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An Antibody Which Recognizes Phosphorylated Polypeptides The present
invention relates to an antibody which binds to an epitope consisting of
Ser-lle-Al-A2-A3- A4-Ser(PO3H2)-Pro-GlIn-Leu-Ala-Thr-Leu-Ala-A5, and
does not 5 bind to an epitope consisting of Ser-lle-A1-A2-A3-
A4-Ser-Pro-GlIn-Leu-Ala-Thr-Leu- Ala-A5, wherein Al is Asp or Asn, A2 is
Met or Leu, A3 is Val or Leu, A4 is Asp or Glu and AS is Asp or Glu.
Alzheimer's Disease (AD) is the most common form of adult-onset
dementia. 10 There is currently no reliable biochemical test or biomarker
available for diggnpais.al ARRAGERBSMsNCHHIAgNRSIPISAN P PepRade
post-mortem. Neuropathological examination of post-mortem brain shows
large amounts of extracellular amyloid plagues and intracellular
neurofibrillary tangles (NFTs) in characteristic regions of the brain. NFT

deposition correlates better with disease severity 15 than plaque o
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tHe adhal icoMparMBht of neurons (Lewis, S., Nature 342 (1989)
498-505). Tau is a highly soluble protein, with no propensity whatsoever

to aggregate into filaments. However, in AD, tau becomes
hyperphosphorylated. This hyperphosphorylation initiates an aggregation
procesgesivich Disminates jis Ridhs @ndowiBaeyNf hult-onset dementia.

QN i | ftau and is part of th rol,25 .
R B  Sp s of
Bl rmsssrmibti) «deenoyy 995 Y BF MRtPISETYEEhumber of potential
phosphorylation sites within the molecule, these occur within two regions
whichNgarptheolnigiral izaleibiiding terstamosfaalbr dhgsphotgtatiemaunts of
$heacesitps imNenigniagsdags neflearie R AHHEIAYAEN W AN TS in
ai‘a?S&QSE}’fa}%di&E‘;'”Ptﬁctg)a%f‘%ﬁﬁ”ﬁ%% and.itis tis ivn r@?o%’-ﬁﬁ“ 13000 severity
or abnorma ospP]oryalonw ich Ti0St f eliy hitates eeﬁbrlﬁlza]tlon
WrocelagUaACGHEIRIatEWEiIng of the mechanisms that lead to PHF-tau

formation therefore requires knowledge of these phosphorylation sites
NFTs comprise paired helical filaments (PHFs) of the microtubule-associated

protein tau (Delacourte, A, J., Neurol. Sci. 76 (1986) 173-180, Kosik, K., PNAS 83
(1986) 4044-4048, Kondo, J., Neuron 1 (1988) 82, Wood, J., PNAS 83 (1986} 4040-
4043). The function of tau in vive is to promote microtubule assembly and stability
within the axonal compartment of neurons (Lewis, S., Nature 342 (1989) 498-505).

Tau is a highly soluble protein, with no propensity whatsoever to aggregate into
filaments. However, in AD, tau becomes hyperphosphorylated. This
hyperphosphorylation initiates an aggregation processes which culminates in PHFs and
ultimately NFTs. Phosphorylation is a normal feature of tau and is part of the control
mechanism which regulates the binding to microtubules (Lovestone, S., Biol. Psychiatry
45(1999) 995-1003).

There 1s a large number of potential phosphorylation sites within the molecule,
these occur within two regions which flank the microtubule binding domain of tau.

Phosphorylation at these sites is benign and does not lead to tau aggregation. In AD, a
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5 The abnormal phosphoepitopes in tau that occur in AD have been

identified by isolation and characterization of PHFs from AD brain

(Hasegawa, M., J. Biol. Chem. 267 (1992) 17047-17054, Cripps, D., J.

Biol. Chem. 281 (2006) 10825-10838). Qure-of these phosphoepitopes

occurs at Ser422, towards the C-terminus of tau. Phosphorylation of

bR tigkdlydinkedcid) NETIdond atidnt (Bichia, /GredeNepfrocHetivB9r abnormal
(FRHL308 A A 28R middis WP msaved drseliculie Ry BN Men i fitanding
Po'}‘%ﬁgﬁ‘r?égﬁat"?s%gf famal; seie? causes gdsqrease In tau SO qee of these
implyinga TSR i steps of the aggregation process. utation &6t
Saesphary ligiirétebolished this effect (Ferrari, A., J. Biol. Chem. 278

(2003) 40162-40168). Phosphorylation of tau at Ser422 may be a
sensitieernbitkenfd pid3phscpiiggeste dautbay pamear i S thaye bsiegidentified by
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regpatholo gicabev dviitsainoADf Bentitibe rbinpublibalids! pomeietherrari, A, 1.
IMRArEAGE o b e singlanizosphrelitope, phospho-Serd22, in the
development of tau pathology. In addition, mass spectrometric analysis of
tau degyved from NETS @or froy pal rain_showed t [
ehosphaTHato] B SISt D P S WEAD, o5 gussested
(Ruop)earinstidy osnsamsbiclenalamibpd firaciod ppinde) oS PhosaEspe
Tieraiare Manypahbephgeyitdpe? (hSPPIF2EAuApairetbwelicalfilagherftitaty), highly
Sé%geéﬁggﬁg@&ggﬁgﬁfkgﬁﬁﬁ HQ%@?&%@Q%%%%%I@ @Slr_ﬁgi_imgsﬁflg?:ﬁﬁgpe until now.
DT AR SE e S50y il B Th S Aty ot Serd22
ATH0s{pdegh DAkt oATarsp s sl echAaTRIZOf (pu Shps(bertiered at other
PrathoBialChRIM oA A8 13 pekB89RE hizieabhethSeldetRiRl &RAMIal for

267 (1992) 564-569,.Jicha, G., J.Neurochem. 69 (1997),2087:2095, .
Uhete B SRR R Seay R e m an.
antibodies, for instance 12E8, AT180 and AT270, alsq recognize_ 35 tau
from hedRHYISERhE BT AemaiidR B EaRariate Ahbeit e igepitope,
gritibplies e¥e po. URER)Valepsaisetitasipalpoified PHF-tau as an
immunogen and consequently the
In addition, mass spectrometric analysis of tau derived from NITs or from normal

brain showed that this phosphoepitope is unique to PHF-tau {(Hasegawa, M., J. Biol.
Chem. 267 (1992) 17047-17054, Cripps, D., J. Biol. Chem. 281 (2006) 10825-10838).

There are many phosphoepitopes in PHF-tau (paired helical filament-tau) and
several monoclonal antibodies recognizing one or more of these phosphoepitopes are
known e.g. TG3 (pThr231), PHF-1 (pSer396/pSerd404), 12E8 (pS262 /pS356), ATS
(pSer202/pT205), AT100 {pSer212/pThr214), AT180 (pThr231) and AT270 (p181)
(Seubert, P., J. Biol.Chem. 270 (1995) 18917-18922, Greenberg, S., I. Biol. Chem. 267
(1992) 564-569, Jicha, G., J.Neurochem. 69 (1997) 2087-2095, Mercken, M., Acta.
Neuropathol. 84 (1992) 265-272).

Some of these antibodies, for instance 12E8, AT180 and AT270, also recognize

tau from healthy brains and are not truely disease-state specific. All of these antibodies



antigenic epitope recognized by these antibodies is complex, comprising

either double/multiple phosphorylations or a combination of

conformational and phosphoepitope. These antibodies are therefore of

limited use in analyzing the contribution of individual phosphoepitopes to

the development of tau pathology. Afthough many polyclonal antibodies

have been raised against individual phosphoepitopes, many of these
(exstpWEdhe degrse Of tnggsridadtRity wathan ernraitang e rmdroneslotly the
ant@@gm%lﬁgé%cgﬁﬁﬁfﬁmu9&%&9%@&%5@9@ Waielpwas ¢aisetking  either

dogtichn ualta” 0N OdB!%?%HhOpe;p“de Comt %%!{%%Rhosjph%o%ﬁ%émnal and

owever, this”an fows weak crogs- reactivity with normal t

PhqrRASERERNS: mheﬁtafst@@ﬁ@ﬁs ax/ PEeIBc 230 M e r diSF tdThd¥ARR the

cortdhtribbutidiinofithisabhbspihoepitops to taudpathalogy; ahthigadereiop
immunoassays for measuring levels of this phosphotau variant in brain

tissugshdlefivesafronp AR patienisiisobigh affinityhdaighlyiseleativast individual
phay&{a%sl%%'sa&%w%ﬁ&wmwngo%g%& ?eaecay%yo\ge%mm@m ISormal tau.

required. The |scosu I%é)row es an anfi y whic blngls to m |to e

O“EQ‘HQ%?H&”& apibpdya A4 245 ] has prewou y been escri h raised
agalubSer(ROGHREP rolGinHoperAle- THMIU aphe s goEE ndtpirRyto  this

antﬂﬂa@ﬁﬁﬁlﬁﬁsﬁ%ﬁi&ﬂﬁ%@@a%ﬂﬁﬂ?ﬁh%ﬁ%i tau (Hasegawa, M., FEBS Letters 384
(19@@ erspyo-Gin-Leu-Ala-Thr-Leu-Ala-AS5, wherein Alis Asp or Asn, A2 is
t'or Len, A3 is Val or Leu. A4 is Asp or Glu and AS is Asp or Glu.

Furtherm re, the dIS losur V|de n antib ich bi dst
com%r@ﬁnﬁ e T
deymipm dSpHBARTRYE @érmz@sum&ﬂ@fﬁlﬁ)fﬁ fHe Ei‘i‘@é]ﬁ’éﬁ% ﬁ?ﬁ@iﬁlé@ aram tissues
demvethpanfios Deiedting, tabi goatfnsindighiosphoiSendpRofHunthermiordy thewing

no USCIOSUIE IPVISES USR.PLING @&%{H%y for detecting tau comprising

phospho Ser-422. Furthermor e disclosure provides a kit for detecting
tau comprising phospho-Ser422. Furthermore, the disclosure provides a
cell which produces the antibody. According to a first aspect, there is

o eTeclanbliole (agman e el pEes Oy Io
lieoi‘ahs‘?s?nﬁgnﬁé@cr@%khtPA%GA&@ér(’F‘@§H‘2&qﬂré@Iﬁﬁa_éﬂé}%ﬂ&% H‘PL u*d to
anAigiths, endidoes adEbiritkia ha pitbpa tersiBing: bi-Sar-Ne-AhARA3Ala-AS,
whftRTRE0A3A oﬁwsﬁeﬁzﬁm@a GHEEARSASINGTEin, Aa,ih is A%)&r@%ﬁ@nd AS
is ﬁzsgsol}r/l?]tl ' l’ur%ﬁéor\r%cl)?ev 60 rdfls_c gsu’?’\? ;'a?o'?‘f? eg rag’lgml gﬁhs%mdq lo tau
comprising phospho-Serd22, and does not bind to tau comprising unphosphorylated
Ser422. Furthermore, the disclosure provides a method for detecting tau comprising
phospho-Ser422. Furthermore, the disclosure provides use of the antibody for detecting
tau comprising phospho Ser-422. Furthermore, the disclosure provides a kit for detecting
tau comprising phospho-Serd22. Furthermore, the disclosure provides a cell which
produces the antibody.

According to a first aspect, there is provided a monoclonal antibody or a fragment
thereof produced by the hybridoma DSM ACC2762 or DSM ACC2763, which binds to
an epitope consisting of Ser-Tle-A1-A2-A3- A4-Ser(PO;H,)-Pro-Gln-Leu-Ala-Thr-Leu-
Ala-A35, and does not bind to an epitope consisting of Ser-lle-A1-A2-A3~ Ad-Ser-Pro-



According to a second aspect, there is provided a method for diagnostic of
neurological disorder, which method comprises (a) contacting a sample
with the antibody as defined above; and (b) detecting a complex formed
between the antibody and tau or MAP2. According to a third aspect, there
is provided a method for detecting ta#i comprising phospho-Ser422, which
method comprises (a) contacting a sample with the antibody as defined
Giraboveylandii)edetdeting wisomplek formedrbetwethithdantibedy Ahd Val or
Letal4 ACROAING:Q M donsthy aspestatihere is provided a method for detecting
MAP2 comprising phosphoSerl 808, which method comprises (a)

CO”?%E&H?&@%“Q'%WAHB the,antigpdy as gefined adeYé?h@@CMbh%%%%ngf
et ‘t for OR}e wegnt e antlboed §nd ]MAE\PZ Accordin Etot af i d
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as @ﬁé@%@i&oﬁfn@lﬁé]ﬁg«iééﬂcai%Pdfémm%c%rﬂﬁdgbm%@mbﬁa@ﬁ@@@xmw or

MArovided an antibody as defined above for use in detecting tau
comprising phospho-Ser422. According to a seventh aspect, there is

provides&inantibedy,ag defined abavesfasdisg.n deigaiing W%Pd%teciing tau

com rlsm 0 erl.8 ACCO d|n to an hth aspect ther
coSRURER BIESSD0E A0 ERIdALR 2 AELDTHER, U

aﬂttla%daﬁﬁ S5y sehermet G oo KEBS IR & rﬁﬂﬁtwééﬁ%?efh@ﬁeﬂfgibody and

tauprovided a kit for detecting tau comprising phospho-Ser422, which
comprises the antibody as defined above. According to a tenth aspect,

thera ispaovided A fsiffar dgtectingMARZoontaprising o sahaeBerhgo8.A P2
coflSH g@ﬂb@gﬁ%&%@%@y s el Q%ﬂa&@?éée ag\%f?{%{?%tg %g'ﬁvaﬁwthe

aspec here Is provided a y ridoma D

antipthE A REE < BRS S ﬁﬂﬂé‘a&dﬁ?ﬁéﬁw%”&%% fopngg ORivesadie ANy Peqs and

MAgPésent invention provides the following (1) to (24). (1) An antibody or
fragment thereof which binds to an epitope consisting of Ser-lle-Al- A2-A3-
A4d-3eqR20Bld 2)-P otk ey tides Thy:bewledlanAbt iandl de s finatdnihdviotanuse

in BRIOPS &9&%&%&9 Qb REloURA R A3,
A4-Ser-Pro-Gln-Leu-Ala-Thr-Leu-Ala-A5, wherein Al is Asp or Asn, A2 is

Metggée?&'mé‘%o'%\éﬁltgralsgé&'tﬁﬂell% AéBI‘B(/I@éH gﬁ%nttbody as defined above for

use in detecting tau comprising phospho-Serd22.

According 1o a seventh aspect, there is provided an antibody as defined above for
use in detecting MAP?2 comprising phospho-Ser1808.

According to an eighth aspect, there is provided a kit for diagnosis of neurological
disorders, which comprises the antibody as defined above.

According to a ninth aspect, there is provided a kit for detecting tau comprising
phospho-Serd422, which comprises the antibody as defined above.

According to a tenth aspect, there is provided a kit for detecting MAP2
comprising phospho-Ser1808, which comprises the antibody as defined above.

According to an eleventh aspect, there is provided a hybridoma DSM ACC2762
or DSM ACC2763 which produces the antibody as defined above.



AS is Asp or Glu. -4- (2) The antibody of (1), wherein Al is Asp, A2 is Met,
A3is Val, Adis Asp and AS is Asp. (3) The antibody of (1), wherein Al is
Asn, A2 is Leu, A3 is Leu, A4 is Glu and AS is Glu. 5 (4) The antibody of
(1) or (2), wherein the antibody binds to tau comprising phospho- Ser422
and does not bind to tau comprising®inphosphorylated Ser422. (5) The
antibody of (1) to (4), wherein the antibody binds to MAP2 comprising
phodpiro-sBeilisd8 athd peeshotvbintipMARES doniphisivig (1) to (24).
unphosphorylated Serl808. (6) The antibody. of (2), wherein its Kd for the

(1) peptifeboonsistingéBehdtecAspribebint to an epitope consisting of Ser-lle-Al-

?I_//jgé)mﬁ/lp §@§$}@@fﬁo%ﬁl hey: ﬁg?ﬂg‘ﬂ:ﬁ%ﬂ?%ﬁsp&ﬁl l@éﬂ\é‘%rnt&ﬁggig rﬁg an
w [ [

oS stbedi o (1 1o.@) Wrerei e ibody s prenecionals

by@remwntaoﬁqﬁa @I ACCRYB2 BripsM AGG2T 68 L) Atriethaddforu and

diggrosiicopineurological disorder, which method comprises 15 (a)

contacting a sample with the antibody of (1) to (8); and (b) detecting a

complex formed between the antibody and tau or MAP2. (10) The method

of (9), wherein neurological disorder is Alzheimer's disease. (11) A

method for detecting tau comprising phospho-Ser422, which method

comprises (a) contacting a sample with the antibody of (1) to (8); and 20

(b) detecting a complex formed between the antibody and tau. (12) A

method for detecting MAP2 comprising phospho-Ser1808, which method

comprises (a) contacting a sample with the antibody of (1) to (8); and (b)

detecting a complex formed between the antibody and MAP2. 25 (13) The

method of (11) or (1.2), wherein the complex is detected by western

blotting, immunohistochemistry or ELISA. (14) Use of the antibody of (1)

to (8) for diagnosis of neurological disorders. -5- (15) Use of (14), wherein

neurological disorder is Alzheimer's disease. (16) Use of the antibody of

(1) to (8) for detecting tau comprising phospho-Ser422.
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(17) Use of the antibody of (1) to (8) for detecting MAP2 comprising
phospho-Ser1808. (18) A kit for diagnosis of neurological disorders,

which comprises the antibody of (1) to 5 (8) (19) A kit of (18), wherein
neurological disorder is Alzheimer's diseasg. (20) A kit for detecting tau
comprising phosho-Ser422, which comprises the antibody of (1) to (8).

(2) Aukitifabaletedting, MRS campxising ArasViecSesl i8A&IWIHCH Asp and AS is
cgg%prises the 10 antibody of (1) to (8). (22) A cell which produces the
antibody of (1) to (8). (23) The cell of (22), wherein the cell is hybridoma.

( he cell of (23),.wherein the hybridoma is PSM,ACC2762 qr.D .
e b R R A i, s g A5 s
afi'pitope consisting of Ser-lle-Al-A2-A3-
A4-Ser(PO3H2)-Pro-GlIn-Leu-Ala-Thr-Leu-Ala-A5 (SEQ ID NO:9), and

dded hotbiivddy ah(épitofi).cohsistindofSidrode-BidA2tA 8 comprising phospho-

A4-SREPDANL &I AR Toliel DlRpRi e B HI N BlanisisimAl is
Asp or Asn, A2 is Met or Leu, A3 is Val or Leu, A4 is Asp or Glu and AS

iiﬁﬁ‘gﬁl(@ 'érﬁ‘woé? Hﬁ]@rﬁsﬁﬂf 4»6’1‘(&'8¥1981e%%h§8&@ﬁ9§h'@0 NM&Y¥com rising phospho-

phosphorylated serine. In ohe embodiment, the antibody of the present

inve BWﬁ%ﬁ?ﬁ‘Pﬁﬁ %IBB@ to MAR (graprising unphosphorylated Ser]1808.
Ser-lle-Asp-Met-Val-Asp-Ser(PO3H2)-Pro-GIn-Leu-Ala-Thr-Leu-Ala-Asp

(SB dhpapidysly ahPaosbeientisdd an Bpinsptidoristiigopl Ser-lle-Asp-Met-
Ser-NedAsMetValAsP SarRIDG ATk aurAlaed Nt eusN 816eRH (B EQ UDnM.
NO: 4). 25 In the preferred embodiment, the present invention provides

t | | | | [RiRGhat anti ody.
pﬁ]‘?)m%%@g%%%ﬂ phesnhenvales Y FOMMIRNG Al antibody

ospho-Ser422, does not bind to tau comprising unphosphorylated

. =6-There are several splicing isofenns. of t U Fetal-ta.
R e I R A R G RS T ol R0 e D
Huwgﬁ%ﬁ’f@%éé%gi@%'}%mber? 10636). In the present invention,
preferably, tau is a polypeptide having the sequence of SEQ ID NO: I.

T3¢ fermsthed foaldi gorrtinet sisicingeselshivrydenridhicibradetivd ivesprises
homologues or fragments of the polypeptide having the sequence of SEQ
ID NO(a] ctmttheicgaesiapls splicthg aaatarhy, oailans, @gyiative,
homologue or fragment of
(b) detecting a complex formed between the antibody and tau or MAP2.
(10) The method of (9), wherein neurological disorder is Alzheimer’s disease.
(11) A method for detecting tau comprising phospho-Ser422, which method comprises
(a) contacting a sample with the antibody of (1) to (8); and

(b) detecting a complex formed between the antibody and tau.

(12) A method for detecting MAP2 comprising phospho-Ser1808, which method
COMPTISEs

(a) contacting a sample with the antibody of (1) to (8); and
(b) detecting a complex formed between the antibody and MAP2.

(13) The method of (11) or (12), wherein the complex is detected by western blotting,
immunohistochemistry or ELISA.

(14) Use of the antibody of (1) to (8) for diagnosis of neurological disorders.



10

15

20

25

the polypeptide having the sequence of SEQ ID NO: 1, it is preferable that
tau comprises the sequence of
Ser-lle-Asp-Met-Val-Asp-Ser-Pro-GIn-Leu-Ala-Thr-Leu-Ala-Asp. The term
"phosphorylated tau" refers to tau in which_at least one amino acid is to
phosphorylated. The term "phospho-Ser422" refers to a phosphorylated
(Berine:alrpositioh42id asutdafiprdibyidhd gasitiophidihe’ adivawrcid
sequence of SEQ ID NO: 1. The term "phospho- Ser422" also contains a

(PBPsRbepiAteH RSP N gﬁl&c{9ﬁp&@f&ﬁq%rixat&\%wia%&me9;51191@,9%@2.

or fragment, which is corresponding to the phosphorylated Serine at
on F3:422 Al e Relypepridefaying e seawence of SEQID NG ker150
(tﬁgtg% éfra elﬁ%?%ﬁe agnt&oc;yg;% prese t%?nvent(i‘gn%%snﬁg& B%%)ngel '
finjty .tq tay comprisi hqospho-Ser422. The term "high binding .
R T T R A oL BT TBRIRCR B () 10
antibddy for tau comprising phospho- Ser422 is lower than I00OnM. Kd of
an antibody can be determined by methods known to 20 those skilled in
(t9g arkifFef @Ramplecikoncarcbedelelisunid issiigisufiacs glasmon
resonance with Biacore under the condition described in the example 4.

(10) Uskithier BeREERCANISHNF 9hg phosho-Ser422, which comprises the antibody of
Serglli-érzg-Met-VaI-Asp-Ser(PO3H2)-Pro-GIn-Leu-AIa—Thr-Leu- Ala-Asp

for deter w%ing Kd is preferable. 25 In one embodiment, the antibody of

the present invention binds to an epitope consisting of ) o
(%ﬁrf?lé@ﬁ\g‘?’f—ﬂ%tﬁ‘?f}Bﬁ-ﬁfﬁggé&%‘% 55 Phoselin-DEL B MRS bERRRes he
(SEantibad@of), lame @des not bind to an epitope consisting of
Ser-lle-Asn-Leu-Leu-Glu- Ser-Pro-GlIn-Leu-Ala-Thr-Leu-Ala-Glu (SEQ ID
RD:B)cdl afpicdferea@nbedimnid the antioody. of the present invention

binds to MAP2 30 (microtubule-associated protein 2) comprising
(ehpsRheHaF 808, andpanaetipiathip g2 comprising

unphosphorylated Ser1808. There are a few isoforms of MAP2, such as
50195l J5TPPTA, QUiSAIBITR KRS B R FINARAS AR BRMMAN 763,
(Pr'n?ggrgycaégcé%g%%ﬁ numher:PlI 1%7). Inathe present mven%n,ggreferabﬁ,
MAP?2 is a polypeptide having the sequence of SEQ ID -7- NO:2. The term
"MAP2" also contains splicing isoform, variant, derivative, homologue or
fragment of the polypeptide having the sléa@ruence of SEQ ID NO:2. Inthe .
case MAPESEEISHIERMEP I BFaies At brehv el hird o gecsi g fraisting of
Sfrthie-pdiypbptivlerasingd thélspRueite-bESRAQUIDHNDeR A lis- Afe(BFADIED NO:9),
HHauNMARS: BaR R SRR MBI f Ser-Tle-A1-A2-A3- A4-Ser-Pro-Gln-Leu-
Ala-Thr-Leu-Ala-A5 (SEQ ID NO:8), wherein A1 is Asp or Asn, A2 is Met or Leu, A3
is Val or Leu, A4 is Asp or Glu and AS is Asp or Glu. In the present invention,

“Ser(PO;H;)” means phosphorylated serine.

In one embodiment, the antibody of the present invention binds to an epitope
consisting of Ser-Tle-Asp-Met-Val-Asp-Ser(PO3;H,)-Pro-Gln-Leu-Ala-Thr-Leu-Ala-Asp
(SEQ ID NO:6), and does not bind to an epitope consisting of Ser-Ile-Asp-Met-Val-Asp-
Ser-Pro-Gln-Leu-Ala-Thr-Leu-Ala-Asp (SEQ ID NO: 4).

In the preferred embodiment, the present invention provides the antibody which
binds to phosphorylated tau comiprising phospho-Ser422, and does not bind to tau
comprising unphosphorylated Ser422.
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5 Asn-Leu-Leu-Glu-Ser-Pro-GlIn-Leu-Ala-Thr-Leu-Ala-Glu. The term
"phosphorylated MAP2" refers to MAP2 in which at least one amino acid
is phosphorylated. The term "phospho-Serl 808" refers to a
phosphorylated Serine at position 1808 asg defined by the position in the
amino acid sequence of SEQ ID NO:2. The term "phospho- 10 Ser1808"
also caainsaehosipbpliviate hGorine of wplicing isqfbeml-detiaiva, Tau-B, Tau-
FV)@hL@QJE crgome'@gsqe%}@ﬁ;fg%?ggﬁ)%&viso ﬁar;s@fz@sleodﬁ%mp Primary accession
ypeptide vm

8&% QNI RS WHNHE U f%%r&a@‘/b NI IBH b%]ee%rvmg the
rﬂ@tluambo%&ﬁé}rfmwbﬁ@tiy Wt tknov‘\?mqSaheth@dgzmlogmgfermbloanant
QREWREVER MURRASERY% Ok %@ﬂf@l@'@ﬁm@ e seitpicR. tﬁvﬁ@ﬂ@@@é@lﬁbnce of SEQ ID
Qpesingf e %&%%”?%P t@%fei%noee nW%% 2 Qreteip o%%‘l‘é’“s'réﬁ Hment of
sequence ot the epItope or a ragment oaff%ﬁ ein can be used Tor
detorelTgapiidohaing. o sPRECAREIBE L BY Iﬁ?é%ebéﬁﬁ m%ﬁ%ﬂf‘rﬁla@i fu comprises
patyskqnaher sfidendlenalahiibodyl- Arpmfanefarabim drabodiarEint [the- Ala-Asp.
antibody of the present invention is a monoclonal antibody. The term

mon@i@@hﬂn%@%d@%@d(@aﬁn ATtRad APIRRBEAreNcasg iHeBiino acid is
ap%kl)s'[?“a %gdomogeneous antibodies, i.e. , antibody group wherein the

jed constituting the group are homogeneous except for naturally
occurring mutants that exist in a small amount. In a preferred

embodiftfeiTth @ MRBB BT he THHESE HRIKIRBATEIRE SAHIBG Ay Position 422 as
plefiluattibi¢hehyibridothe MAKspdidssheads. 8fGEQ ID NO:1. The term “phospho-

MAKSPT AN 20 4 phoepR% Xlﬁ&ﬂc@éﬂﬂé\’ﬂﬁ TREAUSNb D &W@éﬂve vartiant,
g’e(f sjted at DfTSMZGDeuhnCH > %?952 un % ikr or‘gﬂ nlsrin? daéw t positi
it eg})fbﬁ § (i § alc erme at posiion

-
en aSC eroderw raunsc

cééﬁwﬁrﬁw bel Ynarsd Bavioharidarevee DERERER D@2 The hybrldoma
MAK<pTAU>M.2.20.4 was deposited at DSMZ (Deutsche Sammlung von
-8- Mil{tdm;gmi@bie nhanthZ elikibitdsent G Bidsdascleetoodmmsdy dibbinding affinity
Qo8 2onBIRALRS cRYEGIS0 @@@@”ﬂ@@ﬂ@@hg&ig@ﬂ WAAREMNOQRMerm is used
CC2763. h ntlbod produ %bé e hyh &Rg DSM ACC2762 h
(R SDS IE1 3 B R A 2 TRARRI AL 280 3 glospho-
h%%éﬁlfﬁt@ﬁﬁdtmﬂ @@@énlﬁwﬁm Sitthedpeiprizinlpishosplidb gagthpds known to
ARG LRT RATAAVE £FOSSrIeacHMIE WithatdbL@RHsIG using surface plasmon
resonance with Biacore under the condition described in the example 4. To use the
peptide consisting of Ser-lle-Asp-Met-Val-Asp-Ser(PO3H»)-Pro-Gln-Leu-Ala-Thr-Leu-
Ala-Asp for determining Ky 1s preferable.

In one embodiment, the antibody of the present invention binds to an epitope
consisting of Ser-Ile-Asn-Leu-Leu-Glu-Ser(PO;H;)-Pro-Gin-Leu-Ala-Thr-Leu-Ala-Glu
(SEQ ID NO:7), and does not bind to an epitope consisting of Ser-lle-Asn-Leu-Leu-Glu-
Ser-Pro-Gln-Leu-Ala-Thr-Leu-Ala-Glu (SEQ ID NO:5).

In a preferred embodiment, the antibody of the present invention binds to MAP2
(microtubule-associated protein 2) comprising phospho-Ser1808, and does not bind to

MAP2 comprising unphosphorylated Ser]1808.

There are a few 1soforms of MAP2, such as isoforml, isoform?2 or isoform3
(Swiss-Prot ; Entry name:MAP2 HUMAN, Primary accession number:P11137). In the
present invention, preferably, MAP2 is a polypeptide having the sequence of SEQ ID
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unphosphorylated Ser422. Additionally, the antibody produced by the
hybridoma binds to MAP2 comprising phospho-Serl 808, and does not
bind to MAP2 comprising unphosphorylated Serl 808. These antibodies
can be used for detecting tau comprising phospho-Ser422 or MAP2
comprising phospho-Ser1808. The antibody produced by the 10

M@dm%MM@Z’%ﬁ&@o&%A@Q&Ygﬁﬁmtaﬁ@tﬁr dignasts Bbmologue

progﬁizltlgr% € {hE Sea 'tJ'%ih SAIZ Imfeég%g?eea)‘;iﬁlgﬁ&ﬁgbg C% he case MAP2

%%m@wﬁ@@@&w@%, é@ﬁfﬁ%ﬁdlﬁﬁtﬁ%ﬁ%@ geragpeptiphipe poiypepude having
dmpqnsmg@ﬁ&@bd{sm&)& ibﬁai'él_feranta bbstymﬁlﬂ’mmmmrﬁemmmf Ser-Ile-
‘A%%E%@ﬂﬁlE_@ﬂ@s%ﬁr%btﬁlf?iaéﬁm'?uwn%éﬂ&l@ﬁﬁ!ona' antibody, using

known techniques. For example, the monoclonal antibody can be

produged B e BIHOTR TIElIgR U ohier Gy RIEMISIBI G NAHIRe amino acid

256 ( & recombinant m ?hod pa

ZP'MSSQB?WWH@ monoclonal antibody can be also isolated from a phage
antibody library (Clackson T., 20 Nature 352(1991) 624-628). Hybridoma
produ€hegtthe Spitippty-Canl Bé&b’raipfar@d)mﬂmlwaﬁg Saeraverat position 1808 as

an@%9$h595§ﬁam%é%uﬁmmgcm%@a%€@@f@%w N BNA S “phospho-

ya conven ||m Ization met Od usin ase sitizi
0 SR A DR REH ot B Ao vriant,

pareploeek w@mnﬁbwal @a@ﬂmm@m@dhmbéépm&aé@é Serine at position
seEeaedégompasienalaiiledegenrpinggliphy@ zonventional

screening method. More specifically, the monoclonal antibody can be
obtained as follows. First, a fragment which has the sequence of
Ser-lle-Al-A2-A3- A4-Ser-Pro-Glin- Leu-Ala-Thr-Leu-Ala-A5 (Al is Asp or

%ﬂeﬁﬁ‘gé?sn) et‘iboordyq)lfhéést(l)stl\léa;la % tope udrpr‘f(")tlscag% A&&ea-m? piedt gd WG% Rhown

OI’ use as a sensiti nt| en IS prepare ment can
B e R} HRSHTEA 8 RS GUTHGSRG P2t BB G PigRRIRGesoRance. A

peheepadingpitiésiiagofeht. sehemdbefiragnpentps phdsphgmdatieccbynprising the

E@ﬁ%ﬁcé%f?ﬁ@ %8 B2 r5i0AsR: Sy WRYRRIQIEIR SRTRIAIA0 dB cting the
Eragﬁ ent may e used as a sensitized antigen. In the present

fon, preferable sensitized antigen is the phosphorylated -9- fragment
of tau, which has the sequence of
Ser-lle-Asp-Met-Val-Asp-Ser(PO3H2)-Pro- GIn-Leu-Ala-Thr-Leu-Ala-Asp.
There is no limitation as to the type of mammalian species to be
immuiizedntiithd vhef Sengitized antigbon Howdegre by charmnoahiwpreferabiyptibody.
$plgpleebated@Roliinent, the antibody of the present invention is a monoclonal

antibody.

The term “monoclonal antibody” refers to an antibody obtained from a group of
substantially homogeneous antibodies, i.e. , antibody group wherein the antibodies
constituting the group are homogeneous except for naturally occurring mutants that exist
in a small amount.

In a preferred embodiment, the antibody of the present invention is the antibody
produced by the hybridoma MAK<pTAU>M.2.5.2 or MAK<pTAU>M.2.20.4. The
hybridoma MAK<pTAU>M.2.5.2 was deposited at DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmBH, Mascheroderweg 1b, D-38124
Braunschweig, Germany) on March 15, 2006 under No. DSM ACC2762. The hybridoma
MAK<pTAU>M.2.20.4 was deposited at DSMZ (Deutsche Sammlung von
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5 compatibility with the parental cell to be used in cell fusion. Generally,
rodents such as for example mice, rats, hamsters or rabbits, and
monkeys can be used. For immunization of animals with a sensitizing
antigen, known methods may be employegl. Animals can be immunized
with a sensitized antigen by well known methods such as a routine
méithodghingestingnd ZehitlnadratigeHiMaainarionatkiplimtiageitheally
Of shRcUaReouslnaRerificRtiv D essensitized anligandrdileiedsss.
approprlately with phosphate- buffered saline (PBS), physiological saline

and st A0 RO R SHEREDoth A\ RSN PNIOKPE TR EARIRRAL - 2.5

adjuvant, for exa Fréund's co E uvant, is mixe
SUHEMEiAR G %@&?ﬁ’%‘éﬁ%%n Al ’Pr?ér’i“ Sy fd high selectivity with
admnoisigiiige plesphnniead b verd diesamolieracte do24edaitynteétvadnAnmprising

rgﬁ ﬁ%ﬁf&t&@&@iﬁ%&ﬁti&%@l{pEﬁ@%ﬁ%&%ﬁgc&%@%@' {le hybridoma binds
nization. A ma Léz)g s descrlbed ter a titer
il Rl e o SRuPEne

c@ndmammmﬁmaﬁﬁﬁamm ahebogitsj @atebetGS@élf¢n§|@ncis}ﬁé@n€@eHBﬁSing

ﬁéﬂ%@@é@@@%m M@@Mmm&’@%ﬁaﬂﬁi@r@ﬂ%ﬂ?%@%md by the
ﬁ)?ﬂ’enta{#’%sjkggs }3‘%@[ tﬂ%égtﬂi 18 sui@ﬁ“”?&% oS oFs)lrse I)%raet%neologlcai
eloma cells to be use |nc e various Known ce nes exam D[

ﬁ%%@@ﬁ@@%@@%’éﬂ%éﬁn%?@@s@t Bhe anﬁhﬁﬁiydrrq@@eéwsthféwndoma DSM
(A6 P 3xBBAG N CY Vst PE switalle Cutrdentchapics: icoMiaiohiodgyspho-

%‘&J% 'ﬁﬁméﬁnp}ls?n(g?ﬂ(? nNRH¢rhler, G. and Milstein, C. Eur. J.

Imm 6, 511-519 (197 PC-1I (Margulies, D. H. et al., Cell 8,

405-415 (1976)), SP2/0 (Shulman, M. et al., 25 Nature 276, 269-270

(1978)), FO (deSt. Groth, S. F. et al., J. Immunol Methods 35, 1- 21

(1980) ), S194 (Trowbrld e, . S,, J. Exp. Med. 148, 313-323 (1978)), and

R210 [Gafsb @,dyefe%ﬁhemawa‘%‘?e%@f samhy ghuypedan furibydonal antibody or a
betweelvthbdanitehoayieg knawthécaiyeipr Cells:asgés dhibetbabdveal antibody

f@é?l e ﬁﬁgfé@@' b Fé A ﬁ&t%#g;ﬂ%m@& l@gqlgﬂvge ﬁf{ﬂ%@ﬁ@skﬁkﬁ%m%
s bR R TR T e e el e
abovestrinsd b s snaspiscdainet aophagsraeibarpiibiarg (Clackson T.,

crRaveatiInel suitusesmedium in the presence of a cell fusion- promoting
agent. The fusion-promoting agents include but are not limited to

polyethylene glycol -10- (PEG) and Sendai virus (HVJ). If required, an
auxiliary substance such as dimethyl

Hybridoma producing the antibody can be prepared essentially using known
techniques. For example, following methods can be used: An animal is immunized by a
conventional immunization method using a sensitizing antigen to obtain an immune cell,
which is then fused to a known parent cell by a conventional cell fusion method. Fused
cells are screened for monoclonal antibody-generating cells by a conventional screening

method. More specifically, the monoclonal antibody can be obtained as follows.

First, a fragment which has the sequence of Ser-Ile-A1-A2-A3- A4-Ser-Pro-Gln-
Leu-Ala-Thr-Leu-Ala-AS«{Al is Asp or Asn, A2 is Met or Leu, A3 is Val or Leu, A4 is
Asp or Glu and A5 is Asp or Glu), for use as a sensitized antigen is prepared. The
fragment can be prepared by chemical synthesis or culturing host cell comprising a gene
coding the fragment. Then, the fragment is phosphorylated by kinase, for example ERK2
kinase. A whole protein comprising the fragment may also be used as a sensitized

antigen. In the present invention, preferable sensitized antigen is the phosphorylated
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sulfoxide may also be added to improve fusion efficiency. The ratio of
immunocytes to myeloma cells may be determined at one's own

discretion, preferably, one myeloma cell for every one to ten

immunocytes. Culture 5 media to be used,for the above cell fusions

include, for example, media that are suitable for the growth of the above
myglmacelulingscrieh @e REMhiSIOIvedia ans MEN MEAS &R0, Hy)-Pro-

gﬁg&@ﬁgp}ﬁgg&&gﬁtﬁ[ﬁpedia used for this type of cell culture. In
addition, serum supp éments such as fetal calf serum (FCS) may also be

used in combination. 10 Cell fysion is carried oyt as follows. As described .
abovel ST ISt RS AR B R o AL DI AR AT S BN Epized with

thixesosatétkihaecenl tirevmad armapEGge prideralibr wokesindlbasadan its
BateatianvelgH okahesdl 0001 SHRNN:Re BeRtRdi b ITéndbaB9dRM RS such as
fhe Sel syspensionpicallat a.cansenirarion g1.30%,0,60% wiv), and

mixad 1o prodpuée tised cells &y%rid‘omag.nf‘%en,yan appropriate culture
mediym is successjvely 15 added to the mixture, and the sample is
centrtSGARTEABOR %BE}BFH%?&W?#% RPN AP e TR0 Sasiangfs may be
timployodemoveah eambvantediceddugitnaporioting agest bynovotharswmamnethods

aierurfaveranie demaridame - arewiBe pareeningigédha sesingnal
hl}/bridomas n be arrged outlbyspultufringlth m In a..conventional ..
1 tfagf:rttonea dfjl or subcutaneoysly.’ Spectiic e sensitjzed an fEen s dlglted
selective medium, for example,”hypoxanthine, aminopterin, a ymidine

2OPIPIFY Shewith IO Moy yhtered spbve (@beheh yirio gheadisating and such, and
aeniuspdridida perdedeng anough (typisaiyion seadplbda)stesenslig|Freund’s
I R AR then

|

BF%%E%&EW@?H@%FEH&BB&WW\F@HE% é}fﬁﬁﬁﬁﬁ@f&é Bhitidolpensl. An
hpacigitiare taithe meihoohfedgrephe nenthiezat ont phasoribedunytridomas

by immunizing non-human animals with antigens, human antibodies can

also he phtainedbimsensitaing duorardyupphocytes witteaisensitizettarget
AnRER, M iHoiand sl Senslled MORDOCY RS MR A& Inammal and
myeloma cells capable of dividirig pennanently (see, for example,
HparibdectsdineAPRQRioR g (PsByHbE Py H) I aReTHisvely, it

is possible to obtain human antibodies from immortalized cells producing

the antibodiedammyidonetioolds tne welfsap tbdueirig it eddiniloduidusadewith the above

RERPERBEYRY. RUPRABIBHAGRFRNRINIZ QS RNHGRNIHRI AN SHeMS RAFAAISEI] lines, for
SR SASIGGa L 00 RS0 TIRRAPTE (55 P om0
SarsrgeU. 1 (Yelton DE, et al., Current Topics in Microbiology and Immunology 81,
1-7 (1978)), NS-1 (Kohler, G. and Milstein, C. Eur. J. Immunol. 6, 511-519 (1976)),
MPC-11 (Margulies, D. H. et al.,, Cell 8, 405-415 (1976)), SP2/0 (Shulman, M. et al.,
Nature 276, 269-270 (1978)), FO (deSt. Groth, S. F. et al., J. Inmunol. Methods 35, 1-
21 (1980} ), S194 (Trowbridge, I. S., J. Exp. Med. 148, 313-323 (1978)), and R210
(Galfre, G. et al., Nature 277, 131-133 (1979)).

Cell fusions between the immunocytes and the myeloma cells as described above
can be essentially carried out using methods known to a person skilled in the art, for
example, a method by Kohler and Milstein (Kohler, G. and Milstein, C., Methods
Enzymol. 73: 3-46 (1981)).

More specifically, the above-described cell fusions may be carried out, for
example, in a conventional culture medium in the presence of a cell fusion- promoting

agent. The fusion-promoting agents include but are not limited to polyethylene glycol
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-11- The monoclonal antibody-producing hybridomas thus prepared can

be passaged in a conventional culture medium, and stored in liquid

nitrogen over long periods of time. Monoclonal antibodies can be

prepared from the above-described hybriggmas by, for example, a routine

procedure of culturing the hybridomas and obtaining antibodies 5 from

tRECUuHe Stprinatants QncE reqriegipnakaniibodywid abianedirenianethyl
ed by conventional

%%Qg!@%ﬁ?%%%‘%@ﬁd&%ﬂﬂ%ﬂ%&@%@lﬁﬁ Dg;prapared by

e antibody of the present invention may be a labelled
antib For th Iabelllng 10 of th antlbo@{ knoglv éatbels sudct
radioactiv& SOp St A REL e xamprllga 8 1551 B 131F at one's own
filispstion e gobdyaenpaiionsedinfomdisamases, ta ﬁv@emewnegyeﬁ Zydire
(fasd Ramplesddciferases osidaseaatiakinel phosfhaiasapR; gataciasidase suitable

%’oq'ﬁl% rﬁ;‘%ﬁ?of’ﬁ?@ AR g%;?&%g‘é’éﬁﬁgéesc%%gﬁy%‘ﬁ[ﬁ‘@g Tir’]é%‘ﬁi@dt?éoéﬁ@ MEM

orc lluminescence su nce can be use

h5& RINEBIPHR PSR AMEEHETS, ?S%%WB%‘?EF%&&PHB@ In
gidﬁmatdehgzde mppheodemrateirigelchettad s pymid yFAiSyifidg ahethedised in
Rekiadic,agid method. The antibody of the present invention may also be
fragment of the antibody as long as the fragment can bind to an epitope

consi I

Pro- Gsfggﬁ %ﬁ %.ga%lgé\ %\ﬁ%\é %§ dﬁgg&#%%%%%ogﬁ gredetermmed amounts
étfrt%ﬁ‘t{?ﬁ?@e?‘t wemgemaeéw?é Bl L%dlwtwfﬁ %‘m REG solution
(Bbis:Asppoe, AstanARdkMbt ovelght p A sV AJ0OO L 611008 pseAsptod €60 Hiddis added

ASRASH O F&zoﬁﬁ%{ e @Wﬁgﬂgﬂﬁtf%fﬁﬁxed 0
16 SR A T R o R R Bp i Sticeessively

frdgedent thrarasfusonpdsheganphospharyiiteddSerampusitioperans This

definednbis E@ﬁdﬁﬁbﬂt@ﬂe@ﬁhﬁtmm&@%iﬂt@ﬁ@vuﬁtmal MQIh-promoting agent

preéer?lb Iy, tﬁa}d tau fragorpee t%ergof is isol tled from autopsy-derived

VOI‘ %1‘
brain tissue o pa lents or pa ents g any other neurological

disorders with NET present. Preferably, the antibody qf the 30 present
inventioA GBI SRS PR A THERTHSIGHICE Comptesihin culturing them in a

atopsyiokersebbchirgimerhitenidofrovapatie hghaenbitke dromsepffeingifdofymidine
QiR isRARGS. Vt’lthﬁh‘tﬂ@% RRCHHRBCR QI NE TRAT thedwains 'c%‘tﬂ;ﬁ@d for a period
ntlbod of t %Ip Inventio £an be used. for dka%mﬁ 59 :ft
ngoefn 1c y, or several days {0 several weeksy to Kill cells (non-fused cells)
other than the desired hybridomas. Then, hybridomas are screened for single-cell clones

capable of producing the target antibody by conventional limiting dilution methods.

In addition to the method for preparing the above-described hybridomas by
immunizing non-human animals with antigens, human antibodies can also be obtained by
sensitizing human lymphocytes with a sensitized antigen in vitro; and fusing the
sensitized lymphocytes with human myeloma cells capable of dividing permanently (see,
for example, Japanese Patent Application No. (JP-B) Hei 1-59878).

Alternatively, it is possible to obtain human antibodies from immortalized cells
producing the antibodies. In this method, the cells producing the antibodies are prepared
by administering a sensitized antigen to transgenic animals comprising a repertoire of the
entire human antibody genes (see for example WO 94/25585, WO 93/12227, WO
92/03918, and WO 94/02602).
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disorder such as Alzheimer's disease by detecting phosphorylated

polypeptide. The antibody of the present invention can be also used for

detection of phosphorylated polypeptide comprising the sequence of

Ser-lle-A1-A2-A3- Ad-Ser(PO3H2)-Pro-G|n 5 Leu-Ala-Thr-Leu-Ala-A5,

wherein Al is Asp or Asn, A2 is Met or Leu, A3 is Val or Leu, A4 is Asp or

Glu gngd &5&&&%%%@%%@&&@%&6@@&%@@ SRRESIAG: be passaged in

a I‘(])(I)}%%h?(J%eerU Ure HIT%S‘E)hOI'Y ?Offli\g u1q1 ISIn hOSQO See]fzo $'of time.
oreover, the presen Fnvention rowdes s rogucesgt

antibody of the resent |nvent|on The.cell of the present invention

may BEPRH ?H@Qﬁl%@eb‘?ﬁmwyﬁfeéefr@ﬂ?&%%%ﬂﬁ%?éﬁwbﬂdomas by,

fpr@dameéetrver@mmggowdh@ piegBhtringehd drylwadobesciothirgaiiopg antibodies

ﬁgﬂ\{gg@gﬁ@}g@@g@gﬁgﬁgnbed above. In a preferable embodiment,
hybridoma of the present invention is hybridoma DSM ACC2762 or DSM

ACCéﬁ%g) i prﬁg%@ﬁ§%ﬁg%ggx W?%ﬁﬁf&ﬁgelde&;rﬁ)%’l\ggt antibody

Deutsche amrun von oorganlsmen an ulturen GmBH
%%EH%H%@@IBY 528893018 WFeHIveig, Germany) on March 15,
2006 under No. DSM ACC2762. The hybridoma DSM ACC2763 was
deposited at DSMZ (Deutsche Sammlung von Mikroorganismen and
Zellkulturen Gm13H, Mascheroderweg Ib, D-38124 Braunschweig,
Gernieyanoh®y Mttehpt&sc<2006 emtder Noy DSMAESRE#6BbAdy. For the labelling

o scfﬂr‘?*fi‘?%%ﬁ??ﬁt%i %ﬁgﬁgﬁfﬁ%‘%@@%o&mﬁ%‘fiﬂﬁN@fl .
Rt GV [0} ST o BN ACD L . Svyme (or
capitape lvsHstatiery @gig@e||@UpJpAngsphatase B-galactosidase, B-glucosidase,
xﬁs%fy%@gﬁéﬁ)n@rﬂg@Ir@d@gyﬁ{a{fwd@mﬁl@bﬁanwd&@ﬁﬁlnﬁﬁm&me
SUQS%P lone ¢ n%g g1 %ﬁ 0% & A%Bé‘ély 28BS ell known methods,
U-Ala-Thr- k NS STl aoRd

s Sp or-Asn, A

%hl &t foe exampi@ &%ﬁa&‘l@h}’éﬁﬁ@ré A%%P@ie %%@@ﬁﬁrﬁwulﬁde method
dryhriddinasigredieidg such an antibody. 30 For mRNA isolation, total

RNAs are first prepared by conventional methods such as guanidine
ultracentrifugation methods (Chirgwin, J. M. et al., Biochemistry 18, 5294-

5299 (1979)), or acid guanidinium thiocyanate phenol- chloroform (AGPC)

mEthﬁgé aggggﬂqgfy@l%éﬁﬁ%ﬁgé i?llé/efglr%% e nmgﬁ%rﬁRég%} = g)?%lga%ﬁ’ wdy as long

and then the target m p 3ur| cation Kit
ta??dl &ing, t%ﬁéﬁﬁ’éﬁ‘i\?&{joﬁ%mﬂg of Ser-lle-A1-A2-A3- A4-Ser(POsHy)-
Pro- Gln Leu-Ala-Thr-Leu-Ala-AS, and does not bind to an epitope consisting of Ser-Ile-

A1-A2-A3- A4-Ser-Pro-Gln-Leu-Ala-Thr-Leu-Ala-AS5 (Al is Asp or Asn, A2 is Met or
Leu, A3 is Val or Leu, A4 is Asp or Glu and AS is Asp or Glu). The fragment of
antibody may be, but not limited, Fab, Fab’, Fv, F(ab’)2, scFv, sc(¥v)2 or diabody.

Preferably, the antibody of the present invention forms an immunological complex
with tau or fragment thereof comprising a phosphorylated Ser at position 422 as defined
by the position of the amino acid in SEQ ID NO:1. More preferably, said tau or fragment
thereof is isolated from auti)psy»deﬁved brain tissue of AD patients or patients having
any other neurological disorders with NFT present. Preferably, the antibody of the
present invention does nof form such an immunological complex with autopsy-derived
brain material from patients having died or suffering from other diseases without the
occurrence of NFTs in the brain.
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the mMRNA can be directly prepared using the QuickPrep mRNA

Purification Kit (Pharmacia). A cDNA of the antibody V region is

synthesized from the resulting mRNA using reverse transcriptase. eDNA
synthesis is carried out using the AMV Reyerse 5 Transcriptase

First-strand cDNA Synthesis Kit (Seikagaku Co.), or such. Alternatively,
eDNATtanbéhsyntbhedic pacand amplifiadday theiSeRBECHpBINED{ a neurological

@59@8%€Maﬁﬂ%@lme?’@o&s%g gecﬁﬁ' g@%ﬁ 98 g&%éﬁ?&@khe

Belyavsky, A. et al., Nucleic AC|ds 932 (19 ngt e
%ﬂtﬁﬂﬂm.%fﬁ%@ﬁ%%}a@%t@(ﬁéﬂﬁé%ﬁ%ﬁae Iq§opg Ofy ated

ﬂa’gmmm@eammmegith@mqh@lobtaﬁﬁedmlpﬁcﬂm&sﬁaﬁ@@tfé’r@;l}@ﬁtéob~Gin~

W&BM@&tﬂﬁd AN 6%‘1@{«?@9@15@1@&9@ tilmﬁglﬁ YRS A'Ehlg NRGIGFS Ban Bes val or
troduced, into E..coli Suc, oloniges are se Qr. preparin

;{F:e T(g\céi(;mér%n{%éctorgo |H eregto dﬁﬁutg}we BRAR (ilacféi E%Laﬁ%rﬁl %smg

MR Rty BWHQ@%W%B%%P%W&%‘QH@%@%UCIeotlde

chain termination method. 15 Once a DNA encoding the V region of target
antibody is obtained, the DNA is inserted into an expression vector which
comprises a DNA encoding the constant region (C region) of a desired
antibodyrebhvermiéhadstar abtahting fha crlsawbich ko ibe antibathody of the

rRicalY, FOmBH! S?Eett&al%‘?‘a?e‘go&%‘? 0810531 DdY: YEBRABIRAS) & recombinant

expression vector, so that the gene is expresséed undeér the regulation
&F'expression regulatory regions, such as enhancer and promotor; and
transformlng?m£1 ost cells with the resulting vectors to express the antibody.

Polynikfclithitdencoulrghpeshicea s edibaidy rddbedivesypt bafenéon can be
tselied ﬁpm)ﬁeaﬁraﬁalexemﬂﬁai ARdeeibiaranne Cor dignsietRoinio ainest,

Bn‘%&% c?{‘ Smébf @é‘ﬁ%ﬂ%@b‘%%% %’trans Nt HERA (985763

mserte 9 expression vector an ected into a

e 9od iEpdgpatied ek 8%%‘&13&@8%%“&’ von
lbhlgrcmglammﬁs oad PedduttertheanBbh dyafaesdumpie, theD edli2haybe

BRERRIN HFE%% ac%?ﬁ@c@%Zb%?&ﬁ%ﬁ%@%@%%ﬁgr@ﬁ@ '?r?ie%q;ybndoma
R e P T T A —
@@?@W@%&W&ﬁdﬂ@m@mﬁébr%é%&%&@mm@m@rgmﬁm on

follewing, stepsat@leeOIaping A sample. with the antibody of the present
invention, and (b) detecting the complex formed between the antibody

and tau or Map2.

A recombinant cell of the invention can bé obtained by weil known methods.
Specifically, such recombinant cell can be obtained as follows.

An mRNA encoding the variable (V) region of the antibody which binds to an
epitope consisting of Ser-lle-A1-A2-A3- A4-Ser(PO;H,)-Pro~-Gln-Leu-Ala-Thr-Leu-Ala-
A5, and does not bind to an epitope consisting of Ser-lle-A1-A2-A3- A4-Ser-Pro-Gln-
Leu-Ala-Thr-Leu-Ala-AS, wherecin Al is Asp or Asn, A2 is Met or Leu, A3 is Val or
Leu, Ad is Asp.or Glu and A5 is Asp or Glu, is isolated from hybridomas producing such
an antibody. *

For mRNA isolation, total RNAs are first prepared by conventional methods such
as guanidine ultracentrifugation methods (Chirgwin, J. M. et al., Biochemistry 18, 5294-
5299 (1979)), or acid guanidinium thiocyanate-phenol- chloroform (AGPC) methods
(Chomezynski, P. et al., Anal. Biochem. 162, 156-159 (1987)), and then the target
mRNA is prepared using an mRNA Purification Kit {(Pharmacia) and such. Alternatively,
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-14- The present invention further provides a method for detecting tau
comprising phospho-Ser422. The method for detecting tau comprising
phospho-Ser422 comprises (a) contacting a sample with the antibody of
the present invention; and (b) detecting g3complex formed between the
antibody and tau. 5 The present invention further provides a method for
tHetacting a2 aamprisitgpabosphe: Ser8eR kThe methadifori fleteotinigit
%ﬁia%ﬁl ‘prising phospho-Serl 808 comprises (a) contacting a sample
RNlt tibody of the present invention; and (b) detecting a complex

formed eﬁx the rg|b£e¥and MAP2. OThet eurolci |caI

dISOI’ée 1’(L;Fl‘ﬁiéll’ell’l er 0%%8%58 WShZIC a?énrte ate nl%.mRNA using

r@@mwem%mé%wmez%ﬁ@pmh@lﬁ&&zepﬁ@ﬂéfeﬂwsqesuch
mngtseﬁm@@ugedﬂayctawgﬁwﬂﬁm PhasplioSe23 RroVAkR.  Alternatively,
S fgm X&%P‘égr?tﬂ%‘lﬁ tfﬁ;a%@sm% §f wﬁeﬁ (AU EOMRYISHGn, M. A. et al.,

risin ospho-Ser1808'is detected
e S ehsAe e 0k %é%ﬁ% O TR Bts Aut A e Acids
Rinsitdd, 29 W298 e P8 Yisease tﬁmﬂm@nﬁlmﬁéﬂ?ﬁm@ﬁﬁ@e&%ntech) and

Rregressive supranuclear palsy and corticobasal degeneration. Although a
sample used in the methods of the present invention are not limited as

long as it ISNB: jlit R a en

bloloi%%esamp aﬁ%%% taﬁr%é%ﬁrglm %%%?\ IS péqgféeér%e%fggwb%%%u@tﬁ nd th
&HENTEEE, BOIS HoPIRPNET 360 uRsBf oSS fiLhe, st 1y g, introduced

iiss e (6o exbinghe ahdainltisiiserand aedd(for pxgraple; tixraivmabndnt vector of

19‘9&@,@1&5& W‘%@@oﬁﬂ@%@ AEANE MESEMAMYRAIAN LAV B onal methods
achieved under conditio hich allow the formatipn of a complex formed
Bithsdhantd Wﬁi "2’558%%%“8 B8 HS¥ned between the

antibody and MAP2. Such conditions are well known to a %erson skilled in

the aRnvna BBtAcrsedng Bsmprerifsrfider setrithr e hAbtirsdaths BA is
PEareantilexn apradibetnern tddntinplysend MXR2canihe casdedsmitt region

@ %rbtt%n@gﬁlggf 1b<§cH/Ch as western blot, enzyme immunoassay
ur% in

as enzyme- mmunosorbant 30 assay(ELISA),
R T TSR St T ogesi
@ﬂgg}ﬁaeﬁé@@ﬁmé)f inserting the anti ody gene into an expresszon vector so that the
gene is expressed under the regulation of expression regulatory regions, such as enhancer
and promotor; and transforming host cells with the resulting vectors to express the
antibody. Polynucleotide encoding H chain and L chain, respectively, can be inserted
into separate expression vectors and co- transfected into a host cell. Alternatively,
polynucleotides encoding both H chain and L chain can be inserted into a single
expression vector and transfected into a host cell (see for example WO 94/11523). The
host cells are not limited as long as the cells can produce the antibody. For example, the
cells may be CHO, COS, NIH3T3, myeloma, BHK, Hela, Vero, amphibian cells, msect

cells, plants cells or bacterial cells such as E. coli.

Furthermore, the present invention provides a method for diagnosis of neurological
disorder. The method for diagnosis of neurological disorder comprises the following
steps:(a) contacting a sample with the antibody of the present invention, and (b) detecting
the complex formed between the antibody and tau or Map2.,
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biosensor (such as BlAcore). 15- The method of the present invention

may be carried out in vitro or in vivo, however, in vitro method is

preferable. The present invention also provides use of the antibody of the
present invention for 5 diagnosis of neurglpgical disorders, such as
Alzheimer's disease. The present invention also provides use of the
antibotyeqiitizenpiesenionviention jorwdéte atingtboghosdbayiaiediu comprising

mﬁt@@rmhrﬁé FREAMBFRARRO RN Sonfidaa O HIARS- gemwwgpmes (a)
phospho- Ser “'1?38 T eantlbody of t l(gbpresent invention m %& éjse in
OB P ARG G b RS e RS R RS B ) DR getccting o

e}wlrﬁﬁnénﬁfbhetsvasedimmh@dﬂmléﬂesent invention provides a kit

comprising the antibody which binds to an epitope consisting of
Ser-lle-Al-A2-A3- A4-Ser(PO3H2)-Pro-Glin-Leu-Ala-Thr-Leu-Ala- A5, and
does not bind to an epitope consisting of Ser-lle-Al-A2-A3-

A4- Seﬁﬁrgr@mﬂiﬁdeauaﬁlmﬁhéﬂ;ﬁmﬁ@s%&n@éhsa@&/&técﬁag M ASPcARprising
SR L0 Y ALOT o A S AR AL B AR AR S ASE 81 Gl o

can e US or exam nosIs O euro ICa ers,

FORBRHNES ) COTSHEhE Wﬁﬁﬁ@i@é‘?&@%&@@éﬂfdﬂmgﬂwvﬁ@p@@mbﬁm g (b)
pleosping-Seshglex Thiekit beay«aniprigeiboehrted, sudhpas insoluble
polysaccharide(for example, 20 agarose or cellulose), synthetic resin(for
example, polystyrene resin, silicon resin, polyacrylamide resin,
polycarbonate resin or nylon resin) or insoluble support(for example,

glass)y ﬁé‘?eﬁx’?“ﬁ&%l%‘&a%:@%ﬁ&h‘”'%ﬁ’s? e f'i”(rc%rg P EMBY hich are related

comprise a reagent, such as reaction |ng solution, or other

OB SO TR HE RO B EPE PR RSB LED fhiguch as
|dwmmmamec’sbmeumﬁrbpnmm@Mghotﬂ'ﬁiéﬂﬂmd/bymetmmpwu@wfm)sphm

%@@%Be&ﬁ&?d%@s%s\ﬂlh\gﬂlé!@é@g&gﬁﬂﬁ% indHRusepse of m@gﬁ’ﬁpnsmg
hgsgcftxo erlgﬁét;gt Fodegcf%rg% tg&?%ﬁ SS 0thgrw'%§lgg ifﬁisorger“ includes,

onn n wi %Wlng
but is not limited to, Alzheimer’s disease, Down s Syndrome Pick’s Disease,

progressive supranuclear palsy and corticobasal degeneration.

Although a sample used in the methods of the present invention are not limited as
long as there is a possibility the sample comprises tau or MAP2, a biological sample
obtained from human is preferred. A biclogical sample includes, but is not limited to,
cerebrospinal fluid, serum, blood, tissue (for example, brain tissue) and cell (for example,
brain cell).

A contact of a sample with the antibody of the present invention can be achieved
under conditions which allow the formation of a complex formed between the antibody
and tau or a complex formed between the antibody and MAP2. Such conditions are well

known to a person skilled in the art.

The detection of a complex formed between the antibody and tau or a complex
formed between the antibogy and MAP2 can be carried out by conventional manner,
such as western blot, enzyme immunoassay such as enzyme-linked immunosorbant
assay(ELISA), radioimmunoassay, fluorescent immunoassay, luminescent immunoassay,
immunoprecipitation, immunostaiing, immunodiffusion and surface plasma resonance
biosensor (such as BIAcore).
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Figure 1 shows specificity of the monoclonal antibodies. Specificity of the
monoclonal antibodies was tested by western blot analysis of various tau
species with 44l1aa. A: Pan a-tau (control), antibodies 2.5.2 and 2.20.4;
B: monoclonal antibody 5 AP422 Lanel ; {au_comprising unphosphorylated
Ser at position 422 Lane?2 : phosphorylated tau comprising
phosphenisikeiSetal pesHiomd22tibAnes Havacmplising Ser diva vivo,

ion at itj 2 =phosphorylated tau comprising Ser-Ala
%ﬁgﬂgﬁ lgttggéi&gérghg) gsl‘ﬁ;%ﬁe%aﬁgz shows the result of western blot
analysis of soluble- and insoluble extracts from Braak-staged AD brain
tissue. Several tau bands are visible due to the fact that the human brain
contains multiple splicing isoforms of tau. Note that neither Braak stage )
II/contréf BFSTRNHEN RESbRII TRt BhUtontdhe cRIBAL SR Gk RESEFAE invention for
GepddRisMindanddibcabiisindiegs sackerspibtbinmNeviesgade: iNsojtblent invention

R6UR0y Rz AL Bl fEaTiAR Y Y imd eI EARR SRR LY &@(&@%@gﬁa}sphorylated

e R e VP SN TAT) 4 ST G Phospto-

thd&88DN = dystrophic 20 neuritis (surrounding amyloid plaque).
Antibody used was 2.5.2. Control brain showed no staining. Figure 4
showd teanabuliyob vksiamdioimralysisroiwkadaid aeicstvoated WA - the

SRS QAL H5InG, ANHDREY, 25 24T De AR TDad reAcle it ues pratsins

which were all 25 phosphoprotéins, as’indicated by the lack of reactivity
with vehicle/DMSO extract or with extract from cells treated with the
pan-kinase inhibitor K252a. The individual molecular weights were

consistent with the largest protein being MAP. 2a/b  (phosphorylated at S
1808)’13»?@3{%6%%%3%rpﬁ?eﬂéﬁ%%%fﬁ@%laﬁmﬁﬂg&ﬁﬁgﬁ&&cwm o an

(phiopplrondated af S42Hk-Bdra2-Arehibieeldie: Bo-Ok; (And 8u=/0#& TFhr-Leu-Ala-
ﬁg?gﬁ’d é@eés: 'ﬁé@léd%%%ﬁ%ﬁ@%é?&%i ﬁﬁs‘&;ﬁ&ﬁf@m&@l ﬂﬁ—Se;—Pro—GIn—
PR e AR e A SOl TR vt
Leu, A4 is Asp or Glu and AS5 is Asp or Glu. This kit can be used, for example, for
diagnosis of neurological disorders, detecting tau comprising phospho-Ser422 or
detecting MAP2 comprising phospho-Ser1808.

The kit may comprise a carrier, such as insoluble polysaccharide(for example,
agarose or cellulose), synthetic resin(for example, polystyrene resin, silicon resin,
polyacrylamide resin, polycarbonate resin or nylon resin) or insoluble support(for

example, glass). The antibody may be immobilized to the carrier.

The kit may comprise a reagent, such as reaction liquid, blocking solution, or other

reagent used in immunoassay.

Having new generally described this invention, the same will become better
understood by reference to'the specific examples, which are included herein for purpose
of illustration only and are not intended to be limiting unless otherwise specified, in

connection with the following figures.
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The following examples serve merely to illustrate certain aspects of the
present invention and should not be viewed as limiting the present
invention in scope. 5 Example 1: Generation of monoclonal antibodies A.
Immunization of mice Mice were immunizeg;with a phosphopeptide
comprising the following amino acid sequence Cys-Ser-lle-Asp-Met-V
al-Aspi5gurO3H2)-Pro-GIn-Leu-Ala-Thr-Leu-Ala-Asp to which
corresponds to amino acids 415-430 of the longest isoform of human tau

(peptidﬁxgiﬁ@ﬂl‘%ﬁ&egl#y)éd}lﬁﬁMB&ﬁ%tfﬁ&lﬂwd @hiﬁhﬁt{aﬁﬂ@ﬁaﬂnph&ﬁﬁmﬁm the
was r allow directe in the thiol to
ROl R e i X%é%mﬁa%én SR S B T s wi
ﬁ@lwﬁu Ffice- @%M@La%&&ﬁy@s&&c@ % mér@ﬁ’f}@e{@aal antibody
inBgpETitoneally with 100 pg of 15 phosphopeptide in Complete Freund's
ALINENL NS MICRIFRCGINREJHES TR m@m%fﬂeﬂa@b'mect'ons of 100
p peptide in Freu ds Incom lete. Adj an éséy intervals. F

3 MRS FHARS S AP P R BEA S Ye dh RHAE
wftmxténdas jepicmeiSs0-td repttdimrESsBidRUEIgn and Clonlng 20

Fugiea obt f@g@&@@t@féamﬂmmed»migeﬂu@éﬁ@@m%mb@mrding
to Galfre and Milstein, Methods in Enzymology, 73 (1981) 3-46. Thus | x
108 spleen cells from each immunized mouse were mixed with 2 x 107
myeloma cells (P3X63-Ag8-653, ATCC CRL1580) and centrifuged at 300

g for 10 min.at.RT. The cel were then shed onc PMI-164
medlur%lgl\/lfﬁ%?fthlggﬁs it S}:Ien lge oﬁga?r%ngrp %%)O%)fg af]odrTBO uble extracts

|rﬁ@’ébﬁf@aktﬂl§ée¢ﬁé)ééﬁ§l\ﬁéﬁ§%%§@fébtw ffapﬁsr?gqmswséi%a} fhe fact that the
\Maimad biais ¢ontaiaspredbphiegdlivaig lhafbrmd/ithindespdcea aéitheriButak stage

%&Jtﬂ%&gy@ @ﬂ@%ﬁ%%%ﬁx&m'x&%\/}{'{@u;gﬁb%gu@&m%@m 48000 M = lane

e Dla nostics). Next, 5 dium (without F was

aa%@la}%w@%m%@ﬁﬂé%%hg‘ AMRFORBIR TR 9B ARG %@t@a IL IV,
t0V36 iisbysadedittoryoffRRK$A840 medium containing 30 10% FCS. The

cell suspension was then centrifuged at 300 x g for 10 min. The cell pellet

was resuspended in RPMI-1640 medium containing 10% FCS and

seeded into hypoxanthine-azaserine selection medium (100 mM

hypox g 3SemRlrk P st8narararifedfignal INBRMIEGA9 train tissue
1?]E{raak sta. T%)”ﬁ%%”"x%%?o?%@ﬁf%@?%% eV\H’E] neuropil thread; DN = dystrophic

neuritis (surrounding amyloid plaque). Antibody used was 2.5.2. Control brain showed

no staining.

Figure 4 shows the result of western blot analysis of okadaic acid-treated LAN-5
cells (OA) using antibody 2.5.2. The antibody reacted with three proteins which were all
phosphoproteins, as indicated by the lack of reactivity with vehicle/DMSO extract or
with extract {from cells treated with the pan-kinase inhibitor K252a. The individual
molecular weights were consistent with the largest protein being MAP 2a/b
(phosphorylated at $1808) and the two smaller proteins being two different isoforms of
tau (phosphorylated at S422). Lane 1 = vehicle; lane 2 = OA, lane 3 = OA + K252a.

Figure 5 shows the result of ELISA for determination of tau/pser422 levels in
okadaic acid-treated LAN-5 cells. The amount of tau/pSer422 was calculated on the basis
of 1 x 10° cells.
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50U/ml interleukin-6 (Roche Applied Science). After 10 days the primary
cultures were tested for specific antibody production (see Example 2).
Primary cultures which showed a positive reaction with phosphopeptide
and 5 no reaction with unphosphorylateg-peptide were cloned by
fluorescent-activated cell sorting in 96-well cell culture plates. The medium
rsadviergwas RPMI-1640 medium supplemented with 10%FCS and 25
U/ml interleukin-6. Two of the hybridoma cell lines/clones obtained in this

way WeEgSIRResitesk At IR MADIBULSENE) SRMIHKNGENIM aspects of the present
H tl Mascheroder Weq [o}

.Miérg;organ&sweq ndt eIIkuItuCrien mbH, 1 f &

'BrEBIPRBralvschivRigs. Viabie FEHEWa Yhe GtaiTS of the hybridoma.

Deposited at DSMZ on 15.03.2006 Clone IgG Subclass under the

following number 1 2.5 DSM ACC2762 Ig G2a; x-light chain 120.4 SM
CC2763 19.G2a, x- light chain. Tahle 1.15 C. Antibody purification from

cyé?lnéﬁgf:uré %ﬁg%?%ﬁ?a{lnq? y ﬁaglr%%ace s#%‘g%sbtained were seeded at a

density pf Lx10m68Us/midn RPMI-1640 medium supplemented with 10%

FCS and 25U/ml interleukin-6 and grown to a cell density of about 3 x

105/}, The cell re diluted ( ' inal 20 vel . .

250 S o A S S IR i acia

YEMEYed by centrifugation. The hybridoma culture supernatants typically

contained ca. 40-50 g/ml antibody. Each antibody was purified as follows.

Cell-fras-Rybligotwa-dttatabdperhadiD: (2o soGnt - wad leabiedlen-d ks Asp

ml MEP HyperCel column (Pall Biosciences) which 25 was equilibrated

wiiib b rddpdridClopthh0 abille hivaaiBit g findth leggdisiatifmb wiféothen tau (peptide

%ﬂ%’&@e&’@? ﬁ%@fﬁgﬂ'@tﬁwoﬁm&%@gl&w Na 1@%:;]1%312106(1 by

ntibodY containing fractions were pooled and then dialysed (Spectra'Por
Y3008 U R S E A PIRE S i SO0 buffer A, The dilysed

MEP pool was loaded on a 10 ml Source 15Q column (GE Healthcare)
whicH Yad-ssehipHisaarPebinarkary bibgrgong stock#001026) and NMRI

mice (Jackson Laboratory, stock#003076) were injected intraperitoneally with 100 pg of

phosphopeptide in Complete Freund’s Adjuvant. The mice received three further
interperitoneal injections of 100 pg peptide in Freund’s Incomplete Adjuvant at monthly
intervals. Final immunizations were made at 3, 2 and 1 day before spleen removal by

intravenous injection of 50 pg peptide in PBS.

B. Fusion and Cloning

Fusion of the spleen cells from immunized mice was carried out according to
Galfré and Milstein, Methods in Enzymology, 73 (1981) 3-46. Thus 1 x 10* spleen cells
from each immunized mouse were mixed with 2 x 107 myeloma cells (P3X63-Ag8-653,
ATCC CRIL1580) and centrifuged at 300 x g for 10 min at RT. The cells were then
washed once with RPMI-1640 medium (without FCS) and centrifuged once more at 300
x g for 10 min in a conical tube, The cells were loosened by tapping the tube and warmed
to 37°C in a pre-heated waterbath . Within the space of 1 minute, 1 ml of PEG was
added (polyethylenglycol with molecular weight 1500, Roche Diagnostics). Next, 5 ml
of RPMI-1640 medium (without FCS) was added dropwise with gentle shaking and
finally the volume was adjusted to 50 ml by addition of RPMI-1640 medium containing
10% FCS. The cell suspension was then centrifuged at 300 x g for 10 min. The cell pellet
was resuspended in RPMI-1640 medium containing 10% FCS and seeded into
hypoxanthine-azaserine selection medium (100 mM hypoxanthine {Sigma], 1 ug/ml
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(buffer A). After washing with buffer A the antibody was eluted with a
gradient from 0 -- 25 % buffer B in 10 column volumes. Buffer B contained

10 mM TrisCi /l M NaCl pH 8.0. The antibody eluted at about 200 mM

NaCl. The purity of the individual fractiong gwas checked by SDS-PAGE

and the purest fractions pooled. The yield of antibody thus 5 purified was
caadined/250ajlihybddnhédouttu s shpein dianmcinample 2uigdeesmiteg with

fomantr TaL/Rarit-e4 RREGHIE Roslies Ay Determination of specificity of
antibodies for phosphoptlde tau 416- 10 430/pSer422) In order to

measyrg P?Os(? (l: rotg}g ﬂ%%g'x%rl@tgg?e&%r < c?ic 8$aﬂ}§ducuon (see

streptaw In- coa tes (MicroCoat, Ber
It hBrimw/ﬁﬂ mmﬁn\wa 'b%%eﬁﬁdwaﬁwﬁ%ﬁl%w oljpgehapoptide and
inoR BEH016% (B yrplo {18 vRiAdekplidt incabatiordbR uondshesihakingdted cell

-59.% _lfﬁ@éf"@@ltglﬁpd(yﬁ ﬁ&m&m@géﬁwﬁt@é@ I%‘g%ﬁz%@l{%’%ll—\{%@@)/medium
% Twee ntaiping culture

SUBR ‘F{Q?gﬁ? thl%/g 9%538?1&%@131 tt%éeolgf}e§ incubated for 1 It at

room temperature (R.T.) with shaking. The plates were then washed 3

times With Wdbr Britadomagiebhnsst g%%‘i phtFRed AibEayY BT W emOsited at
paipdlo iBlaniin Gaserdntipody Kdrexidasesroonjughit(RidnoyafobH ]t at
RelscAlisRiaips verersuRssauenibwashigs again. Finally, 20 100 Id/well

of ABTS solution (Roche Diagnostics) was added and the plates
mcubaé ef?rs§0 m| (tigd 1 OFF Qlﬁtg vere then read at 405 nm in an X
Read Plus microp a e’ réader ( eca measurement of antibody
cross-reactivity with non- phosphorylated peptide (tau 416-430) 25 The
same.procedure.as described above was.used, except that.the microtitre
plates we @epa&ﬁd&aﬂﬁ&ﬁi%bnstﬂquat@l peptide (tau 416-430). C.
T‘Ql i;p ’ E Iﬁ 08494 %Rgﬁ}s&hopept:o‘@'(ﬁfa‘ﬂ‘ki@-séSO/pse 422)
100 RI/ eac culture supernatant was pipetted intoa__
i:ﬁoﬁttleplﬁl@l\thatjh?adaﬂewously been coatetkwith: pintizghousgitey
antibody:(MicroCoat, Bernried, DE).-30-The-plate-was then.incubated for 1
h alR&F4wiktebhdiireldhd subsequently washéd G2finfedahitrhiash
Zl%jﬁl. ext;-106-Rifvel-of 5o-AM-bictinylated-phosphopeptide{ta
£3 /pSer422) was added and the plate incubated for 1 hat R.T. with
shaking. The plate was washed three times and then incubated with 100
Rl/well of 50U/m1 streptavidin/peroxidae conjugate (Dianova) for |h at
R.T. The plate was washed once
C. Antibody purnification from cell culture supematant

Hybridoma cells thus obtained were seeded at a density of 1 x 10° cells/ml in
RPMI-1640 medium supplemented with 10% FCS and 25U/ml interleukin-6 and grown
to a cell density of about 3 x 10°/ml. The cells were then diluted to 1 x 10%ml in a final
volume of 250 ml and allowed to grow to maximal cell density. The cells were then
removed by centrifugation. The hybridoma culture supernatants typically contained ca.
40-50 pg/ml antibody.

Each antibody was punﬁed as follows. Cell-free hybridoma culture supernatant
(250-300 ml) was loaded on a 25 ml MEP HyperCel column (Pall Biosciences) which
was equilibrated with 50 mM TrisCl pH 8.0. After washing with equilibration buffer the
antibody was eluted with 30 mM sodium citrate / 100 mM NaCl pH 4.1. Antibody
containing fractions were pooled and then dialysed (Spectra/Por 6-8000) overnight at
4°C against 5 | of SourceQ buffer A. The dialysed MEP pool was loaded on a 10 ml
Source 15Q column (GE Healthcare) which was equilibrated with 10 mM TrisCl pH 8.0
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-20- again and then developed with 100/l well ABTS solution (Roche
Applied Science) for 20 min at R.T. The plate was then read at 405 rim in
a X Read Plus microplate reader. D. Measurement of antibody binding to
free non-phosphorylated peptide (tau 4144301 5 The same procedure as
described above was used, except that the microtitre plates were coated

vw‘tlﬁfém)phwhﬂfstkaigdzvﬂ@nﬁﬁeaﬂwm&ﬂsaatyLMQgtmedm@thaog&adlent from 0 —
?W%‘Bxﬁféfaﬁ%}{%b ﬂu%‘l the gﬁt@%&{j‘&'ﬁ'%g S&é@‘tﬁ’ﬁ%@ AN Nac pH

1
to immo free os opeptide (tau 416-430/pSerd22). No cross-

FelchiVityaiae Boskive iR HohRYE i atbg w@b%%f thsi nekigidhagd fractions
0fotanipie!d; BleteMiGdtianl ohaptitatfrspenifigitoledvaibls fidldedgtiiibody thus
plissRhaLEc s prolei vk A0S aIaled gk proten

S422A) by western blot Antibodies were tested for their ability to

recognise each of four different tau 15 species, hamely tau, tauS422A

(Ser-Ala mutation at position 422), p-tau (phosphorylated tau) and

p-tauS422A (phosphorylated tau comprising Ser-Ala mutation at position
L22mpallaldriandd? A weticiexppessedisfecdtli antlhputified according

to standard method Both protelns Werethen phosphor Iated b ERK2

e_\;ﬁm nother S|tes in tau 20 SDS PAGE gel was Ioaded Wlth 150 ng

of each of the four tau species; subsequent to electrophoresis the

prote iﬁﬁdﬁ%ﬁérﬁt&%@i@&&ﬁéﬁmmﬁe%méﬁ GBSt c@iﬁlﬁtnﬁ;pematants,
rot coJ Bl_otsw re. inc e{i igh Wlth % ual h br|
R R A B e e i 0

ot el miiny o ﬁ@%é@&ﬂ/@sﬁémw W SO0 0,
2Ingénl ahtisnduseantiRoDywAth/Helsem dihepiaeddase denjugated 3 times with

RIPHRFE b DuRNEE: TORIRPUELE) %3%1@5&3*1188' 1O SRRBPRIMdfing culture

Lumlng% CL substrate (Roche App Sclence) ss own in” Figure

FReLpAlBBES Edéi%dalﬁcf’%%‘/ﬁ ‘(fm &ff&%@ﬁ%%&g reB AR fFmperature
R phasphakytatetitaniaes withetdeiphoshtddylated atiBerddr Bikfifpr. In order to

E%%é@t’ﬁé&ﬁ‘@ﬁtﬂ}éﬂy,sﬁfé%?m}@ﬂeoﬁ &Q%E&%afg%ﬁqg&%%’gtﬁ%ﬁlgﬁﬁ&{ﬁase

the tar et hos r
IO QT AT APL251 Th RGBS oy A5 e oin. Fially,
é@ﬁbﬂﬂéﬂdi@ﬁ@@ﬁ Ww@b@%ﬁﬂbe@mwgtw&)ww@emwgm@mmmbated

for 20 min at R.T, The plates were then read at 405 nm in an X Read Plus microplate

reader (Tecan) .

B. Measurement of antibody cross-reactivity with non-phosphorviated peptide (tau

416-430)

The same procedure as described above was used, except that the microtitre plates
were coated with non-phosphorylated peptide (tau 416-430).

C. Measurement of binding to free phosphopeptide (tau 416-430/pSerd422)

100 pl/ well of each cell culture supernatant was pipetted into a microtitreplate that
had previously been coated with anti-mouse Fcy antibody (MicroCoat, Bernried, DE).
The plate was then incubated for 1 h at R.T. with shaking and subsequently washed 3
times with wash buffer. Next, 100 pl/well of 50 nM biotinylated phosphopeptide (tau
416~430/pSer422) was added and the plate incubated for 1 h at R.T. with shaking. The
plate was washed three times and then incubated with 100 pl/well of 50U/ml

streptavidin/peroxidae conjugate (Dianova) for 1h at R.T. The plate was washed once
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1:2000 with 1% milk in TBSt buffer. The blot was incubated overnight at

4C. The following day it was washed and incubated for 1 hr at room
temperature with anti- mouse/horseradish peroxidase (Pierce) diluted

1:5000 withl% milk in TBSt buffer. 35 Detegtion was with the Roche ECL
system. The antibody AP422 showed cross-reactivity with
upphosphtrdatedetaped 2+IEKAIM P evdl BEEMsviation Gldkdig, Apfflisd Sandce) for
Kd The Jete conlaieca amdili fndiferesuting fissoeialion cepriitader.

Kd were determined using surface plama resonance (BIAcore 2000 from

tau 416-

coated With rabbit-a e 1gG at a concentration, o g/mrin T0mwv
b¥um acetate-acetic acid pH5.0 for 5 min at a flow rate of 20 I/min. Cell
culture supernatants were diluted to a final antibody concentration of 50

nM in ToeratvmEIBPES K 37 desosthed MbNEOY 88 usasyveEEPt A1 s gicrotitre plates

Relysesaalie v Hiegieskgha flawd atpeid Qdnmindoyena period of 2 to
min. Phosphopeptide or non-phosphorylated peptide (0-1000 nM) in 10

o ot infiflods Qe NRato e WM S 2RO owed good
A . e

e e S s Ripeprads it A RS R g

EBTAYI0y05% doetysodoaith korl-phoskbrwetedthepiidaltarfd@fiéfi-the

sensogram after double referencing using 15 BlAcore evaluation software
(version 4.1, BlAcore AB). Models were fitted gobally across the data sets

USiRGnpR | liébd@tf@mk iﬁ)(}hli(m:fm%maa?@fimg{hﬁ ?mtmn-mgﬂaam Ka

was calculated from kon / ko valyes obtained are summarize
B A BB EA R DA BE ORI ARG PGSR A) by
thwstean Bieiconsidered to bind pSer422 with high affinity. 20 Neither of

the antibodies showed any interaction with the non-phosphorylated
peptiddnibaristinein setisdyer eiigiNliSelecinre gBisthee Bgéﬂgéﬁﬁ%ﬁéﬁ tau
apdcenfitmisly the, weStembidtresaltsnnexamnpledifabk22)shaws Ko,,,

HothRAYLE oy, 2.6, AN ARG ANUBRLY SalidsisEAY Ala mutati
ﬁesf’z%o?%%eng%%%‘ggkgg Koff K. ﬁ% TR M. ‘Bmsu?g?s A mutaten
at position 422). Tau and tauS422A were expressed in £. coli and purified according to

standard method. Both proteins were then phosphorylated by ERK?2 kinase, which was
shown to introduce a phosphogroup at S422 as well as a number of other sites in tau.
SDS-PAGE gel was loaded with 150 ng of each of the four tau species; subsequent to
electrophoresis the proteins were transferred to nitrocellulose by standard western
blotting protocol. Blots were incubated overnight at 4°C with individual hybridoma cell
culture supernatants that had been diluted two-fold with StartingBlock (Perbio). After a
standard washing procedure, the blots were incubated in 2 ng/ml anti-mouse antibody
/horseradish peroxidase conjugate (Perbio) for 1 hr at RT. The blots were then washed
and developed with Lumilight ECL substrate (Roche Applied Science). As shown in
Figure 1A, antibodies 2.5.2 and 2.20.4 (table 1) showed no cross-reactivity with non-
phosphorylated tau nor with tau phosphorylated at Ser (or Thr) residues other than
Ser422. The antibodies are thus highly selective for the target phosphoepitope. Figure 1B
shows the specificity of the monoclonal antibody AP422. The monoclonal antibody
AP422 was obtained from Prof. M. Hasegawa (University of Tokyo, Japan) and diluted
1:2000 with 1% milk in TBSt buffer. The blot was incubated overnight at 4°C. The
following day it was washed and incubated for 1 hr at room temperature with anti-
mouse/horseradish peroxidase (Pierce) dituted 1:5000 with1% milk in TBSt buffer.
Detection was with the Roche ECL system. The antibody AP422 showed cross-reactivity
with unphosphorylated tau.
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2.5.2 8X105 8X10-3 9X10' 11 2.20.4 7x105 1x10- 7x107 14 Table 2 -22-
Example 5: Western blots of AD brain extracts Microtome sections were
prepared from Braak-staged AD brains and control brains. Ca. 50 mg wet
weight tissue from each brain was dispefised into Eppendorf tubes. 5
Each tissue was then homogenized in 10 volumes of ice-cold RAB-HS
buffer using a hand-held glass-homogenizer. Homogenates were then
centrifuged at 50000xg for 40 min at 4C. The resulting pellets were
FresuppeddBdtiar milsasiserosekaDB.loy KhomdgBaization and centrifuged at
50000xg for 40 min at RT. The resulting supernatants were retained for
analySis TSRO RAIE e PRA &6 2HEdNitR4 5 e che0 SaHR AT ANIKa Were
d¥uestaraibiattingwfaseqdmedrostras dedthivad abiVe fexcéfitbatthdsfirst
antibody (2.5.2, purified as described above) was diluted to | gg/ml in
gtarmﬂggk;-ﬁ%]gm@aﬁ@;@m@gm@@&b@ &%yi hady spasifiGallyrabbit-anti
etected. tau isoforms phospherylated. at, ger, in. the S
R e LB RHIEE R SR SNl Roctre soctic g piis 0 for
SHyperbACSREHAEZ Y BEu G bedHEiRFS R EED I BetHE s iR final
alNivodsl danconcationld FOthMRA B soMEEE frEStoH Ard ciéarvihereljs$ donM

H5R58 IEOSHOPL I ROURR T ikt W1 HACUOR: DA SRR dd 6r 2
R L RO ol e e B BRI O AL VL FEPES pH
Tahdl§8isbdi KEbraid sdtiohd 20 CH§bstitl secthons whuiixadibesid tissflow rate
ol 20 GRAHGA FHLMAMPIRIR KeEIGBR0RRIVPALRASIHORILR SRR PRSISMI HEPES
o417 Y3SPEREl lgnesed (of e disease. Braak stage VI

ections were d by indiréct immunofluorescence with
anti-p-tauS422A antibody Wheatleg S. and Wang Y., Methods Cell Bin 57
%@

(199853404 Ken3ieT TRl et U B ASIsaEETWHICT SatPls trifsepoing using

HidundeantiipatanSHZa2 eartivadicl, INAichrardie\vealdel dmyere fitted gobally
B0 URfied 90l ANIRMOUSE AR Bia dHlihiSRRIHgReHI A8 X Rion

4886$?M§4ecular Prﬁg séﬁA cO nt}egtalnlng against A(3 peptide was doe
RIS '“‘a‘ﬁ?}s/lg%g %i qu%g. ? détdil, Sections were cut at -18C using a

cryostat (Leica, CM 3050 S) at a nominal thickness of 10 m. After .

adheSisr i proRigiied Ylasuammsieed bplarerStb RILIDSGiIR daye Ka values in the
|Germanyd] sectignsndtieihydndteddnsRisSdno ifrediefewill $000highettnety.
N¥fher of the antibodies showed any interaction with the non-phosphorylated peptide,
indicating that they are highly selective for the phosphoepitope and confirming the
western blot results in example 3.

Table 2 shows Koy, Kogr, K and Ky of the antibody 2.5.2 and the antibody 2.20.4.

Tau 416-430/pSerd22
Clone Kon Ko K. Ka
1/Ms | 1/s | 1M nM
2.5.2 8 x 10° 8x 107 9x 10 11
2.20.4 7x10° 1x 107 7x 107 14

Table 2
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cooled at -20C for 2 min. Washing with PBS was done twice for two
minutes. Blocking of unspecific binding sites was done by incubation in
PBS with 1% bovine serum albumin (BSA) and 1% ovalbumin (OVA) and
1% normal goat serum for 20 min. Anti- patauS422A antibodies were used
at a concentration of 10 g/ml in PBS with 1 % BSA, 35 1 % OVA and 1%
normal goat serum for 1 hour. After washing with PBS and 1% BSA,

8 iRy finity-purif t ant (GAM) IgG
T D R 15 ug/ml In P

with lﬂ(@i&%ﬁwsbc&anbwe%sl%éﬁeﬁe;wmmﬁag@mmtﬁ%ﬂylﬁhcﬂ%ﬁtroi
ramso/&'&xG%@ ag‘dg% \‘%‘aﬁﬁt@'ﬂﬁg ol}"g e @:ﬁn?o 8'%%"{@1)% ﬁ Q%dﬁ/pendorf tubes.

against I’OCk aus, ommann

‘1139232@)%%%%#%“@%%%“14@ BSATSS f%ﬁﬂ@ﬁé&%@qéﬂ% bidEnaging 2
30 8- el gless it BERSI rins Ebb vithenatarvand thumeeseadfin @i 3¥6600axg for 40

@Jﬁﬁ%ﬂ%ﬂ@%@%eﬁﬁﬁé mmléerégﬁu éﬁ%&%{%%&%&%ﬂy@@ﬁ ence

lipofuscin, After one rl ith 70%. e and 2 r with
i %%9?%2%5 b B Cng supernatants
fluorestemcd Mmourtl g meditiniSBax Pakisadeontidigtinciligeeh supernatant.
m@iﬁ%mu eaGhanibestias &%ﬂﬂlﬁh@&@¢@%§@§@ﬁﬁ§(ﬂ1@ﬁii§@@l¥t1body (2.5.2,

alon hic ve ne atlve suI ages erer

Pared ,%l(,og] b&én% 3 golf)]ecﬁlve ‘%Zages >] %0&1 1ok, %esuns are shown
findresee %E%@tﬁﬂ&é}@@@?@l#@@éé%ﬂtﬁ@ F@f@@f@ﬁnﬁe&a@a@%@\ﬁh%ﬂﬂ in
|rhE@A@Bxs&llaelamm@dylatammltyBmﬁdcssruntwe@tamme@bdmﬂmﬁﬂe

t
mﬁgﬁ@ BB ARSI ARt ORISR RSEORhal au occurs

ry tan es .Numerous neuropll threads were als VI ent as
g RO Dl et Rianten %@‘%6 ARibody with
elawfrthmeamnamﬁtbmsep@eﬁchnubmﬁtyﬁ)&maptmg cWestden Witisiferase
deleelingRERI 4224 Jay ARdMARR imoesraRiasiamax el extracts 20

The peptide immunogen used to generate the monoclonal antibodies is
based on the amino aC|d sequence |mmed|ately surrounding S422 in tau,

(? IDMV LATL O Th @ uence ogcurs in tau
mllll() emlc ana SlS i sec
towa " ermlnus omoic ogy s dare feln sequence

datab%ﬁ%s@%’@e%ﬁ@nﬁ@ﬁ ﬁﬂ%ﬂ@ﬂb’ah@ﬁ%@&@%&% &Jﬁi@é’i ﬁﬁlﬂa’iﬁ%ﬁ(‘?@g;ons
13802 LLESP TLA-E1816 o urs towards the, C- term [ﬁ)‘f é.?agmmer S

PORGH RS ‘ilé roba RAARS "eARCS SRy dusipaer o qic

abitasggBraak stage VI. Sections were labeled by indirect immunofluorescence with
anti-p-tauS422A antibody (Wheatley S. and Wang Y., Methods Cell Bio 57 (1998) 313-
332). A successive two-step incubation was used to detect bound anti-p-tauS422A
antibodies, which are revealed by affinity-purified goat anti-mouse (GAM) 1gG (H+1)
conjugated to Alexa 488 (Molecular Probes). A counterstaining against AP peptide was
doe to reveal amyloid-§ plaques.

In detail, Sections were cut at -18°C using a cryostat (Leica, CM 3050 S) at a
nominal thickness of 10 um. After adhesion to pre-cooled glass slides (Super Frost Plus,
Menzel, Germany), sections were hydrated in PBS and treated with 100% acetone pre-
cooled at -20°C for 2 min.«Washing with PBS was done twice for two minutes. Blocking
of unspecific binding sites was done by incubation in PBS with 1% bovine serum
albumin {(BSA) and 1% ovalbumin (OVA) and 1% normal goat serum for 20 min. Anti-
p-tauS422 A antibodies were used at a concentration of 10 y1g/ml in PBS with 1% BSA,
1% OVA and 1% normal goat serum for 1 hour. After washing with PBS and 1% BSA,
slides were incubatéd with affinity-purified goat anti-mouse (GAM) IgG (H+L)
conjugated to Alexa 488 (Molecular Probes) at 15 ug/ml in PBS with 1% BSA for 1
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analyzed by western blot using the antibodies described above do indeed
contain a high molecular weight protein which cross-reacts with

antibodies 2.5.2 and 2.20.4. The molecular weight of this protein is

consistent with it being MAP2. Cells (1x183/well in serum-free medium)

were treated with DMSO or IOM K252a 30 (Alexis) for 1 hr at 37C; the
madiGindeas ¢thew shpplémémeckivishviDMBBSemd ¢k BRadaid scithfaistined with
M{Bﬁédz&w‘%@e Meshdpavasde yesimd the pelissxtacied InterskQln La

e e e e SR IOt ARG st 3.5

formed as escrl i esampi

@h@wﬁmmﬁ@?asmeénm&bdwt%e@sm@aeérasﬁ-ﬁéaéﬁ@wlvlmk in 70% aqueous
phasphfyiee v R2r 3B c24uic RanipleBicE bISHassay forfteeatingse with 70%

SR % 2 HhokadRic pad- 5'1?@&?% € W&Q{ {J‘ff :ﬁfﬁme% PBS and

neuro astoma cells express tau en genou ation o
wgba%uaf@ﬁa@wgwﬁ% @éﬂ?é a@e&é&%ﬁ%%’a’&ﬁd
an:rellaté&l\dﬂamdgﬁblaﬁmmalee USigreaguktdrée seonediuymatiByG alwhe, which ail
piRiedntnQG-weils microtitre plates at a cell density of 2.5 x 105 cells/well

in 1001 of serum-free medium. After 24 h in culture the cells are then

treated with 2.5 M k id for.2h., Subse
oD, el QeI A6 2 AT A T RRE L DA BRI Nmages of
BRlKEY Fesonee shnnekiraersanrried2ath ShotashiPthe ELISA

assay described below. Antibody 2.5.2 was biotinylated using biotin-NHS
at a r@eswis20¢shophosghatee Buffbrethihiide spHR typitid s8y GBS associated

(Q@;Vﬁl@ B&ﬁ&@éﬁé@i&%&iﬁﬁ&i@q}n@e&% kndnbe &&i&ynqtdm)tme being
V- TAG at a ratio of 8[1 é)irdln to the 1 El?tocol
ary

%ﬁurp dﬁl)yrﬁl B (Bi iovVeris sCtz)erp oration. Gaithersb lﬁ(r)g?v and‘sle 5 dyStmphw

@ﬂ@%mw@rﬁwmﬁmmw ﬁ?ﬂ@ﬁfét%%@&é%%ﬁmﬁﬂ@g%mﬁc
gafpsdgiion) at a dilution of 1:50 was preincubated for 30 min with 25 1 of

1 pg/ml biotin-antibody at RT. To this mixture was then added 50 pd of

cell extract and 25 | BV-tagged antibody 2.5.2 (prepared as described

%9(91 %W&é’lrﬁ ¥iges %‘%’hﬁlﬁ&& g?ﬂs@fé'ﬂ 8l fa WHE @Awmr}get&ublastoma

samp es were prepared in 96-well micCrotitre plates. Subsequently 125 ul
B#FféﬁW&%tﬁidded to each sample and plate measured in BioVeris M384

gg%lyp £ SB-I?-%L}I Fsrllgl?@%j)sgtea}’:tngsac{ tguéf\:lge\il\e/l et gxrl%g:IgXa?”u 1%%45 &8 1 baded on the

amino acid sequence immediately surrounding S422 in tay, namely S416-
IDMVDSPQLATLA-D430. This sequence occurs in tau towards its C-terminus. A
homology search of protein sequence databases revealed that the highly homologous
amino acid sequence S1802-INLLESPQLATLA-E1816 occurs towards the C-terminus
of the microtubule-associated protein MAP2. LAN-5 cells treated with okadaic acid and
analyzed by western blot using the antibodies described above do indeed contain a high
molecular weight protein which cross-reacts with antibodies 2.5.2 and 2.20.4. The

molecular weight of this protein is consistent with it being MAP2.

Cells (1x10"/well in serum-free medium) were treated with DMSO or 10pM K252a
(Alexis) for 1 hr at 37°C; the medium was then supplemented with DMSO or 2 pM
okadaic acid for a further 1 hr at 37°C . Medium was removed and the cells exfracted into
100 ul of Cytobuster (Novagen) and 25 pl used for western blot analysis. Western blots
were performed as described in example 5. The result is shown in Fig. 4. The antibody

2.5.2 showed cross-reactivity with phosphorylated MAP2.
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in cell extraction buffer; calculation of tau/pSer422level in cells assumes 1
mole phospho-Ser422 phosphate/mole tau for the phospho-tau standard.
Figure 5 shows a 25 standard curve and typical values obtained (on the
basis of 1 x 106 cells) before and after ogadaic acid treatment. -25-
Claims 1. A monoclonal antibody or a fragment thereof produced by the
hybridoma DSM ACC2762 or DSM ACC2763, which binds to an epitope

13 gﬂ}g@%pﬁﬁiﬁ}k%fs‘a ’ﬁ?rﬁg’tectlrf% Ser422 in J( daic acid-treated

PO3H2)-Pro G Leu-Al Ia Ab, and does not bind to an
papiebdestunaisel of Ser-lle-Al-A2- A3-

A4-Ser-Pro-GIn- -Ala-Thr-Leu-Ala-A5, wh re n Al or. Asn, A2 is
et of (Rl RSO St R FroRE o ) 0&%&@%@@%‘6@@&@ of
PrdogpmdoibicharhlE, awpieEeiTh AR @%@@iwqérm&dmﬂsomﬂw@d\sp

and AS is Asp. 10 3. The antibody of claim 1, wherein Al is Asn, A2 is
Leu, AR LewuiebissGluandl ASe isubblucd iiThedintibady76€ cladthplated Zito 96-well

WP&@M{%O t%?&tc%%dé%fi@g?s@ m@g‘ﬂﬁﬁfgs‘?@r@ngQU réf?gf&g dQeSnedium.
u ISI

B R e e eI e e s rr 2k

MReuentipristhp! Mﬁ@ﬁﬂh@%ﬂmﬁ& dowsmbdisirionio, NIAPH EDTA is added

GRaPESIBgs sRkasehonyiaied: 3edi8PBistkxTheantingdysed aiad®izin the ELISA
WheX/dn |ts K% rthe peptide consisting of Ser-lle-Asp-
al-Asp-

fret 83H2) Pro-Gin-Leu-Ala-Thr-Leu-Ala-Asp is lower than

100nM. 7. A method for diagnostic of neurological disorder, w |ch method
compOA G CONERTAG o A Db H e TS0 ki el op Phosphte

Shafifered talideapid7 (b)Algibodrg AccOinyidriorentd Sawvee thiedumtib Bapk,
anwé\@;gf Mm)&vagh%m@t@mfBkaimﬂcwh@trﬁifw@wcdqgmbﬁiwg%&he

Izh |mer d.f detec ing tau risin
sgpé)r zéj;g il((:)h erzs %ﬂ&% g 6 crs Ur, maféflanﬁi? Ina

method compris S a} c()ntac Ing a

ﬂﬁ@lﬁﬁtﬁéw P a&wtﬁﬁ?éa@fcamﬁﬁétqit@wﬁ@ bsads) fﬁ@gl&@ﬁﬂ&@s@oratm)
farméthbetwdansihe ansilebdyienedtfor. ADmAnmathod farodateeling AR 2mtibody at

%9!‘“%%&99 Bﬂ&ﬁ@&é%ﬁ Qﬁdgﬁ*%@hﬁflﬁi@&@' eﬁM%ﬁ%S ul BV-tagged antibody
2.5.2 {prepared as described above). The mixture was then incubated for 3h at 4°C with
shaking. All samples were prepared in 96-well microtitre plates. Subsequently 125 ul
buffer was added to each sample and plate measured in BioVeris M384 analyser.
Taw/pSerd22 standard curve was prepared by diluting ERK2- or P38-phosphorylated tau
in cell extraction buffer; calculation of tau/pSerd22 level in cells assumes 1 mole
phospho-Serd22 phosphate/mole tau for the phospho-tau standard. Figure 5 shows a
standard curve and typical values obtained (on the basis of 1 x 10° cells) before and after

okadaic acid treatment.
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-26- (a) contacting a sample with the antibody of any one of claims | to 6;
and (b) detecting a complex formed between the antibody and MAP2. 11.
The method of claim 9 or 10, wherein t g; complex is detected by western
blotting, immunohistochemistry or ELI 5 12. An antibody according to
any one of claims 1 to 6 for use in theC; %gtsro diagnosis of neurological
disorders. 13. The antibody of claim erein the neurological disorder
is Alzheimer's dlsease 14. An antibody accordlng to any one of claims 1

fo 66(0" Hse it %‘E‘o%‘a“ S g”s”l%g g NOIReI#Ee: %é’il r@PAB SM
anti accor g %%ne 0 alms or use In e ec

com"bﬂ AdPprsdppt 83 18hishingis dfgh BRI B h@@ﬁ*@lﬁ@@iﬁer-ﬂe -Al-
disofders; whichee(ropHse8iiheraniibodyladiarding At-any, ane dfslaimisidd to an

10 6. Lifo e KILQIGIRIM 4G hetey ”A%R@'%C%Ptﬁ%r@ﬁﬁ 'F éﬁ'éﬂ%‘ﬁqﬁf Peu-Ala-A3,

disease. 15 18. A Kit for detecting tau comprising. p osho-Ser422, whic

com‘iéﬁﬁ%‘ i é%qﬁﬁ%d’;‘/ AR oHigMG Ay Bihe bt BAAlo1 Lt Afis A 95Ol and
detetfing AdAP2&omprising phospho-Serl1808, which comprises the
antibody according to any one of claims 1 to 6. 20. A hybridoma DSM

ACQO2ét1wdas M AGiG2T 6ahateieharedyees Aha amtdpody i 20 aceeraingsp and A5
to any ane of claims Ito 6. ~~r -27- An Antibody Which Recognizes
Phosph r'ylated Polypeptides Abstract The present invention relates to an

UYOL) TSRS A SBloR SR T Seple AAZAY

an épifdpe consisting of Ser-lle-Al-A2-A3-
A4-Ser-Pro-GlIn-Leu-Ala-Thr-Leu- Ala-A5, wherein Al is Asp or Asn, A2 is
Met DiidauibAdsio Vehon Lew, 204 isRABpth dalibaddbAdlistAgm ebGuising phospho-

hybidpma preducing, e anloady, A g;ﬂqsﬁ?glﬂ{ﬁw%ﬂ&‘?y@@@@élﬁzﬁnd a

method for diagnosis of a neurological disorder. x~
5. The antibody according to any one of claims 1 to 4, wherein the antibody binds to

MAP2 comprising phospho-Ser1 808 and does not bind to MAP2 comprising
unphosphorylated Ser1808.

6. The antibody of claim 2, wherein its Kd for the peptide consisting of Ser-lle-Asp-
Met-Val-Asp-Ser(POs;H;)-Pro-Gin-Leu-Ala-Thr-Leu-Ala-Asp is lower than 100nM.

7. A method for diagnostic of neurological disorder, which method comprises
(a) contacting a sample with the antibody of any one of claims 1 to 6; and
(b) detecting a complex formed between the antibody and tau or MAP2.

8. 'The method of claim 7, wherein neurological disorder is Alzheimer’s disease.

5. A method for detecting tau comprising phospho-Ser422, which method comprises
(a) contacting a sample with the antibody of any one of claims I to 6; and

(b) detecting a complex formed between the antibody and tau.

10. A method for detecting MAP2 comprising phospho-Ser1 808, which method

comprises
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10 Figure 1 -- SEQUENCE LISTING <110> E. Hoffmann-La Roche AG
<120> An antibody which recognizes phosphorylated polypeptides <130>
23732 <150> EP06116550.2 <151> 2006-07-04 <160> 9 <170> Patentin
version 3.3 <210> 1 <211> 441 <212>2RT <213> Homo sapiens

<400> 1 Met Ala Glu Pro Arg GIn Glu Phe Glu Val Met Glu Asp His Al

cly@ @f&%&?&%ﬁw{éwﬁ&gwﬁg@& FEYS RSP Gy B TR Thr
Met Hlid2e-26:30c@GhplaspoGinChatGiyite Thtibasy Ald BIjkR2u Lys Glu

Ser Pro Leu 3540 45 GIn Thr Pro Thr Glu Asp Gly Ser Glu Glu Pro Gly
Sertdunthfoder 885 BspkRnyh SaintpleR o Jdurcida kyluwdsprvalotting,

Thr.Al Pro e X@l‘gf?fq g%l%% Asp Glu Gly Ala Pro Gly Lys GIn Ala Ala
Ala%lfnulf’nro 1H?ISCT r 805 95 lle Pro Glu Gly Thr Thr Ala Glu Glu Ala

lv lle Gl Thr P, 100 105 1 Leu GIU ASP GIU Ala Al ) ]
AT ARG ATE (140 QP ST 300 Sdp e Softe Ay digenoss of
Thrichydegizdpliastsiesys Lys Ala Lys Gly

13. The antibody of claim 12, wherein the neurological disorder 1s Alzheimer’s disease.

14. An antibody according to any one of claims 1 to 6 for use in detecting tau comprising
phospho-Ser422.

15. An antibody according to any one of claims 1 to 6 for use in detecting MAP2
comprising phospho-Ser1808.

16. A kit for diagnosis of neurological disorders, which comprises the antibody according

to any one of claims 1 to 6.
17. A kit of claim 16, wherein neurological disorder is Alzheimer’s disease.

18. A kit for detecting tau comprising phosho-Serd22, which comprises the antibody

according to any one of claims 1 o 6.

19. A kit for detecting MAP2 comprising phospho-Ser1808, which comprises the

antibody according to any one of claims 1 to 6.

20. A hybridoma DSM ACC2762 or DSM ACC2763 which produces the antibody

according to any one of claims 1 to 6.

ok ok
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130 135 140 Ala Asp Gly LYS Thr LYS lle Ala Thr Pro Arg Gly Ala Ala

Pro Pro 145 150 155 160 Gly GIn Lys Gly GIn Ala Asn Ala Thr Arg lle

Pro Ala Lys Thr Pro 165 170 175 Pro Ala,Pro LYSThr Pro Pro Ser Ser

Gly Glu Pro Pro Lys Ser Gly 180 185 190 -2- Asp Arg Ser Gly Tyr Ser Ser

P10 Gly SelPieGHoTIPHREH SaE9 2 IR AIGSP b Tl

Ser Leu Pro Thr Pro Pro Thr Arg Glu Pro Lys 210 215 220 Lys Val Ala

Val Val Arg Thr Pro Pro Lys Ser Pro %esrtr%gtr Ala Lys 225 230 235 240

Ser Arg Leu GIn Thr Ala Pro Val Pro 0 Asp Leu Lys Asn Val 245

250 ﬁ% Lys Ser Lys |le Glf/ Ser Thr GIL%Agsn Leu Lys His.GIn Pro Gl GI%/ 6

260 265 PRI YOV BIATR N AU P YRIBIREFTET SeFRER/amsisting

@ IRei2lls A80/285 3S 8rLyer C ¢ bl Ter(lysl Aupis He Ly s 25 @xbdoes not

LY %')?@idi%% 8&%§Qﬁg%ﬁsMaii@l@1Uﬁ21a!3Ty&¢$&Pﬂfﬂﬁf@kP§@- zll-&léfrﬁf-Lew
s Val Thr Ser 305 310 315 320, .1 s Gly Ser.le nllg His ,
5 Bl A R 3 AT f’v%ﬁié?%@%‘m Mt or

Glpaphd b ys Aspos fglwa olbrisoma pordus s the yatikody skt cegmiging the

Asibdiey Thid-Hsnéaldarenadya@lysts|y Asneussin o8l 3o rdys Lys lle Glu Thr

His Lys Leu Thr Phe Arg Glu Asn Ala Lys Ala 370 375 380

ey

Figure 1



Lys Thr Asp His Gly Ala Glu lle Val Tyr Lys Ser Pro Val Val Ser 385 390
395400 Gly Asp Thr Ser Pro Arg His Leu ser Asn Val Ser Ser Thr Gly
Ser 405 410 415 lle Asp Met val Asp Ser Pro GIn Leu Ala Thr Leu Ala
Asp Glu Val 420 425 430 Ser Ala Ser L_el}|_|AIa Lys Gin Gly Leu 435 440
<210> 2 <211> 1827 <212> PRT <213> Homo sapiens <400> 2 -3- Met
Ala Asp Glu Arg Lys Asp GlusEdydnys AlaRmonklis Trp Thr Ser 15 10 15
AB ro Leu %}gmGlu Ala %er @Ia Iéis Ser His Pro Pro Glu lle Lys 20 25 30
sp Gin GIy AL GLIy yﬁ_eu Val Arg Ser Ala Asn Gly Phe 35 40
4B2Pr0 Fyr ArgiGiuAsth Bl Gy @lyiAts Rite SiyoG isdGhp BareGin d6e
5p380 Gly,Thr Tyr Ser Asn Thr Lys Glu Asn Gly lle Asn Gly Glu Leu Thr
65 70 7580 Ser Ala Asp Arg Glu Thr Ala Glu Glu Val Ser Ala Arg lle Val
%%h?%g af Thr Ala Glu Ala val Ala val Leu Lys Gly Glu GIn Glu
ys 710 (i lu Ala GIn His Lys Asp GIn Thr Ala Ala Leu Pro Leu
Ala0Ala &lu 115 120 125 Glu Thr Ala Asn Leu Pro Pro ser Pro Pro Pro

SHET0 ARREE PIVF0H3S 140

<210> 1

<211> 441

<212> PRT

<213> Homao Sapiens

<400> 1
Met Ala Glu Pro Arg GIn Glu Phe Glu val Met Glu Asp His Ala Gly
1 5 10 15

Thr Tyr Gly Leu Gly Asp Arg Lys ggp GIn Gly Gly Tyr ggr Met His
20

Gin Asp GIn Glu Gly Asp Thr Asp Ala Gly Leu Lys Glu Ser Pro Leu
35 40 45

GIn Thr Pro Thr Glu Asp Gly Ser Glu Glu Pro géy ser Glu Thr Ser
50 55

Asp Ala Lys Ser Thr Pro Thr ala Glu Asp val Thr Ala Pro Leu val
65 70 75 80

Asp Glu Gly Ala Pro Gly Lys Gln Ala Ala Ala GIn Pro His Thr Glu
85 90 95

Ile pPro Glu Gly Thr Thr Ala Glu Glu Ala Gly Ile Gly Asp Thr Pro
166 105 110

Ser Leu Glu Asp Glu Ala Ala Gly His val Thr Gln Ala Arg Met val
115 120 125

Ser Lys Ser Lys Asp Gly Thr Gly Ser Asp Asp Lys Lys Ala Lys Gly
130 135 140

Ala Asp Gly Lys Thr L?s Ile Ala Thr Pro Arg Gly Ala Ala Pro Pro
145 150 155 160

Gly GIn Lys Gly GIn Ala Asn Ala Thr Arg ITe Pro Ala Lys Thr Pro
165 170 175

Pro Ala Pro Lys Thr Pro Pro Ser Sser Gly Glu Pro Pro Lys Ser Gly
180 185 190



GIn Thr Val Thr Val Glu Glu Asp Leu Leu Thr Ala Ser Lys Met Glu 145
150 155 160 Phe His Asp GIn Gin Glu Leu Thr Pro Ser Thr Ala Glu Pro
ser Asp 165170 175 GIn Lys Glu Lys Glu Ser Glu Lys GIn Ser Lys Pro
Gly Glu Asp Leu 180 185 190 Lys His Ala Ala Leu Val Ser GIn Pro Glu
Thr Thr Lys Thr Tyr Pro 195 200 205 Asp Lys Lys Asp Met GIn Gly Thr
&8 ary q@gLL%VA%ypré%é% g§o<‘fé15922‘0 PE@uGﬁMeZ@E'y Blie Py Lekr
Val Ala Ser'Leu Glu Asp Met Lys GIn Lys 225 230 235240 Thr Glu Pro
ser Leu Val Val Pro Gly lle Asp Leu Pro LRV/F Glu Prg 245 250 255 Pro Thr

R58 R CTAGIATLYS A TrhMNE e T K1k 1578 T80 Ghid 262852 s
Ala Lys Lys Asp Glu Trp Gly Leu val Ala Pro lle ser Pro Gly Pro -4- 275

80 28 Pro.Met A Ly Asp Val Phe Asp Asp Ille
% % 53% yéﬁ) \éaﬂ éﬁ)% Lys GIF%EEOA@ESS E>rpm tPro ‘érerAIfrog%@e
GIn GIy Gly 305 310 315 320 Ser Phe Thr Leu Pro Leu Asp Val Met Lys
88 Gly e yal T3lu 325 330 335 11y Ser Rigy Plis Alg PO A Rhe.
Leu GIn Pro Asp AsgsLys Lys Ser 340 345850 Leu GIn GIn Thr 8ar Gly
Pro Ala Thr Ala Lys Asp Ser Phe Lys lle 355 360 365 Glu Glu Pro His

Gl AlarLYys FrpeAsp Lys Met AlanGlu Ha Rio B9 370 21a 380 &8y Gy
Ala Met Thr Lé6@Pro Lys Asp Ala Hisdté Pro Val Val Glu 270

Gly Lys val 6In Ile Ile Asn Lys Lys Leu Asp Leu Ser Asn val Gln
275 280 285

Ser Lys Cys Gly Ser Lys Asp Asn Ile Lys His val pro Gly Gly Gly
290 295 300

ser val Gln Ile val Tyr Lys Pro val Asp Leu Ser Lys val Thr Ser
305 310 315 320

LYS Cys Gly Ser Leu Gly Asn Ile His His Lys Pro Gly Gly Gly Gln
325 330 335

val Glu val Lys Ser Glu Lys teu Asp Phe Lys Asp Arg val GIn Ser
340 345 350

Lys Ile Gly Ser lLeu Asp Asn Ile Thr His val Pro Gly Gly Gly Asn
355 360 365

Lys Lys Ile Glu Thr His Lys Leu Thr Phe Arg Glu Asn Ala Lys Ala
370 375 380

Lys Thr Asp His Gly Ala Glu Ile val Tyr Lys Ser Pro val val Ser
385 390 395 400

Gly Asp Thr Ser Pro Arg His Leu Ser Asn val Ser Ser Thr Gly Ser
405 410 415

Ile Asp Met val Asp Ser Pro Glan teu Ala Thr teu Ala Asp Glu val
420 425 430

Ser Ala Ser Leu Ala Lys Gin Gly Leu
435 440

<210> 2

<211> 1827

<212> PRT

<213> Homo Sapiens

<400> 2



385 390 395 400 Glu His Val Met Gly Lys Val Leu Glu Glu Glu Lys Glu
Ala lle Asn 405 410 415 GIn Glu Thr Val GIn GIn Arg Asp Thr Phe Thr
Pro ser Gly GIn Glu 420 425 430 Pro lle Leu Thr Glu Lys Glu Thr Glu Leu
Lys LeuGiu Glu Lys Thr 435 440 445 Thy lle Ser Asp Lys Glu Ala Val Pro
Lys Glu Ser Lys Pro Pro Lys 450 455 460 Pro Ala Asp Glu Glu lle Gly lle
lle GIn Thr Ser. Thr Glu His Thr 465 470 475 480 Phe Ser Glu Gin Lys
"e3pih 510 618 TIOTHYALSMEL E & Yy S BIH BB 00285 Ay e e
Pro Val Ser Leu Glu GIn Ala Val Thr Asp Ser Ala Met 500 505 510 Thr
Aée yS Thr Lei_lu G|![l Y AIa Met.Thr Glu Pro Ser AIa LPeu ”81 515 520 525
fu £33 S&Y g g 'Gin BB PReGTu Wit Ay VAP AP A’ LIL558°

535540 Asp Lys lle Glu GIy Val Gly Ala Ala Thr Ser Ala Glu Leu Asp Met

5 0 I PAYsge ly.met,Ser
el §8r SV ol b oS B b e B R T B & 2%
Pro GlySer Asp Tyr 580 585 590 Tyr Glu Leu Ser Asp Thr Arg Glu Ser
Ml s GluSerle AR ThE1595 80 B0 HMes SetRiodYietdlis kys Ash
Gly A8p Lys Glu Phe GIn Ths Gly Lys 610 615 6206@Iu Ser GIn Pro Ser
Pro Pro Ala GIn Glu Ala Gly Tyr Ser Thr Leu 625 630 635 640

Gly Thr Tyr Ser Asn Thr Lys Glu Asn Gly Ile Ash Gly Glu Leu Thr
65 70 75 80

ser Ala asp Arg Glu Thr Ala Glu Glu val ser Ala Arg Ile val Gln
85 90 95

val val Thr Ala Glu Ala val Ala val Leu Lys Gly Glu Gin Glu Lys
100 105 110

Glu Ala GIn His Lys Asp Gln Thr Ala Ala teu Pro Leu Ala Ala Glu
115 120 125

Glu Thr Ala Asn Leu Pro Pro Ser Pro Pro Pro Ser Pro Ala Ser Glu
130 i35 140

Gin Thr val thr val Glu Glu Asp Leu teu Thr Ala Ser Lys Met Glu
145 150 155 160

Phe His Asp GIn GIn Glu Leu Thr Pro ser Thr Ala Glu Pro Ser Asp
165 170 175

GIn Lys Glu Lys Glu Ser Glu Lys GlIn Ser Lys Pro Gly Glu Asp Leu
180 185 190

Lys His Ala Ala Leu val Ser GIn Pro Glu Thr Thr Lys Thr Tyr Pro
135 200 205

Asp Lys Lys Asp Met GIn Gly Thr Glu Glu Glu Lys Ala Pro Leu Ala
210 215 220

Leu Phe Gly His Thr Leu val Ala Ser Leu Glu Asp Met Lys Gin Lys
225 230 235 240

Thr Glu Pro Ser Leu val val Pro Gly Ile Asp Leu Pro Lys Glu Pro
245 250 255

Pro Thr Pro Lys Glu GIn Lys Asp Trp Phe Ile Glu Met Pro Thr Glu
260 . 265 270

Ala Lys Lys Asp Glu Trp Gly Leu val Ala Pro Ile Ser Pro Gly Pro



Ala GIn ser Tyr Pro Ser Asp Leu Pro Glu Glu Pro Ser Ser Pro GIn 645 650
655 Glu Arg Met Phe Thr lle Asp Pro Lys Val Tyr Gly Glu Lys Arg Asp
660 665 670 Leu His Ser Lys Asn Lys Asp Asp Leu Thr Leu Ser Arg ser
Leu Gly 675 680 685 Leu Gly Gly Arg Set Ala lle Glu GIn Arg Ser Met
Ser lle Asn Leu 690 695 700 Pro Met Ser Cys Leu Asp Ser lle Ala Leu
Gly Phe A&ty Phe Gly Arg 705 7380715 720 Gly His AspBbeu Ser Pro Leu
Ala Ser Asp lle Leu Thr Asn Thr ser 725 730 735 Gly Ser Met Asp Glu
Ghy A Tyetleurd @l AlayEhaIhrRro pia 740 A4b 156 leev GlsLysp
Ala P¥8%ys Phe Pro Val GIt%er Lys Glu Glu Glu G755 760 765 lle
Glu Lys Val Lys Ala Thr Gly Glu Glu Ser Thr GIn Ala Glu lle 770 775 780
$ENCyEYGly s ér Prb‘WBh@SEe@eAla’ws"‘A@PPhefﬁr Pya Rep Gly Ty 78Y
789 795 800 Val Met Ald'Pro Asp Leu Pro Glu3 et Leu Asp Leu Ala EBZI?/
Thr Arg 805 810 815 Ser Arg Leu Ala Ser Val Ser Ala Asp Ala Glu Val Ala
RS ATeRLYS" 80er8REBB0SeN b rd Sel Biu i G VAFGHE Aghrs&r v
Arg Thr Gly Leu Pro -6- 835 840 845 Pro Val Thr Asp Glu Asn His Val lle
Val Lys Thr Asp Ser GIn Leu_850 855 860_Glu Asp Leu Gly Tyr Sys Val
SRE AGR (378 TISTAI VAT Lol B oL b S HI0 89 8RO Serkbio VAl o5
Asp Ser Glu Asn Leu Ser Gly Glu Ser Gly Thr Phe

Leu GiIn Gin Thr Ser Gly Pro Ala Thr Ala Lys Asp Ser Phe Lys Ile
355 ' 360 365

Glu Glu Pro His Glu Ala Lys Pro Asp Lys Met Ala Glu Ala Pro Pro
370 375 380

Ser Glu Ala Met Thr Leu Pro Lys Asp Ala His Ile pPro val val Glu
385 380 395 400

Glu His val Met Gly Lys val teu Glu Glu Glu Lys Glu Ala Ile Asn
405 410 415

GIn GTu thr val G61n G1n Arg Asp Thr Phe Thr Pro ser Gly Gin Glu
420 425 430

Pro Ile Leu Thr Glu Lys Glu Thr Glu Leu Lys Leu Glu Glu Lys Thr
435 440 445

Thr Ile Ser Asp Lys Glu Ala val Pro Lys Glu Ser Lys Pro Pro Lys
450 455 ' 460

Pro Ala Asp Glu Glu Ile Gly Ile Ile GIn Thr Ser Thr Glu His Thr
465 470 475 480

Phe Ser Glu G1n Lys Asp Gin Glu Pro Thr Thr Asp Met Leu Lys GlIn
485 490 495

Asp Ser Phe Pro val ser Leu Glu GIn Ala val Thr Asp Ser Ala Met
500 505 510

Thr ser tys Thr teu Glu Lys Ala Met Thr Glu Pro Ser Ala Leu Ile
515 520 525

Glu Lys ser Ser Ile GIn Glu Leu Phe Glu Met Arg val Asp Asp Lys

Asp Lys Ile Glu Gly val Gly Ala Ala Thr Ser Ala Glu Leu Asp Met
545 550 555 560



885 890 895 Tyr Glu Gly Thr Asp Asp Lys Val Arg Arg Asp Leu Ala Thr
Asp Leu 900 905 910 Ser Leu lle Glu Val Lys Leu Ala Ala Ala Gly Arg Val
Lys Asp Glu 915 920 925 Phe Ser Val Asp Lys Glu Ala Ser Ala His lle
Ser Gly Asp Lys Ser 930 935 940 Gly Ley Ser Lys Glu Phe Asp GIn Glu
Lys Lys Ala Asn Asp Arg Leu 945 950 955 960 ASP Thr VaI Leu Glu Lys
Ser GJu Glu His Ala As Ser (ﬁ%u His 965 970 975 ¥

Bih Gl A ) AR Bt ST ¥ 5 GSE b oG RS do VAP

Tyr Glu GIn Ala Leu Ala Lys Asp Leu Ser lle Pro Thr 995 1000 1005 Asp

rSerG s,G rVIP 10 01015 1020

A\ %'ei\léyélq %ru%’ Iﬁe}ﬁ Lys L5/§5V§F (%Ir%l r‘Cgly(c’)ll_eu% 13%6
1035 Asp Phe Ala Val GIn Gly GIn Leu Asp Val Lys lle Ser Asp Phe 1040
10563850 Pl Cla el ilan rGly beH Hsh e AR AR ArgrArgMlarfpr

1055 106605065 Glu Leu Lys Leaa@lu Ala Thr Gin Aspédet Thr Pro Ser
Ser Lys 1070 1075 1080 Ala Pro Gin Glu Ala Asp Ala Phe Met Gly Val
fadd SerGlyHird 082 1920,k0981 MakhbysaluGlyshar £vs Yk SayGlys
Thr GlOVal Lys GIn Lys 1163-3105 1110 -7- Val AkBys Pro Asp Leu Val
His GIn Glu Ala val Asp Lys Glu 1115 1120 1125

Glu Ser GIn Pro Ser Pro Pro Ala Gln Glu Ala Gly Tyr Ser Thr Leu
625 630 635 640

Ala GTn Ser Tyr Pro Ser Asp Leu Pro Giu Glu Pro Ser Ser Pro Gln
645 650 655

Glu Arg Met Phe Thr Ile Asp pPro Lys val Tyr Gly Glu Lys Arg Asp
660 665 670

Leu His Ser Lys Asn LyS Asp Asp Leu Thr Leu Ser Arg Ser Leu Gly
675 ' 680 685

Leu Gly Gly Arg Ser Ala 1le Glu Gln Arg Ser Met Ser Ile Asn Leu
690 695 700

Pro Met Ser Cys Leu Asp Ser Ile Ala Leu Gly Phe Asn Phe Gly Arg
705 710 715 720

Gly His Asp Leu Ser Pro Leu Ala Ser asp Ile teu Thr Asn Thr Ser
725 730 735

Gly Ser Met Asp Glu Gly Asp Asp Tyr Leu Pro Ala Thr Thr Pro Ala
740 745 750

teu Glu Lys Ala Pro Cys Phe Pro val Glu Ser Lys Glu Glu Glu GlIn
755 760 765

ITe Glu Lys val Lys Ala Thr Gly Glu Glu Ser Thr Gin Ala Glu Ile
770 775 780

ser Cys Glu ser pro Phe Leu Ala LYS Asp Phe Tyr Lys Asn Gly Thr
785 790 795 800

val Met Ala Pro Asp Leu Pro Glu Met Leu Asp Leu Ala Giy Thr Arg
805 810 815

ser Arg Leu Ala Ser val Ser Ala Asp ala Glu val ala Arg Arg Lys
820 825 830

ser val Pro Ser Glu Thr val val Glu Asp Ser Arg Thr Gly Leu Pro



Glu Ser Tyr Glu Ser Ser Gly Glu His Glu Ser Leu Thr Met Glu 1130 1135
1140 Ser Leu Lys Ala Asp Glu Gly Lys Lys Glu Thr Ser Pro Glu Ser 1145
1150 1155 Ser Leu lle Gin Asp Glu lle Ala Val Lys Leu Ser Val Glu lle
1160 1165 1170 Pro Cys Pro Pro Ala VabSer Glu Ala Asp Leu Ala Thr
ASP Glu 1175 1180 1185 Arg Ala Asp Val GIn Met Glu Phe lle GiIn Gly
Pro Lys SRPGlu 1190 1195 1269 %er Lys Glu Thr Prosﬁj{ép lle Ser lle Thr
Pro ser Asp Val Ala 1205 1210 1215 Glu Pro Leu His Glu Thr lle Val Ser
ola P ATlhf"GmméS@nAm%Q%m 1250 Gt G1if I GHrGRENeGlu i
GIn é y Glu Tyr Asp Lys Letu” 1235 1240 1245 Leu Phe Arg ser Asp Thr
Leu GlIn lle Thr Asp Leu Gly val Ser 1250 1255 1260 Gly Ala Arg Glu Glu
Tie 2GR THPGR PrpfSer BILF I 155 682701578 GV EPHelh:
Ser vai Val Thr lle Glu Asp Asp Phe lle Thr 1280 1285 1290 Val Val Gin
Thr 'I;)hr T\r)r S Glu Gl G|lé eE‘GIyLSer%-Iis SEY. 155?? 1300(;]130 hvaI gerg
Phe AIS A LeunG@LﬁB i Pro 816 Var&lu 8@& Arg Pro 1510 1§1%91235
ser Pro His Asp Glu Glu Glu Phe Glu Val Glu Glu Ala Ala Glu 1325 1330
5. AlaGinAla Pro Ly G r.Pro.Gly Ala 3
JliﬁSGl g%%pg’ﬁéﬁéﬁré : |tL Slﬁ?\%il éﬁgs 5&? sQeS?cL;thjél T?ﬁgﬁ%ﬂ?g |L::-L éﬁ
1355 1360 1365

Ser Leu ITe Glu val Lys teu Ala Ala Ala Gly Arg val Lys Asp Glu
915 920 925

Phe Ser val Asp Lys Glu Ala Ser Ala His Ile Ser Gly Asp Lys Ser
930 935 940

Gly Leu Ser Lys Glu Phe Asp GIn Glu Lys Lys Ala Asn Asp Arg Leu
945 950 955 960

Asp Thr val Leu Glu Lys Ser Glu Glu His Ala Asp Ser Lys Glu His
965 970 975

Ala Lys Lys Thr Glu Glu Ala ¢ly Asp Glu Ile Glu Thr Phe Gly Leu
980 a85s 990

Gly val Thr Tyr Glu GIn Ala Leu Ala Lys Asp Leu Ser Ile Pro Thr
995 1000 1005

Asp Ala Ser Ser Glu Lys Ala Glu Lys Gly Leu Ser Ser val Pro
1010 1015 1020

Gle Ile Ala Glu val Glu Pro Ser Lys Lys val Glu GIn 6ly Leu
1025 1030 1035

Asp Phe Ala val GIn Gly GIn Leu Asp val Lys Ile Ser Asp Phe
1040 1045 1650

Gly Gln Met Ala Ser Gly Leu Asn Ile Asp Asp Arg Arg Ala Thr
1055 1060 1065

Glu Lteu Lys Leu Glu A]a Thr GIn Asp Met Thr Pro Ser Ser Lys
1070 1075 1080

Ala Pro GIn Glu Ala Asp Ala phe Met Gly val Glu Ser Gly His
1085 1090 1095

Met Lys Glu Gly Thr Lys val ser Glu Thr Glu val Lys GIn Lys
1100 1105 1110



Tyr Asp Asp Tyr Lys Asp Glu Thr Thr lle Asp Asp ser lle Met 1370 1375
1380 Asp Ala Asp Ser Leu Trp Val Asp Thr GIn Asp Asp Asp Arg Ser
1385 1390 1395 Ile Met Thr Glu GIn Leu Glu Thr lle Pro Lys Glu Glu Lys
Ala 1400 1405 1410 Glu Lys Glu Ala Arg Arg Ser Ser Leu Glu Lys His
Arg Lys Glu 1415 1420 1425 Lys Pro Phe Lys Thr Gly Arg Gly Arg lle

0

r Thr Pro Glu A

| A AL G

rrg 1430 143

1440
tr¥ar 48,3456

| Al

15%% V?g“

Af‘r%aL

Lys

¥ Ly

%

AGlu Pro S?r Thr
$MaVal 1Ir’y‘rJ Lys

Lys Ala Glu Leu Ala Lys Lys 1460 1465 1470 Thr Glu Val GIn Ala His

1 01485 _Pr Lys Tyr
5 G Tod oo Mg o il
Thr Ala Ala Gly Gly Glu Ser Ala Leu Ala Pro Ser 1505 1510 1515 Val
/ng @i VAl T el yS AR2@ 1hp 25

u Pro Arg Pro SasSer lle Leu 1535
1540 1545 Pro Pro Arg Arg Gly Val Ser Gly Asp Arg Asp Glu Asn Ser Phe
J250 kD53 koGO nSRE b-atl A Sernderie Sey SeesesMa Asg ArguThrelhr
Arg 1585 1570 1575 Ser GILLPYo lle Arg Arg Ala GLLE& Ser Gly Thr Ser
Thr Pro 1580 1585 1590 Thr Thr Pro Gly Ser Thr Ala lle Thr Pro Gly Thr
4 Bro SerolbAd ABAO/AB05er Glu Ala Asp Leu Ala Thr Asp Glu

&£heLys GAla Lyspsprkygval

153Q1ser Pro Glu Lys Arg Ser'se

Arg

Ser

Glu

ser

Leu

Gly

Gly

val

val

ser

Ala

Pro

Tyr

er Pro Ser Ar
el

1175

Ala Asp val

1190

Lys
1205

Pro
1220

Glu
1235

Phe
1250

Ala
1265

val
1280

val
1295

Arg
1310

Pro
1325

Gin
1340

Glu
1355

ASp

Glu

Leu

Glu

Arg

Arg

Ile

GIn

Phe

His

Ala

Arg

ASp

Thr

His

Glu

ser

Glu

Glu

Thr

Ala

Asp

Glu

Glu

Tyr

Lys Phe lle
ﬁigiréug rer1

Gln

Pro

Glu

Glu

ASp

Glu

ser

Thr

Ala

Glu

Pro

Glu

Lys

Met
Asp
Thr
Ile
Thr
Phe
val
Thr
Leu
§1u
Lys
val

Asp

1180

Glu
1185

Ile
1210

Ile
1225

Glu
1240

Leu
1255

val
1270

val
1285

Asp
1300

Glu
1315

Glu
1330

ASp
1345

Ala
1360

Glu

s Ol

e

Phe
ser
val
Ala
Gin
Glu
Thr
Glu
Gin
Phe
Gly
Leu

Thr

Tle

Ile

ser

Gin

Ile

Thr

Ile

Gly

Pro

Glu

ser

Ser

Thr

Gln
Thr
Glu
Gly
Thr
Cys
Glu
G}u
Glu
val
Pro
Glu

Ile

Gly

Pro

Pro

Glu

ASp

Pro

ASp

ser

val

Glu

Glu

Tyr

ASp

1185

Pro
1200

ser
1215

Ala
1230

Tyr
1245

Leu
1260

ser
1275

Asp
1290

Glu
1320

Glu
1335

Ala
1350

Lys
1365

AsSp

Lys

ASp

Glu

Asp

Gly

Glu

Phe

ser

Arg

Ala

Pro

Thr

Ser

Glu

val

Lys

val

His

Ile

His

Arg

ala

Ala

Glu

Ile

Glu

Ala

GIn

Leu

Ser

Lys

Thr

ser

Pro

Glu

ser

Thr

Met



Tyr ser Ser Arg Thr Pro Gly Thr Pro Gly Thr Pro Ser Tyr Pro 1610 1615
1620 Arg Thr Pro His Thr Pro Gly Thr Pro Lys Ser Ala lle Leu Val 1625
1630 1635 -9- Pro 5er Glu Lys Lys Val Ala lle lle Arg Thr Pro Pro Lys Ser
1640 1645 1650 Pro Ala Thr Pro Lys Glng¢.eu Arg Leu lle Asn GIn Pro
Leu Pro 1655 1660 1665 Asp Leu Lys Asn val Lys Ser Lys lle Gly Ser Thr
Asp Adrdle 1670 1675 16801845 Tyr GIn Pro Lys GIy38f GIn Val Gin lle
Val Thr Lys Lys 1685 1690 1695 lle Asp Leu 5er His Val Thr 5er Lys Cys
Ghp5erd eddpySAsH L7000 ¥03 1AED IehArg HisdegRmw QGlyrGly Glyeirg
Val Ly38te Glu Ser val 17151750 1725 Lys Leu Asp'PPe Lys Glu Lys
Val GIn Ala Lys Val Gly Ser Leu 1730 1735 1740 Asp Asn Ala His His Val
A (Egg%yfm;ﬁl\%rﬁﬂ/m L8 i%g%ﬁhmmhelvsg 1755&Fer GiiULys et Asn
Phe Arg Glu His Ala Lys Ala Arg'Val Asp 1760 1765 iéi% His Gly Ala
Glu lle lle Thr GIn Ser Pro Gly Arg Ser Ser Val 1775 1780 1785 Ala ser
Br A arG et BerASn VA S SEFSEFEIF Berie ggﬁa 2795808 Asn
Leu Leu Glu 5er Pro GIn Leu Ala Thr Leu Ala Glu Asp Val 1805 1810

i <210>
]E_%]s'SPrTQr P %'AE_I?SL%J\:AG&llyy/S\ %m GGllz lﬁ?ﬂ% 1I eo %c?r‘zs'rhrzj'grosd u Arg

r
1430 1435 1440

Lys val Ala tys tys Glu Pro Ser Thr val Ser Arg Asp Glu val
1445 1450 1455

Arg Arg Lys Lys Ala val Tyr Lys Lys Ala Glu teu Ala Lys Lys
1460 1465 1470

Thr glu val GIn Ala His Ser bro Ser Arg Lys Phe Tle lLeu Lys
1475 1480 1485

Pro Ala Ile Lys Tyr Thr Arg Pro Thr His Leu Ser Cys val Lys
1490 1495 1500

Arg Lys Thr Thr Ala Ala Gly &Gly Glu Ser Ala teu Ala Pro Ser
1505 1510 1515

val Phe Lys GIn Ala Lys Asp Lys val Ser Asp Gly val Thr Lys
1520 1525 1530

Ser Pro Glu Lys Arg Ser Ser Leu Pro Arg Pro Ser Ser Ile Leu
1535 1540 : 1545

Pro Pro Arg Arg Gly val ser Gly Asp Arg Asp Glu Asn Ser pPhe
1550 1555 1560

Ser Leu Asn Ser Ser Ile Ser Ser Ser Ala Arg Arg Thr Thr Arg
1565 1570 1575

Ser Glu Pro Ile Arg Arg Ala Gly Lys Ser Gly Thr Ser Thr Pro
1580 1585 1590

Thr Thr Pro Gly Ser Thr Ala Ile Thr Pro Gly Thr Pro Pro Ser
1595 1600 1605

Tyr Ser Ser Arg Thr Pro Gly Thr Pro Gly Thr Pro  Ser Tyr Pro
1610 1615 1620

Arg Thr Pro His Thr Pro Gly Thr Pro Lys Ser Ala Ile Leu val
1625 1630 1635



<211>16 <212> PRT <213> Artificial Sequence <220> <223> sensitized
antigen peptide <220><221> MOD_RES <222> (8)..(8) <223>
PHOSPHORYLATION <400> 3 Cys ser lle Asp Met Val Asp Ser Pro GIn
Leu Ala Thr Leu Ala Asp -10- 15 10 15 210> 4 <211> 15 <212> PRT
<213> Homo sapiens <400> 4 Ser lle Asp Met Val Asp Ser Pro GIn Leu
Ala Thr Leu Ala ASP 1510 15 <210>5<211> 15 <212> PRT <213>
HE ggp?éﬂs‘"@ldtﬁ' 5\%}9@@@&3 el EeliGIT @erﬁ%ﬁg ERPLECARE Thr
LeuAlaGlu 151015 <210> 6 <211> 15 <212> PRT <213> Atrtificial

Sequqnce <220>
Pro 'Ala Thr Pro Lys GlIn Leu Arg Leu Ile Asn Gln Pro Leu Pro
1655 1660 1665

Asp Leu Lys Asn val Lys Ser Lys Ile Gly Ser Thr Asp Asn Ile
1670 1675 1680

Lys Tyr Gin Pro Lys Gly Gly Glin val Gin Ile val Thr Lys Lys
1685 1690 1695

Ile Asp Leu Ser His val Thr Ser Lys Cys Gly Ser lLeu Lys Asn
1700 1705 1710

IlTe Arg His Arg Pro Gly Gly Gly Arg val Lys Ile Glu Ser val
1715 1720 1725

Lys Leu Asp Phe Lys Glu Lys val GIn Ala tys val Gly Ser Leu
1730 1735 1740

Asp Asn  Ala HWis His val pro Gly Gly Gly Asn val Lys Ile Asp
1745 1750 1755

Ser GIn Lys Leu Asn Phe Arg Glu His Ala Lys Ala Arg val Asp
1760 1765 1770

His Gly Ala GTu Tle 1le Thr &1n Ser Pro Gly

Arg Ser Ser val
1775 1780 1785

Ala Ser Pro Arg Arg Leu Ser Asn val Ser Ser Ser Gly Ser Ile
1790 1795 1800

Asn Leu Leu Glu Ser Pro Gin Leu Ala Thr Leu Ala Glu Asp val
1805 1810 1815

Thr Ala Ala Leu Ala Lys Gin Gly Leu
1820 1825

<210> 3

<211> 16

<212> PRT

<213> artificial Sequence

<220> = _
<223> Sensitized antigen peptide

<220>

<2231> MOD_RES

<222> (8)..(8)

<223> PHOSPHORYLATION

<400> 3

Cys Ser Ile Asp Met val Asp Ser Pro GIn Leu Ala Thr Lteu Ala Asp



<223> phosphorylated peptide <220> <221> MOD_RES <222> (7)..(7)
<223> PHOSPHORYLATION <400> 6 Ser lle Asp Met Val Asp Ser Pro
GIn Leu Ala Thr Leu Ala Asp 151015 <210>7 <211> 15 <212> PRT
<213> Artificial Sequence <220> <223> phasphorylated peptide <220>
<221> MOD_RES <222> (7)..,.(7) <223> PHOSPHORYLATION <400> 7
Ser lle Asn Leu Le@ Glu Ser Pro GIn Leu Afa Thr Leu Ala Glu 1 8310 15
<210> 8 <211> 15 <212> PRT <213> Atrtificial sequence 11- <220>
<228> cansensus sequence <220> <221> VARIANT <222> (3)..(3)

ﬁ%%%% xﬁT:Asp or Asn

<213> Homo sapiens

<400> 4

ser ITe Asp Met val Asp Ser Pro Glin Leu Ala Thr Leu Ala Asp
1 5 10 15
<210> 5

<211> 15

<212> PRT

<213> Homo sapiens

<400> 5 _

Ser Ile Asn Leu Leu Glu Ser Pro Gin Leu Ala Thr iLeu Ala Glu
1 5 10 15
<210> 6

<211> 15

<212> PRT

<213> Artificial sequence

<220> .
<223> phosphorylated peptide

<220>

<221> MOD_RES

<222> (1..(T)

<223> PHOSPHORYLATION

<400> 6

ser Ile Asp Met val Asp Ser Pro Gin Leu Ala Thr Leu Ala Asp
1 5 15

<210 7

<211> 15

<212> PRT

<213> Artificial Sequence
<220>

<223> phosphorylated peptide

<220>

<221> MOD_RES

<222> (7)..(7)

<223> PHOSPHORYLATION

<4Q0> 7

Ser Ile Asn beu Leu Glu Ser Pro GIn Leu Ala Thr Leu Ala Glu
1 5 10 15
<210> 8

<211> 15

<212> PRT

<213> Artificial Sequence



<220> <221> VARIANT <222> (4)..(4) <223> Xaa =Met or Leu <220>
<221> VARIANT <222> (5)..(5) <223> Xaa =Val or Leu <220> <221>
VARIANT <222> (6)..(6) <223> Xaa =Asp or Glu <220> <221>
VARIANT <222> (15)..(15) <223> Xaa TA\sp or Glu <400> 8 ser lle xaa
xaa xaa xaa Ser Pro GIn Leu Ala Thr Leu Alaxaa 15 10 15 <210>9
<211> 15 <212> PRT <213> Atrtificial sequence <220> <223> _
@BA8enSO8SEFHENEBATTIG> <221> VARIANT <222> (3)..(3) <223> xaa
=Asp or Asn <220> <221> VARIANT <222> (4)..(4)
<Z220>

<221> VARIANT

<222 (3)..(
<223> Xaa =Asp oOr Asn

<220>

<221> VARIANT

<222> (4)..(4)

<223> Xaa =Met or Leu

<220>

<221> VARIANT

<222>  (5)..(5)

<223> Xaa =Val or Leu

<220>

<221> VARIANT

<222> (6)..(6)

<223> Xaa =Asp or Glu

<220>

<221> VARIANT

<222> (15)..(15)
<223> Xaa =Asp or Glu

<400> 8

Ser Ile Xaa Xaa Xaa Xaa ser Pro GIn Leu Ala Thr Leu Ala Xaa
1 5 10 15

<210> 9

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> consensus sequence

<220>

<221> VARIANT

<222> (3..(3)

«<223> Xaa =Asp Gr Asn

<220>

<221> VARIANT

<222> (A)..1

<223> Xaa =Met or Leu

<220>

<221> VARIANT

<222> (5)..(5)

<223> Xaa =val or Ley

<220>

«221> VARIANT

<222> (6)..(6)

<223> Xaa =Asp or Glu

<220>

<2231> MOD_RES

222> (7)..(D)

<223> PHOSPHORYLATION

<220>



<223> xaa =Met or Leu <220> <221> VARIANT <222> (5)..(5) <223>
xaa =Val or Leu <220> <221> VARIANT <222> (6)..(6) <223> Xaa =Asp
or Glu <220><221> MOD_RES <222> (7)..(7) <223>
PHOSPHORYLATION <220> -12- <221>4ARIANT <222> (15)..(15)

<223> Xaa =Asp or Glu <400> 9 Ser lle Xaa Xaa Xaa Xaa Ser Pro GIn

<@dAla Vhrleo Ala Xaa 15 10 15
<222> (15)..(15)
<223> Xaa =Asp or Glu

<400> 9

Ser Ile Xaa Xaa Xaa Xaa Ser Pro GIn Leu Ala Thr Leu Ala Xaa
1 5 10 15



