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Abstract

Previously, we reported that the distribution of glycoproteins into the lectin displacement fractions of a multi-lectin affinity column was
determined by the glycosylation patterns of the proteins. This distribution was observed by the sequential use of displacers specific to the lectins
in the column. In this study we have evaluated the multi-lectin column (containing Concanavalin A, Wheat germ agglutinin and Jacalin lectin)
to screen glycoproteins with known glycosylation pattern changes. The presence of a glycoprotein in a given displacer fraction was determined
by LC-MS/MS analysis of a tryptic digest. We have used the enzyme neuraminidase to modify the oligosaccharide chains present in human
transferrin, and used the enzymes, neuraminidase and fucosidase, to modify glycoproteins present in human serum. Then, by comparison with
the untreated samples, we demonstrated a distribution shift of the enzyme-treated serum glycoproteins in the displacement fractions isolated
from the multi-lectin column. The fractions were analyzed by a protein assay, Sequest rank comparison and peak area measurement from the
extracted ion chromatogram. The results indicated that the multi-lectin affinity column (M-LAC) is sensitive to changes in the content of sialic
acid and fucosyl residues present in serum glycoproteins, and has the potential to be used to screen serum proteins for glycosylation change:
due to disease. In addition, the use of a glycosidase to induce specific structural changes in glycoproteins can support the development of
multi-lectin column formats specific for detecting changes in the glycoproteome of certain diagnostic fluids and types of disease.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction N-linked oligosaccharideg3]. To add to this complexity,
increase in tumor cell sialylation is common for various
The carbohydrate moieties (glycan) of glycoproteins are tumors and could be due to an increase in sialyltransferase
synthesized in the endoplasmic reticulum (ER) and Golgi activity [4]. Also, the rate of clearance of sialylated glyco-
organellesin a cell. Recent advances in genomics have showrproteins is largely controlled by the interaction of the asialo
that glycan assembly is an elaborate process with 16 putativeform with the corresponding liver receptor. In other studies
nucleotide sugar transporters, 14 enzymes in the N-glycan as-of well recognized plasma proteins, such as transferrin and
sembly line, 13 separate enzymes that can attach galactose thaptoglobin, the structure of the oligosaccharide portion
the glycan precursor, 200 sequences for glycosyltransferasesvas shown to change in disease or metabolic derangement
and 23 mammalian sulfotransferagé$ Dysregulation of [5-10]. One can, therefore, conclude that the search for better
cells, such as in cancer, will affect the biosynthesis of the biomarkers for disease detection is significantly hindered
carbohydrates presentin glycoprotei2s Tumor cellsshow by the absence of information about global and specific
aberrant patterns of carbohydrates linked to cell surface changes in one of the major post-translational modifications
proteins, with the presence of larger and more branched(PTMs). This lack of knowledge is especially true for the
plasma and serum glycoproteome where the bulk of proteins
* Corresponding author. Tel.: +1 617 373 4881; fax: +1 617 373 2855. a_lre released by a pr(_)ces§ of secreh_on from tissues, WhICh’ in
E-mail addresswi.hancock@neu.edu (W.S. Hancock). tissues such as the liver, is usually linked to glycosylation.
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At present it is unknown how often a glycoprotein circu- development of M-LAC columns containing various groups
lates in an altered state without a change in concentration,of lectins specific for certain diagnostic fluids and types of
although a number of 2D gel studies provide evidence that disease.
this can be a common occurrence in certain disefdde$2]

Current approaches to studying changes in glycoproteins are

limited to the study of detailed glycosylation forms ina sin- 2. Experimental

gle target protein of biological or clinical interest, such as

the comprehensive structure study of tissue plasminogen ac2.1. Materials

tivator at Genentech In¢13—-15] There are at present no

methods which can be used to screen glycoproteins for gly-  Agarose bound Concanavalin A (Con A) with a protein
cosylation pattern changes in complex biological samples, concentration of 6 mg lectin/mL gel and binding capacity of
such as serum, apart from 2D gels, which has a limited dy- more than 4 mg ovalbumin/mL gel, agarose bound Wheat

namic range. . _ o germ agglutinin (WGA) with a protein concentration of 7 mg
Previously, we used multi-lectin affinity chromatography |ectin/mL gel and binding capacity of 8 mg NGA/mL gel
(M-LAC) to enrich glycoproteins from human serui6]. and agarose bound Jacalin lectin with a protein concentra-

The M-LAC column contained Con A, WGA and Jacalin  tjon of 4 mg lectin/mL gel and a binding capacity of more

lectin. With the Sequential use of diSplacerS SpeCiﬁC for the than 4 mg monomeric |gA/m|_ ge| were obtained from Vec-
lectins in M-LAC, we have concluded that the distribution tor Laboratories (Bur”ngame, CA) Trypsin(sequence grade)
of glycoproteins in the lectin displacement fractions was was purchased from Promega (Madison, WI). Human serum,
determined by the glycosylation patterns. This observation povine serum albumin (BSA), transferria, (2— 3,6,8,9)
suggests that the distribution of a given glycoprotein in neuraminidase Arthrobacter ureafaciens (proteomics grade,
displacement fractions will shift if the glycosylation pattern EC number: 3.2.1.18) ang1,6-fucosidase solution (recom-

is changed. Therefore, we have proposed that a shift inpjnant, EC number was not provided by the supplier, and it
the distribution of a glycoprotein in the three displacement s possibly 3.2.1.127) were purchased from Sigma—Aldrich.
fractions in a comparison of a disease versus normal Novex pH 3-10 IEF gel and SimpleBlue SafeStain were
sample can indicate that a disease is associated with gyurchased from Invitrogen (Philadelphia, PA). Coomassie
change in the carbohydrate moieties of a putative diseasep|ys protein assay reagent was purchased from Pierce

biomarker. (Rockford, IL).
In order to explore the above hypothesis, we have used the

enzyme neuraminidase (releases sialic acid from oligosac- o o

charides) to modify the oligosaccharide chains present in hu-2-2. Treatment of transferrin with neuraminidase

man transferrin and analyzed the distribution of glycoformsin _ _

the displacement fractions generated froman M-LAC column  Human transferrin at a concentration of 10 mg/mL was
(Con A, WGA and Jacalin lectin). We then used the enzymes, dissolved in a 100 mM phosphate buffer at pH 7.4. A sample
neuraminidase and fucosidase (releases fucosyl residue8f transferrin solution, 3QL, was diluted using reaction
from oligosaccharides), to modify glycoproteins present in Puffer (5x), then incubated with 4 units of neuraminidase
human serum, and compared the distribution of glycoproteins @ 37°C for 3h (one unit enzyme will release 1nmol
in displacement fractions to that in untreated serum. The Of 4-methylumbelliferone from 2-(4-methylumbelliferyl)
presence of a glycoprotein in a given displacement fraction @-P-N-acetylneuraminic acid per minute at pH 5.5 at
was determined by LC-MS/MS analysis of a tryptic digest. 37°C). The sample, asialotransferrin, was immediately
We used the Sequest rank, which represents the confidenc€hromatographed on the M-LAC column.

of assignment of a protein in the sample, to screen for

significant changes in the abundance of a given glycoproteiny 3 Treatment of human serum with neuraminidase

in a displacement fraction. The change in ranking was then

established by peak area measurements of selected peptides y,man serum (10QL) was incubated with 25 units of

from representative proteins. We were able to demonstratene,raminidase in the reaction buffer (pH 5.5) atGfor
that the glycosidase treatment resulted in a significant Changeovernight.

in distribution of certain glycoproteins to the M-LAC dis-

placement fractions, and that the changes were related to both

the nature of the oligosaccharide chain and the specificity 2.4. Treatment of human serum with fucosidase

of the glycosidase digestion. These results indicated that the

M-LAC column is sensitive to the loss of sialic acid and fuco- ~ Human serum (10QL) was incubated with 0.038 unit of
syl residues present in serum glycoproteins, and that this ap-fucosidase in the reaction buffer (pH 5.0) at"€for 12h
proach can be used to screen serum proteins for glycosylatior(one unit enzyme will release 1u0nol of methylumbellifer-
change due to disease. In addition, the use of a glycosidasene from 4-methylumbelliferyt-L-fucoside per min at pH
to induce specific changes of glycoproteins can support the5.0 at 37°C).
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2.5. Fractionation of glycoproteins by sequential use of 2.8. LC-MS/MS
three displacers on a M-LAC column
The glycoprotein fractions were digested with trypsin,

The multi-lectin column was prepared by mixing 0.5 mL using a procedure described previougly']. The trypsin
of agarose bound Con A, 0.5ml of agarose bound WGA, digested peptides were then separated and analyzed on
and 0.5ml of agarose bound Jacalin lectin in an empty a Ettan MDLC system (GE Healthcare, Piscataway, NJ)
PD-10 disposable column. In a series of experiments the coupled to a LTQ linear ion trap (ThermoElectron, San Jose,
following samples: transferrin (3Q0g), asialotransferrin  CA). About 2.g of each sample was injected onto a Peptide
(300.g), untreated serum (1QL), neuraminidase-treated Captrap column (Michrom Bioresources Inc. Auburn, CA)
serum (10Q.L) and fucosidase-treated serum (340, using the autosampler of the MDLC system. To desalt the
were diluted with the M-LAC equilibration buffer (20mM  sample, the trap column was washed withCHwith 0.1%
Tris, 0.15M NaCl, 1 mM MA* and 1 mM C&*, pH 7.4) to formic acid at a flow rate of 1QL/min for 4 min. The flow
a volume of 1 mL, and then loaded individually on separate was directed to the solvent waste through a 10-port valve.
M-LAC columns. In order to avoid cross contamination, After desalting, the valve was switched to directing flow
separate multi-lectin columns were used for each study.to the separation column. Then, the desalted peptides were
After 15 min reaction, the unbound proteins were eluted with released and separated on a C18 capillary column (packed in
10 mL of equilibration buffer. To fractionate the captured house, Magic C18, 150 mx0.075 mm). The flow rate was
proteins based on glycosylation motifs, the sample was maintained at 400.L/min monitored with a flow-meter. The
eluted with the following displacers. Proteins bound to Ja- gradient was started at 0% acetonitrile (ACN) with 0.1%
calin lectin were first released with 4 mL of 0.8 M galactose formic acid and linearly increased to 35% ACN in 60 min,
in 20 mM Tris buffer (pH 7.4) containing 0.5M NaCl. Then then to 60% ACN in 15min, and to 90% ACN in another
Con A selected proteins were released with 4 mL of 0.5M 5min, then kept at 90% ACN for 10 min. The Ettan MDLC
methyla-p-mannopyranoside in a 20mM Tris buffer (pH was operated from UNICORWN' control software (GE
7.4) containing 0.5 M NacCl. Finally, the WGA selected pro- Healthcare, Piscataway, NJ). The resolved peptides were
teins were released with 4 mL of 0.5MN4acetyl-glucosamine  analyzed on an LTQ linear ion trap mass spectrometer with a
in 20 mM Tris buffer, pH 7.4 containing 0.5M NaCl. The nano-ESlion source. The temperature of the ion transfer tube
three fractions were concentrated with a 10kD Amicon was controlled at 200C and the spray voltage was 2.0 kV.
filter (Millipore, Billerica, MA). All studies were per- The normalized collision energy was set at 35% for MS/MS.
formed in duplicate to test reproducibility of the enzymatic Data dependent ion selection was monitored to select the

digestion. most abundant seven ions from a MS scan for MS/MS
analysis. Dynamic exclusion was continued for duration
2.6. Protein assay of 3min.

The amount of proteins in M-LAC displacement frac- 2.9. Bioinformatics
tions of transferrin and asialotransferrin were measured using
Bradford protein assay. BSA solutions in a series of concen-  Peptide sequences were identified using Sequest algo-
trations, 200, 400, 600, 800, and 1Q0§mL, were used  rithm (Mersion C1) incorporated in BioWorks software
as standards. Standards and samples withl18ach were (Version 3.1 SR) (ThermoElectron, San Jose, CA). Only
pipetted on a 96-well flat bottom plate (Corning Inc. Corning, peptides resulting from tryptic cleavages were searched. The
NY), and 30QuL Coomassie Plus protein assay reagent was Sequest results were filtered by Xcorr versus charge state.
added. After 10 min incubation at ambient temperature, the Xcorr was used for a match with 1.5 for singly charged
samples were measured with a UV detector at a wavelengthions, 2.0 for doubly charged ions, and 2.5 for triply charged
of 595 nm using a SPECTRA max plate-reader (Molecular ions. The proteins with more than one peptide detected were
Devices, Sunnyvale, CA). considered.

2.7. |EF separation
3. Results and discussion

Transferrin, asialotransferrin, and the corresponding dis-
placement fractions collected from the M-LAC were loaded 3.1. The distribution of transferrin and asialotransferrin
on a Novex IEF ge(1.0 mm, 10 well, pH 3-10), kg pro- into the three displacement fractions of M-LAC
teins in each sample. The proteins were focused on the gel
with a voltage gradient. The voltage was first kept at 100V~ Transferrin was treated with neuraminidase to generate
for 1 h, changed to 200 V and kept for another hour, and then asialotransferrin and loaded on an M-LAC column. The same
finished at 500V (30 min). The gel was then stained using amount of an untreated transferrin sample was loaded on to
SimpleBlue SafeStain. The samples were analyzed in the ab-a separate fresh multi-lectin column. By sequentially using
sence of detergent and reducing agents. different displacers to release the protein captured by each
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Fig. 1. IEF gel separation profile of transferrin, asialotransferrin, and their fractions collected from M-lo&%€x NEFgel, pH 3-10; loaded g protein in

each well (native conditions); voltage: 100V, 1 h; 200V, 1 h; 500V, 30 min. Transferrin (Tr) and asialotransferrin (NTr) were loaded on two M-LAG.colum
The unbound proteins were collected in the flow-through (lanes 3 and 7, respectively). By sequentially using three displacers, the proteibg ¢apalired
Con A, and WGA were separated and collected as three displacer fractions. Lanes 4-6 were the fractions from transferrin, and lanes 8—10 wexetibeshree f
from asialotransferrin. In this profile, the displacement fractions from asialotransferrin showed a higdlaegthan those from the original transferrin, which
indicated the success of removing sialic acid from transferrin by the use of neuraminidase.

lectin present in the column, the glycoproteins were sepa- 3.2. An investigation of the distribution shift of serum

rated into three displacement fractions. Meanwhile, the un- glycoproteins after neuraminidase treatment

bound protein was collected in the flow-through fraction, and

this portion of the transferrin sample was expected to contain  Human serum was treated with neuraminidase to cleave

mainly the non-glycosylated fraction of the proteffig. 1 sialic acid residues from the glycan forms present in serum
shows the IEF separation of all the fractions, including in- glycoproteins, and the product was loaded on a M-LAC col-
tact transferrin and asialotransferrin. The higherop the umn. The glycoproteins captured by each lectin immobilized

components in the asialotransferrin relative to the untreatedin the M-LAC column were sequentially released with the
sample indicated the successful release of sialic acid residueshree specific lectin displacers. After trypsin digestion, each
from the glycan structures of transferrin by neuraminidase. fraction was analyzed by LC-MS/MS, and the proteins were
With the same amount of proteins loaded in each lane, theidentified using the Sequest algorithm. In order to investigate
WGA fraction showed multiple bands, which indicated that the relative abundance change of the glycoproteins in each
sialic acid variants present in low levels in the transferrin lectin fraction, we compared the Sequest rank, a parameter
sample were enriched by this lectin. In addition, the amount representing the quality of assignment of a protein in a sam-
of proteins in each fraction was measured using the Brad- ple, of the lectin fractions before and after enzyme treatment.
ford assay. The assay showed similar recoveries betweenWhile Sequest ranking (smaller the number, generally higher
the intact protein and asialo protein after M-LAC separation, the concentration) is not a direct measure of protein concen-
86 and 85%, respectively. These are typical results for this tration, it can be used to describe trends in changes of relative
procedure and indicate good performance. Compared withprotein concentration due to dependence of the algorithm on
the M-LAC results for transferrin, the amount of asialotrans- parameters such as number of peptides detected and quality
ferrin captured by WGA was reduced by about 40%, while of spectra in a given peptide identification. The average Se-
the amount of protein captured by Jacalin and Con A lectin questrank change, which represents the summation of protein
were correspondingly increased about 6 and 13%. This dis-level changes (in terms of absolute magnitude) between the
tribution shift was reproducible, and was attributed to a de- two samples, is listed ifable 1 The average of Sequest rank
creased affinity of the asialo protein to WGA, which has a differences between duplicate serum samples was used as a
specific affinity to sialic acid. Also, in the glycan structures control. Compared with the control value, the neuraminidase
of transferrin, more galactosyl residues are exposed after re-treated serum sample had an obvious Sequest rank shift in
moval of sialic acid residues, which increased the affinity of all three displacer fraction samples, i.e., 7, 18, and 31 for the
this protein to the Jacalin lectin. In a similar manner, Con Jacalin, Con A, and WGA fractions, respectivefable J).

A exhibited increased affinity to asialotransferrin in relation This result indicated that neuraminidase digestion did indeed
to WGA. cause a shift in the distribution of the proteins in the three
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Table 1 . o o mass£0.5 min of the observed retention time, and above a
The average Se_zquest rdnghift of serum glycoproteins in gach lectin dis- S/N (signal to noise) of 5:1. We arrived at this criterion by ver-
placement fraction from the M-LAC column after enzymatic treatment ifying that the standard deviation for retention time over mul-

Average rank shift Neu. Serurh Fuc. Serurf tiple runs was 0.5 mirFig. 2shows the examples of extracted
Jacalin fraction 7 9 ion chromatograms of the peptide of transferrin, “KPVEE-
Con A fraction 18 6 TANCHLAP” (M/Z signal 530.2) from the M-LAC displacer
WGA fraction 31 18

- ' ~ fractions of serum and neuraminidase-treated serum samples.
2 The Sequest rank represents the probability of assignment of a given Within the acceptable retention time window, a small peak

protein. . .
b The average of the Sequest rank differences of proteins between anarea of1.6 (E6 counts) was mtegrated from the WGA fraction

enzyme-treated sample and the intact serum sample in each lectin displace®f the neuraminidase'treated serum samplg. (d). R
ment fraction. The average of Sequest rank differences between duplicate A comparison of the peak areas shows that the distribution

analyses of untreated serum samples was used as a control. of transferrin in serum, after treatment with neuraminidase,
: ’;‘Eé’ézi'gg‘;:ifee;f;fe‘ij:qr“m- shifted from the WGA fraction to the Jacalin and Con A frac-
' tions. This result agreed with both the Sequest rank compari-
son and the study of a transferrin standard (See Se8tipn
t In addition, this result was confirmed by the measurement of
in the glycan forms. peak areas of a second selected transferrin peptide, FDEFF-

In addition, we specifically investigated the distribution of SEGCAPGSK,TgbIe 3. Also, another comparison of .pe.ak
five different glycoproteins in this complex sample, human art_aasTabIe 3 indicated that haptoglobln.exh|b|ted a similar
serum, with and without neuraminidase treatment. These Shift from the WGA fraction to the Jacalin and Con A frac-
proteins, transferrin, haptoglobin, alpha-2HS-glycoprotein, tions qfte_rthe_ serum sample was treated with neuraminida_se.
beta-2-glycoprotein, and alpha-1-acid glycoprotein, have The dlstr|but|or_1 changes ot_)sgrved fqr beta-2-glycopr(_)te|n
been reported as containing sialic acid residues in their @d alpha-1-acid glycoprotein in Jacalin and Con A fractions

carbohydrate moietiefl8-20] Some of these structures Were similar to the other two proteins but could only be de-
have shown a correlation to diseases in terms of sialic {€ctéd by peak area measurement and not the Sequest rank

acid-related glycosylation pattern changi@d—23] The comparisons. For each protein, multiple peptides, if detected,
Sequest rank of the above set of glycoproteins from untreatedVe"e selected for peak area measurements, and the peak area
serum and neuraminidase-treated serum were COmpare&ompanso_n between different runs showed the similar trend
for each displacement fractioffgble 2. According to the &S ShownirTable 3 ,
Sequest rank comparison, the abundance of these proteins 1heSe€ results showed that the M-LAC approach, with the
was reduced in the WGA fraction after neuraminidase S€duentialuse ofdisplacerscanbe usedtoinvestigate ashiftin
treatment, although some trends were more substantial thari€ distribution of glycoproteins in a complex sample, which
the others. In the case of transferrin, alpha-2HS-glycoprotein Will €nable the search for proteins with differential glycosy-
and beta-2-glycoprotein, the proteins could not be identified '2tion patterns that can be related to disease status.
at all in the WGA fraction after neuraminidase digestion.
Instead, the levels of transferrin and alpha-2HS-glycoprotein 3.3. An investigation of the distribution shift of serum
were raised in the Jacalin fraction. glycoproteins after using fucosidase treatment

However, the Sequest rank is at best a semi-quantitative
parameter to evaluate the relative abundance of a protein in A change in the level of fucosylation has been shown
a complex sample. And thus, to further investigate the dis- to occur in a significant number of diseases. The studies
tribution shift of this set of proteins between the displacer of fucosyltransferases have suggested important changes in
fractions, we compared peak areas of selected peptides fofucose metabolism in cancg24]. Abnormally-fucosylated
quantification. Specifically, the extracted ion chromatogram haptoglobin was found to be elevated in serum in patients
peaks were selected if they were within 1 amu of the expectedwith active rheumatoid arthritif25] and carcinoma of the

displacer fractions. Also, this result showed that the multi-
lectin column is sensitive to the changes of sialic acid conten

Table 2
The Sequest rank of selected glycoproteins identified in three M-LAC displacer fractions from serum and neuraminidase-treated serum samples
Sample displacer fraction Human serum Neuraminidase-treated serum

JAC ConA WGA JAC Con A WGA
Transferrin 2 2 19 1 2 X
Haptoglobin 9 7 4 9 7 2
Alpha-2HS-glycoprotein 14 32 81 7 31 X
Beta-2-glycoprotein 20 20 52 23 24 X
Alpha-1-acid-glycoprotein 21 33 7 27 96 23

2 The protein was not identified in the sample. In the case of the WGA fraction from transferrin and alpha-2HS-glycoprotein, the peptide couldete identifi
by extracted ion monitoring.



62 Z.Yang, W.S. Hancock / J. Chromatogr. A 1070 (2005) 57-64

RT: 10.00-40.00 SM: 15B

RT:25.49

100
80
60 (a)
40

[PA:20.1E6

20

RT:26.77

-t
® O
o o
—_
(=)
~

PA 34.7E6

Relative Abundance
n Fo )]
o o O

o

1007

RT: 25.66

80— PA 7.7E6
(C) ’— E _

- [PA:1.6E6
RT:26.15

Time (min)

Fig. 2. Some examples of extracted ion chromatograms of the transferrin peptide, “KPVEETANCHLAP” (M/Z signal 530.2), for M-LAC displacer fractions
from serum and neuraminidase-treated serum samples. The figure shows extracted ion chromatograms of the transferrin peptide, PVEETANCHLAP (M/Z
signal 530.2), in the following samples: Con A and WGA fractions from serum (a and c, respectively), and Con A and WGA fractions from neuraminidase
treated serum (b and d, respectively). Within the acceptable retention time window, a small peak area of 1.6 was integrated from the WGA fraction of the
neuraminidase-treated serum sample (d).

ovary or breasf24]. The level of fucosylation of alpha-1- M-LAC column with a sequential use of displacers specific

acid glycoprotein is significantly higher in patients with liver  for each lectin. The changes in the Sequest rank of the dis-

diseasg26]. placement fractions of the enzyme-treated sample relative
In this research study, human serum was treated with to the original serum sample were showrnTaible 1 These

a fucosidase to release fucosyl residues from oligosaccha-changes indicated that the glycosylation pattern change in-

rides present in glycoproteins, and then fractionated on aduced by fucosidase digestion resulted in a distribution shift

Table 3
Selected peptide peak areaH6 counts) of targeted glycoproteins identified in three M-LAC displacer fractions from serum and neuraminidase-treated serum
samples

Protein Selected peptidle M/Z signaP  Human serum Neuraminidase-treated serum

JAC ConA WGA JAC ConA WGA

Transferrin KPVEEYANCHLAR 53@ 19 20 7 24 35 16
Transferrin FDEFFSEGCAPGSK 790 7.0 7.8 50 83 11 0
Haptoglobin YVMLPVADQDQCIR 8546 10 39 236 13 47 163
Alpha-2HS-glycoprotein AQLVPLPPSTYVEFTVSGTDCVAK 12K 4 26 17 74 26 09
Beta-2-glycoprotein ATVVYQGER 513 26 35 18 38 84 0
Alpha-1-acid-glycoprotein  EQLGEFYEALDCLR 872 9.7 9.2 129 12 11 0

2 The selected peptide was identified by data-dependent MS/MS in LTQ, and the peak area of the extracted ion chromatogram was measured at expect
retention time £0.5 min).
b The peak area of a selected peptide of the protein was extracted at the M/Z signal where the peptide was detected.
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Table 4
The Sequest rank of selected glycoproteins identified in three M-LAC displacer fractions from serum and fucosidase-treated serum samples
Sample displacer fraction Human serum Fucosidase-treated serum

JAC Con A WGA JAC Con A WGA
Haptoglobin 9 7 4 7 5 2
Alpha-1-acid-glycoprotein 21 33 7 19 38 9
Apo A 4 19 10 5 12 24
Ceruloplasmin 24 14 8 6 8 28
Inter-alpha-trypsin inhibitor 6 22 9 31 13 30
Pregnancy zone protein X 34 7 6 25 17
Table 5

The selected peptide peak area€f counts) of the given glycoproteins identified in three M-LAC displacer fractions from serum and fucosidase-treated
serum samples

Protein Selected peptidle M/Z signaP Human serum Fucosidase-treated serum

JAC Con A WGA JAC Con A WGA

Haptoglobin YVMLPVADQDQCIR 8546 10 40 236 22 51 82
Alpha-1-acid-glycoprotein EQLGEFYEALDCLR 872 9.7 9.2 129 17 10 50
Apolipoprotein A VSFLSALEEYTK 6940 40 12 60 43 12 16
Ceruloplasmin MFTTAPDQVDKEDEDFQESNK 826 20 78 91 6.2 9.8 11
Inter-alpha-trypsin inhibitor IYGNQDTSSQLK 678 0.56 05 0.74 15 0 0
Pregnancy zone protein ATVVYQGER 5B 0 6.6 11 0 16 52

2 The selected peptide was identified by data dependent MS/MS in LTQ, and the peak area of the extracted ion chromatogram was measured at expected
retention time £0.5 min).
b The peak area of a selected peptide of the protein was extracted at the M/Z signal where the peptide was detected.

between the three displacement fractions. Although none of of fucosidase, a significant fraction of haptoglobin and alpha-
the three lectins in the M-LAC column have a absolute affin- 1-acid-glycoprotein glycoforms shifted from the WGA frac-
ity to fucose, the loss of fucosyl residues from the glycan tion to the Jacalin fraction, and some haptoglobin shifted
influences the environment of other sugar residues [¢.g. to the Con A fraction. The distribution of ceruloplasmin,
acetylglucosamine) which also have an affinity to the lectins in which variable fucosylation was shown to be a cause
(e.g. WGA). These results indicate that the M-LAC column of micro-heterogeneity observed in ceruloplasmin samples
containing Jacalin, Con A, and WGA can detect a glycosy- [27], was shifted to the Jacalin fraction after fucosidase treat-
lation pattern change as a result of the gain or loss of fuco- ment. In addition, other glycoproteins, such as apolipopro-
syl residues in the glycan forms. Another implication of this tein A-l, inter-alpha-trypsin inhibitor, and pregnancy zone
study is that the more broad specificity of lectins versus anti- glycoprotein, also had altered distribution between the three
bodies are better suited to detect subtle structural changes irdisplacement fractions after the treatment with fucosidase
glycosylation motifs. (Tables 4 and b The amount of apolipoprotein A-l observed

The distribution shift in the M-LAC column caused by in the WGA displacement fraction decreased, which was
fucosidase digestion was not as significant as neuraminidaseshown in both Sequest rank comparison and selected pep-
digestion. There are several possible explanations for thistide peak area comparison. Inter-alpha-trypsin inhibitor and
including the properties of a specific lectin, such as WGA, pregnancy zone protein also had a reduction in the WGA
which has affinity for sialic acid. Also, sialic acid is more displacement fraction after treatment with fucosidase, with a
common than fucosyl residues in glycan moieties and is corresponding increase in the Con A fraction. These results
charged at physiological pH values. Thus, the loss of sialic indicated that a change in fucosylation in a sample can be de-
acid in the samples resulted in a more dramatic change intected by a change in the distribution of the glycoproteins in
distribution between the three displacer fractions. Therefore, the three displacement fractions from an M-LAC study. Such
by optimizing the combination of lectins immobilized in analysis can be a valuable tool to screen on a more global
M-LAC, such as including a combination of lectins with basis for subtle changes in the glycosylation of biomarkers
specificity to fucose, M-LAC will be more sensitive to in diseases, such as cancer and liver diseases.
glycosylation changes at fucosyl residues.

Although the distribution shift induced by the use of fu-
cosidase was not as great in terms of the average Sequest. Conclusions
rank change of the serum glycoproteins, some individual
fucosylated glycoproteins showed a detectable distribution  We have described an application of multi-lectin affinity
shift. For example, according to the Sequest rank and thechromatography (M-LAC) which is a sequential use of dif-
peak area comparisonsaples 4 and j after the treatment  ferent displacers to release glycoproteins captured by each
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immobilized-lectin to discover proteins with changes in gly- [3] E. Gorelik, U. Galili, A. Raz, Cancer Metastasis Rev. 20 (2001)
cosylation. One example, asialotransferrincompared withthe ~ 245.
normal sialyated variant, showed an obvious distribution shift [4] Zg%:?slnfg S. Riedl, A. Quentmaier, W. Kemmner, Cancer Lett. 75
among the three displacer fractions of M-LAC. This shiftin 5, "\inien, P. Montnemery, L.H. Lindholm, C.G. Lofdahl, Scand. J.
transferrin isoforms in different displacement fractions was Clin. Lab. Invest. 61 (2001) 341.
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ing differential glycosylation patterns and discriminate this [11] P. Gravel, C. Walzer, C. Aubry, L.P. Balant, B. Yersin, D.F.
change from the other complexities of biological samples. As (Hl‘;ggs)”?gse“ J. Guimon, Biochem. Biophys. Res. Commun. 220
we knoYv’ a change in glycosylation pattems is Co_mmon in 12] H. Kawah.ara, Y. Matsuda, M. Tsuchishima, X.E. Wang, A. Takada,
many diseases, such as cancer and liver abnormalities, there- ~ ajcohol. Alcohol. Suppl. 1A (1993) 29.
fore, we propose that the use of this method for comparing [13] S.L. Wu, G. Teshima, J. Cacia, W.S. Hancock, J. Chromatogr. 516
normal and disease samples is a feasible approach to search (1990) 115.
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.. . i . . O’Connor, S. Wilson, H. van Halbeek, J. Biol. Chem. 264 (1989)
ease status. In addition, using a specific glycosidase toinduce |,/
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