Protease Variants The present invention relates to nucleic acid and am no
aci d sequences of variants of human neprilysin with altered substrate

speci ficiwg 2aliatsive to wil d-type human neprilysin and es@/ustoswsfrovari ants
i n pharmaceutical conpositions. In particular, the present invention
relates to neprilysin variant polypeptides with increased specificity for

cl eavage of anyloid beta (Ab) peptides conpared to wild-type neprilysin.
The invention also relates to fusion proteins conprising such neprilysin
vari ant nol ecul es. Pol ypeptides conprising neprilysin variants nmay be used
in the treatment of di seadegims@ddicarethtinns HfonBoumskhFidn of amyl oi d bet a,
in particular Al zheiner's ng@@§§QOLﬁ@§&%fqyﬁpl fuihgohnvention Engi neer ed
pr ot eases ar% ggflrabge as. therapeutri ¢s beca vage of a substrate
pepti de of priBPelin adsedisstosgd (tRokeeyirslaisdo Wiicapts fon intead] combrgion

i rreversi bl e énpaet pmhqulﬂI}Qho@@fch@tWQH bid¥RY @els.fOr use as a drug, a

pr ot ease nusé{g e a but t not cl eave

suf.f gl eqnt acti vi t)é on Lhe tar |

ot her substr It o BRPUSHEER® BHYT Y Rt e ﬁ’a?él(‘?é‘b S’Bf‘édttb‘%f* %’i“ﬂe effects
under treat rrezratut@bmdzascmsh aThegspdeioflisciTthyy afe pitot éases,id methyltddgirs
ability to ree¢ f hahdy. cer ept i de

Substr At es, gaﬁﬂﬁig&@?@é‘geﬁeg’%ﬁ%tﬁ??éﬁ?l‘e{l RS BBt

Qual i t at iLl0el | SHFod eB&k‘éBe%ehélﬂe aete kasop iRy owrcapmlelnt ﬁurﬁbehn@bf peptli des have

a hi gh speci fehﬁlntey TOh e 8ascRNAL %@3?6%61%"%&@@)%% \/QIQCTE@'WI@ ﬁ(ee{] £hijspepti des
are deened to avelowsg)emfl?C I'n quantitative ternmns, e specificity

profile of a'PIof EaldH's? GUrem B}Wt“}‘l‘éei“és&Ef?lvéuﬁ%%&am@#ﬁebﬁaéémﬁdﬁ\hl I
substr at es, |590} uldim\mgfcmﬂ%mﬁ(bcabdcy ckﬁx@bﬁ&mtﬁ atiiQsorhOatever AlelShaaviage sites

in a given subst.r =) ineerin

nmodul at i on of hsé)%lrs1 rlé%:y(??(:/ﬁ{ t“{f Eﬁoe}éﬁl%éq@ ‘églé’g“‘ 510&0@,1,%?%’1’15)1})3691,&\&8“ ng the
gener ati on oﬁtlp¢tbblea§é3; W th deS| red specificities for use as prophylactic
of & pol ypept e consmy B ey A REaY T b Qe sl R SRR b & Es e case
or synptons &fatgr Gil‘%%a&mﬁ ﬂ”@fﬁ dercheegises Eho § n@q@tmmmsosﬂaﬂutddéopol ypepti de

by proteol yt hlﬁpﬁhﬁfi‘a‘{ﬁ% 1'?5&2001991&;%%]‘&&'1@ on, far &t%iﬁ@%ﬁ&‘i 10 YR, AL T erent
pol ypepti des ¢ be. envi si oned as target IP §vation.

t1c 1 nact
Thexo | ncl uds osh Welb@&t?f&éé@@ﬁéﬁ%éspr@%%m S upsé;@tf M%@ebpalttmlaém&b@r i ne
system #for examph Eulsl’it/quﬂ/@d:‘)kﬂcﬁah@n bagstialiKa af oVaseastd wid ¥.cypRhily

appetite, cardiac nct i uncti ons t abal i cregul ati on,

ci rcadi an rhyt Hﬁ]v‘a% H}Cﬁ‘e‘ff;g‘g %ghlﬂfa SXHRPIAEEC | t%gefij’o‘éfoéil‘ﬁail"l % e|igngera-
proteins or homvacrame ikeftenankicled W|Dbstpﬁ@étﬁﬂoﬂ gejicol 1ﬁk(ﬁt$1c-°elﬂgh103c§y1§1@bﬂb| e
and nmenbr ane nd 1,6l 0s dre uct ral pr.ot cyt oki nes,
enzynes, ant i bodi esﬁi?rgnés} {rmelp e(’ﬁ&g ot“l‘fér‘gn 'Meh }ed)é‘bif?ldaéb Cé(%é“ tk‘xfévm to
have potent ﬁe@umm@nynfthmemgmmuhmmhudm mgprAngiiod @nsalhweliirgnely ¢, fudNP, BNP,
bradyki np9, Eneot hel = yrot ensi as _wel |l as
Adr enonedul | i n, BO%%E}SIIJ% t@‘?ﬁﬂé Aot | E%%%LL%%I%%W%&QG %‘%H)P }Q%S e

Neur oki ni ns, SRBOPBFFEHRF t@“@l@yﬂ?ﬁélw atparEn Subyskame nBnen Pieseldiust, heds .

| ncr eased aCtHu\éI&MLQTtxﬁﬂYx fsubhes®piBdht ﬁ@@ehﬂﬂﬂ‘x@%&%&%t@deflﬁ @&Itsuskn a
patient. For fr ] (%ensm stlrru%tes tpﬁ proliferation of” prostate
cancer PC3 cé& ?%F 3t Wé!)‘/ al COPYOBTE Re G PEpEE Witﬁ-’lF(OftB‘)JeC‘i%DmdBS) and
i ts degradat ienltiin 40P/<vﬁ1eﬂraylumm bdiecluttis@asend Breadykiesl Ropohdyahyed 1 n

bl ood pregssure. on a}l, o-.n_neuy opat hi ¢ .pai n .and, car,di ac

renodel i ﬁé iswqﬁPﬁlraStd 7(%%%( fegé%“\r) 52%@ V/ﬁfﬁ eRYrBARe e ficity
t owar ds neur brérig |11muoar%broadw{uonkmdah:mbe fgengivataeshciAbd heilnte'Ishidisease
(AD) is a pr Si yeqn r r e | oss of
neurons in dgu?(’(:}?Zt e\{? gg?gﬁggggﬁﬂ%&%bggﬁﬁ%%g?{k Dilg\n%lé3f ﬁ f%igﬁjc%ér/ g2x and

hi ppocanpus. drpRles piet RO EROFBEResalioh &irl iedikse! tfhaten@umppﬂmamm bpatians of

i ndi vi dual s sif fresil 691&&%&116@\/?5‘@@91@@5‘“ th‘%}ﬁﬂuﬁﬁtfﬂn%u@lﬁ U f ¥loskel et al

changes i ncidin pear ance of abnor mal | ament ous structures.

The neurthal “?pé)é}é‘gf“‘é tg%tﬂ%’&ﬁ 1ag OPynakeHedI 4 %ﬂ“é’len@%%éill‘tﬁ@bﬁﬁméfﬂ%bﬂmfm d
beta (Ab) pepidkdgs, winich heayf @rmiafa (Stﬁcﬂiﬂbﬁt Plcaqyes) dnehik b aselddulaF-

accunul ati on flLbri [ tan de of a hyperphosphorylated form
of the nicr 0?%68%2%@%8%?%‘% 8@“%’?6&8 n%é) ““Both fam |ial and sporadic cases

share the deposition in brain of extracellular, fibrillary b-anyloid as a
common pat hol ogical hallmark that is believed to be associated with

i mpai rment of neuronal functions and neuronal |oss (Younkin S. G, Ann.
Neurol . 37, 287- 288, 1995; Selkoe, D. J., Nature 399, A23-A31, 1999;
Borchelt D. R etal., Neuron 17, 1005-1013, 1996). b-amyloid deposits are
conposed of several species of anyloid- b peptides (Ab); especially Abi
42 whi ch |s dep05|ted progre55|vely in anyI0|d plaques GEnetlc eV|dence

o, b1 S L,



adm ni stered anti bodies were able to cross the bl ood-brain barrier and
enter the central nervous system bind to ("decorate") plaques and induce
cl earancewof2ovsisti sti ng anyl oi d. However, even a passiPC&/UsaomBsat i on
agai nst Ab may cause undesirable side effects in human patients. DeMattos
(PNAS 98: 8850-8855, 2001) have described the sink hypothesis, which states
t hat Ab peptibdés cab. Saé’atemﬁctmm@ﬂ&)iIrt(YQt)eBbt[y, hyril 320099 dishe
concentrati f; > n_ant i body
Chat bi nds %'T'bosl% h’ilﬂﬁaﬁﬁg &%%&1'{?(&1\% ecg) ?a%%ate?e"m%aa 1%36‘}8?%%&} ‘ﬁoémf)lil%tsrra to
CNS and/ or eh&ﬁdtahfgorﬂhré luiqmarmgrxrawmeametmamrmmpbagmoan@l GNBrihdue to a

| oweri ng of cbh%tfsé@@t BRsticRRGRAL AL RRK 'n‘i‘a%@&%)n%hh% §€@"Leee§rrt gred fromthe

bi n |ng agents, gelsolin and

CNS. Two O”gl‘ﬂ QP
anti bodi 8s, Ha¢Rle4Pes S%térﬁeslﬁo\ﬂﬁfwihd’é‘ﬁ@ﬁ%??fh?%&’ﬂ%*pﬂ@?ﬁﬁ Otﬂtﬁibe ef fective

in removi ng (Amef4lpmhENScamd of eal:ucamgmmm&wan@mrrg()@r at.h, ammRitdosi s
(Mat suoka et,, a n. alternati vgaappr oach

ce
to renove AS’ ||m filg emmp% az)ﬁ%‘yph% ﬂlﬁ’a}aé()d’rlﬁd’égpa ar%%‘“&’hﬂrﬂ”&rﬂ&@ nent s
t hat have | @mvéﬁrltdéx@ éélwigt/ccatm@fs béet 9verdsal @agneséuinsadbhyte ahdar@dwtl t is
postul ated thatyidi s ﬁ%s'@& e W%)h&rﬂdtgtlﬁttepg?elﬁb will also work through

t he sink hypot hesr s__nmechani sm b ree concentration of Ab in

pl asma. fiowdi@t7! t hbsS. é’rﬁ‘&r"éé’@hhﬁﬁsﬁl Prviiddg2a. Bodei dptil 39, B09didisect

cl earance of:]cAbs Mbrid&ﬁln@b‘ﬁ c@)ﬂﬂf&ﬁt(ﬁ@%@ﬂfﬁhﬂ%ﬁtgﬁp%s%%h d%tblit@@&ttttglnla){dl ower
the free co centratrﬁ éf? but al so i)rect % cl ear full-1ength

pepti de froftHEEniE rﬁiﬁ?m #hibE PPl ARt Qﬂ%ﬁt%{ albdasuse it will
not i ncreasendthiepitentiak. (Ar ﬁ;ﬁmamchtladdhmﬁl)v cﬁ@tﬁk&ﬁﬂ&f alaly afko0fe y%sézﬂ inféﬂldm asrra

as has been; bi ndi n h
ant i bodi es. Iﬁ%g&ﬁ{ ﬂn?nsrﬁlsitaﬂe gﬁyﬁ g8 %r”e %Lﬁid RICpRES Iag‘lié E?rg.a?gs ﬁ‘a
degr ades>t héxﬂbplepé@tdbfdmﬁaibrmu]atuopIcentahr@a@a&ewts?xst egivgenénad wny csmakd

fragnments tg%lﬁﬁgliggﬁgg%gd_é&m the bl ood streameasily (Leissring et al,
JBC. 278: 373 373 20 ril sr n has al so been recgorted to play a

key role in W;‘Edl atﬁw& Ptur’@écrte%ﬁ %%é%ﬁf‘l dengary 2He2@0%idmcl®eb dence

suggests th@ibtdﬁWﬁgrc@ﬁhﬂo@ﬂi()ﬂrfopﬁs@%ﬂﬁkséf%th@t cétﬂﬁat‘?@i?l\?yﬂlﬂ)ﬁs Eé of AD
devel opnent, %% xg&}l‘:)anl ed wt etic defi cr ency. (knockout), or

treat ment w-t i“?‘“)%’?’r?“tlﬁﬁtdﬁgts gls’eqtl Qe Ngna S‘h&?léés’i Hye&HBHAUl ati on of
Ab pept Ede packdpe cbnamtmgeladﬁgtg«tt o nmenory inpairnment. Conversely,

over expr essi f nepril sr n a.reduction of plaque accumulation
in the brai H%(;t ?t raﬁlgg%’ﬁ b%{b“ ‘&“g%thﬁe‘r%‘r* %f‘#fe‘r”d*btr‘dt"g%@ smh%tt}@%g‘g

descri bed t hatsudgghddeatdd qmgpt%d&dmhbb/tadrqlgd ifmg ukliioh dﬁgm&dim@oe@y

pLes . ACE, 30,0 hen s, AR A PR 5, R0 R0 5 AN BegDappl i od o
pl aque depoéﬁmwoiﬂﬁatiwelfbrvé?lﬂmﬂtHovtévaewmsysa emitsmatiﬁht baiditmt ofmpo-ot eases
that degs adge@ndriifacidcual M PERLd ;qpcseg?ﬂ o@%@&s@t&@& Qt?itféﬁ/a?e 1 %‘t’én uch
prot ease woul d need to be suf‘fr ciently specific Ab p\g fective
and to avoid induction of t ' NYHA QNS f - target activity.

Human nepri [gesion (af 1563(11%@6Q@ﬂtcbﬁﬁ)loﬁizjd\@&es%ﬁ@ﬂ%tdtm&m%@att@@mmn

acute |ynphgbl astic | eukem a ant i CAl enkephal. i n; Swi ssPr ot
accessi on P B’Zf?g‘jt‘(flsog 5 B § PO ﬁéH’#%ﬂ%ﬁ’B%ﬁ%allzﬁ%ﬁ’%‘t“aqt’l%ﬁpept| dase

conposed of vidBGsinr aikéa leesiadoes! fdeectichst weigheobuall-0f (bhe i 1@B)t<ﬂai
met hi onine 9 ncl.at u ering be
used t h% Ougégglt%j:%uwm%ihv It]? (1%% trgg?éengjeon atomst(%t&g?sg:ﬂ € h‘%h?’&ﬂé‘* tﬁ ¢ he CNS,

and its expP@BBPEHLOA thyr esiter QCsltaﬂegM &t 84 chrboa atehb). spepiiking imelndarg ( Roques
B. P. et ah tl?lﬂggeggq@[l, t, Med.
181, 2271 2&3 % 51 ge" ucaﬁ?‘éem?é&tt?ﬂ a]s‘lt@fone:]t%%%terg%ttﬁg afi ar@é%lt grﬂ_fgg?%g 3.

1996). The br%fpé(tfl%t lgasy divdi(er ¢ éxprigsal huparehe seldpyats soolvethe lulpgppt

conprises agoibpodifodASh&Bh BeRAEMSaab oAGHINEat8 kb GOMMALR Rdpdy giNcbi ndi ng
not i f ( A soluble.form|l ackr(ﬂgr é(%ér ansnmenbrane and i nt racel | ul ar
[

donai ns>1 s RIRGWAN @ RROSH UL It ¢ %on. Neprilysin is capable of
degr adi ng aj0diber thrrttmeptmdd@d substrhalesy hibachtd aguIPReREELedand

bl I f id
a8 wel | 3% BheBBCRbR B Thelle ARRTRA PRI SO bR R A A eni

activities under physiol ogi caI condl tiops has not been determined in
detail. Peptides that are degraded include, but are not limted to, (Table
1): Table 1: [1] Leissring et al (2003) JBC 278:37314-20 [2] Shirotani et al
(2001) JBC 276:21895 [3] Rice et al (2004) Biochem J . 383:45 [4] D on et
al (1995) BiochemJ . 3 11(2):623-7; Marie- Claire et al (2000) Proteins,
39:365-71 [5] Vanneste et al (1988) Biochem J . 254:531-7 [6] Brenda

dat abase The structure of neprr I ys| n |n corrpl ex W th inhi b| tors has been
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1, endothelin I, and the natriuretic peptides (atrial natriuretic peptide
(ANP) and brain natriuretic peptide (BNP)) (Reid lan A., Vasoactive

Pept i des,wonrotoBasile and C i ni cal Pharnacol ogy”, (1998), PThaskiGoaonoHi | |
Conpani es). Angi otensin, bradykinin, endothelins and natriuretic peptides
(ANP and BNP) are involved in the regulation of arterial pressure.

Angi ot ensi n Qi-CBpakkyVaseconstarbok yiveaddodpepd lzde:artﬁfnacdyktsm@nbﬁqt@o

vasodi | at or thelins are. vasoconstrictiye poly es of
Sbout 20 ani a0 SRy EF P L MR Bl R GEeT B R kel g ey Rl il

resi dues. ANPU @Ba@rﬁetﬂfgfartilld)anamd)@l&lﬁm(f@@ram poadd ait)IeaxtEO Y gso0li4) at or
peptides synthesi Bdel ghils t neprilysin
in Ki dneg b?)usgttbof3 er$ ée‘;ngg{.@t@l ég@@th%&ﬁ?&édn%?{%égﬂ%ﬁ &RW ma/md Ri chards
A M Oini calcigiTatieef suldgnato sompto mmosiy. soanm Hred uBNPBreoduTe ticasiodit | at i on
and decreasg¢eRl 006: PRIBUNE. Thus, therapeutic adm nistration of a

r econbi nant B |Iy n nol shorten the half-life of natriuretic
pepti des and mr eb gﬁd’d?h@é& ﬁg@%t@@h%‘?‘%ﬂ”%@%ﬁ‘i“BHtlémﬁe%Pr)t‘mf‘éi Plre.

Nepril ysi n altsoatiegradesitgqie dS]C@ﬂ&JHOkaﬂg ppmeht blﬁsmgmmlftaoh ngneiropept i de Y
and neurote t ol tide

neur ot ransm%t%?gtk}gl%gttcgpﬁg Cég)%xr%h Sw%mam% i an‘“aéen ?tg) qyélpgcgh)s TRYEEN  Known
physi ol dgi caFtergaiétn engmainhiuticivat NSOV aideast heowtdyil(at 6.8 pefcesoci al  and
feedi ng beh%lmgm &l toﬁtattls%@ t@ntét%ﬁ@%%%ﬂfgo@ uo%agtt' ;ﬁg@@&g{%;’&? ton

(Gay, W ul ar and Cel T ul ar Endocri no
Neur ot ensi n “%t% SREP3E Wﬁt@ SREP i Peptipgean Icﬁﬁtpﬁém@ﬁatﬁ gt lag¥t abpuéxpr essed

i n neurons WBEE B (dit0.20YS TAS peddabE OMRWsal @fpicdiNeagidard s Gfuregriad |y

adm ni stere ude t nteraction of the peptide with dopaninergic
(DA) syst er’rt(gub’t“r‘t«’%T g‘éfi‘qtat‘vpﬁﬁlll nduce opi oi d-i ndependent anal gesi a,

i nhi bitidn of food i ntHAKEAIIFNA DNESIOR BT IGN OFF DHt:ul\t\aHfNTﬁ‘(DNmne rel ease. In
t he perlpher i ! t hr.oughau COS. d, regul ates
a number of %0 32”- ti §ar%ds egryed%%%#e%r%gr@%?l%ﬁ?lﬁnis ba eba%@%“f\@ ?ﬁ& {°0de the
heart and aété‘rﬁat%‘ff(@a mettmaﬁhmr@a@rgu , Encycl opedi a of Neur osci ence,

1021-1034, POﬂ?e Iu@tmdtﬂtasé}tcsm%drﬁé%tncipggttﬂlﬂderf I!I%\ﬁ?lsitoll gk Qﬂ"ﬁg Dr ugs
5, 957-962, 200 % devel oprrent of tentia erapeutic
because nepfi®§s %l%qgé Yewedupint gty baeid fﬁéb?thﬁti@@ﬁfb%qbrdalt@éle?ﬁhwn|f not

all of i cﬁaaphsaytatrmﬁtﬁﬁné t@wsmm@maé atote@aztl»émmtﬂwkta%hti%ﬁ'dr@ble to

identify ne r|Iy that have. e iCity for cleavage of
one of the ubsft ateag Fasqaehrg: wﬁiﬁl gfg %Cf%oe%ﬁt}a eugt t he

ot her (off- txﬁnggto)uppemty Mehsiubﬁtthatt eé«,} MJtam]t}/st Dhraspri-bysil) rbc\Mtithvta changed

ficit h 102 t
ot e 530 Foae e R PR WRE e BT o b fehedhl Bl respce)ct
to the car bowlipéptthiadermeori. vi tZyI)Yotﬂ/lneijrqcttym mleéammmttheexﬁkﬁlum(qingZ)

Bi ol . Cpem 111%@7}1%%%@1}41@1* etfte%ﬁh mét%?lgzih m@!ﬂgthlj SQERT@E tef & ¢ h]ezl‘?'c Q 35
Barros et al 7) 'Biol, - 5?‘ cen Foun
i nfl uence s@teéétqy\}?@t%/t‘héo%lhy \(”Béléhr%ﬁ‘ttoeltoo b or f 19989 %g0r 1B 10(%efm

266: 214- 220)n:,tdﬁ@5|4t10[12$%|:(563&\ FPG4r oMy B7465 amorlyzla% ttt%etcmﬁﬂ)diﬁscr' bed
e hydrolysis o%l alin derivative

to influenc enke
(Mari e-d ai g% Sb i@oﬁ§i‘sﬁrl’§t€éttlﬁé%<°3§f@3%@1@%wl@@%ﬁ@fi|0<9rt§6 RG> OAflE N542
were al so f bymnid ﬂuel d:)n:ﬁlhd.lﬁglﬁﬁyIplf’fbbhﬁtk@rhdﬁytl\&ﬂ&hdtt 1ﬁ£>m-9@ ndsnd Drign et al .

(1997) EEB 40; 144) 0Q7/.04 scrl bes fusi on proteins
of the - dgr %’AA % t‘l\fl){lthﬁ]f\/\fgti mﬁy% @ pegvf gf’léé%‘gﬁ’c?gﬁﬁ PEIYP SEPRAY Ay d g | oi d
bet a pept i déistitlpte fusl @ ¢thokpstreman' ﬂw dsvanttempionesat tb fiadl andidd] @hes i n-vivo
hal f-1ife, h f man,. nepril ysin.

WO 2008/ 1’ 18053 | %sc’lﬂﬁ*b“F%fIgétl %Isg’éﬁg%éq‘%‘pgﬁ Ft&t eave%g%%ngﬁr STigERy
pepti de whel&ight HomHart sylfurduptsder laﬁ Wgn #ei oy of kesatleacHeppnoe.ghd ™t er mi nal
end of humang peRrs tofrsama 1@@%%?%&”1@ Fhils hedugso Abmggﬂftbﬂﬁ 1%991%%@ rations

by adm str I on suc fusion protein as a erap

2005/ 12 11‘{’}l FoWq %‘r?e]torﬁ)&ctmt OraRy k>80 Pé@on%tlhaﬂtmtwhwéat étﬁ%ﬁ@atmml i an
neprilysin aadcohe fehhodbafdidsetadhpndnbl &HmRL QedoRaWehadisease in mamal s
wi th a pharnmaceutical conposition conprising such truncated protein.

US2003/ 0083277 and US2003/0 165481 descri be a nethod of preventing
formation of growth of anyloid fibrils Ry adm nistration of effective
anounts of an inactivating enzynme, e.g. neprilysin. Treatnment can be either
by adm nistration of purified protein or viral or plasmd vector.

Adm nistration is made to the brain. US2003/0083277 describes insulin
degradi ng enzyne for the sane application.lt would be desirable to produce
neprilysin variants with altered substrate specificity, in particular,
varlants mnth |ncreased speC|f|C|ty for anyI0|d beta (Ab) peptldes by

N o, - ) .



or an enhanced effect at degrading Ab than wild type neprilysin, but a
reduced effect at degrading the other neprilysin |ligand substrates,

conpar ed wo 2id/d131iype neprilysin, thus mnimsing or rea&agiusgoiangy4onwant ed
or di sadvant ageous or toxic effects that m ght arise through degradati on of
t hese other substrates. Wth respect to a variant with enhanced specifi city
for Ab pept |{ﬂ@i*§}suclﬂmda&sleaﬁ1tclsmy Heelewised @oni Mnitae f4ts @@d/apn&r&m%m% mer’ s

di sease and ted b to excessive Ab
f or mati on orpétig%%%{agmeag@%ﬁ guc P8 H¥ CAFﬁéa?) ‘ésscélhﬁé the% nN‘éI so rel ates

to met hods @ﬂﬁﬁr%}ﬂeﬁﬁlmge&nﬁbﬂmsm’dq@ aﬁdem:tuedrabawd/nwhgc otityh hypyleact i ng
anyl oi d peptyl des IES%QCOI"H?,Q%!{E&RQC%@EQ Hﬁjﬁdé}n\éﬁ J*r&ﬁ'%aﬂl?ﬂrdl x%(/ﬁ' n

pol ypeptide with i'ncreased specificit hacti vate
t hem t hr dugiP AEGIORERSE 2B D% GrHHIT ﬁé@lﬁi%ﬁﬁy pvrféorpﬁfégléﬁpmpm@mqf@md m further
relates to aexmsstd’tnﬂiaﬁflchgtﬁaﬁﬂaﬂ%lﬁl, Zhel (B kS, &'tﬁ@}aﬁﬁy@)é AR BL 8T £LNg an

optim zed vari ant .nepr etlde thlncr ase ecificity and/or
cgt alytic a@f?r\g‘ftteﬁ}q%‘ga; ¥§§&tgé¥¥35%?agﬁ SF: SSPEIY éﬂ*‘aﬁé’tg)le\ﬁot%cﬁo)r/ Ab

peptide in dbidd pl BEY@E@%@IFﬁElspﬂheSﬂtﬁhldmwmsIo(ﬁmdﬁﬂrsld)v ocehatieg i@y hbigsfiel d of
medi cal t her @HYa%{hg 1}?5‘4&! %slt;léra({r ottf?er IP I rd OIQ ns?e%ﬁ%?lengu r%&]la%\/ﬁ di sease

and prOV|des net earance neehant sis loid in
pati ent $0 s ube@reniged by ﬁméhﬁ%bﬁtfge}w atdlveerdicsdasedyral fatpartl eithan
Al zhei mer' s; agbﬁzﬁ?&ﬂwlﬁmﬁk}ﬁfg{rpfoﬁ ot Rits 4l DY L Qs %tﬂhe%lta% ¢ Hﬁh&?ﬁ’s

proteins and (ge(g fective in eliciting such mechani sms. The ‘present
i nvention i $%atso th&l‘?%t Ve‘?ft?ré ChSPMFE Al Suby Weme L ospeitPit sorr et

Al zhei ner' sofiat bénpsim bi, jpabbhe vl AsantiOodl) h@an@&ﬁo@fba%a{k@lﬂﬁl | ¥R opol ypept i de

of thelnvent on..or. a r ot nco SII’] a neprilysin variant

pol ypept i de o(? *THE gr(ifsl Oﬁthg@m-g%f%%l ‘1158 Vﬁb“eaﬁgﬁ?%\ﬁﬁ misefhe
neprilys$¥n vacnklagtosl)@ﬁd thendlfeentSuoh npmssﬂss~onmo:useamdtxapexflaticnnhystf or

bi ndi ng andj gale h n, hi ndj cl eavage of
ot her nepri |l iy sgrbggf%%te)gﬁ ?? ““s?pqgﬁégl% dém%h&t II)nre ﬁgﬁﬁ‘gyl?h “8P&dificity
for these oPhBranshiygtaratneatuygtion. rﬁnmlmﬁsﬁév@mmemtf fthe aniget ushfwated. (t oxi c)

that m ght R&béﬁ%eﬂ@ﬂn f&qﬁ’ﬁtﬂh&t abe e eQfto Bof Pirs!: Il%ﬁbg o\{@lrc'a% ((9]?(8 the
i nvention t gﬁgsent inventi rovi aes a epti de

conpri si ng 3‘&9? %‘ﬁg fEr ?rbr’amﬁ ffWé&ﬁi@)«tﬁﬂédwmﬁ&ﬁ%%ﬁmlﬁa@ & Fpagment

t her eof 20 saCdrivar iaotntob{ heagmmbbikher@oderhRY) Mdy aload ReLAcl dn segeence
that differs fb 8mthe w | d-type hunan neprilysin extracellular domai n shown
in SEQ ID N Vné? | east one amino acid, wherein the pol ypeptide is

capabl e of Hitgesti n@uahmbawttmommeitwnpmsy}pwt heteinddripraseliaghgt o IOECI ficity

th | d-t :
Arrf/llno:Md Bi %%?ICQFQI S%ﬁ&%nﬂ%%e d)%lggim ;ha Wpﬁo%lﬁ%}g\?gae%ﬁg’gﬂdﬁaﬁ "ﬁ%pn | ysin
ext racel | ul &P §omep f, Ehaipali ‘hmta’dilﬁ (@399 1&ndr Growp B7diY4 inelydbe « epl-aced by

anot herpnat yreglloy, %?%H'k{dxé@t 1%{3@0@0 h@ﬁh&%g?@ﬂqgoﬂg&eﬁ al, %Xﬂqgﬁﬁgﬁf{;g afino acid

may be an amino acid ced ine (V)

and/ or Gr14!Yre¥f Ve rhébe é‘i?édaﬁyﬁq_a@@ﬁhéﬂfﬂ?d)whoﬁ%’ Arid Rasiedit ilstmﬂn@ng@nber i ng

i s based Ondﬁxh@y@uhdiliﬁﬁéped%hﬁiﬁﬁl RERLbhMS RO @@%ﬁ%&@ﬂ%d@&&%&@ NO 1.
A pol ypepti r| se_a protease variant

de a cor i nventi
human nepr i Mjé ﬁ%%@l“l\}?‘a‘?‘“téfd ‘rxnogr ‘foraﬂjh%h’tl tohlérhéb? aViYFR61Hi ffers by
at | east onmdek of hﬁé tani2fandcodsiak0@asidrt@nsulsel ot o) fammn sh®@atedl OO,

rose] Davo, "EanyRY sfpades (il e iy arhe BEh «fS3g anfien &1

F393, R394, [rABOBydrc300icrizata; o404 susassiadid $ax oNaLSschea T pdALTntEA 10,
V422, AA68, 3485y 1510 F565 E533.
V634, S536, gl(3537 aKvsicfoh 5%%%*0 Is%m Oég%" ty%zf‘glv %ﬁ%ﬂerﬁg%b %g’éﬁ Npo3!
F596, G600, CVEOBY ispaompEsss “ajbodersigorcepy§o7Conpdl Whigtodnt 195, T708.
D709, EﬂlO >8032 S@K?A),r @635@@%&7&}1;@ I%H%mlt{lﬁhvtdl@(f@cxf‘(m gtgtcapm resi due )
presen \'/ man nepr) SIn extrace ul ar onmal n sequence as
been re}ﬁ ac@@ﬁﬁy (rj}(;’tehgf”ﬂg’%‘t‘é‘inil ‘b(i%ﬂﬁr’ RG> SAR HELURS Rptard Oﬁ\ﬁﬁé“rtbﬂﬁc t he

am no aci d hésicdties nilsrbed mgturss thased onxtdre o\fwﬂldeﬁaypﬁ aRBRBRHBEPLIkYSI N

sequence s ant pr,ot eas umanpneprilys

extracel | ur}gmgmgl&ﬁ%}r/a??l?l\lgéfﬁéﬁp ;ll-f ﬁ%¥881fyeﬁ1§§/gar’f"fr8|9%f“}lélﬁ%% ﬁgtutr@l 55human
neprilysin at one or nore positions selgcted from T99 by D, SIQO by I,

S by L, V, Y, or I, GIO4 by L, M R Vor W D107 by N, Vor W Gl95 by
V, T206 by R H211 by N, H214 by N, H217 byN, D219 by A, @20 by K &224 by
W S227 by L or R R228 by G D229 by N, F247 by C or L, A287 by S, R292 by
M



L323 by F, Y346 by W M76 by Y, D377 by F, H T, Y or G L378 by E, K or
R, S380 by Kor R, S381 by RL F393 by S, R394 by C ,E ,G,Mor P, A 396
by D, G390y10Ms1H403 by H, L or S T404 by D or F A405 IBgTS2000394by D,
N415 by A, (416 by Ror WMN417 by W E419 by L, M F or K, V422 by M A468
by S, 1485 by V, 15 10 by D, E, F or R L5 14 by K or F, F516 by R S517 by
D, F, R W onMud€bidigndiwilR anti ngct@LEL%JmQy(cl% @ést&, oilL 5321 By de G'ﬂ%&@ét&R E533

Ey E é Olr: (F?le éﬁg’)iqs elg'as %ﬁneraﬁl\{ glgafgl%oﬂbsﬂ&@ aﬁlqlg IDWBFW%/O%BZT% gy \[;542
Fy G or K, @Eb@llbiﬁe@ed@ dmcbmeamd D&@@dbmbﬁcam;pmli/\br Dhrbffinkc,or L, N592 by

E 659\3/6832/ Eﬂa@%ﬁla@nfﬁ%@nﬁ%d pfara%gp Péi)l@\en ﬁfpe 51\4/\9806&%?{ C@%O (% )é‘ o o AG49
N¥O% by E, éff%p%r%rn deé%wshwhﬁmmﬁ %9fuk0ﬂ§>m9uwamn@rvxsﬁowyo by F 3712

by H L, Q qoo®] G7@{|lsl@Yhhb1Qi’at1Kg VRZ%%@M%}W@QQN&@ st@écgleﬁggaéfepg ;g:b: 2
enti on
ggcgifgﬂgfng %‘I fb\fni%?% %’f‘ﬁ%t‘ ’gép idﬁéwdﬁo‘ﬁll%%‘h‘éﬂs %r‘tflc}r\dléié“@f*éﬂtééscrl bed
herein, the llryd'r(mag}ooa:apksbitehcafs p@i@hﬁﬂﬁheﬂgingahfeﬂbdlﬁ/@zeﬁfzcd bﬂiﬂ@@'&ﬁﬁgﬁf[x'tuﬁg? Iegf
I n ra

or girﬁeﬁa& HerBo RUTRIGEEN, BRI A TR R Ry e Meodonc it Pl ke homan n' or
f ragment Ot h@@éﬁﬁenﬁhé ﬂﬂﬂ(bﬁﬁtﬁdsie@ftﬂwhm@ﬂm c’rndc%ihvlb@dahy}afrny&nmﬂdﬁé\ and diedir as t he
variant HSAJER4Sitdl, WhHIGH %@N&%@l‘og%{@éhﬁﬁ'e z\hgﬁehggw g}%hyg%&fl g @ serlne.

The noi ety capabl e of endi n pr ot ease
vari ant hﬁrré‘ﬁgi:fé)ﬂ)i‘lpf*v&’ déilt"ﬁ%%ﬂ ‘thTeé.’lf HErlpe Uhelfcrté’g“ﬁ@ﬁi hydrergbf can,

optional Iy, gheusdnredtednidaiel by,EeExample, esterification or etherification,
constitute other classes of known synthetic lubricating oils that can be used.

15 Another suitable class of synthetic lubricating oils that can be used comprises
the esters of dicarboxylic acids and those made from C5 to C12 monocarboxylic
acids and polyols or polyol ethers.

[0020]  Other synthetic lubricating oils include liquid esters of phosphorus-
containing acids, polymeric tetrahydrofurans, silicon-based oils such as the poly-

20 alkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils, and silicate oils.
(0021} Unrefined, refined and rerefined oils, either natural or synthetic (as
well as mixtures of two or more of any of these) of the type disclosed herein-
above can be used in the compositions of the present invention. Unrefined oils
are those obtained directly from a natural or synthetic source without further

25 purification treatment. Refined oils are similar to the unrefined oils except they
have been further treated in one or more purification steps to improve one or
more properties. Rerefined oils are obtained by processes similar to those used
to obtain refined oils applied to refined oils which have been already used in
service. Such rerefined oils often are additionally processed by techniques

30 directed to removal of spent additives and oil breakdown products.

{60622} When a lubricant is used in connection with a biodiesel fuel, a portion
of the ester component of the fuel will typically migrate into the lubricant, as
described above. Thus, in some embodiments in which the present invention is
employed, the lubricant will contain at least 1 percent by weight or at least 2 or

35 4 or S percent by weight of the ester component. The amount of ester compo-
nent in the lubricant may be as high as 15 or 20 or 30 or 40 percent or possibly
even higher.



The |inker can be a peptide |inker, for exanple a glycine-serine |inker
such as the peptide GEEGS or GEEGES. The present invention further provides
a pol ypepvpaelocsmani si ng NHSA C34S, a GGGGS |i nker and &CE3$2040/036G01L4K

vari ant human neprilysin extracellular domain , such as is shown in SEQ ID
NO 28A pol ypeptide according to the invention suitably is capabl e of

di gesting origdz¥| noifee peptdadewsiébechdyfiimalogivet ensiudinglo@dr m%rc ANP,

BNP, bradyki Neur.Qpe u ot en

Adr enonedul Islmnf18n t'ég%%?@dtk B Iggelg%%l&’alz% LY Ifa)}pbar%“’ ﬁg&oﬁ

Neur oki ni n Anctesionfed #ridc m‘;we@pmpown tl&Jb@Sartoast@man@f‘dlslalﬁmich a

| ower speci faofd. t¥hd @@ﬁ@rs%{s%ﬁ}ygg n@M%%ﬂ@BF ;ﬂéﬁh% bd BERLE %ﬂysent I on

al so proyi des ei c encodi.ng a de descrl

vector c rQ‘Sfia%se é?%fe‘ﬁgé & englsi R aand 1o HESEOUSN PV BB RgY $§§M@S S}aﬁrélcvect or.

Addi t i onal | yemzhel bmyﬁWalmnam@m gdessoet hed wfh@d’h RoQMAUL 1%5@1‘[@‘2!,6’@% Iide as
descri bed al%) e varl .mherein the nmet

conprises the fol (1(%uO éj} g?%ﬁz m&(ag)’mi GRATR a’f A eGP Uy scrl bed
above under reaeli witbrike suitalabl e for the expression of the pol ypeptide

conpri sing |an rJ.Lys r i,n or a fragnment
t her eof ; 3%(% r e{g}cl)%]/gél{? gép&pm&%l 1‘th£§¥ %?8?%1%%%@[% hdé fﬁgg ]trt 8 Cme%?ﬂlf/ ure. The
pr esent anéhf’iﬁéﬁﬁgl@tteiﬂﬁf‘rf) @ﬁtaﬂ)ww d bﬂ phiay aeieltatioalis timnpbswtﬂﬂumtotal

conpri si ng aqRRhReps s ge n@&ﬁlptro' 8k @Qu@awﬁfs‘ Sthe QEHWO&‘%H{J 4&{12}5&
extracel | ul ar d%)]ITB.I n. or nt th f in accordance wt he i nvention

and a phar mieBlE gy ?dlégései)fnébar daidgef pi énpalt imang dvebicoas a1uss meteli des a
pol ypept i de awmemsﬂmgnmzvaarsmmmhmn‘amdw&rmt%%m ﬁé&ﬁlazﬁfélnksubﬂﬁ HeFmin or a

fragment th ceordance. i he invention.for u in treatinga

di sease ass%qélﬁgsi e%h%mgf A° 3 aggupd Vkit gﬁttao”fceA]Ea\ esgu%ll‘lpd%a% ‘2’r§1§5rﬂér ﬁ Hease.

Al so proévi dée4Porgo ﬁétOh@dN)ofThLrbeam:ltmg)fahajombmdaseﬂenu latredy b 'ekL

foa pati 'e(ﬁ?“?fﬁ“ﬁ%eﬁﬁ*’c%ﬁi‘g}l%pﬁ%r et M BT e Gose of a1

pol ypept i de | #&idr i s@ﬁ@basqﬂaf%qt%m@nwﬁmm@w 11>rys¢mdéXtrrsa@eig <u1 ariddomai n or a

Lr agment t hﬂfﬁ@%ﬂ'siﬂ%@%&é@ﬁ%@ﬂ%@oﬂl% Qv ithhe i Ve Qﬁam@%tcﬁg&%? gﬂ?@t ' OR of
ey sequenc s e am no aci d._sequenc ype hunan

neprilysin “tfﬁiigfe‘t‘ﬂ@‘ééd%ﬁu ?‘“rqlfaF%*@)af‘B’rlnicﬁlrﬁ‘?“él(’nrfﬁ?@ﬂlém%@ﬂ(iw gl l I ength

nepril y3in) iea'fhenc-f inra,sttor@mmQoE@:hdsx(cY)asannTeﬁ@ MUABB i 30 HEL R NeREd dayisi n
sequence ocgurs a itio NG 2 shows the am no acid sequence

of wild typé sol ub?emﬁghlé Lpr?SéﬁRfygoﬁef(w sNeprilysin;), i.e., the

extracel | ul #9204t al Vid ocidiomagmiSEQmipBuNG uﬁ:mhﬁ\makhh@oaembag)edaaiiﬂp&equence
of soluble n; XHA-t ai

di pepti de- | PE e%OH%meﬂéfsxfisenm\z{;nt‘lt)ﬁs 1’{’1 glb%%t@ C]ﬁl%e il ggg?uﬁqg Neprilysin
sequence oc&iibexEic peds (sush a3dy dSE@h}ﬁ)SNGSWUSﬂdmCﬂhefmds)l eotfide-asaijuence
of Wi | d7¢yp?s&ﬁ'a‘s'@il}@rwffﬁm«sﬂgﬁﬁhkﬂ%c@?éﬁ&uﬁ‘t}ﬁi@r& #31 Mos ﬁﬁ@s CQI]{\J%@ shows
t he nucleotldg gc sol ub uman neprilysi AW th a n’ nal
3xHA-t ag and8®§? .;fg]%f ap Hké[ﬁ’reb‘lfhémpifré‘i Ti@dﬁéﬁ@#@%ﬂ@bwf thtcl”f@lﬁerran sol ubl e
Neprilysin saguenesnfdiA@) withul&leal s pasit haps 88-90. SEQ ID NO. 6 shows the

nucl eoti de- uence.of fuII-Ie th Wi | ehu nNeprllysm wi t hout the
codon tripl E@%g eI R V‘?’r@i’lﬁi Al pesu! %@&/5 ‘gjanW%O”b He» ALl eot i de
sequence of trhlahwhats«bIbab;t@emaﬁmabhsmnnsemmﬁmgg Nyme)rg,emﬁadi fhrusegetR fpequences

encodi ng, a secretio tri HA- and a, di peptide
li nker ig(n e%?‘g{gé. g@‘vzﬁ‘?&{d’“ Iggﬁynqlh{ek%}y PR CE%FV‘G‘ ei{ %Hé?c &8Yuence

i ncl udi ng t hepldedret Fdiomst la@dﬁ $11<athop©sq>mmnmn§@rkyvMStxtthmtﬂleg dgrrdequence
is at positipngliés h / b p Is at
position 85500_- gé’aﬂ(ﬁﬁﬂogﬁfe&f?%saigﬁ{ltsejagéﬁcg(a&g§ Eh@h a(lt hm%%g -2960; and
the CYYI iilrﬁ*ﬁa@@w&éaﬁ@%@ﬂF@laﬁugosﬁwﬁp@wlg@@bargmsymmnqa NO 28 shows

a human var k@ﬁhuﬂ@@bbﬂx%ﬁh{hlﬂ%ﬁ& a@i@k ki 8¢d H@H%dlyista@&tehéﬁa&ﬂﬁg AMNQraci d
Val irne and d ycine

h f
e R, T TR
YDDG G(SSD&MMJIW&EE’%@EF%%MKR F mixed iso-

PVATENVEQKYCRORALRA X@E‘%’%@Em%?é@%ﬁw Wtﬁ&sﬁao monoalky-

LGLPSRDYYECTG YKEACTAYVDFM SVARL| RQEERL Pl DENQLAL EMNKVVEL EK
El ANATAKPEDRNDPM.L YNKMTLAQ QNNFSLEI NGKPFSW.NFTNEI MSTVNI SI TN
EEDVWVYAPEYL TKLKPI L TKYSARDL QNLMVBWRFI MDLVSSL SRTYKESRNAFRKA

L YVTTSETATWRRCANYVNGNMVNAVGRL YVEAAFAGESKHVWEDL | AQ REVFI Q
TLDDL TWWDAETKKRAEEKALAI KERI GYPDDI VSNDNKLNNEYL ELNYKEDEYFEN

| | QNLKFSQSKQLKKL REKVDKDEW SGAAWNAFYSSGRNQ VFPAGH LQPPFFSAQQ
SNSLNYGG GWI GHEI THGFFDNGRNPNKDDDL VDVIT QQSASNFKEQSQCMVYQ

NZR I~ ATPSE A 77N Il R IR Fr1 7~ R Il A IFSNA 177N /7~ N\ AN ZIFNANZ7NA R 71 170 7R 17 \F=p==2 70 0 <7~ I~I R



EFAEVSKLVTDL TKVHTECCHGDL LECADDRADL AKYI CENQDSI SSKLKECCEKPL L

EKSHCI AEVENDEMPADL PSL AADFVESKDVCKNYAEAKDVFLGVFLYEYARRHPD

YSWLLLRW& RYEITSLEKCCAAADPHECYAKVFDEFKPLVEEPQNLI KQNCEL FBQT/US2010/039401
LCEYKFONALLVRYTKKVPQVSTPTLVEVSRNL GKVGSKCCKHPEAKRMPCAEDYL
SVWLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHA

DI CTL SEKERQIKIKOFANVELMAHIKPHAT K EQh: KRRVIVDDEAAF VEKGCKADIKEEE ., monoalkylated

VACSBUL KGNV BTSSRI Lt LUV KON CEPR LAV RARAL Vi sl contis

Cl NESAI DSRGERPIEKE 9P DF Ve ATERAE QK EASIAEK Al SQUNSKMEHKISH st in solubility.

LI NLFVGTDDKNGYNVI HI
QEERLP ALE %W%E%%ﬁﬁ%@%&% AR thred

El NGKPFS N?%vatéﬁ‘\s/ P SPANISEDY EYOTHisKpiL LW@AHDEQ&IEN@HC@ in the art.
V\RF| WLVSSLSREYF@ESMERKA&YAHT&EMTMRB@Q\NMGNW\& clopedla of

el b b G S Tl

VNAFY SSGRNQBVRPAG :ORPFESARCBNSLNYGAE GWI GHEGTHGFFDNGRNPNKD

%¥W%MEKLLPQQN%%(&F B A e generally any

HSPKNFRIY GTICORISAR FSEAPHERKRSYVNPERKERALZEY ¢BioNe | tBe Petiodis T4ide séduence
for the hUW&mexﬁ@ﬂitﬁﬁl Bhd G Vaddt ARl f HRANER4 Sompound mclude Group la alkali
DAHKSEVAHRF ]E)I(I&I% LVLI AFAQY] FEDHVRhVN EFAKTCVADE

SAENCDKSLHTE LP@?%@M ROEPERNECHEOURDDNPRIEE FIcYRPEgDDer.
VMCTAFHDNEETHE KICWL Y Bl ARRHPb f the metal base include the Group 2a alkaline earth metals

FPIA EFAEVSKL VO TKUHTECCHGH TECABBIAB ARV GERCDS! SSRLRBSERRPELe 0F

EKSHCI AEVENDEAPADL PQ&ANBFVEEKEM@KWAEAK@WFMMYEM@W&&I salts. The

f%kkbﬁkﬁ%@% p STPTLVEVSW%MH@M% [Porate, or nitrate

SWWLNQL CVL HEKFSN/ SDRRAE: W%LWNW@SAEMPMFMETQTWM above-
DI CTLSEKERQH&@QB@HVEMM&HKPKAT&%MVWMW%M@%@T%E GKLVAASQAMLGL

Det ai | ed descri n ures Fi nucl eot1 de sequence
of yeast exPtey q{d(r)F \?é‘&éi“é? 3¢ (‘?ﬁ’\}?t Vogéh 1 0Skiy2:0808220%,778856bp (SEQ | D
NO  22)20 The, 25¥ES2; B SaHaTs 5 S 3(33653%”3@’7@0%?”8@I\SQC@XBUQ%Si>‘s0$n 28§ your protein
of interest, 6'39510 cerevisiae. It contains the URA3 gene for selection in
yeast and 2 origl h for high-copy maintenance. Figure 2 shows nucl eotide

sequences of08adast }éxpnésmatmmvpatsorbc@SﬁahﬂRAc@ﬁilbatcﬁm}natﬁ/@&mb@a§( SEQ ID

NGO 23 Fi {. f 427- TEF
(Dial byst eng. %Pgtb??‘ﬁ% R L A e

bl ot anal ysP&siomesnleg ttw}ébg‘upé?ﬁaﬁahwb?@ cePPYC éhpnles"émngf bywealents

sNepri | ysi nofﬁ&ti@%l'd%n@ﬁ&p ROQMTEtha%uaP% Hel ﬁ\%u&%@%hgﬂa%ﬁ?&%%%% al 1§ R&D) ) :

Figure 5 shc{ he[dgl %e of five strates
angi ot ensi n 16pgék)‘t aten Ne; 39ep qSQéhgéo%s&Q@t@ﬂ W%@lf‘éﬁﬁéﬂﬁé‘mm pept| des
peptide 1 —pABaratih(&n and, peptide 2 = ABi 2) by varl ous nmutants relative

to the (3'399%( iL4KEparent nut ant ésee Tabl? E ustrating the increased
cl eavage of \'TRé aw|oéup&f%%5faoigﬁ TR gt 1&8&% PRglsy 07l abrRbed

cl eavage 01;] miehe mdyr leeoofrchipleptn des!i (ANR, dn&ngmthgflhndh and bam@mme%ﬂsmmé

Flgure S ' e t1.de.,subst.r at tide 5 =
angi of eﬁ)SI nf?‘%%s ”Qﬁv% ?%Y%%%&j%cdsé}igaﬁme%(n_dbﬁcer c%tpep}oag alylrmg@gﬁ{x%d €6a = one
of the endot® ‘I“F‘ln th@@gﬂt Wjébibﬁde oberbapBi sdlum subibnapeptérdent2 = ABi _42)
by various ME%B% efyr %@ Jiﬁﬁ!n%tc%a& elatdd Eﬁahgf‘?@l@%\é@@iﬂ%ﬁ&ﬁ@%r ent mutant.

Figure 7 : é% de ra dati on of edogenous nouse lasma from
C57BL/ 6 mi cEHBRY be pbifroGed dgbhe) %Wﬂa%%m&@cuiékqigwlcamm@j:abm};yﬁw of

enzyne. A) wlhdhy@erlﬂmrhéty‘ﬁdljﬂ m@nenmﬁl hygh@em%mmm GROQNEGLAAK fused to
HAS(N-;—SIS Vb[a}le ? 99V/ Gr14K- Rbg’fthls a d, the | | o ng exanpl es Fi gure
8: Abetd deyrAditl it D ntim Aat cggqnt@@ ihefﬁ|la@nﬁlﬂwoemrq<@e5%o¢ﬁuge after 1
hour i ncubati magm&mﬂ@(ﬂfmsata@eﬂargﬂﬂtl aht II"B\N@ff aﬁy&ymdués)g,em b )bl%etor
neprilysin e o, HSA.

Abet a degr adlg%qflgcrip%df Oyh%jnd;% %\fbd ttorgof %(gj%l nt0p7i t8%0%)(§§§”?}@ tfsﬁ?t er

hour incubation at RT OC using 3 uMto %0 nM of enzynme. A) w | dtype
neprilysin. B) neprilysin variant G399V/ G714K fused to HSA. Fi gure 10:
Abet a degradation of rat Abeta 1-40 in plasma from Sprague Dawl ey rats
after 1 hour incubation at RT OC using 1 uMto 0.1 nMof enzyne. A

wi | dtype neprilysin. B) neprilysin variant G399V/ G/14K fused to HSA. Figure
11: Abeta degradation of Abeta 1-42 in human plasma after 1 hour incubation
at RT OC u5| ng 3 tho 0.1 nM of enzyne. A) W|Idtype neprllysm B)
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G&399V/ G714K fused to HSA. Figure 13: Abeta degradation of Abeta 1-40 in

buffer after 1 hour incubation at RT OCusing 1 uMto 1 nM of enzyne. A)

wi | dt ype woepnidnsim. B) neprilysin variant G399V/ G/14K Pasat2410/058M

Det ai | ed description of the Invention In the franmework of this invention

the follow ng abbreviations, terns and definitions are used: aa am no acid

HA-t ag Haemegglnutii-fiica bepist dihe riagudx BN agl Ietgromatibha HAveRiit opre Nt

nucl eotide P ] ti.o prilysin squbIe Neprilysin wt

wld typeThe é% 1%@?&?&&1&9?81%1&35 ]tcmdncr}u I\{e Ab peptide"” or "anyloid b

pepti de" rream%%iny i‘notrhmd@“fdwﬂ@é tpépmi(dy theatverorsee nattdssul nand daeaehd

sequence (OQgrﬂp%tsE@ﬁn G@Q%)u@@‘ﬁg\ﬁlf@% Y EMIRVE &%@y%g;r@g thi M2 VI AT
I n

in the human Ab protein [Precursor corresp on to amno aci d
714 in the §‘é"qiféﬂ%‘§“’(1étrﬁ3hon5’é‘if%f melghsul fate” lay)ednr theaﬂaéfotcpmﬁm@éév.‘/amy

Zglorg gr nglr ﬁi}}dﬁoﬁﬂgtr& g@?idlﬁ@moﬁtmgae&ﬁi @&Eb%bfl\(ﬁthﬁémdlAmcﬁqf;:thé‘bh ]; 39,

- an i fi eptides .suc t er m ncat orms as
ORI TR P b e A S U B et R
Ab( py3-42) anidvwal{ppt sﬂl-cdl&)n@lndl Abmpepith eiasrenyi soimarlet modii ¢ bedady by
oxi dat i on, e ntLy nka
17274, | Dl?éth%WéBi@%tSogQItrz{f_ﬁﬁ nﬁﬁﬁ}ﬂcagcr}la %gg{ssgq‘?f%g)r\égbg as a suk “%lﬁ%gﬁgt uti ons
of resi dties Tdgchmaugpof ﬁ%ﬁf@h fopade’ eﬁien@@@umnﬁS@kf@ﬂdw:somdlsca@mdﬂbas M,

(1996) Bi ochefkasdre Rldted Q;théolzﬁoﬁ@@t QliagonBdnGd be%at%rm[ualg%rﬁgﬁt Iez ng;rﬂean q

t | | eot i t t
ey SenuencE CRaNs Mt "e ATG: BePaRAAtOARS GOUBIaLSY ahdsah ORASAAT- RNA
nmol ecul es, It}ﬁmhﬁudtalmgnfoelguiaaﬁmlaYH:ﬁJnefTBfat fhayHerdgdilly 6&10@1@&%3 T 8HBEnt0f

genes, plasm. nts thereof ter site" in a
pol ynucl eot 1 (%Iiéaine’orrw‘"tra:1 meg t“”ug(gn?tgf ef é“ifoégge £ WEPEAYOp6% t”? eoireafq]la%l on in the
sequg{]pé“ of dtt@emptﬂdyhun@j Q@Escmeskdﬁecbmltypamfrme .a kresypeddd m@tlhye togﬁmembeﬁtq

posi tion . o specific single
bases or amoﬁg?ea@)?déégyﬁ 1?1% de Q:? {%ﬁl&’ Je%ffrﬁ] h%ee&&rﬁﬁg(;l%é%%ad [LEL nﬂetlaipept i de,
respecti vel yatior %W&r@ﬁthm’gt%ﬁ@ml An anp@m@ndm}@m ihdé' BN mpolsypeptitde ref ers
to stret Che%s&ft(ﬁ&‘!&ﬂ@t'e (Q%ﬁ%e% LAY &%9@1 aﬂf&nfz@e %%guemﬁ%x%pwq g

pol ynucl eot i p , respectivel term

conpri ses pﬁ%f@leﬁ%‘} %R:ﬂ"‘é aw“éﬁz%r‘ﬂﬁé%m %‘ﬁft"%‘@dieéfég‘é‘ﬁdmtmé ? ffk%%?(cné&eeh@ﬂ ength
pol ypeped desswah o@ataﬁ)@abme) m@ma@;@m ﬁMigOKOmﬁgi and et heoli keio@menel | as

IR o T TR VL LR S

" pr ot ease" Heiémsat@.rtyaqasomelsmmndite@uhga wab@ahy)zﬁmg otrbé%]ydmw yfsjeserﬁ)f pepti de
bonds. It i y rd.n 0 L

pr ot ease va?‘i%a(ggg%gﬂg&ger A/La u?)\g/ggtr %t ng‘e (51‘2? u\ﬁltl“{:fr 1(‘§‘ln“t)ér RS er‘nly\,\ﬁlf}‘#agment
of a proteobytire cdagitreg tamamoan @nt@sttr@hqvweei; gdll by appsent iothe eedoat i on,
reconbi nati g @AG e Apy other nethod, that |eads to proteases that di ffer
in their amno acid _sequence fromthe naturally-occurring protease or the
prot ease vati®ifls. The dpaentdiipe padenase deleTaenhty wpisrBy apianrount to

posttransl apmn@é atdlegéta@r2 eherm &2 4 fiﬁ@ﬂdeﬁt swe@gﬁ,ofaugone@e%%ycl Al on,
PEGy! ati on, ation, 'ﬁor& car boxyl ation andac ation, any nol ecul ar

conpl ex or Hk’é “8’6[ Hepe EFEtNg aS}Pémé*f ol he 55*[8%/‘”3%9’81? Eﬂﬁ‘é&’ed} ot@i ns.
The term " pfot@gisieperadritaic'to meaﬂ&hami LﬂﬁtOhi@(ﬂS@SﬂNZ&@bﬂgﬁt p&icahnedfoyte

nmut agengsi s fer rect rmaene3|s w th an

al t e?ede(gm n%a%ac %e%g%r}égﬁ%% Wclol “’émé%‘“% %’é’r?ﬁgﬁgg}’ iVeSTie g1PYps dequence,
whi ch ret ai fglfqrast esise.)athe vmlﬁ@/neamloamyxahalse te did foewaerxtspsmdbm rhattetal

speC| fi ' cit yarﬂ'bﬁflf éfeth%%fér%é:l[m@ﬁ ad ](JEQ\é %@IWCEP?&S}I‘P %&fi&%%‘t'%@&»een gl term

SpeCI ici té nmeans enzyne recog vert
pref erent i aflilyersepiappd supst frhata@sounmémsap?écqathznatworafthprrmp@és@s blute t heir

2B|b Is'tf— é to n@gﬁgﬂg ﬂgng{;igurhw?mﬁétﬂz&tﬂ{nﬁ%g&ﬁE'tteH34/&1}/%%?{11%(2% Pégelg&yﬁ%ve
Qjalltaﬁevei’@pmfﬁ‘g‘t‘é%‘é@ %‘h%ﬁr al@‘ééf‘lbtb‘ﬁét?ﬁdré%l fimefahersiongfsspepieiides have

a high specivithaht ytmo%edieaxs epanpleagese that cﬁillcgﬁi&bnn&l@ﬂ"cﬁﬂﬁ cRObypept i des
have a | ow §‘per8| fi,c uantitative t eci rofile of a

protease is gi v a(’ed gu %H%terdé BEER VDY %28&%”7‘1 r rln?s% i {)Lg’ dISLEVCSantE A&b’%ﬁ’rhé‘flgs

i ncl udi ng potentl aI I y kcat/Kmratios fog several cleavage sites in a given

substrate. This equation with "Var" = protease (e.g. Neprilysin) variant
and "W = wld type (e.g. Neprilysin) protease describes the relative
activities of a protease variant on "Substrate i" and "Substrate k" in

conparison to the wild-type protease. An increased specificity is expressed
by ratios of 1.5, 2, 3, 4, 5, 7, 10, 20, 30, 40, 50, 100, 200 or higher. In
practice the reactlon veI 00|ty kapp (kcat/Kn)* [E] ([E]
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a | esser degree as conpared to the wld-type enzyne. By enhanced
specificity for anyloid beta (Ab), we nean that conpared to wld type

nepri |l ysiwQ 20toe15vani ant neprilysin cleaves Abi _40 and/ ®CTAis2ed@3@epti de to
a greater degree than any one of the foll ow ng peptide substrates: ANP,
BNP, angi otensin- 1, bradykinin, endothelin 1, neuropeptide Y, neurotensin,
adr enomedul loiln Bndovansiliiaterbs clvai cnntdin 4004 Etﬂiidihaﬁ?&ﬁb@dh mﬂt@%‘%tcaﬁéthﬁx
neprilysin vard.an t , h as at

enst So-fof o Afbam MR A A ERE 1Bl R SHEDEP Pl FORss G o

| east 70- foi“d“ tette spHasetegoidro| Bhe ation ea?erth@(@-dfmbkt»alﬁd‘v\atlgﬂtesfsmomﬂi)é@(bl d,
greater spegidih 'dTeMvéca%oHPe?%&'f&q BY; (degsge ﬁtz EA n any of
t he ot heE n%@b ﬁ){lm n supstr pcptll des ' a 5 u ﬁ%ggt I)pgtq@glrtd;%xhl bits
at |east”8 dP U8 (R W aEhhp Pé%ci‘@dtcdtfatoﬂat Ihéasft5 pOCeR kY, Watghtedst 30-
fold, at Ieatsd 015Qﬂﬁtﬁddjet@@,erktﬁaﬁguﬁ(?t ‘fvgl dupgﬂy 7"%%f-gh?@etfc@hgsut%nalteaSt
80fo|d at r specificity (as

| ea grea
measured by “B8§ eqehebffffoﬁtf é%@’ﬁg‘é“}o‘%#b %Jrfﬁt‘?ﬁﬂ %%}maf #ﬁp‘ld{ér’r’@f‘%‘c >ensi n- 1,
br adyki ni n, setaddt helountsithareohewyohensge 0.2 dm).dtdnér4 enbodbrenti:hi beexhi bits

at | east 8- d C ol d t. | east
30-fold, at fu?Iltlatagt@tlg ﬁtvgﬁ’h@bucgﬁlztm%% (](CJSOYITDd% 3%} 1% s?ebarsl‘tza% SEII% tﬁi’h | east

80- f ol d!0 at npE&FIMAOtNEIPdOHAR taf. 8 leaspertan-thovedightpehlar Gpecedti @il iy (as
measur ed by 4@%@5&1@ 0®hn %kf@t@e\é@&ﬁ&et&@énf@ﬂt th@cnh%"i‘sc)hn(?tfte hﬁgFan@@ng%(ﬁH%Xhl bi t .

br adyki ni n, othelin 1 and neuroten5|n I n other enbodi nent
at | east 8- 108 > ARGER ofcagponata gt AESEY ), SuRpl BEsorTeepg sl aEunsat
30-fol d, at stiéaste S@:xf ol d, at | east 60 fold, at |least 70-fold, at |east

80-fol d, at t 9 | east 100- reater specificity (as
measur ed by diﬁ%iee @ea %%@a)qe} P Bytc AR ﬁénoaé’aa‘ﬁ“g%e A ARS! aewgaﬁa. ot ensi n-
1, br adyki nifrhmemdbth@eamcmnl of peanaspepd; desovpandd reswoe embodimdihe wigr m
"catal ytic agldeyi I sl e af iven
substrat e uater et (ed s S PLOMACLLARL) KB St O, 6AR LR ALl Pikcats km
The ter m " sQb&tfatae sgp - lﬁ@ﬁtﬂitd@a&m\bgthﬁatiéeabé:@ﬁérh @@@i iamt OpBptarde,

ol i gopept i disas00. mrat&mravrtsela@%ak@o 95 128y1 .29 N0y @CIT%CQR@E%!M e §equence
or length, and r}ial or chenmical | forns 012 hese

nol ecul es, ‘farli‘a?tlgéiﬁ Falln %“ %%%918@%&‘%"éalfgcﬁeplf??@?tobytzlédddﬁVCW

cat al yt.’M:aI htynthyataatpl’tg)hﬁaa}aesuﬂ'hﬁw;ﬁeliizitidi&nbﬁﬂéi SDUatorl =$)Ohb’gf obyz&ad d; ?
referred to o25. ltohel ava SL{ £ §7 1d refers Itl

mol ecul e t hat preve% G5HEN o?m?‘t‘ft,lroéaé‘eéu ‘é“hﬁo“ﬁt’all“fdt °‘FE,
reduces tox{di }teyqefne)dweegnt Mthegwgm tayip o@&uifamteasastobph’ﬁr@gﬂ gab iactivity
of a therapgutlg (pfgtein. Exenplary nodul ators include an Fc domain as well
as a |inearpolyner ?e g., polyethylene glycol (PEG, polylysine, dextran,
etc.): a brH¥SREd- dhaierapotyprdimesise theriotal exmmpl of dtleGenmaif alNgped 0289, 872,
U S. Pais NesioRs irdd1 f't@x@can\(\@o%%/ogt%%ﬁQ)nchﬁith%&%on%e(‘(hg %‘Ncﬁtr t?dt Qreue (such

as a sterm% fl carao ydrate or ol igdosaccharide; or y natural or
synt hetic pF&EMWI pol v e ddeast O ’e/ptqchél(tiﬁaﬂ “hiohdgo 8§0.a1slal va§e. ecept or .

d ycosyl ati o3 tb %l Sme@@te@g@mh ‘ﬂc&ﬁgmﬂﬁt ?ta@é’o M"ﬁ&s&hlﬁ@ﬂghmtf@%n'd}car ease in
size of the p pr.o

can I mai n due to a
change in th ‘éﬁﬁﬁ@éﬁbé“%&&ﬁa |“§§‘\ 190'& tﬁg’&g Sd? i%réﬂhaal@g?qbﬁtﬂaﬁﬂ@ ‘OfUuman
serum al burrima(chl?aﬁc)orinemtdamgthemtmnmmht dct&t@dmtasll\mlddtﬂeylﬁkﬁuh MHSA or a

vari ant,u S u s t here ol ong the plasnma

hal f-1i fde g@%fi#ﬁ Su(lﬁ 5411 %Ai.[.ﬁm Vet mQ %g?lcﬁh"lt%’e 1réi’?tg a m)IOecuI e that
i s conposedi®B7h Llati@ﬂgrmtsetbmﬂi euldmthta dpreggest nmaplbeduhdly ke baodul at or
may be Cov%t%ﬁ‘éﬂt)fn |t1'1@ﬁ1%‘f'1c519t E%e&rtgttﬁé By ?a'tttong Qe ﬁ)%%i%bhbgo{t lt’l?é 8?0191 Ot ein.

A non-coval ent ap roach can USG to connect

modul at or parRhentiedFgganiat Bramprles inchwlarhgpeipy sicsite s@tgﬁ@»@;@yha{dl on. The

term " degr agdeikarat gk adiing o1REr KidRar 8Gat bPRteF&heY %g [JoRYI9G8SSHWher e one
. nol.ecule is d|V|ded in two or nore nol ecul e( s% Mbre s ecifically,

starti
t he an{llﬂgm PG FUROYYIASENnyY size fromamino acid 1-43 and smaller) is
cl eaved to [§eAsf at e“tﬁrmtehers dse g e nfaki mpalmedddtagehe c%tt%retrbﬁ@sémls@cm e.

ot ner type 0% PSR BRACTRALTORh I PHE ol b B fe BRI LERE Sirne t or m

"native Fc" refers to nolecule or seque?ce conpri si ng the sequence of a
non-anti gen-bi nding fragnent resulting from digestion of whole anti body,
whet her in nononeric or nultinmeric form The original immnoglobulin source
of the native Fc may be of human origin and may be any of the

i mrunogl obul ins, although 1g@ is preferred. Native Fes are nade up of
nmononeri c pol ypeptides that may be linked into dineric or nmultineric forns
by covalent (i.e., dISU|fIde bonds) and non- covalent a5500|at|on The



nore native Fc sites or residues that affect or are involved in (1)

di sul fide bond formation, (2) inconpatibility wiwth a selected host cell (3)
N-t er m navohetoersofienei ty upon expression in a sel ected IraFtuse@ioio3940y)

gl ycosyl ation, (5) interaction with conplenment, (6) binding to an Fc
receptor other than a salvage receptor, or (7) antibody-dependent cellul ar
cytotOX|C|tyl%w@mx@ﬂbﬁcmmamgaﬂ63080©r@escmx@ﬁﬁUirEbMB&&@Scﬂﬁiﬁﬂhonm

herei nafter., Th o c sses native Fc ari ant

mol ecul es aﬁ\1s§n6§5ﬂhnf nﬂ%ﬁ@%ﬁ@agﬁ ggg%eﬁéjﬁﬁfﬂm%S Fgﬁi native
Fes, the t ergiwulFé:mchﬁm1mhﬂlaﬁm1€md@smhb laeciukdegeridentip morrénrcra:ofbat It oinger i ¢
form whet hepe dﬁiﬂ@ﬁtdeeﬁildfﬁ Qénlmq’ltlﬁ, t%'ﬂgé Qﬁg‘yo Bf) g%dﬁ{ﬁggbe% ogge}h%e anfs The

term' pharng@glo gi cal Ig active" mean stance so described is
det er m ned Fras gt %F¥¥n¥thw§ﬂFéEﬂ§LEIﬁééﬂcéﬂOpéﬁﬁﬁ@ﬁgnmﬁeagndbblood

pressure, bIae@dldépérkde&dyﬁﬁunwﬂ@hﬁ&tﬁﬁ eéfE‘NQM @1 H5easenghak i 9.
cancer, aut0| Q&}Qﬁgg}ders denent i tg H %n1 half-life" is defined as
the time takK&n FoF"t é%ﬁV%1d‘?“¥&ﬁ§ LIRSt P ALPPATC ETREBALY RS PEIY I t he
protein or fwltypgptgrdtaasfﬁoomctlh@hqmloasmapoﬂ'ﬂd sPhenaenddtonpedasat iabpssonays of
nodul ati ng Qﬁ&x&ﬁbxﬁ 5%@ ?ﬁhx@ﬂ& egle\éarlant pol ypeptides in plasma. Such
nDdlflcatlon ca § usi on |ns with inproved pharnmacokinetic
propertiés (€03P1 i %@Fcé’é@édle emg@nt&/mas'éaremm Hdlf weitfleplt oProlabingirtcherthal -1 fe
means that intethiakesf ANGRY, smmﬂmd c*rﬁ@&ﬁggﬁc%&%fw {:hm%c?m' al
concentratlo of tB ﬁéOtEIn gn1t e

phar maceut i ¢& 5”6}“0 el A dhpybersen Fgcba‘%whéqiqueabwﬁ@as 4R@VeRsISE okpbwn term

of the art. |dRegcarbon"ROnNHeet sukﬂiﬁ@ﬂﬁlt @n@@\{@bﬁ%ﬂb%t@he@tsrp%)’%cﬁé&h@ frhpkage
bet ween two i nkage can, f r exa f be a peptide
§

of e
bond, dlsuIFFdﬁlﬁ EEE“%E?BBQ @%Pbéﬁg%gﬁﬁﬂ?n SF PR IESpsE TS heage that i s
based of5a polahentni nmtkqgaéyymeltbmmlmuammoleAnnﬁmnﬁeﬂaIoe 2 r.lonk)a@e ’>can for
exanpl e be t i i en. or i nkage
exampl e be i gthm 3% it ﬁ%ﬂﬁ 3L LPAMC AN LOBN, 061 ] hxg%ﬁ‘é} &'
coval ent | i RKk¥yéenes ! dﬂﬁ@61hvﬁw5ﬁﬂlﬁ@ﬁlmhéthheapah@hﬂuﬂennm@uhatmmhpart and
protease pah} dQﬂeﬂiﬂﬂ@ 1&(%119& RE QL £h %ﬁﬁﬁérﬁﬂ&lﬁﬁgogﬁn %mgpfnﬁgﬁﬁnéﬂ%r m from

the same plasmni E he connection Is desi B e term
"coval ently i&bl?}‘(’r@@faé yl Waﬁgwaf BIOERIE ORI t%éﬂlq wod apawsns hiwhi ch

el ectrons ageo &laﬁ;roadn@et ‘vi@@ﬂaﬂi Bemn aE?S@@PcLL@ﬁhQ%;?Qr‘l@&g&ﬂ%@%@@ﬂt ¥ gomnect ed

are a peptide

C &lde bond @pgon car bon cg 5% fusion
protein can‘bé nE%dp?éﬁ ?Hé?mﬁ§wﬁyﬁ BEVPPF deC-hBifaY: %Wéebﬁéﬂwﬂﬁkage can
be acconpl|shﬁmedmmdmgcmheemm@ﬂﬁbahmdaak @ﬂbﬁﬂﬁﬁﬁ@ﬂmhﬁ&uth@ nshen the
fusi on prot C nect g conponent
coul d be m)gélilp'ycat‘ll{g[(chHl ﬁ%&tgtgﬂ?’;&%ggﬁ e entgp{%{xa ey %%?/gfaé/n{f‘l y |inked
to an am noPf@siueon fo@xrdlb)d@hpill(é H&yfévhe)&élmlttheaqimm eltpnafihelyc helniueal
couplingsr e@%ﬁidv@zﬂe%Q‘;’i‘bcfpﬁ)&h@é@@glﬁyeupﬁc@?ﬁ ﬁ%bl‘?@fgfkaf%iﬂﬁ 1 §1‘fﬂ gﬁgl e coupling

reaction whichli the two conponents t roteln
Coval ent |y 8bfiH&Et ’éllaﬁé‘ﬁ 9V§8’%¥§%ﬁalé€§1@tﬁ@§§éé%ﬁ3 ang Fhﬁklelmeﬁmdb wﬁpmptaes in

whi ch the ﬁﬂﬂiﬂn&iz@rmdciioskﬂnlk@jSt%@ﬁt@@fﬂw 813 4:hes protiggn part. The term

"cl eavage sbh}% n§§ns a. specific location/site in a peptide sequence that
can be cl eat&dby & PiEGEE; tBﬁLQﬁfﬁ%EVHﬁ““%Z%%WQQé*1§aﬁB¥H%WP¥“pWBHﬁced by
h?/dr ol ysi s afe idRed peptiigaibdedyvadrmeat gdigril\mdﬁmdﬁ@fdﬁ@hdl&al1@1@1@89? can

al so take phace,at tiple sit ame peptide using a single or a
conblnéﬁfonhggzgggfgggg"an$H§eﬁi¥tg%ﬁ%?%é Vage site can also be other site
than the peptide bond. This invention describes the cleavage of the anyloid
b peptide in detail. In sonf®Menbodi pents, Ol protease variant, or

pol ypepti de conprising the crotease Karlan e.g. & fusion polypeptide, or
a derivative of any o 3 7d, ~Qr-2a-0ugl ei ¢ ackd encodi ng sane is

i sol ated. An isol ated biig : npone sUch ag a‘nucl eic acid nol ecul e
i i ne tjhg substantially separated
iical “ef nts ijn the cell of the

organi smin which the c yrally gccurs, g.§.., other chronobsonma
and extra-chronosonmal DNA and RNA, protgims and organel l es. Nucl eic acids
and proteins that have been "isol ated" include nucleic acids and proteins
purified by standard purification methogs. The term al so enmbraces nucleic
acids and proteins prepared by reconbi nant expression in a host cell as
wel |l as chemcally synthesized nucleic acids. Amno acids are referred to
herein using the name of the amno acid, the three-letter abbreviation or
the single letter abbreviation. The table bel ow provides a |ist of the
standard am no acids together with their abbreviations.ln addition to the
speC|f|c anlno aC|d varlatlons and nuclelc aC|ds encodlng the varlatlons

- o 1 . " 4 o o Y b1




encode the sane am no acid sequence. Furthernore, the nucleic acids

provi ded herein also include both the coding sequence and the conpl enentary
sequence W 201¢l5e31¢ aci ds encodi ng a vari ant nepril ysi nPpolusp@psdes

provi ded herein. A protease variant or derivative thereof provided herein
can be prepared by reconbi nant expression of nucleic acid sequences

encodi ng t hezv}ssame X s aCHOsdr -C8ls IQH -FDI*GX(DHQS@ LIpatieas e Rfeidantly ative

t her eof rec Y t r ansf one or,__nore
r econbi nant ex ngﬁﬁy382%%§§a F@ﬁﬁﬁm’ CFY Y ﬁﬁﬁ?gzﬁﬁtg"ﬁﬁp%ﬁg prot ease
or derivati vepltﬂﬁ‘eﬁebffdrgueih aomabnivie oproteab@noR’ der ihyatdmebyflr;,eo@p(pf essed in
Lhe host celh coSuanAardn oo nank oM ELNAdol0gkes ks Hised Priepar e

odi

and/ or obtain _nucleic acids enc protease or ve thereof
|ncorporate‘%ﬁes%tWé%ﬁé%é“@@?ﬂ%“Pﬁﬂ@nweEOHbRn&ﬁﬁ“§%ﬁ¢eééﬁbhﬁueknmm@xand

i ntroduce t he cueehaiemk it el ngtm@ﬁ;' %t 1 &MEN Wﬁeﬁ Iﬂ?%el gxe?ﬁra'té?egné B SRNbr ook,

Fritsch and niatis ul ar on|n ora nua Second
Edi tion, Col “g“?rﬁ@“éﬁsﬁﬁﬁﬂﬁm~§%WKWTQ§%-Qm §Hb§ﬁ°'ﬁeNPné¥“ﬁF‘d$ &)
Current ProﬂoSoPsth6B®®@691ar Bi ol ogy, G eene Publlshlng Associ at es,
Gori vai i ve Sherdor 3 ool e ORGSR Befng muc i c
aci ds cal bealbpdicatdid evlichinoekle txmswbﬁmuh@ﬂ cmdeaqmlm@caehzlemmgmecm exi bl e
expr e55ad A% & COR T GUOUS, oL Adl B ChAln B o B nr i Kh G Bt oF G486 ‘afd ot her
polypeptlde%ng @ ‘Fﬁébxﬁ? G HaTRHERS @%34Pﬁﬂéﬁnnﬂbhe&WWQS@Hhﬂéh@roteases

or derlvatlm&&umheheOﬁuﬁi@ﬂﬂﬂmdu@ﬁQQﬁmb@a&huﬁh%eQﬁ@mﬂﬂﬁbQﬂe&ﬁbﬂﬁ9§wﬁan be
pression Tec Met hods in

used (see, anpl hno

Enzynol ogy %éghe cadeﬁ#é“ﬁfess1h§éﬁutﬁeﬁﬁﬂ“@éﬁlﬁr“% @i&ﬁ heEgyeRaiatiot e, DNA
encodin@5theudéemnbdipogy@emwemﬂ1oam%bedmn33mhedwiﬁ@@Q&ﬂaﬁ&QﬂEﬁSh@M—VeCtOf
which is th%?t&%%ﬂ§b@?ﬁ@ ginto a suitable host cell. It is understood that
the design o e expression vector, including the selection of regulatory
sequences i $¥ %ﬁ%ect%@aﬁ?ﬂﬁﬂﬁi@ﬁéﬂﬁuthma§ebhephhbﬁn®ééﬂM1mmnhbsnunghk t he
level of expiessiieR afw stOtIﬁ'dHLC&% jd%qeﬁtn%em@fohgfe (@f&r %ﬁtsm%dté doa.

constitutive or inducj bl'e. Preferre tory sequenc an host

cel l expresg?%ﬁimﬁﬁq%He“@ﬁﬁéﬁceﬂeﬁéﬁﬂ§gﬁﬁaﬂs&ﬁﬁé&?mﬁﬁgﬁﬂleéem§Wdf protein

expresspon Eu‘brﬂﬂfmainl antedl dnshodsmeh. as @ﬂﬂf‘@ke&&m%@ﬁi{/ RrageBhancel,s. derived
i m an

fron1cytone an such as mot er / enhancer)

Virus 40 (S 465 E§%§%%N%%éuﬁhﬁﬁnﬁﬁﬁﬂbpgkye éﬁ@éﬁ$ﬂﬁéﬁEn%V?Whé” e g.,

;he adenQV|ﬁusgmmg@mahadetmféﬂﬁﬂehtLAQMkEﬂhcamﬂupﬂkMQHﬁemﬁQ@dfyfﬁﬁer
escription ul ator an uences thereof, see e.g.
U.S. 5,168, b‘g; %}C@t Mg e tzio%“”ﬁﬁtbfé‘émﬂﬁﬁ‘ﬁ S e a4 Eﬂsﬂm

4,968, 615 bthUHaﬁﬁﬂ@hremﬁemsHTheov%kbdhmﬁaﬂhbexmﬁeﬁsngnhveouabSﬁcmﬂ al so
i ncl udezori gin a e se

4,399, 216, 91%“6%%@“ (SR %%%@pgﬁg %%t@’gj SRRRISERS ’§ S8y gt >

sel ect abl e ﬁ%ﬁ%é@é“i%Ekddet@eh@§cmﬁdﬂfb%ﬁmeﬁkﬁe@ﬁkwanﬂeﬁﬁondhugsﬂsdch as

(418, hygr omugite cQ{rmgethB%ﬁeé%&%e on: & Mestnfaht. i nto which the vector has
been introd rof ol ate reductase (DHFR) gene

F
confers resﬂ%ﬁgﬁce0@83ﬂ@%ﬁ%?T%&%@%n%hﬂnﬁméuﬂe@ genencdktlepetsladiergamice to
418. Transbemiabmhﬁécﬁﬁ@nﬁ%ﬂnﬁﬁﬁg@ﬂ)%ﬁﬁﬁﬁﬁHdﬁﬁ%@¥$Q§kn%ﬁbke%ﬁﬂuﬁﬁtCarr'ed

out usi S d_t.echni el ect oP oratl caLC|un}phosphate

pr eci pl{tgt i %(%ng% Haﬁ,&ﬁlﬁg& 3§W ‘f{r‘b@f’éélﬁ ‘S?Jﬁ a Pélﬁﬁawull‘éﬁ Host cells
for expressnwgtﬂhewWQnmam@:pmohemwempﬁhy©epﬁmﬂe@hambynmedohakamnebﬂC|Ude
Chi nese Ha | described in
Ol ach and%g%i‘@%%x F%’%ﬂui %g aflf c'tj(ﬂ 09 gtbctl{ E%%ﬁ\?ﬁ% Z}J&?@ used
with a DHFRVGETE W8l emﬁfﬁ?lkfeml‘(feif@ Oftaf;@ <de‘s@,1rb|%@Itam:ﬁ%vd‘}vmcl(&mfsrtmmaand P.

A. Sharp (1982)sdWl statBiRb s dggp e |I's and
SP2 cell§ I.n s%g&étiﬁégfﬁéﬁggiQ?%2§§§S#e55|&%%Vg%?ggﬁﬁ&iS%U§§§;%ﬁ§uch t hat
i

the exphesseeigy ‘%ﬂﬂ?f@ﬁ@ﬁ“@h@é“?%eké%m@ﬂﬂeﬁhﬁ%ﬁQWWﬁfﬁl i%H. t he host
cells are gdimilvrl,ars'ﬂme ‘Photeasese oxd mebmgt ore e eafidgargidecovered from

the culture i tan rification nethods. The vari ant
pr ot ease po?ype%#ﬂ%egsb R d&g JQ%ﬁ prokaryotic cells using
sui tabl e vectors as descri bed, for exanp, in US. 6,204,023 to Robi nson,

et al. and in (Carter et al., Blo/Technd1ogy 10: 163-167 (1992). The
expression vector can be designed to allow the expressed pol ypeptide to be
secreted into the periplasm c space, or the polypeptide can be retained
within the cell, for exanple, in inclusion bodies. The expressed

pol ypeptide can be isolated fromthe periplasm c space or the inclusion
bodles can be |solated fron1the host ceII respectlvely SU|tabIe host

o r o - RN IR " e o



suitable for culturing the host cells. The culture conditions, such as
tenperature, pH, and the like, are those previously used with the host cell
sel ect ed wonomxsiagsi on, and will be apparent to the or@cmarseéiy/osdni | ed
artisan. Where the protease or derivative thereof is secreted into the

medi um supernatants from such expression systens are generally first
concent r at edf@biing A worpgoey of atlswuamse fablie Iﬁrfmb@id@n@@iﬂﬁﬁnhé ptdsept filter,

for exanpl e, anAx. 499910%& MM\,’Jb,[l&nglgug;ae?céuﬁgqurg}%%}g I(%L()t rlﬁ}l-ﬁtﬁ(& gg?ﬁl S caﬁ be

pr ot ease or er | vative

purified usiovgtbapet d@ﬁ&ﬁﬂm end hlyd‘lﬂdﬁsybl sapainimelechspmanogFapiny)esgel this

el ect r ophor esdtged 91 al Mﬁh%n a%’la@d?tfxfe' 1 1 h¥ei CREQTRE Hg%&ﬂ%yfzalk&r%ﬁ%{ al, the
0

pr ot ease_var,i anf qe%(i herei n have phariac é tivi ty resul ti ng
from thefr 4B¥HqEY ﬁfeé%‘eéyélé’é%}ﬁé Tofiak frast Bl (‘2‘5.|L achitget Anbdearates. An
al tered act itwinta00an/sesospeci ficity by a factor of two is sufficient to

change the col.ggi,cal activity,of t rlan ared to wild ty

The acti vi t@Wﬂgl f?kgg her 8*08{1%%%/?)"}(%’1}%% h%ﬂﬁ? ‘é‘rﬁl Blod Fé\“?ﬁ“l"?@éli‘by
assays knowtyiaddithe @leteof ko the fuol asslay sparae kmemgnm,mbheceat tnagndidraget her
descr ! ped | dridR EXRTDLAS) 8RGO SN, BNAL ISR SRTROSURLADS By be
for adm nistration nj e nas

transdeffial | 1%%&&6&9%@%0%& cotdeatratearsnd t@t}f@d@ﬁ mlﬁslwhaﬂlfommllatﬁdg@nbr al,

the inventien aeﬂQW&S%%dﬁlﬂ%ﬁr@%HWd(@JaSQ{H?RSN)th!llgﬁsiuﬁgmr\'fl‘?{'qn@eﬁf fective
anount s of agh\! riant

fte se poéyetl i@ I nvention hrvmth
phar maceut i G8F i C£AR S5 C TP Rt A é?‘?ﬁéﬂ%@“%b%%@ﬂ?
e][rul sifier spzaflf}uvaﬁ&sfmmdﬂ@nm € Ayl i&f@mlﬁﬂ@cﬁ&ﬁOﬁb@ﬁlggh%ﬁ ak @@E&ﬁf‘ed@h' uents
of various ot i.c strengt additives such as

I?JJ% }ee(t }Q “’dﬁlgﬁggg?@ﬁ?%i&g

detergents an Feibi? ti-oxidants, preservatives and

bul Ki n91$ubéQ(&W}es Inj mmp@nhmmn tlod sulﬁmarmditﬁeziqaht i:emths)e @aaferditouhaﬁ&l
prepar ati ong;of n ci ygl ycolic
preparat onsolo PALIENL S5OTAONYY SR, BR) MLERHLE AR SunPyeL Yool e
effect of pﬁ@?fﬂpilﬁg}lxe@‘slaph@a»v hrl‘aftlhcﬁneh%btﬁhetmpmuut atnt@mm&udte fuel.
conposi ti oNghEwy¥] Lzmc bagneR difieiriysigaly ﬁkq{ﬁ suﬁ}ﬂ@ﬂ Atl£%ﬁn€§é%€mnldp vivo

rel ease, and rate in vivo clearance “of sent protease variants and

derivatives®t Hé?féIan?: 2 g@bion Vg"re‘ﬂé’%ﬁlﬁglﬁ‘o&dswlﬁhéfken%}@bu’tliféaﬂﬂl\%}’ethées 18t h
Ed. (1990, mkz&qmvmishbmga@mc st an, mE’iamn&&%)m%a@@%ﬂ;A&%Jg 12 whi ch

are herein | orat ed.by . ref ere Vi ant prot pol ypepti des may
be prepared | He I”l ui o Ef%r&ﬁ‘fm’éf "y ‘bé\o%ﬁ rqa‘e%)‘ Cﬂ)b‘mgr“ F@ﬁg%“%% SYSfeiphi | i zed
form | npl aﬁtdalpl@vtéctfsa awmaﬂiddelbecasé theonaditiat rors: ME(s@drﬁgeﬁi@ﬂkemh@L ed as

are transde P § Lat kol at ternatives. are |1
Known in théﬂg@ of'a QEH?‘} %Mypﬁ ?%f%grq@a%@%[ f'u pv\% C)&\’/G}dg@phlé}'nél% can be
adni ni st er ethdl ot dlyianepddifike n@ebe fhedeinfl. qAvant étpyhoétmmmw)"@aﬁgbe used
Lo adm m Stajodrhe Prig! gase: ib:dent Vahbye:ibheragl 1&%&9%@% r

adm nistration that is nedically accep tai:) neani ng any no fahat produces
effective | &4&% pritiagen a?@fl}%léné&h%tﬁaag Wipﬁ@m“‘@é%‘ieﬂdﬂtﬂwlm%@leI y

unaccept abl éelaidvfe}mﬁc@ftﬁ aﬁ(ﬂ &1&1&& ;bl%nuﬁ%dwhgt B Qﬁwsﬁ%hﬁe@@dﬂfﬁ%me or
derivative th subl i ngual :

lf:&[ a‘é : nlstratlonlggﬁtic{gora

topi cal , na¥if POYPIRE ?%f‘n Sr géi? Siit S BITSHETAESSO-FHEd RecRYSep At BHt-er al "

i ncl udes supliert, dheods noi otirtaivenews and fius Aluse wbanall ptohtiibusd @sulfhhel vari ant
pr ot easg, pol yp st ered once ntinuously ch as by
cont i nuous L% X@H&{ 9&\&%@0{%"!1 ltel%Ioll gnml Q%O\M/Véﬁrgm}'ﬁﬁév*p% G958 % Rt ?7333[!| may be
weekly, bi- mémymem s poee Hley ard héd adiosi nigbdamntoelcich insiedesthetaperi od of one
nmont h, two P at e response.
Desired ti ne%%@% %’ﬁy ]?)]tlé.é dl%rg (E}%% glofcggllag{fﬁmlgﬁgB?(%rgogginggou?t| on can be
det er m ned #fachstto Gﬁ@@éwé&ﬁéglil n@ﬁ@%azo\ﬁe@yt brioskibbh elainn Typécart . Ot her

protocol s fQihléshQhsﬁ}ﬁmaﬂkﬂsﬁiﬁﬁiEWs%stﬁuﬂ%H% §§a19 1%%1 é’@cichﬁgmtl&er eof will
be know\g);> to one of ordin in the art, ose’ anpunt,
I

schedul ¥ of "4dh¢ ﬁlvé’f’t‘%ﬁ?@ﬂ%nklf@éér%f“réﬁ’rﬁcﬁ%%% Biiemly mode of administration
and the like vary fromthe foregoing. The present invention relates to

prot ease vari ant pol ypeptides, which are derived from human neprilysin
having an altered activity and/or specificity. In a preferred enbodi nent
the protease variants are derived fromjuman neprilysin having an inproved
activity against certain proteins and peptides. In one enbodi nent the
neprilysin variant has an inproved specificity or activity against Ab
peptide. In other enbodinments, the protease variants, which are derived
from human neprilysin have an inproved activity against certain proteins
and peptides other than Ab peptide. Exanples of the certain non-Ab peptide
protelns and peptldes cleavable by the protease varlants are Angloten5|n- 1

.



exanple 3). These variants are representatives of the set of all protease
variants defined by one nutation or a conbination of nutations at

posi ti on(WP 2newesas1en col umm 1. For the purpose of exenplPamuseéto®sd4nat i on
Prot ease variant G399V shows a 1.43-fold increased activity on Peptide-1
(Ab peptide derivative), a 1.2 1-fold increased activity on Peptide-2 (Ab
peptide derivative), a 1.32-f@ld increased adtivity on Peptide-7 (NPY
derivative), a 50-fol drdecredsed activity on \Pepti dex8 (neuroten5|n
derivative) and Peptide- adyklnln derivati
decrease on Peptide-5 (angiote
definition above conparin

at i .
ottr;t </a?r|a witih the wild type protease
this variant G399V shows an pr oxi mate 70-fo i ncreased specificity for
Peptide-1 vs. Peptide-13. Pragjease variant G7l4K shows a 6.91 -fold
increased activity on Peptide®l (Ab peptide derivative), a 3.99-fold

i ncreas eg actlievi bychoR’ geaﬂquiamdﬁbn RERL i lgfiﬁipdﬁfct}\i@{tly«/@ioly@bd&@ﬂlcné old
I NCrease ept |
decr eased g’%& {h'ymoeﬁ tpog)é“’%&t %PS&N% hP W?‘?fé]:l‘ir%‘tlﬁs ng‘ﬂhﬁ%@ﬁl@e 4 (BNP

derivative) RﬂW@ 3 kLVIh@eweapa‘ |conmwrdlefemyﬂ¢nec(ﬁaﬁb)ogxeupmrﬁamhl mgleaujes atease

variant witRohhe il appr oxi mat e
35-fold i ncrggsedﬂgs/gggf%?go'%/% e (e)%g5 glk%qh &%aﬁﬁét ref%t\f%r%@e/ase vari ant
G600W shows 281148-gd - g1 Yo seagbd\%@@ iboivtapnghe Peptidetiesis (passiplpt i de

derivative) ,bcﬁdé- 19bsifrplldihierseasde §E(§\brY'aBé/vé)'f'nd?ﬁdﬁhg@evdﬁlkeﬁﬁlwﬁa%gdﬁs;:E : xgg

and a 100- id decreased acti vi %O/gg ‘%ﬁﬁ
Wth the spé‘gf AURERATY B P, OcHNPAFYHY 8o éa&@gvaé R with the
wild type prgodsumsmtdﬁ Hiesimide Banitu%ﬂ@\b/oshbm 1rﬁ:lmﬁag |V§(118@c0c§<91cdlnh1&@&§359d

shect 11 ety Foremett Aoyl BBl eI MBNE 0 8RT e fieiikioudh srorena’ o
activities dn Pépttlldey be ér(blS PEIbtJI, ded 4n Dsheneazltdn)cemme toeladi7dgmiol Shtange i n
speci ficityregakdi t Sare R vari.ant N592P shows
a 1.49-fold incr ealsggugggld\}ﬂﬁfagx qéﬁﬁlﬂé [gg f sf{l}%ﬂ?ﬁﬁﬁﬁdgﬁcg%“ ve), a
1.35-fol d déerésSedct il v#8§2on Peptide-8 (Neurotensin derivative), and a
2.84- fold @@W%aseﬂi@%}lﬂ\lﬂt MISQ&SE’%@H}%@(}J& 1(151‘1@9%%%‘(‘ Iﬂbg%ﬂtv‘%ﬁﬂg\(}% Thi s

vari ant 1sh 2:5 i ncr eased Peg \ﬁg ptide-6 vs epti de- 13
and a 2-fol ﬁ%zfyetéesg‘d’“‘sﬁe‘tﬂaf?%l?‘fﬁi‘f 2= dﬂﬁdé" é’V ¢ spegtipd eb®riagd for
Pepti de- 8 vsoutPeptiten:ks. o{Bimgﬁﬁﬁﬁfﬂdﬁﬂb(&fmoN@93Eh§h@%y?s%ﬂﬁa&ﬁhﬁ

decr eased adts Ve P EhTRERH B8R BN B e S5 S 202l WiicRanged
activity ondlisepit%ad@-fﬁo AlrrrgddbensrmteJnajemmaahylprepamd' hwea/camg%pol@hmﬂs a 13-

fold increa f f.0
i ncr eased s§§31| %Q%ﬁ%mb?ﬂnty}’ﬁé {ﬁsggﬁ%:s“ vpse]rg‘eF?\e{%t ﬂgsg%lg’ %Qercabgd an ad?ldéﬂdncr eased
speci fi¢ mF}’é’ﬁ»lﬁY 15 md LI EEP Y 1delm1€1¢heh>pifdiuea§bw yarsiaett ofwitir a

conbi natl Onm‘ﬁE ah@@ceﬂi‘@'ﬁngtthé’Bﬁjd\%gahh%ddn%gg\f Y@\{ﬁrsuc B%’(‘.ﬁlcﬁatQG éf ol d

decreased activity on Peptide-13 (Bradykinin-derivative 7-fo
decreased attf W“ﬂ/{“&ﬁl‘?i@%t‘r‘ daaghed i haRIvATOR uiREEi SyATY et thegiteha @vadicf o d
decreased atihkaie, YoerstBﬁpct B Sl@34)(BNB %%drv@itloy%,tor‘)% HrEdMGrishcrp 2-fol d

i ncreased speci.fi CI t Pept i rotease vari ant S536E
shows a 1. 39}{% St ?:(ll’%g)s?e “det r%\}fpteysadlﬁs EB‘S‘I‘#‘S&%‘“@M@‘?%H@H& HCderi vative),
a 3-fol & detymeadlodpraptriedibtyyreartiiReppoldesobsty( Breadyldami 1) perﬁﬂd Hihefold
decreased a P d vative i s variant shows
A 5-fold i nglrrldég% {hﬁré;ﬂ ec&ﬁ?a%lq@ d]tigz(lﬁﬁlgpgxt%g dg gnd x%uBt wﬁt‘g malete anlys ¢ o1 g

i ncreased sPads i ﬁﬁt?}dbﬁ@ﬂmﬂeﬁlbmd@cﬁc c\héomneqmd dectlf&; thdqwedecrt wigh pnot ease
variant w tE&nﬂlc’bmlﬁcélﬂsﬁﬁﬁféhﬁxo@u@%’t fliaG: 51{333&1(39&1& nn te'nqueﬁsq namel y

variant S536R, g . 3-fol'd decreased actjvity o
3.85-fol d i HEH¥S é%tha‘c@fi’ VWW“@H@ p‘é?ﬁtit‘dféﬁ1hloﬁéh@éwéznc>icwér%@cwe@b ffilm ty

regar di3m thissinpai 4t 1efst sutyeweat 8595 PUFRAI &i %%Mcmtﬁtdu@ﬂ%u@émﬁ&ﬁbBﬂa(gzn 102

resulting ip residues scribed in the literature
showed di ffg? B8Rt “<pde I? %Ei ‘?é@lﬁ"ﬁéggx&&q“bplﬁ’ﬁét Eféé@erfg*é%fliﬁoﬁa“ﬁ@? B3Nyl e
t he speci fi cirttyingf cartuén potcantagRbO2Rcon! Pepiniddubctitsality, 1hQ.166:16:0 the
decreased, whereas R102Q and R102M show a 3- and 3.6-fold increased
speC|f|C|ty, respectively. Surprisingly4w nutations other than I->A at
pos 718 described in the literature shomed different specificities, 1718L
shows a 9-fold and 17 18V a 2.5-fold increased specificity on Peptide- 1vs.
-6. Table 3Engine G| Formulations for Biodiesel Fuels BACKGROUND OF THE
| NVENTI ON [ 0001 1 The di scl osed technology relates to |ubricants for

i nternal conbustion engine particularly those fueled with biodiesel fuels.
[OOOZJ Blodlesel |s a general tern1for fuel grade materi al s derlved from

o o T o L — Y Y o,



Such | evels can only be attained, practically, by use of a diesel
particulate filter. These filters require regeneration once they are full
of soot, woaQotisssiHs typically achieved by increasing tRreTfiSka10/039401
tenperature to bumoff the soot. The tenpera ture increase is often

achi eved by post-injection of fuel into the engine cylinder. [0004]
However, postckimjrectiitba pOfynfdlleJhdﬁlalﬁv ‘Hhiavach ﬁlﬁeﬂﬂd@l&!cﬁr@b'fﬁn&f&ﬁ@ﬁt of

fuel -dil uti L engi can ylinder vvaII vvettlng by the
fuel all om%%rgfée% Qﬁf {]u%g mma é eémgl;%m ﬁ’cengﬁlﬂlmg &% nTEfE 4 ubri cant sunp

Bi odi esel cdfpdHent dnather t?l,am Qéhﬂwesiseis@evmhata High nmamtdmmwergtm amats. m ner al
di esel fuel { , I

exacer bat od T%ﬁ@n aé‘l(tf#?dlﬁ glle% gr?hgia{d @gsagpx?Hg%lr%%gggpﬁp%ﬁldcg ex aaat%haw}x%\() ”
ester) aPonddn PhspaststianjechsesmraraFed Y asaction oi@%wln@qarblyu &mfﬁfﬁmé,of t he

| ubricant, agehitdigl d)p&gihﬁﬁﬁi al@}ﬂ{’ﬁl@@rﬁwhoﬂf@ﬁ{dﬁ&c yBdrof PenbRYo@fi1dihe, di | uent.
These hlgh | e o_increased’ OX|dat|on

d

and deposi t Sf”vbrl{?z‘t Sb"ﬁh HE ?ﬂ:‘i ﬁﬁl'é’dﬂmfrt‘ﬁe( H’emPi%‘?’qt@gﬂfi 00091 W& Opat ent
Publ i cati on {20008 ' ' And@276@ss el ﬂcrsseihsmisanﬂmlyaﬁm?nh d20RBsanel. SThRs @S A

| ubricant c [ pplLeations, con ain ing
an oi | of Sga?gi%lg V\CH?(}{ QxL f%hﬁg& 82? [%hden%q éher Iﬁlﬁ?ﬁtcu L}fh%lg{t onal

ol efin é%polaWéﬂUbSFHé“ﬁuﬁﬂh@ia?h abkydére mﬁyamlmt amdlalaakﬁ@hyémwcdmml

di spersant/ 'f&h‘lhzbﬂé? epaﬁhléﬁg@atc%'%% MBX G0 L& Ba PRl Glcgent such as oi |
sol ubl e neutral over ed sul f onat es and phenates, anong ot hers.[0006]
U. S. Patent Publication 2 09''A 11720, Boffa, April H2009, dis closes
| ubricating oi! conposi s contam nated with a biodj | fuel, conpri s
ing a base oil of Iubrfcati Fpehig i RN e bx-RENH Gir i npound. It
further conprises at ljpast ohe additive which may b ot hers)
detergents. Suitable al tergents include phcnates sul f onat es,
anong ot hers. Genera Is{y e amount of the detergent i m about 0.001
W.%to about 5w % In an exanple, a base-line conparisoR'is prepared
cont ai ni ng, (anbnignot Nerctyatfesirabrs, and.1R4 i), ardh ae tdevesh caf inanoevetdiaged
magnesi um syj & Eﬁ 338%91535 w. % actives of an overbased cal ci um phenate
det ergent . &0007 U. Patent Publication 2009/01 11721, Boffa, April 30,
2009, di3 cl%"éé | u@ﬂ’ibéétblpﬁ@d@ﬁﬂ‘n@@ﬁpoglmmmdlémtstddglva;%b‘ahahmrt a

bi odi esel g@ﬂlmaﬂ-ﬁﬁﬁ@o‘@@ﬁ%hgﬁﬁEd pgh@nggk%ﬁ&?wnt&%%o@ﬁ @ 1@?& ht hgnat e

detergent such ag kal i ne netal phenates. An addi'ti ona ve or
modi fier may B Nﬁiér“ﬁf’@‘sé}?ﬁmcq“db‘l“tf&o thypefletrgent s.  Sui tabl e met al

det ergent s Emﬂ’l}lde Lphpﬂxatzﬁs candlssWd pratestedIvy r@@u@x@wnh%y%ftﬁa@ﬁlwe
f or mul atlon ont %m 18, wt. % actives of .a low oo erggﬁgs cal.ci um

sul fonate d&t &rgent I BE0BT BET Bt iR ol UBF a6t 3 ary 29,
2009, di&cl O&eﬁldwlal’dedl&dd:m@emm(lﬁlHGX@K‘:LfaordbUhﬁlmBar@bﬁ&ﬁbitﬁﬂgildﬂﬁﬁ

conpati bl e n in_anti The | ubricant may
al so cont ai #ngad%h@ﬁ%&%\gféls‘ﬁﬂag% I‘SéQ%cb)n algﬁlcﬁmp 8&“21‘58@%’ OTRIB0E] SO

di scl osed t BeWHbl disfeirnesd @ésﬂlagliubh El@ament@mpbsir:ﬂ k. SLﬁ’a:tahléE(vﬁ@nOSUWp

| ubri cat ed m‘% es lfﬂ&eellﬁ&r@%f@lslpkgﬂﬁﬂl H@%en\{\,ﬂl G hneludes, a‘b%} leigs
conponent, whj exhi bits |mproved oxidation resistance and

deposit for H&tS ﬁc’i‘*ﬁn‘]‘ﬁb?ri‘)c%ﬁ‘t% WA il IsE s oa cpprstcadingtly taigerbi odi esel
conponent . Thbsnts S @@@@n@d ksheshdytihe I%@%ﬂ‘éﬁab@ﬁnﬁ&@s #eSe{Juledr sul fonate
material . SUMVARY, CF, ENTI 1C%;I&[OO S(()f]6 The_ di scl osed technol og

provi des a HitAdd Bf éaiiéff & Biia GFEHALT BreEY S PerqenF by Histeht.
conposi ti on{AlBd¢h clintlabrisammmai blsofcohtabt bhat hdtguvemx@'& hiteykrRReh ffr Useast

ooyt Po” SEM YAl 903, Gl EhuhohPhai e At b S e o

conponent ofustdeed.ebteerl sebmpaihesfot@utco 24 carbon atons) conprising including
w thin id lubricant conposi t| & ) detergent in an anount

suffi mgﬁt to proyide at |east @) R bgﬁ4§5 %é‘fgéant by wei ght sul fonate
soap to t heWhawri cait Rcé’@p@é?ﬁ@ﬁﬂﬂyﬁéﬁ@cﬁl areupisghoiaiangd wf3Gsul f onat e
soap to pheaaben SQIs, |aﬂe tdaaitl wbrdigant bG o hh 1 (or
0.7:1). [001 dé%} Fur IH \ét is a ?fet oaé’% &@)hgﬁlrsﬁ%:egltlﬁggtde@}§g

sunp- | ubr i cHEH #i5P ?n%(l €8 Ws&"ﬂ@rﬁ”eﬁé?ﬁéh%‘é?"éw mhosphergditaioigagidwhi ch
conprises a C 1-C4 (ord -C 3) al kyl estﬁ of a carboxylic acid of 12 to 24
carbon atons, conprising supplying to the sunp a |ubricant conprising an
oil of lubricating viscosity and a sul fonate detergent in an anount
sufficient to provide at least 0.2 (or 0.4) percent by weight sulfonate
soap to the |ubricant conposition, wherein the weight ratio of sulfonate
soap to phenate soap in the lubricant conmposition is at least 0.35:1 (or
0.7:1). {0012] AI so pr ovi ded i S a I ubr| cant corrp05| t| on corrprl 5| ng: (a) an

e o, o,




| ubricant by a liquid fuel. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0013]
Various preferred features and enbodi nents will be described bel ow by way
of non-|iwDbmgisidihustrati on. [0014] The |ubricant as destnish@d/obsoei n is
particularly useful for lubricating diesel engines that are fueled with a
liquid fuel that conprises a biodiesel fuel, that is that contains a
certai n anouifite,alentgl width t@a&tto%t@ﬁﬂcﬂt’ttRnyn(V\&l @Rtupsaha @b mixGdeqyr C 1-C4

g‘lr (lgﬁlpse?rt[a;\r a(l)g h%IsC%Ib(t)t)ét%}'&%taﬂr%!x(%urf otrtawgpazrél %SQQ’YPL%}%?%&B"S}] antgetmgﬁtt yl
i sobutyl . r’somer@tntbultmemsmmnnmtyedmwt a grooupanysii@hol G, a treruge ofips nmay be
methyl, et ybearknPf OR¥ho! Bl 25REARVIoAY GRALAID é}i ohacthngRts the al ky

group is metIl or e¥ é or alternatively anount of such
ester indt h& i EAoFushe rsyline aid 8“1(3@%&‘3”%1 bage nplelecongeundr 5 to

100% or 10 te fd:zﬁi@%e Ja0tr ThesiedN O, ha4fuig0a tAdRm, ?eﬁ&ali@%é]’umgﬁﬂ?ﬁéﬁd Yin2, 4,
5. 10 or 12%u or 50 or 30% These erce]%tages are

normal |y calnclzdd n“ Cog’aﬁhxel“lf)%tsflg‘“ ¥ CPRRET) FHUR PSS Sx RPGiongrangine

per f or mance daadIdylﬂlthleshdzstpaatma&udbﬁnmeesteratc wihé&nbah and ecadfl ytakigilfleto may be a
petrol eum d I, a mddle distillate fuel or

ot her petro?lqedlfé% H%g%vdé{(%tﬁg%% ﬁ@ﬁ f&Hﬁ{I}atfbo fuel a diesel e gine. The
amount 6f sdP9H i n’hfheublft&ém Ay ab@ doatn £ hareo30D npdlifier. peostinbigrmn by

wei ght for kQ}QﬂIﬂ%thFf)Méenftél@ﬂeSnuI@tr ritﬁeﬁﬁbﬁt@ﬂs @@Iuﬂﬂfﬂn‘%n hesSsiDdes0 ppm €. g.,
1to 10 ppmS for ultra-|ow su fur fuels. ttﬁe S may .al so contain higher

| evel s of sdPPIrSoNCdEedy trpleromesipat Brthdon ‘t”éi Beb teppsTapigs-sul f ur
whi ch i s pr esisitt rmyisaoite rodiftt heobiodi@sehs ompanaN o9Mhd 1AMAA, RELT ol eum

fraction.[0Q Bl.odj esel deri ts_and/ or
veget abl e oi IIIE%LIP $peq wdmc{)erf“(i ass%dh‘ﬁsegmfﬁ%magle *ta‘fht‘oeé)éd@ila% descri bed
in U S 1Pat witen IIBD 2.1.016669@ the }TEIrfE)neSMIé@dsmmhy atthus i ncl ude, as descri bed
above, nethyjgsgt hw, LSORLP r cids may
be derived ?r or??nat ulrsazﬁglgp%odlmg{gsef’?rg&d e@ﬁg&dﬁc mﬁ&l&?éﬁ%ﬁ rlezfgt ively
pure or singf 8CREHYGHH “dt“ba“@ddml ﬁntlergmueihéﬁam IILEWQQTWV(DEI’@H‘OMCDQ; and

the like, Oﬁaxt\/hﬁghﬁ&iét\b&ﬂﬁ(t)@'@ &s5d 960,860 ds C'Betv@&hesfo'@dd &@%@?b@f Oﬂla' ned
uel s us

from ani nal spe abl e sources, [0016]. Bi odi esei
i ncl ude est e{?@ﬁf nét’%‘ %/rlby‘? g’é’ﬁiﬁ??”ﬁ@“%at”ts?d étl’d§<’f§t}clﬁd§é IPREOVPEY hyl ester
or ot hek(| oWeream@sisanciafic ﬂl@ﬁﬁ@@@@h@h bn&\/@bﬁd’l\/ﬁt@l‘b gener & hyrdeonbeRay &d by

transesteri fwyi.n trlg er f or.oil with an allphatlc
al cohol hav:ar% f yi (Jg ?fr 6]3) Et’at“é?ﬂs@.‘h %I’tpﬁérm%etﬁt‘tﬂ]rﬁll 1B5Hleri al s

i ncl ude theotﬁétnhy% 1?B"$KIGHBbe31131@jﬂbeahra0thd stiphhioweromitic, atiodanyinadi] , corn
oil, olive , il e , nola o assu

oi 1 castor Q%JILYLIBaInIgta? E )Jaﬁ u%*ft@tﬁ%c c&ﬁu@nﬁaot e:I,tJinglcg\%I Vn}cra,ege’&gtéagg

veget abl e of§§red tgas O&s?ed pedwkehgy opholyanedzag avhylehatsd pSyohenvdteri al s
conprisgsa Rh¥hHpeo@ks@ci ds nost typically of 8 to 24 or 12 to 22 or 16 to
18 carbon a wi.th vary degrees of branching or unsaturation. In one
enmbodi nent, t}ﬂﬂ% am}dy@@gﬁfﬁé‘a Sy EScorRigrdab g icppoly ety frstaantiEr class

bel i eved t ooﬁom@slgenlbartgaet ymtsel folagbe 1(1@ud§}mI3Jnhé}Q|WQhé3h Qi%'l &c&eB) -

l i nol eni ¢ ac| 1?%1 gyﬁ n so cases er UCI égz rtain_anounts
of veget abl %‘6. é)“( BRTHEY ‘?I‘BSW P’%’é”o“@ 1BEI1 e rindogpgapered,
embodi ment sstaf,00d Hlodhetémpblyincant F@em@miitymmdesmﬁddaedrlbaé glktE@@Pri ses an

i scosi 1y 1 SRR ISELYe J IR, SRR TRk Bty s sl Voot
i ncl udi ng atsyuichets. cpimltylerm 7m—&1mm1e>§ t.Aéreaficnd, chhnopivee, isofrede, et , the
Ll 2, CLoupS blugkhly Mot Vouclone At ShassiLicaty o satall | shed o ¥
<0. 03 per cefitnteR 4f dhevan?@psgdlepemerb@%m a@"ééﬁva\ﬁdgha@fe"r(éi/evw §0Ysieny i ndex

of > 120. Greuiphatic @duhﬁgé’t@&’@xe%e‘ébﬁt‘éﬁﬁh%y bk%@%t&%%%rh@%ll%%oaﬁd THeQtain
<0. 03 percent quur a{g} >90 6(ﬂ)cent saturat es. Pol yal phaol cfins are

cat egort: ed“%i%o EPESEAPE PERRATEA PY BRhogiSSue! bkied Vi otk agferidisgl tm ey

hydr oi sonmer hg@bpamtaf tov@x sy ehudsiast 4 ¢ori@xoDihed JRHGDAbuIie®RagGH synt he

si zed wax. Such ' Gas-to-Li qui d" oils are typically characterized as G oup
I1l. Goup Vis enconpasses "all others"” (except for Goup I, which
contains >0.03% S and/or <90% saturates;and has a viscosity i ndex of 80 to
120). [0018 j The oil of lubricating vi sc05|ty, t hen, can include natural
or synthetic lubricating oils and m xtures thereof. Mxture of mneral oil
and synthetic oils particularly polyal phaolefin oils and pol yester oils,
are often used. Natural oilsinclude animal oils and vegetable oils (e.qg.
castor oil, lard oil and other vegeta ble oils) as well as mneral

I ubri cat| ng 0| I s such as I | qU| d petrol eum oils and sol vent treat ed or aC| d

T 1 Y Y



pol yphenyl s), al kyl ated di phenyl ethers and al kyl ated di phenyl sul fides and
their derivatives, anal ogs and honol ogues thereof. Al kyl ene oxi de pol yners
and i nt erwolzymersssiand derivatives thereof, and those whece/uSerwiossbl

hydr oxyl groups have been nodified by, for exanple, esterification or
etherification, constitute other classes of known synthetic |ubricating
oiI's that cdfo¥Ple uBedrs Mth&by&upbB@i@l?ﬁJAg’i&&t @ M%M@Id bbb Gat i ng

oils that ¢ d co [1Se i carboxyli¢ acids and those
nmade frontcgﬂ?g%?§§§ﬁ§%%€gr BOxy1 i I%ﬁﬁ §d3%ﬂe f?y%‘éﬂé¥1‘%F§8PO Hars.
[0020] O heﬂviﬂyﬁtmétulc of (Bl alchings (BHOSHH. nedfubles tnlscht@ i@y gafddi-
phosphor uscoept.ai d ahyd i 1i.con-bhased oils
il t_heQﬂ tt'ﬂhﬁgma&[ iﬂ@%é’%ﬁﬁqﬁeﬁ%ﬁ&% Y (ﬁdﬂpgpespsed 4 3R s8] oxane
oils, and sﬂ‘i“i"Eét’é ot hegé H[a@@zis Prwp@ﬁilﬁ@aepam ffﬁéﬁma‘ﬁdms@fewttédcroidts

ei ther nat urtr&iﬂdihﬁ@@%l‘hﬂ@dtffﬂ(&ﬁ&t%l bro@$s! nQvP&TcHrn%%/ & iy s%tJIR aff o,@any of

these) of t t i.scl osed her.ei napbo used in the conp05|t|ons of
t he presentbF%V%E& gﬁ“£iﬁ?¥ﬁt9ﬂ§ﬁ“8@tguhﬁébﬁ’BQéUB%talned directly froma

natural or $¢#EHet i Wl&owrﬁmlt/\mtxbomttotfmmttﬁ@génpuﬁuafmﬁgtﬂcﬁnnterreawj@cﬂz Ref i ned
Ot oot oS ST BB Ok Bt OB DAG 0! i3 SRR Y DA DS L 6"
properties. Urepeied H’MSS glzétﬁthea piydaichied tby nprioplesfsestiai of Varodiy mhdge used
to obtain rehi; @@q)o% lp@nﬁﬂ?fn‘c‘%%nl? aﬁ@ i'tsﬁ')%gadﬂty gnef\@tccglrt{t@\ﬁ?cg%%]n&i {oegdy used

in service. Such rere fined qil are ad
t echni ques GFW@EFQHVPbo$éﬁﬁV§ﬁ“6$ ¥ﬁ@H@Y&dﬂﬁthé§DﬁﬁMH©1ﬁ0®T@akﬁdWﬁ

products. [ GQﬁ&hyW&ﬁﬂoathﬁf@t&@maﬂe%ré«'%@ﬂn}bi@s ﬁﬂﬂﬁﬁ%h%n‘%ﬁﬁgfhgﬁ@d' esei
fuel, a portion B one n%s he. f uel ypically mgrate

into the IUEF?Eanwyath38§8$@H§ I5HBY p$ﬁﬁ?”’?ﬁ°%8hﬁ®%ﬂb@&¥ﬁ%%@%ofn whi ch
t he pre$@ntonnvenﬂnon&w$aampuay@agahh&whﬂh&h&@ﬁknwmﬁ&hﬁeﬂtabﬂ?a&awﬁaSt 1

gg;rgggte nfy ‘Oﬁ'tgmvf?md?ﬁ%rlsﬁ?@ Zot?ém e BSLFEN! yg}gcra{"gia;ﬁ e eggshlegh

as 15 or odt?rgt@@cérwxﬂoalp@@tc@rmownpzosshbtsymémeramhbgzhéq: afi 0 0R23] dcThet-

| ubricant wildd w@RbLAILLW n re sul fonate
detergents. @?tergents a?gbggﬁgégﬂé$l%§§f%h ?kﬁﬂjggtagﬁﬁgtﬁﬁg earth neta
salt of an Hi%ic ofifahibeicedipaunde crmprive appasenidannstaneedant ea- sul f oni ¢
acid. The detepeeniiendBY ahgoaebtkakhialhsy BE of DRY:d¥BY I b8 q¥grPased
materials. Overbased materials are S|ngle phase, honbgeneous Newt oni an
systens charac terized by a netal c ent in excess of that which would be
present according to the stoichiometyy of the nmetal and the particul ar

aci dic organi c conpound reacted w e ngtal. [0024] The anount of excess
nmetal in an overbased detergent ijs fy%expressed in ternms of netal
ratio. The term"metal ratio" is atio of the total equivalents of the
nmetal to the equival ents of the acidi ¢~organic conpound. A neutral netal
salt has a netal ratio of 1. A salt having 4.5 tines as nuch netal as
present in a normal, salt wll have netal excess of 3.5 equivalents, or a
rati o of 4. ShemieR)as e alial peoupespnidiomg et 2thoe 4 talfe carbwetatdms abid @ of 1.5
or 3 or 7, umiiiotdlrer 1t 523 0 3 iy t ’\& sed
material s ngg g(&g g} §Ed as toqn%p’ggéﬁﬁh hﬁ@t%a? m%h ﬁ%%%it%?NID 4739.
[0025] Over BEEEY CheeHEr ﬁ%3%?%”%@&V8@ﬁﬁwcﬁﬂépared by reactlng an acidic
mat eri ats such as carbon dioxide with a mxture of an acidic organic
conmpound {in the present case, a sulfonpe acid), an inert reaction nedi um
conprising at |east one inert. orgghic sol vent\such.as mneral oil a
stoichionetric excess of a netak/base conpound).dnd a pronoter [0026] The
aci di ¢ organi c conpounds usef ul i er’bysed conposi tions,
sonetinmes referred to as the " €& in a general sense
tuted salicylic acids),

sul fonic acids (such as hydrocarbyl - ted benzenesul foni c acids),
phosphor us-cont ai ni ng aci ds, phenols, anad m xtures thereof. In the present

t echnol ogy, T lﬁ@@ax&cﬁ(ﬁit{btﬂhg?m%@ Heargeapd byl d hvdr@@iﬁ%?? @udWrf dod}bﬁ aci d.
[0027] I sagat|¥e exangnes of ulfonlc @gh S ing %e mono-, -, and

tri-al kyl at 8¢ $EA2ERETHRE hEPEE hd] EHEL R H?WQQHVHﬁﬁééﬁﬁ%@Hltéﬁﬁt
thereof) sulfonic acids illustrative of,synthetically produced al kyl ated
benzene and napht hal ene sul fonic acids are t hose contai ni ng al kyl
substituents having 8 or 12 to 30 carbon atons, such as about 24 carbon
atons. Such acids include di-isododecyl -benzenesulfonic acid. Also

i ncl uded are pol yi sobut enesubstituted benzenesul fonic acids derived from
pol yi sobut ene having an M of 300-3000, or 500 to 1500 or 1500 to 2500.
CIhers |nclude benzenesulfonlc aC|ds or toluenesulfonlc aC|ds substituted

- o Y 1 I Y Y




by-products by reaction with, e.g.. SG3, is well known to those skilled m
the art. See, for exanple, the article "Sul fonates" in Kirk-Q hner
"Encycl opeOi2atoafsiGhenm cal Technol ogy”, Second Edition, Yolr/usk@o/opgnl 291 et
seq. published by John Wley & Sons, N.Y. ( 1969). [0029] The netal
compounds useful in making detergents are generally any Goup 1 or Goup 2
netal conpoyndsby GASsteershamint cthg, Pedt dife: kablge ofr 4R xR SrRDtS) . The
Goup 1 netqtgngﬁ the netal conpound include Goup | a alkal netals
(sodium potassium |ithium as aht as Goup Ib netals such as copper. The
Goup 2 netals of the netal base {8l ude t he G oup 2a alkaline earth netals
(magnesi um cal cium barium as a§ the G oup2b netals such as zinc or
cadm um GCenerally the netal are delivefled as netal salts. The
ani oni c portion of the salt Hea -eﬁigx%d@g?carbonate borate, or
nitrate. [0030] Patents disclosi i ques for maki ng basic salts of the
abovedescri bed sul fonic acids, as) as carboxylic acids and m xtures
thereof include U S. Patents 2, 501, és 1, 2,61 6.905; 2,616,911 1;
2,616, 925; 2,777,874, 3.256,186; 3, §>4 585: 3, 365, 396; 3, 320,162; 3,3
18.809; 3, 4861288k 484 tefdmcgnbmidgourp d®®14< anqzékslutrtvopapetammygat g0 lbe a
borated sormkex.,2 @ri2ht LiNALE Vﬁ d/() 'c5 TR N harated: qeﬁ%tﬂgﬁdgﬁqm' exes
salt w

of this type can be prepare heatin asrc nmetal oric acid
at about 50 21BHOPEINEHES ﬁi?fr?b ed 6‘? CEGRT Faéln’t“sU@f Pt €.538 P eing up to
roughly equabodxn t hantiogidesitsafsoeiquindalaenhsti OimmREauchhistiigsSd e U S
Pat ent No. 650 di scl oses borated conpl exes and their preparation.
[ 0032] For gﬁ/%oses of the present invention, the sulfonate, m one enbodi
ment, may be or include an al kali netal detergent whi ch may be (but need
not necessarrly be) an ovcrbased al kaPiiRmetal detergent. The al kali netal
may be sodium The detergent may be ah uver based sodi um sul fonate
detergent. Alternatively, the sul fonrate may Jdnclude an al kaline earth netal
detergent, which may be (but need d%crbased The al kaline earth
metal may be calcium or, alternatjv , | magnesium I n one enbodi nent the
detergent is an overbased cal ci um sulforfate detergent and there may al so be
present a sodi um or nagnesi um sul fonate detergent. The TBN of any such
detergené égr f.or instance, 50 to 900 or 100 to 800 or 200 to 750 or

0 ¢ FHQ

300 to 7 Re 4128 MIEA IO R 25A 5741 FrcBasiagioay! Tivepneaephds! TRNpw | | be

proporti onabty by @Mﬁrgrbtpkﬁmﬁ@t@m@trﬂouﬁé Rarﬁt)w}t’ ok rri'tlxa&{tlhd%dr Ls included.
[0033} Int i scl osed. t ﬁChnO|orﬁ@ t he ovs base sul onate det er gent
conpri ses a ¥ FOECE §F dB O St R OHEnglE SR %HéﬁéOQQdﬁdnentlaﬁHO% met al

car bonat e canpmnemUnmaynMnBuknabqn@@@husuhhﬂﬂ@ﬁﬁﬁndﬁnﬁE@Bbm@h@c%ﬁ't

represented netric.neutraliz sol ubl e acidic
material , 5 ?ﬂec?'dﬁlltcngﬁ I*l%%l‘i%ch a3 %)rtvitgefcgdgogtlo{r}(f)lﬁ%}%apgenﬁtapgr atio of 1,
regardless of whet her such a salt would be strictly neutral or m ght

by any gi yéf—tgst or titration. This
material is also referred t0/és a\§ | fonat e g e "ampunt of neutra
sul fonat e" or "amounte'drsU 3 ' of a5 @'neasure rel ated
to the anmpbunt of acidic sul fopnate gubstrate tYWat hds been overbased, which
will differ fromthe anount of sulfonate anion by the nmass of the

neutralizing nmetal in _a manner that may be readily cal cul ated. The anopunt
of the neut PaPR NHEtHEF 0§ d1ddwarkampic apd § Bras@osshphtenponent, may be readily

det ertm nfedt pyosie pems@gd&m kil s@dntl'ﬁd% het f@«ﬁ%d{@renhabthmowtﬁgﬂf 8]{ dlshe LOt al
amount o correspon e en sen e extent of overbasing
or net al ?ﬁb 8?“*@ th?ﬁ8gdif dBWFRaF#ﬁ@ﬁﬁﬁbﬂbﬁﬁﬁﬁgng'“ﬂﬁ@CWBN

neasur eIﬁant hawnpded lt()(}sutﬁulr(atdtﬁi dooinsteiknetd heoranmpunt Maferized ahichulahonat e
soap. For e I of. an_overbase i.um sul f onat e

det er gent hggg@ﬁ%in%ﬁ% %“nth?s%e%n %i%éiWCCOFFmEgWWéP ﬂ&d@ﬁtmﬁlﬁﬁﬁb CaCCB
([51 7 rag K@-Vllg]1Ud<€ pild felqy KCIL 564 1065, mip KBHndp ol Blefn Cad: thegoiKOH] ) . By
subtracti Ontetﬁ%saémﬂ{@s-gld&%ﬂﬁéés puldigna et 15{%38'51%%?&5 %ﬁqc}srﬁe topate soap,

is about 0.54 g or ny 1 nherent resi @% e Substrate
shoul d be di¥éginsdenateriaihwhdeneasdiel. &BNtblé%r?e%larl st #4G 1. anount  of
neutral soap, as will be apparent to the person skilled in the art.) [0034]

The amount of the sul fonate detergent ﬁ typically an anmobunt to provide at
|l east 0.2 or 0.3 or 0.4 percent by weight of sulfonate soap to the

| ubricant conposition. Alternative amounts of the sulfonate soap may be 0.5
to 5 weight percent. 0.6 to 3 weight percent, and 0.65 to 2 wei ght percent
sul fonate soap. (These anmounts will correspond to approxi mately the sane
anounts of sulfonate anion.) The sulfonate soap may al so be said to
correspond to the total amount of the detergent (on an actrve chenlcal
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with the anion. As an exanple of the latter cal culation, a calcium
carbonat e overbased sul fonate detergent nay be avail able at 53% acti ves

wi th 47%wol208vitsed1k. The overall material may contai n 4P@adiskéioadsel ani on
and 4.8%cal cium present predomnantly as Ca(COO, a s well as the cal ci um
counterion associated with the sulfonate anion. The anion may have a

nol ecul ar weBgéd] of Mar glartea u608 o Paindg LdﬁEﬂs\@e;éi\fd’@rﬁn@m&iﬁaﬁl@d’liaﬁdaﬁés@ having a

oo " ok BfioReg8 BRURCeDR: Bl Tyt NG T R Cea,
it owill sup@m932ﬁY&MEﬁ@mmSﬁémcsnmfﬁuﬂﬁthMelanimnﬁwfhenﬁﬁﬁ@a@nnkmbhe anount

ol |f | f
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of the I ubrijgan (-804 at an
al kali et al 1g&e¥bé9§gg él}? E@%l&% ﬁ e?%%?%ﬁi%@{‘%ﬁ\%h m@%’t mbaé’ﬁ( thus be
part of a sPElrdel Bdse lyhnman t:ammaﬂutvmﬁvé pabkageed aquewbmrcmmfma
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secondary al cohol and a primary al cohol, such as isopropanol and 2-

et hyJhexanol . The resulting acid may be reacted with a basic netal conpound
to form twe 28slt51517he nmetal M having a val ence n, genePralrius2019/08d40n num

| ead, tin, nmanganese cobalt, nickel, zinc, or copper, and in nmany cases,
zinc, to formzinc dialkyldithi ophosphates. Such materials are well known
and readlIyiaﬁaﬂlabhémhuﬁt&bﬁ@osmmbhadbunuﬁhe1aaﬁmo&ﬁkubkk@aﬂ&nﬁﬁmmy|atlon
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Wiile the Vkﬁﬁﬁ@'a‘h}ﬂ ﬂﬂ?)@ld)f hQhrdxS, SIRERY | BR5QNS kqgﬁ%n%t }pax{t}o cHx Hig base
oil, it is nore erly considered as a separate conponent e sel ection
of which’i s ¥HIA Qhe abilities of the person skilled in the art. [0056]
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st yr ene- conjsulgttechtdiretie lodpedayb®rgoap.e anot her class of viscosity

nodi fiers. p hdH)r1Medor
partially hl rogenatxyﬁﬂgwhqgvS%%?égwy nglg%sggfldﬁe g%ﬁd EpE &Y,
star, ahd bﬁbtknﬁdbenpbmwme&sﬂMWH@<K@nmmésﬁyﬁehehnahﬁhmmeﬁxnamapMS

subst it ut ed [ S| X carbon
S tons and rrg;ﬁf?&ﬁgpﬁgren t%h?cgﬁﬁphféqmt%q}g@lcﬁgg g%}{lr%?{}lﬁé ﬁle{agv %t 0 cfi’l Ghe

chl or opr ene eV%@%FbW@lh&ﬁaumﬁ3ﬂh%u@ébF@ﬁéHKWMk$U%e§Y©hmsn@hcebﬂjﬁ@ated

di enes are wsafudls fohed $kHERNEEANENHe PlodReSO EoRALY RS o 0% to
70% by melgﬁt ef‘26b6to 609$ﬁa% ﬁ% 1690('atlc éonjubatelﬁ)ggﬁng%ntent may

be 30%to 86%8?’“&‘6%%6%6’(?&“%8%‘8“&9@;}&1 nefeddg H‘%émﬁr’é‘ﬁaﬁeeﬁisb‘yptrhéﬁ hods

wel | kndin bfiethedactipamt Neeerthepisalll chydivgematednd ﬂaét%fp ®dacts are
subst anti al elolg ers obtai ned

A oubl e b

by copolynerlzﬁ%&\ﬁ%m?eﬁe“éﬁﬁOhﬁ?é”%mgwﬁyﬁp(Hbarﬁ“fﬁ@iﬁ? @éﬁb@“@?“a free
radi cal i ni pistothcandpohgveaftercdest sinikyignge thepoopol yeserbaw ddvva. m xt ure
of C4-18 al S X a tlves in
motor of o, 01 bwi cer il fe SRy BT RE BT bR b0 el

nodi fi ers. Wé@@cm@ man@orap*éamy@@@amy ipnefpar ediquswmtthIuheismmhuv

met hacr yi at Quﬁ‘l@ﬂ"&nﬁrﬁfﬁ}%‘ﬂ B HistilgE et AhKM KHEQURSE ()W}lmcg( Qxe%og' t her
straight chain or branc ed chain groups containing 1 car bon at ons.
[0060] When ' haBnalIsdiivint S seraindie Fogew] ot absiagbronsmerplictly

copol ymer i zadiiwittd o kahcﬁ@il @@@ﬁmﬁ@t1@3h15d1c§&@;5t§(@ﬂ%écg§/%e&¥xé&§s @rfe

i ncor por at ed roduct has the multip

Thus

function ofn¥¥%‘%§ﬂf?fﬁﬁl HHHPrHW“*ﬁEHﬁAﬁeﬁq nEBre §§ﬁ€§1gﬁﬂmd?@%ersancy
and are sonttd Inles arefoebe mdddxsioa& adn&ple{ﬁ&aby {ha\m sab‘Sabbw ﬂﬂdmltl;ﬁ@t&ex-\f i nyl
pyridin Vi rQ N, NTdi Iam crylate are
exanpl e? O:c\kwnslc{W\mogﬁedcO%«'{lgg&%n 5'1 AU S RGeS If%/l S?F‘E‘tr $1 Sggflgﬂ?‘uced fromthe
polynerlzatU@ﬁ?@ﬂC@@pbpym&ﬁ@%emmnmﬂqﬁa@memommﬁmwhmhﬂmhyboa&mwﬂaﬂms—also are
useful as VigeO$ht f r t. al so be
i nterpol yners_of y1MOUF§%ékg%§mBE%%B?éﬁ@9 u¥h§9§§§ﬂ¥;ﬂ?§l%&%&§ﬂﬂﬁ active
mononer sucH“%%“Wﬁﬁé?@ﬁéﬁﬁVQPFU@e&ﬁﬂ“m%ew-éeﬂﬁvéﬂﬂﬁewrwmﬁhnawnabéehél or an
am ne or gr afdmidaMedApstidot QOSRsGREP OGS ve bOARI Lo TBE: d URTILRRY, ch a![ SO

ant s,

conpri se_ an an&;OX|dant Ant 1 oxj dants en conpass phenollc ant | oxi
whi ch miyy bEESPSHSIOFALY AeseRb! r%ﬁrfaﬂ%@# a1t unlgssptgTvige igh-
cont ai ni ng datto. ZASt@bc@nﬂﬂs&&dthanh@mmpbﬂﬂﬁiﬁﬁ%r@nk@nﬁﬁah@i%ﬁ@&a@@ 1to5

or 1 to 3 The enol en containing 2
or 3 t- butyﬁﬁﬁﬁéﬁbgnﬂggc ]§a¥ﬁ81%§?§n§%éthdﬁg é §P§8g7 gﬁéﬂﬁ¥éd by a
hydrocarbyl group or a group bridging tywp aromatic rings. In certain
enbodi ments the para position is occupied by an ester-containing group,
such as, for exanple an antioxidant of the fornmula t-aJkyl wherein R~ is a
hydrocarbyl group such as an al kyl group containing, e.g., 1 to 18 or 2 to
32 or 2to 8 or 2 to 6 carbon atons; and t-al kyl can be t-hutyl. Such
antioxidants are described in greater detail in U S Patent 6,559, 105.
[0062] Ant|OX|dants also |nclude aronatlc anlnes such as those of the

o o



atonms. I n one enbodi nent, an aromatic am ne antioxi dant can conprise an

al kyl at ed di phenyl am ne such as nonyl ated di phenyl am ne of the formula or
a m xt ur ewof20/disimonyl anmi ne and a nono-nonyl am ne. [ @0®3]S200BBIRi dant s
al so include sul furized ol efins such as nono-, or disul fides or mxtures

t hereof. These materials generally have sulfide |inkages having 1 to 10

sul fur at orrsmdfamotinmfoarweh eltntent 4f t}ra:riniuo'ron&anl\matxﬁqeﬂabgtm ehheamde

sul furized t4 I r. j.c £0 t he mesent i nven
tl on i nC| ude OI S Q? dﬁy Offlfli{ S&g%&i& th%ﬂ &s @gﬁlﬁ%élgﬁge GXonTlggng r},rade

t hereof , t erstﬁélﬁé§%f‘@ﬁ1dﬁ)}/ éfspwm@rth@d@m@ <>1D@barﬂh@56hatrrb1 iwodsatofialpy epar i ng
SOMe SUCh S ulfelf ihe 8dsiuRb 8 b akiS G AR ) , 404 and
4, 191, 659. Nblybdenun1conpound§%gﬁgstggyggf&gngéggﬁﬁﬁﬁgfggﬁ?gﬁﬂéz "'t hese
materials can aiso serve in various other functions, such as friction

nodi fiers and antiwear agents. The use of nDbedenun1and sul fur containing
conposi tions in lubricating oil conpositions as antiwear agents and
antioxidants is knowmn. U S. Pat. No. 4,285,822, for instance, discloses

| ubricating oil conposi tions containing a nolybdenum and sul fur cont ai ni ng
conposition prepared by ( 1) conmbining a polar solvent, an acidic

nol ybdenum conpound and an oil sol ubl e basic nitrogen conpound to form a

nol ybdenum cont ai ni ng conpl ex and (2) contacting the conplex with carbon

di sulfide to formthe nol ybdenum and sul fur containing conposition. [0065 1
Typi cal anmounts of antioxidants will of course, depend on the specific
antioxidant and its individual effectiveness, but illustrative total
anounts can be 0.01 to 5 percent by weight or 0. 15 to 4.5 percent or 0.2
to 4 percent. [0066] Titani um conpounds of various types may al so be
present, and they may serve as deposit control agents and f lterability

i nprovers as well as antioxidants. Exanples of titani um conpounds in

| ubricants, and their preparation, are described in greater detail in US.
pat ent publication 2006- 0121 7271 , Septenber 28, 2006. Exanpl es of
titani um conpounds include titanium (IV) al koxides such as titanium

nmet hoxi de, titani um ethoxide, titanium propoxide, titaniumisopropoxidc.
titani um butoxi de; and other titanium conpounds or conpl exes including
titani um phenates; titani um carboxylates such as titanium (1V) 2-ethyl-i

. 3-hexanedi oate or titaniumcitrate or titaniumoleate; titanium (IV)

2- et hyl hexoxi de; and titanium (IV) (tr ethanol am nato)- isopropoxide. O her
forms of titaniuminclude the reaction product of titanium conpounds with
various acid materials to formsalts, especially oil-soluble salts. In

anot her enbodi nent, the titaniumcan be supplied as a Ti-nodified

di spersant, such as a succinimde dispersant. Such materials nay be
prepared by formng a titani um m xed anhydri de between a titanium al koxi de
and a hydrocar byl -substituted succinic anhydride, such as an al kenyl- (or

al kyl') succinic anhydride. In another enbodi ment, the titaniumcan be
supplied as a tolyltriazole oligoner salted with and/or chelated to
titanium Oher forns of titaniumcan al so be provided, such as
surface-nodified titani um di oxi de nanoparticles. The anount of titanium
present in the lubricant may typically be 1 to 1000 parts per mllion by
wei ght (ppm, alternatively 10 to 500 ppmor 10 to 150 ppmor 20 to 500 ppm
or 20 to 300 ppmor 30 to 100 ppmor, again, alternatively, 50 to 500
ppm [ 0067] The lubricants may al so i nclude antiwear agents other than or in
addition to those materials nentioned above that may have antiwear
properties. Exanples of anti-wear agents include phosphorus-containing
antiwear/extrene pressure agents such as phosphorus acids, netal

t hi ophosphat es, phosphoric acid esters and salts thereof

phosphor us-cont ai ni ng carboxylic acids, esters, ethers, and am des; and
phosphi tes. The phosphorus acids include phosphoric, phosphonic, phosphinic
and t hi ophosphoric acids including dithiophosphoric acid as well as

nonot hi ophosphori c aci ds, thiophosphinic acids, and thiophosphonic acids.
Non- phosphor us-cont ai ni ng anti-wear agents include borated esters,

nol ybdenum cont ai ni ng conpounds (aiready described), and sulfur zed

ol efins. [0068] Other additives that ney optionally be used in the

| ubricating oils of this invention include pour point depressing agents,
extrenme pressure agents, anti-wear agents, color stabilizers and anti-foam
agents. [0069] The lubricant nmay also contain a certain anmount of the fatty
esters descri bed above as biodi esel fuels. These nay or nay not be
intentionally included in the |ubricant conposition, but, as discussed
above Iubrlcants in dlesel englnes burnlng blodlesel contalnlng fueIS\MII
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[0070] Fully formul ated | ubricant sanples are prepared containing
conventional conponents as well as certain sul fonate, phenate, and/or

sal i xar atwodetoersgant s, as reported in the Tabl e bel ow. Eaghisbabosoant is
prepared in a mneral base oil containing a viscosity nodifier to provide a
5W 40 viscosity grade. Each also contains (on an oil free basis) 0.9%
antioxi dants, 0.8% zinc dial kyl di thi ophosphates, 3.2% succi ni m de

di spersant, sapd @ trace of antifoam agent. [0071] The lubricants are
subjected to a biodiesel oil oxidation and deposit test. This test

si mul at es OWHatt*r‘@r?”@ﬁﬁehgr ne oils in the presence of fuel dilution by

bi odi esel fuel, in this case 100% rapeseed nethyl ester. A 100 nL sanpl e of
the |ubricant is laddittbeyoiadycing Cﬁ%h%tl‘ﬁdhghabﬁphé’rﬁat}éb?aﬁwtvqompﬁl m. of

t he bi odi eseionfwﬁkhaﬂdtapls&ﬁﬁtﬁit bﬂtmadg@s&cbabﬁaﬂu e Abht | Peflent The tube
is |rrrrersed in tube at” 5

e

L/ hr. Sahpl e”se%}?f()0 o 3?%31?%%5%%’ ao?‘”é??i&s‘?ctlygﬁ}a‘t’%}sr“S‘O(a%@(‘}t 8t) at 72,
96, 120. 14¢ﬂimmt®®8 dowprssing beltding widguksiddubdcant hem‘pk)Sﬁ@ﬁlzth]Of t he
sample to r Tk t t arpglati n fromthe
Teasui ed Va?ﬁgi%@gﬁﬁ%& $a1(1 (c;li%o)uﬁt ét%{?%}etzmao 1%\?& at%%st aggﬁh Qéjﬁzjé‘lnnbiy MBS
rcpi esent | Y eyl f§t1a‘1§|sloflt’90 gfe ltlhie»@arrﬁphe‘mﬁdi@@ whpoit gtk aceht heinefisui ed
vi scosi ti es satfodae s9f t@ﬂ%nlz?eoxth?% tl('lRt%rcaIYtaéolAﬁﬁ)%ﬁ{o% Reli&is) ob 9\972] I he
results shovyt t nti easing sultfonate soap | evel soilrnp

pei f or nehce Yt°%oVver amount of phenate soap al so correl ates w t h im prov ed
perfor mance [007 ] her the term' hydio byl strtuent or

"hydr ocar byl gr oép ﬁs@ mﬁ@@é ﬁ] f“tlgl bivgerrn BF REREe ‘\%hlﬂ%h’ \ﬁ/@‘l"l SREBWN t o
t hose skill ed aluar‘ttd’r@/haldttdSﬁetﬁioﬁtt cakd yboutIZtét dagh @1 Stoh aisgh Otepn BAMIIHY oA
carbon at omygli {%1%9&5% @?\Em’(i)& ﬁ”é‘? thhﬁ n‘ar nder of the nol ecul e and havi ng

act ei

predom nantly iocarb arrpl es of hydrocai byl gr oups i ncl ude
[0074 [ hydrocar Rony Lialis

al kenyl ) alicytlic tﬁz%itoﬁ%?%}ﬁm ]LQ]Ia d!(:lﬁgl Vgﬂé E&a& %t(a? 1gltoiu ﬁ%tl; etel~and

ar omat i 16- | &Fpteapile the amamc«y@rmltsub@tar faised ane@m m veeibBt i tuents, as
wel | as cyclrc substituents wherein the ling is conpleted thiough another
poi tion of the ndt €edi@ !y lubticingbyrpr-ligntcstalogerhdrcorgiunian

ring), [0075kn§tbib§ﬁ¢lbﬁltb$di Iftytga@@arxbtqah%wa@ttkw@trttsc4tah@t ebt%r ofHRgtdokuents
cont ai ni ng no drocawﬁgﬁgr{o%ﬁ s,which, in the context of this invention,

do not alt eP/ tr’%& Geto Oty GERFHYATaF YRR RS tSHEPEmeE;tq thgent (e. g.,
hal o (especkahby lohtiosa cam;brfbmprroan,t ol yebroeying ak dcoxiyy ai® b GaFbRate

al kyl meycapt;Q, -and. sul f ox ero subpstituents,
that i< su uétrg nén %na G %s&whw SR a@rohbégatﬂlfzesgag%ﬁ‘ g%ﬁ?rvﬂﬁtg?r 3¢A$ Bon
character, prmlf@rrtéc gent loxthe dfbridaing compesitibonyhoent tauemcaglmtnmtmtdfem t han

carbon in aggi a'?tgstp ) & eﬂat%kt%%‘%\{\t e lggﬂPﬁﬁ%ﬁt}%oﬁﬁgt}Qrﬂ oul BLEL pat ons

i ncl ude sul fur, ge trog enco S su str uen TS pyridyl,
furyl, thienyl a"?d I'h'@rﬁ‘@@t@ﬂ)élf anl Bf 9BAGS qlthr(nt%h@&ﬁetten??t 1 QN0 NOTE

t han one, non-h drocarbon substrtuent w | | resent ery ‘ten carbon

atoms in t hEORPHF OBy GFaup! 2 dythy é‘aﬁldfllvﬁhérroé“m‘?tmbé g eaelableydr ocar bon
substi t2dent sodirdet he hydrocar byl group. [0077] It is known that sonme of the
materi al s described above may interact in the final fornulation, so that
t he conponents ob. tlhe hethall oﬁ olaiml abi ﬂnnmwmemthéa@em fifet @mntph@&eatt hat

are initially ! ance, ok Q0S (of, e.g., a detergent) can
mgrate to oth Ig%%gcr ngér% ni o 1?tc {LIIE gfm& her nol ecul es. The products

formed thereby, Vncl{hléqhélgoa Q?a9%899ﬁ51§%QQ{ {I%Qre‘r'r%’g» gt”cPl 81)'{11@9(1112\;[6 stey;
corrposrtron of the present invention in i ed Use. ey not be
suscept i bl ehdfaeygplyed ép thstlvbricamever t hel ess, all such nodifications and
reacti g@ product are included within the scope of the present invention;
the prefent invehtilds BFHEBMOpARE LS Clapas éoh‘déﬁ@tuilgh1|tﬁle1éatﬂfécfutﬁl€fadm xing the
conponent s desprisdedmabiydist]|Q6/8]c1 Each of the docunents referred to above
is incorporated herein by reference. The nention of any docunent is not an
admi SS: OE t hat SQCﬁh@iﬁ@tﬂlﬁkﬁt cqufadﬂ(ﬂinﬁﬁ, RS \Plidrein tﬁé%ulgénﬁ@ﬂéﬁe&%ﬂ&es t he ]
general kno ski urisdiction cept in the
Exanpl es, X\énei(;i]grgeeq 0 eegt\)/vr Cé@ﬂ)‘ll Béruffoﬂ}atezlaféé‘tl al | nunerical quantities
in this descri ption specr fyr ng amounts of nmateri aI s, reaction condition

nol ecul ar wei ghts, nunber of carbon atons, and the |like, are to be
understood as nodified by the word "about." Unl ess otherw se indicated each
chem cal or conposition referred to herein should b e interpreted as being
a comercial grade material which nay contain the i so mers, by-products,
derivatives, and other such materials which are normally understood to be
present |n the cormercr aI grade. However the armunt of each chem caI

oy o
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sisting essentially of permts the inclusion of substances that do not

materially affect the basic and novel characteristics of the conposition

under cormsOdercatsisin. ?3662-01 What is clained is: 1. A merhusdolof3sretuci ng

oxi dative degradation of a |ubricant conposi tion which contains an oil of

| ubricating viscosity and at | east about 1 percent by weight of a Cl1-C4

al kyl ester of a rpox .aci d of. about 2 t o .about 24 carbon atons,

conpri si ng i ncl ud ﬁ ﬂ' %ﬁhﬁ“ 2y 10T S €6Wﬁ6§t¥?%ﬁ”%“§h“Fﬂﬁ%nate

det er gent rcoamranmammslutfofa’wuem wetglprreviedeoit nlteash-alosihih: &spescent by

wei ght squQ@@te soap to the lubricant conposition, wherein the weight

ratio of sulfonate soap to phenate soap in the |ubricant conposition is at

Ieast about 0. 35:1;1. 1 wherein the presence of the C
-C3 al ester ongP%ggﬁégathgggﬁHgﬁﬁhg%’ut 12 to about 24 carbon atons

arlses f on1d|Iut|on df) Wh@*P&Hﬁﬁé&ﬁpéd@ﬁﬁé%Yilon by a liquid fuel . 3. The

met hod of cl ai m 1 or gbphmeastwbenei Peﬁc@ﬁt 153%@ gh@m{m -0l ﬂ@&lﬁ{sterﬂf&%ﬂt soap
rcent by weig met ho

in the Iubrlc ion st e :

f or Iubrlcafﬁhg ﬁsggﬁﬁ?g Eé?é a?%ﬁ%%ﬁ?ﬁ”ﬂbﬁﬁﬁ%t@&h engi ne fueled by a
liquid fuel which corrpc]&e&shwa@e let@pcal kyhn esbet mffhacﬁafcb@@vﬂdﬁ@@td of
about 12 to ! rising su e sunp

| ubri cant Cg%ﬁ??%?ﬁﬁnﬁ%?@?%&ﬁ ﬂqggoggﬂ%oﬁgh%?géogffxné%HWQQQUV$onate

det er gelit |ﬁ“éﬁﬂéﬁbﬁﬁﬁw§ﬁﬁﬂm@péﬁﬂﬁvwﬁpﬁvmﬂdwhanﬂb@aatuaﬁmdubﬂcﬂnpercent by

wei ght sul f eRapRs%RANs hoidhietoubhisgant conposition, wherein the wei ght
ratio of sul fonate soap to phenate soap in the |ubricant conposition is at

| east about 0. 35:12. .Ti. hﬁﬂ@alﬁ%&hﬂﬁmoﬂ ﬂxﬂyre'ﬂ{ il pbimcd ot iomghy diuherein the
al kyl esterlﬁgqpﬁlse . e ﬁ%‘ﬁ%ter 3 (i% acid derived fron1an ani mal
or veget abl 750 glﬂfﬁgt {HOE8E DEF Al claim5 wherein the I|qU|d
fuel conprises at Ie t, about cent Nt of he . a ester.

The net hod of any o#q%lughtﬂl(% gh rﬁlﬁrggﬁ%ﬁ? ﬁéné+ éﬁré@Per has
accumnul lat ed prinet hedtiybrasant a {8ty Thd deetvied droof aarayumél arhaigamble soupher ei n
the liquid fuel further conprises a mddle distillate fuel. 9 The nethod of
any of claims 1- édwﬁéﬁéphﬂﬁﬁéC%@hf@ﬁab&ndéﬁdﬁgehmecoﬁ@ﬁmﬁESdamhmmgemmsed

cal ci um sul E&&%&@eﬁs{ 6T @8 lQiciJGuiBLigd of any of claims 1-9 wherein the
| ubricant further conprises about 1 to about 10 wei ght percent of a

ni t rogen- cont ai niiBg eI PRREANLS ady of NaiMbI i C@”ﬁn@x@ﬂ@&ﬁbﬁkﬁ@ HRIPY k$i ng (a)
at | east g out percéent by wei ght of

an oil of lupricati Vi scosi t b

ad -c4 alk ?Hé@% %3fp%‘ﬁ@ﬁﬁ%&?ﬂ?%ﬁ%éﬁaméF“é Bﬁ?VQQtto about 24 carbon
atons; ,and (c) a,sul nat e det n nt sufficient to provide at
| east about 0.2 6§r§g £ OBy gﬁg>§ FdBﬂééé%§&§ﬁmtb°@H@“PHS@F€§HF“Of
conp05|t|onHHWM@&EﬁMﬂﬁﬁeaMak@h@emat|o of sulfonate soap to phenate soap in
the lubricant conposition is at |east about 0.35: 1. 12. The |ubricant of
claim 11l wherein the presence of the alkyl ester arises fromdilution of
the lubricant by a liquid fuel. 13. The lubricant of claim21ll or claim 12
wherein the al kyl ester conprises a nethyl ester of a fatty acid derived
froman animal or vegetabl e source. 14. The lubricant of any of clains 11-
13 wherein the sulfonate detergent conprises an overbased cal ci um

sul fonate. 15. The lubricant of any of clains 11- 14 further conprising
about 1 to about 10 wei ght percent of a nitrogen-containing dispersant. 16.
The lubricant of any of clains 14-1 5 further conprising a sodi um or
magnesi um sul f onat e det ergent.



