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PCT/ EP97/ 03253 Pol ypepti des capabl e of form ng antigen bi ndi ng
structures with specificity for the Rhesus D antigens, the DNA

encodi ng them and the process for their preparation
.and use This invention relates to polypeptides form ng -

;antigen bindin uctures with specificity for Rhesus D antigens and
especially to %J%?‘IM nmol ecul es with specifidity for the Rhes‘!ﬁ’@%en

.The invention al so relates to their application to provide

‘pharmacol ogi cal and dpggpeptides capabmrﬁhQQﬁﬂ E%lﬁbﬁ: @&u@éé‘wts

:when genetically engi neégr d art, o od es ar
useful for the prop%iﬂ ge!'gy tﬁ@hﬁﬁqsc Aptiggnse g4Bem

'Thi s “invention provides the novprome; fordheir prepmahonandiusequences of t he

~above polypeptldes

' . This invention relates to polypeptides forming antigen binding

5 structures with specificity for Rhesus D antigens and especially to Fab

molecules with specificity for the Rhesus D antigen. The invention aiso
relates to their application to provide pharmacological and diagnostic
compositions. The above Fab fragments when genetically engineered to be
part of complete antibodies are useful for the prophyiaxis of hemolytic

10 disease of the newborn (HDN). This invention provides the novel DNA and
amino acid sequences of the above polypeptides.

Thus, the antibodies can be used for the protection of Rhesus
negative women before or immediately after the birth of a Rhesus positive
child to prevent HDN in subsequent pregnancies.

15 The invention also includes the application of the said Fab
molecules either alone or in combination with Fc constant regions as
complete antibodies for the purposes of treating other ilinesses which might
benefit from anti-Rhesus D immunoglobulin e.g. treatment of idiopathic
thrombocytopenic purpura (ITP).

20 In addition anti-Rhesus D immunoglobulin can be used after
mistransfusions of Rhesus positive blood to Rhesus negative recipients in
order to prevent sensitization to the Rhesus D antigen. Further the invention
relates to the application of these Fab fragments and antibodies as diagnostic
reagents.

25 HDN is the general designation for hémolytic anemia of fetuses
and newborn babies caused by antibodies of thé mother. These antibodies
are directed against antigens on the surface of the fetal erythrocytes. These
antigens can belong to the Rhesus, ABO or other blood group systems.

The Rhesus biood group system includes 5 major antigens: D, C,
30 ¢, E and e (Issitt, P.D., Med. Lab. Sci. 45:395, 1988). The D antigen is the
most important of these antigens as it is highly immunogenic eliciting anti-
Rhesus D antibodies during Rhesus incompatible pregnancies and following
transfusion of Rhesus incompatible blood. The D antigen is found in
approximately 85% of Caucasians in Europe and those individuals are said to



Thus, the antibodi es can be used for the protection of Rhesus negative

“wonen before or immediately after the birth of a Rhesus positive child
to-prevent HDN i n subsequent pregnancies. 15 The invention al so
i ncl udes the application of the said Fab nol ecul es either alone or in
conbi nation with Fc constant regions as conpl ete antibodies for the-
pur poses of woonkdsey ot her illnesses which mght - benefi
anti - Rhesus D i mmunogl obulin e.g. treat maé:t of i diopathic ‘Lﬁ%ﬁ%’m

t hronbocyt openi ¢ purpura (I TP). 20 I'n addition anti-Rhesus D
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of fetuses and newborn gabi es caused by antibodies of the nother. These
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1988) . The D antigeyetmas $2 transmembraret dempins witht ordy vehyestorbedrirgetisgas it is
hi ghl'y i munoggefigs 8hbkdihg 'tsidY the cell membrane or protruding into the cytoplasm.

10 The partial D phenotypes were first identified in people who carried
D antigen on their red cells but who had an alloanti-D in their sera (Rose, R.
R. and Sanger, R., Blood groups in man, Blackwell Scientific, Oxford, U.K.
1975; Tippett, P. et al., Vox Sanguinis. 70:123, 1996). This can be explained
by regarding the D antigen as a mosaic structure with at least 9 different

15 epitopes (epD1 to epD8). Thus in some D variant people the red cells lack
part of this mosaic and-antibodies are'made to the missing D epitopes.
Rhesus positive individuals that make antibodies against partial D antigens
have been classified into six main different categories (D" to DY) each having
a different abnormality in the D antigen. More recently it has been shown that

20 these D categories gave different patterns of reaction when tested against
panels -of human monocional anti-D antibodies (Tippett, P., et al., Vox
Sanguinis. 70:123, 1996). The different reaction patterns identified the 9
epitopes and so define the different partial D categories. The number of
epitopes present on the D antigen varies from one partial D category to

25 another with the D"' category expressing the least, epD3, 4 and 9. The DV!
category is clinically important as a D' woman can be immunized strongly
enough to cause hemolytic disease of the newborn.

The prophylai_:tic efficacy of --ahti-RhD IgG for prevention of
hemolytic disease of the newborn is well established and has been in routine
30 use for many years. As a result this severe disease has become a rarity.
Nevertheless the underlying cause of the disease, i.e. RhD incompatibility
between a RhD negative mother carrying a RhD positive child still remains
and thus requires a continual supply of therapeutic anti-RhD IgG.

In recent years the assurance of a continuat supply of anti-RhD
35 IgG has become an increasing problem. The pool of available hyperimmune



Rhesus D anti bodi es during Rhesus inconpatible pregnancies and fol |l owi ng
transfusi on of Rhesus inconpatible blood. The D antigen is found in

approxi mately 85% of Caucasians in Europe and those individuals are said to
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be Rhesus positive. Individuals lLacking the D antigen are called Rhesus
negative. The eXpowswoon of the D antigen cap vary due to eit hgfrmkmiessss
anti gen density, hereafter known as weak D or Derr], or due to parti al
antigenicity, hereafter known as partial D antigens. 5 The
‘Rhesus D ant i gen sesunirfrobr allfetmmunizedmulfipadoes Rhasos cegative wasien hasr ecent | y

are e ao! T0odiEREaNBeqpRd die dgraiconds o obryfaec w0, Thig the

current methods of production require repeated immunization of an
increasingly reluctant -'pool of donors for the production of high titer antiserum

5 (Selinger, M., Br. J. Obstet. Gynaecol. 98:509, 1991). There are also
associated risk factors and technical problems such as the use of Rhesus
positive red blood cells for repeated immunization carrying the risk of
transmission of viral diseases like hepatitis B, AIDS and other as yet unknown
viruses (Hughes-Jones, N.C., Br. J. Haematol. 70:263, 1988). Therefore an

10 alternative method for production of anti-RhD antibodies is required.

In the past few years various aiternative sources of hyperimmune
serum have been tried but all are associated with disadvantages. Epstein
Barr Virus (EBV) transformation of lymphocytes creating B lymphoblastoid cell
lines that secrete specific antibody including against the Rhesus D antigen

15 (Crawford et al., Lancet. 386:Feb.19th, 1983) are unstable and require
extensive cloning. Also due to the jow transfarmation efficiencies (1-3% of B
cells) only a restricted range of antibody specificities can be obtained from
the potential repertoire. Additionally it seems that mice do not respond to the
Rhesus D antigen and thus no murine monoclonal antibodies are available

20 which could be used for producing chimaeric or humanised antibodies. Until
recently the only other alternative was production of human antibodies by the
hybridoma technique which was also restricted by the lack of a suitabie
human myeloma cell fusion partner (Kozbor, D. and Raoder, J.C., immunol.
Today. 4:72, 1983).

25 it is thus the object of the present invention to provide Fab
fragments having a reactivity against the Rhesus D antigen as well as
complete antibodies comprising the Fab fragments which are free from the
above mentioned drawbacks. '

In the last few years the technique of repertoire cloning and the
30 construction of phage display libraries has opehéd up new possibilities to
produce human antibodies of defined specificity (Williamson, R.A. et al,,
PNAS 90:4141, 1993). These methods were thus applied to the preparation of
polypeptides capable of forming antigen binding structures with specificity for
Rhesus D antigens, especially of Fab fragments having an activity against
35 Rhesus D and partial D antigens.



<

antigen has 12 transnenbrane domains with only very short connecting

T egi ons extendi ng outside the cell menbrane or protruding into the
cytoplasm 10 The partial D phenotypes were first identified in
peopl e who carried D antigen on their red cells but who had an
alloanti-D in their sera (Rose, R R and Sanger, R, Blood groups in.
man, Bl ackwelwo®wigses i fic, Oxford, U K 4 1975; Tippett, P. et al., Vox
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newbor n i s wel Witk $hendésicsidoantiged shagiydeefare nanvestinigtbe PBL (Persson, MAA,,
et al., PNAS 88:2432, 1991). The total RNA is then isolated and the mRNA of
the Ig repertoire can be cloned using Ig specific primers in the polymerase
15 chain reaction (PCR) followed by the co-expression of heavy and light chains
of the g molecule on the surface of a filamentous phage particle thereby
forming an "organism” that in analogy to a B cell can bind to an antigen. in the
literature this method is also known as the combinatorial approach as it
allows the independent combining of heavy and light chains to form a
20 functional Fab antibody fragment attached to one of the tail proteins, called
pill, of a filamentous phage. Phages carrying the Fab molecules (hereafter
known as Phab particles) are selected for the desired antigen specificity, by a
process known as bio-panning. The antigen can be applied to a solid support,
specific Phab bind to the antigen whilst non specific Phab are washed away
25 and finally the specific Phab are eluted from the solid support. The specific
Phab are then amplified in bacteria, allowed to re-bind to the antigen on the
solid support and the whole process of bio-panning is repeated.

The successive rounds of panning and amplification of selected
Phab in bacteria result in an enrichment of specific Phab that can be seen
30 from a rise in titer of colony forming units (cfu) plated out after each round of
panning. Our previous experience and published data indicate that specific
phage can usually be detected after 4 to 6 panning roi.mds (Vogel, M. et al.,
Eur.J. Immunol. 24:1200, 1294). in the above cited relfated art there is ,
however, no hint that the indicated steps can be used for a successful
3s preparation of Fab fragments of éhti{Rh D antibodies.



30 use for many years. As a result this severe disease has becone a rarity.
Nevert hel ess the underlying cause of - the disease, i.e. RhiD inconpatibility
bet ween a RhD negative nother carrying a RhD positive child still remains
and thus requires a continual supply of therapeutic anti-RhD I gG |
In recent years the assurance of a continual supply of anti-RhD 35 1gG has

becone an i nc™Q874980%r obl em The pool of gvai |l abl e hyperi /EPY7/03253
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serum from al | oi nuni zed nul ti parous Rhesus negative wonen has
drastically decreased duthe appendedfigursssiafo 15 YA sequencest ¢godihgdforThus t he

current met hods,gpianky Riikrs @/ regRime) bEartPRAE Fab EgHUIMAEh@the! an

corresponding polypeptide sequences are disclosed.

Fig. 17 shows the pComb3 expression system used according to
5 the present invention. '

Figs. 18 and 19 show the separate preparation of genes of the
heaVy and light chains of the complete antibody according to the description
in example 6.

Subjects of the present invention are polypeptides capable of

10 forming antigen binding structures with specificity for Rhesus D antigens
according to the definition of claim 1. The table in claim 1 refers to the
appended figures. The identification number for each sequence is given. The
locations of the Rhesus D specific CDR1 (complementarity determining
region 1), CDR2 and CDRS3 regions are indicated in the figures and according

15 to base pair number in the table of claim 1. Preferred polypeptides according
to the invention are anti-Rhesus D antibodies which include the variable
regions af the heavy and light chains according to the sequences given in
Figs. 1a -16b. The Figs. 1a, 2a, ... 16a are related to the variable regions of
the heavy chain and the Figs. 1b, 2b, ... 16b are related to the variable

20 regions of the light chain.

Further subjects of the present invention are the DNA sequences
coding for antigen binding polypeptides according to the definition of claim 6.
Prefered DNA sequences are those coding for variable regions of Fab
fragments of anti-Rh D antibodies according to the Figs. 1a -16b. The Figs.
25 1a, 2a, ... 16a are related to the heavy chain and the Figs. 1b, 2b, ... 16b are
related to the light chain.

A further subject of the present invention is a process for preparing
recombinant Fab polypeptides according to the definition in ctaim 11.

A further subject of the present invention is a process for the
30 selection of recombinant polypeptides according to claim 12. "

Further subjects of the present invention are anti-Rh D antibodies
according to the definition of claim 14, preferably anti-Rh D immunoglobulin
molecules comprising the heavy and light chain variable regions according to



I ncreasingly reluctant pool of donors for the production of high titer
‘antiserum 5 (Selinger, M, Br. J. Qobstet. Gynaecol. 98:509, 1991). There
are al so associated risk factors and technical problens such as the use
of Rhesus positive red blood cells for repeated inmunization carrying
the risk of transm ssion of viral diseases |ike hepatitis B, Al DS ahd

ot her as yet wolenqsdgs viruses (Hughes-Jones, N.C., Br

70: 263, 1988). Therefore an 10 al ternatife method for produﬁgﬁ;@?ﬁ
anti-RhD antibodies is required. In the past few years
various al t er ngkiry 3816 0D éﬂmmﬁ@&wma@n heav?ﬁh&'ﬁ‘ghﬁ&ﬁhuﬁ@éﬁ’sthﬁﬂ ed but

all are associated with di sadvant ages. Epstein - Barr Virus (EBV)
transf or mat i of®8©ynphocytes creating B | ynphobl astoi d cel | | i nes that

(Ot or et al . Land Bftheh Bibiby O R eg%‘éé@‘éﬁg’e%@'%’@&%‘% BRLaM, .
ext ensi ve cl orfiag@nosiicsempnsitions camprising palynanrtdastanthRbD aafitm&eae@r ab 39 of

B cel | s} drdgments Q&éﬁﬂdﬁﬁgﬂd thelimantibnant i body specificities can be
obtai ned from the potential repertoire. Additionally it seens that mce

do not respond to theThe toﬂhes-ampﬂﬂemt’hgbpoauatlmtnobtamdwafttemcnmmimal
anti bodi es ar gaa ie%@cﬁfo?@p@élﬁéi@kféﬁt fi‘lloHQrsuEﬁ @4Uq IS 4Gl maeri c or

humani sed anti, bod| es,. Unti | alternative was

production of THHNPIRhESSRYG: B 5‘§°tq?g"e‘¥ by 3&)??‘6%"«3} &*@&{HP&U@ AR was
al so restri ct dthasustth@hiabs lere tetectad byaibdirect haemaggiutinatibo wsinged tabbu5| on

partner (Kqgbagnti- ha@édarﬁm& oréq vaalénﬁr@éﬁﬂ{bs rea?eﬂ%‘%e s@mk?r%S 25
It is thus the n?:BJogy Once aQOtaPlsﬁasit? Sopulgﬁorr:] Ba Been scPen?n}le as posrtwe for the
desired antigen, individual Phab clones are isolated and the DNA coding for
the desired Fab molecules is sequenced. Individual Fab can then be
produced by use of the pComb3 expression system which is illustrated in Fig.

15 16. In this system the glll gene, coding for the tail protein plll, is cut out from
the phagemid vector pComb3. This allpw_s'_.:productiqh of soluble Fab in the
bacterial periplasm. Such individual Fab fragments can then be tested for
antigen specificity.

The phage display approach has also been used as a means of

20 rescuing monocional antibodies from unstable hybridoma cell lines. This has
been reported for anti-Rhesus D antibodies (Siegel, D.L. and Silberstein,
L.E., Biood. 83:2334, 1994, Dziegiel, M. et al., J. Immunol. Methods. 182:7,
1985). A phage display library constructed from non-immunized donors has
also been used to select Fv fragments (i.e. variable regions of heavy and light

25 chains, Vy and V) specific for human blood group antigens which included
one Fv fragment reacting against the Rhesus D antigen (Marks, J.D. et al.,
Biotechnology. 11:1145, 1993).

Important considerations when constructing combinatorial libraries
are the source of cells used for RNA extraction and tf___)é nature of the antigen
30 used for panning. Therefore, this invention uses a hyberimmune donor who
was boosted i.v. with Rhesus D' red blood cells (rbc). The PBL of the donor
were harvested at +5 and +18 days after. the i.v. boost and were used to
construct 2 combinatorial libraries hereaft_gl__'__known as library D1 (LD1) and
library D2 (LD2) respectively. Double immunoflucrescence analysis of the
35 harvested PBL, using the markers CD20 and CD38 for pan B cells and



f.ragnents having a reactivity against the Rhesus D antigen as well as
conpl ete anti bodies conprising the Fab fragnents which are free fromthe

above nentioned drawbacks. | In the | ast few years the

t echni que of repertoire cloning and the 30 construction of phage displ ay
|'i braries has opened up new possibilities to produce human anti bodi e~
of defined spNQI¥498a%y (WI1|ianson, RA e al., PNAS 90 péifbo7di2es3) .
These nmethods were thus applied to the preparation of pol ypepti des

capabl e of form ng antigen:binding structures with specificity for
Rhesus D anti géymphahiasioidatdlls respertively shawad a higher thammoraa! iperagptagmehst
35 Rhesus D a%ﬂ%ﬁlaﬁbld% %@ﬂd @;ﬁp&sma cell morpholodlp. FRé #RgHBumber of
4 plasma cells foun m fhe perlp%eral blood is most unusual as normally there
are less than’ 1% i |n the periphery and probably md|cates that the donor had a
5 high percentage of circulating B cells with spec:ﬂclty for the Rhesus D

antlgen

After constructuon of the library, the selectlon of Phabs specific for
the Rhesus D antlgen was achieved by bio-panning on fresh whole rbc of
phenotype R1 R1 ( CDe/CDe) i.e. the reference celis used for Rhesus D

10 typmg This was necessary since the Rhesus D antxgen an integral
. membrane protem of 417 amino acids (Le Van Kim, _C. et al, PNAS 89:10925,
1992), loses its mmunogemcrty during purification (Paradls G.etal, J.
immunol 137: 240';‘1986) and therefore a chemically purified D antigen
cannot be bound:to a solid phase for selection of immunoreactive Phabs as
15 for other antlge : .specmmtles previously selected in this system (Vogel, M. et
al., Eur J. Imm 0l.:24; 1200, 1994). Modelling stud_r__e_s have suggested that
only very shoit connecting regions of the Rhesus D antigen extend outside
the cell membran 2-or protrude into the cytoplasm (Chenf—Zahar B. et al,
PNAS 87:6243 E990) Thus the parts of the RhD antlgen visible to antibodies
20 are: relatwely rest :__ted and may be under conformatlonat constraint. This

memjbrane proteln _(___:Mouro, I, et al, Blood. 83:1129, 1994),

25 :' Furtherniore since whole rbc do not on!y express the D antigen a

in order to absorb,-_out those Phabs reacting with the other antigenic proteins
found on the rbc _

3 LD1andLD2 -I'_i.
clones from librar ___:LD1 8 different Fab producmg ctones from library LD2
and 2 Fab producung clones from the pooled llbranes LD1 and LD2.

The nomenclature and the figures where the sequences are listed
are given in table 1.



The generation of human anti bodies by repertoire cloning as descri bed
I‘'n recent years (Barbas Ill, C. F. and Lerner, R A, Conpanion Met hods
Enzynol . 2:119, 1991) is based on isolating nRNA from peri pheral B
cells. This nethod offers the tools to isolate natural antibodies, 5 :
aut oanti bodi es or antibodi es generated during the course of an imune = _
response (Zebggpeyqompel- . €t al ., PNAS 89:3175, 1992;. Vogel, M et al.

Eur. J. Immnol 54:1200,1994). This me8hod relies on conCREFPTNNRSI,

r ecombi nant antibody library froma particular donor start| ng fromthe
MRNA codi ng forrgble 11 nmunogl obul in (1g) nolecules. As only the peripheral
bl ood |'ynphocytes 10 (PBL) can be isolated froma donor the chances of
finding specifl ¢jBRARYOAY V- Producvpg B CaliBRARY the \ggri pher ware
increased if an ipgivi dugl, u@nclaoosg ence W thLp2he dsaqﬁa&ansegem@ort |y
before harvestlcg,,_{eh@, PBL Fide SSON, Fidufe A . Clone Bb. al FigutdlAS B&Figurad?2,
1991). The tot : pand tnel_m\lA Of  ga L(NE Igaﬁepertm re

can be cl oned Ig spech ic pri s in thg Iynera§ 15 chagp reaction
(PCR) foll ovved e co- ex reSS| on heavy a&g Ilght ai ns abof the Ig
nol ecul e on th ace of Ffil arrent us phag’%a ﬁrt icle ?hereby form ng
an "organisnt t 1% anal o to a B™ell d atf ant i gengbl n the
literature thi $0%tHod is a¥&o0 known SRs the ABRDI! natorl 108 approd®R as it

al l ows the independent conbining of heavy andDRiight. chdilas to fdrma 20
functional Fab anti body fragnent attached totb2et7of the2mail proi2bi ns,
call ed pl1l, of a filanmentous phage. Phageg-20arryi ngat he Fab3pol ecul es
(hereafter '

The above Fab clones show exclusive reactivity against the
Rhesus D antigen, 3 of 5 D" rbc tested and agglutinating reactivity against the
5 Partial D phenotypes as follows: Rh33, DIll, DIVa, DiVb, DVa, DVII,.

However, using the above mentioned R1R1 rbc for panning of the
Phabs, no clones were isolated which reacted against the Partial DVI
phenotype. As the serum of the original hyperimmdhe' donor tested at the time
of construction of the recombinant library, was known:to react against the DVI
10 phenotype the recombinant library should also contain the anti-DVI
specificity. '

In order to select for the DV reactivity the panning conditions were
changed in that different cells were used. A special donor whose rbc had
been typed and were known to express the Partial’ DVI phenotype was used

15 as the source of cells for re-panning the LD1 and LDZ libraries. This second
series of pannmgs was essentially performed in the same way as the first
series except for the substitution of DVI rbc for R1 R"“f_j_ rbc and the addition of
bromelase treatment to the DVI rbc. The DVI phenotype expresses the |least
number of Rhesus D epitopes and it is therefore dl" 'c_:ult to make antibodies

20 against it. it has been reported that only 15% of unselected polyclonal anti-D
and 35% of selected anti-D made by Rhesus D neg tlve subjects reacted with
DVi+ cells (Mouro, 1. et al, Blood. 83:1129, 1994). | o_melase treatment which
removes N- acetylneuraminic acid (sialic acid) from the rbc membrane, was
performed in order to render the Rhesus DVI epato_' more accessible during

25 the panning with the pre-absorbed Phabs.




known as Phab particles) are selected for the desired antigen specificity,
by a process known as bi o-panning. The antigen can be applied to a
solid support, specific Phab bind to the antigen whilst non specific
Phab are washed away 25 and finally the specific Phab are eluted fromthe
solid support. The specific Phab are then anmplified in bacteria, -
allowed to re-WO¥M®WEdt he antigen on the g solid support angcigRmemse
process of bio-panning is repeated. The successive rounds
of panning and anplification of selected Phab in bacteria result in an
enri chment of specific Piaksetdrat saries dfpappings3IM thedi Llibrageresulted inct Fab

col ony for m nghiddinCidne PhAe2d7 Orie AbBACIERFLId GlaN lable 2. panni ng. Our
previ ous experience and published data i ndicate that specific phage can

usual |y be deteTapi Bfter 4 to 6 panning rounds (Vogel, M et al.,
Eur.J. Imunol . 241200 1094} | n {he above-cit-ed—+elated—art—there is,

however, no hint tMBRARY LB3i cat eVisSaGNeRER be usMi-$eAuaNCd ccessful. 35
preparation of Fab fragments of anti-Migubeantjbodies, figure

Clz_one No: LD1-6-17 14a 14b

5 However this clone was reacting with Rhesus alleles C and E and
sho{/ving a false positive reaction with DVI positive rbc. This was also due to
the phenotype of the DVI donor (Cc DVI ee) who expressed the C allele which
was%not absorbed out by the Rhesus negative rbc (ccddee).

Thus a third series of pannings on a pool of the LD1 and LD2
10 -Iibrajries was performed using different rbc for the absorption phase. After 6
rounds of panning using both bromelase treated arid non treated rbc for both
the ?bsorption steps and the elution from DVI positive rbc a total population of
Phabs was obtained which reacted exclusively with rbc of phenotype R1R1
(CCDDee) and 2 different donors expressing the DVI variant, '

15 , This third series of pannings on the LD1--Q‘_and LD2 librairies resulted
in 2{Fab producing clones reacting with DVI+ rbc. The nomenciature is given
in table 3.
Table 3
LIBRARY LD1/LD2 Vi -Sequence V,-Sequence
f figure ___figure
Clone No: LD1/2-6-3 15a - 18b
Clone No: LD1/2-6-33 16a ___1eb
20 Thus a total of 16 different anti-Rhesus D Fab clones have been

isolated. The DNA from these clones has been ispiéfted and sequenced using
Fluorescent Cycle Sequencing on an ABI 373A Sequencmg System. The
nucleotide and corresponding amino acid sequen‘;cé;s"-"of the said Fab clones
form the basis of this invention.

25 Sequence analysis has revealed that s_eyeli'alzt_:lones were isolated
bearing the same V}, gene segment but different V, gene segments. This is
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Fn the appended figures la to 16b; DNA sequences coding for vari abl e
regions (V regions) of anti Rh D Fab fragnents and the correspondi ng
pol ypepti de sequences are di scl osed. Fig. 17 shows the

pConb3 expressi on systemused according to 5 the present invention. =-
Figs. 18 and %o o/Mdseet he separate preparation of genes of th vy
and light chains of the conplete antibody Weordi ng to the dg’scé'ﬁ";%lﬁ%

i n exanpl e 6. Subj ects of the present invention are

gggé’ P]‘?PE : ?ssf g?ﬂ@@ggﬁ gcf)r tiwg twiofcg]rigk nHA tahBﬁL'E?Zbi @,%ﬁmezﬁﬂdm_bnlés?_ﬁo.w&t fhd -
. ition of c
1" The. tabl e i iHgfainand faibe s clones L2451 IR P p T Anad o

i dentification nespbetivelyor each sequence is given. The | ocations of the
Rhesus D specific CDRlL (conplenmentarity determning region 1), and
CDR3 regi ons are indi cé'{"tﬁdgﬁﬁ qeggemw@gmgﬁ@ng(ﬁﬁprfaqag@ents%re use?ul for the

5 preparation of complete antibodies having an activity against the Rhesus D -
antigen. Suitable expression systems for such antibodies are mouse myeloma
cells or chinese hamster ovary cells.

The examples which follow explain the invention in detail, without
any restriction of the scope of the invention.

10 Example 1 describes the construction of 2 combinatorial librairies;
especially the aforementioned LD1 and LD2 libraries.

Example 2 describés a series of pannings using R1R1 rbc on the
said LD1 and LD?2 libraries in detail.

Example 3 describes a series of pannings using both bromelase
15 and non bromelase treated rbc for absorption and bromelase treated DV
positive rbc using a pool of the said LD1 and LD2 librairies.

Example 4 describes an indirect haemagglutination assay using a
rabbit anti-phage antibody, as an equivalent Coombs reagent, to monitor the
enrichment and specificity of Rhesus D specific Phabs after panning.

20 Example 5 describes the preparation and purification of Fab
antibody fragments for application as diagnostic reagents.

Example 6 describes the preparation of complete anti-Rhesus D
immunoglobulins using the sequences of the present invention.



15° to base pair nunber in the table of claim1. Preferred pol ypeptides

accordi ng to the invention are anti-Rhesus D anti bodi es which include
the variabl e regions of the heavy and |ight chains according to the
sequences given in Figs. la -16b. The Figs. 1la, 2a, ... l1l6a are related
to the variable regions of t he heavy chain and the Figs. 1b, 2b, ... =-
16b are rel at edW®9%49809vari abl e 20 regi ons f‘ the light chain. Pg.,m
Further subjects of the present invention are the DNA sequences gnng

for antigen binding pol ypeptides according to the definition of clai m 6.
Prefered DNA seqgkxapwpledre t hose coding for variabl e regions of Fab
fragnments of anti-Rh D anti bodies according to the Fi gs la -16b. The Figs.

25 1.a, 2a, ... 16a areégkgﬁgwééﬁ%r}%heav lglra]gltED% Jnszi\gqgs 1b 2b,

16b are rel ated _

Fab. pol ypepti deb acoor di ndt 1 SOPRE e MrRFBRTER i Bl s, ecort "

e R T T b i kT O

subj ects of t Hepﬁ)'%%ggff“‘?ﬁ\%‘ﬁ?'i‘%h Aaﬂng"'saWFF 9&?”[9’%\'1’1‘{ ingost ek2 mi of Bﬁéﬁdd'&’ﬁg to

the definition ofroclaknovir mate démoralf bjocaigrouRO RhDNTine BBhwererharvested at -

Pg' ecul es conpri $53GdUNS §R\MeP i BddEtbnG 15 MokBhLABLECSIRIMNG) iREGHSH)I
Ficoll gradient centrifugation (Lymphoprep, Pharmacia, Milwaukee, WI). The
results of donor lymphocyte analysis of day +5 are given in table 4. The +5

10 day MNC were used directly for RNA preparation using a phenol-chloroform
guanidinium isothiocyanate procedure (Chomczynski, P. and Sacchi, N.,
Anal. Biochem. 162:156, 1987). The +18 day MNC were ﬁrst cultured for 3
days in RPMI-1640 medium (Seromed, Basel) containing 10° U/mi of IL-2
(Sandoz Research Center, Vienna, Austria) and 10 ug/m! of pokeweed

15 mitogen (PWM; Sigma L9379, Buchs, Switzerland) before extracting RNA.

Table 4
Immunofiuorescence analysis of donor lymphocytes +5 days
after rbc i.v. boost

Cell surface % Positive | Cell surface % Positive
antigen cells antigen cells
CD20 15 cbs 12
CD38 20 CD25 7.6
CD20/38 15 CD57 12.5
CD3 47 CD14 6
CD4 34 HLA-DR 18
20 b ) Construction of Library

Two separate libraries were constructed called LD1 and LD2 (as
detailed above) correspdnding to the cells harvested at +5 days and +18 days
(finally +21 days including the +3 days PWM stimulation) after the i.v. boost
respectively. Total RNA was then prepared from these cells using a phenol-

25 chloroform guanidinium isothiocyanate method. From this RNA, 10 pg were



WD 97/ 49809 6 the Figs. 1la to 1 6b conbined with

known heavy and |ight chai n constant regi ons. Furt her
subj ects of the present invention are pharnmaceutical and di agnostic
conpositions conprising polypeptides, anti-Rh D anti bodies or Fab 5
fragnents according to the invention. The tot al =

re-anplified Joakpggpul ati on obtained after each panning can_be test e_d
for specificity using various nethods suchlZas ELI SA and Fﬁ#ﬂ?&ﬁ‘é’t”

assays. It is also defined by the nature of the antigen e.g. anti-

Rhesus D Phabs apg 16l f{dke!ENA Using ' Qigo(dRESMHE (4bDY) 2B revdrsg a rabbit
transcribed with M-MulV reverse transcriptase 'acc@érding to the conditions
specified by the supplier (Boehringer Mannheim Germany). PCR amplification
was performed as described in Vogel, M. et al., E.J. of Immunol. 24:1200,

5 1994. Briefly, 100 pl PCR reaction contained Perkin-Elmer buffer with 10 mM
MgCl,, 5 ul cDNA, 150 ng of each appropriate 5' and 3/ primer, all four dNTP
at 200 uM each and 2 U/ml Taq Palymerase (Perkin Elmer, NJ). The PCR
amplification of the heavy and light chains of the Fab moiecule was performed
separately with a set of primers from Stratacyte (details given below). For the

10 heavy chain six upstream primers were used that hybridize to each of the six
families of the V}, genes whereas one kappa and one lambda chain primer
were used for the light chain. The downstream primers were designed to
match the hinge region of the constant domains y1 and 3 for the heavy
chain. For the light chain the downstream primers were matched to the 3' end

15 of kappa and lambda constant domains. The heavy and light chain PCR
products were pooled separately, gel purified and cut with Xho1/Spe1 and
Sac1/ Xba1 restriction enzymes (Boehringer Mannheim), respectively. After
digestion the PCR products were extracted once with phenol : chloroform :
isoamylalcohol and purified by gel excision. The insertion of the Xho1/Spe1

20 digested Fd fragment and subsequent ligation of the Sac1/Xba1 digested light
chain into the pComb3 vector, the transformation into XL1-Blue cells, and the
production of phages were performed as described by (Barbas Ili, C.F. and
Lerner, R.A., Companion Methods Enzymol. 2:119, 1891).

After transformation of the XL1-Blue E.coli cells samples were
25 withdrawn and titrated on plates to determine the !ipfary size. These results
indicated expression libraries of 7.5x10° and 7.7x10% cfu (colony forming
units) for LD1 and LD2 respectively. '

¢ ) PCR Primers

VHI  5-CAC TCC CAG GTG CAG CTG CTC GAG TCT GG-3'

30 VHII 5-GTG CTG TCC CAG GTC AAC TTA CTC GAG TCT GG-3'
VHII 5-GTC CAG GTG GAG GTG CAG CTG CTC GAG TCT GG-3
VHIV 5-GTC CTG TCC CAG GTG CAG CTG CTG GAG TCG GG-3'
VHV 5-GTC TGT GCC GAG GTG CAG CTG CTC GAG TCT GG-3'
VHVI 5-GTC CTG TCA CAG GTA CAG CTG CTC GAG TCA GG-3'

35 CHl(gl) 5-AGC ATC ACT AGT ACA AGA TTT GGG CTC-3"



10 : anti - phage anti body or equival ent Coonbs reagent as the cross linking
anti body. Once a total Phab popul ati on has been identified as positive for
t he desired antigen, individual Phab clones are isolated and the DNA
codi ng for the desired Fab nol ecul es is sequenced. Individual Fab can
t hen be produced by use of the pConb3 expression systemwhich is -
illustrated in WQevsasse 16. In this systemthe gill gene, COdI

tail protein pill, is cut out from - t he t[‘)ﬂagem'd vect or p@n%gﬁgﬁjﬁ'ﬁgﬁ

al | ows production of soluble Fab in the bacterial periplasm Such

i ndi vi dual Fab fVBG«)Erﬁ'EG'EGCGMAH)'G'IT BGABCTCHETG ATANAQEAGHETI CCAIT Y.

Th h di spl f i
monocl onal ant E%%ﬁ@pr?romd"&'??uns TA E*%W%\S:%QFF TeeRCr R Iee™,,
reporied for anti- RhesasT dGhE E@é} 3D. L. and Sil ber st el n,

L. E., Blood. 83: 983}, S.QQFGCDKIA‘!QGE_B JTOC TGG @CC GAG CTUBIG GWSME&A—?
1827 19%) ol PR AT RTHol GRRTAPRNACKTIE TETRGBTGHEN 2

.donor s has been Use vart abl e regions
‘of heavy and Ilght 25 chains, V[err] and V| err]) speC|f|c for human bl ood
‘group antigens whi ch incl weVectors amkbaotefiaiatrainst reacting against the
‘Rhesus D antigen (Marks, J.D. et al. Bi ot echnol ogy. 11:1145, 1993).
‘I'mportant consi derat i onsTheHRGomBH vertae usedfar slaningefthpdid andiherlight chain ar e

‘the source of cewhs obttbd omMHE\SeNppeReESSrcA Mkt LzAjoNacCal (B4rBagm,i gen
C.F. and Lerner, R.A., Companion Methods Enzymol. 2:119, 1991). The
i0 Escherichia colii strain XL1-Blue used for transformation of the pComb3 vector
and the VCSM13 helper phage were purchased from Stratacyte (La Jolla,

CA).
Example 2
Selection of Rhesus D Phabs from LD1 and LD2 libraries on
15 R1R1 rbc

a ) Absorption and Bio-Panning

A series of three negative absorptions:on rbc group O Rh negative
were performed for each panning round before positive seiection on rbc
group O Rh paositive (R1R1). Fresh rbc were ccbl!fe‘bted in ACD (acid citrate

20 dextrose) anticoagulant and washed 3 times in 0.9% NaCl. The rbc were
counted in Hayems solution and adjusted to 40x10°/ml. Absorption : 1 mi of
phage preparation in PBS/3%BSA was added to;rbc group O Rh negative
pellet (16x10° rbe) in 12 mi tubes (Greiner 187261, Reinach, Switzerland) and
incubated at RT for 30 min. with careful shaking“ All tubes were pre-blocked

25 in PBS/3% BSA for a minimum of 1hr at RT. The' rbc were pelleted by
centrifuging for 5 min. 300 x g at 4°C. The resultmg phage supernatant was
carefully harvested and the process repeated tw:ce more. After the final
absorption the phage supernatant was added to the rbc group O Rh positive
pellet (16x1 Oerbc) and again incubated at RT: fg_r_ao min. with gentle shaking.

30 Then the rbc were washed at least 5 times in 10'ml ice cold PBS, centrifuged
5 min. 300 x g at 4°C, followed by elution with 2@0 ul of 76 mM citric acid pH
2.8 for 6 min. at R.T. and neutralisation wath 200 p.l 1M Tris. The rbc were
centrifuged 300 x g, 5 min. at 4°C and the resultmg supernatant containing
the eluted phages was carefully removed and stored with carrier protein



30 wused for panning. Therefore, this invention uses a hyperimmune donor

who was boosted i.v. wth Rhesus Derr] red blood cells (rbc). The PBL
of the donor were harvested at +5 and +18 days after the i.v. boost and
were used to construct 2 conbinatorial libraries hereafter known as

i brary D1 (LD1) and i brary D2 (LD2) respectively. Double >
I mmunof | uor esowoowssseal ysi s of the 35 harvested PBL, using the markers CD20
and CD38 for pan B cells and 97/ 49809 PCT/EP97003253 7
PCT/ EP97/ 03253 | ynphobl astoid cells respectively, showed a higher

than normal per(@e3% BBA)t 4°C rebdy RIQBlaspificatich. Tl fumisdrs R Rh&Bus &) |
nor phol ogy. The_hi er, of | asma  cells fou L the peripheral
bl ood i s nost u?f%gggl ﬂi{g)%%fr?ﬁfﬂ%?npﬁpr@und ae oiveh I ibi B

Table 5

Selection of Rhesus D+ Phabs from the LD1 and LD2 libraries
5 on R1R1 rbe

No. of eluted Rhesus D specific phages

Panning Library D1 Library D2
Round No.3) cfu cfu

1 8x10° 46x10°
2 6x10° 1.4x10'
3 1x10° 7.9x10"
4 3x10° 1.3x10°
5 3x10° 1x10°

6 nd 2.8x10°

a) For each round 10'? Phabs were incubated in tubes with rbc
Group O Rhesus negative (absorption phase) followed by elution from rbc
Group O Rhesus positive (R1R1)

10 nd = not done
cfu = colony forming units

Example 3

Selection of Rhesus D Phabs from the pooled LD1 and LD2 libraries
on DVi+ rbc ‘

15 a) Absorption on rbc group O Rh negat)'ve, phenotypes
1 (r'r, Ccddee) and 2 (ryry, CCddEE)

A series of four negative absorptions on rbc group O Rh negative
was performed for each panning round before positive selection on rbc group

O Rh DV positive. The negative absorptions were performed in the following

20 order: Step 1) phenotype 1 treated with bromelass; step 2 ) phenotype 1 no
bromelase; step 3 } phenotype 2 treated with bromelase; step 4 ) phenotype 2



are less than 1% in the periphery and probably indicates that the donor had
a 5 high percentage of circulating B cells with specificity for the Rhesus

D anti gen. ~After construction of the library, the

sel ection of Phabs specific for t he Rhesus D ant.i.gen was achi eved by

bi o- panning on fresh whol e rbc of, phenot ype RIRL(CDe/ CDe) i.e. the -
reference cel | SWO9B@8dr Rhesus D 10 typingg This was necessapyp/ph gg gﬁsﬁhe
‘Rhesus D antigen, an integral menbrane protein of 417 am no aci ds

Van Kim C. et al, PNAS 89:10925, 1992), loses its inmmunogenicit

during purifi catnmhro(rmamilfé’pzéa rhetwerle, thdwed into lamixtuse of serbitarg! Pméﬁteand

therefore a c henﬁxﬁﬂréé sBiifie fléf?gtapdi?@tth gﬁg soluhoﬁ?&né’gmﬁﬁ!mblf‘fb brfin.aaneo! i d

‘phase for selecti %
‘specificities pr@?f‘(‘)“(?éf‘?déeﬁ"&:'t‘@ﬁs NP'?‘Pﬁpg'aﬁ/E‘t‘féﬁFP?\'?a mgl?y Sto d;'f'
"Eur.J. I munol . 4bilifiAg sohfidh)(DidiettEC-Bolution)dieady Ifnmﬁs&s Bgﬁnetpadninuahe

only very shogt gannectiife %rﬁé?mﬁ]g‘/ma&?éﬂb%v G U si de

:the cell nmenbrane or pr tru e Into t

: t al,
. PNAS 87: 6243, 19%iytiony §°ER%@"pér'F's°cH BRIl iy Ehs&?{“gégﬁéﬂ’ﬁ)&d ded o
~antibodi es 20 aran el piliet (21 OP)east inistéped uaﬂﬂ nﬁaubém(m 183260 rReinacmal

-constraint. Th' “Switzerf2Plly Ghd flcubd d%hl%f'forgt)?yﬂ“o C{éﬁ Al Sk Au'tibs

i rrportant whe COI’] er| ng selrection o agal nst

"the parti al D wergHrAd 9@@@1 IRESH3 BRI fora W’WUK%E’P&%W ddeirpevere
_epi topes of ube pgaileted P obMtERGINY for Gimin( BOOKE atl4°CeThalrestting phaded: 1129,
1994) . sup;ernatant was carefully harvested and the process repeated using rbc as

: detailed above in steps 2, 3, and 4.

b) Treatment of rbc Rhesus D negative r'r and ryry
and Rhesus DVI+ with bromelase

15 Bromelase 30 (Baxter, Dudingen, Switzeriand) was used to treat
rbc Rhesus DVI+ in the same propoartions as used'in a routine
haemagglutination assay, i.e. 10 ul bromelase per 2x1 0° rbc. Thus bromelase
was added to the required amount of rbc and incubated at 37°C for 30 min.
followed by washing 3 times in 0.9% NaCl), re-counting in Hayems solution

20 and adjusting to the required concentration in PBS/3% BSA ready for Phab
panning.

¢) Bio-Panning on bromelase treated Rhesus DVi+ rbc

After the final absorption on rbc ryry non bromelase treated the

phage supernatant was divided into 2 equal parts ‘and added etther to the

25 enzyme or non enzyme treated rbc group O Rh DVI+ peilet (40x10 )
respectively and again incubated at RT for 30 m[n. with gentle shaking. Then
the 2 populations of rbc were washed at least 5 tnmes in 10 mi ice cold PBS,
centrifuged 5 min. 300 x g at 4°C, followed by e'l[:ﬁon with 200 pl of 76 mM
citric acid pH 2.8 for 6 min. at R.T. and neutrahsat:on with 200 pl 1M Tris. The

30 rbc were centrifuged 300 x g, 5 min. at 4°C and the resulting supernatants
containing the eluted phages from gither the bromelase or non bromelase
treated DVI+rbc were carefully removed and stored with carrier protein (0.3%
BSA) at 4°C ready for re-amplification. In further rounds of panning the eluted
phage from either the bromelase or non bromelase treated DVI+ rbc were



25 Furthernore, since whole rbc do not only express the D
antigen, a series of negative absorptions had to be perfornmed on Rhesus
D negative rbc in order to absorb out those Phabs reacting with the

ot her antigenic proteins found on the rhbc. : Thi s panni ng
procedure perforned on Phabs comng fromboth 30 LDl and LD2 librairies=z._.
resulted in tlpon@hmti on of 6 different Fab producing clones from
library LD1,8 different Fab producing cl ond® fromlibrary LDFCTEPYYINSS; Fab
produci ng clones fromthe pooled libraries LDl and LD2. The

nomencl at ure angegthRphiieaRa MR FQlIcwWER thE HB8BRABN PrétobbPstess 1 to 42TRe Ui Ven
IDQZT; Eglg(; / (1) 325 3 elution step v\é\gs gl?éh%lgsd?f?erent compared to panning round 1 as the phage
populations were not again divided into 2 parts. Only those phage eluted from
bromelase treated DVI+ rbc were also eluted again from bromelase treated
5 DVI+ rbc and only those phage eluted from the non bromelase treated DVI+ -
rbc were also again eluted from non bromelase treated DVi+ rbc. The

numbers of specific Phabs after each panning round are given in table 6.

Table6 Selection of Rhesus D Phabs from pooled LD1 and LD2
libraries on Rhesus DVI+ red blood celis

10

No. of eluted Rhesus DVI+ specific phages

Panning - Bromelase + Bromelase
Round No.3) ciu cfu
1 1.9x10° 4.4x10°
2 1.6x10° 4x10°
3 2.4x10 4.1x10’
4 3x10° 5x107
5 1%107° 1x10°
6 nd 3x10°

_ a) For each round 10'? Phabs were incubated in tubes with 2
different phenotypes of rbc Group O Rhesus negative (absorption phase)
followed by elution from rbc Group O Rhesus DVI+.

Example 4 _
15 Monitoring of the panning rounds and determination of the
specificity of the enriched Phabs using a rabbit anti-phage antibody

indirect haemagglutinéﬁon assay

Freshly collected rbc of different ABO and Rhesus blood groups
were vgashed 3 times in 0.9% NacCl -and adjusted to a 3-5% solution (45-

20 50x10 /mt) in either 0.9% NaCl or PBS/3% BSA. For each test condition 50 pl
rbc and 100 pl test (precipitated and amplified phage or control antibodies)
were incubated together in glass blood grouping tub;és {Baxter, Dudingen,
Switzerland) for 30 min. at 37°C. The rbc were washed 3 times in 0.9% NaCl



Table 1~ LI BRARY Vierr] Vierr] LI BRARY Vierr]

V[err] LD1 Sequence Sequence LD2 Sequence Sequence

Cl one No. Fi gure Fi gure Cl one No. Fi gure Fi gure LD1- 40
la 1b LD2- 1 6a 6b LD1-52 2a R
2b LD2- 4W097/ 7a 7b LD1- 84 ' 3a -
LD2-5 8a 49809 gp LD 110 174a m,ﬁg;m

Oa 9b LD1-117 5a 5b LD2 11 5193
10b . . LD2- :

11b and then incubated with 2 drops of Coombs rq_aggn&éaxter, égamgen, 12b
LD2- 20 13a Switzertadd)for positive controls or withel 08l ve 1AQ00cdiltexkrabbitanti-

excl usi ve reactl %B g rbc tested
and aggl utinati r? Péaag@?\é@% (iﬁge b¥t""Fﬂ“ﬁ ar ?I alwwé %eq;rx%gs as follows:
Rh33, DI, Di v&femﬂf%m fotowes by purification on an Affi-Ge \FQ?“ 48fg t he above

ment i.oned RIRL rdbsofption o B ¢ tofrernbee E. coli-specific antlbodies) The tubes were
incubated for 20 min at 37°C, centrifuged 1 min at 125xg and rbc examined
for agglutination by careful shaking and using a magnifier viewer.

| When purified Fab were tested for agglutination, an affinity puriﬁéd
anti-Fab antibody (The Binding Site, Birmingham, U.K.) was used instead of
10 the rabbit anti-phage antibody.

Table 7 shows the results of haemagglutination tests of Phab
samples after different panning rounds on R1R1 rbc.

Table 8 shows the results of haemagglutination tests of Phab
samples after different panning rounds on Rhesus DVI+ rbc.

15 Table 9 shbws the reactivity pattern of individual Fab clones from
libraries LD1 and LD2 with partial D variants.

Table7 Monitoring of Phabs from LD1 and LD2 libraries by indirect
haemagglutination after panning on R1R1 rbe

Phab sample Library LD1 Library LD2
Panning round tested on rbc O-Rh D+ (3)
No. 4
undiluted + +
1/4 + +/-
1/20 - -
No.5
undiluted ++ +
114 ++ ' +
1/20 - - -
No. 6
undiluted nd h +++
1/4 nd 4
1120 " nd nd
Helper phage (b) -

undiluted, 1/4, 1/20 - : -

20 a) lndnrect haemagglutination was performed in glass tubes using 50 ul rbe
(40x10 /ml) and 100 ul Phabs startmg at 4x1 o 1Iml After 30 min. at 37°C the



Phabs, no clones were isolated which reacted against the Partial DV
phenotype. As the serum of the original hyperinmne donor tested at the
tinme of construction of the reconbinant library, was known to react
agai nst the DVI 10 phenotype the reconbinant library should also contain
the anti- DV specificity. In order to select for the Dvl-
reactivity thavesmmesg conditions were 1é;hanged I n that du%%§&§ ells
were used. A special donor whose rbc had been typed and to
express the Partial DVI phenotype was used 15 as the source of cells for

re-panni ng the jgdlwaradvddhéd 3 ihas hRE furfidr IncLbaeitifor 20 il BES7 T witaani ngs

was essentially rmed. | | he first series except
for the substi tﬂﬁﬁg‘ﬁ.gti‘r“'%‘\/? rﬁ%’gﬁﬁﬁﬁ%\@%@o d the addition of

bronel ase treatpAnetW13 helpephagrwaghgswhas araativg sentRlAnkehawadeo| east
hunber of Rhesugollsédifi®Bg§uAination duestolthe phkge pafticié almet t o nake

anti bodi es 20 ipst,.it. It has . been reported 0% of unsel ect ed
pol ycl onal ant iggﬁluanat}ﬂmwg%%cgpagglv %a@%qﬁsmeﬂgﬂéﬁgg{,{lﬂ#ggzs D negative
subj ects react eaggiutingtion) desgending 10s - (Mpaggutination). nd = mtsieme 83: 1129,

1994). Bronel ase treatnent which renmoves N- acetyl neuraninic acid
the Rhesus Dvi - aMedhes Miantioting 8 Bnabs teem ndbiss Veff gnd Lol fiFanee e
pr e- absor bed Phabs. indirect haemagglutination after panning on Rhesus DVI+ rbc
10
Phab sample rbc phenotypes
Panning round
CCDDee ccddee Ccddee CCddEE DVI(E.J.) DVI(KS.)
Non Bromelase
treated rbc DVI+
Round No.3 D e+ - +/- (+) +/- +/-
Round No. 5 ++ - . - - -
Bromelase
treated rbc DVI+
Round No.4 b+ - +/- - +) +/-
Round No.5 +++ - +/- +/- (+++) ++
Round No.6 s - - - Py ++4
LD1-6 -17 _ reactive with C and E
LD1/12-6 - 3 bt - - - +/- nd
LD1/2-6 - 33 +4++ - - - + nd

a) Agglutination was scored by visual assessment from ++++ (strong

agglutination) descending to - (no aggiutination). nd = not done

Note: Only those Phabs eluted from bromelase treated DVI+ rbc showed
15 evidence of agglutination against 2 different DVi+ donors.
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This second series of pannings on the LDl library resulted in 1 Fab

produci ng cl one LDl1-6-17. The nonmenclature is given in table 2. Tabl e
2 LI BRARY LD1 V[err] -Sequence V[ err]-Sequence :
figure figure Cl one No: LD1-6-17 14a -~
14b 5 WO er this clone was reggting with Rhesus ﬁtﬂ,ﬁﬁﬁng and
E and showing a fal se positive reaction with DVI positive rbc. 'S was
al so due to t he phenotype of the DVI donor (Cc DVI ee) who expressed
the C allele whitébleS was not absorbed out by the Rhesus negative rbc
(ccddee). Clonal Analysis of Reactivity of Fab anti-Rhesus D Clones from Libraries

D1 and LD2 against Partial D Variants

Partial D Variants

@FabCloneNo Rh33 DIl DIiva Divb DVa DVl DV

D1 - 40 e + +- - ++
- 52 - +++ - - +++ - ++4+
- 84 - ++ - - - - +
- 110 (+) ++4+ + + - ++
- 117 - +++ - - - - ++
Lb2 - 1 +++ nd ++ A+ + - +++
- 4 - bt - + - - +
-5 - nd +4+ ++4+ - - +++
- 10 ) +++ +++ ++ + - +4
- 11 - +++ - - - - ++
- 14 +++ +t +++ +++ +++ - +++
- 17 - 4+ +++ + +/- - et
- 20 - +t 4 - +f~ - e
LD1/2 - 6- 3 ++ ++4 +++ ++ +++ + ++
LD1/2 - 8- 33 +/- +b +++ ++ +4++ + ++

5 a) soluble Fab preparations were made of each clone followed by indirect

haemaggiutination.
b) Agglutination was scored by visual assessment from +++ (all cells

agglutinated in a clump) descending to - (no cells agglutinated).



Thus a third series of pannings on a pool of the LDl and LD2 10 |Iibraries
was perfornmed using different rbc for the absorption phase. After 6

rounds of panning using both bronelase treated and non treated rbc for both
the absorption steps and the elution from DVI positive rbc a total :
popul ati on of Phabs was obtai ned which reacted exclusively with rbc of

phenot ype R1R#&oO 97/4908090CDDee) and 2 differe donors expressin

variant. 15 This third series of p;éﬁ?ni ngs on the LDl gﬁh@f@\ﬂﬂ
librairies resulted in 2 Fab producing clones reacting with DVI+ rbc.
The nomencl at uBxansplgis/en in table 3. Table 3 LI BRARY

LD1l/ LD2 VH- Sequence V[ err] Sequence

figure Cl one No: _LD1/ 2- 15a, ..

15b a Ongrggarqgm g:q; pggﬁcatlon of Fab antibody fragmenig for apégpatmn

Thus a total ofasldiaghb&ti¢ eedgeritsi - Rhesus D Fab cl ones have been
I sol ated. The DNA fromthese cl ones has been isol ated and sequenced using

Fl uorescent Cycle Sequéfiet the tiv-panningl pragsiures detailed iy Exgmplen2 amd3 a
s phage population which showed specific aggiutination on Rhesus D+ rbc was
selected and used to prepare phagemid DNA. More precisely the Phabs
selected on R1R1 rbc were used after the 5th and 6th rounds of bio-panning
for LD1 and LD2 libraries respectively and after the 5th bio-panning on DVi+
rbe for isolation of the LD1-6-17 clone. in order to produce soluble Fab, the
10 sequence glll coding for the pill tail protein of the ph'age particle must be

deleted.

Phagemid DNA was prepared using a Nucleotrap kit (Machery-
Nagel) and the glli sequence was removed by digesting the so isolated
phagemid DNA with Nhe1/Spe1 as described (Burton, D.R., et al,,PNAS,

15 1989). After transformation into XL 1-Blue individual clones were selected
(nomenclature given in table 1) and grown in LB (Luria Broth) containing 50 p
g/ml carbenicillin at 37°C to an OD of 0.6 at 600 nm. Cultures were induced
with 2 mM isopropyl B-D-thiogalactopyranoside (IPTG) (Biofinex, Praroman,
Switzerland) and grown overnight at 37°C. The whole culture was spun at

20 10,000xg for 30 min. at 4°C to pellet the bacteria. The bacterial peliet was
treated with a lysozyme/DNase solution to liberate the Fab fragments inside
the cells. As some Fab were released into the culture supernatant this was
also harvested separately. These Fab preparations' were then pooled and
precipitated with 60% ammonium suiphate (Merck, Darmstadt Germany) to

25 concentrate the Fab followed by extensive dlalys:s |n ‘phosphate buffered
saline (PBS) and ultracentrlfugatlon at 200,000xg to peﬂet any insoluble
complexes. The Fab preparations were then purlﬂed on a ceramic
hydroxyapatite column (HTP Econo cartridge, BloRad Glattbrugg,
Switzerland) using a gradient elution of PBS (Buffer A) and PBS + 0.5M NaCl

30 (Buffer B). The linear gradient was programmed to mcrease from 0-100%
Buffer B in 40 min. The Fab was eluted as a smgle peak between 40-60%
Buffer B. The positive fractions as odentlf ed by 1mmunodot assay using an
anti-Fab peroxidase conjugate (The Binding Site, Birmingham, U.K.) were
pooled, concentrated using polyethylene glycol andﬁ:jf':e_“)’__(tensively dialysed




nucl eoti de and correspondi ng am no acid sequences of the said Fab cl ones

formthe basis of this invention. 25 Sequence anal ysi s has

reveal ed that several clones were isolated beari ng the sane VH gene
segnent but different VL gene segnments. This is WO 97/ 49809

10 PCT/ EP97/ 03253 the case for the two cl ones~-
LD2-1 and LD2- IWO37#%889 t he two cl ones LD2- 42and LD2- 11, angfproriolias
three clones LD2-14, LD1l/2-6-3 and LD1/2-6- 33, respectively.

The DNA sequences gbtai ned and Fab fragnents are I r the
against PBS. The positive fractions from the hydroxyapa ite column for each

clone were used in a classical indirect haemagglutination assay in glass
tubes using either the standard Coombs reagent {Baxter Diagnostics AG
Dade, anti-human serum) or an anti-Fab {The Binding Site, Birmingham, U.K\)
as the cross linking reagent. These Fab of defined specificity on the Partial D
variants as shown on page 18 can be used to type rbc of unknown Partiai D

phenotype.

n

Example 6

Construction of complete immunogilobulin genes

10 The LD2-14 heavy chain V gene (V, gene) was amplified from the
anti-Rhesus D-Fab-encoding plasmid LD2-14 with the polymerase chain
reaction (PCR) using specific primers. The 5'-primer had the sequence:

5-GGGTCGACGCACAGGTGAAACTGCTCGAGTCTGG-3,
whereas the 3'-primer was of the sequence:
15 5-GCCGATGTGTAAGGTGACCGTGGTCCCCTTG-3".

The PCR reaction was performed with Deep Vent DNA Polymerase
and the buffer solution (2mM Mg"") from New England Biolabs at the
conditions recommended by the manufacturer including 100 pmol of each
primer and the four deoxynucleotides at a concentration of 250 uM each. The

20 reaction was run for 30 cycles with the following temperature steps: 60 s at
84°C (extended by 2 min. during the first cycle), 60 s at 57°C and 60 s at
72°C (extended by 10 min. during the last cycle). Post-amplification addition
of 3' A-overhangs was accomplished by a subsequent incubation for 10 min
at 72°C in the presence of 1 unit Tagq ONA Polymerase (Boehringer

25 Mannheim, Germany). The PCR product was purified using the QlAquick
PCR purification kit (Qiagen, Switzerland) and cloned into the vector pCRIl
using Invitrogen's TA cloning kit (San Diego, USA). Having digested the
resulting plasmid TAVH14 with Saft and BstEll, the V}, gene was isolated by
preparative agarose gel electrophoresis using Qiagen’s QlAquick gel

30 extraction kit.

Vector # 150 (Sandoz Pharma, Basel) which contained an
irrelevant but intact human genomic immunoglobulin Vi, gene was cut with



5 preparation of conplete antibodies having an activity against the
Rhesus D antigen. Suitable expression systens for such anti bodies are
nouse myel ona cells or chinese hanster ovary cells. The
exanpl es which follow explain the invention in detail, w thout any
restriction of the scope of the invention. 10 Exanpl e 1 descri bes

t he constructwoyrabsed conbi natorial |ibrailyies; especi al he
af orenenti oned LD1 and LD2 |ibraries. 22 Exanpl e '&E?Mes a

series of pannings using RIRL rbc on the said LDL and LD2 libraries in
SEt ai : . Safl and BstE car the ¥edies dnaighment wasdsolateddly prapaiatiye agaiasg bot h
ronel ase 15 r@g&l‘- bl f tioPi ki bRGel ase

treated DVI aggpégg#{ﬁe r |€§§|gpr$ﬁ QQSHSSH ﬂq{;&k ﬂéﬁ%?@)ﬁ%% aﬂDg
librairies. vector and PCR p@gﬁw pe g grfgf h QuEs.in a tota volume
haemaggl ut i nat 6020 akasing thad rEPiciDNA Ligatidn kit Boehrinigag Mamnheion Germanyhn

equi val ent o] : Lot o] g : : Shfakigci ty of
Rhesus D spggi ?!P@o@ﬁggiggg??'etﬁe g%éryrtl'?)ﬁén &% dilutedd it a?r-lpzﬁgﬂ g cﬁ?s%tfretb'es t he
prepar ati on anwltg;l]pmqhgaﬁ gﬁn@ptqrgbto remove salts. The DNA was then pelleted by

centrifugation, vacuum dried and resuspended in 10 ul H20. 5 pl of this DNA
solution were electroporated (0.1 cm cuvettes, 1.9 kV, 200 Q, 25 uFD) with a
GenePulser (BioRad, Gaithersburg) into 40 pl of electroporation competent E.
10 coli XL1-blue MRF’ (Stratagene, La Jolia), diluted with SOC medium,
incubated at 37°C for 1 hour and plated on LB plates containing ampicillin (50
pg/ml). Plasmid-minipreps (Qiagen, Basel) of the resulting colonies were
checked with restriction digests for the presence of the appropriate insert.

With this procedure, the irrelevant resident V, gene in vector # 150

15 was replaced by the amplified anti-Rhesus D V|, sequence of LD2-14 and
yielded plasmid cassVH14. The structure of the resuiting immunogiobulin Vi
gene construct was confirmed by sequencing, cut out by digestion with EcoRI
and BamHlI and gel purified as described above. Expression vector #10
(Sandoz Pharma, Basel) containing the human genomic immunaglobulin Cy1

20 gene segment was also digested with EcoRl and BamH, isolated by
preparative agarose gel electrophoresis, ligated with the EcoRl / BamHI-VQ
gene segment previously obtained from plasmid cassVH14 and
electroporated into E. coli XL1-blue MRF' as outlined above. This resulted in
a complete anti-Rhesus D heavy chain immunoglobulin gene in the '

25 expression vector 14lgG1 (Figure and ).

The LD2-14 light chain V gene (V| gene) was amplified from the
same anti-Rhesus D-Fab plasmid LD2-14 by PCR using specific primers. The
5'-primer had the sequence: '

5'-TACGCGTTGTGACATCGTGATGACCCAGTCTCCAT-3,
30 whereas the 3'-primer was of the sequence:

5-AGTCGCTCAGTTCGTTTGATTTCAAGCTTGGTCC-3.

PCR reaction, product purification and subsequent cloning steps
were analogous to the steps described for the Vi gene, except that the
appropriate light chain vectors were used, Briefly, the V| PCR product was



anti body fragnents for application as diagnostic reagents.
Exanpl e 6 descri bes the preparation of conplete anti-Rhesus D
i mmunogl obul i ns using the sequences of the present invention.

WO 97/ 49809 11 _ :
PCT/ EP97/ 03253 Exanpl e 1 Construction of the --
reconbi nant LDIW&%3/42 | i braries 23 a) Source AePFr0azss

| ynphocyt es fex

cloned into pCRIl vector yielding plasmid TAVL14, excised therefrom with
Miul and Hindilt and isolated by gel extraction. The V| gene was
subsequently cloned into the Mlul and Hindili sites of vector # 151 (Sandoz
Pharma, Basel) thus replacing the irrelevant resident V, gene by the amplified

5 anti-Rhesus D V| sequence of LD2-14. Having confirmed the sequence of the
resulting plasmid cassVL-14, the EcoRi / Xbal fragment containing the V_
gene was then subcloned into the restriction sites £coRl and Xbal of vector #
98 (Sandoz Pharma, Basel, Switzerland) which contains the human genamic
immunoglobulin Cx gene segment. This procedure replaced the irrelevant

10 resident V| gene in plasmid # 98 and yielded the expression vector 14kappa

which contains the complete anti-Rhesus D light chain immunogliobulin gene.

The mouse myeloma cell line SP2/0-Ag 14 (ATCC CRL 1581) was
cotransfected by electroporation with the expressian vectors 14igG1 and
14kappa previously linearized at the unique £EcoRI and Noll cleavage site,

15 respectively. The electroporation was performed as follows: exponentially
growing cells were washed twice and suspended in phosphate buffered
sucrose (272 mM sucrose, 1 mM MgCl,, 7 mM NaH,PQ,, pH 7.4) at a density
of 2 x 107 celis/ml. 0.8 m! of cells were added to a 0.4 cm cuvette, mixed with
15 ug of linearized plasmids 141gG1 and 14kappa, held on ice for 15 min.,

20 electroporated with 290 Volts, 200 Q2, 25 uFD, put back on ice for 15 min.,
transferred to a T75 cell culture flask with 20 ml of cold RPMI 1640 medium
(10% heat inactivated fetal bovine serum, 50 uM beta-mercaptoethanol), left
for 2 h at room temperature and then incubated for 60 h at 37°C. After this
period, the cells were transferred to 50 ml of medium containing 1 mg/mi

25 G418 for selection. Stable transfectants were then selected in the presence of
increasing concentrations of methotrexate to amplify the integrated DNA and
thus increasing the expression of the corresponding antibody rD2-14.

Expression of rD2-14 in the cuiture's supernatant (SrD2-14) was
monitored by an enzyme linked immuno-sorbent assay (ELISA) specific for
30 human y1 and kappa chains. Quantification of the Rhesus D specific
immunoglabulins in the anti-D assay according to Ph. Eur. revealed between
1.1 and 11.4 ug/mi of agglutinating antibody in:_such supernatants. They
tested aggiutination negative for Rhesus negative rbc and revealed the same
agglutination potential against partial D variants as the Fab LD2-14
35 expressed in E. coli. The data are shown in table 10.



A mal e adult who was a nmenber of the volunteer pool of 5 hyperimune
Rhesus D donors was given an i.v. boost of 2 m of packed rbc froma
known mal e donor of blood group O RhD[err]. The PBL were harvested at

+5 and +18 days after the boost and the nononuclear cells (MNC) isol ated by
Ficoll gradient centrifugation (Lynphoprep, Pharmacia, MI|waukee, W). The_
results of dornwodMsgapocyte anal ysis of d +5 are given in table 4. The +5
10 day MNC were used directly for RNA p%‘par ation using a PCI/EP97/03253

phenol - chl orof orm guani di ni um i sot hi ocyanate procedure (Chontzynski,
P. and Sacchi, Mdple40  Anal. Biochem 162: 156, 1987). The +18 day MNC were
first cultured for 3 days in RPM -1640 nedi um ( Seroned, Basel)

cont ai ni ng 10[ er Cbhipdrative hhalysis of re@ttivity of Rabcanti-Rhésns D clonedn 2,14
Austria) and 10 [err]g/m ;0§ 4 pﬁ&%qszgﬁrg%%ﬂgﬁaaﬁf’%vﬁm L9379, Buchs,
. anle

- Swi tzerland) before extractl ng

| mmunof | uor escence_anal \/QI_Q of daonor. lvcmhm‘v'r es_ 45 d,q\zc

~after rbc i.v. boost Ce| | “surface tiy Cel | surface
- % Positive —————ee G B A d G @S Par{algﬂaggﬂfe

- CD20 15 RIRT CD8;  Rh33 DIl 0@67 ,gVb Dva 1%VICD%§/;|

20 CD25

- CD57 125~ CcD3 ' D14
6 LD2-14 4+ - L = = A R S - +++
SrD2-14 +++ - +++ e 4 - +4++
TCB - -

5 Agglutination was scored by visual assessement from +++ (all cells
agglutinated in a clump) descending to - (no cells aggiutinated).

LD2-14: Fab fragment prepared as described in Example 5;
SrD2-14: cell culture supernatant containing antibody rD2-14;
TCB: cell culture supernatant of untransfected cells.

10



gﬁst ruction olﬂmn"mul"gl,m,?? Two seégr at (Zaol | braries welr)e
sLDx (as

constructed cal Fedt LDl an _ detai |l ed above) corresponding to the
cells harvested at +5 days and + 18 days (finally +21 days including
the +3 days PWM stinul ation) after the i.v. boost respectively. Total—~

RNA was t hen p™h¥/488P9f r om t hese cells usimg a phenol - 25 chl Peeheph
guani di ni um i sot hi ocyanate nethod. Fromthis RNA, 10 [err]g were his2s

VO 97/ 49809 12
PCT/ EP97/ 03253 Claims

1. Polypeptides capable of forming antigen binding structures with
specificity for Rhesus D antigens which include Rhesus D-specific COR 1,
CDR 2 and CDR 3 regions of pairs of amino acid sequences Vy and V| with
5 the same or different identification numbers according to the figures given in
the table below: |

VH Vl.
Identi- CDR 1 J CDR2 | CDR3 CDR1| CDR2 | CDR 3
fication Figure base pair] base pair | base pair Figure base base pair | base pair
No. No. No. Ne. pair No. Ne. No.

LD1-40 Fig. la [91-105 | 148-198 |295-342 |Fig. 1b {64-96 |142-162 |259-288
LD1-52 Fig. 2a 191-105 | 148-198 |295-342 Fig. 2b |64-96 |[142-162 |259-288
LD1-34 Fig.3a 191-105 | 148-198 |295-342 :'Fi_g;. 3b [64-96 |142-162 }259-285
LDI1-110 Fig. da_ |91-105 | 148-198 1295-342 |Fig 4b |64-96 |142-162 |259-285
LD1-117 Fig 5a 191-105 | 148-198 }295-345 |Fig. 5b |64-96 |142-162 |259-288

LD2-1 Fig. 6a |91-105 | 148-198 ]295-342 |Fig. 6b |61-99 |145-165 |262-294
LD2-4 Fig. 7a  |91-105 | 148-198 |295-342 |Fig. 7b {64-96 |142-162 |259-282
LD2-5 Fig 8a |91-105 | 148-198 {295-342 |Fig. 8b [64-96 |142-162 |259-283

LD2-10 Fig 92 |91-105 | 148-198 |298-345 {Fig. 9b {61-102 | 148-168 |265-294
LD2-11 Fig. 10a_]91-105 | 148-198 1295-342 |Fig. 10b | 64-96 | 142-162 }259-285
LD2-14 Fig. 11a |91-105 | 143-198 |295-342 |Fig. 11b | 64-96 |142-162 |259-285
LD2-17 Fig. 12a |91-105 | 148-198 ]295-342 |Fig. 12b | 64-96 |142-162 ]259-285
LD2-20 Fig. [3a |91-105 |148-198 |295-342 |Fig. 13b|64-96 |142-162 |259-285
LD1-6-17 Fi;r. 14a |91-105 | 148-198 |295-351 |Fig. 14b |{64-96 |142-162 |259-285
LD1/2-6-3 |Fig. 15a }91-105 | 148-198 |295-342 |Fig. 15b |64-96 |142-162 {259-285
LD1/2-6-33 Fig. 16a |91-105 | 148-198 |295-342 |Fig. 16b | 64-06 | 142-162 | 259-285

2. Polypeptides according to claim 1 which include Rhesus D-
specific CDR 1, CDR 2 and CDR 3 regions of pairs of amino acid sequences
V4 and Vi with the same identification numbers according to the figures given
10 in the table of claim 1.

3. Polypeptides accarding to clainfx 1 which include regions with the
amino acid sequences Vy and V| and have identification numbers according
to the figures given in the table of claim 1.



used to ma an oI I go(dT) prinmer (400 ng) and reverse o
transcri be WUJ erse transcriptase according to the conditions

speci fied Boehri nger Mannhei m Germany). PCR anplification
was perfor rred as descri bed in Vogel, M et al., E J. of Inmmnol. 24:1200,.

5 1994. Briefly, 100 [err]l PCR reaction contained Perkin-El nmer buffer -_
wth 10 MM wospdegerr], 5 [err]l cDNA, 150 ng of each appropriate err]
and 3[err] prinmer, all four dNTP at 248 [err] M each and %W“’P&%

Pol ymer ase (Perkin El ner, The PCR anplification of the heavy and

light chains of the Feb my?émtdés%%omdwasﬁm 2o§9%&?é&érvséené§1 a set of
priners from St & ct Ii EaI|S I ven bel o For the 10 heavy chain six
upstream pri mﬂab ggrp ?M{? ngsr di ze to each of t he six famlies

of the VH genes whereas one kappa and one | anbda chain priner wer e used

hinge Tegi on of tho. concs ayPoRtded FLBiIAE mﬁ o %?jé@ﬁ%"sm neavy
chalgn For the'mm&HPg'céﬁﬁ{- P‘Fﬂ\é\f M\ﬁ&tﬁgé s[ﬁqpﬁB'(esc’ nggoppiate @ptit he -
3[err] end 1% Rbesusppantibadiesanbda const ant domains. The heavy and |ight

chain PCR products were pool ed separately, gel purified and cut vr;/;th
Xhol/ Spel and Sacl 1 restricti nzymes Boehri nger Mannhei
respectively. After 6. éﬁg ﬁﬂcﬁsrﬁp éd%F%O phtardingnce with

phenol : chl or oéntigen bindirigssteuopiras mﬂﬂmcﬂpeelﬁdvtpt&rlﬂhesds@agﬁerﬁw:éh on. The

insertion of the ?ﬁﬁj‘?' st isas @@'% t nt ligation
of the Sacl/ Xbal di e t.e l?l@hedR qsis@‘“% [i' C@Eﬁ%%*w%? t he
transf or mat i onS¢HNE §?L°f pgprgéJ A, gequanges Yu and Vi w:th the same or different

10 identification numbers according to the figures given in the table below and

functional equivalents thereof:

_ Vi Vi
Identi- CDR 1] CDR2 | CDR3 . |COR1{ CDR2 | COR 3
fication Figure | base pair] base pair | base pair Figure base base pair | base pair
NG No. No. No. " | pair No. No. No.

LD1-40 Fig. la 191-105 | 148-198 [295-342 Fig. 1b 164-96 |[142-162 |259-288
LD}-52 Fig. 2a | 91-105 { 148-198 |295-342 Fig. 2b |64-96 | 142-162 |259-288
LD1-84 Fig. 32 | 91-105 | 148-198 | 295-342 Fig. 3b |64-96 |[142-162 |259-285
LDI1-110 Fig. 42 191-105 [ 148-198 |295-342 |Fig. 4b |64-96 |142-162 |259-285
LD1-117 Fig. 5a  191-105 | 148-198 |295-345 Fig. 5b |64-96 1142-162 |259-288

LD2-] Fig. 6a {91-105 | 148-198 {295-342 Fig. 6b |61-99 |145-165 |262-294
LD2-4 Fig. 7a_ [91-105 | 148-198 1295-342 Fig. 7b ]64-96 {142-162 |259-282
LD2-5 |Fig. 8a [91-105 | 148-198 ] 295-342 Fig_.ﬁSb' 64-96 | 142-162 |259-288

LD2-10 Fig. 9a ]91-105 | 148-198 |298-345 |Fig. 9b | 61-102 | 148-168 |265-294
LD2-11 Fig. 102 | 91-105 | 148-198 |295-342 |Fig. 10b ) 64-96 |142-162 |259-285
LD2-14 Fig 11a | 91-105 | 148-198 |295-342 {Fig. 11b]64-96 |142-162 |259-285
LD2-17 Fig. 12a | 91-105 | 148-198 |295-342 |Fig. 12b|64-96 |142-162 |259-285
LD2-20 Fig 13a |91-105 | 148-198 |295-342 {Fig. 13b |64-06 | 142-162 |259-285
LD1-6-17 |Fig. 14a |91-105 | 148-198 |295-351 |Fig. 14b|64-96 |142-162 |259-285
LD1/2-6-3 |Fig. 15a |91-105 | 148-198 |295-342 |Fig. 15b [64-96 |142-162 |259-285

LD1/2-6-33 Fig. 16a {91-105 | 148-198 |295-342 {Fig. 16b}64-96 |142-162 |259-285

7. DNA sequences according to claim 6 coding for polypeptides
capable of forming antigen binding structures with speciﬁcity for Rhesus D
antigens which include regions with the Rhesus D-specific COR 1, CDR 2 and
15 CDR 3 segments of pairs of DNA sequences Vy and V| with the same



productlon of ormed as described by (Barbas I1l, C F. and
Ler ner, w:ﬂ mmﬂrﬁﬂhs Enzynol . 2:119, 1991). Af ter
transfornatlo e E.coli cel THiSSSmET =35 Wi t hdr awn and
titrated on plates to determne the librgry Slﬁﬁ uﬁfg{?EE gults

I ndi cated expression libraries of 7.5x10[% B Px10[ efr] cfu (col ony~—
form ng urivogy/49808 D1 and LD2 respectl ly. ' c)%&%@'

VHI 5' - CAC TCC CAG GIG CAG CTG CIC GAG TCT GG 3" 30 VHII

CAG GIC AAC TTA CIC GAG TCT GG 3 VH Il 5'-GIC CAG GIG GAG GIG CAG CTG
CTC GAG TCT GG 3Jdentificatieh viunpersGcogtiay Toheligores giveadh CleBnGT endAa atiosal

GG 3 VHV wikalénts @ersbc GAG GTG CAG CTG CTC GAG TCT GG 3 VHVI
5'-GIC CTG TCA CAG GTA CAG CTG CTC GAG TCA GG 3" 35 CHI (91) 5 -AGC ATC ACT

AGT ACA AGA TTT GGG CTG 3 _
8. DNA seguences according to claim 6 or 7 which inciude regions

with the DNA sequences Vy and V, with the identification numbers according
5 to the figures given in claim 6.

9. DNA sequences according to claim 6, 7 or 8 coding for
polypeptides capable of forming antigen binding Fab fragments.

10. DNA sequences according to claim 6, 7 or 8 coding for
polypeptides capable of forming complete anti-Rhesus D antibodies.

10 11. A process for preparing recombinant polypeptides capable of
forming antigen binding structures, e.g. Fab fragments, with specificity for
Rhesus D antigens which process comprises the following steps in sequential
order:

a) boosting of an individual capable of forming -anti-Rhesus D antibodies
15 with Rhesus D positive red blood cells,

b) isolating mononuclear celis from the individual,
c) isolating total RNA from the mononuclear cells,

d) preparing a cDNA by using an oligo(dT)primer and reverse transcribing
aof the mRNA with M-MuLV reverse transcriptase and amplifying the
20 cDNA repertoire by a polymerase chain reaction using immunoglobulin
gene family specific primers,

e) creating a phage display library by inserting;;the DNA coding for the
heavy and light chain of the Fab polypeptide into a phagemid vector;
the DNA for the heavy chain is inserted in fFEine to the gene coding for

25 the phage protein pill which allows the expression of a Fab plli fusion
protein on the surface of the phage, "

f) transforming bacterial cells with the obtamed:recomblnant plasmids,
cultivating of the transformed bacterial cel!s: and co-expression of the
heavy and the light chain of a Fab on fll.:a' tous phage particles,

Th1s Sheet

//m/umm//nmii?"“ ‘



%( 2)7 / m‘mumm&mum GAG CTC GTG A‘}'BW? e EP?:Z{ %)’ 22'3-T

CCT TCT *AGA TYA CTA ACA CTC TCC CCT GIT WSHEETHASB%&!' CTT TGI GAC GGG
CGA ACT G 3 VL(I) 5'C TGC ACA E}%cﬁc 3§ CTC GIG GIG ACT
CA-3'" 5 CL(I) 5" G CAT TCT AGA CTA THFAT&A bhlomblall AGG GCC- 3' - -
d ) Vectors agg9asdesri al strains The pConb3 &H:,r
for cloning of the Fd and the |ight chain 28 was obtai ned f PSRt he
Research Institute La Jolla, CA; (Barbas II1, C.F. and Lerner, R A,
- Conpani on Met hods Eg¥Blfyingthé Fab-darding pﬂge iHobadesrgdier i chia coli strai n
XL1 -Blue used for transformation of 't he pConb3 vect or and t he VCSML3
hel per phage were hyuselbetirefintividuabphage civhes byaedetdl sounds of Gahning on

Exanpl e 2 Rhesussﬁés‘?t?\}é.t%@ﬂgod?g&?s':’s D Phabs from LDl and LD2

|i braries on

35

r| PPS

i) isolating the plasmid DNA from the selected clones and cutting out the
5 glil gene,

j) transforming bacterial cells with the obtained_, plasmid, cultivating of the
transformed bacterial cells expressing the Fab, and isolating the Fab
fragments.

12. A process for selecting recombinant polypeptides capable of
10 forming antigen binding structures with specificity for Rhesus D antigens and
in particular showing reactivity with the Partial Rhesus DVI Variant and
‘without any evidence of reactivity with red blood cells of Rhesus negative
phenotypes in particular without reactivity against the Rhesus alleles C, ¢, E,
and e which process comprises the following steps in sequential order:

15 a) performing several negative absorptions on the following red
blood cells: phenotype 1 (r'r, Ccddee) treated with bromelase,
phenotype 1 not treated with bromelase, p,henotype 2 (ryry,
CCddEE) treated with bromelase and phehoty_pe 2 not treated with
bromelase, '

20 b) performing a positive absorption on DVI+ red bload cells with or
without bromelase treatment,

c) determining the titer of phagé binding to DVi+ red blood ceils

d) repeating steps a), b) and c) until the titer of phage binding to DVi+
red blood cells has reached a satisfactory .{_evel.
25 '

13. A process according to claim 12, wngiéin-thé recombinant
polypeptides capable of forming antigen binding St'g"‘uctures are Fab
fragments.

14. Anti-Rhesus D antibodies having heavy and light chain variable
30 regions comprising the Rhesus D-specific COR 1, CDR2and CDR 3

T — .
\
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A seri eum"“,"mﬂuugmmve absor ptions onaz b?b;?(rjgtpi gnRﬁngegia?| \I?Znni ngwere

performed fbr ®ach panring round before positive sel ection on rbc group
O Rh p03|t|ve (RLR1). Fresh rbc were collected in ACD (acid citrate 20 _
dextrose) anti coagul ant and washed 3 tines in 0.9% NaCl. The rbc were
counted in HaWWOPIM48MP uti on and adj usted to,gox10[err]/m . Abpergpemazssl ni
of phage preparation in PBS/ 3%BSA was added to rbc group O Rh negative
pellet (16x10[err]rbc) in 12 m tubes (G einer 187261, Rei nach,

Swit zer | and) andequencdesdiipairsdf amiridladid seglemias.Viand Ve Aaeihglthe bamerg. Al |
tubes were pre- : IHA hr at RT. The
rbc were pellet giﬂ ﬁ&ﬂ%&ﬁgigﬁ%' r%@?{%@ P@n%tarﬁﬂyégg@xﬂéb‘%t 4[err] C. The
resul ti ng phag : v ,
repeated tw ce
was.added to t
agai n i ncubate

bR™ “bb o

E’E I'fg%% n'f"f;éf 5 E (1 °‘[
washed at | eas | er col DRQ1 nnfrl rlagnr? ’
g at 4C, follo i ben 1411105 248-198,112P3-34% | Fig ] 64-94 i [d42rd6%d
2.8 for 6 mn.[1&- T. |EigdZanelflrlgh if $48:198 ) 204-842 PIHE 2be 64-96 1) 1Np-Té2 $259T43@ |r be
wer e cent r jiDuepdd 3(PBigx3ag, | %3-105 |1 1483198 4[295-842 Mgl dbt N\64-962 S{Ul-1610 | 259-285
supemat ant conﬁﬁmmmg Fig. 4aN€| o¢110% ¢ tiaDog 4065 YRS s1laeT &4 06 T[QURYEL | 3Chgs
stored with cafye7PT PEETIL [91-105 | 148-198 | 295-345 Fig. 5b |64-96 | 142-162 |259-288

LD2-} Fig. 6a {91-105 | 148-198 |295-342 Fig. 6b |61-99 |145-165 1262-294
LD2-4 Fig. 7a |91-105 | 148-198 |295-342 |Fig. 7b |64-96 [142-162 |259-282
LD2-5 Fig. 8a  |91-105 | 148-198 ]295-342 [Fig. 8b |64-96 |142-162 |259-288

LD2-10 Fig. 9a [91-105 | 148-198 |298-345 |Fig. 9b |61-102 | 148-168 |265-294
LD2-11 Fig. 10a {91-105 | 148-198 |295-342 Fig. 10b | 64-96 |142-162 |259-285
LD2-14 Fig. 1la |91-105 | 148-198 [295-342 {Fig. 11b|64-96 |142-162 |259-285
LD2-17 Fig. 12a |91-105 | 148-198 |295-342 [Fig. 12b|64-96 |142-162 |259-285
LD2-20 Fig. 13a |91-105 | 148-198 1295-342 |Fig. 13b|64-96 |142-162 |259-285
LD1-6-17 |Fig. 14a {91-105 | 148-198 |295-351 {Fig. 14b|64-96 |142-162 [259-285
LDL/2-6-3 |Fig. 15a |91-105 | 148-198 }295-342 Fig. I5b | 64-96 | 142-162 |259-285
LD1/2-6-33 Fig 162 |91-105 148-198 |295-342 Fig. 16b | 64-96 |142-162 |259-285

15. Anti-Rhesus D antibodies having heavy and light chain variable
regions comprising the Rhesus D-specific CDR 1, CDR 2 and CDR 3
5 sequences of pairs of amino acid sequences V4 and V| having the same
identification numbers as indicated in the table of claim 14.

_ 16. Anti-Rhesus D antibodies according.to claim 14 or 15 which
include pairs of amino acid sequences Vy and V._ havmg the identification
numbers according to the figures, as indicated in the table of claim 14.

10 17. Anti-Rhesus D antibodies according to claims 14, 15, or 16
wherein the immunoglobulin constant regions are of at least one of the
defined isotypes IgG1, 1gG2, IgG3 or IgG4. -
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(0. 30 for re-anplification. The nunbers of Rhesus D
specific hd-bs Mo panni ng round are given in table 5. Table 5
Sel ection of Rhesus D+ Phabs fromthe LDl and LD2 libraries 5 :
on R1IR1 rbc No. of eluted Rhesus D specifi€
phages WO 97/498¢9 Panni ng Library DI L} Bbo%

Round No. a) cfu 30 cfu pefibshmidss

18. A process for preparing complete an_ti+Rhesus D antibodies
according to one of the claims 14 to 17, comprisin_giin sequential order the
steps of

a) amplifying separately the members of a pair.of a heavy chain V gene
5 segment and a light chain V gene segment’ contammg Rhesus D-
specific CDR 1, CDR 2 and CDR 3 regions as depicted in Figs. 1a -
16a and 1b - 16b, respectively, from an antl-Rhesus D-Fab-encoding
plasmid by carrying out a polymerase chain: reactlon with specific
primers, -

10 b) preparing separately the genes of a complete anti-Rhesus D
" immunoglobulin heavy chain and a complete anti-Rhesus D
immunoglobulin light chain in suitable plasmids containing the
immunoglobulin constant region gene segm'je'__'nts coding for either one
of the human v1, v2, ¥3 and v4 heavy chains and for the human x or A
15 light chain and transforming the obtained p[__éS‘mids separately in
‘suitable E. coli bacteria, and -

<) cotransfecting the obtained plasmids into sultable eukaryotic host cells,
cultivating of the cells, separating the non-transformed cells, cloning of
the cultures, selecting the best producing cl_qn_e. using it as a
20 production culture and isolating the complete.antibadies from the
supernatant of the cell cuiture. N

19. A pharmaceutical composition comp;_iSing at least one
polypeptide according to the definition of claim 1, 2:or 3 or at least one anti-
Rhesus D antibody according to one of the claimsi14 to 17 for the prophylaxis

25 of haemolytic disease of the newborn, for the treatment of idiopathic
thrombocytopenic purpura and mistransfusions of Rhésus incompatible bicod.

20. A diagnostic composition for Rhesu"'ﬁ”'D typing comprising Fab
fragments according to claim 4 or anti-Rhesus D antibodies according to one
of the claims 14 to 17.



1

6x10[ err]
7.9x10

1. 3x10[ err]
1x10[ err]
2.8x10[ err]
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8x10[ err]

in tubes with rbc
by elution fromrbc

done

cfu = colony form ng

1.4x10[err] .
4 B
5
6

4.6x10[err]

3x10

1x10[ err]

3x10 err]

nd

a) For each round 10[err] Phabs warcrgrowod2ss ed

G oup O Rhesus negagjage (absorption phase) foll owed
G oup O Rhesus positive (RIR1) 10

{s
Sel ection of Rhesus D Phabs fromthe EiQ-eZ]a;m
a) Absorption on rbc group O Rh negati ve,

on DVI + rbc
phenot ypes

15

A series of four

Sl

Exanp

and

le 3

nd

LD2 |ibraries

1(r'r, Ctddei% and 2 (ryry, CCddEE)
negati ve 5b£ﬁlpt4&hs\$ r B SEULBTUCR® negat i ve
9 18 27 36 45 54
CAG GTG APA CTG CTC GAG TCT GGG GGA GGC GIG GTC CAG CCT GGG AGG TCC CTG
Q@ V K L L E S G G 6 V V @ P G R s L
63 72 81 90 99 108
AGA CTC TCC TGT ATA GCG TCT GGA TTC ACC CIC AGG AAT TAT GCC ATG CAC TGG
R L S Cc I A S G F T L R N Y A M H w
4 CDR1 -
117 126 135 144 153 162
GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCA GGT ATA TGG TTT GAT
v R ¢ A P 6 K G L E W V A G I W F D
€ CDR2
171 180 189 198 207 216
GGA AGT AAC AAA AAC TAT GCA GAC TCC GTG AAG GGC CGA TTC ACC ATC TCT AGA
G s N K N Y A D S V K 6 R F T I s R
CDR2 —
225 234 243 252 261 270
GAC AAT TCC AAG AAC ACG CTG TAT CTG CAA CTG AAC AGC CTG AGA GAC GAG GAC
» N S K N T L Y L © L N § L R D E D
279 288 297 306 315 324
ACG GCT GTG TAT TAT TGT GCG AGA GAG CGA GCA GCA CGT GGT ATT TCT AGG TTC
T A v Y Y C A R E R A A R G I S R F
€ CDR3
333 342 351 360 369
TAT TAC TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC TCC cCcaA 3
Y Y Y M D Vv W G K G T T v T \"4 S P

not



was performed for each panning round before positive selection on rbc group
O Rh DVI positive. The negative absorptions were perfornmed in the follow ng
20 order: Step 1) phenotype 1 treated with bronel ase; step 2 ) phenotype 1
no bronel ase; step 3 ) phenotype 2 treated with bronel ase; step 4) .
phenot ype 2 WD 97/ 49809 15 T
PCT/ EP97/ 0325W097/149809n0 br onel ase. Frozen rbc were thawed i npermpinosksir e of
sorbit and phosphate buffered sali | eft standing in this solution
for a mninmumof 10 mn. and then washed 5 to 6 tinmes in phosphate
buffered saline and finally stored i stabl lising solution (D aMed
EC- Sol ution) ready for use. Before FE -na s rbc were washed 3 tines
in 0.9% NaCl. followed by counting in Hayems solution. Absorption: 1 m
of phage pr epar ation in PBS/ 3%8BSA was added to

LD1-40-VL sequence

9 18 27 36 45 54
5' GTG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTA GGC GAC AGA GTC ACC

63 72 81 S0 - 99 108

ATC ACT TGC CGG GCA AGT CAG AGC ATT AGG AGC CAT TTG AAT TGG TAT CAG CAG.

I T € R A S @@ 8 I R S H L N W Y 0 @
+ CDR1 >

117 126 135 144 153 162

AAA CCA GGG ARA GCC CCT AAG TTG CTG ATC TAT GGT GCG TCC ACT TTG CAA AGT

K P G K A P K L L I Y 66 A S8 T L © s

+——— CDR2Z —

171 180 189 198 207 216

GGC GTC CCA TCA AGG TTC AGT GGC AGT GGC TCT GGG GCA GTT TTC ACT CTC ACC

G \4 P S R F S G S G K] G A v F T L T

225 234 243 252 261 270
ATC GCC AGT CTA CAA CCT GAA GAT TTT GCA ACT TAC TAC TGT CAA GAG AGT TAC

279 288 297 306 315
AGT AAT CCT CTA ATC ACC TTC GGC CAA GGG ACA CGA CTG GAG ACT AAA 3'

S N P L 1 T F G Q G T R L E T K
CDR3 ey




an rbc pellet (2x10[err]) as in step 1 in 12 m tubes (G einer 187261,

Rei nach, Switzerland) and incubated at RT for 30 min. wth careful
shaking. All tubes were pre-blocked in PBS/ 3% BSA for a mininmumof 1 hr
at RT. The rbc were 10 pel l eted by centrifuging for 5 mn. 300 x g at _
4[err] C. The resulting phage supernatant was carefully harvested and™"
t he process r &y@aV/4a80si ng rbc as det ai |l ed above in stepseciemionss 4.
b) Treatnment of rbc Rhesus D negative r'r3/3ad ryry and
Rhesus DVI+ with bronel ase 15 Bronel ase 30 (Baxter, Dudingen,
Swtzerland) was used to treat r'§ th"ét;s DVI+ in the sane proportions
as used in a routine haemaggl ut i nigi- ssay, i.e. 10 [err]| bronel ase
per 2x10[err] rbc. Thus bronel ase was added to the required anmount of
rbc and incubated at 37C for 30 m n. foll owed by washing 3 tines in
0.9% NaCl, re-counting in_Hayens_solution 20 and adjusting to the required
concentration i n PBS/ 3% BIDkad® 2 oV Bhals € quRINCE. -

c) Bio-Panni ng on brone/ase treated Rhesus DVI+ rbc Af ter
the final absorption on rbc ryry non bronel ase treated the phage
supernatant was divi ded into 28e%ual patts and adfed eithedASto the 2%
enzyme or *hofAB 27 FEACEY PEGr HifoSH RAC GUF -FTHefA%ECT £6% 15 F7°

Q v K L L E S G G G v Vv Q 4 G G S L

63 72 81 90 99 108
AGA CTC TCC TGT GAA GCG TCT GGA TTC GCC CTC AGA AGT TCT GGC ATG CAC TGG

R L S C E A S G F A L R ] 5 G M H W
¢——-——— CDR1l -~

117 126 135 144 153 162

GTC CGC CAG GCT CCT GGC AAG GGG CTG GAG TGG GTG GCA CTT ATA TGG TTT GAT

v R Q A P G K G L E w v A L I w I3 D
¢———— CDR2 ————

171 180 189 198 207 216
GGA AGT ATC AGA TCG TAT GCA GAA TCC GTG AAG GGC CGA TTC ACC ATC TCC AGA

G S I R S Y A E S A\ K G R F T I S R

225 234 243 252 261 270
GAC ACT TCC AAG AAC ACC CTA TAT CTC CAA ATG CGC AGT CTG AGT GCC GAC GAC

27% 288 297 306 315 324
ACG GCT GTG TAT TAC TGT GCG AGA GAC AAG GCG GTT CGG GGA ATT AGC AGG TAC

————- s Em e e arem  Shamem R Ama e Emee N TR, Ee e - Enen atat e mee e eram  amenem an e

T A \Y Y Y cC A R D K A V R G I 5 R Y
€ CDR3

333 342 351 360 360
AAC TAT TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC TCC TCA 3°

N Y k4 M D v W G K G T T v T v 5 S
CDR3 —m—————



respectively and again incubated at RT for 30 mn. with gentle shaking.
Then the 2 popul ations of rbc were washed at least 5 tines in 10 m ice
col d PBS, centrifuged 5 min. 300 x g at 4[err]C, followed by elution
with 200 [err]l of 76 nmM citric acid pH 2.8 for 6 mn. at RT. and _
neutralisation with 200 [err]l 1M Tris. The 30 rbc were centrifuged 300 x -
g, 5 mn. at 4€0xMdosshe resulting supernatants cont ai ni NOpéRRpRIoaiss d
phages fromeither the bromel ase or non ysarel ase treated DVI +rbc were
carefully renoved and stored with carrier protein (0.3% BSA) at 4C
ready for re-anplification. In furth .roggif of panning the eluted

phage fromeither the bronelase or n nlgr- ase treated DVI+ rbc were

WD 97/ 49809 16 _

PCT/ EP97/ 03253 kept separate and each foll owed the absorption

protocol steps 1 to 4. The
-~ LD1-52-VL sequence

9 18 27 36 45 54
5' GTG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC

e Mmem s miMANe v em e ErEL R vam et W mn  ERee m A e e emaSeE  GE TR ME  mamAn  emak e e er e em .

v M T Q S B s S L S A S v G D R \Y T

63 72 - 81 90 - 99 108
ATC ACT TGC CGG GCA AGT CAG ARC ATT ATC CGC TAT TTA AAT TGG TAT CAG CAG

— - ———— e mhemam e wa  WEeas  wms

I T c R A § Q N I I R Y L N W Y Q Q
* CDR1 . >

117 126 : 135 144 153 l62

ARG CCA GGG AAA GCC CCT AGG CTC CTG ATC TAT GGT GCG TCC ACT TTG CAA AGT

K P G K A P R L L I Y G A S T L Q S

[2]
=)
»
[\
W

171 180 189 198 207 216
GGG GTC CCA TCA AGG TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC

CGT ACC CCT CCA TTC ACT TTC GGC CCT GGG ACC AAA GTG GAG ATC AAA 3!



3

elution step was slightly different conpared to panning round 1 as the

phage popul ati ons were not again divided into 2 parts. Only those phage

eluted from bronmel ase treated DVI+ rbc were also eluted again from

bronel ase treated 5 DVI+ rbc and only those phage .eluted fromthe non .

bronel ase treated DVI + rbc were also again eluted fromnon bronel ase ™~

treated DVI + ™xz97/4bBoo nunbers of specific Phabs after eaggraeeniisie

round are given in table 6. Table 6 Eﬁ!ectlon of Rhesus D Phabs from

pool ed LDl and LD2 I|brar|es on Rhesus DVI+ red blood cells

10 No. $§ el d Rhesus DVI + specific phages

Panni ng - Bronel ase ase Round No. a)

cfu cfu 1.9x10[ err]

4.4x10[err] 2 1.6x10[err]

4x10[ err] 2.4x10[ err]

4. 1x10[err] LDl 84-VH sequamCer]

5x10[ err] 1x107[ err]

1x10[ err] 6 nd

3x10[ err] 9 a) Forlgach rourdy 1qgerr]3Phab meré5|ncubatéﬁ I n
GTG GTC CAG CCG GGG GGG TCC CTG

t ubes Wit h5D CAG GTG AAA CTG CTIC GAG TCT GGG GGA GG

Q v K L L B S G G G v v Q |4 G G S L

63 72 81 30 99 108
AGA CTC TCC TGT GAR GCG TCT GGA TTC ACC CTC AGA AGT TCT GGC ATG CAC TGG

R L S C E A S G F T L R S S G M H W
¢———— CDR] —>

117 126 135 144 153 162

GTC CGC CAG GCT CCT GGC AAG GGG CTG GAG TGG GTG GCA CTT ATA TGG TTT GAT

v R Q A P G K G L E W v A L I w F D
4———— CDRZ2 ———

171 180 189 198 207 216
GGA AGT ATC AGA TCG TAT GCA GAA TCC GTG AAG GGC CGA TTC ACC ATC TCC AGA

CDR3

AAC TAT TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC TCC TCA 3’

N Y Y M D v w G K G T T v T v S ]



di fferent phenotypes of rbc G oup O Rhesus negative (absorption phase)

followed by elution fromrbc G oup O Rhesus DVI +. Exanple 4 15

Moni toring of the panning rounds and determination of the speci fici ty
of the enriched Phabs using a rabbit anti-phage anti body

I ndi rect haemaggl utinati on assay Freshly collected rbc of ™~

di ff erent ABOwomi/sd¥eesus bl ood groups were washed 3 ti nescrmarnos2saNaCl
and adjusted to a 3-5% solution (45- 20 @410[err]/m) in either 0.9% NaC
or PBS/ 3% BSA. For each test condition 50 [err]]l rbc and 100 [err]]|
test (precipitated and anplified pha%_e or &t rol anti bodi es) wer e

i ncubat ed together in glass blood gr 3 bes (Baxter, Dudi ngen,

Switzerland) for 30 mn. at 37[err]C. The rbc were washed 3 tines in 0.9%
NaCl

LD1-84-VL sequence

9 18 27 36 45 54
§' GTG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT ATA GGA GAC AGA GTC ACC

v M T Q S P 5 S L s A s 1 G ] R v T

i 63 72 81 .90 99 108
ATC ACC TGC CGG GCA AGT CAG AGT ATC ATC AGG TA’I‘ TTG AAT TGG TAT CAG CAC

I T C R A S Q S I I R Y L N w Y Q H
< CDR1 > i

- 117 126 135 144 153 162

ARA CCA GGA AAA GCC CCT AMA CTC CTC ATC TIT GCT GCA TCG AAT TTG CAA ACT

GGG GIC CCA TCC AGG TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC

- 225 234 243 252 261 270
ATC AGT GAC CTG CAG CCT GAG GAT TTC GCA ACT TAC TAC TGT CAA CAG AGT TAC

I s D L ©Q 4 E D F A T Y 'Y Cc Q Q S Y

279 268 297 306 315
AGT AGG CCG TTC ACT TTT GGC CGG GGG ACC AGC CTG GAC ATC AAA 3!

—v—m aveen  mmemdr emwe M Amem e At e me s M NS  GPAm S SRER S MR emem Smedm S es e Gmew

s R p F T F 6 R 6 T S L D I K
CDR3 ———>
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PCT/ EP97/ 03253 and then incubated with 2 drops of Coonbs reagent

(Baxt er, Dudi ngen, Switzerland) for positive controls or with 100
[err]] of 111000 diluted rabbit anti- phage anti bodi es (nade by ;
i muni sing rabbits with phage VCSML3 preparation, followed by
purification oWens74B69 - Cel Bl ue colum and 5 absorption on per. mg #h
renove E. coli-specific antibodies). The bes were i ncubate or 20
mn at 37[err]C, centrifuged 1 mn at 12% and rbc exam ned for

aggl utination by careful shaking and ysing magni fier viewer.

When purified Fab were tested for agg éﬁa an affinity purified

anti-Fab anti body (The Binding Site, Blrnlnghan1 U K ) was used instead of
10 the rabbit anti-phage anti body. Tabl e 7 shows the
results of haemaggl utination tests of Phab sanples after different
panni.ng rounds on RIR1 rbc.,)D]1-110~ VH Tstéggg ashowe the results of,
haemaggl uti nati on tests of Phab sanpl es aft di fferent panni ng rounds
on Rhesus DVI+ rbc. 15 Table 9 shows the reactivity pattern of

i ndi vidual Fab clones §rom ig braries,bDl and L{Y with pagtial D g,

variants. 5' CAG GTG ARA CTG CTC GAG TCT GGG GGA GGC GTG GTC CAG CCT GGG AGG TCC CTG

mem e emmmam R e WG wE Mhem it Gnee TR WWEE SR mmvr e mmem e am st e e

@ vV K L L E S 6 6 6 V V 0 P 6 R s L

E 72 8l 90 99 108
AGA CTC TCC TGT ATA GCG TCT GGA TTC ACC CTC AGG AAT TAT GCC ATG CAC TGG

R L s C I A S G F T L R N Y A M H W
+——— CDRl —————
o117 126 135 144 153 162
GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCA GGT ATA TGG TTT GAT
\'4 R Q A P G K G L E w \'4 A G I w F D
' <« CDR2
171 180 189 198 207 216
GGA AﬁC AAC AAA AAC TAT GCA GAC TCC GTG AAG GGC CGA TTC ACC ATC TCC AGA

s e e ee e wmkmem e e em e weGA e ee e -

G S N. K N Y A D S v K G R F T I s R
CDR2 -

225 234 243 252 261 270
GAC AAC TCC AAG AAC ACT CTG TTT CTG CAC ATG AAC AGC CTG AGA GCC GAG GAC

D N S K N T L F L H M N S L R A E D

279 288 297 306 315 324
ACG GCT ACA TAT TAC TGT GCG AGA GAG AGG GCG ATT CGG GGA ATC AGT AGA TAC

——— e e etmme s e RS er Gk e S amem et mdmiem s M S WA, G A e e e e e ——

T A T Y Y ¢ A R E R A I R €6 I S R Y
‘ ~— CDR3

333 342 351 360 369
AAT TAC TAC ATG GAC GTC TGG GGC AAG GGG ACC ACG GTC ACC GTC TCC TCA 3'

e e e e e eimmar e amen At Mo e

N Y Y M D v w G K G T T \'4 T \'2 S s
CDR3

L 2




Table 7 Mnitoring of Phabs from LDl and LD2 |ibraries by indirect

haemaggl uti nati on after panning on RLRl rbc Phab sanpl e
Li brary LD1 Li brary LD2 Panni ng round tested on
rbc O Rh D+ (a) 7 No. 4 - undi | ut ed
4+ + _ 114 +
S 4 - WO 97749806/ 20 No. 5 Peifiroriansh
L+t T+ ‘ 1/ 4/31 ++
o+ 1/ 20 No. 6 undi | ut ed
- nd +++ /4 ' nd
b 1120 Fig.ndb . nd
- Hel per phage (b) undi luted, 1/4,1120 - 20 a) Indirect

' haemaggl utination was perfornmed in glass tubes using 50 [err]l rbc
* (40x10[err]/mM) and 100 [err]l Phabs starting at 4x10[err]/m . After 30

mn. at 37[err]C the LD1-110-VL sequence

9 18 27 36 45 54
5' GTG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC ,

S mamEn  mReERe AL eEEEME A GANEGF S AR NN TR SV EP R S eeun  SEMASE T em  MAemae e s e em e ————

v M T Q s p S S L S A S v G D R v T

63 72 8l 20 98 lo8
ATC ACT TGC CGG GCA AGT CAG AGC ATT CGA AGC TCT TTA AAT TGG TAT CAG CAG

e R wmemen e G et e AE  Eh el Ge e ceemin MR AR AR Gamr e e ee  SAEe e e e W e

I T C R A S Q s I R S S L N W Y Q Q
< CDR1 >

117 . 126 135 144 153 162

AAA CCA GGG AAA GCC CCT AAA GTC CTG ATC TAT GCT GCA TCC AGT TTG CAA AGT

———— em o e ———— e w—m—— e - ——— - -

K |4 G K A P K v L I Y A A S S L Q S
e CDR2  ——eeme—>
171 ’ 180 189 198 207 216
GGG GTC CCA TCC AGG TTC AGT GGC AGA GGA TCT GGG ACA GAT TTC ACT CTC ACC




WO 97/ 49809 18 PCT/ EP97/ 03253
rbc were washed 3 tinmes and further incubated for 20 mn. at 37[err]C with

a 111000 dilution of rabbit anti-phage anti body. b ) The ML3 hel per
phage -was used as a negative control and showed no non-specific .
aggl utination due to the phage particle alone. 5 Agglutination was scored”
by visual ass®¥Qnu498eX rom +++ (strong aggl utinati on) deseVEPIY032Ss -
(no agglutination). nd = not done 'B?Qie 8 Moni toring of Phabs from
pool ed LD1 and LD2 |ibraries by i ndi rect haemaggl uti nation

after panning on Rhesus DVI+ rbc 10 f.
Fig. 5a

LD1-117-VH sequence

5' CAG GT¢ AAA CTG CTC GAG TCA GGA GGA GGC GTG GTC CAG CCT GGG AAG TCC CTG

¢——e— CDR]l ——m>
117 126 135 144 183 162
GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCA TTT ATA TGG TTT GAT

vV R Q A P 66 K 6 L E W Vv A F I w ¥ D
¢——— CDR2 -

171 180 189 198 207 216

GGC AGT AAT AAA TAC TAT GCA GAC TCC GTG AAG GGC CGA TTC ACC ATC ACC AGA

G S N K Y b4 A D S v K G R F T I T R

225 234 243 252 261 270
GAC AAC TCC AAG AAC ACG CTG TAT CTG CAA ATG AAC AGC CTG AGA GCC GAG GAC

D N S K N T L Y L Q M N S L R A E D

27¢ 288 297 306 315 324
ACG GCT GTC TAT TAC TGT GCG AGA GAG ACC TCA GTA AGG CTA GGG TAT AGC CGCT

T A v Y Y c A R E T S v R L G Y S R

333 342 ‘351 360 369 378
TAC AAT TAC TAC ATG GAC GTC TGG GGC ARA GGG ACC ACG GTC ACC ATC TCG TCA 3°




Phab sanpl e

CCDDee ccddee Ccddee CCddEE DV
treated rbc DVI + Round No. 3
+/ - +/ - Round No. 5
DVI + Round No. 4 +++
+/ - Round W 9749809 +++

++ Round No. 6 +++

+ LD1L -6 -17

- 3 +++ -

33 - -

Aggl utination was scored by visual
aggl utination) descending to -
Only those Phabs eluted from bronel ase treated DVI+ rbc showed 15 eV|dence
of aggl utination agai nst J2Ddi & Erlert—V1L+ s@quence

rbc phenotypes

Panni ng round

(E.J.) DVI (K. S.) Non Bronel ase
a) +++ +/ - (1)
++ Bronel ase treated rbc.
+/ - -
+/ - +/ - PCTIEPM)3253
ﬂ)/?’eact ive with C and E LD1/ 2-6
.- +/ - nd LD1/2 - 6 -
Flg 5b nd a)
assessnment from ++++ (strong
(no agglutination). nd = not done Not e:

9 18 27 36 45 54
ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC
T 9 s P S S L S A § VvV 6 D R V T
63 72 81 90 99 108
TGC CGG GCA AGT CAG AGC ATT AGG AGC CAT TTG AAT TGG TAT CAG CAG
c R A S Q § I R S H L N W Y Q 0@

< CDR1 >
117 126 135 144 153 162
GGG AAA GCC CCT AAG CTC CTG ATC TAT GCT GCA TCC AGT TTG CAA GGT
G K A P K L L I Y A A S S L Q 6
4~ CDR2 ————>
171 180 189 198 207 216
CCA TCA AGG TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC
P s R F S G S 6 S 66 T D F T L T
225 234 243 252 261 270
AGT CTG CAA CCT GAA GAT TTT GCA ACT TAT TAC TGT CAA CAG AGT TAC
s L Q P E D F A T ¥ Y € @ Q@ s Y
279 288 297 306 - 315
CCT CAG TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA 3°
P Q W T F 66 Q 6 T K VvV E I K

L2
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Table 9 Cl onal Analysis of Reactivity of Fab anti-Rhesus D Clones from
Li braries D1 and LD2 against Partial D Variants
Partial D Variants (a) Fab Cone No Rh33 D1 Diva D Vb Dva
DVI | LD1 - 40 - ferr]+++ + + +/ - ++
- 52 - W09W49809 - - ++ +++ PCT/EP97/03253

11/34 .
Fig. 6a
LD2-1-VH sequence
9 18 27 36 45 54
5' CAG GTG AAA CTG CTC GAG TCT GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG
@ vV X L L E 8 6 G 6 ¥ VvV Q P 6 G S L
63 72 81 90 99 108
AGA CTC TCC TGT GTA GCG TCT GGA TTC ACC CTC AGG AGT TAT GGC ATG CAC TGG
R L s ¢ v A s 66 F T L R S§ Y 6 M H W
¢——— CDR1 ————em—>
o117 126 135 144 153 162
GTC CGC CAG GCT CCA GGC AAG GGC CTG GAG TGG GTG GCT TTT ATA TGG TTT GAT
V R ¢ A P 6 K 6 L E W V A F I W F D
¢——— CDR2
171 180 189 198 207 216
GGA AGT AAT AAA GGA TAT GTA GAC TCC GTG ARG GGC CGA TTC ACC ATC TCC CGA
G s N K 6 Y V D S VvV ¥ 6 R F T I S R
CDR2 >
225 234 243 252 261 270
GAC AAT TCC AAG AAC ATG GTC TAT CTG CAA ATG AAC AGC CTG AGR GCC GAT GAC
D N S K N M V Y L @ M N S L R A D D
279 288 297 306 318 324
ACG GCT GTA TAT TAT TGT GCG AGA GAG AAG GCG CTT CGG GGA ATC AGC AGA TAC
T A V Y Y € A R E K A L R 6 I S R Y
« CDR3
333 342 3s1 360 369
AAC TAT TAC CTG GAC GTC TGG GGC AAG GGG ACC ACG GTC ACC GIC TCC TCA 3°
N Y ¥ L D V W 66 K 6 T T V T V s 8




-.84 - ++ + - 110 (+)

++++ ++ + + - ++ - 117 +++ LD2

-1 +++ nd +++ +++ + - ++ -4 -
+++ + + -5 - nd +++ +++
- - +++ - 10 (-) +++ +++ +++ +++ -
++ - IWO 97/49809 +++ - 14 +H+ +H++ peiiEnged; +++
-17 - +++ +++ + +h2/38 - - 20

+++  +++ - +/ - LD1/2 - 6- 3 ++ +++ +++ ++ +++ +
++ LD1/2 - 6- 33 +/ - +++ . ++ +++ + ++ s a)

sol ubl e Fab preparations were nade ofFﬁﬁkHEu3one foll owed by indirect
haemaggl uti nati on. b) Agglutination was scored by visual assessnent from
++++ (all cells agglutinated in a clunp) descending to - (no cells

aggl utinat ed).
: LD2-1-VL sequence

9 18 27 36 45 54
5' GTG GTG ACT CAG CCA CCC TCA GCG TCT GGG ACC CCC GGA CAG AGG GTIC ACC ATC

—— e - . aevhes e eeeman  Ghemar s aveeen - - ——— ememin  dmeees amemms e .-

v \' T Q ) 4 P S A S G T P G Q R v T I

4~——————— CDR2 ——~——m—r
171 180 189 198 207 216
TCA GGG GTC TCT GAC CGA TTC TCT GGC TCC ARG TCT GGC ACC TCG GCC TCC CTG

S G A S d R F 8 G S K S G T S A s L

225 234 243 252 261 270
GCC ATC AGT GGG CTC CGG TCC GAG GAT GAG GCT GAC TAT TAC TGT GCA CCA TGG

A I S G i R S E D E A D Y Y c A | w

279 288 297 306 315 324
GAT GCC AAC CTG GGT GGC CCG GTG TTC GGC GGA GGG ACC AAG CTG ACC GTCT CTA

——— W e e M er mmetas e -

D A N L G G P v F G G G T K L T v L

(2]
o]
]
w
v
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PCT/ EP97/ 03253 Exanple 5 Preparation and purification of Fab
anti body fragnments for application as di agnostic reagents

After the bio-panning procedures detailed in Exanples 2 and 3 a 5 phage
popul ati on whi ch showed specific agglutination on Rhesus D+ rbc was

sel ected and waeshiegoepr epare phagemi d DNA More precisely thepBiapsnoszss
sel ected on RIR1l rbc were used after the zag and 6t h rounds of bio-panning
for LDL and LD2 libraries respectively a4 ter the 5th bi 0- panni ng on

DVI + rbc for isolation of the LDé_d6 1% clone. In order to produce
sol ubl e Fab, the 10 sequence gill g1g far the pill tail protein of the
phage particle nust be del et ed. Phagem d DNA was

prepared using a Nucleotrap kit (Machery-

LD2-4-VH segquence

9 18 27 36 45 54
S' CAG GTG AAA CTG CTC GAG TCG GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG

Q Vé K L L E S G G G Vv Vv Q 4 G G S L

: 63 72 81 90 99 108
AGA CTC TCC TGT GAA GCG TCT GGA TTC ACC CTC AGA AGT TCT GGC ATG CAC TGG

R L 8 ¢ E A S 6 F T L R S § 6 M H W
¢——e— CDRL ——>
117 126 135 144 153 162
GTC CGC CAG GCT CCT GGC AAG GGG CTG GAG TGG GTG GCA CTT ATA TGG TTT GAT
V R ¢ A P 6 K 6 L E W V A L I W F D
: : ¢———— CDR2 ———
S 1n 180 189 198 207 216
GGA AGT ATC AGA TCG TAT GCA GAA TCC GTG ARG GGC CGA TTC ACC ATC TCC AGA

¢ $§ I R s Y A E S VvV K 6 R F T I S R

CDR2 >
225 234 243 252 261 270

GAC AC& TCC AAG AAC ACC CTA TAT CTC CAA ATG CGC AGT CTG AGT GCC GAC GAC

- 279 288 297 306 315 324

CDR3

: 333 342 351 360 369
AAC TAT TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC TCC TCA 3°

N Y Y M D V W 6 K 6 T T VvV T V s S



Nagel ) and the glll sequence was renoved by digesting the so isolated
phagem d DNA with Nhel/ Spel as described (Burton, D.R, et al.,PNAS, 15
1989). After transformation into XL1 -Bl ue individual clones were sel ect ed
(nonencl ature given in table 1) and grown in LB (Luria Broth) contai ni ng. 50

[err] g/m carbenicillin at 37[err]C to an OD of 0.6 at 600 nm

Cul tures wer e WOBTM980% with 2 mMisopropyl [err]-Dthiogalpeaiereydnasosi de
(I PTG (Biofinex, Praroman, Swit zer | aeil and grown overni ght at
37[err]C. The whole culture was spun at 10, 000xg for 30 mn. at 4[err]C
to pellet the bacteria. The bacteri al peIIet was treated with a

| ysozyne/ DNase solution to |iberate t ¢9Fa'ﬁ ragnent s inside the cells.
As sonme Fab were released into the cult¥re supernatant this was al so

harvest ed separately. These Fab preparati ons were then pool ed and
precipitated with 60% amoni um sul phat e (Nbr ck, Dar mst adt, Germany) to 25
concentrate the Fab foll owe 0%% hosphate buf fered
saline (PBS) and ultracentri ugatl on at 2 Xg to peI I et any insol uble
conpl exes. The Fab preparations were then purified on a ceramc
hydr oxyapatite col um  HTP Econg cartridge, Bi oRadg G attbrygg, 54
Switzerl and) uscrereangr afé ent cehutdcorcotrd@BSr (ddaf far Afa and BBSeh 6TSkidNaCl
30 (Buffer B)---T'I're tinear gr acrrent was ramred“t 0-1 ncr ease~Fr om 6=100%
Buffer Bin 40VniA! The Rab®wagd elfut el agr si Ayl € petk Bet Reerl 40Y 60%
‘Buffer B. The positivg fractiong as idengified by dgnmunodot ggssay ushpg an
anti - Fab per oxirdase canpagace AcThocBactdrry ASC traA BT nTA AR MGG AL FAGNVER®
pool ed, concen‘t;rat;ed—gxsrgg -golys*etJrByl ei‘rre-gt ygol';&lnd;"eXEEﬁgT \rgl'y’;dl aa*ysg'd

€ CDR1 >

117 126 135 144 153 162
AAA CCA GGG AAA GCC CCT AAG CTC CTG ATC TAT GCT ACA TCC AGT TTG CAA AGT

- wmbten M mtes manm et s e ew AN~ an e -

K P G K A P K L L I Y A T s S L Q S
¢ CDR2 —————>

in 180 189 198 207 218
GGG GTC CCA TCA AGG TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC

-

G v P s R F S G S G S G T D 13 T L T

225 234 243 252. 261 270
ATC AAT AGT CTA CARA CCT GAA GAT TTT GCA ACT TAC TAC TGT CAA CAG AGT TAC

I N s L Q P E D F A T Y Y cC Q Q S Y

279 288 297 306 315
ACT ACC CCT TCG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA 3

T T P S F 6 Q 6 T XK V E I K
—— CDR3 ——>
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PCT/ EP97/ 03253 agai nst PBS. The positive fractions fromthe

hydr oxyapatite colum for each clone were used in a classical indirect
haemaggl uti nati on assay in gl ass t ubes using either the standard .
Coonbs reagent (Baxter Diagnostics AG Dade, anti-human serum or an—"
anti-Fab (The BroneW49809Site, Birm ngham U K ) 5 as the cross peiriebfighass
reagent. These Fab of defined specificity on the Partial D variants as
shown on page 18 can be used to type rbc B3nknown Partial D

phenot ype. Exanpl e 6 Construction of conplete i munogl obulin

genes Fig. 8a

LD2-5-VH sequence

9 18 27 36 45 54
5' CAG GTG AMA CTG CTC GAG TCT GGG GGA GGC TTG GTC CAG CCG GGG GGG TCC CTG

63 72 81 90 99 108

AGA CTC TCC TGT GTA GCG TCT GGA TTC ACC TTC AGG AGT TAT GGC ATG CAC TGG

R L 3 C \'4 A S G F T F R S Y G M H W
« CDR1 >

117 126 135 144 153 162

GTC CGC CAG GCT CCA GGC AAG GGC CTG GAG TGG GTG GCT TTT ATA TGG TTT GAT

v R Q A 4 G K G L E W v A F I w F D
¢——eere— CDR2 e

171 180 189 198 207 218
GGA AGT AAT AAA GGA TAT GTA GAC TCC GTG AAG GGC CGA TTC ACC ATC TCC CGA

— - o am - -

CDR3

AAC TAT TAC CTG GAC GTC TGG GGC AAG GGG GCC ACG GTC ACC GTC TCC TCA 3°'

N Y Y L D v W G K G A T v T v 5 S



10 The LD2-14 heavy chain V gene (VH gene) was anplified from

t he anti - Rhesus D-Fab-encoding plasmd LD2-14 with the pol ynerase chain
reaction (PCR) using specific priners. The 5 -prinmer had the sequence:

5' - GGGTCGACGCACAGGT GAAACTGCTCGAGTICTGG 3' whereas the 3'-prinmer was of
the sequence: 15 5' - GCCGATGIGTAAGGTGACCGTGGTCCCCTTG 3' . The
PCR reacti on wwOs3asgedr ned with Deep Vent DNA Pol yner ase epefoatasl fer
solution (2mM My[err]) from New Engl and BifF 85)5 at the condit1ons
recommended by the manufacturer including 6 pmol of each prinmer and

t he four deoxynucl eotides at a concentratign of 250 [err] M each. The 20
reaction was run for 30 cycles with t .0I8 i ng tenperature steps: 60 s
at 94[err] C (extended by 2 min. during the first cycle), 60 s at 57C
and 60 s at 72C (extended by 10 min. during the last cycle).
Post-anplification addition of 3' A-overhangs was acconplished by a
subsequent incubation for 10];,@2-5—&,(L72§équ@m@ence of 1 unit Taq
DNA Pol ynmerase (Boehringer 25 Mannheim Gernany). The PCR product was
purified using the Q Aquick PCR purification kit (Q agen, Switzerl and)
and cloned into the veetor pCRIis using Invitrogen' s TA cdni ng ki ts4( San
Di ego, USA)3' HERA ATE &NCHeSeTET AEr TCC TEe ATt TATQGHA ASTAGATHRYHIAL WhA I§TSaHAC and

e e em et mm i ateven R mam  Geee e S At e ————

BstEIl, the V[&TT,0eQe V@as Isofatgd ™y "\" "" "" 57 & 0 R v 1

63 72 81 90 99 108
ATC ACT TGC CGG GCA AGT CAG AGC GTT ACC AGG TCT TTA AAT TGG TAT CAG CAG

et e Ameris A e S Shenen MM Ee e e M MR e er e dn e MW ds Emm e W e e G ae e Shem i e e -

I T o4 R A S Q S \'s T R S L N W Y Q Q
— CDR1 ; >
117 126 135 144 153 162
AAA CCA GGG APMA GCC CCT AGG CTC CTA ATC TTT GCT GCG TCC ACT TTG CAA AGT

——— e e A Eee e em e e -

X P G K A P R L L I g A A S T L Q s
*~—~—————— CDR2 ——r——>

171 180 189 198 207 216
GGG GTC CCA TCA AGG TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACC CTC ACC

- e et arav am v e aw  Emaw o i g - - e———— am it e mam v M e v e v ——

G v P S R F S G S G S G T D F T L T

225 234 243 252 261 270
ATC AGC AGT CTG CAA CCT GAG GAT TTT GGA ACT TAC TAC TGT CAA CAG AAT TAC

- ws s s E e maEmeR MBS e Em e Gmeem  Emaeme e er AP e MR A  GEeMES  Wa T en  mmemem M St S e o o=

I S S L Q p E D F G T Y Y Cc Q o N b4

279 288 297 306 315
AGG ACC CCT CAG TGG ACG TTC GGC CAA GGG ACC AAG GTA GAA ATC AAA 3°

e e e meeman e EmERT. bt e S emr At e MR GANS GRS RS MM AR e MR GRS ee e e e e -

R T P Q W T F G Q G T K v E H K




preparati ve agarose gel el ectrophoresis using Q agen's Q Aquick gel 30

extraction Kkit. Vector #150 (Sandoz Pharma, Basel) which
cont ai ned an i rrel evant but intact human genom c i nmunogl obulin VH gene
was cut with WD 97/ 49609 L 22 .
PCT/ EP97/ 03253 , Sa/l and BstElIl, and the vector fragnent was isol ated
by prepar at i VWO2349808 € gel el ectrophoresis using Q agen' pcfkpessss del
extraction kit. Li'gation of vect or and PCR product was perfornmed at

25[err]C for 2 hours in a total volune 17/380f 20 [err]l using the rapid DNA
Ligation kit (Boehringer Mannheim Gernany).

Fig. 9a

LD2-10-VH sequence

: 9 18 27 36 45 54
5' CAG GTG ARA CTG CTC GAG TCT GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG

rmms memmia dmemen et ErenE e er e et em  em e e am —— AN Emmem  vmem e e - ————

Q \% K L L E S G G G v v Q P G G S L

: 63 72 81 80 . 99 108
AGA CTC TCC TGT GTA GCG TCT GGA TTC ACC CTC AGG AGT TAT GGC ATG CAC TGG

R L. s C v A s G F T L R S Y G M H W
' ¢———— CDR]l ~—er——>
: 117 126 135 144 1S53 162
GTC CGC CAG GCT CCA GGC AAG GGC CTG GAG TGG GTG GCT TTT ATA TGG TTT GAT

v R Q A P G K G L E L vV A F I W F D
4———— CDR2 ————

171 180 189 198 207 216
GGA AGT AAT ARA GGA TAT GTA GAC TCC GTG AAG GGC CGA TTC ACC ATC TCC CGA

e - Em et mmemam  mmam e e SAdm et G et s e emae  Gmamw MM Ae R mmmcan s am e e en S em e S A e . e

G S N XK G Y Vv D s VvV K 66 R F T I s R
; CDR2 >
., 225 234 243 252 261 270
GAC AAT TCC AAG AAC ATG GTC TAT CTG CAA ATG AAC AGC CTG AGA GCC GAT GAC

ACG GCT GTA TAT.  TAT TAT TGT GCG AGA GAG AAG GCG CTT CGG GGA ATC AGC AGA

- CDR3
. 333 . 342 351 360 . . 369 378
TAC AAC TAT TAC CTG GAC GTC TGG GGC AAG GGG ACC}ACG GTC ACC GTC TCC TCA 3°

Y N Y Y L D V W 6 K G T ¥ V T V S 8

Q
[=]
o
(%)
L 2




5 Following ligation, the reaction mx was diluted with 20 [err]l Herr]O

and extracted with 10 volunmes of n-butanol to renove salts. The DNA was
t hen pell eted by centrifugation, vacuumdried and resuspended in 10

[err]l Herr]O 5 [err]l of this DNA solution were electroporated (0.1
cmcuvettes, 1.9 kV, 200 [err], 25 [err]FD) with a = GenePul ser (BioRad+~

Gai t hersburg) iWOQ74%0serr] | of el ectroporation conpetent E. lf~pep7iaszss
XL1-blue MRF (Stratagene, La Jolla), dil %fgd wi th SOC nmedi um

i ncubated at 37C for 1 hour and pl ated orf pl ates containing anpicillin
(50 [err]g/m ). Plasm d-m ni prepsc# gg Basel ) of the resulting

col oni es were checked with restri rEbests for the presence of the
appropriate insert. Wth this procedure, the irrel evant
resident VH gene in vector # 150 15 was replaced by the anplified

anti - Rhesus D VH sequence of LD2-14 and yi el ded plasm d cassVH14. The
structure of the resulting iJpfAegl p+H VL, V[serquenq:@e construct was -
confirmed by sequencing, cut out by digestion with EcoRl and BanmH and
gel purified as descri bed above Expr ession vect or # 10 (Sandoz Phar ma,

Basel ) cont ai ni ng t he gen mundyl o b ene_ seg¥ent
was al so di gest® %Gt‘?FTE%‘RIG ﬁrﬁﬁ:cl?;‘(fﬁl—ffm et Icg‘fél'&chfA e ‘f%é&'i’ H eV TabH T ose
gel el ectrophorQS| s |4 gaéedgvvl tph tshe ﬂ,EcoRI { BanHip Vi & gene ysegirent
previ ously obtained fromplasm d cassVH14 and el ectroporated into E.
coli XL1 -blue MRF asb3outlined’d8bove. Th#k resulteé@ in as corrpl et &08
anti- Rhesus D BESVAFTcH AST AREAGTI BEuFI N ST AES iFC 1578 B EXDPFER SPREnT Fettor

14/gGl (Figure and¢). A s s T 6 A Vv T R 6 Y Y P N W F
- CDRL R

117 126 135 144 153 162

CAG CAG AAG CCT GGA CAA GCA CCC AGG GCA CTG ATT TAT AGT ACA AAC AAA AAA

D e e L

Q Q K P G Q A p R A L I Y S T N K K
€~——mem— CDR2

171 180 189 198 207 216

CAC TCC T6G ACC CCT GCC CGG TTC TCA GGC TCC CTC CTT GGG GGC AAA GCT GCC

e nmree  ammtes e e et e -

per  emue S Gemme, e A dmE e EmEr e e e e s e - -

H S W T [ 4 A R F S G 5 L L G G K A A
 —

225 234 243 252 261 270

CTG ACA CTG TCA GGT GTG CAG CCT GAA GAC GAG GCT GAA TAT TAC TGC CTG CTC

et mmam e G e et Gr oS meam et Shatar G eman Aremem e et anel Mt  Meam e e eee  EGe e mrawTs Mmoo -

L T L 5 G v Q 4 E D E A E Y Y Cc L L
B —
279 288 297 306 315 324

TAC TAT GGT GGT GCT CAA CTC GTA TTC GGC GGA GGG ACC AAG CTG ACC GTC CTA

e e e ma S er e ma e e m A Amemmr e te e SmAmee  Er e Amem e e A s e mm e WSS G en e m e

Y Y G G A Q L \'4 F G G G T K L T v L

CDR3
333
CGT CAG Ccc 3!

v

R Q P



The LD2-14 light chain V gene (VL gene) was anplified fromthe sane
anti-Rhesus D-Fab plasm d LD2-14 by PCR using specific priners. The

5'-primer had the seguence: . 5' - TACGCGTTGTGACATCGTGATGACCCAGTCTCCAT- 3",
30 whereas the 3'-priner was of the sequence: ' i

5' - AGTCGCTCAGITCGITTGATTTCAAGCTTGGTCC- 3' . PCR reaction, =
product puri f WOSTHBR0 and subsequent cl oni ng steps wer e aper/epsmwizsao t he
steps described for the V[err] gene, e@ﬁfg that the appropriate |ight
chain vectors were used. Briefly, the CR product was WO
97/ 49809 23 PCT/ EP97/ 03253

Fig. 10a

LD2-11-VH sequence

9 18 27 36 45 54
5' CAG GTG AAA CTG CTC GAG TCG GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG

Q \Y K L L E S G G G v \Y Q P G G S L

63 72 81 20 - 29 108
AGA CTC TCC TGT GAA GCG TCT GGA TTC ACC CTC AGA AGT TCT GGC ATG CAC TGG

¢———wem— CDR1l ~——>
117 : 126 135 144 153 162
GTC CGC CAG GCT CCT GGC AAG GGG CTG GAG TGG GTG GCA CTT ATA TGG TTT GAT

v R Q A P G K G L E w v A L I w F D
+———— CDR2 ————

171 180 189 198 207 216
GGA AGT ATC AGA TCG TAT GCA GAA TCC GTG ARG GGC CGA TTC ACC ATC TCC AGA

€ CDR3

AAC TAT TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC TCC TCA 3!

N Y Y M D v W G K G T T \'A T \' 5 S



cloned into pCRII vector yielding plasm d TAVL14, excised therefromwth
Mul and H ndlll and isolated by gel extraction. The VL gene was
subsequently cloned into the Mul and H ndlll sites of vector # 151 (Sandoz
Pharma, Basel) thus replacing the irrelevant resident: VL gene by the N
anplified 5 anti-Rhesus D VL sequence of LD2-14. Having confirnmed the —-
sequence of th&®097498@9esul ting plasmid cassVL-1 4, the ECoRl lpcfh$brnsass
fragnent containing the VL gene was then subcloned into the
restriction sites EcoRI and Xbal of vect 0rR0#34 98 (Sandoz Pharma, Basel,
Swi tzerl and) which contains the human genom' C i mmunogl obulin Cerr]
gene segment. This procedure repl ace(FQ Ievant 10 resident VL gene
in plasmd # 98 and yiel ded the expresston vector 14kappa whi ch
‘contains the conplete anti-Rhesus D |ight chain i munogl obulin gene.

The nouse nyeloma cell line SP2/0-Ag 14 (ATCC CRL 1581) was

cotransfected by el ect r oporatrhon. o tors 141 gGl and
l4kappa previously lineari ze(tpg mn]é Yﬁu é%@ﬁéﬂéﬁ% cl eavage site,

15 respectively. The el ectroporation was performed as fol I oWs:

exponential ly growjng cells were wasggd tw ce g d suspery ed in
phosphat e byf f@icedre acc Sﬂi@r'&&-eccls’:?'?& ‘F%%@rfb‘éescﬁr AVHQG[AecEpI AGA7G‘@/IACC
NaH err] PJ erri~- pH #-4)--at--a dens+d yp—-- --- of--2-¢ 10f err]--eedd-stH ~-0.8-

of cells were &tided t8 a®. £ crd cuvet fe, lLmixed Mith I B5 [Rrrjg Wf T
linearized plasmds 1 i)gGl and Jl4kappa, ggl d on icg,for 15 rgn., 20
el ect 1 opor at eduiti Ady 380 ¥al dch acklrd Rhe Inrr 28l Rt bhDreR UarbRKnANCAS dal Of

15 min Sttt it ot vt
I T c R A Q N I G S Y L N W Y Q H

* CDR1 >
117 126 135 144 153 162

AAR CCA GGG ACA GCC CCT AAA CTC CTG ATC TAT GCT GTA TCC GCT TTG CAA AGT

. e Ae e e aman  Ememn e M emes  Smemae e A GLAR TR A MR mm R GREmaR e e M aa R e em e e am . e e e e ee

K P G T A P K L L I Y A v S A L o) S
+-~———————— CDR2 —m———>
inl 180 189 lgs 207 216
GGG GTC CCA TCG AGG TTC AGT GGC AGT AGA TCT GGG ACA GAT TTC ACT CTC ACC

v e e em . et et e amm  Amee e GLEIGe mlemen Emrm e m e e e GRS eA  Se A en  EREr e e e s e - ——

G \Y 4 S R F S G S R S G T D F T L T

225 234 243 252 261 270
ATC AGC AGT CTG CAA CCT GAA GAT TTT GCA ACT TAC TAC TGT CAA CAG AGT TAC

e et et es et At er R mER R W T e G ar et  Aremen en B R erAmee NG Wr  SvaRem v amEn SR e e G ——

I S S L Q P E D F A T Y Y Cc Q o] S Y

&

279 288 297 306 31§
AGT CCC CCG TAC ACT TTC GGC CAG GGG ACC AAC CTG CAG ATC AAA 3'

———— are e amesEn Fmner SEemms G Gr AR WP Meam e dmmide e Em e e En e W EeSs W mAeE A e e o an e

S P P Y T F G Q G T N L Q I K
— CDR3 —m—n>



transferred to a T75 cell culture flask with 20 M of cold RPM 1640 nmedi um
(10% heat inactivated fetal bovine serum 50 [err]M bet a-nercapt oet hanol ),
| ef t for 2 h at roomtenperature and then incubated for 60 h at
37[err]C. After this period, the cells were transferred to 50 m of _
medi um containing 1 ng/m 25 (418 for selection. Stable transfectants were-
t hen sel ected WO 2¥48808r esence of i ncreasi ng concentrati oNgc@frporn32ss

nmet hotrexate to anplify the integrated DNA and t hus i ncreasing the
expression of the corresponding anti body Rb8414. Expr essi on
of rD2-14 in the culture's supernatant (SrD2-14) was nonitored by an
enzyne |inked i mmuno-sorbent assay (EI _A)'] Q[aecifi c for 30 human [err]1 and
kappa chains. Quantification of the RheSus D specific i mmunogl obul i ns
in the anti-D assay according to Ph. Eur. reveal ed between 1.1 and 1
1.4 [err]g/m of agglutinating antibody in such supernatants. They

tested agglutination negatiyg ml@mneg@ggerﬁ@%nd reveal ed the sane

aggl utination potential agarnst par vari sas The Fab LD2-14 35
expressed in E. coli. The data are shown in table 10.
9 18 27 36 45 54

5 CAG GTG AAA CTG CTC GAG TCT GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG

-a—ew memmam emimem e om e em e —— ——— wramee mem s S FEames Whemen e eear  dm e e em e @R m m e G ———

Q \' K L L E S G G G v v .Q P G G S L

63 72 81 90 89 108

AGA GTC GCC TGT GTA GCG TCT GGA TTC ACC TTC AGG BAT TTT GGC ATG CAC TGG

R VvV A ¢ VvV A s 66 F T F R N F 6 M H W
- ¢=———— CDR1 ———»

117 126 135 144 153 162

GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCT TTT ATT TGG TTT GAT

V R ¢ A P G K 6 L E W V A F I W F D

.° 4——— CDR2 ——

171 180 189 198 207 216

GCA AGT AAT AAR GGA TAT GGA GAC TCC GTT AAG GGC CGA TTC ACC GTC TCC AGA

P T I ] ——— e ———

AAC TAC TAC ATG GAC GTC TGG GGC AAG GGG ACC ACG GTC ACC GTC TCC TCA 3°

- e e G e emm e e amee o —




WO 97749859 24 PCT/ EP97/ 03253

Tabl e 10 Conparative analysis of reactivity of Fab anti-Rhesus D

cl one LD2-14 and anti body rD2-14 agai nst partial D
variants ' Partial D Variants A
R1R1 rr Rh33 DIIl DIVa DI Vb Dva DVI DVII LD2-14 -
+++ +++ +++ WIO97/49809 +++ +++ +++ - +++ Sr D2- ¢r/Epsieizss
+++  +++ +++ +++  +++ - +++ T%%Bll -

Fig. 11b

LD2-14-VL sequence

9 18 27 36 45 54
5' GTG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTG GGA GAC AGA GTC ACC’

s emmm e Amemas GRMeTE A Emer ERamth W Rta SR e AR S an MR EANt GECAME G A S SRR e R e em e Me e s em e -

v M T Q S | 4 S S L S A S \Y G D R v T

€3 72 81 _ 90 99 108
ATC ACT TGC CGG GCA AGT CAG AGC ATT ATC AAC AAT TTA AAT TGG TAT CAG CAG

I T C R A s Q S I I N N L N W Y Q Q
* CDR1 >

117 126 135 144 153 162

ARA CCA GGC AAA GCC CCT GAA CTC CTG ATC TAT GCT GCA TCC AGT TTG CAA AGT

e mme s e emam e dm e e Emam e ee e e

K P G K A p E L L 1 Y A A S S L o] S
¢~ CDR2  ——rmmree—>

171 180 189 198 207 216

GGG GTC CCT TCA AGG TTC CGT GGC AGT GGA TCT GGG AGA GAT TTC ACT CTC ACC

——— memem  arEme. e am e e - ————

G v P S R F R G S G S G R D F T L T

225 234 243 252 261 270
GTC ACC AGT CTG CAA CCT GAA GAT TTT GCA ACT TAC TAC TGT CAA CAG AGT TAC

v T S L Q P E D F A T Y Y Cc Q Q S Y

279 288 297 306 315
AGT ACC CTG TGG ACG TTC GGC CAAR GGG ACC AAG GTG GAA ATC AAA 3

——— e e emee e ne  cedmm ————

S T L w T F G Q G T K v E I X



5.Aggl utination was scored by visual assessenent from +++ (all cells
agglutinated in a clunp) descending to - (no cells agglutinated).

LD2- 14: Fab fragnment prepared as described in Exanple 5; SrD2-14: cell
cul ture supernatant containing anti body rD2-14; - TCB: cell culture i
supernatant of untransfected cells. 10 WO 97/ 49809 -
25 WO 9749809 PCT/ EP97/ 03253 _ PCT/EP97/03253
Cl ai s

23/34

Fig. 12a

LD2-17-VH sequence

9 18 27 36 45 54
5' CAG GTG AAA CTG CTC GAG TCT GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG

Q v K L L E ] G G G v Vv Q P G G S L

63 72 gl 90 99 108
AGA CTC TCC TGT GTA GCG TCT GGA TTC ACC TTC AGG AGT TAT GGC ATG CAC TGG

- = —— esmten Ammm e meman  ameman  Ememae S Ne e = ——

R L § ¢ v A § 6 F T F R S Y G M H W
. < CDR1 >

117 126 135 144 153 162

GTC CGC CAG GCT CCA GGC AAG GGC CTG GAG TGG GTG GCT TTT ATA TGG TTT GAT
V R ¢ A P 6 K 6 L E W VvV A F I W F D
¢———— CDR2 ———

171 180 189 198 207 216

GGA AGT AAT AAA GGA TAT GTA GAC TCC GTS AAG GGC CGA TTC ACC ATC TCC CGA

G 'S N K G Y v D S v K G R F T I S R
CDR2 >

' 225 234 243 252 261 270
GAC AAT TCC AAG AAC ACG CTC TAT CTG CAA ATG AAG AGC CTG AGA GCC GAG GAC

€ CDR3
333 342 351 360 369
AAC TAT TAC CTG GAC GTC TGG GGC AAG GGG ACC ACG GTC ACC GTC TCC TCA 3°

N Y Y L D V W 6 K 66 T T V T V § S

Q
(=
X
w
v




1. Pol ypeptides capable of form ng antigen binding structures with
specificity for Rhesus D antigens which include Rhesus D-specific CDR 1,
CDR 2 and CDR 3 regions of pairs of am no acid sequences V[err] and V[err]
with 5 the sane or different identification nunbers according to the

figures given in t he tabl e bel ow | denti - CDR1 €EDR
2 CDR 3 WO 97/49809 CDR 1 CDR 2 fication Cﬁkﬂﬂ‘ﬁﬂ?ﬁgbase
pair base pair base pair Figure base ? se pair base pair

No. No. No. pair N&Y ﬂa\lb LDL- 40

Fig. l1la 91-105 148-198 295- 342 Fig. lb 64 96 142 162 259-288

LD1-52 Fig. 2a 91-105 148-198 gS- Fig. 2b 64-96 142-162
259- 2988 LD1- 84 Fig. 3a 91-1 148-198 295-342 Fig. 3b 64-96
142-162 259-285 LD1-110 Fig. 4a 91-105 148-198 295-342 Fig. 4b
64- 96 142- 162 259-285 LD1-117 Fig. b5a 91-105 148-198 295-345
Fi g.-5b 64- 96 142-162 881 7 —Uh2- i 6a 91-105 148-198
295-342 Fig. 6b 61-99 %@?%651262‘{7%438qu§12936 Fig. 7a 91-105
148-198 295-342 Fig. 7b 64-96 142-162 259-282 LD2-5 Fig. 8a
91-105 148-198 295-34¢12 Fig. @b 64-9657 142-1623¢ 259- 288 45 54

$' GTG ATG ACC CAG TCT CCA TTC TCC CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC

A M T Q ] P F S L S A s v G D R v T

63 72 81 20 99 108
ATC ACT TGC CGG GCA AGT CAG AAC ATT AGG AGT TTT TTA AGT TGG TAT CAG CAG

I T C R A ] Q N I R S F L s W Y Q Q
- CDR1 >

117 126 135 144 153 162

AAA CCA GGG ACA GCC CCT AAG CTC CTG ATC TAT GCT GCA TCC AGG TTG CAA AGT

K P G T A 3 K L L I Y A A S R L Q 5
¢~ CDR2 =y,

171 180 189 188 207 216

GGG GTC CCA TCA AGG TTC AGT GGC AGT GGG TCT GGG ACA GAT TTC ACT CTC ACC

G v P S R F S G S G S G T D F T L T

- manum  emem e e e dmae Emem e w8 e ————

225 234 243 252 261 270
ATC AGC ACT CTG CARA CCT GAA GAT TTT GCG ACT TAC TAC TGT CAA CAG AGT TAC

e wmemew Gm s G Er  wmemem  Arde e ——mmam At eE MM Smmrer S emen ARG W WA SRR em R Ak an e e - —

I s T L Q@ P E D F A T Y ¥ € © Q@ 5 ¥

- 279 288 297 306 31s
AGT GCC CCT TGG ACG TTC GGC CMRA GGG ACC AAG CTG GAA ATC AAA 3!

ey wmtm e e Er  emmmar et an  epetam  epdman e an Mames Sramem e e wm e e s e s

S A P W T F @G Q G T K L E i K
CDR3 >




LD2-10 Fig. 9a 91-105 148-198 298-345 Fig. 9b 61-102 148-168

265- 294 LD2- 11 Fig.10a 91-105 148-198 295-342 Fig. 10b 64-96
142- 162 259-285 LD2- 14 Fig. 11a 91-105 148-198 295-342 Fig.
11b 64-96 142-162 259-285 LD2- 17 Fig. 12a. 91-105 148-198 .
295-342 Fig. 12b 64-96 142-162 259-285 LD2- 20 Fig. 13a 91-105"
148-198 295- MO97498¢9 13b 64-96 142-162 259-285 LD1- 6-dormeperfodass 14a
91-105 148-198 295-351 Fig. 14b 64- 9@5,3%42- 162 259-285 LD1/ 2-6-3
Fig. 15a 91-105 148-198 295-342 Fig. 15b 64-96 142-162 259-285

LD1/2-6-33 Fig. 16a 91-105 148-198 295-342 Fig. 16b 64-96 142-162

259- 285 2. Pol ypept iﬁ?bﬁé@gdi ng to claim1 which include
Rhesus D specific CDR 1, CDR 2 an 3 regions of pairs of am no
aci d sequences VH and VL with the sane identification nunbers according

to the figures given 10 in the table of claim 1. 3

Pol ypepti des according to 3{_‘@21.1 L_CVHnC%léigl?‘gh@é with the “ani no
entdi T1catton

aci d sequences V[err] and err] and haveée i nunber s accordi ng
to the figures given in the table of claiml.

% 18 27 36 45 - 54
S' CAG GTG AAA CTG CTC GAG TCT GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG®

-——— e e maas AR M n W emwe N eR i eeam e Emm WS etam me e e Me et e e e et s

Q v K L L E S G G G v v Q -4 G G S L

63 72 81 g0 99 108
AGA CTC TCC TGT GTA GCG TCT GGA TTC ACC TCC AGG AGT TAT GGC ATG CAC TGG

R L S C v A S G F T S R S Y G M H W
' +——— CDRl ———s
117 126 135 144 153 162
GTC CGC CAG GCT CCA GGC AAG GGC CTG GAG TGG GTG GCT TTT ATA TGG TTT GAT

——— M mn e e aa  medmam  mwat e Mmoo ——

v R Q A P G K G L B W v A F 1 W F D
« CDR2
171 180 189 198 207 216
GGA AGT AAT AAA GGA TAT GTA GAC TCC GTG AAG GGC CGA TTC ACC ATC TCC CGA

——— o e SR eadsen ewmm e Emmsas emarar et W eR AR Weetam  Wmtm e e Geem L eRam e - -

G S N K G Y \% D S v K G R F T I S R
CDR2Z >

225 234 243 252 261 270

GAC AAT TCC ARMG AAC ACG CTC TAT CTG CAA ATG AAG AGC CTG AGA GCC GAG GAC

——— e e M eren —em e e wna—  meme s e A

279 288 297 306 3158 324
ACG GCT GTA TAT TAT TGT GCG AGA GAG AAG GCG CTT CGG GGA ATC AGT AGA TAC

e amemem e GRm e MRS eGSR SR GR e e enan S ARen MR ERGR  GfEe e SRR A e R de e dm e SR e em s

T A V Y Y cC A R E K A L R G I ] R Y
€ CDR3

333 342 351 360 369
AAC TAT TAC CTG GAC GTC TGG GGC AAG GGG ACC ACG GTC ACC GTC TCC TCA 3°

vmm  mmemEn SR M ecee et emem e Gemmen M em e An e Sr R Mmav et G e e

N Y Y L D v W G K G T T Vv T v s S
CDR3 ——r——>



WD 97/ 49809 26

PCT/ EP97/ 03253 4. Pol ypeptides according to claiml, 2 or
3 characterised as antigen binding Fab fragnents. 5.
Pol ypepti des according to claim1, 2 or 3 conprising i mrunogl obul in
heavy and |ight chains capable of form ng conplete anti- 5 Rhesus D -
ant i bodi es. WO 97/49809 6. DNA sequences coding.for pol y?&?f#ﬁ?ﬁm
capabl e of form ng antigen binding sigyggtures with specificity tor
Rhesus D antigens which include regions with the Rhesus D specific CDR

1, CDR 2 and CDR 3

Fig. 13b

LD2-20-VL seqguence

8 18 27 38 45 54
5' GTG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC

-—eew  mmmes wemEr EREN R e e Smecen GRS @ EE e GATM AR ARG WRANWL VSR AN RSB  wh e e e en  Ew e Ee e o mow

v M T Q S P S S5 L S A s v G D R v T

63 72 81 90 99 108
ATC ACT TGC CGG GCA AGT CAG AGC ATT AGC AGC TAT -TTA AAT TGG TAT CAG CAG

Cmmam b Smee A G e m R GRS S ee e MR  mmSm s SmemSn  Ge e Ve em e AR GE S R ed  me et e e .

I T c R A S Q ] I S S Y L N w Y Q Q
« CDR1 ~ —

117 126 135 144 153 162

AAA CCA GGG AAA GCC CCT AAG CTC CTG ATC TAT GCT.GCA TCC AGT TTG CAA AGT

XK P 6 XK A P X L L I Y A A S S L Q S
¢~ CDR2 =

171 180 189 198 207 216

GGG GTC CCA TCA AGG TTC AGT GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC

G VvV P $s R F 8 6 &8 66 S G T D F T L T

225 234 243 252 261 270
ATC AGC AGT CTG CAA CCT GAA GAT TTT GCA ACT TAC TAC TGT CAA CAG AGT TAC

279 288 297 306 315
AGT ACC CGA TTC ACT TTC GGC CCT GGG ACC AAA GTG 'GAT ATC AAA 3




segnents of pairs of DNA sequences V[err] and V[err] with the same or
different 10 identification nunbers according to the figures given in the

t abl e bel ow and functional equival ents thereof: | denti -

COR1 CODR2 CDR 3 COR'1 CDR 2 CDR 3 fication

Fi gure base ﬁ‘;ﬂ r pair base pair Figure base base pair base--
pair NoWO 97/4 No. No. No. dﬂ%hﬁn£§g

No. No. LD1- 40 Fig. la 23405 148- 198 295- 342 b
64- 96 142-162 259-288 LD1-52 Fig. 2a 91-105 148-198 295-342
Fig. 2b 64-96 142-162 259-288 LD1 84 Fig. 3a 91-105 148-198

295-342 Fig. 3b 64-96 142- 162 Fﬁgi LD1- 110 Fig. 4a 91-105
148-198 295-342 Fig. 4b 64-96 162 259 285 LDl - 117 Fig. 5a
91-105 148-198 295-345. Fig. 5b 64-96 142-162 259-288 LD2-1

Fig. 6a 91-105 148-198 295-342 Fig. 6b 61-99 145-165 262-294

250082 LDos PRI EE 41108 i aePSBCS Bg 8b 64 o6

142- 162 259-288 LD2-10 Fig. 9a 91-105 148-198 298-345 Fig. 9b
6;-102 148-168 2654294 2-11 Fi g. 10 91- 105 §48 198 295 342
Fig. 10b 64- %R ct42xahbdre 2O cA8cr GGGL&g &éc GTG Grg' é]\c dd e éc&oé:f 8- 198

295-342 Fig--41tb- 64-96 --142- 162 --259— —_— T e
91- 105 148-198 V29X 342 ¥igE 13b &4- 95 Q42V162 259 2856 R LB2- 20

Fig. 13a 91-105 148-198 2955342 Fig, 13b 64-g§ 142-162 259-285
1 99 108
AGA CTT TCC TGT GCA GCG TCT GGA TTT ACC TTC AGT AGC TAT GGC ATG CAC TGG

R L § ¢ A A S8 G F T F S S ¥ 66 M H w
" ¢=——— CDR1 ————»

117 126 135 144 153 162

GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCA GAT ATA TGG TTT GAT

e s emeean e e mtdt e mee—— .-

v R Q A P G K G L E w v A D I W F D
4———— CDR1

171 180 189 198 207 216

GGA GGT AAT AAA CAT TAT GCA GAC TTC GTG AAG GGC CGA TTC ACC ATC TCC AGA

G G N K H Y A D F v K G R F T I S R
CDR2 >

225 234 243 252 26l 270

GAC AAT TCC AAG AAC ACG GTG TAT CTA CAA ATG AAC AGC CTG AGA GTC GAG GAC

" 279 288 297 306 315 324
ACG GCT €TG TAT TAC TGT GCG AGG GAT TAC TAT AGC GTT ACT AAG AAA CTC AGA

T A VvV Y ¥ € A R D Y Y S8 ¥ T X X L R
- CDR3

333 342 351 360 369 378

CTC CAC TAC TAC TAC TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC

L H Y Y Y Y M D v W G K G T T Vv T v
CDR3 >




LB1-6-17"
259- 285
142-162 259

Fi g.

14a 91-105 148-198 295-351 Fig.

LD1/ 2-6-3

- 285

14b 64-96

142- 162

Fig. 15a 91-105 148-198 295-342 Fig. 15b 64-96
LD1/2-6-33 Fig. 16a 91-105 148-198 295-342 Fig.

16b 64-96 142-162 259-285
claim6 coding for pol ypeptides

structures wit \WE¥MB®| city for Rhesus D
with the Rhesus D-specific CODR 1, CDR 2

7.

capable'of form ng antigen binding

antigens which i peirhgsy

DNA sequences according to

——

i ons

15 CDR 3 segnents of palrs of

DNA sequences V[err] and V[err] with the sane

identification nunbers according to the fi
8. DNA sequences according to claim F
with the DNA sequences VH and VL with

5!

GTG

ATC

-

GGG

-

ATC

N

ATG

ACT

CCA

GTC

AGC

TTC

F

117
GGG

171

CDR3

27

ures given in claimbé.

Q' 4 ch include regions
t

LD1-6-17-VL sequence

18

CAG TCT CCA TCC TCC

Q S P S S
72

CGG GCA AGT CAG GGC

R A S Q G
126

AAA GCC CCT AAG CTC

K A P K L
180

TCA AGG TTC AGC GGC

5 R F S G
234

CTG CAG CCT GAA GAT

L Q P E D
289

TAC ACT TTT GGC CAG

Y T F G Q

e identification nunbers according
27 36 45 54
CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC
L 5 A s V 6 D R V T
81 90 99 108
ATT AGA AAT GAT TTA ACC TGG TAT CAG CAA
I R N D L T W Y @ ¢
CDR1 >
135 144 153 162
CTG ATC TAT GCT GCA TCC AAT TTA CAA AGT
L I Y A A S5 N L Q s
¢——————— CDR2 =
189 198 207 216
AGT GGA TCT GGC ACA GAT TTC ACT CTC ACC
s 6 s 6 T P F T L T
243 252 261 270
TTT GCA ACT TAT TAC TGT CTA CAA GAT AAC
F A T Y Y € L Q D N
297 306 315
GGG ACC AAG CTG GAG ATC AAA 3'
G T X L E I K



tosthe figures given in claimé6. 5 9. DNA sequences

according to claim®6, 7 or 8 coding for pol ypepti des capabl e of
form ng antigen binding Fab fragnents. 10. DNA sequences
according to claim6, 7 or 8 coding for pol ypepti des capabl e of N
form ng conpl ete anti-Rhesus D anti bodi es. 11. A process”
for preparing r W9smnt pol ypepti des capabl e of 10 f or pRgpsiizhgen
bi ndi ng structures, e.g. Fab fragnents, wadsspecificity for Rhesus
D antigens which process conprises the follow ng steps in sequenti al

order: a) boosting of an nd| Vi gla capabl e of formng

anti - Rhesus D anti bodi es 1 sus D positive red bl ood

‘cel | s, 15 b) isolating m)nonucl ear cells fromthe individual,

:.c) isblating total RNA fromthe nononucl ear cells, d) pr epari ng

‘a CDNA by usi ng an oligo(dT)priner and reverse transcribing

of the mRNA with M MLV r E) 3¢/ Pr-ager3 prdEe @é%@@ﬂmeg t he

CDNA repertoire by a polynerase chain reaction usi i mmunogl obul i n 20
gene famly specific prinmers, e) creating a phage display
l'ibrary by inserting the DNA coding for t ey 36 45 54

5' CAG GTG ARAA CTG CTC GAG TCT GGG GGA GGC GTG GTC CAG CCG GGG GGG TCC CTG

——— maman  Ghemeh mmlarae  Evarar AR A e MM A aram mreein SR er NG GRER e SRATAS AR me— e e e =

Q VvV K L L E 8 6 6 6 VvV Vv @ P €6 6 5 L

- 83 12 81 90 99 108

AGA GTC GCC TGT GTA GCG TCT GGA TTC ACC TTC AGG AAT TTT GGC ATG CAC TGG
R v A c v A S G F T £ R N F G M H w

———we CDRl ————p

117 126 135 144 153 162

GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCT TTT ATT TGG TTT GAT
v R Q A p G K G L E W v A F X W F D

— CDR2

GCA AGT AAT AAA. GGA TAT GGA GAC TCC GTT AAG GGC CGA TTC ACT GTC TCC AGA

- dmmem et sMam e e emes W mee  mmta Wh  emamen e e

A s N K G Y G D S v K G R F T A\ S R

CDR2 >
225 234 243 252 261 - 270

GAC AAT TCC AAG RAC ACG CTC TAT CT& CAA ATG AAC GGC CTG AGA GCC GAA GAC

¢ CDR3

AAC TAC TAC ATG GAC GTC TGG GGC AAG GGG ACC ACG GTC ACC GTC TCC TCA 3°

——— atam s eemmem  vmamas  em e e G - ——

N Y Y M D v W G K G T T v T v S s



heavy and T1ght chain of the Fab pol ypeptide into a phagem d vector

the DNA for the heavy chain is inserted in frame to the gene coding for

t he phage protein pill which allows the expression of a Fab pill fusion

- 25 protein on the surface of the phage, f) transform_ng
"bacterial cells with the obtained reconbi nant plasm ds, -
cul tivating OWVOON#88Y ansf orned bacterial cells and co-expr esgeppreisishe
heavy and the |ight chain of a Fab on fi3bgs#ent ous phage particles,

28 28 g) anplifying the Fab- carrying phage in bacteri a,

h) sel ecting individual phage cloneﬁ:by s%?géﬁ. rounds of panning on

. Rhesus D positive red blood cells |solat|ng the plasm d DNA
--fromthe selected clones and cutting out t he cplll gene,

~J) transform ng bacterial cells with the obtalned plasm d, cultivating of

t he
LD1/2-6-3-VL sequence

9 18 21 36 45 54
5' GTG ATG ACC CAG TCT CCA TCC TCC CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC




tvr ansf ormed bacterial cells expressing the Fab, and isolating the Fab
fragnents. 12. A process for selecting reconbi nant

pol ypepti des capabl e of 10 formng antigen binding structures with
specificity for Rhesus D antigens and in particular show ng -
reactivity with the Partial Rhesus DVI Variant and ~without any
evi dence of r¥RYM490y with red bl ood cells of Rnhesus negat i PET/EPI032S3
phenotypes in particular w thout reacti31f34 agai nst'the Rhesus alleles C,

c, E and e which process conprises the following steps in
sequential order: - 15 a) Perf‘?g‘n’ ng several negative
absorptions on the follow ng red g bl ood cells: phenotype 1
(r'r, Ccddee) treated wi th bronel ase, phenot ype 1 not
treated with bronel ase, phenotype 2 (ryry, CCddEE) treated
“with bronel ase and phenotype 2 not treated with br onel ase,
20 . b) perforni nd_.e[gg. 2+ —aB&rMI-bn&@qmen@cem ood cells with
or ‘Wi t hout bronel ase treatnent, c) determ ning
the titer of phage binding to DVI+ red bl ood ceIIs d

repeating ste&sé a%l b and c) Hhtil the 2Titer of %ﬁacgg bi nd‘!-‘h to DVIS4
red bl ood tel ¥ A5 2 a‘ii’}‘feEf" oR& L S56+ 7Py ST LT © cCs Goc GG Toe CTe

L L E s G G G v Vv Q P G G S L

. 63 72 81 90 "~ 93 108
AGA GT?C GCC TGT GTA GCG TCT GGA TTC ACC TTC AGG AAT TTT GGC ATG CAC TGG

R V A ¢C V A 8 66 F T F R N F 6 M H W
: ¢~ CDRl ————p

117 126 135 144 153 162
GTC CQC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCT TTT AIT TGG TTT GAT

—— e, ememem b am e Arem s Em et e e = mm e e -

v R © A P 66 K 6 L E W V A F I W F D
' _ é— CDR2 — —

171 180 189 198 207 216
GCA AGT AAT AAA GGA TAT GGA GAC TCC GTT AAG GGC CGA TTC ACC GTC TCC AGA

A s N XK 6 Y 6 b S 'V K 66 R F T V s R

ACG GCT GTA TAT TAT TGT GCG AGA GAG ARG GCG GTT CGG GGA ATT AGT AGA TAC

«— CDR3

AAC TAC TAC ATG GAC GTC TGG GGC AAG GGG ACC ACG GTC ACC GTC TCC TCA 3'

N Y ¥ M p ¥ W 66 K 66 T T :V T V § s



3. A process according to claim 12, wherein the recombinant
pol ypepti des capable of form ng antigen binding structures are Fab

fragnents. 14. Anti-Rhesus D anti bodi es havi ng heavy and
| i ght chain variable 30 regions conprising the Rhesus D-specific CDR 1,
CDR 2 and CDR 3 WD 97/ 49809 29 —~

PCT/ EP97/ 0325W0 97149809 sequences of pairs of am no acid sequeggpgpifiapdd VL
havi ng the sane or 32/34

Fig. 16b

1.D1/2-6-33-VL sequence

9 18 27 36 45 54
5' GTG ATG ACC CAG TCT CCA TCC TTC CTG TCT GCA TCT GTA GGA GAC AGA GTC ACC

\'2 M T Q S P S F L s A S v G D R v T

63 72 Bl 90 9¢ 108
ATC ACT TGC CGG GCA AGT CAG AGC ATT ATC AGA TAT TTA AAT TGG TAT CARG CAC

I T c R A S o S I I R Y L N w Y Q H
€ CDR1 —

117 126 135 144 153 162

AAA CCA GGG AAA GCC CCT AAG CTC CTG ATC CAT GCT GCA TCC AGT TTG CAA AGT

K P G K A P K L L I H A A S S L Q s
+—————— CDR2 >

171 180 189 198 207 216

GGG GTC CCG TCA AGG TTC AGT GGC AGT GTA TCT -GGG -ACA GAT TTC ACT CTC ACC




i fferent

I dentification nunbers according to the table bel ow

VH | denti - COR 1 CDR 2 CDR 3 CDR 1 CDR
2 CDR 3 fication Figure base pair base pair base pair

base base pair base pair No. No. No No.
pair No. No. No. LD1- 40 Fig. 1a 91-105 148-198 295-342-
Fig. 1b 64-9¥W097M8889162 259-288 LD1-52 Fig. 2a 9;&@”&% 198
295-342 Fig. 2b 64-96 142- 162 259-%@8 LD1- 84 Firg. 3a -105
148-198 295-342 Fig. 3b 64-96 1423%3% 259285 LD1-110 Fig. 4a
91-105 148-198 295-342 Fig. 4b 64-96 142-162 259-285 LDl -117
Fig. ba 91-105 148-198 295-345 Fig. b 64-96 142-162 259-288

LD2-1 Fig. 6a 91-105 '148-198Fﬁ§ﬂ51322 Fig. 6b 61-99 145- 165
262- 294 LD2-4 Fig. 7a 91-1 148-198 295-342 Fig. 7b 64-96
142-162 259-282 LD2-5 Fig. 8a 91-105 148-198 295-342 Fig. 8b
64- 96 142-162 259-288 LD2- 10 Fig. 9a 91-105 148-198 298-345
Fig. 9b 61-102emd 48- 168, 265- LD2- 11 « Fig. al0a ,91-105 148-198
2ot 322 g 1dle PGOMDI.Expression’ System. o1 105
148- 198 295-342 Fig. 11b 64-96 142-162 259-285 LD2- 17 Fig. 12a

91-105 148-198 295-342 Fig. 12b 64-96 142-162 259-285
13b 64-96

Fig. 13a 91-105 148-198 295-342 Fig
LD1-6- 17

259- 285
142- 162

16b 64-96 1418

LD2- 20
142- 162 259-285

Fig. 14a 91-105 148 BF: 64- 96 142- 162
LD1/ 2-6-3 Fi g. 42 Fig. 15b 64-96
259- 1/ 2- OS5  148-198 295-342 Fig.




L57 Anti-Rhesus D anti bodi es having heavy and |ight chain variable

regi ons conprising the Rhesus D-specific COR 1, CDR 2 and CDR 3 5
sequences of pairs of am no acid sequences VH and VL having the sane

i dentification nunbers as indicated in the table of claim 14. -
16. Anti-Rhesus D antibodies according to claim 14 or 15 which I ncl ade
pai rs of am nWQEH48809equences VH and VL having the identifi cacrmrornozss
nunbers according to the figures, as indicated in the table of claim14.

10 17. Anti-Rhesus D antibod®¥3%according to clainms 14, 15, or
16 wherein the i munogl obulin constant regions are of at |east one of
t he defined isotypes IgGl, 1g&, 1g&3 or |gHA.
Sall BStEll Miul Hind I
VH PCR-Product VL PCR-Product

Bgl 1469

5160,8g1
Amp

- Bluescript VL-cass
5264 bps

H 151

Bluescript VH-cass
5964 bps

3055,Sac v/
. | 3044 Bst XV
1 3037Nor Vjf
3031,Xba |
3025,Spe |

V6L

L

Mlu 1,2600
2900,Hind I

EcoRl, 1

Amp

7550,Nor
Vectorss 't

9600 bps
_ dhfr

HCenh

9300,Hind I

Xba 1,3500
6200,Xho |

FIG. 18 " FIG.19



ot
1

MD 97/49809

PCT/ EP9j 18.. A-pr-ocess f.or preparl n
Qonpl etH'mrmﬂHm ulmmuntl bodi es | according to one of the clains 14 190
17, conmpri st ng I-'m sequential order the’ eps of ' a) anplifying
separately the nenbers of ‘a pair of a heavy chain V gene 5 - segnment
~and a light chain V gene segnent containing Rhesus D- specific
CDR 1, CDR.2 and CDR 3 mgtlgaeanqammelper@tamordmﬂ@ﬂwe figures given in claim Qﬁa and
1b -16b, respectively, from an anti - Rhesus D- Fab-encodi ng

pl asm d by carrying out nmerase chain reaction

pri'mers, 10 b) prepaBil 8‘ ces aceordingto-dain Gé’rtf‘ﬁﬁ'PQt‘%ﬂH&? fegiAes us
D | NYAtAQEE TINIA isBqtieteas Ehana Ve withetheddehtification tiunftiers wecbiding

I mmunogl obul i n t%ﬂ‘f% cha| n.in .suitable plasmds containing the

I rmunogl obul i n e(SH d’é?‘lg‘ ‘egnents coding for either one

of the human [err]1, [err]2 [err]3 and [err]4 heavy chains and for the

human [err] gr [err] g pNA sequences according to claim 6, 7 or 8 coding for
polypeptides capable of forming antigen binding Fab fragments.

10. DNA sequences according to c_laiml_e, 7 or 8 coding for
polypeptides capable of forming complete anti-Rhesus D antibodies.

11. A process for preparing recomblnant polypeptides capable of
- 10 forming antigen bmdmg structures, e.g. Fab fragments with specificity for -
Rhesus D antlge__ns which process comprises the following steps in sequentlal
order: | |

a) boosti'ng-of an individual capable of forming anti-Rhesus D antibodies
with Rhesus D positive red blood cells,

15, ,b) isolating mononuclear cells from the individual,
c) isolating total RNA from the mononuclear célls,

d) preparing;a cDNA by using an oligo(dT)primer and reverse transcribing
, of the mRNA with M-MuLV reverse trahscrijp_tase and amplifying the
T ' cDNA repertoire by a pqumerése chain reéc_tion using immunoglobulin
20 gene family specific primers, :

. . @) creating ai;phage display library by insert'ing:_the DNA coding for the
~ heavy and light chain of the Fab polypeptide intc a phagemid vector;
the DNA for the heavy chain is inserted in frame to the gene coding for
the phagé protein pilll which allows the éxpiﬁéssion of a Fab plii fusion
25 protein on the surface of the phage,. .

f) transforming bacterial cells with the obtai:n'é'cﬁ;' recombinant plasmids,
cultivating of the transformed bacterial cells'and co-expression of the

heavy and the light chain of a Fab on fi Iaméntous phage particles,




15 I |Im ' transformng the -obtained plasnids separately in

sui t abl e ”’lw’ﬂ,ﬂﬁaﬂgﬂ , and c) cotransfecting the.obtained

pl asmids intb sul bl karyotic host cells, cultivating of the
cells, separating the non-transforned cells, Eéoni ng of _ t he

cultures, selecting the best producing clone, “Using it as a 20
production culture and isolating the conplete antibodies fromthe

supernatant of t hegramplifyifld tecFab-carrying phage in batfétia, A Phar maceut i cal
conposition corrpri%ipngbawgeast one ™ %’m gp_ept [ 8e' atcording to the

definition of cl aim) deleétimy inaimmtphbga%lom;ﬁsé(veral rounBB;%?bénRr@'Bﬂ body

according to one of clains..14 tq .17 for the prophylaxis 25 0

“haenol ytic di sease o?n-gﬂ‘éé ﬁe%gfvﬁ,refjg?lowlgeﬂ%eat ment of idiopat hi)lc ' ood.
t hr onbocyt openi ¢ pyr; PN hAIS 0 us_inconpati.bl e 00d.
20. A di agnostic c: rr'%grsa?ip ggﬂeﬂ oa'}h&ﬁ@qgfg?ﬂﬁwgﬁ %ﬂ%ﬁ?gﬁ%@n@%ﬁmg ou?the
fragnents acéordi ng ¢Rll@eaem 4 or anti-Rhesus D anti “bOdI es according to one

f the clai 14 to 17. . . . _
© € clraims js) transforming bacterial cells with the obtained plasmid, cultivating of the

transformed bacterial cells_exbressing the Fab, and isolating the Fab
fragments. |

12. A process for selecting recombinant polypeptides capable of
10 forming antigen binding structures with specificity for Rhesus D antigens and
in particular showing reactivity with the Partial Rhesus DVI Variant and
without any evidence of reactivity with red blood celis of Rhesus negative -
phenotypes.in particular without reactivity against the Rhesus alleles C, ¢, E,
and e which process comprises the following steps in sequential order:

15 a) performing several negative absorptions on the following red
blood cells: phenotype 1 (r'r, Ccddee) treated with bromelase;
=7 . phenotype 1 not treated with bromelase, phenotype 2 (ryry,
' CCJdEE) treated with bromelase and phenotype 2 not treated with
bromelase, | : '

20 - b) performing a positive absofpticn on DVI+ red blood cells with or
without bromelase treatment, o

c) deteimining the titer of pha_g_e binding to DVI+ red blood cells

d) repeating steps a), b) and c) until the titer of phage binding to DVI+
red biood cells has reached a satisfactory level.
25 |

13, A process according to claim 12, v{hefein the recombinant
polypeptides capable of'f_orming, antigen binding structures are Fab
fragments.

~ 14. Anti-Rhesus D antibodies having heavy and light chain variable
30 regions comprising the Rhesus D-specific COR 1, CDR 2 and CDR 3
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