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By a biopanning method using cell sorter, we quickly isolated an antibody phage
clone (S1T-A3) specific to human T-lymphotropic virus type 1-carrying T-cell line S1T
from a human single chain Fv (scFv) antibody phage library. This scFv antibody
bound to HTLV-1-carrying T-cell lines including MT-2, MT-4 and M8166 other than
81T, but not te non-HTLV-1-carrying T-cell lymphomas such as Jurkat and MOLT4
cells. Interestingly, this antibody induced the cell death on S1T cells very quickly
(<30 min). We tried to identify the target molecules by western blotting and mass
spectrometric analysis, revealing that the target antigen was HLA class II DR. The
cell death was induced only in dimmer form of scFv (diabody) and at 15-fold lower
concentration than that of a fusion protein of scFv and human IgG Fe [(scFv)3-Fe] or
anti HLA-DR mouse whole antibody 1.243. Thus, S1T-A3 diabody is a small antibody
fragment with agonistic activity to induce cell death through HLA-DR. This is the
first report elucidating that diabody specific to HLA-DR is effective to induce the
cell death in T-cell malignancy especially adult T-cell leukaemic cell line.

Key words: adult T-cell leukaemia, human antibody, scFv, phage library, diabody.

Abbreviations: APC, antigen presenting cells; ATL, adult T-cell leukaemia; FACS, fluorescence-activated
cell sorter; FBS, fetal bovine serum; FITC, fluorescent isothiocyanate; HLA, human leucocyte antigen;
HTLV-1, human T-cell leukaemia virus type 1; mAb, monoclonal antibody; MHC, major histocompatibility
complex; PE, phycoerythrin; PI, propidium iodide; RMF, relative mean fluorescence; scFv; single chain Fv;
SPR, surface plasmon resonance.

ATL (adult T-cell leukaemia) is a disease, which is
caused by infection of the retrovirus HTLV-1 (human
T-cell leukaemia virus type 1) -to CD4* T cells. As many
as 10-20 million people worldwide are estimated to carry
the virus (I, 2). Other diseases caused by HTLV-1
infection include HAU (HTLV-1 associated uveitis) and
HAM/TSP (HTLV-1-associated myelopathy/tropical spas-
tic paraparesis), which is a neuro-degenerative disease.
Although the frequency of ATL development in the life of
the carriers is low (2-6%), its prognosis is generally
severe after the development of ATL (2). Nevertheless,
a human antibody for therapeutic use of ATL has not yet
been established until now.

The antibody phage library has become a major
technology that directly isolates human antibodies for
therapeutic use (3), along with hybridoma technology
using trans-chromosome mouse (4). In cell panning to
isolate the cell-specific phages by antibody phage display
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library, several methods were developed to remove
non-specific phages, for example, by washing the
eells with repeating centrifugation and suspension (5),
by recovering the cells with magnet beads (6) or by
sedimentation of the cells though centrifugation in
organic solvent (7). We employed here another panning
method using cell sorter (8, 9) for rapid isolation of
the binders and for less damage giving the cells.
Furthermore, by use of the control cells as absorber, we
could obtain the antibody phages which recognize the
unique antigens expressed specifically on the target cells,
facilitating the finding of novel tumour markers (10, 11).

We isolated a human scFv antibody specific to S1T
cells, a cell line derived from an ATL patient (I12) by
a cell panning method using a cell sorter from a single
chain ' Fv (scFv) human antibody . phage library.
Interestingly, the obtained scFv antibody induced a cell
death on S1T cells within in a very short time (<30 min).
In this report, we identified the antigen on S1T cells
targeted by this scFv and elucidated the molecular
structures” which is essential for ‘inducing  the cell
death. The antibody isolated here can be expected as
small therapeutic antibody to kill the malignant T cells.

© The Authors 2009. Published by Oxford University Press on behalf of the Japanese Biochemical Society. All rights reserved.
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Fig. 1. The envichment of the SIT cell-specific phages by
cell panning on cell sorter. The binding activities of the
phages amplified after each round of cell panning against S1T
cells were analysed using- FACS. The lines represent the
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histograms after the first (thick line), second (broken line) and
third round (dotted line) of cell panning. The grey line indicates
the control data of the cells stained without phages.
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Fig. 2. The binding specificity of S1T-A3 phage clone to
S1T ecell. S1T-A3 (A) or non-specific control {B) phages were
incubated with the mixture of MOLTY4 and S1T cells, the latter of
which were labelled with FITC-conjugated anti CD30 mAb, and

analysed on FACS. The other three panels indicate the FACS
data for S1T cells labelled with FITC-conjugated anti CD30 mAb
(C), non-labelled MOLT4 cells (D) and their mixture (E),
respectively.
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Fig. 3. The amino acid sequence of the S1T-A3 scFv clone
deduced from the DNA sequence. The complementary
determining regions (CDR1-CDR3) and the frame regions
(FR1-4) were assigned according to Kabat’s numbering. The

MATERIALS AND METHODS

Cells and Proteins—The HTLV-1-carrying T-cell line
S1T was previously established from the peripheral blood
meononuclear cells (PBMCs) of an ATL patient (12). The
other cells used here (HTLV-1-carring T-cell lines: MT-2,
MT-4 and M8166; HTLV-1-negative T-cell lymphoma cell
lines: MOLT-4 and Jurkat; B-cell lymphoma cell lines:
Dauji and Raji) are described in the previous report (13).
All cell lines were maintained in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 100U/ml penicillin G and 100pg/ml
streptomycin. The murine L929 cells (ATCC CCL-1)
transfected with the human HLA-DR genes (HLA-
DRB*0101 and HLA-DRA*0101) are referred to as
15723 cells.  The purified HLA-DR melecule
(DRA*0101/DRB1%0405) was kindly gifted by Prof.
S. Matsushita (10). )

Antibody Phage Library—Human naive scFv phage
library with a diversity of 4.5x 10° was constructed
using pCANTABSE phagemid vector, as described
previously (14).

Cell Panning on Flow Cytometry—One million S1T
cells - were. labelled with fluorescent isothiocyanate
(FITC)-conjugated. anti-human CD30 mouse monoclonal
antibody (mAb) for 30 min on ice and were washed once
with phosphate-buffered . saline  (PBS). After adding
1% 10° MOLTH4 cells, the cells were suspended in 500 ul
PBS containing 1% BSA and were incubated with. the
scFv-phage library of 1 x 10**TU (transforming unit) at
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CDR regions are indicated in bold letters (A and B). The scFv
nucleotide sequence was analysed by searching the IMGT/V-
QUEST database to identify the gene usage on the immunoglo-
bulin germ line (C) (35).

4°C for 1h, with gentle shaking on a rotator. After
centrifugation (500g, 30s), the cells were re-suspended
in PBS containing 2% FBS (2.5 x 10° cells/ml in 8ml),
After filtration through 40pm Nylon Mech (Kyoshin
Rikoh Inc.), the cells were supplied for cell sorting on an
EPICS ALTRA HyperSort (Beckman coulter Inc.) with
fluorescence emission (512nm) by excitation at 488nm.
The S1T cells separated by cell sorting were suspended
in PBS and treated with 76 mM citric acid solution (pH
2.5) at room temperature for Hmin to dissociate the
bound phages. After neutralization with 1M Tris-HCl
(pH 7.4), the cell suspension was transferred to the
culture of Escherichia coli. TG1 in logarithmic growth
phase for infection. The scFv-displayed phages were
rescued by co-infection with M13KO7 helper phage and
purified: by polyethylene glycol (PEG) precipitation from
the culture supernatant, as described previously (14, 15).
This biopanning process was repeated three times. The
phages after the second and third round of biopanning
were cloned and used for binding analysis on flow
cytometry.

Flow Cytometric Analysis—The mammalian cells with
80-90% confluent growth were collected by centrifuga-
tion and washed once in cold PBS and twice in FACS
buffer (PBS containing 10% FBS and 0.1% sodium azide).
The cells (1 x 10° cells) were incubated with the cloned
phages or the purified scFv for 30 min. After washing the
cells  twice with FACS buffer, the phages bound to
cells were stained by biotinylated anti-M13  mAb
(GE Healthcare) and phycoerythrin (PE)-conjugated
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Fig. 4. Bindings of S1T-A3 scFv to HTLV-1-carrying T-cell
lines (S1T, MT-2, MT-4 and M8166) and non-HTLV.1-
carrying T-cell lines (MOLT4 and Jurkat). The cells were
stained with scFv, anti-His-tagged mouse mAb and FITC-labelled
anti mouse antibody and supplied to FACS analysis (thick line).
The broken and dotted lines indicate the cells only and the cells

streptavidin (Beckman Coulter Inc.). The scFv that
bound to the cells was stained with an anti-His tag
mAb (GE Healthcare) and FITC-conjugated anti-mouse
IgG antibody. For staining HLA-DR, PE-conjugated anti-
HLA-DR (1.243) mAb was used. Cells were washed twice
with FACS buffer and then analysed on an EPICS XI,
flow cytometer (Beckman Coulter Inc.).

Purification of scFv for Cellular Assay—The expression
of scFv in E. coli HB2151 infected with the phage clone
S1T was localized in the cytoplasmic fraction. Therefore,
the original C-terminal tag (E-tag) of scFv was replaced
with ‘a His-tag by recombination of the gene from
pCANTABSE to a pCANTAB6 vector to generate
pCANTABG/S1T-A3 phage. The phage was infected to
E. coli HB2151 and the S1T-A3 scFv was expressed in
HB2151 by induction of 1 mM IPTG at 30°C. The bacterial
cells were disrupted by ultrasonication and the super-
natant obtained by centrifugation was supplied to affinity
purification on His Trap™ HP column (GE Healthcare),
according to the manufacturer’s instructions. The scFv

stained without scFv, respectively. The increase of the fluores-
cence intensity of the cells by binding with scFv was evaluated as
the relative mean fluorescence (RMF) with seFv vs. without scFy,
which gave the values of 330, 116, 51, 3.0, 1.1, 1.2 for S17T, MT-4,
M8166, MT-2, MOLT4 and Jurkat cells, respectively.

was further purified on the gel permeation HPLC on
Superdex75 (10/300 GL, GE Healtheare) equilibrated with
0.1 M phosphate buffer (pH 7.0).

Mass Spectrometric Analysis for  Antigen
Determination—The S1T cells were lysed in lysis buffer
(pH 74, 10mM Tris—HCl buffer containing 0.5mM
EDTA, 150mM NaCl, 1% Tween-20, 50 ug/ml DNase 1
and protein inhibitor cocktail, Sigma—Aldrich) by combi-
nation with the ultrasonic disintegrator. The cell lysate
was centrifuged and the supernatant was mixed with
2 x SDS sample buffer containing 5% 2-mercaptethanol
and subjected to SDS-PAGE on 5-20% gradient gel. The
gel was subsequently supplied to western blot analysis to
detect the protein band, which was recognized by S1T-A3
scFv. After CBB-staining, the gel fragment including the
positive band on western blot was excised, destained and
in-gel digested with trypsin. The digested peptides were
analysed on LC-MS/MS (Medigenomics, Germany) and
their mass spectrum data were analysed by MASCOT
search.

J. Biochem.
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Fig. 5. Cell death of S1T cells induced by S1T-A3 scFv. (A)
S1T cells or MOLT4 cells were incubated with S1T-A3 scFv
(5nM) at 37°C for 1h and were stained with propidium iodide
(P1) and Annexin V staining solution for 15 min. The stained cells
were analysed on a flow cytomer. (B) Morphological aspects of the

Preparation of (scFuv)g-Fc of SIT-A3-ScFv gene of
SIT-A3 was cloned into mammalian expression vector
pCAG-H with a human IgG; constant region (16,
pCAG-H- SIT-A3). (ScFv)s-F¢ of SIT-A3 was expressed
by ‘using FreeStyle 293 system (Invitrogen). Briefly,
FreeStyle 293 cells were transfected with a pCAG-H-
SIT-A3 by 293 fectin accordinig to the manufacturer’s
instruction and culture 72h. The supernatants were
removed from the cells by centrifugation ‘and filtered
through a 0.22-1im membrane. The expressed (scFv)y-Fe
of SIT-A3 was purified by protein A affinity

Vol. 145, No. 6, 2009

4]
W0

030 A

Annexin V

cell death were examined on OLYMPUS IX71 micrescope.
The S1T cells were incubated with' 10nM scFv (right panel) or
with. no scFv. (left panel): for 30min and subjected to the
microscopic observation. Scale bar in picture indicates the
length of 200 pym.

chromatography (GE healthcare). Purified (scFv)y-Fc of
SIT-A3 was analysed by size-exclusion chromatography
under presence of 0.2M arginine (17).

Cell Killing and Apoptosis Assay—Cells (1 x 10° cell/
30 D) in RPMI 1640° medium containing 10% FBS were
incubated with anti-HLA-DR antibodies at 37°C for
30min. The cells were centrifuged and subjected to the
flow cytometer to count the viable cells. The killing
activity (%) was evaluated by viable cell recovery:
[(viable untreated)—(viable treated)]/(viable untreated)
x 100. The Annexin V-FITC assay was also performed
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Fig. 6. Binding specificity of S1T-A3 seFv to HLA-DR-
expressing L cells (I.57.23). The cells (L929 or L57.23 cells)
were stained with PE-labelled L243 mAb: (anti-HEA-achain
mouse mAb, thick line in. the upper panel) or with S1T-A3
scFv, anti-His mAb and FITC-labelled  anti-mouse mAb: (thick

to quantitatively determine the percentage of apoptotic
cells using the TACSTM  Annexin V-FITC apoptosis
detection kit (R&D System).

DNA Sequencing—The DNA sequence of phages was
determined by the Dye Terminator method using
primerl (5-CAACGTGAAAAAATTATTATTCGC-3  for
scFv gene) on the ABI PRISM3100 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA)

ELISA—Each well of the microplate (Nune, Maxisop)
was coated with HLA-DR (50ng/d0ul/well) in 0.1M
NaHCQ; and blocked with 0.5% BSA in PBS. scFv was
added to each well and incubated for 1h. The wells were
washed five times with PBS containing 0.1% Tween-20
and the bound scFv was detected by an anti-His tagged
mouse mAb and alkaline-phosphatase (AP)-conjugated
anti-mouse 1gG (Jackson Immuno Research, West Grove,
PA, USA). Using p-nitrophenyl phosphate as a substrate,
the colorimetric assay was performed measuring the
absorbance at 405 nm using a microplate reader NJ-2300
(System Instruments, Tokyo)

Protein Concentrations—Protein concentrations were
determined from the absorbance at 280nm using
molecular extinction coefficients (esg0) of 48,360, 96,720
and 167,400 (absorbance unit of M~tem™) for scFv
monomer, diabody and (scFv)y-Fe, respectively.

Fluorescence intensity

line in the lower panel). The dotted lines in the lower panel
indicate the data for staining without scFv. The broken
lines indicate  the-data for the cells. only. The RMF values of
S1T-A3 binding: were 9.2 and 1.3 for L57.23 cells and L cells,
respectively,

RESULTS

Isolation of An Antibody Clone Specific to HTLV-1-
Carrying Cells—To isolate a human antibody specific to
S1T cells (HTLV-1-carring cells) from a human scFv
phage library, the cell panning method in combination
with a cell sorter were employed. The S1T cells (1 x 10%)
were first labelled with FITC-conjugated anti-CD30 mAb,
as €D30 is known to be highly expressed by adult T-cell
leukaemia cell lines’ (18), mixed with control cells
(MOLT4, 1x10% and reacted with scFv antibody phage
library (1 x 10'2TU). The S1T cells were collected by
a cell’ sorter. The phages binding to the cells were
amplified through re-infection to E. coli TG1 and
supplied to the next round of cell panning. After only
two rounds of panning, S1T cells-specific binding phages
were enriched (Fig. 1). Among the 30 clones isolated from
the pooled phages after the second and third rounds of
panning, the 15 clones showed the binding activities to
the S1T cells. Their DNA sequences were determined
and a single clone S1T-A3 was identified. As shown in
Fig. 2, S1T-A3 phage indicated the specific binding to
S1T cells with no binding to MOLT4 cells, indicating that
S1T-A3 recognized a unique antigen expressed on SIT
cell. The amino acid sequences of the VH and VL regions
of SIT-A3 are shown in Fig, 3.

J. Biochem.
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Fig. 7. Antigen determination of SI1T-A3 scFv by ELISA
(A) and western bletting (B). HLA-DR coated on the plate
was detected by S1T-A3 scFv, anti-His-tagged mouse mAb and
AP-conjugated anti-mouse IgG. The SDS-PAGE gel of HLA-DR
was subjected to silver staining or western blot analysis with
S1T-A3 scFv or HU-4 mAb (mouse mAb specific to the human
HLA-DR B chain). In the silver-stained gel, the upper (34kDa)
and lower (29kDa) bands corresponded to the HLA-DR  and
chain, respectively.

The scFv was purified from the cytoplasmic fraction of
the bacterial cells infected with S1T-A3 phages and the
binding analysis was examined against several T cell
lymphoma cell lines (HTLV-1-carrying T-cell lines: S1T,
MT-2, MT-4 and M8166 and non-HTLV-1-carrying T-cell
lines: MOLT4 and Jurkat) on FACS. The results
indicated the scFv bound to the four HTLV-1-carring
T-cell lines strongly or moderately, but not to the non-
HTLV-1-carrying T-cell lines (Fig. 4), suggesting that the
cell-surface antigen recognized by S1T-A3 is a potential
marker for malignant T-cells during HITLV-1-infection.

Cell-Death-Inducing Activity of SIT-A3 scFu—Of
interest, we found that the SI1T cells Iysed during the
incubation with S1T-A3 scFv. Therefore, we examined
the apoptotic activity of S1T-A3 by Annexin V/propidium
iodide (PI) staining (Fig. 5A). Although apoptosis was
generally defined by. an increased Annexin V-positive
and Pl-negative cell population, the S1T cells incubated
with S1T-A3 scFv were doubly-stained by PI and
Annexin V, suggesting that the cell death induced by
S1T-A3 is not typical apoptosis but apoptotic cell death
with necrotic properties.

The cell death of SIT cells by S1T-A3 scFv was rapidly
induced with 30 min, changing largely the morphology of
the cells (Fig. 5B). After incubation of the cells with scFv,
the cells were aggregated and lead to cell lysis.

Vol. 145, No. 6, 2009
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Antigen Targeted by S1T-A3 scFv—We subsequently
determined the antigen targeted by S1T-A3 scFv.
Western blot analysis of the S1T cell lysate indicated
a positive band (32.5kDa) stained with S1T-A3 scFv
(data not shown). The gel fragment corresponding to the
positive band on western blot was excised, subjected to
in-gel digestion with trypsin and then LC-MS/MS
analysis. The mass spectrum data of the obtained peptide
fragments were subjected to MASCOT search on human
IPI (International Protein Index) database (EMBL-EBI.
The potential candidate for antigen of the cell surface
was found to be HLA-DRJ.

To confirm this, we examined the binding ability
of SI1T-A3 scFv to HLA-DR-expressing 157.23 cells,
a murine L-cell transfectant with HLA-DRB*0101 and
HLA-DRA*0101 genes. S1T-A3 scFv bound to the L57.23
cells but not to control L929 cells (Fig. 6). Furthermore,
ELISA and Western blotting analysis using the purified
HLA-DR (DRA*0101/DRB1%#0405) molecules confirmed
the binding of S1T-A3 scFv to HLA-DR and its specificity
to B chain of HLA-DR (Fig. 7).

Cell Death Activities Dependent on Molecular Formats
of SIT-A3 scFv—QGenerally, scFv produced by E. coli
sometimes contains the dimer (diabody) as well as the
monomer form. S1T-A3 scFv purified here also contained
the two forms of scFv in almost equal amounts, which
was detected on the size exclusion chromatography (data
not shown). To examine which form is responsible for the
cell death activity, each purified scFv form was subjected
to cell lysis analysis by counting the viable cells on FACS
{Fig. 8). The viable cell number did not change even after
treatment with 120nM scFv monomer. In contrast, the
treatment with only 6 nM diabody largely reduced
the cell viability to 20%. This finding clearly indicates
that the dimer form is essential for the induction of cell
death through HLA-DR ligation. This diabody harboured
a linker peptide composed of 15 amine acids, (GGGGS),
between the VH and VL domain. To test the effect of the
linker length on cell-death activity, we prepared
diabodies with different lengths of linkers composed of
(GGGGS), and (GGGGS),, and compared their cell-death
activities. The purified three- diabodies showed similar
dose-dependent activities with ECsq of 2-5nM (data not
shown), indicating that the difference of the linker length
between 5 and 15 amino acids does not influence the
cell death activity so much.

On the other hand, an alternative scFv dimer molecule
(a fusion protein of scFv and human IgG Fe, (scFv),-Fe)
was constructed. This molécule showed a comparative
binding to S1T cells with a relative mean fluorescence
(RMF) of 311 (Fig. 9A), where that of S1T-A3 scFv was
330 (Fig. 4). The surface plasmon resonance (SPR)
analysis on BlIAcore also showed a tight binding: of
(scFv)y-Fe to HLA-DR molecules with an apparent
dissociation constant Ky of 1.9nM (Fig. 9B). In spite of
its tight binding, (scFv)y-Fe unexpectedly showed a weak
cell death-inducing activity (BECgo: 26 nM £ 8), which was
15-fold more than that of the diabody (ECsp: 1.8 nM £ 0.8)
and similar to that of L243mAb (ECsp: 22n1M£2), an
apoptosis-inducing mouse mAb specific to o chain of
HLA-DR.
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Fig. 8. Cell-death-inducing activities by the different
molecular forms of S1T-A3 scFv [monomer, diabody and
(seFv)y+-Fc] on S1T cells. The S1T cells were treated with the
different forms of scFv at the indicated concentrations. The viral
cells were recovered by centrifugation and were counted using

Cell-Death-Inducing Activities of SIT-A3 Diabody on
Other HLA-DR Expressing Cells—We further examined
the cell-death-inducing: activities of S1T-A3. diabody on
the cell lines other than S1T cells (Fig. 10A). Under the
condition where more than 90% S1T cells died, the cell
death was observed in 60% of MT-4, 8% of M8166 and
15% of Daudi cells, and the no significant cell death was
done in MOLT4 cells. These cell-death capabilities seem
to accord with the expression level of HLA-DR on the
surface of the cells, Figure 10B showed the expression
level of HLA-DR examined on FACS by staining with
anti-HLA-DR o chain mouse mAb (1.243). The S1T cells
highly expressed HLA (RMF: 520), MT-4 or Daudi
cells moderately (RMF: 72, 55). M8166 and MOLT4
cells at very low level or not at all (RMF: 4.0 and 1.0).
Interestingly, in. spite of the similar expression of
HLA (RMF:72 and 55) and the comparable cell-death
induction by 1243 mAb (14 and 20%) between MT-4 and
Daudi cells, the extent of the cell death by S1T-A3
diabody was largely different (156% and 60% for MT-4
and Daudi). This discrepancy may be caused by the
differences of the accessory molecules for HLA-derived
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the flow eytometer. The recovery yields of the cells are expressed
as a percent ratio of the cell count with vs. without the antibody
treatment. The 1.243 mouse mAb was used as a control Ab
inducing cell death.

cell-death signalling and/or of HLA § chain isoforms
between the cell lines.

DISCUSSION

In this report, we identified HLA-II molecules as a S1T
cell-specific marker by isolation of S1T-specific antibody
(scFv) and determination of its antigen. HLA-II (human
MHC-class II' molecules) is a heterodimer composed of
an o chain and a highly variable § chain, and classified
into three groups of the gene family, namely HLA-DP,
HLA-DQ and HLA-DR. This molecule is expressed on the
antigen presenting cells (APC) such as macrophages and
dendritic cells, and functions as antigen presentation
molecule to T cells in the activation of the immune
response (19, 20). It is well known that the expression of
these molecules is increased in the malignant lympho-
mas and therefore especially HLA-DR has hecome a
clinical target for antibody therapy to B-cell lymphoma
(21, 22). On the other hand, it was reported
that HLA-DR expression is enhanced in the activated
T-cells or in malignant T-cells including several
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Fig. 9. Binding analysis of S1T-A3 (scFv),-Fc to SIT cells
on FACS (A) and to HLA-DR molecules by surface
plasmon resonance (SPR) analysis (B). The cells were
stained with (scFv),-F¢, biotinylated anti-human Fc mAb and
PE-labelled streptavidin (SA) (thick line). The dotted and broken
lines indicate the data for staining without (scFv)e-Fe and the
cells only. The relative mean fluorescence (RMF) values of
(scFv),-Fe to S1T and MOLT4 were 311 and 0.8, respectively.
SPR analysis was performed on BlAcore 2000 (GE Healthcare)
at 25°C and a flow rate of 20ul/min. The HLA-DR molecules
were conjugated to a CMbH sensorchip by the amine-coupling
method. The (scFv)y-Fe solution was injected to the flow cells at
the indicated concentrations to monitor the association phase
and the subsequent dissociation phase by eluting with- the
running buffer. The kinetic parameters of the binding were
evaluated on BlAevaluation 3.2 software assuming a 1:1 binding
model to give a dissociation equilibrium constant, K, of 1.9nM
(k,, association rate constant: 5.2 x 10*M™'s7}, K, dissociation
constant: 9.6 x 1075s7Y). The simulation curves calculated on 'the
basis of these parameters were indicated in the dotted lines.

ATL cells (13, 23). We demonstrated here that HLA-DR
could be a candidate of clinical target for antibody
therapy to ATL and that anti-HLA-DR antibody can
work effectively to induce the cell death to ATL cell lines
in addition to B-cell lymphoma, although its cell killing
activity is largely dependent on the expression level of
HLA-DR on the cells (Fig. 10).

1D10 (Hul1D10), a human IgG4 antibody isolated from
the synthetic human antibody phage library (HuCal)
induces apoptosis' by a caspase-independent pathway
without the aid of effector cells (21). However, as described
by van der Neut Kolfschoten et al. (24) as IgG4 antibodies
exchange Fab arms by swapping a heavy chain and
attached light chain with a heavy-light chain pair from
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another molecule, such swapping mechanism might
reduce efficacy of 1D10. Anti-HLA-DR human antibody
HDS8 generated by transchromo mouse technology also
exhibited cell cytotoxic activity through the effecter cells or
the complement (22). Other antibodies were used for
killing malignant lymphocytes by exerting anti-tumour
activity through cell-death signalling (21, 22, 25-27).

As compared with these whole antibodies, small
fragment antibodies like scFv or minibodies are consid-
ered to have several advantages in clinical applications.
These include easy control of serum concentration owing
to their short half-life in serum, high penetration into
target tissues owing to their small sizes, low cost of
production using bacterial cells and less side-effects such
as antibody (F¢)- or complement-dependent cytotoxicity
against the normal cells. Kimura et al. (28) described
a diabody with agonistic activity to induce apoptosis
through the ligation of MHC class I molecules by
a caspase-independent pathway. This diabody (2D7)
showed a 4-fold stronger apoptotic activity on ARH-77
cells (a myeloma cell line) than the original whole
antibody 2D7 dimerized by anti-mouse Fc Ab. In our
case, the S1T-A3 diabody specific to MHC class II
molecules also had 15-fold higher cell-death activity
than the (scFv)e-Fe or L243 mouse whole antibody
(Fig. 8). These results suggest that the death signalling
through MHC class I or II molecules is more effectively
exerted by the diabody form rather than by the whole
antibody or the (scFv)e-Fc form.

The features of the cell death induced by the S1T-A3
diabody were characterized by PI- and Annexin V- double
positive staining on FACS analysis (Fig. 5), which
indicates not a typical apoptosis but apoptosis-like cell
death with necrotic feature. The similar properties of
the cell death by HLA-DR signalling were reported in
B-cell lymphoma characterized by caspase-independent
pathway (21) with accompanying DNA fragmentation
(29). Recently, Carlo-Stella et al. (30) proposed another
cell-death pathway. The humanized anti-HLA-DR anti-
body 1D09C3 exerts a potent anti-tumour effect on the
chronic lymphocytic leukaemia JVM-2 and the mantle-
cell lymphoma cell line GRANTA-519 by activating
reactive - oxygen species-dependent, c¢-Jun-NH2-kinase
(JNK)-driven cell death.. The other paper described that
the HLA-DR/CD18 complex stimulated by 1243 mAb
ligation delivers the cell death signalling through the
activation of protein kinase C (PKC) § which is located in
the outside of the lipid raft of the cell surface (31). Thus,
several papers as for signalling pathway of cell death
through HLA-DR. reported somewhat contradictory
results. S1T-A3 diabody exerting an effective anti-
tumour activity by a strong cell death may contribute
to understanding the cell-death-signalling pathway
through HLA-DR.

Based on the earlier findings that CCR4 expression
is associated with ATLL (Adult T-cell leukaemia/
lymphoma) at a high frequency (88%) (32), an anti-
CCR4 Ab is under development for ATL treatment (33).
When using therapeutic. agents, which target a single
pathogenic marker of the tumour, the appearance of
relapses or refractory tumours is problematic. In fact,
despite the clinical success of rituximab (anti CD20
mAb), relapse of CD20-negative tumours have been
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Fig. 10. Cell-death-inducing activities of S1T-A3 diabody
on S1T, MOLT4; Daudi and M8166 and MT-4 cell lines (A)
and the expression levels of HLA-II molecules on each cell
(B). The open and filled bars in (A) indicate the viable cell
recovery (%) of each cell lines treated with anti HLA-DR o chain
mAb L243 (200nM) and S1T-A3 diabody (60nM), respectively.

reported (34). Recently, we ‘reported that CD70 is a
promising tumour marker for ATL (13). We are expecting
the anti-HLA-DR diabody to ‘provide an alternative
candidate for antibody therapy for ATL with a distinct
targets and mechanism of action, together with the
anti-CCR4 and anti-CD70 antibodies.
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To analyse the binding of sugar chains to proteins, viruses and cells, the surface
plasmon resonance (SPR) technique is very convenient and effective because it is a
real-time, non-destructive detection system. Key to this method is linker compounds
for immobilization of the sugar chains to the gold-coated chip for SPR. Also, well-
designed fluorescent labelling reagents are essential when analysing the structure of
trace amounts of sugar chains derived from natural sources, such as glycoproteins on
the surface of specific cells. In this report, we developed a novel linker molecule,
named ‘f-mono’, which has both of these properties: simple immobilization chemistry
and a fluorescent label. Since the molecule contains a 2,5-diaminopyridyl group and a
thioctic acid group, conjugation with sugar chains can be achieved using the well-
established reductive amination reaction. This conjugate of sugar chain and fluores-
cent linker (fluorescent ligand-conjugate, FL.C) has fluorescent properties (ex. 335 nm,
em. 380nm), and as little as 1 pg of FL.C can be easily purified using HPLC with a flu-
orescent detector. MS and MS/MS analysis of the FLC is also possible. As a +2Da larger
MS peak (IM + H+ 21" ion) was always associated with the theoretical MS peak (IM+HI
{due to the reduction of the thioctic acid moiety), the MS peaks of the FLC were easily
found, even using unfractionated crude samples. Inmobilization of the FL.C onto gold-
coated chips, and their subsequent SPR analyses were successively accomplished,
as had been performed previously using non-fluorescent ligand conjugates.

Key words: immobilization, sugar chain, high sensitivity, analysis, fluorescence,

linker molecule, mass spectrometry.

Abbreviations: DMAe¢, N, N-dimethyl acetoamide; aoWS, N“{(amincoxylacetyDiryptophanylarginine

methyl ester.

The carbohydrates that make up proteoglycans, glycopro-
teins or glycolipids are responsible for many biclogical
functions and play crucial roles in cellular binding and sig-
nalling (7). However, because of their structural complex-
ity, the methods for studying sugar chains are more
challenging than that for DNA, RNA or proteins. The
numerous isomeric and anomeric configurations of sugar
chains, as well as the difficulties in isolating sufficient
quantities of naturally occurring sugars, make binding
analysis and structure—function studies challenging.

For the structural analysis of naturally occurring
sugar chains, fluorescent labelling of the sugars has
been one popular technique (2). Recently, mass spectrom-
etry (MS) has been used for structural analysis of sugar
structures, thanks to the development of structurally
well-defined standards (3, 4). Surface plasmon resonance
(SPR) methodology is also a very effective method
to quantify binding interactions between sugar-chains
and lectins or viruses in real time, because it is a

*To  whom correspondence  should be  addressed.
Tel: +81-99-285-8369, Fax: +81-99-285-8369,

E-mail: ysuda@eng.kagoshima-u.ac.jp

non-destructive technology that does not require large
quantities of the often scarce materials to be studied
(5-9). We have previously reported the development of
the ‘sugar chip’, in which defined sugar chains are immo-
bilized on an SPR sensor chip using our specialized
linker molecules (10, 11). But the purification of these
linker-carbohydrate conjugates for SPR has been difficult
when the quantities of the target sugar chains were lim-
ited (f.e. <1mg). To overcome this and the other chal-
lenges in the analysis of scarce sugar chains, we have
developed a novel carbohydrate linker molecule that is
also fluorescent (named ‘f-mono’). Here we report the suc-
cessful synthesis of this novel fluorescent linker mole-
cule, and the preparation and purification of conjugates
(fluorescent ligand-conjugate or FLC) using as little as
1ug of sugar chain. These FLCs were then effectively
employed in SPR analysis of carbohydrate-protein bind-
ing, as well as MS and MS/MS structural analyses.

MATERIALS AND METHODS

(General Procedure—All reactions in organic media
were carried out with freshly distilled solvents or with

© The Authors 2009. Published by Oxford University Press on behalf of the Japanese Biochemical Society. All rights reserved.
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commercially available extra grade solvents purchased
from Kanto Chem. Co. (Tokyo, Japan), Nacalai Tesque
(Kyoto, Japan) or Wako Chem. Co. (Osaka, Japan).
Silica gel column chromatography was performed using
PSQ 80B (Fuji Silysia Chem. Ltd., Aichi, dJapan).
Electrospray ionization time-of-flight mass (ESI-TOF/
MS) spectra were obtained by Mariner™ (Applied
Biosystems, Framingham, MA, USA). '"H-NMR measure-
ments were performed with JEOL (Tokyo, Japan)
ECA-600.

Synthesis of f-mono linker—2,6-Diaminopyridine
(1.06 g, 9.70mmol, Sigma, USA) and thioctic acid (1.00g,
4.80 mmol, Sigma, USA) were dissolved in anhydrous
N, N-dimethylformamide (10ml). Then, 1-hydroxy-7-
azabenzotriazole (HOAt, 0.66 g, 4.80 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide = monohydrochloride
(EDC-HCI, 0.93 g, 4.80mmol), and diisopropylethylamine
(DIEA, 0.84ml, 4.80 mmol) were added to the solution.
After stirring for 6 h under argon gas, the reaction product
was extracted into the organic phase using dichloro-
methane (CHyCly, 20ml), and was washed with water
(10 ml) three times and then with saturated sodium bicar-
bonate agqueous solution. The product was then purified by
silica gel column chromatography (80g, eluted with
toluenefethyl acetate=3/1, v/v) to obtain a yellow solid.
Yield: 1.37g (95%). MS caled. for Ci3H{gN30S8,: 297.10,
Found: m/z 298.12 [M + H*; "TH NMR (600 MHz, CDCI3),
37.58 (1H, s), 7.53. (1H, d, J=7.5Hz), 746 (1H, t, J="7.6,
J=82Hz), 6.26 (1H, d, J=8.2Hz), 4.24 (1H, m), 3.59-3.56
(1H, m), 3.19-3.10 (2H, m), 2.48-2.44 (1H, m), 2.37-2.34
(2H, m), 1.93-1.90 (1H, m), 1.77-1.68 (4H, m), 1.53-1.48
(2H, m).

Preparation of a Conjugate with Lactose—Lactose
monohydrate (20mg, 56umol) and fmono (18mg,
61umol) were dissolved in a 2.2ml solution of Hy0/
AcOH/DMAc=5/1/5 (vivlv). After stirring for 5h,
sodium cyanoborohydrate (17mg, 280pmol) was added
to the solution. The reaction mixture was left standing
at 37°C for 1.5 days and lyophilized. The residue was
dissolved in water and purified with an ODS column
(20g, 1.8em® x 46 em, eluted with water/methanol=1/1,
v/v). The appropriate fraction was lyophilized with water
to obtain the desired final product: fluorescent ligand-
conjugate (FLC, abbreviated as Galp1-4Gle-f-mono) as a
white powder. Yield: 19mg (50%). MS  caled. for
CosH 4 N3011Ss: 623.17, Found: ni/z 624.17 [M+H]*; *H
NMR (600 MHz, MeOD), 6 7.31 (1H, d, J=8.1Hz), 6.99
(1H, 4, J=2.0Hz), 6.20 (1H, d, J=8.0Hz), 4.28 (1H, d,
H-1), 3.89 (1H, dd, H-4), 3.75 (2H, m, H-2, H-5), 3.63
(3H, m, H-3, H-6a, H-6b), 3.52 (1H, m), 3.45 (1H, m,
H-4), 3.30 (2H, m, H-3, H-5'), 3.25-3.14 (2H, m,
H-1a,H-2), 3.05-2.94 (3H, m, H-1b), 2.36 (1H, m), 2.26
(2H, t, J=T7.3Hz), 1.84-1.76 (1H, m), 1.54-1.35 (6H, m).

Preparation of a Conjugate with Maltose—Maltose
(20 mg, 56 pmol) and f-miono (18 mg, 61 pmol) were dis-
solved in a 2.2ml solution of HyO/AcOH/DMAc=5/1/5
(v/vfv). After stirring for 5h, sodium cyanoborohydrate
(17 mg, 280 pmol) was added to the solution. The reaction
mixture was left standing at 37°C for 1.5 days, and lyo-
philized. The residue was dissolved in water and purified
with ODS column (20g, 1.8em® x 46cm, eluted with
water/methanol = 1/1, v/v). The appropriate fraction was
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lyophilized with water to obtain Gleul-4Gle-f-mono as a
white powder. Yield: 17mg (46%). MS caled. for
CosH,1N301;S,: 623.17, Found: m/z 624.17 [M+Hl+; 'H
NMR (600 MHz, MeOD), § 7.32 (1H,d), 6.99 (1H, d), 6.20
(14, 4), 4.95 (1H, s, H-11, 3.89-3.78 (3H, m, H-2, H-4,
H-5), 3.63 (3H, m, H-3, H-6a, H-6b), 3.42 (1H, m), 3.38
(1H, 4, H-4"), 3.13 (2H, m, H-3', H-§"), 2.85-2.3 (5H, m,
H-1a,H-2), 3.05-2.94 (3H, m, H-1b), 2.36 (1H, m),
1.74-1.26 (7TH, m).

SPR Analysis—SPR experiments were perfomed with
a 12-channel SPR machine (Moritex Co., Yokohama,
Japan) using the manufacturer’'s recommended guide-
lines with slight modification. Sensor chips used for
SPR experiments were prepared as follows. The gold-
coated chip was purchased from SUDx-Biotec
{Kagoshima, Japan), and washed in ozone cleaner. The
chip was soaked in a 10-, 1-, or 0.1-pM solution of
Galp1-4Gle-f-mono or Glenl-4Gle-f-mono, dissolved in
methanol/water=1/1 (v/v) at room temperature for 2h
or overnight, followed by subsequent washing with a
methanol/water (1/1, v/v) containing 0.05% Tween-20,
phosphate-buffered saline (PBS) at pH 7.4 containing
0.05% Tween-20, and PBS (pH 7.4). All washings were
done with ultra-sonication for 20 min.

Binding studies were performed between test proteins
in the aqueous phase and the stated sugars immobilized
via fluorescent linkers (fmono) attached to the sugar
chips. The test proteins concanavalin A (Con A, EY
Laboratories, San Mateo, CA, USA), RCA120 (Ricinus
Communis Agglutinin I, Vector Laboratories, Servion,
Switzerland), and bovine serum albumin (BSA, Nakalai
Tesque) were perfused in the aqueous phase (PBS with
0.05% Tween-20at pH 7.4) at a flow rate of 15ul/min
at 25°C.

Fluorescent Spectra—Fluorescent spectra were mea-
sured with a Spectro Fluorometer FP-6310 (JASCO,
Tokyo, dJapan). The concentration of fmono was
100 ug/ml in CHCl3. For comparison, our previous
mono-valent non-fluorescent linker molecule [abbreviated
as ‘mono’ in this paper (11)] was disselved in CHCl; at
100 ug/ml, and used as a control.

Muss Spectrometry—MS and MS/MS spectra of F1.Cs
were obtained with an AXIMA-QIT (Shimadzu, Kyoto,
Japan), which is a quadrupole ion trap and matrix-
assisted laser desorptionfionization time-of-flight mass
spectrometer  (QIT-MALDI-TOF/MS). Acquisition and
data processing were controlled by the manufacturer’s
software (Kratos Analytical, Manchester, UK). For
matrix, a purified 2,5-dihydroxybenzoic acid (DHBA)
was dissolved in a mixed solvent with double distilled
water containing 0.1% TFA/acetonitrile=3/1 (v/v) "at
10mg/ml. To 1ul of sample dissolved in the above mixed
solvent spotted on a stainless-steel targef, an equal
volume of matrix solution was placed and allowed to dry.

Preparation of f-mono-Labelled Glycans from Human
IgG—One hundred micrograms of human IgG (Institute
of Immunology Co., LTD., Tokyo, Japan) was dissolved in
5l of HoO and 5l of 1M aqueous NHHCO;, and 5ul of
120 mM aqueous dithiothreitol were added. The reaction
solution was heated at 60°C for 30min. Then, 10pl of
123 mM aqueous iodoacetamide was added. After incuba-
tion in the dark at room temperature for an hour, 10 ul of
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trypsin (Sigma-Aldrich, 40 U/ul, dissolved in 1mM HCI)
was added. After an hour, trypsin was inactivated by
heating at 90°C for 5min. Then, 10U of PNGase F
(Roche, Switzerland) was added to the solution (12).
After incubating at 37°C for 12h, the solution was
lyophilized.

The lyophilized residue was dissolved in 20l of H,O,
and concentrated by Blot Glyco (Kit No. MALDI type
BS-456018, Sumitomo Bakelite Co., Ltd. Tokyo, Japan)
(13, 14). At the final stage, using the manufacturer’s
guideline, N-glycans from IgG were released in H,0,
lyophilized and transformed to fluorescent ligand conju-
gates as follows. The mixiure of naturally occurring
lyophilized N-glycans and f-mono (100mg, 340pmol)
were dissolved in 1.0ml of a mixed solvent (HyO/AcOH/
DMAc=5/1/5, v/v/v). After 5h, sodium cyanoborohydrate
(62mg, 1.0 mmol) was added to the solution. The reaction
mixture was left standing at 37°C for 1.5 days and lyo-
philized. To the residue, 200l of HpO was added. Then,
the agueous phase was washed three times with 200 ¢l of
phenol/CHCl; (1:1, v/v). The aqueous layer was concen-
trated in vacuo, and excess f-mono and other chemical
reagents were removed using an ODS short column
attached to the kit. For comparison, the N-glycans of
IgG were transformed to the ‘sugar-aoWRs condensation
product (15) according to the manufacturer’s manual.
The labelled N-glycans were examined by HPLC
(Pump: 1-6200, HITACHI, Tokyo, Japan, Detector:
FP 2020, JASCO, Tokyo, Japan; Column: COSMOSIL
5Cs-PAQ Waters, Nacalai Tesque; Elution: Hy0/
MeOH = 1/1, v/v), and by mass spectrometry as described
above.

~
I,

HNT N7 NH,
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RESULTS AND DISCUSSION

Introducing fluorescence inte the linker was accom-
plished by replacing the 2,6-diaminobenzene unit of
our original linker molecule (mono) (11), with a
2,6-diaminopyridine moiety (Scheme 1). The labelling of
sugar chains using 2-aminopyridine (PA) reported by
Hase et al. (16) was a pioneering advance for the analysis
of trace amounts of sugar-chains, and has been applied to
2- or 3-dimensional mapping by Takahashi et al. (17, 18)
for the conventional structural identification of sugar
chains from natural sources, such as glycoproteins. The
high fluorescence of the 2,6-diaminopyridine moiety has
also been well established, and its use for the biotinyla-
tion or immobilization of sugar chains has been reported
(19, 20). As expected, our novel f-mono linker molecule
showed fluorescence at an excitation (ex) maximum of
336nm and an emission (em) maximum of 380nm.
Since the sensitivity of detection of fluorescence is
about 1,000 times higher than that of UV/VIS, a small
quantity (~1nmol) of sugar chain can be effectively
derivatized by using this f-mono linker molecule. In addi-
tion, the molecular absorption coefficient (¢ value) of
f-mono was five times higher than that of the original
linker molecule from which it was derived, indicating
increased sensitivity even with a standard UV/VIS
detector. .

Figure 1 shows the SPR data of Con A, RCA120 and
BSA binding to «-glucose or B-galactose immobilized via
FLCs prepared with the f-mono linker to the sensor chip.
BSA was used as a negative control, because our previ-
ous investigation (21) showed that it does not bind to

2 DIEA, EDC-HCI
HoAt
HO
DMF, 6 h, rt
S—s quant.

f-mono linker
NaBH;CN

Lactose
H,0 : DMAc: AcOH=5:5:1
37°C, 1.5 d, in dark
50%

f-mono linker
NaBH;CN

Maltose
H,0: DMAc: AcOH=5:5:1
37°C, 1.5 d, in dark

46%

m i
/
P N N N/LK/\/\G
H
S~g

f-mono linker

OH OH | N e
HO 0 OH ~
N N N
- OH IS OH N N
OH OH S—~sg

Galpt-4Glc-f-mono

N 0
OH OH |
0 OH Z
N~ N7 N
- OH A N N
HO — on OH S~s

Glca1-4Gle-f~mono

Scheme 1. Synthesis of f-mono linker and preparation of ligand conjugates, Galpl-4Gle-f-mono and Glcal-4Gle-f-mono.
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Fig. 1. SPR analysis of lectins (Con A and RCA120) binding
to defined sugars. Galpl-4Gle-f-mono or Gleai-4Gle-f-mono
were immobilized on gold-coated chips (see MATERIALS AND
METHODS section for details). The test proteins were perfused in
the aqueous phase (PBS with 0.05% Tween-20at pH 7.4) at

Time (sec.)

a flow rate of 15 pl/min at 25°C using a 12-channel SPR machine
(Moritex Co., Tokyo, Japan). (a) Dependency of the lectin binding
on concentration of FLCs immobilized on the chip. (b) SPR sensor
grams of RCA120 for the Galf1-4Gle-f-mono chip, and Con A for
the Glex1-4Gle-f-mono chip, immobilized at 1uM.
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a-glucose or B-galactose. Figure 1(a) illustrates the
dependency of protein binding on the density of immobi-
lization of the sugar chain vie FLCs on the chip. The
data suggest that the optimal density for immobilization
of both FLCs appears to be ~1uM. At higher concentra-
tions, steric hindrance due to the high concentration of
ligands may occur and prevent the binding of protein. At
0.1 M of FLC the ligand sugar chains may be too diluted
on the chip to effectively bind protein, because of non-
clustered ligands.

Using the chip immobilized with Galf1-4Gle-f-mono,
it was detected that RCA120 bound, but Con A and
BSA did not. In contrast, using the chip with
Glex1-4Gle-fmono, Con A bound, but RCA120 and BSA

(@) 624.17 [M+H]*

626.18,"

627.18

628.17

L
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did not. The binding of BSA to the sensor chips was
negligible.

Figure 1(b) shows typical sensorgrams of RCA120 and
Con A binding to the appropriate sugar chip. The calcu-
lated binding parameters were in agreement with those
in the literatures (22, 23) and with our previous data
using a non-fluorescent linker molecule. The kinetic
parameters were; RCA120 wvs. Galf1-4Gle-f-mono,
k=63 x10°M1s™, kyr=4.1x107s", Kp=0.66 uM;
Con A vs. Gleol-4Gle-fmono, ke=2.5x10°M™s™,
kor=3.1x10 357!, Kp=12uM.

The results of MS and MS/MS analyses of Galpf1-4Gle-
f-mono are shown in Fig. 2. A set of two unique peaks
was detected. In addition to the regular [M+H]* and

646.15 [M+Na]*

648.15

647.47
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Y
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Fig. 2. MS. and MS/MS analyses of Galp1-4Glc-f-mono. was used (see MATERIALS AND METHODS section for details),
A quadrupele ion trap and matrix-assisted laser desorption/ (a) MS spectrum of Galffl-4Gle-f-mono; (b) MS/MS analysis of

ionization time-of-flight
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[M+Na]* ion, 2-Da bigger peaks (IM+H+2]* and
[M+Na+2]") were found [Fig. 2(a)l. These later peaks
were derived from the reduction of the disulphide bond
in the thioctic acid moiety of f-mono, since DHB (the
matrix for MALDI) tends to reduce samples with the
laser energy (24). This property of the f-mono linker
was very useful for distinguishing MS peaks of famono-
labelled glycans from contaminating peaks. In the
MS/MS analysis, peaks lacking a galactose unit and
thioctic acid from the precursor ion (m/z 624) were
observed [Fig. 2(b)]. The cleavage here was as simple
in the MS/MS analysis as that using PA-labelled
sugar chains (3), facilitating structural analysis. For
analysing structure and identifying specific sugars, the
f-mono linker greatly enhanced the ability to recognize
the labelled glycans. From these results, it is suggested
that our f-mono linker is a highly effective reagent for
MS analysis, at least in a system employing MALDI-QIT
and DHBA.

Next, the N-glycans of human IgG were analysed using
f-mono. As described in MATERIALS AND METHODS section,
N-glycans were extracted from human IgG, concentrated,
and then reacted with f-mono. Figure 3 shows the HPLC
profile, Two fractions were collected and analysed using
MS and MS/MS to confirm f-mono-labelled N-glycans
(Fig. S1). From the MS and MS/MS, 162 or 203 different
peaks were obtained, suggesting the carbohydrate-
derived compounds. In addition, the f-mono labelled gly-
cans were quite easily visualized as +2-Da differentially
larger peaks in MS. From the calibration curve (Fig. S2)
prepared with Galf1-4Gle-f-mono, 518pmol of labelled
compounds were estimated to obtain from 100ug of IgG
using the HPLC results, and the detection limit in our
HPLC system was estimated to be 5pmol in 10pl of
injected sample solution.

For comparison, the released N-glycans were also
labelled with a reagent (aoWRs) from the kit for MS.

intensily

LT L L L LT T B S T T LT L TR ST TRy

Fig. 3. HPLC profile of f-mono labelled N-linked sugar
chains from IgG. The extraction of N-glycan and its labelling
are deseribed in the MATERIALS AND METHODS section. The condi-
tions of HPLC were as follows. Column: COSMOSIL 5C;5-PAQ
Waters (Nacalai Tesque, 4.6 x 150mm); elution: methanol/
water=1/1 (viv).
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By HPLC analysis, aoWRs-labelled N-glycans did not
reveal any detectable peaks because acWRs had no fluor-
escence. The MS data are summarized in Fig. 4, The MS
spectrum of aoWRs-labelled N-glycans showed six glycan
peaks clearly {Fig. 4(a)l. But in the case of the f-mono-
labelled glycans, four additional glycans were clearly
detected in the MS spectrum [Fig. 4(b)]. Furthermore,
the larger 2-Da ions were observed as described above.
Figure 4(c) shows the MS/MS spectrum of m/z 1947.1
ions of f-mono-labelled N-glycans. A wealth of structural
information could be obtained from this spectrum. For
example, from this peak the structure of the glycan con-
taining four hexosamines and five hexoses was easily
disclosed. In contrast, the MS/MS analysis of acWRs-
labelled glycan was not possible (data not shown).

The fluorescent intensity of the f-mono reagent was
about 1/3 compared to that of 6-aminopyridine (PA) at
the same concentration. Therefore, as judged by fluores-
cent intensity alone, the f-mono reagent is less sensitive.
PA-derivatized sugar chains can be analysed by MS, but
the f-mono derivatized one can be more easily detected
because +2 Da differentially larger peaks are seen every
time. Therefore, the novelty of this frmono reagent is
not the improvement of fluorescent sensitivity, but the
significant improvement in MS peak identification.
Moreover, the derivatized and analysed sugar chain
with f-mono can be immobilized on SPR sensor chip
sequentially. That is, the extensive merit of this f-mono
reagent is that a more-comprehensive and integrated
analysis of sugar chains can be sequentially performed
using HPLC, MS and SPR.

The difficulty of synthesizing rigorously, structurally
defined sugar chains remains a significant challenge to
structure—function studies of carbohydrates. Narimatsu
and colleagues (25) have made important advances in
the preparation of sugar-chains using glycosyltrans-
ferases, and this synthetic approach holds promise.
However, at this time, it is still challenging to prepare
large, complex sugar chains. Therefore, for structure—
function analyses, approaches that are economical in
their use of scarce sugar chains have advantages. One
solution is the SPR sugar-chip approach we have illu-
strated here. By immobilizing the sugar chains on the
chip one can use it multiple times. In this case, it is a
key to have an efficient linker molecule for immobiliza-
tion of trace amounts of the defined sugar chain, of which
the f-mono linker molecule is a good example.

In conclusion, the f-mono linker molecule is easily
synthesized and its Hgand-conjugates are easily purified.
The labelied glycans are able to be traced with HPLC
because of their fluorescence, making this a good appli-
cation for trace amounts of glycan (~1pmol/ul).
Furthermore, the labelled glycan can be used for binding
experiments using SPR, as we have previously demon-
strated with non-fluorescent linker-conjugates. MS and
MS/MS analyses of f-mono-labelled glycan were possible
and effective in determining the glycan’s primary struc-
ture, because the larger 2-Da ion peaks could be used to
distinguish the labelled glycan-derived peaks. With this
novel linker molecule, both the structural and functional
binding analysis of trace amount of glycans are greatly
facilitated, suggesting that this fluorescent linker
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Fig. 4. MS and MS/MS analyses of labelled N-linked sugar
chains from IgG. From 100pug of human IgG, N-linked sugar
chains were liberated by PNGase F, and concentrated by Blot
Glyco (Sumitomo Bakelite Co., Ltd. Tokyo, Japan). The N-glycans
were then released in H,0, lyophilized and transformed to
f-mono labelled or aoWRs conjugates as described in MATERIALS
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AND METHODS section. The labelled N-glycans were examined
with mass spectrometry as described above. (a) aoWRs-labelled
N-glycans. (b) f-mono labelled N-glycans. (¢) MS/MS analysis of a
peak (m/2=1497.1) from the MS of f-mono labelled N-linked
sugar chain from IgG.

010z ‘9z Ae|\ uo Austeaiun ewiysobey ye Bio sjeusnolpiogxo gl/:diy wouy papeojumoq



40

technology should be a useful tool in the study of proteo-
glycomics.
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