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Abstract

I dentification of leukemia restricted surface membrane proteome

by biotinylation strategy

Jun Ho Jang

Department of Medicine

The Graduate School, Yonsei University

<Directed by Professdtyun Cheol Chung>

Numerous cell surface proteins of leukemia cellshsas CD33 and
CD52 have been used as diagnostic and therapaugiets. Thus profiling of
the cell surface proteome and proteins restriategpecific types of leukemia
can provide a way to identify novel targets for Kewmnia diagnosis and
therapy. However there has been little data pen@gito the comprehensive
analysis of surface membrane proteins because therefew effective
strategies for profiling surface membrane proteorirethis study, | report on
the application of quantitative proteomic technigjtieat incorporate affinity-
capture and purification on monomeric avidin colgnm find all biotinylated
cell surface proteins from leukemia cell lines $sukemia patient samples.

Surface proteins were biotinylated and purifiedldwing solubilization,

the proteins were resolived by 2-D PAGE using earmimpholytes (pl 4 to 8)



in the first dimension, then visualized either bgs® spectrometry-compatible
silver staining or hybridization with streptaviddRP complex. The patterns
visualized by silver stain and hybridization apptaibe virtually identical
from 6 different leukemia cells and patient samplesave identifiend both
well-known surface proteins such as CD antigensmumoglobulins,
receptors and also chaperonic proteins includirgf Baock proteins(HSPS)
and protein disulfide isomerases (PDIs) which waeviously considered to
be largely ctoplasmic or endoplasmic reticulum irg.

| also analyzed and compared gel images among wsixah leukemia cell
lines to find those proteins restricted to speaifed! lines. 120 of 749 total
spots were cell-line specific. All 120 spots weralgzed and 57 spots were
identified as 36 different proteins by MALDI-TOFhiFty-five out of 36 spots
had matched spots in different gels or identifiedhie same gel of different
leukemia cells. we found a glycophorin restrictedK662 leukemia cell line
that had no matched spot or did not identifiediffecent leukemia cells. This
finding suggests our method for gel image analgsid comparison may
effective approach for the identification of thestrected proteins on a
particular leukemia cells.

Comprehensive profiling of the leukemia cell suef@roteome and gel image
analysis and comparison provide an effective amprdar the identification
of commonly occurring proteins as well as proteiith restricted expression

patterns to a specific cell line.

Key Words: surface membrane proteins, proteomakefeia



Identification of leukemia restricted surface membrane proteome

by biotinylation strategy

Jun Ho Jang
Department of Internal Medicine

The Graduate Schooal, Yonsel University

<Directed by Professddyun Cheol Chung>

|. Introduction

Leukemia is a malignant cancer of the bone marrod lslood, which is
characterized by uncontrolled accumulation of blamdls® As in many
cancers, protein expressions on the leukemia edhee have provided many
important clues to the diagnosis and treatmenthid tisease. Recently,
numerous cell surface proteins have become tangd¢sikemia therapy. For
example, Alemtuzumab is a humanized anti-CD52 mionat antibody that
has been approved by the United States Food arglAdministration for the

treatment of fludarabine-refractory chronic lympyiic leukemia (CLL). This



antibody binds to CD52, an antigen highly expreseadboth B and T
lymphocytes and on monocytes. The binding of aleommab to CD52 can
produce cell death in three ways: antibody dependetular cytotoxicity,
complement activation, and direct induction of apsjs?>

Gemtuzumab ozogamicin (GO) is comprised of a hupeghanti CD 33
MoAb that is linked covalently to a semisynthetierigtative of a potent
cytotoxic, calicheamicii. The CD33 antigen, a 67-kD glycosylated
transmembrane protein of unknown function, is esped on most
hematopoietic stem cells: on both mature and immeatmyeloid cells,
including colony-forming progenitor cells; and onythroid, megakaryocytic,
and multipotent progenitorsCD33 is also found on leukemic blasts from the
majority of patients with AML and myelodysplastigynsiromes (MDS).
Because CD33 has little expression outside the togroEetic system, it
represents an attractive target for MoAb-basedatheim patients with AML.
MoAb-mediated cross linking of CD33 inhibits prelifition of normal and
myeloid leukemia cell8.Radio-labeled anti-CD33 MoAb rapidly saturates
peripheral blood (PB) and bone marrow (BM) in itravistudies and this
phenomenon indicate rapid cellular internalizatioh the MoAb. These
properties of CD33 make it a suitable target forAidbased therapy.

Cell surface proteins which are only expressedpiecsic types of



leukemia(s) or which undergo certain modificati@my in the presence of
leukemia might be used in various forms of immueatpy, including

antibody-based treatments and vaccines. Therefofées of the cell surface
proteome and of proteins restricted to certain deti(s) may lead to the
identification of novel targets for leukemia diagisand therapy.

Due to the lack of dependable strategies for pngfilsurface
membrane proteomes, little data exists relatethéocomprehensive analysis
of surface membrane proteifis. Recently, a global surface protein
biotinylation strategy, coupled with the use of M@as applied to the
identification of cell surface proteins bielicobacter pylori'® and a variety of
cancer cell types, and in the latter case idedtifieconsiderable number of
chaperone proteir$!? The high affinity and specific nature of avidirebin
interactions have been used in diverse applicatiamsimmunology,
histochemistryjn situ hybridization, affinity chromatography and manhet
areas>'’ Biotinylation reagents serve as tags which tramsfdifficult to
detect molecules into probes recognizable by alddbdetection reagents.
Once tagged with biotin, a molecule of interestchsias an antibody or
receptor ligand, can be used to probe cells, tissu@roteins immobilized on
blots or arrays. The molecule thus tagged is theteatied using a labeled

avidin conjugate. While the bindingf biotin to native avidin or streptavidin



is basically irreversible, modified avidins can dirbiotinylated probes
reversibly, making them valuable reagents for tsmtaand purification of
biotinylated molecules from complex mixtures. | @gphere on the profiling
of surface proteins of human leukemia cell lines2y image analysis and
identification of proteins restricted to specifypées of leukemia cell line(s) by

comparing 6 human leukemia cell lines.

1. Materialsand Methods

1. Samples

The non-adherent human leukemia cell lines, Sup5B<{acute
lymphoblastic leukemia-B cell), CEM/C2 (acute lynoplastic leukemia-T
cell), KG1 (acute myelogenous leukemia), U937 (acuhonoblastic
leukemia), HL-60 (acute promyelocytic leukemia), dan K562
(erythroleukemia) were grown at 37°C in a 6% @@midified incubator in
RPMI 1640 supplemented will®% fetal calf serum, 100 units/ml penicillin,
and 100 units/mdtreptomycin. Freshly isolated lymphoblastic leukeells
were obtained by leukapheresis from 2 patients. ©n& B-lymphoblastic

leukemia patient and the other is a T-lymphobldstikemia patient.



2. Biotinylation of membrane proteins

Cultured cells grown in 225 ¢ntissue culture flasks were harvested
by centrifugation (1000 x g, 10 min atG) and washed three times with
RPMI-1640 (without added serum or protein). Celerevsuspended at 2.5 x
10" cells/ml in RPMI-1640 (without added serum or i} containing 0.5
mg/ml EZ-Link-Sulfo-NHS-LC-Biotin was added and utmated at 3°C for
10 min. The biotinylation reaction was terminatgdduldition of Tris-HCL
(pH 7.5) to a final concentration of 50 mM. Follagibiotinylation, the cells
were washed in PBS, pelleted by centrifugation aptlbilized in PBS

containing 2% NP-40. The cells were further disedpby brief sonication.

3. Purification of biotinylated membrane proteins

Solubilized biotinylated membrane proteins from thenan leukemia cell
lines were purified on ImmunoPure Immobilized Moresia Avidin columns
(Pierce, Rockford, IL, USA), with modifications tfe protocol supplied by
the manufacturer. Briefly, 2.5 ml columns of Immiasd Monomeric Avidin
were prepared and extensively washed with PBS.cbhemns were washed
with 2mM D-biotin in PBS in order to block any noeversible biotin binding
sites on the column. The loosely bound biotin wamaved from the

reversible biotin binding sites by washing with 1 of 0.1M glycine (pH



2.8), and the columns were then extensively wash#dPBS. The disrupted
cells with membrane proteins biotinylation wereiagabjected to sonication,
after which the solubilization solution was clagdi by centrifugation (14,000
rom for 20 min at ZC). The solubilization solution was passed throtlggh
Immobilized Monomeric Avidircolumns three times, after which the column
was again extensively washed with PBS containing Nl®s40. The bound
biotinylated proteins were eluted from the colunithvemM D-biotin in PBS
containing 1% NP-40. Fractions containing eluteckgin were concentrated

on Centricon YM-3 columns (Millipore Corp, BedfoldA, USA).

4. 2-D PAGE and western blotting

Biotinylated proteins were analyzed with 2-D PAGEoteins were
solubilized with lysis buffer containing 8M urea%2pH 3.5-10 carrier
ampholytes, 298-mercaptoethanol, 2% NP-40 and 10 mM PMSF. Isodédect
focusing was carried out using either pH 4-8 carampholyte-based tube
gels for 13,200 volt-hours at room temperaturestiiimension gels were
loaded onto a cassette containing the second-dioregsl| after equilibration
in second-dimension sample buffer (125 mM Tris, @8 containing 10%
glycerol, 2% SDS, 1% dithiothreitol and bromophelole). Separation in the

second dimension was performed by electrophornesisli4% polyacrylamide



gradient SDS gels, antle samples were electrophoresed until the dye fron
reached the opposite end of the gel. Some gels wihrer-stained and
digitized for pattern analysis. For some other gils resolved proteins were
transferred to an Immobilon-P PVDF membrane. Unsthimembranes were
prepared for hybridization by incubation with blowk buffer (consisting of
Tris buffered saline (TBS) containing 1.8% nonfat thilk and 0.1% Tween
20) for 2 hours, then washed and incubated witltosdradish peroxidase
conjugated biotin-streptavidin complex (at a 1:4fiution) for 40 min at
room temp. The membranes were washed five timels WBS containing
0.1% Tween 20, once in TBS, briefly incubated in LECEnhanced
Chemiluminescence), and exposed to XAR-5 X-ray .filatterns visualized

were directly compared to comparable gel silveingtatterns.

5. In-gel enzymatic digestion and mass spectrometry

Additional two-dimensional gels containing proteieluted from avidin
columns were silver-stained by successive incubatio 0.02% sodium
thiosulfate for 2 min, 0.1% silver nitrate fo40 min, and 0.014%
formaldehyde plus 2% sodium carbonate. Phneteins of interest were
excised from the two-dimensional gelsd destained for 5 min in 15 mM

potassium ferricyanide and B sodium thiosulfate as described



previously*® Following three washes with water, the gel pieces were
dehydrated in 100% acetonitrile for 5 min and died30 min in a vacuum
centrifuge.Digestion was performed by addition of 100 ng ofpsinin
200 mM ammonium bicarbonate. Following enzymatigedtionfor 18 h at

37 °C, the peptides were extracted twice with 56f.80% acetonitrile/1%
trifluoroacetic acid. After removal afcetonitrile in a vacuum centrifuge, the
peptides were concentratesing pipette tips (C18, Millipore, BedforldA,

USA).

Peptide mixtures were analyzed using either an Ah@mn Biosciences
(Arlington Heights, IL, USA) matrix-assisted lassorption ionizatiotime-
of-flight (MALDI-TOF) Pro Version 2.0 mass spectretar, or by nanoflow
capillary liquid chromatograptgoupled with electrospray quadrupole time of
flight tandem masspectrometry (ESI Q-TOF MS/MS) in the Q-TOF micro
(MicroMass Manchester, UK). The peptide mixtures were analyzsidg a
saturatedolution of r-cyano-4-hydroxycinnamic acid (Sigma) in acetolsitri
containing 1% trifluoroacetic acid (0.5 pl of sam@I& pl of matrix).
Peptides were selected in the mass range of SODEOMALDI-TOF MS
gave a peptide mass fingerprint for each spot base¢de molecular mass of
trypsin-digested products. | calibrated the spewstth known trypsin-digested

peptides and NCBI databases. E/MS tandem spectra were recorded in

10



the automated MS to MS/Ms$wvitching mode, with amvz-dependent set of
collision offsetvalues. Doubly to triply-charged ions were selectad

fragmentedwith argon used as the collision gas. The acquigettra were
processed and searched against a hon-redundargPsatiproteirsequence

data base using the ProteinLynx global server.

6. 2-D image analysisand comparison

2-D images of human leukemia cell lines were armdyand compared
using Progenesis Workstation version 2002.01soéwionlinear Dynamics
Ltd., Newcastle-upon-Tyne, UK). Before | analyzbd gel image we selected
a set of best gel images of 6 human leukemia @a#isl The automatic
analysis protocol included spot detection, warpibgckground subtraction,
average gel creation, matching, and reference getlifivation. After
manually removing false positive spots, matching wane using a default,
fully automated, method. A minor amount of spottiadi was performed
including spot splitting corrections as well as amrmatch editing. After
minor spot editing, matched spots shared the saommbers through

synchronization. The results were exported to Efarehnalysis.
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1. Results

1. Biotinylation of surface membrane proteins
Figure 1A shows the biotinylated proteins in whaoll lysates of

U937 acute monoblastic leukemia cells subsequertliosurface labeling.
The pattern of visualized biotinylated proteins hasabundance of separated
proteins which do not show up in silver stained 2ébs of the same whole
cell lysates(Fig. 1B). Many of the resolved biotatgd proteins show trains
of spots, as one might anticipate with proteind t@ through many post-
translational modifications such as glycosylatigohosphorylation and
sulfation. While some proteins appear in the samoation in both the silver-
stained (Fig. 1B) and biotinylated (Fig. 1A) 2-Dtfeans, most biotinylated
proteins fail to appear in the silver stained 2-@itgrn of whole cell lysates.
This strongly suggests that | obtain a selective emhanced visualization of
low abundance proteirterough biotinylation of the surface membrane.

Figure 2 shows the similarity of silver stained2images of whole cell
lysates from 6 different leukemia cells. Most piageof whole cell lysates fail

to appear in the biotinylated 2-D patterns.

12



Figure 1. Visualization of biotinylated surface proteinsin U937 acute

monoblastic leukemia célls.

Detection of biotinylated surface proteins of U9&Hls. Surface proteins of
intact U937 cells were biotinylated, solubilizedsolved by 2-D PAGE, and
then transferred to PDVF membranes(A). They wersualized by

hybridization with streptavidin-HRP complex. Intstiagly, a lot of proteins
were detected, which were not present in the 2-I3 gésame whole cell
lysates shown in B.

13



Figure 2. Similarity of silver stained images of whole cell lysates from 6

different leukemia cells.

Expression patterns of whole cell lysates fromféedent leukemia cells were
similar each other but most proteins fail to appeathe biotinylated 2-D
patterns.

2. Purification of biotinylated surface membrane proteins

Figure 3 shows that the pattern of biotinylatedtgirs from the U937 cell
line visualized by hybridization closely resembthae pattern obtained from
silver stained gels of another aliquot of the samparation that were bound
to a monomeric avidin column. The patterns visealiby silver stain and
hybridization appear to be virtually identical. &ig 4 shows that the pattern

of biotinylated proteins obtained from silver s&dngels of 6 different

14



leukemia cells. The patterns visualized by silvains and hybridization
appear to be identical. The results of comparidahease biotinylated proteins

from 6 different leukemia cells have describedrlate
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Figure 3. Smilarity of U937 cell line biotinylation patterns as visualized
by hybridization and silver-stained images of the same monomeric avidin
column euate.

Surface proteins of U937 were biotinylated and fjrdi as described in
“Experimental Procedure”. Following solubilizatiorthe proteins were
resolved by 2D PAGE using carrier ampholytes (pto48) in the first
dimension, then visualized either by mass spectigroempatible silver
staining or hybridization with streptavidin-HRP cplex, as described in
“Experimental procedures”. Solid lines point totinglated proteins that were
identified by mass spectrometry. Interestingly, plagerns visualized by silver
stain and hybridization appear to be virtually itiead.
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Figure 4. Similarity of biotinylation patterns as visualized by silver-

stained images of 6 different leukemia cells.

3. ldentification of bictinylated surface membrane proteins

Figure 5 shows that the pattern obtained from ting-[515 cell line (3A),
B-lymphoblastic leukemia cell line, and the CEM/C2Il line(3C), T-
lymphoblastic leukemia cell line closely resemitles pattern obtained from
the B-lymphoblastic leukemia patient sample (3Bl dne T-lymphoblastic
leukemia patient sample (3D). These silver staidal gels of biotinylated
proteins were identical to the pattern of biotitgth proteins visualized by
hybridization. Solid lines point to biotinylatedgteins obtained form four

different cells shared common proteins, while simgwother proteins that

16



were restricted to each cell populaion (Table 1).

‘.1\_.
A _ A
S Bl
E3 g & 1 12
b ST L '\
" 13\14 - - -
S
TL 1|G
———— i e pra————
€ — WA
S Y
Se e b -
I“‘b
.= [ |
.*.,
" - - ?,‘ a -
- ;‘-. . - ,!-\;- Fn— - '-‘—“"_'_.*'
s s .

Figure 5. Similarity of biotinylation patterns between the Sup-B15, B-
lymphoblastic leukemia cell line (A) and the CEM/C2, T-lymphoblastic
leukemia cell line (C) as visualized by slver-stained images and B-
lymphoblastic leukemia patient sample (B) and T-lymphablastic leukemia
patient sample (D).

Identified proteins are numerically labeled andidated by lines. Solid lines
point to biotinylated proteins obtained from fouffetent cells which were
highly similar to one another.
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Table 1. Identified surface proteins from Sup-B15 acute B-lymphoblastic
leukemia cdl line.

Number Gene symbol Protein name

1 ITGB2 Integrin beta chain, beta 2 precursor
2 TFRC Transferrin receptor

3 TFRC Transferrin receptor

4 HSPAS 78kDa Glucose regulated protein, BiP
5 HSPAS8 HSP 70Kda protein 8

6 HSPA2 Heak shock 70kDa protein 2

7 HSPA9B GRP75

8 PDI Protein disulfide isomerase

9 HSPD1 60kDa heat shock protein

10 JC5704 Protein disulfide isomerase

11 JC5704 Protein disulfide isomerase

12 CAT Catalase

13 P10319 HLA-Bw58

14 P10319 HLA-Bw58

15 CD38 CD38 antigen

16 CD38 CD38 antigen

This proteins numbered in figure 5 were submitteMALDI-TOF MS analysis and identified

Figure 6 shows profiling of the major chaperoniotpms of the 6 different
leukemia cell line. There is relatively large sétpwoteins with chaperon
functions, including heat shock proteins (HSPs)PG&® HSP70, HSP60 and
PDIs which are previously considered to be largeljtoplasmic or
endoplasmic reticulum (ER) proteins. | confirmed 38Dexpression on the
cell surface of CEM/C2, acute T-lymphoblastic lemk& cell line, with

monoclonal antibody to CD38 (Fig7).
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Figure 6. Expression of chaperone proteinsfrom 6 different leukemia cell
lines.

Monoclonal Ab to CD38 Blot Silver

Figure 7. CD 38 expressions on the cell surface of CEM/C2 leukemia cell
linewith monoclonal antibody to CD38.
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4. 2-D gel image analysisand comparison

Gel images from six different cell lines were cargdl to one another
using Progenesis software. After automated proegssnatched spots were
individually confirmed by manual examination. Thenshronization then
gave matched spots the same number. In this studyaleof 749 spots were
detected and analyzed from 6 leukemia cell lin85. §pots were biotinylated
and 54 spots non-biotinylated. 40 out of 749 (5pets were shared among 6
different cell lines. They were HSP90, HSP70, HSHHDI, catalase, GRP78,
GRP75, CD38, integrin beta chain and transferriegeptor (Table 1). 106
spots (14.2%) in 5 cell lines, 142 spots (19.0%}icell lines, 177 spots
(23.6%) in 3 cell lines, 164 spots (21.9%) in 2| digles, and 120 spots
(16.0%) were restricted to a specific cell line.spbts were restricted to the
U937 cell line, 15 spots to the HL60 cell line, &dots to the Sup B-15 cell
line, 30 spots to the KG1 cell line, 18 spots te ®EM/C2 cell line, and 6
spots to the K562 cell line. All 120 spots were lgred and 57 spots were
identified as 36 different proteins by MALDI-TOFvé&n though some of
them are cytosolic proteins, there are CD antigem$ surface membrane
proteins such as immunoglobulins and MHC molec(feble 2). Thirty-five
out of 36 proteins were restricted to one leukeadith in this study but had

matched spots in different gels or identified ifiedent spot in the same gel of

20



different cell line. For example, Integrin alphaahd integrin alpha-X were
restricted in HL-60 leukemia cell line in this syudut had matched spots in
different gels of K562, KG1, Sub-B15. CD38 weretnieted in KG1 but had
identified spots in Sup-B15 and U937 and had matcmets in different gels
of K562, KG1, and HL-60. Among the 36 identifiedof@ins we found a
glycophorin restricted to K562 leukemia cell limedehad no matched spots in
different gels of other leukemia cell line or didtndentify in different cell
line in this study. Fig 8 displays the restricteattern of glycophorin in the

K562 cell line based on comparison of the 6 leuleegsils.

21
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Figure 8. Restricted expression of glycophorin tothe K562 cell line.

A circled spot was restricted to K562 cell line eTéther spots were
located at least 2 leukemia cell lines or restddteother leukemia
cell line.
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Table 2. Identified proteinsrestricted to one leukemia cell.

Ptotein name K562 CEM/C2 KG1  Sup-B15 U937 HL-60
MHC class | antigen HLA-A Present Present MS MS Present Present
HLA-DRB1 Absent Present Present Present Absent Absent
Integrin alpha-L MS MS MS MS AbsentPresent
Integrin alpha-X MS MS MS MS Absent Present
Integrin beta-1 MS PresentPresent MS Present Present
Integrin beta-2 MS PresentPresent  MS Present Present
GRP78 Absent MS MS MS MS MS
CD31 antigen Present MS Present MS Present Present
Transferrin receptor protein 1 Present Presetesent  MS MS MS
CD38 antigen (p45) MS MS PresentPresent Present MS
CD86 antigen MS PresentPresent  MS Present Present
T-cell activation antigen CD26 MS PresenPresent Present Present Present
T cell receptor beta chain MS AbsenPresent Absent Absent Absent
Heat shock protein HSP 90-beta Present MS MS PresenMS MS
Protein disulfide isomerase A3 Present MS MS MS séhre  Present
protein disulfide isomerase (PDI) Present  Presdhitesent  MS MS MS
60 kDa heat shock protein Present MS MS MS MS MS
Heat shock 71 kDa protein MS MS MS MS MS Present
GRP75 Present MS MS MS MS Present
CD45 antigen Absent Present MS Present Present Present
CD147 antigen MS PresentAbsent MS Present Absent
CD106 antigen MS AbsentPresent ~ MS Present Absent
CD11b MS Present MS MS Present Present
CD18 antigen Absent MS Absent Present Absent Absent
CD44 antigen Absent PresentAbsent Present MS Present
Calnexin Present PresenPresent Present Present Present
Membrane glycoprotein M6-a Present MS MS MS MS MS
Catalase Absent  PresenPresent Present MS MS
CD6 Present  AbsentPresent Present Absent Absent
Membrane progesterone receptor Present  PresBhsent Absent Absent Absent
Activin receptor type 1B Absent PresentAbsent Present Absent Absent
Flotilin2 MS MS Present Present Absent Absent
4F2 antigen Heavy chain Present  PresenMS Present Absent Absent
Protein-tyrosine kinase Present  PreseRresent MS Absent Absent
P-glycoprotein Present  AbsentPresent MS Absent Absent
Glycophorin Present Abseribsent Absent Absent Absent

23



V. Discussion

My approach consists of the biotinylation of sugamembrane
proteins of surface membrane proteins of leukemits,cfollowed by their
comprehensive profiling, identification, analysisdacomparison. A basic
component in a biotin-avidin based applicatiorhis moiety to be targeted. In
the case of proteins, biotinylatie usually done via the-amino group of
lysine using anN-hydroxysuccinimidNHS) ester of a biotin analog. To
selectively label only thodgsine residues that aextracellular in orientation,
non-membraneermeable biotin reagents need to be utilized avemt the
entryof biotin into the cell. Sulfo-NHS-LC biotin is watsolublethus it is
not permeableacross hydrophobic lipid bilayers acan be utilized for the
selective labeling of surface membrgm®teins. Other groups that have
utilized sulfo-NHS-biotin foiisolation of individual cell surface proteins in
intact cellshave found selective biotinylation of plasma membraroteins®
My approach for the comprehensive profiling andnidfication of surface
membrane proteins involves the selective biotigtadf the surface proteins
of intact cells. As the population of surface meama proteins that are
biotinylated represent low abundance proteins atwhole cell level, it is

necessary to utilize an enrichment procedure fotligvbiotinylation to allow
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identification of the biotinylated proteins. To ghiend, a column of
immobilized monomeric avidin is utilized to bindobinylated proteins. In this
study, column eluates from different cell populaticare concentrated 400-
fold, and aliquots resolved by 2-D PAGE, followey dither silver staining
for some aliquots or transfer to PVYDF membranes,otinylated proteins
are visualized by hybridization with a streptavitiorseradish peroxidase
complex and detected with ECL reagent. As showfigire 1 and figure 3, |
have obtained a selective and enhanced visualzaifolow abundance
proteins through biotinylation of the surface meam® and most proteins

captured on the column represented biotinylateteprs.

In this study | have identified both well- knownrace proteins such as
CD antigens, immunoglobulins, receptors and alsapelonic proteins
including heat shock proteins (HSPs) and protesnlfide isomerases (PDIs).
Because HSPs and PDIs were previously consideried kargely cytoplasmic
or endoplasmic reticulum (ER) proteins, | reviewreant knowledge of cell
surface expression of specific chaperone prot&bd, like other members of
its family, is a soluble protein, not likely to lmserted into the membrane.
Some interesting roles have been attributed toscetbhce PDI. In general, the

protein thioredoxin is seen to be involved in teducing activity of the cell
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exterior!® so that macromolecule disulfide bridges coming ioontact with
or present on the cell surface can be reshuffleccduced. For example, the
cell surface thiol levels in lymphocytes and inrdisarcoma cells positively
correlate with the amount of cell surface PPt In contrast, an inverse
correlation has been found in B cell chronic lympyte leukemia, in which
inhibition of surface-bound PDI with bacitracin @nti-PDI antibodies
resulted in a high increment in thiols of the celembrane proteir.
Although the function of these external thiols dineir relationships with PDI
remain unclear, their importance is suggested bysignificant increase in

surface thiols in conditions such as lymphocytévation or leukemig®?2

Recently It has been reported that the surface 0bléISP98® and
HSP73* As shown in figure 6, a large set of chaperoratgims are shared
spots especially in acidic portion of gels. But gh@ct amounts and roles of
chaperone proteins on the cell surface are stitl glear. Although the
functions of some chaperone proteins on the surfemmbrane of
hematopoietic cells or leukemia cells has been desimated, a satisfactory

explanation of their function remains to be elutéda

In many instances CD antigens are expressed ontgréin stages of
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development and the biological functions of manythe identified proteins
are still unknown. Unlike the morphological criteriused in classical
hematology for the description of specific develemwal stages of
lymphocytes, the use of monoclonal antibodies alaWwe objective and
precise analysis and standardized typing of manteimmature normal and
malignant cells of all lineages. Use of these alibs also helps to delineate
the biologic traits that distinguish normal immuand hematopoietic cells
from their malignant counterparts, which is of fantental importance in
understanding hematological malignancies, espgclalikemias. However,
these antibody-based methods for the identificatbbrsurface membrane
proteins such as flow cytometry are expensive abdrtintensive, requiring
5-20ul quantities of fluorescently-labeled antibodiesO-80Qug/ml) and
allowing concurrent analysis for only a limited noen of surface membrane
proteins or CD antigens, usually three to foun this study | identified many
surface membrane proteins, including CD antigenssach 2D gel in human
leukemia cell lines at the same time. As showniguré 5 and table 1, |
identified similar surface membrane protein patdratween leukemia patient
samples and cell lines. Despite many advances Dnt@ehnology, there is
some limitation. One of them is reproducibility2D gel image especially in

the basic portion. Expression of CD38 is in bagidipn in 2-D gel image.
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This is why | used monoclonal Antibody to CD38 tonfirm CD38

expression on the cell surface of leukemia celthiim study.

Two-dimensional electrophoresis is currently theecaechnology for
studying the differences in protein expression levand their post-
translational modifications between various biotadisamples. The power of
the 2-DE technique lies in its capacity to sepasatailtaneously thousands of
proteins for subsequent protein identification aqpdhntitative comparison
studies. However despite the significant improvetsi¢o the technique such
as immobilized pH gradients and its coupling withss spectrometry analysis
it is still difficult to automate and to reprodutiee basic portion of 2-D gel
images. In this study | have compared 6 differetitlimes and only 40 out of
749 (5%) spots were shared among 6 different iwedkl This is because one
protein can make various spot numbers on the 2 §eE according to
posttranslational modifications and sometimes tlageestreak line instead of
line of spots due to lack of reproducibility in tbasic portion thus it is very
hard to match the spots that identified as sam&ijorcAs shown in Table 2,
120 spots were thought to be restricted to oneclik cell line (16%) were
analyzed and 57 spots were identified as 36 diftepgoteins by MALDI-

TOF. Thirty-five out of 36 identified spots werestgcted to one leukemia
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cells in this study but had matched spots in diffiérgel images or present in
other position in the same 2-D gel image. As dbsdriearlier, some protein
makes various numbers of spot on 2-D gel accortiingost-translational

modification. Thus it is very hard to match as Hane spots if one protein

makes different number of spots in different gels.

Glycophorin is major red cell membraine sialoglyaipin and has a
molecular weight of 36kd. In its native state, gighorin has little or no
direct interaction with the membrane cytoskeléfofhe abundance of sialic
acid is predominantly responsible for the negatitarge of the red cell
membrane. Thus, an important function of glycophaesi to minimize cell-
cell interactions and prevent red cell aggregationhe circulatior” This
protein has been found only in the K562 cell linet in other leukemia cell
lines?® In this study | identified a glycophorin restridtéo K562 leukemia
cell line. This finding suggests my method for gelage analysis and
comparison can effective approach for the idemifan of the specific

proteins on a particular leukemia cells.
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V. Conclusion

The comprehensive profiling of the leukemia celiface proteome and the
gel image analysis and comparison provide an éffecapproach in
identifying commonly occurring proteins as well gi®teins with restricted
expression patterns in a specific leukemia celle.lift is likely that
characterization of the changes that occur at th# surface during
differentiation in response to various stimuli addring leukemogenesis
processes will lead to a better understandingesdtprocesses and will further

expand the repertoire of diagnostic and therap¢ariets of leukemia.
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