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e
i . ‘ 1. Yo, Emilio FERRERO, obrando como apoderado del solicitante en el asunto antes

identificado, me refiero al Oficio No. 14200 notificado por fijacion en lista del 9 de

noviembre de 2007.

2. Mediante mi memorial de fecha 05 de febrero de 2008 solicité un plazo de 30 dias .
para atender el Oficio No. 14200.

3. Mediante el Oficio No. 14200 se puso en conocimiento del solicitante el informe
que contiene las observaciones hechas por su Despacho sobre la presente solicitud de

patente.

‘ Atiendo a las observaciones de la manera siguiente:

3.1. CLARIDAD DE LA SOLICITUD Y ES UNA INVENCION.

Para subsanar las objeciones que sobre claridad y por no ser una invencion hizo su
Despacho, presento nuevo pliego reivindicatorio con 3 reivindicaciones en el cual se han

NIT 860.041.367-3
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hecho cambios que permiten apreciar claramente el objeto reivindicado en la presente

solicitud de patente. Las modificaciones al capitulo reivindicatorio fueron las siguientes:

- El nuevo pliego reivindicatorio esta dirigido a composiciones de vacuna para mastitis

que comprenden un adyuvante y una proteina GapC o un polinucledtido.

- La expresion “cantidad terapéutica eficaz” ha sido incluida en el nuevo pliego

reivindicatorio. Asi mismo, las expresiones “inclusive” y “al menos un 80% de identidad”

se han eliminado de este pliego.

- Las reivindicaciones referentes a la proteina asilada han sido eliminadas de este

pliego reivindicatorio.

De esta manera es claro que con las anteriores modificaciones del capitulo reivindicatorio
quedan subsanadas las objeciones que por claridad y por no ser una invencién hizo su
Despacho, ya que ahora, dicho pliego reivindica un producto en los términos sugeridos por
su Despacho, permite determinar el alcance de la proteccién reivindicada y compararia
frente al estado del arte, de acuerdo con las disposiciones de los articulos 15 y 30 de la
Decision 486 y adicionalmente, revela materia no exceptuada de patentabilidad.

3.2. NOVEDAD Y NIVEL INVENTIVO

Ese Despacho afirma que los documentos D1 a D3 afectan la novedad y el nivel inventivo
de la presente invencion, toda vez que en dichas anterioridades se encontraban todas las
sugerencias para emplear dichas proteinas en composiciones de vacunas, con lo cual
estamos en desacuerdo por los argumentos expuestos a continuacion. Veamos:

Primero que todo, respetuosamente ponemos de presente que no solo ninguno de los

documentos citados como anterioridades describen ni sugieren composiciones de vacuna

para mastitis que incluyan GapC en una cantidad efectiva, y por lo tanto no describen



CAVEILIER

ABOGADOS

todas las caracteristicos técnicas de la invencidn; sino que adicionalmente, dicha materia

la técnica.

A este respecto, es importante aclarar que la mastitis se define como un incremento en el
conteo de células somadticas en leche. Dicho incremento se debe a una respuesta
inflamatoria en la glandula mamaria. Es del conocimiento de un técnico medio que la
respuesta inmune posterior contra el patégeno invasor al inmunizar un sujeto utilizando
un antigeno particular, tal como una proteina GapC, podria en si mismo originar una
reaccion inflamatoria, incrementandose por o tanto, a diferencia de reducir, los conteos

de células somaticas (ver Anexo 5.2.).

‘ * Por lo tanto, los resultados obtenidos utilizando fas vacunas de proteina Streptococcus

GapC de la presente invencidn son inesperados, toda vez que los conteos de células

no serfa factible desarrollar una vacuna efectiva contra la mastitis originada por bacterias

gram-positivas, tal como streptococcus.

Por consiguiente, toda vez que (i) la presente invencion ha sido limitada a composiciones
de vacuna para mastitis que comprenden un adyuvante y una proteina GapC o un
polinucledtido en una cantidad terapéutica eficaz; (i) que no existe sugerencia en D1 a D3
con respecto a tal materia; y (i) que dichas composiciones de vacuna permiten obtener
un disminucion en el conteo de células somaticas en leche; se puede concluir, que
‘ ninguno de los documentos de la técnica anterior (es decir, D1 a D3) solos o en

combinacién, ensefian y/o sugieren la materia objeto del nuevo conjunto de

reivindicaciones, y por lo tanto, dichos documentos no afectan ni la novedad ni el nivel

inventivo de la presente solicitud.

objeto de proteccion no antes divulgada representa un avance inesperado en el estado de-

- somaticas disminuyen, al contrario de los conocimientos de un técnico medio, para quien
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Puesto que se han atendido a cabalidad las observaciones hechas por su

i Despacho sobre la presente solicitud de patente, atentamente solicito que se continte su

tramitacion.

5.

5.1.
5.2.
5.3.
5.4.

Anexos:

Nuevo pliego reivindicatorio con 3 reivindicaciones;

Anderson, J.G., Br. Vet. J. (1978) 134: 412-420;

Formulario para modificaciones; ‘
Recibo por valor de $103.000 por concepto de modificaciones en solicitud

pendiente;

" *eﬁora Jefe,

Zp’Zx«“;Q;“‘“ * )r..j" ~<-~-N—~:—m-:v:

EMILIO FERRERO
T.P.A. No. 31.929

COLO-13578-841-003-7
Ev) NNINNNID-121484\WPC13578
No. M-2008-121484\NNJ

&
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Industria y Comercio
SUPERINTENDENCIA

Espacio reservado para el adhesivo de radicacion

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

| Teléfono: 546 09 70 : 2494070
] E-mail: clientes@cavelier.com

T | IDENTIFICACION
Nombre: Emilio FERRERO
Direccién: Carrera 42 No. 72-35 cce. NT L
REPRESENTANTE | Teléfono: 347 36 11 Fax: 2179211
O APODERADO . N . ce. [0 ow [
E-mail: cavelier@cavelier.com :

@ ' Anexos

Comprobante de pago de la tasa por $103.000.00 por concepto de modificaciones.

D Poderes, si fuere el caso
]

Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.

Numero: 438.019 TP 31.929




Reivindicaciones

1. Una composicion de vacuna para mastitis que comprende un adyuvante y
una proteina GapC o un polinucleétido que codifica una proteina GapC en una
cantidad terapéutica eficaz, en donde la proteina GapC se selecciona del grupo

que consiste de:

(@ Una prbteina GapC streptococcus dysgalactiae que comprende la
secuencia de aminoacido mostrada en las posiciones de aminoacido 1 a
336 de la SEQ ID No. 4;

(b)  Una proteina GapC streptococcus agalactiae que comprende la secuencia

" * de aminoacido mostrada en las posiciones de aminoacido 1 a 336 de la

SEQ ID No. 6;

()  Una proteina GapC streptococcus uberis que comprende la secuencia de
aminoacido mostrada en las posiciones de aminoacido 1 a 336 de la SEQ
ID No. 8; |

(d)  Una proteina GapC streptococcus parauberis que comprende la secuencia
de aminoacido mostrada en las posiciones de aminoacido 1 a 336 de la
SEQ ID No.10; y

() Una proteina GapC streptococcus iniae que comprende la secuencia de
aminoacido mostrada en las posiciones de aminoacido 1 a 336 de la SEQ
ID No.12.

2. La composicién de vacuna de la reivindicacion 1, en donde el adyuvante es

un adyuvante basado en aceite.

3. La composicion de vacuna de la reivindicacién 2, en donde el adyuvante es
VSA3.
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'I'HE PROBLEM OF IMMUNIZATION AGAINST
STAPHYLOCQCCAL MASTITIS

By ). G. ANDERSON

Agricltural Research Conreril,
Inxiitute far Nesearch v snimal Diserves,
Cemplen, Neainny, Berkshine

INTRODUCITION

The possibility el immunizirg the dalry cone againet oustitis bas aimed the auention
ul 1esenveh winkens for most of dily cenrury, In his survey of the o 1o e end
ol 1985 Munich-Petrvecn { 1938) finied B7 reptorts of attormpixy inmutiize cthe upxiot
wntilis. The muces of these and subsaquent atiomupts b bren qualified
(Mellenberger, 1977) aml currenty the attivude Is of crasprrmted aptimiso the
shawld be able to mount & sigalliennt tnnuie rexponse in the suanunary glacd Tonly
an elferiive antigen is given by the comeet route m the propet stage i the factation
vyl (Pankey. 1977), , '

Flie purpnse of this papes is not to review dic munerons ancinpts trat Tine been

e w mmunize agatrn stphylocovenl muatitls, bur e being jogether she,

kinwdedge of e way in which saphyloconts rausc infeetinn ) the way i which the
wannary ghand sspuints 10 die prosence of staphyloroce, in arder 1o identity and
evahtale the problems iuberent B innuuniaiion, '

THE DEFPENLE SYST M

The peerise is that the priveipe! mcchasism by whiich the Begiing warunaey plad
yenunes siapliylornee Ui have entared the masmary visswe s Ly phagowstie killin
by neutrnplifle, A virolei stapliylovoceus is one thar msists phagneytie killing aid
thongh the way in which this oczurs is v ¢loar (Anderson, 1976), b rermaius oue din
plogecytic tiling by newrophils is the srthod of host deltnre. Sueesstul
pletgeeynaniz involvrs recruitwent of newtrophils, epsonizaion am killing.

Revrititmend of newivaplils ‘ !

Newrophils. accuinudate in the abveolar howen of the mamoeny gland by
recruitment from the systemic circulation and this neeurs in tesponxt 1o the
groeration ol diemnrctic cos by e suphylocood. Chemotactic Graan moy ac
direaily oit the cunespmndlng cel) (cyomaeing or iy, by ac thag i ey me 2yxtena or
cunpleanent, cause the relrase of dicmotactic peptiles {eytamuigens) (Keller & Sorkin,
1963}, In addition, complanent setvarion renihs in e formitinn of unaphydoroxiug
which, trough histamine refrase, icrowse e penmeabiliny of o vessels, The
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IMMUNIZA FION AGAINST STATHYLOGOGCAT. MASTITIS . N3’

pronbuts of suglyncaceal growth Lo been showe to possess Jitle divve demonic
activity aned some intdbiion of wentrophil Inaamosion, However ndiseet chenmtintie
mbstances are geavritied by the combination of saphylocnresl gromih yradwers and
plitum compunents (Russell of o, 1976). Akbough die wadons have hieen
slewmswwtvaceed anly i vitro Ft is femipring s suggest that fn ghuo the cyrdaxigente faoons
aunit potenplils o ahe siee of saphylocooal fufivtion and tha the uhibitory
activity innuabitizes the newrophils in e vicinitg of the staphylocucei,

Opanizeion ] )

Ingestion of swphylocoesi by ncawophils is fasiliioted by opsonizulon of the
utgailins, The firs, of she o major sysicina $n serotn which are npsonic (or
saphylocored i hewelabdle (S6°C for 30min) and involeex the acthvation of
complenent throwgh the wlreriaie (properdin o dassical (156 or 1pM) padiwuys eo
that the epsonteally acibve fragments of complement are depusiced on she surface of
saphylococd amd bind than 1o neunophils, the ather symer 3§ bent-sable and
finnlves the aachinem of G 10 the orgamisms ihvough the Fab Fagpiens; there am
revepioes for the Fo portian of the antibody molecule on the surface of the apirophi}
so thant verogmidon and ingestion are promoted (Wikelsicin, 1978; Sioseel, 197420,

Agpara [va she firs Tew days wfler parvariciu in the cow when the rojosutzan i rich
in IgG, IgM aud 1xA, dhe predominz imnnwaglobuliy in sormal milk is 1pGl
[udher, 19783, The irmsfer of 1gCL imo the milk is # selecrive process which is 2
lfunrtion of she gandular cpitidion (Brandon, Watson & Lascelles, 1971), the
sumpletent comtent of o) milk is vartable (Relie & Brock, 1078} Thas ihere are
liniiions on Mie iibndy wd womplement centent of nomal milk, However i the
inteyginy of she oplchelivon & broken, as by intbnusation, then there is a trmmsudntion
ol sersan prniedus and thercfae: ol Tinmunoglobuline and complenenr into milk.

hugestion amd kitfing ;

During ingesiion tha wll membinae of the ncutrophil invaginates at the poiu of
comact with the opionted saphylocoreus tw onn o phagosome s the cproplusmiic
praonles fegin w fise thelr nembmapes with ee ol the phagostme o fonn o
phiagolysesome, The secundary granules dischnge thelr Reolieria o lpmazyuie ino
the phagnlysusoue, Myeloparozidase is dischargesd from tha primary gransdes and

tgether whth 1,0y, privided Gy ihe respiratory bt associuted with ingestion, aml

€1, complietes 1he barterlvidnd wyeloprrosiias-hydrogen prroxide hatide syston,
Fysuryme, clavase and eatdtie puotetns are alvs dedveed from dhe prineay grannks
and funttion as ozygen hdependens bantridda) spsems, Thent ave thovelore o
nupiber of b kevicidl sytems in the aogrophil due e aet speately or in oneen
Wi, 974l Spimoaged, 1979 Once o nramopli] hes degabued no aew
waanhiles wree loemned, st thouph the lite-span of neuiuphils vore they have entered
the vk i5 oen Rienen withs s eutainay, £ seenss LRely that 3 is uo moce i zfow o,
Tl celhs with iheir ingested uracrial degeserate and ave reagwed by macrophages or
by 1nitking the walder,

Revermn studies o vitr Bave shewn it neurophils inomilk ingest and k0T (owe
stphylorined thal seunephils in sorunn This is not doe 1o a hak of opwmin, slive
neniophils in whey ingest staplilsveed an oifiientdy as in smun {Runedl ¥ Reier,
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1975), bui iy dut to the prosence by nvlk ol casein micelles and Lt globales wiiely are
i ngested by neutraphils and cxlunase the colls by diverting the dischmpe of granules
i inta plagulysneowses that rontiin easchy av i {Psape ef o, 19752 Riowdl, Brooko: &
Reiter, 1976), D is probinble that this abonive dischagge of grseedes aveurs in wive b
3 du: derripuental efiea of the pheanmenon may he overmyed. Fhe shoet Ble-apan of
neutraphils iu the udder mens that these colls can only br dfident fr s few luns :
alter extravwsaion, Stnee newly extrevassted nesarophils mre as efficent as eleculuting . N
j vemimphils I diele bacievickdnl crpneity e sdies with easdn jod Go prioarily ﬂ'f",
o + inclicwwe that ellicion nevtiophil phagocplosts reqoires a sousiant Bow of new innture. ) gt ’.n
- neurrophils fuer the alwolar honen, The studies with enscin have adso shown dat 4 ".‘! v
thare is no it in degranulation Gllowing ingestion of spaphydecosed. (Rusaell, s, . ,*,’['
A Brooker % Refier, 1077), Degramalsdon ocours veornadly, 1 appess 100 be s ‘ 6L N
i clrnwataistic of vieulen staphylocand dan 1hey survive in plagisomes o which the T iR
4 conteuts of granules have beos dischaged, ’ A ¥
g "The eonserpenes of ingesiion of saphyloroce by 3 newrophil are llusicited In . * ®
7 e 1, . .. by
3 IMMUNIZATION I
’ Procerion by immurdzitian s wlways nchicved by wdlidng and enliieing thw naurel
i wethod by whids 2 host would defend el mgainat disease. An umleisznding ol the 5
H way in winch a discase is produeed and keeawledge of the host defenee srvvlanisns are :
3 therefore prerequishes of any raions! nitcanpt at Bmmmization, For cxmuple, sinee . : -:
b tetanus ks caused by a ueurutuzin produced by growth of CLL L2tani in an arca al'tisve :'
‘ in which (here s & redured onygen potential, immumization cn be elleadd by ;_-‘

presenting the 1oxin 10 the host fu a2 aos-uxic but ingrunogenic form so it
*eniibonlics are made against thr toxin aud sre imosdiately avaltible w neuatize the
inxin should it he provterel in ibe bose, The method by which the nummiary glarl
defends Jusell agaim smphylococe has been mnlined: ellective inmumissiont ¢
operare only by enhanding some stage n the it inechanisin ol host defence.
“there §s, however, a consuaing. Tu doe development of'a defithion of nmsiicls sress
" liag been Inzewsingly hid on the prosence of poremially pathogenic Lneteria and
clovied milk somigic celf cannts in asceptically cunpled foremilk, ofien in the ahsenre
uf dlinical signs. Thus the Intemational Dairy Fetleratiun says ‘in all (hese definitiony:
{nunmil uddrrs, atent infecion, subdinieal, clinical and ehranicmaseitis) the oall conm
‘ol the: milk is tha mioat fmportant criterion, ¥s the thresliold vaine of noraml fmrmilk b
vevognized a¢ bring no higher than 500000 celle/ml” (A, Rull., 1971). Thiz is not an
arbioary figyre but is the upper value of two standud Jeviations about 2 mean il
counf which was the poin at which rising cell count roinaded with deviations lron
nonnal values of sodium, potassiun, chioritle, lactase aid whey nitvcogen in neilk and
ol wilk yichd, and which indieated secretory disturbancrs it the mawanay parenctiposit .
{Keichnnarh, 1975). While there iy be objectiuns tn the amphasis lald e souradic ocll N
eous in diagnosing nestids in Individual aws (Giesecke 5 van den Heever, 1974) the v
value of bulk-indk sosmtic cell rownts, despite thete lulwudons (Wright, 1977}, should #;ut'
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IMNARIZATION ACAINST STAPUYLOCOCCAY. MASTITIS 414

ell Jevels’ (Reichimandy, “Tolle 2 Whitdestone, 1976), then it Breomes evidem tsan ihe
naternl defence ncchanian of e monmary gland anuot ke used, whether oF w
euledeed by inmazization, 1o prevest masiitis sfoce it i e delence oystent thar is
delived ax he diawace. Inununizaion, whith cannot opaaie other thap through the
mtued defence system, must of necossity enction, when she umnimary glaud s
challenged by staphylocecc, ﬁay crvating the vespmnse” (nnoihis) it s diccetad
I”\'W.'lll.

The protidein is wn removed by redefining ssstitls; Gie denination hetween
“infection” sud “inflatrstton’ of the wdder 5 not 8t issoe, The emplusis on sumaric
erll igmbiens ity definition of insstius has mavely bigh-lighted the problan, The
only iolamumaery response under cunsidemdon 33 thin due 1o Bwesion of the
nenpncay hand by staphylomoc. Braend 8 Newhould (1568) showrd shat when small
myubess of maphylocuod woere infiwed fmo the udder inflommption invariably
wesulienl andd. following Infusion of saphylocard, there wes never inflamuiation
without infietion {Newbould & Neave, 1965). IF manitis i defined only in wons of
isnlation of stuphylacas s (Neave, 1975) then the defones tysiem is no longer cefined
ad the disemsr, b an inflanivaory sexponse wld iwolation of haretia s so
inertdeatily banad shay dw avgumen sl fulds de challeige ol she sy gland
ol inmuizest aubels moa resulin mastiiy,

ot definitini of mastits, whether in rmy of sorgtic cell numbers (Ann, Ball.
1871), baetertul icoistion (Oriflin e al., 1977) or a combimiion of hmb Poarson &
tircr, .1974), indieare the high sapdardy dananded of normel mik and whids
inuizacion mvn saisly w be suecessful,

POSSUNLE 1Y PES OF IMMUNITY
“There are live stages in the delernoe spaam that miglbe enhanced by innnvubcion.

bo Nrateophil recviciteend .
Stnee veernltnem of neutvophils is dopendent opon the elabmation of chermizcic
Butins by uwilliplying suphylocosr there §s » delay baween (e gy of the
ongudiseg i e gland and the arvival af ncull'ﬁrhﬂ!. *Pargowskl & Dernsu (1975)
ninervecl dnn the leucotyie reponse 1@ a by inteseanary infusion of
staphykwaceal sutdgene jn lazating cows, previously pacaterlly vaccimied with
kil eells in wil-water adjuvant, was compmabile 10 th leweacpie respouss 10 o
second hnnsamimnary infision o non-vacciuaied cows. This tnercaseed and are
rapied wennaphil vesnise i sunsitied. cows was Imerproted ais an exyression of el
wrdintedd inunnity and wiggests » mehad by which aetrophil renuimen omy be
awcelezted. 1t bas alsty o argued thint petvarion of i ruiculo-cndatialinl sysiem
by staphylotin cal amigens shoadd be hrneficial in delencs against infecion {Jones.
19741, Jois seommenls the dicitalon of rell-mediawed inunity in the thy period
siuce neraphagey are more mnucrous fn e involuted udder. Hasevie ay im-
ol hﬂ#qlm_mgrﬂghﬁ_@pqgs_qip Jumsing rows, thenh il mayXurcea in
lwiiny . developigin of mipction, 15 pevethelos mastiif, 16 addidon, oc))-
wredined _i_y_ﬂ:gmy-,ha 1z Gin be heemful cuher then Ienchiial uv_lesbermroldgantly
demoiniengi in Staph, mesus infetiung in mine Wesnnon & Glynn, 1975), sul bows
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Targoweski ke Berman (1975) and Jowes (1974) are guntdex] in sheir reconanendation of
this form ol dwtwpy. '

2. Andi-toxin inmynily ,

“Togius, capecially alplw vodn, play un inporinnt past in saphylteoccal neetids il
it would scem Togical 1 fuenrporsue ther in toxeicesd ferem @ vactine. Eloweien.
syr wadorstanding ol dye role of wipha oxin i tha its producrion §s o weondiad event
in the pathogencsiz of the disease (Andevson, 1976). Alpha 1oxin i produced and
relezgest only wwsnedh the ond of logarithmic haterial growh inoshe nunarey ghnd.
that e, w1 2 uine whes st sieencly exises, Ami-alpilv soeiu nentalizn slpha awdn:
b ean thorefure ouly anicliorate the weninal puthiological dinges iy dhe divgase wd
tin Yave Hule or oo vllect an the sstablisbuent and carly developnent of uustitis.
"Thix view is suppoted by ty bz vitfon dt in elder cows, that have higher lesels of
sernm anti-alpha wwin, the inddenc of acute ellnll opisudes B leneer 85mlng
Cavroll K Jain, 1011). : )

Anti-nlpla toxin ds prosant in oatmal milk in luwer convetitttion thun in the blood
(Fadwardds & Sirith, 1930) and b roarhes the witk in the early stiges of dissse puly
whan the epithelinl barzier §s danmged by e products of frreteniad mwwhiiplication
{Symens Re Wright, 1974). Thix 1exulis in high leveds ol mti-oxin in ik iDerbyshive,
1860a), bat aince the epithctitnm s reached there s also a neunophil Bdilasion, mul
se muustitis exists in terms of bigh somstic ol eount and of staphylooo sl excretdan.

Allhongh complicated by the inchoion of coll walls with aljilw mxing the
vicrination experirocats of Rerbyahive {1960 ilfustate the problam of immunizatin
in retaion to aut (oxin fimuunity, When non-vavcinased cows were challenged with
staphyliweorrs a gangrentus amstitis with complete Joss af seeretion developed wheredy
cirly w instlel reamsfem reaction acoyrred in the vaceinated anfmals, B is probahiie thar
thie and-alpha soxin was egmamihle for alsogating e pangenows reaction o e
secdnated cows. Neverthuless, berause of the eleimed sonsophl napense and il
tontinuedd exaretion of siaphylornedt. the reavtion in these vaecmed cows o be
clssified ar nRRitis, When rabbls thar werr immunized with highly panilied splia
tendine wore challenge) with Staph, aersns It was found thar they were pritecned against
the Tetlnl havinundupgic pedematous o of e diense tnit deey were non prnreeel
aguinst the chronie abserss foru (Adkim 22 2, 1977), Conrersely, whon goars thad were
vaccinated with 2 prepacativiu thit did not contain alplz 10xin were chadlengid with
staphiyhacore, sovee rlisical and gengrenous reactiony were oluained (Lepper. 1967).
Alplu wiin shouk! L ncorporaied in any vacine agatust waphsinvocenl inastits, bt
it ot ratinnally he wepurtol 16 o any weste than preveat avinp viinieal Qareane,
and ean Juve o ellea on civonlc ur subdinical infections,

8. Anti-baclerin impuienity

Hactericithd spdntuneey oxdsi b andlh in the foom of laofeerin and the lnae-
peroxidase-thivomsic iydrogen penssitie sysiem I, dengh these aviieons e
wedwe agaivst smphyhood @etier & Bramiey, 19751, they aee oot antibdics aml
therefore otskle due influence of menooteadon. Siesturly, (e subatances b serem
which are bacerisuic fur staphylnened are penmudly considered v be oon-amitenly
i nawre, shongy it s Jeen sugpesied van naioral aniiiody b lovolved (Eheokranz,
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Slhon & Zirca, 19711 The aibacteripl sotivity of sawim in inhibited hy rougalsge
s sivungly couulase posiive urahis of waphylocovens grow lkurivwly in serom
(Fhavetdt, 19561

As regmls sperifie amibody, it is geoerally peacpied slen Giamegasitive arguaisig
ane ot veatelily kil By che complement medhnesd baciericil setiviry of antlodics;
Loth amibesdy or connplenwm snd meweapdil ase seyuireds It seonw anlitaly,
thereliew, that a protecilvet atedianisin ran be developed which depended auly oo
wpecific asibacerial antbudy, even it aedbady coutd be pansported across an
inmet Mcrviory epithelimn, .

1. Audl-coeynen imanertily . Co

Thr exreaccliufar proteins of saphylucocd, many ol which have tixgmic propertic,
havit hiewn fmplizmed in the pathugenesis of staphylococeal sunsticis (Andvrsom, 1576).
Kuowledge of the properties of cagulie: suggesis thi it shoulil be on of 1he aiest
promisiug of neilgens. Wbs produced eavly in vhe logartiic phase of prowih and_xf i
is eiseial for growils of saphyincors i v its neutvalizadun i (his sage gyt
render suyhylococe] more vwaveptible o nou-uniibody bactericidal subsmnecs, avd 5o
prevent the esablishmen of’ infoion, Amibodies can be vuised iqgdust purificd
el (Blobel, Berusu R Shimon, 1960) b in ortler- 1w prolect the inantinary ghad
e snibody would reguive wa ie in 15G1 s e i wouldt veach the with without 2
sisltscaas nieucraphil respouse, .

Nu reeovd secns 1o exist of an atbanps o uunize agains wailis using auly
conguiase a5 amigen, Goagulise was incofporaicd I 8 vaccive shat v sested o goats

Inyt Derdyshive imd Helliwell {1962) ware ninble auribnte any prowenive offees so

dhat amigen. A vagsine which cenrained enngubase was fested i catele and, thoughi the
criteria o wliich ssastiris was diaguostd were ot deady smted, 8 reducdon o de
inrideme and cinial severity of megiie canserd by the hoaologous strain wis
rvonfed (Blobel % Berman, (9620, These was no prseuive ffect againg
hawesualugrns sersrins o saphiploencel.

5. Cpaniy impeyaity

“Fhe avaitable evidence indicates thas stapbylicocet are kitied 1 tie sy ghons!
awnst elvesively by the opsouit-newruphil sysiem. Detailed stincics in the ananonary
gl ob the mowse (Andemon 8 Clonedler, 1874) and o ity studivs whh buvine
lewcnryies [Russell of gk, 1977) show that there s wo defec in ingestion of stapbylo-
e by nenrnphils b ot degonulaton onan wihoue killing of ingested
saphyforore, *Fo be élintive fmonnkadon wust olick aatiodies which nol only
tacibicur ingrmion It also yender the sapliyloeoed sseepiible o the xetion of the
copeents of the neutrophil pramdes. . ’

T reren atnanpls 10 achiove suds an ity ave been seporierd. Watsb
(1975 shened i vitrn shst neutrophils from ewes shat danl bren fufecud with
stapiyloyend iy well as innculired with Rillal waphylonsce wene aore plaagoeyl i Ty
stphylococd dan nctiophils Fome cwes it had rercived  anly the killed
staphylocore. The enhanced phagoeyiasis (killing) s By shawn 4o I due lu‘:n
eytophllie opsanin which eonter) the nestregsints and whic h befongedd o e dass 1g6G2
[Wetbaanl, 1976). As ot §¢ s vt cdeaw whinn antigen i dhe seplicating sisphylocore
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respanaible for the cpophilic anribady el whether the purifind awigen will be
sulliciently innannogenic, Huweer, w lwaion i vien G2, whicl condi anly me
the aiveoby lunkem in large quauntity by untsadadon sinee &t is not the predorshane
antlbody to B selettively transferved senve the eplheien, ogettrs witle e ophils
would requive o arcumulote In dw abwenlar hanen W respense 10 oepli adng
stphylocoes, Phat ks, innunizatian would work by evaking masiiti, albeit endasned
trastilis,

Brock, ‘Turvey & Relter (1973) showe thay i Saph. agrews wits grown fa high wili-
high varbohydeae eedin jalogows to sailk its vivabem e was i cerd beranse aof ihie
Pruduction of caracelludar sline, 17 Is posihile that the slinge acrs 2 2 pscuchs ropeufe
and wskes stwne stvaing more resisiane m klling Ly seueophits, Antibody 1o this ce-
i ednlar stinie stusubd therefore eneinee the oponit-neviraphil sysiein. Bawee,
when cows were injeaied with dead siaphyloceeel preparey] Toum high <ali-high
rbbiyrdeate incdium and ehalienged, thest was ne ovidense ol s psistunre (o inleciion
ek, Steo! X Reiler, 1975), Vaceimation did not tooult fn higher Jevels of -
nuinglobulin in seruw, colostrun or milk as cenpared o cantrols Jrospite & ddgraods
vecinattion schodude that invelved Prevd's sdjuvant and intrrsionsery as well as in-
trsnscular Injedous Tn the swdy inliviion” was ot denrly delined bag the
mewtvaphil neponse aod the exeretion of maphyloceeri in e cows tha were
vaccinated ml chialfenged was presumahly suflicient o consitiee rmsitia,

The proklenr of wmmization agrinst staphylococeal masthis iy fllusrated in the
dewmiled sudy by Singleton & al. (1987). Teichiole aid v Justilicd as antigon it
pots weddved Lhree doses of wnilgen with adjuvane by the subcutnneus rouns Three
ol the she challmged vaceinased goaty were,mid ta be immune, Nowerver, cxamimating
ol the duty for thexe three goats shows thu following ciollmge the awanlpn of
ueutroplils in the milk was high and tha stphylocoerd were excrorend dralie milk for
at least & wiwk. Therelore by current standards chse ‘e’ goaw oast e deemeed
i have sttt )

) TONCLUSION
{t is normal to diic the disparity of auigenic ypes, e need 1o identify vialenes
Eartorx aoul minke siShcrive antigenic prepamiions, snd the kick of » propes inosadirien
ronte and fime scedule in reluion to the faclation cycke 25 aavang the ihacder 10
immunizsion sgaiust maphylococtal mumtitis in duiry rows. ‘these Mlicaltios tngetber
with the fir tliaz masritls can Le anesed by saveral hpoterind species othier daan Sirh,
anreas, msy he thesclves swflicent o prevene the formulatkas ol aw ellfective and
acreprable vacring sgalnot rastitis. But theye is a wore fandamental profilem which is
particulardy relevam to inmunization agabist siaphylecoreal masiitis, muonely, e the
fvasion o the mammiry gland Ly pathogenke supliylocaced sesuls i
nflmmmtory respenise whicl a 4 niilk senmatie coll conne tegtier wich exrelkon of
staphylorond are criteria of mastitls. But the inflanumatoty response is the natorl
miechanism by which the mam gland defends Teell againgt staphylocock aml
immniztion can only Fanctiom by adiancing shis nedaoism, 1 ix thendone
inevitsble thas the cewcilun in e Inmmnnieed gland w fnvision by staphylucen ¢ will
crustitute mastitis, Only when protertion en be achicvedd by elicitivg an inflsunimory
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response which fs hsullicient o constinue subcinical mastitis, will aanuniarion
agsthist hicrvine ostitls have wooeeeded.
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[57] ABSTRACT

The subject invention concerns novel methods and
compositions for thrombolytic therapy. More specifi-
cally, a receptor with high affinity for plasmin has been
characterized, purified, cloned, and expressed. This
receptor can be used in combination therapies where it
is administered prior to, concurrently with, or after a
plasmmogen actlvator Also. b

pemﬁns to 8 novel m:mobahzed form of plasmin which
advantageously accumulates at the point where antifi-
brinolytic activity is needed.
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1

BACTERIAL PLASMIN RECEPTORS AS
FIBRINOLYTIC AGENTS

CROSS-REFERENCE TO A RELATED
APPLICATION

This is a continuation-in-part of our co-pending appli-
cation Ser. No. 07/524,411, filed May 16, 1990; now
U.S. Pat. No. 5,237,050 which is a continuation-in-part
of application Ser. No. 330,849, filed on Mar. 29, 1989,
now abandoned.

BACKGROUND OF THE INVENTION

Ten years ago, the food and drug administration first
approved the use of plasminogen activators for throm-
bolytic therapy. It was originally recommended for the
treatment of deep-vein thrombosis and serious pulmo-
nary embolisms. This approach is now also used for
treating acute peripheral arterial thrombosis and acute
coronary thrombosis and for solubilizing clots in cathe-
ters and shunts.

With the development of recombinant DNA technol-
ogy and the cloning and expression of tissue plasmino-
gen activator (TPA), we have now entered a new age
for thrombolytic agents with unique physiological

roperties and therapeutic promise. The original plas-

inogen activators that have been used clinically were
streptokinase and urokinase. These agents produced in
the patients a generalized lytic state which had a variety
of side effects that were not directly targeted at solubi-
lizing the fibrin clot. Tissue plasminogen activator,
because of its fibrin binding capacity, enhances the se-
lectivity of these agents for fibrin degradation. It is thus
being greeted with great fanfare as the new generation
of fibrinolytic agents.

Tissue plasminogen activator is not without its poten-
tial side effects, and, furthermore, its cost is prohibitive
for ‘use in many settings. For example, the V.A. in
Gainesville will not authorize tissue plasminogen acti-
vator therapy over streptokinase therapy because of its
enormous cost. Furthermore, the application of this
fibrinolytic therapy to domestic animals or food pro-
duction animals is limited by the enormous cost.

It is clear to most experts that the wonder drug nature
of tissue plasminogen activator has been highly over-
rated. TPA has been found to have a very short half life
in the body. Also, pharmacological doses of tissue plas-
minogen activator produce a significant bleeding risk
for the patient, and in the case of coronary artery
thrombosis, re-occlusion of the blood vessel following
successful clot lysis occurs in a significant number of
patients. The need for an inexpensive, and perhaps even
better form of treatment is clearly evident. The use of
combination therapies whereby existing compositions
and methods are integrally linked in novel ways with
new materials and procedures could enhance the effec-
tiveness of plasminogen activators and possibly reduce
the amount of plasminogen activator needed to achieve
the desired results,

Recently, we have described in our laboratory the
presence of a selective, high affinity receptor for human
plasmin and other species of plasmin on the surface of
certain group A streptococci (Lottenberg, R, C. C.
Broder, M. D. P. Boyle (1987] Infect. Immun.
55:1914-1918). Group A streptococci cause pharyngitis
and invasive infections such as cellulitis and bacteremia
(Bisno, A. L. [1991] New Engl J. Med. 325:783-793),
There has been a recent increase in invasive group A
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streptococcal infections occurring in healthy individu-
als. Also, group B streptococci are important pathogens
for pregnant women. Sraphylococcus aureus, another
gram-positive bacteria, is another invasive pathogen for
immunocompetent hosts. Effective vaccines to protect
against infection by these organisms are not currently
available.

The biochemical interactions occurring at cell sur-
faces between bacterial membranes and their surround-
ings are complex and not well understood. Certain bac-
terial surface structures and secreted products have
been suggested to contribute to tissue invasion. One of
these secreted products, streptokinase, is a plasminogen
activator and converts the host zymogen plasminogen
to the active protease, plasmin (Siefring, G. E., F. J.
Castellino [1976] J. Biol. Chem. 251:3913-3920). Al-
though classically described as the enzyme responsible
for fibrin degradation, plasmin is a serine protease with
trypsin-like specificity and has activity for a broad
range of substrates. Plasmin can degrade several mam-
malian extracellular matrix proteins, such as fibronectin
and laminin, and can enhance collagenase activity (Li-
otta, L. A., R. H. Goldfarb, R. Brundage [1981] Cancer
Res. 41:4629-4636). Therefore, the ability to generate
and capture active plasmin may contribute to the inva-
sive propensity of certain streptococcal strains. The
interaction of plasmin with group A streptococci has
high affinity (K4, 10—19M) and is specific for plasmin,
with no significant binding demonstrated for structur-
ally related proteins (Broeseker, T. A., M. D. P. Boyle,
R. Lottenberg [1988) Microb. Pathog. 5:19-27; DesJar-
din, L. E.,, M. D. P. Boyle, R. Lottenberg [1989]
Thromb. Res. 55:187-193).

As described herein, the plasmin receptor of the sub-
ject invention has significant similarity to the glycolytic
enzyme glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). GAPDH is a key enzyme involved in glu-
cose metabolism and has been the subject of many ge-
netic studies. Multiple copies of GAPDH genes have
been identified for mammals, with many described as
pseudogenes (Piechaczyk, M., J. M. Blanchard, S.
Riaad-El Sabouty, C. Dani, L. Marty, P. Jeanteur
[1984] Nature 312:469-471). Multiple GAPDH genes
have also been identified for E. coli, Trypanosoma brucei,
Saccharomyces cerevisiae, and Drosophila melanogaster
(Alefounder, P. R, R. N. Perham [1989] Mol. Microbiol.
3:723-732; Holland, J. P., L. Banieniec, C. Swimmer,
M. J. Holland [1983] J. Biol Chem. 258:5291-5299;
Michels, P. A. M., M. Marchand, L. Kohl, S. Allert, R.
K. Wierenga, F. R. Opperdocs [1991] Eur. J. Biochem.
198:421-428; Tso, J. Y., X. -H. Sun, R. Wu [1985] Nu-
cleic Acids Res. 17:1251). E. coli and T. brucei each have
two GAPDH genes with significant differences in de-
duced amino acid sequence (Alefounder et al., supra;
Michels et al., supra); however, the translated product
of the second E. coli GAPDH gene has not been re-
ported. One of the trypanosomal isoenzymes is local-
ized in the glycosome, a specialized metabolic organ-
elle, while the other GAPDH is found in the cytoplasm
(Lambier, A. -M., A. M. Loiseau, D. A. Kuntz, F. M,
Vellieux, P. A. M. Michels, F. R. Opperdoes [1991]
Eur. J. Biochem. 198:429-435).

In addition to its usual intracellular location,
GAPDH has been identified on the surface of hemato-
poietic cells and Schistosoma mansoni, an invasive para-
site (Allen, R. W, K. A. Trach, J. A. Hoch [1987] J.
Biol. Chem. 262:649-653; Goudot-Crozel, V., D. Cail-
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lol, M. Dijabali, A. J. Dessein [1989] J. Exp. Med.
170:2065-2080). Allen and Hoover ([1985] Blood
65:1045-1055) characterized a membrane-associated
37,000-M, protein expressed by the erythroleukemic
cell line K562. Peptide mapping and molecular cloning
studies revealed the protein to be homologous to
GAPDH (Allen, Trach, and Hoch, supra). A similar
finding has been reported for the blood fluke responsi-
ble for abdominal schistosomiasis (Goudet-Crozel et al.,
supra). A 37,000-M, surface immunogen of S. mansoni
was characterized by isolating the cDNA encoding the
protein, The deduced amino acid sequence had signifi-
cant homology to that of human GAPDH. Like the
recombinant plasmin receptor protein (Plr), neither of
these surface proteins had domains corresponding to
previously described membrane-anchoring structures
(Blobel, G. [1980] Proc. Naitl. Acad. Sci. USA
77:1496-1500; Ferguson, M. A. J., A. F. Williams [1988)
Annu. Rev. Biochem. 57:285-320). Interestingly, Hek-
man et al. (Hekman, W. E., D. T. Dennis, J. A. Miemyk
[1990] Mol Microbiol. 4:1363-1369), while studying the
expression of recombinant plant GAPDH in E. coli,
were able to target the protein to the outer membrane
by genetically fusing the signal sequence of E. coli
OmpA to Ricinus communis GAPDH. Pancholi et al.
have recently reported the isolation of a 39 kD surface

rotein with GAPDH activity from a group A strepto-
occi (Pancholi, V., V. A, Fischetti [1992] “A Novel
Multifunctional Surface Protein (MFG) of group A
Streptococci,” Abstract No. B-252, Abstracts of the
General Meeting 1992:68).

GAPDH from streptococci has not been isolated or
characterized, and the relationship of the plasmin recep-
tor to the glycolytically active enzyme remains to be
seen.

BRIEF SUMMARY OF THE INVENTION

The subject application pertains to novel composi-
tions and methods for thrombolytic therapy. A receptor
for human plasmin has been identified, purified, charac-
terized, cloned and expressed. This receptor has been
found to bind with very high affinity to plasmin. When
bound to the receptor, plasmin retains its enzymatic
activity but is not regulated by a2 antiplasmin.

The isolation and purification of the plasmin receptor
protein makes it possible to administer novel composi-
tions and treatments to achieve fibrinolytic activity.
Specifically, the receptor protein can be used in combi-
nation with existing plasminogen activators in ways
which enhance the usefulness of the plasminogen acti-
vators while minimizing the negative aspects of these
agents. For example, by concurrent or sequential ad-
ministration of plasminogen activators and the receptor
protein it is possible to prolong the effects of the plas-
minogen activator. The prolongation results from the
binding of the receptor molecule to free plasmin pro-
duced by the activity of the plasminogen activator.
Once the receptor binds with high affinity to the plas-
min, the plasmin is no longer inhibited by a2 antiplas-
min. In this fashion, the amount of plasminogen activa-
tor needed to achieve the desired plasmin activity can
be reduced and the disadvantageous effects of the short
half life of the plasminogen activator can be minimized.

Immobilized or receptor-bound plasmin can be used
in conjunction with the administration of streptokinase,
urokinase, tissue plasminogen activator, or other plas-
minogen activators. The use of our novel plasmin con-
structs in such a treatment regimen can help to prevent
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re-occlusion of blood vessels, while the reduced con-
centration of the plasminogen activator lowers the risk
of bleeding.

Furthermore, the receptor molecule can be conju-
gated to a2 monoclonal antibody specific for fibrin. In
this way, the plasmin can be targeted to the fibrin clot
where the fibrinolytic activity is needed. Also, this will
help to reduce the amount of plasmin circulating freely
in the blood system.

In another embodiment of the subject invention, plas-
min can be bound to the receptor before administration
to the human or animal in need of thrombolytic activity.
Plasmin bound to the receptor will supply the fibrino-
lytic activity without being rapidly inhibited by a2
antiplasmin.

The subject invention further concerns a process
which comprises treating a human or animal in need of
fibrinolytic activity with bacteria comprising a selec.
tive, high affinity receptor for plasmin, human and oth-
erwise. Exemplified herein is the use of a group A strep-
tococcus receptor which binds human plasmin with,
advantageously, & very high affinity and a very slow
off-rate. This form of immobilized plasmin has a number
of potential applications for thrombolytic therapy, not
only in man, but also in animals.

Further aspects of the subject invention pertain to the
essentially pure plasmin receptor and the DNA which
codes for this protein. The plasmin receptor of the sub-
ject invention can be purified from certain bacteria as
described below. Also, the receptor can be produced by
recombinant techniques using novel clones which ex-
press the receptor. The receptor is a M,~41,000 dalton
protein that is distinct from the M,=47,000 streptokin-
ase molecule produced by the same bacteria. Unlike the
streptokinase, the plasmin receptor protein lacks plas-
minogen activator activity.

Yet a further aspect of the subject invention pertains
to the use of the plasmin receptor as a vaccine to raise
an immune response to group A streptococci (GAS)
infections and a potentially broad range of infections
associated with pathogens expressing GAPDH or
GAPDH:-like proteins at the cell surfaces.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows the restriction map of the 2.7-kb EcoRI
insert of pRLO15. Restriction enzyme recognition sites
are indicated. The location of plr is denoted by the
hatched box. The arrow indicates the orientation of the
open reading frame.

BRIEF DESCRIPTION OF THE SEQUENCES

COIMIOE

INVENTION

One of the major problems with plasminogen activa-
tor administration is the lytic state that accompanies
injection of high concentrations of streptokinase or, to a
lesser degree, tissue plasminogen activator. This is due
to the generation of plasmin from the plasminogen as
the activators circulate throughout the human or ani-
mal. Tissue plasminogen activator has a certain affinity
for fibrin that allows activation to occur preferentially
in the region of the clot.
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The purified plasmin receptor of the subject inven-
tion can be used in combination with plasminogen acti-
vators to produce the desired thrombolytic activity.
Advantageously, the use of plasmin receptors can be
used to reduce the amount of plasminogen activator
needed to achieve the necessary activity. By binding
with plasmin generated by plasminogen activators, the
receptor is able to greatly prolong the effect of the
plasminogen activator. The adverse effects of the short
half-life of plasminogen activators are thereby mini-
mized. When the receptor binds to plasmin, the plasmin
retains its enzymatic activity but is not inhibited by a2
antiplasmin. Also, the receptor can be conjugated to
antibodies which serve to target the enzymatic activity
of the plasmin to the blood clot where activity is
needed. The use of this combined therapy of plasmino-
gen activator and plasmin receptor facilitates a much
more efficient treatment for blood clots. The combined
therapy minimizes the deleterious effects which accom-
pany current thrombolytic therapies.

An alternate form of therapy involves the administra-
tion of plasmin already bound to the receptor. The
receptor may be purified or still associated with the
bacteria surface. Plasmin associated with a bacteria
circulates freely in the bloodstream until cleared by the
seticuloendothelial system and, by virtue of its particle

e, it can accumulate in arcas where blood clots have
ormed. Once there, the bacterium-bound enzyme can
degrade the fibrin and clear the clot. The bacteria then
continue to circulate until the reticuloendothelial sys-
tem clears the organisms. Our findings that the plasmin
receptor is extremely stable and is present on non-viable
bacteria makes this approach particularly attractive. It
enables micromolar quantities of plasmin to be immobi-
lized on bacteria by adsorption. The bacterial bound
plasmin can then be administered intravenously without
significant toxicity. The organisms, being non-viable, do
not present any risk to the human or animal patient, and
the potential for clearance of the organisms following a
reasonable half-life in the plasma, would be anticipated
by virtue of the normal reticuloendothelial cell function
of the human or animal.

Although a pathogenic group A streptococcus is
exemplified herein, plasmin receptors have also been
identified on a number of other organisms including
isolates that, even when vxable. are not human patho-

Iy:ica as wen as Staphylococcus aureus xmcroorgarusms
can be used. These organisms are well-known in the art
and are illustrative, but not exhaustive, of the microor-
ganisms which come within the scope of the subject
invention.

The major advantage of using plasmin bound to bac-
teria is the ability to produce a fibrinolytic agent that
has selectivity towards the clot, and would not result in
a widespread lytic state, all of which can be achieved at
a very moderate cost. In addition, the bacterial plasmin
receptor has been shown to bind not only to human but
other species of plasmin, thereby enabling this approach
to thrombolytic therapy to be extended to domestic and
food producing animals.

Of particular interest in this regard is a major eco-
nomic discase in cattle which involves fibrin pneumonia
that occurs in cows infected with Pasteurella haemolyt-
lca. This is 2 major killer of animals, particularly those
suffering from immunosuppression as a consequence of
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viral infection. This is particularly important in feed lots
and under conditions where large numbers of cattle are
housed together. There is a great need for the ability to
treat the fibrin deposits in the lung, which ultimately
suffocate the animal, by aerosol treatment with a plas-
min-bacterial complex. In addition, situations for which
thrombolytic therapy has been used in human medicine
could now be applied to similar situations in animals.

Among the advantages of using bacteria coated with
plasmin, are (1) the increased selectivity achieved by
immobilizing plasmin in a non-regulatable form on a
parucle that would circulate with a predictable half-life
in the serum of an individual animal; and (2) the low
cost, which would then enable the approach to be used
for animals as well as man.

We have isolated and analyzed plr, the gene encoding
a group A streptococcal plasmin receptor. By screening
a A gtll expression library with antiplasmin receptor
antibodies, we identified a plasmin receptor gene within
a 2.7-kb streptococcal DNA fragment. This fragment
was subcloned into a low-copy-number plasmid, and
the receptor protein was stably expressed in E. coli
under the control of putative streptococcal promoter
elements. The recombinant receptor protein demon-
strated immunoreactivity and plasmin-binding activity.
We determined the nucleotide sequence for plr and
upstream elements of the structural gene. An open read-
ing frame of 1,008 bp was identified. The 40.5% G+C
content of pir was slightly higher than the 35 to 39%
reported for group A streptococcal chromosomal DNA
(Hardie, J. M. [1986] “Genus Streptococcus,” pp.
1043-1071, In J. G. Holt et al. (eds.), Bergey’s manual of
systematic bacteriology, Williams & Wilkins, Baltimore).
The deduced amino acid sequence was identical for 74
amino acid residues at the N terminus as well as three
cyanogen bromide fragments obtained from the native
streptococcal protein. The amino acid sequence ob-
tained for the streptococcal receptor protein revealed
that the initial methionine residue is cleaved.

The deduced amino acid sequence for the recombi-
nant plasmin receptor protein (Plr) was compared with
published sequences for other proteins. Plr exhibits
significant similarity to the glycolytic enzyme
GAPDH, reported for a number of prokaryotic and
eukaryotic organisms. The best match was with B. subd-
tilis (56% identical and 73% conserved amino acid resi-
dues). GAPDH from streptococci has not been isolated
or characterized, and the relationship of the plasmin
receptor to the glycolytically active enzyme remains to
be defined. However, the extensive amino acid homol-
ogy and similar hydropathy plots for Plr and B. subtilis
GAPDH strongly suggest that Plr is a member of the
GAPDH family of proteins. Furthermore, preliminary
analysis of the recombinant protein revealed that Plr
has GAPDH enzymatic activity.

The clones have been transformed into and expressed
in E. coli. An Escherichia coli host containing the clones
has been deposited into the permanent colliection of the
American Type Culture Collection (ATCC), 12301
Parklawn Drive, Rockville, Md. 20852 USA. The cul-
ture has been assigned the following accession number:

Culture ATCC Designation

Escherichia coli, 69415
chi 6060 (pR1O15)

Deposit Date
December 9, 1993
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The subject cultures have been deposited under con-
ditions that assure that access to the cultures will be
available during the pendency of this patent application
to one determined by the Commissioner of Patents and
Trademnarks to be entitled thereto under 37 CFR 1.14
and 35 USC 122. The deposit is available as required by
foreign patent laws in countries wherein counterparts of
the subject application, or its progeny, are filed. How-
ever, it should be understood that the availability of a
deposit does not constitute a license to practice the
subject invention in derogation of patent rights granted
by governmental action.

Further, the subject culture deposits will be stored
and made available to the public in accord with the
provisions of the Budapest Treaty for the Deposit of
Microorganisms, i.e., they will be stored with all the
care necessary to keep them viable and uncontaminated
for a period of at least five years after the most recent
request for the furnishing of a sample of the depaosit(s),
and in any case, for a period of at least 30 (thirty) years
after the date of deposit or for the enforceable life of
any patent which may issue disclosing the cultures. The
depositor acknowledges the duty to replace the deposits
should the depository be unable to furnish a sample
when requested, due to the condition of the deposits.

Il restrictions on the availability to the public of the

bject culture deposits will be irrevocably removed

pon the granting of a patent disclosing them.

In addition to the plasmin receptor amino acid se-
quence disclosed herein, the subject invention further
comprises equivalent plasmin receptor proteins (and
nucleotide sequences coding for equivalent proteins)
having the same or similar biological activity of the
plasmin receptor exemplified herein. These equivalent
proteins may have amino acid homology with the pro-
tein disclosed and claimed herein. This amino acid ho-
mology will typically be greater than 75%, preferably
be greater than 90%, and most preferably be greater
than 95%. The amino acid homology will be highest in
certain critical regions of the protein which account for
biological activity or are involved in the determination
of three-dimensional configuration which ultimately is
responsible for the biological activity. In this regard,
certain amino acid substitutions are acceptable and can
be expected if these substitutions are in regions which
are not critical to activity or are conservative amino
acid substitutions which do not affect the three-dimen-
sional configuration of the molecule, For example,
amino acids may be placed in the following classes:
nonpolar, uncharged polar, basic, and acidic. Conserva-
tive substitutions whereby an amino acid of one class is
replaced with another amino acid of the same type fall
within the scope of the subject invention so long as the
substitution does not materially alter the biological ac-
tivity of the compound. Table 1 provides a listing of

examples of amino acids belonging to each class.
TABLE 1

Class of Amino Acid  Examples of Amino Acids

Nonpolar Ala, Val, Leu, Ile, Pro, Met, Phe, Trp

Uncharged Polar Gly, Ser, Thr, Cys, Tyr, Asn, Gln

Acidic Asp, Glu

Basic Lys, Arg, His

In some instances, non-conservative substitutions can
also be made. The critical factor is that these substitu-
tions must not significantly detract from the biological
activity of the protein. It has been shown that proteins
of identified structure and function may be constructed
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by changing the amino acid sequence if such changes do
not alter the protein secondary structure (Kaiser, E. T.
and Kezdy, F. J. [1984] Science 223:249-255). Thus, the
subject invention includes mutants of the amino acid
sequence depicted herein which do not alter the protein
secondary structure, or if the structure is altered, the
biological activity is substantially retained.

The genes and proteins according to the subject in-
vention include not only the full length sequences dis-
closed herein but also fragments of these sequences, or
fusion proteins, which retain the characteristic recep-
tor-binding or GAPDH activity of the proteins specifi-
cally exemplified herein.

It should be apparent to a person skilled in this art
that genes coding for receptor-binding proteins can be
identified and obtained through several means. The
specific genes may be obtained from a culture deposi-
tory as described herein. Alternatively, these genes, or
portions thereof, may be constructed synthetically, for
example, by use of a gene machine. Variations of these
genes may be readily constructed using standard tech-
niques for making point mutations. Also, fragments of
these genes can be made using commercially available
exonucleases or endonucleases according to standard
procedures. For example, enzymes such as Bal3l or
site-directed mutagenesis can be used to systematically
cut off nucleotides from the ends of these genes. Also,
genes which code for active fragments may be obtained
using a variety of other restriction enzymes. Proteases
may be used to directly obtain active fragments of these
proteins.

Materials and Methods

Bacterial strains, plasmids, and media. Group A
streptococcal strain 64/14 is a M-untypeable clinical
jsolate that was passaged in mice 14 times (Reis, K. J.,
M. Yarnall, E. M. Ayoub, M. D. P. Boyle [1984] Scand.
J. Immunol. 20:433-439). Escherichia coli Y1090 [Ala-
cUl69 proA+ Alon araD139 strA  supF
trpC22:Tn10(Tet)(pMC9)] was used in screening the
expression library, and E. coli 6060 [F’ (traD36 proAB
lacl9 AlacZM135)::TnS (Km”)/araD139 A(ara leu)7967
AlacX74 AphoA20 galE galK recAl rpsE argE(Am)
rpoB thi] was used for transformation and gene expres-
sion. A low-copy-number plasmid pYA2204 with a
replicon derived from pREG153 (a low-copy-number
IncW vector derived from the R plasmid R388) was
used (Galan, J. E., J. F. Timoney, R. Curtiss ITI {1988]
“Expression and localization of the Streptococcus equi M
protein in Escherichia coli and Salmonella typhimurium,”
p. 34-40, In D. G. Powell, ed., Proceeding of the Fifth
International Conference of Equine Infectious Diseases,
University Press of Kentucky, Lexington, Ky.). The plr
was subcloned into the pUCS lacZ multiple cloning site
of pYA2204.

Streptococci were grown in Todd-Hewitt broth. E.
coli Y1090 for A infection was grown in 1% tryptone
supplemented with 0.5% yeast extract and 0.4% mal-
tose. E. coli x6060 was grown in L broth supplemented
with kanamycin (50 pg/ml). .

Radioiodination of proteins. Human plasminogen
isolated from plasma by chromatography on lysine-
Sepharose (Lottenberg, R., F. R. Dolly, C. S. Kitchens
{1985] Am. J. Hematol. 19:181-193) and streptococcal
protein G (Calbiochem, San Diego, Calif.) were labeled
with 1251 (Amersham Corp., Arlington Heights, I11.) by
using a mild lactoperoxidase reaction with Enzymo-
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beads (Bio-Rad, Richmond, Calif.) McCoy I1LE.,C. C.
Broder, R. Lottenberg ([1991] J Infect. Dis.
164:515-521). Plasmin was generated from radiolabeled
plasminogen as previously described (Broder, C. C,, R.
Lottenberg, G. O. von Mering, K. H. Johnston, M. D.
P. Boyle [1991] J. Biol. Chem. 266:4922-4928).

DNA.  manipulations. Streptococcal chromosomal
DNA was isolated by a modification of the procedure
reported by Hudson and Curtiss (Hudson, M. C,, R.
Curtiss II1 [1990] Infect. Immun. 58:464-470). Strepto-
cocci were grown ovemight as standing cultures at 37°
C. in Todd-Hewitt broth supplemented with 2.2 mM
Ki2HPQy. Bacterial pellets were treated with lysozyme,
mutanolysin, and pronase. The cells were lysed with
sodium dodecyl sulfate (SDS). Genomic DNA was
further purified by two successive cesium chloride gra-
dient centrifugations. Plasmid DNA was isolated by the
alkaline lysis procedure (Bimboim, H. C. [1983] Meth-
ods Enzymol. 100:243-255) and purified by cesium chlo-
ride gradient centrifugation. Restriction enzyme diges-
tions and restrictions with DNA-modifying enzymes
were performed according to the manufacturers’ rec-
ommendations (Bethesda Resecarch Laboratories, Inc,,
Gaithersburg, Md., and Promega Corp., Madison,
Wis.). A phage were isolated by the plate lysate method

cperiments with gene fusions, Cold Spring Harbor Lab-
oratory, Cold Spring Harbor, N.Y.) and then precipi-
tated with polyethylene glycol. DNA was purified by
using an anion-exchange resin (Qiagen, Studio City,
Calif.). DNA fragments of interest were recovered
from agarose gels by using GeneClean (Bio 101, La
Jolla, Calif.). Other DNA manipulations were per-
formed essentially as described by Maniatis et al.
(Maniatis, T., E. F. Fritsch, J. Sambrook [1982] Molecu-
lar cloning: a laboratory manual, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y.).

Preparation of the A gtil library. The streptococcal
genomic library was constructed as described by
Huynh et al. (Huynh, T. V,, R. A. Young, R. W, Davis
[1985] “Construction and screening cIDNA libraries in A
gtl0 and A gtll,” pp. 49-78 In D. M. Glover (ed.),
DNA cloning, IRL Press, Oxford). Chromosomal
DNA was mechanically sheared to generate fragments
approximately 2 to 7 kb in length. The DNA was
treated with EcoRI methylase, treated with Klenow
fragment of DNA polymerase to generate blunt ends,
and ligated with EcoRI linkers. Excess linkers were
removed by digestion with a high concentration of
EcoRI. The DNA was ligated into EcoRI-generated A
gtll arms and packaged into A phage with Packagene
(Promega Corp.).

Screening of the streptococcal library. The resulting
non-amplified A gt1l library was diluted in 10 mM Tris-
2.5 mM MgSQ4-0.01% gelatin-0.1M NaCl, pH 7.5, and
used to infect E. coli Y1090, yielding a density of 200 to
400 plaques per plate. The infected cells were mixed
with 0.45% soft agar, plated on 1.2% L agar supple-
mented with ampicillin (50 ug/ml), incubated at 42° C.
for 3 to 4 bours to induce lysis, and overlaid with nitro-
cellulose filters impregnated with 10 mM isopropylthi-
ogalactoside (IPTGQG) to induce the lac promoter. After
incubation at 37° C. for approximately 16 hours, the
filters were removed, washed, and blocked in 100 mM
Tris-300 mM NaCl-5 mM EDTA-0.05% Triton X-100-
0.25% gelatin, pH 7.4 (NET-gel). The filters were then
incubated with murine antiplasmin receptor antibody
(Broder et al. {1991), supra) for approximately 18 hours
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at room temperature, washed, and then incubated with
goat anti-mouse immunoglobulin G (Cappel, Organon
Teknika) for 3 to 4 hours. Antigen-antibody complexes
on washed filters were detected with 123].streptococcal
protein G. Autoradiographs were generated by expos-
ing the washed nitrocellulose filters to Kodak XAR-5
film with intensifying screens at —70° C. and then using
automated film developing. Immunoreactive plaques
were isolated and purified through two additional
screenings.

PAGE and protein blotting. SDS-polyacrylamide gel
electrophoresis (PAGE) was carried out with a 10%
(wt/vol) polyacrylamide separating gel and a 4%
(wt/vol) polyacrylamide stacking gel according to the
method of Laemmli (Laemmli, U. K. [1970] Narure
227:680-685). Gels for Western blotting (immunoblot-
ting) were equilibrated, and separated proteins were
transferred by methods described previously (Broder et
al. {1991}, supra). For studies of plasmin binding, nitro-
cellulose membranes were blocked for 1 hour at room
temperature in NET-gel buffer. The blots were then
incubated for 2 hours at room temperature with 1251-
human plasmin to identify plasmin-binding protein
bands (Broder et al,, supra). The blots were washed in
NET-gel and subjected to autoradiography at —70° C.

In vitro transcription-translation. Plasmid-encoded
proteins were generated in vitro with a DNA-directed
transcription-translation kit (Amersham). Protein prod-
ucts labeled with [33S}methionine (specific activity,
1,000 Ci/mmol; Amersham) were subjected to SDS-
PAGE and identified by fluorography with sodium
salicylate (Chamberlain, J. P. [1979] Anal Biochem.
98:132-135).

Purification of the recombinant streptococcal plas-
min receptor protein. E. coli x6060(pRL0O15) was lysed
with a French pressure cell. The resulting material was
centrifuged at 10,000 X g for 30 minutes, and the super-
natant fluids were subjected to ammonium sulfate frac-
tionation. Successive additions of ammonium sulfate
were performed at room temperature; the precipitates
were removed by centrifugation at 10,000x g for 30
minutes, dialyzed against phosphate-buffered saline, and
analyzed by SDS-PAGE and Western blotting. At 55%
ammonium  sulfate saturation, the recombinant
2x41,000-M, plasmin receptor protein remained in the
supernatant fluid, whereas the majority of E. coli prote-
ins precipitated.

DNA sequencing and analysis. DNA sequencing was
performed by dideoxy chain termination by using the
Sequenase kit (United States Biochemical Corp., Cleve-
land, Ohio) with a-35§-ATP (specific activity > 1,000
Ci/mmol; Amersham) by following the instructions of
the manufacturer. Sequences were determined by using
the universal forward primer supplied with the kit,
recessed M13 primers, and sequence-specific oligonu-
cleotides synthesized by the University of Florida Inter-
disciplinary Center for Biotechnology Research DNA
Core Liboratory. Sequences were analyzed with the
Genetics Computer Group programs (University of
Wisconsin-Madison) (Devereux, J., P. Haeberli, O.
Smithies {1984] Nucleic Acids Res. 12:387-395).

Amino acid sequencing. Mutanolysin-extracted pro-
teins (Broder et al. [1991], supra) from strain 64/14 were
subjected to SDS-PAGE. The proteins were electro-
transferred to a polyvinylidene difluoride membrane
(Immobilon-P; Millipore Corp., Bedford, Mass.) by
using 10 mM 2-(N-morpholino)ethanesulfonic acid (pH
6.0)-20% methanol as the transfer buffer. Protein bands
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were stained with Coomassie brilliant blue. The
~41,000-M, protein band, which had previously been
shown to bind plasmin, was excised. Microsequencing
by automated Edman chemistry was performed with an
Applied Biosystems model 470A gas-phase sequencer
with an on-line 12A PTH analyzer (Washington Uni-
versity Protein Chemistry Laboratory). Cyanogen bro-
mide fragmentation of the =41,000-M, protein was
performed by immersing the polyvinylidene difluoride
membrane-bound protein in 70% formic acid and treat-
ing with cyanogen bromide overnight at room tempera-
ture. The fragments were separated by SDS-PAGE and
transferred to a polyvinylidene difluoride membrane as
described above. Four peptides were identified and
sequenced at the University of Florida Interdisciplinary
Center for Biotechnology Research Protein Chemistry
Core Facility by using an Applied Biosystems model
470 sequencer with an on-line PTH analyzer.

Following are examples which illustrate procedures,
including the best mode for practicing the invention.
These examples should not be construed as limiting. All
percentages are by weight and all solvent mixture pro-
portions are by volume unless otherwise noted.

EXAMPLE 1
Human Plasminogen

’ ~ Plasminogen was prepared from human plasma by

chromatography on lysine sepharose (Sigma Chem.
Co., St. Louis, Mo. U.S.A.) and molecular sieving chro-
matography on Sephadex G-100 (Lottenberg, R., F. R.
Dolly, C. S. Kitchens ([1985] Am. J. Hematol
19:181-193). The purified protein appeared as a single
band on a silver stain of an SDS-polyacrylamide gel
electrophoresis. A given concentration of isolated plas-
minogen following activation with streptokinase dem-
onstrated the predicted theoretical amidolytic activity,
thereby confirming the purity of the isolated human
plasminogen.

EXAMPLE 2
Iodination of Plasminogen

Purified human plasminogen was iodinated by the
chloramine T method using Iodobeads (Pierce Chem.
Co., Rockford, Ill. U.S.A.) as described in Markwel],
M. A. K. (1982) Anal Biochem. 125:427-432. The la-
beled proteins were separated from free jodine by pas-
sage over a G-25 column (PD-10, Pharmacia) and col-
lected in 0.15M Veronal buffered saline, pH 7.4, con-
taining 0.001 M Mg2+, 0.00015M Ca2+, and 0.1% gela-
tin(VBS-gel). The labeled proteins were stored in ali-
quots containing 0.02% sodium azide at —20° C. The
specific activity was approximately 25 mCi/mg. The
concentration of !25I.plasminogen was determined
using a modification of a previously described enzyme-
linked immunosorbent assay (Reis, X. J.,, G. O. Von
Mering, M. A. Karis, E. L. Faulmann, R. Lottenberg,
M. D. P. Boyle [1988] J Immunol Methods
107:273-280). The ELISA could accurately measure 1
ng/mli plasminogen.

EXAMPLE 3
Generation of Plasmin

Plasmin was generated from radiolabeled plasmino-
gen by incubation with urokinase (20 units/ml, Sigma
Chemical Co., St. Louis, Mo., U.S.A.) in VBS-gel that

contained 0.02M lysine. Conversion was maximal after
30 min at 37* C. The conversion of the single chain
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zymogen molecule to heavy and light chains was moni-
tored, following reduction, on SDS-PAGE using the
method of Laemmli as described previously (Lotten-
berg, R., C. C. Broder, M. D. P. Boyle [1987] Infect.
Immmun. 55: 1914-1918). Greater than 95% of plasmin-
ogen was consistently converted to plasmin. The spe-
cific activity of labeled plasmin was therefore essen-
tially the same as labeled plasminogen.

EXAMPLE 4
Bacteria

The group AB-hemolytic streptococcal strain 64 had
been previously subjected to mouse passage (Reis, K. J.,
M. Yarnall, E. M. Ayoub, M. D. P. Boyle [1984] Scard.
J. Immunol, 20: 433-439). The parent strain (64/P), as
well as strains isolated after three (64/3) and fourteen
(64/14) passages, were grown in Todd-Hewitt broth
(DIFCO, Detroit, Mich.) overnight in phosphate-buff-
ered saline (PBS), pH 7.4, containing 0.05% Tween-20
and 0.02% sodium azide. The bacteria were heat killed
at 80° C. for 5 min, a treatment that did not alter their
plasmin binding potential, but eliminated the production
of soluble plasminogen activators which would inter-
fere with these studies. The suspension was centrifuged,
the pellet washed twice with PBS 0.02% sodium azide.
Samples were stored at —20° C. The concentration of a
bacterial suspension was determined by counting bacte-
rial chains in a Neubauer hemacytometer (Fisher Scien-
tific, Orlando, Fia., U.S.A.)

EXAMPLE 5
Effect of pH and Ionic Strength on Binding

To assess the effect of pH on the bacterium: plasmin
(ogen) interaction, 50 um of labeled plasminogen of
plasmin (approximately 2x 104 cpm) were added to 1.0
m) of VBS containing 0.05% Tween-20 adjusted to the
appropriate pH. After 15 min at room temperature, 50
pm of VBS containing approximately 107 bacteria
(strain 64/14) were added and the mixture was incu-
bated at 37° C. for 15 min. The bacterial suspensions
were centrifuged at 1000 g for 7 min to separate bacteria
from unbound labeled proteins and the peliets were
washed twice with 2 m! of VBS at the appropriate pH.
The radioactivity associated with the bacterial pellet in
duplicate experiments was measured using a Beckman
5500 autogamma counter.

Maximal binding of plasmin to the bacteria was ob-
served between pH 5 and § with approximately 60% of
counts offered being bound by the group A streptococ-
cus 64/14. In contrast, addition of labeled plasminogen
to the bacteria over the entire pH range tested (pH 5-9)
resulted in direct binding of less than 10% of offered
counts.

To assess the effect of ionic strength on the bacteri-
um:plasmin (ogen) interaction, similar studies were car-
ried out in solutions containing different concentrations
of NaCl with 0.05% Tween-20. The bacterial pellets
were washed in the appropriate NaCl concentration to
remove unbound labeled proteins.

Plasmin binding was dependent on ionic strength and
optimal binding occurred between 0.1 and 0.4M NaCl.
In this range of salt concentrations, less than 10% of
plasminogen bound to bacteria. As the ionic strength
was lowered below 0.075M NaCl, significant binding of
plasminogen to the bacteria was observed. ’
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EXAMPLE 6
Effect of Cal+ and Mg2+ on Binding

Bindings of radiolabeled plasmin to group A strepto- 4

cocci strain 64/14 was studied in the following buffers:
(1) VBS-gel containing 0.00015M Ca?+ and 0.00IM
Mg2+, or (2) metal free VBS-gel containing 0.15M
cthylenediaminetetraacetic acid (EDTA). In each case
400 ul of buffer was added to 100 ul of VBS-gel con-
taining approximately 107 bacteria and 100 ul of VBS-
gel containing 3X10* cpm of radiolabeled plasmin.
After incubation at 37° C. for 15 minutes, the mixtures
were centrifuged at 1000 g for 7 min to separate bacteria
from unbound radiolabel, the pellets were washed twice
with 2 ml of the appropriate buffer, and radioactivity
associated with the bacterial pellet in duplicate experi-
ments was measured.

The amount of plasmin bound by the bacteria was the
same in the presence or absence of divalent cations.

EXAMPLE 7
Inhibition of Binding by Amino Acids

X 104 cpm) was added to 200 ul VBS-gel containing

arying concentrations of epsilon-aminocaproic acid
(EACA), lysine, or arginine, and incubated at 37° C. for
15 min. The pH of each solution was 7.0. One hundred
pl of VBS-gel containing 107 bacteria (strain 64/14)
were then added and the mixture was incubated at 37°
C. for 15 min. The bacterial suspensions were centri-
fuged at 1000 g for 7 min and washed twice with 2 ml of
VBS-gel containing the same concentration of amino
acid present during the incubation period. The percent
inhibition of binding was calculated for duplicate exper-
iments by comparison with binding in VBS-gel alone.

The ability of EACA, lysine, or arginine to dissociate
bound plasmin from the bacteria was examined in the
following manner. Labeled plasmin was incubated with
107 bacteria in VBS-gel containing no amino acid at 37°
C. for 15 min. The bacteria were pelleted by centrifuga-
tion and washed twice with 2 ml on VBS-gel. After
determining the radioactivity associated with the bac-
teria, the pellets were resuspended in solutions of VBS-
gel containing varying concentrations of amino acid
(pH 7.0) as described above. The mixtures were incu-
bated at 37° C. for 15 min and washed twice with VBS-
gel containing the appropriate amino acid concentra-
tion. The radioactivity associated with the bacteria in
duplicate experiments was again measured and the per-
centage dissociated was calculated.

Binding of plasmin to the group A streptococcus
64/14 was inhibited by each amino acid in a concentra-
tion dependent fashion. Fifty percent inhibition of bind-
ing of plasmin to the bacteria was observed at an EACA
concentration of 0.15 mM a lysine concentration of 2.0
mM, and an arginine concentration of 25 mM. In similar
studies, plasmin was prebound to the group A strepto-
coccus and a concentration dependent elution of bound
radiolabel was observed on incubation with EACA,
lysine, or arginine. The concentration of amino acid
required to elute 50% of the bound plasmin was approx-
imately equivalent to that required to inhibit plasmin
binding by 50%.

I Labeled plasmin (100 ul containing approximately
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EXAMPLE 8
Determination of Kp and Receptor Density

Labeled plasmin (25,000 to 250,000 cpm) in 100 ul of
VBS-gel was added to 3 X 106 bacteria in 300 ul of VBS-
gel, pH 7.4, and incubated at 37° C. for 15 min. The
bacterial suspensions were centrifuged at 1000 g for 10
min and washed twice with 2 ml of VBS-gel. Experi-
ments were performed in triplicate. Total binding was
determined by measuring the radioactivity associated
with the bacterial pellet when only labeled plasmin was
offered. Non-specific binding was determined by pre-
incubation bacteria at 37* C. for 15 min in VBS-gel, pH
7.4, containing unlabeled plasmin at a 100-fold molar
excess of the labeled plasmin. Specific binding was cal-
culated by subtracting non-specific binding from total
binding for each amount of labeled plasmin offered. The
amount of free labeled plasmin was calculated by sub-
tracting the amount of specifically bound labeled plas-
min from the total amount of labeled plasmin offered.

The apparent dissociation constant (Kp) was deter-
mined by two methods. A non-linear least squares anal-
ysis of the total counts offered vs. the counts bound fit
to the simple Michaelis-Menten equation was per-
formed (Cleland, W. W., [1967] Adv. Enzymol 29:
1-32). The concentration of plasmin was determined
specific activity for the labeled plasminogen. Scatchard
analysis (Scatchard, G., [1949] 4Ann. N.Y. Acad. Sci. 51:
660-672) of these data was also performed. Counts
bound vs. counts bound/counts free was plotted and the
slope (representing — 1/K p) was determined by linear
regression. The x-intercept (counts bound) was con-
verted to moles of plasmin. Receptor density was calcu-
lated using this value and the number of bacterial chains
offered (derived by hemacytometer chamber counts).

Plasmin which had been bound to and eluted from
strain 64/14 by treatment with lysine was also examined
in similar binding studies. Eluted plasmin was obtained
by incubating 2 ml of stock 10% wet weight/volume
bacterial suspension (strain 64/14) with approximately
20 ug of labeled plasmin at room temperature for 45
min. This suspension was centrifuged at 1000 g for 10
min and washed once with 10 ml of VBS-gel, and the
radioactivity associated with the bacterial pellet was
measured. The pellet was then resuspended in VBS-gel
containing 20 mM lysine and incubated at room temper-
ature for 30 min. The suspension was centrifuged and
the supernatant recovered. Approximately 90% of the
radioactivity originally associated with the bacterial
pellet was dissociated by the lysine treatment. The dis-
sociated plasmin in the supernatant was the subjected to
gel filtration of a G-25 column to separate lysine from
plasmin. Fractions containing plasmin were collected
and stored at —20° C.

Non-specific binding demonstrated a linear relation-
ship to counts offered and was less than 5% in all tubes.
Analysis of this data by least squares and Scatchard
analysis demonstrated a Kp of approximately
5% 10— 1M for the association of plasmin with its recep-
tor on the mouse passaged group A streptococcus strain
64/14. Scatchard analysis of the binding data indicates
that there is a single population of plasmin receptors on
streptococci, and that strain 64/14 possesses approxi-
mately 800 receptors per bacterium.
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EXAMPLE 9

Dot-blotting Procedure for the Identification of
Plasmin Receptor Activity

Bacterial extracts, chromatography fractions or stan-
dards were loaded into the wells of a dot-blotting mani-
fold in 50-200 ul aliguots. Commercially available
group C streptokinase was used as a positive plasmin

binding control in each assay. All wells were washed :

twice with 200 pl aliquots of PBS-azide and vacuum
drained. All samples were assayed in duplicate. Dot
blots were blocked in 5.0 mM sodium diethylbarbitu-
rate, 0.14M NaCl, 0.5% gelatin, 0.15% Tween 20,
0.004% NaN3 pH 7.3. The blots were probed for 34
hours at room temperature in the blocking buffer con-
taining 2.0 mM PMSF and 125]-labeled human plasmin
at 3 104 cpm/ml. The probed blots were then washed
in 0.01M EDTA pH 7.3, containing 0.5M NaCl 0.25%
gelatin, 0.15% Tween 20, and 0.004% NaN3. Autoradi-
ographs were generated by exposing the nitrocellulose
blots to Kodak XAR-S film with an intensifying screen
for 15-24 hours at —70° C. followed by automated film
developing.

EXAMPLE 10

Polyacrylamide Gel Electrophoresis and Protein
Blotting

Gels intended for Western blotting were equilibrated
in 25 mM Tris, 0.2M glycine pH 8.0 containing 20%
v/v methanol (electroblot buffer) for 25 minutes. Pro-
tein blotting, from SDS-PAGE gels, was performed
using the ‘Trans-Blot SD Semi-Dry’ electrophoretic
transfer cell (Bio Rad, Richmond, Calif.). Blots were
blocked as described for the dot-blot procedure, and
probed for 3-4 hours at room temperature with radiola-
beled human plasmin in either the presence or absence
of 1.0 mM EACA, to identify functionally active pro-
tein bands. In studies of antigenic properties of these
proteins, blots were probed with rabbit anti-plasmin
receptor antibody or anti-group C streptokinase anti-
bady by incubation with 4.3 ug IgG per ml of probing
solution (approximately a 1:3000 dilution of antisera) for
three hours and probed with 125]-streptococcal protein
G containing 3 X 104 cpm/ml. For probing with mouse
monoclonal antibodies specific for epitopes on group C
streptokinase, blots were probed with a 1:100 dilution of
the monoclonal antibody stock solution for three hours,
foliowed by probing with goat antibody specific for
mouse IgG at 1.0 pug/ml, followed by probing with
125].streptococcal protein G containing 3 X 104 cpm/ml.
Blots were then washed with 0.01M EDTA pH 7.3,
containing 1.0M NaCl, 0.25% gelatin, 0.15% Tween 20.
Autoradiographs were generated by exposing the nitro-
cellulose blots to Kodak XAR-5 film with an intensify-
ing screen for 15-24 hours at —70° C. followed by
automated film developing.

EXAMPLE 11
Mutanolysin Extraction

Generation of cell membrane fragments of strepto-
coccal cell strain 64/14 by mutanolysin generates func-
tional plasmin receptor. Additional purification of re-
ceptor is accomplished by affinity chromatography
with chemically modified plasmin (Broder et al.). The
colony blot immunoassay to monitor the expression of
Fc receptors on individual bacterial colonies is de-
scribed in Yarnall, M., X. J. Reis, E. M. Ayoub, M. D.
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P. Boyle (1984), “An immunoblotting technique for the
detection of bound and secreted bacterial Fc recep-
tors,” J. Microbiol. Meth. 3:83-93.

This procedure is a modification of the method de-
scribed by Yarnall, M. and M. D. P. Boyle (1986) “Iso-
lation and partial characterization of a type II Fc recep-
tor from a group A streptococcus,” Mol. Cell. Biochem.
70:57-66. Approximately 1.0 g wet weight of bacteria
was suspended in 5.0 ml of 20 mM KH;PO4, 1.0 mM

0 EDTA, 0.02% NaNj3 pH 7.0 containing 2.0 mM PMSF,

10 pug/ml DNAse I and 50 ug/ml mutanolysin. The
suspension was vortexed and placed at 37° C. for 4
hours with periodic mixing. Supernatants were col-
lected following centrifugation to remove bacteria and
debris. For these studies a commercial preparation of
mutanolysin was further purified according to the
method described by Siegal et al. (Siegal, J. L., S. F.
Hurst, E. S. Liberman, S. E. Coleman, A. S. Bleiweis
[1981] “Mutanolysin-induced spheroplasts of Streptococ-
cus mutans are true protoplasts,” Infect. Immun.
31:303-815) to remove contaminating protease.

EXAMPLE 12

Preparation of Iminobilized Human Plasmin Affinity
Support

Human plasminogen at a concentration of approxi-
mately 5.6X10—5M was activated to plasmin by incu-
bating the sample in the presence of an approximately
60 fold lower molar concentration of urokinase. The
reaction was carried out with constant agitation for one
hour at 37° C. in a reaction volume of 10 ml of 0.05M
Tris, 0.15M NaCl pH 7.4 containing 40 mM lysine. A 50
pl aliquot was removed and analyzed by SDS-PAGE
under reduced conditions to determine the extent of
conversion of the single chain plasmninogen molecule to
the two chain plasmin form. The remainder of the reac-
tion mixture was flash frozen, and stored at —70° C.
Preparations in which complete conversion of plasmin-
ogen to plasmin was observed were then reacted with
constant rotation with a 5 fold molar excess of D-valyl-
I-phenylalanyl-L-lysine chloromethy! ketone at ambi-
ent temperature with constant rotation. The enzymati-
cally inactive plasmin was then concentrated by ammo-
nium sulfate precipitation (4.0 g/10 ml), dialyzed at 4°
C. against 0.IM MOPS buffer, pH 7.3, containing
0.02% sodium azide. The dialyzed inactive plasmin was
chromatographed on a Superose 6 column (Pharmacia,
Piscataway, N.J.) in 0.1IM MOPS buffer, pH 7.3.

The chloromethyl ketone blocked plasmin recovered
from the molecular sieving column, was immobilized to
the activated affinity chromatography support, Affi-
Prep 10 (Bio Rad, Richmond, Calif.). This matrix cou-
ples in aqueous buffers to primary amino groups in the
ligand by means of an N-hydroxysuccinimide ester on
the end of a 10 carbon space arin. Approximately 50 mg
of inactivated plasmin in 18 ml of 0.1IM MOPS buffer,
pH 7.3 was incubated with 6.0 ml of the Affi-Prep 10
bead suspension for 15 hours with rotation at 4° C.
Following ligand coupling, 100 ul of 1.0M ethanol-
amine HCI pH 8 was added and the reaction mixture
rotated for 1 hour at 4° C. to block any remaining active
sites on the Affi-Prep 10 matrix.

EXAMPLE 13
Affinity Purification of Plasmin Receptor

The Affi-Prep 10-Plasmin matrix was placed in an
HR 10/10 column attached to a Pharmacia FPLC chro-
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matography system. The column was equilibrated at
room temperature in 0.05M Na;HPOy, 0.15M NaCl, 1.0
mM benzamidine HC], 0.02% sodium azide pH 7.2
(equilibration buffer). Approximately 1 or 2 ml of super-
natant from the mutanolysin extraction of bacterial
strain 64/14 was loaded onto the column. The column
was then washed with the equilibration buffer until the
OD323p returned to base line. The column was then
eluted with a 50 ml linear gradient of 0.0OM-0.1M L-
Lysine in equilibration buffer, or eluted in a single step
using equilibration buffer containing 0.1M L-Lysine.
The absorbance at 280 nm was continuously monitored
an 1.0 m} fractions were collected. After each affinity
purification procedure the column was washed with 20
ml of 2.0M NaCl, followed by 200 ml of equilibration
buffer and stored at 4° C.

EXAMPLE 14

Production of Polyclonal Antibodies to the Extracted
Plasmin Receptor in the Mutanolysin Extract of Strain
64/14

Polyclonal antibodies to the M,=41,000 plasmin re-
ceptor protein extracted from strain 64/14 by mutanoly-
sin extraction were prepared in both rabbits and mice.

abbits were iminunized with a gel slice from an SDS-

lyacrylamide gel containing approximately 200 ug of
the plasmin binding protein emulsified in Freund’s com-
plete adjuvant. The rabbit was boosted three times at
two week intervals with a gel slice containing approxi-
mately 125 ug of the protein emulsified in Freund’s
incomplete adjuvant. The immunogen was prepared by
separating the proteins in a mutanolysin extract of strain
64/14 by electrophoresis on 109% SDS-polyacrylamide
gels. The gel was stained to identify protein bands.
Plasmin binding proteins were identified by transferring
the proteins in one lane of the gel to a nitrocellulose
membrane and probing with 125I-labeled human plas-
min, as described above.

Polyclonal antibodies to the M,=41,000 daiton plas-
min binding protein were also prepared in mice. For
these studies the immunogen was separated on 10%
SDS-polyacrylamide gels under reducing conditions
using a preparative comb with a single sample well.
Separated proteins were transferred to nitrocellulose as
described above. Functional plasmin binding proteins
were identified by probing with 125I-labeled human
plasmin. The remainder of the njtrocellulose sheet was
then stained and the position of the 41,000 dalton band
was located and aligned with the autoradiographed
strip. The marked band on each nitrocellulose sheet was
then carefully cut out to avoid any contamination, and
divided into four equal fractions containing approxi-
mately 500 ug of protein. The strips were then equili-
brated in PBS, sonicated to a fine powder, and subse-
quently mixed with Ribi Adjuvant. Aliquots of this
mixture were used to immunize a group of 6-8 week old
out-bred female mice as follows. Initially 10 mice were
injected intraperitoneally with approximately 50 ug of
antigen immobilized on the nitrocellulose membrane
mixed with Ribi adjuvant. Two weeks after the initial
injection the mice were boosted intraperitoneally with
10 pug of the nitrocellulose-bound antigen mixed with
Ribi adjuvant. Four weeks after the initial injection, the
mice were boosted intraperitoneally with 10 ug of ni-
trocellulose-bound antigen mixed with water. Four
days after the final boost the mice were sacrificed and
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ascites fluid collected from each mouse, pooled and
used as a source of antibody.

EXAMPLE 15
Solubilization of Plasmin Receptor

A variety of conditions for solubilizing plasmin re-
ceptor activity from the group A streptococcal strain
64/14 were compared. These included hot acid, alka-
line, and neutral pH extractions, extraction with the
detergents TRITON @X-100 with osmotic shock, ace-
tone and TRITON ®X-100 extraction, and extractions
with the enzymes, lysozyme, trypsin, or mutanolysin.
The highest yield of soluble plasmin binding activity
was found in mutanolysin extracts.

The size heterogeneity of the soluble plasmin recep-
tor activity in the mutanolysin extract of strain 64/14
was assessed by electrophoresis of a 50 ul aliquot of the
extract on a series of parallel reducing or non-reducing
SDS-polyacrylamide gels. The majority of the plasmin
binding activity was present predominantly in a band
with a M, of approximately 41,000 daltons. One ug of
purified group C streptokinase (M, approx. 48,000
daltons) was electrophoresed as a positive control for
plasmin binding. An aliquot of a sham mutanolysin
digest, containing ali the reactants, except the bacteria,
was also analyzed by Western blotting techniques and
demonstrated no plasmin binding activity (data not
shown).

EXAMPLE 16
Relationship of the Plasmin Receptor to Streptokinase

Although group A streptococcal plasmin receptor is
functionally distinct from streptokinase, the release of
this secreted plasmin (ogen) activator from strain 64/14,
during extraction, would be a possible confusing factor
in the isolation and characterization of the surface plas-
min receptor.

The binding specificities of the plasmin receptor ex-
tracted from strain 64/14 with streptokinase present in
the culture fluid of the same culture were compared.
There was no plasminogen activator activity associated
with any proteins in the extracted plasmin receptor
preparation. A plasminogen activator activity at a M,
=48,000 was seen in the lane containing the concen-
trated supernatant from strain 64/14. This protein mi-
grated at a similar molecular weight in this gel system to
the reference group C streptokinase protein.

Comparison of the ability of the samples to bind 125]-
labeled human plasmin demonstrate that the
M,;=48,000 plasminogen activator bands associated
with the reference group C streptokinase or the corre-
sponding molecule from the concentrated culture su-
pernatant of strain 64/14 bound the labeled probe. The
mutanolysin extracted plasmin receptor displayed a
M,=41,000 dalton band capable of binding to human
plasmin; however, this molecule lacked any plasmino-
gen activator potential. A minor M,=41,000 dalton
band was present in the concentrated culture superna-
tant of strain 64/14 which also bound !25]-labeled
human plasmin. This band displayed no plasminogen
activator activity.

Previous studies have shown that the binding of
human plasmin to the bacterial bound plasmin receptor
on strain 64/14 could be inhibited in the presence of
EACA. The plasmin binding activity of M,~=41,000
dalton band present in the mutanolysin extract of strain
64/14 was reduced significantly in the presence of 1.0
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mM EACA. Binding of 125].labeled human plasmin to
the M,;=~41,000 dalton plasmin binding protein in the
concentrated culture supernatant of strain 64/14 was
also inhibited by 1.0 mM EACA. By contrast, addition
of EACA had no effect on the binding of plasmin to
either the M ;48,000 plasminogen activator protein from
strain 64/14 or to the reference group C streptokinase
molecule. Taken together these results indicate that the
surface plasmin receptor solubilized by treatment of
strain 64/14 with mutanolysin, was unrelated to the
streptokinase protein secreted by the same organism. In
addition, the results demonstrate that low levels of the
plasmin receptor are found in bacterial free culture
supernatants in which group A strain 64/14 was grown.

The mutanolysin extracted plasmin binding activity
was subjected to further purification by affinity chro-
matography using an enzymatically inactivated plasmin
affinity matrix prepared as described above. One ml of
the mutanolysin extract of strain 64/14 was applied to
the plasmin affinity column matrix in 0.05M Na;HPO.,
0.15M NaCl, 1.0 mM benzamidine HCl}, and 0.02%
NaN3, pH 7.2. Bound plasmin receptor activity was
eluted using a 50 ml! linear gradient of 0.0-0.1IM L-
Lysine in 0.05M Na;HPO4, 0.15M NaCl, 1.0 mM ben-
zamidine HC), and 0.02% NaN3, pH 7.2. The absor-

Umce at 280 nm was monitored continuously and 1.0 mi
W§ractions were collected. Fractions eluted from the

affinity column were assayed for functional activity
using a dot blotting procedure and !25I-labeled plasmin
as the probe. The functional plasmin binding activity
was found to bind to the immobilized plasmin matrix
and could be eluted selectively with lysine. The recov-
ered functional activity from the column corresponded
to the eluted protein peak as detected by measuring
absorbance at 280 nm. Identical results were obtained
when a single concentration of 0.1M L-lysine was used
to elute the bound plasmin receptor activity from the
plasmin affinity column.

The molecular size and number of eluted proteins was
determined by SDS-PAGE followed by silver staining.
The functional activity eluted from the immobilized
plasmin matrix in three 1.0 ml fractions. The greatest
activity was found in the second protein containing
fraction. Fifty microliters of this fraction was analyzed
by Western blotting and probing with 125I-labeled
human plasmin. The results indicated that a single
M, 41,000 dalton protein was affinity purified and that
this protein retained fractional plasmin binding activity.
This protein corresponded to the activity present in the
crude mutanolysin extract indicating that the affinity
purification strategy did not result in any modification
of the receptor.

Treatment of the affinity purified material with tryp-
sin destroys the ability of the M,~ 41,000 dalton mole-
cule to bind plasmin and results in the disappearance of
this M,=~41,000 dalton band on a silver stained SDS-
polyacrylamide gel. These results indicate that a func-
tionally active plasmin binding protein can be isolated
by affinity chromatography for a mutanolysin extract of
the group A streptococcal strain 64/14. The affinity
purified protein, like the crude extract, lacked any plas-
minogen activating potential.

The group A streptococcal plasmin receptor and
streptokinase are physicochemically and functionally
distinct molecules. The possibility that the two proteins
arose from a common precursor and shared at least
some antigenic determinants was considered. This pos-
sibility was examined using a polyclonal antibody to
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: 20
streptokinase, as well as rabbit and mouse polyclonal
antibodies prepared against the plasmin receptor iso-
lated from strain 64/14.

These findings indicate that the plasminogen activa-
tor proteins secreted by group A and group C strepto-
cocci were antigenically related. By contrast the M,
==41,000 plasmin binding protein extracted from the
bacteria or present in low concentrations in culture
supernatants displayed no antigenic relatedness with
streptokinase as detected by the monospecific poly-
clonal antibody used.

By contrast, the group A plasmin receptor protein
solubilized from the 64/14 bacterial surface was totally
devoid of any of the antigenic determinants detected by
this the polyclonal anti-streptokinase antibody.

EXAMPLE 17

Cloning and Expression of the Streptococcal Plasmin
Receptor Gene

Strain 64/14 produces at least two distinct proteins
that display the ability to bind human plasmin(ogen). In
addition to the =41,000-M, plasmin receptor, these
bacteria secrete an ~247,000-M, plasminogen activator
protein, streptokinase. Previous studies from our labora-
tory have shown that these two proteins are antigeni-
cally and functionally distinct (Broder et al., supra).
Consequently, a monospecific polyclonal antiplasmin
receptor antibody preparation, rather than plasmin, was
used to screen a group A streptococcal A gtll expres-
sion library generated from strain 64/14 chromosomal
DNA. Approximately 13,000 recombinant plaques
were screened by using a plaque-lift assay as described
in Materials and Methods, and three plaques with
strong immunoreactivity were identified and designated
SPR4, SPRS, and SPR17. After two rounds of plaque
purification, protein products from phage lysates of the
three clones were collected and analyzed by SDS-
PAGE and Western blot analysis. Each positive clone
produced an immunoreactive product with an M, of
=~41,000 not present in control lysates, indicating that
the protein product was not fused with B-galactosidase.

In order to express the streptococcal plasmin recep-
tor protein (Plr) stably i E. coli, subcloning with a plas-
mid vector was carried out. After digestion of the DNA
from SPR4 with EcoRI, agarose gel electrophoresis
analysis revealed 2.4- and 2.7-kb DNA fragments in
addition to the A arms. We attempted to subclone each
of the EcoRI fragments into the EcoRI site of the low-
copy-number plasmid pYA2204, We were unable to
isolate recombinant plasmids that carried the 2.4-kb
fragment. However, the 2.7-kb fragment was success-
fully subcloned, yielding pRLO15. When this plasmid
was transformed into E. coli x6060, an =41,000-M,
protein that was recognized by the antiplasmin receptor
antibody by Western blotting was observed. This pro-
tein was pot produced by strain x6060 alone or by
X6060 transformed with the vector alone.

The =41,000-M, protein expressed from pRL015 was
also analyzed for the ability to bind plasmin. Lysates of
x6060 (PRLO15) were subjected to SDS-PAGE, trans-
ferred to a nitrocellulose membrane, and reacted with
125].plasmin. Several proteins contained in lysates of
x6060(pRLO15) demonstrated the ability to bind plas-
min. Control 1lysates of x6060 alone and
Xx6060(pYA2204) also demonstrated similar plasmin-
binding protein bands. Therefore, the streptococcal
protein was separated from E. coli plasmin-binding pro-
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teins in order to determine whether the recombinant
protein had plasmin-binding activity. Supernatant fluids
from lysates obtained by French pressure cell treatment
of x6060(pYA2204) as a control and x6060(pRLO15)
were subjected to ammonium sulfate precipitation as
described in Materials and Methods. The supernatant
fluids resulting from a 55% ammonium sulfate cut were
analyzed by SDS-PAGE and Western blotting. This
manipulation resulted in the precipitation of all plasmin-
binding proteins in the control lysate, whereas the
=41,000-M, protein produced by x6060(pRILO15) re-
mained in the supernatant fluid. This immunoreactive
protein demonstrated the ability to bind 1251-plasmin.

In vitro transcription-translation studies were per-
formed. SDS-PAGE analysis of the protein products
revealed that both pYA2204 (the vector) and pRLO1S
encoded several proteins with M, of < 30,000; however,
pRLO1S produced a major protein product with an M,
or ==41,000 not observed for the control. A minor
= 33,000-M, protein, which may represent degradation
of the =41,000-M, protein or an additional streptococ-
cal encoded product was also identified.

EXAMPLE 18

DNA Sequence and Characterization of the Plasmin
Receptor Gene

The restriction map of the 2.7-kb EcoRI insert of
pRLO1S is depicted in FIG. 1. DNA sequence analysis
of the ends of the 2.7-kb fragment did not reveal evi-
dence of an open reading frame. Therefore, subclones
for sequencing were generated to locate the gene. The
1.7-kb Pvull-EcoRI fragment representing the right
side of the DNA insert (FIG. 1) was ligated with
pYA2204 which had been digested with Smal and
EcoRI. Sequence analysis of each end of the insert
DNA was performed, and an open reading frame to the
right of the Pvull site was identified. By using pRLO1S,
synthetic oligonucleotides were used to extend the se-
quence upstream and downstream of the Pvull site. A
1,008-bp open reading frame that began with ATG and
terminated with a TAA codon was revealed. The G4+ C
content for the open reading frame was 40.5%.

N-terminal amino acid sequencing of the ==41,000-
M, plasmin receptor protein from strain 64/14 was per-
formed, and an unambiguous sequence was obtained for
51 residues. Amino acid sequences were obtained from
four peptides (M, of 3,000 to 16,000) generated by
cyanogen bromide treatment of the ==41,000-M, pro-
tein. The sequence of one of these peptides had identity
with the N-terminal sequence and allowed assignment
of an additional 23 residues. The deduced amino acid
sequence of the open reading frame exhibited complete
identity with 74 amino acid residues of the native pro-
tein, indicating that valine following the ATG initiation
codon represents the N terminus of the receptor pro-
tein. The sequences of two additional peptides (13 and
27 residues) were also determined and found to corre-
spond to residues 160 to 173 and 186 to 216, respec-
tively. Thus, 114 of the predicted 335 amino acid resi-
dues encoded by plr have been confirmed by amino acid
sequencing of the native streptococcal protein.

Several putative regulatory sequences upstream of
the structural gene were identified. A potential ribo-
somal binding sequence was found at position-9 (AAG-
GAGQG). Putative-35 (TTCACA) and -10 (TCTAAT)
regions were identified upstream of the ribosomal bind-
ing site with a spacer of 19 bp. An additional subclone
with the Hind1II-BamHI fragment of pR1.015 placed in
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the opposite orientation to the plasmid-encoded pro-
moter expressed the receptor protein in E. coli, indicat-
ing that the upstream region served as a functional pro-
moter in E. coli.

EXAMPLE 19
Sequence Homologies

The deduced amino acid sequence of Plr was com-
pared with deduced amino acid sequences for genes
entered in the EMBL (release 26.0) and GenBank (re-
lease 67.0) data bases by using the TFASTA program
based on the algorithm of Lipman and Pearson (Lip-
man, D., W. R, Pearson [1985] Science 227: 1435-1441).
Gilyceraldehyde 3-phosphate dehydrogenases
(GAPDHs) of bacterial origins (Branlant, G., C. Bran-
lant [1985] Eur. J. Biochem, 150: 61-66; Schlaepfer, B.
S., W. Portmann, C. Branlant, G. Branlant, H. Zuber
[1990] Nucleic Acids Res. 18: 6422; Viaene, A., P. Dha-
ese [1989] Nucleic Acids Res. 17: 1251) exhibited the
greatest homology with Plr. The gram-positive Bacillus
subtilis GAPDH demonstrated the highest score. The
sequences showed 56% identity and 73% similarity.

Hydropathy plots of Plr and B. subtilis GAPDH were
determined as described by Kyte and Doolittle (Kyte,
J., R. F. Doolittle [1982] J. Mol. Biol. 157: 105-132). Pir
and B. subtilis GAPDH showed similar patterns overall
except for differences in the C-terminal portion of the
molecules. Common cell wall-spanning and membrane-
anchoring motifs have been identified for several gram-
positive surface proteins (Fischetti, V. A., V. Pancholi,
O. Schneewing [1991] “Common characteristics of the
surface proteins from gram-positive cocci, pp. 290-294,
In G. M. Dunny et al. (eds.), Genetics and molecular
biologic of streptococci, lactococci, and enterococci, Ameri-
can Society for Microbiology, Washington, D.C.).
However, no similar regions were identified for Plr. No
significant amino acid sequence homology between Pir
and streptokinase, the other well-characterized plasmin-
(ogen)-binding protein, was identified, supporting our
previous biochemical and immunological analyses (Bro-
der et al. [1991), supra).

EXAMPLE 20
Bacterial Plasmin Receptors as Thrombolytic Agents

The plasmin receptors described above can be either
purified from bacteria or produced by recombinant
technology. These receptors bind plasmin with high
affinity but the plasmin retains enzymatic activity. Al-
though plasmin is normally inhibited rapidly by a2
antiplasmin, such inhibition occurs more slowly and to
a lesser extent when plasmin is bound to the receptor.
These characteristics of the receptor and the plasmin
bound to the receptor suggest several novel methods
for thrombolytic therapy. First, a composition compris-
ing the purified receptor can be administered in combi-
nation with the administration of a plasminogen activa-
tor. The receptor may be sdministered concurrently
with the administration of the plasminogen activator.
Alternatively, the compositions may be administered
sequentially. The receptor should be administered be-
fore plasmin produced by the activity of the plasmino-
gen activator has been substantially inhibited by a2
antiplasmin. Therefore, for best results the receptor
should be administered concurrently with, or shortly
before or after, the administration of the plasminogen
activator. This procedure has the advantage of decreas-
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ing the amount and frequency of administration of the
plasminogen activator. Normally, the short half life of
TPA necessitates frequent administration of that agent.
Also, the administration of TPA or other plasminogen
activators can result in substantial amounts of freely
circulating plasmin. This situation is most likely to
occur with plasminogen activators such as streptokin-
ase, which do not have any particular affinity for fibrin.
A reduction in free plasmin is important to minimize the
possibility of unwanted bleeding. Also, free plasmin can
actually be detrimental to platelet function.

In a further embodiment, the receptor can be bound
to plasmin before administration to the human or animal
in need of treatment. When the receptor is bound to
plasmin the receptor/plasmin complex can then be ad-
ministered to a human or animal in need of fibrinolytic
activity. The plasmin would then supply this activity
without being rapidly inhibited by a2 antiplasmin. This
procedure also decreases the amount and frequency of
administration of the therapeutic agent.

A further advantage of administering plasmin recep-
tor or plasmin bound to a receptor is that the host’s
plasminogen is not depleted as much as when plasmino-
gen activators alone are administered. When plasmino-

in is not specifically directed to the desired location

d it simply becomes inactivated through the action of
a2-antiplasmin. When the plasmin receptor is adminis-
tered in combination with the plasminogen activator, it
is not necessary to use as much activator and, conse-
quently, the host’s plasminogen is conserved. Also,
administration of the receptor-plasmin complex pro-
vides the host with a source of fibrinolytic activity
without depleting the host’s own plasminogen.

A further embodiment of the subject invention com-
prises the conjugation of the receptor or a receptor-
plasmin complex to an antibody for fibrin. Antibodies to
fibrin are known to those skilled in the art and can be
easily produced by those skilled in the art. It is a
straightforward matter to a person skilled in the art to
conjugate the receptor or receptor-plasmin complex to
an appropriate anti-fibrin antibody. The resulting conju-
gate then directs the fibrinolytic activity of the bound
plasmin to the specific site where the activity is needed.

An alternative therapeutic procedure comprises the
administration of plasmin bound to inactivated bacteria.
In this embodiment the receptor remains attached to the
bacteria and the plasmin then binds to the essentially
immobilized receptor. Heat-treated or otherwise inacti-
vated bacteria can be prepared in a sterile manner.
Human plasminogen (pyrogen and microbial organism-
free) can be converted to active plasmin using urokinase
under conditions previously described (Lottenberg, R.,
F. R. Dolly, C. S. Kitchens [1985] Am. J. Hematology
19: 181-193). Incubation of the bacteria and plasmin to
allow complex forination can be followed by washing
of the bacteria to remove unbound plasmin. Streptococ-
cal strains non-pathogenic for humans expressing high
levels of plasmin receptors provide an example of bac-
teria which can be used in the novel process disclosed
here. Alternative strains of bacteria or other microor-
ganisms, such as fungi, can also be used. Streptococci
expressing fibrinogen receptor, in addition to the plas-
min receptor, may offer enhanced fibrin specificity in
that the fibrinogen receptor binds to fibrin (ogen). For
strains of streptococci harboring a fibrinogen binding
component, cell membrane fragments containing this
region may provide enhanced fibrin specificity. Advan-

) lgen activators alone are administered, much of the plas-

24
tageously, bacteria with associated plasmin may be-
come entrapped by the thrombus. The enzymatic activ-
ity of the plasmin would provide for fibrin degradation
leading to thrombus dissolution. Clearance of unassoci-
ated bacteriuin-plasmin conjugates by the reticulo-
endothelial systems would remove the bacteria from

* circulation.
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Anticipated applications of combination therapies or
bacterium-plasmin conjugates as thrombolytic agents in
clinical practice include intravenous administration for
pulmonary thromboembolism, venous thrombosis,
acute myocardial infarction, and local infusion for acute
arterial thrombosis, and catheter or other intravascular
device occlusion. These treatments essentially target
the fibrinolytic activity to the specific location where it
is needed. Thus, it is not necessary to provide high level
systemic dosages. As described above, one preferred
embodiment of the invention involves the combined use
of the novel receptor-plasmin conjugates with other
available treatments. Such a combination can be used to
take advantage of the targeted action of the conjugate
as well as the more generalized lytic state resulting from
the administration of thrombolytic agents. The deleteri-
ous side effects normally associated with the thrombo-
lytic agent can be minimized because lower concentra-
tions are needed when they are administered in con-
junction with the immobilized plasmin.

An additional aspect of controlling potential hemor-
rhage accompanying administration of this agent may
be the intravenous administration of epsilon-aminoca-
proic acid (tradename AMICAR) or tranexamic acid.
Typical regimens of these anti-fibrinolytic agents would
provide plasma levels of the lysine analogs to dissociate
the plasmin from the bacteria (Broeseker, T. A, M. D.
P. Boyle, R. Lottenberg [1988] “Characterization of the
interaction of human plasmin with its specific receptor
on a group A streptococcus,” Microbial Pathogenesis
5:19-27) and enable rapid inactivation of plasmin by its
physiological inhibitors a2-antiplasmin and a2-macro-
globulin. This will also provide an approach to prepare
the patient for emergency surgical procedures (e.g.,
coronary artery bypass grafting or administration of
alternative anti-thrombotic agents (e.g., heparin).

EXAMPLE 21
Vaccines

The novel plasmin receptor described herein can be
used advantageously in an immunogenic composition
such as a vaccine. Such a composition, when adminis-
tered to a person or animal, raises antibodies or other
immune response which reduces the susceptibility of
that human or animal to infection. Specifically, the
plasmin receptor of the subject invention can be used to
raise an iminune response against group A streptococcal
infections. Also, the plasmin receptor can be used to
raise an immune response against a variety of infective
agents which present an immunogenic GAPDH or
GAPDH:-like protein. Examples of infectious agents for
which the plasmin receptor can be used to raise an
immune response include, but are not limited to, group
A streptococci, group B streptococci, Schistosoma man-
soni, and Staphylococcus aureus.

sanic compo 5 8
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injectables, e.g., liquid solutions or suspensions. Solid
forms for solution in, or suspension in, a liquid prior to
injection also can be prepared. Optionally, the prepara-
tion also can be emulsified. The active antigenic ingredi-
ent or ingredients can be mixed with excipients which
are pharmaceutically acceptable and compatible with
the active ingredient. Examples of suitable excipients
are water, saline, dextrose, glycerol, ethanol, or the like,
and combinations thereof. In addition, if desired, the
immunogenic composition can contain minor amounts
of auxiliary substances such as wetting.or emulsifying
agents, pH buffering agents, or %‘mc}l as alumi-
num hydroxide or muramy! .di e or variations
thereof. Also, cholera toxin subunit B or other agents
which stimulate antibody production at mucosal sites
can be used. In the case of peptides, coupling to larger
molecules such as KLH or tetanus toxoid sometimes
enhances immunogenicity. Vaccines are conventionally
administered parenterally, by injection, for example,
either subcutaneously or intramuscularly. Additional
formulations which are suitable for other modes of
administration include suppositories and, in some cases,
oral formulations. For suppositories, traditional binders
and carriers include, for example, polyalkalene glycols
or triglycerides. Suppositories can be formed from mix-
tures containing the active ingredient in the range of
bout 0.5% to about 10%, preferably about 1 to about
Z0. Oral formulations can include such normally em-
ployed excipients as, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate,
and the like. These compositions can take the form of
solutions, suspensions, tablets, pills, capsules, sustained
release formulations or powders and contain from about
10% to about 95% of active ingredient, preferably from

about 25% to about 70%.
The compounds can be formulated into the immuno-
genic composition as neutral or salt forms, Pharmaceu-
tically acceptable salts include the acid addition salts
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(formed with the free amino groups of the peptide) and
which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such
organic acids as acetic, oxalic, tartaric, mandelic, and
the like. Salts formed with the free carboxyl groups can
also be derived from inorganic bases such as, for exam-
ple, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine, pro-
caine, and the like.

The immunogenic compositions are administered in a
manner compatible with the dosage formulation, and in
such amount as will be therapeutically cffective and
immunogenic. The quantity to be administered can
depend on the subject to be treated and the degree of
protection desired. Advantageously, methods known to
promote mucosal immunity can be combined with sys-
temic immunity promoters to maximize protection.
Also, the plasmin receptors of the subject invention
may be combined with carbohydrate antigenic compo-
nents to enhance the immunogenic response and pro-
vide a broader range of protection. The combination of
these antigens may be, for example, through chemical
coupling. Precise amounts of active ingredient required
to be administered depend on the judgment of the prac-
titioner and can be peculiar to each individual. How-
ever, suitable dosage ranges are of the order of about
several hundred micrograms active ingredient per indi-
vidual. Suitable regimes for initial administration and
booster shots are also variable, but are typified by an
initial administration followed in one or two week inter-
vals by a subsequent injection or other administration.

It should be understood that the examples and em-
bodiments described herein are for illustrative purposes
only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art
and are to be included within the spirit and purview of
this application and the scope of the appended claims.

SEQUENCE LISTING

( 1 ) GENERAL INFORMATION:

(i ii)NUMBER OF SEQUENCES: 2

( 2 ) INFORMATION FOR SEQ ID NO:1:

{ i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTHE: 1125 base pairs
{ B ) TYPE: nucleic acid
( C ) STRANDEDNESS: both
(D ) TOPOLOGY: circulas

{ i i ) MOLECULE TYPE: DNA (genomic)
Ciii)HYPOTHETICAL: NO
{ v ) FRAGMENT TYPE: N-terminal
( v i }ORIGINAL SOURCE: .
{ A ) ORGANISM: Streptococcus pyogenes
( B ) STRAIN: M untypable
( C ) INDIVIDUAJL ISOLATE: 64/14

(v ii)IMMEDIATE SOURCE:
( B ) CLONE: pRLOIS

¢ i x J FEATURE:
{ A ) NAME/KEY: CDS
( B ) LOCATION: 115..1122
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-continued

( i x ) FEATURE:
{ A ) NAME/KEY: matpeptide
{ B ) LOCATION: 115..1122
( € ) IDENTIFICATION METHOD: experimental
{ D ) OTHER INFORMATION: /codonstart= 115
/ functionw “High-affinity binding of
plasmin(ogen)”
/ product= P
/ evidence = EXPERIMENTAL
/ geoe="plc”
/ number=}
7 label=PLR

{ x | ) SEQUENCE DESCRIPTION: SEQ ID NO:1:

ATAATAGTTC TGTTGAAAGO TTGTTGCAGA TGACTGTAAG TAATCTTTTC ACAATAGGTA 60
GOOAGCATTC CCTCTAATAA TATTCTTTTG ATTTTCATAA GGAGGAAATC ACTA ATG 117
Met
1
GTA GTT AAA GTT GGT ATT AAC GGT TTC GGT CGT ATC GGA CGT CTT GCA 165
Val Val Lys Val Gly Ile Asn Gly Phe Gly Arg 1le Gly Arg Leu Ala
s 10 15
. i TTC CGC CGT ATT CAA AAC ATC GAA GQGT GTT GAA GTA ACT CGT ATC AAT 213
Phe Arg Arg 1le Glao Asn Ile Glu Gly Val Glw Val Thr Arg Ile Asn
"' 20 25 3o
GAC CTT ACA GAT CCA AAT ATG CTT GCA CAC TTG TTG AAA TAC GAT ACA 2613
Asp Leu Thr Asp Pro Asn Met Leu Alas His Leuv Leu Lys Tyr Asp Thr
35 40 45
ACT CAA GGT CGT TTT GAT GGA ACA GTT GAA GTT AAA GAA GGT GGA TTT 309
Thr Glu Gly Arg Phe Asp Gly Thr Val Glu Val Lys Glu Gly Giy Pbhbe
$0 5s 60 65
GAA GTA AAC GGA AAC TTC ATC AAA GTT TCT GCT OGAA COT GAT CCA GAA 3s7
Glu Val Asno Gly Asn Phe Ile Lys Val Ser Als Glu Arg Asp Pro Glu
70 7S 80
AAC ATC GAC TGG GCA ACT GAT GGG GTT GAA ATC GTT CTT GAA GCA ACT 405
Asn Ile Asp Trp Ala Thr Asp Gly Val Glu Ile Val Leu Glu Alas Thry
85 90 93
GGT TTC TTT GCT AAA AAA GAA GCA GCT GAA AAA CAC TTA CAT GCT AAC 453
Gly Phe Phe Ala Lys Lys Glu Alas Ala Gliuw Lys His Leu His Als Asn
100 108 110
GT GCT AAA AAA GTT GTT ATC ACA GCT CCT GGT GGA AAC GAT GTT AAA 5§01
Gly Als Lys Lys Val Val ITle Thr Ala Pro Gly Gly Asn Asp Val Ly
115 120 125
ACA GTT GTT TTC AAC ACT AAC CAC GAC ATT CTT GAC GGT ACT GAA ACA 549
Thr Vsl Val Phe Asn Thr Asn Mis Asp lle Leuw Asp Gly Thr Glu Thr
130 13 140 1453
1 ‘ GTT ATC TCA GOGT GCT TCA TGT ACT ACA AAC TGT TTA OGCT CCT ATG GCT 597
‘ Vsl 1le¢ Ser Gly Als Ser Cys Thr Thr Asn Cys Leu Als Pro Met:t Ala
} 180 185 160
| .
\ AAA GCT CTT CAC GAT CA TTC GOGT ATT CAA AAA GGT CTT ATCG ACT ACA 645
} Lys Ala Leu His Asp Als Phe Gly Ile Gln Lys Gty Leu Met Thr Tbhr
y 165 175
|
1 TC CAC GCT TAC ACT GGT GAC CAA ATG ATC CTT GAC GGA CCA CAC COGT 693
| I[le His Ala Tyr Thr Gly Asp Glo Met Ile Leu Asp Giy Pro His Arg
| 1350 185 190
|
; GGT GGT GAC CTT CGT CGT GCA CGC GCT GGT GCT GCA AAC ATC GTT CCT T4
\ Gly Iy Asp Leu Arg Arg Als Arg Alas Gly Ala Ala Asn lle Vsl Pro
; 208
\
\ AAC TC ACT GGT GCT AAA GCT ATC GGT CTT GTT ATC CCA CGAA CTT 789
} Asn Ser Thr Gly Ala Ala Lys Als 11e Gly Leu Val JIle Pro Glu Leu
| Y 2133 2280 225
|
AAC OGGT AAA CTT GAC GGT GCT GCA CAA CGT GTT CCT QTT CCA ACT GOGA 337
Asn Gly Lys Len Asp Gly Als Ala G!n Arg Val Pro Val Pro Thr Gliy
230 2358 240
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-continued
TCA GTA ACT GAG TTG GTT GTA ACT CTT GAC AAA AAC GTT TCT GTT GAC 885
Ser Val Thr Glu Leu Val Val Thr Leu Asp Lys Asn Va2l Ser Val Asp
245 250 255
GAA T AAC TCT GCT ATG AAA GCT GCT TCA AAC GAT AGC TTC GGT TAC 933
Glu I1le Asn Ser Ala Met Lys Ala Als Ser Asn Asp Sery Phe Gly Tyr
260 2 270
ACT GAA GAT CCa T GTT TCT TCA GAT T GTA GGC GTA TCA TAC GGT 981
Tbr Giu Asp Pro Ile Val Ser Ser Asp Ile Val Gly Val Ser Tyr Gly
275 280 28
TCA TTG TTT GAC GCA ACT CAA ACT AAA GTA ATG GAA GTT GAC GGA TCA 1029
Ser Leu Phe Asp Ala Thr Glo Thr Lys Val Met Glu Val Asp Gly Ser
290 295 300 305
CAA TTG GTT AAA GTT GTA TCA TGG TAT AC AAC GAA ATG TCT TAC ACT 1077
Glo Leu Val Lys Val Val Ser Trp Tyr Asp Asn Glu Met Ser Tyr Thr
31 31s 320
GCT CAA CTT GT CGT ACT CTT GAG TA TTC GCA AAA ATT GCT AAA ti122
Ala Gin Leu Val Arg Thr Leu Glu Tyr Phe Ala Lys Ile Alas Lys
32 3 3
TAA 1125
{ 2 ) INFORMATION FOR SEQ 1D NO:2:
{ i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 336 amino acids
{ B ) TYPE: amino acid
(D ) TOPOLOGY: linear
( i i ) MOLECULE TYPE: protein
{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Met Vgl Vsl Lys Val Gly Ile Asn Gly Phe Gly Arg ITle Gly Arg Leu
1 s 10 15
Alx Phe Arg Arg Ile Gln Asn lle Glu Gly Val Gluv Vsl Thr Asg 11le
20 3 30
Asn Asp Leu Thr Asp Pro Asn Met Leu Als His Leu Leu Lys Tyr Asp
38 40 45
Thsr Thr Gln Gly Arg Phe Asp Gly Thr Val Glu Val Lys Glu Gly Gly
s 3s 60
Phe Glu Val Asn Gly Asn Phe !le Lys Val Ser Ala Glu Arg Asp Pro
65 70 73 80
Giu Asn Ile Asp Trp Als Thr Asp Gly Vsl Glv Jle Val Leu Glu Als
85 9 5
Thr Gly Phe Phe Als Lys Lys Glu Ala Ala Glu Lys His e His Alas
100 105 110
Asn Gly Als Lys Lys Val Val Ile Thr Ala Pro Gly Gly Asn Asp Val
115 120 125
Lys Tbhr Val Val Phe Asno Thr Asns His Asp 1le Leu Asp Gly Thr Glau
130 135 140
Thr Val fle Ser Gly Ala Ser Cys Thr Thr Asn Cys Leu Ala Pro Met
145 150 155 160
Als Lys Alas Leu His Asp Ala Phe Gly 11le Gln Lys Gly Leu Met Thr
165 170 1758
Thr Ile His Alas Tyr Thr Gly Asp Gln Met lle Leu Asp Gly Pro His
180 183% 1990
Arg Gly ly Asp Leu Arg Arg Ala Arg Als Gly Alas Ala Ase lle Val
9s 200 205
Pro sn Ser Thr Gly Ala Ala Lys Ala Ile Giy Leu Val 1lle Pro Glu
210 213 210
Leu Asp Gly Lys Lew Asp Gly Ala Alx Glin Arg Val Pro Val Pro Thr
Provided by PatentStorm, http://www.patentstorm.us
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-continued
228 230 2358 240
Gly Ser Val Thr Gilu Leu Val VxJ Thr Leu Asp Lys Asn Val Ser Vsl
245 250 2558
Ala Phe Gly

Ser Asas Asp S
2

Gly Ser Leu Phe Asp Ala Thr Glp Thy Lys Val Met Gluv Val Asp Gily
2%0 295 300

Ser Gilr Leu Vail Lys Val Val Ser Trp Tyr Asp Asn Glu Met Ser Tyr

303 310 315 320

Lys

Thr Als Gln Leuvw Va2l Arg Thr Leuw Glu T Phe Alas Lys Ile A
3 3

yr 1a
3o 3s

20 tor consisting essentially of the amino acid sequence set
| forth in SEQ. ID NO. 2.
2. The isolated DNA according to claim 1, said DNA
We claim: consisting essentially of the sequence set forth in SEQ.
| 1. Isolated DNA, encoding a plasmin receptor having ID NO. 1.
" a molecular weight of about 41 kD, said plasmin recep- 25 h L S S

L

30

35
45
55

65
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1.2. Reivindicaciones: Folios: 264 a 276 como se radico inicialmente
Folios: 393 a 394 como se modificd el
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1.4 Rta. del Solicitante: Folios: 388 a 391 como se radicé el 17/03/2008
1.5 Prioridad: Folio: 1
Fecha:  12/06/2000
Pais: us
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4. Respuesta a los argumentos del solicitante:

El solicitante argumenta que para la persona con conocimiento medio en la
materia, que “la respuesta inmune posterior contra el patégeno invasor al
inmunizar un sujeto utilizando un antigeno particular, tal como la proteina
GapC, podria en si mismo originar una reaccién inflamatoria,
incrementandose por lo tanto, a diferencia de reducir, los conteos de células
somaticas (ver Anexo 5.2)". Sin embargo, de la lectura de dicho documento
se entiende que existe un problema especifico para inmunizacién contra
mastitis provocada por Staphylococcus, (no estreptococos) y en ningun
momento se menciona las proteinas de union de la capsula GapC ni ensayos
que sustenten la hipotesis que el solicitante trata de probar.

El solicitante menciona la inclusion en el nuevo capitulo reivindicatorio de Ia
expresidn “cantidad terapéutica eficaz” que no presenta validez para ser
usada como argumento a favor de la novedad o el nivel inventivo de la
solicitud ya que dicha expresion no indica una caracteristica técnica de la
composicion sino un resultado a alcanzar. No es procedente reivindicar una
solicitud por un resultado a alcanzar puesto que no existe posibilidad de
realizar su comparacion con el Estado de la Técnica. Ademas, en caso de
que los argumentos se limiten a una composicion de vacuna para mastitis
que incluyan GapC en una cantidad efectiva, existiria una objecién puesto
que no es claro cual es la cantidad de cada compuesto en la composicion
para combatir la mastitis efectivamente.

El solicitante argumenta que “ninguno de los documentos citados como
anterioridades describen ni sugieren composiciones de vacuna para mastitis
gue incluyan GapC en una cantidad efectiva, y por lo tanto no describen
todas las caracteristicas técnicas de la invencién; sino que adicionalmente,
dicha materia objeto de proteccion no antes divulgada representa un avance
inesperado en el Estado de la Técnica”.

A este particular, cabe mencionar que los documentos no solo si sugieren
composiciones que incluyen GapC, también llamada proteina receptor de
plasmina, sino que ademas presentan la secuencia de dicha proteina, cuyo
grado de homologia con la reivindicada por la solicitud es alta, como se vera
en el analisis de patentabilidad.

Teniendo en cuenta el Estado de la Técnica se concluye que el solicitante no ha
superado las objeciones formuladas por este Despacho en el concepto técnico
2155, no se aceptan dichos argumentos.

5. Analisis de patentabilidad (articulo 14 D486)

Nivel Inventivo (articulo 18 D486)

La reivindicacién 1 y sus dependientes se refiera a una composiciéon de
vacuna que comprende 1) un adyuvante y 2) una proteina de GapC o un
polinucleotido que codifica para la proteina GapC que se escoge de: a)
proteina GapC de S. dysgalactiae, b) proteina GapC de S. agalactiae, c)
proteina GapC de S. uberis d) proteina GapC de S. parauberis y e)
proteina GapC de S. iniae.

El documento del Estado de la Técnica D1 (folio 365) ensefia las
secuencias de las proteinas de unién de plasmin(ogeno) de Streptococcus
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spp. que comprenden 336 aminoacidos, revelando su estructura, su funcion
y su potencial uso en la industria de farmacos como vacunas.

o El documento del Estado de la Técnica D2 ensena la secuencia de ADN y
su correspondiente traduccién en proteina de unién de plasmina obtenida a
partir de estreptococos y su efecto en composiciones inmunogénicas para
el tratamiento de infecciones humanas y animales especificamente contra
estreptococos del grupo A, y B.

Ambos documentos objetan el nivel inventivo de la presente solicitud como ya
se habia expuesto en el concepto técnico 2155, en ia medida en que presentan
las secuencias para la proteina GapC que comprende 366 aminoacidos y es
obtenida de diferentes cepas de Streptococcus spp. El porcentaje de identidad
de la secuencia de ADN de los compuestos reivindicados es muy similar (99%)
a la de los documentos del Estado de la Técnica D1 y D2 (ver tabla 1), con una
variaciéon en aigunos aminoacidos, que no confieren un cambio estructural ni
funcional en el compuesto activo que le confiere las caracteristicas a lo
reivindicado por la solicitud.

Como se habia presentado en el concepto técnico 2155, aunque las objeciones
presentadas por novedad en dicho concepto fueron subsanadas, la altura
inventiva de la solicitud no ha sido superada por tanto que las caracteristicas
esenciales que confieren la funcionalidad, la estructura, asi como el proceso de
aislamiento y el problema planteado, ya habian sido solucionadas por los
documentos del estado de la Técnica D1y D2.

Tabla 1. Secuencia de aminoacidos de la proteina GapC de la solicitud y
anterioridades citadas.

S.
D1

10 20 30 40 50 60
galactiae (solicitud) MVVKVGINGF GRIGRLAFRR IQNIEGVEVT RINDLTDPNM LAHLLKYDTT QGRFDGTVEV
MVVKVGINGF GRIGRLAFRR IQNVEGVEVT RINDLTDPNM LAHLLKYDTT QGRFDGTVEV

D2 MVVKVGINGF GRIGRLAFRR IQNVEGVEVT RINDLTDPNM LAHLLKYDTT QGRFDGTVEV

KEGGFEVNGN FIKVSAERDP ENIDWATDGV EIVLEATGFF AKKEAAEKHL HANGAKKVVI
KEGGFEVYNGN FIKVSAERDP ENIDWATDGYV EIVLEATGFF AKKEAAEKHL HANGAKKVV]
KEGGFEVNGN FIKVSAERDP ENIDWATDGV EIVLEATGFF AKKEAAEKPL HANGAKKVVI

TAPGGNDVKT VVFNTNHDIL DGTETVISGA SCTTNCLAPM AKALHDAFGI QKGLMTTIHA
TAPGGNDVKT VVFNTNHDIL DGTETVISGA SCTTNCLAPM AKALHDAFGI QKGLMTTIHA
TAPGGNDVKQ LFSTLTTSIL DGTETVISGA SCTTNCLAFM AKALHDAFGI QKGLMTTIHA

YTGDQMILDG PHRGGDLRRA RAGAANIVPN STGAAKAIGL VIPELNGKLD GAAQRVPVPT
YTGDQMILDG PHRGGDLRRA RAGAANIVPN STGAAKAIGL VIPELNGKLD GAAQRVPVPT
YTGDQMIDVG HRGGGDLRRA RAGAANIVPN STGARKAIGL VIPELNGKLD GAAQRVPVPT

GSVTELVVTL DKNVSVDEIN SAMKAASNDS FGYTEDPIVS SDIVGVSYGS LFDATQTKVM
GSVTELVVTL DKNVSVDEIN AAMKAASNDS FGYTEDPIVS SDIVGVSYGS LFDATQTKVM
GSVTELVVTL DNNVSVDEIN AAMKAASNDS FGYTEDPIVS SDIVGVSYGS LFDATQTKVM

EVDGSQLVKYV VSWYDNEMSY TAQLVRTLEY FAKJIAK*
EVDGSQLVKYV VSWYDNEMSY TAQLVRTLEY FAKJAK*
EVDGSQLVKY VSWYDNEMSY TAQLVRTLEY FAKIAK*

Asi mismo, el documento D2 describe el uso de dichas secuencias para su uso
en composiciones de vacuna como lo ensefia en el ejemplo 21. Explicitamente
indica que “el receptor de plasmina descrito puede ser usado ventajosamente
en composiciones inmunogénicas como vacunas” (segunda columna, parrafo
4, linea 47). Asi mismo determina que estas composiciones inmunogénicas
que comprenden dicho receptor de plasmina, y variantes de dichos fragmentos
con propiedades antigénicas pueden ser preparados por procedimientos bien
conocidos en el Estado de la Técnica, empleando adyuvantes, vehiculos y
demas excipientes bien conocidos
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El aislamiento de la proteina GapC no es novedoso ni inventivo como se
evidencia en las anterioridades citadas, en las cuales se emplean las mismas
técnicas, con la Unica diferencia que no se emplean las mismas especies. Sin
embargo, dentro de la familia de estreptococos no representa un salto
cuantitativo del estado de la técnica aislar dichas proteinas de diferentes
especies de estreptococos y formularlas en un compuesto inmunogénico, como
ya se ha visto debido a que su homologia es obvia para un técnico medio en la
materia.

Por tanto se reitera que el problema planteado en la solicitud de vacunas
protectoras contra infeccién de estreptococos a partir de GapC ya se habia
resuelto por los mismos compuestos y se habia demostrando los mismos
efectos técnicos con la proteina de la solicitud.

Por tanto para el momento de la solicitud era evidente para un técnico medio
en la materia realizar composiciones de vacuna de GapC obtenidos de
diferentes cepas o especies de estreptococos como Streptococcus
dysgalactiae, S. agalactiae, S. uberis, S. parauberis o S iniae.

En consecuencia, y como ya se habia indicado anteriormente en el concepto
técnico 2155, puesto que tanto D1 como D2 divulgaban previamente el
componente activo de la solicitud y sugerian su uso en una vacuna, una
persona conocedora en la materia lograria una composicion de vacuna con la
combinacion realizada para tratar infecciones por estreptococos. Por lo cual fa
solicitud en estudio no cumple con el requisito de Nivel Inventivo establecido en
el articulo 18 de la Decisién 486.

6. Conclusion:

En consecuencia y por todo lo expuesto anteriormente, se recomienda Negar las
reivindicaciones: 1 a 3 (folios: 393 - 394)

Bogota, D.C.,

CONCEPTO TECNICO EXAMINADOR TECNICO
No. 1151 Caddigo No. 202089




