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Prot. A Ig1 g2 lg3  Tot.Ser lg1 lg2 Ig3  Tot.Ser
Control T. evansi infected Healthy
Counts/oul 65 1258 1214 2700 2978 147 157 160 107

FIG. 3A
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DNO% DRO1006 ~ G--mmmmmmmmmmmmmmmmemmmomemmm o TCGAG---TCTOOGGAGG
SODKO® DR27006 ~ C----- === m=mmm = fmmmmmm oo TCGAG---TCT66GG6AGE
SODICY DRO3006  C------- AGGTGA---=------- AACTGCTCGAG---TCTGGAGGAGE
SEODIO® DR11006  C-mmm-mmmmmmmmmmm oo oo oas TCGAG---TCTGEGEGAGE
SEODNG% DR24OO6  C------- AGGTGA---—---=-- AACTGCTCGAG---TCTGEGEGAGE
SEODIOY DRIGO0S  C----mmmmmmmm oo mmmmmm oo Senl TC6AG---TCTGGAGGAGG
SODIO® DRIGO06  C--m-mmmmmmmmmmmmm oo e TCGAG---TCTGGAGGAGG
SEODKO® DRO7006  C-----mm - mmmmmmmmmmmmmmmm e TCGAG---TCTGGGEGAGG
SN MDRIB006  Cmm------mmmmmmmmmmmmmmmmm e TCGAG---TCTEGGEGAGG
SEODNQ I DR20006 G- mmmmmm oo mmmmm oo TCGAG---TCAGGGGGAGG
SN DR25006  C=-=-mmmmmmmmmmmmmmmm oo m e TCGAG---TCTGGG6GAGE
DA BDR2D006 ~ C--m--mmm - mmmmmmmmmmmmmmm e TCGAG---TCTGGAGGAGG
SEODNYMDR21006  C-mmmmmmmmmmmmmmmm oo mcmm e TCGAG---TCTG6666AGG
SO0 15DROIO06  C-----—- AGGTGA-----------AACTGCTCGAG---TCTGGGGGAGE
SN BDRIZ006  C---mmmmcmmmmmmmmommmmmoenlonl TCGAG---TCTGEGEEAGE
SN ITDRI3006  C==--mm=mmmmmmmmmm oo ommmmmmeee TCGAG---TCAGGGEGAGG
SE0DN (BDRO2006  CTCGAGTCAGGTGTCCGGTCTGATGTGCAGCTEGTG6CGTCTE666GAGE

DRO1006  ATCGGTGCAGGCTGGAGGGTCTCTGAGACTCTC--GT6CG-CAGCCTCTG

DR27006  CTCGGTGCAGGCTGGAGGETCTCTGAGACTCTCCTGTGCATCTTCTTCTA

DRO3006  CTCGGIGCAGACTGGAGGATCTCTGAGACTCTCCTGTGCAGT--C-TCTG

DR11006  GTCGETGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTAATGT--C-TCTG

DR24006  GTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTAATGT--C-TCTG
DR16006  CTCGGCGCAGGCTGGAGGATCTCTGAGACTCTCCTGTGCAGC--CCACGG
DR13006  CTCGGTTCAGGCTGGAGGGTCCCTTAGACTCTCCTGTGCAGC--C-TCTG
DRO7006  CTCGGTGCAGGGTGGAGGGTCTCTGAGACTCTCCTGTGCAA---TCTCTG
DR16006  CTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAG---GCTCTG
DR20006  CTCGGTACAGGTTGGAGGGTCTCTGAGACTCTCCTGTGTAG--~CCTCTA -
DR25006  CTCGGTACAAACTGGAGGGTCTCTGAGACTCTCTTGCG---AAATCTCTG
DR20006  CTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTG---TAGCCTCTG

DR21006  CTCGGTGCAGGTTGGAGGGTCTCTGAAACTCTCCTGTAAAAT---CTCTG
DRO3006  CTCGGTGCAGGCTGGGGGGTCTCTGACACTCTCTTGTG---TATACAC-~
DR17006  CTCGGTCCAACCTGGAGGATCTCTGACACTCTCCTGTACAGTT-~-TCTG
DR13006  CTCGGTGGAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAG---CCTCTG
DRO2006  CTCGGTGCAGGCTGGAGGCTCTCTGAGACTCTCCTGTACAG---CCTCTG
DRO1006  GA--TACAGTAATT---GTCCCCTCACTTG-GAGCTGGTATCGCCAGTTT
DR27006  AA--TATATGCCTT---GCACCTACGACAT-GACCTGGTACCGCCAGGCT -
DRO3006  GA--TTCTCCTTTA---GTACCAGTTGTAT-GGCCTGGTTCCGCCAGGCT
DR11006  GC--TCTCCCAGTA---GTACTTATTGCCT-GGGCTGGTTCCGCCAGGCT
DR24006  GC--TCTCCCAGTA---GTACTTATTGCCT-GGGCTGGTTCCGCCAGGET
DR16006  GA--TTCCGC-TCA---ATGGTTACTACAT-CGCCTGGTTCCGTCAGGCT
DR19006  AC--TACACCATCA---CTGATTATTGCAT-GGCCTGGTTCCGCCAGGCT
DRO7006  GA--TACACGTACG---GTAGCTTCTGTAT-GGGCTGGTTCCGCGAGGGT
DR16006  GA--TTCCCCTATA---GTACCTTCTGTCT-GGGGTGGTTCCGCCAGGCT
DR20006  CT--CACACCGACA---GTAGCACCTGTAT-AGGCTGGTTCCGCCAGGCT
DR25006  GA--TTGACTTTTG---ATGATTCTGACGT-GGGGTGETACCGCCAGGCT
DR20006  GA-- ATTTCG---AAACTTCTCGTAT-GGCGTGGTACCGCCAGACT
DR21006  GAGGTACCCCAGATCGTGTTCCTAAATCTTIGGCCTGGTTCCGCCAGGCT
DRO9006  ---=-- CAACGATACTGGGACCA----=-= TGGGATGGTTTCGCCAGGCT
DR17006 —-GGGCCACCTACA---GTGACTACAGTATTGGA TGGATCCGCCAGGCT
DR12006  G--------=- ATACGTAT-CCT--~-CTATGGCCTGGTTCCGCCAGGTT
DR02006 GAGA----CAGTTTCAGTAGATT--TGCCATGTCTTGGTTCCGCCAGGCT

FIG. 7A
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DRO1006  CCAGGAACGGAGCGCGAGTTCGTCTCCAGTATGGATCCGGATGGAAATAC
DR27006  CCAGGCAAGGAGCGCGAATTTGTCTCAAGTATAAATATTGATGGTAAGAC
DRO3006  TCAGGAAAGCAGCGTGAGGGGGTCGCAGCCATTAATAGTGGCGGTGGTAG
DR11006  CCAGGGAGGGAGCGTGAGGGGGTCACAGCGATTAA------ CACTGATGG
DR24006  CCAGGGAAGGAGCGTGAGGGGGTCACAGCGATTAA---~-- CACTGATGG
DR16006  CCTGGGAAGGGGCGTGAGGGGGTCGCAACAATTAATGGTGGTCG=~-~--
DR19006  CCAGGGAAGGAGCGTGAATTGGTCGCAGCGATTCAAGTTGTCCGTAGTGA
DRO7006  CCAGGCAAGGAACGTGAGGGGATCGCAACTATTCTTAATGGTGGTACTAA
DR16006  CCAGGGAAGGAGCGTGAGGGGGTCGCGGGTATTAATAGTGCAGGAGGTAA
DR20006  CCAGGGAAGGAGCGCGAGGGGGTCGCAAGTATATATTTTGGTGATGGTGG
DR25006  CCAGGGCATGAGTGCAAATTGGTCTCAGGTATTCTGAGTGATGGTACT-C
DR20006  CCAGGAAATGTGTGTGAGTTGGTCTCAAGTATTTACAGTGATGG--~=---
DR21006  CCAGAGAAGGAGCGCGAGGGGATCGCAGTTCTITCGACTAAGGATGGTAA
DROJ006  CCAGGGAAAGAGTGCGAAAGGGTCGCGCATATTACGCCTGATGGTATGA-
DR17006  CCAGGGAAGGACCGTGAAGTAGTCGCAGCCGCTAATACTGGTG-~-—---
DR13006  CCAGGGCAGGAGCGCGAGGGGRTCGCGTTTGTTCAAACGG-~--------
DRO2006  CCAGGGAAGGAGTGCGAATTGGTCTCAAGCATTCAAAGTAATGGAAGGAC
DRO1006  CAAGTACA---------ecceu-- CATACTCCGTGAAGGGCCGCTTCACC
DR27006  AACATACG-----=-=~=-=---- CAGACTCCGTGAAGGGCCGATTCACC
DRO3006  GACATACTA- CAACACATATGTCGCCGAGTCCGTGAAGGGCCGATTCGCC
DR11006  CAGTATCAT-ATACGCA------ GCCGACTCCGTGAAGGGCCGATTCACC
DR24006  CAGTGTCAT-ATACGCA------ GCCGACTCCGTGAAGGGCCGATTCACC
DR16006  ------ CGA-CGTCACATACTACGCCGACTCCGTGACGGGCCGATTTACC
DR19006  TACT--CGC-C-TCACAGACTACGCCGACTCCGTGAAGGGACGATTCACC
DRO7006  -----===---eo CACATACTATGCCGACTCGGTGAAGGGCCGATTCACC
DR16006  ------eeeee- TACTTACTATGCCGACGCCGTGAAGGGCCGATTCACC
DR20006  ======--e-o—o TACGAATTATCGCGACTCCGTGAAGGGCCGATTCACC
DR25006  CATATACAAAGAGTGGAGACTATGCTGAGTCTGTGAGGGGCCGGGTTACC
DR20006  CA-AAACATACTACGTCGACC--GCA--=~-~- TGAAGGGCCGATTCACC
DR21006  GA---=-=-=----- CATTCTATGCCGACTCCGTGAAGGGCCGATTCACC
DRO90O6  —-=-m-omooom - CCTTCATTGATGAACCCGTGAAGGGGCGATTCACG
DR17006  -==---CGACTAGTAAATTCTACGTCGACTTTGTGAAGGGCCGATTCACC
DR13006  --CTGACAAT-AGTGCATTATATGGCGACTCCGTGAAGGGCCGATTCACC
DR0O2006  AACTGA--------~---amu- 6GCCGATTCCGTGCAAGGCCGATTCACC
DRO1006  ATGTCCCGAGGCAGCACCGAGTACACAGTATTTCTGCAAATGGACAATCT
DR27006  ATCTCCCAAGACAGCGCCAAGAACACGGTGTATCTGCAGATGAACAGCCT
DRO3006  ATCTCCCAAGACAACGCCAAGACCACGGTATATCTTGATATGAACAACCT
DR11006  ATCTCCCAAGACACCGCCAAGGAAACGGTACATCTCCAGATGAACAACCT
DR24006 ATCTCCCAAGACACCGCCAAGAAAACGGTATATCTCCAGATGAACAACCT
DR16006  ATCTCCCGAGACAGCCCCAAGAATACGGTGTATCTGCAGATGAACAGCCT
DR19006 ATCTCCCAAGGCAACACCAAGAACACAGTGAATCTGCAAATGAACAGCCT
DRO7006  ATCTCCCAAGACAGCACGTTGAAGACGATGTATCTGCTAATGAACAACCT
DR16006  ATCTCCCAAGGGAATGCCAAGAATACGGTGTTTCTGCAAATGGATAACTT
DR20006  ATCTCCCAACTCAACGCCCAGAACACAGTGTATCTGCAAATGAACAGCCT
DR25006  ATCTCCAGAGACAACGCCAAGAACATGATATACCTTCAAATGAACGACCT
DR20006  ATTTCTAGAGAGAATGCCAAGAATACATTGTATCTACAACTGAGCGGCCT
DR21006  ATCTTCTTAGATAATGACAAGACCACTTTCTCCTTACAACTTGATCGACT
- DR0O9006  ATCTCCCGAGACAACGCCCAGAAAACGTTGTCTTTGCGAATGAATAGTCT
DR17006  ATTTCCCAAGACAACGCCAAGAATACGGTATATCTGCAAATGAGCTTCCT
DR13006  ATCTCCCACGACAACGCCAAGAACACGCTGTATCTGCAAATGCGCAACCT
DRO2006  ATCTCCCGAGACAATTCCAGGAACACAGTGTATCTGCAAATGAACAGCCT
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GAAACCTGAGGACACGGCGATGTATTACTGTAAAAC-A---GCCCTAC--
GAAACCTGAGGACACGGCGATGTATTACTGTAAAAT -A---GA-~TTC~-
ARCCCCTGAAGACACGGCTACGTATTACTGT6C66C6G---TCCCAGCCE
GCAACCTGAGGATACGGCCACCTATTACTGCGCGGCAA---GACTGACEG
GCAACCTGAGGATACGGCCACCTATTACTGCGCGGCAA---GACTGACGE
GAAACCTGAGGACACGGCCATCTACTTCTGTGEAGCAG-~-G---—- CTC
GACACCTGAGGACACGGCCATCTACAGTTGTGCGGCAA---C-~-=— CAG
GAAACCTGAAGACACGGGCACCTATTACTGTGCTG-CA---GAACTAAGT
GAAACCTGAGGACACGGCCATCTATTACTGCGCGG-CG-~-GATAGTCCA
GAAACCTGAGGACAGCGCCATGTACTACTGTGCAATCA--~CTGAAATTG
GAAACCTGAGGACACGGCCATGTATTACTGCGCGGTAGATGGTTGGACCC
CAAACCTGAGGACACGGCCATGTATTACTGTGCG

GAACCCGGAGGACACTGCCGACTACTACTGCGCTGCAAATCAATTAGC--
GAGGCLCTGAGGACACGGCCGTGTATTACTGTGCGGCAGATTG
GAAACCTGAGGACACGGCCATCTATTACTGTGCG6GCAG-~-—- CGGACCC
GCAACCTGACGACACTGGCGTGTACTACTGTGCGGCC-~-—--—=-= CAA
GAAACCCGAGGACACGGCCGTGTATTACTGTGG6GCAGT-—-=---—-=-

------------------------ A-AC--CTGGGGGTTATTGTGGGTA-
------------------------ 6TAC--CCOTGCCATCTCCTTGATG-
ACTTGGOACCT - ===~ 66C6-CCATT=----- CTTGATTTG
AGATGGGGGCTTGTGATGCGAGATGGGCGACCTTAGC--GACAAGGAC-6
AGATGGGGG6CTTGTGATGCGAGATGGGCEACCTTAGC--GACAAGBAC-6
GCGTTTTT-CTAGTCCT6TTGEGAGCACTTC-TAGAC--~TCGAARGTAG
TAGTTTTTACTGGTACT-=-~—-- GCAC------=- C--~ACG---—--
GOIGGTAGTTGTGAATTGC-~-CTTT6C -~~~ TATTTGACTA--=---
TGTTACATGCCGACTATGC---CCGLTCCCCCOATACGAGACAGTTTTGG
AGTGGTATGGGTGCAATTT---AAGGACTACTTTTACT---C
GGAAGGAAG--GGGGAATCGGG] TAC----CCTGETCGETCCAATGTGAA
GGTTGAA TATC----CTATTGCAGAC--ATGTGTT
~--TGGTGGCTGGTATT--=- -~ JG6ACCCOAA TTACTGG-CTCTCTOTG

~--GAAATACTGGA-~--CTTGTGGTGC~-CCAGA-CTG
AAGTATATATTATAGTATC~-~~----CTCCNNAT-=—=———==mmee ol

CCNNA
AAGAAGGATCGTA-----CTAGATGG6C =~~~ CGAGCCT~=---—-
--------------------------- CTCCCTAA--TGGACCGAATTTC

-~TGGGTANTGCCTCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCACT

T TGGGGCCAGGGGACCCAGGTCACCGTCTCCTCACT
AAAAAGTATAAGTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCACT
TTTGCGTATAACTACTGGGGCCGGGGGACCCAGGTCACCGTCTCCTCACT
TTTGCGTATAACTACTGGGGCCGGG6GACCCAGGTCACCGTCTCCTCACT
COA-CT-ATAACTATTGGGGCCAGGGGATCCAGGTCACCGTCACCTCACT
COC-CTTATAACGTCTGEGGTCAGGGGACCCAGGTCACCGTCTCCTCACT
CT6GG GCCAGGGCACCCAGGTCACCGTCTCCTCACT
E¥EGGATGATTTT ----- GGCCAGGGGACCCAGGTCACCGTCTCCTCACT

- . - ——— - -

GG-= oo e GCCAGGGGACCCAGGTCACCGTCTCCTCACT
GATGGTTATAACTATTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAC-
COAGAT----ACG---GCGACCCGEGGACCCAGGTCACCGTCTCCTCAC-
GGTGCATATGCCATCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAC-
GATACTTCGGACAG-TGGGGTCAGGGGGCCCAGGTCACCGTCTCCTCACT
--TGAGTATAAGTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA--
CGAGAATGGAACAACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA--
CCAACATGGG6--TGCCGGGGCCAGGGAACCCAGGTCACCGTCTCCT----

US 2006/0121026 A1
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DRO1006  AG----TTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR27006  AG-=--TTACCCGTACGAGCTTCCGGACTACGGTTCTTAATAGAATTC
DRO3006  AGCTAGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR11006  AG----TTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR24006  AGCTAGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR16006  ----AGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR19006  ----AGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DRO7006  ----AGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR16006  ----AGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR20006  ----AGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR25006  ---TAGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DR20006  ---TAGTTACCCGTACGACGAACCGGACTACGGTTCTTAATAGAATTC
DR21006  ---TAGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
nggggg AGCTAGTTACCCGTACGACGTTCCGGACTACGGTTCTTAATAGAATTC
DRI3006 === oo oo o
DRO2006 == === o oo oo o e L TA
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IMMUNOGLOBULINS DEVOID OF LIGHT
CHAINS

[0001] The invention relates to new isolated immunoglo-
bulins which are devoid of light polypeptide chains. These
immunoglobulins do not consist in the degradation products
of immunoglobulins composed of both heavy polypeptide
and light polypeptide chains but to the contrary, the inven-
tion defines a new member of the family of the immuno-
globulins, especially a new type of molecules capable of
being involved in the immune recognition. Such immuno-
globulins can be used for several purposes, especially for
diagnosis or therapeutical purposes including protection
against pathological agents or regulation of the expression or
activity of proteins.

[0002] Up to now the structure proposed for immunoglo-
bulins consists of a four-chain model referring to the pres-
ence of two identical light polypeptide chains (light chains)
and two identical heavy polypeptide chains (heavy chains)
linked together by disulfide bonds to form a y- or T-shaped
macromolecules. These chains are composed of a constant
region and a variable region, the constant region being
subdivided in several domains. The two heavy polypeptide
chains are usually linked by disulphide bounds in a so-called
“hinge region” situated between the first and second
domains of the constant region.

[0003] Among the proteins forming the class of the immu-
noglobulins, most of them are antibodies and accordingly
present an antigen binding site or several antigen binding
sites.

[0004] According to the four-chain model, the antigen
binding site of an antibody is located in the variable domains
of each of the heavy and light chains, and requires the
association of the heavy and the light chains variable
domains.

[0005] For the definition of these four-chain model immu-
noglobulins, reference is made to Roitt. I et al (Immunology-
second-Edition Gower Medical Publishing USA, 1989).
Reference is especially made to the part concerning the
definition of the four-chain immunoglobulins, their polypep-
tidic and genetic structures, the definition of their variable
and constant regions and the obtention of the fragments
produced by enzymatic degradation according to well
known techniques.

[0006] The inventors have surprisingly established that
different molecules can be isolated from animals which
naturally produce them, which molecules have functional
properties of immunoglobulins these functions being in
some cases related to structural elements which are distinct
from those involved in the function of four-chain immuno-
globulins due for instance to the absence of light chains.

[0007] The invention relates to two-chain model immu-
noglobulins which neither correspond to fragments obtained
for instance by the degradation in particular the enzymatic
degradation of a natural four-chain model immunoglobulin,
nor correspond to the expression in host cells, of DNA
coding for the constant or the variable region of a natural
four-chain model immunoglobulin or a part of these regions,
nor correspond to antibodies produced in lymphopaties for
example in mice, rats or human.

[0008] E.S. Ward et al (1) have described some experi-
ments performed on variable domains of heavy polypeptide
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chains (Vy;) or/and light polypeptide chains (V/Fs,) to test
the ability of these variable domains, to bind specific anti-
gens. For this purpose, a library of Vy; genes was prepared
from the spleen genomic DNA of mice previously immu-
nized with these specific antigens.

[0009] Ward et al have described in their publication that
Vg domains are relatively sticky, presumably due to the
exposed hydrophobic surface normally capped by the V. or
V, domains. They consequently envisage that it should be
possible to design V; domains having improved properties
and further that V;; domains with binding activities could-
serve as the building blocks for making variable fragments
(Fv fragments) or complete antibodies.

[0010] The invention does not start from the idea that the
different fragments (light and heavy chains) and the different
domains of these fragments of four-chain model immuno-
globulin can be modified to define new or improved antigen
binding sites or a four-chain model immunoglobulin.

[0011] The inventors have determined that immunoglobu-
lins can have a different structure than the known four-chain
model and that such different immunoglobulins offer new
means for the preparation of diagnosis reagents, therapeu-
tical agents or any other reagent for use in research or
industrial purposes.

[0012] Thus the invention provides new immunoglobulins
which are capable of showing functional properties of
four-chain model immunoglobulins although their structure
appears to be more appropriate in many circumstances for
their use, their preparation and in some cases for their
modification. Moreover these molecules can be considered
as lead structures for the modification of other immunoglo-
bulins. The advantages which are provided by these immu-
noglobulins comprise the possibility to prepare them with an
increased facility.

[0013] The invention accordingly relates to immunoglo-
bulins characterized in that they comprise two heavy
polypeptide chains sufficient for the formation of a complete
antigen binding site or several antigen binding sites, these
immunoglobulins being further devoid of light polypeptide
chains. In a particular embodiment of the invention, these
immunoglobulins are further characterized by the fact that
they are the product of the expression in a prokaryotic or in
a eukaryotic host cell, of a DNA or of a cDNA having the
sequence of an immunoglobulin devoid of light chains as
obtainable from lymphocytes or other cells of Camelids.

[0014] The immunoglobulins of the invention can be
obtained for example from the sequences which are
described in FIG. 7.

[0015] The immunoglobulins of the invention, which are
devoid of light chains are such that the variable domains of
their heavy chains have properties differing from those of'the
four-chain immunoglobulin V4. The variable domain of a
heavy-chain immunoglobulin of the invention has no normal
interaction sites with the V; or with the C;1 domain which
do not exist in the heavy chain immunoglobulins it is hence
a novel fragment in many of its properties such as solubility
and position of the binding site. For clarity reasons we will
call it Vg in this text to distinguish it from the classical V4
of four-chain immunoglobulins.

[0016] By “a complete antigen binding site” it is meant
according to the invention, a site which will alone allow the
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recognition and complete binding of an antigen. This could
be verified by any known method regarding the testing of the
binding affinity.

[0017] These immunoglobulins which can be prepared by
the technique of recombinant DNA, or isolated from ani-
mals, will be sometimes called “heavy-chain immunoglo-
bulins” in the following pages. In a preferred embodiment of
the invention, these immunoglobulins are in a pure form.

[0018] In a first embodiment, the immunoglobulins of the
invention are obtainable in prokaryotic cells, especially in E.
coli cells by a process comprising the steps of:

[0019] a) cloning in a Bluecript vector of a DNA or cDNA
sequence coding for the V3; domain of an immunoglo-
bulin devoid of light chain obtainable for instance from
lymphocytes of Camelids,

[0020] b) recovering the cloned fragment after amplifica-
tion using a 5' primer containing an Xho site and a 3'
primer containing the Spe site having the following
sequence TC TTAACT AGT GAG GAG ACG GTGACC
TG,

[0021] c¢) cloning the recovered fragment in phase in the
immuno PBS vector after digestion of the vector with Xho
and Spe restriction enzymes,

[0022] d) transforming host cells, especially E. coli by
transfection with the recombinant immuno PBS vector of
step ¢,

[0023] e) recovering the expression product of the Vi,
coding sequence, for instance by using antibodies raised
against the dromadary Vi;;; domain.

[0024] In another embodiment the immunoglobulins are
hetero-specific immunoglobulins obtainable by a process
comprising the steps of:

[0025] obtaining a first DNA or cDNA sequence coding
for a Vg domain or part thereof having a determined
specificity against a given antigen and comprised
between Xho and Spe sites,

[0026] obtaining a second DNA or cDNA sequence
coding for a Vy; domain or part thereof, having a
determined specificity different from the specificity of
the first DNA or ¢cDNA sequence and comprised
between the Spe and EcoRI sites,

[0027] digesting an immuno PBS vector with EcoRI
and Xhol restriction enzymes,

[0028] ligating the obtained DNA or ¢cDNA sequences
coding for Vy domains, so that the DNA or cDNA
sequences are serially cloned in the vector,

[0029] transforming a host cell, especially E. coli cell
by transfection, and recovering the obtained immuno-
globulins.

[0030] In another embodiment, the immunoglobulins are
obtainable by a process comprising the steps of:

[0031] obtaining a DNA or cDNA sequence coding for
a Vg domain or part thereof, having a determined
specific antigen binding site,

[0032] amplifying the obtained DNA or cDNA, using a
5' primer containing an initiation codon and a HindIII
site, and a 3' primer containing a termination codon
having a Xhol site,
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[0033] recombining the amplified DNA or ¢cDNA into
the HindIII (position 2650) and Xhol (position 4067)
sites of a plasmid pMM984,

[0034] transfecting permissive cells especially NB-E
cells with the recombinant plasmid,

[0035] recovering the obtained products.

[0036] Successful expression can be verified with antibod-
ies directed against a region of a Vy;;; domain, especially by
an ELISA assay.

[0037] According to another particular embodiment of this
process, the immunoglobulins are cloned in a parvovirus.

[0038] In another example these immunoglobulins are
obtainable by a process comprising the further cloning of a
second DNA or cDNA sequence having another determined
antigen binding site, in the pMM984 plasmid.

[0039] Such an Immunoglobulin can be further character-
ized in that it is obtainable by a process wherein the vector
is Yep 52 and the transformed recombinant cell is a yeast
especially S. cerevisiae.

[0040] A particular Immunoglobulin is characterized in
that it has a catalytic activity, especially in that it is directed
against an antigen mimicking an activiated state of a given
substrate. These catalytic antibodies can be modified at the
level of their biding site, by random or directed mutagenesis
in order to increase oe modify their catalytic function.
Reference may be made to the publication of Lerner et al
(TIBS November 1987. 427-430) for the general technique
for the preparation of such catalytic immunoglobulins.

[0041] According to a preferred embodiment, the immu-
noglobulins of the invention are characterized in that their
variable regions contain in position 45, an amino-acid which
is different from leucine, proline or glutamine residue.

[0042] Moreover the heavy-chain immunoglobulins are
not products characteristic of lymphocytes of animals nor
from lymphocytes of a human patient suffering from lym-
phopathies. Such immunoglobulins produced in lymphop-
athies are monoclonal in origin and result from pathogenic
mutations at the genomic level. They have apparently no
antigen binding site.

[0043] The two heavy polypeptide chains of these immu-
noglobulins can be linked by a hinge region according to the
definition of Roitt et al.

[0044] Ina particular embodiment of the invention, immu-
noglobulins corresponding to the above-defined molecules
are capable of acting as antibodies.

[0045] The antigen binding site(s) of the immunoglobulins
of the invention are located in the variable region of the
heavy chain.

[0046] In a particular group of these immunoglobulins
each heavy polypeptide chain contains one antigen binding
site on its variable region, and these sites correspond to the
same amino-acid sequence.

[0047] Ina further embodiment of the invention the immu-
noglobulins are characterized in that their heavy polypeptide
chains contain a variable region (V) and a constant region
(Cy) according to the definition of Roitt et al, but are devoid
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of'the first domain of their constant region. This first domain
of the constant region is called Cyl.

[0048] These immunoglobulins having no Ci1 domain are
such that the variable region of their chains is directly linked
to the hinge region at the C-terminal part of the variable
region.

[0049] The immunoglobulins of the type described here-
above can comprise type G immunoglobulins and especially
immunoglobulins which are defined as immunoglobulins of
class 2 (IgG2) or immunoglobulins of class 3 (IgG3).

[0050] The absence of the light chain, and of the first
constant domain lead to a modification of the nomenclature
of the immunoglobulin fragments obtained by enzymatic
digestion, according to Roitt et al.

[0051] The terms Fc and pFc on the one hand, Fc' and pFc'
on the other hand corresponding respectively to the papain
and pepsin digestion fragments are maintained.

[0052] The terms Fab F(ab), F(ab'), Fabc, Fd and Fv are
no longer applicable in their original sense as these frag-
ments have either a light chain, the variable part of the light
chain or the Cy;1 domain.

[0053] The fragments obtained by papain digestion and
composed of the V;;; domain and the hinge region will be
called FVh or F(Vgh), depending upon whether or not
they remain linked by the disulphide bonds.

[0054] In another embodiment of the invention, immuno-
globulins replying to the hereabove given definitions can be
originating from animals especially from animals of the
camelid family. The inventors have found out that the
heavy-chain immunoglobulins which are present in cam-
elids are not associated with a pathological situation which
would induce the production of abnormal antibodies with
respect to the four-chain immunoglobulins. On the basis of
a comparative study of old world camelids (Camelus bac-
trianus and Camelus dromaderius) and new world camelids
(for example Lama Paccos, Lama Glama, and Lama Vicu-
gna) the inventors have shown that the immunoglobulins of
the invention, which are devoid of light polypeptide chains
are found in all species. Nevertheless differences may be
apparent in molecular weight of these immunoglobulins
depending on the animals. Especially the molecular weight
of'a heavy chain contained in these immunoglobulins can be
from approximately 43 kd to approximately 47 kd, in
particular 45 kd.

[0055] Advantageously the heavy-chain immunoglobulins
of the invention are secreted in blood of camelids.

[0056] Immunoglobulins according to this particular
embodiment of the invention are obtainable by purification
from serum of camelids and a process for the purification is
described in details in the examples. In the case where the
immunoglobulins are obtained from Camelids, the invention
relates to immunoglobulins which are not in their natural
biological environment.

[0057] According to the invention immunoglobulin IgG2
as obtainable by purification from the serum of camelids can
be characterized in that

[0058] it is not adsorbed by chromatography on Protein
G Sepharose column,
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[0059] it is adsorbed by chromatography on Protein A
Sepharose column,

[0060] it has a molecular weight of around 100 kd after
elution with a pH 4.5 buffer (0.15 M NaCl, 0.58%
acetic acid adjusted to pH 4.5 by NaOH),

[0061] it consists of heavy y2 polypeptide chains of a
molecular weight of around 46 kd preferably 45 after
reduction.

[0062] According to a further embodiment of the inven-
tion another group of immunoglobulins corresponding to
1gG3, as obtainable by purification from the serum of
Camelids is characterized in that the immunoglobulin

[0063] is adsorbed by chromatography on a Protein A
Sepharose column,

[0064] has a molecular weight of around 100 kd after
elution with a pH 3.5 buffer (0.15 M NaCl, 0.58%
acetic acid),

[0065] is adsorbed by chromatography on a Protein G
Sepharose column and eluted with pH 3.5 buffer (0.15
M NaCl, 0.58% acetic acid).

[0066] consists of heavy y3 polypeptide chains of a
molecular weight of around 45 Kd in particular
between 43 and 47 kd after reduction.

[0067] The immunoglobulins of the invention which are
devoid of light chains, nevertheless comprise on their heavy
chains a constant region and a variable region. The constant
region comprises different domains.

[0068] The variable region of immunoglobulins of the
invention comprises frameworks (FW) and complementarity
determining regions (CDR), especially 4 frameworks and 3
complementarity regions. It is distinguished from the four-
chain immunoglobulins especially by the fact that this
variable region can itself contain an antigen binding site or
several, without contribution of the variable region of a light
chain which is absent.

[0069] The amino-acid sequences of frameworks 1 and 4
comprise among others respectively amino-acid sequences
which can be selected from the following

[0070] for the framework 1 domain

[0071] for the framework 4 domain

WGQGTQVTV S S

WGQGTLVTVS S
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-continued
WGQGAQVTV S S

WGQGTQVTASS

RGQGTQVTV S L

[0072] for the CDR3 domain

ALQPGGYCGYGX - - === - - - cL
VSLMDRISQH----=-=- - - - - - - G C
VPAHLGPGAILDLEKEKY -=---- - KY
FCYSTAGDGGSGE - =-=== === = MY
ELSGGSCELPLLTPF-=-=-=== === = DY
DWKYWTCGAQTGGYF - === - - G Q

QKKDRTRWAEPREW - === - - - - N N
GSRFSSPVGSTSRLES-SDY--NY
ADPSIYYSILXIEY -==-=-=-- - KY
DSPCYMPTMPAPPIRDSFGW--DD
TSSFYWYCTTAPY - =-====== = NV
TEIEWYGCNLRTTT F === = T R
NQLAGGWYLDPNYWLSVGAY--ATI

[0073] As stated above, the immunoglobulins of the
invention are preferably devoid of the totality of their Cy1
domain.

[0074] Such immunoglobulins comprise Cyz2 and Cy3
domains in the C-terminal region with respect to the hinge
region.

[0075] According to a particular embodiment of the inven-
tion the constant region of the immunoglobulins comprises
Cy2 and Cy43 domains comprising an amino-acid sequence
selected from the following

[0076] for the C,2 domain:

APELLGGPTVFIFPPKPKDVLSITLTP
APELPGGPSVFVFPTKPKDVLSISGRP
APELPGGPSVFVFPPKPKDVLSISGRP

APELLGGPSVFIFPPKPKDVLSISGRP
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[0077] for the C;3 domain:

GQTREPQVYTLA
GQTREPQVYTLAPXRLEL
GQPREPQVYTLPPSRDEL
GQPREPQVYTLPPSREEM

GQPREPQVYTLPPSQEEM

[0078] Interestingly the inventors have shown that the
hinge region of the immunoglobulins of the invention can
present variable lengths. When these immunoglobulins act
as antibodies, the length of the hinge region will participate
to the determination of the distance separating the antigen
binding sites.

[0079] Preferably an immunoglobulin according to the
invention is characterized in that its hinge region comprises
from 0 to 50 amino-acids.

[0080] Particular sequences of hinge region of the immu-
noglobulins of the invention are the following.

GTNEVCKCPKCP
or,

EPKIPQPQPKPQPQPQPQPKPQPKPEPECTCPKCP

[0081] The short hinge region corresponds to an 1gG3
molecule and the long hinge sequence corresponds to an
1gG2 molecule.

[0082] Isolated Vi derived from heavy chain immuno-
globulins or Vi libraries corresponding to the heavy chain
immunoglobulins can be distinguished from V3 cloning of
four-chain model immunoglobulins on the basis of sequence
features characterizing heavy chain immunoglobulins.

[0083] The camel heavy-chain immunoglobulin Vi
region shows a number of differences with the V;; regions
derived from 4-chain immunoglobulins from all species
examined. At the levels of the residues involved in the
V,./V1 interactions, an important difference is noted at the
level of position 45 (FW) which is practically always leucine
in the 4-chain immunoglobulins (98%), the other amino
acids at this position being proline (1%) or glutamine (1%).

[0084] In the camel heavy-chain immunoglobulin, in the
sequences examined at present, leucine at position 45 is only
found once. It could originate from a four-chain immuno-
globulin. In the other cases, it is replaced by arginine,
cysteine or glutamic acid residue. The presence of charged
amino acids at this position should contribute to making the
Vi more soluble.

[0085] The replacement by camelid specific residues such
as those of position 45 appears to be interesting for the
construction of engineered V; regions derived from the
V., repertoire of 4-chain immunoglobulins.

[0086] A second feature specific of the camelid Vi
domain is the frequent presence of a cysteine in the CDR,
region associated with a cysteine in the CDR, position 31 or
33 or FW, region at position 45. The possibility of estab-
lishing a disulphide bond between the CDR; region and the
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rest of the variable domain would contribute to the stability
and positioning of the binding site.

[0087] With the exception of a single pathogenic myelona
protein (DAW) such a disulphide bond has never been
encountered in immunoglobulin V regions derived from 4
chain immunoglobulins.

[0088] The heavy-chain immunoglobulins of the invention
have further the particular advantage of being not sticky.
Accordingly these immunoglobulins being present in the
serum, aggregate much less than isolated heavy chains of a
four-chain immunoglobulins. The immunoglobulins of the
invention are soluble to a concentration above 0.5 mg/ml,
preferably above 1 mg/ml and more advantageously above
2 mg/ml.

[0089] These immunoglobulins further bear an extensive
antigen binding repertoire and undergo affinity and speci-
ficity maturation in vivo. Accordingly they allow the isola-
tion and the preparation of antibodies having defined speci-
ficity, regarding determined antigens.

[0090] Another interesting property of the immunoglobu-
lins of the invention is that they can be modified and
especially humanized. Especially it is possible to replace all
or part of the constant region of these immunoglobulins by
all or part of a constant region of a human antibody. For
example the C,2 and/or C43 domains of the immunoglo-
bulin could be replaced by the C;2 and/or C;3 domains of
the 1gG y3 human immunoglobulin.

[0091] In such humanized antibodies it is also possible to
replace a part of the variable sequence, namely one or more
of the framework residues which do not intervene in the
binding site by human framework residues, or by a part of
a human antibody.

[0092] Conversely features (especially peptide fragments)
of heavy-chain immunoglobulin Vi regions, could be
introduced into the Vy or V regions derived from four-
chain immunoglobulins with for instance the aim of achiev-
ing greater solubility of the immunoglobulins.

[0093] The invention further relates to a fragment of an
immunoglobulin which has been described hereabove and
especially to a fragment selected from the following group:

[0094] a fragment corresponding to one heavy polypep-
tide chain of an immunoglobulin devoid of light chains,

[0095] fragments obtained by enzymatic digestion of
the immunoglobulins of the invention, especially those
obtained by partial digestion with papain leading to the
Fc fragment (constant fragment) and leading to FV;;;h
fragment (containing the antigen binding sites of the
heavy chains) or its diner F(Vyzh),, or a fragment
obtained by further digestion with papain of the Fc

Jun. &, 2006

fragment, leading to the pFc fragment corresponding to
the C-terminal part of the Fc fragment,

[0096] homologous fragments obtained with other pro-
teolytic enzymes,

[0097] a fragment of at least 10 preferably 20 amino
acids of the variable region of the immunoglobulin, or
the complete variable region, especially a fragment
corresponding to the isolated Vyy;; domains or to the
V,,, dimers linked to the hinge disulphide,

[0098] a fragment corresponding to the hinge region of
the immunoglobulin, or to at least 6 amino acids of this
hinge region,

[0099] a fragment of the hinge region comprising a
repeated sequence of Pro-X,

[0100] a fragment corresponding to at least 10 prefer-
ably 20 amino acids of the constant region or to the
complete constant region of the immunoglobulin.

[0101] The invention also relates to a fragment comprising
a repeated sequence, Pro-X which repeated sequence con-
tains at least 3 repeats of Pro-X, X being any amino-acid and
preferably Gln (glutamine), Lys (lysine) or Glu (acide
glutamique); a particular repeated fragment is composed of
a 12-fold repeat of the sequence Pro-X.

[0102] Such a fragment can be advantageously used as a
link between different types of molecules.

[0103] The amino-acids of the Pro-X sequence are chosen
among any natural or non natural amino-acids.

[0104] The fragments can be obtained by enzymatic deg-
radation of the immunoglobulins. They can also be obtained
by expression in cells or organisms, of nucleotide sequence
coding for the immunoglobulins, or they can be chemically
synthesized.

[0105] The invention also relates to anti-idiotypes anti-
bodies belonging to the heavy chain immunoglobulin
classes. Such anti-idiotypes can be produced against human
or animal idiotypes. A property of these anti-idiotypes is that
they can be used as idiotypic vaccines, in particular for
vaccination against glycoproteins or glycolipids and where
the carbohydrate determines the epitope.

[0106] The invention also relates to anti-idiotypes capable
of recognizing idiotypes of heavy-chain immunoglobulins.

[0107] Such anti-idiotype antibodies can be either synge-
neic antibodies or allogenic or xenogeneic antibodies.

[0108] The invention also concerns nucleotide sequences
coding for all or part of a protein which amino-acid sequence
comprises a peptide sequence selected from the following
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VEYPIADM
APELLGGPSVFVFPPK
APELPGGPSVFVFPTK
APELPGGPSVFVFPPK
APELLGGPSVFIFPPK
GQTREPQVYTLAPXRL
GQPREPQVYTLPPSRD
GQPREPQVYTLPPSRE
GQPREPQVYTLPPSQE

VTVS
or,

VTVSSEPKIPQPQPKPQPQPQPQPKPQPKPEPECTCPKCPAPELLGGPSVFIFP

GTNEVCKCPKCP

APELPGGPSVFV!

6 Al

-continued
SLRLSCVAGFGTS
SLRLSCVSFSPSS

vV s s

PKDVLSISGXPK
PKDVLSISGRPK
PKDVLSISGRPK
PKDVLSISGRPK
EL
EL
EM
EM

SGTNEVCKCPKCPAPELPGGPSVFVFP

FP
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-continued
EPKIPQPQPKPQPQPQPQPKPQPKPEPECTCPKCP

APELLGGPSVFIFP

[0109] Such nucleotide sequences can be deduced from
the amino-acid sequences taking into account the denen-
eracy of the genetic code. They can be synthesized or
isolated from cells producing immunoglobulins of the inven-
tion.

[0110] A procedure for the obtention of such DNA
sequences is described in the examples.

[0111] The invention also contemplates RNA, especially
mRNA sequences corresponding to these DNA sequences,
and also corresponding cDNA sequences.

[0112] The nucleotide sequences of the invention can
further be used for the preparation of primers appropriate for
the detection in cells or screening of DNA or cDNA libraries
to isolate nucleotide sequences coding for immunoglobulins
of the invention.

[0113] Such nucleotide sequences can be used for the
preparation of recombinant vectors and the expression of
these sequences contained in the vectors by host cells
especially prokaryotic cells like bacteria or also eukaryotic
cells and for example CHO cells, insect cells, simian cells
like Vero cells, or any other mammalian cells. Especially the
fact that the immunoglobulins of the invention are devoid of
light chains permits to secrete them in eukaryotic cells since
there is no need to have recourse to the step consisting in the
formation of the BIP protein which is required in the
four-chain immunoglobulins.

[0114] The inadequacies of the known methods for pro-
ducing monoclonal antibodies or immunoglobulins by
recombinant DNA technology comes from the necessity in
the vast majority of cases to clone simultaneously the V4
and V; domains corresponding to the specific binding site of
4 chain immunoglobulins. The animals and especially cam-
elids which produce heavy-chain immunoglobulins accord-
ing to the invention, and possibly other vertebrate species
are capable of producing heavy-chain immunoglobulins of
which the binding site is located exclusively in the Vi
domain. Unlike the few heavy-chain immunoglobulins pro-
duced in other species by chain separation or by direct
cloning, the camelid heavy-chain immunoglobulins have
undergone extensive maturation in vivo. Moreover their V
region has naturally evolved to function in absence of the
V. They are therefore ideal for producing monoclonal
antibodies by recombinant DNA technology. As the obten-
tion of specific antigen binding clones does not depend on a
stochastic process necessitating a very large number of
recombinant cells, this allows also a much more extensive
examination of the repertoire.

[0115] This can be done at the level of the non rearranged
Vi repertoire using DNA derived from an arbitrarily cho-
sen tissue or cell type or at the level of the rearranged Vi
repertoire, using DNA obtained from B lymphocytes. More
interesting however is to transcribe the mRNA from anti-
body producing cells and to clone the cDNA with or without
prior amplification into an adequate vector. This will result
in the obtention of antibodies which have already undergone
affinity maturation.
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[0116] The examination of a large repertoire should prove
to be particularly useful in the search for antibodies with
catalytic activities.

[0117] The invention thus provides libraries which can be
generated in a way which includes part of the hinge
sequence, the identification is simple as the hinge is directly
attached to the V;;; domain.

[0118] These libraries can be obtained by cloning cDNA
from lymphoid cells with or without prior PCR amplifica-
tion. The PCR primers are located in the promoter, leader or
framework sequences of the V; for the 5' primer and in the
hinge, CH,, CHj;, 3' untranslated region or polyA tail for the
3' primer. A size selection of amplified material allows the
construction of a library limited to heavy chain immuno-
globulins.

[0119] In a particular example, the following 3' primer in
which a Kpnl site has been constructed and which corre-
sponds to amino-acids 313 to 319 (CGC CAT CAA GGT
AAC AGT TGA) is used in conjunction with mouse Vi
primers described by Sestry et al and containing a Xho site

AG GTC CAG CTG CTC GAG TCT GG
AG CTC CAG CTG CTC GAG TCT GG

AG GTC CAG CTT CTC GAG TCT GG
XhoI site

[0120] These primers yield a library of camelid heavy
chain immunoglobulins comprising the V;;; region (related
to mouse or human subgroup III), the hinge and a section of
CH..

[0121] In another example, the cDNA is polyadenylated at
its 5' end and the mouse specific Vyy;; primers are replaced
by a poly T primer with an inbuilt Xhol site, at the level of
nucleotide 12.

[0122] CTCGAGT,.,.
[0123] The same 3' primer with a Kpnl site is used.

[0124] This method generates a library containing all
subgroups of immunoglobulins.

[0125] Part of the interest in cloning a region encompass-
ing the hinge-CH, link is that in both y2 and y3, a Sac site
is present immediately after the hinge. This site allows the
grafting of the sequence coding for the Vi;;; and the hinge
onto the Fe region of other immunoglobulins, in particular
the human IgG, and IgG; which have the same amino acid
sequence at this site (Glu,,s Leu,,,).

[0126] As an example, the invention contemplates a
c¢DNA library composed of nucleotide sequences coding for
a heavy-chain immunoglobulin such as obtained by per-
forming the following steps:

[0127] a) treating a sample containing lymphoid cells,
especially periferal, lymphocytes, spleen cells, lymph
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nodes or another lyphoid tissue from a healthy animal,
especially selected among the Camelids, in order to
separate the lymphoid cells,

[0128] b) separating polyadenylated RNA from the
other nucleic acids and components of the cells,

[0129] c¢) reacting the obtained RNA with a reverse
transcriptase in order to obtain the corresponding
cDNA,

[0130] d) contacting the cDNA of step ¢) with 5' primers
corresponding to mouse Vg domain of four-chain
immunoglobulins, which primer contains a determined
restriction site, for example an Xhol site and with 3'
primers corresponding to the N-terminal part of a C52
domain containing a Kpnl site,

[0131] e) amplifying the DNA,

[0132] ) cloning the amplified sequence in a vector,
especially in a bluescript vector,

[0133] g) recovering the clones hybridizing with a
probe corresponding to the sequence coding for a
constant domain from an isolated heavy-chain immu-
noglobulin.

[0134] This cloning gives rise to clones containing DNA
sequences including the sequence coding for the hinge. It
thus permits the characterization of the subclass of the
immunoglobulin and the Sacl site useful for grafting the
FVggh to the Fe region.

[0135] The recovery of the sequences coding for the
heavy-chain immunoglobulins can also be achieved by the
selection of clones containing DNA sequences having a size
compatible with the lack of the C51 domain.

[0136] It is possible according to another embodiment of
the invention, to add the following steps between steps c)
and d) of the above process:

[0137] in the presence of a DNA polymerase and of
deoxyribonucleotide triphosphates, contacting said cDNA
with oligonucleotide degenerated primers, which sequences
are capable of coding for the hinge region and N-terminal
V,, domain of an immunoglobulin, the primers being
capable of hybridizing with the ¢cDNA and capable of
initiating the extension of a DNA sequence complementary
to the cDNA used as template,

[0138]

[0139] The clones can be expressed in several types of
expression vectors. As an example using a commercially
available vector Immuno PBS (Huse et al: Science (1989)
246, 1275), clones produced in Bluescript® according to the
above described procedure, are recovered by PCR using the
same Xhol containing 5' primer and a new 3' primer,
corresponding to residues 113-103 in the framework of the
immunoglobulins, in which an Spe site has been con-
structed: TC TTA ACT AGT GAG GAG ACG GTG ACC
TG. This procedure allows the cloning of the Vi in the
Xho/Spe site of the Immuno PBS vector. However, the 3'
end of the gene is not in phase with the identification “tag”
and the stop codon of the vector. To achieve this, the
construct is cut with Spe and the 4 base overhangs are filled
in, using the Klenow fragment after which the vector is
religated. A further refinement consists in replacing the

recovering the amplified DNA.
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marker (“tag”) with a poly histidine so that metal purifica-
tion of the cloned Vy; can be performed. To achieve this a
Spe/EcoRI double stranded oligonucleotide coding for 6
histidines and a termination codon is first constructed by
synthesis of both strands followed by heating and annealing:

CTA GTG CAC CAC CAT CAC CAT CAC TAA* TAG*

AC GTG GTG GTA GTG GTA GTG ATT ATC TTA A

[0140] The vector containing the insert is then digested
with Spel and EcoRI to remove the resident “tag” sequence
which can be replaced by the poly-His/termination
sequence. The produced Vi can equally be detected by
using antibodies raised against the dromedary V;;; regions.
Under laboratory conditions, Vi regions are produced in
the Immuno PBS vector in mg amounts per liter.

[0141] The invention also relates to a DNA library com-
posed of nucleotide sequences coding for a heavy-chain
immunoglobulin, such as obtained from cells with rear-
ranged immunoglobulin genes.

[0142] In a preferred embodiment of the invention, the
library is prepared from cells from an animal previously
immunized against a determined antigen. This allows the
selection of antibodies having a preselected specificity for
the antigen used for immunization.

[0143] In another embodiment of the invention, the ampli-
fication of the cDNA is not performed prior to the cloning of
the cDNA.

[0144] The heavy-chain of the four-chain immunoglobu-
lins remains sequestered in the cell by a chaperon protein
(BIP), until it has combined with a light chain. The binding
site for the chaperon protein is the Cy1 domain. As this
domain is absent from the heavy chain immunoglobulins,
their secretion is independent of the presence of the BIP
protein or of the light chain. Moreover the inventors have
shown that the obtained immunoglobulins are not sticky and
accordingly will not abnormally aggregate.

[0145] The invention also relates to a process for the
preparation of a monoclonal antibody directed against a
determined antigen, the antigen binding site of the antibody
consisting of heavy polypeptide chains and which antibody
is further devoid of light polypeptide chains, which process
comprises:

[0146] immortalizing lymphocytes, obtained for
example from the peripheral blood of Camelids previ-
ously immunized with a determined antigen, with an
immortal cell and preferably with myeloma cells, in
order to form a hybridoma,

[0147] culturing the immortalized cells (hybridoma)
formed and recovering the cells producing the antibod-
ies having the desired specificity.

[0148] The preparation of antibodies can also be per-
formed without a previous immunization of Camelids.

[0149] According to another process for the preparation of
antibodies, the recourse to the technique of the hybridoma
cell is not required.

[0150] According to such process, antibodies are prepared
in vitro and they can be obtained by a process comprising the
steps of:
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[0151] cloning into vectors, especially into phages and
more particularly filamentous bacteriophages, DNA or
cDNA sequences obtained from lymphocytes espe-
cially PBLs of Camelids previously immunized with
determined antigens,

[0152] transforming prokaryotic cells with the above
vectors in conditions allowing the production of the
antibodies,

[0153] selecting the antibodies for their heavy-chain
structure and further by subjecting them to antigen-
affinity selection,

[0154] recovering the antibodies having the desired
specificity,

[0155] Inanother embodiment of the invention the cloning
is performed in vectors, especially into plasmids coding for
bacterial membrane proteins. Procaryotic cells are then
transformed with the above vectors in conditions allowing
the expression of antibodies in their membrane.

[0156] The positive cells are further selected by antigen
affinity selection.

[0157] The heavy chain antibodies which do not contain
the C1 domain present a distinct advantage in this respect.
Indeed, the C;l domain binds to BIP type chaperone
proteins present within eukaryotic vectors and the heavy
chains are not transported out of the endocytoplasmic reticu-
lum unless light chains are present. This means that in
eukaryotic cells, efficient cloning of 4-chain immunoglobu-
lins in non mammalian cells such as yeast cells can depend
on the properties of the resident BIP type chaperone and can
hence be very difficult to achieve. In this respect the heavy
chain antibodies of the invention which lack the CH, domain
present a distinctive advantage.

[0158] In a preferred embodiment of the invention the
cloning can be performed in yeast either for the production
of antibodies or for the modification of the metabolism of the
yeast. As example, Yep 52 vector can be used. This vector
has the origin of replication (ORI) 2u of the yeast together
with a selection marker Leu 2.

[0159] The cloned gene is under the control of gall pro-
moter and accordingly is inducible by galactose. Moreover,
the expression can be repressed by glucose which allows the
obtention of very high concentration of cells before the
induction.

[0160] The cloning between BamHI and Sall sites using
the same strategy of production of genes by PCR as the one
described above, allows the cloning of camelid immunoglo-
bulin genes in E. coli. As example of metabolic modulation
which can be obtained by antibodies and proposed for the
yeast, one can site the cloning of antibodies directed against
cyclins, that is proteins involved in the regulation of the
cellular cycle of the yeast (TIBS 16 430 J. D. Mc Kinney, N.
Heintz 1991). Another example is the introduction by
genetic engineering of an antibody directed against CD,q,
which antibody would be inducible (for instance by gall),
within the genome of the yeast. The CD,; is involved at the
level of the initiation of cell division, and therefore the
expression of antibodies against this molecule would allow
an efficient control of multiplication of the cells and the
optimization of methods for the production in bioreactors or
by means of immobilized cells.
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[0161] In yet another embodiment of the invention, the
cloning vector is a plasmid or a eukaryotic virus vector and
the cells to be transformed are eukaryotic cells, especially
yeast cells, mammalian cells for example CHO cells or
simian cells such as Vero cells, insect cells, plant cells, or
protozoan cells.

[0162] For more details concerning the procedure to be
applied in such a case, reference is made to the publication
of Marks et al, J. Mol. Biol. 1991, 222:581-597.

[0163] Furthermore, starting from the immunoglobulins of
the invention, or from fragments thereof, new immunoglo-
bulins or derivatives can be prepared.

[0164] Accordingly immunoglobulins replying to the
above given definitions can be prepared against determined
antigens. Especially the invention provides monoclonal or
polyclonal antibodies devoid of light polypeptide chains or
antisera containing such antibodies and directed against
determined antigens and for example against antigens of
pathological agents such as bacteria, viruses or parasites. As
example of antigens or antigenic determinants against which
antibodies could be prepared, one can cite the envelope
glycoproteins of viruses or peptides thereof, such as the
external envelope glycoprotein of a HIV virus, the surface
antigen of the hepatitis B virus.

[0165] Immunoglobulins of the invention can also be
directed against a protein, hapten, carbohydrate or nucleic
acid.

[0166] Particular antibodies according to the invention are
directed against the galactosyla-1-3-galactose epitope.

[0167] The immunoglobulins of the invention allow fur-
ther the preparation of combined products such as the
combination of the heavy-chain immunoglobulin or a frag-
ment thereof with a toxin, an enzyme, a drug, a hormone.

[0168] As example one can prepare the combination of a
heavy-chain immunoglobulin bearing an antigen binding
site recognizing a myeloma immunoglobulin epitope with
the abrin or mistletoe lectin toxin. Such a construct would
have its uses in patient specific therapy.

[0169] Another advantageous combination is that one can
prepare between a heavy-chain immunoglobulins recogniz-
ing an insect gut antigen with a toxin specific for insects
such as the toxins of the different serotypes of Bacillus
thuringiensis or Bacillus sphaericus. Such a construct
cloned into plants can be used to increase the specificity or
the host range of existing bacterial toxins.

[0170] The invention also proposes antibodies having dif-
ferent specificities on each heavy polypeptide chains. These
multifunctional, especially bifunctional antibodies could be
prepared by combining two heavy chains of immunoglobu-
lins of the invention or one heavy chain of an immunoglo-
bulin of the invention with a fragment of a four-chain model
immunoglobulin.

[0171] The invention also provides hetero-specific anti-
bodies which can be used for the targetting of drugs or any
biological substance like hormones. In particular they can be
used to selectively target hormones or cytokines to a limited
category of cells. Examples are a combination of a murine
or human antibody raised against interleukin 2 (IL,) and a
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heavy-chain antibody raised against CD, cells. This could be
used to reactivate CD, cells which have lost their IL,
receptor.

[0172] The heavy-chain immunoglobulins of the invention
can also be used for the preparation of hetero-specific
antibodies. These can be achieved either according to the
above described method by reduction of the bridges between
the different chains and reoxydation, according to the usual
techniques, of two antibodies having different specificities,
but it can also be achieved by serial cloning of two anti-
bodies for instance in the Immuno pBS vector.

[0173] In such a case, a first gene corresponding to the
V., domain comprised between Xho site and a Spe site is
prepared as described above. A second gene is then prepared
through an analogous way by using as 5' extremity a primer
containing a Spe site, and as 3' extremity a primer containing
a termination codon and an EcoRI site. The vector is then
digested with EcoRI and Xhol and further both V;;; genes
are digested respectively by Xho/Spe and by Spe/EcoRI.

[0174] After ligation, both immunoglobulin genes are
serially cloned. The spacing between both genes can be
increased by the introduction of addition codons within the
5' Spel primer.

[0175] In a particular embodiment of the invention, the
hinge region of IgG2 immunoglobulins according to the
invention is semi-rigid and is thus appropriate for coupling
proteins. In such an application proteins or peptides can be
linked to various substances, especially to ligands through
the hinge region used as spacer. Advantageously the frag-
ment comprises at least 6 amino acids.

[0176] According to the invention it is interesting to use a
sequence comprising a repeated sequence Pro-X, X being
any amino-acid and preferably Gln, Lys or Glu, especially a
fragment composed of at least a 3-fold repeat and preferably
of a 12-fold repeat, for coupling proteins to ligand, or for
assembling different protein domains.

[0177] The hinge region or a fragment thereof can also be
used for coupling proteins to ligands or for assembling
different protein domains.

[0178] Usual techniques for the coupling are appropriate
and especially reference may be made to the technique of
protein engineering by assembling cloned sequences.

[0179] The antibodies according to this invention could be
used as reagents for the diagnosis in vitro or by imaging
techniques. The immunoglobulins of the invention could be
labelled with radio-isotopes, chemical or enzymatic markers
or chemiluminescent markers.

[0180] As example and especially in the case of detection
or observation with the immunoglobulins by imaging tech-
niques, a label like technetium, especially technitium 99 is
advantageous. This label can be used for direct labelling by
a coupling procedure with the immunoglobulins or frag-
ments thereof or for indirect labelling after a step of prepa-
ration of a complex with the technitium.

[0181] Other interesting radioactive labels are for instance
indium and especially indium 111, or iodine, especially 1*>!,
1125 and 1123.

[0182] For the description of these techniques reference is
made to the FR patent application published under number
2649488.
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[0183] In these applications the small size of the Vi
fragment is a definitive advantage for penetration into tissue.

[0184] The invention also concerns monoclonal antibodies
reacting with anti-idiotypes of the above-described antibod-
ies.

[0185] The invention also concerns cells or organisms in
which heavy-chain immunoglobulins have been cloned.
Such cells or organisms can be used for the purpose of
producing heavy-chain immunoglobulins having a desired
preselected specificity, or corresponding to a particular rep-
ertoire. They can also be produced for the purpose of
modifying the metabolism of the cell which expresses them.
In the case of modification of the metabolism of cells
transformed with the sequences coding for heavy-chain
immunoglobulins, these produced heavy-chain immunoglo-
bulins are used like antisense DNA. Antisense DNA is
usually involved in blocking the expression of certain genes
such as for instance the variable surface antigen of trypa-
nosomes or other pathogens. Likewise, the production or the
activity of certain proteins or enzymes could be inhibited by
expressing antibodies against this protein or enzyme within
the same cell.

[0186] The invention also relates to a modified 4-chain
immunoglobulin or fragments thereof, the Vy; regions of
which has been partialy replaced by specific sequences or
amino acids of heavy chain immunoglobulins, especially by
sequences of the Vy; domain. A particular modified V4
domain of a four-chain immunoglobulin, is characterized in
that the leucine, proline or glutamine in position 45 of the
V,, regions has been replaced by other amino acids and
preferably by arginine, glutamic acid or cysteine.

[0187] A further modified V4 or V; domain of a four-chain
immunoglobulin, is characterized by linking of CDR loops
together or to FW regions by the introduction of paired
cysteines, the CDR region being selected between the CDR,
and the CDR;, the FW region being the FW, region, and
especially in which one of the cysteines introduced is in
position 31, 33 of FR, or 45 of CDR,, and the other in CDR.

[0188] Especially the introduction of paired cysteines is
such that the CDR; loop is linked to the FW2 or CDR1
domain and more especially the cysteine of the CDR3 of the
Vi is linked to a cysteine in position 31 or 33 of FW2 or in
position 45 of CDR2.

[0189] In another embodiment of the invention, plant cells
can be modified by the heavy-chain immunoglobulins
according to the invention, in order that they acquire new
properties or increased properties.

[0190] The heavy-chain immunoglobulins of the invention
can be used for gene therapy of cancer for instance by using
antibodies directed against proteins present on the tumor
cells.

[0191] In such a case, the expression of one or two Vi
genes can be obtained by using vectors derived from parvo
or adeno viruses. The parvo viruses are characterized by the
fact that they are devoid of pathogenicity or almost not
pathogenic for normal human cells and by the fact that they
are capable of easily multiplying in cancer cells (Russel S.
J. 1990, Immunol. Today II. 196-200).

[0192] The heavy-chain immunoglobulins are for instance
cloned within HindIIl/Xbal sites of the infectious plasmid of
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the murine MVM virus (pMM984). (Merchlinsky et al,
1983, J. Virol. 47, 227-232) and then placed under the
control of the MVM38 promoter.

[0193] The gene of the Vi domain is amplified by PCR
by using a 5' primer containing an initiation codon and a
HindIII site, the 3' primer containing a termination codon
and a Xbal site.

[0194] This construct is then inserted between positions
2650 (HindIII) and 4067 (Xbal) within the plasmid.

[0195] The efficiency of the cloning can be checked by
transfection. The vector containing the antibody is then
introduced in permissive cells (NB-E) by transfection.

[0196] The cells are recovered after two days and the
presence of V;; regions is determined with an ELISA assay
by using rabbit antiserum reacting with the V; part.

[0197] The invention further allows the preparation of
catalytic antibodies through different ways. The production
of antibodies directed against components mimicking acti-
vated states of substrates (as example vanadate as compo-
nent mimicking the activated state of phosphate in order to
produce their phosphoesterase activities, phosphonate as
compound mimicking the peptidic binding in order to pro-
duce proteases) permits to obtain antibodies having a cata-
Iytic function. Another way to obtain such antibodies con-
sists in performing a random mutagenesis in clones of
antibodies for example by PCR, in introducing abnormal
bases during the amplification of clones. These amplified
fragments obtained by PCR are then introduced within an
appropriate vector for cloning. Their expression at the
surface of the bacteria permits the detection by the substrate
of clones having the enzymatic activity. These two
approaches can of course be combined. Finally, on the basis
of the data available on the structure, for example the data
obtained by XRay crystallography or NMR, the modifica-
tions can be directed. These modifications can be performed
by usual techniques of genetic engineering or by complete
synthesis. One advantage of the Vi of the heavy chain
immunoglobulins of the invention is the fact that they are
sufficiently soluble.

[0198] The heavy chain immunoglobulins of the invention
can further be produced in plant cells, especially in trans-
genics plants. As example the heavy chain immunoglobulins
can be produced in plants using the pMon530 plasmid
(Roger et al. Meth Enzym 153 1566 1987) constitutive plant
expression vector as has been described for classical four
chain antibodies (Hiat et al. Nature 342 76-78, 1989) once
again using the appropriate PCR primers as described above,
to generate a DNA fragment in the right phase.

[0199] Other advantages and characteristics of the inven-
tion will become apparent in the examples and figures which
follow.

FIGURES

[0200] FIG. 1 Characterisation and purification of camel
IgG by affinity chromatography on Protein A and Protein G
sepharose (Pharmacia)

[0201] (A) shows, after reduction, the SDS-PAGE protein
profile of the adsorbed and non adsorbed fractions of Cam-
elus dromedarius serum. The fraction adsorbed on Protein A
and eluted with NaCl 0.15 M acetic acid 0.58% show upon

Jun. &, 2006

reduction (lane c¢) three heavy chain components of respec-
tively 50, 46 and 43 Kd and light chain (rabbit IgG in lane
a). The fractions adsorbed on a Protein G Sepharose (Phar-
macia) derivative which has been engineered to delete the
albumin binding region (lane e) and eluted with 0.1 M gly
HCI pH 2.7 lacks the 4G Kd heavy chain which is recovered
in the non adsorbed fraction (lane f). None of these com-
ponents are present in the fraction non adsorbed on Protein
A (lane d), lane b contains the molecular weight markers.

[0202] (B) and (C) By differential elution, immunoglobu-
lin fractions containing the 50 and 43 Kd heavy chain can be
separated. 5 ml of C. dromadarius serum is adsorbed onto a
5 ml Protein G sepharose column and the column is exten-
sively washed with 20 mM phosphate buffer, pH 7.0. Upon
elution with pH 3.5 buffer (0.15 M NaCl, 0.58% acetic acid)
a 100 Kd component is eluted which upon reduction yields
a 43 Kd heavy chain, (lane 1). After column eluant absor-
bance has fallen to background level a second immunoglo-
bulin component of 170 Kd can be eluted with pH 2.7 buffer
(0.1 M glycine HC). This fraction upon reduction yields a 50
Kd heavy chain and a board light chain band (lane 2).

[0203] The fraction non adsorbed on Protein G is then
brought on a 5 ml Protein A Sepharose column. After
washing and elution with pH 3.5 buffer (0.15 M NaCl,
0.58% acetic acid) a third immunoglobulin of 100 kd is
obtained which consists solely of 46 Kd heavy chains (lane
3).

[0204] FIG. 2: Immunoglobulins of Camelus bactrianus,
Lama vicugna, Lama glama and Lama pacos 1o Protein A (A
lanes) and to Protein G (G lanes) analyzed on SDS-PAGE
before (A) and after reduction (B)

[0205] 10 wl of serum obtained from the different species
were added to Eppendorf® tubes containing 10 mg of
Protein A or Protein G sepharose suspended in 400 ul of pH
8.3 immunoprecipitation buffer (NaCl 0.2. M, Tris 0.01 M;
EDTA 0.01 M, Triton X100 1%, ovalbumin 0.1%). The
tubes were slowly rotated for 2 hours at 4° C. After cen-
trifugation the pellets were washed 3 times in buffer and
once in buffer in which the Triton and ovalbumin had been
ommitted. The pellets were then resuspended in the SDS-
PAGE sample solution 70 pl per pellet with or without
dithiotreitol as reductant. After boiling for 3 min at 100° C.,
the tubes were centrifuged and the supernatants analysed.

[0206] Inall species examined the unreduced fractions (A)
contain in addition to molecules of approximately 170 Kd
also smaller major components of approximately 100 Kd. In
the reduced sample (B) the constituant heavy and light
chains are detected. In all species a heavy chain component
(marked by an asterisk *) is present in the material eluted
from the Protein A but absent in the material eluted from the
Protein G.

[0207] FIG. 3: IgG,, IgG, and 1gG; were prepared from
serum obtained from healthy or Trypanosama evansi
infected Camelus dromedarius (CATT titer 1/160 (3) and
analysed by radioimmunopreci-pitation or Western Blotting
for anti trypanosome activity

[0208] (A) *°S methionine labelled Trypanosome evansi
antigens lysate (500.000 counts) was added to Eppendorf
tubes containing 10 ul of serum or, 20 pg of 1gG,, IgG, or
IgG; in 200 pl of pH 8.3 immunoprecipitation buffer con-
taining 0.1 M TLCK as proteinase inhibitor and slowly
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rotated at 4° C. during one hour. The tubes were then
supplemented with 10 mg of Protein A Sepharose suspended
in 200 pl of the same pH 6.3 buffer and incubated at 4° C.
for an additional hour.

[0209] After washing and centrifugation at 15000 rpm for
12 s, each pellet was resuspended in 75 pl SDS-PAGE
sample solution containing DTT and heated for 3 min. at
100° C. After centrifugation in an Eppendorf minifuge at
15000 rpm for 30 s, 5 pl of the supernatant was saved for
radioactivity determination and the reminder analysed by
SDS-PAGE and fluorography. The counts/5 pl sample are
inscribed on for each line.

[0210] (B)20pg of IgG, 1gG, and IgG; from healthy and
trypanosome infected animals were separated by SDS-
PAGE without prior reduction or heating. The separated
samples were then electro transferred to a nitrocellulose
membrane, one part of the membrane was stained with
Ponceau Red to localise the protein material and the
reminder incubated with 1% ovalbumin in TST buffer (Tris
10 mM, NaCl 150 mM, Tween 0.05%) to block protein
binding sites.

[0211] After blocking, the membrane was extensively
washed with TST buffer and incubated for 2 hours with
35S-labelled trypanosome antigen. After extensive washing,
the membrane was dried and analysed by autoradiography.
To avoid background and unspecific binding, the labelled
trypanosome lysate was filtered through a 45p millipore
filter and incubated with healthy camel immunoglobulin and
ovalbumin adsorbed on a nitrocellulose membrane.

[0212] FIG. 4 Purified 1gG3 of the camel, by affinity
chromatography on Protein A Sepharose are partially
digested with papain and separated on Protein A sepharose.

[0213] 14 Mg of purified IgG3 were dissolved in 0.1M
phosphate buffer pH 7.0 containing 2 mM EDTA. Yhey were
digested by 1 hour incubation at 37° C. with mercurypapain
(1% enzyme to protein ratio) activated by 5.10* M cysteine.
The digestion was blocked by the addition of excess iodoac-
etamide (4.10> M) (13). After centrifugation of the digest in
an ependorf centrifuge for 5 min at 15000 rpm, the papain
fragments were separated on a protein A Sepharose column
into binding (B) and non binding (NB) fractions. The
binding fraction was eluted from the column with 0.1M
glycine HCI buffer pH 1.7.

[0214] FIG. 5: Schematic presentation of a model for
1gG3 molecules devoid of light chains.

[0215] FIG. 6: Schematic representation of immunoglo-
bulins having heavy polypeptide chains and devoid of light
chains, regarding conventional four-chain model immuno-
globulin

[0216] Representation of a hinge region.

[0217] FIG. 7: Alignement of 17 Vi;;; DNA sequences of
Camel heavy chain immunoglobulins

[0218] FIG. 8: Expression and purification of the camel
V21 protein from E. coli

1 HEAVY CHAIN ANTIBODIES IN CAMELIDS

[0219] When Camelus dromedarius serum is adsorbed on
Protein G sepharose, an appreciable amount (25-35%) of
immunoglobulins (Ig) remains in solution which can then be
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recovered by affinity chromatography on Protein A
sepharose (FIG. 1A). The fraction adsorbed on Protein G
can be differentially eluted into a tightly bound fraction
(25%) consisting of molecules of an unreduced apparent
molecular weight (MW) of 170 Kd and a more weakly
bound fraction (30-45%) having an apparent molecular
weight of 100 Kd (FIG. 1B). The 170 Kd component when
reduced yields 50 Kd heavy chains and large 30 Kd light
chains. The 100 Kd fraction is totally devoid of light chains
and appears to be solely composed of heavy chains which
after reduction have on apparent MW of 43 Kd (FIG. 1C).
The fraction which does not bind to Protein G can be affinity
purified and eluted from a Protein A column as a second 100
Kd component which after reduction appears to be com-
posed solely of 46 Kd heavy chains.

[0220] The heavy chain immunoglobulins devoid of light
chains total up to 75% of the molecules binding to Protein
A.

[0221] As all three immunoglobulins bind to Protein A we
refer to them as IgG: namely IgG, (light chain and heavy
chain y1 (50 Kd) binding to Protein G, IgG, (heavy chain y2
(46 Kd) non binding to Protein G and IgG; (heavy chain y3
(43 Kd) binding to Protein G. There is a possibility that these
three sub(classes) can be further subdivided.

[0222] A comparative study of old world camelids (Cam-
elus bactrianus and Camelus dromedarius) and new world
camelids (/ama pacos, lama glama, lama vicugna) showed
that heavy chain immunoglobulins are found in all species
examined, albeit with minor differences in apparent molecu-
lar weight and proportion. The new world camelids differs
from the old world camelids in having a larger IgG; mol-
ecule (heavy chain immunoglobulin binding to Protein G) in
which the constituant heavy chains have an apparent
molecular weight of 47 Kd (FIG. 2).

[0223] The abundance of the heavy chain immunoglobu-
lins in the serum of camelids raises the question of what their
role is in the immune response and in particular whether they
bear antigen binding specificity and if so how extensive is
the repertoire. This question could be answered by exam-
ining the immunoglobulins from T7rypanosoma evansi
infected camels (Camelus dromedarius).

[0224] For this purpose, the corresponding fractions of
1gG,, IgG,, IgG, were prepared from the serum of a healthy
camel and from the serum of camels with a high antitrypa-
nosome titer, measured by the Card Agglutination Test (3).
In radio-immunoprecipitation, IgG,, 1gG, and 1gG; derived
from infected camel indicating extensive repertoire hetero-
geneity and complexity (FIG. 3A) were shown to bind a
large number of antigens present in a >°S methionine
labelled trypanosome lysate.

[0225] In blotting experiments >°S methionine labelled
trypanosome lysate binds to SDS PAGE separated IgG,,
IgG, and IgG; obtained from infected animals (FIG. 3B).

[0226] This leads us to conclude that the camelid heavy
chain IgG, and IgG; are bona fide antigen binding antibod-
ies.

[0227] An immunological paradigm states that an exten-
sive antibody repertoire is generated by the combination of
the light and heavy chain variable V region repertoires (6).
The heavy chain immunoglobulins of the camel seem to
contradict this paradigm.
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[0228] Immunoglobulins are characterized by a complex
L.E.F. (isoelectric focussing) pattern reflecting their extreme
heterogeneity. To determine whether the two heavy chains
constituting the IgG, and IgG; are identical or not, the
isoelectric focussing (I.E.F.) pattern were observed before
and after chain separation by reduction and alkylation using
iodoacetamide as alkylating agent.

[0229] As this alkylating agent does not introduce addi-
tional charges in the molecule, the monomers resulting from
the reduction and alkylation of a heavy chain homodimer
will have practically the same isolectric point as the dimer,
whereas if they are derived from a heavy chain heterodimer,
the monomers will in most cases differ sufficiently in iso-
electric point to generate a different pattern in L.E.F.

[0230] Upon reduction, and alkylation by iodoacetamide
the observed pattern is not modified for the Camelus drom-
edarius 1gG, and IgG; indicating that these molecules are
each composed of two identical heavy chains which migrate
to the same position as the unreduced molecule they origi-
nated from.

[0231] In contrast, the LE.F. pattern of IgG, is completely
modified after reduction as the isoelectric point of each
molecule is determined by the combination of the isoelectric
points of the light and heavy chains which after separation
will each migrate to a different position.

[0232] These findings indicate that the heavy chains alone
can generate an extensive repertoire and question the con-
tribution of the light chain to the useful antibody repertoire.
If this necessity be negated, what other role does the light
chain play.

[0233] Normally, isolated heavy chain from mammalian
immunoglobulins tend to aggregate considerably but are
only solubilized by light chains (8, 9) which bind to the C41
domain of the heavy chain.

[0234] Inhumans and in mice a number of spontaneous or
induced myelomas produce a pathological immunoglobulin
solely composed of heavy chains (heavy chain disease).
These myeloma protein heavy chains carry deletions in the
Cyl and Vi domains (10). The reason why full length
heavy chains do not give rise to secreted heavy chain in such
pathological immunoglobulins seems to stem from the fact
that the synthesis of Ig involves a chaperoning protein, the
immunoglobulin heavy chain binding protein or BIP (11),
which normally is replaced by the light chain (12). It is
possible that the primordial role of the light chain in the
four-chain model immunoglobulins is that of a committed
heavy chain chaperon and that the emergence of light chain
repertoires has just been an evolutionary bonus.

[0235] The camelid y2 and y3 chains are considerably
shorter than the normal mammalian y chain. This would
suggest that deletions have occurred in the Cy1 domain.
Differences in sizes of the y2 and y3 immunoglobulins of old
and new world camelids suggests that deletions occurred in
several evolutionary steps especially in the Cy;1 domain.

1II THE HEAVY CHAIN IMMUNOGLOBULINS
OF THE CAMELIDS LACK THE Cy1 DOMAIN

[0236] The strategy followed for investigating the heavy
chain immunoglobulin primary structure is a combination of
protein and cDNA sequencing; the protein sequencing is
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necessary to identify sequence streches characteristic of
each immunoglobulin. The N-terminal of the immunoglo-
bulin being derived from the heavy chain variable region
repertoire only yields information on the Vi subgroups
(variable region of the heavy chain) and cannot be used for
class or subclass identification. This means that sequence
data had to be obtained from internal enzymatic or chemical
cleavage sites.

[0237] A combination of papain digestion and Protein. A
affinity chromatography allowed the separation of various
fragments yielding information on the general structure of
IgG3.

[0238] The IgG3 of the camel (Camelus dromedarius)
purified by affinity chromatography on Protein A Sepharose
were partially digested with papain and the digest was
separated on Protein A Sepharose into binding and non
binding fractions. These fractions were analysed by SDS
PAGE under reducing and non reducing conditions (FIG. 4).

[0239] The bound fraction contained two components, one
of 28 Kd and one of 14.4 Kd, in addition to uncleaved or
partially cleaved material. They were well separated by gel
electrophoresis (from preparative 19% SDS-PAGE gels)
under non reducing conditions and were further purified by
electroelution (in 50 nM amonium bicarbonate, 0.1% (w/v)
SDS using a BioRad electro-cluter). After lyophilization of
these electroeluted fractions, the remaining SDS was elimi-
nated by precipitating the protein by the addition of 90%
ethanol, mixing and incubating the mixture overnight at
-20° C. (14). The precipitated protein was collected in a
pellet by centrifuging (15000 rpm, 5 min) and was used for
protein sequencing. N-terminal sequencing was performed
using the automated Edman chemistry of an Applied Bio-
system 477A pulsed liquid protein sequencer. Amino acids
were identified as their phenylthiohydantoin (PTH) deriva-
tives using an Applied Biosystem 120 PTH analyser. All
chemical and reagents were purchased from Applied Bio-
systems. Analysis of the chromatographic data was per-
formed using Applied Biosystems software version 1.61. In
every case the computer aided sequence analysis was
cofirmed by direct inspection of the chromatograms from the
PTH analyser. Samples for protein sequencing were dis-
solved in either 50% (v/v) trifluoroacetic acid (TFA) (28 Kd
fragment) or 100% TFA (14 Kd fragment). Samples of
dissolved protein equivalent to 2000 pmol (28 Kd fragment)
or 500 pmol (14 Kd fragment) were applied to TFA-treated
glass fibre discs. The glass fibre discs were coated with
BioBrene (3 mg) and precycled once before use.

[0240] N-terminal sequencing of the 28 Kd fragment
yields a sequence homologous to the N-terminal part of vy
Cy2 domain and hence to the N-terminal end of the Fc
fragment. The N-terminal sequence of the 14.4 Kd fragment
corresponds to the last lysine of a C52 and the N-terminal
end of a y C;3 domain (Table 1). The molecular weight
(MW) of the papain fragments and the identification of their
N-terminal sequences led us to conclude that the C;2 and
Cy3 domains of the y3 heavy chains are normal in size and
that the deletion must occur either in the C41 or in the Vi
domain to generate the shorted y3 chain. The fractions which
do not bind to Protein A Sepharose contain two bands of 34
and 17 Kd which are more diffuse is SDS PAGE indicating
that they originate from the variable N-terminal part of the
molecule (FIG. 4).
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[0241] Upon reduction, a single diffuse band of 17 Kd is
found indicating that the 34 Kd is a disulfide bonded dimer
of the 17 Kd component. The 34 Kd fragment apparently
contains the hinge and the N-terminal domain V.

[0242] The protein sequence data can be used to construct
degenerate oligonucleotide primers allowing PCR amplifi-
cation of cDNA or genomic DNA.

[0243] 1t has been shown that the cells from camel spleen
imprint cells reacted with rabbit and anti camel immuno-
globulin sera and that the spleen was hence a site of
synthesis of at least one immunoglobulin class. cDNA was
therefore synthetised from camel spleen mRNA. The con-
ditions for the isolation of RNA were the following: total
RNA was isolated from the dromedary spleen by the
guanidium isothiocyanate method (15). mRNA was purified
with oligo T-paramagnetic beads.

[0244] cDNA synthesis is obtained using 1 pg mRNA
template, an oligodT primer and reverse transcriptase
(BOERHINGER MAN). Secono strand cDNA is obtained
using RNAse H and £ coli DNA polymerase I according to
the condition given by the supplier.

[0245] Relevant sequences were amplified by PCR: 5 ng
of cDNA was amplified by PCR in a 100 pl reaction mixture
(10 mM Tris-HCI pH 8.3, 50 mM KCI, 15 mM MgCl,,
0.01% (w/v) gelatine, 200 uM of each ANTP and 25 pmoles
of each primer) overlaid with mineral oil (Sigma).

[0246] Degenerate primers containing EcoRI and Kpnl
sites and further cloned into pUC 18. After a round of
denaturing and annealing (94° C. for 5 min and 54° C. for
5 min), 2 units of Taq DNA polymerase were added to the
reaction mixture before subjecting it to 35 cycles of ampli-
fication: 1 min at 94° C. (denature) 1 min at 54° C. (anneal),
2 min at 72° C. (elongate). To amplify DNA sequences
between Vi and Ci2 domains (#72 clones), the PCR was
performed in the same conditions with the exception that the
annealing temperature was increased to 60° C.

[0247] One clone examined (#56/36) had a sequence cor-
responding to the N-terminal part of a C;2 domain identical
to the sequence of the 28 Kd fragment. The availability of
this sequence data allowed the construction of an exact 3'
primer and the cloning of the region between the N-terminal
end of the Vg;; and the C;2 domain.

[0248] 5' primers corresponding to the mouse Vg (16)
and containing a Xhol restriction site were used in conjunc-
tion with the 3' primer in which a Kpnl site had been inserted
and the amplified sequences were cloned into pBluescript®.
Clone #56/36 which displayed two internal Haelll sites was
digested with this enzyme to produce a probe to identify
PCR positive clones.

[0249] After amplification the PCR products were
checked on a 1.2% (w/v) agarose gel. Cleaning up of the
PCR products included a phenol-chloroform extractio fol-
lowed by further purification by HPLC (GEN-PAC FAX
column, Waters) and finally by using the MERMAID or
GENECLEAN 1I kit, BIO 101, Inc) as appropriate. After
these purification steps, the amplified ¢cDNA was then
digested with EcoRI and Kpnl for series #56 clones and with
Xhol and Kpnl for series #72 clones. A final phenol-
chloroform extraction preceded the ligation into pUC
18(series #56 clones) or into pBluescript® (series #72
clones).
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[0250] All the clones obtained were smaller that the 860
base pairs to be expected if they possessed a complet Vi
and C;1 region. Partial sequence data corresponding to the
N-terminal of the V;;; region reveals that out of 20 clones,
3 were identical and possibly not independent. The
sequences obtained ressemble the human subgroup III and
the murine subgroups Illa and IIIb (Table 2).

[0251] Clones corresponding to two different sets of Cy;2
protein sequences were obtained. A first set of sequences
(#72/41) had a N-terminal C2 region identical to the one
obtained by protein sequencing of the 28 Kd papain frag-
ments of the y3 heavy chain, a short hinge region containing
3 cysteines and a variable region corresponding to the
framework (FR4) residues encoded by the ] minigenes
adjoining the hinge. The Cy1 domain is entirely lacking.
This ¢cDNA corresponds to the y3 chain (Table 4).

[0252] 1In one closely related sequence (#72/1) the proline
in position 259 is replaced by threonine.

[0253] The sequence corresponding to the C;3 and the
remaining part of the C42 was obtained by PCR of the
c¢DNA using as Kpnl primer a poly T in which a Kpnl
restriction site had been inserted at the 5' end. The total
sequence of the y3 chain corresponds to a molecular weight
(MW) which is in good agreement with the data obtained
from SDS PAGE electrophoresis.

[0254] The sequence of this y3 chain presents similarities
with other chains except that it lacks the C;1 domain, the
V., domain being adjacent to the hinge.

[0255] One or all three of the cysteines could be probably
responsible for holding the two y3 chains together.

[0256] These results have allowed us to define a model for
the IgG3 molecule based on sequence and papain cleavage
(FIG. 5).

[0257] Papain can cleave the molecule on each side of the
hinge disulfides and also between C42 and C;3. Under non
reducing conditions the Vg domains of IgG3 can be iso-
lated as disulfide linked dimer or as monomer depending on
the site of papain cleavage.

[0258] A second set of clones #72/29 had a slightly
different sequence for the C;;2 and was characterized by a
very long hinge immediately preceded by the variable
domain. This hinge region has 3 cysteines at its C-terminal
end in a sequence homologeous to the y3 hinge. Such second
set of clones could represent the Ig(G2 subclass. For the
constant part of the y3 and also for the putative y2, most
clones are identical showing the y2 or y3 specific sequences.
A few clones such as #72/1 however show minor differ-
ences. For instance in the case of clones #72/1 two nucle-
otide differences are detected.

[0259] Several Vg regions ¢cDNA’s have now been
totally or partially sequenced with the exception of a short
stretch at the N-terminal end which is primer derived.

[0260] Upon translation the majority shows the character-
istic heavy chain Ser,, Cys,, and Tyry, Tyry, CySg,
sequences, of the intra V3;; region disulfide bridge linking
residues 22 and 92. All these clones have a sequence
corresponding to the framework 4 (FR4) residues of the
variable region immediately preceding the postulated hinge
sequence (Table 3). This sequence is generated by the J
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minigenes and is in the majority of cases similar to the
sequence encoded by the human and murine J minigenes.
The sequence length between region Cysg, and the C-ter-
minal end of the Vi regions is variable and, in the
sequences determined, range from 25 to 37 amino-acids as
one might expect from the rearrangements of J and D
minigenes varying in length.

[0261] Several important questions are raised by the sole
existence of these heavy chain immunoglobulins in a non
pathological situation. First of all, are they bonafide anti-
bodies ? The heavy chain immunoglobulins obtained from
trypanosome infected camels react with a large number of
parasite antigens as shown in part I of these examples. This
implies that the camelid immune system generates an exten-
sive number of binding sites composed of single Vi
domains. This is confirmed by the diversity of the Vi
regions of the heavy chain immunoglobulins obtained by
PCR.

[0262] The second question is “how are they secreted ?”.
The secretion of immunoglobulin heavy chains composing
four-chain model immunoglobulins does not occur under
normal conditions. A chaperoning protein, the heavy chain
binding protein, or BIP protein, prevents heavy chains from
being secreted. It is only when the light chain dispplaces the
BIP protein in the endoplasmatic reticulum that secretion
can occur (13).

[0263] The heavy chain dimer found in the serum of
human or mice with the so-called “heavy chain disease” lack
the C;1 domains thought to harbour the BIP site (14). In the
absence of thi domain the BIP protein can no longer bind and
prevent the transport of the heavy chains.

[0264] The presence in camels of a IgG1 class composed
of heavy and light chains making up between 25% and 50%
of the total IgG molecules also raises the problem as to how
maturation and class switching occurs and what the role of
the light chain is. The camelid light chain appears unusually
large and heterogeneous when examined in SDS PAGE.

[0265] The largest dimension of an isolated domain is 40
A and the maximum attainable span between binding sites of
a conventional IgG with Cy1 and Vy; will be of the order
of 160 A (2V5+2Cy1) (19). The deletion of Cy;1 domain
in the two types of heavy chain antibodies devoid of light
chains, already sequenced has, as a result, a modification of
this maximum span (FIG. 6). In the IgG3 the extreme
distance between the extremities of the V;;; regions will be
of the order of 80 A (2Vy). This could be a severe
limitation for agglutinating or cross linking. In the IgG2 this
is compensated by the extremely long stretch of hinge,
composed of a 12-fold repeat of the sequence Pro-X (where
X is Gln, Lys or Glu) and located N-terminal to the hinge
disulfide bridges. In contrast, in the human IgG3, the very
long hinge which also apparently arose as the result of
sequence duplication does not contribute to increase the
distance spanning the two binding sites as this hinge is
inter-spersed with disulfide bridges.

[0266] The single Vi domain could also probably allow
considerably rotational freedom of the binding site versus
the Fc domain.

[0267] Unlike myeloma heavy chains which result prob-
ably from Cy1 deletion in a single antibody producing cell,
or heavy chain antibodies produced by expression cloning
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(15); the camelid heavy chain antibodies (devoid of light
chains) have emerged in a normal immunological environ-
ment and it is expected that they will have undergone the
selective refinement in specificity and affinity accompanying
B cell maturation.

Expression and Purification of the Camel V;;;21 (DR21 on
FIG. 7) Protein from E. coli

[0268] The clones can be expressed in several types of
expression vectors. As an example using a commercially
available vector Immuno PBS (Huse et al Science (1989)
246, 1275), clones produced in Bluescript® according to the
above described procedure, have been recovered by PCR
using the same Xhol containing 5' primer and a new 3'
primer, corresponding to residues 113-103 in the framework
of the immunoglobulins, in which an Spe site has been
constructed: TC TTA ACT AGT GAG GAG ACG GTG
ACC TG. This procedure allowed the cloning of the Vi in
the Xho/Spe site of the Immuno PBS vector. However, the
3" end of the gene was not in phase with the identification
“tag” and the stop codon of the vector. To achieve this, the
construct was cut with Spe and the 4 base overhangs were
filled in, using the Klenow fragment after which the vector
was religated.

[0269] The expression vector plasmid ipBS (immunopBS)
(Stratacyte) contains a pel B leader sequence which is used
for immunoglobulin chain expression in E. coli under the
promotor pLAC control, a ribosome binding site, and stop
codons. In addition, it contains a sequence for a c-terminal
decapeptide tag.

[0270] E. coli IM101 harboring the ipBS-V ;21 plasmid
was grown in 11 of TB medium with 100 pg/ml ampicillin
and 0.1% glucose at 32° C. Expression was induced by the
addition of 1 mM IPTG (final concentration) at an ODs,, of
1.0. After overnight induction at 28° C., the cells were
harvested by centrifugation at 4.000 g for 10 min (4° C.) and
resuspended in 10 ml TES buffer (0.2 M Tris-HCL pH 8.0,
0.5 mM EDTA, 0.5 M sucrose). The suspension was kept on
ice for 2 hours. Periplasmic proteins were removed by
osmotic shock by addition of 20 ml TES buffer diluted 1:4
v/v with water, kept on ice for one hour and subsequently
centrifugated at 12.000 g for 30 min. at 4° C. The superna-
tant periplasmic fraction was dialysed against Tris-HC1 pH
8.8, NaCl 50 mM, applied on a fast Q Sepharose flow
(Pharmacia) column, washed with the above buffer prior and
eluted with a linear gradient of 50 mM to 1 M NaCl in buffer.

Fractions containing the V;; protein were further purified
on a Superdex 75 column (Pharmacia) equilibrated with
PBS buffer (0.01 M phosphate pH 7.2, 0.15 M NaCl). The
yield of purified Vi protein varies from 2 to 5 mg/1 cell
culture.

[0271] Fractions were analyzed by SDS-PAGE(]). Posi-
tive identification of the camel V4 antibody fragment was
done by Western Blot analysis using antibody raised in
rabbits against purified camel IgGH; and an anti-rabbit
IgG-alkaline phosphatase conjugate (II).

[0272] As protein standards (Pharmacia) periplasmic pro-
teins prepared from 1 ml of IPTG-induced JM101/ipBS
V21 were used. FIG. 8 shows: C,D: fractions from fast S
Sepharose column chromatography (C: Eluted at 650 mM
NaCl D: Eluted at 700 mM NaCl) E,F: fractions from
Superdex 75 column chromatography.
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[0273] As can be seen, the major impurity is eliminated by
ionexchange chromatography and the bulk of the remaining
impurities are eliminated by gel filtration.

TABLE 1

Comparison of the N terminal Camel C,;2 and Cy3 sequences with the
translated c¢cDNA sequences of Camel immunoglobulins and with the
corresponding human y sequences. (Numbering according to Kabat

et al (1987)(7).

250 260 270
Camel 328 Kd ~-LPGGPSVFVFPPKPKDVLSIZXGXP- -
Clone #72/1 -LPGGPSVFVFPTEKPEKDVLSISGRP-=- -
Clone #72/4 -LPGGPSVFVFPPRKPKDVLSISGRP-=- -

Clone #72/29 - LLGGPSVFIFPPRKPKDVLSISGRP-=- -

1
e
e
9]
9]
L)
2]
<
L]
e
L]
L)
L)
=
L)
=
o
H
e
=
H
2]
o
H
L)

1

1

Human y1ly3

Cu2 v2 -VA-GPSVFLFPPKPKDTLMISRTP - -
v4 -FLGGPSVFLFPPKPKDTLMISRTP- -
Cu2 |Cx3
360 370

Camel Y314Kd—K|GQTREPQVYTLAPXRLEL——

Human Y1 -K|[GQPREPQVYTLPPSRDEL - -
Cu2/Cq3 ¥2, Y3 -K|[GQPREPQVYTLPPSREEDM- -

14 -K|[GQPREPQVYTLPPSQEEM- -
[0274]

TABLE 2

A comparison of N Terminal Fr 1 regions of Camel Vg with a Human
VgIII subgroup protein and a mouse V4ZIIIA subgroup protein.

The invariable subgroup specific residues are grayed.

Primer Derived 10 20 30

GGSVQTGGSLRLSCETISGLTTFD# 72/4

GGSVQTGGSLRLSCAVSGFSTFS# 72/3

GGSEQGGGSLRLSCAISGYTYG# 72/7

GGSVQPGGSLTLSCTVSGATYS# 72/17

GGSVQAGGSLRLSCTGSGTFPYS# 72/18

DVQLVASGGGSVGAGGSLRLSCTASGDSTFS# 72/2

EVKLVESGGGLVEPGGSLRLSCATSGFTF S Mouse VyIII,

EVQLLSGGGLVQPGGSLRLSCAASGEFTF S Human V4III
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[0275]
TABLE 3-continued
TABLE 3
Comparison of some Framework 4 residues found
Comparison of some Framework 4 residues found in the Camel Vg region with the Framework 4
in the Camel Vyy region with the Framework 4 residues corresponding to the consensus region
residues corresponding to the consensus region Pk
. of the Human and Mouse J minigenes.
of the Human and Mouse J minigenes.
FrameWork 4 FrameWork 4
J Genes cDNA Clones
Human WGQGTLVTVS S J1.J4.J5
Camel WGQGTQVTV S S Clones
WGRGTLVTVS S J2
WGQGTQVTVS S # 72/19 = # 72/3
WGQGTTVTVS S J6
WGQGTLVTVS S 1 Clone
WGQGTMVTVS S J3
Murine WGQGTTLTV S S Jl WGRGTQVTVSS #72/24
WGQGTLVTVS S J2 WGQGTHVTVSS # 72/21
WGQGTSVTVSA J3 WGQGIQVTASS # 72/16
WGAGTTVTVS S J4
[0276]
TABLE 4
dyygs s - - - --y--f-----dvWGAGTTVTVSS MOUSE VHIII Sequence
95 100 abecdefghijk----101 105 110
1l algpggycgygsx----------¢clWGQGTQVTVSS
2 vslmdrisqh------------g¢cRGQGTQVTVSL
3 vpehlgpgsildlkky------kyWGQGTQVTVSS
4 feystagdggsge---------myWGQGTQVTVSS
7 elsggscelpl !l f----.-.-...-..dyWGQGTQVTVSS
9 dwkywtcgaqtggy f-------gqWGQGAQVTVSS
lrltemgacdarwatlatrtfaynyWGQGTQVTVSS Random sample
Bgkkdrtrwaeprews=--------nnWGQGTQVTASS
l6bgsrfsspvgatsrles-sdy--nyWGQGIQVTASS ]
Wadpsiyysilxiey------ - kyWGQGTQVTVSS IH different camel
Bdspecymptmpappirdsfgw--ddFGQGTQVTVSS VIIH region
Otsstywycttspy - ------ -nyWGQGTQVTVSS
Vteiewygenlrttf--- .. - - - 1TWGQGTQVTVSS
2lnglaggwyldpnywlsvgay--aiWGQGTHVTVSS
4] temgacderwatlatrtfaynyWGRGTQVTVSS
2SdgwtrkeggiglpwqucedgynyWGQGTQVTVSS
2Z7dsypch Il 1 - - -2« .- -2dvyWGQGTQVTVSS
29Cypiadmcs -———rijDPGTQVTVSS
CDRS
Human & mouse - size range 0-19aa over 600 entries.
Camel 8-24aa 18 entries
[0277]
TABLE 5
10 20 40

EVQLVESGGG LVQPGGSLRL SCAASG CDR1i WVRQA PGXGLEWVS | CDRZI

GG SVQGGGSLRL SCAISG CDRII WFREG PGKEREGIA CDR2I
GG SVQAGGSLRL SCASSS CDRII WYRQA PGKEREFVS CDRZI
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TABLE 5-continued
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70 80 90

RFTIS RDNSKNTLYL QMNSLRAEDTAVY YCAR ECDIG 1 WGQGTLVT VSS
RFTIS QDSTLKTMYL LMNNLKPEDTGTY YCAA CDR31 WGQGTQVT VSS
RFTIS QDSAKNTUYL QMNSLKPEDTAMY YCKI CDIGE WGQGTQVT VSS

camel Vi E hinge E Cy2
WGQGTQVT VSS E —— GINEVCKCPKCP E APELPGG PSVFVEFP
camel ! !
WGQGTQVT VSS'——EPKIPQPQPKPQPQP !
i GPQPKPQP |
i KPEPECTCPKCP i APELLGG PSVFIFP
human Cyl hinge Cu2
human gamma 3 KVDKRV 1 ELKTPLGDTTHTCPRCP

EPKCSDTPPPCPRCP

i

EPKCSDTPPPCPRCP ' APELLGG PSVFLEP
human gamma 1 KVDKK ———AEPKSCDKTHTCPPCP i APELLGG PSVFLFP

human gamma 2 KVKVTV:
human gamma 4 KVDKRV!:

ERKCCVECPPCP i APPVAG- PSVFLFP
ESKYGPPCPSCP E APEFLGG PSVFLFP
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<160> NUMBER OF SEQ ID NOS:

<210> SEQ ID NO 1
<211> LENGTH: 22
<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 1

Gly Gly Ser Val Gln Thr Gly Gly Ser Leu Arg Leu Ser Cys Glu Ile

1 5

Ser Gly Leu Thr Phe Asp
20

<210> SEQ ID NO 2
<211> LENGTH: 22
<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 2

Gly Gly Ser Val Gln Thr Gly Gly Ser Leu Arg Leu Ser Cys Ala Val

1 5

Ser Gly Phe Ser Phe Ser
20

<210> SEQ ID NO 3
<211> LENGTH: 22
<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 3

Gly Gly Ser Glu Gln Gly Gly Gly Ser Leu Arg Leu Ser Cys Ala Ile

1 5

Ser Gly Tyr Thr Tyr Gly
20

<210> SEQ ID NO 4
<211> LENGTH: 22
<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 4

Gly Gly Ser Val Gln Pro Gly Gly Ser Leu Thr Leu Ser Cys Thr Val

1 5

Ser Gly Ala Thr Tyr Ser
20

<210> SEQ ID NO 5
<211> LENGTH: 22
<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 5

Gly Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Gly

1 5

Ser Gly Phe Pro Tyr Ser
20

<210> SEQ ID NO 6

SEQUENCE LISTING

10

10

10

10

10

15

15

15

15

15
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-continued

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 6

Gly Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Val Ala
1 5 10 15

Gly Phe Gly Thr Ser
20

<210> SEQ ID NO 7

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 7

Gly Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Val Ser
1 5 10 15

Phe Ser Pro Ser Ser
20

<210> SEQ ID NO 8

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 8

Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 9

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 10

Trp Gly Gln Gly Ala Gln Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism
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-continued

<220>

FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or

<400>

Lama sp.

SEQUENCE: 11

Trp Gly Gln Gly Thr Gln Val Thr Ala Ser Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 12
LENGTH: 11
TYPE: PRT

10

ORGANISM: Unknown Organism

FEATURE:

OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or

Lama sp.

SEQUENCE: 12

Arg Gly Gln Gly Thr Gln Val Thr Val Ser Leu

1

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 13

LENGTH: 25

TYPE: PRT

ORGANISM: Camelus sp.
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (12)

10

OTHER INFORMATION: Variable amino acid

SEQUENCE: 13

Ala Leu Gln Pro Gly Gly Tyr Cys Gly Tyr Gly Xaa Cys Leu Trp Gly

1

Gln Gly Thr Gln Val Thr Val

<210>
<211>
<212>
<213>

<400>

5

20

SEQ ID NO 14

LENGTH: 23

TYPE: PRT

ORGANISM: Camelus sp.

SEQUENCE: 14

10 15

Ser Ser
25

Val Ser Leu Met Asp Arg Ile Ser Gln His Gly Cys Arg Gly Gln Gly

1

Thr Gln Val Thr Val Ser Leu

<210>
<211>
<212>
<213>

<400>

5

20

SEQ ID NO 15

LENGTH: 29

TYPE: PRT

ORGANISM: Camelus sp.

SEQUENCE: 15

10 15

Val Pro Ala His Leu Gly Pro Gly Ala Ile Leu Asp Leu Lys Lys Tyr

1

5

10 15

Lys Tyr Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser

<210>
<211>
<212>
<213>

<400>

20

SEQ ID NO 16

LENGTH: 26

TYPE: PRT

ORGANISM: Camelus sp.

SEQUENCE: 16

25

Jun. &, 2006
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-continued

Phe Cys Tyr Ser Thr Ala Gly Asp Gly Gly Ser Gly Glu Met Tyr Trp
1 5 10 15

Gly Gln Gly Thr Gln Val Thr Val Ser Ser
20 25

<210> SEQ ID NO 17

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 17

Glu Leu Ser Gly Gly Ser Cys Glu Leu Pro Leu Leu Phe Asp Tyr Trp
1 5 10 15

Gly Gln Gly Thr Gln Val Thr Val Ser Ser
20 25

<210> SEQ ID NO 18

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 18

Asp Trp Lys Tyr Trp Thr Cys Gly Ala Gln Thr Gly Gly Tyr Phe Gly
1 5 10 15

Gln Trp Gly Gln Gly Ala Gln Val Thr Val Ser Ser
20 25

<210> SEQ ID NO 19

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 19

Arg Leu Thr Glu Met Gly Ala Cys Asp Ala Arg Trp Ala Thr Leu Ala
1 5 10 15

Thr Arg Thr Phe Ala Tyr Asn Tyr Trp Gly Gln Gly Thr Gln Val Thr
20 25 30

Val Ser Ser
35

<210> SEQ ID NO 20

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 20

Gln Lys Lys Asp Arg Thr Arg Trp Ala Glu Pro Arg Glu Trp Asn Asn
1 5 10 15

Trp Gly Gln Gly Thr Gln Val Thr Ala Ser Ser
20 25

<210> SEQ ID NO 21

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 21

Gly Ser Arg Phe Ser Ser Pro Val Gly Ser Thr Ser Arg Leu Glu Ser
1 5 10 15
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-continued
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Ser Asp Tyr Asn Tyr Trp Gly Gln Gly Thr Gln Val Thr Ala Ser Ser

20

25

<210>
<211>
<212>
<213>
<220>
<221>

SEQ ID NO 22

LENGTH: 27

TYPE: PRT

ORGANISM: Camelus sp.
FEATURE:

NAME/KEY: MOD_RES

30

<222> LOCATION: (11)
<223> OTHER INFORMATION: Variable amino acid

<400> SEQUENCE: 22

Ala Asp Pro Ser Ile Tyr Tyr Ser Ile Leu Xaa Ile Glu Tyr Lys Tyr
1 5 10 15

Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser

20

25

<210>
<211>
<212>
<213>

SEQ ID NO 23

LENGTH: 33

TYPE: PRT

ORGANISM: Camelus sp.

<400> SEQUENCE: 23

Asp Ser Pro Cys Tyr Met Pro Thr Met Pro Ala Pro Pro Ile Arg Asp
1 5 10 15

Ser Phe Gly Trp Asp Asp Phe Gly Gln Gly Thr Gln Val Thr Val Ser
20 25 30

Ser

<210> SEQ ID NO 24

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 24

Thr Ser Ser Phe Tyr Trp Tyr Cys Thr Thr Ala Pro Tyr Asn Val Trp
1 5 10 15

Gly Gln Gly Thr Gln Val Thr Val Ser Ser

<210>
<211>
<212>
<213>

<400>

20

SEQ ID NO 25
LENGTH: 27

TYPE: PRT
ORGANISM: Camelus

SEQUENCE: 25

25

sp.

Thr Glu Ile Glu Trp Tyr Gly Cys Asn Leu Arg Thr Thr Phe Thr Arg

1

5

10 15

Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser

<210>
<211>
<212>
<213>

<400>

20

SEQ ID NO 26
LENGTH: 33

TYPE: PRT
ORGANISM: Camelus

SEQUENCE: 26

25

sp.

Asn Gln Leu Ala Gly Gly Trp Tyr Leu Asp Pro Asn Tyr Trp Leu Ser

1

5

10 15
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Val Gly Ala Tyr Ala Ile Trp Gly Gln Gly Thr His Vval Thr Val Ser
20 25 30

Ser

<210> SEQ ID NO 27

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 27

Arg Leu Thr Glu Met Gly Ala Cys Asp Ala Arg Trp Ala Thr Leu Ala
1 5 10 15

Thr Arg Thr Phe Ala Tyr Asn Tyr Trp Gly Arg Gly Thr Gln Val Thr
20 25 30

Val Ser Ser
35

<210> SEQ ID NO 28

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 28

Asp Gly Trp Thr Arg Lys Glu Gly Gly Ile Gly Leu Pro Trp Ser Val
1 5 10 15

Gln Cys Glu Asp Gly Tyr Asn Tyr Trp Gly Gln Gly Thr Gln Val Thr
20 25 30

Val Ser Ser
35

<210> SEQ ID NO 29

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 29

Asp Ser Tyr Pro Cys His Leu Leu Asp Val Trp Gly Gln Gly Thr Gln
1 5 10 15

Val Thr Val Ser Ser
20

<210> SEQ ID NO 30

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 30

Val Glu Tyr Pro Ile Ala Asp Met Cys Ser Arg Tyr Gly Asp Pro Gly
1 5 10 15

Thr Gln Val Thr Val Ser Ser
20

<210> SEQ ID NO 31

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.
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<400> SEQUENCE: 31

Ala Pro Glu Leu Leu Gly Gly Pro Thr Val Phe Ile Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Thr Leu Thr Pro

20

25

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 27

TYPE: PRT

ORGANISM: Unknown Organism

FEATURE:

OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

SEQUENCE: 32

Ala Pro Glu Leu Pro Gly Gly Pro Ser Val Phe Val Phe Pro Thr Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Ser Gly Arg Pro

20

25

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 33

LENGTH: 27

TYPE: PRT

ORGANISM: Unknown Organism

FEATURE:

OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

SEQUENCE: 33

Ala Pro Glu Leu Pro Gly Gly Pro Ser Val Phe Val Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Ser Gly Arg Pro

20

25

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 34

LENGTH: 27

TYPE: PRT

ORGANISM: Unknown Organism

FEATURE:

OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

SEQUENCE: 34

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Ser Gly Arg Pro

20

25

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 12

TYPE: PRT

ORGANISM: Unknown Organism

FEATURE:

OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or

Lama sp.
<400> SEQUENCE: 35
Gly Gln Thr Arg Glu Pro Gln Val Tyr Thr Leu Ala
1 5 10

<210> SEQ ID NO 36
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<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (14)

<223> OTHER INFORMATION: Variable amino acid

<400> SEQUENCE: 36

Gly Gln Thr Arg Glu Pro Gln Val Tyr Thr Leu Ala Pro Xaa Arg Leu
1 5 10 15

Glu Leu

<210> SEQ ID NO 37

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 37

Gly Thr Asn Glu Val Cys Lys Cys Pro Lys Cys Pro
1 5 10

<210> SEQ ID NO 38

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 38

Glu Pro Lys Ile Pro Gln Pro Gln Pro Lys Pro Gln Pro Gln Pro Gln
1 5 10 15

Pro Gln Pro Lys Pro Gln Pro Lys Pro Glu Pro Glu Cys Thr Cys Pro
20 25 30

Lys Cys Pro
35

<210> SEQ ID NO 39

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (26)

<223> OTHER INFORMATION: Variable amino acid

<400> SEQUENCE: 39

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Val Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Ser Gly Xaa Pro Lys
20 25

<210> SEQ ID NO 40
<211> LENGTH: 28
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<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 40

Ala Pro Glu Leu Pro Gly Gly Pro Ser Val Phe Val Phe Pro Thr Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Ser Gly Arg Pro Lys
20 25

<210> SEQ ID NO 41

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 41

Ala Pro Glu Leu Pro Gly Gly Pro Ser Val Phe Val Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Ser Gly Arg Pro Lys
20 25

<210> SEQ ID NO 42

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 42

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Val Leu Ser Ile Ser Gly Arg Pro Lys
20 25

<210> SEQ ID NO 43

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 43

Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Cys Pro Lys Cys
1 5 10 15

Pro Ala Pro Glu Leu Pro Gly Gly Pro Ser Val Phe Val Phe Pro
20 25 30

<210> SEQ ID NO 44

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 44
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Val Thr Val Ser Ser Glu Pro Lys Ile Pro
1 5 10

Gln Pro Gln Pro Gln Pro Gln Pro Lys Pro
20 25

Glu Cys Thr Cys Pro Lys Cys Pro Ala Pro
35 40

Ser Val Phe Ile Phe Pro
50

<210> SEQ ID NO 45

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of
Lama sp.

<400> SEQUENCE: 45

Ala Pro Glu Leu Pro Gly Gly Pro Ser Val
1 5 10

<210> SEQ ID NO 46

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of
Lama sp.

<400> SEQUENCE: 46

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val
1 5 10

<210> SEQ ID NO 47

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of

<400> SEQUENCE: 47

cgccatcaag gtaacagttg a

<210> SEQ ID NO 48

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of

<400> SEQUENCE: 48

aggtccagct gctcgagtct gg

<210> SEQ ID NO 49

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of

<400> SEQUENCE: 49

agctccagct gctcgagtct gg

Gln Pro Gln Pro Lys Pro
15

Gln Pro Lys Pro Glu Pro
30

Glu Leu Leu Gly Gly Pro
45

Unknown Organism: Camelus sp. or

Phe Val Phe Pro

Unknown Organism: Camelus sp. or

Phe Ile Phe Pro

Artificial Sequence: Primer

21
Artificial Sequence: Primer

22
Artificial Sequence: Primer

22
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 50

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 50

aggtccagct tctcgagtct gg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 51

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 51

tcttaactag tgaggagacg gtgacctg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 52

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 52

ctagtgcacc accatcacca tcactaatag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 53

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

antisense oligonucleotide
<400>

SEQUENCE: 53

aattctatta gtgatggtga tggtggtgca

<210> SEQ ID NO 54

<211> LENGTH: 43

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (21)

<223> OTHER INFORMATION: Variable amino
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (23)

<223> OTHER INFORMATION: Variable amino
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (39)

<223> OTHER INFORMATION: Variable amino

<400> SEQUENCE: 54

Leu Pro Gly Gly Pro Ser Val Phe Val Phe
1 5 10

Val Leu Ser Ile Xaa Gly Xaa Pro Lys Gly
20 25

OTHER INFORMATION: Description of Artificial Sequence: Primer

22

OTHER INFORMATION: Description of Artificial Sequence: Primer

28

OTHER INFORMATION: Description of Artificial Sequence: Synthetic

30

OTHER INFORMATION: Description of Artificial Sequence: Synthetic

30

acid

acid

acid

Pro Pro Lys Pro Lys Asp
15

Gln Thr Arg Glu Pro Gln
30

Jun. &, 2006
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Val Tyr Thr Leu Ala Pro Xaa Arg Leu Glu Leu
35 40

<210> SEQ ID NO 55

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 55

Leu Pro Gly Gly Pro Ser Val Phe Val Phe Pro Thr Lys Pro Lys Asp
1 5 10 15

Val Leu Ser Ile Ser Gly Arg Pro
20

<210> SEQ ID NO 56

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 56

Leu Pro Gly Gly Pro Ser Val Phe Val Phe Pro Pro Lys Pro Lys Asp
1 5 10 15

Val Leu Ser Ile Ser Gly Arg Pro
20

<210> SEQ ID NO 57

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 57

Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp
1 5 10 15

Val Leu Ser Ile Ser Gly Arg Pro
20

<210> SEQ ID NO 58

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 58

Asp Val Gln Leu Val Ala Ser Gly Gly Gly Ser Val Gly Ala Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Thr Ala Ser Gly Asp Ser Phe Ser
20 25 30

<210> SEQ ID NO 59

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 59

Trp Gly Arg Gly Thr Gln Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 60

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius
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<400> SEQUENCE: 60

Trp Gly Gln Gly Thr His Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 61

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 61

Trp Gly Gln Gly Ile Gln Val Thr Ala Ser Ser
1 5 10

<210> SEQ ID NO 62

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)

<223> OTHER INFORMATION: Variable amino acid

<400> SEQUENCE: 62

Ala Leu Gln Pro Gly Gly Tyr Cys Gly Tyr Gly Xaa Cys Leu
1 5 10

<210> SEQ ID NO 63

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 63

Val Ser Leu Met Asp Arg Ile Ser Gln His Gly Cys
1 5 10

<210> SEQ ID NO 64

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 64

Val Pro Ala His Leu Gly Pro Gly Ala Ile Leu Asp Leu Lys Lys Tyr
1 5 10 15

Lys Tyr

<210> SEQ ID NO 65

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Camelus bactrianus

<400> SEQUENCE: 65
Phe Cys Tyr Ser Thr Ala Gly Asp Gly Gly Ser Gly Glu Met Tyr

1 5 10 15

<210> SEQ ID NO 66

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Camelus dromedarius

<400> SEQUENCE: 66

Glu Leu Ser Gly Gly Ser Cys Glu Leu Pro Leu Leu Phe Asp Tyr
1 5 10 15
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<210> SEQ ID NO 67

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 67

Asp Trp Lys Tyr Trp Thr Cys Gly Ala Gln Thr Gly Gly Tyr Phe Gly
1 5 10 15

Gln

<210> SEQ ID NO 68

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 68

Arg Leu Thr Glu Met Gly Ala Cys Asp Ala Arg Trp Ala Thr Leu Ala
1 5 10 15

Thr Arg Thr Phe Ala Tyr Asn Tyr
20

<210> SEQ ID NO 69

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 69

Gln Lys Lys Asp Arg Thr Arg Trp Ala Glu Pro Arg Glu Trp Asn Asn
1 5 10 15

<210> SEQ ID NO 70

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 70

Gly Ser Arg Phe Ser Ser Pro Val Gly Ser Thr Ser Arg Leu Glu Ser
1 5 10 15

Ser Asp Tyr Asn Tyr
20

<210> SEQ ID NO 71

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (11)
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<223> OTHER INFORMATION: Variable amino acid
<400> SEQUENCE: 71

Ala Asp Pro Ser Ile Tyr Tyr Ser Ile Leu Xaa Ile Glu Tyr Lys Tyr
1 5 10 15

<210> SEQ ID NO 72

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 72

Asp Ser Pro Cys Tyr Met Pro Thr Met Pro Ala Pro Pro Ile Arg Asp
1 5 10 15

Ser Phe Gly Trp Asp Asp
20

<210> SEQ ID NO 73

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 73

Thr Ser Ser Phe Tyr Trp Tyr Cys Thr Thr Ala Pro Tyr Asn Val
1 5 10 15

<210> SEQ ID NO 74

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 74

Thr Glu Ile Glu Trp Tyr Gly Cys Asn Leu Arg Thr Thr Phe Thr Arg
1 5 10 15

<210> SEQ ID NO 75

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 75

Asn Gln Leu Ala Gly Gly Trp Tyr Leu Asp Pro Asn Tyr Trp Leu Ser
1 5 10 15

Val Gly Ala Tyr Ala Ile
20

<210> SEQ ID NO 76

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
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Lama sp.
<400> SEQUENCE: 76

Arg Leu Thr Glu Met Gly Ala Cys Asp Ala Arg Trp Ala Thr Leu Ala
1 5 10 15

Thr Arg Thr Phe Ala Tyr Asn Tyr
20

<210> SEQ ID NO 77

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 77

Asp Gly Trp Thr Arg Lys Glu Gly Gly Ile Gly Leu Pro Trp Ser Val
1 5 10 15

Gln Cys Glu Asp Gly Tyr Asn Tyr
20

<210> SEQ ID NO 78

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 78

Asp Ser Tyr Pro Cys His Leu Leu Asp Val
1 5 10

<210> SEQ ID NO 79

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 79

Val Glu Tyr Pro Ile Ala Asp Met Cys Ser Arg Tyr
1 5 10

<210> SEQ ID NO 80

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 80

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
20 25

<210> SEQ ID NO 81
<211> LENGTH: 14
<212> TYPE: PRT
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<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 81

Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val Ser
1 5 10

<210> SEQ ID NO 82

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 82

Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gln
1 5 10 15

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

<210> SEQ ID NO 83

<211> LENGTH: 37

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 83

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Gly Thr Asn Glu Val
1 5 10 15

Cys Lys Cys Pro Lys Cys Pro Ala Pro Glu Leu Pro Gly Gly Pro Ser
20 25 30

Val Phe Val Phe Pro
35

<210> SEQ ID NO 84

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 84

Gly Gly Ser Val Gln Gly Gly Gly Ser Leu Arg Leu Ser Cys Ala Ile
1 5 10 15

Ser Gly

<210> SEQ ID NO 85

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 85
Trp Phe Arg Glu Gly Pro Gly Lys Glu Arg Glu Gly Ile Ala

1 5 10

<210> SEQ ID NO 86
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<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 86

Arg Phe Thr Ile Ser Gln Asp Ser Thr Leu Lys Thr Met Tyr Leu Leu
1 5 10 15

Met Asn Asn Leu Lys Pro Glu Asp Thr Gly Thr Tyr Tyr Cys Ala Ala
20 25 30

<210> SEQ ID NO 87

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 87

Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser Glu Pro Lys Ile Pro
1 5 10 15

Gln Pro Gln Pro Lys Pro Gln Pro Gln Pro Gln Pro Gln Pro Lys Pro
20 25 30

Gln Pro Lys Pro Glu Pro Glu Cys Thr Cys Pro Lys Cys Pro Ala Pro
35 40 45

Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro
50 55 60

<210> SEQ ID NO 88

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 88

Gly Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Ala Ser
1 5 10 15

Ser Ser

<210> SEQ ID NO 89

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.

<400> SEQUENCE: 89

Trp Tyr Arg Gln Ala Pro Gly Lys Glu Arg Glu Phe Val Ser
1 5 10

<210> SEQ ID NO 90

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Unknown Organism

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown Organism: Camelus sp. or
Lama sp.
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<400> SEQUENCE: 90

Arg Phe Thr Ile Ser Gln
1 5

Met Asn Ser Leu Lys Pro
20

<210> SEQ ID NO 91
<211> LENGTH: 37

<212> TYPE: PRT

<213> ORGANISM: Camelus

<400> SEQUENCE: 91

Trp Gly Gln Gly Thr Gln
1 5

Cys Lys Cys Pro Lys Cys
20

Val Phe Val Phe Pro
35

<210> SEQ ID NO 92
<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Camelus
<220> FEATURE:

Asp Ser Ala Lys Asn Thr Val Tyr Leu Gln
10 15

Glu Asp Thr Ala Met Tyr Tyr Cys Lys Ile
25 30

sp.

Val Thr Val Ser Ser Gly Thr Asn Glu Val
10 15

Pro Ala Pro Glu Leu Pro Gly Gly Pro Ser
25 30

sp.

<221> NAME/KEY: modified base

<222> LOCATION: (314)

<223> OTHER INFORMATION:

<400> SEQUENCE: 92

a, t, ¢, g, other or unknown

ctcgagtctg ggggaggatc ggtgcaggct ggagggtctc tgagactctg tgcgcagccet

ctggatacag taattgtccc ctcacttgga gctggtatcg ccagtttcca ggaacggage

gcgagttcgt ctccagtatg gatccggatg gaaataccaa gtacacatac tccgtgaagg

gccgcttcac catgtcccga ggcagcaccqg agtacacagt atttctgcaa atggacaatc

tgaaacctga ggacacggcg atgtattact gtaaaacagc cctacaacct gggggttatt

gtgggtatgg gtantgcctc tggggccagg ggacccaggt caccgtctcc tcactagtta

cccgtacgac gttccggact acggttctta atagaattce

<210> SEQ ID NO 93
<211> LENGTH: 391

<212> TYPE: DNA

<213> ORGANISM: Camelus

<400> SEQUENCE: 93

sp.

ctcgagtctg ggggaggctc ggtgcaggct ggagggtctc tgagactctc ctgtgcatcet

tcttctaaat atatgccttg cacctacgac atgacctggt accgccaggce tccaggcaag

gagcgcgaat ttgtctcaag tataaatatt gatggtaaga caacatacgc agactccgtg

aagggccgat tcaccatctc ccaagacagc gccaagaaca cggtgtatct gcagatgaac

agcctgaaac ctgaggacac ggcgatgtat tactgtaaaa tagattcgta cccgtgccat

ctccttgatg tctggggcca ggggacccag gtcaccgtct cctcactagt tacccgtacg

agcttccgga ctacggttct taatagaatt ¢

<210> SEQ ID NO 94

60

120

180

240

300

360

399

60

120

180

240

300

360

391
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<211> LENGTH: 443
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 94
caggtgaaac tgctcgagtc tggaggaggc tcggtgcaga ctggaggatc tctgagactce 60
tcctgtgecag tctetggatt ctecctttagt accagttgta tggecctggtt ccgccagget 120
tcaggaaagc agcgtgaggg ggtcgcagcc attaatagtg gcggtggtag gacatactac 180
aacacatatg tcgccgagtc cgtgaagggc cgattcgcca tctcccaaga caacgccaag 240
accacggtat atcttgatat gaacaaccta acccctgaag acacggctac gtattactgt 300
gcggcggtcece cagcccactt gggacctgge gccattcttg atttgaaaaa gtataagtac 360
tggggccagg ggacccaggt caccgtctcce tcactagcta gttacccgta cgacgttccg 420
gactacggtt cttaatagaa ttc 443
<210> SEQ ID NO 95
<211> LENGTH: 433
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 95
ctcgagtctg ggggagggtc ggtgcaggct ggagggtctc tgagactctc ctgtaatgtce 60
tctggectete ccagtagtac ttattgectg ggetggttcce geccaggctcecce agggagggag 120
cgtgaggggg tcacagcgat taacactgat ggcagtatca tatacgcagc cgactccgtg 180
aagggccgat tcaccatctc ccaagacacc gccaaggaaa cggtacatct ccagatgaac 240
aacctgcaac ctgaggatac ggccacctat tactgcgcgg caagactgac ggagatgggg 300
gcttgtgatg cgagatgggc gaccttagcg acaaggacgt ttgcgtataa ctactgggge 360
cgggggaccc aggtcaccgt ctcctcacta gttacccgta cgacgttccg gactacggtt 420
cttaatagaa ttc 433
<210> SEQ ID NO 96
<211> LENGTH: 449
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 96
caggtgaaac tgctcgagtc tgggggaggg tcggtgcagg ctggagggtc tctgagactce 60
tcctgtaatg tctetggete tcccagtagt acttattgec tgggetggtt ccgccagget 120
ccagggaagg agcgtgaggg ggtcacagcg attaacactg atggcagtgt catatacgca 180
gccgactccg tgaagggccg attcaccatc tcccaagaca ccgccaagaa aacggtatat 240
ctccagatga acaacctgca acctgaggat acggccacct attactgcgc ggcaagactg 300
acggagatgg gggcttgtga tgcgagatgg gcgaccttag cgacaaggac gtttgcgtat 360
aactactggg gccgggggac ccaggtcacc gtctcctcac tagctagtta cccgtacgac 420
gttccggact acggttctta atagaattc 449

<210> SEQ ID NO 97

<211> LENGTH: 424

<212> TYPE: DNA

<213> ORGANISM: Camelus sp.
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<400> SEQUENCE: 97
ctcgagtctg gaggaggctc ggcgcaggct ggaggatctc tgagactctc ctgtgcagcece 60
cacgggattc cgctcaatgg ttactacatc gcctggttcce gtcaggctcc tgggaagggg 120
cgtgaggggg tcgcaacaat taatggtggt cgcgacgtca catactacgc cgactccgtg 180
acgggccgat ttaccatctc ccgagacagc cccaagaata cggtgtatct gcagatgaac 240
agcctgaaac ctgaggacac ggccatctac ttctgtgcag caggctcgeg tttttctagt 300
cctgttggga gcacttctag actcgaaagt agcgactata actattgggg ccaggggatc 360
caggtcaccg tcacctcact agttacccgt acgacgttcc ggactacggt tcttaataga 420
attc 424
<210> SEQ ID NO 98
<211> LENGTH: 415
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 98
ctcgagtctg gaggaggctc ggttcaggct ggagggtccce ttagactcte ctgtgcagece 60
tctgactaca ccatcactga ttattgcatg gcctggttcec gccaggctcecc agggaaggag 120
cgtgaattgg tcgcagcgat tcaagttgtc cgtagtgata ctcgcctcac agactacgcce 180
gactccgtga agggacgatt caccatctcc caaggcaaca ccaagaacac agtgaatctg 240
caaatgaaca gcctgacacc tgaggacacg gccatctaca gttgtgcgge aaccagtagt 300
ttttactggt actgcaccac ggcgccttat aacgtctggg gtcaggggac ccaggtcacc 360
gtctcctcac tagttacccg tacgacgttc cggactacgg ttcttaatag aattce 415
<210> SEQ ID NO 99
<211> LENGTH: 406
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 99
ctcgagtctg ggggaggctc ggtgcagggt ggagggtctc tgagactctec ctgtgcaatce 60
tctggataca cgtacggtag cttctgtatg ggctggttcc gcgagggtcc aggcaaggaa 120
cgtgagggga tcgcaactat tcttaatggt ggtactaaca catactatgc cgactcggtg 180
aagggccgat tcaccatctc ccaagacagc acgttgaaga cgatgtatct gctaatgaac 240
aacctgaaac ctgaagacac gggcacctat tactgtgctg cagaactaag tggtggtagt 300
tgtgaattgc ctttgctatt tgactactgg ggccagggca cccaggtcac cgtctcctca 360
ctagttaccc gtacgacgtt ccggactacg gttcttaata gaattc 406
<210> SEQ ID NO 100
<211> LENGTH: 427
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 100
ctcgagtctg ggggaggctc ggtgcaggct ggagggtctc tgagactctc ctgtacagge 60
tctggattce cctatagtac cttectgtectg gggtggttce geccaggctcecce agggaaggag 120

cgtgaggggg tcgcgggtat taatagtgca ggaggtaata cttactatgc cgacgccgtg 180
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aagggccgat tcaccatctc ccaagggaat gccaagaata cggtgtttct gcaaatggat 240
aacttgaaac ctgaggacac ggccatctat tactgcgcgg cggatagtcc atgttacatg 300
ccgactatge ccgctcccece gatacgagac agttttgget gggatgattt tggccagggg 360
acccaggtca ccgtctccte actagttacc cgtacgacgt tccggactac ggttcttaat 420
agaattc 427
<210> SEQ ID NO 101
<211> LENGTH: 409
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 101
ctcgagtcag ggggaggctc ggtacaggtt ggagggtctc tgagactctc ctgtgtagcece 60
tctactcaca ccgacagtag cacctgtata ggctggttcc gccaggctcc agggaaggag 120
cgcgaggggg tcgcaagtat atattttggt gatggtggta cgaattatcg cgactccgtg 180
aagggccgat tcaccatctc ccaactcaac gcccagaaca cagtgtatct gcaaatgaac 240
agcctgaaac ctgaggacag cgccatgtac tactgtgcaa tcactgaaat tgagtggtat 300
gggtgcaatt taaggactac ttttactcgc tggggccagg ggacccaggt caccgtctce 360
tcactagtta cccgtacgac gttccggact acggttctta atagaattc 409
<210> SEQ ID NO 102
<211> LENGTH: 445
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 102
ctcgagtctg ggggaggctc ggtacaaact ggagggtctc tgagactctc ttgcgaaatc 60
tctggattga cttttgatga ttctgacgtg gggtggtacc gccaggctcc aggggatgag 120
tgcaaattgg tctcaggtat tctgagtgat ggtactccat atacaaagag tggagactat 180
gctgagtctg tgaggggccg ggttaccatc tccagagaca acgccaagaa catgatatac 240
cttcaaatga acgacctgaa acctgaggac acggccatgt attactgcgc ggtagatggt 300
tggacccgga aggaaggggg aatcgggtta ccctggtcgg tccaatgtga agatggttat 360
aactattggg gccaggggac ccaggtcacc gtctcctcac tagttacccg tacgacgtte 420
cggactacgg ttcttaatag aattc 445
<210> SEQ ID NO 103
<211> LENGTH: 394
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 103
ctcgagtctg gaggaggctc ggtgcaggct ggagggtctc tgagactctec ctgtgtagcece 60
tctggattca atttcgaaac ttctcgtatg gcgtggtacc gccagactcc aggaaatgtg 120
tgtgagttgg tctcaagtat ttacagtgat ggcaaaacat actacgtcga ccgcatgaag 180
ggccgattca ccatttctag agagaatgcc aagaatacat tgtatctaca actgagcgge 240
ctcaaacctg aggacacggc catgtattac tgtgcgccgg ttgaatatcc tattgcagac 300

atgtgttcga gatacggcga cccggggacc caggtcaccg tctectcact agttacccgt 360
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acgacgaacc ggactacggt tcttaataga attc 394
<210> SEQ ID NO 104
<211> LENGTH: 433
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 104
ctcgagtctg ggggaggctc ggtgcaggtt ggagggtctc tgaaactctc ctgtaaaatc 60
tctggaggta ccccagatcg tgttcctaaa tectttggect ggttceccgecca ggctccagag 120
aaggagcgcg aggggatcgc agttctttcg actaaggatg gtaagacatt ctatgccgac 180
tccgtgaagg gecgattcac catcttcetta gataatgaca agaccacttt ctccttacaa 240
cttgatcgac tgaacccgga ggacactgcc gactactact gcgctgcaaa tcaattaget 300
ggtggctggt atttggaccc gaattactgg ctctctgtgg gtgcatatge catctgggge 360
caggggaccc aggtcaccgt ctcctcacta gttacccgta cgacgttccg gactacggtt 420
cttaatagaa ttc 433
<210> SEQ ID NO 105
<211> LENGTH: 416
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 105
caggtgaaac tgctcgagtc tgggggaggc tcggtgcagg ctggggggtc tctgacactce 60
tcttgtgtat acaccaacga tactgggacc atgggatggt ttcgccaggce tccagggaaa 120
gagtgcgaaa gggtcgcgca tattacgcct gatggtatga ccttcattga tgaacccgtg 180
aaggggcgat tcacgatctc ccgagacaac gcccagaaaa cgttgtcttt gcgaatgaat 240
agtctgaggc ctgaggacac ggccgtgtat tactgtgcgg cagattggaa atactggact 300
tgtggtgcce agactggagg atacttcgga cagtggggtc agggggccca ggtcaccgtce 360
tcctcactag ctagttacce gtacgacgtt ccggactacg gttcttaata gaattc 416
<210> SEQ ID NO 106
<211> LENGTH: 361
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 106
ctcgagtctg ggggaggctc ggtccaacct ggaggatctc tgacactctc ctgtacagtt 60
tctggggeca cctacagtga ctacagtatt ggatggatcc gccaggctcc agggaaggac 120
cgtgaagtag tcgcagccgce taatactggt gcgactagta aattctacgt cgactttgtg 180
aagggccgat tcaccatttc ccaagacaac gccaagaata cggtatatct gcaaatgagce 240
ttcctgaaac ctgaggacac ggccatctat tactgtgcgg cagcggaccc aagtatatat 300
tatagtatcc tccattgagt ataagtactg gggccagggg acccaggtca ccgtctccte 360
a 361

<210> SEQ ID NO 107

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Camelus sp.
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<400> SEQUENCE: 107
ctcgagtcag ggggaggctc ggtggaggct ggagggtctc tgagactctc ctgtacagcece 60
tctggatacg tatcctctat ggecctggtte cgccaggttc cagggcagga gcgcgagggg 120
gtcgecgtttg ttcaaacggec tgacaatagt gcattatatg gcgactccgt gaagggccga 180
ttcaccatct cccacgacaa cgccaagaac acgctgtatc tgcaaatgcg caacctgcaa 240
cctgacgaca ctggcgtgta ctactgtgcg gcccaaaaga aggatcgtac tagatgggcece 300
gagcctcgag aatggaacaa ctggggccag gggacccagg tcaccgtcte ctca 354
<210> SEQ ID NO 108
<211> LENGTH: 381
<212> TYPE: DNA
<213> ORGANISM: Camelus sp.
<400> SEQUENCE: 108
ctcgagtcag gtgtccggtce tgatgtgcag ctggtggegt ctgggggagg ctcggtgcag 60
gctggaggct ctctgagact ctcctgtaca gcctctggag acagtttcag tagatttgcece 120
atgtcttggt tccgccagge tccagggaag gagtgcgaat tggtctcaag cattcaaagt 180
aatggaagga caactgaggc cgattccgtg caaggccgat tcaccatctc ccgagacaat 240
tccaggaaca cagtgtatct gcaaatgaac agcctgaaac ccgaggacac ggccgtgtat 300
tactgtgggg cagtctccct aatggaccga atttcccaac atgggtgccg gggccaggga 360
acccaggtca ccgtctcctt a 381

<210> SEQ ID NO 109

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 109

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp
1 5 10 15

Glu Leu

<210> SEQ ID NO 110

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 110

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu
1 5 10 15

Glu Met

<210> SEQ ID NO 111

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Camelus sp.

<400> SEQUENCE: 111

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu
1 5 10 15

Glu Met
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<210> SEQ ID NO 112

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 112

Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
1 5 10 15

Thr Leu Met Ile Ser Arg Thr Pro
20

<210> SEQ ID NO 113

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 113

Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
1 5 10 15

Leu Met Ile Ser Arg Thr Pro
20

<210> SEQ ID NO 114

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 114

Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
1 5 10 15

Thr Leu Met Ile Ser Arg Thr Pro
20

<210> SEQ ID NO 115

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 115

Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg
1 5 10 15

Asp Glu Leu

<210> SEQ ID NO 116

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 116

Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg
1 5 10 15

Glu Glu Met

<210> SEQ ID NO 117

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 117

Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln
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1 5 10 15

Glu Glu Met

<210> SEQ ID NO 118
<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 118

Glu Val Lys Leu Val Glu Ser Gly Gly Gly Leu Val Glu Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly Phe Thr Phe Ser
20 25 30

<210> SEQ ID NO 119

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 119

Glu Val Gln Leu Leu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly Ser
1 5 10 15

Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25

<210> SEQ ID NO 120

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 120

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 121

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 121

Trp Gly Gln Gly Thr Met Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 122
<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 122
Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser

1 5 10

<210> SEQ ID NO 123
<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 123

Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ala
1 5 10
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<210> SEQ ID NO 124
<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 124

Trp Gly Ala Gly Thr Thr Val Thr Val Ser
1 5 10

<210> SEQ ID NO 125
<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 125

Asp Tyr Tyr Gly Ser Ser Tyr Phe Asp Val
1 5 10

Val Thr Val Ser Ser
20

<210> SEQ ID NO 126

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 126

Lys Val Asp Lys Arg Val Glu Leu Lys Thr
1 5 10

His Thr Cys Pro Arg Cys Pro Glu Pro Lys
20 25

Pro Cys Pro Arg Cys Pro Glu Pro Lys Ser
35 40

Cys Pro Arg Cys Pro Ala Pro Glu Leu Leu
50 55

Leu Phe Pro
65

<210> SEQ ID NO 127

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 127

Lys Val Asp Lys Lys Ala Glu Pro Lys Ser
1 5 10

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
20 25

Leu Phe Pro
35

<210> SEQ ID NO 128

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 128

Lys Val Lys Val Thr Val Glu Arg Lys Cys
1 5 10

Ser

Trp Gly Ala Gly Thr Thr
15

Pro Leu Gly Asp Thr Thr
15

Cys Ser Asp Thr Pro Pro
30

Cys Asp Thr Pro Pro Pro
45

Gly Gly Pro Ser Val Phe
60

Cys Asp Lys Thr His Thr
15

Gly Gly Pro Ser Val Phe
30

Cys Val Glu Cys Pro Pro
15
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Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro

20 25

<210> SEQ ID NO 129

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 129

Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser

1 5 10

15

Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro

20 25

<210> SEQ ID NO 130

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 130

Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser
1 5 10

1-17. (canceled)

18. A humanized immunoglobulin polypeptidic fragment
comprising a variable domain of an immunoglobulin which
comprises two heavy polypeptide chains and is devoid of
light chains, said immunoglobulin originating from a cam-
elid, wherein in said polypeptidic fragment, amino acid
residues of the framework region of said variable domain are
replaced by human framework residues.

19. A humanized immunoglobulin polypeptidic fragment
according to claim 18 which is devoid of constant region
(Fe).

20. A humanized immunoglobulin polypeptidic fragment
according to claim 18 which further comprises a constant
region.

21. A humanized immunoglobulin polypeptidic fragment
according to claim 20 wherein the constant region is from a
human antibody.

22. A humanized polypeptidic fragment comprising a
variable domain of an immunoglobulin which comprises
two heavy polypeptide chains and is devoid of light chains,
said immunoglobulin originating from a camelid, wherein
said polypeptidic fragment comprises a variable domain of
said heavy polypeptide, linked to all or part of the constant
region of a human antibody.

23. A humanized immunoglobulin fragment according to
claim 21 wherein the CH2 domain or the CH3 domain is
replaced by a CH2 domain or a CH3 domain of a human
antibody.



