- '. ' : - Wor7al-~L Treg
[err] [err] The present invention.is related to a surface exposed 5 proteln

named prebsy yldng\/m ch . |'Buscsm5wﬂﬁs\mehadﬁla&any strai ns of Haenoplr)/9591/00129

i nf l-uenzae ‘or ated Ha les. Protein Dis an I g receptor for

human 1 gD. , Several i nmun ﬁ ncl ! E! bi ndi ng bacterial cell wall proteins
have been isol ated and/ or one ri t he 10 | ast two decades. The best
characterized of these are protein A of Sta hyI ococcus aureus and protein G

of grpup G bet a- herBROTEIN I r-e AN TyD-BINDINGC PROTEIN OFC HABMOFHE LIPaci ty

of protein A involves 1'gG trom hunrans ag&ﬁ‘g&é& mamal 1 an speci es but the -
~binding is restricted to hunan 15 1gG s 1, 2 and 4. Al so other
humen cl asses of Ig (G A M E) have been shown to bind to protein A a

reac- tivity that haspheen %ﬁkﬂ&%é&ﬁﬁ& r g@t higted &ob'd“%d}ﬂfé(&c&ﬁés:ad

medi at ed by Fab struct ur es characteri ze a variable occurrence In
the differentd | PRYtRFNA Pr°tqﬂrrtheM¢iG*stgR9&‘;§eGVﬁdreiﬂid@5&|5H%B5
all human 119G swlmmm%ﬂ]mﬁwﬁe&dmmdnmmﬁmé Ofpédies Mal

| gG than protei t | ecul e .t he JFc | nIy responsi bl e
for the inter acppﬁt%}f rﬁp’r%?‘é? ;&0 G XEERRSh érl E’W ‘of interaction was’
al so recorded for 2Bdwxrd) agmunicgladbyiin gAgandln.h'@D,ngwmm:iﬂ\mhb

bi nding to prot hQ Ian

applications: fo(ra‘&ﬂnnf@%é}bﬁ ﬁlaq}sé; tf’%rez?‘{]|q'os?1,1an d asd?% tion. %Sﬂb% .5%3
EP 0 131 1440 WG-&% 09681534§§€$-8 ergwstusr@r@wwqd Bf theseAxe n
strains of groufpyotdifii QP BtapHyl cicteus Qtehie Rind Yo wilid &> Hf g

protein which has been purified or cloned. The I - bi_ndi r n, f
group A strept 0 RT3 NSRILYTi% | SERBREQGAGC i 0T %%ﬁf% b”ﬁéﬂ‘%n
about;"bact eri al depseitesos Moteied iMmialvaisd (Q/fr%ﬁn &ﬂdndm&\/laﬁd eseeral .
and ;?SupH%“‘;’Y?éﬁrsﬁ’aiﬁéﬂ?éﬁ%aﬁé% ”Zsﬁ‘eaﬁ&%ﬁ%&h%ﬁ&%‘% 868 oo gt
of [err] X5 IgG subclasses 1, 2 and 4. Also other human classes of_Ig
. tG,'A, M, E) have been shown to bind tc“protain A, a reac-
tivity that has been designed the slternative Ig binding
which is mediated by Fab structures end characterized by a
variable occurrence in the different Ig classes.
20 - .Protein G of group G streptococci binds all human IgG
 subclasses and has also a wider b;ndxng spectrum for ani-
mal IgG than hrotein A. On the IgG molecule the Fc part is
nainly responsib}e”for'the interaction with protein G
- although a low degree of interadtion was also recorded for
25 Fab fragments. IgM, IgA and IgD, however, show no binding
to protein G. Both protein 2 end protein G have acquired

many applications for immunoglobulin separation and detec-
tion. (EP O 200 909, EP O 131 142, WO 87/05631, US
3,800,798, US 3,995,018.)

30 Certain strains of group A streptococci are also
known to produce an IgG-binding protein which has been
purified or cloned. The lg-binding protein from group A
streptococci'is relatively specific for human IgG. Intor-
mation about bacterial molecules that selectively bind IgA

35 and IgM is more limited. However, lgA-binding proteins
have been isolated from both group A and group B strepto-

REEEGEESD Sf.‘ﬁ&i:fﬂrequeit& humen pathogens. The IgA receptor ol
) uf 280 r*p ion pzf" d.l.. to paged 17- _ :
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group A streptococci has been named protein Arp. Certain strains of the
anaer obiwo baAages¢ Um C ostri dium perfringens preferential |y g-f&eo9/doPss

also IgA and 1gG This binding is due to a cell surface protein (protein

P). Recently a 5 bacterial protein, protein L, with unique binding proper-
ties for L-chains was isolated fron1Peptococcus magnus. Protein L has been .
shown to bind IgG . 1gA and |1 gM from human akd sever al manmal i an speci es.

Amfng gram Qgga@mw&wﬂe@toﬁmgm{wbaghagembee z"’cﬁé‘il it ad: mlfé?ktazlln |
vet eri nar ella abor.tu n i.ne Tay] or e a
eqU|gen|th|s p% %ﬁgﬁhﬁéB§§Fh8§@ iﬁoﬁ? er “WH? H%ﬂaP gens
Haerophi | us sorrmf\mn’té.pd.rlwebind ligmdblum:vaﬂ.sol doA Amﬂem AL S binding-
Haenmophi [ us i nf lygemzae t%n‘é Méﬁix‘éhﬁa?:é % %@Qﬂ”ﬁbﬁ@% ?.?_1 Fy hgl ‘%Mﬁ a

shown to hav% a hlgcer ind- ing capaC| sgren

Grubb A J 18l pPEOYe 9979}'01:?% |5're¥é|ﬂ‘l um\leu Sinding iprepaetre
sol ubi i zati on aséspiorf Lsehadhsobag Keolakedcrzan Pt U Hapmes: 20

ble f h h | des he gl
Expr 551 on- and- FEIEEGR s Poeq HeRBe SHEWPL S, BRAG F8ng S50 A XEhHRAM ¢ he
H. influenzae i hufephand iselveaxalomammal iatdispecieist, ﬂmmhg @mhmiﬁbgative
| g- bi ndi ng pr Opﬁetdt%%i%f IQ’ §g€\%‘b%%¥|seha0§3%gew Qeflo a gdl g’” ) \A\?@teranary

‘found to be different cdnp reviously i8§0
proteins. P& eP@thogans.oBrucedly adorvus: hénds bovige JgM end \M‘aﬂcm&tb-r

human i mmunogl ohl isguilgenstalishus, vahai-a'a'i Ba%%b@nb%fa@adsz tad‘.ihn
for studies, separatlo d_det ection of in away simlar to 0 way
in which protei FI¥3 Qﬁdriﬁggt &epent Ve§PSG§PgiH&§eSEé@H%§é@ FRPARRES Fdtein

D coul d*al so bebindabexine Xgal. al one and in conblnatlon with other
he e syst om t hAoGNEAEE' Bl RHeRORKIRGE 2pedahasd, Wl Hgladdash D
i s not |denﬂﬁcaKBnaﬂh&mﬁ}lpﬂewﬁmasryadéscwehedsppuhemn have ld High ueirabe.
[err] 3 ing capacity for human IgD (Forsgren A. and Grubb A, J.
Immunol. 122:1468, 1979). | ~
The present invention describes the solubilization
and purification cf a H. influenzse surface protein res-
20 ponsible for the interaction with IgD. It also describes
the clonipg, expression and nucleotide sequence of the
Igb~-binding brotein gene of the H, influenzae in Esche-
¥ichie coli. In addition it describes the Ig=binding
. properties of this molecule, named protein D, which were
25 found to be different compared with previously isolated
Ig-binding proteins. Protein D was found only to interact
- with Igb 8nd not with other human immunoglobulin classes.
_ Thus, protein D could be an important tool for studies,
‘separation and detection of IgD in a way similar to the
30 way in which protein A and protein G previously have been
used for IgG. Protein D could alsc bs a valuable tool
alone and in combination with other molecules (for example
 proteins and polysaccharides) in the stimulation of the
) immune system through en interaction with B-lymphocytes.
35 Protein D is not identicel with any previously descr;bed
protein from H. influenzze.
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H influenzae is a conTm—‘ﬁ—rran parasite & and pat hogen whi ch col oni zes the
mucosa of the upper respigRkQiyptdh@edacend causes disease by |ocal s ead or

‘i nvasi oNYO R38Ry - t ant g feature between H =PRI/

i solates 5 is whet her o:J m Hﬂgﬂl Blﬂencapsul ated. Encapsul ated H.

I nfl uenzae type b is a f bacterial nenin- gitis and other
I nvasive infections in children under 4 year3s of age in Europe and the

Unitéd States. Non-engapsus, | ated (non abl i-nfl u zae rarely cause-
vhsive 07T hf oot ol PERELSHERe. i A ciorliah Tumar, TRRASHES sohd cRRERBSH
cause of otitis wmcbra aaﬂ.m-kﬁztwb ethand:dtfsee dfcahe yYpeatmsbpsratoayserakct

sinusitis in bot £8P 3 ddad WGP B R AL S0, OB or-

i solated in puru ent secretlons C StIC rosi s an

chroni ¢ bronchi thantaiseinguishdng [fepture Mﬁ%d‘l asinfilyepsaeaheocdares

of pneunoni a5 A MAGHEENGPBP SRS HhdiHdrdd Yhdapilat@Ps EBrikapiYatea K.
saccharide has proven effective; agal nst  H 1 nfl'uenzae type b disease |n

children of 2 td¥iHenzeetypp b STimArysicRuse 0] HasreriRt PRBIPsar s
of age respond gaaris drd tummmmvemﬁmﬁamq&i rmﬁxmféneehaaeed

-1 mmunogeni - cit deyvel by c th - _sul ar
pol ysacchari de erllcesretéz;:'fn 5t o’t%léi‘g&?—’b %et w&%&%%%% ?& VaRBFRRS - -
non- conj ugat ed dr&taﬂ)rﬁn@mmaml&hm} cﬁnﬁimemdam rmhstcmnypab&sxlvla

i nfl uenzae dipse d‘?ﬂﬁ‘? t aﬁx@‘%@?ﬂ particul ar.
out er rrenbrg'noz g'rsgﬁeel ns 4% Aﬁlﬁ? been q’!%gﬁ at as potenti a?evgcm ne
candi dat es bot h ZFREURAT t%@?% of P HkS madia in |qh‘5-l and pdrayesbeen73,
EP 0 320 289.) &anncatﬁlewta FauRyaamisitid il goemadsitypanal of

(LS and aboutrsidfesinits Liiisnras Hieneias ooty AFRIRESS bBen
shown to be tar gatrulent e mi)tmmere:sagmmtc}tsmlfm&is and .
oy ane. pr dtel O b PSR T e, Pyl bl eIy e ¥t Ekaf 8 o
protein with anxmnnﬂﬁ#ntrnﬂuﬁanﬁ possuptonia. [err ]
A vaccine composed of purified type b capsular poly-
saccharide has proven effective againsf H. influenzae type
b disease in children of 2 to 5 years of age. However,

:_20 since children under two years of age respond poorly to
this vaccine, conjugate vaccines with enhanced immunogeni-
city have been developed by covalently bonding the cap-
sular polysaccharide to certain proteins. However, the
polysaccharide vaccines; non-conjugated and conjugated,

25 are of no value against nontypable H. influenzae disecase.

| Hence, other cell surface components and in particular
outer membrane protéins (OMPs) have been looked at as
potential vaccine candidates both against type b and
nontypable H. influenzae. (EP 0 281 673, EP O 320 289.)

30 The outer membrane of H. influenzae is typical of
gram-negative bacteris and consists of phospholipids,
lipopolysacch&ride (LPS), and about 24 proteins. Four

- different Haemophilus OMPs have been shown to be targets
-for antibodies protective against experimental Haehcphilus

35 disease. These include the Pl heat-modifiable major outer
membrane protein, the P2 porin protein, the P6 lipoprotein
ané a surfaée protein with an apparent molecular weighs of

T LNALYAVAY
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4 98,000 (98 K'protein) O these at |'east antibodies to P2 havé been shown

not to ' ' gai nst chall enge with heterol ogous Haermphpht;asg;lr,ﬁhgg
(Loeb, 9ﬁﬁzﬁect | mrun. 55:2612, 1987; Munson Jr,. R S. et al J. din.

5 I nvest. 7?:677, 1983; Munson Jr, R S and G anoff, D. M Infect. |nmmun.
49: 544, 1985 and Kinura, A et aI, Infect. Immun. 194:495, 1985). Analysis
of nontypable H influenzae has shown that 4here are marked differences in

OVP conposi ti onggy 11_@3 %i&éeirﬁ‘e &£ Jthdde naw féas?% anéisabwel 88 P2

system for nontypabl e l us i'nfluenzae base %ﬁi Hg §
protei ns" J Ian%YeE?§3&4§h@%B nQYeEe RELESRERF n%ﬁ ch eP9felhine
protein and bi q&aﬁer SI6G¥GS SHAémEPhIDES N trahms y pabdbed HaenoRhi Infect.

fl | rif I d
(1 rminogeny whi S %""%ﬁsigb% 49871 | HE9en 0z o Ry ST ABo 32 ciEhy o
found it wouSd tevestinp2:6Zhi 1983: i Munsor| 3pi - oS meanddGoenpdént PfyMhg
H influenzae if,gbbp! Cfﬁmﬁﬂechﬁeﬁiﬁaslﬁ‘ﬁ | aRg Kfmdry2Ck! nétaSQ' Nghedce.

i nffl uenzae. The presént | nvention.s at protein bDwth an identical
appar ent ol ecuFBrunei 3Pé: €35, 08885)reacting with three different

nonocl onal - anti bodi egnalgsynes hekx pasléoundinﬂméhza%ntls Enblnemnatae

ot hor ”fef3[‘ZSpis“e%‘%éﬂP%ESmS%SeBeéﬁﬁaﬁéﬁslﬁsi OB oPregs Hign Aong 1
aegypti cus. 10hustrainsr (iSeg eogthﬂurpngnetoalthéAesubtppﬁngdeysaemuﬁﬁate
exposed protein ?#ggg%a ﬁgﬁﬁﬁgxﬁggb”iﬂﬁﬂﬁeﬁéﬁé' B3s@h &REBRRAL! Hembrane

i nfl uenzae or 5 Cl es avli ng an apparent nol ecul ar
wei ght of 42, ooprangias éaéhﬁ?cﬁfbéﬁn #ﬁgsﬂﬁnaﬁ9$§[)'§ﬁ€n ﬁWEnFFoﬁlalso

com prises natupgeby ﬂeﬁu&ahagp%ta&hl Eha' akbiyaedaﬁassisiar bENpa thlogeti
protein, and also inmmunogenic or Qr ns o sai d n and
variants. The pPangBang HP?‘“RBH'éguﬂr bf‘gEH E %ﬁge?ﬁe ﬁm‘ﬂoagc Eﬁﬁl |
sequence depgct ggsB8n.Fig. 9. [err]
If a surface exposed antigen (immunogen) which is
.conngved in all strains of H. influenzae could be found
'ii-would'be an important tool in developing & method of
identifyving H. influenzae in clinical specimens as well &8s
20 @8 vasccine against H. influenzae. The present invention
shows that protein D with an identical apparent molecular
. weight (42,000), reacting with three different monoclonal
. aptibodies and human IgD, was found in all 116 H. influen-
zae strains (encapsulated and nonencapsulated) studied, as
25 well as in two other related Haemophilus species, namely
H. haemolyticus and H. aegypticus. _ ,
Thus, according to the invention there is provided =
- surface exposed protein, which is conserved in many
"gtrains of Haemophilus influenzae or related Haemophilus
‘30 species, héving an apparent molecular weight of 42,000 and
s capacity of binding human IgD. The invention also com-
prises naturally occurring or artificially modified
variants of said ;;otein, and also immunogenic or IgD-
, -binding portions of said protein and variants. The pro-
35 tein is named protein D and has the amino acid sequence
depicted in Fig. 9.
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5 There is al so-provided a plasm d or phage containing a genetic code for
protein above defined variants or portions. Furtherﬁhg '

provi dedwgpél(ﬁgﬁgman host containing 5 the above plasmd or g&({h@l”
capabl e of producing said protein or variants, or said portions thereof."

The host is chosen anobng bacteria, yeasts or plants. A presently pre-
ferred host is E. coli. In a further aspect $he invention provides for a

DNA 10 segnent conprl a g des . for Qtein D or said
vari ants thereof, g?ggaﬁ%mg%gﬁ gﬁ@&fﬁ%@ %$§£D§E§8n8§ %@qgﬁmﬁ?q&f%ﬂif

9. kn yet anothep sgpeﬁﬁc Fnéelﬁ?énp:@#e#ﬂoﬂld@stherahovecdsﬁunnd: DNA

nol ecul e cont ai nyg¢ianRECbeobbeeisfguence 15 coding for protein D, or said
vari ants or portions, _whi ch nucleoti de sequence coul d be fused to another
gene. A plasnid or a 5H5§Ba€oﬁPﬁFﬂ|h§ PFRVidadda nienchumas HeEth&Pndssiring

coul d agso beScokher abbeg. pEasmberoﬁﬁgmagep&@anadpe5lehagepg@qdéﬂx§ said

.inserted in 20 a uch_as teri easts or ants ’
present, E. co||p98Q?E§n§?ep 35§ﬁ0§?r %ﬁ§g|395ﬁ}?éﬁ ih&ﬁeﬁ npmnﬁx?Q§t is

fusion protein ochpeaypepongebautehzah yeasts noD, pbanssi. dAv priessnt 1y pre-

portions, could ?@r?@ﬁbhaﬁg ¥g fer protein by the 25 use of a
reconbi nant DNA nol ecul e ned ove Furthernore, a fusion product in

whi ch protein D, or s&RdavEvrshes Q#P?EﬁtthmslnvsntbvalDﬁpwydeﬁ [fprarey DNA
ot her 'means mounéegﬁeatpeehgwsisgr@odswr@é@@ﬁcg%ﬁaén(éaaasa% |ﬁvotein

e P Bopr.BaLY Varfets LENSAa o b Eoe. NS08 Boriscsearii TR
or portions. O heeqbence b shoennts Ebgi dn the sane protein D or variants
Piminbgent o ot van ofaf8t aBSRATE YA Lipnd” S RERLESH Yebhha’or o

| recombinant DNA molecule containing a nucleotide seguence

15 coding for protein D, or said variants or portions, which
nucleotide sequence could be fused to another gene.

A plasmid or a phage containing the fused nucleotide
defined above could alsoc be constructed.

Further such 2 plasmid or phage could be inserted in

20 a non-human host, such as bacteria, yeasts or plants. At
' ptesent E. ¢c0li is the preferxed host.

The invention also comprises a fus;on protein or
polypeptide in which protein D, or said variants or
portions, could be combined with another protein by the

25 use of a recombinant DNA molecule, defined abova.

' Furthermore, & fusion product in which protein D, or
said variants or portions, is covalently or by any other
means bound t0 a8 protein, carbohydrate or matrix (such as

- gold, "Sephadex“'particles, polymeric surfaces) could be
30 constructed. ' '

The inventidn also comprises a vaccine containing
protein D, or said varients or portions. Other forms of
vaccines contain the same protein D or variants or por-
tions, combined with enother vaccine, or combined with an

35 immunogenic portion of another molecule. '

—_—
—_—
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There is also provided a hybridoma cellcapable of producing a nonocl onal

anti bo nmunogeni ¢ portlon of prote| n D, or of nat ring -
or artwpc?qéﬁ%k nmodi fi gdof . 5 Furt her #ﬁg}lggéil@bﬁk%vi ded
a purified antibody whi i to an i munogenic portion of protein

D or of naturally occur | ally nodified variants thereof. This
antibody is used in a rret hod of detecting t5he presence of Haenophil us '

inflﬂenzae or relat hi |l us s.in.a sanpl.e by cqntactLn

sai - sanple vit h t neEDBRY pokyA 19 HRSHHE R BV gfmin G Geselis @4 "

i nvention al SO pXURNCERS & MERGmLSTE L c&rttdd:tqayg ﬂdlemmmmeﬁ;d-lmmpi\omus

i nfl uenzae or r@g %\ﬁgtmn@ &pléfjshéﬂﬁq 18 :rﬁg éjf:ﬂ"sal d
orrespon

sanple with 15 a robe ‘or priner const uct
nucl ei ¢ aci ds VM %%%e"?’é*a'b?%t@?#® or for natur ally occurring or

artificiallysnodifi @hmwnmeiéwefseqﬁoﬂrdédora wmmneaomﬁbday which
| gD- bi ndi ng pOI’II on ?‘F'B | d ‘grot ej n_or varjants Protein D 01;.
n

said-variants ot gth ?mq%%%‘ﬁ@@ &f eI |
.such a detecti mmmtmumg mwmﬂmm!lllgd meod dfdied Nar RS i X.

Finally, the i [ otelln
D, or gal d var P%ﬁ%%égf %o%?i op;t | on%q i?ﬁoun(?aciﬂay dnig@éll;é(é%ﬂ ALS
AND METHODS Bact*@umrqq@w ohiapnopil s @nfsmema@sm el akedtHgRMoa- f
and nontypay e dpmhw é’ﬁééiéé’r&xbaé?tﬁmﬁe By %d?&arcﬁﬂ%-i’gs%i@(éérﬁﬂtge I¥ith

P Dennar k. - Suctieh SHELBORY (F16 The RRORRACE G GRALEAT Y ai no of -
Haenophi | us, Eki nel ' Phanthventidmcalso Fonpd 363 @ grm@mﬂ:mmmgigar
Eée?rg_crgm I \lfjvgre Oégeléﬁngg%gaﬁn%%ﬁhl I c at %qug; er rﬂ%%€e moLher
: philus species in a sampla by contacting said sample WIth'
15 a DNA probe or primer constructed to correspond to the’
nucleic acids which code for protein D, or for naturally
occurring or artificially modified variants thereof, or
for an immunégenic or IgD-binding portion of said protein
oxr variants. ' | | .
20 | Protein D, of_said variants or portions, is also used
in a method of detecting IgD. In such a detecting method
the protein may be labelled or bound to a matrix.
. — Finally, the invention comprises a method of sepa-
rating IgD using protein D, or said variants or portions,
25 optionélly bound to =2 matrix. o |
MATERIALS AND METHODS
Bacteria : .
116 H. influenzae strains- reoresentlng serotypes a-f
and nontypable and in addition bacterial strains represen-
30 ting 12 species related to H. influenzae were obtained
~ from different laboratories in Denmark, Sweden and the
U.S.A. -
Culture conditions .
All strains of Haemophilus, Ekinella and Acinobacil-
35 lus were grown on chocolate agar. H. ducreyi were grown in
microeerophilic atmosphere at 37°C and all other Haemo-
philus strains in an atmesphere containing 5% coz. 30

LRILVIYRY |
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7 i.solates of H. influenzae were al so grown over ni ght at [err] in

brai n-h ion broth (Difco Lab., Inc. Detroit,

W th nlsﬂéghan$%i adeni ne di - nucl eotide and henin (Slgna dﬁgﬁﬁ%ggﬁ@BﬁQSt
Louis, Mb.), 5 each at 10 pg/m . I munogl obulins and proteins IgD nyel oma

proteins fromfour different patients were purified as described (Forsgren,
A. and Grubb, A, J. Inmmunol. 122:1468, 1979). Eight different human IgG

nye- “10 | oma pr%euaeeseekeﬁen&h%auaklzagou&raugﬁgasa%awanw@%ﬁ dne i

types, three different el ona proteins and one el ona oteln
vere isol ated afd SuﬁPfPgGIECBGPIthRS“F&°§tQﬁ&&hd‘ﬁ%%ﬁ@niabHu

{)fo![ ycl oggl A|B gGSP&eli:UE}tal Bum)ns&pﬁl%&l‘ﬁbﬂom&w\/ﬁli&o&lihQM$Qg afdéﬂlallr:*@biﬁ.7
rum 0c ap ro maci a
| gE RIACT kit (EH& 3??%?33 g‘?f"ﬁ ?gﬂeg‘\é’a gé’n (%B&ﬂ“?e* o Hmi+
al bumin, humén eae¢hbeti A6 ﬁg%minogen and hunan transferrln wer e pur chased

or obtalned as g hBBglgguP?BE] g ednsdy The binding assay was carried
out in plastic tu Brie erP] acterlal cells in a volupe of 100
[err] phosphate bufféBPdmyaﬂPHé PPBSthstHTPWeféﬁa'ﬂﬂéﬁeﬁﬁﬂﬁ%nﬂﬁiﬁﬂtﬁwtnn

?| bgm nst(HStA) were gux—ehwat aslaasﬁ:&rib]eaof(r%'ésb%m AN &R %&%Aﬂfagfzi e(r) .
radi oacti vi s adj us e r ox er

i ncubat i on aty[ Agl &gg ﬁ'géé 3£3%I3 @(‘@%ﬁt ﬁ&e@tlgb“ﬂ%’er;%)mm'
added to théOtuhema rheteﬂsperepwasum&imgnhﬂ&f&gateéubblé#ﬁ!bq;ﬁdnbdﬁh15

min.and the supgLaghan! tggasa%&ggeﬁu@% aacct:rqw g8kl B3%rdtdd %Bna

bacterial pelle anma C unt I"ngamra
1271, . TurKku, Fpnleaﬁe)\ mmépuaaprmx@amm ﬁpo&n&m aodb purdif ied tagear -

contai ni ng no baghgr i B sl:snahéak%%s W@:%m%nS efnalS% SBeFuner e

al ways tested in_triplicates_and each experlnen eat east
twi ce, unless oPHPPWFEeaEFaPéésm}WQQENQWEE§7P“rChaSEG From Kebi vitrum

13 AB, Stockholm, Sweden, and human IgE was adapted from
Pharmacia IgE RIACT kit (Pharmacia Diagnostic AB, Uppsala,"
Sweden). Boviné serum albumin, human and bovine fibrinogen

~and human transfexrin were purchased or obtained as a
gift..

20 125

I-IgD binding assay
The binding assay was carried out in plastic tubes.
Briefly 4x10° bacterisl cells in & volume of 100 ni
phosphate buffered saline (PBS) with the addition of 5%
human serum albumine (HSA) were mixed with 100 pl of
1251 IgD in the same buffer (radiocactivity was adjusted to
7= 8x10 cpm, i.e approx.-40 ng). After 0.5 h incubation at
37°C, 2 ml of ice-cold PBS (containing 0.1% Tween 20) was
added to the tubes. _ _ '
The suspension was centrifugated at 4,599xg for
30 15 min and the supernatant was aspirated. Radiocactivity
retained in the bacterial pellet was measured in a'gamma
counter (LKB Wallac Clingamma 1271, Turku, Finland).
Residual radioactivity from incubation mixtures containing
no bacteria, i.e. background, was 2.5 percent. Samples
35 were slways tested in triplicates and each experiment wes
repeated at least twice, unless otherwise stated. '
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Monocl onal antibodi es |nbred fermale-BALB/c nmice (age 8 to 14 meeks) wer e

I mmuni zed by an mtrapeﬁ]_ n aI |n ectlon of 25 pg purified-protein D (25
pg/ 50. PO H18928unq' s c @nt (300 [erf])- foII&é’dSE?/VPO\B9

i ntraperitoneal injecti D (15 pg) in Freund's inconplete :
adj uvant (300 [err]) 3 er In week 9 the mce were bled from
the tails, serumwas separated and testeH fgr anti-protein D activity in an

enzyne- i nked | 10, sor be ssay (ELISA). The best responding nouse
was boost ed by .g,g},’ ﬁ'}?‘é@enﬁﬂg Eﬂf‘g ®%ion of protein D (2 pg) in 150 [err]

PBS. One day after thabtaétfempketaana/theiwlwgfevmst@xm sederB) apleen
Goth S 15 copafitnifea' B 8h inChEbLelrahodT S BR IOk A8 55 (1
days (nmean 12 oﬁ‘j%-}f%ﬁé PyerednnBis(ABrrg (3R til) fin Theund bsucomphese

anti bodi es agjai @& agﬁfe 8 a I lugy%wp assay
(ELISA), and th ; 1 s( pcr)g) hg? n§c’fﬂﬁ‘ﬁae es?%t(?%gﬁ S gﬁ%{?ﬁ&%l es were
1

cl oned and 20 ‘:i‘”B? Q01 PTOLELBND| (it RAN) il Tireuedt 8 inAgmedsseet al
bovi ne serum Tadjhvants(300ne:) P8 oahid i NovSekd gk es. tn PHEeR1 9 &é’efngce

obt ai ned. Thre t Y 0, selected for further_gro n the
same medi um %%Iﬁgf?fgnggxg\/e?@éf*\qégﬂ i TETYR AT RFREFRTeY AR %ypsted
sul f oxi de 25 M%*@mtmmeaseimy nin |qu|ehz§rme-ogﬁmke$DﬁnRASE ~and

detection ofg Pr&dLhdéne Qgsggnpggfgﬁ e VaSas ﬁ%inﬁ% ?Q Laemm i

gel, prepared and run_ acco pr ocedure
(FEBS Lett 58: RPOs¥RFsh Yu%ﬁ‘nb“ﬁ"@%@%‘l’“%tc#'}dmw @ﬁcmmtem Ba(Zongdf in

0
%éc/i erSegFl g;egrle? \Aqg? ﬁascfoué d}ré‘ﬁéroénhégoll.élﬁ Ljﬂﬁ;@%ﬁi 'Eﬁ%aéﬁgeen .
consi sti ng.of ?)%I\ﬁ’fﬁi%ﬁ? S o?%’cﬁ %r?%ielﬁ preRe 83’3%?%%’8%3 RERCV/ v)
[err]-ME, 10% qyctian , ofinuofodBéA4 Y antisedndenDe BeiGrdtiecsrp- 35
et ophocEal S Bk 2503 | SRRGRGL ol SERTION, R ohE"
geI const ant Cu}4g@gys[@m¢§n 12 days) the hybridomas were tested for the
production ¢f antibodies against protein D in an enzyme-
-linked immunosorbent assay (ELISA), and the hybrids
producing the highest titers of antibodies were cloned and
20 expanded by cultivation in RPMI medium containing 10%
fetal bovine serum. Totally 68 clones producing antibodies
to protein D were obtained. Three ¢f the hybridomas were
selected for further growth in the same medium. All cell
 lines were frozen in the presence of dimethyl sulfoxide
25 and 90% fetal bovine serum in liquid nitrogen.
SDS~PAGE and detection of profein D on membranes
SDS-PAGE was, using a modified LaemmlJ. gel, prepared
and run according to the procedure of Lugtenberg et al.,
(FEBS Lett 58:254, 1975) using a total acrylamide concent-
30 ration of 11%. Samples of crude Sarcosyl extracts of H.
influenzae and related bacterial species were pretreafed
by 5-min boiling in sample buffer consisting of 0.06M of
.~ Tris hydrochloride (pH 6.8), 2% (w/v) SDS, 1% (v/v) B-ME,
10% glycerol, and 0.03% (w/v) bromphenol blue. Electro-
35 phoresis was performed at room temperature using PROTEIN
' 'II-ve:ficaL slab electrophoresis cells (Bio~Rad Laborato-
ries, Richmond, CA) at 40 mA per gel constant current.
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9 Staining of proteins in gel's was doné€ with comassie brilliant blue in a -
m Xt ure ol , acahisShedQiad BaAGe gr- essentially as described b

Weber aﬁ’g‘r’égg’ﬁpgg(\]. Bi ol || 06, 1969). Protein bgﬁa§§%‘|’@’é?‘so 5
transferred to nitrocelluq H (Sartorius, Wst Cernmany) by

el ectrophoretic transfer _ - © acryl.am de gels. Electrophoretic
~transfer was carried out in a Trans-Blot CeBl (Bio Rad) at 50 V for 90 m n.

The el ectrode bekbheh1¥is dF We-rgw\.ﬁ;sihnpg ?_ ?.gl 9:'1#?\ Q%per aﬁfgd 20%

net hanol . The nenbr%nes wer r 00 ure in
1. 5% oval buni n- PFidgant, Bdyes 4n ﬁe'«i@&ursspf pathamolt.o agetkcitacid and

a%is ti oPﬁl bi %wage&l mewﬂaanys%ewsdﬂsaans? Web'%r-{gdrg[% Qﬂé@&t-‘:?d §al i ne
ks bhe, TETORBES Wik BB YRR s Rer BOsa R LSS  hon

washed- tmnce5mntwaﬁsserﬂa§ mmﬂmmmmacem&maobbenembcah&&edsuﬁﬂbﬂxu§wlWE@e

Net net | ands) ?Srﬁfﬂ‘%ﬁ’k’hﬁf K nperE?%?é&az%?“s {6730, heabiRkn ngs

Wi th Tween- TBS -BREYASMGEN pouewachttaohﬁbaoﬂaauqﬁrmﬂeéndut
hydr ogen per oxi gg. aP"IQ'faﬁs'lﬂdta%eﬁhsga'iQeﬁ'abf) ?@ 83' 09 £ igeP nﬂfﬁ rmuse
19B4 50 dilUtion in 1%

nonocl onal antlb dles C 0& an :

Protein 1 and 2® °#?f %’l‘]’@"rz 22 V35 QePLSMiTRisHi BY 8sing Oaﬁtﬂzngmme
monocl onal 265 @aa 25%1methdhansemheDnbhb&anEQXa&reusagnahggﬁgéiggk

Ush) at a1 20008 FOER, FembsrattTe’ 2 3 88 RYaTprrtpsiRss st @#mm
H. 30 influenzaéORrI88)y PHg70H, baot eataracecaddipdéoned binting siftdd. mV
HEPES: Tri s buffer (pbif%eé) s%%&-il”UA%nQPQéNMEP;ﬁriQdbggt%k:%%}ge‘%éﬂﬁé times

in a sonifier (ME I'n OW ng
soni cati on SarcbZ? 35‘P5b6FﬂWFE@§PyPeS&rébsuhanF eaexadgdt &r xdomal

concent - ralsontﬁfn &¥ature) inThg wsnsssxagazewe&snba%%be&g% (2P Pg/m1)
tenperature for e%% IgD-g1n ing gan g? %gghcagghed %Q&ce with TBS.
The membranes were then incubated with peroxidase con-
Jjugated goat anti-human IgD (Fc) (Nordid Immunology,
Tiiburg, The Netherlands) for 1-2 hrs at room témparature:
20 aftex several washings with Tween-TBS the membranes were
developed with: 4-chloro-1-napthol and hydrogen peroxide.
Protein D was also identified using- anti-protein D mouse
monoclonal antibodies 16C10, 20G6 and 19B4 at 1:50
- dilution in 1% OA-TBS. Protein 1 and 2 of H. influenzae
25 were identified using anti-P2 mouse monéclo;al 9F5 (Dr.
Eric J. Hansen, Dallas, Texas, USA) at a 1:1000 dilution
and rabbit anti-Pl serum (Dr. Robert S. Munson, St.
Louis, Mo, USA) at a 1:200 dilution. :
Solubilization and purification of protein D from H,
30 dinfluenzae
Briefly 3 g of bacteria were suspended in 10 ml of 10
mM HEPES Tris buffer (pH 7.4) containing 0.01M EDTA and
sonicated three times in a sonifier (MSE) for 1 min while
cooling in an ice bath. Following sonication Satcosvl
35 (Sodium Lauryl Sarcosinate) was added to a final concent-
ration of 1% (w/v). The suspensions were incubated at room
temperature for 1 h using a shaker and then sonicated
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10 again 2x1 min on ice and reincubated at roomtenperature for 30 mn.
After c ri.f lon at 12,000 g for 15 mn at 4'C the supe t
harvest:‘&ba*émgéentri fugated at 105,000 g for 1.5 h at -[er&?&’gﬁéux\@ﬁg
Sar cosyl extracts prepared of H influenzae, strain NT 772 as descri bed

above were applied to SDS-PAGE. After el ectrophoresis narrow gel strips
were cut out, protein was transferred to nenb@anes and the |1gD- binding band

was detected by Wester I assay, Usi 1.gD.an oxjd 1 '

Goat anti - human TEUMEs ML BIPLEN KBS, ERT<EE  oRBaREa k(P in, QehRlrdHtY

protein D on renfeand@)miBy Aftedrceohrifugatien| b b2n@PRgshiea 3% mHa at

menbr ane (West er gepl i ' h e , | if# ed

and. cut out. EIegtéoehgrg?ﬁgegﬁﬁ?ﬁgnagﬁ gﬁgdﬁge?gE§B?ng?%SH§gﬁgg&ﬁ£§a ok

(protein D) was f r ved . fromthe protein containing.
10516PReq £RE 58 hastr 446

sol ution by pgeci pi t asbe8oblprteactsnppapapadt o£bHf f enflisengae, Meitixed of nam -

S Ki dT Anal,. _Bi och 172: 259 9 P ' ' t

fimal concentrat 74 BF SBSRTLGAS BBOYA.HAZR APBLISF PROBBSFONEA: Moer |
overni ght the SDElpctrophprestie nasrowngeddstyipenwereuguti omtat pXOWHM g.
There- after the,pgt %?&hﬁ%%?gpﬁgg W_@ﬁxbg%%t Eﬁggﬁpgogﬁyﬁﬁﬂd% bethd Wadl

[err] centrifugation was ger as above. . super nat ant_ was
concent rat ed anddexeckepyy2¥Wegtarnsbioradssari upAbd. 108 apdoPexsiifase

Breot e: nsv\e\/\e;sgpebhsdgheeai Fe%ghh&&qﬁamaagh?ogla&t a§ebksbt§aehb§v€f h!ﬁlhd .
ssel , s r pany nua i ng 0 ot _apparat us _(Schl ei.cher
Schuel ). After §Bs§g5g%aﬁpsn§3F§E%§8RbPgnB§°ﬁEF8 Pngﬁbgﬁg o i-gfY at
room t enper at ur ecompati@anTBIthonhei Igbgdbiadihgpbandi onpthiee memkirarieer r |
cpmm ), washed f

: . o 5 ) . :
and autoradiograéﬁgét%%EFgégrgB;EngﬁggkgggEQgEg?gagggggs%i%%g,g%%n%gggg’
X- Omat 35 regul addentdddetyiand curtecontERdeciropnboretiroedusdon afy)thg err]
15 = IgD-binding molecules (protein D) was performed end SDS
waé removed from the'protein containing solution by
precipitstion in potassium phosphate buffer using a.method
from Susuki and Terrada (Anal. Bipchém.'l72:259, 1888).
Potassium phosphate in a final concentration of 20 mM.was
20 added and after incubation st 4°C overnight the SDS-preci-
pitate was removed by centrifugation at 12,000 g. There-
after the'potassium content was adjusted to 60 mM and
after 4 hrs at 4°C centrifugation was performed as sbove.
?1na11y the supernatant was concentrated ang extensive
- 25 ‘dialysis was performed.
' Dot blot assay |
_ Proteins were applied to nitrocellulose membranes
- (Schleicher & Schuell, Dessel, West Germany) manually by
using a dot blot apparatus (Schieicher & Schuell). After
30; saturation, the membranes were incubated overnight at room
temperature in 1% OA-TBS containing 1251~labeled protein
proba (5 to -J.Oxlo5 cpm/ml), washgd four times with TBS
containing 0.02% Tween-20, air dried, and autoradiographed
at =70°C by using Kodak CEA.C X-ray films and Kodak X-Omat
35 reguler intensifying screen (Eastman Kodek, Rochester,
NY). '
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Ami no acid sequence anal ysis Aut omat ed amino acid sequence anal ysis was
perfor 5\1,t1 2" Applied Biosystens 470A gas-liquid solid ptpeEIsaguenat or
(A wt ine detection of the released 5 ami no acid phenylthi ohydantoin
derivatives by Applied Biosystens Mdel 120A PTH Anal yzer. Bacteri al
strains, plasm ds, bacteriophages and nedi a_used for cloning of protein D
H influenzae, nontypable strain 772, biotybé 2, was 10 isolated froma
nasophar yngeal am&hoaaciaesﬁqﬁehééeahamysmhdicaI M cr obi ol ogy, Mal no

Ge I ital, VB3
Cecipient Tor pl asm ALeRErkoohmtHBCpoRdT HeRue e Ronavis, i’ albEbgiiea
JMLO1 and JNﬂ03wﬂﬂheauséap&éedogies?etemt3ﬂﬁoa gag- hpnaiﬂSdedmbmﬂnphages.

H. fl d nPpet , Inc.
et rol 1, M 3 “@ﬁf‘ﬁ*&%ﬁ?f (AD, i Eh pfitnk BEREYE enlb(r%eb:gl%nutiﬁ&eoés%?eg and

hermi n (Slgﬁ&”ChE pal agid PB?“!EEP§°“ a?t°é§cﬁ3§§V§GlygﬁnPW BPRAG

strains were QFBEBsYchmEFMbheQFliGXTPﬂHdAaal#zéﬂar 20 and 2xYT agar
contained in adgition broth and L

when so i ndi cat &8 tgﬁﬁﬂl Fgﬁﬁg? ﬁméh%EEEPF%ﬁrEQP RS2 ]4=i5%A-

preparations ChfonnebaahnaNA£ma:opeépaDed fromH influenzae 25 strain 772

b di f h h - I,
11 476, 1965) " at vor MeniAEREARPARy HonupRERECRRAR TR botipe 2 O vas

extraction &Pepispdated fEemcehBASPPDREYNERALt BWADTES BRa tﬂﬁnnmgﬁun
O 1 xSSC (I xSsC: ﬂeéic%“ﬁ%réﬂﬂo@oe}5 Mamsl a&hslrh&ahskpa%l?»o U d1@pt ed

for 2 h at [err RNase ,was: renov two chl orof orm i soa IMfroI
o

{24: 1) extractlgﬁs Tﬁe PRACRAS Ean&@gi HM§3C§EF9ePﬁFG|Gﬁ|Eﬁ5ﬁ
equi l'i brium gr aghestmidel pucle BN pUdlBhanaeﬂbrﬁehtﬁea‘hotmsﬁemagﬂ McBlBS

LT e ViR Qe8Ra bR aRE LRa%hYohhAS ¥BeSHESRETE e B
cases plasnili DNecteripphages. H. influenzae was cultured in brain—heart
1nfusioh broth (Difco Lab., Inc. Detroit, Mi.) supplemen-
., ted with NAD (nicotine adenine dinucleotide) and hemin
(Sigma Chemical Co., st Louis, Mo.), each at 10 pg/ml. E.
coli strains were grown in L hroth_or 2xYT media. L agar
20 and 2xYT sgar contained in addition 1.5 g of agar per
litze. L broth and L agar were, when so indicated, supp~-
lemented with ampicillin (Sigma) at 100 pé/ml. _
DNA preparations
Chromosomal DNA was prepared from H. 1nfluenzae
- 25 strain 772 by using & modification of the method of Berns
and Thomas (J Mol. Biol. 11:476, 1965). After the
phenol:chloroform:1soémyla1cohol (25:24:1) extraction step
the DNA was ethanol precipitated. The DNA was dissolved in
0.1xSSC (1xSSC:0.15 M NaCl and 0.015 M sodium citrate) and
30 RNase treated for 2 h st 37°C. The RNase was removed with
two chloroform:isoamylalcohol (24:1) extractions. The DNA
was banded in a CsCl-ethidium bromide equ;librzum
gradient. -
Plasmid DNA and the replicative form of phage M13
35 £rom E. coli JM101l were obtained by the alkaline lysis
procadure followed By further purification in a CsCl-
-ethidium bromide gradient. In some cases plasmid DNA was
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12 prepared using.a Cp#agennpkasnvd—DNA—kit (Di agen GrbH Dussel dorf, FRG).
Si ngl e- g}qg (ss) DNA from phage I\/Il3 cl ones was preparecpdfs i;;ongjga

pl aques ( Q@?ﬂﬁ, J. N@F ﬂw EHC 20, 1983). Mol ecul ar g?onlng of '
the protein D gene A H. | " omc library was constructed starting
from40 [err] of H infl 772 DNA whi ch was partially digested
with 1.2 units Sau3A for 1 h at 10 [err]. € cl eaved DNA was fractionated

on a sucrose grpeeparedCuatisgCar Qusaged. pfhsﬂidabNA HitBapieged ombil: 1093,
1985). Fract|onQB%??EQE?gngFgEAdfragnents of appropriate sizes (2-7

ki | pbasepairs ( and the DNA was ligated to
dephosphoryl at ed BanBingilgestrandsdp(sSs3 DNMefromapbage MiBdicliomes was

(Maniatis, T. ep rébarewblﬁ-%h'n' aangggggﬂﬂgﬁgg'ngﬁgégmgy 33”*&‘%?%;% omhe

ligation m xture_was_transtorned
vol tage el ecPropBr&t”8n ¢PBR)a Gene Pul ser TM Pul se controller apparatus,
bot h from Bi o- mdlbehlai}ocﬁ.anehgoad tﬁé)pr&'be;hantgéha were plated onto L

I t ed | | d_X- B
T oot STert e ool ey Bh LabReRCdened i, SRR cusE - oRsTEusen,
i munobl ot ti ng, sEartédhg rems&0r pgnoé, H25infltenaaedstyradini Jre @mn_unﬁnh

were transferregdg {ahgﬁktt&gngekﬁgbg%%f hkgﬁrf ésﬁéi%' @g‘oljoqut

FRG by coverlng g pl ates mere eft
for 15 mi n BBf of2°CheThel cdpavadr BNAewaeearanaieagssédonoasamr@tsm

chl or of or m VaDOBEaEQEn?e5(G‘lErkReﬁk-t:.EQ dyal epr gkeall. bi bdi BectdzaIN the
filters were blogﬁlﬁ Bg S§g§t| t he fllégrsaln rlsN alggced sal i ne
cont ai ni ng oval b 093; 4 BPEIOBFCOBERIREMRI ENACLTagnen®y @fc,
1.5%ova.; pH 7a$proatﬁ.amebhmzbsngz thilobaeéﬁai\ese(kbpubah@i-el li:ddlre’ﬂWI th
i 7ot ed agai nofng, sA, BNACRRE, 2450 dd, ¥R agpRaRBEoRRiasRe BaRR: et
horseradlshlperpﬂﬁﬂasundenjsganédrdabbndiQNOnsnbuaaiagﬁs,(mAKGRAEﬁS,[err]
Molecular cloning: A laboratory manual, 1982), The -~ ~
ligation mixture was transformed into component E. coli
JM83 by high voltage electroporation with a Gene Pulser
/Pulse controller apparatus, both from Bio- Rad Lab.

20 (Richmond, CA). The bacteria were plated onto L agar
supplemented with ampicillin snd X-gal (5 Bromo-4-chloro-
-3-;ndolyl-ﬁ-D-galactopyranoside)

. Colony immunoassay
For colony immunoblotting, E. coli transformants,

25 cultivated overnight on L agar, were transferred to nitro-
cellulose filters (Sartorius GmbH, G&ttingen, FRG) by
covering the agar surfaces with dry filters. The plates
were left for 15 min before the filters were removed and
exposed to saturated chloroform vapour for 15 min.'Resi—

30 dual protein binding sites on the filters were blocked by
incubating the filters in Tris balanced saline containing
ovalbumine for 30 min (TBS-ova; 50 mM Tris-HCl, 154 mM
NaCl, 1.5% ova.; pH 7.4). After blockxng, the filters were
incubated in turn with (i) culture supernatants contain;ng

35 mouse monoclonal antibodies (MAbs) directed against pro-
tein D a8t 8 dilutien of 1:10 in TBS-ove, (ii) horseradicsh
peroxidase conjugated rabbit anti-mouse IgGs (DAKOPATTS

- INELVAVRY
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13 AS, G ostrup, Denmark) in TBS-ewva—at—a dilution of 1:2000 in TBS-ova,

d (i1 ot - d The filt hed 3x1 0 m
in mé's'r]"#ﬁ@?b?‘rgs-ongﬂé‘fts? %@ [R%fiﬁl en each step. Al| PEHERROHI wer o
e

done at 5 roomterrperatu re al so checked for 1gD binding by

I ncuba- ting other filte d human nyel oma 1gD: s, rabbit

anti human 1 gD ([err]-chains) (DAKOPATTS), fug seradish peroxidase

conj tgat ed goat | J.acPQl! ) L0 and 4. chl oro-1-naph I

and [err] as above I§s I’IC‘.{éOI’l e"'géonuﬁa%&lﬁjsarﬂi‘f@sag rﬁif%l\ﬁ{ﬂﬁnf’ Eagb&%
Plasnid and phadd B88-ve dngsiiil hi4tchlestod binaphthobrand cises- The

accordi ng to theiiadaGldrde Washdipt | n
Mannhei m FRG d Begjgg 15 Isnsét}?uén%{rﬁ Sﬁ?ﬂ%ﬁ‘lﬁ'ﬁ]ﬂ W & fo?lr%’['ﬂaon

enzyme fragrrent T"f%e'%\é%c’h%‘iﬁh S‘e"dl\&quPb enRr¢9TeVdphghiat
and exci sed f&omdbnvéﬁsrﬂﬂémwm.e gel s (Bio-Rad) contai- ning 0.5% ethidium

Mo “ba Joria o) Chabifed UehE Ao\ crncked i b Rinddng by, dngube-
performed with th&he}asﬁl(mmng-erﬁm n-)umardenyesmmiaxgln s,
ik Forn Lo U e il s 13 LAY (BACHERET SSRebfom,

trans- formcorrpet ent . Coll

ogr essi ve def
reconbi nant pl aﬁﬁ%”ﬁl‘]@&qwqwds%é%‘m&wmn@mr@moﬁadeﬂvaby )-
varyi ng t he10i mand @mmﬁﬁcﬂas-md ptHb@Hd o) oof a!ﬂo%lboveeam‘" - opened -

T N hern e fone s B bl
obt ai ned from Bet hescPé-M&hraﬂd |pHagyen tDNA e&ﬂm(ﬁig(e@ﬁd&rvﬁmr( Teddriction
were grown in L 38%%‘-{%%%&%&@44%% GRS R AR S SR
phase and then $PoEd&ingeaxy Mannheim spick Mmm.emQa.I afd Bediphasni c
fraction thescelinktaimenessednd ., BYYM AL Restriction enzyme fragments
for subcloning were visualised with low energy UV-light
and excised from 0.7-1.2% agarose gels (Bio-Rad) contai-
ning 0.5% ethidium bromide. The DNA bands were extracted
with a Geneclean '@ kit (BIO 101 Inc., La Jolla, Ca.) as
" 20 recommended by the supplier. '
Lxgations were performed with 14 DNA ligase
(Boehringer Mannheim) under standaxd cond;tions (Maniatis
et_al., 1982). The ligation mixtures were used to trans-
form competent E. coli cells.
25 Progressive deletions of the 'recombina‘;xt plasmiad
PHIC348 for the sequencing procedure were produced by
varying the time of exonuclease III digestion of Kpnl-
-BamHI-opened plasmid DNA (Henikoff, S. Gene 28:351,
1984). For removal of the resulting single- stranded ends,
30 mung bean nuclease was used. Both nucleases were obtained
from Bethesda Research Laboratories Inc. (Gathersburg,
Md. ). _ =" X
~ Protein D extraction from E. coli
Cells of E. coli expressing protein D were grown in L
35 broth supplemented with ampicillin to esrly logarithmic
phase and then subjected to osmotic shock. After removal
of periplasmic fraction the cells were lysed with NaOH

T | INALYdVAY
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14 (Russel, M and Model.,—P- OeH—7’_‘8*—r7‘7 1982) and the cytopl asmi ¢

fracti aratedfromt fractlon by centr
peri pl g@ﬁvﬁ?@ggcyt o- pT“ ‘%&8 were precipitat ed %l’&bl - chI oro
5 acetic acid. DNA sequ I ence mani pul ations The nucl eoti de
sequence was determ ned d sequenci ng (Chen, E. Y. and
Seeburg P. H DNA 4:165, 1985) of subcl onaéd and del eti-on derivatives of 10
pl asii d pH C34 m nRat i t t

TM [err] - dATP ?( ré%arr) ‘an sg"cfﬂ‘%’ﬁ‘aseq:a o el g 5‘%."?33? )St%?%sthe

Bi achem cal Cor¥to %erﬁramen was |SeRaTR et R dNT TATRTIRA by the

supplier. Parttﬂfaéﬂﬁoﬁ d C%}e C!f)}eiglﬁ&t‘;q:lséénﬂﬂﬂ%d/ﬂéyw |
carryl ng i nser erive rom 0] or ne
With Fuji X-ray’ '?tf "é%)’ﬁ lﬁﬁ?“'&r?éoli‘f tﬁﬁ t‘i—‘be‘%b% TPus

~i.nf-l uenzae Aﬁtcﬁqétzr& ad.ﬁiH I nfl uenzae strains obtained from20 culture

col | ect t égﬁ?) b | ected -
for Ig[}lgpﬁdﬁﬂgbﬁeépe%‘yeﬂ?ﬂé vené)cg% glt%q{é:n'lns Wer e \é\ﬁc:lp\gﬁlr:t Zg e
representing ser otyp'@sediﬂcl%ﬁlﬂdlﬂ)§%‘¥%1%w detgrminath Ry Lixect .
b ot ype 1138 O ol Lo e 2 B 8 A o)

i ns
and bi otype | (é éﬁ %%3 ; ytﬂé"?&ﬁf‘% aeg‘t%ﬂ' réélf?svas’i\gf\%? %I
P:‘l 19|t ﬁgﬁgag i\fg)ctﬁlgsmmtﬂm&mce @i iy nﬁhelg:ha%g?rm{mﬁgomwﬂ@ﬂwd wa*EhH
with 40 ng of £G|2§fﬂ %’%ﬁﬁiﬁ f&fsg% S %art € %%gg b@'ﬂume (2
m) of PBS contStates awmmw%c@me.d Clenmtlandy, @i s piel Howmkngnthe
radi oactivity Qbe aeéézg%sg HEr. é@&%ﬁh Adpdtadf |pianeage | 90 AequbnLig! oD

to a high 35 degree no di ence 1IN
| gD- bi ndi ng cap?@$ t9° ‘b%t%eﬁ’-’m#?'eﬁ%?ﬂn%%? VD INX £ayrving inserts

15 derived from pHIC348. Autoradiography was performed with
Fuji X-ray £ilm.
RESULTS
D;strxbut;on of protein D in Haemophilus influenzae
A total of 116 H. influenzse strains obtained from
20 culture collections and freshly isolated from nasopharyn-
geal swabs were selected for IgD-binding experiments.
Eleven of the strains were encapsulated representing
serotypes a-f, and 105 strains were non-encapsulated
(noneypable). These 105 strains belonged to biotype I (21
25 strains), biotype II (39 strains), biotype III (14
strains), biotype IV (2 strains) and biotype I (5
strains). Of the non-encapsulated\strains 31 were not
biotyped (NBT) but tested for 1gD binding. '
. Approximately 4x108 cfu of H. influenzae bacteria
30 grown on chocolate agar were mixed and incubated with
40 ng of radiolabeled human myeloma IgD. Thereafter =
larger volume (2 ml) of PBS conteining Tween 20 was added,
bacteria were Spﬁﬁldown and radioactivity'of pellets was
measured. All H. influenzae isolates bound IgD to a high
35 degree (38-74%) (Fig. 1). There was no difference in
IgD-binding capacivty between different serotypes (a-f) o"
encapsulated H. influenzae. Nor was there any d;fzerence‘
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encapsulated H. influenzae.- Nor--was_there any difference [err] 15-

bet ween bi ot of non encapsulated strains. 30 strains

r epr eserﬁb ?’(ﬁ%?é er ent Mﬂ?gmet lacebs were al so grown i RCB/SE91/00329 t
I nf usi on broth When th own in |iquid nediumwere conpared
with the 5 sane bacter| olate agar, no difference in

| gD- bi ndi ng capacity couId be detected Projygin D was solubilized from al

116 H. |anuenz$% stra|§@F? sonlgﬁtlon and Sarcosyl extraction.
Subsequent - &Y PRYPBEoPE ROD-ABFEPSUApEEde & XA TS -
SDS= PAGE. ProteBﬂssmeadnst:epeéseht&hgca&ﬁbéﬁéhedseabg thrﬁmaﬂ ¥ tvere

menbr anes and pgghgd D o] te| n e f erent :
nouse nDnocIona %%t?%hﬁgegHrg%ohﬁlzgﬁgt gafgfﬁ ﬁ& g@? ﬁqﬁﬁﬁb coul d
be detec- ted | ROEERTEBHSOFOWS But lélqeétﬂr mpﬁéumsweref cemplaa'etds ufmmﬂtlrﬁe al |l

H. influenzag lsahatQcharaaagebahebn Eﬂaéoﬂeka a8 aeppﬁbeaﬁf?éféﬂﬁ
wei ght of 42, 00 also a hr ee antl-proteln D

g &45 kllodaltonséﬁ % i
monocl onal ant i BB BAnE1581 GoPIGEEYRAuLdRRS QSEﬁEtFQ the sanme band after
el'ectrophoresis of aPkceatnaDtaaenéaaubsmﬂueatffaangigr1§g 20 mRInAahesaand

blottin Bact e n i fferept e axonqQm - cally rel ated
to H. |gfluenzaéE?hzﬁg gog&ﬁégégpaﬁﬂpogaﬁﬁsFﬂg eﬁﬁrﬁﬁFagﬁls% ggq“e“t'
par ai nf | uenzae, 1M th&e#styﬁpssspoﬂtapaiabapnotglncnswetb spbﬁ@nhddh:oli

segnis, H. QQQYBDSZ5AEBCU?ro@eiHQGQEQ%OEE RBA! 48 o ecggﬁéigﬂﬁ§ <§ﬂﬁ°

acti nomyce- tenconttani yere test e|r capaci
| abel ed hunan 18BEYPRe HFPF&nmeneaensacaeéyprehedauts f humanhggbamyeloma

bacteria vere tﬁsbed;hyawestntaebagtfaeént|Méh§e“h6ho !E%é&lgg$$ﬂdgiﬁﬁl

anti-protein D monocl g ant i, bodi es é :
‘twel ve speci es FESPERMZ ﬂ?prPtﬁaBnBtyVF ﬁstBFﬁigtbﬁPﬁ§)°§H&deea&@ﬁﬁuns
(2/ 2 strains) buaddinadlmlSDBnglbgﬁbt2&138&&6ﬂﬂoﬁésﬂ896fre&&@@dﬁ#ﬂﬁtoml1.

e oot Snap 8 A5 Bheleiznd) cablalhR ghie P boBILILEAE MR U 1
apparent molecular weight- of 42,000 (42 kilodaltons), IgD
and also all three anti~protein D monoclonal antibodies
(16C10, 2066 and 19B4) bound to the same band after
electrophoresis of all extracts and subsegquent transfer to

20 membranes and blotting. S
Bacterial strains of 12 different species taxonomi-
.cally related to H. influenzse (H. ducreyi, K. paraphro-
philus, HT parasuis, H. parainfluenzae, H. haémolyticus,
H. parahaemolyticus, H. aphrophzlus H. segnis H. ‘aegyp-
25 <ticus, H. haemoglobinophilus, E. corrodens, A. actinomyce-
temcomitans) were tested for their capacity to bingd l2°I
lebeled human IgD. In addition crude Sacrosyl extracts
£rom the same bacteria were tested by Western blot ana-
lysis with IgD snd the three anti-protein D monoclonel
30 ‘antibodies (MAbs 16Cl0, 20G5, 1984).
Of all twelve species tested, only H. haemolyticus .
(5/5 strains) and H. aegypticus (2/2 strains) bound
radiolabeled 1gD, 21-28% and 41-48%, respectively, in the
direct binding assay (Fig. 2). In Western blot analysis
35 1IgD and all three monoclonal anfibodies detected a single
band with an apparent molecular weight of 42,000 (42
Xilodaltons). '
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band with an apparent nol ecul-ar wei-ght—ef 42,000 (42 kilodaltons). [err]

16 None strai, araphr phI|US 11 H parain
aphrophlﬁégt“r@ﬁgs ng Sgeetl!li's ﬁm m t ans bound radi ol a%ér ngﬂ ?% t he

di.rect binding assay_or gD in Western blot analysis. How 5
ever, extracts of all t eacted with two or three of the
nnnoclonal antibodies in VEstern bl ot ana- hgsis showing a single 42

ki | od4l t ons protein Rapd OMég&%h% QkQ%iﬁ °&gFgH§E5§R egﬁégrajns

corrodens reveal ed a single hi nol ecu
dal tons) with NRB"PGOF@W@H: @hﬂeeaphmphglusm andegt nactaaﬁumwugteme

. strains, a singkemizals mmoasafm@b&@s.ad gacmdt tRablaged ¥ (rg*}?g[al hs) |

nDnocIonaI anti- bodies. Two Strain reyi parasui s
H. par ahaenol yt PEGEY( ST FRECTER WAT i5598|6§ U25§?F&|P§Pt gpalysis. How-
haenmogl obi nophi ever(lextracts difdandt these sigbehabekadted@Duiitn Riglidect

oy br o Sisﬁaﬁaﬁ%e?@? e LR Rk UiBRATES BAThERSREN B ANAS”
Sol ubi | i zati on 8¥sSpsosdoming2e singlghddekdlbfsleonsst protein bind.
| nfl uenzae (twoweg%e;—hysgak:eaya&%ag ?7%h§ﬂg §Jc%§iﬂgd09n§et x{% u%zls{m A)

wer e grown over broth. Init I ze

ni
protein D accorﬁP%&agﬁ aaw§FP9é§tEBBPSH@&eﬁB@ﬁﬁdwﬁéghtsbﬁaﬁléﬁcb#ﬂﬂo—
i nfluenzae a0t edalonsnbwary MABt 26C3I0DYnsSalLCRhrEE. s&?&&ﬁ%‘ Qh e cell

debris b t f_th t th |
ol | owed by ul ¢ PASEREET PeoBPecRe BBbLARERAnE, “anBiRENEon 2RELI oRAREEREDY s
143: 668, 1981). bznd pesléesegaeﬂlwdehrMhh tdd anﬁesumenbeuahh& @ﬁkﬂﬁtew
soni cation as- 3%&&{;& a&wbhet Shh taf( R) dGQQenge ”aﬁggkgbg% t\:%adi[ Lo

syl -treatment an tracentr| i.on were subj écteéed
wer e stained- orHeIBéFFBEFGPiH&lshﬁo(ﬂnﬁssﬂloa)nEHbraaagzasd(ﬁrst@ﬂns)l

human 1 gD nyel oA Reeheglobehbpreduly (NgePalhnatht HoRehekkd2aa1cA UL £
IgD in the direct binding assay and Sarcosyl extracts from
the same bacteria did not reveal any protein band detect-
able by IgD or the three monoclonal antibodies.
Solubilization of protein D - _

20 Three different strains of H. influenzae (two non?
typable strains, 772 and 3198 and one type B, Minn A.)
were grown overnight in broth. Initially'attempts were
made to solubilize protein D according to a well
established method for isolation of H. influenzse outer

25 membrane proteins by sonication, removal of the cell

- debris by centrifugat;on and extraction of the supernatant
with Sarcosyl followed by ultracentrifugation (Barenkamp
SJ and Munson RS J Infect Dis 143:668, 1981). The pellets
(cell debris) (d) and éqpernatants (s) after sonication as

30 well as the pellets (p) and supernatants (ss) after Sarco-
syl-treatment and ultracentrifugation were subjected to
SDS-PAGE. Proteins were stained or electroblotted onto
Immobilon membranes and probed with human IgD myeloma
protein followed by incubation with peroxidase conjugated |

35 anti-human IgD-antibodies and substrate. As shown in

- Fig. 3 the sonication procedure solubilized proteins
including protein D effectively. However, IgD-binding
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35 ant|-hunan | gD- anti bodi es” and substrate. shown in Fig. 3 the
soni catyy ﬁgedure S OtriH, Ldtﬁs‘sdaeat kS | ncl udi ng proteip /ﬁsflem'zyel y.
IgD—

Fbwever I ndi ng [er uIes (protein D) could also b

detected in the cell deb ‘not solublllzed by sonlcatlon The
yield of 1gD- binding nol supernatant vari ed between different
experinments. Fig. 3 also shoms that rote| b5 nostly could be detected in

the Sarcosyl saﬁc\u@me(prmmtbﬁféﬁldlléIQ@eﬁérdéﬁeetedn:ml ﬂheoahlla.st

PoB) Care’ roadidSPEER Uit 16, CHOED Wr  RehibITLfee by SontPRERSn' Cifip, bple
i nsol ubl e. 10 Of Igntbineingemohncvlesdimftmaosnparﬁatannruarégdrbemwenn

met hods wer e ”é}f‘f’fm -Fh ‘@fﬁ&b‘ﬂﬁén@épeﬂ "3Saids SRGLE- tﬁéé' gESEhinWBre

soni cated and t cel sus ensi| on nlcated and extract

different détemMRFELY (GRpidhe Qﬁdﬁmt%eﬁ?&)m&“d sotuRlgoFuPeRs cel |
debris was 15 rregvesse abfte:ermti-ueﬁstﬁnfuﬁ gatHOR. ginaedneBSsﬁUpeéGabaeuy

ultracentrifuge bt aj ne d cel l erhatants (s
pellets (p) vvercgestﬁ’af?ﬁgdgﬁg ﬁ&% p@‘?ﬁ%i‘?ﬁb?%t’t’r ng gﬂt‘ﬁ"ﬁ@ﬁbﬁg é’s and
subsequent prcﬂxegpvittplgl)ate sﬁaﬂhlynsGlQbimiihdcbgysonieatmentaﬁa are .
effectively sol yblli ttle left in the cell debris
and pellet. Npéﬁ%é#& §%§%€sg#d£€%%£%?ié80 sol ubilized protein D |ess
ef fecti vel yl At t enpt'%OVk'FBr‘aY% othedeield sof upteteinpp osevarals e¥sragsion

bacteria with Wéﬂidd@ wefe dt£i68 €Nin PEQLELGYEAE Qﬁ%gﬁﬁméﬁﬂﬁstﬁaaaéb%e-
pepsin and try’qigi glfferent concent- rations nes on

| ysozyne sol ubi e} bF YOr® FRnicated and; Fherhete Feb}oFéFﬂebsﬁPBteln
D was sol ubi | i zsshixyated cand! e:ezi-aef:édomoaisﬂembﬁtedbﬁei-génesasséea:eeyned

0T acant - Vel t ESAQP IR PaR KT 266 dnR kR PAGT, Ofnb Fe Ty PRRBRL bl ©'
out, protei¥s \wemovednbyccentirifugatbonntd2a0Q0tgd and the”suparnatant
ultracentrifuged. The thus cbtained cell debris (d),
supernatants (s) and pellets (p) were analysed by SDS-
=PAGE, electrobiotting onto membranes and subseguent
probing with IgD. As shown in Fig. 4 Sarcosyl treatment .
20 effectively solubilized protein D leaving little left in
 the cell debris and pellet. NP-40, Triton X-100 and Tween-
~-80 solubilized protein D less effectively. '
Attempts were also made to solubilize protein D £rom
the bactéria with lysozyme and different proteolytic en-
- 25 zymes (papsin, pepsin and trypsin) at different concent-
rations. Of the enzymes only lysoczyme solubilxzed protein
D (Fxg. 4).
Purification of protein D
Protein D was solubilized by Sarcosyl extraction of
30 whole bacteria as desciibed above and purification was
performed by SDS-PAGE of the supernatant after ultracent-
rifugation. After electrophoresis narrow gel stTips were
cut out, proteins were transferred to membranes and the
IgD-binding band (protein D) was detected by Western blot
35 assay. Gel slices containing a protein band corresponding
to the IgD-binding molecules were cut out from the gel and
solubilized by electronic elution. At Teelectrophoresis
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| gD- bi ndi ng band (prote#n-BT—was—def6€fed by Western bl ot 35 assay. Ge

ver o cut QAT R, ?hﬁﬁ“g”s “e@t iﬁ”?@@ﬁ”ﬁ;”& et roni el HOURESHIBEY . °

reel ectrophoresis [err] he purified protein, protein D (D)
m grated as a single ba tons) (Fig. 5) wthout discernible
break- down products. To conflrnlthat proteia D was not identical wth the

5 preV|oust deégglgggi?g%grngggggne gﬁnﬁ &%gb £13%§¥=§03 cga%

wei ghts of 49 ) rés veI supern Yht s
(s)-after Sarcob?PdekﬁﬁaﬁﬁieﬁaéFOMAdléFFB-lﬁiIuéhh@ntbdéseﬁra1W@ﬁebreak-
subj ect ed t o SD8ownPp gEdu&tansferred to | mmobi lon filters and blotted with

10 antibodies to pro e|n ote i n fnd al so mnth uman | gD. eggbe
‘'seen in Fig. 5 protef ﬁ EP S BB.PFete ?Iva?rBﬂFpF gaticel dth &
2. Binding psopprevésusﬁypdasermbéaTbatentnenbraﬁe ptopedhei 0 Bnmztwiunmu1.

hroteind &Eét‘é‘?if’ﬁﬁiﬁ BELbReE7be’ ba AR 30 REPSRATESRS. ' RESRRE IS Y s
was run on a Sefiabudg Gd Ogndosupﬂr06$gnt$c§$)FBﬁternsﬁrcosyél@m;nactinn
~sanme col um “ﬁso§|uh6ﬂe5h'gﬁhkiuéﬁiﬁé BQEté?ig'&QQéléeﬂieéEg ;r qggneln

(Oval - 20 bum n) conflrnlngft € ap Earent ecul ar wel odal t ons

for protein D RBBFEPaEEFB Broedi RoDIESPHIQR £ilbeEs Pﬁddpﬂﬂﬁﬁﬁﬁ vt h
bl ot experi pont antmbbuﬁ.ébetoepﬁstaentbeahd n?reﬁesﬁem andi &lk¥ @ithhuman

nol ecul e. Fig. ho t D 25 effective '
purified human ?Sﬁ) I%ﬁﬁ Bgogégﬂsin ;ﬁ?St ¥°F%%%t$ ﬂ‘gﬁﬁpﬁsbgg§%¥%cted
at 0,15 and 0.3rpetiy SkomhproteingD pndtproseineRpectively. Two additi onal

| gD nyel oma pro [N H & e the sane techni que could al so
distinctly:- be dgtegtgghg BBQEEEGE gkega aé%%tﬁshomn) In dot blots IgD Fab

fragments and | gD FbefﬁaﬁﬁﬁﬂFSIQBuﬁﬁ pretein D with human IgD Mas |,
respec- 15 further verified in gel filtration experiments where

-protein D was eluted together with IgD when a mixture of

the two proteins was run on a Sephadex G-200 column (Fig.

6c). Protein D run alone on the same column was eluted

slightly after the 43 kilodaltons standard protein (Oval-
20 bﬁmin) confirming the apparent molecular weight of

42 kilodaltons for protein D.

Radiolabeled protein D was also studied in different
dot blot experiments to further examine the binding speci-
ficity of the molecule. Fig. 7 shows that protein D

25 effectively bound two highly purified human IgD myeloma
proteins. A distinct reaction could be detected at 0.15
and 0.3 pg of the two IgD proteins, respectively. Two
additional IgD myeloma proteins which were tested with the
same technique could also distinctly be detected at 0.3 ug

30 (dgta'not shown). In dot blots IgD-Fab fragments and IgD- |
-Fc fragments: bound protein D at 2.5 and 1.2 pg, respec-
tively. In contrast B different 1gG myeloma proteins

. representing ail subclasses and L-chain types showed no
visible reaction with protein D at 5 ug. 'Neither could gny

35 reaction between protein D and three monoclonal IgM, one
monoclonal IgA preparation, polyclonal IgE or some
additional proteins be detected. However, with polyvclonel

' IgG 2 weak reaction was detected at 5 pg (Fig. 7). '
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‘tively. In contrast 8 different 1gG nyel ona proteins representing all
subcl asses and L-chain types showed no visible reaction with protein D at 5
[err]. WOI%IAH9260ul d al‘l‘jthsSEeeﬂ%aBEdn(RBplhﬁtl ween protein D and PCIYSES1400328 onal

| gM one ‘nonocl onal | gA oI ycl onal 1gE or sonme additional
protei ns be detected. Ho I yclonal 1gG a weak reaction was
detected at 5 pg (Fig. 7

ng of;4 he protein D gene DNA isol at ed
fronfH influenzae 772 s parti aI I di gest ed wi t h-Sau3A and enriched for
fragments in tHetening 2‘“!% PERYSUDAR FRA®s (kbp) by fractionation on a.5

sEcr Of]et gradlt ent. ghwe £ SOLATEEA SEH6H o | Ig@m@bﬁﬂﬁ hr{ﬁaat%f ai-taadlﬁ:
osphat ase-tre ve s_trans

|pl galtol on ni xt ur %?ls?ﬁ% %/B*Pt %’%’%I%’E‘? %’p{)*]%{'l? Qﬂ?ggsséf‘evvk’?nﬁ
resistance to ambiZitdih. kilmharsetmirso(khp)asby\etmd:tm:satienf enrad to
nitrocel | ul o]

alntl bodi eg ﬁmbéﬁéxta%%escrl r% eril a?%'g%?]éé i’é%ﬁods ng Qﬁe‘?ﬁ 000.
col oni es test edBEMHLvRY e Q%WMQFW'E%ﬁKe@m@t% n@Cbﬂb eE-wepdi
pi-cked, .purifi eshdd @é‘ﬂh§u@t&€§ﬂrﬁéﬁ APPER OEnd W1 & DENGS ﬂixﬁﬁféeﬂy”ﬂi A |

cl ones remai ned S|t|v%eafdur|n urlflcatlon The_purified clOnes were
tested for 1gD ‘Eésn 'F Yex Rlared Gt189 2RT per oxi dase -
conj ugat ed goatre&tstamﬁ@tc Impicmbinolmu(ivmwaGGWnﬂssdeéﬁél kednise 20

ngle{: gln:tl Ialy, l\%é‘tpﬁn%é%%é gﬁgj‘é% ﬁ@‘gﬂvﬁl ! cggﬁ?\# éngi"'ﬁht Ré t hree
MAbs i ndi vi dual¢gckfetk rCPi:tll\Qm@hmmb antihodtenf (Wi )i s mnsc:ohedhén

positive clonegyshavesh 4 hada Mdeode One clone carried a 25 3.3 kbp insert
with two internal Sau3A sites._ One cI one contained an additional 2.0 kbp

Sau3A fragment. One BMORGERGT}F L0 R iRRteTtRd 080 Pers3founds chosen
for further Ch%@@iﬁviﬁtEﬁht ﬁ:@ﬁi‘ﬁi@é ¢SPdniéd '%QnﬁymeﬂapE%§fied

estanl | shed J or, (he Lorer 01T Iniliengae DALY 39 P32, (£16,,9) To
. clones remained positive during the purification. The -
purified clones were tested for IgD binding with human
'IgD, rabbit anti-human IgD and peroxidase conjugated goat
~ anti-rabbit Ig:s in a colony immunoassay as described in
20 Materials and Methods. All were positive regarding IgD
binding. Additionally, the clones were found positive when
screening with the three MAbs individually.
_Restriction enzyme analysis of plasmid DNA from the
positlve clones showed that all but one clone carried &
25 - 3.3 kbp insert with two internal Sau3A sites. One clone
~contained an additional 2.0 kbp Sau3A ffagment. One of the
smaller recombinant plasmids, pH1J32, was chosen for
- further characterization. A partial restriction enzyme map'
was establlshed for the insert of H. influenzae DNA in
30 pHIJ32 (Fig. B8). To identify the region coding for protein
D, restriction enzyme fragments were subcloned into pUClS8.
The resulting transformants were tested for expression of
protein D using colony immunoblot analysis as described |
above. - These experiments showed that plasmids carrying a
35 1.9 kbp HindlII-Clal fragment from one end of the insert
ellowed expression of 1gDh-binding protein. This recombi-
nant plasmid, called pHIC348, was Kept for further experi-
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D, restriction enzynme fragnents.were-subcloned into pUCL8. The resulting
transfornants were tested for expression Qf protein D using col ony

i rmunobMR 989265 s ahis %k, These experinents \48591’9%29
pl asm ds carrying a 31- I1-Clal fragnent” fromone end of the
sf

I nsert all owed expressj ding protein. This reconbi- nant

plasnld cal |l ed pHIC348 mas kept for furthgm experi - 20 nents The
protein D gene cloned | pH rom LK18
P vas shown BPAERon ThE SREtAIRAD) Pebe aroned eh PuTEERR S5 pRrRgEtea

" oppesite orient ércm anpmrqolﬁélrginAchnBan'slﬁbs meas ssleopn ebyedl bgbnigi rdhieng,

pronoter . TranotArart-C1dr -RERRRtS ol EilE 32 %4 Wi PopBon EReT BELITALLS
opposite direct td®n érmeG:-wg éwfﬁéaﬁf9ramt%u%’6p’§'§§§e€ui‘gﬁgbé-!ﬂdtimgat|§ﬁ1.

Thi's was prolgabhyudiée Hed éﬂﬂi&dt%@ziﬂr enet génef;et&l@ebetne ebherbad de drhe
10 same dlrectlon as t he pronoter

over expr essi on & -B% ﬁHPEﬁrWaEQPEFEQFm?Bt?h%aEEYEEQ Fﬁepﬁﬁﬁgﬁ§%1ua
lacZ pronot.er waCliax Ehagmpmasﬂhetuarepposntafdihecpioneto ﬁnnommﬂngreNJWA

both st rands of PRt 0o sixE1TcRaOANELAG con puVRELONS FRLSTGRSS RIS
pl asmi d sequencidvg 60 §@Ecﬂ@ﬁ@sP&ﬂ@OGeFePfonUGb%sbﬁhegs°§ieb$e§u@ﬂ(ﬁhﬁm)
restrictionfy agmal %ﬂ:@&:ma%s tHEBngﬁoeeé 8 3pPbei ROBTRRICH l12a to

avai l abl e uni versal and rever rimers were used. Sequenci ng was

done across al | 3FeSVErEeXRLess éﬁ&?ﬁep§9 gin RcuhichsHBs| sRERSLATE |
sequenci ng strat@gnsfsnmﬂﬂﬂﬂmaiel&hElﬂacB pioRotRA waguenceheFoppddite

reveal s .an open J.eadi fr of 1092 starti with an ATG codon at
position 25 2044§§?q#¥%5ﬂﬁ¥1}q§:ﬂ58 aﬁFoR RoERC g?fh a TAA stop codon. The
open readi ng fr @ sequeneendnalysdspost the progéinali geneci d resi dues. Ten
nucl eot i des jypst r eamnfe r,.ﬂ‘% ?%tt?kﬁnEaﬁggﬂg%\ﬁfS?aﬁﬁegeﬁaﬁ?shmg t,{@ér{: S

conple- nentary to the 3 I ne .
Dal garno, L. PréEOWWQHIC34§mYas&ﬁeteBEA“e¢1eiSh§r by direct plasmid.

sequencing of subclones and deletion constructs Or by
-subcloning restriction fragments into phages M13mpl8 and
M13mpl9. Commersially available universal and reverse M13
20 primers were used. Seguencing was done across all restric-
tion enzyme sites used in subcloning and the sequencing
strategy is Eutlinad in Fig. 8. - .

The DNA sequence (Fig. 9) reveals an open reading
frame of 1092 bp starting with an ATG codon at position
25 204 and finishing at position 1296 with a TAA stop codon.
The open reading frame corresponds to a protein of 364
amino acid residues. Ten nucleotides upstream of the
methionine codon is a seguence, AAGGAG, that is comple-
" mentary to the 3' end of the 168 rRNA of E. coli (Shine,
30" J. and Dalgarno, L. Proc. Natl. Acad. Sci. USA, 71:1342,
1874). The spacing between the centre of this putative
ribosome~binding site (rbs) and the start codon is 13 bp
in comparison to the average spacing of 10 bp in E, coli.
The §' flanking region, upstream of the proposed rbs,
35 skows the presence of possible promoters. The sequences oI
_ the -10 region, TAAAAT (151-156), and the -35 region,

—

TTGCTT (127-132), show homélogy to the consensus cf E.
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1974) . The spaci ng bet e hi s putative ri bosome- bi ndi ng
site (rb start n conparison to the_avera
spaci ng (yo%g(h&%g?n E  co %ﬂé@ AS% ch ing region, upst ream'fssﬂém’”

proposed rbs, 35 shoms th pOSSIb|e pronoters. The sequences  of
the -10 region, TAAAAT (1 he -35 region, TTGCTT (127-132),
show honol ogy to the consensus of E [err] 2121 coli pronoters (Rosenberg,

M and Court 19, ,,197 |
prongtersu:ecognlzegn%rcﬁﬁ¥eégpg§Pseé%E§ OIVﬁngé %g?ﬁgre am:ﬁﬁﬁﬁg the
putative -10 andGeastseééeﬁdas 18799 bpd wheoﬁdéntnsadommmhﬂpzpmotérshe

favoured value o e [ 1 h
i nverted repeat Ee%%g?ﬁgeg E@ﬁﬁﬁgp%§ Eb%?nfgﬁs mang-%%et (ﬁgﬁwﬁ?égﬁﬁ%

Thi s repeat does ﬁ&?eeﬁo P“tﬁéseﬁbréoaapﬁpréélsﬁﬂﬁﬁﬁﬁﬁépéﬁﬂ &k bp, which
transcriptionst essi eanparablePraitti kR Fehdiirede vBhaegee 1fomgy otein D

encodes for a protein a aci si_d dyced fr.omt he,
nucl eoti de sequence (E%§ %gé P?hg%ﬁ_ ﬂﬁ#ﬁ §n§ﬁg§ §bdﬁbﬁgbaﬁggarted
typi cal characterEpBa&swothathacpemeakihﬂpmpribemnassgem greptlichp IStruc-

(M asuk et al. Q'Obhighgg?}§§565£%1n0§?8ﬁbww5kg E%%%Hﬂ¥(ﬂ§;¥¥gical

hydr ophi lic and baslc am no the ter- m nds
hydr ophobi ¢ r egi EhooingepPeagestc FranssTibtion Feyainaterthe hydrophoblc

EoreAlThgipu%gtlpgggbgaab QQE%@QQrQ?ﬂS wi th a consensus seguencel
eu- Al a- d y- Cys, recogni ze e enzyne SI nal peptidase
(Spasel l). The prinar?gﬁrg %PE%PEP&&H& dEOFd AnPraERID ofi 36t

of 41,821 dal tonamiﬁbeamgerlaysiameeuledwddd fmur:hel hutlectide s:éq@dﬁce
fo the 25 eoti mF&E s e B4 B SRERIBL, ABLEe, S638; SRphPraeTias \Fypleet ™!
ki | odal t ons. Poschnaagma:usmabsnnﬁ'hubaumawﬁadf1ubemm0ﬂaﬂMWaﬂgna%/paptnma
for this di S%epm&syﬁew @l at taerre%f Lo cgher @s%evtﬂa& aw&sb)t YR s
am no aC|d sequence 0 rotein'D were r med
srretch of hydrophilic and baszc amino aci s at the N-ter-
minus follovwed by a hydrophobic region of 13 residues, and
with a glycin in the hydrophobic Core. The putative signal
peptide ends with s consensus seguence Leu-Ala-Gly-Cys,
20 recognized by the enzyme signal peptidase Il (Spasell).
The primary translation'product has a deduced molecular
. weight of 41,82} daitons._cleavage by Spasell would result
in 8 protein of 346 amino acids with a calculated
molecular size of 40,068 daltons, in contrast to the
25 estimated size of the mature protein D of approximately 42
kilodaltons. Posttranslational modifications of the
preprotein may account for this discrepancy. Several
attempts to determine the amino-terminal amino ecid
sequence of protein D were performed by applying about
30 1000 pmoles thereof in an automated aminc acid seguencer.
Since no amino acid phenylthiohydantoin derivatives were
obtainéd, the amino-terminal end of the-single IgD-recep-
tor polypeptide.sﬁain is probably blocked.
Protein D expressed in E. coli JMB3 carrying pHIC348
was analysed in immunoblotting experiments (Fig. 10).

[
8]

Cytoplasmic, periplasmic and membrane fractions from cells
in late logarithmic phase were sepazrated on a SDS-PAGE cgel
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30 1000 pnol es thereof in an aut omat ed ani no acid sequencer. Since no am no
acid ph ' dantoi n derivatives were obtained, -the aml’l‘f’l’/& 5{Yobfde end
of the gﬂ%gﬁés gD-recep- tor polypeptide chain is probably b ocEed. Protein
D expressed in E. coli. JMB3 carrying pH C348 35 was anal ysed in

| mmunobl otting experinents (Fig. 10). Cytoplasm c, periplasmc and nmenbrane
fractions fromcells in late logarithnic phéde were separated on a SDS- PAGE

g_el d[ er Ir } o 22aaafl g&b@&%‘bﬁhb%‘tb@d tbf)aanlthats_bib&xgnfiik%ﬁé eﬂpﬁgebghn leagatm)_
inds a ree_anti-pr n D nonqgcl onal  anti bodie . an

and. r adi ol abel e¥*P§8 g&ﬁlghﬁgeng 3f85°?ﬁ18IP Tﬂ?%%f?éﬁgt?ﬁﬁég?sgﬁé 2-4).
fromE. coli 5 (1BB30pHROBESand A98dNgkadbaadiol dbeXed c3gbnmebaddnbleeccul ar

wei ght of 42 Ki Y I Leilar, i rot gk neD.pr-epa £ rom
[ ot Genzae (PAFACESRAr ofy) SR4Be BraBtibndl(1dndl D) Ieroll 8ROCREL |
am no aci d s8qudN8a/pHIN348naisyansiaglr2bandt with (BReceatipAbade Modech 1B

other- protei ns ghikReVBLSRKAASAaLLSALET Bl 8¢ £QIRL 0G¥ BYmyShRItd g:_%%é_tiﬂ.
search in-the EMBL and Genban rari es, ari fromsimlarities in
5

k Data Lib
the signal sequlnPEeRs FG@yHWa§“k&HﬁB?aSU&NR . Fig. 1RJ)novel surface
exposed protein of HThenhusiedadder sequahecd BAGNYhE deduaspdciamsnios acid

d i bed. Th ' ' ] | | lgD .and
e o sopar ont BeakErEke B PuReduRag0 199 pHEERATH Shin cAERR s RV

all of 116 dRcapshiext probed nsovfe koapoukaguenee Toséeterning Romodgyeaae
studi ed. The pr Ws‘ih\%éfar Uonphitet! BalaRehS 1AVena eS| 8h8NGEADRRR PRATR

apparent nol ecul ar I ght |nnuno%§p|c simlarities since protein D from al
strains i nt er ac&dbpeEies &dPaFY FFoMEiRddaEifdRE BN FiOR8di Sequance

-monocl onal  hunape BemoAcH: haé fedund? purification of protein Dis

descri bed. Clonipﬂggﬁ?}he protein D gene fromH. influenzae in E.-coli is
described as weFP he nucl eoti de sequence and t he deduced am- no acid
sequence cofiBespondi g noved murfadesexpeisgdt pobtein of H. influenzae or

related Haemophilus species is described. The protein -
named protein D is an Ig recéptor_for human XgD and has an
apﬁarent molecular weight of 42,000. Protein D can be
detected in all of 116 encapsulated and non-encapsulated

20 isolates of H. influenzae studied. The protein from all
strains shows in addition t0 the same apparent molecular
weight'immunogenic similarities'since prdtein D from all
strains interacts with three different mouse monoclonal
sntibodies snd monoclonal humsn IgD. A method for

25 purification of protein D is described. Cloning of the
protein D gene from H. influenzae in E. coli is described

as well as the nucleotide sequence and the deduced amino
acid seqﬁence corresponding to a molecular weight of
41,821 daltons including a putative signal sequence of 18
30 amino acids containing s consensus sequence,
Leu-Ala-Gly-Lys for bacterial lipoproteins.

(23]
[4]]
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41,821 daltons including a putative signal Sequence of 18 30 am no acids

cont ai nj sensus sequence, Leu-Ala-dy-Lys for bacterlgcq-l,sgg,,o 129
| i popro engF |err] 23 CLAIMS 1. A surface exposed protein, which is

conserved in 5 many strains of Haenophilus influenzae or related Fbenn-
philus species, having an apparent nDIecuIar wei ght of 4

capacity of bindi ng human 1 gD, or naturally 2%ccurring or ar M\
nodi fi ed variants thereof, or an i munogeni e or I'gD- bi ‘\w‘ \ sai d
protein or 10 variants. 2. A protein accordlﬂg to cla| g ®he*am no

aci d sequence as described in Fig. 9, or IIy occur- r|ng or
artificially nodified variants thereof, or an immnogenic or IgD- binding

portion of said protgin, ogu;ﬁaggrgggﬁﬁ?a prﬁ# L3Skih P gag “gggbghnkﬁ|lus

genetic code for a protein o us—1 uehzae or
species, sai¥ pmanzuatnainngoﬁnHappapbh%ua04@§h¢em=me|gntrelanEGOUQeaﬁd a

capacity of bi nghgguguspacte, RbviAg 8R apghrét!Nof6EULekNdefhht of

artificially nodified variants thereof or an i nmunogeni C-

I.gD- bi ndi ng por%zoﬂ 08 and; 4 EPBFGFﬁYonv’aW #0g human KGR nARaRSKNERLLY
containing a pl gsgugrahgaophageitsciellpeniodnfLea ﬁaﬂiaﬁdscenabéefof or an

d id
Vari ante. whi chiRBBRSPANERoEE, LHRSRITBLRY PPEEADR ef so8hR BFARPED 8 A host
according tbOclearignte.h ar act e~ r i sedinthat it is E. coli. 30
nemon | Searent. conbli &' BeoRell a3earaNGS 401 ClafRles ﬁaoaagpeﬂaem ab

Haenophi | us i nfl uenzaé or-reélat peci es; sal rotein aV|ng
an apparent nol 8¢ifapeasepRe 8f QESGBSbaﬁdIE E&Qac?ty°6f“BFHHFﬁtheﬁﬁHrrgD

or for natural |¥iﬁ§CBi'r a&eie&carau&l fiall¥ige0vareand€s YAeraBE; bbeepof, o
for an 'nnunogeghﬁugage Eebor &gg-binding portion of said protein or

15 wvariants, ' .

3. A plasmid or phage containing a genetic code for a
protein of Haembphilus influenzae or related Haemophilus
species, said protein hsving an apparent molecular weight
of 42,000 and a capacity of binding human IgD, or for

20 neturally occurring or artificially modified variants
thereof, or for an immunogenic or IgD-binding portion of

'said protein or variants.

4. A non-human host containing a plasmid.or a phage
ss defined in claim 3 and capable of produé}ng said

25 protein or variants or a portion of said pfotein or
variants, which host is chosen among bacteria, yeasts and
plants. |

5, A host according to claim 4, characrte -
risedin that it is E. coli.

30 6. A DNA segment comprising 2 DNA sequence uhxch
codes for a protein of Haemophilus influenzse or related
Haemophilus gpecies, said protein- having an apparent
molecular weight of 42,000 and 8 capacity of binding human
igD, or for naturally occurring or esrtifically modified

35 variants thereof, or for an immunogenic or IgD-binding |

' portion of said protein or variasnts.

.\\—

—

: ThlS Sheet Has Been R,

HlllllHllllHMlIIHIII i

' | : , @34 ST
.82'S | v N3l 23i2T 96 g



- portion of said preternorvariants. [err] 24 7. A DNA-segnent according

to clai ein i's the one specified pir/SE91/081283 A
reconbi‘gg%{llmé nol eamiwm“mm nucl eoti de sequence coding for a
surface exposed prot Maefophi | us i nfluenzae or rel ated Haenophil us

speci es, said protein having an apparent nol ecul ar wei ght of 42,000 and a
capacity of binding human 1gD, or for natul4lly occurring or artifically

nodified variants ther gpfoNaisdgiientn aickerBeagnNite elakaDehi Rdiet@iROrdHeON Of
said protein or, 10 variants, . h nucl eoglgée segugnce i.s fused to anot her
I

i C
gene. 9. Apla ﬁq‘tﬁfﬁe"@o% QP8 SReFEEE8nd i-d€ *sequence
according to claim&. X .redambinantadNAcsblecnilel confainingas mud gotdde d
15 or phage acq.fi g s - \ahi t | S cteria,
yeasts or pl an%ﬂﬂ%éA%%sﬁﬂdggggrg]hggtfgggl 5?‘%1"%8,8 ?gﬁq:gq’?gﬁ -teri s
e d in that St Hapmophigius influsnzgs oF pedasedl HeepoPhidws ®Peaieshi ch a

sur- 20 face @EIeh{rdfdiriHaving a2 apbekent! Rbldenlae Qeilghwisd 42,000
Haenophi |l us speciges, said protein having an apgarent mol e- cul ar wei ght of
42,000 and a B ARSGHTHIGTy DHDRERSI BEmas: 148 PR P AT Sy
artificially ][rmﬁdum:inmrd;arsz&itfﬁefaaa&, maaiaaeamaggm'sc thieded ¥ ,biowli Higr
portion 25 o ai 4 |} or vari.a .S conbi.n it ther pro-_tein
by the use of ﬁrelg%“ﬁ%ngréérﬁlw %De%'?‘giggcgf’gi ﬁ‘&%t gwcls%i?&gbletf"é Lsi on
product i n ihi Merd anks achiohhoeed egridei sequensemighifused id wnwheDr

rel at ed Haenophjddes, 30 species, said protein having an apparent nol ecul ar
wei ght of 42,000 and, a capacity of- binding human tgD, or naturally

occurring or artifidal® PIRERC &F PRaoeCONLALINADE, 20 fused ARFIRRTH e or
| gD- bi ndi ng porddcferide SStcbr@iteeito @1adar igants,—i s covalently-or by any
other means 35 bounc!‘.d.o £ fdnt %imna’n %rsl%or%%rt%ti%i%rg r;%t r:I.iexa'st one plasmid .
15 or phage according to claim 9, which host is chosen among
bacteria, yeasts or plants. |
il. A host according to claim 10, charac-_
terised in that it is E. coli.
12, A,fuéion_profein or polypeptide in which a sur-

- 20 face exposed protein of Haemophilus influenzae or related
Haemoﬁhilus species, said pfotein having an spparent mole-
cular weight of 42,000 and a capacity of binding human
IgD, or'nathrally occurring orx artificially'modified
variants thereof, or an immunogenic or IgD-binding portion

25 of said protein or variants, is combined with another pro-
tein by the use of a recombinant DNA molecule according to
claim 8. . _

13. A fusion product in which a surface exposed'
protein of Haemophilus influenzae or related Haemophilus'

30 speciés; said protein having an apparent molecular'weight .
of 42,000 and a capacity of binding human IgD, or
naturally occuifring or artificially modified variants
theréof, or an 1mmunogenic or Igb-binding portion of said
protein or variants, is covalently or by any other means

35 bound to a protein, carbohydrate or matrix. .
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[err] . 25 14. A vaccine containing a surface exposed profein of
Haerophi t us i nfl uenzae—or—Ttetated Haenophil us speci es, said _protein having

an appar¥@1/sseeul arumlamm‘“mﬂ and a capacity of bi RAT/gESIveR9! gD, |

or naturally 5 occurr |y nodified variants thereof, or an

| mmunogeni ¢ or | gD bi ng porti ol thereof. 15. A vaccine containing a
surface exposed protein of Haenophilus infl zae or related Haenophil us
speci es, said protein having an-apparent noléecul ar weight of 42,000 10 and
a capacity of bindi ng"ﬁmrhr?’ﬁ"gﬁin%rcmiﬁrlhﬂng/ dHEURLage rﬂ}tmsadtprmteahl of

modi fi ed vari antHedntgsiekiius cmmemm%emaﬁed HaddpH ML P B péOlles,

t hereof, conbi n%c%i\@lg}cgg%#fg r_.vacci ne. vaccl ne containing a surf ace
exposed protein 0 ?Y%ﬁglqﬁlﬂRﬁﬁﬁﬁPﬁan¥9 SHiar ehahhiefis42, 000
.speci es, said pregiceian ¢apaaita A puxiding mﬂmulm MBS hianira1P00 and a
capacity of dgﬁgy§§§1 rtificiall
nodi fi ed vari an'(tas ere dzg[%ra%flin?gm% enl%ﬁoﬁtéldglﬁa[ﬁn’%ﬂoﬁfg% %#1 of an -
t her eof , conblnéﬁﬂquggﬂlceﬂf|I§ﬁﬂhﬁﬂ§ﬁﬂg[nnnﬁxnn(ﬂhananﬂmﬂ mol ecul e. 17.
A hybridoma cell capag emfvé&dﬂ'&&'é&\& W'Fp sdlaéaéﬂ‘té ed PAbrein of
| munogeni ¢ . po n _of ugggﬁ? eﬁggsed pr Qt ei n. of I'1'us T niluenzae
or related Haeéﬁﬁﬁ iﬁﬂﬁ; |ﬂ$%ﬂ?2ﬂiﬁHﬁHﬁP§E;es:

ol efcul gr wei ghwadfd ﬁwmm‘ﬁf@mﬁldppaﬁeﬁﬁ rnwmd:mamelasg@m ¢ Azfooo
purified angigh n i mmun ni ¢ _portion a surface
exposed prote| n of Ha%%ﬁ&g qu ‘ﬁf&e (}%%edqé ﬁsv SRV ES,
30 said protei nTHRG ®F mm@mammmﬁm weaixglein taf ﬂ&:@ﬁif,amt aan
capaci ty of bi ndirRehnidgaE t | h e
Haenophi | us i nfl uenzae or reI atlé% Ié'mtr{%o%t?gtég%c%g’;ez{&éd ;%aoq'(qeisn% wf{h
contacting sai d 2OFNEE HAGFNR anti body of claim 18 in 35 the presence of

an indicator. [err] 16. A vaccine containing a surfsce exposed protein of
15 Haemophilus influenzae or related Haemophilus species,
said protein having an spparent molecular weight of 42,000
and 8 capacity of binding human IgD, or naturally occur-
ring or artificially modified vafiants thereof, or an
immunogenic or IgD~binding portion thereof, combined with
20 an immunogeﬁic portion of another molecule. :
‘ 17. A hybridoma cell capable of producing a monoclo-
nal antibody to an immunogenic portion of a surface
exposed protein of Haemophilus influenzae or related
- Haemophilus species,_said protein having én apparent
25 molecular weight of 42,000 and a capacity of binding humen
IgD.
18. A purified antibody which is specific to an
- immunogenic portion of a surface exposed protein of
Haemophilus influenzae or related Haemophilus species,
30 said'protein having an aspparent molecular weight of 42,000
and a capacity of binding human 1IgD. _

19. A method of detecting the presence of Haemosh;lus
1nfluenzae or related Haemophilus species in a sample by
contacting said sample with the azntibody of claim 18 in

35 the presence of an indicator,

' “’ﬁﬁ*iiﬂ'li’iilﬂiﬂ“i‘n‘iu
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'~ 26 20. A nethod of déTEtf+ﬂg\th_QLg§$gEe of Fﬁennphlfus I nfl uenzae or-
rel at e REY3Ri | Us s es in a sanple"by contacting sai pc§gr§PdQoov2oh a
DNA prg%e or prlner CQBQ ' Iw espond to the nucleic acids which
code 5 - for a surface ,I””I[)f Haenophi |l us i nfluenzae or rel ated
Haenophi | us speci es, sald prot shawng an appa- rent nol ecul ar wei ght of

42,000 and a capacity of binding -human IgE?°or for naturally occurring or
art|f|C|aIIy nmodi fi 4. varmaahedtbereeteceingothanpresunogeoEcHaemb@BiIus

Dinding porti eReslieRgld BEOLELDLEh HALhADAE) S epdnlELOH 8 sdibRC! i 10D

using a surface eXxpose ot ern 1s® i FRTUenzag o
Haenophi | us sp99n§5¢tia§dspidtQamphavwﬁghah Eﬁ@aPEnbengreBHlaarMelght of

42,000 and a CéBﬁEt%Mc%EdbtadbaﬂrE!BBﬂd'GS’tﬂé Alcl88bUsakly aﬁ&emruaaéw

art|f|C|aII ng variants thereof, or an_inmunogenic or g bi ndi ng
portion of <ai °5rGt§FﬁfBFevSFPSﬁF§ PEﬁFFBHaPFyH?GBEPPEH“ﬁn&P@ u tF a
matrix. 22. A geléedaofaenpphiluBgspebids| ngatd Sprdeetn2Ravingoaed sppa-ei n

Pl o ppareRE HETARGIEF HEAHE SE RTBHD' 4Ra R CaRRe1RY Be BNRiuhy
human 1 gD, or hamanalb?,ooruforngamnraiLYfbcturryngndrfaeﬂifaciadﬂy
thereof, or ang bEFFEQEGOEgiQBtEQ@hﬁkﬂ@k”goPoféfOﬂnzﬁmﬂﬁnééhﬂzerleh%ﬂﬂ
vari ants, o tiona oun trix. [e

-bznd;ng portion of said protein or variants.

21. A method of detecting IgD using a surface exposed
protein of Haemophilus influenzae or related Haemophilus
species, saidlprotein having an apparent molecular weight
©0f 42,000 end 2 capacity of binding human IgD, or

15 naturally occurring or artificially modified variants
thereof, or an immunogenic or IgD-binding portion of said
protein or variants, optionally labelled and/or bound to a
matrix.

22. A method of separating IgD using & surface

20 exposed protein of Haemophilus influenzae or related
Haemophilus specieé, said protein having an apparent
moleculer weight of 42,000 snd a capacity of binding human
IgD, or naturally occu;fing or artificially modified
variants thereof, or an immunogenic or 1gD-binding portion

25 of =said protein or variants, optionally bound to a matrix.

30 : [ —
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