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

identificado, me refiero al Oficlo No. 14200 notificado por fujación en lista del 9 de 

noviembre de 2007. 

2. Mediante ml memorial de fecha 05 de febrero de 2008 solicitØ Un plazo de 30 dIas 

para atender el Oflcio 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 pre sente soticitud de 

pate nte. 

0 Atiendo a las observaciones de la manera siguiente: 

3.1. CLARIDAD DE LA. SOLIC1TUD Y ES UNA INVENCION. 

Para subsanar las objeciones que sobre claridad y por no ser una invención hizo su 

Despacho, presento nuevo pliego reivindicatorlo con 3 reivindicaciones en el cual se han 
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hecho cambios que permiten apreciar claramente el objeto reivindicado en la presente 

solicitud de patente. Las modificaciones at capftulo reivindicatorio fueron las siguientes: 

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

que comprenden un adyuvante y una proteIna GapC 0 Ufl polinucleótido. 

- La expresión "cantidad terapØutica eficaz" ha sido incluida en el nuevo pliego 

reivindicatorio. AsI mismo, las expresiones ’Inclusive" y "at menos Ufl 80% de identidad" 

se han eliminado de este pliego. 

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

pliego reivindicatorio. 

of 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 invención hizo su 

Despacho, ya que ahora, dicho pliego reivindica un producto en los tØrminos sugeridos por 

su Despacho, permite determinar el alcance de la protección reivindicada y compararla 

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 Dl a D3 afectan la novedad y el nivel inventivo 

de la presente invención, toda vez que en dichas anterioridades se encontraban todas las 

sugerencias para emplear dichas protelnas en composiciones de vacunas, con lo cual 

estamos en desacuerdo por los argumentos expuestos a continuación. 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 to tanto no describen 
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todas las caracterIsticos tØcnicas de la invención; sino que adicionatmente, dicha materia 

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

la tØcnica. 

A este respecto, es importante aclarar que la mastitis se define como un incremento en et 

conteo de cØlulas somÆticas en leche. Dicho incremento se debe a una respuesta 

inflamatoria en la glØndula mamaria. Es del conocimiento de un tØcnico medio que la 

respuesta inmune posterior contra el patógeno invasor at inmunizar un sujeto utilizando 

un antIgeno particular, tat como una protelna GapC, podrIa en sI mismo originar una 

reacción inflamatoria, incrementÆndose por to tanto, a diferencia de reducir, los conteos 

de cØlulas somØticas (ver Anexo 5.2.). 

Por to tanto, los resultados obtenidos utilizando las vacunas de protelna Streptococcus 

GapC de la presente invención son inesperados, toda vez que los conteos de cØlulas 

somØticas disminuyen, at contrario de los conocimientos de un tØcnico medlo, para quien 

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

gram-positivas, tat como streptococcus. 

Por consiguiente, toda vez que (I) la presente invención ha sido limitada a composiciones 

de vacuna para mastitis que comprenden un adyuvante y una proteIna GapC o un 

polinucteótido en una cantidad terapØutica eficaz; (ii) que no existe sugerencia en Dl a 03 

con respecto a tat materia; y (iii) que dichas composiciones de vacuna permiten obtener 

un disminución en el conteo de cØlulas somÆticas en leche; se puede concluir, que 

ninguno de los documentos de la tØcnica anterior (es decir, Dl a D3) solos o en 

combinación, enseæan y/o sugieren la materia objeto del nuevo conjunto de 

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

inventivo de la presente solicitud. 
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4. Puesto que se han atendido a cabalidad las observaciones hechas por su 

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

tram itación. 

5. Anexos: 

5.1. Nuevo pliego reivindicatorlo con 3 reivindicaciones; 

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

5.3. Formularlo para modificaciones; 

5.4. Redbo por valor de $103.000 por concepto de modificaciones en solicitud 

pendiente; 

�. �eæora 

COLO-13578-841-003-7 
&Y, NNJ\NNJ\ID-121484\WPC13578 

No. M-2008-121184\NN3 

0* 

EMILIO FERRERO 
T.P.A. No. 31.929 
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FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES 

0 SOLICITUD DE: 

LI Correccon de Error Material Z Modificacion a una solicitud 

Nombre UNIVERSITY OF SASKATCHEWAN 
constituida 

y 

existente hajo las leyes de Oociedad 
2 anadÆ. 

SOLICITANTE IDENTIFICACION 
Direccion: 120 Veterinary Road, 

Saskatoon 
[I] LI Saskatchewan S7N 5E3. CC. NIT 

Canada C. E, [1 Otto LI 
Domicillo: Saskatoon, 

Saskatchewan. Nurnero.  

Canada 

TelØfono: 546 09 70 Fax: 249 40 70 
E-mail: clientes(cavelier.com 

IDENTIFICACION 0 Nombre: Emilio FERRERO 

Dirección: Carrera 4 No. 72-35 C.C. II NIT 0 
REPRESENTANTE TelØfono: 3473611 Fax: 2179211 C E 0 Otro El 

OAPODERADO . E-mail: caveller@cavelier.com 
NUmero: 438.019 TP 31.929 

0 NUmerodeexpediente: 02.112.910 

0 Descripción de la corrección o modificación 

Presento nuevo capitulo reivindicatorio compuesto par 3 reivindicaciones con elfin de superar las 

objeciones hechas pot Su Despacho a la presente soNcitud 
y 

pido que sean tenidas en cuenta al 

momento de efectuar el examen de fondo. 

0 Comprobante de pago No. 08-20,868 Fectia: 10 de marzo de 2008 

0Anexos 

IIComprobante de pago de (a tasa por $103.000.00 por concepto de modificaciones. 

0 Poderes, si fuere el caso 

0 Documento que acredita la existencia 
y 

representaciôn legal de las partes, cuando sean 
personas juridicas. 

0 NOMBRE: EMILIC FERRERO FIRMA: 

C.C. 438.019 de Usaqudn T.P.A. 31.929 

NNJ 



ReMndicaciones 

1. Una composiciOn de vacuna para mastitis que comprende un adyuvante y 

una proteina GapC o un polinucleótido que codifica una proteina GapC en una 

cantidad terapØutica eficaz, en donde la proteina GapC se selecciona del grupo 

que consiste de: 

(a) Una proteina GapC streptococcus dysgalactiae que comprende la 

secuencia de aminoâcido mostrada en las posiciones de aminoÆcido I a 

336 de la SEQ ID No. 4; 

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

4 de aminoÆcido mostrada en las posiciones de aminoÆcido I a 336 de la 

SEQ ID No. 6; 

(c) Una proteina GapC streptococcus uberis que comprende la secuencia de 

aminoÆcido mostrada en las posiciones de aminoÆcido I a 336 de la, SEQ 

ID No. 8; 

(d) Una protelna GapC streptococcus parauberis que comprende la secuencia 

de aminoäcido mostrada en las posiciones de aminoÆcido I a 336 de la 

SEQ ID No.10; y 

(e) Una proteina GapC streptococcus inIae que comprende la secuencia de 

aminoÆcido mostrada en las posiciones de aminoªcido I a 336 de Ia SEQ 

ID No.12. 

2. La composición de vacuna de la  reivindicaciOn 1, en donde el adyuvante es 

un adyuvante basado en aceite. 

3. La composiciôn de vacuna de la reivindicaciOn 2, en donde el adyuvante es 

VSA3. 
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I tnwuver, If nuanhub Li a coz,dlrtcm cdtke unntnmar7 11)d studs ShutS duvrk-in beet, 
a  envaLiun ufu he cytolugksd dc4nct! siwinhartisin with a euismquenl rise hi saumuir 

Flit. 1 ’. 
iliur .i. 

hilt Ii 
atrr rt1 -� lathupwr. 
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I1.lMIINl7,INAIPlsTSTAPUY1.00CflCAJ.MASITTL 

(ru IiyrLs’ (Itrftltjuudi, kthat lin-
11;111LI-Altft ºit’ ,nt*jjtt,iiui of tile mi,jmry gtiind iznuot Iw swrcl, wtt11wr nr 1UtL 
cii.ztnc’c’ih by ininutth.si(h,i; LVJ ptvwcflt fl5d45 str it ii the 4diic 9144I1I dtr is 
t1tI1ni’t  As ;$lt. ,Lhui. Iflh.nufli7apftn Itit1i cannot v11=10 uthsi ilittn thruuk 11111 
1l;iul’itI itrf..,v r ystcuu. n;ul or .wmsfty fliiiUin, wlivii dn utfU7irfll2’y gIant1 it 
eli:ilk’iit’d fly I-calphylatutril lay crL’aiing the rcIj,*nise’(lu!u1lhis) h is ,licTt’tIMt its 

’I’ll(! p tbW, is ,n tvtsigv,,d by rd&44ii intutiits Uic’ dt-nixiciltm I,ciwccit 

’ialih&tfi!tt’ tfltl jiillaititrvkni’ ci’ the udder is not at Tlw C !pklIsis sflb stIftPUiC 

it4i munivcm in thi! dCflltIUo4 nfinattitis has rncnly hlh.Ughsi’d ilic pl’PhI%Vzn. ThC 
ciny kflatniti,tiwy i zpernst unikr cuneldcunktu is thin dtw to ivashit t( the 

:2. ’nntini;’nj jdand laystiqAtylaxmmi. i’ramd & Newtundd (1!fl1fl)sbowrdiluil whvsi small 
nutuhrt. or ttapby)avtiai wciv iid’usec( into the ttctdr htllatzunntidn iiwin4altly 
I’tLLtII11 mitid. 1?3110%jljg Itifuitino of tylucnrri, �lwtv was nrvvi iim(Ianunaidun 
wiihr,ni iitDtihtn (Newbatdd k Ntivc J111!3I. iraasiti is ctvfftwti wily in terinti Or 

yw.in is ito lnngcr ck.11nid bnLiiji,n itratttpltyhwct.ci CNusvv, 1975 then the ileictitis aiki 
US the aliict-ji.i’, bin vi iIIwilniwry n’spcnac wid isvhiuin" iti’ Iitttliliti are 

itiiiti’it.diiy b.iitnti that IJLC tItumens $till lIt,k5tk5t C114116wr ofthennninary1tiitd 
Ui!in  Ili uhjn’,l aukinats jI its II A’Suh in titititis. 

ipt1t’ltl kIll. urniasiiti, whedicrin tem oh utukctll alkinitherK (Mt’;. null. 
IflI l, hsuterlitl litsistlon (Gtilhn tg at.. I97I} 41 at ntlihutik,n ci’ bath 1)’c stillS & 

-’ tat’L1’i .19I1l  indiram jut. ltI&I £taitdavds dtuudçcI or  itixantil milk and which 

1* IfltiiiIcfltjflltui 
flittili it, he siitssful. 

pOUtiIL1Yr.SOVIMMUNITY - 

Titers’ wv live stages in the tlalhu.* sysuau illatinighLbr.cultatircd by isn,nuiiizudnn. 

� ,. I, .Vr.itin/ihit syi’ruflnrntl 
)1ni’ viii sticsnvnt of is tttsnphih is dc.petident .qson the elsibmuikin c,l’cs’nu,tat.tie 

Isy 111LIltiplyflig m.titphylavnma-i ’heru is a rtvby bitwiezi (1w ciury ol’ the 
� 

� 

i.iti6twt ittft) tlw gland witt tits’ aIFIYSI Of W.U11ti?bfli. ’fagriwsU & l3mriiaut (19.0 
initisius1 Of idset’yett iiin the letxvqlc nsputm to a mat ttuusatnnsary 

tpiIovulcrLst siudgen Iii Iacraditg tows, f*e’41tw17 nttn’afly vtwdii*iitd With 

killed rt-Jb  ill cil-waitir adjuvni,- was 10 tiw k’tit C7W ftIiIttItISU 10 11 
littlilull tnlhtk,it lit usfs itt’ usd itiore ,.rtinat tilCtary ,uwt-vacmivaus’iI cows. atezi 

s.t;i( t..� ’.t1diJ u’apinlss’ fit senaft drOws waa inivrprvtc’d as an vajrs’iaktii tilceil 
nirtibsteil unwilnity and suigt,esnt it isieshd by which ncwruphll rerisiltitti-ni suasy he 4 
.t*,erhi’tiircL It bzta ilsi, baqut tirgucil that acthsnion cithe UciJ*.entkstls&i:d S)VIIcTII 

by 3uqdtybwtts of on4’ns shisizid be hnuzfltki! in dticncn spinat inkcthii CJinies 
174I, .Eisisei i’s’eoinsitnmh the ulldiatloit i,1rU-nwcbaied bisumnity lit the diy pvriwl 
Siiirv ii rophaci asa mart’ ItmuiftiuS in di’ iiWOtULtKl udder. }(d mat Irn-
iQikyi)dflatVuphflTnipI)uSt) jut infing tmvs, tItti I tüti&  

litL!ij_LJ,.iWdJ1Lf1lt u nfctiatn.. b jtn,iihd.z sctaait 9,dttithni L 

zntdjicd falls  lEhttJbcrAhsP isriii as JUIJy 
drntoiwrhie.i hi.’.tt!,bh. tzsft5iu it&fLtIiUtJ$ in inhi WJtuncfl k Clynu, 197) .11,11 hiflh 

.... 

’I 

� . 



- - us 

yclrtt:L %1rktNAfY .t I4. 

IIcpjia (97!) andjuncs r1974 are- gtiiu deci in iIjir rc-tIpZmnhilIZuIh)n Id EtIii,II & 
5nz oIiiivnqiy. Item ItIT.1130 

Ekjcieth, J’ 
. ,1’iIi.1cLn 

jininn,L(y, - As ri’g:its 
I)XiiZI, %pr4iut1lv ;dphn Itircill, JOL-tyarl ixupl;, 151*1 pail ht aL*lJdlyhKKTLII ndl iti utixi air lit ?I IPJ 

’Ii itii*ikl SCTIII IigttZuI UI 1Iirnh1Iuril! ;hvui ill tus.,kltI Ir,n in a varc 
mw. I Irnrrwr. laMI* ;1l1II.. 

’ur alt c’rMWIdiITg ci la’rUh’ofaIplln J(jXjfj ik diat fz ng1iaiki a Ltuiiliuil ’citI tlic’rdhii’. 
_ in ihv I. 1ç5150 dw Llsraw Aix1r,om. )715) Alpha kada is prixhtcid mgi 

rk-rd uuily luwal III! tI1t 1,1,1 uI Iugsxltbnik h.uirrlal grrniahl ha ,bE t%UIuiitiIitr} id%nh!. i11W( 54’cTt tIg is. at ’ Wt* wIttii iiiasniuisalrnicly vKhast, Aiiui-ulpks Ic,zjU 11111111.111,filh culphr. IsMill: ii rsui i1icruflrr oaly ailRliuIiue tI,cn twuhl4l patIiuIui{cat tfiutg it’ (tit- II ça5t utid �d Cull 11wre 11111E. IN. tat i’1flci all the eslhJisI*wrni and early drtio1nnreU or "� ha xru 1’his view is siipjua1�tI by iii� nbpzi 

t’niltgi that hi iddut’ "vc. that, 1mw Iiij1iti ln;utc 1urii Sernin niiti-alpha U,,cium. ihm ii lt’,,cv 111 1I40I (11h11t,11 �VIII*JItVX I,* It MW t.’khstiit, 
Kiix*ultdg* 

Canuell jaii 197 1). . prniui;iuia Aa’i-ai1ika LOX1ut 55 pt’5u1I hi uut-n,al milk 

in fuwir ccnii-itttiłfcan than in tIi- blutud is OW411iRl (Pci rds & Sticiuli. 10311) and It vr’arhsa the nflk in dic’ rainy btgIa uf dimes, nllff rilrrsraph wht*n dID rpiiJiciiiiI barrier Is iIsuIrnLuI by lilt- pauducis III ilUittinil ciuiituij*Iitaiinti -. prevvill iii’ � (.Syiciii.i &Wrpçhc, 19741.1109 leilukS hi high hsils uti umli-toxiit iii nsiIk iItirl,,shh-t’, t,nju1,u’ r J9flOad mit shicz the quirhc’liurn ic larnscbrd dirre is idsu a ixiutmu1,i1 hsIilfuuiion field ,. flit- antilmlil 5(1 

uIatsIiIiic 
C71Ch13 hi trims rafhgh jit,iiØflJv idi cr;iuiI 51)it raf aaaphyliu i i at rJ night. � � p Allhutigh coniplimcd by the inditsiutu uI evil waJ55 with allilut ii 12th1, the � raednatiiaii ViqJv hnicu1scT1crbptiift(t91JOM illutrutium iltrprc*bkaii of Iminunisathan ir.qu1;esu 

til 
reistion to atu(j lupghi turniwtuiy. When tarn�unL;iitutf tvwc wvtv diaik-uigc-d whim low Dclq)% � stnphyhtcnuii a ganrramm utinQiUswith CtJflI )usa t;FXLtttltDIl (k dv1tuci ti4itltiI thai i iftig.. IIH!y a udkl tnpiisinu rc-actktii ou-uWTrd in the i.atrriniitcnl animusis, it is prthahk that criteria tit-11uc 

and-alpha tush, wita v.umpiuiiIilr re,, abiiiiting ulir gangIvativi rc-iwik>ii ha IJov Ncvcrthudecs, heucuw ric411crd iiidcItw. u-aiz:inauz!d cows. of the i’uicirnmhil n apuinsu inn1 phi,’ , lTflbIiIflu:I t’sClfltbIt otxuaphyl:wrtccl. the ruarlioll lit thcsr va*lttt& flflt5i tunic 13(’ I 

riasmittied 
as 

;iatatjtix. %t’hrn rabbits itiu wsu-f’ hnatuniwd 

with highlir intnIted ILIpILa Icixiti Wcrt’ dunllcuigcid with .Siaph. numtt it Utax flaund that they t%7JTr pnitcruil ardhN -. �. i Up.uarw , tile futlial IIaV$flUrl4IlfjL LIZtILiWittiUs Irniti ultltv tIlvWr bit they went nfl jirriierir,i Iiicava agtiitst the d*rbfljrahcLrn f*nu cdbrst .1ZeaL, 1977). Oinucrsdy. wimc�u, gnats uku tst’te 1111111 �ri,, tachiasrd with a pwjurattliu thai did not tttfltiiin alpha toxin (L’eIV r1ial1nig5it 15,11% . jl;uiI ul II wtapiiylcs.xn. srecit rlinictd and itaflgztiioul rttK.LIOT%x wree oIiIaflILVd (Lipper. 1967). utipiut iintiri *ihnuid I.e iliriluttoraled in any tacri,mt’ tigniusi siapt i.tattit uii5 slit is. but leut-ocir ii cu111111 ratinnally hi. 1a1wruuI in fin any ;gwi. using JirrruS nriur rlinhu Il:.re-iijin. ’told (:;in New life vlert out mtlbiit inliatlutit. �- It$11151L �! I coltkJilt (’I - hI. Anll-bstclifrbshainaauitj Two I  - Ijscier,vutlal sulatauiLu- i,cJsi ill i,i3fl. �fl 1551- na-ui ,mf In, iuf%aT$,l antI 

the 
1iii ;)� i 11051 sin’ )tttuicicIasc.tIiii,cyauutzic.Jiyd,igvii prnashk s,sernt but. a)puuigh ihrw wgrunt all. flfl1V1 aguingt sntphyIc,cncI (t4ur & Jinsuniry. IMSI, dtry are nut atltilnuslirs aunt . 5mflh1iJyl*uI1,t ihcavfcirr.’ outsicia. cut’ Inlhwu,cu tension, $imibupiy, nut’ ,.nIuiUuii rh hi itciultu siaphsyb" t1uIch am baracrisutuic fur an%p117-(uuc-ulvit JIMJvN’taIly counidupici iii in’ nuiu.liiLiblIlly - ryinphuili. In i,aituru ntiunigit

 if Inn lwa’n suggesmæ that tiaiurataatuilacsiy Ia lsnt,1vtt1 (icPnuuLraii (Watarn,. 
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ILII,nti Ik Lin . 197 1). Mir iiiiibatti4tt1 udivby uf �iui ii hihibinid by giziguhi 
11ui i.sru,igfy co41 positive iirirn of soaphyIooxvux gvuw IhtttIriflLu.ty in sunJUi 
tki,�th. Icificil 

As igi: & sper Ilk, anilbady, it is rniruI1y urn j,r-1 ((’SI aI7IIii1iUihiVI ,iVLi)hUJIs 

u. not tratilily kk-d by 

CIC

 wittlilaurtit lHLdhIIS41 I,sri&t4uln( III u1-uuIhtidie 
),nih 414111*1117 or flI&U1)k’iIII’iII tJ3I1 rni.urtqthlix sni rtqnifl*I. It WL’IIsI zi41Iiki4y, 

iIuq1hriç  dwc. i irntectIvs ,ttttljauisin I"be dL’vdopc4 b(di du1w,nkit umty 011 
i1nt41 ;iii(L,aettiiiiI n d ntibi.. cVsft iJ’tluzt iuuilicdy could by ituponrd "MM an 

inr.it kccli’IoIyLpithclhirn. 

� Vtir c,untrrlluhir proiuhis nily1ucu’ci. ln2nyOfWIIidi hwt tJIX}7itIc prupfSiiC, 

Jivt hcn lmplkinc4 in the paitu*jenisis of simiph twomil niusikis(Andvrwn, I 97b). 
KntwIrdg uf ihc pi’uqwidcs I)1PtLgU7P4Lt slqpjrcI tII)d it shouldls uln of the nw1 

prDsigi.ft,r nm), is. t1s pdul ai-l’ n ike iarLitnriie phtce ni rowiI, and ilk 

� 
i1 W94141tial fat’ growth epr siitpliylncorri in Wift its flCulvitIiz41liI,n at thhi stage might 

� rtnuki suqihylocoru4 ninri viatcptb2e to iiou.nnzihotly JuncTichiml subsisncvs iuil so 
the rt.iahliulatmnml of 1nf,jii. MtLbO4( can be uti!td ç.tiitT purified 

’ tsgulnn’ (iltobyl, Berman Ft !ihuw’, Bl&O) b,.i in order its prowt the timnntnizy Sland 
ifivaujiliody would requim it: lie in irI so dvii it would reneli the sulk without mt 
vtiitungei,ts uituirc,1ihil ritqnnse. 

� No recoril scelna in e*ist of an atmmnpi to imuworuiw 4141iisI mx;tii(5 using only 
� 

�tyrulptlaw zuiniigcn. C agilac Was ineortirawd In i vtic-rhw that wm liMed ;0 gWLIs 

hill iici4:yshh"r mind Illiwe[l 9 tjy ruble n smibuw any prnit’i’iive elicit in 

dw UIIIgVII. A vmuxiiie wiudi MOI aguLue was ivsit’d is conk and. thutugil the 
:ttt  itc  ill dii’ i-iirria on which niwtji* %as d giwed wee iI4 IIraIy i w  

iltti�nt�t’ and IIicveriiy nf oustitis mwo by tIn- b molognus vinjili WZI4 

" nmuriluii (ItltthrI a lk�rinan. 1u2). Thse was no rair-fliw drirct opiuM 
� lleII’niliq;sritI vir,ht  oroulthyltwurcl. 

5. U/nw:iv b,,NtaI,Uy 
�Iiic .iyoihthlc eyisiciiyr hulk-ntis thin uuqilyliIcucd urckiftil In the i;eiil.uiorj’ glund 

141111,1 IflViIIVI.4y by ihc Vjii.oRhI-hetUrtlflhfI ,,yiIVIIi, Drivileit siuiilk-s III (1)1’ 4IIIU1IIflSIY 

gI.IIuI III 
ilw nulpw,r 

IAwknpp 2 Cbsndfrr. 1,3751 unni in vilrq,l an.l4114 with I*ivi,tc’ 
lninlryIts tausarl! ci dl., 1977) !IItsW IbJit divit. is iw delitn In fngesikrri cifsispbyio-
cnn-i In - iwiiirr:pitih bill that uvatuubuiiun QUP. U wh}trinz killiug of ingested 
ItepI))iIwLnci. 11) Lw rflru(vr iIIIiAhIILIZStfCi’$ dust vlich itiiti1MlJ4’5 WII1IIi 111)1 toolly 

1.iiftk;iar iiijiiiduii 1)111 SkI) IIJIdCr I)w 5141jIiyIlit�flC11 sun-pti1ilv it, ht ;tikln oruhe 
1)I1(eIt ordr iieutropltil gimU;uIi. ft rrrcou IILIIIIIjIti lo arl;ii�’ie tudi lift iiniiuindcy ban’ linen c1 mcd. WaIs:ih I Ii)Th) shururrtt in vi1j ikat neutruphils from ewes that hurl btcn isfcuwtl with 

MutplIyInunc’i l4 irril ,is ii;u*iiIlM(Ml vqtih killeif uo1d ttroc’fl 411’ £fltlIV 1rltitgoiymh’ 1111’ 
!it:ij,hyIIbrlMA 1 111111 tirti9hil from twri Jint hail i’OtviVid otily Ike Idlkd 

1;i11ylIIcu411t. 1’Lw IIIIUIIRtII httiwyssi IIlhq) %nIi. later iIiWii If) In’ titie it) S (yluuitlillir UpSWIIII wltid, ccitti*’iJ Ike I1PII1TII1,i,IhUilUI whu It iit4oujvtI 

toilet? ct.us Ig(i 

tWtiiMliI. 11176). Al �t It N 4v1 dune whii �tsii(gtll III dii rqiiiratii:g aiit1uTiyliWrn ft 

� f 
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r uarn1,t far abc cycphflk aiidhcady .navI WtIVttLet du’ purUrul uiai.0 will be 
iitlhicntIy imaiiatnt,titt. 1luwvcra iii titsrcicu he i’L’n IRC2.uhich i tiihl 1111) 

iiulvl � � 

tltc, mlvrc;Lir Ittimn In large qtaauaicy by irrnisuddon shict’ It in nrii abe prtkaruahaaau 
atiallitidy Lu lit: kiihc’1y tirmisrhTal aml1ci. the rpididit.5n. iłjtihri’ wish jicuia olibils 
nui;14 i-t-quht to arrut,wbe in ahia aahhar harnrn In rrpmaw an apfh .tihag 

� iapyIuciczi. Met is, hra,n:uiia’aak,n would work by m1dap nawatftl’s. nlbch rala.nir rd 

l3a’ck. rtcrvry liz 19Th) slmwed alun irs&’h, ararri was grnwh ha a IalIi uh-
lIfiLflI ISyitnail.. uit’iIf aiwakagoustta anfik iii vrnkiit rofl ha i c.&ruizd Ix-maw (31, the 
priuduitoa, otLor3cdlulaar slhn. 1111 pussihj& that the shoW itt :i pniicli fbKUk � 

nad makm sgana strains mare resisiala ra killing hiy itt.utnpliii;. /a.iatbody In 11 iis t- ANFWItI 
ntt t4hslar sllnaa� sluttild tht� raat’ rulutarrr ik jtntits-uvutvcajahii 5y5141h. S 

� 

flI.t,itt’i 

� 

whvit rows was� ht’ncd aaitli daairl ssaaiIiylnewel linliared r.in hth 4i.hiiIt 
11s1anlaydrate inedluizi sand cIts11rj1e1L, S heir was rio vvhkiu t’ cii’: e.s11:ltirc’ Its 

anrrtiiasn flxsn;.s i (ilrnc–. SLEd liz 

Ke$Iea 
1I173). Vuachazniun did ntis sissash lii 

lzigiwr h’t.rIs >I han. -� HlI,,ItbUlifl ha situaa, 

1ostna tw mff& ass ventintred IC’ ronlrok dr-.4johi, R I4M1IIVU ..iacif,utijcrn wfwdadc that inwpltd lirc’sjsnI’s asdjuvnnz and 
haarn,aainautaw-y ai as fat. 

� 

tnsnwwtalaar Injcso,iis. r1 the study ’inicraloat’ wns slag cItazrly rie(iatc’d hut slat’ 
. I)piain,i-

iiradrusItii njittome and [fir rIinKItsu of ,tw1ihyltit’t,i��d in (lie cows flats ’ivPt 
iM41.. 

meditated auus( challenged wait 1rc’tuztwMy su(flricni (or asslittut’ )ili%XI ii fit. 
lisa prczhrciir of Ia,nanbsauua 

nçahass sosihylorocraul 

nvralhh h illuac&r.aIdd 
in the as 

itiga’aa aunt � ibtatind stud by $ingletuu. at at. (19157). Teichole add wait Jussilied asu Aiwtttii. g902112cvss tn,hpj Lhecc dgsaai of and4!ft 
vitlt HrrjUVUIZ by the subcaikuiouus "1019--111-Vt’ C.IitJIi’ 

au alan six challsasgtatl (n(c’hzated gCbzLta were,suid to bc imsiatuir. I Juwvvci’. eSuiuiujnIiLlaI (r .J site eI,du fur their: zhruo 
gmts xhcwa Lisa foil wiuug chnllwpgc. [Ill. IIIJIJIIKI ui Jtfl..5, 1 moruiruplilh in the iniflk was high and 

that stxpbyloaiui sw.1e rscnaetl ira 
die milk for ItPtJJ K � an leasl. K wit’k. *Norcurarr by curreof standards there 

qrnuauia& goats smart lit &Ytnttl Larnw. t Mimi at, Iiavc’ 
tcaiudtis. - . � . . � 4s.tvscI CONCLUSION. 

a 
� � ’r. It is 

nontial 
La, di: that dbpairhy of uutigvnie 

its 
ida.iiry  

snaslsnws 
’ VANIa. S lui-nns 

anti 
snaka pI Del ivc’ ar3tsfvsttr preparnileins. ainti I I’: Lark 

of it prp’i IulIKIIhsJfl I’MA!i I rsi,tt’ and thus sdwtlule 

ha rclajiozt to Ihc’ fasctaahn, ryde as anx;nA iIw t,hatudeic to - Rvillilml � irnrnu,thjqi, aqçaitlst zaiphyloaxzal 
mmt(tis 

ha dairy nitta. ’i’heKc (lIIJ’Lt-1thk’,I injjaiher :- ksieait  Milt the ILca- 

that nuzcrltls 
can be awsed bvxcwrtai bterlatl sjrcxks 

tither ChRIS Nhq*.  � I RJJ�I pit ao, utay Iiç theiusclvca sul’15dens an p4wit the Ibrinukiakan t,f am rlrec-ihrr atari, � itassa � acru1anabk 

macnate 
against WaittidL But therc"is a oscarti 

funtliarnenist 
rmbkinhlc1i is . � 

KIttstI a. - pitrilcularly retevaua 
to iuuuunization apilart staphylocuccat rnaasthis. aizuiwly. ihatr 11W ’’ I inv1zs’iotQr 

the snauzanisry 
gland by padaugenuic MIj)hiyCIliedI insults in all Thissij � � hshlrunmsziory respanlasu wIiieig = as milk 

scnnatk ce11 intuit tngt’,hs wills cxi ret kso ’if - . asc:n.0 � staillsOommi are ei-itra of mttdth. But size iUIIaIiUnaIOry ratqions.sa is 
the antwra,I usic-diatiliun by which dun niauztnzuy gland defeats itself aaiaui shiphyluronti 

anti I. - �. 
iriiiniitubattion 

nut suiuty liuncijun b ci4iir thi  tIuis, ii l twiti’  
Aunts e lnczvltashk 

thai iiir rricn-tlun Jut thy inapuinked gliasni in isIuLckna by hI;qJhyhKu cj will 

SICINULI. 

ClounitutcluallitiL 
Qitly when prutertion 

ntjibaiii’hkrn1 Iiyehiddagainizdhai;snilaiwy �57 Come f 



9CI 

so 

IMMLIN IMTION AGA1w?r mpiyi.coeCAI. MA11r1S 419 

ripwIan vi’}jtJi Is in,i,[jckng to coi)Sifli1it 5u1XIrIiELl lU21itiLL, Willhamt1oadon 

ithti biwirzc 11OW110S Jiivc icccdvd. 

LEruiNcKS 

Ai.i..M, C. WARII, P.11.. MWMThIt?, A. q ,irnJ, P. Tiwiu CM. (19)11. 1igfrc 
iinmwiki. 1,1, :isn. 

ftN.FJf)i&. C. (10181 lit. W.J. 152  M. 
C. a CIi4wIn.. ft. I.. (1975)..). amçb. f.tth. 8., 09. 

ANNI.IM. lftILZJt tw Ci 91 1). hit. i’aj,Ptul. a,fl I 
HI.nsasl, H. IiDuvt D.T. (1CIS2LAm.). izi. Res. 23.7. 
0L1n1-:, IL, ftvw D.T. LvStMCi$J,C (9(101.). (bet. 79, $07. 
L3thtI1fl)N, lvi. L:WA.rwN. I). L k Lscj.1zt A. IC.. (IVI I).AwiLJ. z1.. .BlaL witL St 49. 6(3. 

1%RuI,j. 11, Gm. K. D. is )ULLTPiI, B.0 1975). Rn. i’d. 111 19, tSL 
- aito.j. CL. rirn’vy, A. k Rrrvji. II. (1973). In/cc. lownturb It 160. 

IL. C 1973LJ. ita. wi. mui. Au. 163 755. 
)i.u,vsIInu.J, L (W(C0*). lies. wl.$p. I, 550. 
fluisViuuij. II. (W$OhI.J. romp. i’asih. Thea-. 7(1, 22L 
Dusvni’..v.J, R.3I192LL1WY1-I. IS. I.L)9(b2),ILri. piL.. BJ.V. 

F.4w1(LN, C. LP te &YNN, A. A. 1W7G1.)29,7G. 

11I1Iw,JIIvMd, N.J., Eu.inn 0. F, &FA1CO. ft. ((37 11.1/sc. lmrnunRj 5,0(11. 

I:,.s, Rvn it. 11.119511).). bizci. 7, 1117. 
(Hrp.ii,W. It, Vs LNPIKIWIUL, f..W. (t*74L (),ocrl). ,’ct. liei. 41, IO&i 

(t,-n.i,’1. IC., ()ni 1.14.. NsilE, I!. 3L, Wssrclusm, I. P., KuatWLli, 11.0. &Wn.$ON. C. 1.). 

41991J. l#i7 1W. 44 15. J(1t47, R. LI 1974). !’rx. 4..5haq. tJ.SA,iim.Y111u4i.. 71S,148. Xrl I i-v. II. U. k%OWN, P.. (1967). baL Accht4ffrip) spj4. !imniLn. $1, 5115. J.1prc.,A, W. D. 11961 LRr, pZJ. 125, 15$, Mr R. W. I 1971).). DdSd. 60,101G. MIs-4t2I-I1L.LI.RwJl, ft. LILIM). lmfr. Now. Anita. 1Ift11,R .55’-. Nu. I. F. 1.C191f4. J Vat, .’enal,zwun .4IILIIIIII CvIIIIW (ad. biCYRd- 95. )9. 

1’Jwt,t,iJ,.F. Ii. S. & NitAyui, F. P.. (1965).)- i1tes 21, 169, 
l’uvi., (4. I, Ckjwicr, A.J,, gIrA S. ’I It Uoi D. J. 1 1074 Aij.J. wt.flca. 36, 1737, 

Z’AHfiEJ. W.Ct977lj.4s’vrs1.I,sed.Aas. 170,1253. 
tses,a.J. K. L.. fl. U. (1974). W. 11cc. 95. 25g. r,vwi, I- U. M. Ik NPMD(2uij% F H. S. (l969). Can. wi). 3, 170. 1419C11M1I111,J. (1D75. Pw. liernanait skI Mddllh (91(4W. Ml. Oabj ., J, &wtuu, ious. W. CJ, 1376). ff’.. weLJ. 24,47. P.t.a .as. P. * Aw.a.Ey, aU. (19741. j’,ot. Samievarm .biaulkia C.ninsI M. 134çJkI. 85. 3bt) Rp.rapi. ft. & Iluaci’.J. I. (19763. Ismaivznot £5, TI. ICI R.t Vii I. 1.1. W. is Rflpj. It. (*915).), retitail d1hi4. 1k.,. 15, I. 

Ru’uaLI, N. W., 3tt,it.ii, U. IL is Ituirrom. P.119761, gd-. vrL .Sd. 211. 80. 
111.554., I,M. W., J1nuIii$!, LII. Is 1(911 II 0.11977).) ,iunjs. IdbI. ft7, 45. It, VIi.u.. P..J..Wn.IisL3ti. F’. C., MiN5UY. K)., M.i(i. S., hc Cstmez A.C. IsA II9tflhiWW?J-a’.I 197 1.3. 1. d..lIieas&&al. 3,4.55. 1hI,.g.M. (1. W., C.RauatI, R. J, 

Vs JAI’, N. C. (101 I In &tQnr IkJfti. l’)lThaddpIIrJI J.c is 

t’imp. AdA 77.279-
1C.

7. 
79.ft.

 I 19771. lit )(a. lk.antlo5t, Yr,ivZha, ,niri Cliwai( tiHthuihm. p. 0*5, Nt’w Ynt1i 

Alms IC. )i,,sliir. .44CJILJ. ’I’. I’. 11971a1). p!ziuF.avJ,J. .Llg,t.290, 717. � 1. I’. (1974h). NiwIgit.j.MtiL 29O, 774. 



’�’ 

I. 

V 



V 

A ar Tacnucr.-c-r,i A u c-b.rn--S; fl !jI ..:2i! LiajCfl;.in £15 i-fl 

flrrrfln rrTrTt ii-- 
115 LiflA; A, 

WAflin IA Ar i-CIA, 
� Inrlsu LV US 

ri- ui- flU An; fl S Li  0 a i ij i4 At S I A 

SUPERINTLNIDENCIA DE INDUSTRIA Y COMERCIO 

itiiIiIiiIIU1llUhIflID1It1IIIlIIIll 
No. 02-112910- 00013-0000 
?3-H- 7 223 Dep 2020 NUECREACIONE 

Eve: 379 FASENCONALII 
PEEJESTAREQUE Folios: 17 

4-

I 4 5 4 U I UI4 UflIVA4 In is. I 45 

AIrI Cr 4C.irnr rrr.TouA v nu "Hnn ar OnrnlA 4711At 4 7 Ff1 AtfAn fl 4 flAA 

C-5 - - Li
 

I f U 

P ci it r i-r T fl 
--------

4 ti-Aft i-4A7 r-Aflt_, IIPflLI TrAr I; Mttr;rer-n Ifl Mi-nrA-. SIrMAr- rrMrr 
4A5 PilAf 

US UUhSjUfl SLit! ISA, £LInrIU.i. i LL’JLt.ssssu 
LUQ*JVV, U: 

C-h_ r-;r1jyr rrrn uc, flrn. 21.,14 biLitz 

..Jj 51;4flj,Li. 

-2,41- 00 3  



United States Patent [19] 

Boyle et al. 

[54] BACTERIAL PLASMIN RECEPTORS AS 
FIBRINOLYTIC AGENTS 

[75] Inventors: Michael D. P. Boyle, Whitehouse, 
Ohio; Richard Lotteoberg, 
Gainesville, Fla.; Christopher Broder, 
Rockville, Md.; Gregory Von 
Mering, Gainesville, Fla. 

[73] Assignee: University of Florida Research 
Foundation, Inc., Gainesville, Fla. 

[21] AppI. No.: 928,462 

[22] Filed: Aug. 10, 1992 

Related U.S. Application Data 

[63] Continuation-in-part of Set. No. 524,411, May 16, 
1990, Pat. No. 5,237,050, which is a continuation-in-
part of Set. No. 330,849, Mar. 29, 1989, abandoned. 

. [511 mt. CL .............................................CO7H 17/00 
U.S. Cl . .................................. 536/23.1; 536/23.7; 

424/94.64; 435/172.3; 530/350; 530/388.25; 
530/381;530/825 

[58] Field of Search ..............................536/23.1, 23.7 

[56] References Cited 

PUBLICATIONS 

Lottenberg et al J. of Bact. 174(16):5204, 1992. 
Pancholi, V., and V. A. Fischetti (1992) "A Novel Mul-
tifunctional Surface Protein (MF6) of group A Strepto-
cocci" Abstract of the General Meeting Abstract No. 
B-252 p. 68. 
Blobel, Gunter (1980) "Intracellular protein topogene-
sis" Proc. Nat]. Acad. Sci. USA 77(3):1496-1500. 
Ferguson, Michael A. .1., and Alan F. Williams (1988) 
"Cell-Surface Anchoring of Proteins Via Glycosyl�
Phosphatidylinositol Structures" Ann. Rev. Biochem. 
57:285-320. 
Hekman, W. E., D. T. Dennis, and J. A. Miernyk (1990) 
"Secretion of Ricinus corn munis glyceraldehyde-3--
phosphate dehydrogenase by Escherichia coil" Molecu-
lar Microbiology 4(8):1363-1369. 
Allen, Robert W., Kathleen A. Trach, and James A. 
Hoch (1987) "Identification of the 37-kDa Protein Dis-
playing a Variable Interaction with the Erythroid Cell 
Membrane as Glyceraldehyde-3-phosphate Dehydro-

11111111111111111 11111 IIII 11111111111111111111111111111111111111111111 IN 
US005328996A 

[ii) Patent Number: 59328,996 

[45] Date of Patent: Jul. 12, 1994 

genase" The Journal of Biological Chemistry 
262(2):649-653. 
Goudot-Crozel, Veronica, Daniele Caillol, Malek 
Djabali, and Alan J. Dessein (1989) "The Major Para-
site Surface Antigen Associated With Human Resis-
tance to Schistosomiasis is a 37-kD Glyceraldehyde-3-
P-Dehydrogenase" J. Exp. Med. 170:2065-2080. 
Allen, Robert W., and Beverly A. Hoover (1985) 
"Characterization of the Processed Form of a Ubiqui-
tous Protein Displaying a Variable Membrane Organi-
zation in Erythroid Cells" Blood 65(5):1048-1055. 
Michels, Paul A. M., M. Marchand, L. Kohl, S. Albert, 
R. K. Wierenga, and F. R. Opperdoes (1991) "The 
cytosolic and glycosomal isoenzymes of glyceral-
dehyde-3-phosphate dehydrogenase in Trypanosoma 
brucei have a distant evolutionary relationship" Eur. J. 
Biochem. 198:421-428. 
Tso, J. Yun, Xiao-Hong Sun, Teh-hui Kao, Kimberly 
S. Reece, and Ray Wu (1985) "Isolation and character-
ization of rat and human glyceraldehyde-3-phosphate 
dehydrogenase DNAs: genomic complexity and molec-
ular evolution of the gene" Nucleic Acids Research 
13(7):2485-2502. 

(List continued on next page.) 

Primary Examiner�Suzanne E. Ziska 
Attorney, Agent, or Firm�Saliwanchik & Saliwanchik 

[57] ABSTRACT 

The subject invention concerns novel methods and 
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BACTERIAL PLASMIN RECEPTORS AS 
FIBRINOLYIC 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 ulmonary embolisms. This approach is now also used for 
treating acute peripheral arterial thrombosis and acute 
coronary thrombosis and for solubiizing 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-
nogen 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. hnmun. 
55:1914-1918). Group A streptococci cause pharyngitis 
and invasive infections such as cellulitis and bacteremia 
(Bisno, A. L. 119913 New EngL J. Med. 325:783-793). 
There has been a recent increase in invasive group A 

streptococcal infections occurring in healthy individu-
als. Also, group B streptococci are important pathogens 
for pregnant women. Staphylococcus oureus, another 
gram-positive bacteria, is another invasive pathogen for 

5 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-

10 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 zyinogen plasminogen 

15 to the active protease, plasmin (Siefring, G. E., F. J. 
Castellino [1976] J. Rio!. 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 

20 range of substrates. Plasmin can degrade several mam-
malian extracellular matrix proteins, such as fibronectin 
and laminin, and can enhance collagenase activity (Li-
ona, L. A., R. H. Goldfarb, R. Brundage [1981] Cancer 
Res. 41:4629-4636). Therefore, the ability to generate 

2 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 (Kj, 10- 10M) and is specific for plasmin, 

30 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; Desiar-
din, L. E., M. D. P. Boyle, R. Lottenberg [1989] 
Thromb. Res. 55:187-193). 

35 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 

45 have also been identified for E. coli, Tiypanosoma brucer, 
Saccharornyces cerevisiae, and Drosophila melanogaster 
(Alefounder, P. R., R. N. Perham [1989] Mo!. Microbiol. 
3:723-732; Holland, J. P., L. Banieniec, C. Swimmer, 
M. J. Holland [19833 J. Rio!l, C/tern. 258:5291-5299; 

So Michels, P. A. M., M. Marchand, L. Kohl, S. Allert, R. 
K. Wierenga, F. R. Opperdocs [1991] Eur. .T Bloc/tern. 
198:421-428; Tso, J. Y., X. -H. Sun, R. Wu [1985] Nu-
cleic Acids Rea 17:1251). .E coli and T. britcei each have 
two GAPDH genes with significant differences in de-

55  amino acid sequence (Alefounder et al., supra; 
Michels et al., supra); however, the translated product 
of the second E. coil GAPDH gene has not been re-
ported. One of the trypanosomsi isoenzymes is local-
ized in the glycosome, a specialized metabolic organ-

60 cUe, while the other GAPDH is found in the cytoplasm 
(Lambier, A. -M., A. M. Laiseau, D. A. Kuntz, F. M. 
Vellieux, P. A. M. Michels, F. R. Opperdoes [1991] 
Eur. J. Biochern. 198:429-435). 

In addition to its usual intracellular location, 
65 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 11987) J. 
Biol. Chem. 262:649-653; Goudot-Crozel, V., D. Call-

Provided by PatentStorm, http://www.patentstorm.us 



VP 

id, M. Djabali, A. J. Dessein [1989] J Exp. Med. 
170:2065-2080). Allen and Hoover ([1985] Blood 
65:1045-1055) characterized a membrane-associated 
37,000-Me protein expressed by the erythroieukemic 
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 irnmunogen of S. inonsoni 
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 (Pir), neither of 
these surface proteins had domains corresponding to 
previously described membrane-anchoring structures 
(Blobel, G. [1980] Fi-oc. Nall. Aced. Sd. USA 
77:1496-1500; Ferguson, M. A. 3., A. F. Williams [1988) 
Annu. Rev. Biochem. 57:285-320). Interestingly, Hek-
man at al. (Hekinan, W. E., D. T. Dennis, J. A. Miernyk 
[1990] Mot. Microbial. 4:1363-1369), while studying the 
expression of recombinant plant GAPDH in .E col4 
were able to target the protein to the outer membrane 
by genetically fusing the signal sequence of E coil 
OmpA to Ricinus communis GAPDH. Pancholi at al. 

l

have recently reported the isolation of a 39 kD surface 
totem 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-
miii. 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 

¶28,996 
4 

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-
5 gated to a 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. 

10 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 

15 antiplasinin. 
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-

20 crwise. Exemplified herein is the use of a group A strep-
tococcus receptor which binds human plasmin with, 
advantageously, a very high affinity and a very slow 
off-rate. This form of immobilized plasmin has a number 
of potential applications for thrombolytic therapy, not 

25 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 

30 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 Mr= 47,000 streptokin-
ase molecule produced by the same bacteria. Unlike the 

35 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) 

40 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 

45 FIG. 1 shows the restriction map of the 2.7-kb EcoRI 
insert of pRL0I5. 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. 

so 
BRIEF DESCRIPTION OF THE SEQUENCES 

SEQ ID NO. I S - çDNAei 

ss SPQTtDNO.2isr1i ’edamiuoacidaiqenc 
of the plaunin 

DETAILED DESCRIPTION OF THE 
INVENTION 

60 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 

65 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 a.2 
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 

,Akieticuloendothelial system and, by virtue of its particle 
IwLze, it can accumulate in areas 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 reticuloendotbeliai sys-
tem clears the organisms. Our findings that the plasmin 
receptor is extremely stable and is present on non-viable 
bacteria males 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 viable, are not human patho-, 
gens 
su lip groups orstrptococ4 Z

Pasteurella hoemo-
Iy:ieà as well as Staphylococcus aureus microorganisms 
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 disease in cattle which involves fibrin pneumonia 
that occurs in cows infected with Pasteurella haemolyt-
ica, This is a major killer of animals, particularly those 
suffering from immunosuppression as a consequence of 

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 

5 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 
10 plasmin, are (1) the increased selectivity achieved by 

immobilizing plasmin in a non.regulatable form on a 
particle 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 

15 for animals as well as man. 
We have isolated and analyzed ph, the gene encoding 

a group A streptococcal plasmin receptor. By screening 
a X gill expression library with antiplasmin receptor 
antibodies, we identified a plasmin receptor gene within 

20 a 2.7-kb streptococcal DNA fragment. This fragment 
was subcloned into a low-copy-number plasinid, and 
the receptor protein was stably expressed in E coil 
under the control of putative streptococcal promoter 
elements. The recombinant receptor protein demon-

25 strated immunoreactivity and plasmin-binding activity. 
We determined the nucleotide sequence for pir and 
upstream elements of the structural gene. An open read-
ing frame of 1,008 bp was identified. The 40.5% 0 
content of plr was slightly higher than the 35 to 3917c 

30 reported for group A streptococcal chromosomal DNA 
(Hardie, J. M. [1986] "Genus Streptococcus," pp. 
1043-1071, In J. 0. Holt etal. (eds.), Bergey’s manual of 
systematic bacteriology, Williams & Wilkins, Baltimore). 
The deduced amino acid sequence was identical for 74 

35 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. 

40 The deduced amino acid sequence for the recombi-
nant plasmin receptor protein (Pb) was compared with 
published sequences for other proteins. Plr exhibits 
significant similarity to the glycolytic enzyme 
GAPDH, reported for a number of prokaryotic and 

45 eukaryotic organisms. The best match was with .8. sub-
tills (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 

50 be defined. However, the extensive amino acid homol-
ogy and similar hydropathy plots for Pb and B. subtilis 
GAPDH strongly suggest that Pir is a member of the 
GAPDH family of proteins. Furthermore, preliminary 
analysis of the recombinant protein revealed that Pir 

55 has GAPDH enzymatic activity. 
The clones have been transformed into and expressed 

in E coil. An Escherichia coil host containing the clones 
has been deposited into the permanent collection of the 
American Type Culture Collection (ATCC), 12301 

60 Parkiawn Drive, Rockville, Md. 20852 USA. The cul-
ture has been assigned the following accession number 

65 Culture ATCC Designation Deposit Date 

Ewhertch(a co/l, 69415 December 9, 1993 
chi 6060 (pRLOI5) 
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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 
Trademarks to be entitled thereto under 37 CPR 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 deposit(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. 

11 restrictions on the availability to the public of the 
bject culture deposits will be irrevocably removed 

upon 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 fail 
within the scope of the subject invention so long as the 
substitution does not materially alter the biological ac-
tivity of the compound. Table I provides a listing of 
examples of amino acids belonging to each class. 

TABLE 1 
Class of Amino Acid Examples of Amino Acids 

Nonpolar Ala, Vii, Leu, lie, Pro, Met, Vhs, Tsp 
Uncharged Polar Gly, Ser, Thr, Cys, Tyr, Aan, Otis 
Acidic Asp, Gin 
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 

5 

10 

15 

20 

25 

30 

8 
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 Bal3 I 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 

35 Bacterial strains, plasmids, and media. Group A 
streptococcal strain 64/14 is a M-untypeable clinical 
isolate that was passaged in mice 14 times (Reis, K. J., 
M. Yarnall, E. M. Ayoub, M. D. P. Boyle (19841 Scand. 
J. Immunol. 20:433-439). Escherkhia colt Y1090 [ala-

40 cU169 proA+ Lan araD 139 strA supF 
trpC22::TnlO(TeVXpMC9)) was used in screening the 
expression library, and E. coil X6060 [F’ (traD36 proAB 
lac IQ LacZM15)::Tn5 (Km’)/araDl 39 (ara leu)7967 
AlacX74 &phoA20 galE galK recAl rpsE argE(Am) 

45 rpoB tin] was used for transformation and gene expres-
sion. A low-copy-number plasmid pYA2204 with a 
replicon derived from pR.EGI53 (a low-copy-number 
IncW vector derived from the R plasmid R388) was 
used (Galan, J. B., J. F. Timoney, R. Curtiss III (198$] 

o "Expression and localization of the Streptococcus equl M 
protein in Escherichlo coil and Salmonella typhimunum," 
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 pir 

ss was suboloned into the pUC9 lacZ multiple cloning site 
of pYA2204. 

Streptococci were grown in Todd-Hewitt broth. E 
coil Y1090 for X infection was grown in 19o’  tryptone 
supplemented with 0.5% yeast extract and 0.4% nail-

60 toss. E. colt x6060 was grown in L broth supplemented 
with kanamycin (50 g/ml). 

Radioiodination of proteins. Human plasminogen 
isolated from plasma by chromatography on lysine. 
Sepharose (Lottenberg, R., F. R. Dolly, C. S. Kitchens 

65 [1985] Am. 1. Hematol. 19:181-193) and streptococcal 
protein 0 (Calbiochem, San Diego, Calif.) were labeled 
with 1251 (Amersham Corp., Arlington Heights, Ill.) by 
using a mild lactoperoxidase reaction with Enzymo-
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beads (Bio.Rad, Richmond, Calif.) (McCoy II, E., C. C. 
Broder, R. Lottenberg (1991] J. Infect. Dix. 
164:515-521). Plasmin was generated from radiolabeled 
plasminogen as previously described (Broder, C. C., R. 
Lottenberg, G. 0. von Meting, K. H. Johnston, M. D. 
P. Boyle (1991) J. Biot. 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 III [1990] Infect. Immun. 58:464-470). Strepto-
cocci were grown overnight as standing cultures at 37’ 
C. in Todd-Hewitt broth supplemented with 2.2 mM 
KHPO4. Bacterial pellets were treated with lysozyme, 
snutanolysin, 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 (Birnboim, H. C. [19833 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 Research Laboratories, Inc., 
Gaithersburg, Md., and Promega Corp., Madison, 
Wis.). ? phage were isolated by the plate lysate method 
Silbavy, T. J., M. L. Berman, L. W. Enquist [1984] 

penments 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 at 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 X gill library. The streptococcal 
genotnic library was constructed as described by 
Huynh et al. (Huynh, T. V., R. A. Young, R. W. Davis 
[1985] "Construction and screening cDNA libraries in ? 
gtlO and X 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 rnethylase, treated with Kienow 
fragment of DNA polymerase to generate blunt ends, 
and ligated with EcoRl linkers. Excess Ilithers were 
removed by digestion with a high concentration of 
EcoRI. The DNA was ligated into EcoRI-generated 
gt 11 arms and packaged into X phage with Packagene 
(Promega Corp.). 

Screening of the streptococcal library. The resulting 
non-amplified X gill library was diluted in 10 mM Tris-
2.5 mM MgSO4-0.01% gelatin-O.IM NaCl, pH 7.5, and 
used to infect E coil 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 ampiciflin (50 g/m1), incubated at 42’ C. 
for 3 to 4 hours to induce lysis, and overlaid with nitro-
cellulose filters impregnated with 10 mM isopropylthi-
ogalactoside (IPTO) 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 NaCI-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 at al. [1991), supra) for approximately 18 hours 

5.328,996 
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at room temperature, washed, and then incubated with 
goat anti-mouse immunoglobulin 0 (Cappel, Organon 
Teknika) for 3 to 4 hours. Antigen-antibody complexes 
on washed filters were detected with 1251-streptococcal 

5 protein 0. 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. Irnmunoreactive plaques 
were isolated and purified through two additional 

10 screenings. 
PAGE and protein blotting. SDS-polyacrylamide gel 

electropboresis (PAGE) was carried out with a 10% 
(wt/vol) polyacrylamide separating gel and a 4% 
(wt/vol) polyacrylamide stacking gel according to the 

IS method of Laemxnli (Laenunii, U. K. [1970] Nature 
227:680-685). Gels for Western blotting (irnmunoblot-
ting) were equilibrated, and separated proteins were 
transferred by methods described previously (Broder at 
al. (1991], supra). For studies of plasmin binding, nitro-

20 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 

25 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 [35S)methionine (specific activity, 

30 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-
35 min receptor protein. E. coil X6060(pRL015) 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 

40 were performed at room temperature; the precipitates 
were removed by centrifugation at 10,000 x g for 30 
minutes, dialyzed against phosphate-buffered saline, and 
analyzed by SDS-PAGE and Western blotting. At 55% 
ammonium sulfate saturation, the recombinant 

45 41,000M,. plasinin receptor protein remained in the 
supernatant fluid, whereas the majority of .& cell prote-
ins precipitated. 

DNA sequencing and analysis. DNA sequencing was 
performed by dideoxy chain termination by using the 

50 Sequenase kit (United States Biochemical Corp., Cleve-
land, Ohio) with a-35S-ATP (specific activity> 1,000 
Ci/inmol; Amersham) by following the instructions of 
the manufacturer. Sequences were determined by using 
the universal forward primer supplied with the kit, 

55 recessed M13 primers, and sequence-specific oligc,nu-
cleotides synthesized by the University of Florida Inter-
disciplinary Center for Biotechnology Research DNA 
Core lAboratory. Sequences were analyzed with the 
Genetics Computer Group programs (University of 

60 Wisconsin-Madison) (Devereux, J., P. Haeberli, 0. 
Smithies (1984] Nucleic Acids Res. 12:387-395). 

Amino acid sequencing. Mutariolysin-extracted pro-
teins (Broder et al. [1991], supra) from strain 64/14 were 
subjected to SDS-PAGE. The proteins were eleciro-

65 transferred to a polyvinylidene difluoride membrane 
(Immobion-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 

Provided by PatentStorm, http://www.patentstorm.us 



a, 

0 1 

5,328,996 
11 

were stained with Coomassie brilliant blue. The 
41,000Mr 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 41,000M, 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 Biosysterns 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 I 

0Human 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 0-100 (Lottenberg, R., F. R. 
Dolly, C. S. Kitchens (1985] Am. .1. Hematol. 
19:181-193). The purified protein appeared as a single 
band on a silver stain of an SDS-polyacrylaznide 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 
chioramine T method using lodobeads (Pierce Chain. 
Co., Rockford, Ill. U.S.A.) as described in Markwell, 
M. A. K. (1982) Anal. .Biochem. 125:427-432. The la-
beled proteins were separated from free iodine by pas-
sage over a 0-25 column (PD-10, Pharmacia) and col-
lected in 0.15M Veronal buffered saline, pH 7.4, con-
taining 0.001 M Mg2+, 0.00015M CO2–, and 0.1% gela-
tin(VBS-gel). The labeled proteins were stored in au-
quots containing 0.02% sodium azide at �20 C. The 
specific activity was approximately 25 mCi/mg. The 
concentration of1251-plasminogen was determined 
using a modification of a previously described enzyme-
linked iminunosorbent assay (Reis, K. J., G. 0. Von 
Mering, M. A. Kazis, E. L. Faulmann, R. Lottenbcrg, 
M. D. P. Boyle [1988] J.  Immunol Methods 
107a73-280). The ELISA could accurately measure 1 
ag/mi 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 asia at 37 C. The conversion of the single chain 

12 
zymogen molecule to heavy and light chains was moni-
tored, following reduction, on SDS-PAGE using the 
method of Laemnili as described previously (Lotten-
berg, R., C. C. Broder, M. D. P. Boyle 11987) Infect. 

5 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. 

10 EXAMPLE 4 

Bacteria 

The group A/3-hemolytic streptococcal strain 64 had 
been previously subjected to mouse passage (Reis, K. J., 

is M. Yarnall, E. M. Ayoub, M. D. P. Boyle [1984] Scand. 
.1. Immunol. 20: 433-439). The parent strain (64/F), 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-

20 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 mm, a treatment that did not alter their 
plasmin binding potential, but eliminated the production 
of soluble plasminogen activators which would inter-

25 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-

30 rial chains in a Neubauer hemacytoineter (Fisher Scien-
tific, Orlando, Fin., U.S.A.) 

EXAMPLE 5 

Effect of pH and Ionic Strength on Binding 

35 To assess the effect of pH on the bacterium: plasmin 
(ogen) interaction, 50 jLm of labeled plasminogen of 
plasmin (approximately 2 x 10 cpm) were added to 1.0 
ml of VBS containing 0.05% Tween-20 adjusted to the 
appropriate pH. After 15 min at room temperature, 50 

40 m of VBS containing approximately 107 bacteria 
(Strain 64/14) were added and the mixture was incu-
bated at 37 C. for 15 mm. The bacterial suspensions 
were centrifuged at 1000 g for 7 asia to separate bacteria 
from unbound labeled proteins and the pellets were 

45 washed twice with 2 ml of VBS at the appropriate pH. 
The radioactivity associated with the bacterial pellet in 
duplicate experiments was measured using a Beckman 
5500 autogamina counter. 

50 Maximal binding of plasmin to the bacteria was ob-
served between pH 5 and 8 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:plasuain (ogen) interaction, similar studies were car-
ried out in solutions containing different concentrations 

60 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. 

65 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 (2+ and Mg2+ on Binding 
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EXAMPLE 8 

Determination of Ki, and Receptor Density 

Bindings of radiolabeled plasmin to group A strepto-
cocci strain 64/14 was studied in the following buffers: 
(1) VBS-gel containing 0.00015M Ca2+ and 0,001M 
M82+, or (2) metal free VBS-gel containing 0.15M 
ethylenediaminetetraacetic acid (EDTA). In each case 
400 pl of buffer was added to 100 pi of VBS-gel con- 10 
taming approximately 107 bacteria and 100 sl of VBS-
gel containing 3x 10 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 15 

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 20 
same in the presence or absence of divalent cations. 

EXAMPLE 7 

Inhibition of Binding by Amino Acids 

Labeled plasmin (100 pl containing approximately 25 

Ox  IO cpm) was added to 200 jil VBS-gel containing 
arying concentrations of epsilon-aminocaproic acid 

(EACA), lysine, or arginine, and incubated at 37’ C. for 
15 mm. The pH of each solution was 7.0. One hundred 30 
s1 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 3 
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 40 
following manner. Labeled plasmin was incubated with 
10 bacteria in VBS-gel containing no amino acid at 37’ 
C. for 15 mm. The bacteria were pelleted by centrifuga-
tion and washed twice with 2 ml on VBS-gel. After 45 
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- 50 
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 55 
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 60 
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 65 
required to elute 50% of the bound plasmin was approx-
imately equivalent to that required to inhibit plasmin 
binding by 50%. 

Labeled plasmin (25,000 to 250,000 cpm) in 100 ptl of 
VBS-gel was added to 3 x 106 bacteria in 300 l 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 (KD) 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. Enzymot. 29: 
1-32). The concentration of plasmin was determined 
specific activity for the labeled plasminogen. Scatchard 
analysis (Scatchard, G., [1949] Ann. N.Y. Aced. ScL 51: 
660-672) of these data was also performed. Counts 
bound vs. counts bound/counts free was plotted and the 
slope (representing - l/Kp) 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). 

Plasmun 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 .&g of labeled plasmin at room temperature for 45 
mm. 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 mm. 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 0-25 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 Ko of approximately 
5 x 10- "M 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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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 gl aliquots. Commercially available 
group C streptokinase was used as a positive plasmin 
binding control in each assay. All wells were washed 
twice with 200 j.l 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 3-4 
hours at room temperature in the blocking buffer con-
taining 2.0 mM PMSF and 1251-labeled human plasmin 
at 3 x 10 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-
ograpbs were generated by exposing the nitrocellulose 
blots to Kodak XAR-5 film with an intensifying screen 
for 15-24 hours at �70’ C. followed by automated film 
developing. 

EXAMPLE 10 

* Polyacrylanude 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-
body by incubation with 4.3 g IgG per ml of probing 
solution (approximately a 1:3000 dilution of antisera) for 
three hours and probed with 1251-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, 
followed by probing with goat antibody specific for 
mouse IgG at 1.0 .ig/m1, followed by probing with 
1251-streptococcal protein 0 containing 3 X 10 cpm/ml. 
Blots were then washed with 0.0IM EDTA pH 7.3, 
containing 1 .OM 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 (Broiler et al.). The 
colony blot immunoassay to monitor the expression of 
Fc receptors on individual bacterial colonies is de-
scribed in Yarnall, M., K. J. Reis, E. M. Ayoub, M. D. 

16 
P. Boyle (1984), "An immunoblotting technique for the 
detection of bound and secreted bacterial Fc recep-
tors," J. Microbiol. Met/i. 3:83-93. 

This procedure is a modification of the method de-
5 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," Mo!. Ce/I. Biochem. 
70:57-66. Approximately 1.0 g wet weight of bacteria 
was suspended in 5.0 ml of 20 mM KH2PO4, 1.0 MM 

10 EDTA, 0.02% NaN3 pH 7.0 containing 2.0 mM PMSF, 
10)4g/ml DNAse I and 50 ig/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 

IS 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 Strep tococ-

20 cus mutans are true protoplasts," JnfecL Im,nun. 
31:303-815) to remove contaminating protease. 

EXAMPLE 12 

Preparation of Immobilized Human Plasmin Affinity 
25 Support 

Human plasminogen at a concentration of approxi-
mately 5.6 x l05M was activated to plasmin by incu-
bating the sample in the presence of an approximately 

30 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.ISM NaCl pH 7.4 containing 40 mM lysine. A 50 
g4 aliquot was removed and analyzed by SDS-PAGE 

35 under reduced conditions to determine the extent of 
conversion of the single chain plasminogen 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-

40 ogen to plasmin was observed were then reacted with 
constant rotation with a 5 fold molar excess of D-valyl-
I-phenylalanyl-L-lysine chioromethyl ketone at ambi-
ent temperature with constant rotation. The enzymati-
cally inactive plasmin was then concentrated by amino-

45 nium sulfate precipitation (4.0 g/10 ml), dialyzed at 4’ 
C. against 0.1M MOPS buffer, pH 7.3, containing 
0.02% sodium azide. The dialyzed inactive plasmin was 
chromatographed on a Superose 6 column (Pharmacia, 
Piscataway, NJ.) in 0.1M MOPS buffer, pH 7.3. 

50 The chloromethyl ketone blocked plasmin recovered 
from the molecular sieving column, was immobilized to 
the activated affinity chromatography support, AM-
Prep 10 (Bio Rad, Richmond, Calif.). This matrix cou-
ples in aqueous buffers to primary amino groups in the 

55 ligand by means of an N-hydroxysuccinimide ester on 
the end of a 10 carbon space arm. Approximately 50 mg 
of inactivated plasmin in 18 ml of 0. 1  MOPS buffer, 
pH 7.3 was incubated with 6.0 ml of the AM.-Prep 10 
bead suspension for 15 hours with rotation at 4 C. 

60 Following ligand coupling, 100 gd of 1.OM ethanol-
amine HCl pH 8 was added and the reaction mixture 
rotated for 1 hour at 4 C. to block any remaining active 
sites on the AM-Prep 10 matrix. 

EXAMPLE 13 
65 

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 Na2HPO4, 0.1 5M NaCI, 1.0 
mM benzainidine HC1, 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 
OD2s0 returned to base line. The column was then 
eluted with a 50 ml linear gradient of 0.0M-0. IM L-
Lysine in equilibration buffer, or eluted in a single step 
using equilibration buffer containing 0.1M L-Lysine. 
The absorbance at 280 rim was continuously monitored 
an 1.0 ml fractions were collected. After each affinity 
purification procedure the column was washed with 20 
ml of 2.OM NaCl, followed by 200 nil of equilibration 
buffer and stored at 4 C. 

EXAMPLE 14 

Production of Polyclonal Antibodies to the Extracted 
Plasmin Receptor in the Mut.anolysin 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. 

AWRabbits were immunized with a gel slice from an SDS-
lyacrylaniide gel containing approximately 200 jug 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 sg 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 109o’  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 1251-labeled human plas-
min, as described above. 

Polyclonal antibodies to the M,.4 1,000 dalton 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 251-labeled human 
plasmin. The remainder of the nitrocellulose 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 ILg 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 pg of 
antigen immobilized on the nitrocellulose membrane 
mixed with Ribi adjuvant. Two weeks after the initial 
injection the mice were boosted intraperitoneally with 
10 gg of the nitrocellulose-bound antigen mixed with 
Ribi adjuvant. Four weeks after the initial injection, the 
mice were boosted intraperitoneally with 10 sg of ni-
trocellulose-bound antigen mixed with water. Four 
days after the final boost the mice were sacrificed and 

18 
ascites fluid collected from each mouse, pooled and 
used as a source of antibody. 

EXAMPLE 15 

5 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 

10 detergents TRITON fiX-100 with osmotic shock, ace-
tone and TRITON fiX-l00 extraction, and extractions 
with the enzymes, lysozyme, trypsin, or mutanolysin. 
The highest yield of soluble plasmin binding activity 

15 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 &l aliquot of the 
extract on a series of parallel reducing or non-reducing 

20 
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 jug of 
purified group C streptokinase (Mr approx. 48,000 
daltons) was electrophoresed as a positive control for 

25 plasmin binding. An aliquot of a sham mutanolysin 
digest, containing all the reactants, except the bacteria, 
was also analyzed by Western blotting techniques and 
demonstrated no plasmin binding activity (data not 
shown). 

30 EXAMPLE 16 

Relationship of the Plasmin Receptor to Streptokinase 

Although group A streptococcal plasmin receptor is 
functionally distinct from streptokinase, the release of 

35 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 ax-
40 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 Mr 

45-48,000 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 1251-
50 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 

55 mutanolysin extracted plasmin receptor displayed a 
M41 ,000 dalton band capable of binding to human 
plasmin; however, this molecule lacked any plasmino-
gen activator potential. A minor Mr41,000 dalton 
band was present in the concentrated culture superna-

60 tant of strain 64/14 which also bound 1231-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 

65 on strain 64/14 could be inhibited in the presence of 
EACA. The plasmin binding activity of M41,000 
dalton band present in the mutanolysin extract of strain 
64/14 was reduced significantly in the presence of 1.0 
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20 
mM EACA. Binding of 125I-labeled human plasmin to streptokinase, as well as rabbit and mouse polyclonal 
the M,,=41,000 dalton plasmin binding protein in the antibodies prepared against the plasmin receptor iso-
concentrated culture supernatant of strain 64/14 was lated from strain 64/14. 
also inhibited by 1.0 mM EACA. By contrast, addition These findings indicate that the plasminogen activa-
of EACA had no effect on the binding of plasmin to 5 tor proteins secreted by group A and group C strepto-
either the Mr48,000 plasminogen activator protein from cocci were antigenically related. By contrast the M, 
strain 64/14 or to the reference group C streptokinase 41,000 plasmin binding protein extracted from the 
molecule. Taken together these results indicate that the bacteria or present in low concentrations in culture 
surface plasmin receptor solubilized by treatment of supernatants displayed no antigenic relatedness with 
strain 64/14 with mutanolysin, was unrelated to the 10 streptokinase as detected by the monospecific poly. 
streptokinase protein secreted by the same organism. In clonal antibody used. 
addition, the results demonstrate that low levels of the By contrast, the group A plasmin receptor protein 
plasmin receptor are found in bacterial free culture solubilized from the 64/14 bacterial surface was totally 
supernatants in which group A strain 64/14 was grown. devoid of any of the antigenic determinants detected by 

The mutanolysin extracted plasmin binding activity 15 this the polyclonal anti-streptokinase antibody. 
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 Na2HPO4, 20 
0.I5M NaCl, 1.0 mM benzamidine HCl, and 0.02% 
NaN3, pH 7.2. Bound plasmin receptor activity was 

elutedusing
 a 50 ml linear gradient of 0.0-0. IM L-

L.ysine in 0.05M Na2HPO4, 0,15M NaCl, 1.0 mM ben-

zamidine 

HCI, and 0.02% NaN3, pH 7.2. The absor- 25 
Abanceat 280 nm was monitored continuously and 1.0 ml 

ractions were collected. Fractions eluted from the 
affinity column were assayed for functional activity 
using a dot blotting procedure and 1251-labeled plasmin 
as the probe. The functional plasmin binding activity 30 
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 35 
when a single concentration of 0.1 M 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. 40 
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 1251-labeled 45 
human plasmin. The results indicated that a single 
Mr= 41,000 dalton protein was affinity purified and that 
this protein retained fractional plasmin binding activity. 

S This protein corresponded to the activity present in the 
crude mutanolysin extract indicating that the affinity 50 
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 M41,000 dalton mole-
cule to bind plasmin and results in the disappearance of 55 
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 60 
purified protein, like the crude extract, lacked any plas-
minogen activating potential. 

The group A streptococàal plasmin receptor and 
streptokinase are physicochernically and functionally 
distinct molecules. The possibility that the two proteins 65 
arose from a common precursor and shared at least 
some antigenic determinants was considered. This pos-
sibility was examined using a polyclonal antibody to 

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 47,000-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 X gt 11 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, SPR8, and SPRI7. 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 /3-galactosidase. 

In order to express the streptococcal plasmin recep-
tor protein (Pir) stably i E coli, subcloning with a pins-
mid vector was carried out. After digestion of the DNA 
from SPR4 with EcoRl, agarose gel electrophoresis 
analysis revealed 2.4- and 2.7-kb DNA fragments in 
addition to the X arms. We attempted to subclone each 
of the EcoRI fragments into the EcoR! site of the low. 
copy-number plasmld 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 pRL015. When this plasmid 
was transformed into E coil 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 

6060 transformed with the vector alone. 
The 41,000-M,protein expressed from pRL0I5 was 

also analyzed for the ability to bind plasmin. Lysates of 
6060 (pRL015) were subjected to SDS-PAGE, trans-

ferred to a nitrocellulose membrane, and reacted with 
1251-plasmin. Several proteins contained in lysates of 
X6060(pRL015) demonstrated the ability to bind plas-
min. Control lysates of X6060 alone and 
X6060(pYA2204) also demonstrated similar plasmin-
binding protein bands. Therefore, the streptococcal 
protein was separated from E. coil 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 6060(pYA2204) as a control and X6060(pRL0I5) 
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 

41,000Mr 

protein produced by X6060(pRL015) 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 pRL015 
encoded several proteins with M, of <30,000; however, 
pRLOIS 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 
pRLO1 S 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 PvuII.EcoRI fragment representing the right 
side of the DNA insert (FIG. 1) was ligated with 
pYA2204 which had been digested with SinaI and 
EcoRI. Sequence analysis of each end of the insert 
DNA was performed, and an open reading frame to the 
right of the PvuII site was identified. By using pRLOL5, 
synthetic oligonucleotides were used to extend the se-
quence upstream and downstream of the PvuII site. A 
1,008-bp open reading frame that began with ATG and 
terminated with a TAA codon was revealed. The G + 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 (Ms of 3,000 to 16,000) generated by 
cyanogen bromide treatment of the n41,000-Mr 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 pit 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-
soxnal binding sequence was found at position-9 (AAG-
GAGG). Putative-35 (TFCACA) and -10 (TCTAAT) 
regions were identified upstream of the ribosomal bind-
ing site with a spacer of 19 bp. An additional subclone 
with the HindIII-BamHI fragment of pRL015 placed in 

22 
the opposite orientation to the plasmid-encoded pro-
moter expressed the receptor protein in E. coil, indicat-
ing that the upstream region served as a functional pro-
moter in E. coil. 

EXAMPLE 19 

Sequence Homologies 

The deduced amino acid sequence of PIr was coin-

10 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). 

15 Glyceraldehyde 3-phosphate dehydrogenases 
(GAPDHs) of bacterial origins (Branlant, G., C. Bran-
lant [19851 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-

20 ese [1989] Nucleic Acids Res. 17: 1251) exhibited the 
greatest homology with PIr. The gram-positive Bacillus 
subtiiis GAPDH demonstrated the highest score. The 
sequences showed 56% identity and 73% similarity. 

Hydropathy plots of Pb and B. subtilis GAPDH were 
25 determined as described by Kyte and Doolittle (Kyte, 

J., R. F. Doolittle [1982) J. Mo!. Rio!. 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-

30 anchoring motifs have been identified for several gram-
positive surface proteins (Fischetti, V. A., V. Pancholi, 
0. Schneewing [1991] "Common characteristics of the 
surface proteins from gram-positive cocci, pp. 290-294, 
In G. M. Dunny et al. (eds.), Generics and molecular 

35 biologic of s:reptococci lactococci, and enterococci, Ameri-
can Society for Microbiology, Washington, D.C.). 
However, no similar regions were identified for PIr. No 
significant amino acid sequence homology between PIr 
and streptokinase, the other well-characterized plasmin-

40 (ogen)-binding protein, was identified, supporting our 
previous biochemical and immunological analyses (Bro-
der et al. [1991], supra). 

EXAMPLE 20 

45 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 

50 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 

55 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 ivith the administration of a plasminogen activa-
tor. The receptor may be administered concurrently 

60 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 

65 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-

Provided by PatentStorm, http://www.patentstorm.us 



iii 

.. 

5,328,996 
23 

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 a.2 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-
gen activators alone are administered, much of the plas-

Wiin 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. I. Hematology 
19: 181-193). Incubation of the bacteria and plasmin to 
allow complex formation can be followed by washing 
of the bacteria to remove unbound plasmin. Streptococ-
cal strains non-pathogenic for humans expressing high 
levels of plasmin receptois 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-

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-

5 ated bacterium-plasmin conjugates by the reticulo-
endothelial systems would remove the bacteria from 
circulation. 

Anticipated applications of combination therapies or 
bacterium-plasmin conjugates as throntbolytic agents in 

10 clinical practice include intravenous administration for 
pulmonary throinboembolism, venous thrombosis, 
acute myocardial infarction, and local infusion for acute 
arterial thrombosis, and catheter or other intravascular 
device occlusion. These treatments essentially target 

15 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 

20 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-

25 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 

30 be the intravenous administration of epsion-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. 

35 P. Boyle, R. L.ottenberg [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-

40 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). 

45 EXAMPLE 21 
Vaccines 

The novel plasmin receptor described herein can be 
used advantageously in an immunogenic composition 

so 

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 

ss 

raise an immune 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 

60 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-
son!, and Staphylococcus aureus. 

Inununogepic connosjqons (such as vaccines) ço 
65 prWtW 

fJ 

For example, such compositions can be prepared as 
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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 wepgor emulsifying 
agents, pH buffering agents, or a4sucb as alumi-
num hydroxide or Lnuraznyl dipeide or variations 
thereof. Also, cholera toxin subunit B or other agents 
which stimulate antibody production at inucosal 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 1017c, preferably about I to about 
%. 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 

(I ) GENERAL INFORMATION: 

( I I i ) NUMBER OF SEQUENCES: 2 

(2 ) INFORMATION FOR SEQ ID 1401 

SEQUENCE CHARACTERISTICS 
(A ) LENGTH 112$ bace pain 
(B ) TYPE auc)eic acid 
(C ) STRANDEDNESS: both 
(I) ) TOPOLOGY: cici,1a 

I ) MOLECULE TYPE DNA (greomid) 

(I I I ) HYPOTRETICAL NO 

(v ) FRAGMENT TYPE: N4emica1 

(v I ) ORIGINAL SOURCE: 
(A ) ORGANISM 5ireptocoocii. pyogn, 
(B )STRAIN; H untypabic 
(C ) INDIVIDUAL ISOLATE-- 64/14 

(v I I ) IMMEDIATE SOURCE 
B ) CLONE: pRLQII 

i a ) FEATURE--
( A

EATURE(A
 I NAME/KEY: CDS 

(B )LOCATION: II..II22 

26 
(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, xnandelic, and 

s 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-

10 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 effective and 
immunogenic. The quantity to be administered can 

15 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 plasniin receptors of the subject invention 

20 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 

25 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 

30 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 

35 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 
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-continued 

(in )FEATURE: 
(A ) NAME/KEY malpcptide 

S )LOCATION 115.1122 
(C ) IDENTIFICATION METHOD experimental 
(ti ) OTHER INFORMATION /eodor.start’.-liS 

/ snoiOn ’H,gh-allimty binding of 
pimmin(Ogen)" 
/ prodnctStreptococcai plasmm receptor" 

/ 

evidence -EXPERIMENTAL 
/ gene"pir" 

/ 

number -I 
/ label -PLR 

(z I ) SEQUENCEDESCRIPTION; SEQ ID NOt 

ATAATAOTTC TOTTOAAAGO TTOTTGCAOA TOACTOTAAG TAATCTTTTC ACAATAOOTA 60 

000AOCATTC CCTCTAATAA TATTCTTTTO ATTTTCATAA GGAOGAAATC ACTA ATO 117 

Me I 

OTA OTT AAA OTT GOT ATT AAC GOT TTC GOT COT ATC GOA COT CTT OCA 165 

V.1 V.1 Lys Vil Gly lie Asts Gly Ph. Gly Arg lie Gly Arg Lou Al. 

5 10 15 

. 

TTC CCC COT ATT CAA AAC ATC ÔÀÀ OCT OTT OAA OTA ACT COT ATC AAT 213 

0 Ph. ArgArg lie Gin Are 11. Gin Gly Vol GIn V.1 Thy Arg Ile ACe 

20 25 30 

OAC CTT ACA OAT CCA AAT ATO CTT OCA CAC TTG TTO AAA TAC OAT ACA 261 

Asp Lets Thy Asp Pro Are Met Lau Ala His Lou Len Lys Tyr Asp Tbr 

35 40 45 

ACT CAA GOT COT TTT OAT 00* ACA OTT GAA OTT AAA OAA GOT 00* TTT 309 

Thy Gin Ot5’ Arg Phe Asp Oly Tbr V.1 GIn V.1 Lyn Gin c3ly Oly Pbs 
50 $5 60 65 

GAA OTA AAC OGA AAC TTC ATC AAA OTT TCT OCT OAA COT OAT CCA OAA 351 

Gin V.1 Are Gly Are Ph* lie Lys Val Srr Al. Girt Arg Asp Pro Gin 
10 73 80 

AAC ATC GAC TOG OCA ACT OAT 000 OTT OAA ATC OTT CTT OAA OCA ACT 405 

Ale lie Asp Trp Ale Thy Asp Gly Vii Olu Ile V.1 Lou Gin Al. Thy 
85 90 9$ 

GOT TTC TTT OCT AAA AAA OAA OCA OCT OAA AAA CAC iTA CAT OCT AAC 453 
Gly Phe, Phe Ale Lys Lys Olu Ala Al. GIn Lys His Len His Al. Ass 

100 105 itO 

GOT OCT AAA AAA OTT OTT ATC ACA OCT CCT GOT 00* AAC OAT OTT AAA Sot 

Gly Al. Lys Lys V.1 Vii lie Tlsr Al. Pro Gly Gly Are Asp Vii Lys 
113 120 125 

ACA OTT OTT TTC AAC ACT AAC CAC GAC ATT CTT OAC GOT ACT OAA ACA 549 
TSr Vat Vat Ph. An Thr Are His Asp lie Len Asp Gly The GIn Tbr 

. 1 30 

OTT ATC TCA GOT OCT 

135 

TCA TOT ACT ACA AAC 

140 

TOT TTA OCT CCT ATO 

145 

OCT $91 
V.1 Ile Ser Gly Al. 5cr Cy, TSr Thy Ain Cys Len Al. Pro Met Al. 

ISO 155 160 

AAA OCT CTT CAC OAT OCA TTC GOT ATT CAA AAA GOT CTT ATO ACT ACA 645 
Lys Al. Len His Asp Al. Ph. Gly tie Gin Lys Gly Len Mel TSr Tbr 

165 170 175 

ATC CAC OCT TAC ACT GOT GAC CAA ATO ATC CTT OAC OOA CCA CAC COT 893 
ii. His Al. Tyr TSr 015’ Asp Gin Met tie Lou Asp Gly Pro His Aeg 

180 18.5 190 

GOT GOT GAC CTT COT COT OCA COC OCT GOT OCT OCA AAC ATC OTT CCT 741 
Gly Gly Asp Len Avg Arg *1. Arg Al. Gly Al. Al. Ain lie Vii Pro 

195 200 205 

AAC TCA ACT GOT OCT OCT AAA OCT ATC GOT CTT OTT ATC CCA OAA CTT 789 
Asp Set TSr Gly Ala Ale Lys At. lie Gly Les Vol II. Pro Gin Lets 
210 215 220 225 

AAC GOT AAA CTT GAC GOT OCT OCA CAA COT OTT CCT OTT CCA ACT ODA 937 
Are Gly Lys Lou Asp Gly Al. Al. Gin AYg Vii Pro Vat Pro Thy Gly 

230 235 240 
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-continued 

TCA OTA ACT GAG TTG OTT OTA ACT CTT GAC AAA AAC OTT TCT OTT OAC 885 

Sir Val Thy Gin Len Vii Vii Thy Leo Asp Lye As.n Vii Sir Vii ASP 
245 250 255 

OAA ATC AAC TCT OCT ATO AAA OCT OCT TCA AAC OAT AGC TTC OCT TAC 933 

Gin lie Ass Sir Ala Met Lys Ala Ala Sir Ace Asp Sir Ph, Oly Tyr 
260 265 270 

ACT OAA OAT CCA ATC OTT TCT TCA OAT ATC OTA GGC OTA TCA TAC GOT 911 

Thy Gin Asp Pro lie Vii Sir Sir Asp lie Val Gly Vii Set Tyr Gly 
275 290 285 

TCA TTO TTT OAC OCA ACT CAA ACT AAA OTA ATO GAA OTT OAC GOA TCA 1029 

Sir Len Phi Asp Ala Thr Gin Thr Lys Vii Met Olu Vii Asp Oly Set 
290 295 300 305 

CAA TTG OTT AAA OTT OTA TCA TOO TAT OAC AAC OAA ATO TCT TAC ACT 1071 

Ole Len Val Lys Vii Vii Sir Trp Tyr Asp Ass Gin Met Sir Tyr Thy 
310 315 320 

OCT CAA CTT OTA COT ACT CTT GAO TAC TTC OCA AAA ATT OCT AAA 1122 

Ala Gin Leo Vii Arg Thy Lou GIn Tyr Phe Ala Lys lie Ala Lys 
325 330 335 

TAA 1 12 5 

(2 3 INFORMATION FOR SEQ ID 140:2: 

i 3 SEQUENCE CHARACTERISTICS: 
(A ) LENGTH: 336 amino acids 

B 
) 

TYPE: amino acid 
(D 3 TOPOLOGY Linear 

MOLECULE TYPE: protein 

(x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Met Vii Vii Lys Vii Oly lie Am n Oly Phi Oly Arg lie Oly Arg Leo 
5 10 15 

Ala Phi Arg Arg Iii Gin Asn lie Gin Gly Vii Olu Vol Thr Arg Ile 
20 25 30 

Ass Asp Lea Thy Asp Pro Asn Met Leo Ala His Lou Lou Lye Tyr Asp 
35 40 45 

Thy Thr Gin Oly Arg Phi Asp Oly Thr Vii Gin Vii Lye Gin Oly Gly 
50 55 60 

Phe Glu Vii Air Gly Air Phi lie Lye Vii Sir Ala Gin Arg Asp Pro 
65 70 75 80 

Gin Ass lie Asp Trp Ala Thr Asp Gly Val Gin lie Vii Lou GIn Au 
85 90 95 

Tbr Oiy Phe Phi Ala Lys Lys Gin Ala Ala Gin Lya His Len His Ala 

I’100
 105 110 

Ace Gly Alt Lye Lys Vat Val lie Thy Ala Pro Gly Guy Ace Asp Vii 
115 120 l25 

Lys Thr Vii Vii Phe Air The Ace His Asp lie Len Asp Oly Thr Gin 
130 135 140 

Thr Vii lii S e r Gly Ala Sir Cys T b r TbrAsc C y s Len Ala Pro Met 
145 150 155 160 

Ala Lys Ala Less His Asp Ala Phi Oly 11. Ole Lys Oly Len Met Thr 
165 170 175 

Tbr lie His Ala Tyr Thy Gly Asp Gin Met lie Len Asp Gly Pro His 
ISO 185 190 

Arg Gly Gly Asp Leo Arg Arg Ala Ar$ Ala Gly Ala Ala Ass lie Val 
195 200 205 

Pro Air Sir Thr Gly Ala Ala Lye Ala lie Gly Lou Vii Ile Pro Gin 
210 215 120 

Len Asti Oly Lys Lou Asp Oly Ala Ala Gin Arg Vii Pro Vii Pro The 
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-continued 
225 230 235 240 

Oly 8cr Vii The Glu Leu Vii Vii Vhr Leu Asp Lys As,, Vii See Vii 
245 250 255 

Asp Olu lie Asn Set Ala Met Lys Ala Ala 5cr Ale Asp 5cr Pita Oly 
260 265 270 

Tyr The Olu Asp Pro lie Vii See See Asp lie Vii Oly Vii See Tyr 
275 280 283 

Oly get Lee Phe Asp Ala The 01,, The Lys Vii Met Glu Vii Asp Oly 
290 295 300 

8cr Ole Lee Vii Lys Vii Vii Set Trp Tyr Asp Asa Ole Met 5cr Tyr 
305 310 315 320 

The Ala Olm Leu Vii Arg The Lau Ole Tyr Pita Ala Lys lie Ala Lys 
325 330 335 

20 tar consisting essentially of the amino acid sequence set 
forth in SEQ. Ii) 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. I. 
a molecular weight of about 41 kD, said plasmin recep- 25  

30 

35 

45 

50 

55 

60 

65 
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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 patógeno invasor at 
inmunizar un sujeto utilizando un antigeno particular, tat como la proteina 
GapC, podrIa en si mismo originar una reacciôn inflamatoria, 
incrementªndose por to tanto, a diferencia de reducir, los conteos de cØlulas 
somÆticas (ver Anexo 5.2)". Sin embargo, de la lectura de dicho documento 
se entiende que existe un problema especifico para inmunizaciôn contra 
mastitis provocada por Staphylococcus, (no estreptococos) y en ningün 
momento se menciona las protelnas de union de la capsula GapC ni ensayos 
que sustenten Ia hipOtesis que el solicitante trata de probar. 

� El solicitante menciona la inclusion en el nuevo capitulo reivindicatorlo de la 
expresiOn "cantidad terapØutica 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 tØcnica 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 comparación con el Estado de la  TØcnica. Ademâs, en caso de 
que los argumentos se limiten a una composición de vacuna para mastitis 
que incluyan GapC en una cantidad efectiva, existirla una objeciOn puesto 
que no es claro cuÆl 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 
que incluyan GapC en una cantidad efectiva, y por to tanto no describen 
todas las caracteristicas tØcnicas de la invenciOn; sino que adicionalmente, 
dicha materia objeto de protecciOn no antes divulgada representa un avance 
inesperado en el Estado de la TØcnica". 

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

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

5. AnÆhsis de patentabilidad (artIculo 14 D486) 

Nivel Inventivo (articulo 18 D486) 

� La reivindicaciOn 1 y sus dependientes se refiera a una composiciOn de 
vacuna que comprende 1) un adyuvante y 2) una proteina de GapC 0 Ufl 
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 TØcnica Dl (folio 365) enseæa las 
secuencias de las protelnas de uniOn de plasmin(ogeno) de Streptococcus 
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spp. que comprenden 336 aminoÆcidos, revelando su estructura, su funciôn 
y su potencial uso en la industria de fÆrmacos como vacunas. 

El documento del Estado de la TØcnica D2 enseæa la secuencia de ADN y 
su correspondiente traducciOn en proteina de union de plasmina obtenida a 
partir de estreptococos y su efecto en composiciones inmunogenicas 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 tØcnico 2155, en la medida en que presentan 
las secuencias para la. protelna GapC que comprende 366 aminoÆcidos 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 lade los documentos del Estado de la TØcnica Dl y D2 (vertabla 1), con una 
variaciôn en algunos aminoàcidos, que no confieren un cambio estructural ni 
funcional en el compuesto activo que le confiere las caracteristicas a 10 

reivindicado por la solicitud. 

Como se habla presentado en el concepto tØcnico 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 TØcnica Dl y D2. 

Tabla 1. Secuencia de aminoÆcidos de la protelna GapC de la solicitud y 
anterioridades citadas. 

10 20 30 40 50 60 
S. galactiae (solicitud) MVVKVGINGF GRIGRLAFRR IQNJEGVEVT RINDLTDPNM LAI-ILLKYDTT QGRFDGTVEV 
Dl MVVKVGINGF GRIGRLAFRR IQNVEGVEVT RINDLTDPNM LAHLLKYDTT QGRFDGTVEV 
D2 MVVKVGJNGF GRIGRLAFRR IQNVEGVEVT RINDLTDPNM LAHLLKYDTT QGRFDGTVEV 

KEGGFEVNGN FIKVSAERDP ENIDWATDGV EIVLEATGFF AKKEAAEKHL HANGAKKVVI 
KEGGFEVNGN FIKVSAERDP ENIDWATDGV EIVLEATGFF AKKEAAEKHL HANGAKKVVI 
KEGGFEVNGN FIKVSAERDP ENIDWATDGV EIVLEATGFF AKKEAAEKPL HANGAKKVVI 

TAPGGNDVKT VVFNTNHDIL DGTETVISGA SCTTNCLAPM AKALHDAFGI QKGLMTTIHA 
TAPGGNDVKT VVFNTNHDIL DGTETVJSGA SCTThCLAPM AKALHDAFGI QKGLMTTIHA 
TAPGGNDVKQ LFSTL1TSIL DGTETVLSGA SCTTNCLAFM AKALHDAFGI QKGLMTTIHA 

YTGDQMILDG PHRGGDLRRA RAGAANIVPN STGAAKAJGL VIPELNGKLD GAAQRVPVPT 
YTGDQMILDG PHRGGDLRRA RAGAANIVPN STGAAKAJGL VIPELNGKLD GAAQRVPVPT 
YTODQMIDVG URGGGDLRRA RAGAANIVPN STGARKMGL VIPELNGKLD GAAQRVPVPT 

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

EVDGSQLVKV VSWY[)NEMSY TAQLVRTLEY FAKIAK* 
EV[)GSQLVKV VSWYDNEMSY TAQLVRTLEY FAKIAK* 
EVDGSQLVKV VSWYDNEMSY TAQLVRTLEY FAKIAK* 

Asi mismo, el documento D2 describe el uso de dichas secuencias para su uso 
en composiciones de vacuna como lo enseæa en el ejemplo 21. Explicitamente 
indica que "el receptor de plasmina descrito puede ser usado ventajosamente 
en composiciones inmunogenicas como vacunas" (segunda columna, pÆrrafo 
4, Ilnea 47). Asi mismo determina que estas composiciones inmunogØnicas 
que comprenden dicho receptor de plasmina, y variantes de dichos fragmentos 
con propiedades antigenicas pueden ser preparados por procedimientos bien 
conocidos en el Estado de la TØcnica, empleando adyuvantes, vehiculos y 
demÆs 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 
tØcnicas, con la ünica 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 tØcnica aislar dichas protemnas de diferentes 
especies de estreptococos y formularlas en un compuesto inmunogenico, como 
ya se ha visto debido a que su homologia es obvia para un tØcnico medio en la 
materia. 

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

Por tanto para el momento de la solicitud era evidente para un tØcnico 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 habla indicado anteriormente en el concepto 
tØcnico 2155, puesto que tanto Dl como D2 divulgaban previamente el 
componente activo de la solicitud y sugerlan su uso en una vacuna, una 
persona conocedora en la materia lograrla una composiciôn de vacuna con la 
combinación realizada para tratar infecciones por estreptococos. Por lo cual la 
solicitud en estudlo no cumple con el requisito de Nivel Inventivo establecido en 
el artIculo 18 de la Decision 486. 

6. Conclusion: 

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

Bogota, D.C., 

S 
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