;e3e/w rrs<uu wewlTw_ t E--1°27 June 2003 RECOVBI NANT PSEUDOVONAS JdePORB N:
CONSTRUCTI ON OF AN ACTI NOTOXIN W TH LOW SI DE EFFECTS Background of
the Invention To%\\%ﬁw mely potent cell-killing agents that are
responsi bl e for I seases. Because of their high activity, these
agents have been attached™to nonocl onal antibodies in order to form
cytotoxi c agents (i mrunot oxi ns) Wich spkcifically bind to target cells.

These i mm% P ﬁBﬁE\E) '5& ef Wond FREGYIN I ANARETIVE
Pseudonona (§$ FPRBYY active nononeric protein

(ol ecul ar el ght secr et eg by Pseudononas aer ugi nosa, which
| nhi bits protein synthesi Backeukandotf ctieel Isvehtdogh the inactivation of
el ongation Factor 2 (Ec-2) by catalyzing its ADP-ribosylation (catalyzing
the transfer of the ADP ribosyl npoiety of oxidized NAD onto EF-2). The
i nt oxi cation pr oce§§ﬁ@%eﬁ%ﬁé@’f%ﬂ%¥bc@@@e%§ Fﬁélf’blllléwaga%eﬁ First,
PE binds to cells through a specific receptor on the cell surface. Next,
the PE recépdr %ﬂﬁp?%srhf%rﬁaFl 7847 A ahed tefPSeri naPP§aupE Pé
transferred to t e. cytosol. where |t enzy matlcall%ES p ibits rotel

u

synt hesi s. rahd ePcﬁr‘oc’e% -FReBE POFEF T ol a‘na%ké?ﬂl c°
conpart ment,, é&@?gn%‘i” afL L 8% axi Gation d S o evented, by, Meak. bases, such as

NH4+, which raises the pHin acidic vesicles. Upon exposure D ati di ¢
condi ti ons,( itdeu Apdepned) G, doBmi B pefc RE €At e5Sbiid dde. JEFbEanel1s.
resulting in the formation of a channel through which the enzyuaatic
domai n, i nTedsendetinunoPdxduBe a2@03 2hdnsfpre passsx ivseofulti® eyhcesol.
U S. patent 4,545,985 teaches that pseudononas toxin can be chemcally
coupl ed to tdrezamyi-body or growh factor. However, these chenically |inked

t oxi ns have been shown to have )
Pseudomonas exotoxin A (PE) is an extremely active

monomeric protein (molecular weight 66Kd), secreted by

Pseudomonas aeruginosa, +which inhibits protein synthesis

in eukaryotic cells through the inaptivation of elongation
factor 2 (EF-2) by catalyzing its ADP-ribosylation
(catalyzing the transfer of the ADP ribosyl moiety of
oxidized NAD onto EF-2).

The intoxication process is believed to proceed by
the following steps: First, PE binds to cells through a
specific receptor on the cell surface. Next, the PE-
receptor complex is internalized into the cell. Finally,
PE is transferred to the cytosol where it enzymatically
inhibits protein synthesis. The transfer process -is
believed to occur from an acidic compartment, since
cellular intoxication is prevented by weak bases such as
NH4+, which raises the pH in acidic vesicles. Upon
exposure to acidic conditions, the hydrophobic domain of
PE enters into the membrane, resulting in the formation of

a channel through which the enzymatic domain, in extended

R
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undesirable levels of toxicity. It would be useful, thereforg, }@ Jpa4e
toxins highly targeted for specific cell types w thout the generalized cel
kKilling normally associated with these tox ins. PE-containing i munotoxins
are constructed by first reacting native PE with i m nothiolane. This
reaction serves both to introduce two new sul fhydryl groups used for
coupling an anti body to the toxin, and 40 inactivate the binding of PE to
its own receptor. This approach relies on the chem cal inactivation of
PE-binding sites 1n order to mnimze undesirable side effects due to the

binding of PE to cells ¢oifiL R Leoeptors. VWil e this approach has been
reasonably slictessful i n producihg a 'specific cell killing reagent in

tissue culture and in tunor-bearing mce, it has not been possible to
adm ni ster nogest hpatentig Gfa SRR sisSMAUAGheX| thd 0 ik el cfloadsMeYSEn Ofarl ¥ tO a
3 kil ogram nonkey or 4 ng to an adult human, due to the toxic side effects
of the i mimemdrakin. coyrled tireref entibdedy rabl ravthd agios -t oHadavei st er
| ar ger ampunts of im’r}l?ot oxins to achieve greater Kkilli ng of tunor cells.

t 6h a

The pr eséRESEnGRAT U FiNNeg terd ngeBaYE LB, PRSPy PaN e m-iunot o: <i n
Wih LGACRIEEREY 80010t e RlililG 2008 FodOx Il e Tt DRLIRES, 1 O

over come the above- noted reliance on chem cal inactivation of fhe BE

bi ndi ng sid @s)et BExPHESEIGh I NURIHJe@RdI BEOT PPéaL £5c racantypart wPNout

techni ques to clone the conplete toxin gene (or segnents of it) in order to
express athehigghekrelékedt bl ¥ Hilligggniermakin an$ecidked ofithorthesastok-it)
containing different functional domains, including one which | acks the cell
bi ndi ng dd¥fai n. See exanple 1 for a cot~parative exanination of these

cl ones. The three-dinmensional structure of PE has been determ ned by x-ray

crystal |l ography. pés_c%t;\&ml{fngi %g‘{nﬁ?ﬁbf'%%“@z‘ E’JPLG%‘Qnes«?P\Péé‘LE‘Sbt hr ee

structurally distinct domal ns? contains am no acl d residues 1 to
2S2 (Domair & 8) r etk 8RS tnQ B0 e( BAHTR; B ehb) s m QAR 01 bh HG0NT ai fg s no aci d
resi dues 2S3 to 364; and oomain Il contains am no acid residues 40S to
613. Pl agmadst irawe skeer cobst huotedi Mareh vexpress wary oss lpakidirgns of the
PE nol ecul e, providing the ability to correlate different structural

domai ns WM asariseds ffornEAvelaindacti vinbidgedynda &hdetterfiime and) tdhi ch
portions of the nolecule are responsible for cell recognition (binding).
(st ruct urdl® dohtf he 1 SPEnPAGYACiad <k 282)5° (295 WY BhE FEFEISSH -i s Theguired for
enzynmat i [V YA GA iLb | at tLVLLY - maLn_ k| ortion of
domai n | Ba)Lgagg(;ttadrfa\lcjr}fo}éae(%il Sség- g?%) %%g?c\%\ﬁ%l %ﬁ%g%{?ggglhsokeg%g%g?%ﬁegof or
transl ocadi s 46y @sSetelth MmN (WEERIiFabe sthe eyidenceatbato

structural domain la is involved in cell 27 June 2003 recognition is that
pr ot ei ns Prodeicetinyy i & s o4t hout i don®E nreaebubrsont@hniageosmin |1 .
Ib and 111, are not cytotoxic by Chensel ves and do not show conpetitive

y .
i nhi bi ti FHPBFORRB EPtotRBETi 152 0P "PRIEACES UHE hef Yhhé e &S 24 Y dsdidl encodi ng
domain |a Qé'tifriﬁ s%ieq q%\i[h i Slonai NS I olcnkedi PE cyt gtl%lircei ty. f.sensitive
cells. Plf?rom pf:asm' s Ni a’ defefitdnm of" the’ 11 st nalf of* St rtltural

domai n |1.&xHEbbdabold PEO! ocking: add Welei-3Rd s3BFLI PASYhAL RO &FT1 Vi Ly,

but these nolecules lost all cell killing activity. Plasm ds which encode
only strugbulathdamai @glét Pr ofhea dadigei anmbsind 2 ofg tde poakei Br but | ack
detectabl e enzymatic activity (ADP-ribosyl ation). However, plasm ds which
encode al®dofostricturatrdomuionr N4y Pt us adlj ez et ahm ho aeirds  f dom
structural domain Ib express e amounts of the protein and their

| ar
ADP- r i bosyPati"h et tGi ty 4% en?@ StBastd bRt HE THPEE diltensi bhat Sstructure
of PE, plagmidshaveabeen constructed whych expresg, ditierent.pgetions o
pE. The protein pattern of the cells expressing the di fferent constructions
was anal yzed i SDSf geh el et ¢ opher esi s itk ¢ eg ARR ol bosyl at hggoactivity
of the reconbinant toxins ~.~as neasured. O these plasm ds (described in
Exanpl e l}uplasmed YxJHB, Trconked ey anyaoc seh d§u2831te 6h3s( Pemaires | b, 11,
and I11). and plasmd pJH 7, containing am no acids 38S to 613 (Dormain I1I1,
pl us 20 adjradert” dhind A€ dSTHOM DESYE v 4 1), "afE &51%¢ 1o’ ehtddeCFar ge
anounts of nodified PE exhibiting |loNtoxicity to human cells, but
remai ni ng enzymatically very active.



27 June 2003 5 Taken together) the plasm d patterns indicateythas 2003
structural donmain la is a receptor binding domain, that the first half of
'structural domain Il is required for translocation of the toxin froma host
cell's endocytic vesicle to the cytosol, and that structural domain III
alone is not sufficient to express ful{ ADP-ribosylation activity. Wen
adm ni stered to animals, pE characteristically produces death due to liver
failure. Inmunotoxins made with PE al so attack the liver and, when given in
| ar ge anmourbs.iqirnduce Fiasd e e rte, | itker oivedcohy. Tha expeve aaic:Shown
in Table Ill indicate that Domain la is responsible for cell binding and

i ndi cate thetianPE apl ebeiéchrd Whachk iDemdion lof itheldRtleindind esistdoxi c to
m ce than native PE. The, data shown in Exanple 4 support this concl usion,

i ndi cat i ngthifatP FBdieMitedl PEeint k@ 0| daRFOFERTFBEE I €58 AUXPE ntan i B A han
native P?. ~xanole S sho t hat .when th«i Erotei n made by pJH6 is purified
and coupl edSEB 4AYGt F80\§§°f‘8 tHe hOARRLIEEEN SO nIFRE e SPEr Segments

RIS R I (SR I8 A TR T

contai ning native IS ess "t'oxi'c on nontar use

cells). OngoasRetoMcd e LSS LiRENd AN ¢ § h@&ﬁt:grﬁxi_xix dPekeRine

nol ecules wth a deletion of main la are effective ~.:nfunotoxins ~.~Lth
di m ni shedf ahde iefifECtdonBEhe]| Mhel Glingharhd i VRLAWOXI £ekbBYthe 2&1JUNE
2003 6 Description of the Figures Figure 1 shows the construction of the
pl asm ds of insbl pgesiomaiimuent Sere usodahprl ¢ hd efpresai aromlfp alt & & ¢vant
domains of PE. Figure 2 is a sinplified map of the different si zed PE

mol ecu | eseproduedd cas of phrdsefclioRepresent invention. Pigure 3 shows the
effect of PE45-HB21 and PE-HB21 on protein synthesis in hunman RB cells.
PE45 is the toxin phet direackiifeDsient )y hevgérnsy of a8k #3sifeemel | s

were incubated for 24 hours wth the ropriate i mnmunotoxin and then
i ncubat ed Wieti§ RN U heXTERY 1 %Jlﬁ?aaff&‘ﬂ?m%ﬁi oRS of RO AT R’ nt o

protein was neasured. | anel 3B Swiss 313 cells we i_ncubat.ed for. 24
hours wit hséei t‘%éer P%gt"i?/gegggﬁdgr%‘nta%lPSX?HrFﬁ)S,Crnua?¥§5a3§ u c%r?%nlansfg‘foxi n
coupl ed 023, , BEASyalaG: 10 SIFAS: QUG & B o OehliS Jwer e cxppsed to
t hese agents tor 24 hours ‘and hen protein synthesis maasureg for 1 hour as
above. SoeGiginfa Dhsalaasurgn@f i1be |nyentd ON(bBmialen preherredogahedi ment;
the present invention is ;.he production oL a nodified formof Pseudononas
Exot oxi n (REnwhenel Antihe nedid i catidm et I St d N3 6l ; aahidv @ detaimot DX N.
The nodified toxin and the i mmunotoxin :,ade rromit have narkedly

di m ni shed crponspec farcdiioxacid yresifuran48Adepo6dd.cells in tissue culture
and with greatly dimnished toxicity in mce in vivo. 27 June 2003 7
Genoni c DNA i s obt & yresm by scohplet ePgedi gesdbid uf 52 ¢ aith? b h PStRIONDRas
aeruqgi nosa with EcoRl and Pstl. Althoug strain of P. aerug%g sa is

h_an
sui tabl e fIPTUSYS PAHFESTNENLSh, PF h'@°b?%‘l>’/é?re8r8ﬂ3?‘ﬁgi 5hpalbsit57strain
whi ch produces_a | arge ann of active toxin [agnents r | in
size from 2% Ct%rﬁ‘?é)gkﬁ grlgfné?%%f‘gt &5 THon T hé ggﬁ‘ogn%%gm}% b\%glrg%/(,ggzsind

ligated with a 2. 7n§klb NA $1agrent & Piaefﬁ%gr?lr P B) CYh i Wht BoEcoBL sand

Pstl. Plasmd P is conmercrally aval oehri nger Mannheim A
sui tabl e hqst,  QLefes ALY 13N FreCildsSbhdiibld Sebhencd | ansfaudgdi Wi bh the

| i gated products (the preferreo strain of E. coli is HB101l, comercially
ava i |abl @i oM 5¢t hesdauRespas chabahorat of i €6 iho Theid. 1-kis 2DNA(Rnagnent
derived from pt oxETA, a plasm d which contains the PE structural gene) is
used as a prwbehamnsdasm dsDNedu bmesieviss al e payintad wecc@lani est ywef &0?
preparec and characterized by Southern blotting. The different sizes oc

r econbi nantr iR sy kb titen axprested damaiguilfiblpd visost PoOHtAest ohhfeRaéarri es
t he bacteriophage T7 R ~A pol ynerase gene in | ysogenic and i nduci bl? form
(BL21( DE3) b & agreieraed §is3 bbtg? habh & r BRF B ONF 157 FegPdiceP 14t

Brookhaven National Laboratories. Al so eferred are, plasmd ich,carry
the bacter-i¥Uphiganfared¥¥°pr Srdter aﬁ‘ﬁml R}ﬁf"barr‘iad’eShfcﬁ%TﬁészrIm g

bOX"pAR215e6\’/xgle%%e()btthaelpag)lzgufcrtmg'd§¥nléqiner]:a is involved 1n cell



As is shown in the Exanples, the preferred plasm ds are pJHB gusk 2004 7.
pJHB contains a DNA fragnent of S.1 kb and is capabl e of expressing Donai ns
‘I, Ib, and I'll of PE. This plasmd is produced by partially cutting 27
June 2003 8 plasmd pJH4 with Aval. The linearized DNA fragnment is then
conpletely cut with HndlIl in order t® obtain a S.1 kb DNA fragnment which
has Aval and Hindlll sites at its ends. This fragnment is then incubated
with S1 nERFeIRELIYN r bfpFBakt rosifddty LEIRRCe] oPY oREASBYds| ydtthewtwi th T4
ligase to formplasnd pJHB. Plasmd,pJH.? taj,ns_a fragment of 4.8
kb and isdeﬁﬁa‘ﬁ{)éao;g‘b&p‘?‘égﬁaﬁé“ﬂ%a‘? TR \iﬁgé]'haf[%ea%ﬁj[)glfénta 8 &Ritno acids
of PE. Thj id C epely. ttd pl ] H with

Hi ndl || a%g:%g%@#h{é§4%?€%§%ﬁ]&b%’? a%%nt Ij?’s ?ﬁgntgiﬂs}%f atcgog’(%%ﬁPgﬁgﬁbat ed

wi th K enpn, Db pohVOBT 858 Ly BBEodNER t40 ofei linthke ¢QhRTH<Ye viadRa sl @l | oved
by ligation with T4 |igase. Expr ession of Reconbi nant Toxins in BL21(DE~.
BL21( DE3)ptosmdidlidicdd 2§ douH1L nexRy,e38i ©®mPEsdnd’ eidr sddraial ,PE i s
cultured in LB broth with SO ug Ampicillin/m at 37C. when absorbance at
6SO nm reatbeke@d FE|I EyEdtcopeipy OEt zdhshtdvealaeldpyr aresi flepm s added
to the culture at a final concentration of ImMM Cells are harvested 90

m nut es IRlasmdeds ahityzadiebetingn gfothe @figatdvol fiaof stuxactubnl

SDS- PAGE, i nobl otting, ADP-rihosyl ation, and cell killing experinents.
SDS- PAGE 4982 BbFGlht%i‘Hqt' BQItI?E %El |be‘t%°’éfe9di°s%+v§a?r ARG eAPR

buffer. S boi | 5.mhu rior, t l{caiion,to 0.18
sos, 108 BPST o GEeR apE et Breo MU HABSRL A A 1 608 ATy, 2e

el ectrop i s are.t ferr sanitrocel | ul paper)_fol |l owed. by
react i onh\g\ﬂ[?ﬁigﬁt F%gé&'qr&%ﬂ Jlﬁgaeggbgf &*%&EE?HF%% ém?‘ CoMEFAFHY Yy ( goat
anti - r abbg d ARGl i 145, 0 i by

hyper i mmdr‘l‘lsazila%g rlnglb?soa\%ﬁehhgﬁ u argﬁgéﬁggeg%o.@f) %%%gnd FH':‘"( Zk'bcﬁg of PE
per injecdéerktaN1d @G iyactdian aw@@ipriQ@;ar(ﬁdpf-inx'saé?'iBQt&|&H.i NgowSsax of
ADP-ri bosvl ation ~ctivity Rnown procedures are used for assay of

ADP-r i bosyvati oplaemiids WwhBehebhgodeabhil et sevheeyra PRI al | DAS Or
wheat germextracts enriched with elongation factor 2 (EF*-2) are used as a
source ofpEFs2.adszays t( SO0 inlo taraldsvofume) eamuad yuabdutddda paol b of

EF-2, 37 pnole of 14C-NAD (0.06 a G ), 0.2S to 1.2S ug of PE and buffer (40
mM DTT, 1eTRFEDTAL2EAE SONTY il Sheg.Ajotaeni ¢ndy tihe i AR el bs- onol es
of ;SAD trapsferred to EF-2 .in 30 mnutes. A standard curve of known
concent r atY bAsIOF PETF¥1E: A5 i'S18Y and used to deternmine the activity of
PE in extracts fromE.cali aftﬁ]{\ i ncubation for 30 m nutes at %7C 0.5 m

12~ TCA i s added ?0°88cK hsthy MMERES & P AR AN 1 (FHFEI LR L § hBR- set in

an ice batp,tar 45 Wi Pyt 88 e o %rﬁ‘-*\“?\,?y%*f"fﬂ%igw%ﬁg Do 8L 3% 3 000, Xg for

10 minutes. The pellet is ~: ashe nd centrifuged as

above. Theopeld®dsi o 4 e .meagul€d s 446 1 gdicaackividy lhd Lequi d
scintillation counter as the index of the ADP-ribosylation activity. Cell

Cvt ot oxi Gdkprdesindeshs offfheenyt ebaxiceuakions tya Hfaidey radlihy egp HE are
performed in NIH 3T3 cell cultures and human KH cells. NIH 3T3 cells or K8
cell s argaskedddcRiopborssprsi oxnd othlee ADR7rJunsy2083ng activity of
the recombinant toxins was measured. Of these plasmids
(described in Example 1) plasmid pJH8, containing amino
acids 253 to 613 (Domains Ib, II, and III), and plasmid
pJH17, containing amino acids 385 to 613 (Domain III, plus
20 adjacent amino acids from Domain Ib), are able to
encode large amounts of modified PE exhibiting low

toxicity to human cells, but remaining enzymatically very

active.



to cytotoxicity test in a 24-well tissue culture plate at axfgnsd 300f 2 X
104 cells per well. fitter incubation for 48 hours wth various
‘concentrations of PE or protein extracts isolated fromB&1(DE3) with

pl aeni ds whi ch express different sizes of PE, the nonol ayers are stained

wi th nethylene blue to detect the surviving cells. The results are shown in
Table 1. Inhibition of Protein Synt hes? s Assays Eor ~he inhibition of
protein synthesis by PE or PE with extracts from BL21(DE3)/pJH8 are
performed in Swisst3fdncebbetHklyr efe %smé@&@dﬁ@ﬁ%&e&d@% gne_day
before assay in 2d-well tiSsue culture plates at a density oc 10 Eell s per
wel | . Cell stane swasdiEdd oRaa by o 6p acimg- epddbn ¥i hB iRd \baad nQ. 23, BSA
before adding PE (100 ng/m ) or P~ (100 ng/m) with extracts which

cont ai ned aheefdoess aabdne fofs thid¢ opamatl siomsi nf IPE i(sTabégu2y e dAfter 15
mnutes at 37 C,_the pnediumis then renpved ano replaced with f resh DVE 1
and 0.28 BSE2MSOAChbliPs Pat &he 4 iat ET8R Br BoSith S htheseadpsydsisayed by

addi ng (3HJ |l eugine to the nmedium(to final concentration of 2-4 uG/m)
for 1 hourVePASHe ©F eFRPr 64 tORSL 1rr3ﬁ‘? 5‘:’mtthe°"irn\’/‘éﬁf’ir€nl, demadmy J&Lr al

domai n of seydonpnas t 0X] ne.Jjs lnse iL\nto a . T7 ressi on
vect or dom%gig?ga%gofn%ﬁhes??ggcsge}r‘rg %?’n |’lr1%t < egégg f\t%sp I Wm#ﬁé{‘ ATG
initiationagegepefas shown in Figure 1), as described above. To produce
reconmbi nant proteins, cells are growmn at 370C to an A650 - 0-3. IPTGis

t hen added at 1nmM Lo i nduce T7i IBN.ASQC” %rrer ase and Lncubated for 2 hours. A
series of plasni d3Pt8 prdduBd™ a8 SHEW A i nBxanBI®i™ 2157 JunRE2003 il

Next, a cliofesbd G [UGhEY Walddh £0coges «f Bhd 39l Evl & v Llhqul 2 | eader

sequence (pJH4) an ronine is plac | ace ife al ani ne

at the aniRAuh8EBkIHS Radd& PIPCLESEHsS Ok ELofx Natkd Vs FE- (134! ewb};n The
protein produced by pJH4 is designated Met-PE. Large anounts of t-PE are
produced ¢ipo. ri NUKICYiaGy BY alFdEn trLpr peti 08 d&a oh tatal ceelili pretein.

ADP ribosylating activity equivalent to 0.1 ng native PE is found in the
super nat ant xiandy0. 2 The i axphe ipedt hets palowry Of Tebale qall pidiehBe The PE
nol ecul e produced by pJH4 differs fromnative PE nol ecul es by the presence
of one exthatn#thinenimel pesidueeatpehe idni qofper iadd. bpddd,ngraddced from
pJH4 as noted above, expresses a protein in which :post of Dorr.ain lais
del eted (¥l aFhtAg-bhFyet FEe "pddfst Wt bt ovh heh aRarehned aarfisndedeitgs at t he
a mna term nus. | mmunobl ottingfggows that this protein is 45 kd, .and- is

expresses* °at 3°coRE&M rfat i"h© BB ORiTatelRF 0. FA ogf g2 cRPPYEY dtei n.
fligh ADP-(i at,i tivity,i.s.exhibi -when urea and DT | xcl uded
fromthe T%ggﬁ?‘%%\ r?1 Q’?lﬁrg%.d %/En %c% Sraé?"iéoI ﬁg Ve Pfin((%%n%?elt"r?e tétgai%ti on of
urea and PIE;actdyates AR nidosyl 8650¢ AW HdY oot e addhtian gl urea and
DIT to pJHB reduces (by about 308) ADP ribosylating activity. Because the
ADP ri bosyd et vegract i wkhyoale BE qiasi desnhn Lhencanbopybeend afadehey

nol ecul e, plasmd pJH 7, constructed from pJH4 (as noted above), was
produced. pJHEsipl asmiid icahtai discDopiied Itlol aand n2Q tagd potactde haemnDomai n
Ib. Extracts fromthis plasm d contain high |evels of ADP ribosylating
activity-ceaoisvdenintopeceRFofuna R008m 2 od.06 Mt PEEf Faliled thateys

i munobl otting, a 31 kd protein is detected, present at a concentration of
0. 03 ny/ nYPEE&EAX P dE BN, None<EH~the2pl ahi 8 praRite&d hycPAEa&PdVE not ed
process (and descrihed in tP$ Exa% es%, except for pJH, pJH2) and pJH4,
exhi bi t sPRRitfi%drt TEFITRiHPPAGCAT 1155 EO&A St ROUGIP Wem§Ist EREde exhi bit
hi gh enzypgtoi gea((::teil\iist)y (Table 1). These plasm ds are show n to prevent

i nhi bi tion"of protein synthesis or cell killing by native PE by exposing
cells for 15 m nupRs- ak@ebat b¥e cRE &rddeh U/ ¥ledN dhe A H8ML 0fi 3-S ug/
m of various nodified toxins. :he data in Table Il shows that plasm ds
expressi ngnei ¢ hee Rosaik J Be al oney hora Roekek ylon haltf opf mBamai nal b rand
Domain |1l prevent PE frominhibiting protein synthesis. Animal Toxicity

M ce recekY¥ifrg nat & ve wPRuswecwmn duer tohl iden 1destreutt isarie Thé fleetthal dose
for a 20 gram nmouse is 0.10.2 ug. The data in Table IV shows that PE with a
del eti on ofcDodring Ka mexhi Pias hrear | yodiaiRYshed toxicity in mice. Mce
were injected I.P. with either native PE or |acking Donmain la. All m ce
receiving 1.0 ug of native PE and one-half receiving 0.2 ug PE were dead at
48 hours. Two of three mice receiving 50 ug of PE la died; all receiving 20
ug of PE la lived; and all mce receiving 5 ug PE la lived. Thus, PE la is
nore than 100 tinmes less toxic on a weight basis than native PE. CGene

Fusi ons UBi ny Reconbi nant Modi fied Pseudononas v..~. ~. ... '



27 June 2003 13 The gene for nodified PE of this invention S%fﬁ!lrfej 3I y
contained in pJHB was fused Wth DNA sequences encodi ng the hunman ‘alpha
transformng growth factor (a-TGF) or human interleukin 2 (~L-x). See
Exanples 7 and 8 for the specifics of these gene fusions. Mdified PE is
suitable for use in fusions with any peptide hornone, growh factor, or
ot her pol ypeptide cell recognition prot®in for which a specific receptor
exists on cells. A few exanples include: insulin, glucagon, endorphins,

growt h hornone, nel anocyte stinul ating-hornmppe) transferrin) bonbesin, |ow
density |ipoprotein, uteini zé%%%?iﬁgﬂe?—gaﬁﬂﬁ ELAUEES: ycopr ot ei ns.

Exanpl es Exanpl e 1lp;g, h in. T b- e Qces t he present
i nvention was used %%élcr:%nfs)}t%r}]u% sstg’?/éer%%ngbﬁggﬁ?ggnc%?lt gf’ﬁi RJ2FB3ASneLof the

different shdesr@feE Shvaigt I e def he r I, JH
contains the ieelt act PE struc%‘?a‘fggﬂnfeé% %h@aegégjﬁgﬁsogog?ggﬁ ngﬁnﬁodi fied
| eader seqlemeénsnoEr@Bt. pJH4 contains the intact PE structural gene with
the addition of a nethionine codon at the amino-termnus. pJH7 contains the
gene encodi ng struttgvrake Bones nal Isimp lRE i(eadri mapacifl 4B8- @AL¥f e PIHIB
contains the g ne encodi ng structural Domain I, Ib, and Ill-of PE (am no
aci d 25~ 618 EM% BRASEAS FE AFPAUSGE| aFi oh PATEhe £ | tbe Imtdsent
structuralin mpoll enconpassi ng am no aci ds 253-307. pJH 4 encodes
structural® donain 1a of PE (am no acids 1-252). pJH 7 27 June 2003 14

encodes structural domain I1l with an additional adjacent set-~uence of 20
ani no aci ds from DIFEYFa B EAHD WS £ g%‘é%‘ié)”pﬂﬂ?%s%&n@?r‘ﬂ@?éd by

partial lycutting thenative ?E (pE W th nHl, and,the Linear form of
DNAwas el utdy pa%atec’b’hpﬁyé} Vlc%tl%q%%m?éoﬁ?ﬁélﬁf O(ggﬁ)NA}rsagﬁ n;°8fér“i ved
from pE O, 1ch;: ha | a CORI n t in into
PAR 2156, %’ﬁghgdﬁégg rrg%é'ﬁe J}?Icﬁ%ﬁ‘%/]\ng? ’ﬁ‘é‘gwiaﬁ?ﬁ%o%?ﬁsj HE&%,%?*
construct ed, by oPaf L@l YEUG | PGP Il Wirt by 33MH, 5 ¢He el e NGRS p EBE OF £ RNA
wasi sol at ed andconpl e~elv cut ui_h ~del. The 610 kb DNAfragnent w assaved
to construGn@PdhBeO&Yihi 9381 APeht i MELBa ¥ At hekine GH-gemed motiske dudwex5 T A
TGAAAAACTTTTTCTAGS pJH4 ~. ~as constructed by

partial | ycutdddp@ddtvét hoTaoPH) Fheukinearimesd PNAteGHO kb wasisoted.ed
andconpletely cut with Ndel. The | argest DNAfragnent (5.9kb) was sep.,rated
and |i gat ed windneynBRebivdold gohdict edlisde’ edupl exSubItRd BHG T hGuAsA G A
AGCTTTACCGGCTTCTTCGAAAGCSon_tains a Hndlll

Si t e- - AAGCTT} E N whiE &R &f TREEMAS p AHTE WES RBAST ubced By (B i amat &t ng
pJH4 with Aatll. The linearized fragment (.S. 9_kb) s then conpletely
cut with HSREYFO™PRE 4. 7O kHPDRRUBYSYnERt HiHfilch FassARHAN Gnd® Hi EEMSI

sites at its ends .afte 27 June 2003 15 separatian LN ed.wth S1
nucl ease tocc?ueﬂg\‘?(ej %ﬁeﬁggﬁésiéglgﬁdé",e?%l‘?%%\g%e%y 59 é:\gfelsso% %?ﬁhﬂf |rgase.
pJHB was constydict £d, As :@\ee%cyrbﬁtdem 18 PREGISl b ald BLk @St £-1 RUH 3 auas
constructed by partially cutting pJH4 with Aval. The linearized Dti A
fragment wasdden conpletel ~ cut with EcoRI. The 4.7 kb DNA whi ch has Aval
and EcoRI cut at both ends was incubated with S1 to renove cohesive ends
(D1A fragment 1). pJH4 sescpaid ilsdylesthram B Sakl InVeatliomeari zed DNA
fragnent ~:as then conpletely cut with EcoRI. The 1.0 <b D; 1A t.:agnent

whi ch has Sal |l and EcoRie sitefemted honkepdsmenas theubatesenn timviedtdrrow DNA
polynerase | and d:7T? to rill the cohesive ends (DNA fragnent 2). DNA
fragment 1 €. Zhe) pard DNA IR a@fent XqdiDire) Lere |9 §afespydomonas
overnight. pJH 4 was constructed by partially cutting pJH4 with Aval. The
| i neari zed tPPEgimeh® Ehad et Rorfdiset BR it € dF £ RPECHRFY 1fife 477 b DNA

whi ch has Aval .and EcoRl si teiiat itsT nds wa ichéu(patteéj Witha§1d tghreem)ve
the cohesi V&< &dd, ¢ Fol T BRSSP by *1i'gat i on" Wi t A 14 fi*gase." pIH"7 Hds

construct ed; g, uqf"igéicgﬁdmia% d he pect Flg D sel asui ey BXaPh €sReaThe Ammount
and activity of the reconbi nant toxins (produced by the plasm ds descri bed
in Exanpl e d3.werg Jreasuned iy SPSHRAGE: ARR-rhbasy atéons and eelslsdd | 1ing
ability. The results are tabulated in Tables 1.

culture and with greatly diminished toxicity in mice in

vivo.



27 June 2003 16 Exanple 3. Experinents were conducted to exaé’r; m&%B
characteristics of the reconbinant toxicity of the present invention. The
results are shown in Table 2. Exanple 4. The effect of various deletions
o:~ cell protein synthesis was determ ned, in the presence and absence of
native PE. The results are shown in Table 3. Structural Domain la (pJH 4)
and structural domain I, half of Il, and I'll (pJH 3) were extracted from
the pellet of theCenpmtat BYAcElsl DhiaimesMhy ecompletiblyl degel c@nr act

equi val ent to 3-5 ug o= reconbi nant proteins kas used in each assay.
Structura$tFR1N R £ gRgepdio Mqyag) awaiug imesant- i th t EeoRpeandt @ste m= t he
soni cated BL21(DE3)/pJHB ceJls. 10 ul of extract equivalent to 2 ug of

r econbi naht tREXIR PP L P f P w A B9+ BAERd 145 Sk 2l edf P Talel e 3 for

vashi ng; TREbar oot TaEaoke PAL] KFekErPhaibr3inata, T acksieda w
S| euci ngnfen 1o ot daHPIG T e AS SOGHE id¥ TR0k Ve LBSG0SE fRYSsi g

death in mce was determined by 1njecting Balb/c mce | W't h vari ous
anounts of r&mahtBErhageagt ahngdzbnfiod M.60EoShes i kB adki 18039¢e40 NUs/ m
sterile human al bumin. The animals were nonitored daily for two weeks. All
deat hs octueed thite 43:rmwits. DERanplber fHiry AsashoMi giat dd oW € h3.a @n7i gEUNOt OXi n
conposed of the IS kD protein produced by pJBB con jugated by a 27 June
2003 17 db¥al firdeyrbend f oanpaatsmodypbe1the BN i rAEske’ L4 f’e%?pt of
(PE45-HH21) kills human cells expressing the transferrin recept of “¢rD50 3
ng/m). |Plpgeidi tpU@L Driro afriretrcdnligusey ££1 151 MiraldflOpBRh r EXHLESS the
human transferrin receptor at 1000 ng/m, whereas native PE conjugated 5y a
sul i de bYAAPNEIME21 Movisberh I ¢ chPISY, kiddes exmalsky cah | E. atoan kPSP Rf 29
ng/m . The data in Figure 3 indicate the non-specific toxicity of PE45-HB21
i s 100f ol 8% €55® Ph&if PES f8X1M ePhe’ islhectbar wed glitte bf pREBumas suhsequent |y
re-deterni}peé\%oe;Tﬁ'd! ~e_nol.ecul %r wei ght was then found to be 40, 000.

~: canmpl e 7. “Coast EdctT 623" aP Shd Tr GRIfor kP ndf BG S f i Faater € pB X ugi on
cen~. pJHB, t t i th 11 and Sphl to cons~:uct a snmaller

pl asm d E%C\éq\s/\iﬁit{:lﬁ@ht:lgo es\%\grt; vszﬂlﬁ ]‘Js‘??sefcg‘végqﬁa%a bartied -y €he w;i?_ Aval |
and |igated b@ad Sy Aghicc j cl i d 3 whi ch contains a STul
site, a Tth 111l si{(se, t<'§1]r1td %g?gggcoﬁgﬁhi ﬁt((?rxgtg?gtoacrpe F27BICENiHVC3L was
cut with Johcblils el fil beduictudah gekleenaw fyaggent, ,a flagment . of DNA
pol ynexase, and ligated to a blunt ended cl one contai ning fRe A panrh- TG
gene (pVQPBB§miFh@NA phee TG eDRAa 1p- a3y 9280 BREYRCK: &t @l pr &8l J s
38:287-297 (1984)) was cut with EcoRl and Bgll to give a 322p by fragnent
whi ch was® PSoF&rdd Ghelr éaednibiyh Fauthidr randl dredtned Withe T4 ip@lepmiase to
give a 152 Dby fragment which in turn was ligated to pVC31l to create

PE- al phaTﬁ:Z¥asPénr§§rﬁ’é’?bW\éHCef§r éded-ien R xpoks s i n tahkss iplaasing d
produces @OQFot ei.n ;\hatﬁ reactg w th antibodies to al pha-TG-F and to PE and
has a nol ecular vei GRE “of " $1CH0E 2 £ ¥ 2% S)unke 200F 48T Ee@rie! 22 8T 7CaMEL r uct i on
of IL-2-R I e., pVv s cut with Avall at position 1190, the 3.6

f r agment ﬁg@ée)g?%s gselo?lé::sel st rghﬁeoaqﬁﬁdsc fiAMed WeEN9d _hew EAZEyme, and

dephosphoryi. at ed=t.q predYee fd AgRENt opg RS 1 Gallo et al  PNAS.
81: 2543- 2547 (19841 ]1wa§ cut w th PS%’F’ th ;Q)rgc'i ﬁc“eas%ii k|5°f‘ﬂr Bgneht¥of IL-2

whi ch wass then et aw thr Bsk hl286 matn ReSiId A 99S 1 d treated with
T4 polynmerase to fill up the ends. The ST;GIZQEy I?%?S%E’ﬁ%ggg'seaﬁni gaégé’o; . 0

fragment drebecredt erpHplbsanidst nanséior aedry NtaeBLAL @AV ESSIQN GRlId . Upon
i nduction, a 60 kD protein was produced than reacts with anti'bodies to IL-2
and to PE’ atPBekeai A3d ABPPF | body Shanien@adatanric o x--37ARMES 20039 . -~ |

obtainable from Dr. Studier.

As 1is shown in the Examples, the preferred
plasmids are pJHB8 and pJH17. pJH8 contains a DNA fragment
of S.1 kb and i; capable of expressing Domains II, Ib

. and

III of PE. This plasmid is produced by partially cutting
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0 ~000 Qasmi® 4 ZwYth AvAIV. V Dhe/ ZiNedrized DNA) fragmand §s
then completely cut with HindIII in order to obtain a 5.1
kb DNA fragment which has Aval and HindIII sites at its
ends. This fragment is then incubated with S1 nuclease to
remove its cohesive ends, followed by ligation with T4
ligase to form plasmid pJHS.

Plasmid pJH17 contains a DNA fragment of 4.8 kb
and is capable of expressing Domain III with the adjacent
20 amino acids of PE. This plasmid is produced by com-
pletely cutting plasmid pJH4 with HindIII and Apal. The
4.8 Xb DNA fragment is then isclated and incubated with
Klenow DNA polymerase I and dANTP to fill the cohesive

ends, followed by ligation with T4 ligase.

Expression of Recombinant Toxins in BL21(DE,).

BL21(DE4) containing plasmids for expression of
different sizes of PE is cultured in LB broth with 50 ug
Ampicillin/ml at 37°C. When absorbance at 650 nm reaches
0.3, IPTG (isopropyl beta-D-thio~galactopyranoside) is
added to the culture at a final concentration of lmM.
Cells are harvested 90 minutes later and analyzed for the
amount of recombinant toxins by SDS-PAGE, immunoblotting,

ADP-ribosylation, and cell killing experiments.

SDS-PAGE and Immunoblotting

"Cells pellets are dissolved in Laemmli buffer.
Samples are boiled for S minutes prior to application to a
0.1% SDS, 10% acrylamide slab gel. For immunoblotting,
samples after electrophoresis are transferred to a

nitrocellulose paper, followed by reaction with antibody
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prepared for immunoblotting.

Assay of ADP-ribosvlation activity

Known procedures are used for assay of ADP-ribo-
sylation activity. Briefly, rabbit reticulocyte prepara-
tions or wheat germ extracts enriched with elongation
factor 2 (EF-2) are used as a source of EF-2. Assays (500
ul total volume) contain about 10 pmole of EP-2, 37 pmole
of Y4c-uaDp (0.06 u Ci), 0.25 to 1.25 ug of PE and buffer
(40 mM DTT, ! mM EDTA, and SO mM Tris, pH 8.1). Activity
is measured as pmoles of MAD transferred to EF-2 in 30
minutes. A standard curve of known concentrations of PE
is established and used to determine the activity of PE in

extracts from colli. After incubation for 30 minutes at

‘I“J

37°9C, 0.5 ml 12% TCA is added to each assay mixture. The
assa& mixtures are then set in an ice bath for 15 minutes,
follovwed by centrifugation at 4°9Cc, 3,000 xg for 10
minutes. The pellet is washed with 1 ml 6% TCA and
centrifuged as above. The pellet is then measured for l4c
radioa?tivicy 1in a liquid scintillation counter as the
index of the ADP-ribosylation activity.

Cell Cvtotoxicity Test

Tests of the cytotoxic accivity of the modified PE
are performed in NIH 3T3 cell cultuvres and human KB cells.

NIH 3T3 cells or KB cells are seeded 24 hours prior to the
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27 June 2003 20 Construction pJH4 pJH7 pJHB pJH 3 pJ H 1 4 270kiné ZDABLE 2
Domain Present nmet, I, I, LIL 11l 11, Ib, Il I, half of IIl, IIl la 20

ca.a. of Ib, Ill Protein Size68kd28kd45kd03kd3 2kd31kd TABLE 3 Donmi n Test ed

none la Il, Ib, b IIl I, 2/2 11, Ill 8 Murea (10 ul) Toxin pE45 PE45 PE45
PE PE PE PE 3H-leucine in corporatiomo(comx 103) without PE wth PE (I,

lr, 111) 11.2 .111. S .1511.7 .1510.7 .1511.1 .1 TABLE 4 Dose (ug) 50 20 5

)
10 1.0 0.8y0oRoBitizyBtesk $nia 23 >ell plgsye cyliuge plaggatha 2/3 0/ 3
0/3 3/33/33/31/3 0/3

density of 2 x 104 cells per well. After incubation for
48 hours with various concentrations of PE or protein
extracts isolated from BL21(DE,;) with plasmids which

express different sizes of PE, the monolayers are stained

with methylene blue to detect the surviving cells. The

results are shown in Table 1.
Inhibition of Protein Svnthesis

Assays for the inhibition of protein synthesis by

PE or PE with extracts £from BLzl(DE3)/pJHB are performed

in Swiss 3T cell cultures. Swiss 3T3 cells are seeded

one day before assay 1n 24-well tissue culture plates at a

densizy of 102 cells per well., Cells are washed once by,

replacing media with DMEM and 0.2% BSA before adding PE

(100 ng/ml) or P2 (100 ng/ml) with extracts which

contained an excess amount of different sizes of PE (Table

2). After 1S5S minutes at 17 ©°Cc, the medium is then removed

and replaced with fresh DMEM and 0.2% BSA. Four hours

later, the rate of protein synthesis is assayed by adding

[381 leucine to the medium (to a final concentration

of 2-4 uCi/ml) for 1 hour.

In the preferred embodiment of the invention, the

structural domain of the Pseudomonas exotoxin gene is
inserted into a T7 expression vector downstream of the

ribosome binding site and its accompanying ATG initiation

codon (as shown 1n Figure 1), as described above. To

produce recombinant proteins, cells are grown at 37% to

an Aggq = 0.3. IPTG is then added at 1lmM to induce T7 RNA

polymerase and incubated for 2 hours. A series of

plasmids are produced, as shown in Example 1.



27 June 2003 21 Statenent of Deposit The fol |l owi ng pl asm ds okayge bEER
deposited in the Anmerican Type Culture Collection in Rockville, Maryl and,
‘under the respective ATCC nunbers, prior to the filing of this application,
and at issuance of this application into a patent will be naintained for a
termof thirty (30) years fromthe datg of deposit or five (S) years after
the |l ast request for such deposit or for the effective life of the patent,
whi chever is |onggsit, The Hepesiss coinsit hecteg| adekch f engedan tark® nut at e
or become nonvi able during the termof the deposit:

pIH 2ATCRRYLOSR He- ¢ ATREHIA2 (6 1 \COBAT CESA RO REPHERPECEY 208h Mt kel 7200 27
June 2003 22 CLAIMS 1. A nodified Pseudononas exot oxin which conprises ADP
ri bosyl athaghhehinit ysapdatbd alijddend a.d rans| 81 €no6e0ss 8heehh impbr ane
and wherein the exotoxin conprises a nodification in the receptor binding
domai n | A of mtilfmamat f veheopinpses Eedi ditr m oofemaari vdePBodirabad flor.m | ess
toxin to human or animal cells in vitro and leas toxic to the liver when
adni ni st eFRR PROVEVD pPelduced thy atlihnbdli d¢etigmstedotstagEexolexige. 2 A
targeting carrier-toxin caonjugate suitable for use with humans or mammal s

conpri si MYRYLS P F udEd & £ Tar GECANGSartR P WAGNEG T QRiBYt 8XiTG i s a

nodi fi ed Pseudonpnas e oxi.n according. to claim1l The conj.ugat e of
claimi, Vﬁ%f%?%ngh? ?Q&g‘e’tfi ntﬁjtcagi; rcl:eeirJl i BTREF &Rt eq™ Foﬁﬁ?’ﬁéYSr‘ﬂ&gﬁg

consi sti ngegl Ay AN 98RecaN A NGy 2 0L OW BeT A Yoy Ry NOETRRS, 2
, a polypept

| ynphoki ne Ide cell recognition protein, a serumprotein, a

modi fi ed $S@ELPRREILE] Nand@Noz2 RHAPRPPRE, paD1281 BLPIMYCRR QLEAR. JRgul i N,
gl-ucagon, I%t ei ni zi ng ﬁgrm)ne, ?i br obl as? grovvtﬁ fa(l‘:n%égr, nteO(ra\ég gregvﬁvth

factor, nptaregyi.e FthdndmtiddsPeBan@pacdoabasty, pamd ailecdis. e fomlhe
conjugate of claim1l1l, wherein said target~ng carrier is selected fromthe
group consastiivg EfE | mteek ¢ eulians 2 tand talephartersanster nomg gn ewtdx € act or and
a peptide hornone. 27 June 2003 23 5) An inmmunotoxin suitable for use
W t h huneRStor CAAPRBF §SEBHPr P& € ea aMPNaT Heudi 4o an anti body capabl e of
recogni zi ng di seased_or di sease-causing cells wherein said toxinis a
modi fi ed exot oxi nPAERor BF AYUEST cf APM PIHE. 2Fh& A5HTUARANE n eFPFLISSieH 5,
wherein said_exotoxin contains domain |1l and adjacent 24) am nq acids of
dommins 15, ST CSARd T I T 6F PR doeneS "t ot i 7¢ HHET hRTLaMe of
claims, Sheyeisald gaohti b 8; hae heeathl Dant »3RidpuPaas, exehoxi n
encoded by.pFfasmd pJHB. 8. Pseudonobnas 1 mrunot oxi n according to claimb5,
wher ein ai mh8ast e@R8 ndH. N0 AGiIuGhd 9 St 18 d Hdwoin dori dh i A ffoaif jexot oxi n.
45 kd, and.- is expressed at a concentration of
approximately 0.04 mg/mg cell protein. High ADP
ribosylating activity is exhibited when urea and DTT is
excluded from the reaction mixture. In contrast to native
PE (where the addition of urea and DTT activates ADP
ribosylating activity), the addition of urea and DTT to
pJHS8 reduées (by about 30%) ADP ribosylating activity.

Because the ADP ribosylating activity of PE
resides in the carboxyl end of the molecule, plasmid
pJH17, constructed from pJH4 (as noted above), was
produced. This plasmid contains Domain III and 20 amino

acids from Domain Ib. Extracts from this plasmid contain

high levels of ADP ribosylating activity--equivalent to



9. A Pseudonpnas immunotoxin according to claimb5, wherein af, \lhﬁ%'s%)oél

am no acids in domain 1A have - been deleted fromsaid exotoxin. 10. A
Pseudononas i nmunot oxi n according to claim5, wherein at |east 25 anino
acids in domain | A have been deleted fromsaid exotoxin. 11. A Pseudonobnas
i mmunot oxi n according to claim5, wherein at |east 70 am no acids in donain
| A have been del eted from said exotoxi #:2 12. A Pseudomonas i mmnot oxi n
according to claim5, wherein at |east 130 ami no acids from donain | A have
been del ¢t @& TP iTdh EXOLIOXI N.B YA e Bh@TSI P PhasMad3eoRAr b 55RQ ;QNA
encoding a-ny of the proteins of clains 1 to |z 27 June 2003 24 14. A
process fif qughiddg prd@éhd ~aeda~cendennpagionobdxionoacagydign@din cl aim 1
conprising transfecting a suitable host cell with a plasm d conprising DNA
encodi ng paateirodi fi ed exotoxin and culturing said host cell under
conditions so that the nodified Pseudononas exotoxin is produced. 15. A
process for prodt@tg af theurdesn HAREPANFGS SXcitdimaPeveprPsiaty a)
transfecting a sujtable host cell with a plasmd encoding the nodified
PseudonorPEOE50t ol deeeFarag £8 NG rﬁ’%'ﬁ‘["g}j’s&ul eiFeRG L8 YLt cel |
under condjfjons so t the nodified Pseudononas,exat.axin i§ produced, and
c) conj uda 4 g as'éqsopi%jb]& figdeRs oi?ﬁn\?;tlﬁagrt] é:ﬁtslilb)é(cfyﬂtlon ra?)) Elclet n

| nmunot oyl dfoudh emgégcs;isc@lfes@ R 51 YN A Ne A2y AU fickd Jrgpdomonas
exot oxi n gene contains mains Ib, Il _ and Il1T of PSeudononas exotoxin. A
process f@aH¥e0dUGi NG ha sledlpdelsinid €3 F & esh S audenpras, evtotigH ilb icarjnigat e
according to claim2, conprising transfecting a suitable host cell with a
pl asm d cofrppirsiteg ra ONA theguiesic e rencolll ng iskl ingatget nag icar rPEr by
conjugate, and culturing said host cell under conditions so that a

t ar get i ngexrosing -dsidalohenaks exdnoken- tonpagave iRE ptodudedg/md- ik
conposition suitable for admnistration to a mammal for achi eving targeted
cyt ot oxi tRREtPIRI§P ¢ G| U haFhAR]l RHfeVairr otife Mol Ed | BPX EoFr ITES a

conj ugat e, accor di ngbﬁo an%/hone of clainms 2 to,12 in a pharnmaceutically

accept abl ¥ tar t Pef 2P 227 Turd 208323 181 38 P L8 8nBi iRt pt A8nfd “CSpri si ng
DNA ‘encodi ng.am pe apLds 283 d0ha4N136d. ok JPBU Ralily 9h BRGUISTYAS

exot oxi n.
111 prevent PE from inhibiting protein synthesis.

Animal Toxicity

Mice receiving native PE succumb due to liver
destruction. The lethal dose for a 20 gram mouse is 0.1~
0.2 ug. The data in Table IV shows that PE with a
deletion of Domain Ia exhibits greatly diminished toxicity
in mice. Mice were injected I.P. with either native PE or
lacking 6omain Ia. All mice receiving 1.0 ug of native PE
and one-half receiving 0.2 ug PE were dead at 48 hours.
Two of three mice receiving 50 ug of PE Ia died:; all
receiviég-zo ug of PE Ia lived; and all mice receiving 5
ug PE Ia lived. Thus, PE Ia is more than 100 times less

toxic on a weight basis than native PE.

Gene Pusions Using Recombinant Modified Pseudomonas

Exotoxin.



20. The reconbi nant plasmd of claim 19, wherein the plasm ?7 FurlR¥dod
deposi ted under ATCC nunber 67205. 21. A reconbinant plasm d conprising DNA
‘encodi ng a nodi fied Pseudononas exotoxin according to claim1l fused to DNA
encodi ng at |east amno acids 35 through 223 of interleukin 2. 22. The
reconmbi nant plasmd of claim?21 wherein the plasmd is pHL-1 deposited
under ATCC nunber 67206. 23. A reconbiklnt plasm d conprising DNA encodi ng
a nodi fi ed Pseudononas exotoxin according to claim1l fused to DNA encodi ng
al pha TGF. 24. The K eceh hamo pl assd rofe 8l @ #n 3F wWogha nihke ol asyid is
pVC33 deposited under ATCC nunber 67207. 25. A reconbinant plasmd

conpri si ng PNAidrnicnalldy acpwdi{ i e¢ dPséodandbils vexot dba neaccoidinngpia claim
1. 26. The reconbinant plasm d of claim25 wherein the plasmd is pJHB
deposi t ed SRt AFECeMARRENG72DE. Mman 2dpdrbitriat s PPASHE T8 conpr Edi ng DNA
encodi ng structural] domain | A of Pseudonpnas exotoxin. 28. The reconbi nant
pl asmi d off F&PH 272 Wh& el nothd Pl d 1% I HBpdsi | && “Frider 2FeC
nunber 67209. 27 June ,2Q03. 26 29, A i-fi.,ed Pseudononas exot oxin

accor di ng 15 e H i)~“\‘/\‘lf‘?e(r%eitnorsalg%Ié ex ggglk%cﬁas?fbggr? gentt cald S Wt fi ed.
30, An antggsgzti%@ Np £0Nj U0aLe AGEPL dieRd 1956l aln 3 \hereln Sai,d exotoxin
has been nodified by reconbi nant techni ques. 31. Use of an exotoxin

accordi ng g&p€idd Mdrebnef amoexat ofdar &Ncodedoby eanypofy gt iRleasighda of
clainms 19 to 28 for the preparation of a vaccine for active imunization.
32- Use ofrecopmj ugat epaccendi rfgpdt ovhaghofa cdpeast Pct oeic2phor teh@sces
preparation of a nedicanent for treating cancer. .A3.A AFl.AFe. Ay. A

CACAYY. Al 120 A3 AG-A A VERFYEASNR AR SARNERR Qe A’ { ingulyl n AsfFucAgoh,

L. AF"#3$, - ?BELSTany| 56HOPTY? | wr | f * ZT] c”a] c*a] c~a] cMa] c™a] ca] ca] ca] ca]ca]ca]c
a] ca] c*a] AR apPEadTalf ESIIJ TR & B Ay Ct) e 9 ThUEc alf dathd Bapec<al a%
g34JK] x . . . .

|'wr mhen Y] AH R3] 2] CAPER ] c BPEREEAT cal 4] 5G] 5a] EhT 2RI ¥4 ¢ ca] ca]
Ca]Ca]Ca]C?dgélgglgﬁéCﬁL?%L%@lC%L&@L§§§§i3glycoprotexns.

Examoles

)

xamnle 1. As shown in Table 1, the process of the
present 1nvention wWas used to construct several plasmids
containing fusions of the different sizes of PE structural
gene and the T7 late promoter. pJH2 contains the i1ntacet
PE structural gene with a segment coding for a modified
leader sequence in front. pJH4 contains the intact PE
structural gene with the addition of a methionine codon at
the amino-terminus. pJH7 contains the gene encoding
structural Domain IXI of PE (amino acid 405-613). pJH8
contains the gene encoding structural Domain II, Ib, and
III-0of PE (amino acid 253-613. pJH13 encodes PE with a
deletion of the first half of structural domain II
encompassing amino acids 253-307. pJH14 encodes

structural domain Ia of PE (amino acids 1-252). pJH1?
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pJH4 was constructed by partially cutting pJH

]ca
Usasalt 1 FUORH! RREX o) Ry D9 BIAR 2 E P UTxREA.] Oy Da ety b0 L ed and <051 S

c”Mal] cal ¢ ~alc C .
ﬂ c’\aﬂ ca}ccogbfsészjegﬂﬂcg%i c‘é]‘ég] gad]ecla] C'Iz‘i)]‘%a]lé’yé’]ecsa c%% czfifc? Ta c(zﬁJ]gca] cajc
Nazz%a & zz = ! te wi et i
~~ysni dAcTZ"IZ%]Z'XRI;Cde‘ EJH%%} Lgfgl‘éai]i}ca% Z\lﬁ)}c?} }gga]%a]dc"a] ]ég]hc"a'c]%g]tcha] gelﬁj cal] ca
oligonucleotide duplex

S'"TATGGCCGAAGAAGCTTT
ACCGGCTTCTTCGAAAMAMGC)S
(which contains a HindIII site-—AAGCTT).

TTCGAA
pJH7 was constructed by partially cutting pJHA4
with AatII. The linearized DNA fragment (5.9 kb) was then
completely cut with HindIIIX. The 4.7 xb DNA. fragment

which has AatIY and HindIII sites at {itgs ends after
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"U c”al] ca] ca] ca] cal caU] ca U cralUca U c”aU caU ca U c*al] ca] cal] ca

U c”a] ca] ca]ca] chaQ, ; G '/ }wgj d*XQ d*YTj c] XRi ¢ U] c”aU] cal] cal] ca
Ul cral] cal] cal] ca] ca] ca] cal] ca] ca] ca] ca] c*a] ca] ca] ca] cal] cal] ca
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pJH8 was constructed as described in the Specific
Disclosure.
pJH13 was constructed by partially cutting pJH4
with Aval. The linearized DNA fragment was then completely
cut with EcoRI. The 4.7 kXb DNA which has Aval and EcoRI
cut at both ends was incubated with Sl to remove cohesive
ends (DNA fragment 1l). pJH4 was partially cut with SallI.
The linearized DNA fragment was then completely cut with
EcoRI. The 1.0 xb DNA fragment which has SalI and EcoRI
sites at the ends was incubated with Klenow DNA polymerase
I and 4NTP to [fill the cohesive ends (DNA fragment 2).
DNA fragment 1 (4.7 xb) and DNA fragment 2 (1.0 kb) were
ligated at 49 overnight.
pJH14 was constructed by partially cutting pJHA4
with Aval. The linearized DNA fragment was then
completely cut with EcoRI. The 4.7 kb DNA which has Aval
and EcoRI sites at its ends was incubated- with Sl to
remove the cohesive end, followed by ligation with T4
ligase.
pJH17 was constructed as described in the Specific
Disclosure.
Example 2. The amount and activity of the recombinant
toxins (produced by the plasmids described in Example 1)
were measured by SDS-PAGE, ADP-ribosylation, and cell

killing ability. The results are tabulated in Table 1.
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Example 3. Experiments were conducted to examine the
characteristics of the recombinant toxicity of the present

invention. The results are shown in Table 2.

Example 4. The effect of various deletions on cell

protein synthesis was determined, in the presence and
absence of native PE. The results are shown in Table 3.

Structural Domain lIa (pJH1l4) and structural domain I, half
of II, and III (pJH13) were extracted from the pellet of
the sonicated cells with 8M urea. 10 ul of each extract
equivalent to 3-5 ug of recombiﬂant proteins was used in
each assay. Structural II, Ib, and I1II (pJH8) wera
present in the supernatant of the sonicated BL21(DE,)/pJHS
cells. 10 ul of extract equivalent to 2 ug of recombinant
toxin was used. Cells were treated as indicated in Table
3 for 15 minutes with and without native PE at 0.1 ug/ml
followed by 1 ml DMEM washing; incubated for 4 hours in
DMEM and 0.2% BSA, then incubated with 3H-leucine for 1

hour.

Example 5. As shown in Table 4, the dose causing death in
mice was determined by injecting Balb/c mice I.P. with
various amounts of PE or PE Ia contained in 1.0 ml of
sterile saline and 10 mgs/ml sterile human albumin. The
animals were monitored daily for two weeks. All deaths

occured at 48 hours.

Example 6. As shown in Fiqure 3, an immunotoxin composed

of the 45 kD protein produced by pJH8 conjugated by a

3
),

10 10-u

10%
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10! 1 & 100®L eFL* ofl TOUES €) <k 1|1 s1 0981 Eh- YIRE100€ (%D H4 B 0%R'e( human
cransferrin receptor at 1000 ng/ml, whereas native PE
conjugated by a sulfide bond to HB21 nonspecifically kills
mouse cells at an ID¢y of 29 ng/ml. The data in Figure 3

indicate the non-specific toxicity of PE,g-HB21 is 100-

fold less than PE-H321.

The molecular weight of PE45 was subsequently re-determined.

The molecular weight was then found to be 40,000.

O]
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ole 7. Constzuction of alpoha Transforming Growth

Factor-PE fusion gene. pJH8 was treated with Tth 111I and

Sphi to construct a smaller plasmid pvC8 which has fewer
AvalIl sites. pvC8 was partially cut with AvaIIl and
ligated to a synthetic oligonucleot;de (30bp) which con-
tains a STul site, a Tth l11I site, and a stop codon in
order to create pVC3l. pVC3l was cut with Tth 111I, and
filled in with a Klenow fragment, a fragment of DNA
polymerase, and ligated to a blunt ended clone containing
the alpha-TGF gene (pVC 33). The alpha-TGF DNA, p~-hTGF-
10-925 (Derynck etal, Cell, 38:287-297 (1984)]) was cut
with EcoRi and BglI to give a 322 bp fragment which was
isolated and cut with Fnu 4HI and treated with T4
polymerase to give a 152 bp fragment which in turn was
ligated to pVC3l to create PE-alphaTGF fusion gene. When
expressed in E. coli Bl21l, this plasmid produces a protein
that reacts with antibodies to alpha-TGP and to PE and has

a molecular weight of 51,000.



10 102551 6J6K6L6Y6\ 6UV7 1 10, 1094& ()-" @O0%& ()- 10 10 10! !23‘70°dff' Ghos! 10%
& ()-sI 109 ()-s\677Q ::<<}[<17 1 10TI. 109@& ()-4 1# |91 10%e (52
| 91 T09AWAE ()-1 191 109G7T& ()- 191109t & ()-!10907& () - <<<<<= ?} AgE7 1
10T!' $, 394.09& ()- 0!, 3940% | & ()-Osy 10% & ()-!sy 1098 8 & ()-,# 10% & () -
10T 10T} ABBBBBBJCEUV4 1 1! 110%z& ()-z, @' 10%& ()-f 10%& ()-f#@O0%& ()-
10 10 10! ~r, 39409 () - OEEHUHVHWHXHeHhH- @1 1! &10% & () - f #@0% & () -

18

Example 8. Construction of IL-2-PE Pusion Gene.

pVC8 was cut with AvalI at position 1190, the 3.6
fragment isolated, its single stranded ends filled with
Klenow enzyme, and dephosphorylated to produce fragment I.
Clone PST-S [Gallo et al, PNAS, 81:2543-2547 (1984)] was
cut with PstI to produce a 1l kD fragment of IL-2 which was
then cut with Bsp 1286 at positions 105 and 669 and
treated with T4 polymerase to fill up the ends. The 564
bp fragment was ligated to fragment I to create pHL-1 and
transformed into BL2) expression cells. Upon induction, a
60 kD protein was produced that reacts with antibodies to

IL-2 and to PE, and contains ADP~ribosylating activity.
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3H—leucine in corporation (cpm x 101)

without PE with PE
Domain Tested (I, 11, 111)
none 11.2 ¥ 2.3 .2
Ia 11.5 ¥ .15 9.4 ¥ _3°
II, Ib, & IIT 11.7 ¥ .15 2.4 F 2
I, 1/2 11, III 10.7 ¥ .15 9.2 ¥ 2
8 M urea (10 ul) 11.1 ) 2.9 ¥ 2
TABLE 4
Toxin Dose (uq) Deaths

PE, 50 2/3

PE, ] 20 0/3

PE, 2 5 0/3

PE 10 3/3

PE 1.0 3/3

_PE 0.3 3/3

PE 0.2 1/3

PE 0.1 0/3



11 u10% & ()-1"! 10%& ()-1 SUWOYR & ()-- 5910%?1&'()() 1;9(%@%?

109R! & () - |
109R! & () - .
10%&'()5)1 R 109R & ()-1! 10% & ()-1!

" I & IRI& ()-1 0% &
ggAhlhhi & |[[9vU4 1 1 | 10 R & ()-1
" () - W& ()-1& 4191 G hiijxWwwws 1 1 R &
' oo e ()1 100 & 8 10% & ()-1! 109 R & ()-1j2j]

kk6kGk| Z8vU4 1 .

Statement of Deposit

The following plasmids have been deposited in the
American Type Culture Collection in Rockville, Maryland,
under the respective ATCC numbers, prior to the filing of
this application, and at issuance of this application into
a patent will be maintained for a term of thirty (30)
Years from the date of deposit or five (5) Years after the
last request for such deposit or for the effective life of
the patent, whichever is longest. The deposits will be
replaced if the cultures Mutacte or become nonviable during

the term of the deposit:

pJH1?2 ATCC 67205
DHL-1 ATCC 67206
pvC33 ATCC 67207
pJHE ATCC 67208

pJHL4 ATCC 67209
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CLAIMS

A modified Pseudomonas exotoxin which comprises ADP
ribosylating activity and the ability to translate
across a cell membrane and wherein the exotoxin
comprises a modification in the receptor binding
domain IA of the native toxin sufficient to render
the modified form less toxin to human or animal
cells in vitro and less toxic to the liver when
administered inm wvivo relative to an unmodified

Pseudomonas exotoxin.

2. A targeting carrier-toxin conjugate suitable for use
with humans or mammals comprising a toxin fused to a
targeting carrier wherein said toxin is a modified

Pseudomonas exotoxin according to claim 1 -

The conjugate of claim 1, wherein said targeting
carrier is selected from the group consisting of an
antigen, an antibody, a growth factor, a hormone, a
lymphokine, a polypeptide cell recognition protein,
a serum protein, a modified serum protein, an
endorphin, an asialoglycoprotein, insulin, glucagon,
luteinizing hormone, fibroblast growth factor, nerve
growth factor, melanocyte stimulating hormone,

bombesin, and a lectin.

The conjugate of claim 1, wherein said targeting
carrier is selected from the group consisting of

interleukin 2 and alpha transforming growth factor

and a peptide hormone.
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5. An immunotoxin suitable for use with humans or

animals comprising a toxin fused to an antibody
capable of recognizing diseased or disease~causing
cells wherein said toxin is a modified Pseudomonas

exotoxin according to claim 1.

6. The immunotoxin of claim 5, wherein said exotoxin

contains domain III and adjacent 20 amino acids of
domains Ib, II, and III of Pseudomonas exotoxin.

7. The immunotoxin of claim 5, wherein said exotoxin is
the recombinant Pseudomonas exotoxin encoded by

plasmid pJHS8.

8. A Pseudomonas immunotoxin according to claim 5,

wherein at least one amino acid is deleted from

domain 1A of said exotoxin.

9. A Pseudomonas immunotoxin according to claim 5,

wherein at least 11 amino acids in domain 1A have

been deleted from gaid exotoxin.
10. A Pseudomonas immunotoxin according to claim 5,
wherein at least 25 amino acids in domain 1A have

been deleted from said exotoxin.

11. A Pseudomonas immunotoxin according to claim 5,

wherein at least 70 amino acids in domain 1A have

been deleted from said exotoxin.

12. A Pseudomonas immunotoxin according to claim §5,

wherein at least 130 amino acids from domain 1A have

been deleted from said exotoxin.

13. An expression plasmid compriging DNA encoding any of

the proteins of claims 1 to 12
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) 1098J& () - exotoxin according to claim 1 comprising
transfecting a suitable host cell with a plasmid
comprising DNA encoding said modified exotoxin and
culturing said host cell under conditions so that

the modified Pseudomonas exotoxin is produced.

15. A process for producing an immunotoxin according to

claim 5 comprising

a) transfecting a suitable host cell with a
plasmid encoding the modified Pseudomonas exotoxin,

according to claim 1,

b) culturing said host cell under conditions so
that the modified Pseudomonas exotoxin is produced,

and

c) conjugating said modified exotoxin with an

antibody to produce an immunotoxin.

16. The process of claim 15 wherein said modified

Pseudomonas exotoxin gene contains domains Ib, II -

and IIXI of Pseudomonag exotoxin.

17. A process for producing a targeting carrier

Pseudomonas exotoxin conjugate according to claim 2,
comprising transfecting a suitable host cell with a

plasmid comprising a DNA sequence encoding said
targeting carrier conjugate, and culturing said host
cell under conditions so that a targeting

carrier-Pseudomonas exotoxin conjugate is produced.

18. A composition suitable for administration to a
mammal for achieving targeted cytotoxic activity in
said mammal, wherein the composition comprises a
conjugate according to any one of claims 2 to 12 in

a pharmaceutically acceptable carrier.
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plasmid is pHL-1l deposited under ATCC number 67206.

23. A recombinant plasmid comprising DNA encoding a
modified Pseudomonas exotoxin according to claim 1
fused to DNA encoding alpha TGF.

" 24, The recombinant plasmid of claim 23 wherein the
plasmid is pVC33 deposited under ATCC number 67207.

25. A recombinant plasmid comprising DNA encoding a

modified Pseudomonas exotoxin according to claim 1.

26. The recombinant plasmid of claim 25 wherein the
plasmid is pJHB deposited under ATCC number 67208.

27, A recombinant plasmid comprising DNA encoding

structural domain 1A of Pseudomonag exotoxin.

28. The recombinant plasmid of claim 27 wherein the
plasmid is pJdH14 deposited under ATCC number 67209.
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29. A modified Pseudomonas exotoxin according to claim 1 -
wherein said exotoxin has been genetically modified.

30, An antigen-toxin conjugate according to claim 3
wherein said exotoxin has been modified by
recombinant techniques.

31. Use of an exotoxin according to claim 1 or of an
exotoxin encoded by any of the plasmids of claims 19
to 28 for the preparation of a vaccine for active

immunization.

32. Use of a conjugate according to any of claims 2 to
12 for the preparation of a medicament for treating

cancer.



