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SUMMARY

A recombinant Fab antibody, designated 1E8-4b, which reacts with the Alzheimer’s disease (AD)-
related Af peptides, Af[1-40], AB[1-42] and AP[1-43] has been developed. The 1E8-4b Fab was con-
structed by cloning the Vi;Cyy; and VC, domains from the parent hybridoma 1ES8 antibody, reported
previously to recognize these Af peptides. Briefly, a C-terminal Flag tag sequence was incorporated
into this construct, which was ligated into the vector pHFA? and expressed in Escherichia coli. Fol-
lowing purification on an M2 anti-Flag affinity column, the 1E8-4b recombinant Fab antibody was
shown to bind plaques within sections of brain tissue from CERAD-defined AD patients by immuno-
histochemistry. ELISA, epitope mapping and immunoblotting confirmed the recognition of the
ApP[1-40/42/43] peptides by the 1E8-4b Fab. The 1E8—4b Fab did not recognize APP695 or APP770
which contain the Af sequence. The Ap specificity of the recombinant 1E8-4b Fab antibody was iden-

tical to the parent 1E8 monoclonal antibody.
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INTRODUCTION

Alzheimer’s disease (AD), a central nervous system (CNS) neu-
rodegenerative disorder, is the predominant cause of dementia in
elderly people and is seen in Down’s syndrome individuals [1,2].
Early-onset familial AD (FAD) patients carrying mutations in
APP, PS-1 or PS-2 encoding genes show increased pB-amyloid
(AP)[1-42/43] and [x-42] peptide levels by altered amyloid pre-
cursor protein (APP) processing, suggesting a major role for A3
in AD pathogenesis [3]. Aggregated and polymerized Af3 deposits
extracellularly in AD brain as highly insoluble neuritic plaques
of B-pleated amyloid fibrils (predominantly Ap[1-42/43] with
less AP[1-40]) and in cerebrovasculature as Af[1-40] with less
AP[1-42], [45]. Toxicity of insoluble fibril Af aggregates which
form at high concentrations [6] and of soluble oligomers at
nanomolar concentrations [7] has been proposed. Peptides
Af[1-42/43] display higher fibrillogenicity compared to AS[1-40]
and exhibit earlier and selective deposition in AD, which is
implicated in neurotoxicity and Af deposition in FAD plaques
[8,9].
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Decreased total Af or Af[1-42] levels in AD CSF relative to
control patients, correlating with increased dementia severity,
have been reported [10] but measuring A levels in biological
fluids to diagnose AD is controversial. Diagnostic sensitivity and
specificity remain dependent on social, genetic, medical, psychi-
atric and neurological examinations with confirmation by post
mortem immunohistochemistry [11,12].

Using highly specific antibodies reactive with AD biological
markers present in accessible bodily fluids, immunodiagnostics
offer the opportunity for specific and sensitive detection of AD
during life. Recombinant techniques provide tools for the gen-
eration of antibodies of enhanced specificity and sensitivity for
AD markers, such as Af in CSF/plasma, by incorporating tags,
affinity enhancement, enzyme linkage, bispecificity and increased
avidity [13]. Although ApS[1-42]: AB[1-40] plasma levels have
been reported to be increased in Down syndrome and FAD cases
[14,15], increased assay sensitivity may minimize the existing con-
troversy in sporadic AD [16]. Recombinant antibodies also have
importance in AD therapy. Immunization of mice with human Af
has been shown recently to inhibit amyloid plaque formation [17].
‘Specific anti-Af antibody-directed mopping-up’ of excess Af
may be therapeutic in AD. With these considerations in mind,
the novel Apf-specific recombinant 1E8—4b Fab fragment was
generated from Escherichia coli and compared with the parent
antibody.
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MATERIALS AND METHODS

Generation of the immunoglobulin heavy and light

chain constructs

The mRNA was extracted from 4-0 x 10° hybridoma cells by Dyn-
abeads mRNA Direct Kit (Dynal, Oslo, Norway). The hybrid-
oma used was 1E8 [17-22] (SmithKlein Beecham Laboratories,
Harlow, UK) [18]. The cDNA was generated by the Promega
(Madison, WI, USA) reverse transcription system kit in a 20-ul
reaction containing 1 x RT buffer, 5mmM MgClL, SmM DTT, 1 U/ul
RNase inhibitor, I mM dNTP mix, 0-5 ug oligo (dT);s primer/ug
mRNA, 15 U AMYV reverse transcriptase/ug mRNA, 1 ug mRNA
and RNase-free ddH,O. The reaction was incubated at 42°C for
1h and inhibited at 99°C for Smin. PCR was performed in a
100-ul reaction containing 0-50pM each forward and reverse
primer (section 1-2), 0-20mM dNTP (Amresco), 1 x ThermoPol
reaction buffer (New England BioLabs, Beverly, MA, USA), 100
ug/ml BSA, 10 ul of cDNA and ddH,O. Samples were ‘hot started’
by heating to 94°C for 1 min and adding 2 Units of Vent DNA
polymerase (New England BioLabs, Beverly, MA, USA) per
100 ul reaction. Reactions were overlaid with 50 ul of mineral oil
(Sigma, St Louis, MO, USA) and incubated at 94°C 1 min, 55°C
1min and 72°C 1min for three cycles, followed by 94°C 1min,
55°C 1min and 72°C 2min, for 30 cycles on a FTS-1 thermal
sequencer (Corbett Research, Mortlake, NSW, Australia). DNA
was purified by the BIO101 GeneClean (GC) Spin Kit (Inte-
grated Sciences, NSW, Australia).

Primers used to generate heavy and light chain constructs

The Vy;Cyy; construct was generated using the forward primer [Cyy
degen(212-223)] (5’ at taa gtc gac T/G/AAT T/CTT T/CTT GTC
CAC C/TG/TC GGT G/CC/TT GCT GGC C/TGG GTG 3)
modified from Kettleborough et al. [19] with data from Kabat
et al. [20], containing a Sall site and the reverse primer [Vy back
3350] containing a Sfil site (5" tta tta ctc gcg gee cag ccg gee atg
gcc GAG GTC CAG CTG CAG CAG TC 3'). The V.C,, con-
struct was generated using [C, forward 3964] containing a Notl
site (5 at gag ttt ttg ttc tge ggc cge ggc ACA CTC ATT CCT GTT
GAA GCT CTT 3') and the reverse primer [V, back 3959] con-
taining a Ncol site (5" ¢ cgg gtg tct gee atg gec GAC ATT GTG
ATG ACC CAG TCT 3’). All restriction sites are underlined.

Cloning the immunoglobulin heavy and light chain constructs
Purified PCR fragments were cloned into pCR-Script Amp SK(+)
vector and transformed into E. coli XL1-Blue MRF" Kan cells
using pCR-Script Amp SK(+) an electroporation-competent
cell cloning kit (Stratagene, CA, USA). Positive colonies were
screened by restriction enzyme digests of Miniprep DNA or
colony PCR. Following sequencing using the ABI PRISM dye
terminator cycle sequencing ready reaction kit (Perkin Elmer,
Norwalk, CT, USA), positive clones were digested with appro-
priate enzymes, purified from 1% (w/v) low melt agarose gels and
ligated into a similarly digested and purified pHFA? expression
vector [21]. The ligation mixture was transformed into E. coli
HB2151 cells and plated onto 1-5% (w/v) agar plates containing
2 x YT, 100 pg/ml ampicillin and 1% (v/v) glucose, overnight at
37°C. Positive colonies were screened as above and resequenced
for affirmation using pUC/M13 22-mer reverse sequencing primer
(Promega, Madison, WI, USA) (5TCACACAGGAAACAGC
TATGAC 3’) and Fd gene III primer (Beckman, NSW, Australia)
(ACTTTCAACAGTCTATGCCGCG 3').

Expression and purification of the antibody Fab fragments

E. coli HB2151 cells [22] containing the recombinant plasmids
were grown overnight at 37°C in 2 X YT containing 100 ug/ml
Ampicillin and 1% (v/v) glucose (2 x YT/AMP/Glu). The fol-
lowing day, cells were subcultured to an O.D. 600nm value
of 0-1 Unit into 2 x YT/AMP. The cells were grown at 30°C,
125r.p.m. in an orbital incubator to an O.D. 600nm value
of 0-8-1-0 Units (about 3h). IPTG was added to a final concen-
tration of 1 mM and the cultures allowed to shake at 125r.p.m.,
25°C overnight.

Overnight culture medium was clarified by two successive
centrifugations at 10 000 gp.x for 30 min, 4°C. The supernatant
was treated with 2mM EDTA, 0-1ug/ml leupeptin, 0-1 ug/ml
pepstatin, 1 mM PMSF and 0-02% (w/v) NaN;. The supernatant
was treated with 100 ug DNAasel/l supernatant (SIGMA, St
Louis, MO, USA) for 30 min at RT with stirring and then filtered
through a 0-45-um filter (Nalgene). The supernatant was concen-
trated by a 60% (v/v) saturated ammonium sulphate (SAS) pre-
cipitation as described in Coppola et al. [23]. The pellet was
resuspended in 1/40th of the original volume in TBS/NaN; and
dialysed against 100 volumes of TBS/NaN; over 48h with three
changes of buffer at 4°C. Dialysed samples were centrifuged
at 10 000 gnax for 30min at 4°C and the supernatant collected.
The M2 anti-Flag antibody affinity column (Sigma, St Louis,
MO, USA) was equilibrated with four column volumes of
TBS/NaNy/I (TBS/NaN; containing 2mM EDTA, 0-1 ug/ml
leupeptin, 0-1 ug/ml Pepstatin, 2-5 ug/ml Aprotinin) at 1 ml/min
at 4°C. The concentrated supernatant was treated with inhibitors
(2mM EDTA, 0-1 ug/ml leupeptin, 0-1 ug/ml Pepstatin, 5 pg/ml
Aprotinin), ultracentrifuged at 100 000 g, 4°C for 1h, filtered
through a 0-22-um filter (Millipore, Bedford, MA, USA) and
applied at 1ml/min 4°C to the affinity column. The sample
was recirculated over the column three times or overnight. The
affinity column was then washed with four column volumes
of TBS/NaNy/I at 1 ml/min 4°C. The bound antibody was eluted
at 4°C with 0-1M glycine-HCl/0-02% (w/v) NaN, pH3-5 at
1 ml/min. One-millilitre fractions were collected and immediately
neutralized with 20-40 ul of 1M Tris-HCI, pH 8:0. Fractions were
examined by immunoblot for the presence of antibody and by
ELISA for antibody reactivity. Eluates containing active antibody
were pooled, concentrated in 2ml Centricon concentrators
(Millipore, Bedford, MA, USA) and buffer exchanged into
PBS/NaN;.

SDS-PAGE and immunoblotting analysis

SDS-PAGE and immunoblotting were carried out under standard
conditions [24]. Samples were boiled for 5min in sample buffer
and electrophoresed on 10% SDS-polyacrylamide gels. For
reducing conditions, the sample buffer contained 20% (v/v) 2-
mercaptoethanol (Sigma, St. Louis, MO, USA). The proteins
were transferred onto nitrocellulose (Biorad, Hercules, CA,
USA) in a Biorad Mini Trans-Blot apparatus at 300 mA for 1h.
The recombinant antibody, containing C-terminal flag and tubulin
tags, was detected with mouse M2 anti-Flag (Sigma, St Louis,
MO, USA) or rat antitubulin antibodies (Serotec, Oxford, UK),
respectively, followed by goat anti-mouse immunoglobulin
coupled to alkaline phosphatase (Promega, Madison, WI, USA)
or goat anti-rat immunoglobulin coupled to alkaline phosphatase
(Southern Biotechnology Associates), respectively, and devel-
oped with a substrate solution containing fast red and naphthol
phosphate AS-MX reagents (Sigma, St Louis, MO, USA).

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 129:453-463



Generation of AB-specific recombinant Fab antibody

l-----pelB signal SEQUENCE #1 - -« === == -==mcm oo eeieeoeiiiciiaiiaicoao- |
M K'Y L L P T A A A G L LL L A A Q P A MA
aaa ttc tat ttc aag gag aca gtc ata ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT GGA TTG TTATTA CTC GCG GCC CAG CCG GCC ATG GCC
Sfil

Q L Q Q S GA EL A RZ® GA S VQ LS CQ A SG VYT
GAG G’IC CAG CTG CAG CAG TCT GGA GCT GAG CTG GCG AGG CCT GGG GCT TCA GTG CAG CTG TCC TGC CAG GCT TCT GGC TAC ACC

F T S F G I S R P HG Q G L I1 G D I Y P R §
- v,
G b TY FNEI R F K G KA T L T A D K S S1I T A Y M DL

RSLTSEDSAVYFCATVVATRDYWGQGTT
CGC AGC CTG ACA TCT GAG GAC TCT GCG GTC TAT TTC TGT GCT ACA GTG GTG GCT ACA AGG GAC TAC TGG GGC CAA GGC ACC ACT

- -FRAMEWORK 4 Vg --lb--croocmoooooiooooe T RREEER T LR >
L T VvV §°S§ A K T T P P S */ Y P L A P G S A A Q T N § M V
CTC ACA GTC TCC TCC GCC AAA ACG ACA CCC CCA TCT GTC TAT CCA CTG GCC CCT GGA TCT GCT GCC CAA ACT AAC TCC ATG GTG

T L G C L V K G Y F P PV N § G § L S S G V H
ACC CTG GGA TGC CTG GTC AAG GGC TAT TTC CCT GAG CCA GTG ACA GTG ACC 'IGG AAC TCT GGA TCC CTG TCC AGC GGT GTG CAC

T F P AV L Q §S D L Y T L s s vT VvV P §S T WP § QT
ACC TTC CCA GCT GTC CTG CAG TCT GAC CTC TAC ACT CTG AGC AGC TCA GTG ACT GTC CCC TCC AGC ACC TGG CCC AGC CAG ACC

........................... e | Glu Glu Phe

vV T C A H®™ A s s T T V D K K I V DE E F *

GTC ACC TGC AAC GTI' GCC CAC CCA GCC AGC AGC ACC ACG GTG GAC AAG AAG ATC GTC GAC GAG GAA TTT taa tta act aag gag aca gtc ata
Sal Pacl

L e R TR pelB signal Sequence #2 -------s-msmccm i N L LR P LR >

M K Y L L P T A A A G L L Q P A D I VM T Q T

ATG AAA TAC CTATTG CCTACG GCA GCC GCT GGA TTG TTA TTA CTC GCA GCA CAG CCA Gg:g; AZQ GCC GAC ATT GTG ATG ACC CAG ACT
Ncol

-------- FRAMEWORK 1 V- --=ccc-nmmmemmmmnanomenamaommaanneeenanne] bomeeoeaaoeeaacaaaae CDR Loccmemmmemcmeeeeacaaaa>

PLTLS*TIGQPASISCKSSQSLLDSAGK

CCA CTC ACT TTG TCG GTT ACC ATT GGA CAA CCA GCC TCC ATC TCT TGC AAG TCA AGT CAG AGC CTC TTA GAT AGT GCT GGA AAG

--------------- |l~!'RAMEWORK 2 I P . 2---—------~II--------->

T Y L N W L L Q R GQSLPKRLIYLVS L V S G V

P D R F S G T D¥ T L K I S R G V Y
L
Y c W QGTH FP QTTFEGGTGT K L™ 1 KR ADAAP T

vs I FP P S§ S E QL TSGG A SV V CF LN NTF Y P K
GTA TCC ATC TTC CCA CCA TCC AGT GAG CAG TTA ACA TCT GGA GGT GCC TCA GTC GTG TGC TTC TTG AAC AAC TTC TAC CCC AAA

D I N V K W K I G § E R Q N G V N §S W T D Q D S K D
GAC ATC AAT GTC AAG TGG AAG ATT GAT GGC AGT GAA CGA CAA AAT GGC GTC C'IG AAC AGT TGG ACT GAT CAG GAC AGC AAA GAC

S T Yy § M § § T L T L T K D E Y E R H N § Y T C E T H
AGC ACC TAC AGC ATG AGC AGC ACC CTC ACG TTG ACC AAG GAC GAG TAT GAA CGA CAT AAC AGC TAT ACC TGT GAG GCC ACT CAC

KTSTSPIVLKSFNRNEC A A A DY KD D DD K
AAG ACA TCA ACTTCA CCC ATT GTC AAG AGC TTC AAC AGG AAT GAG TGT GCC GCG GCC GCA GAT TAT AAA GAT GAT GAT GAT AAA
Notl
|--pll---vn-- >
A A A *E T V
GCC GCG GCA TAG ACT GTT

Sacll

Fig.1. DNA and protein sequences of 1E8-4b Fab in the pHFA? cloning vector. Both the heavy (VyCy;) and light (V. Cy) chains of the
1E8-4b Fab are preceeded by N-terminal pel/B signal sequences (italicised). Non-coding regions located 5’ to the pelB signal sequences are
shown in lower case. C-terminal peptide tag sequences (tubulin (Glu Glu Phe) and Flag) are shown in bold. The framework, CDR and
constant regions are outlined above the sequence, according to Kabat ef al. [20]. Important restriction sites are underlined.
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ELISA analysis of the 1ES8—4b Fab fragment

In order to analyse the specificity of the 1E8—4b recombinant Fab,
96-well microtitre Cliniplates EB (Labsystems, Helsinki, Finland)
were coated with 50 ng/well of the peptides Ap[1-40], Ap[1-42],
ApP[1-43], APP 695 or APP 770 with or without serial dilutions in
carbonate-bicarbonate buffer pH 9-6 for 4h. After two washes
with PBS 100 ul/well of 1% (w/v) BSA was added for 2h at 37°C.
After two PBS washes, antibodies were incubated overnight at
4°C at 10ug/ml with serial dilutions or 5ug/ml with titrated
peptide plates. Plates had three PBST washes and three PBS
washes. To detect the Fab and isotype control, mouse M2 anti-
Flag antibody (Sigma, St Louis, MO, USA) was applied at
100 ng/well for 1 h, followed by three PBST washes and three PBS
washes, then rabbit anti-mouse immunoglobulins coupled to
horseradish peroxidase (Dako, Carpinteria, CA, USA) at 1/500
dilution was added at 50 ul/well for 1 h. To detect the parent, anti-
mouse immunoglobulins couple to horseradish peroxidase (Dako,
Carpinteria, CA, USA) at 1/500 dilution was added at 50 ul/well
for 1h. ELISA plates were washed three times with PBST and
three times with PBS followed by 100 ul/well ‘o’-phenylenedi-
amine (SIGMA, St Louis, MO, USA) developing solution for 1h.
The development reaction was stopped with 50 ul/well 8M H,SO,
and the colour reaction determined at O.D. 490nm on a Model
450 microplate reader (Biorad, Hercules, CA, USA).

Detection of AP and APP using immunoblotting

The following procedure was derived from Ida ez al. [16]. Samples
containing 100 ng of human A or recombinant APP were dena-
tured, electrophoresed in 14% Tris-tricine gels and transferred
onto nitrocellulose (Biorad, Hercules, CA, USA). Blots were
boiled in PBS for 5 min and blocked for 1-5h with 1% (w/v) BSA.
The Fab, isotype and parent antibodies were incubated overnight
at 4°C (5 ug/ml of Fab or isotype and 50 ug/ml of parent). The
blots were washed once for 5min then twice for 20min with
TBST. To detect the Fab and isotype antibodies, mouse M2 anti-
Flag (Sigma, St Louis, MO, USA) was applied at 2 ug/ml, followed
by one 5-min then two 20-min washes with TBST, followed by
anti-mouse immunoglobulins coupled to horseradish peroxidase
(Dako, Carpinteria, CA, USA) at 1/2000 for 1h. To detect the
parent, anti-mouse immunoglobulins coupled to horseradish per-
oxidase (Dako, Carpinteria, CA, USA) was applied at 1/2000 for
1h. All blots were washed with TBST once for 5min and twice
for 20min Blots were rinsed with PBST and developed with
the ECL development reagent system (Amersham Pharmacia
Biotech, Buckinghamshire, UK).

Epitope mapping analysis

To determine the specificity of the Af parent and Fab antibodies,
Pepset analysis was undertaken comprising a set of 15 mer
overlapping biotinylated peptides incrementing by three amino
acids per peptide and encompassing the human APP [695-652]
sequence (Chiron Mimotopes Pty Ltd, Melbourne, Australia)
[18]. The 96-well microtitre Cliniplates EB (Labsystems, Helsinki,
Finland) were incubated with 500 ng/well streptavidin at 37°C
overnight and evaporated to dryness. Then 50 ng/well of biotiny-
lated peptides were incubated for 30min followed by three
washes in PBS. BSA [1% (w/v)] (Sigma, St Louis, MO, USA) at
100 ul/well was incubated at 37°C for 2h and plates washed three
times with PBS. The parent and Fab antibodies at 500 ng/well
were incubated for 30min and the plates washed three times
with PBST and three times with PBS. To detect the parent
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Fig. 2. Purification of recombinant 1E8-4b Fab-EEF/FLAG conjugate
from E. coli culture supernatant as analysed by SDS-PAGE under non-
reducing conditions and immunoblotting (lanes 1-5) or Coomassie Bril-
liant Blue staining (lane 6). Immunoreactive protein bands were detected
using M2 anti-Flag antibody followed by goat anti-mouse alkaline phos-
phatase conjugated antibody and developed with Fast Red/AS-MX Naph-
thol reagents. Lane I: Culture supernatant; /ane 2: Supernatant following
60% (v/v) SAS precipitation; lane 3: Low-molecular-weight-protein
markers (with numbers to the left in kDa); lane 4: precipitated 1E8-4b Fab
protein following 60% (v/v) SAS precipitation; lane 5: pooled and con-
centrated M2 anti-Flag affinity gel purified 1E8-4b Fab eluates; lane
6: Coomassie stain of lane 5.

antibody, 50 ul/well anti-mouse immunoglobulins coupled to
horseradish peroxidase (Dako, Carpinteria, CA, USA) at 1/500
was incubated for 30 min. To detect the Fab antibody 100 ng/well
M2 anti-Flag monoclonal antibody (Sigma, St Louis, MO, USA)
was applied for 30 min, plates were washed three times with PBST
and three times with PBS, and 50 ul/well anti-mouse immunoglob-
ulins coupled to horseradish peroxidase (Dako, Carpinteria, CA,
USA) at 1/500 was incubated for 30 min. Plates were washed three
times with PBST, three times with PBS and bound mouse
immunoglobulin or Fab was detected by the addition of
100 ul/well of ‘o’-phenylenediamine (Sigma, St Louis, MO, USA)
development solution for 1h. The development reaction was
stopped by adding 25 ul/well of 8M H,SO,. The O.D. 490nm
was determined using a Model 450 microplate reader (Biorad,
Hercules, CA, USA).

Immunohistochemistry of human AD (certified by CERAD
criteria) and normal, non-AD control brain
Paraffin-embedded, formalin fixed, 4 um tissue sections were
incubated over three changes of Shellex for 2 min each, followed
by 2min in 90% (v/v) ethanol and 70% (v/v) ethanol. Sections
were washed with ddH,O and treated for 5min in 80% (v/v)
formic acid. After a ddH,O wash, sections were treated with
3% (v/v) H,O, (BDH Chemicals, Poole, Dorset, UK) for 5 min,
washed in ddH,O and TBS pH 7-4. Sections were blocked
with 20% (v/v) rabbit serum in TBS pH 7-4 for 30min and
100 ul/section of the parent, Fab and isotype control antibodies
were applied at either 20 ug/ml or 10 ug/ml for 1h. Slides were
washed twice for Smin with TBS pH 7-4. To detect the parent
antibody 100 ul/section of anti-mouse immunoglobulins coupled
to horseradish peroxidase (Dako, Carpinteria, CA, USA) was
applied at 6-5 ug/ml for 1 h. To detect the Fab and isotype control,

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 129:453-463



Generation of AB-specific recombinant Fab antibody 457

(a) (b)
20 20 F
5 [ 1E8and AB[1-40] :
| lIsotype control 15t 4E8-4b and AB[1-40]
10 b 10 F
05 f 05 F
00 00 F
20 20 |
1.5 [ 1E8 and AB[1-42] 15 F
1.0 E— 1.0 F
0-5 E‘ 05 |
0-0 :- 0-0 :— —- a—a—=
20 20 f
£ 5L 1E8 and AB[1-43] sk
o o n
[e) o n
I 10 E 1.0 F
0-5 ; 0-5 o
0-0 i 0-0 E —— a—a—=
2.0 F 20
15 F 15 F
t  1E8 and APP770 g 1E8-4b and APP695
1.0 £ 1.0 b
05 | 05
g -— g
00 [0 89 oo 00 fg—a—o——o——w—o——wsnaaso=20%
20 F 20 F
15 F 15 F
- 1E8and APP695 : 1E8-4b and APP770
10 F 10 |
05 F 05
00 F 00 Mttt e—a—a—sTo
0-01 0-10 1.00  10-00 0-01 0-10 1.00  10-00
(Antibody) ug/ml

Fig.3. ELISA depicting the reactivity of the parent 1E8 antibody (a) and the recombinant 1E8-4b Fab fragment (b) to AS[1-40], AS
[1-42], AB[1-43], APP695 and APP770 peptides. The antibody is titrated from 10 ug/ml with serial doubling dilutions, while the peptide is
at a constant concentration of 50 ng/well. 1E8 was probed with antimouse-HRP while 1E8-4b was probed with M2 anti-Flag antibody and

then with antimouse-HRP. Detection of antibody reactivity to the peptides was via an ‘o
isotype control used was M2 anti-Flag antibody which is a mouse IgG;.

100 ul/section of M2 anti-Flag monoclonal antibody (Sigma, St
Louis, MO, USA) was applied at 10 yug/ml for 1h followed by two
5-min washes with TBS pH 7-4, then 100 ul/section of anti-mouse
HRP (Dako, Carpinteria, CA, USA) was applied at 6-5 ug/ml for
1h. Sections were washed twice for Smin with TBS pH 7-4
and developed with diaminobenzidine solution (BDH Chemicals,
Poole, Dorset, UK) for 5min. Sections were washed in TBS
pH 7-4 and ddH,O, then counterstained in Mayer’s haematoxylin
for 1min, washed in ddH,O, immersed in Scott’s tap water for
30 s, washed in ddH,O, dehydrated in two changes of absolute
alcohol, cleared in three changes of shellex (Shell Chemicals,
Victoria, Australia) and mounted in DPX (BDH Chemicals,
Poole, Dorset, UK).

’-phenylenediamine development mixture. The

Purification of monoclonal antibodies

The mouse monoclonal antibody 1E8 was purified from
hybridoma culture supernatant by affinity chromatography on a
Protein-G Hi-trap affinity column (Pharmacia Biotech, Sweden).
Briefly, a 100-ml aliquot of hybridoma supernatant was recircu-
lated overnight at 4°C using a peristaltic pump. The Protein
G column containing bound antibody was washed with 30 ml
of 0-1M sodium phosphate buffer pH 7-4. Bound antibody was
eluted with 0-1 M glycine-HCI pH 2-7 into 1 ml fractions contain-
ing 42 ul/ml of 1-0M Tris-HCl pH 9:0. Eluted fractions were
analysed spectrophotometrically at A280nm to determine the
antibody-containing fractions. Peak fractions were pooled and
dialysed against 100 volumes of PBS at 4°C. Following dialysis,

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 129:453-463
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Fig.4. Determination of the sensitivity of the parent antibody 1ES8 (a) and the recombinant Fab antibody 1E8-4b (b) to the amyloid pep-
tides AB[1-40], AB[1-42] and AP[1-43] by ELISA. The peptides were serially diluted with doubling dilutions starting from 50 ng/ml while
the concentrations of 1E8 and 1E8-4b were kept constant at 5 ug/ml. 1E8 was detected with antimouse-HRP conjugated antibody while
1E8-4b was probed with M2 anti-Flag antibody and then detected with antimouse-HRP conjugated antibody. Detection was via an ‘o’-
phenylenediamine development mixture. The isotype control used was M2 anti-Flag antibody which is a mouse IgG;.

protein concentrations were measured spectrophotometrically
and the antibody stored at —20°C.

Preparation of the FAD PS-1 mutation brain sample

The FAD brain sample containing the Australian PS-1 mutation
(Leu219Pro) [25] was prepared from total brain tissue extract,
homogenized in 1ml TRIZOL (Life Technologies), incubated
for Smin at RT and 2ml of chloroform was added. The sample
was shaken for 15s, incubated for 2min at RT and centrifuged
at 12000 g, for 15 min, 4°C. Isopropyl alcohol (1-5 ml) was added

to the lower interphase, incubated 10 min at RT and centrifuged
at 12 000 g,nay for 10 min at 4°C. The pellet was washed three times
with 2ml of 0-3M guanidine-HCl in 95% (v/v) ethanol for 20 min
at RT and centrifuged at 7500 g,.x for Smin at 4°C after each
wash. The pellet was vortexed in absolute ethanol (2ml), incu-
bated 20min at RT, centrifuged at 7500 g, for Smin at 4°C,
air-dried and redissolved in 0-5ml of 2% (w/v) SDS, by heating
and sonification. Insoluble material was centrifuged at 10 000 g,.x
for 10min at 4°C. The supernatant was aliquoted and frozen
at -80°C.
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Fig. 5. Detection of Af peptides [1-40], [1-42] and [1-43] and total AS
in FAD brain by 1E8-4b (a) and 1E8 (b) antibodies using immunoblotting
followed by ECL development. Samples were electrophoresed on 14%
Tris-tricine gels with 100 ng/well of A peptides [1-40], [1-42] and [1-43]
and APP peptides 695 and 770. A total of 5 ul of FAD brain sample was
used. The recombinant Fab 1E8-4b and the isotype control M2 anti-Flag
monoclonal antibody were applied to the immunoblots at 5 ug/ml, while
1E8 was used at 50 ug/ml. The isotype control displayed no reactivity to
the peptides or FAD brain sample. Lane 1: Af peptide [1-40]; lane 2: AB
peptide [1-42]; lane 3: AB peptide [1-43]; lane 4: APP peptide 695; lane
5: APP peptide 770; lane 6: FAD (PS-1mut) brain sample.

RESULTS

Generation, expression and purification of 1ES8—4b

Fab antibody gene fragments from the mouse monoclonal
hybridoma cell line 1E8 [17-22] were generated by PCR using
primers generated from immunological sequences in Kabat et al.
[20]. The VyuCy construct was created with primers flanking
amino acids 1-6/7 of the mouse variable heavy chain (Vy) frame-
work 1 region and amino acids 212-223 of the mouse first con-
stant heavy chain region (Cy;). The V,C; construct was created
with primers flanking amino acids 1-7 of the variable light chain
(V) framework 1 region and amino acids 207-214 of the constant
light chain region (Cy).

Constructs were cloned into pCR-Script Amp SK(+) vectors
(Stratagene, CA, USA), derived from pBluescript® II SK(+)
vectors (Stratagene, CA, USA). Six independent clones for
both VyCy; and V. C, were sequenced, generating a consensus
sequence. Sequence analysis in the Kabat and Wu database [20]

suggested the heavy and light chain constructs had not previously
been published. The entire VyCyy chain spanned 213 amino acids
and the Vy region belonged to the immunoglobulin mouse heavy
chain subgroup IIA. The Vyregion exhibited highest homology
with heavy chains from the mouse immunoglobulins DBF1-386-5,
DBF1-235-4 and DB2-101-1 [20]. The Cy; region was slightly
abridged and most homologous with the heavy constant
chain Cy; region of the mouse immunoglogulin IgG,C;. [20]. The
V.C; chain spanned 219 amino acids and the V region was found
to belong to the mouse kappa light chain subgroup II. The
V| region displayed highest homology with kappa light chains
from eight mouse immunoglobulins [20]. The C; chain was
most homologous with the kappa light constant chains of the
mouse immunoglobulins 17/9” CL, C.C58M75’CL and MOPC21
[20].

The six VyCy; and Vi C; constructs were subcloned into the
expression vector pHFA? and expressed the 1E8 Fab fragments
equally well at 8 h post-induction, with identical reactivity to the
Ap[1-42] peptide by ELISA. The V;Cyy; chain migrated at 26 kDa
and the V. C. chain at 28kDa. Clone 1E8-4b was selected and
sequenced (Fig. 1). Time-course expression experiments con-
veyed highest Fab antibody expression at 24 h post induction and
greatest Fab antibody reactivity to Ap[1-42] peptide by ELISA.
The intact Fab fragment resolved at 48kDa with N-terminal
fragments present on the immunoblot. At 24h post induction,
0-5mg of 1E8-4b/I culture supernatant was produced. 1E8—4b was
extracted most fully from culture supernatant by a 60% (v/v)
saturated ammonium sulphate precipitation [23] (Fig. 2). After
dialysing into PBS, 1E8-4b was purified on a M2 anti-Flag affin-
ity column. Reactive eluates were pooled, concentrated and
buffer exchanged into PBS (Fig. 2). Purity was assessed by
Coomassie Blue stain (Fig. 2).

Specificity comparison of the recombinant Fab and parent 1E8
monoclonal antibodies

By ELISA, the recombinant Fab 1E8-4b and the parent 1ES8 anti-
body were titrated against Af[1-40/42/43] peptides and against
APP 695 and 770. Both antibodies displayed binding to
ApP[1-40/42/43] but not to APP 695 and 770. The antibody 1E8
exhibited binding at lower concentrations than the monovalent
1E8-4b recombinant Fab fragment (Fig. 3). With peptide titra-
tion, 1E8-4b detected A f3[1-40/42/43] peptides down to 6 ng, sug-
gesting that 1E8-4b had a fast on—off rate compared to the parent
antibody, 1ES8. The reactivity of 1E8 to the titrated peptides
demonstrated detection of Af[1-40/42/43] down to 1ng, produc-
ing higher O.D. 490 nm Units per peptide concentration than the
recombinant 1E8-4b fragment (Fig. 4).

The 1E8 (50 ug/ml) antibody and 1E8-4b (5 ug/ml) antibody
also bound to Ap[1-40/42/43] peptides but not to APP 695
and 770 by immunoblotting. Figure 5 shows the detection of an
approximately 4kDa band by both antibodies, representing the
ApP[1-40/42/43] peptides and AB from the PS-1 mutation
FAD brain sample [25]. 1E8 at 50 ug/ml also detects an A3 dimer.
In addition, by immunohistochemistry, 1E8-4b and 1E8 at
20 ug/ml were able to detect Af in AD brain sections. Figure 6
shows the detection of amyloid associated with plaques. Epitope
mapping (Fig. 7) showed that the 1E8-4b recombinant fragment
and the 1ES8 antibody recognized the following A peptides:
AP[5-19], ABI8-22], AP[11-25], AP[14-28] and AP[17-31], with
1E8 exhibiting much stronger binding than 1E8-4b against
the AB[5-19] peptide.
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Fig. 6. Immunohistochemistry of AD brain sections. Brain sections were taken from the same AD brain patient for accurate comparison.
The 1E8-4b recombinant Fab fragment, the 1E8 antibody and the isotype control M2 anti-Flag antibody were applied to the sections at
a concentration of 20 ug/ml at x20 (a) and x60 (b) magnification. At 10 ug/ml and 20 ug/ml the 1E8-4b and 1ES8 antibodies showed reac-
tivity to amyloid associated with plaques, while the isotype control showed no reactivity. Sections 1 and 4: 1ES; sections 2 and 5: 1E8-4b;
sections 3 and 6: isotype control M2 anti-Flag monoclonal antibody.
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Fig.7. Epitope mapping of 1ES8 (a) and 1E8-4b (b). The pepset encompasses the human APP695[589-652] sequence and consists of an
overlapping set of 15-mer linear peptides, incrementing by 3 amino acids per peptide. APP[597-640] amino acid residues represent the

ApP[1-43] peptide sequence and are underlined.

DISCUSSION

Despite procedures for pre-mortem AD diagnosis (i.e. neurologi-
cal examination, ELISA-based tests, risk assessment by family
history/genetic predisposition to AD) post-mortem immunohis-
tological brain tissue examination is the definitive AD diagnostic
[26,27]. Generating antibodies specific for key AD markers is
important for ante-mortem reagent development to diagnose
AD rapidly and accurately, eliminating stringent tests and
permitting therapy prior to neurodegeneration [26]. There is
currently no cure for AD and although therapies such as

cholinesterase inhibitors are reported to improve cognitive func-
tion, disease progression continues [28]. Ideal therapeutics should
prevent AD progression and restore normal function. Antibodies
may clear amyloid from brain [17] and combined with 5 mer S-
sheet breaker peptide tags [29], neurotrophic tags [30] and Af
solubilizing substances [31], therapeutic ‘magic bullets’ could
ensue. We have produced the recombinant Fab antibody, 1E8-4b,
and performed comparitive binding studies with the parent
antibody, 1ES.

To correct for the differences in size and number of valencies
between 1E8 and 1E8-4b, the antibodies should be compared on
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a 1:1 mole ratio. As 1ES8 is an intact, divalent IgG; of 160kDa
and 1E8-4b is a monovalent Fab of 48 kDa, the amount of 1E8
needed relative to 1E8-4b is: (160 kDa/48 kDa)/2 valencies = 1-67
times more 1E8 than 1E8-4b to give a 1:1 mole ratio. Hence
10 ug/ml of 1E8 is equivalent to 6 ug/ml of 1E8—4b to have the
same number of moles. In ELISA experiments using a high
epitope density of 50 ng/well AB[1-40/42/43] peptides and titrated
antibody (Fig. 3), 1E8-4b did not perform as well as 1E8 on a
mole to mole ratio, although both antibodies are quite sensitive.
1E8 produced a signal down to 20 ng/ml and produced a curve
with a steep linear slope of 1-5 from low to high antibody dilu-
tions. In contrast, 1ES8-4b produced a signal down to 200 ng/ml
with a decreased linear slope of 0-4. As bivalently bound antibody
dissociates slower than univalently bound antibody, apparent
during ELISA washing steps [32], the characteristic curve for 1E8
may have arisen (Fig. 3). High-affinity antibodies generally
produce steeper-sloped titration curves, suggesting a lower affin-
ity for 1E8-4b [33,34]. At the same antibody concentration, with
1-7 times less moles of 1E8 than 1E8-4b, 1E8 detected lower
levels of AB (1-5ng/well AB) than 1E8-4b (6 ng/well Af). The
slower titration of 1ES8 suggested stronger binding of 1ES8 to the
Ap peptides than 1E8—4b and perhaps a slower dissociation rate
due to divalency or higher affinity [32]. Presence of the Flag tag
on 1E8-4b was expected to produce an enhanced signal for the
1E8—4b ELISA due to the additional M2 anti-Flag monoclonal
antibody detection step [13].

By immunohistochemistry, 1E8-4b and 1E8 detected Af
in AD brain sections, which was localized to plaques [4].
Immunoblotting depicted reactivity to Ap[1-40/42/43] peptides
by 1E8 and 1E8-4b. In addition, in FAD brain characterized with
a novel PS-1 mutation [25] we detected a 4 kDa fragment corre-
sponding to AfB. Immunoblotting and ELISA results conveyed
that 1E8 and 1E8-4b did not react with APP 695 or APP 770,
suggesting Af specificity by these antibodies. Pepset epitope
mapping showed specific binding of 1E8—4b and 1ES8 to A8 amino
acid residues 17-22. Removal of Af[17-19] obliterated binding
despite the presence of [20-31]. Stronger binding was seen when
ApP[20-22] was included with Af[17-19]. 1E8-4b showed a
weaker response to Af[17-19] than 1E8 due perhaps to altered
conformation or unique requirements of only Af[18,19/19] plus
[20-22]. Overall, 1E8 and 1E8-4b contained a specific epitope
encompassing Af[17,18,18-22].

On a mole: mole ratio, 1E8 showed greater reactivity than
1E8-4b with Ap[1-40/42/43] but the specificity of 1E8-4b and
1E8 was nearly identical. Improved detection of A in CSF
and plasma requires an antibody of higher affinity than 1ES8
or 1E8-4b. With several rounds of affinity selection, 1ES8-4b
may attain this characteristic [13] with diagnostic benefits for
AD.

The use of recombinant technology for antibody production
in the diagnosis and therapy of AD is relatively unexplored and
the need to examine recombinant antibody design and applica-
tion should be pursued. The recombinant Fab fragment 1ES8-4b
produced in this study, is the first recombinant Fab fragment to
be described that is reactive with the AD-related A protein.
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