptic digest was injected. The solvents used
with this column were the following: A, water/0.1% formic acid; and B, acetonitrile/0.1%
formic acid. A gradient of 8% B to 40% B over 50 minutes, followed by a ramp from 40% B
to 90% B over 10 minutes was used to elute the tryptic peptides. For LC separations acquired
by negative ion ESI/MS, a 10 cm × 300 μm i.d. ZORBAX 300Extend-C18 column (Agilent
Technologies, Palo Alto, CA) with a flow rate of 1.0 μL/min was used. The solvents used with
this column were the following: A, water/1.0% NH4OH; and B, acetonitrile/1.0% NH4OH.
The injection amount and gradient used were the same as in the positive ion ESI/MS analyses.

The ESI spectra were obtained using either the Q-Tof1 mass spectrometer (Micromass,
Altrincham, UK) or the Q-Tof Ultima Global mass spectrometer (Waters/Micromass, Milford,
MA), both of which are equipped with a nanoflow z-spray source. The Q-Tof1 mass
spectrometer was operated at a FWHM resolution of 7,500. The observed mass accuracy of
high abundance glycosylated peaks was approximately 0.008%, while that of peaks of low
abundance was lower, < 0.07%. Spectra were acquired in the positive ion mode over the mass
range of m/z 300–2500 with the source temperature at 80 °C, a capillary voltage of 3.00 kV, a
cone voltage of 30 V, a collision energy of 4.0 eV, and a scan time of 1.9 seconds. The collision
gas was argon at a gauge pressure of 20 psi. The Q-Tof Ultima Global mass spectrometer was
operated at a FWHM resolution of 10,000 in V mode and a mass accuracy of 0.02%. The
spectra were acquired in the positive ion mode over the mass range of m/z 300–2500 with the
source temperature at 80 °C, a capillary voltage of 3.05 kV, a cone voltage of 45 V, a collision
energy of 10.0 eV, and a scan time of 1.0 seconds. The collision gas was argon at a gauge
pressure of 25 psi. MS/MS analyses were performed on the Q-Tof Ultima Global with all
parameters the same as in MS mode, except the collision energy was 30.0 eV and the scan time
was 1.9 seconds. The negative ion ESI/MS spectra were acquired over the mass range of m/z
100–3000 with the source temperature at 80 °C, a capillary voltage of 3.0 kV, a cone voltage
of 100 V, a collision energy of 10.0 eV, and a scan time of 1.9 seconds. The collision gas was
argon at a pressure of 25 psi. Peaks with a signal:noise greater than five were considered.
External calibration was performed using renin substrate tetradecapeptide (Sigma, St. Louis,
MO).

Results and Discussion
HIV-ISF2 gp120 contains glycans primarily of high mannose, hybrid, and complex varieties
(See Structures 1, 2, and 3). A MALDI/MS spectrum of the carboxymethylated gp120 tryptic
digest is shown in Figure 1. Only one tryptic peptide, m/z 4386, which corresponds in mass to
a potentially sialylated complex tryptic glycopeptide, T4, was observed. This peptide contains
the consensus glycosylation site N57. Bozue et al. have previously shown that under negative
ion MALDI/MS conditions using a 100 mM solution of 2,5-dihydroxybenzoic acid as a matrix,
sialylated complex oligosaccharides could be readily detected [24]. When this method was
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used to analyze the gp120 tryptic digest, however, sialylated glycopeptides were not detected
(results not shown). This may be due to suppression of the sialylated glycopeptides in the
complex gp120 digest mixture.

The HIV-ISF2 gp120 tryptic digest was then analyzed by nHPLC/ESI/MS in both the positive
and negative ion mode in an effort to identify and characterize the sialylated complex
glycopeptides. The extent of sialylation on complex glycopeptides was determined by first
calculating the mass of the peptide with the glycan core with or without fucose. The masses of
the GlcNAc-Gal and SA units were then added sequentially based on the previous glycosylation
characterization [13] with the possible addition of one SA per GlcNAc-Gal. The nHPLC/ESI/
MS data were then searched for these corresponding masses. Table 1 shows the amino acid on
which a sialylated glycan was found, the tryptic peptides containing the sites, and the masses
of the glycopeptides. The table also includes the number of GlcNAcGals (GlcNAc-Gal)
residues observed and the extent of sialylation (SA residues) along with the relative abundance
of each. The relative abundances of the summed intensities of all isotope peaks over the elution
window of specific glycosylated peptides were normalized with the most abundant ion being
100%. It should be noted that the relative abundances correspond to the abundance ratios
observed in the raw data, and that differences in sensitivity and ionization efficiency were not
considered. Figure 2 shows the positive ion nHPLC/ESI/MS spectra of two tryptic peptides in
which the extent of complex glycans had been previously identified [13] but not the degree of
sialylation because the sample had been desialylated. The summed spectrum in Figure 2a shows
the glycan composition for N170, which is contained in tryptic peptide T15. This glycan is
fucosylated and contains 2-4 GlcNAc-Gal units as well as 1-3 sialic acids. We had previously
observed 2-5 GlcNAc-Gal units at this site [13], however, in our current study, an ion
corresponding to the fifth GlcNAc-Gal was not detected in any charge state. This lack of
detection may be consistent with the fact that the relative abundance was also very low in our
previous characterization by nanospray or that the more extensively sialylated glycopeptides
have significantly reduced sensitivities compared to less highly sialylated glycopeptides in the
nHPLC/ESI/MS analyses. The summed spectrum containing the fucosylated peptide T40
(N428(P)/431) is shown in Figure 2b and these data indicate the presence of 1-3 GlcNAcGals
with 1-3 sialic acids. Previously, we could not determine the extent of sialylation for this site,
but were able to characterize the presence of 1-7 GlcNAc-Gal units [13]. Glycopeptides which
were observed previously with higher GlcNAc-Gal and SA units [13] were not observed here,
presumably due to their high masses and charge.

Previously, we reported that the glycan group at residue N274 was complex, but we were unable
to characterize the heterogeneity at this position [13]. In addition, the carbohydrate chain at
residue N415, could not be determined. Using the nHPLC/ESI/MS approach, however, we
were able to determine the glycan at this residue to be complex. Figure 3 shows the positive
ion nHPLC/ESI/MS spectra of these two previously uncharacterized complex glycans. From
the summed mass spectrum containing peptide T22 (Figure 3a), which contains the
glycosylation site at residue N274, we could determine that this glycopeptide is fucosylated
and contains 1-4 GlcNAc-Gal units and 1-2 sialic acids. The summed spectrum containing the
glycopeptide T39 (Figure 3b), with a consensus glycosylation site at amino acid N415, shows
that the glycan structure for this peptide has 1-3 GlcNAc-Gal units and 1-2 sialic acids.

In an attempt to gain structural information about the glycopeptides as well as sequence
information, nHPLC/ESI/MS/MS analyses were performed. Figure 4 shows a representative
positive ion MS/MS spectrum obtained for m/z 1419.1 corresponding in mass to the fucosylated
tryptic peptide T40, which contains glycosylation sites N428(P)/431, and has 2 GlcNAc-Gal
units and 1 SA unit. As can be seen from this MS/MS spectrum, fragmentation of the sialylated
complex glycopeptides is possible. No ions in this MS/MS spectrum (or any other MS/MS
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spectrum of a complex glycopeptide), however, could be assigned to the peptide backbone.
Thus the spectrum does not provide direct information about the peptide sequence.

Based on the low relative abundance of ions for the sialylated peptides, suppression effects in
the positive ion mode may be decreasing the sensitivity of these peptides. Increasing numbers
of sialic acid residues on peptides may lead to an overall negative net charge, and, thus, result
in a lack of observation of these peptides. Therefore, negative ion nHPLC/ESI/MS analyses
were performed in order to obtain better coverage of the complex glycan sites. Under these
conditions, however, no complex glycans could be identified (data not shown).

Because one of the glycosylation sites was found to contain high mannose glycans in this study,
but was previously characterized to contain complex glycans [13], the high mannose
glycosylation sites were further investigated using the nHPLC/ESI/MS approach. Figure 5
shows the positive ion nHPLC/ESI/MS spectra of two glycopeptides in which the glycan
structure was previously determined to be high mannose, but the number of mannoses had not
been determined and two glycosylated peptides found in partial peptides, which arise from
anomalous cleavages. The mass spectrum of tryptic peptide T32 (Figure 5, labeled as ion series
a) shows that the glycan at N328 has 3-8 mannoses present, where previously the number of
mannoses could not be determined. The mass spectrum of the partial peptide T14′ (Figure 5,
labeled as ion series b), residues 154-161 (unconfirmed by MS/MS due to the lack of peptide
sequence ions), which contains glycosylation sites N154/160′, shows 4-8 mannoses present.
The site where this glycan chain in the peptide sequence was located could not be distinguished
between the N154 and N160 sites. However, based on theoretical calculations, it is likely that
only one site is occupied and not both because the observed mass is less than the theoretical
mass of the glycopeptide with the core glycosylation at both sites. The full-length T14 peptide
(amino acids 146 to 165) was also observed in these nHPLC/ESI/MS analyses as having 0-6
mannoses present. Using MALDI/MS, this same peptide was previously characterized by our
group to only contain complex glycans [13]. In Figure 5, the ions labeled as series c show the
anomalously cleaved partial peptide T34′ (which contains residues 357-363 and the consensus
glycosylation site N358′) as having 3-8 mannoses present. The corresponding full-length
peptide (which contains the consensus site N358 as well as site N364) was characterized
previously as having 11-18 mannoses [13]. In Figure 5, the ions labeled as series d show the
mass spectrum of peptide T35 with site N370 shows 4-8 mannoses in the glycan chain, which
had not been determined previously.

Table 2 shows the summary of glycosylation sites where high mannose (HM) glycans were
found in these experiments. The corresponding tryptic peptides containing these glycosylation
sites, the masses of the glycopeptides, the number of mannoses observed, as well as their
corresponding relative abundances are also shown. The relative abundances were determined
in the same way as for Table 1. It is not known why higher numbers of mannoses cannot be
seen that were present in our previous work for some of the peptides. One possibility is that
the gp120 being used is from a different lot. The observation of an abundant nine mannose
glycan at higher m/z (T6, N99) argues against a dramatic decrease in sensitivity for nine
mannose glycosylated peptides, and the observation of relatively abundant eight mannose
glycopeptides make suppression effects relatively unlikely.

During protein high mannose glycosylation, a precursor oligosaccharide composed of N-
acetylglucosamine (GlcNAc), mannose (Man), and glucose (Glc) is transferred to proteins in
the endoplasmic reticulum (ER). The diversity of these N-linked oligosaccharide structures on
mature glycoproteins results from extensive modification of the precursor structure. While still
in the ER, the glucose residues are quickly removed from the oligosaccharides of most
glycoproteins. This process known as oligosaccharide “trimming” continues in the Golgi
apparatus, and thus the glucose is not seen on the glycoprotein [25]. Figure 6 shows the negative
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ion nHPLC/ESI/MS spectrum of a high mannose glycopeptide, T6, which was not fully
processed. These data show that high mannose glycosylation of this peptide occurs (most likely
at residue N99 with 9 mannoses present). The ions of m/z 1406.74 and 1460.75 correspond to
the tryptic peptide with nine mannoses plus one and two Glcs, respectively, indicating that
complete “trimming” did not occur.

Conclusions
nHPLC/ESI/MS was used to characterize the glycosylation and extent of sialylation of HIV-
ISF2 gp120. Specifically, we have shown that both sialylated complex glycans and high
mannose glycans are present. We were able to determine the sialylation profile of eight of the
fifteen sites that have been shown to contain complex glycans. The glycosylation sites for
complex glycans which could be determined are N99, N110, N170, N249, N274, N415 and
N428(P)/431. The other consensus complex sites that could not be characterized are N57,
N124/128, N154/160, N235, and N378. A number of factors may be involved in our inability
to profile the extent of sialylation of the remaining complex glycopeptides. A combination of
all these factors which may have contributed include high mass tryptic peptides (some of which
have m/z greater than 5000), multiple glycosylation sites within one peptide, the large number
of negatively charged groups present, and possible incomplete digestion.

Since a previously determined complex glycan site was observed to be high mannose as well
in these analyses, we investigated the high mannose glycans and were able to determine the
number of mannoses present on thirteen of the nineteen sites containing high mannose glycans.
These consensus sites are N99, N154/160, N170, N203, N214/235, N304, N328, N334, N358,
N370, and N378. Glycosylation sites N154/160 and N358 were observed in two peptides with
anomalous cleavage sites and had not been previously observed or characterized. Since most
glycans on mature glycoproteins are first processed, it is interesting that glycosylation site N99
was observed as still possessing one and two glucose molecules, thus, indicating this glycan
was not fully processed.

Due to the complexity of the gp120 tryptic digest mixture, it is possible that suppression or
low protonation efficiency of the negatively ionized sialic acid residues still occurs. This
appears to be leading to the suppression of the higher mass glycopeptides by the presence of
the abundant lower mass peptides. Therefore, the sensitivity of the sialylated peptides is
decreased. The maximum number of SA residues observed was three. An increase in the
number of SA residues on a peptide may lead to a net negative charge of the peptide, thereby,
resulting in these peptides being not observed in the positive ion MS spectra. No sialylated
peptides, however were identified in the negative ion nHPLC/ESI/MS analyses of the digest.
Future work will focus on alternative proteolysis steps and/or affinity purification of the
glycopeptides. As demonstrated here, nHPLC/ESI/MS can be used as a method to characterize
the type of glycan present in a glycopeptide, as well as to determine the extent of sialylation
(within the experimental limits). These analyses in combination with previous efforts [13] have
now allowed the characterization of all 26 consensus glycosylation sites on HIV-ISF2 gp120.
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Figure 1.
MALDI/MS spectrum of the tryptic digest of gp120 with peptides labeled. The dagger (†)
indicates a sialylated peptide. The asterisk (*) indicates a peak that could not be identified.
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Figure 2.
Positive ion nHPLC/ESI/MS spectra summed over the chromatographic retention window in
which complex glycopeptides a) N170 and b) N428(P)/431 eluted. The inset in panel a is for
the ion corresponding to [(4▪) + ▴]3+. The inset in panel b is for the ion corresponding to [(3▪)
+ ▴]3+. Both insets are of spectra summed over the elution window of that component. For
figure clarity, the peaks corresponding to other tryptic peptides/glycopeptides are not labeled.
▪ = GlcNAc-Gal, ♦ = sialic acid, and ▴ = fucose; the number before each symbol indicates how
many of each are present. The superscripted number is the charge state. In the amino acid
sequence B= carboxymethylcysteine.
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Figure 3.
Positive ion nHPLC/ESI/MS spectra summed over the chromatographic retention window in
which complex glycopeptides a) N274 and b) N415 eluted. For figure clarity, the peaks
corresponding to other tryptic peptides/glycopeptides are not labeled. ▪ = GlcNAc-Gal, ♦ =
sialic acid, and ▴ = fucose; the number before each symbol indicates how many of each are
present. The superscripted number is the charge state. In the amino acid sequence B=
carboxymethylcysteine.
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Figure 4.
Positive ion nHPLC/ESI/MS/MS spectrum of the peptide [(M+3H)+3 ion of m/z 1419.1]
containing complex glycans at sites N428(P)/431 after transformation of all ions into the single
charge state spectrum using MaxEnt. GlcNAc = N-acetylglucosamine; GlcNAc-Gal = N-
acetylglucosamine and galactose; SA = sialic acid; Man=Mannose.
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Figure 5.
Positive ion nHPLC/ESI/MS spectra of a peptide with high mannoses and the anomalous
cleavage partial peptides containing high mannose consensus sites a) N328, b) N154/160′, c)
N358′, and d) N370. The ′ indicates a partial peptide. For figure clarity, the peaks corresponding
to high mannose consensus site N304 are labeled with an *. Other tryptic peptides are labeled.
Peaks that were not identified are labeled with a †. The mannoses are labeled depending on
the number present, where Man=mannose. The superscripted number is the charge state.
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Figure 6.
Negative ion nHPLC/ESI/MS spectrum of the glycopeptide containing high mannose glycans
at site N99. This carbohydrate was not fully processed and still contains 2 glucoses. The
mannoses are labeled depending on the number present, where Man=mannose and
Glc=glucose. In the amino acid sequence B= carboxymethylcysteine.
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