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ABSTRACT. The gastric H,K-ATPase is responsible for acid secretion by parietal cell@-skbunit is a
glycoprotein which is exposed to the harsh, acidic environment of the stomach. The location and structural
features of théN-linked oligosaccharides were determined using matrix-assisted laser desorption ionization
mass spectrometry (MALDI/MS) (in conjunction with mass composition analysis and exoglycosidase
digestions), Edman degradation, and monosaccharide composition analysis. AlNskvieed sequons

at positions 99, 103, 130, 146, 161, 193, and 222 were fully glycosylated. An unusual restricted array of
oligosaccharides was observed at individual Asn residues.®°Asas modified exclusively with
oligomannosidic-type structures (M#BcNACc,-MansGIcNAC;). Asnt®3 contained both oligomannosidic
(MansGIcNAc,-MangGIcNAC,) and lactosamine-type structures, indicating significant “leakiness” in the
pathway which converts oligomannose to lactosamine-type at a single glycosylation site. MALDI/MS
with collision-induced dissociation was required to demonstrate that sequons separated by a single residue
(°°Asn-lle-Ser-Asp-Asn-Arg-THPS were modified with only oligomannose and lactosamine structures,
respectively. Analysis of the total oligosaccharide pool using MALDI/MS and exoglycosidase analysis
revealed 24 lactosamine species (bi-, tri-, and tetraantennary structures), with all branches terminated in
o-linked Gal residues, most possessing a single Fuc residue. Nine novel oligosaccharides contained multiple
o-linked Gal residues per branch. Bi- and triantennary structures, with and without lactosamine repeats,
were observed at Aff and Asil. Tetraantennary structures with lactosamine repeats were found only

at Asn3%, and this site also contained most of the structures with multiglemked Gal residues per
branch.

The gastric H,K-ATPase is the proton-translocating AT- the glycosylation sequons containing A%and Asié%. Two
Pase which is found in parietal cells and is responsible for potential glycosylation sequons containing 2sand Asr?®
acid secretion by the stomach. The protein is a heterodimerare separated by only one amino acid residue, and it would
consisting of a catalytio-subunit and #-subunit, whichis  be of interest to determine whether they are glycosylated

also essential for holoenzyme functidn 2). Thej-subunit  and to determine the structure of glycans at each sequon.
of the H,K-ATPase (gastrig-subunit) consists of a polypep-

tide chain of 32 kDa, with an apparent molecular weight on The -subunit is essential for the function Qf thg holotrans-
SDS-PAGE gels of 66-80 kDa due to modification by porte-r (1,-2). The role of the oh_gosacchandes in enzyme
N-linked oligosaccharides. The amino acid sequence of thefunction is not clear; however, it has been suggested that
gastric -subunit of most species examined reveals the the oligosaccharides of the gastfisubunit may play a role
presence of seven potentistlinked sites of glycosylation  in the trafficking () and survival of the enzyme in the harsh
(3—5); the pigS-subunit is an exception in which only A%A acidic environment of the stomacB)( The nature of the
is not conservedd). A homologous feature of the gastric ~ oligosaccharides on the gastrig-subunit may also be
B-subunits from all species is the presence of nine cysteineimportant, since it has been demonstrated that they contain
residues, of which six are located in the extracellular domain no sialic acid in all species examine@11). We recently
and are present in the oxidized ford).( Interestingly, two suggested that a part of the adaptation of the ga&tsigbunit
of the oxidized cysteines, C¥8 and Cy$®2 occur within to the acidic environment of the stomach is through providing
acid-stable terminal residues on the oligosaccharid@s (
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We recently reported the characterization of oligosaccha- centrifugation at 800Q9 for 4 h, the purified gastric
rides from the rabbit gastri8-subunit, demonstrating that microsomes were collected from the interface between 10%
the oligosaccharides are a mixture of oligomannosidic and and 30% sucrose and stored &Cluntil use. Theg-subunit
lactosamine-type structures. Interestingly, all branches of was purified from H,K-ATPase-enriched rabbit microsomes
the lactosamine-type oligosaccharides were terminated inas described previoushi®). The binding and nonbinding
GalaGals residues 12). In the present study, our aim was fractions were resuspended in 10 mM sodium phosphate pH
to identify which sequons on the gastrizsubunit are 7.0, quantitated by Bradford assays, and the purity was
glycosylated and to determine the distribution of oligosac- checked by SDSPAGE gels followed by Coomassie Blue
charides at each individual site. Our studies here demonstratestaining.
that all seven sequons on the rabbit gasfisubunit are Tryptic Digestion of theg-Subunit A 30 ug amount of
fully glycosylated. Further, there was a intriguing site- purified gastrics-subunit was reduced with DTT (40 mM)
specific distribution of oligosaccharides: two “close-proxim- in Gu-HCI (6 M), Tris-HCI (200 mM, pH 8.0), for 1.5 h at
ity” sequons separated by only one amino acid had different60 °C. The protein was next alkylated with sodium
classes of oligosaccharides, with oligomannosidic-type atiodoacetate (125 mM in 0.2 M Tris, pH 8.0) for 1.5 h under
Asn®® and lactosamine-type at AR Two sites, AsfP and argon. The solution was dialyzed in a BRL microdialyzer
Asn'®3 were predominantly modified with oligomannosidic unit for 21 h against NjHCO; (50 mM, pH 7.5). The
glycans, while the other five sites were glycosylated with solution was dried in a SpeedVac concentrator (Savant model
mono-fucosylated lactosamine-type oligosaccharides with SVC 100) and then resuspended in 1&00f NH,HCGO; (100
GaloGal termini. Novel linear polylactosmine structures mM, pH 8.0) buffer containing Cag{1 mM). Trypsin (2.5
with more than onet-Gal residue per branch were found at ug) was added, and the reaction was allowed to proceed for

Asn residues 130, 146, and 161. 22 h at 37°C with a second aliquot being added after 4 h
(2:15 ratio of trypsin tg3-subunit). The digest was boiled
MATERIALS AND METHODS in water for 10 min.

. , . . " , Reversed-Phase HPLC Separation of the Tryptic Digest
Materials.  Trypsin, sodium iodoacetate, dithiothreitol, Tne entire digest-¢1 nmol) was separated on an Aquapore
sodium iodoacetate, adrenocorticotropic hormone fragmentyp_300 (1x 250 mm) C18 reverse phase column (Applied
(18-39), bovine insulin oxidized B chain, human recombi- - gjqsystems Inc.) using a Michrom UMA Model 600 HPLC
nant insulin, ubiquitin, and egg white lysozyme were gystem with eluant monitoring at 214 nm. The first 5 min
purchased from Sigma (St. Louis, MO). Chicken liver ot e gradient was isocratic at 5% eluant B (98%:CN,
fucosidase and coffee beam-galactosidase were from 4 104 TFA) and 95% eluant A (2% GBN, 0.1% TFA).
Oxford Glycosystems (Abingdon, U.K.). HPLC grade water, This was followed by a linear gradient of85% B in 15
acetonitrile, ammonium bicarbonate, sodium hydroxide (50% min 15-50% B at 75 min. and 5675% B at 90 min. The

solution), sodium acetate, and calcium chloride were pur- g rate was 5QuL/min. Forty individual fractions were
chased from Fisher (Pittsburgh, PA). HPLC grade TFA and qiected and stored at20 °C.

guanidine hydrochloride and trifluoroacetic acid were from Oligosaccharide Release and Labeling'he N-linked
Pierce (Rockfor_d, IL). Dlalys!s mempranes were purchased oligosaccharides were released from8 nmol (275ug of
from GIBCO, Life Technologies (Gaithersburg, MD). PN- 5 qteiny of purifieds-subunit of the rabbit H,K-ATPase by
Gase F* (glycerol free) was provided by Dr. Tony Tarentino, e pation at 37C for 18 h with 100 milliunits of PNGase
New York, Department of Health, Albany, NY. Endogly- £ (glycerol-free) in a sodium phosphate buffer (10 mM, pH
cosidase H ang-galactosidase were purchased from Boe- 7 gy in 3 final volume of 28@d. One milliunit of PNGase
hringer Mannheim (Indianapolis, IN). Matrices for MALDI/ F activity is defined as the amount of enzyme required to

MS [2,5-dihydroxybenzoic acid (DHB) and-cyano-4-  pyq4rolyze 1 nmol of a pentaglycopeptide from bovine fetuin
hydroxycinnamic acid] were from Hewlett Packard (Palo 17).

Alto, CA). The low molecular weight calibration set was Reducing oligosaccharides were coupled to 2-AB as

obtain_etd fr_om Bio-Rad (Richmond, CA)- previously described1@). Briefly, 12 uL (345 pmol of

Purification of the Gastrics-Subunit H,K-ATPase-  protein) of-subunit PNGase F digest was dried. The digest
enriched gastric microsomes were isolated from rabbit was dissolved in %L of a solution of 2-AB (0.35 M) in
stomach as previously describetb). Crude microsomes  dimethyl sulfoxide/glacial acetic acid (30% v/v) containing
were harvested from homogenized mucosa of unstimulatedsodium cyanoborohydride (1 M). The glycan solution was
rabbit stomach (bireceptor-blocked) as the membrane pellet then incubated at 65C for 2 h. After the conjugation with
sedimenting between 10 min at 13@0hd 1 h a10000@,. 2-AB, the reaction mixture was applied to a cellulose disc
The pellet was resuspended in 10% (w/v) sucrose, brought(1 cm in diameter) in a glass holder. The disc was washed
to 40% sucrose (9 mL), and overlaid with successive layers five times with 1 mL of acetonitrile to remove non-
of 30% sucrose (11 mL) and 10% sucrose (16 mL) [300 oligosaccharide reactants. Labeled glycans were then eluted
mM sucrose, 5 mM tris(hydroxymethyl)Jaminomethane (Tris), using two washes (0.5 mL) of water and then filtered (0.2
and 0.2 mM EDTA, pH 7.4] in a 37 mL tube. After ,m). The solution was dried and resuspended to 400

Glycosidase Treatment of OligosaccharideSeparate

! Abbreviations: MALDI/MS, matrix-assisted laser desorption ion- aliquots (ZyL_representlng\J pmol of f-subunit) of _the
ization mass spectrometry with time of flight detection; MALDI/CID; PNGase F digest were treated for 18 h at &7 with
matrix-assisted laser desorption ionization with collision-induced dis- combinations of the following glycosidases: (d)galac-

sociation; HPAEC/PAD, high-pH anion-exchange chromatography with tqgjqase from coffee beans (4 milliunits) in sodium acetate
pulsed amperometric detection; PNGase F, pepﬂﬁe\l-acetylﬂ-p-_ buff 25 mM. bH 6.0) with a final vol faL: (2
glucosaminyl)aspargine amidase; EndceHdoe5-N-acetylglucosamini- uffer (25 mM, pH 6.0) with a final volume of 4L; (2)

dase H; 2-AB, 2-aminobenzamide; DHB, 2,5-dihydroxybenzoic acid. a-galactosidase (4 milliunits) and chicken liver fucosidase
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(2.8 milliunits) in sodium acetate buffer (20 mM, pH 6.0) Da) were calibrated externally using a mixture containing
with a final volume of 4 uL; (3) o-galactosidase (4  bovine insulin oxidized B chain, human recombinant insulin,
milliunits), chicken liver fucosidase (2.8 milliunits), and ubiquitin, and egg white lysozyme. For calibration in the
pB-galactosidase (1.2 milliunits) in sodium acetate buffer (25 lower mass region bombesin and the-B® clip of adreno-
mM, pH 6.0) to a final volume of 4iL. corticotropic hormone fragment (389) were used.
Endoglycosidase and Amidase Digestion of Glycopeptides Mass Composition AnalysisThe composition of oli-
Samples of each HPLC fraction were either analyzed directly gosaccharides, in terms of Hex, HexNAc, and deoxyHex
by MALDI/MS or treated with PNGase F prior to MALDI/  residues, was determined using a computer program written
MS analysis. Two percent of each glycopeptide HPLC by Dr. Wade Hines, UCSF. All possible mass compositions
fraction was dried, resuspended in water, and incubated withwere generated from the observed MALDI/MS masse8 (

either PNGase F (1 milliunits) in NIICO; (25 mM, pH Da). The monosaccharide compositions considered were
8.0) or Endo H (1 milliunits) in sodium acetate (25 mM, pH those previously described ).
5.5) for 18 h in a total volume of 2@I. The sample was MALDI/MS with CID Analysis MALDI/CID experiments

directly used for MALDI/MS analysis. For sequential digests \yere carried out using a Micromass AutoSpec orthogonal
of glycopeptides with Endo H and PNGase F, 2% of the cceleration time-of-flight (TOF) mass spectrometer equipped
glycopeptide HPLC fraction was dried, resuspended in with a MALDI source @0). The N laser (337 nm)
sodium acetate (25 mM, pH 5.5), and incubated with Endo wavelength was operated at 10 Hz pulse rate. MS-1 was
H (1 milliunits) for 18 h in a total volume of 2@L. The  tyned manually to transmit tH&C monoisotopic ion of the

Endo H digest was then boiled for 5 min. To an aliquot (10 precursor mass. The matrix was 2,5-dihydroxybenzoic acid.
uL) of the Endo H digest was added NHCO; (25 mM,

pH 8.0) followed by PNGase F (1 milliunits), and the mixture RESULTS
was incubated overnight at 3. All the samples were ] o ] )
analyzed by MALDI/MS without further sample processing. I previous studies it was determined that thdinked
Monosaccharide Analysis About 20% of each HPLC  ©ligosaccharides of the gastfiesubunit were oligomanno-
fraction was dried in a SpeedVac concentrator and analyzedSidic and neutral lactosamine-type, the latter terminated
for monosaccharides as previously descrifid). Hydroly- exclusively with GabGal units (2). As an underpinning
sis of neutral sugars was accomplished by the addition of 0 understanding the glycobiology of the H,K-ATPase,
200uL of 2 N TFA with incubation fo 3 h at 100°C. After studies were undertaken to localize the oligosaccharides to
hydrolysis, samples were immediately dried in a SpeedVac, individual glycosylation sites. The structures of the total
dissolved in 200uL of water, and then transferred to oligosaccharide pool were first determined using MALDI/
autosampler vials. All samples (150) were analyzed for ~ MS and exoglycosidase analysis. Tryptic glycopeptides were
monosaccharides with the Dionex GlycoStationTM equipped then isolated and analyzed by MALDI/MS, and oligosac-
with a CarboPac PA1 column (Dionex) (0:425 cm) and charlde structures were assigned to '|nd|V|duaI sites on the
a CarboPac PA1 guard column (0«45 cm). The samples ~ basis of mass increments to the peptide molecular weights.
were separated isocratically with 16 mM NaOH over 25 min, MALDI/MS with Exoglycosidase Analysis of Gastric
followed by a 10 min elution with 200 mM NaOH and then 3-Subunit OligosaccharidesFigure 1 shows the MALDI/
a return to starting conditions for 15 min prior to the next MS spectrum of the total pool of 2-aminobenzamide (2-AB)
injection. All separations used a flow rate of 1.0 mL/min. labeled oligosaccharides from the gasfisubunit (panel
The hydrolyzates were quantified with an external monosac- A), after digestion with eithea-galactosidase (panel B), or
charide standard mixture Fuc, GIcN, GalN, Gal, Glc, and o-galactosidase ar@-fucosidase (panel C). Treatment with
Man. Data were collected and processed using the Dionexa-galactosidase (panel B) resulted in a shift of all signals
GlycoStationTM software. greater thanm/z2000 by masses equal to the loss of two to
Peptide Sequence Analysi¥he amino terminal sequence Six Hex residues, indicating that all the lactosamine-type
was determined for fractions containing carbohydrate using oligosaccharides hag-Gal termini. Combined:-fucosidase
an Applied Biosystems Gas-Phase sequencer system (modeind a-galactosidase digestion shifted the major signals by
740 A). Amounts of 26-30 pmol of each peptide were ~146 Da (compare panels B and C), indicating that most of
sequenced after deposition onto a glass fiber peptide supportthe lactosamine-type oligosaccharides contained a single Fuc
MALDI/MS Analysis Matrix-assisted laser desorption residue. The signals ah/z 1174, 1336, 1498, and 1660
ionization mass spectrometry (MALDI/MS) was carried out remained unaffected by the exoglycosidases and these signals
on a Micromass TofSpec SE using a nitrogen laser operatedcorresponded, respectively, to the molecular weights of
at 337 nm with a 3-ns pulse width. Measurements were natriated adducts of 2-AB labeled M#IcNAc, Mans-
performed in the positive-ion mode with an accelerating GIcCNAc, MaryGIcNAc, and MagGIcNAc structures (Table
voltage of 22 or 25 kV except for one glycopeptide (GP4) 1, la—Id). The loss of the reducing end GIcNAc was
where analysis was performed in the negative-ion med2( attributed to the presence of trace amounts of Endo F
kV). Spectra were the sum of 235 laser shots. A 2L contaminant in the PNGase F preparation.
aliquot of a peptide fraction, collected from HPLC, was  To determine the antennarity of the oligosaccharides and
mixed with 2 uL of oa-cyano-4-hydroxycinnamic acid, the number of lactosamine extensions, the total pool of
vortexed, and centrifuged. A AL amount of the mixture  oligosaccharides was also treated simultaneously avitfa-
was spotted onto a target along with peptide standards. Foractosidase,o-fucosidase, ands-galactosidase (data not
analysis of oligosaccharidesd of oligosaccharide digest shown). The resulting “core structures” from considering
was mixed with JuL of 2,5-dihydroxybenzoic acid, vortexed all possible mass compositions with the known monosac-
and centrifuged. A kL amount of the mixture was spotted charides on the rabbit H,K-ATPase (Weitzahandler et al.,
onto a target. The higher masses (molecular weigh?$00 1992) are summarized in Chart 1. Signals observed/at
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2782 Table 1: Structure of-Subunit Oligosaccharides
A
[M + Na]
obsad calcd composition structufe nod
1174 1174 Hex;HexNAc % Ia
1336 309 4205 1336 1336 HexgHexNAc i
1498
1498 1498 Hex,HexNAc 0& Ic
1174] | 1660
1660 1661 HexgHexNAc g% Id
gl hxl J 2107, 2257 2108, 2254 Hex;HexNAc,+dHex, mﬂg 1Ia, IIb
B 2451 2457 Hex,HexNAcsdHex, Il
1157 “ogee
1498 2471,2617  2473,2619  HexgHexNAcg+dHex, mﬂg I1d, Ile
2658 2981 2984 Hex,HexNAc,dHex, mﬂg uf

2632,2782  2635,2781  HexHexNAcgtdHex, m Iig, Ith
2632,2782  2635,2781  Hex HexNAcgkdHex, % 1ila, IIb
3005,3143  3000,3146  Hex,HexNAcgtdHex, ﬁ Iic, IT1d
3160,3309  3162,3308  Hex, HexNAcstdHex, ﬁ Ilfe, ITIf
3508 3511 Hex; HexNAc,dHex, % L
1660
1782 2513
3525,3671  3527,3673  Hex,,HexNAc,tdHex % Iith, IHi
3884 3876 Hex,HexNAcdHex, %ﬂg 1113

Y i e 450 #a bdsdoed 4038 4038 Hex,;HexNAc,dHex, :%yug IVa

mlz

FIGURE 1: MALDI/MS analysis of exoglycosidase digestions of ~ 4051:4205  4058.4199  HexHexNAcgtdHex, %ﬂg Vb, [Ve
N-linked oligosaccharides from the rabisubunit. The oligosac-

charides, released by PNGase F digestion ofgdseibunit, were 4398 4403 Hex, HexNAcydHex, %Dg vd
derivatized with 2-aminobenzamide and digested with exoglycosi-

dases as described under Materials and Methods. Aliquots of digests

. 4565 Hex, sHexNAcy,dHex ‘% IVe
from ~3 pmol of protein, were then reanalyzed by MALDI/MS
without further sample processing. (A) Untreated 2-AB-derivatized %

Relative Intensity

p-subunit oligosaccharides; (B) after digestion vatiyalactosidase; 4712 4768 Hex,sHexNAc,odHex, Ve

(C) after treatment witho-galactosidase and-fucosidase. All

spectra were obtained in the positive ion mode using an accelerating 4931 4930 Hex ¢HexNAc,(dHex, % Vg
voltage of 25 kV as detailed under Materials and Methods. The

matrix used was 2,5-dihydroxybenzoic acid. Each spectrum rep-

. . . 5100 5092 Hex,;HexNAc ,dHex IVh
resents oligosaccharides frowl.5 pmol of the glycoprotein. " R %

1458, 1824, and 2188 corresponded to agalacto-biantennary aThe masses correspond to the signals observed in FigureTide
structures with none, one, or two lactosamine repeats, massess include the mass of the 2-AB labgl, GIcNAc; O, Man;
respectively. Signals an/z 1660, 2027, 2394, and 2756 open ;rianglesﬁ-GaI; c_)vals, Fuc;_and solid trigngles,—_GaI residues.
corresponded to agalacto-triantennary structures with none, "¢ high-mannose oligosaccharides are depicted with two GICNAC's,

. . . and the loss of a GIcNAc at the reducing end, as indicated by the mass/
one, two, or three lactosamine repeats, respectively. Signals;omposition analysis, was attributed to Endo F activity in the PNGase
atm/z2592, 2960 and 3322 corresponded to tetrantennaryr preparation. The branch location of the lactosamine repeats and the
structures with two, three, or four lactosamine repeats, location of the additionak-Gal residues are not knowthin cases where
respectively. The branch location of the lactosamine repeatstwo masses are indicated, the second number represents the fucosylated
cannot be determined from this analysis. Species.

The individual structures of the native oligosaccharides
were deduced from mass decrements after exoglycosidaséOn subsequent treatment wifhgalactosidase an expected
digestions. For example, the signahatz3143 (Figure 1A) signal atm/z 2027 for an agalacto-triantennary core oli-
corresponds to the mass of the core-fucosylated triantennarygosaccharide (Chart 1) was also observed (data not shown).
structure with one lactosamine repeat and threenGal Using a similar strategy, structures with a single @z4|3
termini (Table 1]Ild ). After treatment witho-galactosidase,  unit per branch were assigned (Tabldlh,c,ef, IlIb ,d,g,,
an expected signal from the loss of three Hex residues atandIVa,d,f).
m/z 2658 was observed (Figure 1B). Afterfucosidase The mass composition analysis of signalsmakz 3160,
digestion, the expected signal from the loss of a single Fuc 3309, 3525, 3671, 4051, 4205, 4561, 4931, and 5100
residue am/z2513 was also observed (Figure 1, panel C). suggested structures with additional termiklEx residues.
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Chart 1: S-Subunit Oligosaccharides after Simultaneous

Treatment witha-Galactosidase3-Galactosidase, and
a-Fucosidase

e Bpes | By

1660 2592

NE-
S ten

2027
2960

e

2394

2188

1458

e

1824

3322
2756

a0, GIcNAc; O, Man; v, Gal. The branch location of the lactosamine
repeats is not known.

The digestion data verified that these “excess” Hex residues
were ina-Gal linkages, which would theoretically correspond
to novel structures with multiple-Gal residues per branch.

These structures were assigned from mass composition,

analysis and masses after exoglycosidase digestions. Fo
example, the signal aih/z3309 corresponds to the mass of

either a tetraantennary oligosaccharide or to a triantennary

oligosaccharide with a lactosamine repeat and an additional
Hex residuel(If ), both core fucosylated and with G#bal
termini. Both signals would lose four Hex residues after
treatment witho-galactosidase and give a signahaz2658,

as observed (Figure 1B). However, triantennary and tet-
raantennary structures would lose three and four Hex residue
after-galactosidase treatment, producing signaia/a027

and 1866, respectively (after defucosylation). Since only the
signal atm/z 2027 was observed (data not shown), we

concluded that the parent signal represented only a core-¢

fucosylated triantennary oligosaccharide with one lac-
tosamine repeat and fowr-Gal termini (Table 1]ll1If ), a
novel structure. Using similar logic, other structures with
multiple a-Gal residues per branch were assigngd ,f,

llle f,h,i, and IVb,c,eg,h). The branch location of the
additionalo-Gal residues cannot be deduced from these data.

All the major signals shifted by-146 Da on treatment
with a-fucosidase; however, minor signalswatz2147, 2514,

Tyagarajan et al.

composition analysis. However, in two cases the structures
could not be resolved. The signalratz2632 corresponds

to a non-fucosylated triantennary oligosaccharides wital
termini (llla) or to a biantennary oligosaccharide with a
single lactosamine repeat and thee&al termini (Ig). Both
structures would lose three Hex residues aftgalactosidase
treatment, and a corresponding signalnatz 2146 was
observed. A biantennary and triantennary structure would
lose two and three Hex residues aftgrgalactosidase
treatment, producing signals a/z1823 and 1662, respec-
tively (after defucosylation). While, a signal at/z 1824
was observed, the signal at/z1662 was obscured by the
ion from MansGIcNAc (m/z1658), hence neither structural
possibility could be eliminated. Hence, the signalnatz
2632 was assigned to both structurdiy (and llla).
Similarly, the signal at 2782 corresponds to a fucosylated
triantennary oligosaccharides withrGal termini (lla ) or

to a fucosylated biantennary oligosaccharide with a single
lactosamine repeat and threeGal termini (Ih). Both
structures would lose three Hex residues aftgjalactosidase
treatment, and corresponding signals natz 2296 were
observed. A biantennary and triantennary structure would
lose two and three Hex residues aftgrgalactosidase
treatment, producing signals e/z1823 and 1662, respec-
tively (after defucosylation). While a signalmi’z1824 was
observed, the signal at/z1662 was obscured by the signal
for MangGIcNAc (m/z 1658), hence neither structural pos-
sibility could be eliminated. Hence the signalratz 2632

as assigned to both structureéth(andlllb ).

From the combination of MALDI/MS, mass composition
analysis, and exoglycosidase digestions, bi-, tri-, and tet-
raantennary structures with all branches terminated @al
residues were identified in the total oligosaccharide pool from
the gastric-subunit. Of these, 17 were core-fucosylated
lactosamine-type oligosaccharides and seven were non-
fucosylated structures. From the shifts in mass on treatment
with a-galactosidase, the oligosaccharide pool included nine

r

Sstructures with multiplex-Gal residues on a single oligosac-

charide branch. The presence of four oligomannosidic
structures was also verified 2).

Oligosaccharide Localization on the GastrizSubunit

he distribution of oligosaccharide structures (Table 1)
among theN-linked sequons was determined next. The
purified gastric S-subunit from rabbit H,K-ATPase~(1
nmol) was digested with trypsin, and the peptides were
separated by reversed phase HPLC (Figure 2A). Forty
individual fractions were collected, and an aliquot equivalent
to ~200 pmol of protein was analyzed for monosaccharide
content by HPAEC-PAD. The amounts of Gal and GIcNAc
in each fraction is shown in Figure 2B. Fractions 4, 7, 8,

and 2878, which corresponded to non-fucosylated structuresyo, 16, 18, 19, 27, 33, and 35 showed greater amounts of
were observed prior to-fucosidase treatment (Figure 1, B Gal and GIcNAc than the other fractions (Figure 2B). The
and C). It was also observed that native oligosaccharidescarhohydrate-containing fractions were treated as glycopep-
gave broader signals, and when examined in detail weretides and analyzed further. An aliquot of each fractiow (
found to represent multiple signals. For example, the signal pmol) was analyzed by MALDI/MS usingx-cyano-4-
atm/z2632is a non'fucosylated triantennary OligosaCCharide hydroxycinnamic acid as a matrix. Peptides Covering 85%
with a-Gal termini (lla) while the neighboring signal at  of the 8-subunit sequence were also identified by molecular
m/z2617 is a fucosylated biantennary oligosaccharide with weight using MALDI/MS (data not shown). The GPGP7
a single lactosamine repeat aneGal termini (le). Simi- fractions from HPLC showed signalsmfz4000-6000 Da
larly, other non-fucosylated structures were assigtiadd.g, which differed by masses characteristic of sugar residues
llla ,c,eh, andIVb). (e.g., Hex, 162 Da; HexNAc, 203 Da; or deoxyHex, 146
As described above, the digestion data enabled assignment®a) or a combination of these masses. Each of these
of unique structures from the possibilities produced by mass glycopeptide fractions was analyzed by MALDI/MS before
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assigned to glycopeptides containing MarkcNAc,, Mans-
A GIcNAC; (la, Table 1), MagGIcNAc2 (Ib), Man,GIcNACc;
GPS (Ic), and MagGIcNAc; (Id) species linked to PR#—Arg18
(Table 3). No signal corresponding to M&licNAc, was
seen.
Lower intensity signals at highen/zvalues, which differed
by combinations of 162 and 203 Dz 3210, 3572, and
3737 Da), were also observed (Figure 3A). These signals
remained after Endo H treatment (Figure 3B, see inset),
indicating that they were not oligomannosidic/hybrid oli-
gosaccharides. Since the only signal that appeared on
PNGase F treatment wasmatz1117 Da, it was concluded
that the fraction did not contain glycopeptides from other
Time (min) 60 sites. Subtraction of 1117 Da from the higher masses gave
masses consistent with HgiexNAcdeoxyHex, Hey-
P HexNAgdeoxyHex, and HejlexNAcdeoxyHex, respec-
B tively, which corresponded to a core-fucosylated biantennary
structure witha-Gal termini (lb), the same structure with
30{  GpP1 an additional lactosamine unit€), and a core-fucosylated
GP6 triantennary oligosaccharide with all branches terminated in
GPs GalaGal residuesl(lb ). Thus, AsA®®is modified with both
20 oligomannose and lactosamine-type oligosaccharide chains.
Oligosaccharides at AShand AsA®. The MALDI/MS
analysis of GP2,3 is shown in Figure 4, trace A. A series
104 of signals atm/z4734, 4900, 5060, 5222, 5430, 5591, and
5753 were observed. PNGase F treatment of GP2,3 resulted
[ X, in the appearance of a single major signah&t1432 (Figure
&Lwi 4, trace D) which is the mass of the deglycosylated tryptic
0 5 o 15 2 2 3 3 40 peptide Gly3—Arg!®% Edman sequencing confirmed that
Fraction No. the peptide was GH—Arg'* of the gastrigs-subunit (Table
Ficure 2: Reversed phase HPLC of the rabBisubunit tryptic 2). Two pptent!aIN—Ilnked glycoylation sites A;ﬁ% and
digest (A) and monosaccharide analysis of peak fractions (B). The ASn?® are in this sequence. Edman sequencing showed
tryptic digest of the reduced and alkylatgeubunit was analyzed  blanks at both positions 99 and 103, indicating that both Asn
by RP/HPLC (A), as described under Materials and Methods. residues are glycosylated.

Approximately 200 pmol of each fraction was subjected to ; :
hydrolysis with 2 N TFA and analyzed by HPAEC/PAD (B). The ~ Endo H digestion was next performed on GP2,3 to

quantitation of GIcNAc ©) and Gal ®) in each HPLC fractionis ~ determine if any of the sites were glycosylated with oligo-
shown. The peaks demonstratind.0 pmol of Gal were indicated ~ Mannosidic/hybrid structures. Figure 4, trace B, shows the
as GP+GP7. disappearance of the entire higher mass comptex4700-
6000) and the appearance of major new signafs/a8731,
and after treatment with either PNGase F or Endo H, as 4102, and 4261, which differed in mass by combinations of
described below. Hex and HexNAc residues. A signal corresponding to the
Oligosaccharides at A$fF. The MALDI/MS spectrum mass of the peptide plus two GIcNAc residuey’41837)
of GP1 (Figure 3A) showed the presence of a series of was not observed. These results suggest that only one of
massem/z2169, 2333, 2496, 2658, and 2820 which differed the sites is glycosylated with oligomannose structures, and
by ~162 Da, suggesting that GP1 contained a peptide the signals, observed after Endo H treatment, are from the
modified by the oligomannose structures. Digestion with contributions of lactosamine-type chains at the second site.
Endo H resulted in the apparent disappearance of all signalsTo ascertain if GP2,3 is modified by oligomannosidic glycans
greater thanm/z2000 and the appearance of a signahét at both sites, the glycopeptide was first treated with Endo H
1318 and its natriated produnt/z1340 (Figure 3B). The and then with PNGase F. Figure 4, trace C, shows the
results show that GP1 is modified with oligomannose sugars. appearance of a single peaknatz 1634 which corresponds
Deglycosylation of GP1 with PNGase F followed by analysis to the mass of the peptide Giy-Arg'%4 (1432 Da) modified
with MALDI/MS gave rise to a peptide ah/z1117, which with a single GIcNAc residue, thus indicating that a single
corresponded to the mass of deglycosylated tryptic peptide,glycoform of these glycopeptides has only one site modified
Phé8—Arg!®, 1117.2 Da (Figure 3C). The calculated mass by oligomannosidic/hybrid structures.
for all PNGase F deglycosylated peptides accounted for the To determine whether ASh or Asn'®® or both bear
enzymatic conversion of Asn to Asp at glycosylated sites. oligomannosidic structures, GP2,3 was treated with V8
The signal atn/z1318 is the mass of the core peptide (1116.2 protease. The Asp residue between the two glycosylated sites
Da) and one HexNAc residue. Edman degradation of GP1was resistant to hydrolysis. MALDI/CID analysis was
verified the sequence as PPe-Arg'®® of the gastric therefore utilized to identify which sequon(s) was modified
fB-subunit (Table 2). A blank was at the Asn residue, by oligomannosidic structures. The GP2,3 glycopeptide was
confirming that AsA® is glycosylated. From the mass first treated sequentially with Endo H and then with PNGase
increments to the peptide molecular weight, the signals atF. This treatment produced glycopeptides in which one Asn
m/zof 2169, 2333, 2496, 2658, and 2820 were respectively residue with oligomannosidic structures was modified by a
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Ficure 3: MALDI/MS analysis of glycopeptide GP1. GP1 was prepared by RP/HPLC of the g#ssubunit tryptic digest. GP1 (20
pmol) was treated with PNGase F or Endo H as described in Materials and Methods2 @mdol of the digest was analyzed by MALDI/

MS utilizing a-cyano-4-hydroxycinnamic acid as a matrix. (A) GP1

before treatment; (B) GP1 after treatment with Endo H; and (C) GP1

after treatment with PNGase F. The inset details the spectrum in the natz@®00-4000 after Endo H treatment. All the spectra were

from the sum of 2530 laser shots in the positive ionization mode.

Table 2: Edman Sequence Analysis of Gas#i8ubunit Glycopeptides

glycopeptide  glycosylation site experimental sequence tryptic peptides
GP1 Asn93 FLPSXSTPPR 18FLPSNSTPPR®
GP2;3 Asr9.103 (G,A)LEIHYXISDXR SGLEIHYNISDNR4
GP4 Asn30 SFLAGYSPAAQVDNIXBXX I5SFLAGYSPAAQVDNINBTSK!34
GP5 Asnt4é TYFFQESFGAPXHTK 5TYFFQESFGAPNHTKA®
GP6 Asniét FTADMLEXBSGLTDP... 1= TADMLENBSGLTDPSFGFK™
GP7 AsI??? XDBTFLDMPHQAL(D)PLQVEYYP... *VDBTFLDMPHQALTPLQVEYYPPNGTFSLHFPYYGK3®

a B refers to carboxymethylated cysteines.

GIcNAc and the other Asn was converted to an Asp residue,
observed ain/z1634 (Figure 4, trace C). The monoisotopic
signal atm/z1634.9 was selected for CID analysis as shown
in Figure 5. The carboxy-terminal iogp, which is formed

by a peptide bond cleavage between B3pnd the newly
formed Asp® was detected amn/z290. The unmodified
Y. Va, Ws, and Ys ions at m/z 405, 460, 570, and 603
confirmed that As#? does not bear oligomannosidic struc-
tures. No ions corresponding to a GIcNAc modification at
Asn'%were seen. However g ion (peptide bond cleavage
between Hi% and Asi® with a 203 Da mass increment
was seen ain/zof 922. Similarly,yz-H,0, v7, Vs, andvg
were seen am/z1068, 978, 1141, and 1278, respectively,
all of which had a 203 Da greater mass from the modification
of Asn® with a GIcNAc. These results unambiguously show
that Asr?® is modified with oligomannosidic glycans and
Asn'®3 is modified by lactosamine-type oligosaccharides.
With these results the oligosaccharides on®Asmd Asri®

were assigned. The A%hresidue is modified with Man
GIcNAc; (la), MansGIcNAc; (Ib), Man,GIcNAc; (Ic), and
MansGIcNAc; (Id) (Table 3) oligosaccharides. The mass
compositions of the lactosamine-type structures at'®sn
correspond to a biantennary structuti §, a biantennary
with a lactosamine repeatld) and a triantennaryli(b )
oligosaccharide, all three core fucosylated and with all
branches terminated in GeabBal residues (Table 1).
Oligosaccharides at A#f. Figure 6A shows the MALDI/
MS of GP4 in the negative ionization mode. Signalsnét
4767, 4924, 5131, 5296, 5458, 5656, 6017, 6181, 6552, and
6706 were observed. The core peptide obtained on PNGase
F treatment was observed atrdz 2145 (data not shown),
which is the predicted mass of the deglycosylated peptide
Sef!5—Lys!?* (2146 Da) of the gastrig-subunit. Edman
sequencing (Table 2) confirmed the identity of the peptide,
and AsiA®® gave a blank in the sequencing cycle. The
oligosaccharide masses at GP4 were determined by subtract-
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Table 3: Oligosaccharide Structureshstinked Glycosylation Sites of the GastiiSubunit

glycopeptide masses oligosaccharide glycopeptide masses oligosaccharide
observed calculated mass composition  structure® observed calculated mass composition  structure®
(GP1), AsA%, [M + H]* (GP5), AsA%, [M + H]*
2169 2171 HexHexNAGc, Man4GIcNAc; 3703 3707 HesHexNAgdHex  llb-Hex
2333 2334 HexHexNAG, la 3873 3869 HexHexNAcdHex b
2496 2496 HexHexNAGc, Ib 4077 4072 HexHexNAcdHex llc
2658 2658 HexHexNAc, Ic 4242 4234 HexHexNAcsdHex lle
2680 2683 HesHexNAcdHex  Ilb-Hex ;HexNAc 4397 4396 HeyHexNAcdHex  1lIb/llh
2820 2820 HexHexNAc, Id 4595 4600 HeyHexNAcdHex  IIf
3210 3210 HexHexNAc,dHex 1lb 4764 4762 HexHexNAcdHex llid
3572 3577 HegHexNAcdHex lle 4923 4924 HexHexNAcdHex IlIf
3737 3738 HeyHexNAcdHex Illb
(GP2,3), Asf®103 [M + H]*™ (GP6), AsibL, [M — H]~
4734 4743 HexHexNAcdHex la+Ilb 4168 4169 HegHexNAcdHex  IIb-Hex
4900 4905 HexHexNAcdHex |b+Ilb 4330 4332 HeyHexNAc,dHex Ilb
5060 5067 HexHexNAcdHex Ic+llb 4533 4535 HexHexNAcdHex lic
5222 5229 HexHexNAcdHex Id+Ilb 4690 4697 HesHexNAcdHex lle
5430 5433 HexHexNAc,dHex |b+lIllb 4892 4900 HeyHexNAcdHex  lle+HexNAc
5591 5596 HexHexNAc,dHex Ic+lllb 4856 4859 HeyHexNAcsdHex  IlIb/llh
5753 5758 HexHexNAc,dHex Id+lIllb 5057 5062 HeyHexNAcdHex  IIf
5215 5224 HexHexNAcdHex llid
(GP4), Asi®0, [M — H]~ 5384 5386 HexHexNAcdHex lIf
4767 4765 HeyHexNAcsdHex lllb 5587 5590 HexHexNAcdHex llig
4924 4927 HexHexNAcdHex Illb +Hex
5131 5130 HexHexNAcdHex llid
5296 5292 HexHexNAcdHex lIf
5458 5456 HexHexNAcdHex IlIf +Hex
5656 5658 HexHexNAcdHex lli
6017 6023 HexHexNAcgdHex [Va
6181 6185 HexHexNAgdHex IVc
6552 6551 HexHexNAcdHex Ve
6706 6713 HexHexNAxwdHex IVe+Hex

a Determined after subtraction of the molecular weight of the core peptide for the respective glycopeptide as described i Tine textnbers
refer to the oligosaccharide structures shown in Table 1.

ing the peptide molecular weight from the glycopeptide 4690, 4856, 4892, 5057, 5215, 5384, and 5587 were
masses (Table 3). The oligosaccharide masses were assignasbserved. Edman sequencing revealed this peptide to be
to structures deduced by exoglycosidase and MALDI/MS Thr%*—Lys!7? (Table 2). Deglycosylation with PNGase F

analysis. It was found that A is glycosylated with (i) resulted in the appearance of a peptide of mass 2254 Da
core-fucosylated triantennary structures (Tablélh,); (ii) which is 15 Da higher than the predicted mass of 2239. The

tri- and tetraantennary glycans with lactosamine unitd ( difference is likely due to oxidation of the methionine residue
Hif , 1If +Hex, Wi, IVa, IVc, Ve, and IVe+Hex); (iii) in the peptide. Assignment of the oligosaccharide mass
structures with additional Hex residues per brarith (-Hex, compositions (Table 3) revealed that TH+Lys'™ is

HIf +Hex, llli , IVc, IVe, andIVe+Hex) where additional primarily glycosylated with fucosylated biantennary (Table
Hex masses are-Gal-linked residues (Figure 1). Three 1, llb), biantennary with lactosamine repedit® (andlif ),
structures with additional Hex residues (Tablél®, +Hex, triantennaryi{lb ), and triantennary with lactosamine repeats
IlIf +Hex, and IVe+Hex) were not observed in the total (llid , llIf , andlllg ) oligosaccharides, all the above being
oligosaccharide pool. o-Gal-terminated structures. A triantennary core-fucosylated

Oligosaccharides at Adff and AsiA8%. Figure 6B shows  structure with multiplen-Gal residues was also seen at this
the MALDI/MS spectrum of GP5 in the positive ionization  site (lIf ).
mode, and the major signals were observeadn#t 3873, Characterization of GP7 Fraction GP7 was identified as
4077, 4242, 4397, 4595, 4764, and 4923. Deglycosylation a glycopeptide by monosaccharide analysis (Figure 2B).
with PNGase F resulted in a core peptiderdz1776 which When the MALDI/MS spectrum of GP 7 fraction was
corresponded to the mass of the deglycosylated peptiderecorded, no peaks characteristic of glycopeptides were
Thri%5—Lys!49 which contains Ast® (data not shown).  observed. In order to verify that the GP 7 fraction contained
Edman analysis verified the sequence of the peptide (Tablea glycopeptide, an aliquot was subjected to PNGase F
2). From the oligosaccharide masses (Table 3) it was digestion and then MALDI/MS was performed. The MALDI/
concluded that Ast® is primarily glycosylated with core-  MS analysis showed two new peaksnatz 4987 and 4826
fucosylated biantennary (Table 1lb), biantennary with which were absent in the undigested sample (data not shown).
lactosamine repeatsli¢ andlIf ), triantennary Ib ), and GP7 was subjected to Edman sequencing, and the first 22
triantennary with lactosamine repeatdd andllif ). All cycles gave the sequence contained in the'%faAsn?3®
the branches terminated withGal extensions. A trianten- tryptic peptide (which contains A%#) of the -subunit
nary core-fucosylated structure with fourGal residues  (Table 2). The calculated molecular weight of the PNGase
(If ) was also seen at this site. F treated tryptic peptide V&P—Lys?®is 4412 Da. The mass

Figure 6C shows the MALDI/MS spectrum of GP6 in the obtained on PNGase F digestion corresponded to the addition
negative ionization mode. Signalsrafz4168, 4330, 4533, of a HexNAg and HexNAgHex to the Val®—Lys?®
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Ficure 4: MALDI/MS analysis of glycopeptide GP2,3 after treatment with Endo H and PNGase F. GP2,3 (20 pmol) was treated with
PNGase F and Endo H as described in Materials and Methods. Trace A, GP2,3 before treatment; trace B, after treatment with Endo H; trace
C, after treatment with Endo H and then by PNGase F; and Trace D, after PNGase F digestion. The spectra were from 25 laser shots in the
positive ionization mode. The glycopeptide4 pmol) was mixed withou-cyano-4-hydroxycinnamic acid as a matrix, ar@ pmol was

applied to the target.

peptide. Previous studies have shown the presence ofto non-fucosylated structures were also observed. Some of
GalNAc on theg-subunit (Weitzhandler et al., 1992), and the bi-, tri-, and tetraantennary oligosaccharides contained
the above results suggest that Y&kLys?® is O-glycosy- 1-4 lactosamine repeats, and the branches of all of these
lated. Further, TH#?was not seen in the sequencing cycle, structures were terminated ilinked Gal residues. The
suggesting that TR¥ is O-glycosylated. Different matrices data also indicated novel structures which had multiple
and conditions were tried in order to obtain a mass spectruma-linked Gal termini in a single branch. An unusually
of GP7 glycopeptides, but no spectrum characteristic of restricted site-specific distribution of structures was observed
glycopeptides was observed using either MALDI/MS or LC- (Figure 7), with oligomannosidic structures at ASand a

ESI/MS. neighboring sequon A& containing lactosamine-type
structures. AsH® contained both oligomannosidic and
DISCUSSION lactosamine-type oligosaccharides. Only lactosamine-type

An understanding of the role of covalently linked carbo- Structures were found at ASH, Asn'®, and Asi®. Most

hydrate in the function of the gastric H,K-ATPase requires of the nov_eI polylactosamine structures with more than one
localization of the oligosaccharides on tAesubunit. We  ©-Gal residue per branch were observed at*Asn

have used a combination of monosaccharide analysis, ex- Although the site distribution of oligosaccharides has been
oglycosidase digestions, Edman sequencing, MALDI/MS, determined for a minority of glycoproteins, these studies have
and tandem MS to determine the array of oligosaccharidesprovided clues to the effect of protein structure on the activity
at AsnX(Ser/Thr) sequons in tifiesubunit of the gastric H,K-  of biosynthetic glycosidases and glycosyltransferagés (
ATPase (Figure 7). All of the Asn residues in the seven 23). The restricted arrays of oligosaccharides at each
sequons foN-glycosylation (residues 99, 103, 130, 146, 161, N-glycosylation site on the H,K-ATPase suggests precise site-
193, and 222) were fully modified. To determine the dependent constraints on oligosaccharide biosynthesis of a
structures in the total pool of oligosaccharides, unfraction- membrane glycoprotein in its native cell type. All seven
ated, PNGase F-released, oligosaccharides were first analyzedequons were found to be fully glycosylated, and thus the
using MALDI/MS and exoglycosidase digestions. Both initial transfer of the GlgMansGICNACc; to all sequons was
oligomannosidic (Mag sGIcNAC,) and lactosamine-type bi-, complete. Two sites (AShand Asri®) contained oligom-

tri-, and tetraantennary structure oligosaccharides were foundannosidic structures, suggesting inaccessibility to mannosi-
The major lactosamine-type structures contained one Fucdases which produce the oligosaccharide substrate that
residue; however, minor MALDI/MS signals corresponding initiates lactosamine-type biosynthesis. Previous studies have
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Ficure 5: MALDI/CID spectrum of GP2,3 after sequential treatment with Endo H and PNGase F. GP2,3 (20 pmol) was treated with Endo
H followed by PNGase F as described in Materials and Methodsdrfidpmol of digest was analyzed by MALDI/CID in the posiitve
ionization mode. The matrix used was 2,5-dihydroxybenzoic acid.

shown that the class of oligosaccharides at individual sitesthe H,K-ATPase contains polylactosamine structures. The
are overwhelmingly either oligomannosidic/hybrid or lac- transferase which initiates polylactosamine synthesis, UDP-
tosamine-type. Interestingly, at ASf both lactosamine-  GlcNAc:Ga31—4GIcNAc-R f1—3-N-acetylglucosaminyl-
type and oligomannosidic structures were observed. Excepttransferase, has been shown to prefer a fGal
for the case of the E1 glycoprotein of Sindbis virngi) 4GIcNAgs1—2(Gap1—4GIcNAgS1—6)Man structure as a
the presence of both classes of oligosaccharides @f#isn  substrate35), and most described glycoproteins with poly-
the only other example suggesting “leakiness” in the pathway lactosamine structures contain 2,6-disubstituted mannose
which converts oligomannose to lactosamine-type structuresresidues within tri- and tetraantennary oligosacchari@ék (
at an individual glycosylation site. A recognized exception are the biantennary polylactosamine
The absence of Ma@IcNAc,, the apparently small  structures from the band 3 glycoprotein of erythrocy88},(
amount of MagGIcNAc, at Asrf® and AsiA®® and the and it has been suggested that erythrocytes may have a
evidence for a single MaGIcNAC; isomer (2) suggest a  different polylactosamine extension enzym@Q)( The
limited processing pathway for the oligomannosidic struc- finding of biantennary oligosaccharides with up to two
tures. The removal ofi(1—2)-linked Man residues in the  repeats at Asti®and Asri® indicates that the gastric parietal
ER is mediated by at least tw@-mannosidases24—28), cell also contains a polylactosamine-initiating enzyme that
which converts MagGIcNACc; to Marns—sGIcNAc; oligosac- does not require a Gal—4GIcNAg1—2(Gapl—
charides. An ERx-mannosidase, which is sensitive to the 4GICNAg81—6)Man unit for significant activity.
alkaloid kifunensine (ER mannosidase 1), initially removes  We found that the lactosamine-type oligosaccharides of
the middle-branchu(1—2)-linked Man residue while ER  the H,K-ATPase were completely terminated witHinked
mannosidase Il removes the Man residue from the upperGal residues, the first report of an individual glycoprotein
brancho(1—6) side of the oligosaccharide®8). A single containing a singular neutral structure as the terminus. The
Mang isomer (12) and the removal of Man residues restricted individual branches of lactosamine-type chains of glycopro-
to three residues is consistent with exoglycosidase processingeins are usually terminated in sialic acid @dinked Gal
at Asrf® and Asi® occurring primarily in the ER without  residues, both within the same structuB8¢43). Further,
involvement of Golgi mannosidases. the complete absence of sialic acid on a glycoprotein is
The H,K-ATPase is a membrane-bound protein, a feature unusual and all tissues examined in human and rat express
putatively associated with the addition of polylactosamine at least one sialyltransferasé4j, although in this study
chains 29—-32). However, it is now clear that polylac- gastric tissue was not reported to have been analyzed. The
tosamine structures are also present on secretory glycoproa-galactosyl transferase from thyroid preferentially adds the
teins @3, 34). Asparagine residues 130, 146, and 161 of Gal residue to the Maa(1,6) arm of oligosaccharides, which
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Ficure 6: MALDI/MS of tryptic glycopeptides GP4, GP5, and GP6 of heubunit. Each spectrum was obtained usir® pmol of
glycopeptide and the sum 6§25 laser shots. The matrix wascyano-4-hydroxycinnamic acid. (A) GP4 in the negative ionization mode;
(B) GP5 in the positive ionization mode; (C) GP6 in the negative ionization mode.

complements the activity of sialyltransferase®)( The of oligosaccharides from “normal cells” with multipte Gal
results, herein, show that thegalactosyl transferase(s) in  residues. However, it is noted that the evidence for multiple
rabbit parietal cells efficiently transfers Gal to all branches o-Gal residues on gastrig-subunit oligosaccharides comes
of bi-, tri-, and tetraantennary structures. Whether the rabbit exclusively from the mass data coupled waitlgalactosidase
gastric parietal cells contain sialyltransferase activities will treatment, thus, further studies will be needed to establish
require further studies. the linkage, the branch location, and the speaifigalac-

An unusual observation was the presence of o|igosaccha_t03y|transferase responsible for the addition of these multiple
rides containing multiplex-linked Gal residues on linear — a-Gal residues.
polylactosamine branches. The only site having tetraanten- Preliminary studies on the gastrizsubunit from other
nary oligosaccharides (A% contained most of the “ad-  species indicate that the feature of non-sialylation is con-
ditional” a-linked Hex residues and a minor proportion of served through different species{11). Recent studies also
these structures were observed at A%and Asi®. The suggest the presence of branch fucosylation on mouse and
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a-galactosidase. Glycopeptides from Ehrlich ascites tumor sialylation and the presence of alternative acid-stable chain-

cells have been reported to contain &bt3(Galbl—6)- terminating residues appears to be a common motif of
Gal units as the termini of polylactosamine structurs) ( glycosylation of the gastrig-subunit. It is interesting in
but a subsequent report disputed the presenag(bf-6)- this context that the oligosaccharides of the closely related

linked Gal in Ehrlich ascites celld{). This is the firstreport  S-subunit of Na,K-ATPase are sialylated, thus non-sialylation
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