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ABSTRACT: Since phage-display technology is probably the best available strategy to produce antibodies
directed against various carbohydrate moieties, we employed phage-display technology to generate human
single chain antibodies (scFvs) using neoglycolipids as carbohydrate antigens. An accompanying paper
in this issue describes how phage-displayed antibodies (phage Abs) that recognized nonreducing terminal
mannose residues were isolated and characterized. In this study, four independent scFv genes, isolated by
a mannotriose (Man3)-bearing lipid as an antigen as previously described, were used to construct expression
vectors to produce soluble scFv proteins in quantity. Both bacterial and mammalian expression systems
were used to produce glutathione S-transferase-scFv fusion proteins and scFv-human IgG1 Fc conjugates,
respectively. The expressed scFv fusion proteins were purified to apparent homogeneity with yields of
approximately 1 and 48 mg, fno 1 L of bacterial culture and myeloma cell media, respectively. Surface
plasmon resonance and ELISA analyses confirmed that purified scFv proteins showed Man3 specificity.
The humanized antibody in scFv-Fc form, derived from clone 5A3, was a disulfide-liked dimer with a
molecular mass of 108 kDa. According to a bivalent model, the kinetics parameters of its binding to
Man3 were determined to bg = 4.03x 10* M~1s 1, ky=5.77x 10*4s %, Ko = 6.98x 10’ M~1, and

Kp = 1.43 x 1078 M. This study thus established the foundation for isolation of carbohydrate-specific
scFv genes and eventual production of humanized scFv-Fc type antibodies.

Because many carbohydrates are self-antigens by naturecarbohydrate moieties can be readily isolated and to produce
immunization with carbohydrates often led to a primary IgM soluble scFv proteins in quantity so that purification and
response and no response in some cds&.(Phage display  characterization of isolated scFvs can be easily achieved.
technology is thus considered the best available strategy toTwo consecutive papers by the authors present the respective
produce antibodies directed against carbohydrate moietiesresults of these objectives. A previous paper in this issue
This technology has been used mostly to generate antibodieslescribes how 25 sequence-independent clones were isolated
against proteins, whereas its use for carbohydrate antigensising a model neoglycolipid, mannotriose-dipalmitoylphos-
has been limited due to difficulties in immobilization of phatidylethanolamine (Man3-DPPE) and how phage antibod-
carbohydrate antigens alone onto plastic plates. Conse-es as well as scFv protein preparations had good affinities
quently, previous studies utilized glycoproteins, heterogly- and specificities for nonreducing terminal mannose residues.
cans, and carbohydratbovine serum albumin (BSA) The present paper further describes characterization of the
conjugates as antigens to produce anti-carbohydrate single
chain "?“.“'b"d'es (SCFVS) by phage dISp!ay meth“‘dsﬂ)- 1 Abbreviations: scFv, single-chain Fv; Man3, mannotriose [dan
In addition, most anti-carbohydrate antibodies reported thus g(Manx1—-3)Man]; Man5, mannopentaose [Mah—6(Manx1—3)-

far have relatively low affinity and are thus not suitable for :\AaM1_g¥am|l_3)r'}Aan(]§ DPPF, dipalmit(glphospha&dyleﬁhano-

i ; i ; amine; T, glutathioneStransferase; IPTG, isopropy-b-thio-

in vivo diagnostics Of th(_erapy. galactoside; PBS, phosphate-buffered saline; PCR, polymerase chain
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establish a new methodology so that scFvs against desirecpolyacrylamide gel electrophoresis; CBB, Coomassie brilliant blue;
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Table 1: Primers Used in PCR for Gene Cloning and Construction

primers sequences

5A3G1 3-ATGGGATCEAGGTGCAGCTGGCAG-3(BanHl)

5A3G2 B-GACGAATTOAGGACGGTCAGCTTGGT-3(ECRI)

5C10G1 5ATGGGATCECAGGTGCAGCTGGTGCAG-3(BamH)

5C10G2 5GACGAATTO TTAATCTCCAGTCGTGT-3 (ECOR)

F1 5-CCCAAGCTTGAATTACACCATGGAGACA-3 (ECCRI)

R1 5-CTGGATATCACCTGTGGAACC-3

F2 5-ACAGGTGATATCCAGGTGCAGCTG-3

R2 (for 1A4-12) 5 CTAGTCTAGATTGATTTCCAC-3 (Xbal)

R3 (for 1G4) 5 CTAGTCTAGA TTAATCTCCAG-3 (Xbal)

hFcl B-CTAGTCTAGAGATCCCAAATCTTGT-3 (Xbal)

hFc2 B-ATAGTTTAGCGGCCGGTGTTTCATTTACCCGGAGA-3 (Notl)

P1 B-CCCAAGCTTGCCGCCACCATGGAGACA-3(Hindlll)

P2 B-CTTAATTAAGGCGCGC@ACCTGTGGAACCTGGAAC-3 (Pad andAsd)
P3 8-GGCGCGC@ATTAATTAGBGACCCCAAATCTTCTGAC-3 (Pad andAsd)
P4 B-CCGGAATTACACTATTATTTCCCGGGAGACAGGGA-3 (ECCRI)

aUnderlined and italic sequences are restriction sites for enzymes indicated in parenthesis.

isolated scFvs after establishing methods of production and Bacterial Strains and Transformation. Escherichia coli
purification. strain JIM109 was used as a host for all plasmid preparations
In this study, four independent scFv genes, 1A4-12, 1G4, except for E. coli BL21 (DE3) that was used for the
5A3, and 5C10, isolated by Man3-DPPE as an antigen from expression of GST-scFv fusion proteins. Plasmid transforma-
human scFv-displayed phage library and whose characterizations were performed by electroporation using the Gene
tion was described in the previous paper, were selected toPulser Il Apparatus (Bio-Rad) under conditions of capaci-
construct expression vectors to produce soluble scFv proteingance at 25«F, a resistor at 200 ohms (pulse controller),
in quantity. Both bacterial and mammalian expression and voltage at 1.5 kV. Resulting bacteria were cultured in
systems were used to produce and purify glutathi8e LB medium (10 g/L tryptone, 5 g/L yeast extract, 10 g/L
transferase (GST)-scFv fusion proteins and scFv-human IgG1INaCl, pH 7.2) containing ampicillin (100 mg/L).
Fc conjugates, respectively. Surface plasmon resonance Expression and Purification of GST-s¢Fusion Proteins.
(SPR) and enzyme-linked immunosorbent assay (ELISA) The 5A3 and 5C10 scFv genes amplified from phagemids
analyses confirmed that purified scFv proteins showed encoding respective scFv genes as templates using primers
specificity to mannose residues. This and previous studies5A3-G1 and -G2 and 5C10-G1 and -G2, respectively (Table
thus established the foundation for isolation of carbohydrate- 1), was ligated int@anHI-EcoRI-digested pGEX-4T-1-5A3
specific scFv genes and eventual production of humanizedor 5C10 scFv plasmid (downstream of the GST gene) to

scFv-Fc type antibodies. generate an expression vector for a GST-fused scFv protein
(GST-scFv). The recombinant expression plasmid, pGEX-
MATERIALS AND METHODS 4T-1-scFv (5A3 or 5C10), was prepared in JM109 and

Materials.Glutathione Sepharose 4B beads for purification €lectroporated intd. coli BL21(DE3). The sequence of
of GST and its fusion proteins were purchased from GE PGEX-4T-1-scFv (5A3 or 5C10) was confirmed by DNA
Healthcare Bio-Sciences (Piscataway, NJ). The cDNA clone sequencing. For the production of soluble GST-fused scFv
of human IgG1 Fc, composed of hinge, CH2 and CH3, was Proteins, recombinari. coli cells from a seed culture were
originally from Dr. J. Schlom, Laboratory of Tumor Im- transferred to fresh LB medium containing ampicillin and
munology and Biology, Division of Cancer Biology and cultured at 37°C with shaking. After the optical density
Diagnosis, NCI (Bethesda, MD). Mock plasmid pEE12.4 and (OD600) of the culture reached about 0.3, different concen-
murine myeloma NSO cell strain were obtained from Lonza trations of isopropyB-p-thiogalactoside (IPTG) were added
Biologics (Slough, UK), and the vector pCl-neo and Wizard to induce gene expression. After an additional 3.5 h of
PlusMidipreps (Cat.#A7640) were purchased from Promega culturing at 20°C with shaking at 200 rpm, bacterial cells
(Madison, WI). Dulbecco’s modified Eagle medium (DMEM, were collected by centrifugation at 8ap@r 30 min. Cell
high glucose) was purchased from Invitrogen (Paisley, UK). pellets were resuspended in phosphate-buffered saline (PBS)
Goat anti-human 1gG (Fc fragment specific) and peroxidase- and disrupted on ice with a sonicator. The cell homogenate
conjugated rabbit anti-human IgG secondary anti- was centrifuged at 120@0or 15 min, and the supernatants
body were from Jackson Immunoresearch Inc. (West Grove, containing GST fusion proteins were collected. The fusion
PA). Serum-free medium (SFM) used for CHO-DHFR  proteins were purified by Glutathione Sepharose 4B beads
(HYyQSFM4CHO) and NSO (HyQSFM4Mab) were obtained according to the manufacturer’s instructions. The eluates
from Hyclone (South Logan, UT). A DAB detection kitwas Were extensively dialyzed against PBS. Samples were
purchased from Invitrogen. Protein A cartridge (Cat. No. 732- analyzed by SDSPAGE, followed by staining with Coo-
0091) was obtained from Bio-Rad (Hercules, CA). Mannose- massie Brilliant Blue (CBB) R-250.

BSA, Glucose-BSA, Man3-BSA and LNFPIII-BSA were Design and Construction of Recombinant Vectors of
obtained from Dextra Laboratories (Reading, UK). Galactose- Signal-sck-human Fc.Two mammalian systems, neo/CHO
sp-biotin, Man3-sp-biotin, LNnT-sp-biotin, LNFPIIl-sp- and GS/NSO, were used for expression of scFv conjugated
biotin, and BSA-sp-biotin were from GlycoTech (Gaithers- with the human IgG1 Fc domain. The construct included a
burg, MD). consensus ribosome-binding sequence and the signal peptide
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Ficure 1: Construction of recombinant vectors of signal-scFv-human Fc. (A) Assembly of the gene encoding signal-scFv of 1A4-12 or
1G4 by splice-overlap extension PCR with human Fc in pCl-neo plasmid. The genes of signal-scFv and human Fc were inserted into the
vector successively to construct the recombinant plasmid. Hatched box denotes the signal sequence. (B) The construction of the template
plasmid signal-human Fc-pEE12.4 (SFpEE) for all scFvs insertation and expression in pEE12.4 plasmid. Between signal peptide and human
IgG1 Fc tail, Asd and Pad sites were introduced for scFv insertation. For correct codon of amino acids of scFv and human Fc after
introducing the above two enzyme sites, one additional neucleotide A was introducefsafteite and G aftePad. Fusion of the gene

segment was introduced into pEE12.4WindIIl and EcaRIl. ScFv genes were inserted by sitesAstd and Pad. (C) Schematic diagram

of expected human Fc alone expressed by plasmid SFpEE and scFv-Fc fusion proteins expressed by recombinant plasmids after insertion
of scFv genes.

from a murine kappa light chain previously used for high (high glucose) with 10* M hypoxanthine, 10> M thymidine,
level mammalian antibody secretid) 0). The signal peptide ~ 10% fetal bovine serum (FBS), and 2 mM glutamine. G418
was followed by scFv and the human IgG1 Fc domain (see at a concentration of 50@g/mL was added to the above
Materials). medium for selection of positive CHO-DHFR:lones. The
Figure 1A summarizes the assembly of the gene encodingmurine myeloma NSO cell line was grown in DMEM
1A4-12 or 1G4 scFv with the signal peptide sequence and supplemented with 10% FBS and 2 mM glutamine. Selective
human Fc domain by splice-overlap extension PCR followed medium for human Fc-expressing NSO cells consisted of
by subcloning into pCl-neo plasmid resulting in pCl-neo/ glutamine-free DMEM, dialyzed FBS, and glutamine syn-
signal-scFv(1A4-12 or 1G4)-Fc. Primers used for PCR are thase supplement (JRH Biosciences, Lenexa, KS).
listed in Table 1. In a 0.4 cm cuvette, 1Q«g of linearized DNA was
To easily insert a variety of scFv fragments into pEE12.4 transfected into 2 10° CHO cells in PBS with a Bio-Rad
vector for cloning and expression of scFv-Fc proteins, a Gene Pulser set to 0.3 kV and 96B. On day 3, cells were
template plasmid Signal-human Fc-pEE12.4 (SFpEE) was collected, counted and placed in 96-well plate$Q cells/
constructed.Asd and Pad sites were introduced into  well) in the selective medium containing 500/mL G418.
recombinant SFpEE between signal and human IgG1l FcThe wells were changed with fresh media every 3 days. Forty
fragment for the insertion of a scFv gene. For the correct micrograms of linearized DNA in sterile water was elec-
codon of the amino acid after introduction of the above two troporated into 1x 10" NSO cells at conditions of 0.25 kV
enzyme sites, an additional nucleotide A was introduced afterand 400uF capacitance. Cells at 1.6 1 cell/mL were
the Asd site and nucleotide G aftePad. Figure 1B plated in 96-well plates, 50L/well, in nonselective media.
summarizes the assembly of a signal peptide with the humanTwenty-four hours post-electroporation, 140 of selective
Fc domain as well as the insertion sites for scFv. The genemedium was added to each well, and cells were allowed to
segment was produced by splice overlap extension PCRrecover and grow undisturbed for about 3 weeks until discrete
using the following primers and then introduced into pEE12.4 surviving colonies appeared.
linearized byHindlll and EcdRl. Briefly, primersP1 and Supernatants of transformed cells that were able to grow
P2 (Table 1) were used to amplify the signal peptide (60 under selective conditions were screened for scFv-Fc protein
bp). PrimersP3 and P4 (Table 1) were used to amplify  secretion by sandwich ELISA. Goat anti-human 1gG (Fc
human IgG1 Fc fragments (696 bp). Primét2 and P3 fragment specific) was diluted in 0.05 M bicarbonate coating
contained overlap sequences. After purification by agarosebuffer, pH 9.6, to a final concentration of 1@y/mL and
gel electrophoresis, the two PCR products of signal peptidescoated onto 96-well plates, 1@Q./well, at 4 °C overnight.
and human IgG1 Fc were mixed and subjected to PCR for After blocking with 3% BSA in PBS, cell culture superna-
a couple of cycles. Then primePd andP4 were added to  tants from different clones were added and incubated at 37
produce the fusion gene. All plasmids used for electropo- °C for 1 h. After the samples were washed with PBS, horse
ration into mammalian cells were purified by Wizardus radish peroxidase (HRP)-conjugated anti-human IgG anti-
Midipreps (Cat. No. A7640) and stored in sterile water. body diluted to 1:20000 was added to the wells. The wells
Cell Culture, Transfection and Screenirighinese hamster  were washed with PBS and then incubated with-2Zno-
ovary (CHO-DHFR, ATCC) cells were cultured in DMEM  bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS). The color



266 Biochemistry, Vol. 46, No. 1, 2007

produced in the wells of plates was analyzed spectrophoto-
metrically at 415 nm on a microplate reader (Bio-Rad model
680).

Purification of sck-Fc Antibody from SFM Medialhe
best clone (4C2) for 5A3 scFv-Fc, which had the highest
expression of antibody both in selective medium and in SFM
(HyQSFM4Mab), was cultured on a large scale in a T175
flask in selective medium. When the cells reached the
logarithmic phase of growth, the selective medium was
replaced with SFM. After culturing in SFM for 24-48h, cell

culture supernatants were collected and adjusted to pH 8.0
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by adding 1/20 volume 1.0 M Tris (pH 8.0) and then passed FiGURe 2: SDS-PAGE analysis of the purified GST-5A3 scFv

through a protein A column (5 mL). The column was washed
with 10 column volumes of 100 mM Tris-HCI buffer, pH
8.0. ScFv-Fc was eluted from the column with 100 mM
citrate buffer pH 3.0 and collected in 1.5-mL conical tubes
containing 1/10 volura 1 M Tris-HCI, pH 8.0. The best clone
producing only the human Fc domain was screened and the
subjected to the same purification procedures as above. Th

by SDS-PAGE. For Western blot analyses, samples were
transferred onto a PVDF membrane (GE Healthcare Bio-
Sciences) and the scFv-Fc or Fc protein was visualized by

fusion protein and GST alone. Lanes-3: the purified fusion

proteins of GST-5A3 scFv (55 kDa) induced at ZD when the
IPTG concentration was 0.2 (lane 1), 0.1 (lane 2), 0.05 (lane 3),
0.01 (lane 4), and 0 mM (lane 5). Lanes & purified GST (29
kDa) of 2 (lane 6), 1 (lane 7), and O/g (lane 8) from mock
plasmid, pGEX-4T-1, induced at 2€ when the IPTG concentra-

ntion was 0.1 mM. M denotes the molecular weight marker. Proteins

In the gels were stained with CBB. Upper and lower arrows indicate

e . ; &he GST-scFv and GST, respectively.
purified samples were dialyzed against PBS and analyzed

dilution) using ABTS as a substrate. After 30 min of
incubation in the dark, the reaction was terminated by adding
100 uL of 2% oxalic acid solution. Absorbance at 415 nm

reaction with rabbit-anti human IgG antibody conjugated with \yas measured using a plate reader. To evaluate the specificity
peroxidase using the DAB detection kit. Protein concentration ot 5A3 scFy-Fc, a group of different kinds of carbohydrate
was measured according to the procedures used by Bradfordyntigens conjugated with either BSA (Quf/well) or biotin

with BSA as a standard.

Gel Filtration. GST-scFv and scFv-Fc fusion proteins
obtained as described above were fractionized by gel
filtration using a Superdex 200 column (30300 mm; GE
Healthcare Bio-Sciences) equilibrated with 10 mM HEPES,
pH 7.4, containing 135 mM NaCl, 10 mM Cagind 0.005%
Tween 20 (a running buffer for SPR analyses) at a flow rate
of 0.4 mL/min. Elution was monitored at 280 nm. Fractions

(50 pmol/well) were coated onto the ELISA plates, and the
assays were carried out as described above.

RESULTS

Expression and Purification of GST-sgFusion Protein.
E. coli BL21(DE3) cells, into which the recombinant
expression plasmid, pGEX-4T-1-scFv (5A3 or 5C10), was

(0.5 mL each) collected were subjected to SPR analyses agntroduced, were subjected to induction of soluble GST-5A3

described below.
SPR AnalysesReal-time measurements for the binding
of 5A3 scFv fusion proteins, GST-scFv and scFv-Fc, to the

or -5C10 scFv fusion protein. After disruption of cell pellets
with a sonicator, the supernatants containing fusion proteins
were purified by Glutathione Sepharose 4B beads. As the

antigen, Man3, were evaluated using SPR. All SPR analysescontrol, the mock plasmid pGEX-4T-1, which should express

were performed at 25C on a Biacore3000 biosensor
(Biacore, Inc., Uppsala, Sweden). Man3 conjugated with
BSA (Man3-BSA) and BSA as a control were immobilized
onto CM3 sensor chips using the amine coupling kit supplied
by the manufacturer. Binding of scFv fusion proteins to

the GST protein alone at29 kDa, was subjected to the
same procedures of expression and purification as for the
fusion protein. Figure 2 shows that the GST-5A3 scFv fusion
protein with~55 kDa was expressed in a soluble form after
induction by IPTG at concentrations of 0:6Q.2 mM at 20

carbohydrate moieties on the surface of the sensor chips wasC since fusion proteins appeared to form inclusion bodies

monitored at a flow rate of 3@L/min in a running buffer at

a flow rate of 30uL/min. The rates of associatioif.f and
dissociation kg) for GST-5A3 scFv and 5A3 scFv-Fc were
determined using BlAevaluation version 3.0 software (Bia-
core) by a bivalent analyte model@), and the thermody-
namic dissociation constank4{) was derived by dividing

Ky by Ka.

ELISA. Solid-phase ELISA was used to evaluate the
antigen-binding activity of purified 5A3 scFv-Fc aginst
Man3-BSA. Briefly, the antigen, Man3-BSA was diluted in
0.05 M bicarbonate coating buffer, pH 9.6, and coated onto
96-well ELISA plates with 1Qug/mL, 50 uL/well at 4 °C
overnight with triplicate samples. After blocking of the
sample with 3% BSA/PBS, a series of diluted samples of
5A3 scFv-Fc were added. Aft@ h of incubation at room

at 25, 30, or 37C (data not shown). Although purified GST-
5A3 scFv protein preparations contained some contaminants,
they were pure enough for the following SPR analyses.
Yields for the GST-5A3 and 5C10 scFv fusion proteins and
GST protein alone were 1.2, 1.0, and 3.8 mg from a 1-L
culture, respectively.

Production and Purification of sci~Fc from Serum-Free
Medium.For production of scFv-Fc proteins, the human IgG1
Fc domain was constructed and first introduced into the neo/
CHO system (pCl-neo vector from Promega, CHO-DHFR
cell strain from ATCC). Although the plasmid constructs for
production of two anti-Man3 clones, 1A4-12 and 1G4, were
introduced into this system, only a few and weak positive
clones were recovered (Table 2). Even after large-scale
culturing in SFM, neither of the two scFv-Fc proteins was

temperature, the bound scFv-Fc was detected with rabbitpurified (data not shown), which indicated that 1A4-12 and

peroxidase-conjugated anti-human IgG antibody (1:20000

1G4 scFv-Fc proteins were not produced in the neo/CHO
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Table 2: Production and Purification of scFv-Fc Proteins in Two A B
Mammalian Systems SRR
number of clones - ™ =
cell scFv-Fc analyzed by expression levels fold i b il B
line protein ELISA Fc-positivé  in SFM (ug/mL)° - -
CHO 1A4-12 48 5 0
1G4 36 2 0 — .
NSO 1A4-12 08 0 ND b -
1G4 80 0 ND -
5A3 25 6 48 -
Fc aloné 12 10 120 . -

@ Expression of various scFv-Fc and control Fc proteins in two Figure3: SDS-PAGE and immunoblotting of Protein A affinity-
mammalian systems was examined by sandwich ELISA using anti- pyrified 5A3 scFv-Fc protein. (A) Coomassie staining 6r20%
human IgG (Fc fragment specific) antibodyExpression levels of scFv-  acrylamide gel. (B) Immunoblotting with HRP labeled anti-human
Fc proteins in SFM were estimated from the yields of the proteins after |gG (Fc specific) antibody. Lane 1, purified 5A3 scFv-Fc under
purification by protein A column chromatograptfyiNot determined.  nonreducing conditions; Lane 2, purified 5A3 scFv-Fc under
4Fc domain only was expressed as a control. reducing conditions; M, molecular weight maker (201, 115, 96,
52, 38, and 29 kDa).

system. Alternatively, the GS/NSO system as used previously
(11, 12) was utilized for expression and production of scFv- noblotting was 53-55 kDa, which is consistent with that
Fc proteins. Of 1A4-12, 1G4 and 5A3 scFv-Fc genes calculated from the amino acid sequence, 54 098 (Figure 3).
constructed in the pEE12.4 plasmid and introduced into NSO The scFv-Fc is thus a divalent antibody that contains the
cells, the 5A3 scFv-Fc gene was the only clone that displayedhuman IgG1 Fc domain and has an expected molecular mass
good expression in the GS/NSO system. Of 25 stable clonesof 108 kDa. The molecular mass of the dimeric scFv-Fc
grown in selective media, six were found to be Fc-positive under nonreducing conditions estimated by SIPAGE and
in media by ELISA (data not shown). Among the clones immunoblotting was not precisely double that of the mono-
examined, the 4C2 clone exhibited the highest level of 5A3 mer under reducing conditions. This is possibly due to the
scFv-Fc protein production in both serum-containing and post-translational modification with-glycation of the Fc
serum-free media (data not shown). The scFv-Fc protein region as observed with regular antibodies and/or a structural
produced by the GS/NSO system in serum-free media waseffects during electrophoresi43). Therefore, it was con-
purified by protein A-column chromatography. A total of cluded that the SS bonds of scFv-Fc were correctly
4.3 mg of 5A3 scFv-Fc protein was purified from 90 mL constructed as expected from the sequence.
SFM of 4C2 clone. The level of 5A3 scFv-Fc protein SPR Analyses of 5A3 seProteins against Man3 Antigen.
expression in the medium was thus calculated to be ap-SPR studies were performed to assess the ability of the anti-
proximately 48ug/mL for the 4C2 clone (Table 2). The Man3-scFv to bind to the target antigen Man3, in two
purified scFv-Fc protein was used for binding activity recombinant soluble forms, GST-scFv and scFv-Fc proteins,
analyses by ELISA and SPR. In contrast to 5A3, 1A4-12 expressed irfE. coliand mammalian systems, respectively.
and 1G4 scFv-Fc proteins were still not expressed in the Initial binding studies performed with the purified GST-
GS/NSO system since no Fc-positive clone was detected5A3 scFv protein indicated that it had binding specificity to
among 98 and 80 clones examined by ELISA, respectively Man3-BSA over LNFPIII-BSA, whereas the GST protein
(Table 2). The human IgG1 Fc domain alone, as a control alone did not show binding activity to either carbohydrate
to validate the GS/NSO expression system, was expressednoieties (data not shown). Another anti-Man3 clone, 5C10,
and purified simultaneously. The clone with the human IgG1 similarly expressed and purified as a GST fusion protein,
Fc gene introduced expressed the Fc protein at a considerablylso showed binding activity to Man3 (data not shown).
high level (12Qug/mL) in SFM (Table 2). Since itis possible  Kinetic parameters of the purified GST-5A3 scFv protein to
that anti-Man3 scFv-Fc proteins may be trapped in endo- Man3-BSA were determined by SPR measurements at five
plasmic reticulum where high mannose-type oligosaccharidesconcentrations with the range of 4895 nM (Figure 4). The
are abundant, myeloma cell lysates of above-mentionedsensorgrams shown in Figure 4A were fitted to a bivalent
clones were subjected to SBBAGE and immunoblotting  analyte model since it was found that the GST-5A3 scFc as
with anti-Fc antibody. The results indicated that only the a fusion protein as well as the GST protein formed dimmers
cell lysates of 5A3 and Fc clones contained scFv-Fc and Fcunder the conditions used as determined by Superdex 200
proteins, respectively, whereas 1A4-12 and 1G4 scFv-Fcgel filtration (data not shown). The kinetics parameters as
genes-introduced NSO cells did not show any Fc-reactivity determined by BlAevaluation software wekg= 3.08 x
(data not shown). 1IPM sl ky=6.71x 10251, Ky =4.59%x 10* M1,
Purity and Structural Analysis of Purified 5A3 sefFc andKp = 2.18 x 1075 M.
Protein. The purified 5A3 scFv-Fc protein was analyzed by  Further SPR studies were performed with the divalent
SDS-PAGE and immunoblotting under nonreducing and scFv-Fc proteins purified as monomers by gel filtration. The
reducing conditions (Figure 3). Since human IgGl Fc 5A3 scFv-Fc protein solutions at four different concentrations
contains a hinge region, the scFv-Fc produced by mammalianin the range of 6.726.8 nM were passed over the im-
cells is expected to form a disulfide-linked dimer. Results mobilized Man3-BSA at a flow rate of 3@L/min. The
clearly shows that the 5A3 scFv-Fc protein is a dimer sensorgrams shown in Figure 4B were fitted to a bivalent
consisting of two monomers. The molecular mass of the model. The kinetics parameters as determined by BlAevalu-
monomeric scFv-Fc estimated by SBBAGE and immu- ation software weré, = 4.03 x 10* M=t s%, kg = 5.77 x
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Ficure 4: Binding kinetics curves of 5A3 scFv fusion proteins
with immobilized Man3 antigen by SPR analyses. (A) Sensorgrams
of the binding of GST-5A3 scFv to the immobilized Man3-BSA.
The purified GST-5A3 scFv proteins were injected at the indicated
concentrations. (B) Sensorgrams of the binding of 5A3 scFv-Fc to
the immobilized Man3-BSA. The purified 5A3 scFv-Fc proteins
were injected at the indicated concentrations. The binding curves
were derived from one particular experiment where the different
concentrations of the fusion proteins were analyzed on the same
Man3-BSA-immobilized CM3 sensor chip.

Table 3: Kinetic Parameters of 5A3 Fusion Proteins Binding to
Man3-BSA&

fusion proteins ka(M~s™) ki(s™d)

GST-5A3scFv 3.08 10° 6.71x 102 4.59x 10* 2.18x 10°°
5A3 scFv-Fc 4.0 10* 5.77x 10* 6.98x 10’ 1.43x 10°®

aKinetic parameter&, andky were measured by SPR, aKd and
Kp were calculated aky/kq andky/ks, respectively.

KA (Mfl) KD (M)

10454 Ka =6.98x 100 M4, andKp = 1.43 x 1078 M.
Table 3 summarizes the results of kinetic parameters of two
5A3 fusion proteins to Man3-BSA. SPR analyses were also
carried out in the presence of 50 mdmethyl mannoside,
which inhibited the binding of the purified GST-5A3 and
scFv-Fc proteins at 295 and 26.8 nM, respectively (data not
shown). These results strongly indicated that the purified
fusion scFv proteins bind to the Man3 moiety.

Binding Specificity of 5A3 saFFc by ELISAThe binding
of the 5A3 scFv-Fc protein to Man3-BSA coated onto plastic
plates (0.5ug/well) as a function of scFv-Fc concentration
is shown in Figure 5A. The best concentration of 5A3 scFv-
Fc protein for detection of binding activity with respect to
Man3 was 2Qug/mL, which was used for ELISA analyses
with a group of different kinds of carbohydrate-antigens
conjugated to BSA (Figure 5B) or biotin (Figure 5C). The

Zhang et al.

0.3

0.2

0.1¢

10 20 30 40
5A3 scFv-Fc (pg/mL)

&

@

& ke 0
¢ & & &
& s
~

-conjugated with BSA

&

~

slhs
S & ¢

~

-conjugated with Biotin

FiIGUrRe 5: Antigen special recognition of 5A3 scFv-Fc by ELISA.
Binding of a series of diluted samples of purified 5A3 scFv-Fc to
Man3-BSA (0.5ug/well) (A). Binding of the same concentration
of 5A3 scFv-Fc to a group of different carbohydrate antigens
conjugated with BSA (B) or biotin (C). BSA conjugates (@.§/
well) or biotin conjugates (50 pmol/well) were absorbed onto the
surface of wells. The purified scFv-Fc samples were applied to the
wells with the same concentration of 26/mL and then detected
with HRP-conjugated anti-human IgG (Fc specific) secondary
antibody.

carbohydrate moieties can be isolated and produced as
soluble scFv proteins in quantity. This research’s long-term
objective is to develop such scFvs for application in cancer
therapeutics such as tissue-specific delivery of anticancer
drugs as well as in producing antibody-based anti-cancer
therapeutics and in diagnostics for catastrophic diseases
including pancreatic cancer for which early detection is
currently not available.

A previous paper showed that 25 sequence-independent
clones were isolated using a neoglycolipid, Man3-DPPE, a
model carbohydrate antigen and that phage antibodies as well
as scFv protein preparations had good affinities and speci-

results of analyses for antibody specificity suggest that the ficities for nonreducing terminal mannose residues. Also

purified 5A3 scFv-Fc possesses the ability to specifically
recognize Man3.

DISCUSSION

The objective of previous and present studies was to
establish a new methodology by which scFvs against desired

shown were complete amino acid sequences of 15 indepen-
dent clones. As is readily apparent, the most valuable aspect
of phage display technology is that gene profiling and gene
manipulation can readily be achieved. The present paper
described expression, production, and purification of the
previously isolated scFvs.
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Thus far, four independent anti Man3-scFv genes, 1A4- thus established isolation of carbohydrate-specific scFv genes
12, 1G4, 5A3, and 5C10, have been used to constructand eventual production of humanized scFv-Fc type antibod-
expression vectors to produce soluble scFv proteins inies. The affinity constant of 1@ is high for an antibody
quantity. A bacterial expression system was first used to against carbohydrates. This indicates that isolated scFvs may
produce 5A3 and 5C10 GST-scFv fusion proteins since pe used as-is to construct antibody therapeutics such as
mammalian expression systems are time-consuming andmultimeric antibodies with different specificities or to
labor-intensive. Although only the results for 5A3 are jmprove its original affinity by affinity maturation proce-
presented in this paper, both fusion proteins were expresseqyres. In summary, this study has provided the foundation

and purified. The GST fusion proteins, however, did not for development of carbohydrate-specific antibody-based
appear to be abundantly expressed as expected. In add't'onbherapeutics and diagnostics.
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