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PROTEI N REGULATI ON | NTRODUCTI ON Technical Field The field of this ihydbliligh
i s bi ol‘ggioq}gj‘glﬁodel s and therapeutics. Back round Convent pounaishysisgene
expression 1 n higher eukaryotes is generally believed to involve the
conversion of information encoded in the genone into proteins through the
processes of transcription, RNA splicing and export, and translation.
Localization of newly synthesized proteins to the correct intracellular
conpartment, and folding into the correct tertiary structure, are two

addi tional processes_af whi ch_gen 0SS, QN HGA-Hxni 5 | e Bhe, be
regul at ed. CONBQRMATIONA I AND LOPQLOGAL AL £ , ated only
with respect to fidelity (Song et al, Cell (2000) 100:333-343), degradation
(Wertz et al, Nature (1996) 384:432-438), or signaling to other
conpartnents (Sidrauski et al. INFRODUCTEON Biol (1998) 8:245-249), and
not with respect to the information content of the expressed gene.

Li kewi se, folding has al so not been viewed at a point of fundanental
regulﬁd’hmhﬁfmmne expression. In general, a dichotomy has been accepted
bet weef—a—protern being either properly folded or nisfolded (Ellgaard, et
al ., Sci entae (tADSY (hASBiIvEssen igigelogical modslsadohEraPFutitfat prot ei ns ni ght
have nmore than one properly folded state and that the <cell mght be able
to sel ect one versus another folded state under particul ar circunstances

or c ditirc‘))ngd has not been seriously considered. If either of these

possi kgr were true, the information content. of the genope;yould be
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with f:{;spéct o ﬁdé‘lity (Sdng et\al, Cell (2000) 100:333-343), degradation (Wiertz et al,
ents (Sidrauski et al., 7 rends

Nature (1996) 384:432-438), or signaling to other compartim

Cell Biol (1998) 8:245-249), and not with respect to the information content of the

expressed gene. Likewise, folding has also not been viewed at a point of fundamental

i n
regulation of gene expression. In general, 2 dichotomy has been accepted between a prote

being either properly folded or misfolded (Ellgaard, et al., Science (1999) 286:1882-1888).

The possibility that proteins might have more than one proper]y folded state and that the

cell might be able to select one versus another folded state under particular circumstances

or conditions, has not been seriously considered. If either of these possibilities were true,

the information content of the genome would be greatly increased. If an inveniion made 1t

possible to select one conformation versus another, such an invention would be a platform

for determining and accessing the information content of the genome in ways that have not

been heretofore possible.
In regards to protein folding, a fundamental dogma of modern biology 1s that

) primary structure determines secondary structure, which, together with relevant post-
translational modifications such as glycosylation, determines the tertiary structure of

proteins (Anfinsen, Science (1973) 181:223-230). One revision of this view occurred with



the realization that nol ecul ar chaperones play a crucial role in enﬁa
the fidelity of protein folding by preventing inappropriate inter |on

t her eby 61'/44%@“ ng the process of achieving the proper final folded
state (Ell11s and Hard, Faseb J (1996) 10:20-26). The recod G Y3 ¢Hat
folding is likely initiated in many parts of the nolecule at the sane tine,
allowing the chain to funnel towards a m ni num energy state w thout
sanpling every possibility along the way, constituted a second revision in
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transfer sequences and hybrid signal-anchor sequences whose interaction with various ER
proteins directs the final transmembrane orientation of the polypeptide and often play a
subsequent role in anchoring the protein in the bilayer after the chain is released from the
translocation channel into the lipid bilayer (Skach and Lingappa, J Biol Chem (1993)
268:23552-23561; Borel and Simon, Cell (1996) 85:379-389; Heinrich et al, Cell (2000)
102:233-244; Moss et al., Mol Biol Cell (1998) 9:2681-2697).

In the case of secretory proteins, the signal sequence is usually cleaved from the
growing chain by the ER membrane associated signal peptidase complex, trapping the
nascent chain in the ER lumen (Matlack et al., J Cell Biol (1999) 270:6170-6180), with the
cleaved signal peptide most likely returned to the cytosol and degraded (Lyko et al., J Biol
Chem (1995) 270:19873-19878). In bacteria and primitive eukaryotes such as yeast, a

substantial amount of translocation occurs after synthesis is completed (Rapoport €t al.,, J
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post-translational translocation, a role for the signal sequence as a

nol eculyap pglAaagr one to mai ntain the unfol ded state has beenuppoposed (Liu
et al., PNAS (1986) 86:9213-9217). However in higher eukaryotes, where npst
transl ocation across the ER nenbrane appears to occur co-translationally,
that is, while the chainis still being nade, it has generally been
assuned that the nascent chain is transferred directly to the ER | umen
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machinery and determinants involved in translocation
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Third, it is clear that the

 across the ER membrane play an important role in selecting the folding funnet down which

otein proceeds, and that manipulation of either the signal sequence
are

a newly synthesized pr
ry with which the chain interacts in the cytosol, membrane or ER lumen

or the machine .
or mix of

ways to change the folding funnel selected, and therefore, the final conformaton

conformations of the protein.

The major implication of the first two revisions of the prote
The major implication of the . .

in folding paradigm is to

increase the information content of the genome enormously.

is i i i genome for
third is to reveal a means of accessing this increased information content of the g

diagnostic and therapeutic advantage, giving rise to the subject nveniio

1 1di e an
Besides elucidating these points of background, our studies demonstrat

. ina
invention by which the choice of folding funnel can be altered for any given proteini

i 1 cture, but which can result in
way that does not change the proteins final primary stru
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conformation or shape. W denonstrate the signal sequénce is able !5)

i nfluenc I ding funnel utilized by the grow ng pol ypeptide chain,

and t her ggé)ffﬁ{%ﬁl nfl uence the final fol ded conformation of Eﬁg THSRYHYF ng
new y synthesized protein. Furthernore, cells are able to choose one versus
another final 5 conformation through signal sequence-nedi ated regul ation.
Because a linear polypeptide sequence folding in different ways coul d have
subst anjrh @htiy cﬁtilfgfe§r1ﬁ e g{?ﬁtﬂ & ﬁlpef]yadﬁélconﬁ?ﬂﬁﬁﬁﬁ lb¥3h E@rﬂb te the
activities, this newlev regul ation greatly incréases t ormatlon
cont entsxgrfal tsmegemmd)lam«ﬂ itthenpo tlenfoldihg ffamet egliceat bprhograeing p@igmepad;é on
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Figure 2 WS i he ooIo Pr P, - Pr rP. M craosones
fromi ﬁe%lg t“?c‘é?? ‘aﬂ%f“a "f‘%ﬁ T4 e FFQHL"I W&tﬁugﬁanﬁlaégc@&%%mo‘f’a@%w B¥§Ralt r uct
ver e | bl b SRADIEALAL MR A0k HLYIARY of R RRiALclY dHcfses
digestion with proteinase K (PK) 1 n the presence or absehce of %riton
X- 100 Jnfodenveryeomipnnel thedicoame dndahopotehbalgior regiriatien pfjgene wa:gesse:frt
untreated b] @Fﬁ?ﬁl topol ogical forns of PrP yield distinctively sized
bands FF ?g% with PKin the absence of detergent (Hedge et al.
(J;988a) SC| ence 279, 827-834). The position of each band, along with a
di agrammatic representatlon of the resectlve toolo is provided to the
left of the gel. C eaBRERDESHRIP] FqLHE NGPr P was
inefficient, causing 5"PrP and N" PrP to be represent ed by both a
signal-cleaved speci es and a signal -uncl eaved species. Ml ecul ar wei ght
mar ker s ar e Fgure hshows He gffacteon tapolagdy ofirgpkkingathe PrPisagnal sequenche c""PrP

shown Eleiey! Phche ™ Ehegrgyic UErding b WiiEe FRE! P BEC Re8 B PHEr Bl do”
ngt i m}éé}{@?lﬁ)s sfgnbl Eéﬁ%@h@&ﬁroxﬁ'l&@r Sreprolabin SHVSreFhdtadctdinhad gekelino tiRePrP

presenc arying anmounts of m crosones as indicated on the x-axis.
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reactions of each construct were isolated by sedimentation and divided into equal aliquots

for digestion with proteinase K (PK) in the presence or absence of 1% Triton X-100

) (detergent) as indicated below the gel. One aliquot was left untreated. The three
topological forms of PrP yield distinctively sized bands upon digestion with PK in the
absence of detergent (Hedge er al. (1988a) Science 279, 827-834). The position of each
band, along with a diagrammatic representation of the respective topology, is provided to
the left of the gel. Cleavage of the signal sequence of Prl-PrP was inefficient, causing

i s=<prP and ™ PrP to be represented by both a signal-cleaved species and a signal-uncleaved
species. Molecular weight markers are at right. The percentage of translocated chains in
the “PrP topology for each construct was guantitated from 3 such experiments and is
shown in (C) (mean +/- SEM).

Figure 2 shows that kinetics of targeting do not influence PrP topology. Figure 2
) (A) shows PrP translated in the presence of varying amounts of microsomes as indicated on

the x-axis. Following proteolysis assays for topology, autoradiographs were quantitated to

determine the percentage of total translation product that was signal ¢leaved (closed




5 squares), and the percentage of translocated chains in the c' RPN 7
t opol ogy (open circles). Figure 2 (B) shows translation reactions "oJf F;Zr‘15
synchroni zed by inhibition of initiation at 5 mnutes w tpcfsidbATA At
st agger e”éfoioﬁ%%\?al s (as indicated on the x-axis), aliquots were renoved,
m crosones were added, and targeting @and translocation were allowed to
proceed for 30 m nutes. Topol ogy and signal cleavage were determ ned and
plotted as in Figure 2 (A). Figure 2 (C shows an Stul-truncated nRNA,
encodi n R sleatc@slink in HRe“PP@sepoaydopen bacley). or
gcﬁj@é{%z d%?%l;%{&gl%%& of trdns R e 3

absence m crosones. After 5 mnutes, further. .ini %.i at{%n
e
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quanti as above. Figure 3 shows that the signal
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t rans| Hige 2rieht r : e "m ct 6sones from these 5 reactions were
| sol at ﬁ'gnBXtegglggﬂEigfe?%ﬂc@Wopg‘Baﬁj bl dBlenod (shaddl baspbEmicrostmEs. WFEF eat ed

and PK™was a e remni nder. Prl and PL-

I t 1.
3L andsRpjnutdl] fudier initationtwad iakibiipd pyithphd Ag i%rét 8&%‘%’8 "2?9 grgﬁrsot%?‘&g‘% ‘s)ngyérJl
am no acids are indjcated. ., Fi . " - ek Hhtthuedrfd
13L. pr Addest to e sAEBlSRCEPE shghd I e for Toth {/égghg?gma@ Neel (1 13; aa)

g2l (43 g@onaﬁso Hifekt, (Na86eraahaimncveandienzetbabyd froot i yaosomes YU H
Fi'gure ? . The percentage of material prote teg fura agé(ggss BRB by PK was
measur esM BDTdenSignel pheeyase 25ddAPPIO8Y Ve g?sef'sﬁ aélut%rag}l ogr aphs shown, and

is given be']ﬂpﬁl%af bhowHRL fhe sihea eqidnogsnfatentésgint: ritpoewememblageposi ti on
of both the sfgna

sequence (open box) and trans ran oJraj I box
Wi th r eemen. Fipirbs (nf)bo’ﬁmme(ltegi@Nészﬁ)Oé RERRECIAFR @qgtl?%%eg?ﬁ?@&alg%é@)ﬁ om)
TRAM dependence. Figure 4 (A):. 5,Si 3 t PrP,
Pr P( R2. ?rlFmﬂ(Bri:Bé?‘,fvem W‘éﬂ%@g ?HQZ@%%%([%%%%%ﬁgegonﬁ% %g:% fg%?gﬁeé hanges in
each constr uctwcf% %olmg@ bl isB@henddifbrt hons hliguoefof sagnsimplecwasigh untrepiedi cat ed
| (B):

by an &r1GWNedd " Fglre 4 (B): the constructs shown in Fi urﬁ (Al pere
used t andFROWamdteanstieticoninded. tHrhpad BeAT 3576 BHPEFEAR! PXHY: the®tesul t ant
topol ogy anal yzed b eolysi; inBseFd rBerd Br atio RES @R indicacidPr P
synt he%s%%yrﬁﬁ%?al?'a&égﬁbﬁ}?eoélgeesﬁgﬁ tpgsr‘rtedt(%g{ of "the aut or adi ogr aphs aqg i s
shown f}qgul%a@k%)c_opﬁtpﬂ:c,twndtt}@e?@mahdsﬁéqBﬁhwere whnesethatc B (bt ea ffer wild-
i ndi cat'ed on the x-axis. c'n' PrP synt hg{si ik){@b Pél - Pr Palnggd {)%-gt@a LS as
shown figpe PoRpavdel ¢hl3 Fgdbel €13003). PhE!H il Iangélalu e PEf At T Ons shown
in Fi gli;l%i%greJB,U(NA)Z.Oq.ﬁe \I/)\Qrc(%il,(a%é%}ﬁnaterial protected from digestion by PK was measured

by densitormetric quantitation of the autoradiographs shown, and is given below each

sample. The drawings at right represent the position of both the signal sequence (open

box) and transmembrane domain (gray box) with respect to the ribosome.
Figure 4 shows dissociation of topology from TRAM dependence. Figure 4 (A):

5 signal sequences of constructs PP, PrPq. s PrPis 5 PrPras): and PrPq, 5, The amino

acid changes in each construct are underlined, and the site of signal cleavage is indicated
by an arrowhead. Figure 4 (B): the constructs shown in Figure 4 (A) were used 10
program translation and tra_nslocation reactions, and the resultant topology analyzed by
proteolysis as in Figure 1B. The percent of “"PrP synthesis was quantitated by

0 densitometry of the autoradjographs and is shown for each construct. The signal sequence
of each construct is indicated on the x-axis. cmprp synthesis for Prl-PrP and BL-PrP is

. . . , .  Eioure
shown for comparison. Figure 4 (C): the PrP signal sequence mutations shown 1n Figu



6 PCTI USOO 3437:5 5A were fused to the prolactin mature region. Th?ﬁ%ﬁ%’d&
sequences of prepro-al pha.-fractor (dependent) and preprol actin '

(i ndepenqeejnt ~fused to the prolactin mature region, served as controls
for TRAM Qﬁ%ﬁa@ﬁt and TRAM i ndependent signal sequences, r ®§PEEDIETy (see
Voi gt et alL, (1996) J. Cell. Biol. 134, 25-35). Constructs were transl ated
and translocated 5 in ConA-depleted p‘? ot eol i posornes contai ning or | acking
purified TRAM (prepared as described in the Experinental Procedures). An
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with anti -lorot ein anti bodi es. TRAM dependence, shown here, was neasured as
the perFgBtpls {97 ikahAeprndent 31T BAM-1pdepcadent ¢ignal 67qusncesa respectively (see

pr ot eoky S ' e 1AkL2 . O | 0] FELgure
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transl qgcat ed,, and nal yzed for topology by proteolysis exactly as in

Fi gur e 9¢531begia the é?’@ﬁl&ﬁn@ﬂ Péa%qﬁiure&)op%m aéqwfr% €ATh EeacHem oS st 28ide fqght .
Fi gure 5. : d R . v - P - P)
vere o0l B PRIGHRN b dekfarod W ooy boeed o IR R | FREL
in Ei gueraainBer GNthe mRreFial wlaﬂb&aredadittémmgﬁﬂ Iﬂéﬂ'gﬁjﬁt }IﬂxlﬁuhSPﬂeﬂiﬂahﬁﬁﬁeﬁitlﬁt
right. Figure. 5  Hingll-truncated nRNAs codin or - 180-mers of PrP,

Pr [ - Pr BOOS ,rysenaﬂlafq'%dwaar '@RW,d,epe et gt Bitred i margurshasdhe gersent

m)Cr 0S @RhisH fbf‘ﬁbé%a&é}ﬁr'&téé&i a8 i Yn 1RestioRRNHBE R 1&19@616&)};(&4 &15&%@ PK

to examne the state of the ribosone-nenbrane junction was perforne

exact | o ARAM-Fmganeg3hB8mbEingare 6 shows the interaction of s'cPrP with PDL
Figure 6 (Ax. H n | -truncated cadi for PrP(, a3 and Pr P( AV3)
(- 150 nes o Figutens Shows FAMRGRbG heDRER T Sphil St ¥nek anh Vi) Fiblie’s
~edi megAnt Constrare AP, gLoerlviaP L L eate gLV, | warbltiah8lafetXian@ibeatbdeand

remai nder was left ~untreated (-XL). Uncr,oss,Ti nked material is shown at the
bot t onfRAlyZageforgapology dy Argieatysinexastly 3 dr sgwe By Theimggratiogrdeash ar e

shown ' . . - i ndi p b2 r ot mbel y 65 kDa
Wi on BPOIdRi olts MACHOFRE righl LD ()8 iRl e B TR e p° ang
OL- Pr Pande fE-PrR(GAABBY ware tiansdhded atrdntl pemeds caneyeanablzyd dier iopoldgycdyr BK & xae)y

B cr G0 F1Ewe dBenORly TR i Shivavedydd iy miffaton Sodial gty e >
Prl - Pr @oyangirn G cruBbal TaRAS ddauiie fred 18b-thaslof Ipcb, Pi-paF, 3), andlpanal yzed by
cross-li'nking exactly as in 4n : :
PrP ., Were translated in the presence of microsomes, which were then isolated by
} sedimentation. Proteolysis with PK to examine the state of the ribosome-membrane junction
was performed exactly as in Figure 3B. _

Figure 6 shows the interaction of S*“PrP with PD). Figure 6 (A): Hincll-truncated
mRNAs coding for PrPg,,3p and PrP ., {~ 180-mers) were translated, and the membranes
were isolated by sedimentation. One aliquot was treated with 1 mM DSS (+XL) and the

' remainder was left untreated (-XL). Uncrosslinked material is shown at the bottom of the
gel, The migrations of the molecular weight markers are shown at right. The arrowhead
indicates a protein of approximately 65 kDa which cross-links preferentially 10 PrP g q5p).-
Figure 6 (B): Prl-PrP and BL-PrP were truncated at Hincll and treated exactly as in
Figure 6 (A). Equal amounts of total translation product were loaded in each lane. The

) 65 kDa cross-link seen in (A) is indicated by an arrowhead. Figure 6 (C): Prl-PrP and
BL-PrP were truncated at Nael (~113-mers) and analyzed by cross-linking exacily as in

Figure (A). The 65 kDa cross-link seen in Figure 6 (A) (closed arrowhead) and 2 60 kDa




Figure (A). The 65 kDa cross-link seen in Figure 6. (A) (closed ar Tpwighans
and a 60 kDa 1 5 JUN 2004 WD 01/44816 7 PCT1US00/3437'5 cross-link which
also preferentially forms with Prl-PrP (open arrowhead) afernswizeated.

Fi gur eV p3481Pyrificati on of PDIp. Shown is a Coomassie stain of starting
rough mcrosones (RMWs); proteins not extracted (pellet) or extracted by
saponin treatnent; flow through (FT) and eluate of the saponin extract
from a ConA-sepharose colum; flow through and el uate of th_ediCotnﬁ\ el uate
froma O sephargs : RapIreiPie alpenfaractlicds afer pdicaled.

gel -fq?ﬁlﬁgﬁlc%éfgg%#%f@?}ggﬁﬁ ng, in puria?)j cat.io gqf .§65 lgpiel.{]row) to
near -FiBefg eDgi Pyiri fiSeoErp 8D pe fwvins GceeRIpass e SRS HHEE 87 T he

purification. Figure 6 (E): Prl-PrP - Pr.E r aps @éfshentd fldve

pres erniﬁéﬂwneéi(m\g$)§ ﬁéﬂ&&@a&ot Ff‘% Ctﬁélr(n%ﬁégo@ ‘J‘E{rual?ﬂldr%‘a t?yb%a?t orri panefI:%w

M cr OSONes, th%0 Fratred CopAs sahhAarse £OIVGHD; 1owin
P FeR: () o e R ST ot the

Cross- S, "'the nascent chains re rlgﬁﬁ]aes%q}léc{ %th he

r i bosgpREnirdeludi0 ofvhEDDAA elnatedramdh QzpBM SRR Radl” t's Xt Y act t he

| umenal proteins. One aliq S S ' AResioch .of$6s (@ndwans nbadi es
agai rﬁactmgrqmm-fégragyn z‘}?‘%bﬁ%w a%é%ﬂ@ﬁgd %5 ISL\k/verl e lﬁ)tqdodg))g ofi:r eg?%%Eg_o t he
remai ni Ng_nat.eri ArEHAGROeEdRES fdri deimils RifIthPpPnie vl ab @dr :
pancr%%ﬁg%enr%ng'r o%égnﬁé’g{ecross-l I nks pref erren%i.gl I % toeaPPLSB?&’ La§ggb%{iﬁ owhead)
and Pph_g@ngid B-PrPovéreatnslaigs inathe preseRCe PLEE PARCTS %open arlroyvhead)
is observed in brain mcro ' ifolatcdYARdananationg  Wollewingpe
PrpP afh!)tl@iigﬁ%ﬂel)s%’éﬁf@mespcﬁnﬁﬁ ng?rnuetngﬁnrtggésﬁr %%(llgzci) Egre 4A, truncated at,Nael to
yi el dorged di3kfroSOis 1 MM WSS, s naidedt clyies wereaslearat o rr%o”?%?‘lcatthed at
Mool | to yield a 100-riser, were trans|a Z&etediYs. OneSsighatnki ng
as i nipamd EDAA, a6l §-8% sPEiDH s Iapﬁ%f#géxg%aeggslgg%? mciﬁgit nrel easeqwi th 10

mM EDTA Q. 594 S i dithspdmntPipdiamee 2 53 et PRE (12888 3 afl™fife
super?‘Vé'l’t"‘zﬁf:ittz,151 eoﬁ?ﬁ#nfl]n ’Iaﬁ%gﬁglgb ;;ro'?gej ns, was .r%(;overgg._ A Rnaas s
desi gpad&l SERIR- tosthe aemamingimaterial FPOYRTPRRIECTPHACT gna]i’ sequence of each

construct is indicated bel ow the : tIP 15tV Tewinadp ahd P dbpemdel
for spgmalsf‘eql!l‘éfﬁé‘émé%ﬁoéﬁ?mlfﬁgr%tlg%hgfmgggulebﬁ%gc det erm nes, the, state of the
ri bosone-“ﬂ;gg@r Wd bﬁl?taj Qdss-Yik 66 PDT (bpemarrowheash de gbseryghin R18b| ogi cal
fate PHYNE“Case of PrP, and oer haps, nor e subt kﬁpgﬁ(ﬁ)gg&gl Qlquti@nsdincat i onal
behav iggieréyones hefigenels (Nat RN AR easeing ¥ilgryR% ransl ocatl onal outcone is
given. Figure 8 shows ose §oQfie1a " Pn P3-intsicadweld as odll-geaer at i on.
Fi gurén@a{l%)f!fomfcsigﬁlieo ’ %P“%ﬁ‘%%ﬁf’yg% g%e mut ant Pr P mél eaql SWEN Z&h? ER In
vitro qs%@tomﬁin)z(@gnttﬁﬁﬂaﬁaia@mmm pigld arl0Baner, pere 3ALREH @Y APRYF At 2d
above el's)" was used to program a rabbit : i
v cross—lgi]nking as in pgnel (A). ollo%'ing cross—elmlﬂng and nascent chain release with
10 mM EDTA. 0.5% saponin was added, the membranes were sedimented, and the

H SEC .
ning lumenal proteins, was recovered. Arrowheads designate PrP

supemmatant, contai
: ’ s indicated below the

specific lumenal cross-links. The signal sequence of each copstruct 1

gel.

Figure 7 shows a hypothetical model for signal sequence action. The signal

i j i ich i influences
sequence determines the state of the ribosome-membrane juncnon, which 1n turn

final topological fate in the case of PrP, and perhaps more subtie aspects of translocational

i is given.
behavior or other substrates. An example of each translocational outcome is g1

" 1 ion. Figure 8 (A):
Figure 8 shows a dose response of € PrP induced neurcdegeneration Fig (A)

ild type and mutant PrP molecules at the ER. In vitro synthesized transcript

Topology of w

r each PrP construct (indicated above the gels) was used to program a rabbit

) coding fo | '
culocyte lysate cell-free translation reaction containing ER derived micros
Following translation,

1 omal
reti

membranes and a competitive peptide inhibitor of glycosylation.




reticulocyte lysate cell-free translation reaction containing ER d l@ﬂ |
m crosomal menbranes and’ a:conpetitive peptide inhibitor of gl yco?;/ﬁl @H
Fol | owi ng_transl at ion, 1 JUN 2004 WD 01/44816 PCT/ USQOQ 34375 8 sanpl es
vere eit h&OPYMBIANt reated or digested with PK in the absencRCHUSHrBSENCe
of 0.5% Triton X-100 ("Det") as i ndi C%t ted above the gel. The positions of
the full-length PrP nolecule, the NH2-term nal fragrrent (i ndicative of
"Prp) and the COOHterm nal fragment (indicative of ¢ nmPrP) generated by
PK di ge )....Level of ex si,on
of vars umpsahe TRREPHPhut Ited bPBlacsiEh WEPE 12 hPhsenf &t pse R T 260 ve
the | ané‘sr)tome—lOB’o(b]Dan”I) akandigssdtatofd thmgeacmhé [pRBRREB ot (NDfSEleYath PrP
i ni mmobl C élP PrP wi.th 13A5 monocl gnal antibody and cog]par ed to a
S

titrati HFF 6‘?“ N2~ g pia ragag g (H@Fﬁﬁeé%af " PHGudethg QRPH-terminadour se of
d | Ci P 7
T T M

(dashed(B):nkpvelrol ekglSshbr dF(Wriotk Itbalri];gc(mld meask liseyavasying abuhisam (Manson,

et al 94) . Neurol o 46: 532-537) are shown for corrparl son. Figure 8
(D): Ané'fd?'%ﬁt%d IPO‘(?aﬁth%%es? Pgﬁg&ehiaén Rreesanl Spm earhHEmseeric muusewidi cat ed
above t ign@abbioted for PP waidh fAP%orﬁ@loﬁﬂsﬁﬁle f‘ah@ c ?éiﬁto a fitration f

Tg[ SHaPr P(A117V) 1j and Tg[ SHaPrP(N108I) sanpl es were from c I ni caP y ill
m ce ansyn® Iypsenbrapg Ammynqteariﬁgﬁg[&@ﬁiﬁm@mr)sg: of deydlepmewraef from ni ce

of e SBPEms BTG SERPRAM ATRE Rioth oSSk and Ref e D Spen 1 B ¢
onty segcles). t Ren-t ¢ Rorkd1’ MYindals @BQ}CdTﬁEﬁE@EW@@@Qﬂﬁ(Kj{ﬁm @foseo PK

resistant PrPsC was observed in any of the sanples. gure 9 shows a

rel at i offBIIes; Kataem Mfmﬁ?ﬂ? fﬁr@d ﬂlg%) Nemolpgy et 5%23:ﬁ37X8)B shown: foer Ti me
nocut atraRe e PENE 8 oy ATl Be VRO bANS HER Gl SBRn AR,

| evel s mfliqarest stase thegestfaﬂ‘r“mpmm&i RipSt asdesofibéd i®&Shads. vari ous transgenic

i nes. | | h | ted h PKC
conai 11 DEEHATHALFINud ind el Habep Gig! Batsemmiesreniom d il Vol micecrnd o

Proa (T %[gggat e?‘vvlth %I@m?;fg&ﬁﬁgﬁ?ﬁﬂllgg)gct e?pebf‘;"é&nﬁaSlltﬂ Bma e 0 °

PrPs” y I munoblotting wth the
13A5 rrmmsllgnﬂaf disaage) o dbast G0 dposoftagen Tife fumgingmsefel’P fesistant enfkhuikieP i s

I ndi cat h an. asterisk. .Fi queg . (G: The nt.
transge[ﬁFcrqﬂltdngof’%@gnﬁ"alﬂagawe s BT‘%H%@Y EVOE 1 11 e tﬁf@gﬁxﬁg{}ﬁﬁﬁggﬁ*ﬂrqﬁg
accunul BgfSHaPrP{NMEOST), TRafipldsl | NROFK FexlistanvPAD™ iviaCotsettedin\iiny Fof $AE Sdmples ONS .
Fi gure 10 shﬁ*%a | ack of transm ssion o(; CtnPrP i nduced ngurode eneratlve

di sease. Ter ¢ Pyshpps argglasionship hegtweqn y\RrPiang; Rep ( Kiguse

cld ni cafiiye QLSBT development of iliness in various transgenic lines following inoculation

with Sc237 hamster prions. Figure 9 (B), (D), (F): Relative levels of protease-resistant
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digested using ‘harsh PK’ conditions as described in Methods and equivalent amounts of
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contain one-tenth as much). Figure 11 (C): Relative amounts of hamster “"PrP (detected
selectively using the 3F4 mbnoclonal antibody) at various times after inoculation with
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Figure 12 shows a three stage model of prion disease pathogenesis. Stage 1 is the

i formation and accumulation of PrP*. This could be initiated by either inoculation or
spontaneous conversion of a mutated PrPC to PrP¥. Stage II comprises the events involved
in generating “"PrP. These events could be affected in trans at a presently unknown step
(dashed lines with question marks) by accumulated PrP* or in cis by certain mutations
within PrP. Stage 11l represents the events (currently unknown) involved in “"PrP

3 mediated neurodegeneration. This likely involves exit of “"PrP to a post-ER compartment
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necessary, whereas “"PrP production is necessary and sufficient for the development of
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Figure 15: Prolactin (Prl) and IgG/Prl were truncated at Pyull (encoding the signal
sequence and 56 amino acids of the mature region of each proiein) and translated 1n the
presences of canine pancreatic rough microsomes. Targetéd chains were isolated by
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[XL]. The arrowhead indicates a protein of approximately 35 kDa which cross-links
preferentially to Pri. 10 kDa uncross-linked material is at the bottom of the panel.
Migration of molecular weight markers is indicated to the left of the gel.

Figure 16: Glycosylation as a reporter of signal sequence-dependent conformational

} change. Figure 16 (A): in vitro-transcribed mRNAs encoding native preprolactin (Prl)

with an engineered N-terminal glycosylation site, or glycoprolactin fused to the signal

sequences of mouse IgG heavy chain (JgG/Prl), rat growth hormone (GH/Prl), or hamster
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Figure 17 shows requirement of junctional regulation for successful translocation.

Figure 17 (A): The prolactin mature region was fused to either its own signal sequence
(Prl-Prl) or those of pre-beta-lactamase (BL-Prl) or pre-1gG heavy chain (JgG-Prl) at the
site of signal sequence c]eavag;e- Full-length mRNAs for these substrates were translated

s in the presence of microsomal membranes and analyzed as in Figure 17A. For each
substrate, the efficiency of translocation was determined by quantitating the percentage of
total chains which achieved a processed, translocated state. Each bar represents the mean
percent transiocation from three trials (+/- SEM). Figure 17 (B): mRNAs encoding Prl-
Prl, PL-Prl, and I1gG-Prl were truncated at either Pvull or Aflil. The number of amino

0 acids from mature prolactin is shown in parentheses. Translated, sedimented chains were

analyzed by proteolysis as in Figure 15B to assess the state of the ribosome-membrane

junction. The y-axis plots the mean percent protection of each substrate from PK in three
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I ndependent of these considerations. Second order protein folding

mani f e depictadsas hatched gectapglest. waygur@n]& &), the translocon serves as a molecular

0 chaperone. In Figure 18 (B), the translocon forces the nascent chain to initiate folding in a
reducing environment, perhaps in association with molecular chaperones or machinery for
post-translational modifications. Note that the lumenal gate of the translocon is closed,
while that on the cytoplasmic side that makes up the ribosome-membrane junction, is open.
In Figure 18 (C), the converse is achieved -- a closed cytoplasmic gate and an open

lumenal gate, again with the implicit participation of distinct molecular chaperones.

A

Finally, Figure 18 (D) indicates that the action of TrAFs can result in a change in protein
topology as well as conformation. First order protein folding is independent of these
considerations. Second order protein folding manifests itself in different ways (note
different molecular chaperones in Figure 18 B vs C) depending on TrAF action which

} constitutes the third order level of complexity of protein folding. The final order of

complexity of protein folding is due to the regulation of TraAFs by signaling pathways that
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as previously described. Shown are the products of digestion with protease in the absence
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Mol Cell 2:85-91). Upper arrow indicates the position of SecPrP; lower arrow of Ctm-
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fursct i omlistiRe pk@kind9 Proteins of varying conformation are produced by varying the signal
sequence, replacing the wild-type signal sequence with sequences of known mechanism,
selectively including translocon associated proteins in an in vitro translocation model
system, employing modified lysates with microsomes for mnvestigating and producing
conformationally distinct proteins, for producing and employing knock-out and mutant
20 small 1aboratory mammals resulting in modulation of rhé topographical production of target

proteins and elucidating physiological mechanisms.
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0 reticulocyte lysate fractionation scheme. The methodology for fractionation of translation
extracts and fractionation of solubilized membranes with reconstitution of subfractions
containing or missing particular trans-acting activities, offers several advantages over
existing systems. The process can be readily expanded to a large scale; the materials
required for the fractionation are either inexpensive (common chemicals) or reuseable

5 (centrifuge tubes, ion exchange resin); and the final products have a long shelf life when
stored appropriately.

This fractionated system offers several advantages over the currently available RRL,
including: We have demonstrated that simply supplementing an S-100 fraction from
Xenopus oocytes with RRL ribosomes results in translation efficiencies more than an order

) of magnitude greater than previous cocyie translaiion systems (2). Such an oocyle system
can be used to study oocyte specific events such as translational repression of

developmentally regulated factors; and also, it appears that the ribosomes contained in the
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for di si.on de and Lingappa, .(1996 Il 85,7 217-228106r a
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di scussion Jf 58" 8 * B e he Higpatee eatie ysyakdy Noterinigdr bet maner al
di'g cussbomtefnal keth@rbi 8/ Oferminal. Signal sequences are selected from proteins that
are known to have a specific mechanism for translocation affecting the conformation of the
product or may be synthetic, where the translocational effect is known or determined. It is
now known that the signal sequence affects the conformation of the protein that is
translated 1m conjunction with the translocon. Without being bound by any theory, the
5 signal sequence directs whether the ribosome forms a tight, loose or intermediate junction
with the endoplasmic reticulum (ER) and the selection of the channel and accompanying
processing proteins through which the transiated protein is translocated and processed. For
example, replacing a signal sequence of a protein with a signal sequence from preprolactin
results in a tight junction., while the signal sequence from pre-f-lactamase provides a loose
! junction. Proteins which provide tight junctions include:growth hormone: and loose

Jjunctions include: immunological heavy chain and yeast alpha-factor; and intermediate

junctions include ductin, calreticulin, PrP, angiotensinogen and MDR-1, where the division




transl ocation, see, for exanple, Ellgaard, et al., (1999) Science gq 004
1882-1888; Wckner, et al., (1999) Science 286, 1888-1893; and Ib %&
Sol I, (1999) Science 286, 1893-1897. Signal sequences may be rated by

usi ng a WsEi4d8tonpet ent for expression, mcrosones and pr 8CEHRRYE3E  The
degree of proteolysis occurring with different signal sequences and a
common gene is indicative of the nature of the junction of the ribosone
with the ER By using signal sequences having different degrees of junction
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t hat I sting ween the two conformers. The antibodies may t
used tsequendeatand saaimmoh gehe it dicativeof tanohtarssefythe gungtiga ofithe sibespme
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cl eava uncl’eavabl e crosslinkers, with analysis of the crosslink
pat t erprepimed imoenventimiap waxs vomg the diffoeytapreiginapeiergers | IEEpyEEhdheYi s i n

sodi um dodecyl sul fate and subsequent ut.or adi.nar | f

cont or LY ARt LoPE cAIobPORRRPEY M RHEH U8 YRy ghaUfhaRt

ol i gopRMLWLASH PARiG6nAihReRtEd S0k §esteisRiwkerly @tdoPdet intdrGls kad ent nos.
5,631.734; 5,856,102 and 5,919,5235. These matrices_ are availl

conmermwpaitosing i leael deargissparkad moRpclenheRERPdics. ép’ﬁ‘a‘PW‘EﬁJP’é?’%g!i%ﬂ?‘r‘?ﬂ’
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of the conformers and assay for the different conformers in hosts, using physiological

samples appropriate to the nature of the protein.

Signal sequences may also be rated by analysis of crosslinking patterns generated
when truncated transcripts encoding those signal sequences at the 5° end of the authentic
coding region of interest are expressed by cell-free translation and subject to chemical
crosslinking including but not limited to lysine and cystiene specific cleavable and
uncleavable crossiinkers, with analysis of the crosslink patierns by immunoprecipitation
and polyacrylamide gel electrophoresis in sodium dodecyl sulfate and subsequent
autoradiography.

Different conformers may be screened by employing matrices of different
oligopeptides and/or oligonucleotides. See, for example, U.S. Patent nos. 5,631,734;

5,856,102 and 5,919,523, These matrices are available commercially and can be prepared

in relation to a particular binding pattern. In this way, one can add a physiological sample




The matrix and anti bodies may be used in conjunction to confirmthe &%L
assay, isolate the conforper, used together in the sanme-assay. LK

by thenselves or in conjunction 5 with other affinity binding assays, the
ant i bodi es Way1H¢slbabel ed with a detectable |abel, e.g. fluopepE8Ens4375

| urni nescer, phosphorescer, enzyne, radioisotope, and the |ike. Numerous
protocols are available for defining spé&tific epitopes, by which the
conformers may be distinguished. In sonme instaDCCS, it nay be desirable to
use two gadmrehacg%i %di es, where the conforner may be defined by steric
i nhi bi tién° 8¢ BHd gthediopfarmeat agrAEsnt pnd spdmatsthe amopnt dedchk éOnBybay
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aiding i'n the diagnosis an
may be used in assays, where the entity may be labeled to identify binding to the

0 conformer. The assays may be homogeneous or heterogeneous.

If desired, one may use random mutations of the wild-type and/or chimeric gene to
express the resulting gene. The protein may be analyzed for similarities and differences
with the parent gene. Where the effect of the mutation is to change the conformer from
one conformation to another or to change an epitope, as determined by antibody binding.

5 Or to generate differences in crosslinking pattern or conformation as scored by altered
reactivity to chemical modifying agents under non-denaturing condtions, including but not
limited to N-sulfobiotin, trinitrobenzenesulfonic acid (TNBS), N-ethyl maleimide (NEM).
Genes and the proteins, which they express from human patients or animals, where a
mutation is naturally occurring or a result of mutating a gene, may be compared with the

) randomly mutated gene and its expression product in a mammalian host. In this way,

disease states resulting from mutations that lead to different conformers may be diagnosed

and treatments developed.




treatnment of patients. The conforners serve to differentiate between

I ndi vi dual hosts, who produce the conforners in different ratioslﬁd@*ﬂﬂﬁly
or under different environnments. One of the environnents is the presence
of a conmpo¥fRP4p&k6ticul arly a drug, and the binding ' 5 affipitysensyses
nodul ati on of activity of a target physiologically active conpound.,
usually a protein, such as a nenbranel!feceptor, channel, enzyne,
transcription factor, housekeeping protein, cytoskeletal protein, nenbrane

protein, and e like. The conforners may be nobile or inmobile proteins,
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betvveen rece tor or t nore proteins invol ved

conpl ex e?%arlh%ar%ﬁgﬁhggﬁm% "% n\ﬁrﬁyw 12 aa{%lﬁ‘étdownc fmguey \‘J’B‘l‘lgstl‘?er and
an ener gMidativepif aic bididghet thblclbfh];i@ﬂn@fto tHRe O fdrder Pr Qk&nhgvd19 98 tdiedwoul d
reduce the | evel of em ssion at the wavel ength of the fluorescer and

i ncr easePRRBIEhWEichdindy tor the cpafasmep mmayrhe wssdr wherecknegsessrin binding nnes toed v,
ong f e f_.bindi ng of
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pr ot ei mtha:bm‘cmdns Alhees paticulak piteome aygyciatéd ndthetsokgidal hbevipy,od, gJ GSp:bﬁ:ms,
dlfferent |cIe on article produces a conpound, which

acti vat%%n HB ‘8? ﬁ%ciérﬁ%& fgg(pﬁotggls E% Where the |abeled entity is
smal |, such Te cafiicRlrkBOMRa1R udh@lih dé&ﬂﬁﬁ’}hﬁc @mf&@h'ée%qn%c{iwprﬁ&%om be
used as the label and fluorescence polarization enpl oyed detecti on.

| I 1 ust rtheirphysitlegsed pstivite {lihe tanding affiftySioN t@@oblrmlmammaﬂoe
PCE” US%&%%K% In assays, either homogeneous or non-homogeneous, which allows for

evaluation of the level of activity of a mmammalian host in relation to the proportion of the
two conformers. Again, numerous protocols are available for detecting binding berween a
ligand and a receptor or two or more proteins involved in complex formation. The two
proteins may be labeled with a fluorescer and an energy receptor, so that binding of the

5 two proteins together would reduce the level of emission at the wavelength of the
fluorescer and increase the emission at the level of the energy acceptor. Alternatively, one
may bind one of the proteins to a surface and the level of binding of the other protein to the
bound protein determined by having the second protein labeled. Alternatively, one may
bind each of the proteins to different particles, where one particle produces a compound,

B which activates the other particle, such as LOCI. Where the labeled entity is small, such as
an oligomer or small organic molecule, a fluorescer may be used as the label and

fluorescence polarization employed for detection. IHustrative of assays are the assays




described in U S. Patent nos. 5,989, 923.; 4,806, 488; 4, 318, 707; 47255, 329;
4,233,402; and 4,199, 559./ I'n determ ning the presence of conformergs Wit
screeni ng g%ésiological sanpl es, the sanples may be blood, cells, csf,
saliva, urPMll/ 448164 etc. The sanple may be subject to 5 praigeadiiBM s
such as adding citrate to blood, coagul ating and separating erythrocytes,
dilution, extraction, etc. Thus, the coffformers may be identified as being
associated with - particular indications, which nay relate to diseases,

response . hysi cal n cel |yl ar degeneration, apoptosis,
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M cr os ofersnatios df the eparoddgdmeativiofortn asusmpdiel 85 8RWiidly i RRl ", £ipr

transl ocat.ion. The individual proteins may then be rep% aced individually

or in cOMPESiTBATIES. gRe B thesignaleaueices fr grheispiiains brvippesignal
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who have the disease or reduced performance. Drugs would then be screened as described
‘0 above against the undesired conformer.

In addition, by using different signal sequences one can investigate the basis for the
change in proportion between the desired conformer and the undesired conformer. In
conjunction with, in addition to or in place of, one can use in vitro lysates for investigating
the role of ER associated proteins with the formation of the conformers. Microsomes are

5 prepared lacking all but the essential proteins for translocation. The individual proteins
may then be replaced individually or in combination to determine the effect of the presence
of the protein(s) on the formation of the conformers. Once the protein(s) involved in the
formation of the conformers is determined, one can screen healthy and abnormal patients
for the presence of the protein(s) involved in the formation of conformers and determine

) the presence of mutations or different conformers. In this manner, one not only elucidates

the mechanism by which proteins fold in the translocon, but also establish new targets for

therapies.




PCTI US00134375 For the cell-free protein translation m xture, various
systens may be enployed (Erickson and Bl obel, Methods Enzynol . 065 38N 380t
(1983); Merrick, Methods Enzynol 101:606-615 (1983)) Illustrative are
wheat ger WRLVMEIS and rabbit reticul ocyte extract, —avai | abtEI/ES@M373
commercial suppliers, e.g. Pronega (Nhgéson, W), as well as high-speed 5
supernatants thereof. O her references”include U S Patent nos. 5,998, 163;
5,998, 136 and 5, 989, 833. Such systens include, in addition to the

cic. ). an oncray s ol et Bl B oG RS by gk e SO RG et ds.
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particular cells to the .Q change woul d be determi ned as a neasure of the
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det er miysaalin € héo 2tthd. c Gepenadiy's ther aneuny e ¢hahudlbotedes vail endufficthiewtprovide

I di osyngratic, peopl e. he cells may al be used to, deternm ne whether a
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the effect, of conpounds on CGmPrP may be used  as a substitute in relating
the actBbysicy! ¢hangenes. ghangesisPH nele. .relgse e sensuiyiamd] thepagicntay celisia)ibr

1Qp4 V@hgﬁéé@%&ﬁl B& determined as a measure of the propensity of the person to respond to the
environmental change by changing the nature of the PrP. By determining the response to.
changes in the environment, which could include pollutants, pesticides, etc., one can
determine whether the compounds are a general threat or only affect idiosyncratic people.
The cells may also be used to determine whether a patient who is symptomatic for a

5 neurodegenerative disease has a Ctm-PrP related disease by determining the presence

and/or level of Ctm-PrP in the lymphocytes as compared to normal individuals. Numerous
assays may be employed as described herein to determine the presence and level of Ctm-
PrP. By detécting a propensity for neurodegenerative disease, the patient could be directed
away from activities or exposure to compounds that might increase the probability of the

0 neurodegenerative disease. In addition, the effect of compounds on Ctm-PrP may be used

as a substitute in relating the activity to other diseases that respond in an analogous way.




PCT/ USOQ 34375 The cells may al so be used for individual patients t1c5 JUN 7004
eval uate the response of the™individual to various drugs, determ ni‘ng tw%
effect of the drug on the production of CtmPrP As described above, nany

pr ot ei ns hav® O} 8¥6ent transl ocational outcomes. Proteins kngwn to have
alternatives in the translocational pathway, such as existing hTURe/ 34575
different conforners, the presence of dif2ferent nethi oni nes that may be
selected as the f-Met, resulting in a different signal sequence, having
hydr ophobi ' f. fromahbout 15 to 20 am no acids in the chain, which
can be puf;gj{eir%k?g%nglrsr%b ruéﬁ‘g? Bt papets tarealuatvand sdspenRSor8s ifdiBllua
proteins varieus daugs ndebiangn can be used as narkers for
the effect of c}gngoun s _on tra%gﬁ)%fgcﬁgﬁgﬁﬁﬁg%gné? PrPJusiiep f iGra-Bribt ei ns

i ncl ude ducti n,"taFFEOFEaboYE, IR proteins hiveRdi IR LAMSIoBA R BSic s

associ at eBroveidd ktnlaemﬁgﬂa@etatﬁgr 1L OCess of translocation, frequently being
part_of the ER and associ ated W th thECCFAIRIREIena pativaxhiseth ahexinBechvo

prot ®i n i diffaremisieofarettrs oht peedeRcd M Frerdh i.ns include the

ri bosome; ¢ prQt e nﬁ. of i L e si gnal recogerﬁi t?gﬁh%glr c?ctﬁge[ TGRS Selepied as the
heterotrinerit Secot Cohiitierentistanah se@ienamchatfg-hydruhiibié Sogions of from fbout
transl ocals ng20haiify 3839 8l ape protein (TRAM, signal peptidase (a
conpl ex Oafv hﬂaﬁﬁ pr ot ei nggﬂ ﬂE)el %&(%Eg’amgféﬁgrcﬁﬁbFrpéEH’é‘rVér“é@’ém@&learmwtmémes, but are
conpl ex) ,4VE rAS rfafTetag mioEdins or ArClraekinRgn B! 4 | pexi ),

ERG C- 53,m;;}rkgbse% n t%i: Sk,y f Lig,e | sonerase (PD ?‘Fé %rgsg‘% Seﬁ‘r?eg ?ar’cﬂ%\é%es,

such as Hsp 90, hsp G7°cu 9 sogtpoypdeen translenttiopal obspmed IgusERaé praflihy. Hap
- 100 "or  Clipclhdendistin, aatretiodin, SNPHK 1€9ga#p 70, tapasin, 20 nicrosonal
triglyceride transfer protein, profective protein/cathespin A 13-catenin,
egasyn, co-cC hﬁb‘é‘?’&‘\‘é Proisaragispredied néthf tho PR fethPRdedsa Bk i nsiSEATES

such as weldemby Beinglipa oSy [pl?tﬁ U%D P P { ?%r_- .

gl ucose: %c_op_r ot el NGl ucosyT t 7 aALf 7sesiatedarith thy chassrldsenghlwhich the nascent
prol : yl - Pideidy imespand wathb &R hatéer age . ANgG] ry_proteins associated
with th Ié%ri]g‘ﬁ]q tlanslocation of the trasrlesllj%;?eélt?spg{ﬁldd%.tge EPSEQJ"E‘E R0t
renmoved fro E-TPEHD Prupls: (35, dheshteronimenic Shes1l tdraplak wigh of F?gﬁa ch,

t 1at ., Lo . =52 i.ch d Ra t, (1993) Ce 75,
2;5- 630;3‘( and ﬁa??_ggﬁgcﬁtﬁléa‘fm“ ?%Sﬁ’g%dcfé‘fgfﬂb%% Pf?%?f%@.mk@, mn),al peptidase (a
si gnal S&ERRIRE© |wemroﬁmsbu,solagosammsﬁansﬂﬂ@se%@-Bf&&ﬂrﬁ%ﬂ)g%gzE Olé:n{egal _

expr essiBedif TRYIR! Met hods of replacing a enc
provi deg;;%%i mer | cgéaﬁe‘h%%ﬁ’éﬁﬁ%’f‘ﬁ eisK)- SREICH Y, pestaiplisylfBaniinakse et
al . (19881D.AEtpaGo Eap 1, \chaeronad | 5108 Gl t Spri.n rbor Press.
Briefl sttph‘fU DN@ f t he ne i s ’ | sol at g?bkr?g%ggg%)shce%oa 'ﬁ’é@g‘?ﬂ“%quence
and usi ngrdeg&h Inééu‘efamlbb sP1PAOr SRR familyUrhd Best shock cognate 70, tapasin,

20

microsomal triglyceride transfer protein, protective protein/cathespin A, B-catenin, egasyn,
., to-chaperones, such as proteins from the DnaJ family, enzymes, such as uridine
5’-diphosphate (UDP) - glucose: glycoprotein glucosyltransferase (GT), glucosidase I,
prolyl-hydroxylase and carboxylesterase.
The ancillary proteins associated with the ER and translocation of the translocation
'5 product may be removed from the lysate by methods described in the literature. (Gorlich,
et al., (1992) Nature 357, 47-52; Gorlich and Rapoport, (1993) Ceil 75, 615-630; and
Hanein, er al., (1996) Cell 87, 721-732.
By varying the signal sequence in proteins of interest, one can prepare genes for
expression 1 mammalian hosts. Methods of replacing a DNA sequence to provide a
0 chimeric gene are legion today. See, for example, Sarnbrook, et al. (1989), A Laboratory
Manual,ASecond edition, Cold Spring Harbor Press. Briefly, the DNA for the gene is

isolated knowing the amino acid sequence and using degenerate probes. The DNA




WJ W 442f1(, 23 PCT/USCO 34375 sequences, which bind to the probes, are

i sol ated and sequenced to see the presence of a sequence coding forl ht il 2004
protein of ‘Lagjgfrest. I f one wishes to avoid the presence of introns, the
nMRNA may be ' T's ﬁ?ﬁlgd, reverse transcribed and anplified usi nopdRs001875
signal sequence in either situation may be replaced with a different

signal sequence by 5 anplification usi né one pair of prinmers, wth one
prinmer having a signal sequence at its 5 - termnus joined to a sequence

conpl enert@leYicdO vl of, the gene contiguous with the native
si gnal seq%enf:es’t he%?ﬁ’@ﬁ%&fn?@ﬁbe&o% é‘ﬂ]éf?fjaﬂng SEBUGed 9 sen therfirawemce Af a

second $§equepge pedingfer thiel gropimuf teedehe 106Mewhes 1H eguence.
Dependi ngreolﬂ%tw sibze. oI t he gene, one_ may slesl ectgB %t{ﬁcg%%h&g%%@fl 8% on
site for 11nKI AS RO NaIAGR gererse Grangesibeil nod abighifieil tisinehPCRe MBhGeRalof  t he

coding s SRELS ' | re ai l.abl e and each gene wll have
an obvi oﬁghhsel egtéi(g{r?k gﬁﬁﬁ%@%%&ée{? %ﬁ%er%‘ﬁﬁ}éé" ‘{lﬁgrenééﬁ\?éh?"élﬁé’@fo‘?y t he

par fi cul #PPEfeativasising One pair vé pgierees| witpoae peiesbritayiBYa B okl ?%%eaq g0
one of n{épﬂn%soﬁg rciall avai l abl e vectors and ¢ oné’g an& or —an
expressi on vecror ey 2EITHSE SOBPIHEA Y 18 thesequanecef tiei gemalcongguthat ity

regi on Stheafativd eigaeNSGuSHdeaihe &&rﬁ%’%}{%rﬁ%rﬂdﬁ% 8&&8#9?0(5:%%3?’55&#9 n

manmmal i an cells, the confornmers f ere ’é“e’c':a%‘ preond
pr oduced*hRHPTIMSSY Wik @ravide dusehed caminsafhd BIN &leyinck N IhéHeRdM@Yon the

signi ficgpt h fferent .confornmers may be isolated.” I'n
ani ni ti al s?igggtgg%%e&ﬁn@a%}agﬁsg L AR F%?E%C%%él@of)ér dwkinsstha gnedjfied f f er ent

Chr ot gy gy el e The ap b Rl e AL b P RRE B s e

chromat g rﬁ%ﬁ ,- .etc. The initial separation

t he conélg'ﬁ %/ FB% eath esne wahhwyenas ebvipws selqraioniof pratocbisas tenBinc@r thany
provi de chfverS@RarF th® BaRicul & ﬁﬁ)l@gigrrrers. In the former case, one would
need further separation of thg confornmers, using techniques, which have

been descri b&¥ncstibe genw/in prodacaipanat bomuadiay %Y oRE of FRNRN. cobBlclif}d

ilon 5 eégclﬂf’zﬁ’)ﬂfv §irevi 1 nedja, affinity nedia, etc., using differen

el uents“10 est apl T'sH™ %Il%eéjdﬂ}dé%f FOFXYBFAIRY§CEOT mAY be sobployehhaofing he

ditsf er enneoiptionaEfegulweryi I@gﬁmpg’ngqyg&%e_sﬂgl\{@ufﬁle&j geyel oped and each set
P € “separ

of conformers will use protocol’s that optim ze FERRe B HREnum
denat ur PPEpRlIanEls, tegonéenmeermiior eher diffdidny combenicts ¢ 20bdyrdadlegandf Skil |

in the abiatdd afy ' | fl.cation. ;'ge urified confornmers nmay then be
used for ;ssaz;/s, %g*éhxgsf%sf&c@g&s%g@‘i% 4B Waxi&lglaﬁﬁ%qtfaylwm&@ﬁ chfferent
st r uct ueenformers amdynbe soladed. associated with the different epitopes, the

i nteractionslnwith .protei ns with which the wld 15 JUN 2004
an mudal stage, one may wish to concentrate the conformers using different

'0 separation techniques, such as HPLC, capillary electrophoresis, affinity chromatography,

. etc. The initial separation may solely serve to enhance the concentration of the conformers
in a particular fraction or may provide for separation of the conformers. In the former
case, one would need further separation of the conformers, using techniques, which have
been described above. Various separation media may be employed, involving ion

5 exchange, sieving rnedia,_ affinity media, etc., using different eluentis to establish

procedures for separation and isolation of the different conformers. Various procedures
have been developed and each set of conformers will use protocols that optimize the
separation with minimum denaturation. These protocols may be readily i1dentified by those

of skill in the art of protein purification. The purified conformers may then be used for

) assays, for x-ray crystallography, to identify differences in structure, the amino acids

associated with the different epitopes, the interactions with proteins with which the wild-




WO 01/ 44816 24 PCT/t1S00/ 34375 type protein is associated. as well  as ﬁtﬁr
proteins to which the conforner- may bind, and the Iike. Once havi ﬂmg JU dil
gene for the_chineric protein, the gene can be used in gene therapy,
mut at i ng IabWranl(J"r@lﬁani mal s, random nutation to determ ne the effect of
nutations 5 on folding, in expression constructs and single c&YT/E00/34375
organi sm host for |large scale production2f the protein, and the |ike.
Laboratory animals include rodents, |agonorpha, birds, canine, feline,
por ci ne, e ph | pst.ances, one may create viral constructs, where the
chimeric qggep idgﬁiqgt%?%ﬁaé "’}Sn‘t"‘c‘f?as FMERIPressins itewificl tietameiatd A8 b0 ang
cell's, eittheHkeandom y or where the virus has a tropism into cells for
whi ch the vi rusoxit]s tro&iéc. Where the gene has a beneficial effect, even in
t he presence of ey thecgsme domehe cltiimriprpe@@ﬂgqh@fgeﬁpgarpgg?lt%t may
serve to en]hdr@w,qﬁ@taﬁhglgy " maI‘ESLin ng fromthe native con 3 (gene
Al ternatively, ‘the introducti SR &1 RBINBHHatPR ¢o detetmimeme witekt GH tho:
eval dat i oRPdPlding ipfekprssioh coREriA8 and fnle ¥ SN gr mer OB t he Eahysi ol ogy g’;ﬂs
the cell, tissne g&%an and host. 15 Of partlcdl 2P Ior largmecale
i nt roduct Pon, —priePeRgripterepanstdedike. o atidrarony bﬂhﬁﬂ?ﬁlchﬂﬁ{‘ﬁ) '#sh L.he
chineric biodsicahfle, fQRl E)E}é}ﬁ’e té?g W | d-type structure an adgq" f@ggﬂ'f’rph&
si gnal sequeng&}éj&a’g I s"knowi 10 result in a different conforner. By using
honol ogous re hinstaneesy dne 198y oGl |1 | eys that (s subsequently
t ransf er riggoliged ;ger pvcejel -orﬂgee{:an prc_)?)?lg'rgnst ﬁaghg’ﬂggpﬁhggfrﬁw‘bgeﬂeﬁié
desired conformer ?gﬂ {REFUTISE ok iynpdbetion ints c20s, isimel Y& lomiP @r RIREE
havi‘hg tmwmamrtt@igﬁnmm&mp%mhﬁﬂ he %bt ain honozygous Pprogeny- 1n
this way, or}e.cl\?ﬂr}_ investigate the role of thé Y8PCor WdErahe gunethagn t he
Iocation(bg?‘::fcd&1 fech ¢vea iprthe prasence off thD AR A GRARIBR: b lb§ Ef Fect  of such
. ) / . ; 3 presence of

var i atloﬁllz!yrbervjfé)ff:aﬁl!eq’@atcttﬂfs effect of the different epltopes 5° tpugrapey
on the functjon of the prot el i o™ HHthgdromghe npvedaifvimer. el 8®T i
mamal MR cligRaf the sar-nay COMOHSPhID h levafi Rh2l O Cal, STk oct on
the conf QEaRS vor ‘ﬁnﬁehat %ﬁ}s which are directéd t0 4 paftitdufidgct of the non-
i ngiscat i on, WhPC A3l Yaolemnhebthawell, dshebrghnr 8@t hostor as a result of
t hé5 conf or mer Ofpattigamintdie n be eyal uated. The ani mal nodel s
may be used to differ en_tiat'sethgﬁ e el%ofifei%a:tf@’(?ﬁe. FPLyireRlacspent b ihowitdrtygend
ot her coftSrith &6 dlumesis cobstria ovamhrising G twial.| gl-e the nan-natjve

) . . W'?E St IE an atg}%fn t signal
conf or Myeqhénca tHQNL r]'@lp#m ﬁq_at e allele, the |oss of activi CHIT! B¢
moni t or ed asb_to the effect "ou-t Hed Bfffﬁ's‘f”@)‘l@gﬁormertI‘Eyhsisxg.ho]ilitﬂog&fsect on
t he hostree@nbipatiem mithr gttni el SEASE: ; ere simlar_indications are
observeq, . Clﬁegé\{qg%%gr gan then be ed?ﬁ%’tﬁ @5 S\ggse@r'ﬁﬁfl%i“ﬁﬁsﬁrﬁgﬁﬁaf:imgeunom

funct i opPELAn b e expression of the desired conformer(s). Where heterozygosity is

20 A : .
involved, the progeny having the chimeric £ene may be mated to obtain homozygous
fou . . .
| progeny. In this way, one can mvestigate the role of the conformer(s), whether the
locati . ..
ocation(s) to which the protein is transported changes, the effect of such variation in
locati ' i
10n, the effect of the different €pitopes or topography on the function of the protein
and the like. In addition, the chimer; |
. , meric ma i
. mmai may be used 1o screen compounds for their

biological effect on the conformer, so that drugs which are directed to a particular
indicati o . .

1wanen, which involves the conformer, either directly or as a result of the conformer
being i i

g 1n the pathway, can be evaluated. The animal models may be used to differentiate

the e j
effects on the wild-type conformer and other conformers that can be formed.
In si ) ) ]
Situations where the non-native conformer is a dominant negative allele, the loss

of activity can be monitored as 1o the effect on the physiology of the host. The effect on
the host can be compared to disease states, where similar indications are observed
Treatments can then be evaluated by

employing drugs having known function associated
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known to bind to the wild;type allele or other treatnment to eval dat WAk
ef fectiveness of the treatnment. Cells having the unnatural conforner nay be
screened foVPH¥4#fect of the unnatural conforner on the expression of
other proteins. By converting the nRNA to cDNA of such cells, %T‘(HS‘E’%ﬂa‘y
usi ng various subtraction s techniques kiown in the |iterature, between the
cells without the unnatural gene and the cells with the unnatural gene,
det er m ne f; : he unnatural gene on the expression of other

pr ot ei ns. Alﬂlte%r%r{g(fﬁieé%%,ctow “Hﬁ@ NP &S bindhie shariibliey ppradleti SomBHERATRAF &

el ect r ophérauate thereffectbpaeis MR 1RABLLC C patterns to determne if
the different —conformers affect the exbr%%gﬁgah%ﬁﬁféwawalt%fm.ma'}' be

Fol | owi ng™¥her'GE dhfuFidect d s iatuiah cotformboys (HLSGH: L5 &ggr bibidife g
experi rrerﬁ(givmg%cﬂ.}eqﬁm@{ St Rl fgnc I onal |y equi val'ent proce ur%s, Pre BY
sub{)gct i)tn’\é};gtion al' | ows fOF P Vh b 8iGhycaliso Ade Famby aaingsvaamao sl adioni t h t he
prioh pr deeimigessckrnvan agtieditdiasaas & gom | seases_associ at ed
with tOIOCgeHgi“(}g_L nodi fications as i nwﬁlegﬁ%% Jﬁrée%g ‘gmc]f?ust s drnatyzal geagand e
prepari ng exprasfcdnasnal gene; deeominsxpe esfetonr viF unh@uPAtdeye oﬁrtge ek

15 PrP and dihg $eofgifiy PA] ify cells and animals to produc
different for nsﬁgf t he %?Igattfeelgﬁ.’ fgﬁg nﬁ?’i SRIESF, he Yarieunpetteidy an companer e and

in vivo te}p@:tr@ph@micotnashepmti@phbt@me@‘ic oY Qrch@??ﬁ?rglgilgﬁgt%é%ﬁ‘f%g&%é‘gfeﬁeqthe

determn e.in the formation of the rent
presenceggl%@ﬁlgpﬁ%ﬁ%cttgﬂ? HRIGEYRN Batgia afhe/hoss, The subject proteins all ow
for’™t he contr ddletvins ese af HLherent conforners and a study of the
etiol ogy of. the 20 digseagfea,%et hrg§ gﬁcgirbeé%ﬁiﬁ% %%O‘ﬁerfi%ﬁ?r@@boq #ct Hethe texperomyntal
the di se¥EHOMQr QB Juaxiamels icqnivatenapyieduiet, tHouBfebeGlvefios QﬁO\g.jE E(]érer ent

conf or mejns SR ' ' he _sanme and different ~cells and on
physi ol ogyef))(:‘?g t he _ﬁos%é.%gﬁo%ssema éé‘?’rrl?‘ ﬂﬁ)prygl BN apd dnaloghus tiseaseqnst r uct
i n the pPadtewledydliscissemsaciafed tvigh R0l B AT ho BB PRS0 agﬁﬁ é%ltﬁ]%.host ngene may

be knocked: nd rep) aced with the chineric gene. Tyer isease.
mut at | Onégg%ﬁy%,eggpfﬁ%ﬁg&spWGmmu@s Forgerpeedsivai off ©8 Wativé PrP, the Nim-

ot f i catriPoandofhef©ingliPRE, &R ief 1 jon_i.n . the dependence on or
interactjon wt h pr o;Pgllgns asg@of?:{Il%jcllitlﬁé((1\5‘;]\?\”St lt"hdﬂl?l?‘gﬁésl BRIeARs: theidifferenh frosi gfinal

sequencest PEriERer ImdEs way opnectimeandy it eultdie 28808 vivEHheRS: d . and t
effect Q@riohf aigliQsd e L8 %t {-Jd roteins determ Fled. ?Usfeegpgﬂr{%haéﬁﬂf‘ﬂ?e?r}fi on
The inventj!_on f1nds oo 50 (S ERm the foangein e dprmatiproefytheidiffedent evel s
i . e. i AONigrmeirdat ihegrestn ' i@l . dj sease). Follow ng are
E)Ir oxe/i dgﬁo Spec f{ o (prestnag 0O Bielpefs in' FO G il S8 SFﬂe subject p%tef%s allow
T"the conirolled presence of the different conformers and a study of th

ok
t he

e etiology of the

20 disease, the other entities involved in the etiology of the disease, by doing expression
analysis of the effect of the different conformers on expression in the same and different
cells and on the physiology of the host. Mouse models may be developed with the
construct in the presence or absence of the native PrP gene, since the host gene may be
knocked-out and replaced with the chimeric gene. Alternatively, mutations may be

3

introd i i 1 i :
oduced into the PrP gene that result in 4 modification of folding and a modification in

the i i i i
dependgnce On or interaction with proteins associated with translocation. Thus, the

signal sequences, either native or chimeric to the gene, may be mutated and

Iranslocation-related proteins determined.

the effect on

} Uses of the invention

The invention finds use at the molecular, cellular and organismal levels (i.e. in
elucidating,

diagnosing or treating a disease). Following are provided specific
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described invention, it would .be possible to manipul ate antibodies to
i ncrease their functions and uses. By signal sequence replacenents, alone
and in 5 conf"@{¥448K with fractionated and reconstituted or Vardaitconmiss
menbrane and cytosols in cell- free translation systens, the pathway Cinde
fol ding of an i munoglobulin could be alt®#red in either subtle or profound
ways, W thout actually changing the am no acid sequence of the final
pr oduct it%‘?ﬁiﬂatié‘ﬁ}“s’ it would be possible to achieve vari ant
i munogl obul'ins TN which the binding constant were increased or decreased
i ncremental ly, and imunogl obulins with changes in their effector
functions (e.g._.the binding specificity of their Fc region). Current
approachegd to aghigvhe dpwebed nneentiong it \bgmlsliHeq:cdkibﬁci&ﬁaﬂbufa?@%ﬁmogies fo

I'S

mut agenesiyg refcel fiE; ti.c,nrnu |.obyl i n chai ns) have'the advant age
of changi r11]g "hot cﬂglﬁ%h‘%}ﬁ@sfagpd*sﬁﬁ g’? ﬂﬁ\%‘ij'sﬁﬂﬂeﬂﬁ? &eplagrangmity, rmbone atdrimct ur e of

the ol ecebgjunctiet hithscricapiedanihcrOmfucct By S4HEG mefh330%l: ;qgfééggisiin;q‘g@ror

types of han?es allowi ng one without the 15 ot
t her apeut FE€ HTATSIAPN syEmS; Hieapatbway of feldimr dfatd pmausebsLIa] &shid pe éﬂt@iﬁécﬂ' fd

to transf ] lls, al.l.own diumto be harvested an

screened gﬁ%&%ﬁ% I}%_rlgﬁugﬁjaygnav lh?HE?&B ChANRING e aaano acidieguetterofahes,

cyt oki nesfinamprognovitdelft athey, 5t hvRi BEBBssitRk) Saliesk H}iia%n“"i e ai‘og,gaﬂé% of
ng

functional , b h@i ors, and in sone cases, activation of miltipre

pat hways. % %’b‘ﬁ@g CPR{ERHVerE) ingreagidsenderaded snaehenanycarddiat  si gnal s

satiety, RasubeQBbAIAih i ndependent central regul ator of

bone densi tyf1 and to be i %?‘%e\aéteuelc}ﬂ%ﬁ%\?\%ﬁtﬁﬂ%ﬁ’égwﬂéﬁ'gam Qi spegficiyy 66d

pressur e. NSErE Eigiame Surfenhoppronshesl wakhicvo Gde ehds (1. ﬁ}%ﬁé‘-ﬁf‘re&feﬂto??andom
f havi ng

ot hers, . e 1ndividuals are leptin resistant,” withou
di sorder ?ﬂgﬁagglgénsésogﬁ dé) HESITCP?F EHggeststintahains} have Gstdisady rggeerak ehdngimotor
abl e to smlyehd fdingtpatiwaydb@mis B phmaf) §fRwlY he P%E%C%Iln% gsegggﬁ)t Lon in

mai nt enance of bone density. The conventi‘onal assunp T hat
thi s sor t2PBFOATBrEPYde ettt adissasmate shiaaoaypet dftuhangds, dilv@is b¥ Without the

recgpt or Il Q However .. diyersity of |igand conformation,
as dem)ﬁ’;‘?{féﬁ‘gQ‘F?%Q{l%%ﬂe%)%é%ﬁggrappgm BHBOA dde sigiah sequensa vawatims s-oulsoalbal

account ferappling te-Oransfeeted mabSklioh céie MSHAOGRARI Yobgé P%&Qﬁ?@g SL%ﬁ%Qf

case of i, _By.allow i ndi vidual conforners to
phar nacelkj(?r?%:dé}r}gnp%“ Ha&\%‘g}%‘ﬁ?@@ differencesase or decrease the expression of
i ndi vi dual conforners, or to block 15 JUN 2004

2. Most hormones, cytokines, and growth factors have been mmplicated in a wide range

20 of functional behaviors, and in some cases, activation of multiple signaling pathways. For

example, leptin, first discovered as a hormone that signals satiety, has been found to serve
as an independent central regulator of bone density, and to be implicated in wound healing
and control of blood pressure. Some of these functions clearly occur in the absence of the
(\)thers, and most obese individuals are leptin resistant, without having disorders of bone
25 density, suggesting that the leptin they make is not able to serve the saticty promoting
function, but is able to function in maintenance of bone density. The conventional
assumption has been that this sort of heterogeneous action is achieved through diversity in
receptors or receptor function. However, diversity of ligand conformation, as
demonstrated in the examples from PrP and prolactin shown here, could account for some
or even most of the heterogeneity of outcomes, in the case of leptin.
By allowing individual conformers to be identified, and pharmaceuticals to be

developed to increase or decrease the expression of individual conformers, or to block



WO 01/ 44816 27 PCT/ US00/ 34375 action of one confornmer or another, it should
be possible to affect gene expression in ways that pronote some flinkiNi Biis
of hornmones_over others. It should also be possible to stratify patients
into subset Y bY¥EE Gn the nix of conformers that is manifest \Qggt,rh t hei r
particul ar genotype and phenotype. This would in turn, allow"&'ff¥pPEH7s
treatnents to be adnministered 5 to diffe¥ent individuals taking into
account the m x of conforners they are expressing at that particul ar point

in tine, USioA%fdikf t pharmaceutjcal agents designed or shown to be
nmost ef ficaci ougjr%gﬁhg&ﬂbegtqr@&f’&w cBriPerier neissiblr tootiTrer peanéQiBRIod &l i Rd

subset . Thelspromott beme g tivhs | # Mok RonSVGRY! f ;si.anal sequence, and
synt hesi s..i.n _vari] ous combi nati ons of trangﬁ%rgo%éﬁgfiﬁ]éoéﬁrﬂ%ﬂhleﬁg stratify

fracti ondte ”‘83}{‘"6%%’1 Sefh drasadaen thsraiedl emdotmeretienss iagi@e Wi, Yl ki
pOS s? ‘% Igulag,

menbr anesgen SQHB SR S in rograns should nake it
gener at e%f o?lggeof egﬁgb ?'hg{h?s\?\g’ﬂ"gi iS’TtHﬁ%taélob’o‘ﬁiéfeﬂ‘éﬁéi‘daVnmm o bE adifgatggon
tPety & diffarent indaliduds caking/i il keyy fornms, of leptin that&l%c1
sat iFety i takling/ k& a¥&uSie ih .
woul d be mpre . active at appegt/i_te supprés& onwa‘?logl’f?%‘?févao%réreé@?@smemi n
resi st ance PEHEYA RORIGRHTREyusing diffarent pHaemadeypieal @eﬁﬁeﬁﬁﬂggﬁ%%hogg% be"®
e

gener at ethosCOMEaE SR | ecul e 15 pharmaceuticals ¢
devel oped, by scrleenly%rgasggljrdc%]%gicpng?%&mgﬁr Ofirwoa farmes ubetdssubker. | ept i n

conforners, ofhilsrinttheicaseadf kptini ﬁv@éﬁjﬁg gpggﬁgesega%gf Fﬁlﬁ‘ig in conforners
evélop dr >

secr et edCor ThuE it ul gq,be ‘possibleto THBGAES In various
conf or metoEpRAtesol ransltics: sysemsetanezining fraveveingd bheski R ﬁﬁaﬁﬂﬂ&'&%nﬁg the
|

ef fect s wetosginied ®Narialf mP |.ng .or, enhanci ng the body's ability t0 nake
a particular mx of conf o’?nlé@g&egralaf’f’l%“E%"',q“%.‘gégﬁﬁegtqgowqmms slhdvdd makd it

g ; ; . : Fet
nol ecul OSSIbECIogansrAtR iforans eklepria thanamml gf@ng@%oggg%leﬂéig}é ng %‘%EE Heects on

par ti culsgfief&5E80E hat could be altered by signa
mani pul at il%ﬂr’}l}s Wi t'}%g)dali'éaé'%tgéfjlr NG Y 3y Ly tien domegoieleptin tdt windd atiee.

aut hent jagtipe etmmtiteTm;@r@pmmh%q) tQ secretory and integral
where substrate tuf no‘%EeHr%l,n}/er %k’ﬁg FEYHAPCS dRepiost commpnlyt v

menbr an z
is the ?’B?Qe‘\‘/éﬂf’ﬁé?% opbase hamanet equld de gidratedponaeReKARAY HOPRL e

WiIh t r phageiestié26 baakM@Yadvaid-l gouce variant . genes differing in their
si gnal fequences, into w | cﬁ‘@iﬁﬁg&’agdg?(rﬁglgﬂc &RF thiircdtect ge kpdiyidanl subsdogénous

gene) . [SRtpfioniomenaron forubdir affeciinssiebhg heomse Bﬁﬁ?ﬁéﬁjogﬁ#?}%tﬁ% ?{';:Srg?@ L

conpl ex r and .integral nenbrane proteins

known. %ﬁ%ﬁi‘?&ﬁé%ﬁ&&m% 'r?a‘EeVQm Hugs hibavhave -copfien@y spedfiEiop seBESve

Tr ans nmesfifecas) ah&leby b3 % ' r [ di ately upon synthesis. The
convent j onal assu?rpt i orllnél g;tg%atﬂct i sgreg%‘?tggéﬁfm’r@l‘f%roé"bloqlﬂn&)%g@msing. An

al t er nadfF\ody i abiliyetoanakena phoiculsrimix étvRnRirBReNt HaleRt 1,00 Nasn Wils! (i‘)trhgt 's

1% JUN ; ineti
2 rggi%éules, secretion kinetics are parameters besides affinity for particular receptors that

could be altered by signal sequence manipulations without altering in any way the sequence

of the mature, authentic protein. This approach would apply also to secretory and mtegral

membrane enzymes, where substrate turnover, rather than receptor affinity is the relevant
functional parameter.

3. This approach can be combined with transgenic technology to introduce variant

genes differing in their signal sequences, into wild-type and knock-out mice (lacking an

endogenous gene). In this manner it will be possibie to screen for functions of compiex

secretory and integral membrane proteins that currently are not known.
that 95% l

Thus it is known
of the wild-type Cystic Fibrosis Transmembrane Regulator (CFTR) is degraded

immediately upon synthesis. The conventional assumption is that this represents “errors”

in biogenesis. An alternative interpretation, for w

hich the present invention has unlity, is




WO 01. 144816 PCT/ USOQ 34375 28 that these 95% represent the sumtoﬁgl ﬁf
many alternative conformations that are not needed by the cell at nlé' 2004
particular time, but may be rescued from degradation at :particular tines

i n devel opneWO.M1&4hse t he signal sequences of CFTR are not cleaved, the
goal of altering folding wthout introducing nutations nust pP&E&aisd0/34375
exclusively by regulation in 5 trans rathe than in cis. Thus, expression of
CFTR in transl ation systens conplenented wth fractionated and
reconstityfgduor, yariant menbranes and fractionated and reconstituted
cytosol , as P& r\?B{ﬂsﬁmefﬁﬁéH@etOtﬁh@fwmuﬂwaﬁmivI&Q;ronf&HIa%gp tHa0s V\é}i o
woul d i n maeded beilgcaes (ﬁ-[&gpqq—ﬁ&a!nog&ed b% m)E)ocI onal anti body react ity,
chemical nodif.ications, crosslipking ghJuoPREDeJessped tfrass degmdatitiem particular
i nt r oducedP%t18 develapmsnt .c Samenad sigaﬂdseaﬁér?c%g‘%@cﬁ]ﬁi novel phenotypes and
di sordersaltéjiégf)lfc%in pﬁrﬁaches can be taken for each 8f° PHelcardntisl combofii ng

and recept or rmn tAAE OGRS Pdatidne ahusl ipgcee@teRc il g oo
mul t§ spazaraineatlé than’@SHEC trpl,0 %ﬁ?es R anlgjélﬁ_ ot her int e@%ﬁ?iy:br?g?e@rmaﬂogslﬁa
menbr anes. . 4. The nost difficul oty 1e §Wr{éﬁﬁla@i096&aemsimnﬂﬂﬁméﬁe@re
di sor der sVB fEcHRBRied gndgecaBtityad 68NN lTBRLFEShe DY ﬁtr one, growmh factor,
cyt oki ne @Mogggseaglor?c{ esi %t ance (al so known as dese arH9uaLad H weorsimted
regul ation). Ry diTierétt dr?éh%?ﬁi(Eﬁ]\@tsuswbﬁteamoﬂdﬂﬂq\éﬁo@eﬁﬂichhﬁ&p&i'fli ed,
whet her hestconasas @ftal@%ﬁéd H&thﬁmgfet ue to the mechani'sms i dentr it &d or
due to other as yet unknown mechan en 4o Thectvatyb €hersicat modifitatiBased on
our st udi-ESUPFRE andmther propeeiicisz ee tHenQrodMali iSReg, R d..unpubl i shed work,
?t he \Mrg’lo% aﬁf’?

we ‘bel i e¥gr hbah i pnal 20 dysregul ation alypnd screened
conformers bei ngﬁgrlggcfgf)gsﬁa%ée)aﬁﬁréfﬁ-oméﬂn ¥ appreacheppant be takeRfoi Sach QAL T al

mechani sfamelfuwise apdtrbogrOcHirSino B demanst rated by raising
monocl Onﬂ'{ul@%t i bodi es to secret o%gpgfgtﬁ]g?%{sé Q’ﬁ’é‘?‘ﬁ%dﬂa‘&ﬁ%ﬂ% Syugle and

i ndi vi dual stboer's Wb ffwecsodhe &% gndyoopdiensnangl ﬂﬁ@@??’!asﬁﬁrm gpﬂ%% in a
di sproportionate manner in a disease state or in subsets of patients with
a diseasg sta ggl;'hgggfa' olrmgenes for the major diseases afflicting 15
humans iTicl ud QF wulttecuntnde eleat Gikdas juastons) r ot.ei ns, . which
cowd d bay ﬁﬁﬂﬁ%ﬁﬁ‘fe@% the invol venent of cﬁgﬂornatlﬁsg%gld?wg?réﬁlséﬁqabﬁgiaﬁ
their pat%ophy& ol 6gy.” "BIEB SIOWHY Betare axtiobine dndpetépitpi R MAhce 008 kh¥wn
ost eoporsiesensitizgeinaroatdont t@uiiiofl) SOSE aiprsancer.,, Al zhei ner' s disease, "and
psychi atgd ](ﬁf%idsord rs are just a few e arrpFergmaWF‘g%@Wm Phptsistancedrave bbb S

f ashi on. App1 o XBeger GROYL Kasaspfanest dischsestdhe dﬁ@%ﬂ&%e%ﬂisé'gse%t ”refm of

di seasetsthet at 98t ANV RY gngl\,;%ger of inportant medical conditioRa §hobfive
genes fBrPV\,hi ch’15 JUN 2004 U1 FAFayngto be determined. Based on our studjes with

rP as su i i ] i
mmarized in our published and unpublished work, we believe that conformational

20

dysr i 1 A
ysregulation (the wrong mix of conformers being made or being allowed to exit from the

ER)isac 1 i
) entral mechanism of diseage pathogenesis. This can be demonstrated by raising

Diabetes h}’ C. i ipi i v
. P I"[CI]S]OH, hyperhpiderma, obesity, OS[COpOI'OSiS, deszenerati c iOiIlI disease
S y

cancer, Alzheimer’s di latric di
» Alzheimer’s disease, and psychiatric diso

. . rders are just a few exampl
tmplicated in this fashion. ples already

Avplicati . .
pplication of the invention to the research and treatment of disease

As listed.above i
., a number_of ummportant medical conditions invol ve gencs for which
s -




29 PCT/ US 00/ 34375 conformational regulation is likely to be an iqPortant
di mensi on of physiol ogi cal and pathophysiol ogi cal function. Her el § dUN &0k
described hQw.the invention is applied to better understanding specific

di seases. FSV?#?Mﬁgﬁ di sease-rel ated genes that are secretorylﬁﬂgUg&&ﬁg%al
menbrane proteins 5 would be analysed in cell-free systens and I n :
transfected mammal i an cells, to charactetize the class in which their
signal sequences fall. The conformational heterogeneity of the native

pr ot ei ns : d both in yitro and in vivo, including in sanples
from ni ce%’%ﬁﬁiﬁﬂﬁﬁﬁ?‘f?‘gﬂégn 1% %Q‘?%F%ﬁaf‘{l ImPOE; digisieion udi phy sivhreoel anal
ant i bodi epathopbysickigicaimdictibs aHefNs 1986k £05 hation wth other proteins
inside the cell and in the medium as fﬁgmﬁggﬁghg%&%%SPPd@aﬂﬂﬁﬂépﬁ§ﬁﬁbn_
Second, aPP%ﬂf?E 8| SPepidic fisraseso skew t he conformational mix synthesi zed,

al | owi ng m nor Lent fornmers to be magnified and stabilized and
t herefore nor emlﬁkg’a%ﬁ’)?@ﬁ%fg?g%@ %Q EAE ERhfgcEerory Rndsiptaghal membsane anotains

di st ¥ ngui whaldl be emalyseel in@elEtdey/sysBoE 4RNG B S mma,S can be_done in
two gener namel y by svvagSi ng si gne{fﬁ?ffg{sequgrﬁl&”eaélaPﬁgﬁs’éP§h€Ta§W€é

| S,
or by exptl?‘gé\%a%d“t"fmdbmreﬁl&%alisﬁwqﬂﬁes fadnalledc arfdrmesens el teirs 5t
t hat  nodi da¥ivehgoRatd WAl B@E&Qfogﬁéd H})@%}?@H H%?ﬂj}é,g?-s (or their apsence) in

trans. Third, once the mXx of con H&Clﬁﬁéglileyamples from mice
di sease- r@iddwanans (etgifvem hdsod) e ravahaiaclghd ﬁﬁgoclgﬂgp%ﬁ frompatients

. . , od1es C
repr esent e diversity of the natural history and phenotypit A asses
of the didég‘ggég‘i’?{‘soﬁd@s‘i‘r

Ocigiipn Wil eiberauatednsamgideahe geli iané dn WetRedlm, as
respect tiee tdeanhef RO @ rymMiioponf ormers of these protei ns observed. From

this analysis jt wll be possible to identify i) the confornmers inplicated
in disease; i iéeceﬂ%’néfg‘iﬂmﬁ vt beonadsr 1o skiw thbabnforRa86 3kt hﬂﬁﬁx"ég‘? P Lt

of di seagBowidd mifdleNRES coer. miox that _stratify individual’s with
respect to di sgease progr%ds%ng%tgﬁ@gﬁﬁfsi 10 d¥ipraniGed  and pebilizeg aed shertfonaimarel

hi st ory, I4adgly yhitenged mud casadenred] @6 tBAIRS &inSte QL i S|
effects gnd.ot her 25 reactjons. Note tﬁg%these grlgégﬁ?&%%gﬁgﬁgpomgﬂ

convent i oNATG GPRORPEE . pf g candedane in wo Retmral waps ethnigly bl GSRAPPINRTH %?11’5‘13
of the

beqause {daa¥na@:an .dence, submtted. in support f
subj ect iér?eelrllt isonjﬂqfrg%“%gﬁ? gif r?g[}% Bﬁe\é%’mﬁg&?e ISYBRR I {ragionsest @idescorgsietedt hey

are not SYstakd thgt frmdifyl the nattecatofmENBLSHhOG, tRNRY(S ﬂ;eh”abgie%z Y Ban
Furt her nor e, '%rgout t he subject .invention, there are currently no neans of

systemati cal | eRBFE iedgx t¢Tmasy that defimmehediear distaseirelated [irbes has
G ST DUt o or e shbIRg Hont Bt bk eh RORR Gl o T FARUEA dipiom
part i cul3®d PhengERéeelasses of UM @iBEse in question, will be screened and categorized with
20 respect to the heterogeneity of conformers of these proteins observed. From this analysis it
will be possible to identify i) the conformers implicated in disease; ii) changes in conformer
mix that precede actual development of disease, iii) changes in conformer mix that stratify
individuals with respect to disease progression, complications and other aspects of natural
history, including increased or decreased risk of drug efficacy, side effects and other
25 reactions. Note that these are all goals of conventional proteomics programs which will be
missed by thpse programs because they are not aware of the evidence, submitted in support
of the subject invention, for conformational heterogeneity of proteins. Hence they are not
looking for alternate conformers of the protein in question. Furthermore, without the
subject invention, there are currently no means of systematically identifying, magnifying,
30 and characterizing these changes in conformers, without which it is impossible to determine
their distribution or significance in populations at risk of, or afflicted with, particular

diseases.




WO 01/44816 30 PCT/ US00/ 34375 Fourth, with a variety of valuable

i nformati on on di sease association of conformers in hand.from 1-13 #doxiél
it is possib t o devel op assays as outlined previously to'screen for
agents t hat ¥¥4#81he conformer nix in a way that nininizes undesired
confornmers and maxim zes those that are protective or not ass &G AV WY/ 348 78 h
di sease progression, drug 5 toxicity, etc® Li kewi se, agents that block
undesi red conforners selectively, or that enhance the action of desired
confornmers can u t hr ough _hi gh_t hroughput screens of |arge conpound
libraries,. as mglg?ﬁg’sgi} hrao‘ﬁagrhmg{fﬁf’ 6’?‘\%@?—@&9’@1&@0 onatis@ne s Uiod &3 BRformers

Speci fi c dpdianddterons3 nbowqiejsmisemidi re outlined below. T Diabetes
mel I'itus; i nrspl}jlsi n, toflgéi%ﬁ@u%swsraesc% 18¢d Brpyieusty mestyeen for

enes for

menber s oafggﬁtﬁég?‘a‘ﬂ?ﬁi &te gmiemeer mransp oy ehs @ilﬁmt@g%nﬁgg%\gd r

uncl eaved nsdxgifddes SROHGREE; ‘etsﬂ%\fe .make them anenable to this n%ﬂ’&%ri’%‘?rs and
Furthernore, a key pathophysi oo c8f nok Feedatediwigadisemg mogpaticgn reis

g Ny

t he Syndr &¥cifsreted Liksuise nagens GhABRRK oSl Ve Rl S, A S 15 attributed to

di sor der Stﬂe”acrtﬁ)&e ol @ fcﬂnCtrj on, but in nost cases, THE® BHEFEVEHron thet enhance
di sorder Is - unknowi TEhEORIREMBISEnGhY $ought ﬂﬁbugmﬁgﬁitﬁﬂf@%ulc&%%sdq?ﬁ%ré%

A

fromthe tompoghd BbRgies t Axa) ptor, cannot be rul éd" out.
case, the ligand is insuli n?ﬂ gﬁéh{toﬁgﬁg% FRAE-SPecHfag satiamal drug desigr. mpai r s

i nsulin-mediated signaling could be a property of either insulin or the

I nsulin RO l.ndi vi dual nenbers of the famly of glucose
transporters, méﬁég{ﬁzaéggsc@tﬁ%l%ﬁmlﬁﬁﬁqaﬁﬁe@eiamtliﬂmd taswer descri bed.

Findlly, the huge heterogeneity of individual phenotype at any given tine,
and in nis.u%al history over time, which has remained elusive despite
massi ve resedrt s (Idedieyegenes fart insotiy, Rt iAnah rg@gg,qgg %ndat d rgr ot eoni ¢
anal ysi s of e fahily°Bg mcé gstive of disordered conformatics, HhREmeerso
t he subject inverti oR. gvél%?/pelpf:"étf?i?i Yhhave demsdroronckeyegeneal satueRstsR), of
bl ood pr B¥dartkemrcuuebleaorbiseiuaRd FhohGH Al ”E”bf ane proteins including
the epithglial sodi um channel (EnaC),  angi oreh&FhBatarhysielogisgl proeasi n
receptors,” renenn W{'&néﬁirﬁrfééhf‘o#ylskemeitdiﬁﬂdoiaytﬂtrhfb%iﬁanclenV@é&é@g L
Syn$ heSiW@urﬂ@@Sis@f&?@ﬁ?Mﬁg{oQ% steriods, and the al pha and”béetd®
adr ener irﬁﬁn&r‘é‘fecea%gﬁs, ;sglgna 4 A onTbat B’el{nﬁé‘m'?}%dhegysim;fommﬁmﬁ@aéi Qn
remai ns ®epP ity then i HRIdei; t. conf oy ner

7 lity te diberdePs&RIdekil ¥ f{]cbrﬁ tl}'eeg %@ﬁ%tthﬁbme

dysr egul RbdABr RaAUS in jts.etiology and pathoge g

excl uded i gfany vvayt. 95&"%‘?8%‘ %bﬁ'é%ﬁ?sél 811 liganddn insobin e AN@ RS rangt Ui €S

cl ear | y ‘Chtfreationtthatingais end8indhed ARl El; ous, npt only with respect to

t he nat l&%@fnsﬁﬁn\]rg%p%&%lr 1\r/l\%j) Qg./ 44816 QSN Pe 2 property of either insulin
1vidual members of the family of glucose transporters, which

Hypertension: i
yp sion: A number of key genes m control of blood pressure encode secretory and

integral membrane proteins including the epithelial sodium channel (EnaC)

angiotensi i i i
giotensinogen, the angiotensin Teceptors, renin, the enzymes of steroid biosynthesis
involved i i
d in synthesis of aldosterone and other steriods, and the alpha and beta adrenergic

recepto ' i
P1lOrs, to name a few. The pathophysiology of hypertension remains largely mysterious
hence the possibility that conformer dysregulation plays a role

- - in its etiology and
oge i ini
paihogenesis cannot be excluded in any way. Clinical epidemiological and observational

studies indi  pati
€s clearly indicate that patients are heterogeneous not only with respect to the naty f
_ Ie o




31 PCT/ USQQ 34375 their hypertension-inducing state (e.g. salt sen itw? YS
salt insensitive; increased synpathetic activity, etc.). but also N 700
respect to hg@iﬂr sensitivity to individual classes of ' drugs, side effects
of those drug® VaHfi%ability to tolerate the drugs. 5 Qbesity: F@ﬁu§(§>/349%“es
i nvolved in the control of obesity, including leptin and its receptors,
and the various obesity related genes idéhtified to date including the

mel anocortin and nmahogany receptors, the agouti protein, etc. all contain
cl eaved OfhheidRGhERMEFS] | sequences- Furthernore, nost obese individuals
are leptin resi%t_ant ?an@gﬁ%fjgtsgaﬁ? ?f('n/gt FRlt PRESHIYSotshali igsanisiivec ontearsaer

di f f er enc 8¥mpathetipectivitredia) ®ul biSo WireFSBectRP YISO Lo functions (e.g. in
satiety, H&l%}t %‘gfgeg% of bone density, pr_gnot i on]o%é}&gung mH@é’IVi‘Cﬁ-@TC‘(éWS of
regul ati onn 0t SHIEFOEFPr s@ﬂ%‘?mg@aﬁ&bablhﬁomr@pﬁrmltwdm:g@ncer is a disorder
of signaling pathways involved in cell growh and proliferation and the
physi ol ogi cal controls over these processes, including a host of 15

di vet se aibptivt i Thetkayggpres imndvanin @peRhEb 6f 5@&%%?511:1&%5%' {eOhataI’l]@Se are
secretory, L tglr;srrbar @25 gr oteins with cleaved or untcleave 8 I éf:fuences.
In many cased ledndert EaHous,ebestty detatad, 2anss idepasied ity dhe ingddneanti vel y, by
a host ofmeReHEHEH LU LS d. cytokines, which also generally have
si gnal sequlenceg. A host g% %té?%?’é‘%gp‘o"ff‘t OPHETHEH. S - dlheantainmieased bhese
factors af¢lasykd isfanatsdoommdes. BurthormeomR! 6Rist Bhabe iREISIAIROG d with both 20
pronot i “%oﬂghgtehw-&i t#li A9 gﬂat.i cular signallin eﬁatlh{t/vaygacfé\?%)ﬁlé's’?ﬁistam’
conundrum I'n the fierd YPLEHydhat contarmgr Kitfereneesfofdemin oetiaby jrogivabeut one
acti’on atphyselqgicaltfundlidng (B.g. 309at¥ey . a yery different action
at another time. A swtch feom one 1o anct Ee?é)8g£6%'?eo %ﬁyr@é‘lﬂ’qq%goﬁ‘ﬁwnd

al tered PE¥ME ndiregulaiens of blagdgrassure)ansduction, half life, associations
etc., could be central to one or nore pathways of careinogenesis and :5
phenotypic variation in the devel opment, inmune surveillance, presentation

and  pr o§ReewT Elvnokptoaliy; ancer isiAGiEGHROBS Sighidd Bathiad %BEV&?F%F(:% ‘pg?fé\gﬁ{ S:
ensity, 'n i n

The horn%%grc}]ﬁvolt.ved idn the regul ati on of "bone

di scussed ear I e BifdddhhBRysighogrcahsonaelaomgr diest porcatsee, inoRIBRNE RERIENI N,
ands t hei diversecgppitie, trizbérs hddeang - c sope cl eaved, sone

uncl eaved, Dbende?i ng tﬁgrﬁs amr@gggﬁbgég%gﬁ%sﬁgh%o SSals ¥EetP@nt i on.

The physTHINGERORIOtaREe Wit edeavpdios lmolqakai(signﬂcgaqh%cggdﬁrﬁgﬁpgasggdﬁ%g%j ect
to a varieeiffeQfa f@&ggg}%@g Rar adoxesl - the sane agent that” 1 J 064 wo
01/ 44816 32 PCI/’ negatively, by a host of secreted growth factors and

cytokines, which also generally have signal sequences. A host of data supports the notion

that many of these factors are multifunctional, or more precisely, are associated with both

20 promoting and inhibiting particular signalling pathways. A present conundrum in the field
is understanding how one factor can bring about one action at one point in time, and yet
bring about a very different action at another time. A switch from one to another
conformer resulting in aliered receptor interaction, signal transduction, half life,
associations etc., could be central 10 one or more pathways of carcinogenesis and
phenotypic variation in the development, immune surveillance, presentation and

progression of cancer, or in response 1o its treatment.

Osteoporosis: The hormones involved in the regulation of bone density, including leptin
» (=]

discussed earlier, and others such as parathyroid hormone, osteoprotegenin, and their

) .
receptors, all have signal sequences, some cleaved, some uncleaved, rendering them

amenable to analysis by the subject invention. The physiology of bone density is complex

poorly understood and subject to a variety of confounding paradoxes - the same acent that
) [



pronotes bone density in sone circunstances can result in bone |oss gggﬁrnn
others. Conformational heterogeneity in response to signaling chan& | g é
potential bagjs for these observations, with broad potential for

di agnosti cs MY H8tapeutics. 5 Neurodegeneration: Including prjors and

al zheinmer's di seases, spinal cord injury, and stroke, are ar eé’gTHfs"B’éi‘ﬁéps
the greatest potential for diagnosis and #herapy involving conformatics.
Prion protein, the gene product responsible for prion diseases was the
first prQidhibidosoddigl.conf or mati onal regul ati on was denonstrated. In
this casez;:r%nf or r_r?at i O‘%g}t? 'P SYTF & iCHMSIagCtpehanfresitit asbompiokogigal ochggul at i on
- the thr etgatiell deroogaiei® i rédpbhs 1o ransier nbrane topol ogy,
making themrelatively easy t(f)@i (_jen_tﬁicfy gln I}fﬁ?ﬁﬁ’@%@ﬁ? 4 QApersiad bags éouthser
Protein, the ggri%nspr%’éb fodsheryentatd dor diagnomitabad ie@apasicbeen inplicated in
Al zheiner's disease, is an integral nmenbrane protein which has features in
com"rt%n W i\{; the prion protein, including a cleavabl e signal sequence.
Netri’ns, NepFedsgen¢rationnthchidias prigBRas alApl 10 axonal gui dance (and

t her ef or estgﬁget ral to recovery %?om spi ﬁa%m(%%@lgeqsﬁf’uﬁpﬁa?cﬁ%@wn addxi cal
activities condl SPERS AhiRcRhapsdhegpatdsepotentdi fon titdopbes ‘éﬁ&i‘fﬂ‘&fréﬁf Riv &or onary
artery di&ﬁﬁ"&ﬁhar&@h’ir%pﬁ@}ghn B des.2 c{gl[crrgl ex, multifunctional’ secretory
protein eIi’IP}\éf‘Sl \éed i@nq*’:aow ensi %hy% IpEPIOFEISiPARY RIS SPT Bripadiseasesny a%the first
candi dat PPHIN dehPaichat dfnerhatidral esagangi & 4 Lal ly every integral
menbr ane I‘ngi‘ﬁﬁ‘é igﬁ% [ ct:‘%i or HJg}rgotei nin t he %ﬁ%%e%héﬁ@raﬁé%eévmrwgn@m
sequences amenabl e 10 Fratt B icéhr%ﬂ&!@m-rihbeﬂreelcﬁamﬂmecoﬁ’ahﬁ@fscdiffqi.r{
obst? uct itvenspelutwary yopdi$B825RakiT; i e Fibrosis Transrnenbrane Regul at or
(CFTR) i@ mul ttspa_nni ng i ntaegr%ﬁ’e%?w%%tgvr? B8t 181 eIty @nd shistingnishi oAsiyyoid
whose  bi'dGBHEY £TUcigg bl gene mdecmmexbefraﬁﬁnétﬁ%liﬂe%ag%@ﬁﬁ ahbi, a.gcfﬁPt ed.
One reasmzﬁ@ﬁle}*gedigagéf{sia(;luilngey i!n accept ance of the hypot esig ¢4
degradedﬂ_g:hai_ns of CFIR represent AFPBrERaPEociowuhishrias ifeatsrendh cos@egtwah

t hat poi H€ BiyoR proteim, lincludinger clbhamid &b |.ded chains,.is that our

evi dence &{Esfiﬁ}’ v, of, .conf ormati cs rerreilglﬁas%ﬁ%&?‘yﬁﬁgﬁﬂﬁbﬁ@wgﬂﬂnwfﬂ ethemose
al ternat Fve: FONEREE R axenali gridaneadond terdfore @near rdcbV&hy ﬂramfg@?mﬁ)ggpd
spédéul at agurtyhahavet fiead@QWMl JHO6L f CFTR as a chloride channél "aftects
the salt environnment needecﬁcpo&eg%pflg“ﬁ“c‘?’ i 4F Byepthcsis ©f sudtiplescdnligrmers,
defensins, needed for innate immunity agai nst pathogenic m crobes. Thus,
conf or mat&naly I%HSLE tiQn i.n which chloride channel function is |ost

may confer i ner eaé‘é/d% E‘Jﬁ% 'e%‘PP PPRTCIEIR B is wfcomplon rinnltiﬁilectiobhﬂl]sct@ﬂa‘im?I éﬁ%ﬁ'em

ti ssues,P¥RIvEd ip be deasiry spdm[egg%t%gng,ya%816 .33 PC;Ii'/ USQD/ 343 75 Tn a

wi de range of pul mpnary. and ot her di sorder’s. By S RYdidadior spafoethational

col [ -fro% tally every integral membrane channel and receptor protein in the
20 body have i
y uncleaved signat Sequences amenabie to fractionation as described elsewhere
Chronic obstruct; i '
o cuve pulmonary disease: The Cystic Fibrosis Transmembrane Regulaior
R - - . Tu b
FTR)is a muitispanning integral membrane protein discussed previously, whose
biogenesis suggests a ’
more complex fate that is o
5 generally accepted. One reason for the

difficuity in acceptance of the hypothesis that degraded chains of CFTR repr

. esent alternate
conformations not needed at that point by

the cell, rather than true misfolded chains, is that

our evidence in 1 1
favor of conformatics remains largely unpublished. While those alternative

funcrions Ic. 1 i i W
mawu unknown at the present {ime, 1t has been speculated that, the known
?

function of CFTR as a chloride channel affects the sajt

| | environment needed for anti-
microbial peptides such as

the defensins, needed for innate immunity against pathogenic
&=

microbes. Th i ion i
us, conformational dysregulation in which chloride channel function 1s lost

may confer increased susceptibility to infection in

the Jung and other tissues, as is observed




translation and translocation systens, as described in this i nventi,]ol}UN Izﬂ’m
conbination with available scoring systens including nonocl onal ‘

ant i bodi es,“&ﬂﬁrgg nodi fication fingerprints, crosslinking and

associ ation ana()?1 s including sucrose gradi ent studies, we S5PCRUSeEEaEIDgUe
the alternative conformations of CFTR, QQR genes, and ot her rel evant
transporters and determ ne whether these alternatives are utilized to a
greater or lesser extent in particular subsets of patients with infectious

and ot herindi s@dd@hse of Pulka V.Ghi | & . diisQrders:  / Lth
neur odegenerati on, §feuné)tui on%?ﬁcf?lgo(%éeﬂr(gscgﬁlghggbﬁéqﬁ:%&éomf"idk“eq]&?ﬁ% i nvol ve
di st ur ban&easlationsangnzansieragiod/systemisgandestribes s BRenSHRNGA oRBRIRHLSY PR

t he cell e, l.ncluding.the fam|l f G protein-coupled receptors, are
gener al | ya%;ﬁelé%l% 5PHPe Y %Fmgé'll‘i‘q”@@gd’é‘i"i/"c&"@h%’ﬁlt??&wénahf@@@él* godifidatior si gnal
sequencesiingdrpaie de@sslitiiRe bk & ; : LN re highl
likely to E)e candi (élatsses flgg_ conf%gf ine’{[aﬁt%’ iﬁ(;%ﬁgl §l§?lgggﬁﬁfgg{gggfo?‘)%.gﬁ%aﬁexﬁ&&gﬁﬁe?(@ t he
exarpl es @ntcatlegis\ide adigmasive sopformatibnoaftiCRERYU MDEBS gdnes Sand sventdl@anand

its appli N wi de range of disorders in which a signal sequence
cont ai ni r%%a’gt’%{ttéeﬁ% r?hgrd%}eerggﬁ? 3’?’6&9 %ﬁ?filaf}gﬁ‘?“% HRE AR QR RGeAen Prtlesser

acconpanextdi $n paficubatsubsers w?ﬁjé@mimtiﬁfécﬁ&:s%{dt otﬁ@r BlbRL Y .
appl-ications 60/171,012 and 60/ 172,350, and are iInc udea y 1 ncorporation
by reference, as if they were specifically set forth herein. These

MaNUSCr i PsScidh@ic efd-€ . | Lok d . and fil.rst author: t kowski, et
Dol RisScinaic giedidels: o Wit RElibabldhbfioR Mk hbal iRk iof e SRS A
Hedde, etikgly. to inTelanslittsiabtes mndgréeimgtand/drrsigml BafeRSE6n 251 e e8eRoSHTON
Pat hway qf r odegener at.i on” ublished in Nature (1999) 402:822- 826);
and Li nga ‘p‘geﬁp%‘{’ga&?z }““"é% g‘?ﬁw&?‘?lghaisacﬁfﬁteﬂbpom%%mjﬁpwarﬁgﬁ @entribnal

Regul at i egkponAbi¥efr VeBMo QE11 SB5HB8ES B¥d | | QLA or THE
fol |l owi ng gxa_rrpl esrare of f er%glr by‘Q&/ay%g%r%ﬁnaéﬁﬁgﬁ%%gg%%cngt‘9%&;‘%9\/% of

li mi tat i BhErsEe ssPEisses®f IoneiGare W01 Aikdig 116 184 aRCHatdS @01 £3B3¥mAdIRI i al S
Rabbi t rﬁtgiuﬂﬂo?fyte | ysate (RRL) and dog pancreatic rough m crosones were

15

Taken together, the examples cited above demonstrate the broad nature of this
invention and its applicability to a wide range of disorders in which a signal sequence

containing protein or receptor is involved.

20 Relevant manuscripts accompany this application, were submitted as part of priority
applications 60/ 171?012 and 60/172,350, and are included by incorporation by reference,
as if they were specifically set forth herein. These manuscripts are identified by their title
and first author: Rutkowski, et al., “A New Role for the Signal Sequence in
Transtocational Regulation”; Hegde, et al., “Transmissibie and Genetic Prion Diseases

25 Share a Common Pathway of Neurodegeneration™ (published in Nature (1999) 402:822-
326); and Lingappa, ef al., “Conformational Control Through Translocational Regulation:
A New View of Secretory and Membrane Protein Folding.”

The following examples are offered by way of illustration and not by way of
limitation.
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EXAMPLES




prepared and used as descri bed (Hegde and Li ngappa, Cell (1996) 85: Zbﬂ@ﬁg
and references therein). Myuse brain m crosones were prepared i n loheNs

manner as ca‘g?r]ﬁ/, ;] m crosomes. PK was al so prepared as descri bed (Hegde et
al, Cell (1998) ¢5%1821- 631. Anti-prolactin anti body was purcha ;ii/Jrom USB
(C eveland, OH) and 3F4 nonoclonal anti-PrP antibody was a gi ?? 8
Prusiner | aboratory. Anti-PD was purchaééd from StressCGen (Victoria, BQ).
Di succi ni m dyl suberate (DSS) was from Pierce (Rockford, IL)_ Saponin was
from Cal biMgheial§ La Jolla, CA) and was dissolved as a 20% w v stock in J

wat er, adjusted.to,10 nM Hepes, pH 7.2, and the contam nants renoved by
abbis

- pbif reficeloryim ' L) -
passage over a yape (RRD) ghé ds P- sephar ose fast
%%gﬂ%r@%nﬁo% OIS ¥@shar ose

flow (Ame i.a,, Pi.scataway, NJ)

fast 11ow %PEI‘*S%Z‘*E%?O i%@c?@é]sél{e%%eﬂ@ﬂdwiagmm,M(QDQWS:QII@- hded by Torn
Rapopor t . rcfBrefcecthensial. i Mot b;%ﬁingﬂogg to !sate The process escri bed
herein is ftor the preparation of a no PP VSR POGRaTeA i ehestaptel roannes s tcgfiine
deri ved f’ﬂ’b‘rﬁof%%r%gww §isapaifaatl as aabbibba (BEEULOFY LS,/ g%\ep (BRL)
transl at i,Qﬂtj_pi-MﬁlE n'ggg RRL transl ation systeny origi naf I ¥ @I-%&iﬂ}y
Jackson and Hunt ?%thoadsy VEhD Fseélfg@@)U\éB:(EID@vmnd,@jﬂﬁgm SFRAIRLi B0
based extdn&cPrR angiwtdyntas opift RS It AR ef lajtj 0 rressg\r})%?r RNA (either
synt het i G Aat i.ve). .Furthernore, when supp0 HERY-e PRI was puosasedhfrom
nenbr anes, qsa@e%l{g 91 BChf Diwer mimidy] suberaRi5g8)ey 5 BLEI PS GOk (I%E
reconst it SiRhin Rhsf tda‘i’ﬁ}%Ei n ];hﬁ RRL i nto defined corrponen‘ies, fardy o).
ext ended the flexiﬂ:b(?fi ty anl?fng& 2heli%) Cod erd vhastdisolvedwista T0 % vaRSELE B

]n " . O
t Tidere adibstadcies] Chave H I for addressing a variety of
bi ol ogi B R R B ha B TR0t P pasensi pves 4

bi ol ogi cal4 see below). Briefly,

ri bosom&%l" gggggj%gﬁf% I @ ‘HfgostaBPWﬂﬁ PASPHwphiSsd BO) foHheA BekfQm lbtﬁrlplnéﬁ}aher

fract i onBiseata ANIDBn@ Y t oar aphy _on DEAE sephar ose. e flow
Al ot SEran St D hEBSY 30 MoshaA sbne oaing yeas

thru (containi |1 of the glo

st ep- el Lﬁrgﬂr‘%\?{]ﬂ%a%@@owasM\fidﬂ'mbydIotmaRapémLch contains the rel evant
translation factors) is concentrated by amonium sulfate precipitation
foll owed by dialysis. This DEAE fraction, along with the ribosones can

r etonst iXngctionation lofretoulobta | gntially equal efficiency as the starting
RRL. The follpwing is the detaited protocol for preparation of the

fractions fron'f PHtCEY dgslibed hereimisefas ithey plepasenast &ﬁoéﬁieﬁﬁﬁ%ﬁ 8l Vinsiadl um

buf f er isgst2th ddviveal fFom! ) 20.15 JUN 2004 WO 0T lation
PCTI uso%, 3%%2,]75?}31# RES:I; , qgi?}%ﬁ’@%?%‘?ﬁbiwbéﬁetl%awefly@smIRRLDt%szﬁwon
G ycer ofYSt®Put T frenslitson syareen acriGahN e RISEES by Pih i 10, 300 KQl .
Di al ysi £nBuhbiei19k8) 88 sBM R8s KH &l by Fidcsth ki Fine ethoas

; €rs a mamimalian based extract Ccompetent for translation of
! messanger RNA (either synthetic or native). Furthermore, when supplemented with

ﬂe - L I3 i - -
xibility and potential uses of the in YIro transiation system. These advances have

several advantages for addressing a variety of biological phenomena (see below). Briefly

RRL is separated into native ribosomes, and a soluble protein fraction (S-100). The S-100

is further fractionated by anion exchange chromatography on DEAE sepharose. The flow-

° -eluted with 300 mM
he eluate (which contains the relevant transiation factors) is concentrated by

ammonium sulfate precipitation followed by dialysis.

ribos

thru (containing all of the globin) is discarded, and the column step
KC1.

This DEAE fraction, along with the
oI i i i i
€s can reconstitute translation with essentially equal efficiency as the starting RRL

The following is the detailed protocol for preparation of the fractions from 1 ml of RRL

It can easily be scaled up as necessary. Column buffer is 20 mM Tris-Acetate, pH 7.5, 20




pH 7.5, 100 nM KQAc, .5 mM MyOAc, 0.1 nM EDTA, | nM DTT (added fre?E) N e
viv @ycerol. Fractionation protocol: i) RRL is prepared according dU
previously 5 published protocols (Jackson and Hunt, supra), except that it
i s not desal‘f’gd’.”“ﬁliﬁefly, bl ood cells froman anaenic rabbit are washed
several times, and the cytosol released by hypotonic lysis. ThelHAMKEH
cells and ghosts (cells which have | ysed3and rel eased their cytosol) are
renoved by centrifugation. The supernatant is the RRL used in this

fracti onathpnkdii ' juste 1 mM Cad 2, digested with 150 U rnl

m crococcol ngjé1 %'alsﬁgik/{ gri)—q“g xirﬁ‘ﬂ?@é%a@dé%ﬁeéﬁd 10fevve@btcenn. tEILADA BueE, by
the addit semeas G@EIhntBuRrNbM wiBS08RhM KGN HLAL LR, QC on ice, and al |
subsequenbagri%c:i((‘i@‘t;q?@Ir donénat 2 t(i n the Rg‘gl irdggfﬁﬁ'é €10l 40ceM Hepys-Kied,
nucl eased p KPiedS maM DeOnaul.¢snt EDQO\,OD%M@MEQd&%Lf%S}l‘j‘ﬂdfd

pol ycar bonat 6l§debss £ i i L-100.2 rotor at 4

superﬁnat antl?]( h—éOO) iriacgéénrfag%’ggﬁgéa%l‘pﬂeﬁg i If PEePagedhiccoppisgdopieviolngy on i ce.

The pel | ePublished promeeld (bekson mdiahy,Sd u resuspended in 100 |
r E%?ég 1y ?ag%"tl%edarﬂﬂ%ﬂ)br ed

of di al ys,_iil% Qufﬁe%r. The ribosones are then zen in-a
at -50C. They “Gre"OPhpp angeguic Zabhipart wasted sgeartl Winkeh Oatd @a@%yﬁgﬁfﬁ&% Yt

activity.hypoedd S § t ha al t hough it appears-st

| east 2-3 uses s/\n?'?t%ﬁ%ut?hgﬁgj %g@éﬁéﬁﬁlﬁ@gslﬁﬂg_@w havediybed @l miléded hegqual
vol une  (C¥1980)) a5t remiovedhb cbfimitugdithnapphé %betrf?a[tgnt‘?i e RRAF, Sfipha ose

col um. Mtﬁ’?‘lﬁ"?‘%}j iisﬁéﬂ washed with additional col unn puf tEfBdkE ¢ he

| ast traces O & W RRhs SﬁﬁdﬂilnHM\féiCl;f,I(ﬁg\ﬂchdt\hftbugb.ujm%ﬁ%%oli s

t herl' st epueleasetbrvict finkQedhS ] ffer, and eluate collected. To
the 10 .SHS({ grltjate 1_5. 6 g[r e?or;st’o Hs%???%gﬂﬂi‘?ﬁmﬂ?t%IbVéP‘éaﬁl@HQG@é&CsTxm\M)y
with condt@BM- dbeRhds ehiled gd A§Ci dn tce, and aﬁ@%s&aaéﬁt%w@r Shdilo %ﬂgrﬁr
on ice) Eg @ @@m)q:q,cgnt 'anﬁit) .ﬁ(ﬁ 301m' g(g es after the last o Fhe's ni ¢
sul faten}{%ﬁdde& Sedfl men CREm N Itéﬁt@ngyﬁagemwnzmgammem(m,m X g
for 15 @8 Yhick-svabieé pahdatham@as @bk : n a i ssol ve t he
pellet ig, %}ndzﬂ%’ t ]ﬂl‘% .of l)letiaal ysis buf e??légﬁgec?}gﬁ g}b%?la?go-%mﬁrtm 496esThat o
sol ution Fead '5% Shigmyeniire miexehidyd 2 Diladpperdag@aitisén RQ0 fid I?g{g:?#é’m s
buff er tinsedesney én tiNalyveRSskda ' |.f wi_.th one change of buffer
if desir zﬁ% at 4C for yrss- 1%? Sf.iﬁﬁgysﬁégﬁ‘%ﬁénﬁbsﬁ'g@é@&lws prtfer.t Beedi al ysi s

t ubi ng, Bifsiake Aendueres, inatiguetsomeldsioet at SEPE . Theyl a'?re%Ea%?ér g"effzaef"‘f%%ﬁﬁé% !

year W tyeaPQifdhi § of gctiyity. Avoid exceSsive
al t hougﬁ}@i t appearlgyagisggkggtﬁ‘(}?yat Vé’é‘gf’xcfﬁgvﬁwgze—mamoahhm@ ipapRlaeNSanik 5
UN 20 Vi olLIapss6 (Bes RGHOUSRNY Brsbidis BYMYRES: 100 R ifRedhohe equat votume

(1 ml) of column buffer and applied to a 3 m! DEAE sepharose column. The column js

20 washed with additional column buffer until the last traces of the bright red globin have
flowed through. The column is then step eluted with 10 mls of Elution Buffer, and eluate
cc?llf:cted. To the 10 mls of eluate, 5.6 grams of solid ammonium sulfate is added slowly
Wltl:l 'constant stirring (bringing it to ~80% saturation). Stir at 4°C (or on ice) for an

5 additional 20-30 minutes after the last of the ammonium sulfate is added. Sedimnent the

precipitate by centrifugation (10,000 x g for 15 minutes), remove and discard the

super_natant, and dissolve the pellet in at most 1 m] of dialysis buffer, preferably 0.5 mJ (it
goes into solution readily with only gentle mixing). Dialyze against 500 mi dialysis buffer
to remove the residual ammonium sulfate (with one change of buffer if desired) at 4°C for

8-12 hrs. The sample is recovered from the dialysis tubing
» at -80°C. It

- . frozen in aliquots, and stored
15 stable for over 1 year with no noticeable loss of activity. Avoid excessive

freeze-thaws, although it appears stable 1o at least 2-3 uses without any problems




A dramatic exanple of a substrate with conplex and highly regul ated

transl ocation is the prion-protein (PrP), a 35 kD brain.gl ycoprot\eﬁ |=‘|UN 084
i nvol ved in the pathogenesis of several 5 neurodegenerative disorders
(Prusi ner M®0173488%j ence 278, 241-251). PrP is sinult aneouslpesysiohesiszed
in three alternate topological forns at the ER (Hegde et al., (1998)

Sci ence 279, 827-834). One of these for#s, ternmed "PrP, is fully

transl ocated across the ER nenbrane, and is the predom nant form observed

in vivo. By contrast, the other twoE r PrP are made as
si ngl y-spanni ng nmenbrane proteins in ; lj orientations wth either
the NN or CGterminus in the ER | unenptibgrrretkifly nPrP and c""PrP,

respecti X&?n%llxy)' PrP biogenesis appears t0 invol've nultiple steps |leading to
at | east Ot HrE@lC grampicel asubursapap completpaichbighly regubmed frandosmion lis €t as

It t.] trate- I.fi ffect f
77 P 00 A B R BB A S b
si ghal segredepenefatife RiskgersqPraaest W) dchdcuel7l; ahudisgd $hgnal sequences

of the 15 secretory proteins preprolactin and pre-beta-lactanase (Figure
| A). TheSEREARFQUSHhtkgsized inphreemlpraateltopplazical fomspacthic R YHeyder @ al.

conpar e .| i ei Fhity-to b t argeted, translocated, and
synt hesid(zlggsrﬁé]gg%hfﬁ? Eﬁ?reg%gpo 8‘3?5% es%lgorrﬂ)é’ ger{g}ﬁgct Eﬁ?s‘tg ifilipfrangipgateds gur e
| B). Zo #rasrthd BBonetwtrahd,ons! iStthe geoddmiieeh Ray 06sdREE inSRQ. | By LHR-&F 88LI ON

of all plasm d constr S (Sanbrook et al 1989). Al constructs were nade
in the p%g%fﬂi)e q rfto"n%%d‘,la%%ﬁ Ypgly-sprnning srabrans grothies 5n opfiRitef

Xepopus QR tTbnk R tNp e Hr | Si L-PrP was .GQ ruct,

PCR grrplﬁ'?%ia_tﬂbingnwg Ei?%erat?lgg? o%ﬂ_gﬁg}édaﬁhﬁgﬁa@ntné;ﬁ fEII(J:Jiﬁ S (Tp?ﬁd of 9‘3‘% glb ol t’iyn

15 and defestiselyds PPB biggepksiprappedin co RERIeroditiple waps ldaghiged at Mdadt @uree

Bgl2- Pf 147, ' . containing wild-type PrP. (PrP SV12), so that
fncd hgfﬁés%%bﬁé%%ﬁ&g?sa 1 ﬂaerelfox% w?su%slegr?% & setnﬁné&ﬁrpégp%%o&@py POLETIRA

the resulti ng one” cont al he preci se

sequenc subgraihrepevific effects gifdv-tafniRaiRigml bequicheds. Prifihe ON8widkpSkigdRiss hghal
sequence r.eplacenents werfe constructed simlarly, except that for
Pr | - Pr PAAYYY Sigppiesegperceq! P mam ropiaced it ther welll shidied sign#lsegaenges of the

d str + | Vi ' ' l,Qne s.kdentical.in
oAl 1 oo oy R eR pip AT o BEIRIRIRl e Pleted 1 RI2 MR IDBERL b
s ihg nal élﬁdtférﬁcmxdvﬁls-ofl’frﬁu nds:peoti;zmm were cfas:cm;;%sqzﬂ at nfab& Eﬂ[bﬂar&hfi&hhﬁlty d ?@n S)er :
This repl ace t had no significant .e ct_on 13L-PrP {opol ogy. PrP(R2.3);
15 JUN %éﬁtegﬁ}ﬁﬁsﬁﬁ%éi‘g apgd %&W%%‘%&%C%Ofﬁgﬁ(‘?a?h%&l?abéwﬁ shamyctegisic pf pyw
.) werepgperigage PB)first introducing a silent Nnhel site at codon 8 of PrP

SV12, and then ligating anneal ed oligos encoding these nutations as
Bgl2- Nhel

20 Plasmid Constructions

Standard techniques were used in the creation of all plasmid constructs (Sambrook
et al 1989). All constructs were made in the pSP64 vector (Promega, Madison, WI)
containing the 5' UTR of Xenopus globin inserted at the HindIIl site. Pri-PrP was
constructed by PCR amplification of the region encoding amino acids 1-30 of preprolactin

'5 and amino acids 23-28 of PrP. The PCR product was ligated into a Bgl2-PflmI digested
vector containing wild-type PrP (PrP SV12), so that the resulting clone contained a precise
fusion of the preprolacti:i signal sequence to the rmature region of PrP. All other PrP,
AV3, and G123P signal sequence replacements were constructed similarly, except that for
Prl-PrP,, the site of fusion was engineered three amino acids downstream of the L

0 signal cleavage site. This clone was identical in final topology to Prl-PrP,,, constructed as
a perfect fusion. The pnL signal sequence was found to contain an Asp at position 2 rather

than Ser. This replacement had no significant effect on B3L-PrP topology. PrP(Rz_'”;




[ | actin mature region,
these signals sequences to the prol ac _
fLaglm;[\tz.r T?b];;isﬁni ng at ag1 no acid 34) was PCR-anplified and d: g??%}EGHM
t'1(:ah Ncol is fragment 5 was ligated into the wld-type prepro 3033 i o
://Vlect or (pSP 'EBY4#iest ed at Ncol | effeptiv_el_lhy Adel es\ggg teggi I#éﬁ%%?m“ﬁ
[ | in. An Xbal site, encoding r-Arg, _ ) ]
?%ITSZi gI er;otgg: Irgam of amino acid 34, adfl PrP, preprol acti nl, . ]E)ir:db:';lg
| act amase, and prepro-al pha factor si:)glrlall?je\(lq\;gnggﬁs}[/\/relrjgt ggpu;i o
. ! N - r _ ' . : i |
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s addedt o JE e B She bnTigteodifinectn 1sniica sebermt.aggreiodks fLas val s
\(Jvagﬁacol Vedficd hy sfidadxy degséncsmnpl €, nenbranes were added to al :‘ol Iuomgd oy
aIOi quot. The sanples were then returned to 32 for 30 m ggt eISD’rP ol | oued b
pr ot eol ysi s and | munopreci pitation with 3F4. In Figure '

i he presence or absence of m crosones.
I%Fveswlng?gflfeﬁfygﬁh%?gnqndg a &0} ,S'SA'FI)'A was added_ as above. Afte\rNe?g dded
i nut es of t r Eh¥iten iramscripaioplveish BP6RNAGMEL L0 tf&@]aﬁg%n\ﬁh?

- - 4dr 30
1 acki nd incubation at 32 was co _
i nut o, At o 1o B il T f Fisiipp Bes ey cben ot aeiggased, wibdy A ™
EDPA at 926 623r6310ami rfirefcestheletd YPlansatichs JIRQPLEFL ! at 32° {or 26° in
JUN 2004:igv¥3'eo 448]2% 38

) for 20-45 minutes. Where indicated membranes were isolated by sedimentation

and resuspended in physiologic salt buffer (PBS) as described

(Hegde and Lingappa, {1996)
Cell 85, 217

-228). Proteolysis with 0.5 mg/ml PK was for 45-90 minutes at 0°.
were terminated with 12.5 mM PMSF and transferred into 10 volumes of 1%

Reactions

SDS at 100°.
20

Targeting Studies

In Figure 2B, translation in the absence of membranes was initiated at 32°,

following a 30 second pre-incubation in the absence of transcript. Five minutes after

transfer to 32°, aurintricarboxylic acid (ATA--Sigma) was added to 75 pM.  Aligquots were

removed to ice at staggered intervals. Upon collection of the Jast sample, membranes were

added to all but one aliquot. The samples were then returned to 32° for 30 minutes,

followed by proteolysis and immunoprecipitation with 3F4. In Figure 2C, PrP truncated at

Stul was translated at 32° in the presence or absence of microsomes. Five minutes into

this incubation, ATA was added as above. After 30 minutes of translation, samples were

removed to ice, membranes were added to the samples lacking them, and incubation ar 32°

was continued for 30 minutes. After translation was completed, chains were released with

10 mM EDTA at 26° for 10 minutes. Proteolysis and immunoprecipitation followed.




PCTXS001343"' 75 Cross-Linking For sanples to be cross-linked, tr nsj(gﬁt'@n

products were sedirnented and resuspended as above, and.divi ded it e?h al

al i quot s. | j quot was set aside, and to 5 the other DSS was added to |
W8k

mM and the sa s incubated at roomtenperature for 30 m .
Reactions were term nated by the addition of 50 MM Tris (pH g“’g;’t;‘%?%”‘ﬁ\f}?
EDTA, and 10 pg/ml RNase A (Sigma, St B8uis, MD). Wiere the isolation of
| umenal cross-links.was desired, 0.5 % saponin was included as well,
foll owed by sedinmentation for 10 minutes at 75,000 rpm 4, in a TLA300.
For immungprecipitation of cross-linked material, saponin was added as
above, a 1)) was added directly to the quenched cross-Iinking

reaction. M crlgosrosnal menbrane fractionation. Briefly, rough mcrosonal
menbr anes ( RVB)© ar & el el eeroass lipkes; iteanslayiod @sodidbederd el Méhi@rngnd Bl obel

Met hods  EeugpeideE98BbvE6arraifRed ihQ i ng the extraction of [umenal and
peri pheral nenbrane protei ns,l ?egdgtge%q%‘é‘l, &?%tﬁ'nﬁé‘ﬁ UREYYBY s¢lcrspleoand ns

5 t . i .
are” sol Ui PPsePSEsVagadiiedgrdemtM and the seahplo RatsaHclAd n_ of
| ectin agpi hg%sartgeaicﬁg- excha?[ge chr.omat ogr apﬁy. i vigtgrégrrp%%é]%f?%ﬁcsfoére
reconstifuted by renoval Of deTBFGE%DY the 3dditiqs ebEhoeMdrrid (i #50), andnihe
pr ot eol i Bh¥AEsnd MLgfAl RNGEE ACEih 86T t.o, assay .Zo for
substrat e-specific lE'gllcf?rt_i viti es.A %%ﬁ?oﬁfgg#ﬁsglﬁgﬂt h hﬁ@t@?l‘%‘dawlbﬂf)hmenﬁbr
the prepSiat18ks Wandesired, 465 &r sapahinomaofnchniel tis i, (585wej bgrsgﬁﬂﬁ Ot )
denonst r 6 gikles BT ¥56bB'Es, 148V vm This initial procedure may be omlor
modified in several waystas ‘dethf It 149- sEex immupenrepipitation Bf ardsk-0imied on
pr 6t ocol mateyiaRMapania wasepited Gs 666, Hnd%h kB ody S I ublished protocols
(Wl ter and Blobel (1983) supra) . Bri gﬁ”&‘?"%%ﬁg?ﬁ%dﬁ%‘bﬁ@ the spenched
recent |y o5 §EHBRLEHFYBg (or pig) is honpgeni zed, and after a
centrifugation step to renove debris, nuclei and | arge subcellul ar

structures, the remaining material is subject to high-speed
centrif nedravticmatioh. i s resuspended and stored frozen at

a
-80C. Al s racedures are carried out either on ice or in a cold
room at 4C, ﬁ@%%ggﬁé?ﬁiOéS“ﬁgF’&albrﬁef (Ris) rve pté¢par&Dasieviously described

t riiset haWaltetr and BIHANErhbMd Enfimo? .SUgk0se, . 1 MM DIT) are diluted to
a final _concentration of 0.5 ’é%lrjnl vg egr?ylsggpgz#%)wﬁ?]ﬂo‘ﬁmg FeEracym of ni ng 50

M Hep egu,m. #nq petipheral menbrantoprogipn i subiset @ftitie dnte@rad ridpMane proteins are
i xed gont Ly b e bR A 13 e rnBBon cblscangrniy and ion
exchange chromatography. Individual fractions are reconstituted by removal of detergent
in the presence of lipids, and the proteoliposomes that form are collected and used to assay
20 for substrate-specific activities, The following is the detailed protocol for the preparation
and characterization of an initial set of fractions that demonstrate the principles involved.
This mnitial procedure may be modified in several ways as detailed in section {d] below.
Fractionation protocol: i) RMs are prepared according to previously published
protocols (Walter and Blobel (1983) supra). Briefly, pancreatic tissue from a recently
5 deceased dog (or pig) is homogenized, and after 2 centrifugation step 10 remove debris,
nuclei and large subcellular structures, the remaining material is subject to high-speed
centrifugation. Sedimented material is resuspended and stored frozen at -80°C. All
subsequent procedures are carried out either on ice or in a cold room at 4°C, unless

otherwise noted. ii) The RMs (in 50 mM triethanolamine-acetate, pPH 7.4, 250 mM

) sucrose, 1 mM DTT) are diluted to a fina] concentration of 0.5 equivalents per ul with a
buffer containing 50 mM Hepes, pH 7.4, 250 mM sucrose. Saponin is added to a final

concentration of 0.5% from a 20% stock solution. After the solution is mixed gently, but




t horoughly, the mcrosones are isolated by centrifugation at 100, OZQJ R
for 10 m nut es in a TL100.3.rotor (Beckman instrunents). The pell
resuspended a concentratlon of 0.5 equivalents per A in buffer
containing 5 Klacetate, 50 mM Hepes, 10 nM EDTA, 125 nM g.é(fym@a“}'pe
m cr osones are aga| n isol ated by centrlfugatlon (100,000 5 rpmfor 20 mn
i n TL100. 3 rotor) and resuspended at |vaI ent per | in extraction
buffer [350 MM K-acetate, 50 nM Hepes, pH 7.4, 5 mM Mgd,, 15 % w v

gl ycerol , thorddgRiyTBRE ARt ) ase iphibhitors (Roche
Mol ecul ar J\rgcr%em}nggl S IQ)%IH@@Q} 155{5%&%@8?9 @ﬁlabﬂ@@ tpm fog L0 gwinytes in
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i ncubat ed EBIDTA, a26-thif §uerése. v bilized Con
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at 4¢ ThéP@'fﬁé i TIchi. Arowepinet etuRGded bl 2¢h)ivafn s@ﬂfﬂ &Qraltion
separate M&M@em aveﬂb }g (for. up to 1 hr's) orextended
st or age, roze i quit s Hrt H@ﬂ FReskeBt7. ét5wgﬂie 1Goh “A(ngEBydzealds are
washed thbeaM Pamarch énm)ltensm 0

K- acet at e Q %ﬁe%gs[ %&n;\/%}b WI&E@WW %@r{?é%ljﬁr Bifchemnicalg)
deoxy- Bi g%&]a © HW%QMH@%‘P@?@&D‘IE eﬂ?oltwdnweki}a&xdkpfd#rﬂ%nﬁfutéléﬁ icgn

buffer [5 \ 7.4, .20 nmM EDTA, 15 %
gl ycerol[ nggloﬁmm fﬁgfsescfiﬁ rﬂ% F%@ngﬁrﬂrf%?Bénlnﬂthhﬂléﬁ@yﬁmcbmn"ﬁhe

and ' . 5% SPSTAIBIGErAFIed e DB batraN 220 ukdr pnst ant
m xi ng. The ;?:é} %Iggqﬁt erlbfgf* Con A elnut at e) llngsul(l:} u%nﬁgte%é ﬁ'g"’hiehpﬁ extract
subsequent mani pul a1 ong ! l\/é’ OfeseEspthy dpme of unmqihxﬂlzﬂdddom@hinﬁa&@l WHRS
of dil utaomtahufaiﬁce RO0milvhdeRese 4 and di vi ded
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for mcu\% ﬁl‘{ﬁg | on- exchange resins.
to one-t &R elt%q FYRICLI rempped to @sepphartobe ahdsithél HWe@bn ice (Zfor up to 12

S- sephar f Phar.ma and i ncubated for our
Wi t hpcong}'??n(%:ﬁﬁrﬁ %%Weérﬁﬁ}%nbg%n%n 3 EP'IdIoW}rS\ge‘E ﬁ’é‘li@g‘e%h%%e 'EMSQOIFHO\[/JV and

S sléphar bgedwstwmhowmmemmtsmrm abeeas
ei t her Oslﬁ_w%ose J oy or éseghar g?é’hgég’?%‘& lg\?vﬁ% ?ipecwg;re?cet%fﬁd
i ncubat ea f ‘E@\M& 2:da% adv gluocmiganm@es%niww paresal  of

thi's i ncab@thebouid Sk ( f S/ ow thru) The resin
fromthe econd i nc%%aetﬁﬂgéd \Q;]ﬁ‘g \!09 § 8@%’“& bb‘ff% é%ﬁ‘ceé?fés dasndd

in 10 vo b‘i}fz(bml\é(ﬁﬂ"ﬁ&nilﬁ@ {vZﬂ@lyﬁM‘d{, 2@ hiVemed9l-fvhaigpes, pH 7.4,
15% w' v g{aﬁﬁﬁﬁe)% % %CHAP%. and subsequently eluted in 4
vol umes of the sa f er iReRgaReotnd ik deetaBieCHARS by finaubaiions
ar 80t er nfed 2 h@“&&t IEJBCMQACM@@;}/nﬁﬂﬁ@ e cluted material (Con A elutate) is chilled

on ice for subsequent manipulations. iv) The Con A eluate is diluted with 1.5 volumes of

dilution buffer {50 mM Hepes, PH 7.4, 15% w/v glycerol] and divided for incubation with
ion-exchange resins.

extracti orf

The diluted Con A eluate is added to one-twentieth volume of either
Q-sepharose-Fast Flow or S-sepharose-Fast Flow (both from Pharmacia), and incubated for
25 1 hour with constant mixing. The unbound fraction of the Q-sepharose-Fast Flow and
S-sepharose-Fast Flow incubations are added to one-twentieth volume of either S-
sepharose-Fast Flow or Q-sepharose-Fast Flow, respectively, and incubated for one hour at
4°C with constant mixing. The unbound material of this incubation is set aside (Q/S-flow
thru and S/Q-flow thru). The resin from the second incubation (with S-sepharose and
Q-sepharose) are washed in 10 volumes of buffer containing [200 mM K-acetate, 50 mM
Hepes, pH 7.4, 15% w/v glycerol, 0.5% deoxy-BigCHAP], and subsequently eluted in 4

volumes of the same buffer containing 1000 mM K-acetate. These fractions are termed the




PCTI USQCQ 34375 Q FT and S -FT, respectively. The resin fromthe first

I on- exchange incubations (wth Q sepharose and S-sepharose) are V\Aghlgg ?ﬂ[H
10 vol unes Q‘& buf fer containing [200 M K-acetate, 50 mM'Hepes, pH 7.4, 15
%w v glyceroP 01{#4&l6y, Jeoxy- Bi gCHAPJ, and subsequently el uted in four

vol umes of the same buffer containing 500 ni M K-acetate. The 5FCHASPB43E
eluted a second tine in four volunes of t*He same buffer containing 1000 nM
K-acetate. These fractions are ternmed Q 500, S-500, Q 1000, and 5-1000,

respect i VehIET ¥ad STHE i ons e recgnstituted as follows. First, lipids
S B

are prepared by mxin AT Ao Hisl finseiooPG chimgmnan 83 dne (W ih

st ock sol ._Q-isgﬁ)a;og andgS-pepisprbad) iady waskdda ' oma 10 ng/m stock
sol ution) g 10., g 0 -ﬁi gCHA%g&ADBC, f romngJl %m@gﬁgﬁg}dﬁr g‘flﬁélmlf@gﬂ%ﬁﬁiml) ,
and DT addaeds 3 A Hepes 2 158k w T imycaeatpDes % Seol HSECHAIA! L YROUUM
(ne heat) sebsdque@RHSABRASE foD, §9@| y r?&f buffer t[fSO M Hepes, “pH 7.4, 15 %
gl ycgrol ]ie@DB'C s deed rom a /5 same by Hotantdiomgt SOmM & -sdaeard | TRk
concent r al'"¢H! Sceiniggraosecofd cimy M folir vandaay ipid mxture is frozen
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100 al of the UBCTEKYT Jactans ase o Qeii0eSeODBL1 o0l I At s i80Sk L) 100
Al of ei (T fidotlos sttt ORaRIEd S folfh, Apyc8l ke, SET. OFT. 50T, 3sob)
5- 1000, or %}I 000 fractions prepared as GeScrPiisdre grprecd by maidiiigts og, 5 Al
of the IilpioaPhatdy] chokine %a,egommmhmgmrswcﬁsmlmﬁ)tf%o |¥ qhefore
addi ng tf&]mr}ﬁngttpb glgp‘Jj ?q to 160 ng of Bi oBeadS S %%}8 %b‘g’. The
mxtures are incubated Tor Sief B SERsk Solttionls 10 mg drongtRIGCHAK(DBC, Yok 10
recover tIR€ m@/rplrﬁo@okdmﬁs@@mﬁa,Dﬂi%dh#(gw'poﬁ{lkg%es frqyr}] step %Dv) are
separ at ed,_fr.om.the bi obeads and transferre ¢ sanplaipl es
deLuomihe biobeads and t d BN ek Thesunslanipl
are di | ul &G WAIRT VRS G head) @iid resesprotiett di 500 i @ﬂbuff@l[{%b,mﬂ K88, 3RC; 4

transfernsé t¥cérod). NDBE ' tu on jce. The sanples are
centri fuged for.IZ&d] mn i ﬁgqél'clf_dfggg raof{gfm@(lwlc Hoekispluben td bring fthe find

tubes) atOPREPBBON toAPPrIhe2(smgeanhat-apy wy)diBRaf; nd t.he pelleted

pr ot eol iﬂ@,%%gﬁwr e rgsgs&g&ded,i ﬁ 75730 011 18y lﬁaiﬁgﬂjgfuerf IEEWE‘&‘PFHH@'“S!OO mvi
K- Acet at e, T REpES 2t 5ty "% yatibngedad) &oc rawestiufibes a0 @ df 82 Bhc¢ Byligui d
ni t¥ ogenom@idnatdephtledDBGRxitidt ik pHSES Wi ﬁl)@S ys. for translocation. Vi 19
Transl ocgtion a}:zga s_are perfor rreng as d@sc i’aeogeb'?'@l'/p@i}sﬂ‘yh{tmfbtbffemsCugAl
ul of t He"fr Bt'ebl RPoEofe90f QoPGt2A00,i gr @006 Brapkiond }épaapﬁ%[ AdQn.

react i ombol PuhizhiligRh gnﬂlogf[gpll.%-cgo,.ooo equi val ent s (s]ée L AESHAPES) obel |
1983, faor definiti.on) of canrnePpaltile saddedignd the sangde makedreios wer e

ad] ust edefFegudiestenndidu tanplban 060 M OBioRRad b Gidl 2004

01/ 4481 ] - . The mixtures
@rélilm:ubated for 12-18 hours at 4°C with constant mixing. vi) To recover the

20 . .
proteolipososmes, the lignid phases from step (v) are separated from the biobeads and
transf i

S e;rti:d to fresh tubes. These samples are diluted with five volumes of ice-cold distilled

water, mixed, and transferred to 1.3 ml centrifuge tubes on ice. The samples are
centrifuged for 20 min in TL100.3 rotor (with adaptors for the 1.3 mli tubes) at 70,000
rpm. The supernatant is discarded and i ’

. the pelleted proteoliposomes are resuspended in

30 pl of a buffer containing 100 mM K-Acetate, 50 mM Hepes, pH 7.4, 250 mM sucrose

T C
hese are frozen in liquid nitrogen and stored at -80 until used in assays for translocation

vi1) Translocation assays are performed as described previously (ref.) using 1 pl of the

protecliposomes from step (vi) per 10 ul of translation reaction.

0 Purification of PDIp

20,000 equiv.alents (see Walter and Blobel, 1983, for definition) of canine pancreatic rough

microsomal membranes were adjusted to 80 mls in 50 mM triethanolamine, 250 mM




PCT/ USO0/ 3437 sucrose, 0.2 MM PMSF, 5 pgJm aprotinin, 10 Jig/m
chynostatin, | tg/m E64, 5'ug/m antipain, | MMDIT. Wth constanfs N 7004
m Xi ng, puri%j e‘g]{sagponi n was added slowy to |l % wv final concentration,
and after inSdb%¥#: at 4'C for 15 m nutes, nenbranes were sedinented by
centrifugation for 2 h at 70,000 rpmin 70.1Ti rotor (Beckman) PCFs0634375
supernatants were pooled and applied to &i5 m colum of ConA sepharose at
aflowrate of 6.2 ms/hr. The colum was washed at 15 m/hr with 25 ms
of the abostRrduef be Eni-ng ,100 mM KAc, and an additional 25 mis with
t he above aél?lt#ffer 1\% ﬂ?ggjtmﬁﬁt?‘%{EQ&BMWM&MMM@WMmmmm,iéyfmq;@[ 8918 /m1
t enper at urd@pRirh 1220MiEI'Df WhA ehaus Ruhiier t | M
a- met hyl - np %r annosi de. The el uat e%éﬁcp&rﬁ%cﬁtS§H°WH%Y?§@d&ﬁd skpylyited % at
AC to a | rr{v]%? SPRETEEoN, 30d pfieninsubatinm at ATE £ IR NAS \P%#}Fr with 4 m
nd elutéd

of 50 nMsk@ipRsiuedby Zerfirifitedi ol d2, 1 nMDIT & ed* Wt h 2
ms Qf this sane lbt;jlrjffepﬁc?gont a:\{gf\%gh ft m@mh’émliﬁtretMBeémm)erThe

fract'i onatBRFIBAABISSUprermeled>Gid 4iika 6al ' d 80 1.5 ni
fractionsG@hhgﬁ}engng NI eachﬂ% frtact?ﬂg&%épé%‘g)e}se%P%%‘oﬁ fow rate of
SDS- PAGE and cootas df SOUImR $asgvashed at 4 ml/Hearkh DS aglkiof e S8y HD9 15
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SDS- PAGE P LRS! f oped o] e PR o) E"’B‘}J]g-eﬁs“eo C’q‘_i’é'.ns"“%%@shfé vjgh 4 ml of 50
o T o T ovsfichemM SaGll 20Tk lied wih 2 i et

( Kodak; RB hestei, M.%ant%@gt ?f(‘)]?..c Bl st iyFthen fieyticnasminoma Superdas pPAGFA
Arcusl|l f g]téo%‘?i“%’@a(ﬁhéﬂnm@ N30 1 TR PackShbiRgRRe ot osﬁo sof twar e.
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Preparation of TRAM-Reconstituted Membranes
Glycoprotein .
20 Purifi

~depleted membranes were prepared as described (Hegde et al 1998¢)
ed T i i | -
RAM, prepared as described (Gorlich and Rapoport, 1993), was added at 4X
the level present in starting membranes (as Jjudged b

Y immunoblotting) t .
depleted extract, g) to the glycoprotein-

Miscellaneous
5 5DS

-PAGE i i
was performed using either 15% gels or 12.5% or 15% Tris/Tricine gels

radiography, or with the aid of aT
. e , ranScreen
LE mtensifying screen (Kodak; Rochester, NY). Quantit

on an AGFA ArcusI] flatbed scanner and densitometry usi

Bands were either visualized directly by auto

ation was performed by scarming
ng Adobe Photoshop software.

Immunoprecipitations were as described (Chuck ang Lingappa 1992)

Whi : ,
hile all three proteins were efficiently targeted and translocated across the ER

they dif I i i i
y differed dramatically in their topological outcomes. Consistent with previous

findings, PrP was synthesized predominantly in the

*“PrP and “™prp topological forms,




with a small yet significant amount of ¢ "' Prp (--- 7 % Figure IC). By
contrast, Prl-PrP was synthesized predom nantly in the 5C PrP formg JUN 2004
foll owed by | esser anmounts of "nPrP, and essentially undetectable anmounts
of c"PrP (< YOH4488nversely, the topol ogy of PL--PrP was dr _hl cal |
shifted toward c'n"Prp (-34% |largely at the expense of s prp?{;& HSQ0/a4375
results suggest that different signal seftiences encode information which
dramatically affects subsequent topol ogical events. This infornmation

appears t aviltea isthafded i 0 nd de nt on the basic targeting feature
common to all threcewsi ggglgtﬁ éa@é%ﬁ‘é’ﬁ%gi }ﬁ§§,~a%§@gmrﬂ®-pBPﬁ:BhﬂﬂaSI,OPﬂllsﬂpi N

of the N-f¥Esia¢d predominamiyia (RE s p h jc protein | obi n fused
4 TP ISR, s o

. : Nim
to mature, sreﬁ‘fz' | s.to translocate in any _ _ GReRns of mePrPe and
entaly Hndssersatle amaunts ek BEIPre2 %) Cdri | that
%3 B XPSPre %)) Criveres), thé RIS & 61 118

not shown

the si gnaivas Qauanes11vah; lavemg ol e in topol ogical reg
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o ¢ signal sequence. This
. Ppossibility was tested in three ways.

First, the amount of ER-derived canine pancreatic microsomes present in the

translation reactions was titrated and the effect on PrP topology was examined As the

total concentration of the ranslocation machinery decreases, the time between initiation of

15 S i I i i i
ynthesis and interaction with the transiocon should increase, allowing increasing amounts

of the nascent chain to be synthesized prior to targeting. We found that varying the
concentration of microsomes over a 10-fold range did not impact the relative ratios of the
'different topological forms of PrP (Figure 2A). The decrease in translocation efficiency
with decreasing microsome concentration, reflected by a decrease in efficiency of signal
cleavage, is likely due to the loss of “translocational competence,

the relatively brief

eriod i . .
period in nascent chain growth when the ribosome-nascent chain complex is able to interact

productively with the translocation machinery (Perara et al. Science (1986) 232:348-352)




PCTI USOCQ 34375 A simlar |loss of translocation efficiency was observed with

other substrates (data not/“shown). In a second approach, translationyN jimn
reactions were synchronized by inhibiting initiation after 5 mn, and

rni crosomes Worl difed at successively later tinmes. V& found BeiRRbosasms
regardl ess of the duration for which translation was allowed to occur prior
to the addition of microsomes, the percefffage of c"PrP synthesized remined
constant (Figure 2B). Again the efficiency of signal cleavage decreased at
the later ROl ALS 0._an increasing percentage of nascent chains
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for a 180, e[?l?c,;.well (data not shown). Taken 20 together, these
experiments collectively argue that the manipul ation of the kinetics of the
targeting st epFofallp; thé Grbasisf frbs itsdl who i i nal..topol ogy that is
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a mer as well (data not shown). Taken

20 . .
together, these experiments collectively argue that the manipulation of the kinetics of the

targeting step of PrP is insufficient to alter the final topology that is achieved. We infer

f . - . -
rom these findings that the topology-specific information encoded within a signal sequence

is likely to act at a step beyond targeting.

Since differences in the kinetics of targeting cannot
25 signal sequence on PrP topology,

account for the influence of the
we turned to the other site of signal sequence action, the
ER membrane. Signal sequence recognition events at the ER membrane appear to occur
early during translocation and precede the establishment of a tight ribosome-membrane
junction, If the preprolactin and pre-bata-lactamse signal sequences encode innate
differences in the mechanism of their recognition by the translocation machinery,

| these
differences might be manifested jn the state of the junciicn

Short translocation intermediates of preprolactin and pre-beta-lactamase were

analyzed for their accessibility to proteinase K (PK), a probe for the state of the ribosome-
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(Connol Iy et al _, J. Cell Biel (1989) 108:299-307; Jungnickel ahtiJUN 2004
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pre-beta- |actamase 84-ner was | argely susceptible to digesti OH‘,:T’[”ﬁ@ﬁ"?:’éfﬁ ve
of an open ri bosone 5 nenbrane junction (@figure 3A). To determne if this
difference was attributable to signal sequence function, we exchanged the
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chai ns remdin 13 £ Se%e assempbledim theER- AR epiaidtsfrbhy SHOResed hei r
bi ogenesil@insNins sediteidiBon UHH @) ins retain their signal sequences,
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pr ot eas OREEPN 6hEUE 3B). three substrates with increasing chain |length
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bs i
Substrates are fully accessible to protease, and thus have failed to establish a tight Jjunction

Howe i i
Ver, the three constructs show differential protease accessibility at a translocation

intermedi i i
ediate only 52 amino acids longer, even before the synthesis of the transmembrane

d . ) . .
omain. Prl-PrP, which makes very little “"PrP, is largely shielded from digestion at this

s 1 f B P P i ] 1
) II 1 f i

high salt (0.5 M potassium acetate; datg not shown), suggesting that the ribosome is stably

ASSOE] i i
ssoclated with the translocation chanpel. Furthermore, BL-PrP nascent chains rermain

more accessible to PK than Prl-PrP chains throughout their biogenesis. Most of the

S . . .
protected Chains retain their signal sequences, likely as a consequence of the open

junction. imini
j n. The observed diminishment of protease protection in all three substrates with

increasing chain length probably reflects junctional opening during the synthesis of Mmprp
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t hat signal sequence-nedi ated regul ati on of the ribosone- menbranﬁ jwm}lon
can have dramati c consequences for subsequent translocational eve i’s! e
putative rolWOdgh/susie ri bosone- menbrane junction in governing fpagh I&(gﬂglﬁogy
suggests that trans-acting factors which regul ate the junction coufg

i nfluence PrP 5 biogenesis. The TRAM gl y@protein is thought to interact

wi th signal sequences to facilitate the initial association between the

ri bosome-n . ghaj,n conpl ex and the translocon (Voigt et al., J. Cell
Bi ol ( 199656%@21‘5‘2“33 3@‘?5.3 FRUIS PRSIt SAeRa) seauenre-gAtateds rpviat et the wiblos@se-
pr epr ol actmembrimenjohctiteranhaod dFRAME 86 td t
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nodi fy toPoI o9y but not_ dependence on . TRAM By analogy to the éftects of
char ge on PHEIME RIS bGEA lacramasg)ane. HRAMdepensieat (sorlich gt al. SNooseaREOR)BS7:47-
Hei j ne, Estr: GorlRiroshery - 3323z 1.340; i ess, S Lett 995
369" 76.79) wer easo_n,ecf{ %ﬁi‘f)"n%‘ﬂﬂ%%%sﬁééé ?6% Vol & iagnéﬁﬁﬁ, ‘f‘f*?é'abréﬂllq%}lal
sequence Mrhas addivionally begmiesplizatddemviepgiatihg ty dbORIED IR mIFahE @bdhe
signal s i t. o allow efficient targetin we repl aced either
cogons Zedﬂan? g'xeotgﬁrgsgo&gﬁcgn ﬁ% 3% T BUbRatesy gﬂF%éa]or %égﬂé??g)cs’?éé?ttﬁébhons
Pr P( R2. 3ppctiom(] BRidRds, haWe RS )failan@ & td : bayre
ELA) . (Topgi1 ic?@gr@ vsi slag'f PE)g?le. 3, éﬁ‘gﬁgra ?(aRﬁ&E‘%}%%sdr}/tgggé?lggsﬁ%gg‘yé%se
in enfPr rg)gtr?f)ﬂ 's(ﬂmfj"? &t Pr.plipp 335 HRPEPRRALS)Thust esiraweedithariegsrpid be
C'Pr s &6l i ¥ dependence of _these nutant
si gnal Zerﬁggencezgd%g%‘éﬁa?eg@eg%%%? o ‘?1?3%&%]@‘3%%% 815413 ACHYEDSF L5amm gf relgdn

native pAdpriePalegyn signal sequence. The ability of these constructs to
rot eql i posones either containing 30

or 1acki ng. pur P b SR RRPILY TRTRU R P d Ve seauance dutticatict comalbie
1? gL(r:eprL?g?? fy wipalogy Budabt AqseaibseeTFAYRIAME BINRLRGINBnderd QYNNG chgraglé & the
topology of signal-anchor proteins (e.g., Sipos and von Heijne, Eur J. Biochem (1993)
20 213:1333-1340; Spiess, FEBS Lert ( 1995) 369:76-79), we reasoned that non—conservative
mutations in the PrP signal sequence may affect PrP biogenesis. Leaving the hydrophobic
core of the signal sequence intact to allow efficient targeting, we replaced either codons 2
and 3 or codons 4 and 5 with arginine or aspartic acid codons [PrPu; 5 PrPyy, 5, PrPgass,
and PrPp, s, respectively; see Figure 4A). Topological analysis of PPy, 3 and PrPg, o
25 revealed a decrease in “™PrP synthesis while PrPg, 5 and PrP,, ., both showed increased
“™PrP synthesis (Figure 4B).
To assess the TRAM dependence of these mutant signal sequences we fused each of
them to preprolactin in place of the native preprolactin signal sequence. The ability of .
- these constructs to translocate into glycoprotein-depleted proteoliposomes either containing
30 or lacking purified TRAM was measured. TRAM-dependence was defined as the
percentage of chains that require TRAM to translocate. We found that all four mutated

signal sequences were less TRAM-dependent than the wild-type PrP signal sequence,



si gnal sequences were | ess TRAM dependent than the wild-type PrP si m
sequence. 15 JUN 2004 WO 0x144816 46 PCT/USOQ 34375 despi-te their d Ngg]ﬂ‘t
effects on PrP topol ogy (Fi gure 4C). Thus, the TRAM dependence of the PrP
si gnal sequd¥Rel/d#Mébe di ssoci ated fromthe role of the si gnal pSEELRNGSs N
regul ati ng topol ogy, arguing for a previously unappreciated nmechani sm by
whi ch signal sequences influence topoloff. 5 Mitations in the

menbr ane- spanni ng donmai n can influence the topology of PrP (Hegde et al.,
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may be ca%lgggcégfnﬁ érgclt 30 opening of the junction. In this scenario,
TM donai n nut ants1 t etlOgglo'”‘gPrP woul d elicit a greater opening of the

juncéion than Mlhtdadwspm tReRpembiane-spuirdng 8oinBaf cdriPliend? e WopH18:,26F PLP
[ [ tested this hypothesis by anal yzi'ng PrP
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mut ati on causes the 20 ri bosone-ménb Junct
the si gndhisseeRasifsel Mt%ﬁatnmlul?nt&thmrﬁ&@l\/@TPrdbwsurdmtulsmgtdafkrS#Bﬁxheiifm

hi b d that
pr 1~ pr b AP QR SR B e Bhlangs S dhip P onlt et Yoomainisi pickpsee
5A,  mi dgibre: tmanwe tes@anabey BgpothesiSby BRBYAndPrrelonsrali R cBxaldddiv ﬁﬁbﬁs
c'mPrP (Fi panel ). Z5 Simlarly, accordi ng to the hypothesis

stated afi8 éﬂ%ﬁxﬁ’ﬁﬁﬂ%ﬂ&es\mlbeﬁb thesignal sequopee §%ﬂ]hé§pslﬂmoul d cause the

ri he@some- menb de e n equence
of the TM nutant Pr g{(%tlggg?ﬁ&\f\ﬁcg %mggegkgﬁﬁ/ﬁ aﬁ%ﬁ%lp}]v%nﬂes% k‘ﬁﬁ%l actin

Aoty biesieset Wity 4 iy s Sl
However 7? %gz rsgciof(t){;]%%?éﬁ P DOSAHE- %F’aﬂﬁ‘ FTOETAS %‘Pr?éi?ﬁ‘ﬂlaéqll’ A Peapiethe
over al | mokwulesdatthe (MBfP ifoingneys eidineged WathNSther a preprolactin or pre-beta-

| lactamase signal sequence [P11-PrP,,,; and BL-P1P,, ;). If the AV3 mutation causes the

20 ribosome-membrane junction to open mdependently of the signal sequence, tnen the Prl-
PrP,s construct should synthesize roughly as much ““"PrP as PrP, Strikingly, we
observed that Prl-PrP,.,, reduces “™PrpP synthesis to barely detectable levels (Figure SA,
middle panel). Conversely, BL-PrP,,,; makes almost exclusively “"PrP (Figure 5A, right
panel).

25 Similarly, according to the hypothesis stated above, a TM mutant which favors
““PrP synthesis should cause the ribosome-membrane Junction to close. When we replaced
the signal sequence of the TM mutant PrP ;35 which makes only **PrP with the
preprolactin or pre-beta-lactamase signal sequence [PrI-PrPgsp and BL-PrP g yp], we

found that all three substrates were synthesized only as ““PrP However, closure of the
0 ribosome-membrane junction should stimulate overall transiocation efficiency, since chains
synthesized with a closed junction have the ER lumen as their only option for exit from the

ribosome. Instead, we found that BL-PrP g, translocates relatively poorly compared to




synthesized with a closed junction have the ER lumen as their only 5olNi 20
for exit fromthe ribosone. Instead, we found that PL-PrP(G 23P)
transl ocat %gﬁi{’ﬁ&é vely poorly conpared to 15 JUN 200 WO 01/ 44816 47
PCT/ US00/ 343 rP(G 23P) and Prl-PrP(G-23P). This result ar g¢asydohals-she
Gl23P nutation does not necessitate thg production of 5¢c” PrP by closing
the ri bosone-nenbrane junction, but rather by preventing the translocation
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suggest edrithat, andt PrePrp aik Pekult f..t he signal 5 sequence,
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sequence. “FEONGN Qi BER by clgsang the Ilibtsofﬂh"rrdﬁﬁaiaﬁ!eg@;%tﬁﬁyb ??J[qlé}% on the
y t ‘

B
stat e of pdehendid = rape. j.unction dictated he signa seyquence,
we anal yged t{hegb@? g{%s{#ﬁ{@ OFﬁﬂ%‘W H’&PC WeulpqrhepmigeAvprand Kl - Pr PEG, 23, )

at a point af The finimgenoge eQfedtth in.: W . found that the
junction_renai na}eﬁﬁﬁn for OL- rP(CBZ%Pr)IMaeﬁ%%Egﬁ Ipdspepqientiy; ¢l thg 3ignal o

i r respectiVeE<ss i SURENGly constrdinedTby tenmieceding Betidh SChe JHEF CeduBi 15
suggest tésh%ﬁret:ﬁﬁwﬂemetritﬁé T‘Mtdoona'oh the signal sequence on the - To

ri bosone- rrlgbnbrar_le junction; evel'batory bHEnEibRetite ofthet tibosbidedonai n, i s
cri ti caMmypBorang seytiontdittaed woiheali g e t Q3] | bservation that PrP
chai ns S&G})ﬁ' e tted,t gﬁér ansne r_an? Fg{)%}\%géha#%orﬁeﬁ?t? ﬂé”&yﬂww s of
the TM domal ms*»&ﬁgﬁge’{ dizspVy2 PRIGhaficrtthd emergence anthd PVPEGHESit W 5 key

r egul at ésyndsthepmedtindG i redih; igat i bi ogenesi s? One possi bl e reason
is that certain egrl y event éﬁﬁj‘?\ﬁ%ﬁ]@?% gfﬁ]nféjﬂbfaggrclb)sﬁfléohgﬂ' Hadi) v

r der si BFEPsttive olifierdemsionofite T dgeaRS(BeHRST)! e dMAQNRL. Q‘E‘tstgi?tgrﬁﬁ

synt hesimg@4.acfiB . e ihportant to initiate these ear“lgy
events in a te H?))rf gH ?gg%ld&%%ﬁ%ﬁaﬂ ¢ FROFeErREI AN Gnctigny event bret the N

t er mi nuYERAsIsOft thadiM|domass, decritivad Resudkedudir BRI Ly different

conpart nent sy 32;8 eroxan ne hrh]%s possi bi | i%y, %\Slsdggggt gﬁe?“ﬂ%@ﬁf‘i fy

i nteractions Be W atﬁ?’b’q’éh [fBaiRg aF ¢remmpitieds topr wamsnmerhiotagé ﬂg)olldg@;t%ﬁ&e

I ni ti attedhe ByhéRPOF 4BVT bk t | me. bef ore, topol ogy as been

formalized. B}I’n initial &’Sﬁ‘?‘?"%*e“ﬁ?é?ﬁ‘%ﬁbﬁ%%%%gygﬁ HiPSgnrastany Enplats the

prot ei AEYTREEIAtOrY stepy @l sugir @i eary poik imsﬁgsﬁ@ié?%é/\béggitﬁ%}%% BY E,%t 2,,,) or
|y wt oth 'su

Pr P(AV. i al prateins jpnteract conparab Strates,
a 65 k%“%‘?‘o‘lr%‘.ﬁ@%%&w 186 3Qling ok Bk recnos reashiy| g versiblenph GRESHYt han £ o

Pr P( AV3jogeBegsiftstheAhe T dobifiin BhiThbay zed P.]-PrP and 3L-PrP
truncated at the san% locat i on aﬁgéﬁ?’oégﬁgﬁ?%g% f;@és 6{1@?&}3&‘}{111’8?139‘ to initiate

c ][ o; s- M5k $2§1y fpldingopyents 'sruggalspdrmgy amsp?aﬁgﬂasmerea ﬁbﬁi&igiv@ﬂtﬁf tRE ?&ess
0 ei RgLIRGe . GPrP. ol o speci.fica associate wth this ftactor
(Fi gure 6B). ﬁdgn‘grgp%rmr%f r{g“é‘é:g% 08%%{ H‘étg)ﬁ?\pronmentz}/lly different compartments). To

) examine this possibility, we sought to identify interactions berween PrP and the machinery

of protein folding that are initiated in a topology specific manner at a time before topology
has been formalized.

In injtial experiments, we used cross-linking to identify proteins that displayed
preferential association with either PrP 555 OF PrP,,.,;, While several proteins interact
comparably with both substrates, a 65 kDa protein {p035) cross-links more strongly to
PrPg;zp, than to PrP(m,g, (Figure 6A). We then similarly analyzed Prl-PrP and BL-PrP
truncated at the same location and found that p65 preferentially cross-links to Pri-PrP,
suggesting that nascent PrP chains in the process of being made in the “*PrP topology
specifically associate with this factor (Figure 6B). To determine when during PrP
biogenesis this interaction is initiated, we examined early translocation intermediates of Pri-

PrP and ﬁL-PrP for the differential presence of this cross-link. Remarkably, we found that

p65 and a slightly smaller protein cross-link preferentially to the Prl-PrP translocation




bi ogenesis this interaction is initiated, we exam ned_early trans1|5ow£ltzﬂg’h

i nternmedi ates of Pri- PriP and PL-PrP for the differentiral presence of this
cross-1i kably, we found that p65 and a slightly tein
cross-| |%Bﬁ‘gﬁ{ entially to the Prl-PrP translocation 15 m/g%&ﬁ%

01/ 44816 48 PCT/ USOOL34375 internedi aige truncated at codon 113 of w ld-type
PrP (Figure 6C). Thus, association of p65 wth nascent PrP chains very
early in biogenesis correlates with the propensity of the substrate to

ul ti matpkyndRaEaAGcARdt A oS6n PIP of ephl-opy PrRéFipok 680y Rheagssofiatitreof pé5

bi ochem_ cal properties of the p65, cross-.linked adduyct. to 5 ri and
i dent i Pyth W%e@r%tpe‘mﬁmWY%ﬂgd? DIREENERE Fagg%bqsewg@tt@a%rgﬁ Fﬂé,)lg"i %ﬁlﬁ ing a
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ConA- sephar oFe 166k WdWanthgel bf eiei bigchdrmicappipestiesgifyihe piiSacreds-liaked pddughdo
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proper {| . negh teawW sedihast hrpadel @adieht gadysls, supgglting it
m cr os&?@%@@?&%’qﬁg}l%@m&a%k%a\gp?otteli ﬁgtwas purgllfﬂi ed (Fi 3g;ur e 65) . .
Sequeneiasgmohomepici de wasagerained aye e Conddsepbprass 40¢@n, BrdsadRe dhefadiyes of
this protein identified it as PDlp, a n -S Lfi I, £Of

Pr ot o) DBOEFean b Al THBRFLiont [ g i @R, SypslBlTpeord nighive
Cel | gﬁplchﬁgg%g% d2ePvhO p6E! b Qirt oftierdise, nEpositiveBiReEhmotecul@98yhen these
252:372-377).” 5 Tﬁe Identity of p65 as PDIp was confirnmed b inole

i Prunoprensries were poMbingd At PeRIIES MacHPRANPLHLFIHRE 51‘3%5 T#&S.O‘%% 2§
additign, t i . algrkKi kdo&f fragment ted

[ rrrrunoBPaé%ri %igtk gaﬂb%%xéf]%dgﬁegg@? Slﬂ%ﬁagﬁfﬁﬂgﬂ ?éﬁ?ﬁefa artlru;nuiS ﬁgn??;f a
speci f by cyanbgemtiromidd eleavage HF Fhiamrotein gdengifiedyitors BP&R.cpnRANCTSAS-specific

I mrunopreci pitatiqQn studi.e confirnmed P P . | |

ror e oo e Btpietn DI fRamisrage BT Ry, oL ROl iFs 8 iy o
cr 053! ignld (1998f 1 59 R R RN N0 EAPUS BING: U199BPRSMAT2TSD  observed i n

m crosones i solated frombrain, the. tissue in which PrP i.s pr.(;.r(ltlom. nadntly
expressed. |Phet iuestityaskp6oas PDlp wes cpnfirged bY ARBMISPHSIAGHON P grikedics

observed, consi st | t revi 0 ' ihs phhere¥fd essed
st r onglf§s¢ a%?ﬁ?tnﬁﬁpsgﬁﬁng' ?Egslsla\‘/igﬂgotn’ g?e.e,w%g& %hésr%ggé.g%ﬂuvﬂ‘éb Rext sought to
det er M pgninbpReiftdled By ahlibodid 10 ubigeitawt BDH fthangrgsingeforiaispesific pr ot ei ns
early during biogenesis. Exami nation_of the ,Egoni n_ext ractt ﬁbrll%mcag %ss-l i nks
r eveal énteractionrbehveemPel ard thin 2nmdy RERFPIERE: Thr PAPRORRERR E8RY C M s
[PrP(R2 3) and. Br ). e 1B W EPYP AinkideL-F0Pk Da,
L™ 65(:?&“{1# gt gﬁlﬁi gh%ﬁlpgpp&séseuﬂ@ nifre @9@&@% kddes

0 (Figure 6E). This differential crosslinking of **PrP favoring constructs to PDI was also

observed in microsomes isolated from brain, the tissue in which PrP is predominantly
expressed. In this case, only cross-links 10 the ubiquitous PDI were observed, consistent

with previous observations that PDIp is not expressed strongly in brain tissue (Desilva et

al., 1996, supra).
5 We next sought to determine if *“PrP specifically interacts with any other lumenal

proteins early during biogenesis. Examination of the saponin extractable cross-links

revealed prominent interactions between the seprP favoring constructs [PrP g, 5 and

PrP g, 5] and proteins of approximately 30 kDa, 60 xDa, and 65 kDa (Figure 6F). Similar

cross-links to the ©PrP favoring mutants (PrPq:; 3 and PrP,,s) were markedly

0 diminished. As expected, the 60 kDa and 65 kDa cross-links were identified by

immunoprecipitation as PDI and PDIp (data not shown). The identity of the 30 kDa cross-

linking partner remains unknown. These cross-links are not observed simply as a fortuitous




cross-links to the cunPrP favoring nutants [PrP(D233) and PrP(D4, 5)]| wWe R 2004
mar kedly 10 di m ni shed. "As expected, the 60 kDa and 65 kDa cross-1i éks
were identified b i mmunopreci pitation as PDT and PDIp (da hown) .
The i dent W‘S’/(’W"‘St’%e 30 kDa cross |inking partner remains unb’%&gﬁgmé}@é’e
cross-links are not observed sinply asg@ fortuitous 15 JUN 2004 WO 01/ 44816
49 PCT/ US00134375 consequence of the lunenal |ocalization of ;"PrP because
prom nent cross-links to lunenal proteins were not observed with early

t rans| ogahiehddt & M Gt ed 16¢aliRhept of EPrP befduisgpremikhi andsdiaka it bimenal
shown). The cross-linking data collectively argue that one consequence of

si gnal PeggEECKeTfEW gbeaTved Bitheearly EasIQrapPpIHERRdidET 6f PecprplaptR (T2EH o

di fferent ' Nej BER, | ' may
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Al t er ed sToRPbQE¥nE - media0al Hredtseinrearly EPnDgetesis iSen Gcilitarndifierdntiat i ons
Prion Di seases 10 Prion, diseases. can he infectious, oradj c _and. %enet.i c

( Piusi ndnterastipns papwsen the nRsgenigiamahiaporg YhiqRemay 1 %q“@“ ! BRGICIPAE LS
(1999) é?g ésq Johnson New Eng J Med (1998) 339:1994-2004; Harwi ch Cell
(1997) é%f 5-%’10). The infectious fornms of these diseases, including

bovi ne spongi forrn encephal opat hy andEx@melet%2f el dt - Jakob di sease, 15 are
usual Iy characterized by the acc | ation jinp .braj . tr I SSi

pat hoggn, and agﬁﬂﬂ’ﬁl‘%’i? 0?&'%@%@%%?@?“%?%“? *.é P8 pa%‘rppf;l) bIt gr med

Ul CT 1T

PrPs”-. However, certain Gelhiefi¢ bed IRFLtioHE PriopDisepngar t6 cause
neur odegeneration in the absence of PrPs (Brown, Ann Near (1994)

35t0513-529; Tateishi, J. et al., Neurology, 1990, 40:1578-1581; Tateishi,
Neur ol ogy, (1996) .46; - : l.shi PR - - [ . 0y 1

5 55500 1 naveanoFtso A G oy Ao sporadis BRI PRy 5.6 JPRAL,

t r ans megbygE) & sk 13383013386 PW dilegaiawn, € Jdiol. Chot €I99) CT998H; Ritis6R NeB3HAYg J
Certain nutations_in PrP (ingludj t [ | sease-.asspci ated Al
T’ ot Aebaoos ab 1obk 20pbBevichdred GBI BT ABAIDL HuiARFIRR Rt ot
causi ng i p & it ne anatdresizEaat-Jdkob isease,
transrrerti%ersgrﬁg& oﬁrsl’r?j{cgl&l']}I-l"l'*> %QVREIEpSFgEgsll on %?&ﬁpg%?g{//ouri ng nutati or?s i r&]aase

t rdnsgenreusially chesclerizediby 16 anaunyleten ankrain P thedrensgssile mathager.cavthose

observed in prjon. diseas e_.et al..Sg 8) 79 -834). The
det ect i Ghn%‘fm%}yn‘%l‘g:-dflgﬁﬁﬁqﬂﬁpwp@ﬁgm%s@éggfegwe&%%t ’eﬁg\%’éct%égl cf%t%#pr p
causes BRLLANLOEP SRALHR dpPestie cafite Aburodepnton 1A M) alRéAcB8aT PASA)Brobu}
whet her ) s
Ann Neur (1994) 35:513-529; Tateishi, J. et al., Neurology, 1990, 40:1578-1581; Tateishi,
Neurology, (1996) 46:532-537, Tateishi, J., Brain Pathology, (1995) 5:53-59), instead

20 working by favoured systhesis of Coprp  a transmembrane form of PrP (Hegde, et al.

=

Science (1998) 279:827-834). Certain mutations in PrP (including the human prion
disease-associated Al117v mutation) alter its biogensis at the endoplasmic reticulum (ER),
causing a higher percentage of PrP molecues 10 be synthesized in the transmembrane form
covprP. Expression of “"PrP-favouring mutations in transgenic mice resulted in

15 neurodegenerative changes similar to those observed in prion disease (Hegde, et al. Science

(1998) 279:827-834) The detection of ©™PrP-favouring mutations suggested theat elevated

CmPrp causes neurodegeneration (Hegde, et al. Science (1998) 279:827-834), but whether

this mechanism of neurodegeneration is involved in the pathogenesis of transmissible prion

disease has been unclear. To explore this question mice were generated with mutant PrP

30 transgenes differing in their propensity to form coprp and subsequently their suceptibility

to PrP* induced neurodegeneration was assessed. |
Cell-free translation and translocation. Transcription of the relevant chlng




this mechani smof neurodegeneration is involved in the pat hogenedisslU8if200;
transm ssible priors disease has been unclear. To expl ore this question
mce wer ed with nutant PrP 30 transgenes differingg

propensi sy/g?gﬁ 8('E)Fer cln'PrP, and subsequently their sucepti bi F?[tut; @%IShPr Ps”

i nduced neurodegeneration was assessedp Cell-free translation and

transl ocation. Transcription of the relevant coding 15 JUN 2004 WO QJ/ 44816
PCT/ USOQ 34375 50 regi ons using SP6 polynerase, translation in rabbit
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ng/ nil "PK. Pro S were immunoprecipitated with the RO73 anti body (Rogers,
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acryl am

051 hao o en o ma0QSers Hte3t SmnERnieit Sl R th 26, RTY anfiBodi Dhier Moge a1
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spont G nPrP 1 nSc237 inc. Line NunberLiné Nanevitroexpr (rel tod Vivotime
(days) vissahsel By ay(caadiopraph$HaPr p( SF17886424- - 323+/ - TE) H14( 9/ 9)

TgSHaPr PE15781310. 412--70+/-2 (616) (A 117V)L

TgSHaPr PE15727314324572+/ - 35+55+/ - (616) (Al 17V) 14(515)

TgSHaPr P(NE1578635135--311+/-(3-3) 1081)L TgShaPr p( NE15790355175312+/ - +233
+1-2(919)




1081) H24(717) TgShaPr P(KE12485480. 419- - 257+1-2 H-11)L(9/9) 15 JUN 2004
TgSHaPr P(KF122048148472+/ - +181+/- H11)ML3(616) 5(10110)

TgSHaPr P( 48419258+1- 11+ 4ND H-111) H(24/24)" 5 Table 1

Char act er i@éijoig”d? transgeni c nouse |ines used in this studyECHHEP4PFes
for %Cmin vitro were derived fromgquantization of Fig-8a. The |evels of
PrP expression were determ ned by quantitive western blotting with the
13A5 nonocl onal anti body and re rexpressed relative to PrP expression in
Syrian hanster *Sha; see Fig. 1B for a representative experinment). The
Ctmindex for each transgenic line is Wét¥ved by to nmultiplying the val ues
in the QngngLQQr&mgmfgiggggﬁmhﬁge spout disease' indicates the age of
Onset gfr eh et Gt S THEDRS o AL AGErH T I it Dreeheeqhamagayf or
det er m| MinBGenibdA € Lok RELNCEOT C" Brefyr dlioVi|VO  WaAS |asespr eviiousl y desies ibed9 and
carried _out onleither dlincialljy4]|]| arinals (iitetshe case of transgenid
l i nes |deelwhi|dy®t |1 ngds) or mi‘ce over] 600 days of age (in the3¥dsSe of
transgeﬁ?@ | i nes that don't devel op ne&urodegeneration). *Sc237 Me. tilne
i ndi caf @ssieine t;iEp@81f r om3t nocul dt%ton wi tih2 Sc237 |Sha pri¢ors to 5)|develsspirent
of neuf 69t c gi gns of |dysfunct|i on [avegrage+/- |{SEM (n/f.)]. Dafa from ref.
9. DbN, PrismeH€ay@s not gat ermi nadd. >0 13 i3UN 200472WE5017 44816 5Z 55+/- (6/6)
PCT/ USQO:34875 |wer e gerjerated gds previqusly degérd bed ¢ Manson, |et al.
Neur odcygamert (T @F746199%)55 373811340 ang g ef erefces therer M. PrBTEXEEESSI ONn

T.
was assessed by inmunoljl otting |of brain tissuge honpgenpate with 13A5 m|Ab

(Kases&%gﬁ 1m a%ﬂﬁ%., = VHFeagy—61 36883693 conpartng {32§§15§%

di | uti on&ne nor mal Syr{i an hangter brailn tissuex{#hg. 8b and Table 1). |5
Qobservation of lthese mlce for re¥eLgpneng_gL—spgnLannnus i!!nn$§ﬁ$ﬁ§_éu‘
previ ol ﬁ%?mgésfF?%ed (B usi nerl "Ann Neur” (1982) "11: 353{358) . Thgeoubl ¢
trangepic _m ce'lexpressiing both SHaPrPland MiPIP _(see Fig 11)lwere
gener af &A% 6841 ng T4f SHaPr BT/ Prnpond® (11 ne#A3922) 9*to Tg &ﬁE%P]/PrepJ
(l'ine ) (Telling Genes Dev (1996) {10: 1736 i? 0).iTransnmi $sibilit
(see F|&SHFRK WaE9%sseqded by ijrit r acer ebfal ino@ﬁ%ﬁtio1+df | % bMEin O
honogen ?%H(m/ ) into fice (30|ul per animl) bV hanst er s (50 del per
ansmal ) as
Table 1 Characteristics of transgenic mouse lines used in this study. The values for % Cum in vitro were
derived from quantitation of Fig.8a. The levels of PrP expression were detlermined by quantitive western
blotting with the 13A5 monoclonal antibody and re rexpressed relative to PrP expression in Syrian hamster
*Sha; see Fig.1B for a representative experiment). The Ctm-index for each transgenic line is derived by
to multiplying the values in the preceeding two columns. ‘Age spont disease’ indicates the age of onset of
clinical symptons [average+/- SEM (n/n.)]. biochemical assay for delermining the presence of “"Prp in vivo
was as previously described™ and carried out on either clincially il animals (in the case of transgenic lines
developing illness) or mice over 600 days of age (in the case of ransgenic lines that don't develop
neurodegeneration). ‘Sc237 inc. time’ indicates the time from inoculation with 5¢237 Sha prions to
i5 development of neurologic signs of dysfunction [average+/- SEM (n/n.)].

R4

*Data from ref. 9.
*N[» indicates not determined.




previously described (Prusiner Ann Neur (1982) 11:353-358). the S383UN 2004
strain of hanster prions (used in Fig. 9) and RWL strain of nouse prions
(used in have been described previously (Marsh J

(1975) 13 b %%%0 Chandl er Lancet (1961) 1:1378-1379). 5*%@?%2%%2%% of
brain for c Prp and PrP-" - Brain tissue (either freshly renoved or stored
frozen at -80C following flash-freezing in Iiquid nitrogen) was honpbgeni zed
in PBS (at 5 %wv or 10 % w v) by successive passage through 16, 18 and
20 gaugeemgemr@@d Foprevipusty desdzbed (VMansoq: ai £l Newr odesshorariond bW NI 3AL) |
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non-ioni ¢ det edgent versus m xed mcelles of non-ionic and  ioni

det er gdntls SHIREP pndMoPiRs (sse déact Dowerewsperatedr iy pease@ehelBHaPHd(R @Pgon of

oot & lin? Bbpp L4 B (SRR B 00 BanS Prelfioo AADE aRgbPiamBs e
t hen dilgse}. eUravshilssThiEas €scasFigdi 109 etz is@idsadybyt hﬁran:ambfraahwlﬂamolr dsb%vlmiirby

10% tricine-SDS-PAGE, transferred to_introcell ul os and proﬁed wth
ei® her homggRate {W/ D30 FHAD EHbKRRPETARIRY @) haresters 480 4! vrn 8™l -28688- 3693)
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vitro tprims(eedtindrigpPddod RMbfstiaguef mobserprionsf (u§9¢ imFighhhshade besha) PrP.

expr codrrigtEAaresRu B lert A BB IR S BB S AL ERaREE
generatleplg,-,%nﬂgﬁg)har acterized (see Table I and Fi g 8b). The

Tg[ SHaPrP(KH 41 I')H,  Tg[ SHaPrP(KH*11,], Tg[ SHaPrP(Al 17V)H and
TP SHaPrP(NI81).] mce Were observed to devel op signs and synptons of

neur Odege”e;ﬁc%sfz%/s?ngxg f‘pﬁi)?ﬁ agetﬁ]ﬂ‘ @Rain thbde (Siftr @Mh@ji%nii&)é& OF

respectivel contrast, neither the
To[ SHaRtdreAEbzEh amSIFmﬁcﬁllﬁwmg fahifessing gn liqwst nitengsh was hpmggemzed in PBS

%fgﬁ;ﬁﬁ %g\g%qaég (}jO ‘.t%;r \%r/]\?) eyngxfccg %esll;:!lasspz{glz(tﬁoughl 1)6,J I8 1%2%‘8:? ge dieZ.V)PL(Jr and

Coprp detection (‘mild’ proteolysis conditions), 17 ul aliquots of the sample (at a

g

0 concentration of 25 pg/ul) were adjusted (in 2 final volume of 20 ul) to1% NP-40, 0.25
mg/mk PK and incubated for 60 min on ice. For PrP* detection (‘harsh’ proteolysis
conditions), 17 pl samples (at a concentration of 25 ug/ul) were adjusted (in a final volume
of 20 pl) to 0.5% NP-40, 0.5% deoxycholate, 0.1 mg/m] PK and incubated for 60 minutes

at 37°C. It should be noted that the difference between mild versus harsh digestion

15 conditions, while operational, is not subtle, as it involves a 37° change in temperature of

ionic detergent versus mixed micelles of non-ionic and

incubation, and the presence of non-
' the addition of PMSF to

jonic detergents. The proteolysis reactions were terminated by

5mM, incubating an additional 5 minutes, and transferring the sample to 5 volumes of

boiling 1% SDS, 0.1M Tris, pH 8.9. Samples were then digested with PNGase as directed

30 by the manufacturer, resolved by 10% tricine-SDS- PAGE, transferred to introcellulose,

and probed with either the 3F4 or 13A5 monoclonal anitbody (Kascsak J Virol 61: 3688-

3693), or the RO73 polyclonal anitbody (Rogers J Immunol (1991) 147:3568-3574).
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20 Second, lowering the level of expression of each of these mutations below an apparent
threshold abrogates both the generation of “PrP (Fig. 8d and ref.9) and development of
disease (Table 1). Furthermore, the three transgenic lines expressing the KH—II mutation
develop disease at tumes inversely correlated with their respective levels of expression
(Table 1). These observations demonstrate that bot the “"PrP-favouring quality of a

25  mutation and its level of expression contribute to the development of neuodegeneration.

This panel of transgenic mice with differing propensities to make“"PrP was used to
dissect the relationship between “"PrP and PrP*. We first examined the susceptibility to
PrP* of transgenic mice with identical levels of transgene expression but differing
propensities to make “™PrP: Tg[SHaPrP(OSTE)] and Tg[SHaPrP(A117V),]. Upon

30 inoculation with Sc237 hamster prions, we found that the Tg{SHaPrP(BSTE)] and
Tg[SHaPrP(A117V),] mice developed illness at aproximately 323 and 54 days, respectively

(Fig. 9a, Table 1). Biochemical analysis of representative mice at the time of disease onset
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'0 CtmPrP generation. Figure 9g shows that a clear relationship exists between the Ctm-index
and the amount of PrPSC that had accumulated at disease onset. This relationship suggests
that the ability of PrPSC to cause disease is a function of the propensity of the host to
generate CtmPrP.

The data in Fig. 9 demonstrate two important points. First, very different levels of

15 PrPS¢ accumulation are observed at the time of onset of clinical disease upon inoculation of
the various lines of transgenic mice. Given that the strain of mice is identical in each case,
with the only differences being in the nature and level of expression of the PrP transgene,
this observation underscores the conclusion that accumulation of protease-resistant PrP* is

not likely to be the most proximate cause of disease; subsequent events (apparently
0 involving “PrP) are likely to be involved. Second, there is a retationship between the
amount of accumulated PrP* and the factors that modulate CwprP generation. Such a

relationship argues that “"PrP and PrP*° are part of a pathway in which they potentially
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caused by “""PrP directly. The second prediction made on the basis of the data in Fig. 9¢g
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. c -
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hamster “PrP (see Fig. 4a). The principle is that following inoculation, only MoPrP will
be a substrate for prion replication and PrP*¢ formation'’. The effect of this PrPs
accumulation on the ability of cells to generate (or not generate) “"PrP can be assessed by
examining SHaPrP.

5 Clinical disease was noted to develop in these animals approximately 9 weeks after
inoculation (data not shown). We found that PrP* accumulated in these mice during this 9
week time course, with the earliest detectable times being approximately 5-6 weeks (Fig.
11b). As expected, the SHaPrP was not noted to have formed any PrP*¢ by both
biochemical criteria in this study (Fig. 11b) and infectivity criteria in prior studies”.

) Remarkably however, a significant increase in the amount of “"PrP was noted upon
examination of the SHaPrP (Fig. 11c). Such an increase was not observed in a parallel set

of mice that did not receive the inoculum (data not shown). These findings, coupled with
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in these patients’ 17, and the disease is readily transmissible to experimental animals’.
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causing an increase in "PrP generation. The A117V mutation resulting in human
Gerstmann-Straussler-Scheinker' disease is likely 1o work by such a mechanism. This
'S would explain why this disease has not been transmissible®®, and why PrP*¢ has not been
detected in these patients’ brain tissue®’?,
The final stage in prion disease pathogenesis includes the mechanisms by which
“"PrP, once generated, leads to neurodegenerative disease. The mechanism by which this
occurs and the intracellular pathways that are involved remain entirely unclear. However, it
0 does not appear to be the case that “"PrP is simply misfolded, retained or accurnulated in
the ER, or eliciting an unfolded protein response. This is suggested by the observation that

essentially all of the “™PrP has been trafficked beyond the ER?, the site of the presently




studies. First, the regulated events inb nPrp biogenesis and traffickin
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availability of several nutants influenchhg topol ogy should facilitate
studies ained at defining later events in the trafficking of CPrP. Second,
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shoul d faci | i t ate PREVANK Sesarited ifFigha2 dngg&sﬁsrseaéﬁaﬁﬂéﬂta%eﬁﬁbsﬁé}?& di sease
pat hogenasaidics. EXA -P¥. ctin beta | actam se, an no

| obul in gglhéeﬂ% C @Erg%lg%%ﬁ%%ggqsdan%er Ypesnesisand wafhitbingaeimain & Ben

gener al , “8IC tldeyrehasstivetion 8£ gRA, rotein being properly

f ol ded ﬁgtrcﬁ’éﬁlaﬁj sf ol deg El | gaard e?@aﬁh%ﬁ&f? IE%QSL??@BOQQB‘? qEEdoey1 888) .
In ot her words, th& 25683 B PSS aenableco diandomitii agpeus O LA one

pr oper | ya¥teayiue &dr ﬂhah&zﬂi@ti@n%ﬁtrﬂs@&n%gf ghle to select one \?ergus ?jngt her
f ol ded séﬁt e at different times or cCircufetaiC8YIahag nbrP speibnsis’drtsi der ed.
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activit ife‘;,l ;ﬁ@ s d;1§W | e\gfa?%‘é‘?eﬁﬁ%'l"ép?éﬁw Py “TRih. Sesoad t ineighif @At | on
cont ent 69t fedyyen Sreematatiolifia qFSYeRpiw tian of gene expression
avai | ablcﬁgg)%@%? cell. To test this hygo]% ﬁgg?‘;eﬂﬁiéff‘%‘?g "igefgw@mmmg
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si gnal JR§AiRd Bsurpdasenenaiany Gilvky tlﬁftfﬂrpfcedtbuﬁhlattfoﬁrlﬁ%fﬁﬂﬁ QNL9f [Lheir own
passenygferaIERIUG ss the, ER nenbrane (see Figure éf) REN SEVLY of

a
di fferent nascenﬁ&gﬁlgi (ﬁ;tge 5‘3@‘6 t r uidaPlausible daoose of nidresf thddlsf@ncgach of
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nerat e

three L bpl%g the truncated ¢ gt mutants that act at a step beyond
accumulation to directly cause S™PrP mediated neurodegeneration (ref. 9 and Fig 8)
‘0 should facilitate the dissection of )

the downstream events in prion disease pathogenesis.

EXAMPLE 3

Effect of Prolactin, beta lactamase, and Immunoglobulin G heavy chain signal

sequences on protein conformation

In general, a dichotomy has been accepted between a protein being properiy folded
versus misfolded (Ellgaard er af. (1999) Science 286; 1882-1888). In other words, the

possibility that proteins might have more than one properly folded state and might even be

able to select one versus another folded state at different times or circumstances has not
been considered. Because a linear polypeptide sequence folding in different ways could
have substantially different shapes, physical properties and biological activities, this new

level of regulation greatly increases the information content of the genome and the potential

for regulation of gene expression available to the cell.

To test this hypothesis we first
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» the ribosome-membrane Junction remains open at a substantially later point (see

20 . .
middle panel of Figure 14B and C), and only much later does jt efficiently close (right

hand i I
nd panel of Figure 14B and C). This suggests that different proteins translocate to the

- ER lumen via strikingly different ribosome-membrane Jjunctions. If, as suggested by the

studies on pri i i is, si
prion protein (PrP) biogenesis, signal sequences are involved in regulation of

rotei i 1 i
protein folding, this could occur in part through establishing different environments in

25 whi 1
ich the nascent chain starts 1o fold. When the ribosome-membrane Jjunction remains

o . . )
pen, as 1 the middle panel of Figures 14B and 14C, the chain starts to fold in the

reducing envi i
g environment of the cytosol; when the ribosome-membrane junction is closed, as in

¢ . . )
he middle pane of Figure 14A and the nght hand panels of Figures 14B and 14C, the

uni i ’
niolded or partly folded chain proceeds to the oxidizing environment of the ER lumen to

0 Initiate or continue the process of folding funnel selection.

As shown above (Example 1) in the case of the biogenesis of prion protein (PrP)

the o i
pen and closed states of the ribosome membrane junction correlate to the synthesis of




| f signal sequences play the hypothesiized regulatory role in protein
folding, in part through tfie nature of the ribosome-nenbrane junctibdlN By
establish, %hg0y,51@pPi ng the signal sequence of two different secretory
proteins should have a dramati c consequence, in the form of tICBES0/34375
predictions: In First, swapping of the sggnal sequence should change the
environnment in which the nascent chain resides (e.g.as assessed either by
a change in the ribosonme-nenbrane junction as probed with proteinase K,
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si2%nal sequence. becatse Al . in glycosylation sites as
reporters of protein conformation and demonstrating that the same chain is glycosylated

when it is behind cne signal sequence buE not another, even though both signal sequences
are ultimately cleaved from the protein. 'Ig"his is demonstrated in Figure 16 for prolactin
with an engineered glycosylation reporter;, behind ejther its own signal sequence (Prl) or
the signal sequence of immunoglobulin heiavy chain (1gG/P1l), growth hormone (GH/Prl).
15 As can be seen from the 5™ lane of each panel in Figure 16A, the resulting mature prolactin
chain made behind different signal sequenjces is conformationally different as assessed by
the ability of oligosaccharyl transferase tof add core N-linked sugars to the nascent chains.
Figure 16B quantitates this difference. Ex?prcssion of truncations of these constructs reveal
that the difference in glycosylation of onegprolactin compared 10 another, is not a kinetic
0 phenomenon because prolonged incubatioril of the truncated and therefore non-growing but
nascent chains, did not result in any further degree of glycosylation. Figure 16C shows

that this difference in conformation, as scored by glycosylation, is readily apparent from
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ref | ect ethatdh™ BGREBR L bhdYanf .cyl ar signal sequence-chain
conbi nati on, _consi st ent ]’\é/vi t h“?htggﬁgg%?héé‘gipéﬁs&ﬂg | Raypespificigityngversahatence

in fol di AYF™ Wﬁéﬂ%@@ﬁ@]aremmeéfEhdmgtdﬂmlaiﬁg\&ﬁ?né;tltcoﬁ?a? @ﬁ{a? t hat ,
state o € protein,

the signghng 0. C rmne the final folded.

as denonstrat eg E?ﬁ%’c@gs%i?@'ff‘ﬁ gnd may igstoad, Sfallhackh isoribe cetogolpeantsd 1 BE O
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prolactin displays a substantial translocation defect (Figure 13A), which which can be
20 remedied by introduction of sequences from the region of IgG subsequent to the signal

sequence (Figure 13B and 13C). Furthermore the defect in mutant PrP translocation acfoss
glycoprotein-depleted reconstituted membranes can be corrected by swapping the PrP
signal sequence for that of prolactin (data not shown), suggesting that the defect was
neither intrinsic to the membranes nor the chain, but rather, reflected an

| ‘ . imcompatibility of
'5 _ a particular signal sequence-

chain combination, consistent with the hypothesized role of the
signal sequence in folding funnel selection.

EXAMPLE 4
From the above, it can be seen that, the signal sequence can determine the final

) folded state of the protein, as demonstrated by accessibility of a glycosylation site

engineered into the protein behind some signal sequences but not others. As the growing

chain proceeds down different folding funnels, depending on the nature of the ribosome-
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EXAMPLE 5
Modulation of Protein Folding by Trans acting factors

20 . .
As shown in Example 1, above, the time course of PrP* accrual in transmissible

prion disease is followed closely by increased generation of “"PrP. Thus the

accumulation of PrP* appears to modulate in Trans the events
metabolising

involved in generating or
Cum ) . : :

PrP. ““PrP, which has its C termmal domain translocated to the ER lumen
Iriggers spontaneous neurodegeneration when overexpressed (Hegde, Science (1998)

'5 279:827-834). As shown in Example 2, “"PrP appears to be induced just prior to onset of

clinical signs, suggesting that it initiates a final common pathway to neurodegeneration
An as yet unknown glycoportein of the ER membrane is implicated as a translocation
accessory factor (TrAF) that “protects” the normal brain from expression of “"PrP by

directing nascent PrP chains to the pathway leading to *““PrP (Hegde Mo/ Cell (1998) 2:45-
J 89).

The mechanism by which nascent PrP chains are allocated among the topological

forms is complex (Rutkowski, submitted). The PrP signal sequence itself may play a role




5 Wil e necessary, an open ribosonme-nmenbrane junction is not sufficient to
make Ct' PrP, as additionat protein-protein interactions determ ne thdUN 200t
final out cog? Wt ations that prevent the transnmenbrane domain from
directing "PPBY%&#Wt i on result in these chains being redi rec%g?mtsgo;p%r
cytosol, where they nost |ikely are degraded. The distinction beé WeeH gt p
and "PrP usually are nmade on topol ogi cal 6érounds. ") However, these two
pol ypepti des of identical sequence also differ in their conformation, as

det erm neobybgstamshfngcﬁtfléﬁt%bilﬂpu G084 bF Yl [tc?l'al i mted protease digestion

in non-deglq%ﬁggl\l 'gr?fgitog\; ggzr;qtﬂ sohutlons. UsTt TPHRS | 398k Mohan enegu taisboe-
appears t Ofrane math mgloserlitibogoinge- a3 hat differ i
o Omachi mory (oot ion. TS e Stane

bot h conf eamidnee i @n. The machinery (i.e. a

nascent Prg‘?g;gid r?gﬁllg 856#1% %ﬁﬁpﬁrpﬁ?lﬁ%tr%a‘?%éy dienenergimaN-ictmela dogakbof Prp.

regul at ed, chains leapadid ot he @ Fapie ion to increase the anount

of Ckl"PrR, detectable in brai n. %’Sgltlﬁgﬂrlﬁrdt eeglg%gﬁ%mt?lﬁ% tp baepra “HPriew

princi pl e: 15 MEEeSSaRYs anCQpRngibasomermembrint gumitivRds Het Sdlfﬁ%ﬁnlg)yo h%,?c Ia&}c,églr X
that "1 nfT uenck 38

am no aci gdE8aHAS el sg by .proteins such as TrAF,
whi ch of two or ggr gngﬁ?tgirn elrlllferg‘if OF G traminec B natayicome. Mutivnme $ha Gt Y

occur or Pedoosmeaiteane BoGaipire GRLEEL O ' ral_menfrane proteins
t her ef or ere%%réchave ma'?%l potential f uln%t i gﬁgﬁoﬁétﬁdeylﬁr\g&esqﬁ@lm beiggent
fol ded stat es HEIBARE FHRMYle Stheps they qomtsilikalyoare alegrani €s of i nteractions

bet ween | i gand¥h@idishinBribh BeRfspen haj a..and receptors at the translocon,
in an array of possi bl e env, ro%ne%ﬁ}ga'?ae. d%?’clfﬁﬂ‘égbla,re madp oarepolbgiveinroukie

rates of EWeYH: ihnse vep nodvmpgredat identied st ] fornations .
oo Tha) stk &3 et A o acign, as

determn y)gpﬂ.ﬁ w_many ook

parti cul gr; su E%drﬁgwilrsg&g?ﬁ?t SERFIAYILL Y Tmgged proteasealigdstion dn HoAGRBERSInG! ©
| nt egr at éldteygentisghaionng Traishwaus | | surface and el sewhere,

whi ch co%kﬂhnf;\ke Ret in bio enegi&{st%%%%B%Flﬁhtaﬁgeasrﬁé%ibf’iac,m?%f’ﬁéﬁié’&ﬂéfaﬁégds
( Chaprran "RRABCHRIMES ﬁ’fﬁﬁbﬁtmgﬁfeanbbotbr@aﬁ))nammdeﬁafﬁ%éﬁo@nd"hk BG4
rogr am a@rArheh ' ture 334.247-251) io | S VI éwW
Ir[:ecgssi t at eg:blt ha;ﬁegggrggg% ang Ph et&né‘?fk(e#gﬁ%gr KRerihar SnPris hmanstsgf beeed
down nor E8ulaRd.obased endhegbiliyngkcrapie ihfkSos ltcg fRrERE @@gﬁgu,gtg%ffgmyﬁgr ent

. |

ends Wi t BiBe@pleS e, ex folding funne Thi's Ts acco d
t hrough the inlte ébgbg%l:ﬁbnf‘gg%rsﬁeéfé’bigvgmsécmhtme\&/p&ﬁﬁi;ﬁeﬁé protein’s

PCT/ USOG¥@YGiihatsarjy eleeimih .chain with TrAFs or the
RhOGuSREATPRE Priha frid sharence: bitliobe o

envi ronmanis t hat Tr AFs nake

di f f er eri" D MDA AR cihabisdluencrewhicans, twERr e Fer H??ﬁn&%aﬁm on
di f f er endonghrdhatondf oitkbhel §Al.50Rsets of folding states of a given

Y occur or predominate.
20

Complex secretory or integral membrane proteins therefore can have m

| any potential
functional folded states. :

The different folded states become manifest by a combinatorial

seri . . . -y
ies of interactions berween ligands within the nascent chajn and receptors at the

tra i i i
nslocon, in an array of possible environments (e.g. cytosol, membrane lumen). The

I'aICS Of | V i W i
b

25 i
how many, of the possible final outcomes for a particular substrate are expressed at any

given time. These processes are integrated by signaling pathways from the cell surface and
glsewhere, which coordinate protein biogenesis with both the specific immediate needs
(Chapman Annu Rev Cell and Dev Biol (1998) 14:459-485) and the global

’ program of the
cell (Bonafacino Narure (1990) 334:247-251)

This vi . .
his view necessitates that secretory and integral membrane nascent chaing proceed

down more than one folding funnel (or take different paths to different ends within a

single, comp‘lex folding funnel). This is accomplished through the interaction of discrete




chain also contributes to the selection of one functional folded form
versus another. This 5 can be thought of as "third-order”. conplexily JUh 200
protein fol qg,(?ﬁmJE differs fromthe concept of nolecul ar chaperones in
that each of e r?%si ble structural outcones are functional gestsoo/z4375
different in sone aspect of function or gul ation. Thus secretory and

I ntegral nenbrane proteins could exist in nultiple conformations, each with
a distinctive functional signature. 1" Finally, the translocon and its

conponent sequantasdinrihe hadess chhdtyidi ng possi bl e
al ternatiye foldi glgi funnel s coul d tﬁ%ﬁgiﬁlgge g?ﬁség]e«g%t%?%rF‘%ﬁilW’Fon by

i ntracel | TEPSTECynRitfstgnt BeARs. dperdizad to diffarbntoratheyarnidnie QVRLEK ¥mbBine. E
protein fbsinmOihalk i zes _a.wor ki ng model of “transl ocat’i ona
regul ation arxllm rel a%gé&i ‘%”@Sﬁﬁyﬁ‘ %‘)115] or a‘%{sg‘ JHOsple off dpldireostaien gf alghivém

order to @R alse conuitsitexcmt theRelecti@pu} 8hd ﬁﬂlc'tiﬂnélrfﬁﬂi%g"i@ nve developed. .

fracgiongf eﬂ)e d re;:fgnst‘i tuted systems in which, ‘as ag JFisu§anot
mani pul at PO o ORERIRIas Hhirdwyders slonaplexite improtwiafeling, MR d;ﬂ@gs%gﬁt[hgnal

m x of PrcBné lLhce.the findipgs with PrP have been shown
( Rut kowsKki naﬁg %ﬁ%%gglggfg}tl%)gte e(rgé% M&é&b Oga’eﬁ%&b&ﬂmﬂwhwtcom&s atat ed

pr ot ei ns fpmgiidoelwsiust differennigasoRe: a EQOHRACH nd Farese) it is clear
?0 that gll&ggl%ls stems will. be amen?;bl‘e to 'ma(%]pu t}agfr%gi nﬁg'rscfg%ref‘?fyef’dﬂi eve
the goals © ORRIERG RTRIRS SOWl S inteuléple comfemstiads, afh winadisgeaHance
cont ai ni Ngncyionsl SpAsUFL. of interest. Results 5 Previously, the evidence
for trans-acting I nfluences affecting translocation and confornation have

beéh rel ati velfjndlhyithe sranglbeeniandits abmpéﬂ&ﬁﬁi)ncMIiinﬁthg,i Sat gijc'tafty@l%d:gm%e
al . (1994 : - )er. V¥ have now found two new |ines of evidence
t hat SUDPOF{}%:E %aﬁgén%t%%éaﬁgﬁof?g%ﬁ F"HHHVO“I‘—‘? Hemsghren e sublssietoviegulatiah by

cyt osol i @tagelhiar sigpaligs rpedvikii “fRiELoRTeY ' L) ls hefore
and af tey gl'sffer.enci ation a\r,e'nagt;ﬁlle to a?f.gct Bf?é@ﬁ%?ggg?%one%'f&g@g' 1gure
shi fting & NETREEFS qufgwgom@@rcrfstramlqcavmal ot gBatorPam) fdaes fitguhe &) -

Second, ovden ¢f HORSRFIBIGiAENTDr anes were prepared from hanster brain at
various tinmes 1in early post-natal devel opnment, TrAF activity was found to

vaty, going floprder ihekplotatradstockitin20R4uMBoA 1 %}@veﬁlﬁv@ggvéfégg&0134375 13

enbr yoni raj nadir at post-natal day 14, in a manner consi stent
with thgfacﬁﬁg%'t@ﬂég‘?sr %&gnﬁ‘iﬁiﬂlm pRichyap arresulppf mesipalation rdRhel she

decr easegltdsnl setheoineshbbirts Nthe @HERRHirioAal - (P and trigger
neuronalwiﬁpi;lpf;gsi s.as part of the prolgr%%o feg?%mge e, §incd he findings

ave been shown (Rutkowski and Lingappa) to be reproduced by studies in other
unrelated proteins (Rutkowski and Lingappa; Lingappa, Buhman, and Farese) it is clear
that these systems will be amenable to manipulation in order to achieve the goals of

detecting and studying the conformers of any signal
interest.

sequence containing gene product of

Results

Previously, the evidence for Irans-acting influences affecting translocation and
conformation have been relatively indirect (Hegde et al. ( 1998) Mol Cell 2:85-91: Hegde et
al. (1999) Nat. 402:822-826). We have now found two new lines of evidence that support
this notion more directly. First we have observed that cytosolic extracts prepared from
mouse erythroleukemia (MEL) cells before and after differenciation are able to affect

) translocation of PrP, shifting the distribution of forms in favor of Sec-PrP (see Figure 19).
Second, when microsomal membranes were prepared from hamster brain at various times

in early post-natal development, TrAF activity was found to vary, going from high in day




rodent brain devel opnent (see Figure 20). s In view of the results

descri bed above, we set about to fractionate the rabbit reticul ocytq JUN 2084
| ysate in a_manner that woul d be anenable to conpl enentation with traés-
acting f act®PIM4A#46 ot her sources. We found that a conbination of ribosome
pel let and DE AE eluate fraction were sufficient to restore fGI{US00/3437s
transl ational activity (see Figure 21- 23). The fractionation nethodol ogy

is described above. Simlarly, we nodified previously published protocols
(Gorlich gnd Rapoport (1994) Cell 75:615-630; Hegde et al. (1998) Ml Cell

2: 85-91) 'PocTgRr&Nk brafn.dotd wntit edpaithard) @6PNSL iiL Ut 84, 0ot eol \lﬁﬁosorres t hat
wer e f“nﬁybgﬂﬁkils%ﬁqﬂp}’ﬁl ent. to previous preparations, QUsISERT wirhRhg
advantage$S in terns 0 c3§tl“f‘tysd’é£‘6!1 SHRBreasee athi-PiR, Vis docdelSdd @l selecied brain

fracti on@egions to prorsote (QHRPAP h ri bed above. 15 It is evident fromthe
above results. that the subject ?ﬁ%ﬁ#i%?fr%agw%g“%ahéwl 9flthe pargmmnd early

par adi gn ¥ t&éﬁ@&l"ﬁ’@?%@@béﬁig@e amder st andi ng and nani pul ati ng the
par si ci pati onigf,; cgtion systemin physiol ogical processes and
the eff ecegié o{ﬁc hch iléf»?g)rf rgﬁl‘fﬁ%ﬁ% g‘?sr‘r'é’r@g FPO¥RWE satradror tp fact oraRMhalBERTbT ane
pr ot ei n, Tediculschtr Iypatotie ianninidel tBar 15! ce for translocation across
the ER r%at?]gr afja& on the physi ol og %lgagdeh%g%gg%ym PR ReRtion Wi ‘adtse t o
control The=f8 8?518"081‘ ORERPYITEEh, WihEnndcthidf 2E@AbinseR of E"BB§orH%‘ée1 lead to
di f f er enDERIY 8lu@leOGh&fln ‘g&tec&%?. - tg)e oggort unity to I nvestiga {e4n .
effect of the conformers on cerral L Teeraily sanilaionatiectivity Ges Famrohi-
agents %N ol Thedfragtidnatiba Iﬁﬂlﬁm?dlb,‘g)f‘isoﬁescﬁﬁf‘d didferent conformers, treatnent
for adverse r§%£t§, from girp'art i cul ar conformation and understandi ng of
the cel | ul ar ‘Procésset® Mosifiad prgviqusin pdishat pedrvans abodifes a%f}{ag,rog&t[
seaSes can be

conf or mé1294)dze1l Bs: sV r C evel oped and di
considered fromdiffer er’r?g\%dg%v{/\ggﬂnqgﬁﬂ@ﬁl ?F%U&%@A?Fﬁegme@ﬂg'r&a&mMIWQﬁh

The abol&YEEtHLPrAtedingsomes travere Mctﬁhﬂ!ﬁémleﬁﬁ@rg{)%és prepar ed from
di f f er eBlit VARG I8 z‘MJaHtag.'esffe ent ?enet I c conmpoSition provi GRS
tool for the expressin nB’r{‘Fﬁﬁ”lsﬁ (TP Hlo BPeasn 2od amesability tohfustheR $ictS8Rkon
ur-chi n ks psened] ivelekrribeasbover € found to be highly transl ocation '

C etent, but. to.generate only one conforner of PrP, Ctin-Prp, a form
oot i Vit from theartion P

that is nor gﬁeﬂﬁ%g respltshibaqrhe satiea iﬁffe]{fﬁmﬁjoivmg arﬂ G osoral
1-0C

nenbr arMstforthanp Qaeitibdl foprd¥aps age,.0f thi s approach over the.- “Nemical 1
5 JUN 2004 WD 01/ 44818 66 PCT%%%%‘%“%&%&%@%% apdmanghildtmgcthaponent s

are | eF4THFRAION of theyansinsation sgstimviat 2 sYod; e, apd multiple
conponeitféretdBordralbil 41y 2hed b Otl_heiﬂg? elsloegtr]l‘%g kS eglgegs'?a :ﬂ’ dps Gaect of

T mtegral membrane protein, or other protein with a

‘

virtu i ol '
e of being able to contrpl the folding of a protein, where different conformers may

1 . . .
ead to different physwloglc?a} outcomes, the opportunity to investigate the effect of the
conformer; on cellular path\i:ays, the identifi .

the different conformers, treatment for adver

und 1
understanding of the cellular processes resulting from the formation of the different

conformers, ¢ i
: . an- be achwvec#_. New drugs can be developed and diseases can be considered
rom different vViewpounts than have been heretofore employed.

diff,rent i i i i V ‘ W

were fi 1o be hi i
ound to be highly translocation tompetent, but to generate only one conformer of
PrP, Cim-PrP, a form that js normally a minor species

in the presence of mammalian
The potential advantage of this approach over the biochemical

microsomal membranes.




partial activities in different menbranes. Also the preparation oﬁ JUN 2004
menbranes fromtissues of: primtive organisnms may be rore cost-effective,
at | east fWO‘ﬁ?-t:t%P& tial screen, with 5 positive results confirned with the
nor e expensi Ve, ochemi cally pure reagents. The novel protogch/ysnegidsed
for the preparation of fractionated and reconstituted proteoliposones
makes use of relatively inexpensive det@®rgents conpatible with ion

exchange chronmatograpy, allowing for further fractionationof activities
initially ldentified ..in the con A-depleted reconstitution, as well as
activit |%’g g &8 Lb?{icl{“?’é? CORBARGTS aretlepmlikely fehane eenfinatthered nadiei onat i on
of Con Aprobedrt hamughtifef ) oft he rocedure .

pr ovi degp here i s that |I?e$@ggﬁ§%gglgﬁ:bg idgﬁ%\ﬁgg%rsggb?’ Se Rssecent destingtver t o
commi t meRAFtigfacaivitigsdn differsmt memnlirimesn OAlksh aRO prepRERIS HenedBlaied Frofs PS&%?' ly
i rrportargfég,}rxﬁp trhe .g‘%gsi bi Lit that some TrAF activities may Involve nore
than one conponent SHHELE 133y b¢ Flore gast-cdisctve, apdeast Girpunieitial iscreencesh may be
ablse t o pesitiveakbMtsCmRRRRANG . her. component . Al t hough the
f or egoi r‘niga i nvention has bee»ﬁlt%ggec}rn? eﬁ&{eﬁglg%’anﬁgé%?%cﬁﬁgsuwag?ms‘

i 11 ustrati on Birineyehpepecooproyideddoe sheofreparativh wfﬁacymé@wgﬁceastgbw I

be obvi ] rtain changes .and .nodifications may be practiced wWthin
t he scogg(§t 8%%58@3[%%(53(}1 Secﬂ?gF VELR 'EXPEpY Y & HBIBESCaTS eampasibie withrien

i ncor poezttetighehesmatdgrdpst anewify fod FubtherSEicoRhlibndfhetifidl§hikFt i r ety 15
JUN 2M 67 VAT LS. CLAIMED 'S, :f'f% A net hod fcérog?gg?l‘%f{%??ﬁ‘ﬁsg%ﬁfi@ erntg
pr ot ei nThiiean A-dealated) reponpamton; aowellias hendries whpagintphiéalifdcanss, sai d
mat hod gQpdek $hAfe JtaETAR t raphy of. (é} a first protein obtained
by expr essi on of & ?I rstaklgﬁl,&tftggoélu‘gﬁg%’gﬁﬂ%g]?'sﬁ rther inoyel advgpiage o8dieence
and a fprosedwgeroviiedihege iy daeit 1841@0 The\Ghidal fseFesh BF ﬁB@élﬁ?rA‘ﬁl%r%rgosai d
first s&&ﬂﬂllim%eg% nce occurs naturally with said first open ‘reading frame
and (2) & Secon Sraorfl@ioﬁe {29488 PeY-12bgsinteasinn. Fhinissesperially Dipomsey givioe
conpr i sthegossibEite nhhtToaalr AR AUBREEs A iAvSS eading fra .
encodi ng at |east substantially thessargﬁe1 am %%@gggﬁgg%eu%@c%&gﬁ §rr’:1$8mf’i Pst
open r eXMNEASFEaPRE CORRPRAN, i pXeess aragthiemblé to papally apmpendates firdagesond

POt el Ny A% COMMAned; to said first protein is indicative that said second
protein iIs a cortfiornmer of said first protein. 2. The nethod according to

Caiml, wheAtthougifilk RXEEAES ientisn hBs BedrY&AtEhedPin T g&&ip%g BEFOE gi ng to

Caim2,. wherein said |lysate is a fractionated |ysate.
accor di'HEST818 and s *AmRiR dPrPyPesssfiaity sxfiupderstariding is will bmobvious that

certain changes and modifications may be practiced within the scope of the appended

claims. All references cited herein are incorporated herein by reference, as if set forth in

0 their entirety.




suppl emented with a fractionated and reconstituted m crosomal nenbrane. 5.
The met hod according to Claim 1, wherein said expression is in an ilft &t 2004
cell. 6. The nmethod according to Claim1, wherein the am no acid sequences
of said first and second proteins are_Ldentical. 7. A nethod for detecting
a conformational difference between pr81t7ei ns, said method conprising:
contacting a non-denatured protein, obtained by expression of a chineric
gene having a DNA sequence encoding at |east substantially the same am no
aci d sequence as an open reading franme encoding a native protein, 15 JUN
2004 68 wh | { Lye protein is encoded by a gene conprising said
open readi WAﬁggﬁg‘%&S@%\@l gnal sequence native to said open reading
frame, and wherein said chineric gene has a signal sequence that is not
native to said open reading franme so that a conforner of said native

prot ei n i slprodddeethodvfaridentifing penfommdrs ofieprotdiniojecuiechdvingsat dosesai bl e

si de groups: 1 NQ_agi comon to said confornmer and to said native
protein to&l[f)#%ge Eizgé’o%ragglﬁ%(s)ff’ﬁﬁ’ Sﬁﬁdn%h%‘gqumfﬂ‘ot ein conprising nodified

si de groups; anehmigiregitha'@pokhbey SQPa fitst phitie obRdd 3L prAGioALPRPS bet ween
said conforner and said natjve protein as indicative of a conformational

di f f er encelllsePNespaugneE comprisefdirstsignat sequencstanda fissionnsnmeaddng frimee met hod

accordi ng i , i L IS r i nki.nanagent .or a
chon cal rop el prdlafl St e BE Benli bR ERIP AR s 2
sai d chem fimt opendidding frame and )t a s@ondNprikih obhainelliby efpression of a second
trinitrobe ﬁ nesul fonic qcid. 10. The nethod according to Claim7, further
conpri si ng].B g\/%fﬂﬂ%ﬁcieﬁ@mPE‘é‘@Eia\FF‘f%ﬂdéfgn&hFﬂu%ﬁfaﬁﬁi Aspcong open Feadugdramenher ej n
altered r W 1+ Sub i [ : : rg@ﬁeh ' ce between
sai d conf g??ré!rhﬁg%legé Q?Hbﬁn%{t%@gwegsrag{eea?rﬁ.ﬁgﬁg A rre?ﬂ%]ds aﬂioifrhfsg5 ecting a

conf or mat i eadihg diafmccwberen dvedlteetionpn tipegraphy efisaid samindgdoteimgsr i si ng:

anal yzi ng a _non-denat ut ed ot ei.n,. obt aji ned ,by expressi.on of a chieric
gene havi WJPHE" S?@?H@?R’B{egh‘éd‘&q‘%w&gﬂqté%‘gtsg@.‘i'éﬂ%fﬁ’tni 13 pcgnfoRerdfne ani no
aci d sequepgpfirstprofdin.open reading frame encoding a native protein, wherein
said native protein is encoded by a gene having a signal sequence and said
chinmeric gene has a different

2. The method according to Claim 1, wherein said expression is in a lysate.
3. The method according to Claim 2, wherein said lysate is a fractionated lysate.
4, The method according to Claim 1, wherein said expression is in a system

supplemented with a fractionated and reconstituted microsomal membrane.

5. The method according to Claim 1, wherein said expression is in an intact cell.

6. The method according to Claim 1, wherein the amino acid sequences of said

first and second proteins are identical.

7. A method for detecting a conformational difference between proteins, said
method comprising;

contacting a non-denatured protein, obtained by expression of a
chimeric gene having a DNA sequence encoding at least substantially the

same amino acid sequence as an open reading frame encoding a native protein,




si gnal sequence so that a conforner is produced, by high pressure liquid
chromat ogr aphy, wherein an alteration in the chromatographic profjid ¢JNoJ0;
said conforner as conpared to a native protein is indicative of a
conformational difference between saigsconforner and said native protein.
15 JUN 2004 69 12. The nethod according®to Caim1l1l, wherein said high
pressure liquid chromatography is perfornmed using hydrophobic adsorption
colums. 13. A nethod for identifying the presence of a conformer of prion

protei n ( Pwhyreimsaidnapmprateindsientoded hpd genqonipsisitg satbsgeneatingai d sanpl e
with a conpound that hinds to a.wld-type prion protein (PrPS..); and
det ecti ng ﬁ@eﬂégﬁlgﬂa eﬂ'&'?q‘i’@nﬁtfvestaisﬁl‘d@@ﬁ‘bg‘i?ﬁﬂlg fiimes And ver@iRed bi ndi ng of

one or NDgRJ Bifefit Behdhaal #_i’%ria@%lfu@néthﬁ% %t%ﬂ?@ﬂ{%}%&gcﬁ%ﬂfd to binding

of said conpound to said wiTd-type prion protein I'S an’i ndi cation
of the preBameso it a gorformennfiseidaetivopmtsin ofpradicdd witll an ggemt firat on prot ei n

(Prp...) 14, met.hod according to Clagim.13, .wherein said confornmer is

C-term nal éet%c;[%g%mgpgf%giaﬁce(sgfagcgcﬁ:)grgvps@"tag}]m s W‘Bﬂnﬂ’rﬁ?ﬂ‘él n (PrPNt' ).

15. A et hashféreder bt dald/hdieipheiciIte prituee @ LorffohRét a0 HBiative® @ sanpl e, said

met hod conpri sing:  conbi ni ng said sanple wth a conmpound that binds to a
a

wi | d- t ype pPbtesemprisipemefiicd sid¢ gseunps) @ndconpri ses a biological fluid froma

patient with a - % i .or _a nmyapat hy:. and.detectjng the
al tered bindi ngdég%%éggg%gggn‘%ghﬂn%?d %ﬁ%ﬁ%ﬁ%‘%@%@%e&%&isﬁl c(?f’focgﬂlgr“?ﬁir nor e
protein i nsafbmalivepoqkd ds dndiedtive o aponfoenafonaDiiPRade beawkbmediag of said

conpound to said wi|d-type protein is an indication of the presence of one

or nore CcOWYPIEALGFAIS BIVERTPEIN ype protein in said sanple.

8. The method according to Claim 7, wherein said agent is a crosslinking agent

or a chemical modification agent.

9. The method according to Claim 7, wherein said chemical modification agent is

N-sulfo biotin or trinitrobenzenesulfonic acid.

10.  The method according to Claim 7, further comprising:
evaluating reactivity of said conformer to a protease, wherein altered reactivity
is indicative of a conformational difference between said conformer and said native

protein.

11. A method for detecting a conformational difference between proteins, said
method comprising:

analyzing a non-denatured protein, obtained by expression of a chimeric gene
having a DNA sequence encoding at least substantially the same amino acid sequence
as an open reading frame encoding a native protein, wherein said native protein is
encoded by a gene having a signal sequence and said chimeric gene has a different
signal sequence so that a conformer is produced, by high pressure liquid
chromatography, wherein an alteration in the chromatographic profile of said
conformer as compared to a native protein is indicative of a conformational difference

between said conformer and said native protein.
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12. The method according to Claim 11, wherein said high pressure liquid
chromatography is performed using hydrophobic adsorption columns.

13. A method for identifying the presence of a conformer of prion protein (PrP) in
a sample, said method comprising:

combining said sample with a compound that binds to a wild-type prion
protein (PrP*); and

detecting the altered binding of said compound, wherein altered binding of one
or more protein in said sample to said compound as compared to binding of said
compound to said wild-type prion protein (PrP*®) is an indication of the presence of

one or more conformer of said wild-type prion protein (PrP*).

14, The method according to Claim 13, wherein said conformer is C-terminal

prion protein (PrP®™) or N-terminal prion protein (PrPN™),

15. A method for identifying the presence of a conformer in a sample, said method
comprising:

combining said sample with a compound that binds to a wild-type protein,
wherein said sample comprises a biological fluid from a patient with a
neurodegenerative disease or a myopathy; and

detecting the altered binding of said compound, wherein altered binding of one
or more protein in said sample to said compound as compared to binding of said
compound to said wild-type protein is an indication of the presence of one or more

conformer of said wild-type protein in said sample.






