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1. Summary

Objective Wegener’'s granulomatosis (WG) is characterizegfaynulomatous inflammation
of the respiratory tract and anti-Neutrophil Cytgohic Antibody (ANCA)-associated
systemic vasculitis. The pathognomonic ANCA in WW&Gyipically directed against proteinase
3 (PR3). Germinal centre-like clusters of lymphesytvere identified in granulomata of WG
patients suggesting an antigen-driven maturatiorB dymphocytes potentially leading to
ANCA formation. The goal of this study was to depeh system to determine the specificity
of B cells found in WG granulomata via the generatiof fab fragments as antibody
analogues. These fab fragments have the identitiglem binding site like the B-cell receptor
from which the DNA was derived.

Methods Single B cells were isolated from B-cell clusterghin the granuloma of a WG
patient by laser-assisted microdissection. Themimoglobulin genes (VHAY, VH/VVL) were
characterized by seminested single cell PCR andedianto a phagemid vector in order to
produce fab fragments. The fabs were characterizedrotein gel electrophoresis and
western blot.

Results The immunoglobulin genes from lymphocyte infiles of WG granulomata reveal
antigen-driven selection. On the basis of two i@l couples of mutated VHAVPCR
products functional fabs were generated that reptethe B cell receptors of WG tissue-
derived single B cells.

Conclusion This is the first in vitro model to test for sffemty of B cell receptors from WG
granulomata. With respect to ANCA origin in WG tBigstem provides a tool to elucidate the
structure-function relationship of apparently aetigdriven maturation of B cells within

Wegener’s granuloma.



The results of this study have been presented ablisped in:

1) J. Voswinkel, A.J. Kerkdijk, A. Mueller, G. Assmn, M. Pfreundschuh, G. Held. A novel
system to test for specificity of B-cell receptdrem tissue of Wegener's granulomatosis
patients. Clin Exp Rheumatol 2008; 26 (Suppl. 880-S963

2) Kerkdijk AJ, Held G, Mueller A, Gross WL, Pfredschuh M, Voswinkel J: Development
of a System to Test for Specificity of B-cell Retm@p found in Granulomatous Lesions of
Wegeners Granulomatosis patients.” 3@nnual meeting of the German Society for

Immunology, Heidelberg.



2. Introduction

2.1 Immunological background information

Secondary lymphoid structures include Peyer’'s ma@nd the mucosa-associated lymphoid
tissues. Environmental stimuli can promote the Wgpraent of these secondary lymphoid
structures from clusters of lymphoid tissue-inducelfs and DCs in the lamina propria, the
so-called “cryptopatched” Tertiary lymphoid structures are ectopic accutiofes of
lymphoid cells found in locations which are non-fymoid and are very similar to secondary
lymphoid organs. For instance, specialized higheémelial venules have been detected
How tertiary lymphoid structures arise is unknown it is probable that chronic cytokine
expression plays a role as tertiary lymphoid stmed have been found in diseases like
Hashimoto’s thyroiditis, rheumatoid arthritis, ulagve colitis and Sjogren’s syndrofnén
these tertiary lymphoid structures immunohistoctoaanalysis showed the presence of
germinal centers The lymphoid structures which are found in thengioma-like formations
of Wegener's granulomatosis also show a histoldgiedtern consistent with a germinal

center and can therefore also be considered lyrdptkei structure®3

2.2 Characteristics of Wegener’'s granulomatosis

Wegeners granulomatosis is a disease entity wigettmportant clinical characteristfés

1. Necrotising granulomatous inflammation of the resjoiry tract
2. Pauci-immune Glomerulonephritis

3. Systemic small-vessel vasculitis

At the Chapel Hill International Consensus Confeeem 1992, Wegener’s granulomatosis

was defined as:

Granulomatous inflammation involving the respiratory tract, and necrotizing vasculitis
affecting small to medium sized vessels (e.g., chemies, venules, arterioles, and

arteries)*

“Classic” Wegener's granulomatosis takes a biphasiersé®. The initial phase is mainly

characterized by granulomatous inflammation of Wpger and lower respiratory tract, but
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granulomatous manifestations of disease are pessiblirtually every organ. After a variable
amount of time generalization takes place and prablassociated with glomerulonephritis
and systemic vasculitis evolve. Once the diseasegkaeralized, untreated patients show a

rapidly progressive fatal disease cotifsehich necessitates immunosuppressive treatment.

As a result of the changing nature of the diseas® time, the European Vasculitis study
Group (EUVAS) has defined the following diseasegsta based upon clinicopathological

considerations.

Table I Definition of disease stages by the European M Study group (EUVAS) by
clinico-pathologic criterias. It was agreed thagt thvel of immunosuppression should reflect

the severity of vasculitis.

Clinical subgroup| Constitutional ANCA status Threatened vital organ
symptoms functions

Localized No Negative/positiveNo

Early systemic Yes Positive No

Generalized Yes Positive Yes

Severe renal Yes Positive Yes

Refractory Yes Positive/negative Yes

Localized disease refers to the granulomatous mestaifions of the disease in various organ
systems, of which the respiratory tract is mostofiffected without signs of vasculitis.

Early systemic WG refers to the disease stage wisiaharacterized by signs of vasculitis
without renal involvement or vital organ failureeeralized WG refers to the systemic

disease with renal involvement.

2.2.1 Clinical characteristics

As mentioned above, WG can be divided into a laedliand generalized, systemic form.
Approx. 42% of patients are diagnosed within 3 rhendf symptom onset, but a correct
diagnosis might take years to be establiShedinety percent of patients first seek medical

care because of upper or lower airway sympt8ms



Below, we will discuss the disease manifestatiohgkvcan occur in various organ systems

based upon a number of review articles and largg-term studies of WG patient cohorts
10,16,25

Localized disease

Upper airway manifestations based upon granulomatous inflammation include Inasa
obstruction caused by mucosal swelling, crusting) ldoody nasal discharge or epistaxis and
in advanced disease stages necrosis of the natgm with subsequent perforation of the
nasal septuft, a complication which might not become clear &iiyi because of the mucosal
swelling . Another consequence of this necrosis is the sadtbe deformity, see the figure
below. Further, paranasal sinus involvement isiptessvith chronic sinusitis and consequent
headache, serosanguineous discharge and chrornjb emd nasal congestiorOtitis media,
mastoiditis and hearing loss might also ottuAt diagnosis, 93% of patients have upper

respiratory tract symptorfis

Figure 1:
Saddle nose deformity,
permission for reproduction kindly

granted by Dr. Stephen Foster

Lower airway manifestations of WG include subglottic stenosis, which occurslD-20%

of WG patients and occurs in 8% of patients at gregior°. Eighty-five percent of WG
patients eventually develop lung disease througtimitourse of their dised8e According

to one study roughly 45% of patients present withmonary infiltrates, nodules or both at
initial presentation. Using CT-scans these pergmstaare even higher, 50-70% of patients



have abnormal chest CT-scanBronchial ulcers as a result of granulomatoukinfnation

might also occur. Symptoms which might arise ansgbo hemoptysis and pleuritis

Generalized disease

Generalization is the occurrence of systemic MascuUpon generalization constitutional
and rheumatic complaints occur: malaise, feverhingyveats, weight loss and polymyalgia,
arthralgia or arthriti, these symptoms announce generalization or relsfidisease.

Renal involvement ranges from asymptomatic abnatieslin the urine sediment to the

pulmonary-renal syndrome.

The pulmonary-renal syndrome is the most serious consequence of the generalized
vasculitis with rapidly progressive necrotizing mmierulonephritis resulting in renal failure

and alveolar hemorrhage with very high mortalituritreated’.

2.2.2 Epidemiology of Wegener’'s granulomatosis

The prevalence of WG is an estimated 23.7 — 15@5nillion™® the combined annual
incidence of the ANCA-associated, predominantly Isnessel vascultides Wegener's
granulomatosis, microscopic polyangiitis and Ch8trpuss syndrome is 10-20 per milftan

There seems to be a north-south gradient for ttidence of WG with the highest incidence
in the Scandinavian countris suggesting an environmental factor involved ire th

pathophysiology of WG, see table 2.

Table 2. Incidence of WG in Europe (per million ptgiion)

Norway 10.5
UK 10.2
Germany 8.0
Spain 4.9




Population based surveys indicate a mean age et ovisich lies between 50 to 66 yedrs
There is some evidence for a slight male predonomam WG, but the evidence is

inconclusive®.

WG seems to be less prevalent in non-whites; aystodh France found a prevalence for WG
which was half as high in non-Europeans from Afriksia and the Caribbean as compared to
whites®3** There have been a number of case-control stwdigsh link silica-exposure to
risk of WG with an odd-ratio of 2.5*% Another important environmental factor is chronic

nasal carriage of Staph. aureus, which will beudised in more detail below.

2.2.3 Anti-neutrophil cytoplasmic antibodies (ANCAs )

There is a subgroup of small-vessel vasculitideskvire ANCA-associated:

1. Wegener's granulomatosis
2. Microscopic polyangiitis

3. Churg-Strauss syndrome

Anti-neutrophil cytoplasmic antibodies (ANCAS) padily play a very important role in the

pathogenesis of Wegener's granulomatosis. Theyg&eantibodies and there are two ways
to detect the presence of these antibodies. Tis¢ Wy is through indirect immuno-

fluorescence (IIF). Ethanol-fixed neutrophils frdvaalthy donors are incubated with patient
serum and two distinct staining patterns can begeized. There is the cytoplasmic staining
pattern where most of the IgG which is not washe@yain the test stains cytoplasmic
components of the neutrophils. This staining patiediagnostic for the presence of CANCAs
(ANCAs which mainly stain the cytoplasm). Anothetaising pattern which can be

recognized is the perinuclear pattern, where stgimhainly occurs around the nucleus,
proving the presence of pANCAs (ANCAs which maistgin the perinuclear portion of the

cytoplasm). See figures 2 and 3 for examples.



'3 < granular staining in the cytoplasm

© AR Karim

Figure 2:
CANCA staining pattern by IIF,
permission for reproduction kindly

granted by Dr. A.R. Karim

< perinuclear staining

© AR Karim

Figure 3:
PANCA staining pattern by IIF,
permission for reproduction kindly

granted by Dr. A.R. Karim

Most of the cANCAs and most of the pANCAs are diedcagainst proteinase-3 (PR-3) and
myeloperoxidase (MPO) respectively. This is the basis for the second diagnosticuest

in the ANCA-associated small vessel vasculitiddsiS& to check for the presence of anti-
PR3 and anti-MPO antibodies in the serum.

In the following table the sensitivity of indireichmunofluorescence and ELISAs for the three

ANCA-associated vasculitides is presented:
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Table 3: Sensitivity of ANCAs for ANCA-associatedsculitides

cANCA PANCA cANCA or Anti-PR3 Anti-MPO ELISA
lIF lIF pANCA IIF | ELISA
Wegener’s 64% 21% 85% 66% 24%
Churg-Strauss-| 33% 33% 66% 17-33% 50%
syndrome
Microscopic 23% 58% 81% 27% 58%
polyangiitis

As can be recognized from this table, WG is maasdgociated with cANCAs and MPA is
mainly associated with pANCAs, although there ismemverlap.

The specificity for the ANCASs in disease and heattbntrols is shown in the following table.
Disease controls include patients with other fomhs vasculitis, other glomerulonephritis

patients, patients with connective tissue diseasdsother granulomatous diseases.

Table 4: Specificity of ANCAs determined using HRd ELISA in patients and healthy

controls
CANCA | pANCA | cANCA Anti-PR3 | Anti-MPO
lF lIF or ELISA ELISA
pANCA
lIF
Disease 95% 81% 76% 87% 91%
controls
Healthy 98% 96% 94% 98% 96%
controls

From these data it is clear that neither test giveatisfying sensitivity or specifity, especially
the specificity in the group of disease controligrets is suboptimal. This problem can be
solved by combining the IIF cANCA test and the @3 ELISA. This combination yields a
56% sensitivity for WG, which is roughly 10% lowtran the sensitivities for each separate
test, but with an almost perfect specificity of 98%he group of disease-control patients and

a 100% specificity for the healthy contrbl3he sensitivities for the other two diseasedin t
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group of the ANCA-associated vasculitides are miosher and the disease control group
does not include these other two diseases. Theretordelineate WG from these other two
diseases, clinical and histological data has todmebined. Still, these tests are powerful tools

in the hands of the clinician, especially to exelutisease.

2.2.4 Proteinase-3 (PR3)

Proteinase-3 is a serine proteinase found in ahirogranules of neutrophilic granulocytes.
It has a size of about 29 kDa and preferentialisicks peptide bonds having small aliphatic
amino acids (alanine, valine, leucine and sefiffe)The antimicrobial activity is retained
following denaturation and even peptide fragmerti$ gossess antibiotic activities. The
mechanism of antimicrobial action therefore is fadly understoo8. In healthy conditions the
protein is inhibited by alfa-1-antitrypsin. Thighibition is inhibited by the binding of cCANCA
to PR3 which results in uncontrolled protease agtiand might explain part of the
pathophysiology in the ANCA-associated vasculitdeThe cANCAs bind near the active
site of PR-3 which inhibits proteolytic activity.n& sum of these effects is an increase in

proteolytic activity.

PR3 remains intracellularly under normal conditicarsd is only expressed on the cell-surface
of neutrophils and endothelial cells in an inflantomg environment.

PR-3 degrades a variety of matrix proteins inclgdiibronectin, laminin, vitronectin and

collagen type IV,

Crystal structure analysis has shown that PR-3$detramer’s

Binding of ANCASs to PR3

ANCA bind to PR3 on neutrophils with their F(ab’p@rtion and to neutrophil Fc-gamma
receptors lla and lllb via the Fc portfcii ANCA-induced neutrophil activation requires
both these receptors to be engdgéd
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2.3 Pathogenesis

2.3.1 Fienberg’s hypothesis

The Fienberg hypothesis states the biphasic naifirethe clinical course of WG on a
pathophysiological background: WG starts as a doamatous disease out of which the
systemic vasculitis developsThe earliest lesions in the respiratory tractfam of swollen
collagen fibers, representing a small nidus of o&st out of which the granulomatous lesions
arise. The strongest argument for this theoryesctironological course of the events in WG:
first there is the granulomatous lesion, and th&tesgic vasculitis usually follows after a
variable span of time. Oppononents of this theonghtnclaim that these early foci of
fibrinoid necrosis were a consequence of necrajiziapillaritis. This basically is the

argument that the vasculitis is the origin out tiieh the granuloma arises.

Some very important observations have substantfaieaberg’s theory and an extension of
this theory forms the basis of this doctoral theBigere are indications that the granulomatous
lesions represent ectopic lymphoid tissue whiclveseias a breeding-ground where the B-
cells which produce PR3-ANCAs arise. The evidermetliis hypothesis comes from the

following observation$:

1. B cell clusters can be found within granulomatomsniations from endonasal biopsy
specimens of WG patients

2. Analysis of the B cell receptor coding regions shdvevidence of a high mutational
frequency and clonal expansion, which is charastierof a germinal center, in which
antigen-selection takes place

3. Plasma cells, PR3 and neutrophils expressing PR& fwand in the vicinity of the B-

cell clusters

These observations give rise to the possibility tha granulomatous lesion is a lymphoid
tissue where affinity-maturation takes place oruaknown antigen resulting in B cells with
PR3 affinity and could present the “missing-linkétlveen localized, granulomatous disease
and systemic, ANCA-associated disease. In sonierpsidf this studif there was a skewing
of mutations towards negatively charged amino-a@dssistent with a maturation process on

the positively charged PR3-protein.
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2.3.2 Evidence for a pathogenic role of ANCAs in WG

A number of studies have appeared during the lastydars providing evidence for a
pathogenic role of ANCAs in the pathogenesis of VBiice the glomerulonephritis which
causes morbidity in WG is a pauci-immune glomerafairitis, the damage to the glomerulus
cannot be explained by deposition of immune conmgdeX very important clue to what the
pathogenesis of WG might be came from a study byaRbJ. FalRk in 1990. He incubated
normal human neutrophils with ANCA-positive sera iHade the following discoveries:

1. The release of reactive oxygen species (ROS) freatrophils was increased after
incubation with ANCA-sera and with purified ANCA® as compared to normal
sera.

2. Superoxide release was noted only when neutroplel® primed with TNF before
incubation.

3. Primary granule degranulation was noted after iatioh with ANCA 1gG, but only
after priming with TNF.

4. When neutrophils were primed with TNF flowcytomettgalysis showed that MPO

was expressed at the cell surface.

The latter finding could explain the fact that supgde release and primary granule
degranulation only take place after priming with H-NPriming obviously makes the antigen
for the ANCAs available at the cell-surface so ngpitils can be activated, whereas in normal
neutrophils the antigen is not available because #tored in secretory granules within the

cell.

This very important study gave a first idea abbetpathogenesis of pauci-immune vasculitis,
in the absence of immunecomplexes in the glomerihughis model neutrophil priming takes
place through an unknown factor, for instance dection, after which the neutrophils
degranulate in the presence ANCAs and set freetiveaoxygen species which cause

vasculitis.

In vivo evidence for a role of ANCAs in the patleogsis of WG was provided by a pivotal
study by Xiao et &F.
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In the Xiao study MPO-knockout mice were immunizeith either MPO or BSA and anti-
MPO antibody (MPO-ANCA) titers developed in MPO-imnized mice. Splenocytes from
both groups of mice were injected into RAG2-/- mi€aese mice lack functioning T- and B-
cells. All mice receiving splenocytes developedhary abnormalities, but only mice who
received anti-MPO splenocytes developed severe otie)g and crescentic
glomerulonephritis as well as segmental or glob@ingrulal necrosis. None of the mice who
received anti-BSA or control splenocytes develoglednerular crescents. Furthermore, of the
16 mice who received the anti-MPO splenocytes aweldped necrotizing arteritis in spleen
and lymph nodes, one necrotizing arteritis in thegk and five developed hemorrhagic
pulmonary capillaritis. To ascertain that theseef were really due to the antibodies and not
because of T-cells which are present in the spgredive RAG2-/- and six wild-type mice
were injected with purified anti-MPO IgG or anti-B3gG. All five rag2-/- mice had focal
necrotizing glomerulonephritis and crescents, mufrtee three mice which received anti-BSA
IgG had histologic lesions. The same was true fiti-type mice. Focal pulmonary alveolitis
was seen in two of the six wildtype mice that reedianti-MPO IgG. The glomerulonephritis
which was induced by the anti-MPO splenocytes artdMPO IgG was similar to the pauci-

immune glomerulonephritis seen in humans with siwedisel vasculitis.

The Xiao study was the first in vivo indication thPO-ANCA might have a causative role
in the development of the pauci-immune glomeruldmigig seen with the ANCA-associated

vasculitides.

The role of ANCAs in the pathogenesis of WG carsbemarized in the following picture
which shows neutrophil priming, possibly by an oifen leading to release of
proinflammatory cytokines, upregulation of adhesimolecules on both neutrophils and
endothelial cells and ANCAs binding to neutrophalgh both their Fc-portions and their
antigen-binding site leading to degranulation wheehs free reactive oxygen species which

causes endothelial damage, which translates tahtsc
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Figure 4:
Role of ANCAs in pathogenesis of vasculitis in WG

Association with Staphylococcus Aureus

There is an association between chronic nasalaggrof Staph. aureus and relapse rates in
WG. In one stud 22 of 33 patients with chronic nasal carriage hadlapse as compared to
only 1 of 21 persistently negative patients, thiatinee risk was 7.16 with a confidence
interval of 1.63 to 31. Treatment with co-trimoxbzdeads to a significant reduction in
respiratory tract and other infections and leada sgnificant reduction in the incidence of
relapse in WG patients who are in remiséloRurthermore, chronic nasal carriage of Staph.
aureus is three times higher in WG patients as eveapto healthy peopfe Staph. aureus is
known for its potent immunostimulatory efféct This effect mainly comes from its
exotoxins, which act as superantigens. These sofiggas are able to stimulate T cells
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unspecifically, that is they can bind to MHC cldksnolecules outside the peptide-binding
groove and still activate the T-c&ll Staphylococcus Aureus might play an importang iol

the initiation of inflammation in the respiratomatt, after which a granulomatous lesion is
formed. Also, it might act as an antigen with sartly to PR3 leading to crossreactivity and
formation of the PR3-ANCA. Interestingly, there &eell superantigens like SPA and SED,
present in staph. aureus bacteria, that activatellB via conserved structures of IgG without
T-cell help, which could, within the granuloma-lis&ructures of Wegener’'s granulomatosis,
lead to B-cell expansion. Of note, the B-cells vashean be stimulated by these superantigens
are of the VH3-23 immunoglobulin family and thisrfdy was also predominantly found in

our analysis of B-cells derived from granuloma-f&emations of Wegener’s patients.

2.4 Hypotheses and goals of this study

Our hypothesis is that formation of the cANCA prouhg B-cells takes places within the
granulomatous lesions seen in Wegener's granul@isaend that PR3 is the antigen on
which this affinity maturation takes place. Othesgible candidates for the antigen on which
the apparent affinity maturation takes place ardopps of Staph. aureus. Staph. aureus
colonisation of the upper respiratory tract is asged with higher relapse-rates in Wegener’s
granulomatosis and therefore seems to have amgathogenesis. To prove our hypothesis
we aimed to define the specificity of the B-celteptors from B-lymphocyte-rich clusters
within granulomatous lesions. The goal of this gtuds to devise a system which enables us
to investigate the specificity of the B-cell reamst found in the afortementioned
granulomatous lesions, possibly giving new cluesthe pathogenesis of Wegener's
granulomatosis. To achieve this goal we isolatewylsi B-cells from the aforementioned
granulomatous lesions and using the DNA isolatethfthese B-cells set out to produce Fab
fragments. A Fab fragment is an antibody lacking Bt-fragment, while preserving the
highly variable antigen-binding part of the antigotVe modified the Pcesl vector in such a
way that the separate cloning of DNA coding foriafale heavy and light-chain becomes
possible. Intact Fab fragments based on the isbBteells were produced, which can then be

used as an antibody analogue, for specificityrigsti
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2.5 Preliminary work

The material which was the basis for the presamdysivas the result of preliminary work
performed in the laboratory of Rheumaklinik Bad mstedt, Libeck. In summary, nasal
biopsy specimens of two WG patients were obtaideédhe tissues showed the typical
granulomatous formations of WG they were immunalziseémically treated with anti-CD20
to identify B-cells. Individual B-cells from thesgranulomatous formation which were
located in the aforementioned germinal-center kkeictures were isolated using a laser
technique as described by Fink ef @nd Kuppers et df. This is shown in the following

pictures.

S

Figure 5:
Laser-assisted capture of a single

B-cell from a granulomatous lesion
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Figure 6:
Laser-assisted capture of a single

B-cell from a granulomatous lesion

Figure 7:

Laser-assisted capture of a single B-cell fromaanglomatous lesion

The result of this laser technique was the isatatibindividual B-cells. These individual B-
cells each contain only one copy of the entire gemdncluding the rearranged VDJ segment
which codes for the B-cell receptor. Thus, thisaisvery small quantity of DNA. We
characterized the VDJ segment of the variable domgboth the light and heavy chain of the
B-cell receptor, in order to construct Fab-fragmserit is possible to amplify these DNA
segments by using PCR techniques, as described.b&toperform PCR, primers need to be
constructed which are specific for the differenpdy of V and J segments. However,
beforehand it is unknown which V and J family isgent in the excised B-cell, as the V and J
segments are available in multiple copies in theogee. Consecutively two rounds of PCR
were performed where in the first round a mixtufealb primers specific for the different

“families” of V-segments was used combined with &tare of primer specific for the
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different J-segments which are available for thealde domain of the heavy chain and both
A- andk- variety of the light chain. Whatever combinatwinV(D)J segment exists in the B-
cell, it is amplified by this PCR because all pbksiVDJ-segment combinations are
represented by the primers we employed. Afterfirgs round of PCR the VDJ segment has
been amplified but it is still unknown to which fely” the V segment belongs. Therefore, a
second round of PCR was performed where the DNAltreg from the first round of PCR
was used to perform a series of PCRs where in iedohidual PCR only one primer, specific
for only one family was used. The product of ead®RPwas run through a gel using
electrophoresis. If a DNA-product was identifielde tspecific “clan” to which the V segment
used in that B-cell belongs, has been determingdt & equal to the clan for which that
primer is specific. For instance, there are abd&utidferent copies of the V segment of the
heavy chain, which can be grouped, on the basiseglience-homology into about six
“families”. Six different primers specific for eadamily can be used to make six different
PCRs on DNA of a single B-cell. The differenceswssn the primers are large enough so
only one primer will bind to the DNA and yield a BNproduct on gelelectrophoresesis,
which is shown in the following picture where sikferent PCR products resulting from
PCRs performed with the six different primers aspldyed. In this case the variable segment

of the heavy chain belongs to the VH3-family.

Figure 8:

Second round PCR (see text for explanation of éirst second round PCR)

The product in the third lane, shown in the pictab®ve, was excised from the gel and this
was also done for both the heavy and light chajirdding two PCR products for each single

B-cell which was isolated from the granulomatousrations of WG patients.
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This procedure was done for two B-cells from twiedent patients. For each cell a light- and
heavy chain PCR product was isolated from the agellescribed above. The following table
shows the designations which were given to thelB-t®lated from the two patients (St, and

Scu), along with the light chain.

Table 5: Names of two B-cells derived from two W&ients and their light-chain subclass

B-cell Light
chain

St140 |k

Scu68 | A

2.6 Phage display technology

As described in “hypotheses” we wanted to produ€alafragment. To achieve this goal we
used phage display technology.

Introduction

Phage display is a technique to investigate prgisatein interactions. Recombinant proteins
are displayed on the surface of phage particlestlagge phage particles can be used to test
binding of these recombinant proteins to othergnst This can be done through “panning
experiments” where many different phage particléb wany different recombinant proteins
are brought together with a protein which is bowmdan ELISA plate so that phage with
recombinant protein and the target-protein on flagepcan engage in interaction and bind to
eachother. Non-bound phages are washed off, asds#iection process, which is called
“panning”, can be repeated to enrich the percentdgmarget protein binding phages after
each round (see figure 9 for the principle). Theaatlage of phage display is that the phage
particles display the protein on their surface aittlin the phage is the DNA which codes for
this protein. It is thus very easy to find out whiecombinant protein bound to the target-
protein by DNA-analysis. A second advantage is piia@ge can be used to display millions of
different proteins on their surface in a relativebsy way, thereby allowing the screening of

millions of different proteins for binding-capallito the target-protein.
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Figure 9:
The principle of panning using recombinant protalisplayed on phade

This technique has been used to investigate halsogan interactions, receptor-ligand

interactions, vaccine development and, very impiifaantibody-antigen interactions.

Various phage can be used in phage display. Thigafdentous phage is used frequently in
phage display and is shown in figure 10. Basicaly,fd phage is composed of a circular
single-stranded piece of DNA surrounded by a coatem and four additional types of

proteins at both ends of the phage. The DNA codethése proteins.
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TRENDS in Microbiology

Figure 10:

Filamentous phage fd
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Fd phage infect E. coli through protein 11l (plihich adheres to the F pilus of F+ strains of
E. coli. This causes loss of the F-pilus which preg superinfection. Recombinant protein
can be expressed as a fusion protein with plliughocombination of the phage DNA with
DNA coding for the recombinant protein. The pllinststs of an N-terminal domain, binding
to the F-pilus and a C-terminal domain which isidéaiin the particle. Both domains are about
200 amino acids long. A foreign (recombinant) protean be fused to the plil at the N-
terminal end which causes the recombinant protebetexpressed at the tip of the plll, which

is necessary of course to engage in a possibleatien with the target protein.

The life cycle of the fd phage is shown in figude Shortly: the fd phage binds to the F-pilus
and injects its single-stranded DNA into the E.Cd&louble-stranded DNA is synthesized
from this single-strand and gene transcription anatein synthesis start from this DNA.
Eventually new virions are created as the DNA isugled across the cell membrane where it
combines with the hull proteins which have accunedaat the cell membrane to form new
phage which can then re-infect other cells. No& thh phage is a non-lytic phage, that means
it does not kill the bacteria it infects which makie a little bit more difficult to “harvest”
protein which have been synthesized after infecfidmese proteins have to be harvested from

the periplasm where these proteins accumulatdyedeey.
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Life cycle of filamentous phade

Methods have been devised which allow the clonihgnidlions of different recombinant
proteins into phage DNA. To facilitate this, a stked phagemid has been constructed. A
phagemid is a hybrid of phage DNA and a normalmldssector. Because the phagemid can
be handled as a normal plasmid, the standard phnahsformation (see “transformation”) of
millions of different DNA-coding sequences intoghplasmid is possible. Usually a dual
construction is chosen where the phagemid vectdeséor the plll protein plus recombinant
protein and an antibiotic resistance gene. Thisgehmad vector can be transformed (see
“transformation”) into E.Coli. To produce phage lwithich to conduct experiments a helper
phage is used to infect these transformed bacfEhia. helper phage contains the full DNA-
code for all the phage proteins and allows phagemably. This results in phage with both
wild-type plll and plll combined with recombinantgbein preserving infectious capability of
the plll while at the same time allowing panningesments to be performed using the plll
which displays the protein of interest. Another @atage of having both wild-type plll and
fusion protein plll on the surface is that it allwhe selection of recombinant protein with
high-affinity to the target protein as opposed terenhigh avidity. The helper phage also
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contains an antibiotic resistance gene and invilaig only those E.Coli survive which have

both been infected by helper-phage and carry taggxhnid.

Phagemids can be mass-transformed to create armistypphage which present hundreds or
even millions of different proteins on their sugad his mixture is called a “phage library”.
Random peptide libraries can be created where phdgeare transformed with randomly
created oligonucleotide inserts yielding randomtgrs on the plll protein. Another
possibility is the creation of natural peptide &bes where the genomes of selected
organisms, such as for instance bacteria, are etktmvthe appropriate size and used as inserts

in the phagemid for a library where only peptiddsol occur in these bacteria are expressed.

Production of Fabs using the Pcesl vector

We used the phagemid vector Pcesl which was usettheinphage-display method as
developed by Hoogenbodnto produce Fab-fragments. We did not use this @lubisplay
system for the actual determination of specifiéittythe Fab fragments thus produced.

The phagemid vector Pcesl contains an ampicilistance gene and the DNA encoding the
protein 11l hullprotein (glll) as shown in figure21In front of the glll region there is a piece
of DNA which codes for a protein which becomes tuse the protein Ill. This is the site
where the recombinant protein of interest has telbeed into the vector. This site and the
plll DNA segment are under the influence of the cBlgpromotor. This promotor is
suppressed by glucose and IPTG acts as an irrblesighibitor. This allows regulation of
expression of the fusion protein. Between the DNmsent coding for the recombinant
protein and the protein Il there is an amber codidns amber codon stops transcription in
about 50% of cases, which means that the protaafsas produced without attachment to the
plll. This allows the Pcesl vector also to be uasda general expression system for the
recombinant protein, without fusion to the plll pgleaprotein. We used this possibility to
produce our Fab fragment. There is also a His-talgeaend of the recombinant protein which

is an aminoacid sequence which allowing bindinthefprotein using His-binding beads.
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Figure 12:
Schema of Phagemid vector Pcesl

For our purpose, the Pcesl vector has been clanedch a way that following the PlacZ
promoter there is a ribosomal binding site (RBS)cllhis where transcription starts, followed
by the VJ-segment of the light chain with eitheg ti; or G, thereafter, followed by a stop
codon which stops translation and ensures the tghin is produced as a separate protein.
Thereafter there is another RBS, followed by theADddding for the variable and constant
domain of the heavy chain. The DNA-coding for th@stant domain only codes for the CH1
domain, as this is a Fab-fragment and not a completibody. In front of both the light and
heavy chain there is a “signal sequence”, whiclsealan aminoacid sequence to be placed
before both light and heavy chains which makes thegroduced proteins are excreted into
the periplasm. In the periplasm the signal sequéncéeaved off and correct folding of the
protein takes place and also disulfide bridgesvben heavy and light chain are formed. The
DNA segment coding for the variable light and healigins can be exchanged by cutting the
DNA with DNA restriction enzymes, see the pictureldw. In such a way different Fab
fragments can be produced. See below for a moeglelbiexplanation of the DNA restriction

sites used.
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Schema of Phagemid vector Pcesl with restrictiayrae recognition sites
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3. Methods

3.1 Patients

Patient St:

Patients St. was a 48-year old male patient with@re and aggressive course of generalised
WG. About 3 months before the biopsy symptomsetiantith dyspnoea, recurring headaches
and a conjunctivitis which was refractory to theragfter admission to the hospital the
patient was diagnosed histologically with both aive ulcerative conjunctivitis, and a
chronic active ulcerative rhinitis. Chest-CT rewshl single, partly confluating,
intrapulmonary round lesions with a serous pneuorath ANCA titer was 1:128 (anti-PR3
36 U/ml). Furthermore, the patient suffered fromabdites insipidus due to a tumor in the
pituitary gland, which was diagnosed using an M&drs consistent with a pituitary gland
granuloma. Even before biopsy an induction themmpording to Fauci was started with high
dosed cortisone and cyclophosphamide. In the biopdie left lower lobe of the lung the
diagnosis of WG was confirmed. Here, there was gg@ac necrosis with histiocytic walls,
single multinucleated giant cells, microabcessels im granulocytes and small arteries with

transmural lymphoplasmacellular and monocytic imftaatory infiltrates.

Patient Scu:

Patient Scu was a 64-year old female patient wipho#racted course of a localised WG. She
was ANCA-negative and presented with an aggressidmnasal involvement. Initially she
was treated with MTX and therafter with cotrimoxkztor a period of 19 years, after which
the biopsy was taken. In the biopsy of the left aigthit nasal sinuses there was necrosis,
inflammatory infiltrates of lymphocytes, plasmasedind granulocytes, as well as epitheloid

cells and single giant-cells.
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3.2 Overview of methods

As described above we started to work with the Déddling for the variable domain of the
heavy and light chains derived from individual Bleewhich were lasered out of
granulomatous formations of WG patients. This DNiAtfhas to be sequenced to determine
the DNA sequence. To facilitate sequencing we dotie heavy- and light-chain DNA-
fragments into the Topo-vector. Then these DNA-sagas had to be compared to a database
of known DNA segments coding for the variable segimef the heavy and light chain to
determine if the light chain was eithek-aor A-chain and also to check if the DNA which was
isolated was monoclonal. There is always the datiggr the lasering technique which is
intended to capture one cell accidentally captuwes or even more cells which makes it
impossible to determine which light chain belongswhich heavy chain, rendering the
sample unusable. Another reason to sequence etk af the DNA is complete and if not, if

certain pieces of DNA need to be added.

Thereafter the appropriate primers had to be déuis@erform a PCR reaction leading to the
attachment of the appropriate DNA restriction steeghe B-cell DNA, which is only possible
if the DNA sequence is known. Thereafter anothemdbof sequencing is necessary to

determine if the PCR was successful.

Thereafter the light and heavy chains could be eddomto the Pcesl vector in two steps.
When both the heavy and light chains are cloned the Pcesl vector it is possible to
produce the Fab fragments as will be describeciaildoelow.

When we had the Fab-fragments we were able to ddhimgs:

1. Perform integrity testing of the produced Fab fragts using SDS-PAGE and
Western blotting.
2. Perform ELISA to test for specificity of the producFab fragments.
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3.3 DNA and DNA-cloning techniques

DNA
DNA is the molecule which carries the genetic infation and it is shown in the following

picture.

Figure 14:

Molecular structure of DNA

This figure clearly shows that there is a phospbster backbone between 2’desoxyribosyl
moieties and that this backbone has a polarity. @€khas a 5’ phosphate terminus and the
other end has a 3’ phosphate terminus. Attachedhi® backbone are the purine and
pyrimidine bases called adenine (A), thymine (}psine (C) and guanine (G). It is the order
of these nucleotides which contains the genetiec@uanine and cytosine on the one hand

and adenine and thymine on the other hand can engag specific hydrogen-bond
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interaction as shown in the following picture. liosild be noted that G-C bonding is stronger
then A-T bonding.

Thymine

Adenine
5' end o .0 .
op’ " NH2 3'end
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G U a n I n e 5_' end

Figure 15:

Base pairing between T&A and C&G is specific
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Because base pairing is specific, the nucleotidé®@ different DNA strands can engage in
an interaction whereby the two strands lie opposdehother and run in an anti-parallel
fashion. The two strands form an anti-parallel>téke structure. This means that one strand
runs in the 5’ -> 3’ direction and the other runghe 3’ -> 5’ direction with the nucleotides in

the middle, engaging in specific hydrogen-bond raxtdon, where each C on one strand
couples with a G on the other strand and each @nenstrand couples with an A on the other
strand as shown in the following picture, which whothe helix formed by the DNA-

molecules.
Sugar
Phosphate
Backbone
Base pair
Adenine
Mitrogeous
base
Thymine
Guanine
Cytosine
Figure 16:

Double-helix structure of two DNA strands.
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The DNA-sequence of two DNA strands can be reptegeschematically as follows:

5-GACTACTA-3'
3-CTGATGAT-5’

The upper strand is called the ‘sense’ or ‘codstgand because it is used during translation
to determine the amino-acid sequence of a protdia.other strand is called the anti-sense or
anti-coding strand. Both strands asemplementary to eachother because of the specific

coupling of the two pairs of nucleotides describbdve.

Restriction enzymes

Restriction enzymes are enzymes which cut doubderded DNA at specific sites. Each

enzyme recognizes a specific nucleotide sequendehem cuts the DNA in a specific way.

There are restriction enzymes which make ‘bluntiem@and there are restriction enzymes
which make ‘sticky’ ends. An example of a restoatienzyme which makes sticky ends is
EcoRI.

The EcoRI restriction enzyme recognizes the GAATICleotide sequence. The nucleotide
sequence before or after this sequence is irrelesad is therefore shown as x’s in the

example below.

Nucleotide sequence before cutting of DNA with ELoR
XXXXXXXXKKXXXXXXXKXXXX G AAT T CXXXXXXKXXXKXXX

XXXXOXXKIXXXXXXXXXXXX CT T AAGXXXXXXXXXXXXX

Nucleotide sequence after cutting of DNA with EcoRl

XXXXXXXXKXXXXXXXKXXXXX G AAT T CXXXXXXXXXKXXX

XOXXXXXKKKXXXXXXXXXXXXXCTTAA GXXOOXXXXXXXXX

As can be recognized from the illustration aboweréstriction enzyme has cut the DNA and
‘sticky’ ends have been created. These ends aledcaticky’ because they have a DNA
‘overhang’, which means at their end they are pagithgle-stranded. If the sticky ends are
complementary to eachother they can form one DNAemude again if the phosphodiester

bonds are once again formed. There are also m&strienzymes which create non-sticky-
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ends. That means both ends are not complementaactwther because the overhangs do not

match.
The Smal restriction enzyme makes ‘blunt’ endshasve here.

Nucleotide sequence before cutting of DNA with Smal
XXXXXXXXKXXXXXXXKXXXXX CCC GG GXXXXKXXXXKXXXK

XOXXXXXXXKXXXXXXXXXXXXX G G G CCCXXXXXXXXXXXXX

Nucleotide sequence after cutting of DNA with Smal

XXXXXXXXXXXXXXXXXXXXXXCCC (€1€1€)1010/0.0:0°6°0000004

XXXXXXXXKKXXXXXXXXXXXXG GG C CCXXAXXXXXXXXX

We used restriction enzymes from Fermentas (BudimgCanada). Each enzyme recognizes
its restriction enzyme recognition site and eachyete requires a certain buffer where it
functions optimally. Fermentas company has thréereént buffers which are used with their
enzymes. A typical reaction setup is the following.

Plasmid DNA or linear DNA to be

digested 4 ul (which represents for instance 3,DNA)
10x Puff (yellow, green, or red) 2 ul
Apall (restriction enzyme) 1l
Xhol (restriction enzyme) 1l
H,O 12 ul
20 pul

This reaction mix was then incubated at the tempe¥avhere these enzymes operate best for
one hour or overnight. Some enzymes can also betidat®d by heating at a certain
temperature to avoid overdigestion, which is whbee tnzymes start to cut the DNA

randomly when all the restriction enzyme sites halveady been digested.

Most enzymes have 10 units/pl. One unit is definedhe amount of enzyme required to
digest 1 pg of lambda DNA in 1 hour at the appmratertemperature in 50 ul of assay buffer.
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As a rule of thumb 3-4 units/g DNA to be digestad be used to digest over a time period

of at least 2 hours. In the example above theref@renits were used (1 pl = 10 units)

Ligation
A ligase is an enzyme which joins DNA-molecules hvgompatible, “sticky”, ends to
eachother by forming the phosphodiester bonds wdmielpresent in the DNA backbone.

A ligase will join all sites with compatible sticlgnds to form a contiguous DNA molecule.
As long as the ends are sticky, the ligase wik lime two ends together. The two ends can be
from different DNA-molecules or they can be frone dfame DNA molecule. The latter is the
case if both ends of a linear DNA molecule have matible sticky ends, thereby forming a
circular DNA molecule. In this way it is possible insert a piece of DNA into a plasmid,
which is a circular piece of DNA (see below). Firte plasmid is cut with a restriction
enzyme yielding a linearized DNA with sticky en@gcondly, the DNA-fragment which has
to be inserted is also cut with the same restncéinzyme. Therefore the sticky ends of both
the linearized plasmid and the DNA insert are caibfgmand ‘annealing’ can take place. This
means that the nucleotides at the sticky end féncomplementary hydrogen bonds. Then
the ligase forms the phosphodiesterbonds in thkboae, thereby forming one circular DNA

molecule as shown below.
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2. Site of cleavage
iy
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Host Plasmid

Cleavage by Restriction
Endonucleases

Point of attatchrment
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and annealing
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Sticky ends C“J‘::‘—uﬂ Recombinant
Specified Genes Plasm|d DNA

Fig 17:
Insertion of a DNA segment in a plasmid

The optimalmolar ratio between insert and vector is 3:1. As therhs most cases is much
smaller than the vector, the weight of DNA whichdse used can have a very different ratio.
We used T4 DNA Ligase, which is a bacterial ligatenzyme sold by Roche Diagnostics
(Risch, Switzerland). This enzyme is provided vathOx ligation buffer. The following setup

is typical for ligation of an insert into a vector.
Below is an example of a ligation of a 1200 bp rh&&o a vector which is about 3600 bp.

The ideal molar ratio is 3:1. Because the inserthige times smaller than the vector

equimolarity is achieved when using equal amouhBNA weight.
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digested Vector 2 ul

digested Insert 2 ul
10x Ligation Buffer 2 ul
T4 Dna Ligase 0,5 ul
H.O 13,5 ul
20 pl

Cloning of heavy and light chain DNA into Topo Veabr

A plasmid is a circular piece of double-strandedDhhich exists in the bacterial cytoplasm
and uses the enzymes within this cytoplasm for Didglication and protein synthesis. The
plasmids used in DNA recombination technology akvegntain a number of elements. There
is the origin of replication, allowing the plasmid be replicated and to survive as the
bacterial cell divides. It contains an antibiotesistance gene allowing selection of those
bacteria who carry the plasmid within them. It atemtains a “multiple cloning site”, which
is a part of the DNA sequence of the plasmid wimeuodtiple restriction enzyme recognition
sequences are located. This allows cloning of D#grhents into the vector as described
under “ligase”. A plasmid can also contain othestpin-coding sequences, which gives the
bacteria which carry the plasmid in their cytoplasmrtain additional characteristics,
depending on the proteins which are synthesiseah fr@nscription of the plasmid DNA.
Because we had to sequence relatively short DNgnfemnts we chose to clone our DNA into
a plasmid vector first. This allows complete seaqimy of even short DNA fragments,
without loss. The technical reasons for this ar@itbal in “sequencing”. The Zero Blunt
TOPO PCR cloning kit from Invitrogen was acquiredclone the heavy- and light-chain
fragments into the pCR-Blunt 1I-TOPO vector whislshown in the following figure.
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M13 Revarse priming site 3P6 promoterpriming site l
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AAGGGCGAATTCT GCAGATA
Iy Blunt PCR Product TTCCCGCTTARGA CGTCTAT

M13 Forward (-20) priming site
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IAC AATTCACTGG CCGTCGTTIT ACRACGTCGT GACTGGGARR ACCCTGGCGT 476
e e e e e e e Ry et et
TG TTAAGTRGACC GGCAGCARRRE TGITGCAGCA CTGACCCTTT TGGGACCGCA

pCR’-Blunt II-

TOPO®
3519 bp

Figure 18:
Schema of pCR-Blunt II-TOPO vectdr

Copyright of Invitrogen (Karlsruhe, Germany)

The vector is a circular piece of DNA of 3519 bpsés in total and the multiple-cloning site
is shown in the figure above. This vector contdiogh a kanamycin and zeocin antibiotic
resistance gene. In our experiments we used Kanaragca selecting agent. The vector we
used is special because in the middle of the meltfoning site there is a site where DNA
can be cloned into the vector without the use mstriction enzyme. Therefore, blunt DNA-
segments can be cloned into this vector without nlkeed for compatible sticky ends.
Therefore this vector can be used for cloning ailtfuany piece of DNA as long as it has
blunt ends. The vector comes as a linearized péd@NA with a protein called “Vaccinia
virus DNA topoisomerase” covalently bound to eant as shown in the following figure or
cartoon.
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Topoisomerase
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Figure 19™
Cloning into the TOPO vector,

copyright of Invitrogen (Karlsruhe, Germany)

As shown in figure 19, a double-stranded piece NADQvith blunt ends can covalently attach
to the DNA-strand of the linearized plasmid withttbds 5 and 3’ hydroxyl group, releasing
the topoisomerase leading to the insertion of theADragment into the linearized plasmid,

once again forming a normal, circular plasmid.

There is also a Topo Vector available which alldles cloning of DNA fragments with TA-
sticky ends, that is the end of the vector hasavdrhang. We used this vector to clone our
light- and heavy chain DNA fragments because intihe rounds of PCR, as described in

“preliminary work” an enzyme which makes these Tvexhangs was used.

The following protocol was used to clone our PCRBeoicts into the vector and is called the

“TOPO cloning reaction”.

TOPO cloning reaction, also see “Kit contents, raexdid solutions”

PCR Product 2 ul
Salt Solution 1l
Water 2 ul
pCR II-Blunt-TOPO 1l

This is basically a mix of the DNA insert and thector with the topoisomerase at its ends in
a salt solution to facilitate the reaction desatibbove. This mix was incubated for 5 minutes
at room temperature so the reaction could takeepladter this we proceeded with

“transformation” of the plasmid into DH&bacteria for reasons discussed below.
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Transformation and production of competent DH5e, bacteria.

Transformation is the process whereby DNA is intc@l into bacteria. We used the
“chemical” way of transformation. There is also“aflectroporation method” where the DNA
is transferred across the cell membrane by theicgbign of a high-voltage shock. To
guarantee a high efficiency of DNA take-up into Haeterial cell, DH5-alfa cells were treated
using a protocol to make them “competent”, whichange they are treated so their cell
membrane takes up DNA more efficiently.

We used the following protocol to produce compei@b-o bacteria:

DH5-0 bacteria are grown overnight at 37 °C on an adgte pvith SOC-medium. Ten to
twelf 2-3 mm large single colonies were picked arsgd to inoculate 250 mL of SOC-
medium and were incubated shaking at 18-22 °Cgiass 2 liter container until the OD at
600 nm was about 0.6, which took about 20-24 holing. container was put on ice for 10
minutes. Then the cells were transferred to 40BBedkman containers and centrifuged at
3000 rpm at 4 °C for 10 minutes. The supernatarst evecarded and resuspended in 130 ml
of TB solution and incubated on ice for anothemiiQutes. After that the bacteria were once
again centrifuged at 3000 rpm at 4 °C for 10 miaudad again resuspended in 25 ml TB-
solution. Under a light swinging motion 1.9 ml DMS@s added, which means the DMSO-
concentration was 7%. Thereafter the bacteria wengbated another 10 minutes on ice and
aliquoted into 1.8 ml cryotubes. These tubes wieea shock-frozen in liquid nitrogen after
which the solution containing the bacteria wasestat -80 °C for future use.

The principle of inducing competency in these calis based on the high chloride
concentration in the TB solution. The chloride imstsolution enters the cells and causes
osmotic swelling which stretches the cell membrariee exact mechanism for induction of

competency however is unknown.

After the TOPO cloning reaction the newly formedcular plasmid was transformed into

competent cells using the following protocol.

1. The solution which contains the competent Dddbacteria stored at -80 °C was
thawed on ice

2. For each topo cloning reaction 100 ul of this gotutvere aliquoted

3. 4 ul of the topo cloning reaction mix (containiig tplasmid) was added to this 100 pl

4. This mixture was incubated on ice for 30 minutes
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5. After this, the mixture was heat-shocked for 4508els at 42 °C after which the
solution was once again placed on ice

6. 400 ml SOC medium was added

7. This mixture was incubated on a shaker at 37 °r@me hour

8. The bacteria were plated on an LB-agar-Kanamydetepand incubated overnight at
37°C.

The bacteria should be treated very carefully tbhowt, avoiding shocks, as competent
bacteria are very fragile. Therefore the bactereatendled on ice. After mixing the TOPO
cloning reaction mix with the competent bacterfee DNA will be taken up and the heat-
shock adds further to transformation efficiencyteAfthe heat shock the bacteria will contain
the plasmid and transcription can take place. iy the antibiotic resistance will develop.
The SOC medium is added as nutrient for the celtstae one hour incubation time is the
time in which the antibiotic resistance develogi&gravhich the bacteria are plated and only
the bacteria which have been successfully trangfdrsurvive. Because the number of
bacteria is much larger than the number of DNA mulles, each bacterium will contain only

one plasmid and most bacteria will not take up glagmid and gain no antibiotic resistance.

The next day colonies can be picked and can betosedculate a LB medium which yields
a homogeneous population of bacteria within thiglioma. All these bacteria are derived from
one bacterium and all these bacteria carry withent the same plasmid with the same DNA

insert.

This procedure has a number of advantages. Asidedcabove this method yields bacterial
cultures which are monoclonal. This is an advantagen cloning a PCR product into the
TOPO vector because after the cloning reactioretieea mixture of plasmids with different
inserts. That is because the PCR product contdioiscd different DNA fragments: there are
the primer DNA fragments, and there are various RE€&ttion products, the majority of
which will be the intended reaction product, bugrthare also a lot of DNA products in the
mixture which are a result of non-specific bindiofj the primers to the template DNA
yielding non-sense DNA. The method of transfornrates described above allows the
isolation of plasmid with only one distinct inseals opposed to a mixture of plasmids with
different inserts, as it exists right after the T@Eloning reaction. The second advantage is
that in this way large quantities of bacteria caugythe plasmid are produced, as the

inoculated medium can be of any chosen volume. alasvs large quantities of DNA to be
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isolated carrying the PCR product of interest. €fme this procedure represents a very

effective way for the isolation of very pure DNAlarge quantities.

As a sidenote, bacterial competency should alwags checked before doing the
transformation reaction. Therefore 1 ug of DNA twbe used to transform the bacteria using
the abovementioned protocol. Because 1 pg is aofloDNA it is wise to dilute the
transformed cells before plating, for instance @00 Then the number of colonies has to be
counted. From this the number of colonies per pgADMed in transformation can be
calculated for a particular batch of bacteria. Turet of competency is colony forming
units/pug DNA.

To isolate the plasmids from the monoclonal baatevhich are present in the overnight-
culture we use the TENS-protocol.

Preparation of DNA in “mini’-quantities using the T ENS protocol

This is a protocol which can be used to preparenpid DNA from bacterial cultures, yielding

DNA quantities with a maximum of about 20 pg.

1. 1.5 ml of the bacterial culture is centrifuged fsieed for 30 seconds
Supernatant is discarded

Pellet is resuspended in 100 pl buffer S1 + RNase

300 pul TENS-buffer is added

150 ul 3M NaAc (pH 5.2) is added

The suspension is shaken

Centrifugation full-speed for 10-20 minutes

Supernatant is transferred to new tube

1 ml -20°C 100% alcohol is added, vortex

10. Mixture is centrifuged full-speed for 10-20 minutes

© © N o g s~ w D

11.Supernatant is discarded

12.Pellet is resuspended in 1 ml 70% alcohol

13. Mixture is centrifuged full-speed for 10-20 minutes
14.Supernatant is discarded

15. Pellet is allowed to dry

16.Pellet is resuspended in 25-50 pl of water
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Usually this will yield a DNA concentration of altoli00-250 pg/pl when using a high-copy
plasmid such as the TOPO vector.

The DNA which has been obtained in this way mustehfter be cleaned of RNA and other

bacterial debris, see “DNA and Gel Band Purificatio

So, after cloning each light- and heavy chain PGBdgct into the TOPO vector we
transformed the plasmid into DHbbacteria and plated the bacteria on LB-agar-Kamamy
plates and picked colonies. For each transformati@mpicked 10 colonies and sent these to a

commercial laboratory for sequencing.

DNA Gel Electrophoresis

It is possible to separate a mixture of DNA molesubased on their size with an agarose gel
electrophoresis. The DNA is mixed on the gel anctlactrical field is applied which causes
the DNA molecules to move through the gel. Largetenules will move slower then small
ones. After some time the separation of the DNAeaoales can be visualised by illumination
with a UV light. The DNA will be visualized becausthidiumbromide is present in the gel.
The combination of ethidiumbromide and DNA is flascent under UV-illumination. The
illumination pattern can then be compared to ad&ti which is a DNA mixture with DNA

molecules of known size.

First, the agarose gel was prepared accordingetéottowing recipe for a 1.5 % agarose gel

Prepare TAE from a stock solution of 50x TAE

Add 1.5 gram of agarose to 100 ml of this stock+soh

Cook in a microwave until the agarose is dissolved

Let the solution cool off, and add water which baaporated by cooking

Add ethidiumbromid to a final concentration of @.&/ml

o a0k~ 0w N PE

Poor this solution into a container which forms ¢f& including the holes for loading
the DNA and remove air bubbles

7. Let it cool off until the gel is solid

After the gel is ready the DNA is loaded into thel gsing the loading holes, but before

loading the DNA is mixed with loading dye. The gehlso loaded with a ‘ladder’ to compare

DNA size. The “ladder” is a mixture of DNA fragmenwith known size so that it can be used
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as a reference to determine the size of an unkrdNA fragment in a gel. We used the
“Generuler” from Fermentas. Then a voltage of abbd®d V is applied for about 30-45
minutes. An example illustrating the principle dD&IA ladder is shown in Figure 20.

3 different restriction
enzyme digests of
plasmid DNA

size marker

DNA migration

Figure 20:

DNA ladder used in gel electroforesis

After the gel electrophoresis has been run, theturexof DNA was separated and the
appropriate bands of DNA can be cut out of theugélg a scalpel. Thereafter the DNA has to

be prepared from the gel.

DNA and Gel Band Purification

For purifying DNA from solution or an agarose get wsed the “GFX PCR DNA and Gel
Band Purification Kit” from Amersham Biosciencesnfd@rsham, UK). This kit can be used to
purify DNA from a solution which also contains peot (for instance cellular debris from
TENS-preparation), salts, primers (after a PCRE§triction fragments (after restriction

enzyme digestion of DNA) or to isolate DNA fronTAE gel.
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The principle is as follows: the gel or solutionimgubated with an agent which denatures
protein, dissolves agarose and promotes bindinDMA to a glass fiber matrix. The fiber
matrix is then washed with a washing solution amerdgafter the DNA is eluted from the
matrix using water. All these steps involve centydtion between steps. DNA fragments

which are captured are from 100 bp to 48 kbp.

Polymerase chain reaction

The polymerase chain reaction is a method with Wwiactarget sequence of DNA can be
multiplied. Normal DNA replication, which occurs et the cell divides and two identical
copies of the double-stranded DNA molecule haveetgenerated is performed by an enzyme
called DNA polymerase. DNA replication takes pladeen the two strands dissociate from
eachother under the influence of certain enzynieseafter each strand is used as a template
to create the opposing strand again, thereby gemgradentical copies. As the DNA
polymerase moves along the DNA molecule two newegwdes are created. This principle is
shown in the following two pictures. Note that DN@plication naturally takes place in a
discontinous fashion on one of the two strands Wwisie being replicated, since the DNA
polymerase can only operate in the 5’ to 3’ di@ttiDNA replication always needs a certain
“primer”, this is a short stretch of RNA which ismaplementary to part of the DNA strand.
The place where the primer binds to the DNA tengplatwhere the DNA-polymerase can
start its work. There are many places where thdd@ Brimers bind and therefore many
stretches where a piece of DNA has been replicatech) a stretch is called an Okazaki-

fragment, see figure 22.
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Figure 21:

lllustration of DNA-replication

Figure 22:
Okazaki fragment,

e=primer, f=Okazaki-fragment

The DNA polymerase molecule can be used in vitrontdtiply DNA molecules too. Let's
assume we have a piece of DNA which is a coupldhafisand basepairs long. Within this
DNA molecule there is a certain segment which ipanant to us and we want this segment
to be multiplied. We can then make a certain reaatnix containing this DNA molecule, the
DNA polymerase, a mixture of nucleotides (G,C,T,&)d two primers in water with
appropriate pH and salt concentrations. The priraegsnecessary as starting point for DNA
replication as we saw above. In vitro, however,ghmer is not a piece of RNA, but a short

piece of DNA. The first primer is constructed irceua way that it is complementary to the
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sense strand at the start of the DNA segment wiki¢h be amplified. The second primer is
complementary to the anti-sensestrand at the enthefDNA segment which is to be
amplified. By putting this mixture through an autmed series of temperature changes it is

possible to repeat DNA replication of the DNA segirigetween the two primers.

The reaction mixture is put through the followirggriperature steps. First, the temperature is
raised to 95°C to cause the two strands of the DiNAecule to dissociate (“denaturation”),
allowing the primer to attach to the single DNAasinis at a temperature which is dependent
upon the length and nucleotide composition of thmgrs, and is generally about 50-70°C.
This process is called “annealing”. Thereafter, DNé@plication can take place at a
temperature of 72°C, which means that the DNA pelsase makes a double-stranded
molecule again by complementing each nucleotideéhentemplate DNA strand using the
nucleotides present in the reaction mixture. Tamgerature is of course much higher than
the temperature at which normal DNA replicationemlplace. This can be explained by the
fact that the DNA-polymerase which is used in visca bacterial DNA polymerase which
can withstand much higher temperatures than huntdA Polymerase. This is necessary
because denaturation temperatures are very highwanudd inactivate the human DNA
polymerase. This cycle can be repeated many tifBash time only the DNA segment
between the primers is replicated and in such atvayDNA is replicated ftimes after 30

cycles. The principle is illustrated in the followi picture.
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Figure 23:

lllustration of the principle of the polymerase rheeaction

As indicated above, the annealing temperature tohesen depends upon the length of the
primer and the nucleotide content thereof. As a niflthumb the following formula can be
used to calculate annealing temperaturg.(T

Tm =2°C (A+T) + 4°C (G+C)

Where A, T,G,C represent the number of these nudientn the primer.

When designing primers it is important to have ar@& at the end of the primer because the
bonding between the G and C nucleotides is strotiger the bonding between T and A, in
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this way the chance for proper annealing is in@da%hen the nucleotide sequence of a

certain DNA molecule is known, usually only the sestrand is shown. For instance:

5'- AGGCTTGGTGCCTCCGCCGAACACCTCGTGCTGCTATCATAAGACTGAALS
TAGTAGTCAGCCTCGTCCTCAGTCTTCAGTCCAGAGAZ

If we want to amplify the underlined DNA segment sleuld make two primers as follows.
The first primer, which designates the start of lidA segment to be amplified, is called the
5’ primer. This primer attaches the anti-sensensiiraherefore, it has to be complementary to
the anti-sense strand and therefore the 5’ primequal to the start of the DNA segment to be
amplified:

5'- Primer
5'-CACCTCGTGCTGCTA3’

The primer which designates the end of the DNA sagnto be amplified is called the 3’
primer. This primer attaches to the sense strdiwie take the end of the DNA segment to be

amplified from the sequence above and draw in thiesense strand it would look like this:

S'TCAGCCTCGTCGCPH’
3’ AGTCGGAGCAGGA-Y

From this picture it is clear that if we are to raakprimer which attaches to the sense strand

we should take theeverse complement of the sense-strand which is:

3'- Primer
5AGGACGAGGCTGR

Primers are always synthesized in the 5’ -> 3’ aios.

We ordered our primers from MWG Biotech (Ebersb&grmany).

Using the formula which was shown above, we canutalle the annealing temperature for
our primers. When we use longer primers the anmgaemperature will be higher. The
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advantage of using longer primers is that the $ipdyiincreases. With increasing primer
length the chance of primer-binding to DNA segmenthich are similar to the DNA
segment to be amplified, decreases. In this way E&Rbe used to amplify a segment of
DNA which is present in a mixture of DNA moleculesto amplify one small part of the
whole genome, all because primer binding is higiggcific. In the single cells which were
isolated from granulomatous lesions of WG patietite heavy- and light-chain coding
segments are only 350 basepairs long and the fegteoentire humane genome is also
present. After the PCR reaction, however, mostef@NA in the reaction mix is the DNA
which codes for the heavy- or light chains of tmikeody because this DNA segment has
been amplified tremendously.

Another very important application of PCR is thesgibility to add nucleotides to the DNA
segment which is to be amplified. We did this bdiagd the nucleotides in front of the primer
sequence we designed. We used this to add thectiestrenzyme recognition sites in front of
the DNA segments we work with, so we could usedlstes to make “sticky” ends, so we
could clone the DNA-segment into for instance thed? vector. Annealing temperature was
calculated only on the basis of the formula giveowe.

If we wanted to add the GAATTC (EcoRI) restrictienzyme recognition sequence at both
ends of the DNA segment in the example we preseattede we would change the sequence

of our 5’ and 3’ in the following way:

5’- Primer
5'-GAATTC CACCTCGTGCTGCTA3’

3'- Primer
5 GAATTC AGGACGAGGCTGA

This would result in a DNA fragment after the PGRation with the following sequence:

5'- GAATTC CACCTCGTGCTGCTATCATAAGACTGACAGTAGTAGTCAGCCTCGTC
CT GAATTC-3

The primer will attach, even though during thetfogcle the first few nucleotides (GAATTC)

of the primer have no match in the DNA templateisT& no problem as long as the number
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of added nucleotides is not too big. After annepline DNA replication will start at the
beginning of the primer, thereby incorporating #ueled nucleotides into the DNA molecule.
In subsequent rounds, the primer will attach 10@¥ectly to the DNA-template since the

added nucleotides will now be available in the Dtd¢Aplate.

It is also possible to use a mixture of primerslaifge numbers of nucleotides have to be

added. More about this in “results”.

We used Proofstart ™ DNA polymerase from Qiagen®ofor PCRs and set up the following

reaction mixture.

Final concentration

10x Proofstart PCR Buffer 5 pl 1x
dNTP Mix (10 mM of each) 15 300 uM of each
Primer 1 0,5 ul 1uM
Primer 2 0,5 ul 1uM
Proofstart DNA Polymerase 1 pl =2,5 units
Distilled water 40,5 ul
Template DNA 1 pl
50 pl

The following PCR program is used:

Step 1 Activation: 5 min 95 Grad
Step 2 Denaturation: 1 min 94 Grad
Step 3 Annealing: 1 min 50-72 Grad
Step 3 Extension 1 min 72 Grad
Step 4 Repeat goto 2 30 times

Step 6 72 Grad 7 Minuten
Step 7 Hold at 4°C forever
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Sequencing

Sequencing is a method to determine the nuclesgdgience of DNA. We sent our DNA-
samples to a laboratory which used the Sanger mathsequencing. In this method four
PCR reactions are set up using a single primerwhiieds to the DNA-segment of the DNA
molecule where sequencing should start is includéthin the reaction mix there are the four
nucleotides which are used for DNA synthesis aallifPCR reactions. In each of the four
reactions one type of nucleotide is also presert disleoxynucleotide. When this nucleotide
is used for DNA-synthesis it leads to terminatitbecause no further nucleotides can be
attached to the dideoxnucleotide. Because the otrat®n of the dideoxynucleotide is only
0.02 % of the concentration of the normal nuclexgtithe termination events, for statistical
reasons, generally take place within the first 800- basepairs after the start of DNA
synthesis, which is at the site where the primad&i Therefore, after the PCR there is a
mixture of DNA-fragments with a length of up to 5B@sepairs. Either the primer or one of
the normal nucleotides can be marked with a flumesor radioactive substance. This makes
it possible to determine the length of the difféer&NA fragments by applying it to an
electrophoresis gel which separates the DNA fragendrased on size. This enables
determination of the nucleotide sequence of thgiral template. When a termination event
takes place it means that at that position a cer#&leoxynucleotide was built in which
identifies the complementary nucleotide on the tetepDNA strand. For each of the four
reactions a number of DNA fragment sizes will berfd. For each reaction, the sizes of these
DNA fragments indicate where this nucleotide caridumd in the DNA sequence, relative to
the the primer-annealing site. In this way the tdgmof each nucleotide of the template DNA
strand can be identified by combining the resuttthe four reactions. This is shown in the

following figure.
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Figure 24:

Principle of sequencing according to Sanger

When using the TOPO vector, we used the M13 Revmisger, which attaches to the M13
reverse priming site as a starting point for sequngn With this primer, the insert in the
TOPO vector is always sequenced.

3.4 Cloning of variable chain coding DNA segmentsi  nto the Pcesl

vector

Using the techniques described above it is possibfgepare the variable chain segments in
such a way that they have the restriction enzymegmtion sequences forming sticky ends.
The appropriate restriction enzyme recognition seqas are also available in the Pcesl
vector and after a restriction enzyme digest theADimsert will have compatible sticky ends

so it can be ligated into the Pces1 vector. Thaejsicted in the following picture.
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Figure 25:

Schematic picture of the cloning reaction

The picture above shows schematically that a vieriabain coding DNA segment was put
through a PCR to add the restriction enzyme redmgnsites to its ends. After a digest of this
insert the DNA has sticky ends. The vector is @gested, which frees a “dummy” piece of
DNA as a restriction fragment. The vector and tlhenohy insert can be separated from
eachother on an agarose electrophoresis gel andighsted Pcesl-vector at this point also
has sticky ends and can then be cut out of théogeé¢ incubated with the insert in a ligation

reaction. After that transformation and DNA prepiaracan take place.

For a better understanding of the exact cloningti@as we performed here, again, is the

figure showing the Pcesl vector.
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Figure 26:
Pcesl vector, S = signal sequence=Zonstant domain of K light-chain,

CH1 = constant domain of heavy chain

The exact DNA sequence of the Pcesl restrictictimryme recognition sequences is shown
below. The light chain was inserted into the vectsing the Apall restriction enzyme at the
5" end and the Xhol restriction enzyme at 3’ endr the heavy chain the Sfil and Bstell

restriction enzymes were used to clone the ins&tthe vector.

Apall
5-G"TGCAC -3
3-CACGT "G-%

Xhol
5-CA\TCGAG -3
3-GAGCT ~C-%

Sil

55GGCCNNNN ANGGCC-3
3=CCGGNNNNNCCGG -5'
Bstell

5-G"GTNACC -3
3-CCANTG 7G-5

These restriction enzyme sites can be found irvélogor at appropriate locations as indicated

below.
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Part of Pces1 vector DNA sequence

Sgnal sequence
GTGAAAAAATTATTATTCGCAATTCCTTTAGTTGTTCCTTTCTATTCTCACA

Apall
GTGCACAA

Variable chain (x)
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGARGAG
TCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTTAGCCTG@AITCA
GCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTECAA
AGTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACGITCA
CCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTACTATTGTCAACAGETAA
CAGTTTCCCTCCAAGCACCTTCGGCCAAGGGACA

Xhol

CTCGAG

ATT AAA CGA

Constant domain x
ACTGTGGCTGCACCATCT

From this sequence it can be seen that the réstriehzyme recognition site lies at the end of
the signal sequence and that the first codon o¥#n@ble chain kappa coding sequence starts
with GAC. Everything after the Apall restrictioname recognition site is part of the insert
and when designing the primer for the PCR with Whie attach these sites to the insert it is
very important to stay “in frame”. That is, DNA isad and translated into an amino acid
three nucleotides at a time, which is called thartfe”. If one nucleotide is lacking the DNA
will be read in a different frame. Therefore, th& Aucleotides have been added right after
the Apall site , they cause the variable chaindadad “in frame”. The Xhol site is located
such that the first three nucleotides form one oogiad the second three form another codon.

Right after the Xhol site there are three more anaicids and thereafter the constant domain
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of the light chain begins. The M13 Reverse primitg is located in the vector before the
signal sequence and allows sequencing of the vattbe site of the light chain.

For those cells which havejalight chain we mutated a Pcesl vector which hadambda
constant domain instead of the kappa constant doriée started out with a Pcesl vector
with the lambda constant domain in it instead efkhppa domain, but unfortunately it lacked
a restriction enzyme recognition site at the enthefvariable domain. As shown here:

><-mmm- CDR3--
361 TGAGGATGAGGCTGATTATTATTGCTGGTCATTTGCAGGCTTATTATGTCTTCGGGAC
103 EDEADYYCWSFAG SYYVFGT
constant lamda IGLC1*02------
421 AGGGACCGACGTCACCGTCCTCGGTCAGCCCAAGGCCABCACTGTCACTCTGTTCCC
123 GTDVTVLGQPKAN PTVTLFP

Therefore, we mutated the vector at the CTCGGTtsitgeld a CTCGAG, which is the Xhol

site. For mutation technique, see below.

The ligation of the heavy chain is different. Thid Site is in the signal sequence and quite
large, followed by two other codons which belonghe signal sequence. Therefore, to clone

the insert into the vector a lot of nucleotidescheebe added to the insert using PCR.

Sgnal sequence
ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGC

Sil
GGCCCAGCCGGCC ATG GCC

Variable domain of the heavy chain
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGACACCG
TCCCTCACCTGCGCTGTCTCTGGTGACTCCCTCGGTAGTTACTACTGGACGGAT
CCGACAGCCCCCCGGGAAGGGACTGGAATGGGTGGGTTATATCTATTACALEG
GAGCACCAATTATAACCCTTCCCTCAAGAGTCAAGCCGTCATATCAATCGACACA
ACCAACAACCGGTTCTCCCTGAACCTCAGCTCTGTGACCGCTGGAGACAGECCG
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TGTATTATTGTGTGAGAGGAAACGGCGCGCTCCTATCCTGGGGCCAAGGABCCT
GGT

Bstell
GGTCACC

GTCTCAAGC

Constant domain of the heavy chain
GCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGABCCT
CTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTCCCCGAAGGG
AACGGTTTATTTACA

For all of our cloning we used so called “midi’-pexations. As described under “Preparation
of DNA in “mini’-quantities using the TENS protoc¢oit is possible to grow cultures of
bacteria and then isolate plasmid DNA from thesadra. In the aforementioned method we
used only 5 ml of culture to prepare DNA which gla “mini” quantitity of DNA. During
ligation of an insert into a vector it is necess@ryave a certain optimal molar ratio between
these two reactants in the ligation mix. Therefoiai preparations are not suited for ligation
reactions using the Pcesl vector. This is for abamof reasons. First, DNA quantities are
very low in a mini preparation because little crdtis used. Furthermore, the Pcesl vector is
a “low-copy” plasmid, which means that DNA vyieldlmsver because the plasmid does not
replicate so fast in the cytoplasm of bacteria,chvliurther decreases DNA vyield. Because the
DNA quantities are so low it is hardly possiblemteasure the DNA quantity which makes it
more difficult to reach an optimal molar ratio agert to vector.

Therefore we prepared “midi”-preparations. Midi paeations are DNA preparations where
about 50 ml of culture is used to prepare DNA angsually yields a total of 20-100 pg of

DNA, compared to a maximum of 20 ug for the mirggarations.

We used the “Plasmid DNA Purification” kit from Magry-Nagel (Duren, Germany), to
isolate the plasmid DNA from the bacteria in cwturhis kit uses a procedure similar to the

TENS-method, where bacteria are lysed, freeingpllaemid DNA. This kit also contains
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columns to which the DNA binds and after variouskag and elutions steps a pure, salt-

and protein free DNA solution results.

Midi DNA Preparation

We used the following protocol for Midi preparatson

Prepare an overnight culture with the bacteriuntaiomg the plasmid of interest
Centrifuge for 15 minutes at 4°C at 6000 g

Resuspend the pellet in 8 ml buffer S1
Add 8 ml buffer S2 and mix gently by inverting tuba times

o kr 0N e

Add 8 ml pre-cooled (4°C) buffer S3 mix by invegiB-8 times and incubate on ice

for 5 minutes

o

Equilibrate a Nucleobond™ column with buffer NZ 2l

7. After passing the lysate from step 5 through afjltoad the lysate on the column and
allow the column to empty by gravity flow

8. Wash the column with 12 ml buffer N3

9. Elute the plasmid DNA with 5 ml buffer N5

10.Add 3.5 ml room-temperature isopropanol to preaipithe eluted plasmid DNA and
centrifuge at 150009 for 30 minutes at 4°C

11.Discard supernatant and add room-temperature 70&bh@tand again centrifuge

12.Remove ethanol and allow pellet to dry

13.Resuspend pellet in water of an appropriate volume

We used this protocol to prepare DNA for the Poestor. The heavy and light chain inserts
were cloned into TOPO again, after which culturesenprepared. From these cultures MIDI
preparations were made using the protocol aboves&@hMIDI preparations were then
digested and ligated as described above, whicHteedsin the inserts being cloned into the

Pcesl vector at appropriate locations.
DNA mutation

We used the quikChange™ Site-directed mutagenésioi Stratagene for DNA mutation

of the Pces1 vector.
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The principle is as follows. First primers are domsted which incorporate the mutation.
Using these primers, a PCR is run with a DNA polsase from the kit which causes the
newly synthesised strand to have staggered nidks.newly synthesised strand therefore is
different than the template strand. This allowstd#raplate strand to be digested by Dpn I, an
enzyme, leaving the newly synthesised strand whiin hutations in them available for

transformation into competent bacterial cells wiawable stranded DNA is again formed.

This is shown in the following picture.
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Figure 27:
DNA mutation
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We constructed two primers which anneal to oppaditends of the vector and which contain
the desired mutation, CTCGGT to CTCGAG in our cadee primers were constructed so
that they were between 25 and 45 bases long wiith above 78°C.

Mutprim5 CGTCACCGTCCTC GAG CAGCCCAAGGCC (84°C)
mutprim3 GGCCTTGGGCTG CTC GAGGACGGTGACG (84°C)

Thereafter we ran a PCR using the proviB&dlurbo DNA polymerase using this protocol:

10x Reaction buffer 5
Pcesl Vector 2,5 (25 ng)
Mutprim5 1,5 (125 ng= 15 pmol)
Mutprim3 1,4 (125 ng= 14 pmol)
dNTP Mix 1
H20 38,6

50

PfuTurbo DNA polymer 1

We used the following cycling parameters:

Step 1 Activation: 0.5 min 95 Grad
Step 2 Denaturation: 0.5 min 95 Grad
Step 3 Annealing: 1 min 55 Grad

Step 3 Extension 3.5 min 68 Grad
Step 4 Repeat goto 2 18 times

Step 6 72 Grad 7 Minuten
Step 7 Hold at 4°C forever

We then did the Dpnl digestion and transformed iBtGoli TG1 competent cells, picked

colonies, grew cultures, isolated DNA and sent ISA for sequencing to check if the

mutation was successful.
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3.5 Production of Fabs using the pCes1 vector

As described in chapter 2.6 “Phage display teclgwdland chapter 3.2 “Overview of

methods” soluble antibody fragments were produge@ghagemid containing bacteria in low

glucose medium to which IPTG has been added. Taat#eody fragments are directed to the

periplasm because of the signal sequence as dedaitiove. The following protocol was

used for preparation of these periplasmic antilfoalyments (Fabs).

1. A 50 ml culture of 2TY-AG is inoculated with the diarium which contains the

phagemid of interest and grown overnight at 30°@endhaking

2. 7.5 ml of this overnight culture is inoculated iBO7ml fresh 2TY containing 100

pg/ml ampicillin and 0.1% glucose and grown at 3wWidle shaking at 180 rpm
3. At ODggo0f 0.8 - 0.9 add 1mM IPTG and continue to grov@@tC for 4 hours while
shaking at 180 rpm

4. Centrifuge cells down in 500 ml Beckman containgsgng no more then 400 mi

capacity at a time for 15 minutes at 4000 rpm

5. Discard supernatant and freeze the cells at -2thagre

The freezing step has shown to give a higher protieid.

6. Lysing of pellet: thawed pellet is lysed with TESH( 8.0) and the following

proteaseinhibitors from Sigma corporation:

PHSF (Phenyl Methyl Sulfyl Fluorid) 2 mM
Pepstatin 2 mM

Leupeptin 10 mM

Benzamidin 2 mM

Chymostatin 2.5 pg/mi

7. Dialyse overnight to remove EDTA from TES Swmlatagainst PBS pH 8.0

Thereafter Immobilised Metal Affinity ChromatograpfiMAC) was used to isolate the Fabs

from the solution of lysed pellet using the HIS;tadpich is present in the Fabs. The HIS-tag
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binds to the affinity column because the columodated with NiSg which binds the HIS-

tag.

8. First, the column was equilibrated with 50 ml PBS

9. Then the column was loaded by filtration acrossctblemn of 10 ml 200 mM NiSo

10.The column was washed with 30 ml PBS

11.The pellet lysate was then filtered across themalat 4 ml/min with a peristaltic
pump

12.The column was washed with PBS

13.Then the column was washed with continuously irgirgpimidazol concentration (0-
150 mM in 20 steps of 5 ml), this is the elutioepst

The Fabs were eluted at an imidazol concentrati@bout 70 mM.

14.The Fab-fraction was dialysed against PBS
15.Measuring of protein concentration at 280 nM andtie® of the Fab-fraction in a

Coomassiegel was performed

3.6 SDS-Polyacrylamide Gel Electrophoresis (SDS-PAG E) of

Proteins

Once Fab Fragments had been produced we used Sp&:Rtamide Gel Electrophoresis
(SDS-PAGE), as described by SambrSpto investigate these proteins and prove they were
intact. The SDS-PAGE method allows separation rotgins on the basis of molecular
weight using a gel in an electrical field. By usiageducing agent, which breaks disulfide
bridges, it is possible to further analyse the sitisuof a certain protein. In our case this was
useful because the heavy and light chain of a Fadnfent are held together by a disulfide
bridge.

The principle is as follows. First, the proteinsigvhare to be investigated, Fab fragments in
our case, are denatured through incubation with .SO¥%s causes denaturation through
breakage of hydrogenbridges removing secondary tartéhry structures rendering the

protein in its most simple, rod-like, polypeptigiucture. The denatured polypeptides bind
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SDS and thus become negatively charged allowingraéipn in an electrical field. The SDS
molecule consists of a tail of 12 carbon atomschtd to a hydrophilic sulphate group, giving
the molecule amphiphilic properties which causés #ct as a detergent.

W

S
/\/\/\/\/\/\O/ \O— Na+

Figure 28:
Sodium dodecyl sulfate,gH,5SO;Na

Approximately 1.4 gram of SDS is bound per grampalf/peptide. This causes the charges of
the polypeptide to become negligible in comparisorthe negative charge of the coating
SDS. Effectively, because of denaturation and ngatiith SDS the proteins are rendered into
uniformly negatively charged rod-like structuresatly suited for separation on a gel on the
basis of size only using an electrical field. Tlndypeptides are separated in a polyacrylamide
gel consisting of a mixture of bicrylamide and aanyide in a ratio of 1:29 which yields an

optimal separation based on molecular weight. Tifextve range of separation depends on
the concentration of polycrylamide in the separatgel. SDS does not break disulfide

bridges, to break disulfide bridges a reducing agerequired.

Practically, for our experiments, the SDS-PAGE mft@ins was conducted as follows.

For descriptions of buffers used see “Kit contentgdia and solutions” at the end of this
chapter. First, we prepared a 12% polycrylamide Geén the gel was poured between two
glass plates separated by about a millimetre, whait the gel. The gel is left to polymerize

for 30 minutes. After 30 minutes the top of the gels washed with deionized water.

Thereafter the stacking gel was loaded on top efpblyacrylamid gel, which serves as a
holding gel for the proteins which are to be sefgatalmmediately after loading the stacking
gel, before polymerization occurs, a comb was appito the stacking gel to create the slots
into which the proteins to be separated are loadde stacking gel was allowed to

polymerize.

During this time our Fab Fragments were preparedefectrophoresis using two different

procedures. We prepared a solution with Fab Fratgniana concentration of 100 pg/ml in
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PBS and incubated with SDS gel-loading buffer fematuration, whose principle is described
above. We also prepared our samples under redaoimgjtions which means that in addition
to incubation with SDS gel-loading buffer we alswked the samples at 95° C followed by

incubation with thgd-mercaptoethanol reducing agent for 5 minutes.

After polymerization is complete the wells creatsdthe comb were washed with deionized
water. The wells were loaded with the samples aoimiga the denatured and reduced proteins.
Therafter the eletrophoresis was performed by apglgn electrical field across the gel with

a voltage of 180 V applied over a period of onerhou

After this the polyacrylamid gel containing the f@ia of interest was fixed and stained using
a mixture of 0.25 g Coomassie Brilliant Blue in 80 Methanol:H0 (1:1) and 10 ml of
glacial acetic acid. The gel was incubated witls 8taining and fixing solution for 4 hours at
room temperature. Thereafter the gel was immerséidel Methanol/H2O/acetic acid solution
for a number of hours until an adequate destaiafrtge gel with appearance of proteinbands

was attained. The gel obtained through this mettasl photographed.

Thereafter the gels were used for Western blo@sgescribed below.

3.7 Western Blotting

Using the polyacrylamid gel obtained as describeova we performed a Western blot to
further prove the integrity of the Fab fragmentspreduced. Western Blotting is a technique
in which the proteins which have been separatedSDB-PAGE are transferred to a
nitrocellulose or polyvinylidene fluoride (PVDF) mérane to be incubated with antibodies
that recognize certain polypeptide sequences @mjg The last antibody in the antibody
cascade is coupled to an enzyme which allows siginihen incubated with an appropriate
substrate.

The proteins in the polycrylamide gel are transgf@érto the membrane by placing the two
media next to eachother in an electrical field saoded between two sheets of Whatman

3MM paper soaked in a transfer buffer which cossiétTris, glycine, SDS and methanol.
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The transfer of the proteins from the gel takesualbwo hours and the successful completion
of this procedure can be checked by staining tbéprs on the membrane using Ponceau S,
which does not interfere with further immunologipabbing because it is easily washed away
in subsequent steps. The membrane was incubatédawitorking solution of Ponceau S,
thereafter the membrane was washed with deionizaterwto make the bands visible.
Thereatfter the filter was washed with PBS to remihe2Ponceau from the membrane after
which further immunological probing can take plate.addition to the method of transfer
above we also used the “semi-dry” method whichaesidally the same but differs in that only
the Whatman papers are soaked with transfer butfier.eletrophoresis using the semi-dry
method took 30 minutes at 21 V.

We used a PVDF membrane and it was incubated @b rhilk powder at 4° C overnight, to
block unspecific binding of antibody to the meml@aie then incubated with the primary
and secondary antibody, whereby the second antidypupled to a peroxidase which is
responsible for the staining of the nitrocellulosembrane in the presence of a substrate.

We used two pairs of primary and secondary antésdihe first pair which consists of
mouse anti-Penta-His 1gG (Qiagen, Hilden, Germdoyipwed by goat anti-mouse IgG-
HRP-conjugate (Biorad, Hercules, CA, USA) as seaon@ntibody, used in a concentration
of 1:2000 and 1:3000 respectively. This first pafirantibodies reacts against the series of
histamin peptides in the Fab fragment heavy chathis therefore, in effect, an anti heavy-
chain cascade. The second pair of antibodies we emesisted of rabbit anti-human-lambda
IgG (Dako, Glostrup, Denmark) and goat anti-ralipE-HRP-conjugate (Biorad, Hercules,
CA, USA), used both in a concentration of 1:3008isTsecond pair of antibodies is, in effect,

an anti light-chain cascade.

3.8 Enzyme-Linked ImmunoSorbent Assay (ELISA) for F  ab testing
against PR3

The principle of ELISA is as follows. First, a pliasplate with multiple wells, with one well
for each probe or test to be performed, is coat#ld a certain target-antigen. The plate is
made up of material to which proteins readily biAfter overnight coating with the antigen,
the antigen is fixed to the plate and the coatwlgt®n is washed off. Thereafter, the plate is
incubated with a serum or a solution containingaatibody (either a full antibody, a Fab or

67



even a Fab-expressing phage-patrticle). This ied¢dhe primary antibody. When the primary
antibody specifically binds the target-antigen itl mot be washed off in the subsequent
wash-steps. Unbound antibody is washed off andplage thereafter is coated with an
enzyme-linked antibody against the primary antibo@fter more washing the plate is
incubated with the substrate for the enzyme andiritensity of coloring after a certain
timeperiod of incubation is related to the amounpramary antibody which bound the target-
antigen. This is therefore a measure for the stheofjbinding of the primary antibody to the

target-antigen. Aspecific binding is prevented biptking” with a solution of milk powder.

We used NUNC Maxisorb™ 96-well plates.

We use this technique to test our Fabs for bindupgnst PR3.

We used the following protocol for ELISA:

1. Coat plates for 2 hours with target-protein witbratein concentration of 2 pg/ml at
room temperature

Wash 3 times with PBS

Incubate each well with 100 pl Fabs in 1% BSA (bevserum albumin) in PBS
Incubate for 1 hour

Wash 3 times with PBS-Tween 0.05%

Wash 3 times with PBS

Add 100 pl of the primary antibody in 1% BSA

Incubate for 1 hour

Wash 3 times with PBS-Tween 0.1%

10.Wash 3 times with PBS

11.Add 100 pl of peroxidase coupled secondary antitdod900

© © N o o bk~ 0N

12.Incubate for 1 hour

13.Wash three times with PBS-Tween 0.1%, wash 3 timi#sPBS
14.Add 100 pl TMB solution per Well and incubate f@ rinutes
15.Add 50 pl Stopsolution per Well

16.Measure Olxg
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As a primary antibody we used the Immunostep™ (Bafeca, Spain), Mouse monoclonal
antibody to human lambda 0,1 mg/ml in diluted 1:588 a secondary antibody we used
DAKO™ (Glostrup, Denmark), polyclonal rabbit anteose immunoglobulins. This
secondary antibody was coupled to HRP: horse rguiisbxidase. This secondary antibody
was diluted 1:2000. The stop solution consistetiH,SO,.
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3.9 Kit contents, Media and solutions

Contents of the Zero Blunt TOPO PCR cloning kit

pCR-Blunt [I-TOPO

Salt Solution

10 ng/ul plasmid DNA in:

50% glycerol

50 mM Tris-HCL, pH 7.4 (at 2%C)
1 mM EDTA

2mM DTT

0.1% Triton X-100

100 pg/ml BSA

30 uM bromophenol blue

1.2 M NaCl
0.06 M MgC

Contents of the Plasmid DNA purification kit by Meey-Nagel

Buffer S1

Buffer S2

Buffer S3

Buffer N2

Buffer N3

Buffer N5

Nucleobond™ columns

50 mM Tris-HCI
10 mM EDTA
100 pg/ml RNase A, pH 8.0
200 mM NaOH, 1% SDS
2.8 M KAc, pH 5.1
100 mM Tris, 15% ethanol, 900 mM KClI,
0,15% Triton X-100, adjusted to pH 6.3

with HsPOy

100 mM Tris, 15% ethanol, 1.15 M KClI,
adjusted to pH 6.3 with 420,

100 mM Tris, 15% ethanol, 1 M KClI,
adjusted to pH 8.5 with 420,
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Solutions used for making competent cells

TB-solution (CaC}-solution)

SOC Medium

Solutions used in the TENS-method
TENS-Buffer

NaAc 3M pH 5.2

Solutions used in SDS-PAGE
12% Polyacrylamide gel (20 ml)

10 mM PIPES {¢E1:1sN-06S,) (3.021 g/l)

55 mM MnC} (MnCl,4 H,O 10.885 g/l)

15 mM CaCj(CaCk2H,0 2.205 g/l)

250 mM KCI (18.637 g/l)

Mix and adjust pH to 6.7 with KOH
Sterilization by filtration across a 0.45 pm

filter

2% bactotryptone
0.5% Yeast extract
10 mM NacCl
2.5 mM MgC}

10 mM MgSQ
20 mM Glucose

Solution with:
1% Tris 1M

1% 10 M NaOH
5% SDS 10%

In water

Dissolve 408.1 g of NaAc-&Min 800 ml
H.O. Adjust pH to 5.2 with glacial acetic
acid. Adjust volume to 1 liter, autoclave

6.6 ml O

8.0 mil 30% Acrylamide mix

5.0 mi 1.5 M Tris (pH 8.8)

0.2 ml 10% SDS

0.2 mi 10% Ammonium persulfate
0.008 ml TEMED
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Acrylamide mix

TEMED

5% Stacking Gel (10 ml)

1x SDS gel-loading Buffer

Media used for Western blotting

Transfer Buffer

Stock solution of Ponceau S

29% acrylamide and 1%
methylenebisacrylamide in deionized

N,N,N",N"-tetramethylethylenediamine
(polymerization agent)

D 6.8 ml
30% Acrylamide mix 1.7 ml
1.0M Tris (pH 6.8) 1.25 ml
10% SDS 0.1 ml
10% Ammonium persulfate 0.1 mi
TEMED 0.01 ml

50 mM Tris-Cl (pH 6.8)
100 mM dithiothreitol
2% SDS
0.1% bromophenol blue
10% Glycerol

39 mM glycine
48 mM Tris base

0.037% SDS
20% methanol
To prepare 1 liter of transfer buffer (pH
8.3), mix 2.9 g of glycine, 5.8 g of Tris
base, 0.37 g of SDS and 200 ml of

Methanol

Ponceau S 2 g
Trichloracetic acid 30 g
Sulfosalicylic acid 30 g
H,O to 100 ml
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Working solution of Ponceau S

Media and solutions

LB-medium (with Kanamycin)

LB-Agar plates with Kanamycin

Tris-acetate 50x (TAE)

TE-Buffer pH 7.4

Tris 1M

SDS 10%

1:10 dilution of &osolution using

deionized water

1% Bactotryptone
0.5% Yeast extract
1.0% NaCl
pH 7.0
autoclave

(Add 50 pg/ml Kanamycin)

LB-medium
Add agar 15 g/L
Autoclave
Add 50 pg/ml Kanamycin
Pour into plates with diameter of 10 cm
Store at 4°C.

242 g Tris base
57.1 ml glacial acetic acid (GBOOH)
100 ml 0.5 M EDTA (pH 8.0)

10 mM Tris-Cl (pH 7.4)
1 mM EDTA (pH 80)

121.1 g Tris Base in 800 mi,B
Adjust pH by adding HCI

pH 7.4 70 ml

pH 7.5 60 ml

pH 8.0 42 ml

100 g SDS in 900 mb®L Heat to 68°C
to aid in dissolution. Adjust pH to 7.0 with
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PBS

PEG/NacCl

2XTY broth

2XTY-AG

2XTY-AG plates

a few drops of 10M NaOH solution, adjust

volume to 1 liter. Autoclave.

8.75 g NaCl / liter water (750 mmol éd)t
1.42 g Na2HPO4 |/ liter water (40
mmol/liter)

0.22 g KH2PO4 / liter water (7.8 mmol
/liter)

pH should be approximately 7.4-7.6

20% Polyethylene glycol 6000 (PEG)
2.5 M NaCl

Autoclave
16 g bacto-tryptone / liter water

10 g Yeast extract / liter water

5 g NaCl / liter water

2XTY broth, containing 100 pg/ml

ampicillin and 2 % glucose

2XTY broth, containing 2% glucod€)0
pg/ml ampicillin and 15 g agar
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4. Results

4.1 Cloning of DNA coding for the variable heavy an  d light chain
domains of antibodies into the Pcesl vector

Table 6: Designations of two B-cells derived fromotWG patients and their light-chain

subclass

B-cell Light
chain

St140 | K

Scu68 | A

Each light and heavy chain was cloned into the T@PBE€or, the vector was transformed into
DH5-0 bacteria and plated out onto LB/Kanamycin platg®m each product ten colonies
were picked and sequenced. This was done to cleeckdnoclonality of the product, since it
is possible that despite careful handling more thram cell is lasered out of the tissue section.
If the product is not monoclonal, multiple inseitlwe found, and consecutively not all of the
10 sequences will be identical. The cells that wesed for further investigations were

monoclonal.

The sequences were analyzed using the IMGT immobagh database. The results of these
analyses yielded the families to which the particlleavy and light chain belonged to and for
the light chain it allowed determinationiof or A-type.

The results are shown in appendix I. The most itambrresult which is to be noted is that
most of the heavy-chain coding DNA sequences haoktextended to be used directly for

cloning into the Pcesl vector.

An example is shown below, it is the sequence Gt
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It can be seen that the sequence bears the gresgestblance to the 4-59 family of DNA-
segment coding for the variable heavy chain ofathi&ody. The first 18 codons bridging the
insertion site of the vector's are missing. For purposes this is not so important since the
antibody specificity is determined by the completagndetermining regions which is located

3’ of the variable domain coding DNA.

St140 VH

Qommmmmmmmmmememeee e FR1 - IMGT

1 5 10 15
st140vh e e
L10088 IGHV4-59*01 cag gtg cag ctg cag gag tcg ggc cca ... gga ctg gtg aag cct
M29812 IGHV4-59*02 cag gtg cag ctg cag gag tcg ggc cca ... gga ctg gtg aag cct
X56360 IGHV4-59*07 cag gtg cag ctg cag gag tcg ggc cca ... gga ctg gtg aag cct
M95114 IGHV4-59*03 cag gtg cag ctg cag gag tcg ggc cca ... gga ctg gtg aag cct

X87091 IGHV4-59*08

20 25 30
st140vh ... ... ..C Ctg tcC ctc acc tgc gct gtc tct ggt gac tcc ctc
L10088 IGHV4-59*01 tcg gag ac- --- --- e E e ¢ el - T
M29812 IGHV4-59*02 tcg gag ac- --- --- e ¢ el ¢ £
X56360 IGHV4-59*07 tcg gac ac- --- --- B e * - T
M95114 IGHV4-59*03 tcg gag ac- --- --- e ¢ el - T
X87091 IGHV4-59*08 B k- 5

_ CDR1-IMGT ___ oo

35 40 45
st140vh ggtagttactac... . tgt acc tgg atc cga cag ccc
L10088 IGHV4-59*01 a- - --g -g- --- == g - -
M29812 IGHV4-59%02 Q- B o R P —
X56360 IGHV4-59*07 Q- B o R P —
M95114 IGHV4-59*03 a- - --g -g- --- == g - -
X87091 IGHV4-59+08 aN-—--m-- . B o R P —

As described in “material and methods” we needctiraplete DNA segment which codes for
the variable domain of the heavy and light chairclome into the Pcesl vector to be able to
produce fabs. For the light chain, the restrictesrzyme recognition site is situated at the
beginning of the DNA coding for the variable chaimd for the heavy chain the recognition
site is situated in the signal sequence some coBon$ the DNA coding for the variable
chain. Both the missing codons and the restriatiszyme recognition site needed to be added

to the variable domain coding DNA segments.
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For each DNA segment where codons were missingsed the germline sequence to fill it
up. In the example above, the St140Vh is most amtib the V4-59 family. Thus the
particular variable heavy segment bears the higtigstarity to the V4-59 family in its non-
recombinant form, and additional mutations are aeduby affinity maturation. This
germline sequence is shown in the IMGT analysisvabolhe addition of germline
homologue gene segments to extend the frameworttre to the insertion sequence that fit
to the vector ligation should not change the dffimf the Fab or antibody produced since the

complementarity-determining regions are not affécte

In the example above the missing 18 codons weredadsl from these codons, a part of the
signal sequence containing the Sfil restriction yemz recognition site also was added,

representing another 19 nucleotides. This is st here.

Sgnal sequence
ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTCGC

Sl
GGCCCAGCCGGCMATG GCC

Variable domain of the heavy chain
CAGGTGCAGCTGCAGG etc. etc. etc.

For the heavy chain a total of about 20-24 codoesewadded, depending on how many
codons were missing. These codons were added B€fywith “overhanging” primers, as
was described in “materials and methods”. Twenty-foodons are 72 nucleotides to be
added at once. The primer itself will exceed tleisgth because it also has to anneal to the
DNA. This represents a problem since the maximungtte of primers which can be easily
produced in commercial laboratories is 50 basep@ionisecutively, it is not possible to add
all of the missing nucleotides to our DNA insertoace. We therefore chose to do multiple
rounds of PCR, adding seven codons in each roumd. réquires different primers for each
round. The first primer anneals to the DNA presgrihe insert, the second primer anneals to
the codons which have been added to the insehteirinst round of PCR by the first primer
and adds more codons to which the primer in thel tound attaches etc. The primers thus

have an overlap, otherwise annealing could not pédee.
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This is illustrated in the following picture.

Primer4 \/\)

CCG 565G AAG ACG
T CAG g e

- o~ -_=
el R ==aA == 1I-HA
T CAC

CAG

- O o
A L

T CAG C --A C-—- T-R

Figure 30:

Addition of germline DNA and restriction enzyme ogaition sites, with overlapping primers

For each of the DNA segments listed in Appendixiingrs were devised and they are shown
here. The 3’ primer is never divided into multiglamers because at the end of the DNA
sequences there were no missing codons and therdisrprimer was used in each round of
PCR using the 5’ primers. The “theoretical primisrthe primer sequence if we were able to
add all the required nucleotides in one step. Rlaeses () are used to indicate where the
division is located between nucleotides in the prinvhich anneal and which nucleotides are
added. The nucleotides to the left of the paremglraes added in that particular round. Six G’s
were entered to protect the DNA segment from randaoiease activity which could lead to

nucleotide loss. Annealing temperature is showheend of each primer.

We purposely chose the restriction enzyme recamngites in such a way that as much of the
original DNA sequence was spared so as not to dher binding properties of the

immunoglobulin. The results of these consideratamesshown below.

St140 vh

Theoretical primer:

099 9ggg GCG GCC CAG CCG GCC ATG GCC (end of signal sequence) CAG GTG CAG
CTG CAG GAG TCG GGC CCA GGA CTG GTG AAG CCT TCG GA®C()C CTG TCC CTC ACC
TGC GCT GTC (74 Grad)
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Divided into:
5'-first
CTG GTG AAG CCT TCG GAC AC ()C CTG TCC CTC ACC TGC GCT GTC (72°C)

5’-second
CTG CAG GAG TCG GGC CCA GGA ()CTG GTG AAG CCT TCG GAC AC C C (72°C)

5'-third
CCG GCC ATG GCC CAG GTG CAG ()CTG CAG GAG TCG GGC CCA GG (70°C)

5’-fourth
099 ggg GCG GCC CAG()CCG GCC ATG GCC CAG GTG CA (70 °C)

3’-primer
GGG GGG ()JGGTGACCACCAGGGTTCCTTGGCCCCAGG

St140vk
5'-primer
GTG CAC AA GAC ATC CAG ATG ACC )CAG TCTCCATCTTC CGTG TCT GC (72°C)

3’-primer
CTCGAG T () GTCCCTTGGCCGAAGGTGCTTG (72°C)

Scu68vh

Theoretical 5’-primer

GGCCCAGCCGGCCATGGCC CAG GTG CAG CTG CAG GAG TCGEIRAAGGA CTG GTG AAG CCT
TCG GAG () ACCCTG TCC CTC ACC TGC GCT G

5'-first
GGA CTG GTG AAG CCT TCG GAG () ACCCTG TCC CTC ACC TGC GCT G (74°C)

5’-second
CAG CTG CAG GAG TCG GGC CCA () GGACTG GTG AAG CCT TCG GAG AC (74°C)

5’-third
CAG CCG GCC ATG GCC CAG GTG () CAG CTG CAG GAG TCG GGC CCA (72°C)

5’-fourth
GGG GGG GGCC ()CAG CCG GCC ATG GCC CAG GTG (74°C)
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3’-primer
GGG GGG () GGTGACCCCTGTGACCAGGGGTCCTTGGCCC (72°C)

Scu68vl
5
GGG GGG GTGCAC () CCT TCT GAG CTG ACT CAG GAC CC (7 2°C)

31
GGG GGG CTC GAG () GACGGTCAGCTTGGTGCCTCCG (72°C)

As a rather novel and so far not yet used methodid@ot perform the PCRs separately, but
we mixed the primers together in one PCR. The thbehind this is that as soon as the first
primer has bound to the target DNA sequence andesoyules have been performed the
nucleotides which are supposed to be added byrdtefimer are actually added, creating the
target DNA molecule to which the second primer attach which leads to addition of more

nucleotides to which the third primer can bind. @firse, the chance of unspecific primer
binding and primers binding to eachother incred®esiuse in our experiments a maximum of

5 different primers were present in the PCR mixi(f6’' primer and the 3’ primer).

To investigate the results of each of these mix@tigr PCRs the PCR products were cloned
into the TOPO vector and transformed into bact@rasequencing of selected clones. The
results of this mixing of primers was very diffetéor each PCR which was tried. Two out of
three PCRs were successful in that all the prirhadsbound appropriately leading to an intact
PCR product. In one of three PCR reactions thettioprimer had not bound. For scu68VH
none of ten PCR products contained the right semgjemhich forced us to run the PCRs in

consecutive rounds.

As a result of these efforts we had the completABEquence of the light and heavy chain

coding DNA-segments. This is shown below:

St140 VH
oo e FR1 - IMGT
1 5 10 15
St140VH cag gtg cag ctg cag gag tcg ggc cca ... gga ctg gtg aag cct

X56360 IGHV4-59*07
L10088 IGHV4-59*01
M29812 IGHV4-59*02
M95114 IGHV4-59*03
M95117 IGHV4-59*04
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St140VH
X56360 IGHV4-59*07
L10088 IGHV4-59*01

M29812 IGHV4-59*02
M95114 IGHV4-59*03
M95117 IGHV4-59*04

20
tcg gac acc ctg tcc

__ CDR1-IMGT ___

St140VH

X56360 IGHV4-59*07
110088 IGHV4-59*01
M29812 IGHV4-59*02
M95114 IGHV4-59*03
M95117 IGHV4-59*04

35
ggt agt tac tac ...
Q- e L
e
e
Ane = mem e

@ - -

FR2 - IMGT -

St140VH

X56360 IGHV4-59*07
110088 IGHV4-59*01
M29812 IGHV4-59*02
M95114 IGHV4-59*03
M95117 IGHV4-59*04

50

ccc ggg aag gga ctg
__a [ —

B e ——

Y e —

i —

i —

- IMGT

65
St140VH agc acc ... ... ...
X56360 IGHV4-59*07 - - .. .. ..
L10088 IGHV4-59*01 - - ... .. ..
M29812 IGHV4-59*02 - - ... ... ..
M95114 IGHV4-59*03 - - .. ... ..
M95117 IGHV4-59*04 - - .. ... ..

80

St140VH

X56360 IGHV4-59*07
L10088 IGHV4-59*01
M29812 IGHV4-59*02
M95114 IGHV4-59*03
M95117 IGHV4-59*04

St140VH

X56360 IGHV4-59*07
110088 IGHV4-59*01
M29812 IGHV4-59*02

gcc gtc ata tca atc
-t-ac- --- - g-a
-t- ac- --- --- g-a
-t- ac- --- - g-a
-t- ac- --- - g-a

-t- ac- --g --- g-a

95
ctc agc tct gtg acc

25 30
ctc acc tge gct gtc tct ggt gac tec cte
- s B
- TERERER ) B S
- s Ry B
- TERERER ) B S

mm wen mmm @ mm mon —n o - @

40 45

—————————————————— > CDR2
55 60

gaa tgg gtg got tat atc tat tac agt ggg

--Q === @t --Q - = mm e em -

--g === At =g - - em e n -

--Q === @t --Q - = em e en -

--g === At =g - - em e n -

--g --- @t --g - === - -t e -

70 75
aat tat aac cct tcc ctc aag ... agt caa

t-C --C --- --g === --- - oo == =0~
----------- =TTV ey gR———
85 90

gac aca acc aac aac cgg ttc tcc ctg aac
----- g t-- --g - -a- === == === =g
————— gt --g --- -@- - == === =g
----- g t-- --g - -a- === == === =g
----- g t-- --g --- -aa --- -~ === --g
————— g t-- --g --- -@- - == === =g

>

100 104
gct gga gac acg gcc gtg tat tat tgt gtg
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M95114 IGHV4-59*03
M95117 IGHV4-59*04

e
e

CDR3 - IMG

St140VH aga gga aac ggc gcg
X56360 IGHV4-59*07
L10088 IGHV4-59*01 ----a
M29812 IGHV4-59*02 ----a
M95114 IGHV4-59*03
M95117 IGHV4-59*04
St140VH gtc acc
X56360 IGHV4-59*07
L10088 IGHV4-59*01
M29812 IGHV4-59*02
M95114 IGHV4-59*03
M95117 IGHV4-59*04
St140w

e

1 5
st140Vk gac atc cag atg acc

V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

20

st140Vk gga gac aga gtc acc

V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

__ CDRL-IMGT ___

35
st140Vk agctgg ... ... ...
V01577 IGKV1-12*01 - - ... .. ..
V01576 IGKV1-12*02 - -— .. .. ..
V01576 IGKV1D-12*02 - - .. ...
X17263 IGKV1D-12*01 - - .. .. ..
K01323 IGKV1D-16*01 - - ... ... ..

FR2 - IMGT -------
50

=-C =C- === === =t === === =<C == -C-

ctc cta tcc tgg ggce caa gga acc ctg gtg

-------------------------- FR1- IMGT
10 15
cag tct cca tct tce gtg tet gea tet gta

e e e e e o e e

B v W SRR

25 30
atc act tgt cgg gcg agt cag ggt att agc

40 45

.................. > CDR2
55 60

82



st140Vk cca ggg aaa gcc cct

V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

- IMGT

st140Vk

V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

R T p——

65

80

st140Vk ttc agc ggc agt gga

V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

95

st140Vk atc agc agc ctg cag

V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

CDR3 - |

st140Vk cag gct aac agt ttc

V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

st140Vk gag
V01577 IGKV1-12*01
V01576 IGKV1-12*02
V01576 IGKV1D-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01

- ta- -t - -a-

70 75
agt ttg caa agt ggg gtc cca ... tca agg

85 90
...... tct ggg aca gat ttc act ctc acc

100 104

cct gaa gat ttt gca act tac tat tgt caa

MGT

cct cca agc acc ttc ggc caa ggg aca ctc
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Scu68VH

SCU68VH cag gtg cag ctg cag
M29811 IGHV4-61*01
X92230 IGHV4-61*03
AB019437 IGHV4-61*08
X92250 IGHV4-61*04
M29812 IGHV4-59*02

20
SCU68VH tcg gag acc ctg tcc
M29811 IGHV4-61*01
X92230 IGHV4-61*03
AB019437 IGHV4-61*08
X92250 IGHV4-61*04
M29812 IGHV4-59*02

_ CDR1-IMGT ___
35

SCU68VH gag gat gat act tat
M29811 IGHV4-61*01 agc ag- -g- -g- --Cc
X92230 IGHV4-61*03 agc ag- -g- -g- --C
AB019437 IGHV4-61*08 agc ag- -g- gg- --c
X92250 IGHV4-61*04 agc ag- -g- -g- --c
M29812 IGHV4-59*02 agt ag- t-c tac ...

FR2 - IMGT -------
50
SCu68vVH cca ggg aag gga ctg
M29811 IGHV4-61*01 SR
X92230 IGHV4-61*03 R
AB019437 IGHV4-61*08
X92250 IGHV4-61*04 R
M29812 IGHV4-59*02

- IMGT
65

SCU68VH acaaac ... ... ...
M29811 IGHV4-61*01 -gC -C- ... ... ...
X92230 IGHV4-61*03 -gC -C- .o e ..
AB019437 IGHV4-61*08 -gC -C- ... . ...
X92250 IGHV4-61*04 -gC -C- ... v e
M29812 IGHV4-59*02 -gC -C- .. e e

80
SCU68VH gtc acc gtt tcg ctg
M29811 IGHV4-61*01 - -—-a-a--ag-a
X92230 IGHV4-61*03 ~ ------ a-a--ag-a
AB019437 IGHV4-61*08 ------a-a--ag-a

-------------------------- FR1- IMGT
10 15
gag tcg ggc cca ... gga ctg gtg aag cct

25 30
ctc acc tge get gte tct gga gtc tec gtc
- TR ¥, B
- TR ¥, B
R - PRI Y, BSSE
- TR ¥, B

R - p———— _g_ —————

40 45
tat ... ... tgg acc tgg att cge cag tcc
-C . em Q- == C =-(J = C--

—————————————————— > CDR2
55 60

gag tgg att ggc aat gtc tat tac agc ggg

N pp——

N Ppp——

L e

g T Ppp—

L S

70 75
tac tac aac ccc tcc ctc gag ... agt cga
ek h - PR
e - TR
ek h - PR
ek h - PR

- e

——————————— FR3 - IMGT ----------mmmm-

85 90
gac acg tcc aac aat cag ttc tct ctg aaa
- === === =g =-C --C === --C -~ --Q
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X92250 IGHV4-61*04 - --- a-a--ag-a

M29812 IGHV4-59*02 ---—-a-a--ag-a
95
SCU68VH ctg agg tct gtg acc
M29811 IGHV4-61*01 RS
X92230 IGHV4-61*03 RSN S
AB019437 IGHV4-61*08 N S -
X92250 IGHV4-61*04 s
M29812 IGHV4-59*02 S
SCU68VH aga gat gct tat tat

M29811 IGHV4-61*01 - --
X92230 IGHV4-61*03 - --
AB019437 IGHV4-61*08 - --
X92250 IGHV4-61*04

M29812 IGHV4-59*02 - --

SCU68VH ccc tgg ggce caa gga
M29811 IGHV4-61*01

X92230 IGHV4-61*03

AB019437 IGHV4-61*08

X92250 IGHV4-61*04

M29812 IGHV4-59*02

Scu68V]
e
1 5
scu68Vi cct tct gag ctg act
X56178 IGLV3-19*01 fom mmm o o e
773645 IGLV3-32*01(ORF) t-c --- -g- -ca ---
X57826 IGLV3-1*01 t-C -@- - - -
X97473 IGLV3-9*01 t-C -a- - == -
M94116 IGLV1-40*01 -ag --- -t- - g
20
scu68Vi ggg cag aca gtc aca
X56178 IGLV3-19*01 --a --- --- --- -gg
773645 IGLV3-32*01(ORF) --a --a -tg -c- -gg
X57826 IGLV3-1*01 --a --- --- -C- -gC
X97473 IGLV3-9*01 --a--- --g -c- -gg
M94116 IGLV1-40*01 - - Qg - - c
_ CDR1-IMGT ___
35
scu68Vi tattat ... ... ...

mm == -g--C - - -C - g
mm =g --C - - -C - g
> _

100 104
tct gcg gac acg gec ata tat ttt tgt gtg
g-- - === === == ¢-g --- -aC --- -C-
g-- == === === === ¢-g --- -aC - -C-
g-- --- === === --- ¢-g --- -aC - -C-
..C =t - --- --- g-g - -ac --
g-- == === === === ¢-g --- -aC - -C-
___ CDR3- IMGT

gga ctg ggg tct cce tca aac tgg ttt gac

ccc ctg gtc aca ggg gtc acc gtc tca age

-------------------------- FR1- IMGT
10 15
cag gac cct get ... gtg tct gtg gec ttg

- -tg - - R s
--cca--ct-a... --- --C - t-- cca
—--cca-tcta... -----a --- --- C--
---ccg -c t-a ... --- --- -g- --- cca
______________________ >

25 30
atc aca tgc cag gga gac agc ctc aaa agg
B B i
- ==C === === === === == @-( §-- §-C

--- --C --- tct --- -t -aa t-g ggg gat
-t --c -t gg- --- a-- -a- a-t gg- -t
--- t-Cc --- act --g ag- --- tc- --c -tc

40 45
......... gca ggc tgg tat aag cag aag
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X56178 IGLV3-19*01 - - ... ...
Z73645 IGLV3-32*01(ORF) “Cm

X57826 IGLV3-1*01 A - e e
X97473 IGLV3-9*01 aaa- .. ...
M94116 IGLV1-40*01 ggg gca ggt tat gat
FR2 - IMGT -------
50
scu68Vi cca gga cag gcc cct
X56178 IGLV3-19*01
273645 IGLV3-32*01(ORF) -mm == == === -C
X57826 IGLV3-1*01 S U .
X97473 IGLV3-9*01 SR S
M94116 IGLV1-4001 - - aca - ¢
- IMGT
65
scu68Vi

X56178 IGLV3-19*01
273645 IGLV3-32*01(ORF)
X57826 IGLV3-1*01
X97473 IGLV3-9*01
M94116 IGLV1-40*01

80
scu68Vi ttc tct ggg tcc aac
X56178 IGLV3-19*01 === === =-C --- -Q-
773645 IGLV3-32*01(ORF) - - C-----a
X57826 IGLV3-1*01 e v
X97473 IGLV3-9*01 === =m= ==C == ==
M94116 IGLV1-40*01 B e |
95

scu68Vi atc act ggg gct cag
X56178 IGLV3-19*01 e
773645 IGLV3-32*01(ORF) s ee- -C -
X57826 IGLV3-1*01 ----gC --- a-C ---
X97473 IGLV3-9*01 ----gc a-a --Cc --a
M94116 IGLV1-40*01 = - - - ctc ---

CDR3
scu68Vi tcc cgce gac ggc ttt
X56178 IGLV3-19*01 --- --g --- a-- ag-
273645 IGLV3-32*01(ORF) -tg ata --- aa- ca-
X57826 IGLV3-1*01 g-g t-g --- a-- agc
X97473 IGLV3-9*01 gtg t-g --- a-- agc
M94116 IGLV1-40*01 --- tat --- a-- agc

......... <= @ === =-C Cn- o= -

......... -a- Ca- = =-C C=- == ==

......... e

......... -tg €a- --- --C C-- - -

......... -t- ca- --- --C C-- - Cit

.................. > CDR2
55 60

caa ctt gtc att tat gct aaa aac ... ...

gt = = € == g

gtg --g --- --C --- -a- -gC -gt ......
gtg --g - --C---caag-t-g- ... ...
gtg --g --- --c --- agg g-t-g- ... ...
a---CC--C---g---C-g-......

<
70 75
agg cgg ccc tca ggg atc cca ... gac cga
QG =e mmn mem e mmn e e e
gac === === === @-= === ==t ... =-Q ---
e SN s
B e e I+
<@t <me em on eem G o L e e
----------- [SST TR Y oy p—
85 90

........... C a- --- a- a-- C-- ---

...... ~t--g a- - - a-t c-- -
...... --g --g a-- --g --- a-- C-- ---
...... -t --c ac- t-- --- --- c-- g--
> —_—

100 104
gcg gaa gat gag gct gaa tat ttc tgt aat
B o L+
—t--g -- - - -t - -a- -a- c-g
-tatg --- --- --- --C --- -a- --- ¢-g
--C -gg --- --- === --C --- -a- --- C-g
-t --g --- --- == -t --- -a- --C C-g

- IMGT

gaa aat cat cgg gtg ctt ttc ggc gga ggc
gt --C - -t

-ct-c

act gca

act gca

ctg -g- gg- tc
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scu68Vi acc aag ctg acc gtc ctc gag
X56178 IGLV3-19*01

273645 IGLV3-32*01(ORF)

X57826 IGLV3-1*01

X97473 IGLV3-9*01

M94116 IGLV1-40*01

For the ELISA against proteinase-3 we developedsitige control based on an article by J.
Davis’. The immunoglobulin sequence coding for the vagidieavy and light chain domains
which is shown in this article is specific for peotase-3. It was, however, not complete
because the first 8 codons were missing. To produtab based on this sequence Doctor
Csernok (Bad Bramstedt, Germany), kindly sent inylmidoma which produces antibodies
and which uses the sequence given in the aforeomadtiarticle. We ran a PCR on the cell
culture material using primers which attach to seguences and which add the restriction
enzyme recognition sites used to clone the DNA rogpdor the heavy and light variable
domains. This positive control is called “Pr3pas’has a lambda light-chain and the primers

are shown here:

Pr3pos heavy chain primers:
5'-first
CAG GTG CAG CTG GTG GAG TCT () GGG GGA GGC GTG GTAG CC (72°C)

5’-second

gcG GCC CAG CCG GCC ATG GCC () CAG GTG CAG CTG GBAG TCT G (72°C)

5’-third
GGG GGG () GCG GCC CAG CCG GCC ATG GC (74°C)

3’-primer
GGG GGG GAGGAGACGGTGACCAGGGTTC (74°C)

Pr3pos light chain primers

5'-light chain
GGG GGG G GTG CA () CAG TCT GCC CTG ACT CAG CCT z{C)
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3'-light chain
GGG GGG CTCGAGGACGGTCAGCTTGGTCCCTCCG

The resulting sequence is shown below:

Sequence of the proteinase-3 positive control.

This sequence is based on Dalis.

Pr3posVH

Pr3posvh

M99663 IGHV3-30*03
X92214 IGHV3-30*18
L06616 IGHV3-30*19
M77334 IGHV3-33*05
M77339 IGHV3-30*13

Pr3posvh

M99663 IGHV3-30*03
X92214 IGHV3-30*18
L06616 IGHV3-30*19
M77334 IGHV3-33*05
M77339 IGHV3-30*13

Pr3posvh

M99663 IGHV3-30*03
X92214 IGHV3-30*18
L06616 IGHV3-30*19
M77334 IGHV3-33*05
M77339 IGHV3-30*13

cag gtg cag ctg gtg

20
ggg agg tce ctg aga

CDR1-IMGT ___
35
agt agc tat ggc ...

FR2 - IMGT ------

Pr3posvh

M99663 IGHV3-30*03
X92214 IGHV3-30*18
L06616 IGHV3-30*19
M77334 IGHV3-33*05
M77339 IGHV3-30*13

50
cca ggc aag ggg ctg

[ ——— -1

- IMGT

Pr3posvh

65

agt aat aaa ... ...

-------------------------- FR1 - IMGT
10 15

gag tct ggg gga ... ggc gtg gtc cag cct

25 30
ctc tce tgt gca gcec tet gga tic acc tte

B o I
mms mmm mmm mee e mes mem en e e

40 45

.................. > CDR2

55 60
gag tgg gtg gca gtt ata tca tat gat gga

70 75
tac tat gca gac tcc gtg aag ... ggc cga
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M99663 IGHV3-30*03 = = < .. ... e e e
X92214 IGHV3-30*18 - oo om . . e e e
L0616 IGHV3-30¥19 - - = .. ... e G e
M77334 IGHV3-33*05 == e = . ... e e e
M77339 IGHV3-30¥13 = e = . ... P

80 85 90
Pr3posvh ttc acc atc tcc aga gac aat tcc aag aac acg ctg tat ctg caa
M99663 IGHV3-30*03 e e e e o e e e e e
X92214 IGHV3-30*18 B e e e e e e
L06616 IGHV3-30*19 e e e e e e e
M77334 IGHV3-33*05
M77339 IGHV3-30*13 P B T ¢ S

"""""""""" >
95 100 104
Pr3posvh atg aac agc ctg aga gct gag gac acg gct gtg tat tac tgt gcg
M99663 IGHV3-30*03 P e e e e e e
X92214 IGHV3-30*18 B e e e e e e
L06616 IGHV3-30*19 - e e e e o e e e e e
M77334 IGHV3-33*05 P 2C mmm mmm e e e e e e

M77339 IGHV3-30*13 e e e e e S

CDR3 - IMGT

Pr3posvh aag agc caa atg tcg tat tac gat tit tgg agt ggt tat tac cgg
M99663 IGHV3-30*03 -gaga

X92214 IGHV3-30*18 --a ga

L06616 IGHV3-30*19 -ga ga

M77334 IGHV3-33*05 -gaga

M77339 IGHV3-30*13 -ga ga

Pr3posvh gac cag tac tac ttt gac tac tgg ggc cag gga acc ctg gtc acc
M99663 IGHV3-30*03
X92214 IGHV3-30*18
L06616 IGHV3-30*19
M77334 IGHV3-33*05
M77339 IGHV3-30*13

Pr3posVI

Qommmmmmmmmmeeeeeeee e FR1 - IMGT

1 5 10 15
Pr3posvi cag tct gec ctg act cag cct gec tec ... gtg tct ggg tet cct
273664 IGLV2-14*01
L27822 IGLV2-14*02
273665 IGLV2-23*02
Y12412 IGLV2-14%03
D86994 IGLV2-23%03



Pr3posvi

773664 IGLV2-14*01
L27822 IGLV2-14*02
Z73665 IGLV2-23*02
Y12412 IGLV2-14*03
D86994 IGLV2-23*03

20

gga cag tcg atc acc

__ CDRL-IMGT ___

Pr3posvi

773664 IGLV2-14*01
L27822 IGLV2-14*02
773665 IGLV2-23*02
Y12412 IGLV2-14*03
D86994 IGLV2-23*03

35
ggt ggt tat aac tat

--g a-- -~ --- Ct-

--g @-- - - Ct-

--g a-- --- --- Ct-

FR2 - IMGT -

Pr3posuvl

Z73664 IGLV2-14*01
L27822 IGLV2-14*02
273665 IGLV2-23*02
Y12412 IGLV2-14*03
D86994 IGLV2-23*03

50
cca ggc aaa gec cce

- IMGT

Pr3posuvl

Z73664 IGLV2-14*01
L27822 IGLV2-14*02
Z73665 IGLV2-23*02
Y12412 IGLV2-14*03
D86994 IGLV2-23*03

Pr3posvi

773664 IGLV2-14*01
L27822 IGLV2-14*02
Z73665 IGLV2-23*02
Y12412 IGLV2-14*03
D86994 IGLV2-23*03

Pr3posvi

773664 IGLV2-14*01
L27822 IGLV2-14*02
773665 IGLV2-23*02
Y12412 IGLV2-14*03

65

80
ttc tct gge tec aag

95
atc tct ggg ctc cag

25 30

atc tcc tgc act gga acc agc agt gac gtt

e e e e e e f e

40 45
......... gtc tcc tgg tac caa caa cac
......... e R

__________________ > CDR2
55 60

70 75
aat cgg ccc tca ggg gtt tct ... aat cgc

_.g m——— mme mme mee mme meme  eee ——-
S o e e e e e e e

== =m= e mms mmm mmm e s e

----------- [SST IR ey p—
85 90
...... tct ggc aac acg gcce tee ctg ace

> —_—
100 104
gct gag gac gag gct gat tat tac tgc agc

e e e e e (e

90



D86994 IGLV2-23*03 S

CDR3 - | MGT

Pr3posvl tca tat aca agc agc agc act gaa gtg ttc ggc gga ggg acc aag
773664 IGLV2-14*01 e ctc

L27822 IGLV2-14*02 Smemmem e e ctc

Z73665 IGLV2-23*02 - e-ge-gt-t e ttc

Y12412 IGLV2-14*03 i ctc

D86994 IGLV2-23*03 —---g-gt-t e ttc

Pr3posvl ctg acc gtc ctc gag

773664 IGLV2-14*01
L27822 IGLV2-14*02
273665 IGLV2-23*02
Y12412 IGLV2-14*03
D86994 IGLV2-23*03

After we added the missing codons and added thecatesn enzyme recognition sites we
cloned the light and heavy chain DNA segments ii® Pcesl vector as described in

“Materials and methods”.

We then proceeded to produce Fab Fragments asiloibin Methods which yielded the

following protein quantities:

Table 7: Fab Fragments and their yield per lifanoculated bacterial culture.

Fab-Fragment Quantity per liter of

bacterial culture

PR3Pos 1 mg
Scu68 1 mg
St140 Negligible

As can be seen from table 7, both the Fab-FragPieBtPos and Scu68 could be produced in
a quantity of 1 mg per liter of culture inoculatedth the plasmid containing bacteria as
described in Methods under “Production of Fabs qusive Pcesl Vector”. The St140 Fab
could not be produced in any significant quantitM& therefore continued integrity testing

with the PR3pos and Scu68 Fab fragments.
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4.2 Integrity testing of Fab Fragments using SDS-PA  GE

The Scu68 and PR3pos Fab fragments underwent datiatuunder both reducing and non-
reducing conditions and underwent separation basedolecular weight using the method of
SDS-PAGE as described unter “Methods”. Also, agromixture with proteins of known

molecular weight was loaded onto the polyacrylagetias a reference “ladder”. The results

are shown in the figure below.

M M

non-reduced reduced non-reduced . reduced

— 50 kDa wes 50 kDa
40 e 40
30 30
25 25

PR3pos Scu68

Figure 31:
Results of SDS-PAGE analysis after staining witlo@assie

We can see in figure 31 that both the PR3pos anb&¢Eab fragments in reduced and
unreduced form were loaded onto the polyacrylangtand separated by electrophoresis.
Thereafter the gel was stained using Coomassie biugon-reduced form the Fab migrated
in the gel over a distance corresponding to a nudeenass of approximately 50 kDa. In the
reduced form, where the disulfide bonds which ceohreeavy and light chain have been
dissolved, a band of approximately 30 kDa apped®atte heavy and light chain in a Fab

fragment are of comparable size only a single bemukars under reducing conditions. The

92



pattern which appears here is consistent with #itéepr produced by Fab fragments with
known integrity and functionality used in our labtary. This proves that our Fab Fragments
are intact and, thus, that the construction of fiapments through cloning is possible.

4.3 Western blotting

To further test the integrity of the Fab Fragmemesperformed Western blotting as described
in “Methods”. The proteins were transferred to alFVmembrane using the semi-dry
method. We then incubated with the mouse anti-PdigdgG antibody followed by goat
anti-mouse IgG antibody (peroxidase coupled) whila cascade specific for the heavy-
chain. Separately we also incubated with the radmithuman-lambda IgG followed by the
peroxidase coupled anti-rabbit IgG which is a cdscspecific for the light-chain, since both
Fab fragments tested here are of xhaariety. After incubation with the peroxidase dudie
the following result was obtained.

PR3pos Scu68

A

50 kDa -l “ 50 kDa

40 . - 40

30 30
s @

25
non-red. red. non-red. red.

Figure 32:

Western Blot after incubation with the heavy chezascade, see text
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In figure 32 the result of our Western blot is sinofer both the denatured samples, shown
here as non-reduced and for the samples whictlditian to denaturation through incubation
with SDS gel-loading buffer were also reduced, eébgrbreaking the disulfide bridges. Under
non-reducing conditions we saw a band at aboutl3) konsistent with the known size of a
non-reduced Fab fragment, where light and heavynchee still together. Under reducing
conditions the light and heavy chain are no lonigeld together, but since they are of
comparable size still only one band appeared inXestern blot under reducing conditions,
as shown in the image. This one band contained lgith and heavy chains. In the figure
above the result of Western blotting with the heakigin cascade is shown. The results of
Western blotting with the light chain cascade weaacHy identical because light and heavy

chain are of similar molecular weight.

The Western blot further proves that our Fab fragmes intact. The antibodies used reacted
with the His-Tag, which is located in the heavyinohand they reacted with an anti-lambda

antibody which is specific for humanlight chain.

4.4 ELISA testing

To check if the coating was done correctly we ubedantibody positive controls and a serum
positive for PR3-ANCAs of a commercially availab&3-ANCA kit to perform an ELISA
using a PR3 coated plate.

The results are shown here.
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Figure 33:
ELISA results using a commercially available kitmour PR3-coated ELISA plate. X-Axis:

various probes, see text. Y-Axis: QP

The commercially available kit contains an antibadyunknown origin specific for PR3 in

increasing concentrations, labelled “Calib” 0-108réh It also contains a human serum
containing an ANCA with specificity for PR3, labadl “+” here and a human serum which
serves as a negative control, labelled “-“ heree Talib 0-100 probes serve as a calibration
tool for the test and in this case it proved that BR3-protein was intact and that it reacted

with the positive controls of the commercially dahble kit.

Thereafter we performed an ELISA as described ufmethods” using a coating of PR3-
protein and our PR3Pos and Scu68 fabs as primaiyodies. The antibody whose DNA-
sequence was used to make our PR3pos fab fragnentsalated from a bacterial culture
producing this antibody and was also used in théSEL This antibody is called WGH1

below.
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ELISA against PR3
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Figure 34:
Results of ELISA testing against a PR3 coatinggisarious antibodies and fab fragments

We used the PR3Pos fab fragment in a concentrafiad pg/ml, the Scu68 Fab fragment in
a concentration of 16 pg/ml. As a negative conivel used a lambda Fab fragment with
specificity for the influenza matrix protein in &HC complex, this Fab fragment is called
2F3A7 in the figure above. As a second negativarobmwe used a Fab fragment with the
same IMP-MHC specificity which was of the Kappaigty, this Fab fragment is designated
“Kappa” in the figure above. The WGH1 antibody &led WGH1 in the figure above and is
a full antibody. Additionally we used the positivend negative controls from the
commercially available kit used for ANCA testing tine routine patient laboratory, called
“Kitpos” and “Kitneg” in the figure above. We algeerformed an ELISA without any

antibody, incubating only with PBS in 1% BSA, thest is called “neg” in the figure above.

As can be seen from the figure above the WGH1 adtilveacts to the PR3 coating. Also the
positive control from the commercial kit reactste PR3 coating. The PR3Pos Fab fragment
does not react against the PR3 protein. The Salb&dgment also does not react against the
PR3 protein, although the signal is somewhat highkich might be due to the higher

concentration which was used, representing aspdsiiding.
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This proves that also in this ELISA the coatinghnitR3 was successful and the PR3 protein
was intact after coating. The WGH1 antibody displapecificity for the PR3 protein, as
expected. Our PR3Pos Fab fragment does not birRR® protein, even though the DNA
sequence used for producing this Fab fragment destical to the DNA sequence of the

WGH1 antibody, with proven specificity for PR3.
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5. Discussion

As has been described above, Wegener's granulommdiasically consists of two entities.
The granulomatous lesions mainly occur in the ragmy tract. Often the granulomatous
disease is followed by a systemic small-vessel wdsc which probably is caused by
antibodies against PR3. There is a clear chroncdbgrder in which these two entities occur.
This chronology is the strongest argument for Feegis hypothesis, which states that the
granulomas eventually give rise to the systemicwigtss. Opponents of this theory might
argue that the early nidi of necrosis out of whible granulomas arise are themselves a

consequence of a systemic vasculitis.

Evidence for Fienberg's hypothesis has been acatinglin recent yeats B-cell clusters
have been observed in the granulomatous lesionsdfoau Wegener’'s granulomatosis and
DNA-analysis of B-cells found in these clusters I&mwn clonal expansion which is
indicative of a germinal center where antigen-driafinity maturation takes place and
therefore represents ectopic lymphoid tissue. @mother hand it is known that the cANCAs
are central in the pathogenesis of the systemicwiéis seen in Wegener’'s granulomatosis.
The B-cells which produce these ANCAs underwenhiyf maturation somewhere because
they are of the IgG type and it also known that R&R&und in the vicinity of the B-cell
clusters in the granulomatous leston

Our hypothesis is that formation of the cCANCA prouhg B-cells takes places within the
granulomatous lesions seen in Wegener's granul@isaend that PR3 is the antigen on
which this affinity maturation takes place.

Our goal was to produce antibodies, which are ainid the B-cell receptor from antigen (e.g.
PR3) — selected B-Lymphocytes that had been isblan granulomatous WG tissues in
order to determine their specificity. We startedt ouith DNA material isolated from

individual B cells. First we determined the exaetsence of the DNA material which was
present in our samples. In multiple rounds of P@&uariable heavy and light chain coding
genes were amplified. We cloned these PCR prodnttisthe TOPO-vector which allowed
sequencing. The results of sequencing showed tbat BNA coding for the heavy chains
were lacking the 5 beginning of the framework wegi We fixed this problem by

supplementing these DNA-fragments with DNA-segmembsnologous to the respective
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germline gene. Furthermore, we added the restniainizyme recognition sites which were
needed to clone the the DNA into the Pcesl vettus meant adding more nucleotides than
is possible in one PCR reaction. In fact, we neagetb four PCR reactions in some cases.
As a new approach we mixed the different primegetioer and performed the PCR reaction
in one step. This yielded very mixed results. Wsttime products we could indeed add all
nucleotides in one step and with some others thal forimer did not bind or the entire
reaction did not succeed. If the PCR was not sstakethe process had to be repeated step by
step. Since the success ratio of mixing the pringersot very high the reduction in time and

labour was only limited.

In the end we succeeded in cloning all of the DNoAling for the variable domain of the

heavy and light chains into the pCes1 vector. @8lii@ved us to produce Fab fragments.

This method represents a totally new approach mdliveg Fab fragments. Up to now the
pCesl vector was used to mass produce an almdsssrairay of Fab fragments of different
specificities with the goal of isolating a Fab fragnt with known specificity using the
following method. First random DNA sequences codimgheavy and light chains are mass
cloned into the pCESL1 vector and then these veatersmass transformed into the appropriate
bacterial cultures. The Fab fragments were expdessea fusion protein connected to a
complete phage, which contained the pCes1 vectbtlarefore the DNA coding for the Fab
Fragment. In this way a solid link between the mbmant protein and the DNA coding for
this recombinant protein was achieved. The colbectf phage with many different random
Fab fragments on their surface is an example dfisge library. The Fab fragments have a
multitude of different specificities. Using this guife library a series of ELISAs are performed
where the phage are first allowed to bind to acteteprotein through the Fab fragment which
they express on their surface, after which nonibmghage are washed away. Binding phage
were eluted and amplified in E. Coli for the nextimd of ELISA. In the end phage expressing
Fab fragments with specificity for the protein usedhe ELISA can be derived. The phage
library in this case was a random phage libraryesging Fab fragments which have either a
random specificity or are dysfunctional. Throughltiple rounds of ELISAs the derivation of
Fab fragments with specificity for the protein udedcoat the ELISA plates was possible.
Phage libraries can also be used in other expetsneat involving Fab fragments. In another
method, a phage library which is derived from thengme of a certain bacterial or

mammalian genome, a socalled “natural” peptideatijar which is constructed by cleaving
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DNA from the appropriate species into the apprderisize and mass cloning the DNA
fragments into the pCesl vector, can be used teeptea very wide array of proteins to an
antibody of unknown specificity. Through ELISA test the specificity of this antibody can
then be determined. It should be noted, howevext titycosylation, which takes places
frequently in mammalian proteins, is not perfornusthg the pCES1 Vector system, since it
is a bacterial system, in which glycosylation doestake place. Of course, a random phage
library can also contain random proteins, as weltamdomly created Fab fragments, which
just depends on what is cloned into the pCES-1 ovecThese are two different
implementations of the phage diplay technologythia first a library of Fab fragments with
different specificities is produced, yielding Fabgments of known specificity after a process
called ‘panning’ against a known protein. In thems® implementation the phage display
technology is used to present a specific antiboilly avast array of proteins, either randomly
generated or, as in a natural library, derived fritra genome of bacteria or mammals.
Through the first method described above, Fab feagmareselected based upon binding
affinity to the protein under investigation. Theagle and Fab fragments obtained through this
procedure display a proven integrity, otherwiseytheuld not have been selected through
binding in the ELISA.

Our approach was different and new. We have noaiodd our Fab fragment through
selection, which guarantees binding capability amdgrity. We haveconstructed our Fab
fragments on the basis of DNA information deriveaiti a B-cell coding for a full antibody
and on the basis of DNA information derived frorhydridoma producing an antibody with
known specifity for PR3. We could not assume thatab fragments are structurally intact
because the way in which they were produced is défgrent from the selection described
above. Of note, our Fab fragments were construicéesgd upon information from single B
cells and consecutively are of unknown specificighich is another difference from the
method described above. The aim of our study wamuestigate the specifity of B cell
receptors found in the granulomatous lesions faonegener’s granulomatosis patients. As
a proof-of-principle we first investigated the stiwral integrity of the Fab fragments we
produced. As a second step we investigated theirigincepacity of our positive control,
called PR3pos, to the PR3 protein, using ELISA.

The first step was necessary because our Fab fragmas a hybrid; The DNA coding for the
variable regions was derived from our B cells otitady-producing hybridoma cell line

while the constant regions were in the pCES-1 vetdelf. Therefore it was not certain that
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this hybrid still had the same structure as as flament, since there are many transitional
regions in the DNA coding for an antibody as a ltesdi VDJ rearrangement. These
transitional regions might also be involved in pintfolding. The second step was necessary
to investigate if the intact Fab fragment retalms same specificity as the full antibody it was
derived from. This is not certain. The Fab fragmiengsimilar to a full antibody, but the Fc
fragment is missing, which might cause a conforamati change and change of specificity.
The same is true for the Fab fragments which angetkusing selection as described above.
These Fab fragments might not bind to the protpomuwvhich they were selected if they were
produced as full antibodies. In order to answerdgtestion of retention of specificity when
removing or adding the Fc-fragment it is very intpat to have a positive control based on an
antibody with known specificity. For this purpose et out to construct a Fab fragment with
specificity for the PR3 protein. We isolated the Aom a hybridoma which produces an
anti-PR3 antibody. We cloned this DNA into our Ficgsctor just like we did for the DNA
which was isolated from the B-cells. The DNA seqeenf the DNA we derived from the
hybridoma was exactly identical to the DNA sequenbich was described in a papebout

a PR3-specific antibody, derived from a Wegeneasigiomatosis patient, called WGH1.

We proved the integrity of our Fab fragments by thifterent methods. In a first step we used
SDS-PAGE to investigate the molecular weight of pheteins we produced. The molecular
weight we found was comparable to Fab fragments laibwn integrity and proven binding
capability. Under reducing circumstances the bamdsur gel were found at a level
corresponding to a protein size of about 30 kDaclviis consistent with the results of Fab
fragments with known integrity. We conclude that ptotein consist of two parts which can
be separated under circumstances which break ufidéesbridges. These two parts probably
represent heavy and light chain. To further prdvie tdea we used Western blotting with
immunological probing by two different blotting appches. We used two different
development cascades in our Western blots. One spasific for His-Tag known to be
present in the heavy chain of Fab Fragments prablusig the pCES-1 vector as used in our
experiments and the other cascade was very spéaifitle human lambda light chain. The
results were identical to results derived from Westblotting using Fab fragments with
known integrity and binding capability. The antilesi bound specifically to heavy and light
chain which in the end proves the integrity of Bab fragments definitively.
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Regarding the question of preservation of spetyfisihen producing a Fab fragment based
on information derived from a full antibody we parhed an ELISA using the PR3 protein.
In a first step we proved that the coating of thé3A plates using our PR3 was successful
using a commercially available kit used for deteration of the ANCA-titer in the clinical
laboratory. After that we used our PR3pos Fab fegnto test for specificity for the PR3
protein. Additionally we used our Scu68 Fab fragtrtertest for specificity against PR3. As
shown in the last figure in the Results chapterPRBPos fab fragment did not bind to PR3.
At the same time the full antibody from which thdl® sequence was derived to produce this
fab fragment did bind to PR3. This proves that@DiA sequence is coding for a PR3 binding
antibody. Above, we also showed that our fab fragsere structurally intact and we
checked that we correctly cloned the DNA coding tloe variable regions of the WGH1
antibody into our Pcesl vector. Therefore, it igaia that we have an intact fab fragment
with a protein sequence identical to the proteiqusace of the variable part of the WGH1
antibody which binds PR3 protein. Still our fabgnaent does not bind PR3. The most
probable explanation for the Fabs non-affinity ®3As a conformational change due to the

lack of a Fc-receptor or a different tertiary store in the Fab fragment.
A review of PR3-binding antibodies was given byFeen and R.C. Williams3 In a table
derived from this review we hereby show the amimbaequence of some PR3-binding

antibodies, data derived from Davand Sibilid®.

Table 8: PR3-binding antibodies and their charzsties.

Designation VH CDR3 sequence VL CDR3 sequence
WGH1® SQMSYYDFWSGYYRDQYY | SSYTSSSEV

WG1*® VAVAGGFDPWGQGTLVT

WG2*° GEIDFWSGYFREGLVGP EDFATYYCLQHNSYP
WG3™® RGIFEGSGYYALDDWGQG | QQYYGTPFTFGPGTKDIKR
WG4 SRGTSCYMSMCWGPRTL | QQHYGTPFTFGTKDIKR

The WGHL1 is the sequence of our pr3pos-fab. Asemedl in Peen and Williarfisthe
negatively charged glutamic acids (E) and aspaaticls (D) are multiply present in the
aminoacid sequence. This is consistent with thdirigs of our group, Voswinkel et®4f*
who found a skewing towards negatively charged aagias in the immunoglobulin coding

sequences found in granulomatous formations in Vé@empts. It is evident that there is
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considerable variation in the aminoacid sequencpublished PR3-binding antibodies. The
PR3-antibody we used to produce our Fab had legatimely charged aminoacids and is
therefore a little different from the other PR3ibatlies. Comparative studies investigating
the affinity of PR3-antibodies have not been puiglcs Further, no quantitative studies
analysing the nature of the PR3-binding antibodresera from WG-patients have been

performed.

Our method represents a new approach in handlibgflagments. Other groups performed
screening of millions of randomly formed Fabs diseld on phage against the protein of
interest using an ELISA plate with washing stepsly@hose phage displaying Fabs that bind
to the coated protein are used to perform furthediss. In this situation two things are
known. First, the Fab fragments are functional bimdl to a certain protein. Secondly, the
protein to which the Fab fragments binds is knowie. had a completely different approach:
we isolated DNA coding from whole antibodies ancedighis DNA to construct Fab
fragments. We did not know the specificity of theSab fragments and because we
constructed these fragments instead of selectieig thut of a library using ELISAs we also
did not know if these Fab fragments are functioRal simply, a Fab fragment is an antibody
without the Fc fragment. Because the Fc fragmelaicising, the variable domain might have
a slightly different folding or orientation which ight alter the specificity or disable
functionality as a whole. This possibility cann@& &xcluded and might explain the inability
of the PR3Pos fab to bind the PR3 protein. At tlmen@nt our group is developing a system
to produce whole antibodies instead of Fab fragmaeuth the intention of repeating ELISA
screening and performing phage library screening.pBducing whole antibodies we get
closer to the human disease in which ANCAs typycaik 1gG antibodies.

In summary, we succeeded in preparing DNA deriveinfB cells from granulomatous

lesions of Wegeners patients and successfully tlsedNA to produce intact Fab fragments
with a variable region protein sequence which entactal with the antibody or B-cell receptor
produced by the respective single B cell from whice DNA was derived. Either due to

conformational changes caused by the removal ofFthEragment in a Fab fragment or due
to a different tertiary structure of the Fabs aspared to the whole antibody our fabs failed
to bind a protein target. Another explanation iattthe specificity of the Fab fragment has

changed due to the replacement of nucleotides whiehe lost in the PCR reactions
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performed after capture of single B cells with giéme sequence, although this is unlikely

since the highly variable complementary determimggjons were preserved.

Perspectives

As described above, further work is currently beimglertaken to produce full antibodies
instead of mere Fab fragments which will presumaligwer this question. This study laid
the groundwork for these efforts, which will help investigate the nature of the B cell
receptors found in granulamatous lesions of Wegepatients and elucidate their precise
role. It is possible that our hypothesis, whichestahat the anti-PR3 antibody arises in the
granulomas found in the respiratory tract, will cmnfirmed, which will lead to a profound
understanding of the still rather unclear pathopilggic mechanisms leading to this disease.
On the other hand, the characterization of theiBpieg of the B cell receptors found in the
respiratory tract lesions might lead to the ideécaiion of other antigens which might play a
role in pathophysiology. There is, for instance ctemar explanation for the protective effect of
cotrimoxazol treatment. Treatment with co-trimoxXazteads to a significant reduction in
respiratory tract and other infections and leada ®gnificant reduction in the incidence of
relapse in WG patients who are in remission. Atstme time there is an association between
chronic nasal carriage of Staph. aureus and relapss in WG. If the B cell receptors would
turn out to be specific for parts of the Staph.easrbacterium these findings could be better
understood. Possibly, other pathogenic agents nhightlentified. Whatever the target of the
B cells found in the granulamatous lesions of W@Gepds might be, it is clear that its
characterization will lead to a much better undarding of the underlying pathophysiology
and open the road to new therapeutic possibiliissan example, once pivotal antigens in the
genesis of granulomatous lesions found in Wegegmsulomatosis have been identified,
blocking these antigens with an in vitro producediteody (analogous to the anti CD-20
antibody known as Rituximab) would deprive the Bscund in the granulomatous lesions
of stimulation, possibly leading to an interruptiaf the inflammatory process and

inducement of a remission.
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Appendix |: Results of sequencing

St140 VH
1
st140vh

L10088 IGHV4-59*01
M29812 IGHV4-59*02
X56360 IGHV4-59*07
M95114 IGHV4-59*03
X87091 IGHV4-59*08

st140vh

L10088 IGHV4-59*01
M29812 IGHV4-59*02
X56360 IGHV4-59*07
M95114 IGHV4-59*03
X87091 IGHV4-59*08

cag gtg cag ctg cag
cag gtg cag ctg cag
cag gtg cag ctg cag
cag gtg cag ctg cag

20

..c ctg tcc

tcg gag ac- - -
tcg gag ac- --- ---
tcg gac ac- --- ---
tcg gag ac- --- ---

__ CDRL-IMGT ___

st140vh

L10088 IGHV4-59*01
M29812 IGHV4-59*02
X56360 IGHV4-59*07
M95114 IGHV4-59*03

35

ggt agt tac tac ...

a-- - - -
am- - - e
Qe - e

@ - -

X87091 IGHV4-59*08 an oo e e
FR2 - IMGT -
50

st140vh

L10088 IGHV4-59*01
M29812 IGHV4-59*02
X56360 IGHV4-59*07
M95114 IGHV4-59*03
X87091 IGHV4-59*08

- IMGT

st140vh

L10088 IGHV4-59*01
M29812 IGHV4-59*02
X56360 IGHV4-59*07
M95114 IGHV4-59*03
X87091 IGHV4-59*08

ccc ggg aag gga ctg

-

Y e —

Y I ——

Y e —

B R —

65

agcacc ... ... ...

-------------------------- FR1 - IMGT
10 15

gag tcg ggc cca ... gga ctg gtg aag cct
gag tcg ggc cca ... gga ctg gtg aag cct
gag tcg ggc cca ... gga ctg gtg aag cct
gag tcg ggc cca ... gga ctg gtg aag cct

25 30
ctc acc tge gct gtc tct ggt gac tcc cte
- wes s @ - -e- - Q- --- A
- eesm @ em oem - Q- -- Q-
s eem s @ em oem - o - A
- ees s @ - oe- - oG- --- A

mm wen mmm @ mm mon —en o - @

40 45
......... tgt acc tgg atc cga cag ccc
......... --g -g- --- --- --Q --- ---
......... --g -Q- --- --- --Q --- ---
......... --g -g- --- --- --Q --- ---
......... --g -g- --- --- --Q --- ---

------------------ > CDR2
55 60

gaa tgg gtg got tat atc tat tac agt ggg

B B¢ [

B B¢ [

--g - @t g - m e e e o
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B B¢ [

70 75
aat tat aac cct tcc ctc aag ... agt cga
B o
=-C ==C === =-C === =mm =m < e
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80
st140vh gcc gtc ata tca atc
L10088 IGHV4-59*01 -t- ac- --- --- g-a
M29812 IGHV4-59*02 -t- ac- - --- g-a
X56360 IGHV4-59*07 -t- ac- --- --- g-a
M95114 IGHV4-59*03 -t- ac- - --- g-a
X87091 IGHV4-59*08 -t- ac- --- --- g-a

95
st140vh ctc agc tct gtg acc
L10088 IGHV4-59*01 S R
M29812 IGHV4-59*02 T
X56360 IGHV4-59*07 S —
M95114 IGHV4-59*03 T
X87091 IGHV4-59*08 S

CDR3 - IMG
st140vh aga gga aac ggc gcg
L10088 IGHV4-59*01 -—---a
M29812 IGHV4-59*02 -—---a
X56360 IGHV4-59*07
M95114 IGHV4-59*03
X87091 IGHV4-59*08
St140w

P
1 5

st140vk
V01577 IGKV1-12*01 gac atc cag atg acc
V01576 IGKV1-12*02 gac atc cag atg acc
X17263 IGKV1D-12*01 gac atc cag atg acc
K01323 IGKV1D-16*01 gac atc cag atg acc
V00558 IGKV1D-16*02 gac atc cag atg acc

20
st140vk gga gac aga gtc acc
V01577 IGKV1-12*01
V01576 IGKV1-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01
V00558 IGKV1D-16*02

__ CDR1-IMGT ___

35
st140vk agetgg ... ... ...
V01577 IGKV1-12*01 - - ... ... ..
V01576 IGKV1-12*02 - ... ...
X17263 IGKV1D-12*01 - -— ... .. ..

85 90
gac aca acc aac aac cgg ttc tcc ctg aac
————— gt =g --- -@- === == === =g
----- g t-- --g - -a- === == === =g
----- g t-- --g - -a- === == === =g
————— g t-- --g --- -aa --- --- === --g
----- g t-- --g - -a- === == === =g

> —_—
100 104
gct gga gac acg gec gtg tat tat tgt gtg

=-C =C- === N== === === == =C === -C-

ctc cta tcc tgg ggce caa gga acc ctg gt

-------------------------- FR1- IMGT
10 15
cag tct cca tct tce gtg tet gea tet gta

e e e e et e e e

el v W oSEE e

B e v W SRR

25 30
atc act tgt cgg gcg agt cag ggt att age

B il

40 45

......... tta gcc tgg tat cag cag aaa
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K01323 IGKV1D-16*01 - - .. .. ..

V00558 IGKV1D-16*02 - - ... ... ...
FR2 - IMGT -------

50
st140vk cca ggg aaa gcc cct
V01577 IGKV1-12*01
V01576 IGKV1-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01 S
V00558 IGKV1D-16*02 I W —

- IMGT

65
st140vk
V01577 IGKV1-12*01
V01576 IGKV1-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01
V00558 IGKV1D-16*02

80
st140vk ttc agc ggc agt gga
V01577 IGKV1-12*01
V01576 IGKV1-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01
V00558 IGKV1D-16*02

95
st140vk atc agc agc ctg cag
V01577 IGKV1-12*01
V01576 IGKV1-12*02
X17263 IGKV1D-12*01
K01323 IGKV1D-16*01
V00558 IGKV1D-16*02

CDR3 -1

st140vk cag gct aac agt ttc
V01577 IGKV1-12*01
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K01323 IGKV1D-16*01 - ta- -t --- -a-
V00558 IGKV1D-16*02 ---ta- -t --- -a-

.................. > CDR2
55 60

aag ctc ctg atc tat gct gca tec ... ...

70 75
agt ttg caa agt ggg gtc cca ... tca agg

----------- [SST TN Y oy p—
85 90
...... tct ggg aca gat ttc act ctc acc

100 104

cct gaa gat ttt gca act tac tat tgt caa

MGT

cct cca agc acc ttc gge caa ggg aca cg
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Scu68vh

e
1 5
scu68vh
M29811 IGHV4-61*01 cag gtg cag ctg cag
X92230 IGHV4-61*03 cag gtg cag ctg cag
AB019437 IGHV4-61*08 cag gtg cag ctg cag
M29812 IGHV4-59*02 cag gtg cag ctg cag
X56356 IGHV4-61*05 cag ctg cag ctg cag
20
scu68vh €gg gtg acc ctg tcc
M29811 IGHV4-61*01 tc- -a- - --- -
X92230 IGHV4-61*03 tc- -a- --- - -
AB019437 IGHV4-61*08 tc- -a- --- --- ---
M29812 IGHV4-59*02 tc- -a- - --- -
X56356 IGHV4-61*05 tc- -a- - --- -
_ CDR1-IMGT ___
35
scu68vh gag gat gat act tat
M29811 IGHV4-61*01 agc ag- -g- -g- --Cc
X92230 IGHV4-61*03 agc ag- -g- -g- --Cc
AB019437 IGHV4-61*08 agc ag- -g- gg- --c
M29812 IGHV4-59*02 agt ag- t-c tac ...
X56356 IGHV4-61*05 agc ag- ag- -g- --Cc
FR2 - IMGT -------
50
scu68vh cca ggg aag gga ctg
M29811 IGHV4-61*01 mme e e e e
X92230 IGHV4-61*03 mms s mem e e
AB019437 IGHV4-61*08
M29812 IGHV4-59*02 mme e e e e
X56356 IGHV4-61*05
- IMGT
65
scu68vh aca aac ... ... ...
M29811 IGHV4-61*01 -gC -C- ... .. ...
X92230 IGHV4-61*03 -gC C- . o ..
AB019437 IGHV4-61*08 -gC -C- ... woe ...
M29812 IGHV4-59*02 -gC -C- ... ... ...
X56356 IGHV4-61*05 -gC C- . o ..
80
scu68vh gtc acc gtt tcg ctg
M29811 IGHV4-61*01 - -—-a-a--ag-a
X92230 IGHV4-61*03 ~ --- --- a-a--ag-a
AB019437 IGHV4-61*08 ----—-a-a--ag-a

————————————————————————— FR1 - IMGT
10 15

..... g ggg acc ... agg gtt cct tgg ccc
gag tc- --c c-a ... g-a c-g gtg aa- -t
gag tc- --c c-a ... g-a c-g gtg aa- -t
gag tc- --c c-a ... g-a c-g gtg aa- -t
gag tc- --c c-a ... g-a c-g gtg aa- -t
gag tc- --c c-a ... g-a c-g gtg aa- -t

25 30

ctc acc tge act gtc tct gga gtc tec gtc

B I g -g_ —

B I g -g_ —

[ ——— _g_ ———-

B I g -g_ —

el o B T

D —
40 45
tat ... ... tgg acc tgg att cgc cag tcc
-C...... === -g- === --C --Q --- C--
-C o R, R—_—
-C...... === -g- === --C --Q --- C--
R --- -g- --- --C --Q --- C--

—————————————————— > CDR2
55 60

gag tgg att ggc aat gtc tat tac agc ggg
N pp——
N pp——
L e
N pp——
L e

70 75
tac tac aac ccc tcc ctc gag ... agt cga
k- PR
e - TR
k- PR
k- PR

e - e

——————————— FR3 - IMGT ----------mmmm-

85 90
gac acg tcc aac aat cag ttc tct ctg aaa
- === === =Q =-C --C === --C -~ --Q
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M29812 IGHV4-59*02 ---—-a-a--ag-a

X56356 IGHV4-61*05 - --- a-a --a g-a
95

scu68vh ctg agg tct gtg acc
M29811 IGHV4-61*01 O S,
X92230 IGHV4-61*03 S
AB019437 IGHV4-61*08 R S
M29812 IGHV4-59*02 O S,
X56356 IGHV4-61*05 S
scu68vh aga gat gct tat tat

M29811 IGHV4-61*01 - --
X92230 IGHV4-61*03 - --
AB019437 IGHV4-61*08 - --
M29812 IGHV4-59*02 - --
X56356 IGHV4-61*05 -

scu68vh ccc tgg ggce caa gga
M29811 IGHV4-61*01

X92230 IGHV4-61*03

AB019437 IGHV4-61*08

M29812 IGHV4-59*02

X56356 IGHV4-61*05

Scu68vl
Lommmmmm e
1 5
scu68vl tct tct gag ctg act
X56178 IGLV3-19*01
773645 IGLV3-32*01 --C --- -g- -Ca ---
X57826 IGLV3-1*01 -C - - - -
X97473 IGLV3-9*01 -=C -~ == -m- -
D86994 IGLV3-27*01 -Cc-a------a
20
scu68vl ggg cag aca gtc aca
X56178 IGLV3-19*01 --a --- --- --- -gg
773645 IGLV3-32*01 --a --a -tg -c- -gg
X57826 IGLV3-1*01 --a --- --- -C- -gC
X97473 IGLV3-9*01 --a --- --g -C- -gg
D86994 IGLV3-27*01 --a --- --- -C- -gg
__ CDR1-IMGT ___
35
scu68vl tattat ... ... ...

mm == -g--C - - -C - g
--- -@- == == --C === == =-C == =-(J
> _

100 104
tct gcg gac acg gec ata tat ttt tgt gtg
g-- - === === == ¢-g --- -aC --- -C-
g-- == === === === ¢-g --- -aC - -C-
g-- --- === === --- ¢-g --- -aC - -C-
g-- - == === --- ¢-g --- -aC --- -C-
g-C === - === === g-g --- -aC --- -C-
___ CDR3- IMGT

gga ctg ggg tct cce tca aac tgg ttt gac

ccc ctg gtc aca

-------------------------- FR1- IMGT
10 15
cag gac cct get ... gtg tct gtg gec ttg

- -tg - - Q.. wem mmm e mm o
--cca--ct-a... --- --C - t-- cca
—--cca-tcta... -----a --- --- C--
--ccat-cta... ----a--ttcc-
______________________ >

25 30
atc aca tgc cag gga gac agc ctc aaa agg
B B ™
- ==C === === === === == @-( §-- §-C

--- --C --- tct --- -t -aa t-g ggg gat
-t --c --t gg- --- a-- -a- a-t gg- -t
- --C - tca --- -- t gta --g gc- -aa

40 45
......... gca ggc tgg tat aag cag aag
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X56178 IGLV3-19*01

773645 IGLV3-32*01 G-
X57826 IGLV3-1*01 a-a-—- .. ...
X97473 IGLV3-9*01 a-aa-- ...
D86994 IGLV3-27*01 aa -
FR2 - IMGT -------
50

scu68vl

X56178 IGLV3-19*01
Z73645 IGLV3-32*01
X57826 IGLV3-1*01
X97473 IGLV3-9*01
D86994 IGLV3-27*01

cca gga cag gcc cct

—em ==C === t== ===

Y S —

O o R a—

- IMGT

scu68vl

X56178 IGLV3-19*01
Z73645 IGLV3-32*01
X57826 IGLV3-1*01
X97473 IGLV3-9*01
D86994 IGLV3-27*01

scu68vl

X56178 IGLV3-19*01
273645 IGLV3-32*01
X57826 IGLV3-1*01
X97473 IGLV3-9*01
D86994 IGLV3-27*01

scu68vl

X56178 IGLV3-19*01
773645 IGLV3-32*01
X57826 IGLV3-1*01
X97473 IGLV3-9*01
D86994 IGLV3-27*01

scu68vl

X56178 IGLV3-19*01
Z73645 IGLV3-32*01
X57826 IGLV3-1*01
X97473 IGLV3-9*01
D86994 IGLV3-27*01

65

80
ttc tct ggg tce aac
e

=== ==C --C --- -Q-

95
atc act ggg gct cag

--- -gC --- a-C ---
----gc a-a --C --a
e -gC - --C

CDR3

tcc cge gac ggc ttt
—_— _-g _— a.. ag.

-tg ata --- aa- ca-
g-g t-g --- a-- agc
gtg t-g --- a-- agc

--t gcg -ct -a- aac

......... === @r= === =-C C-= === ===
......... -a- €a- --- --C C-- == -
......... U S

......... -tg ca- === --C C-- === ---
......... -t c-g --- -tc C-- - -

.................. > = CDR2
55 60

caa ctt gtc att tat gct aaa aac ... ...

gt- - -m € gm

gtg --g --- --C --- -a- -gc gt ... ...

gtg --g - --C---caag-t-g- ... ...

gtg --g --- --c --- agg g-t-g- ... ...

gtg --g --g --- --- aaag-c-gt... ..

70 75
agy cgg ccc tca ggg atc cca ... gac cga
8C == = e mmm mmm e men e
gac --- === === @-- == -t ... =g ---
B IR UPTs
-8C === == =of mem e ot L, - -

ga- === == mmm e em et L =

-------- FR3 - IMGT ------mmemmmmm-
85 90

------ tca gga gac aca gcc tcc ttg acc

...... S S

........... c a-- --- a-- a-- C-- ---

...... ~t--g a—-----a-tc- -

...... --g --Q @-- --( -=- @~ C-- -

........... g ac- --- -t- a-- --- --

> —_—
100 104
gcg gaa gat gag gct gaa tat ttc tgt aat
B o L+
—t--g -- - - -t - -a- -a- c-g
-tatg --- --- --- --C --- -a- --- ¢-g
--C -gg --- --- === --C --- -a- --- C-g
-tt --g --- - == =-C == -a- - t-C

- IMGT

gaa aat cat cgg gtg ctt ttc ggc gga ggc
gt --C - -t

-ct-c

act gca

act gca

a-tct
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scu68vl acc aag ctg acc gtc
X56178 IGLV3-19*01

273645 IGLV3-32*01

X57826 IGLV3-1*01

X97473 IGLV3-9*01

D86994 IGLV3-27*01
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