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PCT/ US96/ 17140 SUPPORTED CATALYST 4M4NFN§%J$%~ ED-—-CATH-ON-FORM-NG
ACTI VATOR This invention el'at‘ Lt”"b §’u5p‘6r‘t‘s“ and 5S¢

suppofted catal ysts fornmed therefrom that i@r 9
olefins. Nore particularly, the'inventidn riéfatesi®o sménﬂsuﬁpbwv
conprising an activator conpound that is chémtaltiy/shognddor. tethered t.0!
t he support. The invention also relates tdu(he pr.epar:atignuof ssueh! suppprt
materi al s and supported catalysts and to tiheir: use:in-ranyolefin
pol ymeri zation process. Several suppurred“catrvn“fdrnr1g
catal ysts for use in_olefin polynerization processes have been previously
di scl osed in the art DEQON (IQNINGNA NI ,ﬁ" o IO N SAUvIA ML)

by conbining i) MONOC] AheANJdBEOD : 5 b g VDA TERDBEDRIN-S| east
one ligand capable of reactlng with a proton ||) an activat or conponent

compr [ Sing agcation capabigeofnyediftal irdfhrds %Oh%lﬁ@daéidguwcf-h'&ﬁdd% ani on

capabl e of stabilizing the netal cation torned as a reaction
bet ween the net B éwwumdahaht icdiain variable Mﬁ@ﬁeﬂ{ a gnenoclopal cat al yst

support materi agntibbdys WpadHst rmtzﬂﬁhahnté@wukxhessuhuem Ie?n@mtabﬂ or
chem cal dehydra ée treat negnt. I.n sgne. of the e;i}a | es | et um num
was added for tff Ings egtpms thergiromy, ofh “tr;B Bﬂ%ol%\% 183r ned by
use of the foregnd nbnﬁhngpr@téxwtbdsxtdt uponothedmonoclonal antibody.

“ggefap ‘Peicdp yhce?‘l‘%htlﬂn of

10 A R THE

Interleukin-5 (IL-5) is a lymphokine secreted by
activated T cells which is biologically active on B cells and
eosinophils. Because IL-5 replaces T lymphocytes in in vitro
antibody responses to thymus-dependent antigens, it was

15 formerly called T cell replacing factor [TRF; Dutton et al., Prog.
Immunol. 1:355 (1971); Schimpl et al., Nature 237:15 (1972)].
Because it also stimulates differentiation of B lymphocytes into
IgM and IgG plaque-forming cells and the growth of B cell
lymphomas in vitro, it has also been called B cell growth factor

20 M [BCGFII; Takatsu et al.,J Immunol. 124:2414 (1980)).

Murine IL-5 consists of 133 amino acid residues,
including a signal sequence of 20 residues and three potential
N-glycosylation sites. Deglycosylation does not affect the
biological activity of murine IL-5 in a B cell proliferation assay

25 [Tavernier et al., DNA 8:491 (1989)]. Human IL-5 consists of
134 amino acid residues, including a signal sequence of 19
- . residues and two: potentxal Ngglycosylyon sites. The
. structures of both' proteins ﬁave been adegcnbedk by 'quota et
S al [Proc Natl. Acad. Sci. USA 84: 7388 (1987)] and Kinashi et al.
30 [Nature 324:70 (1986)]. The degrees of homology of murine
“  and human dL:5 at the nucleotide and amino acid sequence
level are 77 .and 70% respectively. -

-



WO/ 09882 was 0.17 g/cnjerr]. Catalyst efficiencies that were reported
were | ess than satisfactory for commercial application.
WO- 94/ 03506 descri bed a supported ionic catal yst prepared by conbining |) a

monocycl opent adi enyl netal conpound, ii) an activator component conpri sing
a cation which wll irreversibly react wshb at |east one ligand contained
in said metal conpound and an anion, said anion being a chemically stable,
non- nucl eophilic, anionic conplex, and iii) a catalyst support naterial.

Optionally, the supported ionic catalyst could be pr epol ymerized with an
ol efinic nonomer. The suBpthtmusiny iand durhan alls$ lexistr ast honmvedimers

hydr ol yzabl dgli t bl d h
(7 ethyl at uni nulRRERCBY pIRfidR” BORIEY MIReref g gicBspideedhlL 0 BUCR S
i oni ¢ cat al ystsmoorabgmt wmanp yiretmgmtesmqorSJBSspolﬂow eagalus! y,
the catalyst eff m].“ﬁicﬁ'és buANesn | ApyireRt/ ﬂfo‘ieéul agj 8}_;1!%6&! 0,000

i nsufficient for contter cl.al use. -
supported m al falens Bader yaen-reducing, ‘f‘?ftdlﬁélnél»l v&aog Eooﬂsl y
o102 et Al .nBiockent, 10623Bhat ed

attached to suppfdér Tedatiny Tonditiongli d[rm T& _
al um na, and gégéﬁ; thereof, were disclosed. In US-A-5,427,991, certain

cat al yst suppor rising poI yani oni ¢ noi eties constituted of
noncoordi nating anionic groups chemically bonded to crosslinked polyneric
core conponents were di scTheedlondngcandnexpressionnef murine Hi.-fchas ence

taught the desi bggh|ddst gn%sgérwychﬂsﬁi G ALINURT 924 700 ROBEY ! e
rorett o 0e hod, Takaiss, el G mzéic?zﬁ%?%”ég SRS | a1

tnﬁncogr d:jn?tltngcamwaﬂﬁntﬁcm% elgm Edktefﬁebﬂeisiolhﬁdf w&iﬂ?rmm}( i on,
erepy dereatl ur pose e,lnventlLo emasmg or
prot ecti ng afteiersegﬁqgn Pﬁg’e E’ Azuma et al. [ﬁuc{ezc Acids

14:9149 (1986)]

IL-§ has been shown to act as a maintenance and

15 differentiation factor for eosinophils. In humans, the activity
of IL-5 appears to be specific, affecting eosinophils primarily.
Human IL-5 induces eosinophil precursor cells to become
mature cells. Moreover, the survival of eosinophils isolated
from circulating blood can be prolonged when human IL-5 is

20 present in the culture media. Human IL-5 also stimulates
cultured eosinophils to degranulate, and to release toxic
proteins such as major basic protein (MBP) and eosinophil-
derived neurotoxin (EDN) [Kita et al., J. Immunol. 149:629
(1992)].

25 It has been suggested that eosmophlls kill paxasxtes :
following infection and also play a significant role in
_inflammatory and’ nallergxc diseases [see, c.g.. Sanderson, Blood
79:3101 (1992)).  Increased levels of* eomnophlls among
circulating leukocytes have been observed following parasitic

30 infections and in certain chronic inflammatory tissues, such as
in asthmatic alveoli. Eosinophil infiltration and toxic granule
release from eosinophils may play a role in tissue destruction -
and may aggravate the symptoms of asthma.
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PCT/ US96/ 17140 noncoordi nating anionic reactant detrinentally
interferes with the desired chem cally bonded anionic noieties. In Figure
8, an alternative schene conprising functionalizing surface hydroxyl

groups by reaction with p-bronophenyl (tria@t-hoxy)silane was postul ated. No
teachi ng of the desirability of imting the quantity. of surface hydroxyl
functionality of the silica to anobunts |ess than 1.0 mmol /g was provi ded.
In addition no disclosure of formng reactive si|ane functionalit%7

i nstead of p-bronophenyl S!EQIX&KW%CQIMI et _ﬁl-i H‘E)Y-OJ‘I"MQ!}/ 3%d _ _
reference, For (1SREY] e s gD, AlMvgy CHRCSHAASDL PFISTRE | cotl o
be i noper abl e oraQ?pSﬁi. Me S own‘t a gig%-ﬁensit (ﬁ??iﬁ‘m’ fﬁoﬁﬂ&e.neous

catal ysts preparessimophibemajer dasicatproteifi o(MBR) act i assboiated cwitiounds are
di scl osed | nenuryRuf A aSfhfh ! ahd’ RISRE Yissul Gaaklige, ' 004 and

US- A- 5, 064, 802

Recently, Coffman et al. (International Patent
Application Publication No. WO/04979) have shown that
antibodies against IL-5 can prevent or reduce eosinophilia
which is associated with certain allergic diseases such as
10 asthma. Monoclonal antibodies which specifically bind to and
neutralize the biological activity of human IL-5 can be used for
this purpose.

A monoclonal antibody against IL-5 has been

reported to have a prominent effect in reversing parasite-

15 induced eosinophilia in experimental animals [Schumacher
et al,J. Immunol. 141:1576 (1988); Coffman et al., Science
245:308 (1989)], suggesting that neutralizing antibodies may
be clinically useful in relieving eosinophilia-related symptoms
by antagonizing' IL-5. In fact, it has been reported that when

20 rodents or monkeys bearing experimentally induced
cosinophilia were treated with TRFK 5, a rat anti-mouse IL-5
monoclonal antibody, eosinophil counts in both circulation and
bronchial lavage were found to return to normal levels. Thus,
neutralizing monoclonal antibodies may be effective

25 antagonists.

Because most monoclonal antibodies are of rodent
origin, however, there is an increased likelihood that they
would be immunogenic if used therapeutically in a human
being, particularly over a long period of time. To reduce this

30 possibility, there is a need for recombinant or "humanized"
antibodies against human IL-5. Such antibodies could be used
for the treatment of conditions associated with eosinophilia, or



t hesuse of Bronsted acid salts able to formcations via hydrogen transfer
is disclosed. In EP- A-277,003, a simlar process using bul ky anions
containing nultiple boron atons is disclosed. I n W93/ 23412 car boni um
sal t- cation form ng activators are disclosed. US-A-5,321, 106 taught t he
use of oxidizing salt cationic activators_god USSN 304, 314, filed Septenber
12, 1994 taught the use of silyliumsalt cationic activators.

Di sadvantageously, such honogeneous catal ysts when supported by nornal
techni ques of physical absorption on the surface of a support naterial, may
be removed agai fobythei treatinent i dnyn othemeondition i attributabler ty the

pol yneri zati ons t petentially found in gas phase

pol ymeri zati on 5’?@@&@1 g#&ﬁﬁg 8{ %‘sg enpl oyi ng condensation and ~recycle
of either diluents or nmononers. Such |oss of the catalytic material from
the support may detri nednitidlyeffortsctot reduecel thelcimmunpaogenicity re€ul ti ng
pol yneri c prOdU%dent gatibodies involved thle Xﬂihﬂcﬁﬁndﬁf'éﬁiﬁh &ito provide a

supported catal yst, 0 rization Ss_, usin me that is
capabl e of pPodd8 sefﬁh% chranausg ‘éé'%?gﬁﬁai"&l?% ¢ "eﬁ?a ‘ﬁ

wgul d | ffurthehuhﬁxde@nsahteregimsrmﬂxﬂet G Procs Wl Acdde Scil SALt hgt i s
adapt e or use r r ss and is
rel atively unaf #f?g‘égb&qa‘@?'prg@éﬁée"%&%@%&h@ﬁap di l uents.
In one aspect ofinjectedrwithnthybnidsnof ohunaar avariable oxegiens sand pmousef or use
in _ preparingg t eCONpri sing
t he reaction progﬂggﬂ{t ‘f'ggi‘b% %%ﬁ’ﬂl %r%géni‘?% OoXI gﬂt E %jé‘l%lgsb?(@%prl sing a
solid matrik0 aﬁdché%d:ta%nﬁy exbamgnovpsiable regiamct (This ssyggasts that
functionalized g§grthertHutisn 0§ysi’éﬁlr PEYentitP OTS the éiteres toleAREe F\h%g?én sai d
reactive in such chimeric antibodies may still give rise to human

anti-mouse antibodies.

It is generally believed that CDR loops of variable

15 domains comprise the binding site of antibody molecules, the
grafting of rodent CDR loops onto human frameworks (i.e.,
humanization) was attempted to further minimize rodent
sequences [Jones et al., Nature 321:522 (1986); Verhoeyen et
al., Science 239:1534 (1988)]. Studies by Kabat et al. [J.

20 Immunol. 147:1709 (1991)] have shown that framework
residues of antibody variable domains are involved in CDR loop
support. It has also been found that changes in framework

~ support residues in humanized antibodies may be required to
preserve antigen binding affinity. The use of CDR grafting and

25 framework residue preservation in a number of humanized
antibody constructs has been reported, e.g., by Queen et al.
[Proc. Natl. Acad. Sci. USA 86:10029 (1989)], Gorman et al.
[Proc. Natl. Acad. Sci. USA 88:4181 (1991)] and Hodgson
[Bio/Technology 9:421 (1991)]. Exact sequence information

30 has been reported for only a few humanized constructs.

Although a high degree of sequence identity
between human and animal antibodies has been known to be
important in selecting human antibody sequences for



silane corresponding to the formula: -OSiRerr]H wherein R independently

each occurrence, is hydrogen, ([ err] hydrocarbyl, or Cerr]

hydr ocar byl oxy, said inorganic oxide material conprising less than 1.0
. mol -of reactive surface hydroxyl functionality per gram and (B) an

activator conpound conpri sing: -5-

- 2- WO 97/ 19959

PCT/ US96/ 17140 _ b[err]) a cation which is capabl e of

reacting with a transition .netal conpound to forma catal ytically

active transiti drumenizationypinost pridr studies have used2p differgmtt hineamni on
containing at |eayheRPE fo’Hhimdf fight' dnd heat3cC Vatiable [ &quences.
Sequences of known antibodies have been used or, more
typically, those of antibodies having known X-ray structures,
5 antibodies NEW and KOL. See, e.g., Jones et al., supra;
Verhoeyen et al., supra; and Gorman et al, supra.

‘Methods for engineering antibodies have been
described, e.g., by Boss et al. (U.S. Patent No. 4,816,397), Cabilly
et al. (U.S. Patent No. 4,816,567), Law et al. (European Patent

10 Application Publication No. 438 310) and Winter (European
Patent Application Publication No. 239 400).

Reliance on the relatively few antibodies for which
X-ray structures have been determined has led to the frequent
use of different human light and heavy chain sequences from

16 different antibodies, because although only two human Fab
crystal structures are known, several human light chain crystal
structures have been determined. Such an approach may
require changing framework residues in the human heavy and
light chains to ensure correct chain association and, therefore,
- 20 Iimits the applicability of humanization.

There thus is a need for improved methods for
making humanized antibodies that are not based upon the
relatively few known crystallographic structures.

SUMMARY OF THE INVENTION

25 The present invention fulfills the foregoing needs
by. providing novel methods for the design of humanized
antibodies, and specific antibody antagonists of human IL-5
and pharmaceutical compositions containing the same.



I norgani ¢ oxide matrix, with residual hydroxyl functionality of the

I norgani ¢ oxide, or with the reactive silane noiety, thereby covalently
bondi ng t he conpati bl e anion to the support. In
addition there is provided a supported catal yst systemuseful in the

addi tion pol yneri zation of addition polynerlzable nmonomers conpri si ng

t he above identlfled support; and ((3 a transition netal conpound
containing at |east one [err]-bonded anionic |igand group, said

transition nmetal conpound being capable of reacting with the aforenenti oned

b f h b h I bind th
ot alyti ool 1y act i ve 1 rarbfareoparaedariy,  thiss ibygeoy Srpiuee'a> > " tNe
In a further asmethodtfm solecMgohuma:nnatasbmd)prmpsncmrmpbepasedgaa
TR U o T B e T L R VAR

solid matrix reac groups or reactive si
functionalized mmwsam\ges of hydroxyl groups on the surface t her eof ,
said reacti-ve silane corresponding to the fornula: -CSiRerr]H, wherein R

I ndependent lg/ each ocgg)r egﬂ?nn ﬂudheg aﬂeﬁ ht reldi® Cedriable or
C err] hydrocarbylo {g{ nOﬁgan C .OX|1de mat el(?l g* [ | ess
than 1.0 mol of  reat48i0R SeqYeRcss,Qf, 4y, animal monocion Q’\}‘% g‘?‘
with an activat or coispganbe( B)mtamier_i nwiths gptimallyealigmed | sefjuences of
polynerization catal 4ol heayy and light chain variable regions of human

~ antibodies for which sequence information is available,

10 thereby determining the percent identities for each of
the compared sequences;

(b) determining the number of ambiguities in each
of such human antibody sequences; '

(c) comparing Pin-region spacing of the animal
15 antibody sequences with (i) that of each of such human
antibody sequences and with (ii) those of other
antibodies which have known 3-dimensional structures;
and

(d) selecting the human ax{tibody sequence which
20 has the best combination of: :

(i) low number of sequence ambiguities, and

(ii) high percent identities and similar Pin-region
. spacing, based on comparison to the animal antibody
. sequences.

25 This invention further provides a method for
determining which variable region residues of an animal
monoclonal antibody should be selected for humanization
comprising:



In yet anot her aspect the invention provides an addition pol ynerization
process wherein one or nore addition polynerizable nononers are
contacted with a supported catal yst system according to the present

i nventi on under addition polynerization conditions.

The supports and supported catal ysts of tﬁg i nvention are readily prepared

i n high yields and efficiencies. Inportantly, catalyst systems prepared
fromthe foregoing catal yst conponents denmpnstrate inproved performance
as neasured by catal yst activity and/or product bul k density, conpared

to previously known supp. @eﬂeﬁﬁfrﬁ‘ilni’ﬁg potamial- !ﬂi'i\hﬁlaﬂsaiiwnﬁ\x@lﬁalo be a
result of controllin t@e q%gniﬁ vallabue %P ?41 groups of
t he i norgani c oxide ues | ¢ 2N B gﬂéﬁh V%actlon
with the activator conmpound B, and/or the use of th speC|f|c reactive
sil ane functional groups as fuﬁD fwchdnunimalad'ebniuesncompnse CDR

Al references herein.to r oup
refer to the Periodic Tabﬁ@%ﬁemépgengﬂ@ I%S{) |sh2 q cg(g §@£ﬁrgj by

CRC Press, I&nc., 1989. Al aud/er orient sher CRR stsuetwsalal .oan oups shaII
be to the Goup or Goups as reflected in this Perlodlc Tabl e of the

El ement s usi ng the JUPAC syst efiiy gachuffiximal tesidies comprise Kabat
3 CDRs plus CDR structural loops plus residues
required to support and/or orient the CDR
. structural loops plus residues which fall within
10 ' _ about 10 A of a CDR structural loop and possess a
- water solvent accessible surface of about 5 A2 or
greater;

(b) performing computer modeling of:

(i) a sequence of an animal monoclonal
15 antibody which is to be humanized,

(if) a human antibody framework sequence,
and '

(iii) all possible recombinant antibodies
comprising the human antibody framework
20 sequence into which the minimal and maximal
residues of step (a) have been inserted,

which computer modeling is performed using
‘software suitable for protein modeling and
structural information from a structurally-

25 characterized antibody that has a. sequence most
nearly identical to that of the selected human
antibody framework sequence;

(c) comparing results obtained in the computer
modeling of step (b); and :



WD 97/ 19959 .

PCT/ US96/ 17140 Surprisingly, it has been found that
usi ng the uni que conbi nati on of activator conmpounds and supports as
specified herein, the activator conpound can be attached to the support
yet remain capable of activating transition nmetal catalysts typically
enpl oyed in addition pol ynmeri zation procgsses. The present supported
catal ysts can be enpl oyed to produce ol efin pol ymers at extrenely high
catal yst efficiencies. Preferably the catal ysts attain efficiencies of at
| east 1x 10[err] g polyner/ g transition nmetal, nore preferably at |east
1x10[err] g polymer/ g tr£d¥iselecting bieaminimat oorrmaximak resigduest ed
catal ysts are highl yan‘ﬁr%@u@tflr%?hﬁlﬂiﬁgﬁ{]iﬁﬁiwhyrhéﬁﬁhcﬁl process
conditions enployed in gas®phase or ‘siurry polynerizdations. .

Addi tional benefits icomputerrmaodslednstiyctireniclosaspota ddas .0k ther animal

pol ymeri zation prqg@,@@g@nhpchﬁﬁgoggg fact that the formation of polyner
deposits at reactor walls and ot her Vi ng parts in the reactor is

avoi ded and ghat pol yners haying,inmproved bul k depsi,ty Aare obtained in
particle for®ing pol yneri !&Ff?ﬁg&’oc@gsz&mﬁ&cﬁ?ﬂsﬂgyt r?‘ﬂ&“ﬁﬂr&ent

i nvention, inproved Isehlience denselectesl fasr deséwibedeabove.ai ni ng honopol yner s
and interpolyners are bulk densities of at |east 0.20 g/cnferr], and

preferably of at least 0.9/ G0L&" fnvention still further provides a
monoclonal antibody produced by a hybridoma having the
identifying characteristics of a cell line deposited under

10 American Type Culture Collection Accession No. ATCC HB
10959, and the hybridoma itself.

This invention still further provides polypeptides
comprising a heavy or light chain variable region of a
~ monoclonal antibody which _haVe amino acid sequences defined
15 by SEQ ID NO: 1 and SEQ ID NO: 2, complementarity |
determining regions (CDRs) from such variable regions, and.
isolated DNAs encoding such variable regions and CDRs. These
DNAs can be used to construct binding compositions,
single-chain binding proteins, polypeptides which contain one
20 or more of the CDRs and retain antigen binding activity, and
recombinant antibodies comprising such CDRs, all of which are
a part of this invention.

This invention still further provides
pharmaceutical compositions comprising such monoclonal
25 antibody or recombinant antibodies, binding compositions,
single-chain binding proteins and polypeptides; and a
physiologically acceptable carrier. '

BRIEF DESCRIPTION OF THE FIGURES
The present invention may be more readiy

30 understood by reference to the description and example below,
and to the accompanying figures in which:



Sui t abl e i norgani c oxide supports for use in the present invention include
hi ghl y porous silicas, alum nas, alumnosilicates, alum nophosphates,
clays, titanias, and m xtures thereof. Preferred inorganic oxides are
alunirna and silica. The nost preferred support naterial is silica. The
support material may be in granular, agglogerated, pelletized, or any other
physi cal form ~ Supports suitable for the present

i nvention preferably have a surface area as determ ned by nitrogen
porosinmetry using the B.E.T. nethod from10 to 1000 nferr]/g, and
preferably from 100 to 60CFigR/ b.isThesghematio| repeesehtation sof plasmidis

det er m ned by nle‘gggﬁwégﬁa sorption, advantageously is between 0.1 and 3

cnerr]/qg, pref 0.2 to 2 cnferr]/g. The average particle size
is not critical but typically is from0.5 to- 500 [err]m preferably from1l
to 150 Fig. | 2 disganschematie sepeeseatation yof iplasmid al uni na
and al um nosi | RGMPASEPWN toO inherently possess small quantities of
hydr oxyl f_unctig%?ity attached to the. atomc nmatrix. Wen used to

prepare conmpq@nent A therefgom,these terials are preferaply firgst

subj ected to*a heat t r SEmentiSaRdS Wmeﬁﬂgﬂ%ngptlﬁa?@@ce t he
hydroxyl cont entpDSRGMPASIQ nmol /g, nore preferably 0.01-1.0 mmol /g,
nost preferably 0.1-0.8 nmol/g. Typical heat treatnments (cal cining) are
carried out at a tenperat f 5 [ - sefe to
850[err]C for a duration t?fglo‘i W rlﬁgqul{egrslﬁ?‘g ‘%g}%sc?&rtgﬁs ypflgg%‘s@gem cal
treat ments incl UPRRSMRASL. ng with Lews acid al kyl ating agents such as
tri hydrocarbyl al um num conpounds, trihydrocarbyl chl orosil ane conmpounds,
tri hydrocar byl al koxysi | ane coESORIPTIONSOFTHE INVENTIONesi dual hydr oxyl
functionality can be

10 All references cited herein are hereby incorporated '
in their entirety by reference.

As used herein, the terms "DNA" and "DNAs" are
defined as molecules comprising deoxyribonucleotides linked
in standard 5' to 3' phosphodiester linkage, including both .
15 smaller oligodeoxyribonucleotides and larger deoxyribonucleic
acids.

. Antibodies comprise an assembly of polypeptide
chains linked together by disulfide bridges. Two principal
polypeptide chains, referred to as the light chain and the

20 heavy chain, make up all major structural classes (isotypes) of
antibody. Both heév_y chains and light chains are further
divided into sub regions referred to as variable regions and
constant regions. Heavy chains comprise a single variable
région and three or four different constant regions, and light

25 chains comprise a single variable region (different from that of
the heavy chain) and a single constant region (different from
those of the heavy chain). The variable regions of the heavy
chain and lighf chain are responsible for the antibody's binding
specificity. |

-



detected by the techni que of Fourier Transform Infrared Spectroscopy
(DRIFTS I R) -as di scl osed .

-4- WD 97/ 19959

PCT/ US96/ 17140 in Fourier Transform Infrared Spectroscopy, P.
Giffiths & J. de Haseth. 83 Chem cal Anal¥@gi-s, W ley Interscience
(1986), p. 544. . The i norgani c oxi de nay be
unfunctionalized excepting for surface hydroxyl groups as previously

di sclosed. In this enbodinment of the invention the |ow h droxyl content of
the support leads to superAGruiﬁd)@Gmmes!h@ftm 'CRRI stmgttu' deeped

catal yst, nost | el f t I on
reSI hﬂiéq ro)’%‘?ﬁ ahd ﬁ{é% clh'&ﬁn hd

t al I b t P
contents of  suchibdBgoreria r°”ﬁﬁe¢y5&%ré¥l g61,B, S1838S oM 0. 5

nol / g. the bmdmg poruc'ﬁhebﬂ tes gaoletulesi dThesy bgve

chl or ost | ane § unbiBRaT SR, fahtofial stflkinres, (CROURRG 3 dal Mot 2ot o'
196:901 (1987), Chothia et al., J. Mol. Biol. 227:199 (1992)].

’

The term "Kabat CDRs" refers to hypervariable
antibody sequences on heavy and light chains as defined by
Kabat et al. [Sequences of Proteins of Immunological Interest,

10  4th Edition, 1987, U.S. Department of Health and Human
Services, National Institutes of Health].

As used herein, the term "heavy chain variable
region” means a polypeptide which is from about 110 to 125
amino acid residues in length, the amino acid sequence of
- 15 which corresponds to that of a heavy chain of a monoclonal
antibody of the invention, starting from the amino-terminal
* (N-terminal) amino acid residue of the heavy chain. Likewise,
the term "light chain variable region” means a polypeptide
. which is from about 95 to 130 amino acid residues in length,
20 the amino acid sequence of which corresponds to that of a light
chain of a monoclonal antibody of the invention, starting from
the N-terminal amino acid residue of the light chain.

The terms Fab, Fc, F(ab)z. and Fv are employed

with their standard immunological meanings [Klein,

25 Immunology (John Wiley, New York, 1982); Parham, Chapter
14, in Weir, ed. Immunochemistry, .4th Ed. (Blackwell Scientific
Publishers, Oxford, 1986)].

As used herein the term "monoclonal antibody”
refers to a homogeneous population of immunoglobulins which
30 are capable of specifically binding to human IL-5. It is
understood that human IL-5 may have one or more antigenic
determinants comprising (1) peptide antigenic determinants



silane functionality, as previously disclosed. Suitable functionalizing
agents are conpounds t hat react with the surface hydroxyl groups of the
i norgani c oxide or react with the nmetal or netalloid atons of the

i nor'gani c oxi de matri x. Exanpl es of suitable functionali zi ng agents include
phenyl si | ane, di phenyl si.l ane, nethyl phenykgid ane, di nethylsil ane,

di et hyl si |l ane, di et hoxysil ane. and chl or odi net hyl si | ane. Technlques for
form ng such functionalized inorganic oxide conmpounds were previously
di sclosed in US-A-3,687,920 and US-A-3, 879, 368. In a

preferred enmbodmwlich. comsist lofnsingiel peptidenchains withindduman dbafad3d,
optional I'y in thgy ﬁﬁﬁfa&wfm&g@ f Gttt Y9ich Bohlite RoESRBEE ©f °

base assi st , pre era am ne actron 1s
conducted at a thameong spatiallymopntiguons| @ﬁpp@e ghainsr phgse TERPECiveo t o

50[err] C Ge“erﬁhhﬁoaﬁcﬁl’(%ﬁgﬁeﬂ’éesf \WhE t igRated Zdi Sfbinga) x@”"ﬁhéyaﬁman
Preferred r m fun(fel onal i zi ng a%er&3 based o ni ¢ oxide are
from1 to 2500 / BolyReptide. sgApenges @nd (3); BP%'ngaHé | GRLESHIGg
regct i gn reﬁl ddeterhﬁﬂamsyiwlfwhccomm,leuhaf mhfwhigm@raa art,ongde is furt he
reduced to the

Pref erably, theﬂfoggi‘“gtﬁl Xtr%ﬂifquﬁgvéfe d(y ?lﬁfi ?ﬁ E‘E“P‘%hzém ports
is | ess than 0. granslatian, such rasscanhohfydrﬁcl groups; ohahe like. 0.Bhemol / g.

H ghly preferab EBR" {HeY ifvér o Sqaepl oyed
havi ng L ni th?‘tépa s Bf ilﬁ unc |onar}?m? 8? ggéﬁ% %gajdcflrtoén %lgntent

| ess than 11@ niRATEg, ° arﬂ@sfer cﬁ%tﬂ'm of funct i onal i zi ng agent/g
silica is enployed. The molar ratio of base aSSI st enployed to

;UnCt l Ona: i zing agent is Qﬁnﬁsed|kelfdi@m ieﬁntbbi%dﬁhg comp emicﬁﬂ' -
nor gani o oxi demip &, Smmesifgr AP E VG polyRiptios 3“%@93 88 bon,
and t he support whichh ovbemy hbyenmcmalbr iassociated,c assumee aconformationt ed
catalyst systeMhaying high binding affinity for human IL-5, and (2) which are
15 derived from a hybridoma producing monoclonal antibodies
specific for human IL-5. The term "operationally associated” is
meant to indicate that the two polypeptide chains can be
positioned relative to one another for binding by a variety of
means, including association in a native antibody fragment,
20 such as Fab or Fv, or by way of genetically engineered
cysteine-containing peptide linkers or other linkers at the
carboxyl termini.

Monoclonal antibodies can be prepared using
standard methods, e.g., as described by Kohler et al. [Nature
25 256:495 (1975); Eur. J. Immunol. 6:511 (1976)]. Essentially, an
animal is immunized by standard methods to produce
antibody-secreting somatic cells. These cells are then removed
from the immunized animal for fusion to myeloma cells.

Somatic cells with the potential to produce
30 antibodies, particularly B cells, are suitable for fusion with a
" myeloma cell line. These somatic cells may be derived from
the lymph nodes, spleens and peripheral blood of primed
animals. In the exemplary embodiment of this invention rat



The .i norgani ¢ oxide, the resulting support, or the supported catal yst

system may al so be treated with an al um num conponent selected from an

al unoxane or an al um num compound of the forrmula AlR[err], wherein R
Is as previously defined. Exanples of suitable R groups incl ude

met hyl , nmet hoxy, ethyl, -ethoxy, propyl (alfl24 soners), propoxy (al

| soners), butyl (all isomers), butoxy (al'l isomers), phenyl, and
benzyl . Preferably, the alum num conponent is WO 97/ 19959

PCT/ US96/ 17140 sel ected fro { he group conS|st|ng of al ym noxanes and

tri(Clerr] hydrsemypyﬁsuaﬁenm 1 TS Breauseshese realls peadiee A num

fomoongn:sl arf 2élabivedy t cmhﬁ'oﬁ's]lctﬂbIéUIﬁxslon‘sertmwhoebum num
riisobutyl alumn and m xtyres reof . . unpxanes

(4l 50 reforred mcie% &ﬂ%xaﬁew Be5 Bogtible. BOWEVED $RcH5t HUmy num

oxy conpounds cmduseqi rabbit)asheepodr agaatr cells, nor dellsi fmmamtdienmgmalat ons,
wher eby 5 . species instead.

Specialized myeloma cell lines have been developed
from lymphocytic tumors for use in hyridoma-producing fusion
procedures [Kohler and Milstein, Eur. J. Immunol. 6:511 (1976);

. Shulman et al., Nature 276:269 (1978); Volk et al., J. Virol.

10 42:220 (1982)]. These cell lines have been developed for at
least three reasons. The first is to facilitate the selection of
fused hybridomas from unfused and similarly indefinitely self-
propagating myeloma cells. Usually, this is accomplished by '
using myelomas with enzyme deficiencies that render them

15 incapable of growing in certain selective media that support
‘the growth of hybridomas. The second reason arises from the
inherent ability of lymphocytic tumor cells to produce their
own antibodies. The purpose of using monoclonal techniques is
to obtain fused hybrid cell lines with unlimited life spans that

20 produce the desired single antibody under the genetic control
of the somatic cell component of the hybridoma. To eliminate
the production of tumor cell antibodies by the hybridomas,
myeloma cell lines incapable of producing endogenous light or
heavy immunoglobulin chains are used. A third reason for .

25 selection of these cell lines is for their suitability and efficiency
for fusion.

Many myeloma cell lines may be used for the
production of fused cell hybrids, including, e.g., P3X63-Ag8,
P3X63-AG8.653, P3/NS1-Ag4-1 (NS-1), Sp2/0-Agl4 and

30 S194/5.XX0.Bu.l. The P3X63-Ag8 and NS-1 cell lines have
: been described by Kohler and Milstein [Eur. J. Immunol. 6:511
(1976)). Shulman et al. [Nature 276:269 (1978)] developed the



the:al um numcarries a substituent, preferably an alkyl group. The
structure of al unoxane is believed to be represented by the foll ow ng
general formulae (-AI(R-Om for a cyclic al unoxane, and

Rlerr]A-O(-A (R -Oferr]-AlRerr], for a linear conpound, wherein Ris as
previously defined, and mis an int egerls'angl ng from1l to 50, preferably
at least 4. Alunoxanes are typically the Treaction products of water and
an alum num al kyl, which in addition to an al kyl group may contain halide
or al koxi de groups. Reacting several different alunm num al kyl. conpounds,

such as |2|0r egp Izlﬂlb Ad14 mea':lllﬁm nUThgnSIMISXS(IDlBuFI)Il ailuemwrexllsmI with
wat er yields so-ca or e red al unbxanes
are met hyl al umo KRRt objhed*‘ e%‘ﬁ%aneéxp n%mﬁ‘%i?h (?r??ugi] anount s of
Cferr] alkyl groups, especi aI |y isobutyl. Alunpbxanes generally . contain
m nor to substantial anpuMethedssfer tgmraﬂmm hybridskof antipodyic.

Particul ar teChPt%#aF%&Pﬁ Bfelgﬁ{rﬂ; mé) ﬁlsugﬁdaﬁfyewﬁ?t genpounds by

contacting an I no gam ont ai ni ng
wat er of cr taPWMl’@NOIV%r@“éﬂSc#QIBéGCMFFbs maocells, ig a

particul ar pref Qorleobwjmﬁbﬁe iltﬁ@u umen Poitidn nﬁgwydfmcemact ed

with a regenera al nin st.an e such as h drat ed Ium na,
silica or ot herE@(b}Ib:iP\Q/ﬁ@%“t 8@%‘1’“&5 &‘F HREeEnCes aﬁ’rﬁ@
al unoxane nay bagemsnéchqmrc:ﬁ,edmahtor tdrlectnqaﬂ))arthabwmmes ouheofusiohydf at ed

i 'ane. il oxangl hyae‘?facar 5T o iph- metBbas WAl hedl- Bepidihtd By | EE 1P
tri(Jerr] 0 kyKohlen and uMliitmommc ftemet ab [Somatia £oelhi Genes.
3:231 (1977)], and Volk et al. (J. Virol. 42:220 (1982)]. The
fusion-promoting agents used by those investigators were
Sendai virus and polyethylene glycol (PEG).

Because fusion procedures produce viable hybrids
15 at very low frequency (e.g., when spleens are used as a source
of somatic cells, only one hybrid is obtained for roughly every
1 x 105 spleen cells), it is essential to have a means of selecting
the fused cell hybrids from the remaining unfused cells,
particularly the unfused myeloma cells. A means of detecting
20 the desired antibody-producing hybridomas among other
resulting fused cell hybrids is also necessary.

Generally, the selection of fused cell hybrids is
accomplished by culturing the cells in media that support the
growth of hybridomas but prevent the growth of -the unfused

25 myeloma cells, which normally would go on dividing -
indefinitely. The somatic cells used in the fusion do not
maintain long-term viability in in vitro culture and hence do
not pose a problem. In the example of the present invention,
myeloma cells lacking hypoxanthine phosphoribosyl

30 transferase (HPRT-negative) were used. Selection against these
cells is made in hypoxanthine/aminopterin/thymidine (HAT)
medium, a medium in which the fused cell hybrids survive due
to the HPRT-positive genotype of the spleen cells. The use of



A treatnment of the inorganic oxide material in order to also include

opti onal al unoxane or trial kyl al um num | oadings in addition to activator
compound i nvol ves contacting the sanme before, after or sinultaneously

wi th-addition of the activator conpound hereunder with an al unoxane or
trial kyl al um num conpound, especially trigihylal um num or

triisobutylalum num Optionally the m xture can al so be heated under an
i nert atnosphere for a period and at a - tenperature sufficient to fix

al unoxane or trialkylalumnumto the support, or the support conponent

cont ai ni ng al unmgelhmr celis hﬁtlﬁldﬁffalbnm genetivordetiol dxllﬁie; bdrupubj ect ;adf__t 0. 4
one or nore Wash,. S r ve al ynoxane, or tri num no i xe
to the support. sm%t?e%’ ét%’) it %agengﬁéeE &8?}'?1% ﬁ]g{"g@gport W th :
al unoxane the aSupporting rthy geowéheofitgehotypicallyi taorhpeteant hybridg isn

unhydrol yzed ingfégag,logsméde or a noistened inorganic oxide with a
trial kyl alum num conpound optionally in the presence of an inert diluent.

Such a process is well known in the art, havi n% bee c(tjiivsejlloglﬁ(tjuxi'en
_to sele

EP- A- 250, 60® US- A- 4, 912, §¢veral yweeks aare nequired
- 6- WO 97/ 1ffé5Fused cell hybrids. Early in this time period, it is necessary
PCT/US96/ 17140 4 identify' those hybrids which produce the desired antibody,
so that they may subsequently be cloned and propagated.
Generally, around 10% of the hybrids obtained produce the
10 desired antibody, although a range of from about 1 to about
30% is not uncommon. The detection of antibody-producing
hybrids can be achieved by any one of several standard assay
methods, including enzyme-linked immunoassay and
radioimmunoassay techniques which have been described in
15 the literature [see, e.g., Kennet et al. (editors), Monoclonal
Antibodies and Hybridomas: A New Dimension in Biological
Analyses, pp. 376-384, Plenum Press, New York (1980)].

Once the desired fused cell hybrids have been
selected and cloned into individual antibody-producing cell
20 lines, each cell line may be propagated in either of two
standard ways. A suspension of the hybridoma cells can be
injected into a histocompatible animal. The injected animal
will then develop tumors that secrete the specific monoclonal
antibody produced by the fused cell hybrid. The body fluids
- 25 of the animal, such as serum or ascites fluid, can be tapped to
provide monoclonal antibodies in high concentration.
Alternatively, the individual cell lines may be propagated
in vitro in laboratory culture vessels. The culture medium
containing high concentrations of a single specific monoclonal
30 antibody can be harvested by decantation, filtration or
centrifugation, and subsequently purified.



Sui t-abl'e al i phati c hydrocarbon diluents include pentane, isopentane,
hexane, heptane. octane, | sooct ane, nonane, isononane, decane, -

cycl ohexane, nethyl cycl ohexane and conbi nati ons of two or nore of such
diluents. Suitable aromatic hydrocarbon diluents are benzene, tol uene,

xyl ene, and ot her al kyl -or hal ogen substgtuted aromati c conpounds. Mbst
preferably, the diluent is an aromati ¢ hydrocarbon, especially tol uene.
_After preparation in the foregoing manner the residual hydr oxyl content

thereof is reduced to the desired low level less than 1.0 mol of OH per
gram of  support, by anMonoclmagbrwﬁlbodm das calsocbet producgde uising

The ani oni ¢ conggneghodin t 5& gﬁﬁgﬁgund B used according to the
pr esent i nvention corrésponds to th ormul a:

[err] wher ei n: rou CO Sing
functionality capable of TR HSeoAnd Sﬁ“?ﬁ‘émn qu &%ﬁ? so? ﬁﬁ?‘h‘l‘i with
resi dual hydroxglwellnknownale. gy Fdlfrfmgments\/\{T ssenqCPractice langk Theory ~

L o el PSR R gl ogss
fragments [Hochman et al., Blochenustry 12:1130 (1973);

Sharon et al., Biochemistry 15:1591 (1976); Ehrlich et al., U.S.
Patent No. 4,355,023] and antibody half molecules (Auditore-
Hargreaves, U.S. Patent No. 4,470,925). Moreover, such

10 compounds and compositions of the invention can be used to
construct bi-specific antibodies by known techniques, e.g., by
further fusions of hybridomas (i.e. to form so-called
quadromas; Reading, U.S. Patent No. 4,474,493) or by chemical
reassociation of half molecules [Brennan et al., Science 229:81

16 (1985)].

Hybridomas and monoclonal antibodies can be
produced against human IL-5 from any source, e.g., from
commercial or natural sources or through the application of
chemical synthetic methods or recombinant DNA technology.

20 "Recombinant IL-5" is defined herein to mean IL-5 produced
by expression of recombinant DNA (¢cDNA) encoding the same
in a prokaryotic or eukaryotic expression system. In addition,
genomic DNA can be used for producing IL-5 in eukaryotic '
systems. The IL-5 produced may be glycosylated or

25 unglycosylated.

Since the nucleotide sequences of DNA encoding
murine and buman IL-5 are known [see e.g., Azuma et al.,
Nucleic Acids Res. 14:9149 (1986)], such DNAs can be
chemically synthesized using the phosphoramidite solid

30 support method of Matteucci ef al. [J. Am. Chem. Soc. 103:3185
(1981)], the method of Yoo et al. |J. Biol. Chem.764:17078
(1989)], or other well known methods. This can be done, for
example, by synthesizing relatively small oligonucleotides and



Qis a hydrocarbyl -, hydrocarbyl oxy-, fluorinated hydrocarbyl-, fluorinated
hydr ocar byl oxy-, or fluorinated silyl hydrocarbyl- group of up to 20

nophydr ogen at ons. Most preferably, Qis each
occurrence a fluorinated aryl group, especially, a pent af | uor ophenyl
group. Preferred actl\i or conpounds are salts of the
formul a [err] wherein Is the cationic remant of a

Bronsted acid salt, an oxidizing cation, a carboni umion or a silylium
ion; and e is an integer from1l to 3, nost preferably 1.

Sui tabI e |inki nglg??ﬁ%t ll%&ﬁgg ether %ﬂgg&’i\g tBl ﬁl@nrgvgg }Hﬁeﬂaﬁ‘ tep nnodi fi ed

i norgani c oxide contai ni resi dual hydroxyl

¢ ox|
functionality, lﬂfpm&tlonéln% a’?‘:es"ml%#w sPpblicatign)

hydr ocar byl OXySWV@GSS/OaBoo) |chiegnicallyngy nﬂ%@%W'DN@Céxfbodm CHLImXyli ¢
acid ester, aldehyde, ketone or epoxi de functionality, cont a| ning fromlto

L OCer MO 09en B, Sl AL g i RO gy gen
of silane cobt acannbecxmpulaté:d etoamaknslhiﬁ/ mRINA/J e;vhmh oén serve hasa
Stbot 1 at e cont arPpLite' fo°u y ?&ﬁﬁg *f&'ﬁ? % .r?@c“a?‘*"&é“r 2bly D
for use with sum’f&ﬁhﬁnf bgocgastrec As cansbeane or
chlorosilane Sui’ééﬂt’iﬁé@dumg %‘Iﬁdﬂ)ﬁblé&iﬁ&aﬂmb@ ?ﬁﬁrtﬁf&% 'HaBké Nén the
known sequence information. This cDNA can then be cloned
10 and expressed in one of the many available bacterial, yeast or
mammalian expression systems. This method has been used
to produce recombinant rat, mouse or human IL-5 [see, e.g.,
Tavernier et al., DNA 8:491 (1989); Minamitake et al.,
J. Biochem. 107:292 (1990); Uberla et al., Cytokine 3:72
15 (1991)]. Human IL-5 was produced in a commonly-owned U.S.
patent application (Serial No. 07/615,061, filed November 16,
1990) by expressing cDNA encoding human IL-5 in Chinese
hamster ovary (CHO) cells. Tsujimoto et al. [J. Biochem. 106:23
(1989)] have also described the production of recombinant
20 human IL-5 in CHO cells.

-

In still another approach, oligonucleotide probe
mixtures based on known IL-5 nucleotide sequences can be
used to identify IL-5 genes in' genomic DNA libraries prepared
by standard methods. DNA thus identified can be excised from

25 the library by restriction endonuclease cleavage, sequenced
and expressed in a eukaryotic expression system or (following
_intron deletion by standard methods if necessary) in a
prokaryotic expression system. In this way, Campbell et al.
[Proc. Natl. Acad. Sci. USA 84:6629 (1987)] produced human
30 IL-5 in monkey kidney (COS) cells.

Of course, both cDNA and genomic DNA libraries
can be screened by the application of standard expression
cloning methods, instead of by the use of oligonucleotide
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PCT/ US96/ 17140 substituents, D, include silyl-substituted aryl,
si|lyl-substituted aral kyl, silyl-substituted-al karyl, silyl-substituted
al kyl, silyl-substituted haloaryl, or silyl-substituted hal oal kyl groups,

I ncl udi ng pol ynmeric |inking groups, nost preferably p-silyl phenyl

(-err]Herr]SiHerr]), p-silyltetrafl uotdphenyl
(-Cerr]Flerr]SiHerr]), silylnaphthyl (-Clerr]JHerr]SiHerr]),
silyl perfluoronaphthyl (-Cerr]F[err]SiHerr]),, and 2-silyl-1-

et hyl (- C2H4Si H3 r OuUps. . I.$abl e |inkin
substituents, I}’fq;%scoﬁga‘lsi thys ﬂ?éﬁ%ﬂ%é@ddmw%aﬁr%ﬁ} c[hﬁxp Of ¢ hat
have been nodi f kadwa timmeaothemicill anebioasshyonsdthiodsi ncl ude noi eti es
beari ng sil ane, si | oxane, " hydrocar byl oxysi | ane, hal osi | ane, hydroxyl,

thiol, am no, carboxylic i Xy | 4, sketone
or epoxide functionality %—ﬁgoﬁ%@ﬁ&&m%i\nt S@Xq’fo e&h %g%ﬁ%?g?gﬁ
atons, nore presyithetiec peptide chemixity,n ey dasgiascatbsds byaMenifield
preferably 4 to[L0Am. Chem. Soc. 85:2149 (1963)], or IL-5 can be purchased

commercially.

Once a hybridoma producing the desired
monoclonal antibody is obtained, techniques can be used to
produce interspecific monoclonal antibodies wherein the

10 binding region of one species is combined with a non-binding
region of the antibody of another species [Liu et al., Proc. Natl.
Acad. Sci. USA 84:3439 (1987)]. For example, the CDRs from a
rodent monoclonal antibody can be grafted onto a human
antibody, thereby "humanizing” the rodent antibody

15 [Riechmann et al., Nature 332:323 (1988)]. - More particularly,
the CDRs can be grafted onto a human antibody variable region
with or without human constant regions. Such methodology
has been used, e.g., to humanize a mouse monoclonal antibody
against the p55 (Tac) subunit of the human interleukin-2

20 receptor [Queen et al., Proc. Natl. Acad. Sci. USA 86:10029
(1989)].

The cDNAs of the present invention which encode
the heavy and light chain variable regions of monoclonal
antibodies specific for human IL-5 and the CDRs from such

25 antibodies can be engineered in such a fashion. The location of
the CDRs within the variable regions of the antibodies can be
determined using a number of well known standard methods.
For example, Kabat et al., supra, have published rules for
locating CDRs. CDRs determined using these rules are referred

30 to herein as "Kabat CDRs." Computer programs are also
available which can be used to identify CDR structural loops
on the basis of the amino acid residues involved in the three-



nonhydrogen atons. Preferably D, in such circunstances is a hydroxyl
substi t.ut ed hydrocar byl radi cal, nore preferably a hydroxy-substituted
aryl, hydroxy-substituted aral kyl, hydroxy- substituted al karyl,
hydroxy-substituted al kyl, hydroxy-substituted hal oaryl, or hydroxy-
substituted hal oal kyl group including polygeric |inking groups, nost
preferably hydroxyphenyl, hydr oxytol yl , hydroxybenzyl, hydroxynaphthyl .
hydr oxybi sphenyl , hydroxycycl ohexyl, Cerr] hydr oxyal kyl , and

hydr oxy- pol ystyryl groups, or fluorinated derivatives thereof. A nost
preferred | i dishensionhk tbihding sit®, loopsaofp-thg damtibedy nchaing; iwy.t;cwbenzyl
6- hydr oxy- 2- napﬁé%ijIl %%@ ‘14‘1 (4'- hydr oxyphenyl ) phenyl,

4-((4' - hydr oxyp ? R/ hret hyl ene) phenyl, or fluorinated

derivatives thereof. A base catal yst, such as a tri (R(!:l[] rr aI kyl)am ne, may
al sa be used to assist inThe methodsausedoherginhare,

Most highly prefghmnk | n o] h yb I tuted
substituent SS flﬁuse iﬁ%@:oﬁbangﬁl%n‘;%ﬁ bf%ixﬁﬁlv%ﬂi@?(ﬁeg B %ﬁ“ixgggl i zed

silica. two-step approach istysgd; whic u! m. t SekeCtng, of
ani oni ¢ conponeghtibofPVsédweridels' thatl are used iasathamawnfranmeieotks forused in

the present mvgﬂé{agﬂzéug u%%dt (bf(gg n"%lfullﬂnogr Oveﬂecwl\)a&fla-ble region

hydr oxyphenyl ) b
‘tris(pentafl uornqshéugs quanydmmgl anonotlonabpinsihodyb shendd bei seleeted

di fl henyl
tlrl Su?gog Sln%ll Lgé&ogﬁ% | N?ﬁ ydroxyp enylt;%meg{ogk chosen
3,5-di-t t hyl phgpyl bor, at
'Eri s(plent ;Hng(r)(r)gEgny%/) FZﬂy }i& y&kﬁgﬁiﬁzlﬁgtigneof the best
LrhS( pent a}" Eorwmma mmrmm‘z beqriences r féx( PORicH | segjueneenyl ) (4-
roxycycl ohex bor
t?ll s(pgn%/af I uorﬁ’rﬁ? gPPS“S ayailablg -Ihmépm?em?‘]ﬁ% ig Jpased vpon

the following selection criteria:

(1) Percent Identities

15 The sequences of the heavy and light chain
variable regions of an animal monoclonal antibody that is to be
humanized are optimally aligned and compared preferably
with all known human antibody heavy and light chain variable
region sequences. This is in contrast to the methods of the

20 prior art, which rely heavily on the use of only two human
antibodies, NEW and KOL. Structural information is available
for these antibodies, the designations for which are the initials
of human patients from which they were derived. The
structure of antibody HIL is also known now (Brookhaven Code

25 PS8FAB). :

Once the sequences are thus ~compared, residue
identities are noted and percent identities are determined. All
other factors béing equal, it is desirable to select a human
antibody which has the highest percent identity with the

30 animal antibody.



tris(pentafl uorophenyl)4-(4'-hydroxyphenyl ) phenyl borate, and

tYi s(pentafl uorophenyl ) hydroxy- napht hyl borate (all isonmers, especially
t rsi s(pent af | uor ophenyl) (6-hydroxy-2-napht hyl) borat e. _

The-cationic portion of the activator compound can be any cation which is

capab] of reacting with the transitio,P metal compound to form a
catalytically active transition netal - génplex. Preferably the cation is
sel ected fromthe group consisting of Bronsted acid cations, car boni um

cations, silyliumcations, and cationic oxidizing agents.

8 W0 97/ 19959 (2) Sequence Ambiguities
PCT/ US96/ 17140 N acidic cations may be

represented by the follow eneral formula; .
[ePr] Whé ein: V\H;g gnown Luman antibody chain sequences are

then evaluated for the presence of unidentified residues
and/or ambiguities, which are sequence uncertainties. The

§ most common of such uncertainties are mistaken identification
of an acidic amino acid for an amide amino acid due to loss of
ammonia during the sequencing procedure, e.g., incorrect
identification of a glutamic acid residue, when the residue
actually present in the protein‘ was a glutamine residue.

10 Uncertainties are identified by examination of data bases such
as that of Kabat et al., supra. All other factors being equal, it is
desirable to select a human antibody chain having as few such
ambiguities as possible.

(3) Rin-region Spacing

15 Antibody chain variable regions contain intra-
domain disulfide bridges. The. distance (number of residues)
between the cysteine residues comprising these bridges is
referred to as the Pin-region spacing [Chothia er al., J. Mol. Biol.
196:901 (1987)]. All other factors being equal, it is most

20 desirable that the Pin-region spacing of a human antibody
selected be similar or identical to that of the animal antibody.
It is also desirable that the human sequence Pin-region
spacing be similar to that of a known antibody 3-dimensional
structure, to facilitate computer modeling.

25 Based upon the foregoing criteria, the human
antibody (or antibodies) having the best overall combination of
desirable characteristics is selected as the framework for
humanization of the animal antibody. The heavy and light
chains selected may be from the same or different human

30 antibodies.



L* is a neutral Lew s base, preferably a nitrogen, phosphorus, oxygen, or

sul fur, containing Lewis base; and (L*-H)[err] is a Bronsted acid.
I Islustrative, but not limting, exanples of Bronsted acidic cations of
activator conpounds to be used in the pr esent i nvention are

trialkyl-substituted ammoni um cations suc? triethylannmoni um
tripropylamoni um tri(n-butyl)anmoni um PI met hyl ammoni um
tributylamonium Also suitable are N, N-dial kyl aniliniumcations such as
N, N- di net hyl - anilinium N, N-diethylanilinium

NN- 2, 4, 6- pent amet hyl ani | "l‘hé'n@e%ﬁdt Bfep ik efhed ndéthvds agfthis mventt@ii ons -

tSlrjfgr sls di - (%‘(F)ypﬁ%“% Tcg% di Cé/}ij g&xe'xilll a ni um, g&i t he ake; and

g“ ggelt hyl phenw:iﬂﬂﬂ&ph lolnmsequenddsl @ﬁfﬁh} de rﬁr?%mbal pfiers rgmftmgn into
ie oxoni u
di phe%yl sul ph(r)nn'rh&mﬂ%’mﬂ ?A&g%&m ﬂ% Qée‘ggeg ﬁpéai%]é g%“i’saﬁ?? a%?e cation

(depi ct ed a$ [ ethe] foHowingastlectianberiterianr silylil ~  ion containing up
to 30 nonhydrogen atons, the cation being capable of reacting with a
substitue of the trangi)tmmund and converting it into a
catalytically active transitron neta conpl ex. Suitable exanpl es of

car boni um cati ons incl ud tro lium triph I|u and.
benzene(di azoni um) cation % ?&t?'gﬂﬁf;&é"@ﬁ% o{Ps"F?)‘"‘g‘eﬁéPu cally
di scl osed in J evdlluated ifSothe @némal Qmmbody ue&&és 38hc firstwef | which
Lanbert, J. 43 Preferred
silylium cat | ons afghﬁl W@E#%mt%? tr| gP %égfﬁ} gt her
substitute10 couprise CliHieﬂtuctural loops plus any additional residues
required, as shown by computer modeling, to support and/or '
orient the CDR structural loops.

The other type of potential variable region residues

are referred to as "maximal residues." They comprise the

15 minimal residues plus Kabat CDRs plus any additional residues
which, as determined by computer modeling, fall within about
10 A of CDR structural loop residues and possess a water
solvent accessible surface [Lee et al., J. Biol. Chem. 55:379
(1971)] of about 5 A2 or greater. In the Example below,

20 residues falling within 5 A of CDR structural loops were
selected. '

(2) Computer Mgﬂgling

To identify potential variable region residues,
computer modeling is carried out on (a) the variable region
25 sequences of the animal antibody that is to be humanized, (b)
the selected human antibody framework sequences, and (c) all
possible .recombinant antibodies comprising the human
antibody framework sequences into which the various minimal
and maximal animal antibody residues have been grafted.

30 The computer modeling is performed using
software suitable for protein modeling and structural



Anot her suitable type of cation (depicted as Oxe+) is a cationic oxidizing

agent having a charge of e+, and e is an integer from1l to 3.
Exanpl es of cationic oxidizing agents include: ferrocenium hydrocarbyl -
substituted ferrocenium Ag[err], and Pb[err]+. The

activator conpounds to be used in the present invention are readily prepare
by conmbining a Group 1, Goup 2 or Gigne@¥i-netal derivative of the
functionalizing substituen D, or a masked derivative thereof with a
neutral precursor to the anion and theredfter contacting this reaction

product with the,chloride salt of the cation to be utjlized. Exanples of
suitable me mm%‘é?ﬁ‘veétqlﬂﬁ u&@“?i?ﬁi%ﬁﬁ%‘?gh%ﬁa 3 i‘éthz.m term
" maske]g der i vatregivn rarhimres doid tseguentes moskmearlypidentical to thos¢iaf ng an
I nert uncti on ty. 4 I I, | conveatd. ane to
the desired, rzéét %’&;"%%%&fiﬁ@ai(ﬁsaﬁ)&@ Weéfdégﬁﬂfﬁﬁﬁihods whi ch
are wel | known stsucture. An example of software that can be used is the -9-
WO 97/ 19959 : : 3
PCT] US98/ 17240 SY?YL Blopolyme.r Module software .(Tnpos .Assoclates). The
antibody from which the structural information can be
obtained may be but need not necessarily be a human
antibody. For the Example below, structural information from

a murine antibody designated 1F19 was used.

(»

10 Based upon results obtained in the foregoing
analysis, recombinant chains containing the animal variable
regions producing a computer modeling structure most nearly
approximating that of the animal antibody are selected for
humanization.

15 The nucleotide sequences of ¢cDNAs encoding the
partial heavy and complete light chain variable regions of anti-
human IL-5 monoclonal antibody JES1-39D10, the production
of which is described below, are defined in the Sequence
Listing by SEQ ID NOs: 1 and 2, respectively. The amino acid

20 sequences predicted from these nucleotide sequences are also
defined in SEQ ID NOs: 1 and 2.

In the nucleotide sequence defined by SEQ ID NO: 1

(heavy chain SeQuence), bases 1 to 26 were derived from a
polymerase chain reaction (PCR) primer. Therefore, the cloned

25 sequence begins at base 27. The corresponding amino acid
sequence from SEQ ID NO: 1 is that of the mature polypeptide
of VH, not including the leader or the first fourteen residues of
framework 1. In the nucleotide sequence defined by SEQ ID
NO: 2 (light chain sequence), bases 1 and 2 were derived from

30 a PCR primer. Therefore, the cloned sequence begins at base 3.
The corresponding amino acid sequence is that of the leader
and the mature polypeptide of VL. ;



those skilled in the art. For exanple, a trinethylsiloxy group nmay be

present: during the synthesis and subsequently converted to the desired

hydr oxyl group by hydrolysis. The support of the present

i nvention generally conmprises fromO0.001 to 10 nmol of activator conpound

per gram of inorganic oxide, preferably £g@w 0.01 to 1 mmvol/g. At too

hi gh anpbunts of activator conpound, the support becones expensive. At too

| ow anobunts the catal yst efficiency of the resulting supported catal yst

becomes unaccept abl e. Resi dual_h droxi%n h content after reaction with the
afe

activator conpound is desThadtP &y ebiain pariable negiens ofn
desired transi tm(ﬁfé@d gm%g quggDIPD(u‘:lg aFex ineHY b egﬁethan 10 nol e

percent based on tran I on neta oa |n

preferably | ess“ﬁw aﬁeﬁ’c S HRER cempn%rem@& fac s‘ieﬂfg’ﬁsrret al
corrplbex Itoadi ng26-30, 45-60 and 93-100Tlef therRehinoofacidesausret ld'eﬁnedé ion
can be storgd o r con ons_as  suc r sldrried in an
inert dil ue%d é&ﬁ@?@lﬁgﬂ 'orx@fg ?@Z’r Yo COmpRter ap ? be used to
generate the submdlngdsmmtlebpsstmétm'ée asr desnribem\haloworthbycmht acting with
a suitable tr I ence of a
liquid diluent. eﬁlﬁé{“&.ﬂn l&'oaf)? °FWWP§%F‘W%A#§?‘??0¥§E% ?corrpounds (O
for use in the Bonesienal antibody: JES1:3AD10pcomprise arming Aridayesidues
derivatives of 2007,r 34750 i iy "93-3011 oF! thl Wi (de3d Qﬁﬁxed&t definledr abl y

'10 by SEQID NO: 1.

Nucleotide sequences encoding the foregoing heavy
chain CDRs comprise bases 76-90, 133-180 and 277-300
(Kabat determination) and bases 61-81, 139-150 and 277-303
(loop analysis) of the nucleotide sequence defined by SEQ ID
15 NO: 1.

The CDRs of the light chain variable region of
monoclonal antibody JES1-39D10 as determined by the
method of Kabat et al., supra, comprise amino acid residues
- 44-54, 70-76 and 109-117 of the amino acid sequence defined
20 by SEQ ID NO: 2. As determined by computer analysis of
binding site loop structures as described below, the CDR
structural loops of the light chain variable region of
monoclonal antibody JES1-39D10 comprise amino acid residues
46-51, 70-72 and 111-116 of the amino aczd sequence defined
25 by SEQIDNO:2.

Nucleotide sequences encoding the foregoing light
chain CDRs comprise bases 130-162, 208-228 and 325-351
(Kabat determination) and bases 136-222, 208-216 and
331-348 (loop analysis) of the nucleotide sequence defined
30 by SEQID NO:2.



Qf. G qup 3, 4, or Lanthanide netals which are in the +2, +3, or +4 forma
oxi datron state neeting the previously nentioned requirenents. Preferred
conpounds i nclude netal conpl exes containing from1l to 3 [err]-bonded

ani oni c |ligand groups, which may be cyclic or noncyclic delocalized [err]-
bonded anionic |igand groups. Exenplary_.efgsuch [err]-bonded anionic |igand
groups are conj ugated or nonconjugated, cyclic or non-cyclic dienyl

groups, allyl groups, and arene groups. By the term "[err]-bonded" is
meant that the ligand group is bonded to the transition netal by nmeans of a
[err] bond. From the fordgoing it can hpe debncthat zhd CERY - bonded

d t di th
or oub comsi st i NS eemBEd” AR GichEE by "o % (BC4R Bapés. o LseRd O {1e
-hydr ocar by! - suti3NiAsutfor pratein engineeting | theveforei oomwseerfmmo_nabous .

Wthin the for i ot Sasky and ﬂ"i’%ﬁ??&? e “"*‘g%n 4 and oyl ¢

al kyl radicals me?@q ¢ QW\E ‘fﬁf Iﬁ tl\l@&w W tuted aromatic
radicals, and gegpectively. - Albot of liﬁﬂ:tbrdd@é' ig aHlecoonstahn regibﬂ ifop two or

nor e such radi ca etheg for a fused ring systemor a
- hydr ogenat ed f&gtfd:qqt% §§qq i 3 H%

53

2 "- substituted
organonetal | oi d radi caI s include nono-, di- and trisubstituted
organonet al | oi d radi cal sIf thé GDRmolethel inventionviare casede e produce e

hydr ocar byl grqﬁgﬁ a t Qgﬁ;qa S3¢0f

sui tabl e hydrocar y@ggbgﬁi?&qﬂg} i’yggﬁ%{rarlen?: ‘*mlsdar ggﬁ’(‘:azﬂ L?Seno
trimet hyl s#Py| may tbe mable o include @%tﬂyﬂ%@l%/lmm éF |TeFKeS| si |y,
tri phenyl ger nylwhighg WﬁilémédﬂﬂdéeﬂiB”CDR@,U&e likely to imteract with the

CDRs or IL-5 (Queen et al., supra).

The CDRs of the invention can also form the basis
for the design of non-peptide mimetic compounds which mimic
15 the functional properties of antibody JES1-39D10. Methods for
producing such mimetic compounds have been described by
Saragovi et al. [Science 253:792 (1991)].

In addition to providing a basis for antibody

humanization, the information in SEQ ID NOs: 1 and 2 can be

20 used to produce single-chain IL-5 binding proteins comprising
linked CDRs from the light and/or heavy chain variable
regions, as described by Bird et al. [Science 242:423 (1988)], or
biosynthetic antibody binding sites (BABS), as described by
Huston et al. [Proc. Natl. Acad. Sci. USA 85:5879 (1988)].

25 Single-domain antibodies comprising isolated heavy-chain
variable domains [Ward et al., Nature 341:544 (1989)] can a.lso
be prepared using the information in SEQ ID NO: 1.

Two or more CDRs of the invention can also be
coupled together in a polypeptide, either directly or by a
30 linker sequence. One or more of the CDRs can also be
engineered into another (non-immunoglobulin) polypeptide or



WO 97/ 19959

PCT/ USY6/ 17140 Exanpl es of suitabl e anionic,
detocal i zed [err]-bonded groups include cycl opent adi enyl , indenyl,
fluorenyl, tetrahydroi ndenyl, tetrahydrofluorenyl. octahydrofluorenyl,
pent adi enyl , cycl ohexadi enyl dihydroant%?ggenyl, hexahydr oant hracenyl , and
decahydr oant hr acenyl groups, as well as err] hydrocarbyl -substituted

derivatives thereof. Preferred anionic delocalized [err]-bonded groups
are cycl opent adi enyl pent anet hyl cycl opent adi enyl ,
t et ramet hyl cycl proteingditesreb &:onimrvth I35 dbitrlifig! capability - on ftheor enyl |

I ndenyl . Sui t abl e

2- met hyl i ndenyl d 2-net -4- pheny
transition netanQ@WB dg%CPr Bhe any derivative of any transition
metal includi'ng Lant hani des, but preferably of the G oup 3,4, or Lanthanide

transition netals. MorRolypeptides " comprizing ac hieavyxes light eshaindi ng to
the formila:  yariable region of a mBhbtldHal2afliB5dy ' REVIRY a sequeddie’ € N

5 defined by SEQ ID NOs: 1 or 2, or a subsequence thereof”, are
defined herein to include all of the foregoing CDR-containing
embodiments.

DNAs which encode the heavy and light chain
variable regions of antibody JES1-39D10 or the CDRs
10 therefrom can be prepared by standard methods using the
- nucleic acid sequence information provided in SEQ ID NOs: 1
and 2. For example, such DNA can be chemically
synthesized using, e.g., the phosphoramidite solid support
method of Matteucci et al. [J. Am. Chem. Soc. 103:3185
15 (1981)], the method of Yoo et al. [J. Biol. Chem. 764:17078
(1989)], or other well known methods.

Alternatively, since the sequence of the gene
and the site specificities of the many available restriction
endonucleases are known, one skilled in the art can readily

20 identify and isolate the gene from the genomic DNA of the
hybridoma producing monoclonal antibody JES1-39D10 and
"cleave the DNA to obtain the desired sequences. The PCR
method [Saiki et al., Science 239:487 (1988)], as exemplified
by Daugherty et al. [Nucleic Acids Res. 19:2471 (1991)] can

25 also be used to obtain the same result. Primers used for
PCR can if desired be designed to introduce appropriate new
restriction sites, to facilitate incorporation into a given
vector.

Still another method for obtaining DNAs
30 encoding the heavy and light chain variable regions of
antibody JES1-39D10 entails the preparation of cDNA, using
mRNA isolated from the hybridoma producing monoclonal



L is.an anionic, delocalized, [err]-bonded group that is bound to M

cdntaiding up to 50 nonhydrogen atons, optionally two L groups may be

" joi-ned together through one or nore substituents thereby formng a

bri dged structure, and further optionally one L may be bound to X

t hrough one or nore substituents of L; Mis a netal of
G oup 4 of the Periodic Table of the El ef@®s in the +2, +3 or +4

formal oxidation state; X is an optional, divalent
substituent of up to 50 non-hydrogen atons that togetht with L forms a

metal | ocycle wi iy %dxogaﬁ} 9D10 as a templafe, \ahd? thé E1bfiE dictie 2 al Le\M s

base having up to
occurrence is avasiahlel E?ﬁmﬂ&n &qml ES‘PShaS‘J@de methogs, dsee,

Pydr ogen a;_omsl eO%’t iwagl é!yaltmcklc%@i&'SK@?yj'mlgotwl T8Y; | Zatmnddt ?ge}\dher

orning a divale ani oni,c e ound to or

form agneut ral , é(ﬂﬁﬂ%’é&lé ‘h‘b%t Mﬁggg?d&éhﬁ! rFQt efsp{'@?'r] bonded

to M (V\herGUSonNaNSAde Sei. *USNBG@BZ’I&I(BDM)@)Bow ef all, Mucleic optionally

Cormin g”gr e X" a9 "ReL 123781 (1686 PAnlRer BF IO NGEIbO Wbids" REDST ©PY
8:2055 (1980); Moore et al., U.S. Patent No. 4,642,234].

Of course, due to the degeneracy of the genetic
. code, many different nucleotide sequences can encode CDRs,
10 polypeptides and antibodies having amino acid sequences -
defined by SEQ ID NOs: 1 and 2 and the CDRs therein.
Similarly, humanized antibodies having amino acid
sequences described below can be encoded by many
different DNAs.

15 The particular codons used can be selected for
both convenient construction and optimal expression in
prokaryotic or eukaryotic systems. Such functional
equivalents are also a part of this invention. Furthermore,
those skilled in the art are aware that there can be

20 conservatively modified variants of polypeptides and
proteins in which there are minor amino acid substitutions,
additions or deletions that do not substantially alter .
biological function [Anfinsen, Science 181:223 (1973);
Grantham, Science 185:862 (1974)]. |

25 Such conservatively modified variants of the
amino acid sequences defined by SEQ ID NOs: 1 and 2 and of
the humanized antibodies described below are also
contemplated by this invention. It is well within the skill of
the art, e.g., by chemical synthesis or by the use of modified

30 PCR primers or site-directed mutagenesis, to modify the
DNAs of this invention to make such variants if desired.



noiety that is both covalently bound to Mand coordi nated thereto by neans

ol Lew's base functionality; WO 97/ 19959
PCT/ US96/ 17140 l1is 1 or 2 mis 0 or 1;
nis-a nunber fromO to 3; pis an integer fromO to 3;

and _ -26-

It may also be advantageous to make more
substantial modifications. For example, Roberts et al.
[Nature 328:731 (1987)] have produced an antibody with
enhanced affinity and specificity by removing two charged

§ residues at the periphery of the combining site by
site-directed mutagenesis.

Insertion of the DNAs encoding the heavy and light
chain variable regions of antibody JES1-39D10 into a vector is
easily accomplished when the termini of both the DNAs and

10 the vector comprise compatible restriction sites. If this cannot
be done, it may be necessary to modify the termini of the
DNAs and/or vector by digesting back single-stranded DNA
overhangs generated by restriction endonuclease cleavage to
produce blunt ends, or to achieve the same result by filling in

15 the single-stranded termini with an appropriate DNA
polymerase. Alternatively, any site desired may be produced
by ligating nucleotide sequences (linkers) onto the termini.
Such linkers may comprise specific oligonucleotide sequences

_ that define desired restriction sites. The cleaved vector and

20 the DNA fragments may also be modified if reqmred by
homopolymeric tailing or PCR.

. Pharmaceutical compositions can be prepared
using the antibodies, binding compositions or single-chain
binding proteins' of the invention, or anti-idiotypic antibodies

25 prepared against such monoclonal antibodies, to treat IL-5-
‘related diseases. Fragments of the antibodies such as Fab or
Fv fragments, isolated heavy or light chains or fragments
therefrom, and short polypeptides comprising, e.g., individual
CDR regions, can also be used in such compositions.

30 Some of the compositions have IL-5 blocking or
antagonistic effects and can be used to suppress IL-5 activity.
Such compositions comprise the antibodies, binding



the sum 1+mtp, is equal to the formal oxidation state of M

Preferiged conpl exes include those containing either one or two L groups.

The | atter conpl exes include those containing a bridging group |inking
the two L groups. Preferred bri dgi ng groups are those corresponding to
the formula (ER*[err])[err] wherein E is_iij_icon or carbon, R

I ndependent|ly each occurrence is hydrogen®dr a group selected fromsilyl,
hydr ocar byl , hydr ocar byl oxy and conbi nati ons thereof, said R* havirng up
to 30 carbon or silicon atons, and x is 1to 8. Preferably, R*

Eampl o5 of 1 hacpRsEiess Wﬁfﬁglﬁﬁ#améﬁf‘é‘?é? P e I ToA
cor r espondi ng tﬁnahé Pby Qgic lp'eraf"]'-’elm"lbrl1ég carrier.
' Other compositions comprise anti-idiotypic
_antibodies prepared using the monoclonal antibodies of the
5 invention as an antigen and a physiologically acceptable
carrier. These anti-idiotypic antibodies, which can be either
monoclonal or polyclonal and are made by standard methods,
may mimic the binding activity of IL-5 itself. Thus, they may
potentially be useful as IL-5 agonists or antagonists.

10 . Useful pharmaceutical carriers can be any
compatible, non-toxic substance suitable for delivering the
compositions of the invention to a patient. Sterile water,
alcohol, fats, waxes, and inert solids may be included in a
carrier. Pharmaceutically acceptable adjuvants (buffering

15 agents, dispersing agents) may also be incorporated into the
pharmaceutical composition. Generally, compositions useful for
parenteral administration of such drugs are well known; e.g.
Remington’s Pharmaceutical Science, 15th Ed. (Mack Publishing
Company, Easton, PA, 1980). Alternatively, compositions of

20 the invention may be introduced into a patient’s body by -
implantable drug delivery systems [Urquhart et al., Ann. Rev.
Pharmacol. Toxicol.24:199 (1984)].

EXAMPLE

_In the following non-limiting Example used for the
25 purpose of illustration, percentages for solids in solid mixtures,
" liquids in liquids, and solids in liquids are given on a wt/wt,
vol/vol and wt/vol basis, respectively, unless otherwise
indicated. Sterile conditions were maintained during cell
culture.

30



Qr . _‘wherein: Mis titanium zirconiumor hafnium preferably
zirconisum or hafnium in the +2 or +4 formal .- oxi dation state,;

R['err] in each occurrence independently is selected fromthe group

consi sting of hydrogen, hydrocarbyl, silyl, gernyl, cyano, hal o and

conbi nations thereof, said R err] having.pgto 20 non- hydr ogen atons, or
adj acent R[err] groups together. forma divalent derivative (that is, a

hydr ocar badi yl, siladiyl or germadiyl group) thereby formng a fused ring
system and : -12- WO
97/ 19959 o neral h n

PCT/ US96/ 17140 . '

Unless otherwise noted, standard recombinant DNA
methods were carried out essentially as described by Maniatis
et al., Molecular Cloning: A Laboratory Manual, 1982, Cold

5 Spring Harbor Laboratory.

Small scale isolation of plasmid DNA from saturated
overnight cultures was carried out according to the procedure
of Birnboim et al. [Nucleic Acids Res.7:1513 (1979)]. This
procedure allows the isolation of a small quantity of DNA from

10 a bacterial culture for analytical purposes. Unless otherwise
indicated, larger quantities of plasmid DNA were prepared as
described by Clewell et al. [J. Bacteriol. 110:1135 (1972)].

Specific restriction enzyme fragments derived by

the cleavage of plasmid DNA were isolated by preparative

15 electrophoresis in agarose. Gels measuring 9 x 5 1/2 cm were
run at 50 mA for 1 hour in Tris-Borate buffer (Maniatis et al.,
supra, p. 454) and then stained with 0.5 pg/m! ethidium
bromide to visualize the DNA. Appropriate gel sections were
excised, and the DNA was electroeluted (Maniatis et al., supra,

20 p. 164). After electroelution, the DNA was phenol extracted
(Maniatis et al., supra, p. 458) and ethanol precipitated at
-20°C (Maniatis et al., supra, p. 461).

Restriction enzymes and T4 DNA ligase were

| pufchased from New England Biolabs (Beverly, MA).

25 Superscript RNAse H- reverse transcriptase was from
BRL/GIBCO (Gaithersburg, MD), Taq DNA polymerase from
Stratagene (LaJolla, CA), DNA polymerase Klenow fragment
from Pharmacia LKB Biotechnology, Inc. (Piscataway, NJ), calf
intestinal phosphatase from Boehringer Mannheim

30 Biochemicals (Indianapolis, IN) and RNAsin from Promega
(Madison, WI). All enzymes were used in accordance with the
manufacturers' instructions. The Sequenase version 2.0



X' tndependently each occurrence is an anionic |igand group of up to 40
nonhydgogen atons, or two X" groups together forma dival ent anionic

| rgand group of up to 40 nonhydrogen atons or together are a conjugated

di ene having from4 to 30 non-hydrogen atons formng a [err]- conplex with
M whereupon Mis in the +2 fornal oxidatzié)n state, and R, E
and x are as previously defined. Tevs The foregoi ng netal
conpl exes are especially suited for the preparation of pol ymers havi ng
stereoregul ar nol ecul ar structure. In such capacity it is preferred that

the o SO e RegsERInES ﬁ%ﬁ(ﬁﬁ’ﬁgﬁs ObbRAASESfroth Dniedl: Staseori i d

structure. Exanples o r type are conpounds possessing different
del ocal i zed [ eAHpe gland, s(sgl) as one cycl opent adi enyl group and
one fluorenyl group. Simlar systens based on Ti(I1V) or Zr(lV) were

di scl osed for pr epar at iDeoxinueleutids aet 'hhs%hﬁfdsnaﬁﬁ whigios dTyEygn, et
al., J. Am Chem c..11 255- 6256, 38Q).. anples Qf ¢hiral
Strlctures. | no RS Were, drom Fhapmacia. LRE RiowcBiToly oyist frum 1 )
or Zr(1V) vér e albhumins@SA)rfroneBoekringentMannheim i Biothemicatolanders in
Wld et al., ‘]re-éli 1< n-ol%% ﬁﬁ%@?ﬁd? (1982).

Exenpl ary bridge I'gan cont ai ni ng err]-bonded groups are:
ES! gt Eil 2: : z: - bi slesat ﬁﬁh;@ﬁﬁo&%ﬂégﬁmsmm aadnplUG19, ands-
- competent E. coli strain DHS5-alpha (Max Efficiency) were from
BRL/GIBCO. COS-7 cells (ATCC CRL 1651) were obtained from
10 the American Type Culture Collection, Bethesda, MD. Tissue
culture media, fetal bovine serum (FBS) and supplements were

from BRL/GIBCO.

Recombinant human IL-5 was expressed in Chinese
hamster ovary (CHO) cells by standard methods using plasmid
15 pDSRG (ATCC 68233) and purified by immunoaffinity
chromatography.

Rabbit antiserum against recombinant human IL-5
was made by standard methods. Biotinylated goat anti-rabbit
- IgG was obtained from Vector Labs, Burlingame, CA, while
20 streptavidin-alkaline phosphatase conjugate was a product of
BRL/GIBCO. Biotinylated rabbit anti-rat IgG was from Jackson
Labs, West Grove, PA. Nitro blue tetrazolium (NBT) and 5-
bromo-4-chloro-3-indolyl phosphate (BCIP) were obtained
from BRL/GIBCO. |

25 A highly sensitive ELISA AMPLIFICATION
SYSTEM® used as the substrate for microtiter plate ELISA

(enzyme-linked immunosorbent assay) determinations was
obtained from BRL/GIBCO.

30



t hyl ¢ycl opent adi enyl, (di met hyl silyl-bis-t-butyl cycl opentadi enyl),

e

(di met hyl silyl-bis- t et ranet hyl cycl opent adi enyl ),

(di net hyl silyl-bis-indenyl), (dinmethylsilyl-bis-tetrahydroindenyl),

(di met hyl silyl-bis-fluorenyl), (dinmethylsilyl-bis- tetrahydrofluorenyl)

(di met hyl silyl - bi s-2- et hyl - 4- phenyl +8@enyl ),

(di met hyl si |yl - bi s-2-net hyl i ndenyl ), '

(di met hyl silyl -cycl opent adi enyl - quorenyI) (1, 1, 2, 2-tetranethyl-

2-di silyl-bis-cyclopentadienyl), (1, 2- b|s(cyclopentadlenyl)ethane and

(1 sopropylidene-cycl opent adi enyl -flu : Preferred

X" groups are selected from'hydride, hydrocar byI silyl, gernyl,
hal ohydrocarbyl, hal osi|The hibiidowt @il Hite d&ei Fmdnoclmwl groups,

o 00 o5 R obgFEEEAAIT G HRhEiled 3 P%-%é e o, BEBHHED - e
di ;anei hg/tr)St gget airmjﬁoﬁld g7 014562 a(r199¢P]armid h;&mdtyarmintg;nndosn ron '
é\or;”espond f)u?%e&?@MﬁQ@é@@&gw{s H&ﬁQn{ wmm{lﬁigrhe{i ﬁ’er t her eof

wher ei n: GIBCO, Bethesda, MD) supplemented with 5801FBS2 {nMr] bonded
group that is BRitafhihe ¥hdcqo! fiirﬁtﬂﬂﬂ“@ehibxlhﬁ&d‘&iﬁbﬁfy&ﬂeih a§ons; .
. humidified 37°C chamber with 5% CO2. Subsequently, the cell
line was adapted to serum-free culture by replacing the serum
10 with 1X HB101 supplement (Hana Biologics, Alameda, CA).

terization of 1 i 1-
Purification

Medium conditioned by the cell line producing

antibody 39D10.11 (a subclone of JES1-39D10) was harvested,

16 filtered and applied to an antigen affinity column prepared by
coupling recombinant human IL-5 to AFFIGEL-15® resin
(BioRad, Richmond, CA). The column was then washed
sequentially with phosphate buffered saline (PBS) and PBS
with 0.5 M NaCl, and then equilibrated with PBS. Antibody

20 39D10.11 was eluted from the column with 0.2 M glycine
buffer, pH 2.95, after which the eluted protein was neutralized
immediately with 1 M Tris-HCl, pH 8.

The purified protein was subjected to
polyacrylamide gel electrophoresis (SDS-PAGE) in a 15% gel
25 under reducing conditions essentially as described by Laemmli
[Nature 227:680 (1970)], to separate the heavy and light
chains. Both chains were recovered by transfer onto an
IMMOBILON® membrane (a PVDF membrane from Millipore,
Bedford, MA), essentially using the electroblotting method of
30 Matsudaira [J. Biol. Chem.261:10035 (1987)].
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Tabl e of the Elenents in the +2, +3 or +4 formal oxidation state;
X is a divalent substituent of up to 50 non-hydrogen atons that together
with L - forms a netallocycle with M _q4. X 1s an

optional neutral Lewi s base ligand having up to 20 non-hydrogen atons;
X" each occurrence is a nonoval ent, anionic noiety having up to 20 non-
hydrogen atoms, optionally two X' groups together may forma dival ent

ani onic noi ety having Baadb uoﬁetgp@lglnhguw the Heavy aaﬂ@ulggat d%lgg) :
con] ugat e, o olture 2Bl B Ol Shebintads, £ilfowing SRIOESHRT S anc
~ coor di nat ed t h&anmagsje nBrilliant! Blaei and aprodessed i foraN-terminal
sequencing using an Applied Biosystems Model 477A protein-
5 peptide sequencer. Sequencing of the isolated heavy and light
chains blotted onto the IMMOBILON® membrane was carried
out essentially as described by Yuen et al. [Biotechniques 7:74
(1989)1.

The heavy chain could not be sequenced under
10 standard conditions. The light chain was sequenced up to 15
cycles. Comparison of the sequence obtained with published
data confirmed the identity of a rat immunoglobulin light
chain.

ntibod in

15 Isotyping of antibody JES1-39D10 carried out using
a kit from Zymed (San Francisco, CA) revealed that heavy
chain was a gamma 2a isotype and the light chain was a kappa
isotype (y2a/x isotype). ‘

f n_Biologi ctivi

20 Monoclonal antibody JES1-39D10 strongly inhibits
the biological activity of recombinant human IL-5 (Denburg
et al., supra). Studies have shown that the antibody produces
this effect by inhibiting the binding of the IL-5 to its cellular
receptors.

25 BCR Cloning
leoti imer ign

Briefly, oligonucleotide primers were prepared
corresponding to the known amino- and carboxyl-termini of
rat 1gG2a and kappa heavy and light chain sequences '



l1is 1 or 2 ms 1; nis a nunber from
0to 3. pis an integer froml to 2; and

thre sum 1+mtp, is equal to the formal oxidation state of M

Preferred divalent X substituents preferably include groups containing up
to 30 nonhydr ogen atons conpri sing az_dﬁast one atomthat is oxygen,

sul fur, boron or a nenber of Goup 1 the Periodic Table of the

El ements directly attached to the del ocalized [err]-bonded group, and a
different atom selected fromthe group consisting of nltrogen phosphor us,
oxygen or SL[Hdiéhﬁx'ﬁﬁh lep a?OW&ﬁJ}b'J.??z@ §1993 gemann et accord.Ang
preferred class,

to the present | efﬁ‘?tgﬂ%ﬂar §§borﬁézt§ f&g&a ﬁe man et al., Gene

[err] 40:107 (1985)]. Using these primers, cDNA fragments of the
: complete light chain and a truncated heavy chain were isolated

5 using the PCR method [Saiki ef al., Science 239:487 (1988)].
The ¢cDNA fragments were sequenced and confirmed by
comparison with other clones generated using PCR primers
designed from different regions of the cDNAs. The deduced
amino acid sequence of the light chain was verified by the

10 sequencing of the first 15 N-terminal amino acid residues of
the JES1-39D10 light chain.

lisonuc id nthesi

Based upon the IgG2a/kappa isotype of antibody
JES1-39D10, oligonucleotide primers having sequences defined
15 in the Sequence Listing were synthesized by standard methods
using an Applied BioSystems Model 380A or 380B Synthesizer.

The designations of these primers (with the first
letter corresponding to the synthesizer model used) and the
corresponding sequence identification numbers are as follows:

20 Qligonucleotide SEQ ID NO.

B2051CC
B2031CC
A2064CC
A2065CC
25 B2137CC
B2108CC
B2101CC
B1852CC

[y
SQOVWooIOhHhW

For the heavy chain of antibody JES1-39D10, the
30 5' end primer B2051CC was derived from a segment of a rat
IgG2a sequence published by Reichmann et al., supra,
- encompassing the sixth through the fourteenth amino acid



wher ei n: Mis titaniumor zirconiumin the +2 or +4
f or mak _oxi dation state;
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residues of the mature heavy chain polypeptide. Two
restriction sites, Xbal and Hindlll, were added at the 5' end of
the primer to facilitate cloning. The 3' end primer B2031CC
was based upon a segment of the published rat IgG2a constant
5 region three sequence (Bruggemann et al., supra). Three
restriction sites, Smal, EcoRI and Sall, were added for cloning
purposes. |

For the light chain, both the 5' and 3' end primer

sequences were derived from a published rat kappa mRNA

10 sequence (Hellman et al., supra). Primer A2064CC
encompasses a partial 5' untranslated region and the first two
nucleotides of the translation initiation codon. A HirdIIl and a
BamHI site were added to facilitate cloning. The 3' end primer
A2065CC was based upon a segment of a published rat kappa

15 immunoglobulin light chain 3' untranslated region (3' UTR).
This segment encompasses the last two nucleotides of the stop
codon and 22 3' UTR nucleotides immediately 3' of the stop
codon. EcoRI and Pstl sites were added to facilitate cloning.

R_Reaction dition

20 Total cytoplasmic RNA was isolated from the
' hybridoma cell line producing antibody JES1-39D10,
essentially as described by Cathala er al. [DNA 2:329 (1983)].
First-strand cDNA synthesis was carried out using the isolated
RNA as the template, essentially as described by by Larrick
.25 et al. [Bio/Technology 7:934 (1989)]. The cDNA product was
~ then subjected to PCR in a 50 ul volume reaction mixture with
a 50 pul paraffin oil overlay, in a 0.5 ml Eppendorf tube.

The reaction mixture for heavy chain synthesis
contained 26.5 pl of H20, 5 pl of Taq (Thermus aquaticus) DNA
30 . polymerase buffer [final concentrations in the reaction: 10 mM
Tris-HCIl, pH 8.3, 50 mM KCl, 1.5 mM MgCla, 0.01% (w/v)
gelatin], 5 pul of 1.25 mM dNTP, 4 ul of primer B2051CC (60



Rlery] tn each occurrence independently is selected fromthe group

consi sttng of hydr ogen, hydrocarbyl, silyl, gernyl, cyano, halo and
cofrbi nations thereof, said R err] having up to 20 non- hydrogen atons, or
adj acent R err] groups together forma divalent derivative (that is, a
hydrocarbadiyl, siladiyl or germadiyl gragy.thereby formng a fused ring
system each X' is a hal o, hydrocarbyl, hydrocarbyl oxy
or silyl group, said group having up to 20 nonhydrogen atons, or tmo X"

groups toget her for m a er r] conj u at ed di ene; Y i
"0, -S, -NR‘- pmeky oﬁ pnmer 2031CC (60 prol)s SSWQfeﬁbﬁqACR* [er r]

SiR[err] S R* er| r CefX
vvher[el ! ]R* I[S agbm K [ﬁe stShatd cDIRR derived fRim rat Ip\/ge & oup

4 metal conpl exéQt IaﬁnPQlwglﬁfﬂ%KZé W‘Sb €pr esent
et el s ﬁrrrrzr“fﬁd'l itk o o st o,
cycl opent adi Snyl éﬂ?uﬂ?ﬂeﬁﬁ el'Ey cgo&éry*i&iﬁﬁ:m ri benzyl |
cycl opent adi enyl titani um 2, 4- pent adr enyl ,

cycl opent adi enyl ti t ani undiFhet Wdclmmoxasdeamed out in a PHC-1

pont Sﬁii‘hif’éi?rtpe"‘r@&sfe- n Eretin, Plipeion, NI with 30 cycles of: 94°C,
1.5 mmutes for denaturation; 50°C, 2 minutes for annealing;
.- and 72°C, 3.5 minutes for synthesis. At the end of the 30th
10 cycle, the reaction mixture was incubated another 9 minutes at
72°C for extension.

The PCR mixture was subjected to electrophoresis
in a 1% agarose/Tris-Borate gel containing 0.5 pg/ml ethidium
bromide. DNA fragments having the expected sizes

15 (appfoximately 1.5 kilobases for the heavy chain,
approximately 0.7 kilobases for the light) were excised from
‘the gel and purified by electroelution.

Verification of cDNA_Clone
DNA_Sequencing
20 | Following recovery from the gel, ethanol
precipitation and restriction endonuclease cleavage, the

" PCR-generated putative heavy and light chain ¢cDNAs were
cloned into an appropriate vector for sequencing.

. The putative heavy and light chain cDNAs were
25 cloned separately into the pUC19 vector as HindIII/EcoRI and
BamHI1/Pstl fragments, respectively. The ligated plasmids
were then transformed into E. coli strain DHS5-alpha using
standard methods. Transformant colonies were isolated, and
plasmid DNA from at least two clones each for the heavy and
30 light chains was prepared from the transformants for
sequencing.



I ndenyltitaniuntrinmethyl, i ndenyl titaniuntriethyl,

isndenyl titaniuntripropyl, I ndenyl titaniuntri phenyl,

t et r ahydr oi ndenyl titani untri benzyl ;

pentanet hyl cycl opent adi enyl titaniuntriisopropyl,

pent anet hyl cycl opent adi enyl titani untri benzyl ;

pent amet hyl cycl opent adi enyl tit ani undi met-8y8 et hoxi de,

pent anet hyl cycl opent adi enyl ti t ani undi et hyl chl ori de,
([err]-2,4-dinmethyl-1,3-pentadienyl)titaniuntrinmethyl,

oct ahydr of l uorenyl titani yat ri net hyl t et r ahydr oi ndenyltltanl unt ri met hyl ,
t et r ahydr of | uor enyl ti t ani<HB M‘?‘K f the ‘varia fe region “sequences

(1, 1-di methyl - ﬁ;ﬁsby%bﬂaihedr[déﬁweﬁ for Tt heaglyy dndnlight heliaing| byi t ani unt r

t hyl
|(r1rel )2/ 3-tet rarsrgth%D ?TQSA 19“?8 %bfﬁpefnxe,é'%w’%ﬁﬁ )Pur?hgpgﬁapht hal enyl ) tit
ani unt ri et hyl xmmumwlp B |saquqm)c(St gevealedhal bigh rqlega;cgl ®ent adi enyl )

di met hyl si '5‘“3 l-rz:lﬂb fjaﬂﬁ‘e ork and in th t n

((jlt anreE hS:JtyI am % g s_ e%é cyc op rét ?neltg }Jtéll&%baﬁyletsh anetitani um
(tgrt Pﬁtlyl am gaptract rMmébVér,[ﬁfer N-cemhmaprammdewid Seqreatpanedi yl titaniu
m di me

(tert-butyi am BESHictd fromshe lighy chain AN seanshes jagreed  Wigh, the

di met hyl, experimentally-determined N-terminal sequence of thi5-light
10 chain of antibody JES1-39D10.

—

xpression Plasmid nstruction

To confirm that the isolated cDNAs encoded
proteins that could specifically bind to human IL-5, cDNA
encoding a full-length putative heavy chain of antibody

15 JES1-39D10 was reconstructed by PCR. Primers B2137CC (SEQ
ID NO: 7) and B2108CC (SEQ ID NO: 8) were designed to modify
the initially-cloned truncated heavy chain ¢cDNA. These
primers supplied sequences encoding the leader peptide, five
missing amino acid residues at the N-terminus of the variable

20 region, and missing residues at the C-terminus of the constant
region.

A vertebrate consensus translational initiator
sequence [Kozak, Nucleic Acids Res.20:8125 (1987)] was added
. to the 5' end of the coding cDNA to facilitate translation. To
25 facilitate cloning, Sall and EcoRI restriction sites were
introduced into the §' and 3' ends, respectively, of the
resulting cDNA.

The putative light chain cDNA was also
re-engineered, using primers B2101CC (SEQ ID NO: 9) and
30 B1852CC (SEQ ID NO: 10). This was done primarily to modify
the restriction sites at the ends for expression plasmid
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(tert-butylam do) (tetranmethyl-[err]-cycl opentadi enyl)di net hyl si |l ane
titanium (I11) 2- (di met hyl ami no) benzyl;

(tert-butylam do))tetranethyl-[err]-cyclodpbrtadi enyl)di methyl silanetitani um
(rrr) allyl, '

(tert-butylam do) (tetranethyl-[err]-cycl opentadi enyl)di methyl -silanetitaniu
m(ll) 1, 4- di phenyl -1, 3- but adi ene, . . zee
(tert.butyl am GORSTURHOR | THb, Youshaate, Fonsenses; transiational) initiator

1, 4- di phenyl - 1, séqeheeli was, also introduced into this cDNA.

(tert-butylam do) (2-net hyl i ndenyl ) di net hyl sil anetitanium (IV) \

1, 3- but adi ene, ’ .

(tert-butyl ani do) fé 3- di n%%y,l“."%?d&ﬂ??‘}ddi°r¥ét$’§ﬁ dhe RNA products 51, -

di phenyl -~ 1, 3- Hgolatednas described above, and the DNAs were gleaved with
(tert-butyl m deyf2ntt EHRIY TR HR4VY At 1t SEHARCDNAY Wrere! then

1, 3- but adi ene, ., . .

(tert-butyl amniligated, separatalyyintagexpressionevegtan PORS i AFCEMO8234)

1, 3- pent adi ene, which( adt beeh ysintil 40y (cleawédly | Phasanid pSRB:tdudtainsaaat i t ani um

el oo szﬁnaﬁ%sgimgmm 56.3p) SVAD, prigi of, zeplication, te) SARbIP et ny1
(tert-butyl am creplieationhand £xpressyon rafethe cHINA! insests| in&O8Sacellsn (11) 1

, 4-di phenyl - 1, 3- - but adi ene,
(tert-butylgm M hyl -[err] -cycl opent adi enyl ) di net hyl -si |l anetitaniu
m(lV) 1, 3-

Prior to transfection, COS cells were propagated in
DMEM/high glucose supplemented with 10% FBS and 6 mM
glutamine. Exponentially grown cells were trypsinized,
washed with fresh medium, and then resuspended in fresh
15 medium at a density of 2 x 107 cells/ml.

Electroporation was carried out using a

GENEPULSER® (BioRad, Richmond, CA) according to the
manufacturer's instructions. Briefly, a 250 pl aliquot of the
COS cell suspension was dispensed into each cuvette. About

. 20 10 pug of CIRCLEPREP® (Biol01, LaJolla, CA)-purified plasmid
DNA was added in a volume of less than 50 ul to the cuvettes
and was mixed with the cells. DNA samples used included
PSRS with the heavy chain ¢cDNA insert (pSRS-H), pSRS with
the light chain ¢cDNA insert (pSRS-L), an equal amount mixture

25 of pSRS-H and pSRS-L, and unmodified pSRS. '

A 0.2 volt electrical pulse was delivered at 960 puF
with a capacity extender. The cells were then plated in 60 mm
culture dishes, fed with 5 ml of fresh medium and incubated at

37°C in a 5% COz incubator. After 16 hours, the medium was
30 removed by aspiration and replaced with serum-free medium.



but adi ene,
(tert-Qutyl am do) (tetramethyl-[err]-cycl opentadi enyl)di net hyl -silanetitaniu

moll) 1, 4- di benzyl - 1, 3- but adi ene,
(tert-butylanido)(tetranmethyl-[err]-cyclopentadi enyl)di nethyl-silanetitaniu
m(ll) 2,4- hexadi ene,

(tert-butylam do)(tetranmethyl-[err]-cycl c?pgnt adi enyl )di met hyl -silanetitaniu
m(ll) 3-rrethy|- 1, 3- pent adi ene, (tert-butylam do)(2,4-dinmethyl- 1

, 3- pent adi en- 2-yl ) di net hyl -si | aneti t ani undi et hyl ,

(rert-butylam dabh é\%&oﬂ | {85 Mondnded Rl S8iiidnd 990 hbufs Ay dr onaphth

al en- 4- ge anetitani u
(tert-butyl ani the Bt Nﬂan@@ﬁy‘laf!@mﬁQ 10 [err]-
1,4,5, 6,7, 8-hexahydronapht hal en- 4-

yI )d| met hyI si | mmmm:i ' Bi s(L) containing
conpl exes including bridged conplexes suitabl-e for use in the pr esent
i nvention i ncl ude: bmssgys%ﬁ&eﬁt %d'n?&y Zi rgam&@d r’rgg,h&ﬂ

(< co e

bi scycl opent adi enyl titani _

bi scycl openbaditeansfectednicelisi wespr opcentrated about ten fold by -

bi scycl opent adi | m ® a 'Min‘i um
di benzyl , b"?ggﬁ‘* E gg(; gr%y I'ta,(r%Nu l%gﬁéé"(ent aalhe%/ 5

bi scycl opent adidiefi Whighi éﬁ%t‘?ﬁfpnﬂ t° electrophoresis’ in a 15%

precast SDS polyacrylamide- gel (Integrated Separation
~ Systems, Hyde Park, MA) under non-reducing conditions. Two
10 identical sets of samples were applied to the same gel. Two
identical molecular weight marker protein mixtures
(containing 97.4, 68, 43, 29, 18.4 and 14.3 kilodalton protems)
were also run in the gel.

Following electrophoresis, the separated bands
186 were transferred onto a nitrocellulose membrane using a
Semi-dry Electroblotter (Integrated Separation Systems, Hyde
Park, MA). The membrane was then incubated at room
temperature with 3% BSA in PBS, after which the membrane
~was cut into two pieces. Each piece contained a complete set of
20 the samples.

One piece of the membrane was used in a first
analysis to detect rat IgG chain expression in the conditioned
media. This was accomplished by treating the membrane in

, turn at room temperature: once with a 1:200 dilution of

25 biotinylated rabbit anti-rat IgG in TBST buffer [10 mM
Tris-HCI, pH 7.4, 150 mM NaCl and 0.05% TWEEN-20®
(polyoxyethylenesorbitan monolaurate)] with 3% BSA for 45
minutes, three times with TBST buffer alone for 15 minutes,
once with a 1:10,000 dilution of streptavidin-alkaline

30 phosphatase conjugate in TBST buffer for 30 minutes, three

- times with TBST buffer alone for 15 minutes, and once with

alkaline phosphatase substrate (44 ul of NBT and 33 ul of BCIP
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bi Spent anet hyl cycl opent adi enyl ti t ani undi net hyl ,

bi si ndenyl tit ani undi net hyl , i ndenyl fl uorenyl titaniundi et hyl,

bi si ndenyl ti t ani unmet hyl.(2- (di net hyl am ngj §enzyl ), bi si ndenyl titani um
methyltrinmethylsilyl, - bi st et rahydroi ndenyl titani um net hyl tri nmet hyl silyl,

~ bi spent anet hyl cycl opent adi enyl titani undi i sopropyl,
bi spent anet hyl cycl opent adi enyl ti t ani undi benzyl ,
bi spent amet hy| cinc 10p endt mﬂlmyalkahamphos;:ﬂayhsmtﬁuﬁferdeontaxnmg 100 mM

bi t anmet h | t |
Cdi et hyl Si 1 y1- é*@%@ﬁ S 10D B MECE DeiE MBI for 10-30 minutes.
(di met hyl si |yl -Bhe- mmhxme hmecycmeﬂnqmtmynmdt for welor 4- pent adi eny!
(dimethyl silyl-gdwelbphieny! aptet ORASIY With! détinea’ watech! oride,

5 The other piece of the membrane was used in a
second analysis to determine whether a human IL-5 binding
protein was present in any of the conditioned media. This
piece was treated sequentially at room temperature: once with
1 pg/ml recombinant human IL-5 in TBST buffer for 1 hour,

10 three times with TBST buffer alone for 15 minutes, once with a
1:3,000 dilution of a rabbit antiserum against recombinant
human IL-5 in TBST buffer for 1 hour, three times with TBST
buffer alone for 15 minutes, once with a 1:200 dilution of
biotinylated goat anti-rabbit IgG in TBST buffer for 1 hour,

15 three times with TBST buffer alone for 15 minutes, once with a
1:10,000 dilution of streptavidin-alkaline phosphatase
conjugate in TBST buffer for 30 minutes, three times with
TBST buffer alone for 15 minutes, and once with the alkaline
phosphatase substrate for 30 minutes. The membrane piece

20 was then examined for color development. |

The results of the first analysis showed that only
the medium conditioned by the transformant cotransfected
with both plasmids pSRS-H and pSRS-L produced detectable
bands. The pattern of bands was as expected for

25 immunoglobulins. Staining was not observed in the lanes
containing conditioned media from cells transfected with
heavy or light chain alone, indicating either low quantities of
protein or an inability of the antibody to recognize individual
heavy and light chains. Heavy chain was not expected to be

30 present in the conditioned media, since it is usually not

' secreted in the absence of a light cham [Bole et al., J. Cell Biol.
102:1558 (1986)].



(et .hyl ene- bi s- pent anet hyl cycl opent adi enyl )titaniun(l11)

2- (di met hyl am no) benzyl , (di met hyl si |yl - bi s-i ndenyl ) zi rconi undi chl ori de,
(drnethylsiIyI-bis-2-nethyIindenyl)zirconiunﬁinethyl,

(di met hyl silyl - bi s-2-net hyl - 4-phenyl i ndenyl ) zi r coni undi net hyl ,

(di met hyl sily-bis-2-nethylindenyl)zirconi3@-1, 4-di phenyl -1, 3- but adi ene,
(di met hyl si |yl - bi s-2-nmet hyl -4-phenyl i ndenyl ) zirconium (I1)

1, 4- di phenyl - 1, 3- but adi ene,

(di.met hyl silyl-bis-tetrah dr0|ndentuzz|rcon|un(ll) 1, 4-di phenyl -

1, 3- but adi ene, (d| metti}ll she yseas famabysas».y|smngcdh-ﬁn’amdmgraq§vxty
(di methyl silyl- p&éﬁead IthiosGplA “Frof ¥He thédit ig;%@dalqdnw)

(i sopropylidene penta uqQren ni_u en

(di met hyl silylp rﬁ%@ﬁ%*ﬂu@?@iﬁyg S pf%ﬁ%)?ﬁ

Q her c?rrpoundsaﬂm' ds-ll.e UFB{sE’Wa'snnédéﬁt BS D Mgy “brostailhl‘edcahﬂdimt

COh’pOSI I on acC l I nven. i on ecl a un

cont ai ni ng ?’t hel gl'} %gr#ﬁ§ wi tﬁ SQPPQ% gp'ggr%‘ﬁﬁa{o t hose
skilled in the weight of about 160 hlodaltoﬂana:rakbyexpdmad aforoaotomplete of

activator conp ﬁﬁ?b of transition metal compound (C) in the
supported catalys f?lgdgghﬁl to 2:1, preferably fromO0.5:1 to 1,5:1

and nost preferably fromO 75; 1 to 1, 25 1 At t 00’ | ow ratios the supported
catalyst will ne me-Ligkad, I 3OS QUVETY 3%8X oo high ratios the
catal yst cost becomes excessi ve due to the reI atively | arge quantities

of activator corrpound ut i To zeshfirme i Ability of théaf&lohhﬁnaﬂ'et al conpl ex
chem cal 1y fpun g%l§s ' A5y WO SpIAATAY bibl 10 i 109 £0PPOT 0
. 96-well immunoassay (EIA) plate was coated with 50 pl :

aliquots of 3% BSA alone, or recombinant human IL-5

(5 pg/ml, followed by blocking with the BSA solution). All

cbating was done for approximately 2 hours at 4°C. Aliquots

15 (50 ul) of media conditioned by the various COS cell

transformants described above or by the hybridoma cell line

producing antibody JES1-39D10 were then added to the wells,

and the plate was incubated for 2 hours at 4°C,

Following the incubation, the media in the wells

20 were replaced sequentially using 300 ul aliquots at room
temperature: three times with TBST buffer alone for 15
minutes, once with biotinylated rabbit anti-rat IgG for
approximately 2 hours, three times with TBST alone for 15
minutes, once with streptavidin-alkaline phosphatase

25 conjugate in TBST buffer for 30 minutes, three times with
TBST buffer alone for 15 minutes, and then developed with the
BRL ELISA AMPLIFICATION SYSTEM® for 5-15 minutes, all
reagent dilutions being as described above.

The results of this assay showed that both the
30 natural JES1-39D10 antibody (from the medium conditioned
by the hybridoma) and the recombinant antibody (from the
medium éonditiqned by the transformant cotransfected with



fromO0.,0005 to 20 mmol /g, nore preferably from0.001 to 10 mml /g.
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i nvention can be prepared by conbiniing the support material, the activator
conpound and the netal conplex in any ordgg. Preferably, the inorganic
oxide material is first treated with the activator conpound by conbi ning
the two conponents in a suitable liquid diluent, such as an aliphatic or
aromatic hydrocarbon to forma slurry. The tenperature, pressure, and
contact tine fobothhiplasmids pSRS-H andopSRS-L)cwiere tretaipedeim| wellsvary from

-20[err] C to 15Q% sl 1 1 0 a e fe
at m[)sph]eri c pr egéﬁ,{eg] G’(;fgoﬂ'ggh fsa]p E)/irheél%r%ﬁnQYes ?%'Hﬁg ﬁ@fofrs .awugil??llﬁéymf he
slurry is agitalNe significant eejor rdexelopmentcakoye o_@ata@fg hackezraung
separated from g§gerdld (RBhtaining no antibody protein) was observed when

5 IL-5 was absent, or when the test samples were conditioned
media of cells transfected with vectors encoding heavy or light

chains alone.
Antibody Humanization
1 li

10 Using the methods described above, it was
determined that antibodies HIL and LAY were optimal human
framework candidates. HIL or LAY heavy and light chain pairs
and combinations thereof were first pursued.

A listing of potential minimal and maximal
15 JES1-39D10 residues that could be grafted into the framework
sequences were determined by the above-described methods
_to be as shown in the following Table.

20

25



Before using the support of the invention, the diluent or solvent is
preferably renoved to obtain a free flowing powder. This is preferably
done by applying a technique which only renoves the liquid and | eaves the
resulting solid, such as by applying heat, reduced pressure, evaporation,
or a conbination thereof. Alternatively, .@4¥e. support nmay be further
contacted with the transition nmetal conpound (C) prior to renoving the
liquid diluent. If so contacted the transition netal compound is
preferably used dissolved in a suitable solvent, such as a liquid
hydrocarbon sol vent, advantageously a Clerr] aliphatic or cycloaliphatic
hydr ocarbon or a CJerr] -aromatic hydrocarbon. Alternatively, a suspension
or dispersion of the transition netal conpound inResigues? vent may al so be
used. The contact tenperature is not critical provided it is below the
deconposi ti on t eyReMihithgl Plistt he transition npqap7.afy-§0,t 66, 2BJiN0Ht or .
Good results are obtained in a tenperature range of 0 to 1Q0[err]C. The
contact may be a%ﬁx'm{%l i:qp.in the liquid dinigm onbha g h an
atom zed sprgy of the so u?flgir?,' di spersion or IfgIlelsénZy’ 30, 129{\%%&: n the
present proCess should be conducted in the aﬁge‘;@e %#'%g&y ?n i sture.

The resulting s ed .catalyst may be stor i i r fl ow ng
f orm under i nerWﬁ%mgn@s&:f ter renoval of ggégf-sggv%‘h’ %J' Sf’

The supported catal ysts of the present invent 808, nd#Osdlfsed in addition
pol ymeri zati on processes wherein one or nore addition polynerizable
nononers are coNkcdMaaimaluliistdt he supported cdéa_l4§51520§4.t 6, 66yenti on under
addi tion pol ynerization conditions. - 73-76, 88, &9 t1dM e addition
pol ynmeri zaby@ nononers include ethylenically unsaturated

2 Residues for VH and VL refer to the residue numbers in
SEQ ID NO: 1 and SEQ ID NO: 2, respectively.

b The VH and VL Maximal Lists include the corresponding
Minimal Lists and the further indicated residues.

15
Specific constructs described below contained the
following residues from the foregoing Table:
Humanized Antibody Residues
20 CMX5-1 - VH HIL Maximal; VL LAY Maximal
CMX5-2 " VH HIL Maximal; VL LAY Maximal
(less structural
CDR loop H-1
N-terminus)
25 CMX5-3 VH LAY Maximal; VL LAY Maximal
CMX5-4 _ VH HIL Minimal; VL LAY Minimal
CMXS5-5 VH HIL Kabat; VL LAY Kabat

CDRs only CDRs only




nonqQner s, acetyl eni c conpounds, conjugated or non-conjugated di enes, and
pbl yenes. Preferred nmononers i nclude ol efins, for exanpl es al pha-ol efins
having from2 to 20,000, preferably from 2 to 20, nore preferably from?2

to 8 carbon atons and conbi nati ons of two or nore of such al pha- ol efins.
Particul arly suitable al pha-olefins include, for exanple, ethylene,

propyl ene, 1-butene, 1-° pentene,4-nethy4 tene-1, 1-hexene, 1-heptene,
1-octene, 1l-nonene, 1-decene, 1-undecene, |- dodecene, 1-tridecene,

1-tetradecene, 1-pentadecene, or conbinations thereof, as well as |ong

chain vinyl termnated ol| ric or,_palymeric reactidon - f of med

during the pol yneri zati 5%%’%&58@"&?&?6{&?% -°(§I ﬁ‘? rgu%gﬁégiugéﬁ%’%é%ed to

the reaction niwasrthé mentradization of the dicloghid activity of soluble o

PCT/ US96/ 17140 hym¥nOqpCs, r.ﬂ_l @}dstgﬁsé,pQg ﬂ{@bgn%ﬁg% fort Forhghe €SUl tiNg
ct

polymers. Prefeyably, the al phg-o ns .are ethylene, propene, | -butene,
4- et hyl - pent en un‘f}l‘l@‘ﬂé@’f&ﬁﬁ&o ,15ah%P9&§ﬁb7‘ﬂaP§i PQﬁSt &9?91‘%!9@_

P ef or rod mononeic. Lous - bndi ienunégidbulia Fsoppe gaiﬁkg’i%@{“g‘ Eyr enes
p Ul €e. S - :
tetrafl uoroet h%@%@?emFﬂgmﬁQ%ut gﬂ‘& man I‘fé’)‘?&gﬂrgﬁé ogi clei b

t adi ene,
et hyl i dene nor bisotype, was dcliosénofordheneonsthnt wegiomfoft e dnemeanizednt i oned

nononers nay al ﬁghpecmgpyed.

nstruction H niz ntibo -

10 Synthetic CMX5-1 DNA was constructed using a
combination of PCR and conventional cloning techniques. The
V region was divided into three segments, each of which was
designed to contain designated restriction sites at the 5' and 3'
ends. Codons were chosen which occur with relatively high

15 frequency in mammalian genes. Palindromic and repeat
sequences were avoided or replaced by silent changes in the
design of oligonucleotides, to minimize formation of
unanticipated secondary structures that may cause sequence
rearrangements or deletions.

20 _ Oligonucleotides corresponding to the entire heavy
chain variable region (VH) of CMX5-1 were synthesized by
standard methods.

The designations of these oligonucleotides and the
corresponding SEQ ID NOs defining their sequences are as
25 follows:

Oligonucleotide ~ SEQIDNO.
B2474CC 11
B2419CC 12
B2420CC 13
30 B2475CC 14
B2477CC 15

B2479CC 16



The supported catal yst can be forned Ilp situ in the pol ymeri zati on m xture
by introducing into said mxture both a support of the present- invention,
or*its conmponents, as well as a suitable transition nmetal conpound (O .
The supported catal yst can be advantageously enployed in a high pressure,
solution, slurry or gas phase polynerlzatqu process. A high pressure
process is usually carried out at tenperatures from 100 to 400[err] C and at
pressures above 500 bar. A slurry process typically uses an inert
hydrocarbon diluent and tenperatures of from O[err]C up to a tenperature

] ugttbelt owI It he tenper at Uf?ﬁ&b ohioligonuclectidest B24740C nmd m?mcd
supstantially s ererre
Cenperat ures ar BAPORG 4l ﬁﬁ&”?@tpﬁé{ﬁtﬁf:@n&rm%ﬁ? brocess s
carried out at heatdenatred, fanmealed, taard)enmﬂmecht chaq hpolymerase ng
e i I AT
150[ err] C t @ 24T%agHions, lgﬂﬂ“ﬂm tides dn cpaghy ]Palhml’@carbons
and preferably @6 ém%ht aftbcedblﬂfdiﬁef %%bddﬂctldw%(mﬁﬁidlésﬁdwef eof .

The sol ution urry SSes re al ly, carr]ed out, at pressures
bet ween 100 kPa rﬁﬂP&a RPC |sﬁ‘g"’ [‘*’%n@e’?ﬂa ago ﬁé%
pol yreri zat i onsoeherfrom 20 to 100[err]C, nore preferabl y from 40 to
80[err]C. In gas phase processes the pressure is typically from 10 kPa to

10 MPa. Condensed nonone r actor to
assi st in heat renoval by%alﬁgfﬁs“%e”@ﬁ#}ﬁ g@i q%}vapodrycg%{'lh%%&e

Pref erabl y ¥br wddch nthea shraes sesyléi Aatfragments; ceemespending, ppothe has a
medi an Itoar t1'58| eﬂﬁbé”@éﬂecfum@ §9gﬁién?§fbf[ &/H, desiphated i e! MY ddgm 30
Lerr]mto [Vﬂj wete efm ectrophoresed in an agarose gel and punfied by

electroelution.

' The relative order of the three VH DNA fragments,
15 restriction sites for cloning, and the multicloning-site map of
cloning vector pSV.Sport were as follows:

Fragment Restriction_Sites PCR Primers |
Vil EcoRI Spel B2474CC + B2419CC
Va2 Spel Xbal B2420CC + B2475CC

Sall/Apal/Sst1  B2477CC + B2479CC

20 Vu3 EcoRl/Xbal
Iti-cloning Sites of pSV
Pstl/Kpnl/RsrIl/EcoR1/Smal/Sall/Sstl/Spel/Notl/Xbal/BamHI/Hindlll/SnaBI/Miul

Fragment VH1 was restricted with enzymes EcoRI
and Spel and cloned into vector pSV.Sport. Fragment VH2 was.
25 subsequently joined to VH1 in pSV.Sport by directional
insertion at Spel and Xbal sites. Fragment VH3 was separately
cloned into pSV.Sport as an EcoRI/Xbal-Sall/Apal/Sst]
fragment. The three fragments were verified by DNA
sequencing.



preferably from50 [err]mto 100 [err]m Preferably for use in slurry
gol yneri zati on processes, the support has a nedian particle dianmeter from
| to 200 pm nore preferably fromb5 [errlmto 100 [err]m and nost
preferably from20 [err]mto 80 [err]m Preferably for use in solution or
hi gh pressure polynerization processes, .the support has a nedian particle
dianeter froml to 40 [err]m nore pref‘é‘t‘h’oly from1l [errlmto 30 [err]m
and nost preferably from1l [errJmto 20 [err]m In the
pol yneri zati on process of the present invention, scavengers may be used
whi ch serve to protect t 15 o tal st m | ns such as
wat er, oxygen, and pol a?ﬁcorré% dgﬂl$2ergev Mﬁ? g#gage%gr ly used in
varyi ng anount firste jeining gVe3 tona genemic: DPNA ofithe i Hschaineconstaut
scavengers i ncrusint gg @ TREA | RERHIRE AMROVHITCH PraSRIERP BIheo! the
formula Al R[er xanes.
-19- ﬁggg agment, as is described more fully below.
PCT/ US96/ 17140

CMXS 1 VL ¢cDNA was assembled in a similar

manner, using six synthetic oligonucleotide primers. These
oligonucleotides and the comresponding SEQ ID NOs deﬁnmg
their sequences are as follows:

Oligonucleotide SEQID NO.
10 B2425RCC 17
B2426CC 18
B2427CC 19
B2458CC 20
B2459CC 21
15 B2460CC .22

Three fragments, designated VL1, VL2, and VL3,
were derived from oligonucleotide pairs B2425RCC and
B2426CC, BZ427CC'and B2458CC, B2459CC and B2460CC,
respectively. These DNA fragments, which correspond to the

20 three consecutive segments of VL, were purified by agarose gel
electrophoresis and electroelution.

The relative order of the three VL. DNA fragments,
restriction sites for cloning, and the multicloning-site map of
cloning vector pUC19 were as follows:

25 F Restriction Si PCR_Pri
Vil Psi BstEIl/Xbal B2425RCC + B2426CC
V12 Pstl/BstEIl BamHI B2427CC + B2458CC
VL3 BamHI Sall B2459CC + B2460CC

30



Jn the ‘present polynerization process, nolecular weight control agents can
al so be wused. Exanples of such nol ecul ar weight control agents include
hydrogen, trial kyl alum num conpounds or other known chain transfer
-agents. A particular benefit of the use of the present supported catalysts
is the ability (depending on reaction caggtions) to produce narrow °

nol ecul ar  wei ght distribution [err]-ol efin honopolynmers and copol yners.

. Preferred polyners have MW Vnh of- |ess than 2.5, nore preferably |less than
2.3. Such narrow nol ecul ar wei ght distribution polyner products,
especially those from a sl urr\WViita<CaeRing @itep qof lggPrabl e due to inproved
tensile strength properties. Havi ng descri bed the

invention the fgl h@%ﬂﬁgeflgm iﬁfmﬁgﬂﬁ?ﬁoﬁ!&?ﬂs Ejﬁ,,}, #hher illustration

t hereof and aré no ess stated fo.the

contrary all parts and b c e :eTee ioned separately dnto  The
bul k densi ty ofyecher BUCTOr %SDRWB%EMMI dqisQI/BstEH-BﬁmImlmtO ASTM

(ujfggr ormph ﬁﬁ;ﬂeﬁ;n@%ﬁg}l@tﬁﬁ 85 %{%m ?Eﬁ)eogdﬁgflgzp] of the

1,1,1, 3,3, 3- hexhrna Hydaghentsawere vérified] by S PNAr sequeneing: y; VIOl 48t nol ) was
added to Br ] COUFE e, e il el T JUYS g i for 2
B%tEII-BamHI fragment into the vector already containing
VLI.

10 The assembly of full-length VL cDNA was
accomplished by first joining VL3 to light-chain constant region
(CL) and then joining the VL1-VL2 and VL3-CL fragments, as is
described more fully below.

To facilitate synthesis and secretion of the
15 humanized antibodies, a leader peptide was attached to the
amino-termini of both the mature H- and L-chain
polypeptides. The amino acid and nucleotide sequences of this
leader are those of the leader of the anti-CAMPATH-1
antibodies (Reichmann et al., supra). The coding sequence for
20 the leader peptide (Reichmann et al., supra) was incorporated
into both fragments VH1 and VLI.

In an effort to construct DNA encoding a full-length
antibody H-chain, the VH synthetic ¢cDNA was combined with
buman ¢4 constant-region genomic DNA (ATCC 57413) using

25 Apal restriction cleavage and ligation. This procedure was
initiated by digesting plasmid pSV.Sport containing VH3 with
Notl followed by treatment with Klenow DNA polymerase
(Boehringer Mannheim) to generate blunt ends. The resulting
DNA was ethanol-precipitated, resuspended, and digested with

30 Apal. This restricted plasmid DNA was ligated with the
Apal/Smal restriction fragment of the genomic y4 constant
region. )



25{err]C, the excess 1,1,1, 3, 3, 3-hexanet hyl di sil azane was separat ed by
distillation (120[err]C) and the residue purified by flash chronmatography
using silica (Davison 948, 800[err]C, pentane). The product was a
colorless liquid. Yield: 50 g (88 percent) Al b. Synthesis of

MgBr( err]H err]-p-OSi Me[err] . Magnesi um turnings (1.20
g; 49.4 mol) were mxed with THF (4 M)%%Ilowed by 1, 2-di br onoet hane
(0.25 mM; 2.87 mol) in a 100 nml 3-necked flask. The mixture began to

refl ux, and a sol ution of 4- br onophenoxytrinmethylsilane (7.5 m; 38.8 mmol)

in THF (32 m) was  addéqthed MyBuCe difthNAywla@QﬁeﬁVﬁmﬁed)%lﬁﬂ of 15

and-then cool edt datSERAIEF Braghet Xwi R i

titrated with mamng Vit k-VHDy dhereby conipletingy assermblinge ofinther ol i ne.

E(:\/S:B(rj 2‘?’ﬁFfFE ﬁegfer rlr)%r @émt[mfvﬁ ﬁl[ gr r ]Sth ?)gs:\/Z[ (Can; r])]

A sol ution of B(C[err]F[err])[err] (15.85 ¢g; 31 mmol) in 10Q m di et hyl
ether was tPeated  wit hInraBheEfopr &9 pradusgatiny cantibedy r ghaingsi Ve[ err]

(35.5 nm; 0.87 ;Mlsrﬁldla"&nf’éinﬁéoﬁhéeﬂpeiﬂ ‘E-%haﬁi‘GDNAf SRefd ON N xture was

stlrredfor 16 "ho s ndthe m.xt ug.e further
stirred for 30 %&6?%@9&51 1‘5@1%3 b B E&Sane | ayer
was decant ed anmdebectable, however, followmg analysxs of the conditioned - 20-

medium by ELISA or Western blotting. As an alternative, a
10 human ¢4 constant-region cDNA was designed and constructed
to replace the genomic DNA.

Six oligonucleotide PCR-primers were synthesized
for this purpose by standard methods. The designations of
these oligonucleotides and the corresponding SEQ ID NOs

15 defining their sequences are as follows:

Oligonucleotide SEQ ID NO.

B2491CC - 23
B2498CC 24
B2499CC 25
20 B2597CC 26
B2598CC 27
B2656CC 28

Primers B2491CC, B2499CC and B2598CC
correspond to the plus strand of y4 constant region cDNA.

25 Primers B2498CC, B2597CC and B2656CC correspond to the
minus strand. Using human y4 genomic DNA as the template,
three consecutive double-stranded DNA fragments
encompassing the entire y4 constant-region coding cDNA were
generated by PCR.

30
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PGT/ US96/ 17140 - lower layer was further washed wth pentane (50 mM) two
times. The resulting syrup was evapor at ed under reduced pressure to
obtain the white solid product. Yield: 22.1 g (77 percent) [[er] H NVR
(d[err]-THF) [err] + 0.18 (s, 9H, -Si Me[-&7%}), 6,45 (d, 2H, Cerr]Herr]),
7.06 (d, 2H, Cerr]Herr]). [err]F (d[err] -THF) [err]-131.1 (d), -167.2
t), -169.9 (t). [err]C (d[err]- THF) [err] + 0.46 (s, -SiMe[err]), 117-153

(
Al d. t hesi f di nilinium
Eg[ﬁ;/zi]r Z)xyphenyl )tS)rllns(SZI > thi naﬁhm I)ﬁlﬁgiﬁlléétsa restriction sites fOf
[ Phve[ er r] NH| [ (cTbairg, Fasd rprifners Iusedl fere Hie TollowicH) |
[ MyBr 2THF] [ (C[ err] F[err])[err] B(Cerr]Herr]-p-0SiMe[err])] (22.1 g; 23.9

mmol ) and aque r].RBh CI utlon (100 rri 31.2 mmol)
were stirred aw hour s. H20 sol ution

was carefully decanted and the viscous soI I d was vvashed wth distilled

Herr]O (6 x 150HA.)Salld_rinsed v BeoRdnt ane (3 x 10B249]1CEn#t B2498COnder
r educed pSeSﬂB BtoRU:_13.2 (7GIW/SGII'[) [er VBWBBBG*QISGOC‘E)
[err] + 3.22 (xgq al'IWN?JP”] Ph) 4%@ C?g!fbscé QFB

A NHVETEerr [err] F e

Cerr]Herr]), 747 rr

lerr]-131.1 (d), -167. 8(t§egment A was cloned into pUC19 as a Sall-EcoR1
restriction fragment. Segment C, as a Sall/XkolI-Notl
restriction fragment, was cloned into pSV.Sport. Segment B, as
10 an EcoR1-Xhol/Sall fragment, was cloned into pSV.Sport .
already containing segment C. All three segments were
verified by DNA sequencing.

The v4 ¢cDNA was assembled by excising segment A
with Pstl and EcoRI, and cloning this fragment into pSV.Sport
15 already' containing segments B and C. The restriction map of
the human 4 CH cDNA and its relative position in pSV. Sport
multi-cloning sites are as follows:

A B C
Pstl/Sall--vee-- EcoRI] Xhol Not1/Hind111/SnaBI/Mlul

20 The y4 CH cDNA was excised as a Sall---HindIII
fragmént to replace the genomic y4 fragment in the previously
described full-length H-chain construct. The final product was
a full-length H-chain coding cDNA, cloned in vector pSV.Sport.

For stable transfection, plasmid pSV.Sport
25 containing full-length heavy chain ¢cDNA was digested with
Kpnl and then treated with T4 polymerase to blunt the ends,
and then digested with SnaBl. The resulting DNA fragment
was isolated by agarose gel electrophoresis followed by
purification with a GENECLEAN® DNA purification kit (Bio 101,
30 La Jolla, CA), and blunt-end ligated into Smal-treated plasmid



-169.9(t). [err]C (d[err]-THF) [err] + 46.3 (NHwe[err]Ph), 112-158 .
(C[err]) A2a. Synthesis of 4-((4'-bronophenyl)phenoxy)trinmethylsil ane
Brr err]Herr]-Cerr]Herr]-p-0Si Me[err]

1,1,.1, 3,3, 3-Hexanet hyl di sil azane (75 m; 98 percent purity; 0.348 nol) was
added to Br(err]Herr]-(Jerr]Herr]-p-04£30 g; 0.117 nol) and heated to
reflux for 4 hours. After cooling to [err]C, the solid product was
filtered and rinsed with cold pentane (50 m; O [err]C). The crude

product was then dissolved in diethylether and purified by flash

32; oga&ﬁlg: 2102?/ pgRqSI ot @DSRGga%ﬁtﬁ*%o&ﬁ%ﬁ iére g@ﬂgﬁfﬂ;@d ;gg product
Synt hesi s of Né% O w&ﬁe&ﬁ ﬁ]wgmA%iI@é) 2). '

Magnesi um powder (50 mesh; O. 47 g; 19.3 mml) was mixed with THE (5 ml) in
a 3-necked flask. 1,2-di UfhmmnimneemﬁnﬂS of the. lkeavyn{H) chaint iofn syri nged

he flask T | m) of
b o e b c@ews@sﬁygﬂé%s*w%?ﬁ i
dr opwi se t hPoudd 6&/@1 QIQGMRJW@! BS540 (1927 ndeh " glartampy

condi ti ons. The:ddwlvbaswas*whxerde%t iy iﬁxiﬂdliémﬁ%il %ﬁ&@btﬂndﬁ%gr] C in

't he. pr esencdiSel S5, Bie R aliains |pfcresambiornt andbedies XLz dv (0. 76
M 10.9 nml). A 55yrinhds H cthain of antibody CMX5-3, the N-terminal
[MyrBr. 2THF [ ( Gighink bf "the) LAY 1 Gah &kt % teblacsi®by! dAktdmfs GRidelerr1)]
10 residue following comparisons of the LAY H chain amino-
terminal residue with corresponding residues of other human
H chain sequences in subgroup III, of which the LAY H chain is
a member.

To facilitate construction of full-length variant
15 L-chain cDNAs, the codon of glutamic acid residue 105 was
replaced by an aspartic-acid codon to create a Sall restriction
site near the junction of VL and CL. This modification enabled
substitution of VL variants as cassettes in the pSV.Sport-based
CMXS5-1 L-chain expression plasmid.

20 A human kappa light-chain ¢cDNA was initially
constructed based on sequence information from human
antibody REI [Epp et al., Eur. J. Biochem. 45:513 (1974)]. Seven
synthetic oligonucleotide primers were prepared for this
purpose, the designations and corresponding SEQ ID NOs of

25 which were as follows:

Oligonucleotide ~ SEQIDNO.
B2262CC 29
B2281CC 30
B2293CC 31
30 B2294CC 32
A2495CC 33
A2496CC 34

B2704CC 35



A,solution of B(Cerr]F[err])[err] (3.24 g; 6.33 mol) in 50 m diethyl
ether was treated wth freshly prepared

MgBr( err]H err]-Clerr]H err]-p-OSi Me[err] (10.4 m; 0.76 M 8.13 nmol) at
room tenperature. The resulting mxture was stirred for 3 hours, worked
up, - and recovered following the procedurggf Exanple 3Alc). Yield: 6.84 g
(84 percent) -21-

WD 97/ 19959 :

PCT/ US96/ 17140 A2d. Synthesis of dinethylanilinium

4- ((4' -hydroxyphenyl ) phenjfgur of the sligonwitotide primelry bwere e

The pr ocedur e ofVieskFEd 10; Ehbonipihe, %}%@@kﬁﬁﬂéﬂ%@%“%ﬁ oA
These oligonucleotides (B2262CC, B2281CC, B2293CC and
B2294CC) were mixed and extended in a single polymerase
5 chain reaction. After the PCR, the product was purified by
agarose electrophoresis and electroelution, cloned into pUC19,
and analyzed by DNA sequencing. All sequenced clones
contained misincorporated bases.

PCR primers A2495CC and A2496CC were then
10 synthesized to generate a correct human x L-chain constant
region. The sequence of A2495CC encompassed the last four
amino acid codons of the human LAY antibody VL framework,
and the beginning of the human x constant region. Primer
A2496CC corresponded to the carboxyl terminus of the human
15 x constant region. '

PCR was carried out using an aberrant full-length

L-chain clone and primers A2495CC and A2496CC, and the
PCR product was cloned into vector pSV.Sport. Sequencing
analysis showed, however, that the construct again contained

20 misincorporated bases. This new error was corrected by an
additional PCR using oligonucleotide primers A2495CC and
B2704CC. The product thereby obtained was cloned as a
Sall/HindIIl restriction fragment into pUC19 that already
carried the VL3 fragment. A correct x light-chain

25 constant-region cDNA was thus obtained.

To assemble a full-length L chain ¢cDNA, VL1-VL2
was excised as a blunt-ended HindIll/BamHI fragment and
inserted into Smal/BamHI-cleaved pUC19 containing the
VL3-CL fragment. The full-length light-chain fragment was

30 excised as a PstI/EcoRI fragment from pUC19 and cloned
separately into expression vectors pDSRG and pSRS, to generate
plasmids designated pDSRGMPASL (Fig. 3) and pSRSMPASL
(Fig. 4), respectively.



A3a. Preparation of 2-bronp-6-trimethylsiloxynaphthal ene
A slurry of 10.0 g 2-brono-6-naphthol in 30 nL Me3Si NHSI Me3 was stlrred
under argon for 2 hours. At this time, the excess silane reagent was

removed under reduced pressure. The renmaining solids were dissolved in
20 nL pentane and eluted down a 2 inch (Eig pad of silica. The
sol vent was rempved under reduced pressure Vielding 11.5 g of 2-bronp-6-

tri methyl sil oxynaphthal ene as a white, crystalline solid. [err]H NW\R
(ChCl[err]): -0.40 (s, 9 H SiMJerr]), 6.4-7.3 (m 6 H, aromatic H)

ppm A3b. Preparati cfh@famino ac1d sequences of the heavy and light

o- (111 mothyl si | ofs2- oaph By Lk (BT B U6 BN MR diehed in the

'(AMJFF [err] ]g EB[ $r8dq@)ehee Lifting/tyeSEQSIDANG: r36-and 'SEQ-IB NQ@r 3T [ err]) ][ e{)f ]1] )
slurry of O. P‘%er deOn ©

L yBrCH err‘?f%c f a%gcégggégﬁﬁg 'ld\ﬁgéf? llgy onso% ut ion of 5.0

g 2- brono- 6- SCQUENCES tCOMPrise xg nsgaretatye eader 5haﬂ_1srwlew adudigover a

30 minute peri Ogh}osﬁuﬁﬁ%lﬁnbhgr o%e§sxﬁ$é Fﬁegrrau thdl oy lTeh?e fsil ed sol ution

was titrated w I SOpr opy n 0, 758 M

Gignard sol uti &?Q%Eg%é&i dspﬁfr GFQ‘L‘F@QSQ& k36 )ﬁ’@r]] in

30 nL Et[err] O SE® ID NO:t 37.cbeginndig rwnﬁ fegidue0200ur s, dur| ng which tine

a white preci pltate formed. The solids were collected by filtration, ,

washed with Et[ glorpe&t ﬁf%ddr ed pressure. Yiel d
10 ' To construct humanized antibody CMXS5-2,

complementary oligonucleotides designated B3194CC and

B3195CC (sequences defined by SEQ ID NO: 38 and SEQ ID

NO: 39, respectively), were synthesized and annealed to form a

Bglll/Spel fragmerit to replace the 42 bp Bglll/Spel fragment
15 of CMXS5-1 heavy chain in pSV.Sport. The replaced reglon was

verified by DNA sequencing.

The amino acid sequences of the heavy and light
chain variable regions of antibody CMX5-2 are defined in the
sequence listing by SEQ ID NO: 40 and SEQ ID NO: 41,

20 respectively. Because amino acid residues 1-19 of these
sequences comprise a secretory leader that is cleaved during
post-translational processing, the actual variable region
sequences are defined by the sequences of SEQ ID NO: 40 and
SEQ ID NO: 41, beginning with residue 20.

25 n cti f ni nti -

To construct CMX5-3 VH, four oligonucleotides were
synthesized having amino acid sequences based on antibody
JES1-39D10 CDR and human LAY VH framework sequences.
The -designations and corresponding SEQ ID NOs of these

30 oligonucleotides were as follows:



6.8 g MgBr[err](Et[err]Ox[6-Me[err]SiOCJerr]Herr]-2- B(C[err]F[err])S].

[err]H NVR (THF-d[err]): 0.28 (s, 9 H Si Me3), 6.8-7.7 (m 6 H,
aromatic H ppm J[err]F[err]H NWR (THF-d8): -123.0 (d, J[err] = 19,5 Hz,
ortho F), -159.4 (m meta F), -161.9 (t, J[err] = 23 Hz, para F).

A3c. Preparation of dinethylanilinium (gwdroxy-2-naphthyl)tris(penta-

fl uorophenyl)borate PhMe[err] NH err] [ 6- err]Herr]-2-B(Cerr]F[err]) 3]
The 6.81 g

MyBr[err] (Et[err] O X[ 6- N@[err]S|OC[err]H[err] 2-B(Cerr]F[err])3] prepared
above were slurrle wat er SHQ IDNQexcess of
PhMe[err] NHCl for 4 hours he wat er solutlon was decanted and the
solids washed with several 2734 gs of distilledgwyater. The resulting
solids were di ssol ve met hanol . Tﬁg met hanol was
subsequent|ly renoved under ressure to yield

PhMe[ err] NH 6 HOC err]H err - - err]F[err])3]4é§ a white, crystalline
solid. Yiel8 4.34 g. [err] NVR (THF-d[er#19: 3.02 (6 H Nwve[err]),
6.6-7.5 (11 H, aromatic H) ppn1 [err]F( 1H NWR (THF-d[err]): -123.1

(d, J[err] = 20.6 Hz, orPCRS)werel Porfornied "Wing Fets- 86 lolfgdrucldbidéd =23
re, P2 F)- B3784CC and B2785CC and B2786CC and B2921CC, and the
products were restricted to generate a PstI/Spel fragment and
an Xbal/Sall fragment. These DNA fragments were used to
10 replace the VH1 and VH3 fragments, respectively, of the

antibody CMX5-1 H chain ¢cDNA in pSV.Sport.

- The amino acid sequences of the heavy and light
chain variable regions of antibody CMXS-3 are defined in the
sequence listing by SEQ ID NO: 46 and SEQ ID NO: 47, _

15 respectively. Because amino acid residues 1-19 of these
sequences comprise a secretory leader that is cleaved during
post-translational 'processing, the actual variable region
sequences are defined by the sequences of SEQ ID NO: 46 and
SEQ ID NO: 47, beginning with residue 20.

20 struction_of iz i -4

Antibody CMX5-4 VH was constructed in a manner
' analogous to that used to conmstruct antibody CMXS5-1. Three
sets of overlapping oligonuéleotides were synthesized for this
purpose, the designations (and defining SEQ ID NOs) of which
25 were as follows:

B2924CC 48

B2925CC 49

B2926CC 50

30 B2927CC 51
- B2928CC 52

B2929CC 53
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PCT/ USQ6/ 17140 B. Preparation of phenylsilane nodified silica
(PhH err]Si-OSilica) A pentane (150 m) slurry of 10 g
of DavisonTM 948 (800 [err]C) silica (available from Davison division of
Grace Chenmical Co.) was treated with phenyhsilane (PhSiH3) (2.70g; 0.025
mol ) and triethylanmine (NEt3) (2.53 g; 0.°025 mmol) via a syringe under
argon atnosphere at 23 [err]C. Hydrogen gas evol ved fromthe sol ution
vigorously. The resulting mxture was agitated for 12 h. The

_&hteﬂyl Zlnlt ane- Emdlfled si 'Uﬁﬁ aggdh@cmbtmésfﬂszmmon waigegg,
. DRUETS | R ﬁﬁ?%g# ﬁ#& ]”ﬁ? 7é&[€jé&%} gﬁb‘iiﬁ%nd[éﬁ??ﬁ@ ppm
_Hydlr;)ngl contendhreé ¢dreespondin nBNAze&a tﬂdmﬁlv'blaﬁ? uw%dnhesmeﬂl by(RCR
([NENE] er 1] Pi] (NP} f?éé 2?4#% fépﬁqreg Ehdmaly oMefé Blghed,
Si HPh- O- Si | ca)§equenced, and assemb ed in pSV Sport by restriction

digestions and ligations.

CMX5-4 VL was constructed by first annealing
oligonucleotides designated B3093XY and B3094XY (sequences
defined by SEQ ID NO: 54 and SEQ ID NO: 55, respectively) and

10 then extending the 3' ends of each oligonucleotide by PCR. The
product was gel-purified, BstEIl and Sall restricted, and used
to replace the BstEIl/Sall fragment in antibody CMXS-1
L chain ¢cDNA.

The amino acid sequences of the heavy and light
15 chain variable regions of antibody CMX5-4 are defined in the
sequence listing by SEQ ID NO: 56 and SEQ ID NO: 57,
respectively. Because amino acid residues 1-19 of these
sequences comprise a secretory leader that is cleaved during
post-translational processing, the actual variable region
20 sequences are defined by the sequences of SEQ ID NO: 56 and
SEQ ID NO: 57, beginning with residue 20.

nstructi f Hu ize i <

CMX5-5 VH DNA was constructed by synthesizing
two DNA fragments using pairs of oligonucleotides designated
25 B3136CC and B3137CC, and B3138CC and B3202CC, the -
oligonucleotide sequences of which are defined in the
Sequence Listing as follows:

30



An-ethef (30 m) slurry of phenylsilane-nodified silica (3.00 g) was
treated with 100 M of an ether solution of

[NHVe[ err]Ph]l[err][(Cerr]Flerr])[err]B(Cerr]Herr]-p-OH] (1.05 g; 1.44
mmol) at room tenperature under an argon atnosphere. Hydrogen gas evol ved
fromthe solution for 10 mn. The solution was stirred for 15 h and the
resulting white solid was filtered, washe®3with ether (5x20 m) . and
pentane (3x 20 m), and dried under reduced pressure. Yield was 3.71 g.
DRIFTS IR n (Si-H) 2190 crr[err] (n) n (N-H) 3239 cnerr] (s). [err]Si
CPMAS: -O- SiHPh-COSilica ( [err]Ph (s, 48.5
ppm . D. Slurry Batc rrerlzat A2

| itér autoclave reactor vvasH ed at 80 [err]Lovernight prior to use.
A heptane (300 nl) slurry yl sil ane funct]®nal i zed-

sili-ca-supported anilinium droxyphenyl)tr5 (pent af | uor ophenyl)
borate, ([NHMe[err]Ph][err] Flerr])[err]B§@ err]H err]-p- O Si HPh-

CSilica)]) 00 ng), was trggy th (t-butyl amglp) di net hyl
(tetranet hyl(5-2[ err]-cycl opent a(%geie@l: si |l aneti tﬁglr)u um di net hyl (10 ng; 31

mmol ). The catal yst m xt L ed via vacuuminto _.j.he preheated
reactor. Ethyl ene was qui Fyrecﬂ}iﬁ (Seé&h)fg BEMEOLY) Very 89383“131 8! he
reactor  tenperestriceedyeandaised atonaephice’thd SpélJBamHBI rad rcul ating water
bat h. Ethyl ene % | o yet hyI ene
yield after 10 @Mﬁgﬁﬁ}@%&? #‘%i’mﬁ? é‘ggbwmwog :

CMX5-5 VL DNA was constructed by replacing VL3

10 (a BamHI/Sall fragment) of CMX5-1 in pSRS by a
- PCR-generated fragment using primers designated B3142CC

and B3143CC (sequences defined by SEQ ID NO: 62 and SEQ ID
NO: 63, respectively) and template CMXS5-1 L.

The amino acid sequences of the heavy and light
15 chain variable regions of antibody CMX5-5 are defined in the
Sequence Listing by SEQ ID NO: 64 and SEQ ID NO: 65,
respectively. Because amino acid residues 1-19 of these
sequences comprise a sécretory leader that is cleaved during
post-translational processing, the actual variable region
20 sequences are defined by the sequences of SEQ ID NO: 64 and
SEQ ID NO: 65, beginning with residue 20.

ibodv Expression an ificati

To express the humanized antibodies, 5-10 pug each
of pSRS-based L-chain plasmids and pSV.Sport-based H-chain
25 plasmids were co-transfected into 5 x 106 COS cells by
electroporation protocols. The cells were then plated in a
60 mm culture dish in the presence of complete medium.
After the cells settled and attached to the plates (about 6
hours after transfection and plating), the medium was
30 aspirated and replaced with serum-free medium.. Conditioned
media were harvested at 72 hours. ‘
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PCT/ US96/ 17140 Exanpl e 2 A. The activator of
exanpl e 1Ald was enpl oyed. B. Preparation of

di phenyl sil ane-nodified silica (Ph[err]HSi -O Silica)

10

15

20

25

30
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The concentrations of humanized antibodies in
conditioned media were determined using a human
IgG4-specific enzyme-linked immunosorbent assay (ELISA).
Nunc Immunoplates were coated at 4°C for 24 hours with a
mouse anti-human IgG4-Fc monoclonal antibody (CalBiochem,
La Jolla, CA.) at 5 pg/ml in 50 mM bicarbonate buffer, pH 9.5.
The plates were then blocked at room temperature for 90
minutes with BLOTTO (5% non-fat dried milk and 0.05% (v/v)

. Tween-20 in Dulbecco's modified phosphate buffered saline).

After washing away excess blocking reagent,
serially diluted samples in a volume of 100 pul were applied to
wells of the plates. The plates were incubated at 37°C for
2 hours, after which the samples were aspirated and the wells
were washed 3 times. One hundred microliters of sheep
anti-human IgG (H + L) peroxidase' conjugate (The Binding Site,
San Diego, CA.) were added to each well and the plates were
incubated at 37°C for 2 hours. The plates were then washed

3 times, and 100 pul of ABTS peroxidase substrate (Boehringer

Mannheim, Indianapolis, IN.) was added to each well to
produce a color reaction. The plates were read
spectrophotometrically at 405 nm.

The conditioned media for all five of the
humanized antibodies tested positive for human IgG4.
Repeated experiments showed that the concentration of IgG4
was similar in the 3-day condition media for antibodies
CMXS5-1, CMX5-2, and CMX5-5 (about 200 ug per ml). The
IgG4 concentration of CMX5-4 conditioned media was usually
about 2 to 3 fold higher.. IgG4 levels measured in conditioned
medium containing antibody CMX5-3, which contains the Vu
framework from the LAY antibody instead of the HIL
antibody, were consistently about 5-10 fold lower than the
levels measured for antibodies CMX5-1, 2 and 5.



A pentane (200 m) slurry of Davison[err] 948 (800 [err]C) silica (20.0 g)
was treated wth Ph2Si H2 (8.67 g; 0.047 nol) and NEt3 (5.08 g;
0.050 nol) via a syringe under argon at room t enper at ur e.
Hydrogen gas evol ved fromthe sol ution vigorously. The resulting mxture
was : agitated for 12 h. The di phenyl silane-nodified silica was
col lected on a frit under argon, washed -55- w th pentane (5x10 m),
and dried under reduced pressure. Yield: 20.87 g. DRIFTS IR n (Si-H)

2169 cnferr] ((m. Residual hydroxyl content was undetectable (<0.1 mmol/g

silica). C. Prepatat.ion of the dL en si | functional i zed
silica supported aniliniu biain"farger quantific ‘Ytj uritied  Rurmanize

FFenyl %tri ]s( E]emmﬂbodlesplreoqinbmm €H0 cell hnes were established that
NHWVe[ err ] P e . .
e gdg&gg @54;?&@54: ® CMX5-1 H- and L-chain plasmidg

di et hyl et her (G!)B Hymdf pDSRG Aﬁbmmnmfmtedca @3ratdo g) was
treat ed Y, 1@1 h. gl S Fc

NHMVe Ph é 68d 1.38
Lm.)[::floout@ﬁé%a@meﬁﬁ@ ST U s S et

stirred for 15 h and the resultlng white SO|Id was filtered,

washed with-ether (5x20 nOf D6 miﬁtmecl@e%oaﬂhbyzednﬁoxdrhmdan IgG4
under reduced {e}iﬂiéﬁ pﬁo‘f‘l 90 V@%thot%ex&ﬁe (MTX) treatmelgjt 6'% uélo%e? at ch

React or Pol yner
tested positive. When the stable clones were subsequently

- 10 subjected to methotrexate treatment to produce gene
amplification, the majority of the clones appeared to be highly
resistant to the drug. Although the cells were treated with
MTX at 20 , 60 and 200 nM levels, only slight cell growth
retardation was observed even at the highest MTX

15 concentration.

_ One of the better producer clones, designated
CJA25, was continuously treated with MTX concentrations that
were increased stepwise until a final 1 mM concentration was
reached. The final antibody expression level at 1 mM MTX

- 20 was estimated to be about 15 pg/cell/day. The stability of this
cell line was monitored by culturing the cells in the absence of
MTX for more than two months, during which the expression
level remained unchanged.

. In a parallel experiment, CHO cells were again
25 co-transfected with pDSRGMPASH and pSRSMPASL but at a
ratio of 1:20. The transfection efficiency was found 10 to
100-fold lower, even though the conditions were almost
identical to those described above. Screening of 40 clones
showed that 10 clones were positive for recombinant human
30 IgG4 secretion.



A 1 gallon Hoppes autocl ave purchased from Autocl ave Engi neers Inc. was
initially charged with 1850 grans of anhydrous hexane. The ,
react or *vapor space was then swept twice with a 5 nol percent
hydr ogen/ ethyl ene gas m xture and vented between each sweep. The reactor
was then brought up to 80 [err]C tenperature and then vented to the sol vent
“vapor pressure of 13 psig (190 . <488). The hydrogen/ et hyl ene

m xture was then added to increase the reactor pressure to 53 psig. (470
kPa). Ethylene was supplied by a denmand feed regulator with a set pressure

of 180 sig.(1..3 MRa)._ The,slurry ca { prepared by
m xi ng 0.07 g of tﬁe di-phéﬂ%ﬁlﬂ%m Sl‘gaﬁﬁ a\a%qcécé"%ﬁ?pported
ani |'i ni um bor at enedsurb@[ &1 rd Bimikak r fashidrerexkceperthhd [27gdab anti-rat IgG

(derr]Herr]-p2SiPhlerr];OSili =) . 20,1 o of xe | kanes
sol vent (I sopar I?I"ﬁ%{’?elgﬂhe W’&’rﬂ@k}éﬁf&eﬁ%&&’dv n‘g‘.), WA us© lasr’dtﬁle
(0.0717M 15 capture reagait)and a sheeptamti-raf IgG (H + L) peroxidase
(t-butyl)am godiyget t £f Dy - ] -GC t pgy [da@Ned lsf ani um

Gi ot hyl | ancost (<o oeatp (THREBinding, Site) SHCTABES, EAT Vel Usel 8 the' 0L o
into the reactordeieetign reagent. stainless steel pressurized cylinder.
After 60 m nutes, the polyner sanple was renoved fromthe

- 24- WO 97/19959 Antibodies in the conditioned media were purified
PCT/ US96/ 17140 . . . .
by standard methods using protein G or protein A/G (Pierce
Chemical) affinity chromatography, as described by the
10 manufacturers of the chromatographic materials. The purified
antibodies were more than 99% pure as determined by amino
acid composition analysis.

Antibodies in serum-free conditioned media from
the JES1-39D10 hybridoma and from clone CJA25 were also
15 purified by affinity chromatography using columns containing
immobilized human IL-5. These columns were prepared by
coupling purified human IL-5 to AFFIGEL-15® resin (BioRad,
Richmond, CA).

After loading conditioned medium from one of
20 the sources, the column was washed sequentially with
phosphate buffered saline (PBS) and PBS plus 0.5 M NaCl, and
then re-equilibrated with PBS. Human IL-5-binding
antibodies were then eluted from the column with 0.2 M
glycine at pH 2.95, after which the eluted protein was
25 immediately neutralized with 1 M Tris-HCl, pH 8.

The concentration of antibodies thus purified was
determined by UV absorption at 280 nm, using determined
molar extinction coefficients. The purified proteins were
concentrated, dialyzed against phosphate buffered saline, pH

30 7.2, and subjected to sodium dodecylsulfate polyacrylamide gel
electrophoresis [SDS-PAGE; Laemmli, Nature 227:680 (1970))
in duplicate 10-20% gels under reducing conditions. After the



reactor, filtered. and the powder placed in a drying tray in a vacuum oven
at 80 Ierr]C for approximately 30 mnutes. 20.4 g of polyethyl ene was

i sol ated (29,800 gPE/gTi). D2. Solution Batch Reactor Polynerization

A stirred, one gallon autoclave reactor was charged with 1445 g of |sopar E
and 126 g of 1-octene and heated to 130 [err]C. The reactor was then
charged with 37 psig (360 kPa) of hydrd@Zn fol |l owed by ethyl ene
sufficient to bring the total pressure to 450 psig. (3.1 Ma) The cat al yst
was prepared by stirring 0.15 g of the diphenylsilane-nodified silica
supported anih

[ NHWe[ err] Ph] [ ?P?t‘f@sﬁ Iﬂ'@r rg]e}[gﬁ]%ﬁﬁeér rvﬂqi*e?PP“FSEiesPBNf etlpr] CSilica

Y], 20 ml of Isapuahfe thedpfbtéih band§. Thes proteins inf gels run in

e B R e b OB IgN R, B g

i nj ect ed |nto tmxme&l:tanmetm y$@actor tenperature and pressure
mai nt ai ned by continual l'y: feeding ethylene during the pol ymeri zati on and

cooling thegreactor as regyinge thsAfd@Lsﬂ, Pubifietion ettt te contents
ant i oxi dant (7% Eﬁx';%mo{‘é%ﬁ%% %ﬁﬁzﬁ{ 6 be Earg, Tl D% bi af o e
dried for 15 h-d&teannmduhyl SDS-PAGE. el Unéer 4educiny coaditions;rtwé5, 000
gPE/ gTi ) . bands were observed which had apparent molecular weights
of 50 and 23.2 kilodaltons, consistent with the known
10 molecular weights of immunoglobulin H and L chains,
respectively.

ntibo ara ization
Affinity Constants

To determine whether the humanized antibodies
15 retained the ability to specifically bind to human IL-5,
apparent dissociation constants of antibody/antigen complexes
were measured. This was done by coating enzyme
immunoassay plates with mouse anti-human IgG4-Fc (5 pg
per ml, 100 pul per well) in 50 mM bicarbonate buffer, pH 9.5.
20 The plates were then blocked at room temperature for 90
minutes with BLOTTO, washed 3 times, and incubated at 37°C
for 2 hours with one of the humanized antibodies, either
purified (100 pl per well with a final concentration of 0.05 ug
. per ml) or in the form of conditioned medium (100 ul per
25  well). '

The recombinant antibody molecules from the
conditioned media thereby became immobilized on the plates
through interactions between the constant regions and the
precoated antibodies so that the variable regions of the test

30 antibodies were oriented in a uniform manner to allow direct
and maximal interactions with the antigen.



Exanpl e '3 Bl. Preparation of phenylsilane-nodified silica,

PhH eri] Si-Gsilica Silicas having residual hydroxyl
content of 0.5 mml /g were obtai ned by calcining various silicas at 800
[err] C (Davi son 948, Davison 952, and Syl opol [err]-2212, avail able from
GRACE Davi son. Corporation). 20.0 g of the calcined silicas was slurried in
pent ane (150 m) and treated with PhSPﬁﬁB(G m; 0.048 nol) and
triethylalum num (6 m; 0.043 nol) added via. a syringe under argon

at nosphere at roon1tenperature Hydrogen gas evolved fromthe sol ution

vigorously. The resultin mxtur vvas a n a _shaker for 12 hours.
The phenyl sil ane- nodi é)rg\q %géaxgﬁgéc‘f%paﬂsggfr er argon,

washed with pedES1e39D10 MSMSS,ayeddmj azallel, iusing ewmd-meEgGIch Yi el ds
wer e approxwra 1 2 [err]Si
CPMAS: [err]- pt}g'ar‘n&t ugﬂﬁxg %&/‘Im&%%‘ Q§4ﬁi¢e&% r& (<0.1

nmol /g sili ca) antibpyd YPrepar ati on of di net hyl sil ane-nodi fi ed silica,

Me[err]HSi -CSilica . A pentane (200 m) slurry of GRACE
Davi son 9486(800 G 0.5 ﬂ%es Sbics audsHRd0 0 KinkeE; A EitxEgnW N

Me HSi ) | t

gigl E:'[ (ra!j i In ([iergr k¥ 15&1912“‘?@?5 refgpplﬁg&r%ﬁpfl Eﬁg\a?ﬂ ca was

col l ected on a4{000 pMeand hrpanaUaappﬂed\MohthEmdie ifiSeack?plate) in and
SH i%g;‘f’ﬁ;f?ﬁ?%&@?&%fr (Xﬁgﬂ ﬁﬁ test Swells Abfe rus fin ihﬁl?édﬁ 2158
ackground binding was determmed by using a 1000-fold
10 molar excess of unlablled human IL-5 in control wells. The
reactions were allowed to equilibrate at room temperature for
2 hours, at which time the wells were aspirated and washed 5
- times with TBST. The wells were then separated and counted
in a Pharmacia LKB v-counter. All nonspecific binding controls
15 were run in duplicate. The values obtained for bound human
IL-5 were subjected to Scatchard analysis (using RADLIG
software) to obtain dissociation constant (kd) values.

Results from this analysis showed that the kd
values obtained for humanized antibodies CMX5-1, 2, 3 and §
20 were all in the same approximate range and were close to that .
of antibody JES1-39D10. The apparent kd of CMX5-4 could not
" be determined because very little radioactivity was detected
and no dose response was observed.

mpetitive Bindin

25 To determme whether humanization introduced
" alterations in the antlgen bmdmg region of antibody
JES1-39D10, the wild-type antibody was labeled with biotin
using an X-NHS-biotin kit (Calbiochem, La Jolla, CA) with a
final 20 mM reagent concentration. The product was assayed
30 in a direct binding ELISA to human IL-5, and a concentration
that was about 3 times the apparent 50% point was: used in
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Et[err]'HSi -CSilica A toluene (50 m) slurry of GRACE

Davisson 948 (800 C, 0.5 mml -OHg) silica (2.5 g) was treated with
Et[err]Herr]S (0.90 g; 97 percent; 10.2 mmol) and NEt[err] (1.05 nl;

nmol ) . The resulting m xture was refl ux®@-for 12 hours. The resulting

7.5

solution was cooled to 25 C and the diethylsilane-nodified silica product

was collected on a frit under argon, washed with pentane (5 x 20 nml),
dried. under reducedsgr,essure. Yield, 2.7 g  DRFISIR v (Si-H 2141

cnierr] (s). [SNPPSHOP\ALSAYSer r LS mﬂcepmorpr@mmnéﬁdom gbout

phenyl met hyl si | 3@ engoef fbietingldted 2anttbd@yIJESEIIIDF.

Competition assays were carried out in which
binding of the biotinylated antibody.to plates coated with
5 human IL-5 was measured in the presence of unlabelled
antibody JES1-39D10 or antibody CMX5-1, CMXS5-2 or CMXS5-5,
- each of which had been purified by protein A/G affinity
chromatography.

EIA plates were treated with 0.1 M NaHCOg3, pH 9.2,
10 for 1 hour at room temperature. Human IL-5 in TBS was then
added at 100 pug per well. The plates were incubated
overnight at 4°C and then blocked with 3% BSA-TBS ml for
1 hour at room temperature. Fifty microliters of 2-fold
serially diluted competing antibodies plus the appropriate
15 amount of biotinylated antibody JES1-39D10 (also in a 50 ul
volume) were added to each well, and the plates were
incubated for 1 hour at room temperature.

The plates were then washed 5 times with

TBS-Tween-20, incubated with 1 pg/ml horseradish peroxidase

20 (HRP)-streptavidin conjugate for 1 hour at room temperature,
washed 5 times with TBS-Tween-20, and developed with HRP

substrate TMB. Absorbance of the samples was then measured

spectrophotometrically at 450 nm.

- The results showed that whereas unlabeled

25 antibody JES1-39D10 competed with its biotinylated form at
an approximately 1:1 ratio, the same degree of competition by
antibodies CMX5-1, 2 and 5 required greater amounts of the
antibodies. Taking the molar ratio of unlabeled to biotinylated
antibody JES1-39D10 to be 1.0, the molar ratios of antibodies

30 CMXS5-1, 2 and 5 to biotinylated JES1-39D10 needed to
produce the same degree of binding inhibition were estimated
to be 3.3, 1.4 and 1.4, respectively.

and



A'heptane (350 m) slurry of GRACE Davi son 948 (800[err]C;, 0.5 mmol -0OH Q)
S5ilica (30.0 g) was treated with PhMeH2SI (9.15 g; 97 percent; 72.8 muol)
and NEt[err] (10.5 m; 75 nmol ). The resulting m xture was refluxed for
12 hours in an overhead stirrer under. argon atnosphere. The resulting
solution was cooled to 25 C and the phenyl nethyl silane-nodified silica
product was collected on a frit under ar@Bm, washed with pentane (5 x 30
m), and dried under reduced pressure. Yield: 31.73 g. DRRFTS IR v (Si-H)
2160 cm (s). [err]Si CPMAS: [err]- 6 ppm BS Preparatlon of

di phenyi si | ane- nodi fi edyH; . gh 3 :
pentane (150 m) slurry™ nmol - OH/ Q)

silica (20.0 g) was treated with Ph[err Si Herr 98 ercent; 44.7
mol ) and NEt3 (6.2 ni: 4 2n investigafio g‘*%}?‘il%e"fu g%‘?&én
at rmSDhelre atThaﬂﬁbbdﬁspemstlte zlﬁsﬂ ¢ oL 3] ﬁ&sbﬂvmevwdmgrrbf thelzolhut ion
VI gor ously e I g m Xt Ur. agl LN or ours.
The di phenyl §ﬁl§’k P Ii1 g/af &?@Hﬁd cﬁp 33‘ gnrﬁ CORLOT under
argon, wasHed @i tchamsnoanmnsfgested co c)‘.llsantiwhs found that radligbreg pressure.
Yi el d: 21 6 g S rr ) ration of
the silica- suppork’ggr anl ?ér#le&m& é@iptéftq%wﬁfﬂé hé‘#‘ alﬁle P@ti‘%ﬁﬁl&zer
[ PhMe[ er r] NH] [ Bas] pbsgried) msing ]bqtbrcmlmf apdothe Hpurified  ca) ] -

antibodies. With a constant 0.5 nM concentxatmn of the

labeled IL-5, the concentrations of antibodies CMX5-1, 2 and 5

10 required to cause 50% inhibition of receptor binding (ICsg)

were calculated to be 1.5-3.0, 0.35-0.7 and 0.5-1.1 nM,

respectively. The ICso for wild-type antibody JES1-39D10 was

determined to be 0.15-0.55 nM.

A

dification of Antibod 5-5 Light in

15 All five of the humanized antibodies contained an
aspartic acid residue at position 105 of the light chain due to
DNA modifications made to facilitate cloning. To restore the
native sequence, the aspartic acid residue at position 105 was
replaced with a glutamic acid residue in the light chain of

20 antibody CMXS5-5. This was done by using a synthetic
oligonucleotide designated B3289CC (SEQ ID NO: 66) having an
amino acid sequence corresponding to that of the junction of
carboxyl-terminal peptide of VL and the amino-terminal
peptide of the Cr, with a GAC to GAG codon change. This codon

25 change created a Xhol restriction site in place of an Sall site.

PCR was performed with oligonucleotide primers
B3289CC and A2496CC (SEQ ID NO: 34), using the CMXS5-5 light
chain as the template. The resulting DNA fragment was
gel-purified, restricted, and used to replace the Sall/EcoRI
30 fragment in the pSRS-based CMX5-5 light chain ¢cDNA. The
modified CMX5-5 light chain cDNA was then excised from pSRS
and cloned into pDSRG for stable expression. A new variant,



An-ether (100 m) slurry of phenylsilane-nodified silica (prepared
atcordi:ng to 3Bl1) (10.00 g) was treated with an ether (100 m ) solution
of* di net hyl ani i ni um (4- hydr oxyphenyl )tri s(pent a-fl uorophenyl ) borate
[PhMe[err]NH [ (Cerr]Flerr])[err]B(Cerr]Herr]-p-OH)] (prepared

according to 1Al1(a-d)) (2.94 g; 4.03 rrrm_lé.la_t room tenperature under an
argon at nosphere. The solution was agitated in dry box for 1.5 days and
the resulting white solid was filtered off, washed with ether (5 x 20 m)
and pentane (3 x 20 m), and dried under reduced pressure. Yield: 11.99 g.

DRIFTS IR v (ScehﬂlsﬁﬁQOOErtberCMXﬁ?Z heayht chais2 agdc diermpdified [err] Si
CPNRS: - O SI HPhids &2yffe o f4ﬂv,g§ggmg[nw CHREDKIMAZILED (5. 485

ppm . | CP boron
- 26- WD 97/ yesiant, consisting of the CMXS5-5 heavy chain and the

PCT/ US96/ 17140 cﬁfi PCT\EXSQS toéhahﬁe v?é.g 'dé@lgﬂé?&?réﬁﬁ(ﬂfmkﬁm um bor at e,
e

w  di - net hyIS|Ian unctironall z
5 Biological Effects
ibition of IL-S-induce 1 X

An HL-60 (ATCC CCL 240) subclone was maintained
in Iscoves' Modified Dulbecco’'s Medium (JRH BioSciences)
supplemented with 10% FBS, 2mM glutamine, and penicillin-

10 streptomycin. HL-60 is a multipotent human promyelocytic
cell line which, in the presence of butyrate or human IL-5,
yields cells that develop the phenotypic characteristics of
eosinophils [Tomonaga et al., Blood 67:1433 (1986); Fabian
et al., Blood 80:788 (1992)]. Increased expression of a cell

15 adhesion molecule called CD11b/CD18 has been observed on
the surface of eosinophils that were activated and recruited to
the lung of allergic patients [Georas et al., Am. J. Resp. Cell Mol.
Biol. 7:261 (1992)].

Prior to assay, the HL-60 cells were primed for
20 differentiation by growth in alkaline medium (pH adjusted to
| 7.6-1.8 with NaOH or sodium ‘bicarbonate) for one week.
Following the period of growth, the cells were transferred to
24-well culture dishes at a density of 2 x 105 cells/ml
 Serially diluted test antibodies was preincubated with a
25 constant amount of human IL-5 at 37°C for one hour and then
added to the cells. The final concentration of IL-5.in the
culture was 150 pM.

Seventy-two hours later, the cells were harvested
by centrifugation and resuspended at a concentration of
30 1 x 106 cells/ml and 50 pl volumes (5 x 104 cells) were

aliquoted per well in a 96-well microtiter plate. The cells were



[PhMe[er’r]NH][err][(C[err]F[err])[err]B(C[err]H[err] p-O Si Me[err]-GCsilica)
) An ether (100 m) slurry of di rrethylsrlane nodi fi ed
silica (10 00 g) (prepared according to 3B2) was treated with an et her
(100 M) solution of [PhMe[err]NH)J[(Clerr]F[err])[err]B(Cerr]Herr]-P-
OH)] (2.90 g; 4.02 mol) at 25 [err]C undgr an argon atnosphere. The
solution was agitated in a dry box for” anays and the resulting white
solid was filtered off, washed with ether (5 x 20 mM) and pentane (3 x 20
m ), and dried under reduced pressure. Yield: 12.21 g. v (NH) 3240 cnferr]

(wW. [ferr]Si q;wzﬁ | I on of

the silica- sup q @lfclslv#lﬁk (%H %I}l% G’:‘@‘h& g’?ﬂ%psr fatrgr@aPunct | ona% | zer

[ PhMVe[ er r] NH] [ ]L‘[eﬁﬁ ‘{ p¢kedowith ab- dried[ @il - Gsil i ca)
BSlA et her (100 m) slurry of di et hyl si |l ane-nodi fi ed

ca (10. 00 g) (prepared according to 3B3) was treated with an ether

|
i’ (290 g 4. 02 ol 1 e Fisteby ey’ idpse, RpbRhwaR GRAERT P,

was agi t at eg rAB“d’tﬁ$1°)kH?§OIlf, oBraingee.a MAJ nwas haddesk ul Arftcg Whtwe-hmdrr d was
filtered of f, \inotisation tdt gqﬁe:r e plaggs ”‘vkr@'ﬁhate@eﬁ and

o e e eSB! 55 i TS Bieen 20 Windhespas Pm abgﬁﬁﬁ"”ed
[ Phve[ er r] NH| [ éxgajnstCke rpﬁrmyr Rineiboll( (Jaokspbl dmrhupoReSeddelh- Csi | ica)) -
Laboratories, West Grove, PA) to bind, and washing ‘again 3X
10 with TBS-Tween-20. Specifically bound antibody was then
detected using an ELISA Amplification System (Gibco-BRL).

Amv

It was found that humanized antibodies CMX5-1,
CMX5-2 and CMX5-5 were all able to block the CD11b
induction activity of human IL-5. The relatlve ICs0's were
16 estimated to be as follows:

ICso MOLAR RATIO -

SAMPLE (pM) CMX5/IL~5 ICso CMX5/ICso 39D10
CMX5-1 1467 - 7.3:1 8.8
CMX5-2 467 2.3 :1 2.8
CMX5-~5 800 4 :1 4.8

39D10 166 0.83 : 1 1

As can be seen from the Table, humaniz:ed'
antibodies CMX5-2 and CMX5-5 appeared to be more potent
than antibody CMXS5-1.

h. i 3 n ) -'

20 To determine whether the humanized antibodies
were capable of neutralizing the activity of IL-5 in vivo, young



An*ether (100 m) slurry of phenyl nethylsilane-nodified silica (10.00 g)
(prepared according to 3B4) was treated with an ether (100 m) solution of
[PhMe[err]NH [(Clerr]Flerr])[err]B(Clerr]Herr]-p-OH)] (2.90 g; 4.02 mmol)

at 25 C under an argon atnosphere. The solution was agitated in dry box
for 2.5 days and the resulting white solid was filtered off. washed with
ether (5 x 20 nm) and pentane (3 x 20 nm-)§8and dri ed under reduced
pressure. C5. Preparation of the silica-supported anilinium

(4- hydr oxyphenyl )tri s(pentafl uoro- phenyl ) borate, w di phenyl sil ane
functionali zer

[Phve[ er r] NH| [ dpale BODRFLA omige [werq measitizedywith) alum-presipitated
Csilica))’ ovalbumm using 8 M% ereanim A0 m@né'ﬂé&! ereafter a

o pheny| =i aneodh ) ol st oot db Op sl (W ononed oF ik ™ ves

treated with- a

[ PhMe[ er r] NH| [ GontrdlFimice,] alleotheéd( Groups idontaihed-6 micd)| (2.90 g; 4.02

mol ) at 25 C under an argon atnosphere. The solution was agitated i.n dry

box for 2. S?days and the éﬁé%’iélﬁg‘r{gﬂ gﬁ:e sg%dsgﬁ/\% fblr;c?qr%i a{ shed

with ether {5 x 20 nl), i ed er réduced
pressure. the sensmzed ammals were injected mtrapentoneally w1 test

antibodies in a volume of 0.5 ml. Each group received one of
the following: 0.1 mg of antibody JES1-39D10 per kilogram of
body weight, 1 mg of antibody JES1-39D10 per kilogram of

10 body weight, 1 mg of antibody CMXS5-1 per kilogram of body
weight, and 10 mg of antibody CMX5-1 per kilogram of body
weight. An antibody designated TRFK 5, a rat anti-mouse IL-5
monoclonal antibody (Schumacher et al., supra), was used as a
positive control. The control sensitized mice received saline.

15 The animals were then challenged twice with
ovalbumin aerosol for 1 hour. Twenty-four hours following
the challenge, bronchioalveolar lavage, peripheral blood, and
lung-tissue specimens were collected, fixed, developed by
eosinophil-specific staining dyes, and examined

20 microscopically to determine eosinophil distribution.

Mice that received antibody CMX5-1 at the 10 mg
per kilogram body of weight dose were found to have
significantly reduced numbers of eosinophils in their
bronchioalveolar lavage fluid, whereas less quantitative

25 changes were observed with other cell types. Mice that
received antibody JES1-39D10 also had reduced eosinophil .
levels.

Hybrid Deposi

The hybridoma cell line (JES1-39D10.11) producing
30 monoclonal antibody JES1-39D10 was deposited January 8,
1992 with the American Type Culture Collection (ATCC),
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PCT/ U396/ 17140 C6. Preparation of silica-sypported anilinium
(4-(4' -hydroxyphenyl ) phenyl )tris- (pent af | uor ophenyl ) borate borate,
w- phenyl sil ane functionalizer [PhMe[err] NH +[

(C[err]F[err])[err]B(C[err]H[err]-p-OS|.Ih-ga Gsilica)]
An ether (80 m), slurry of phenylsil ane- “fied silica (4.00 g) was
treated with di met hyl ani |'i ni um

(4-(4' - hydroxyphenyl)-phenyl )tris(pentafl uor ophenyl ) bor at e
accori ng o1 BRAHEr M, B Vi otefpon ML AR, Y RSP con
at nospher e. eutdmsvtés weget mase mndnrycbodmons asdpyevided wmeer
ATCC's agreement for Culture Deposit for Patent Purposes,
which assures that the deposits will be made available to the
§ US Commissioner of Patents and Trademarks pursuant to
35 USC 122 and 37 CFR 1.14 and will be made available to the
public upon issue of a U.S. patent, and which requires that the
deposits be maintained. Availability of the deposited strains is
not to be construed as a license to practise the invention in
10 contravention of the rights granted under the authority of any
government in accordance with its patent laws.

Many modifications and variations of this invention
can be made without departing from its spirit and scope, as
will become apparent to those skilled in the art. The specific

15 embodiments described herein are offered by way of example
only, and the inventidn_ is to be limited only by the terms of
the appended claims.

20

25



resulti'ng white solid was filtered off, washed with ether (5 x 20 m) and

pentahe (3 x 20 nl), and dried under reduced pressure. Yield: 5.04 g.

"DRIFTS'IR v (Si-H 2191 cnferr] (m: v (NH 3244 cnerr] (w). [err]Si

CPMAS: -OSiHPh-CsSilica.(s, -41 ppm. [err]C CPMAS: NHwe[err]Ph (s, 47.7

ppm . | CP boron content: 0.225 perce C7. Preparation of the

di net hyl sil ane functionalized silica-suppb¥ted di nethylanilinium (4-

(4' hydr oxyphenyl ) phenyl )tri s(pent af | uor o- phenyl bor at e,

[PhMe[err]NH [err][(CJerr]Flerr])[err]B(err]Herr]-p-

O Si Me[err]-CSilica)- An ether (60 m) slurry of
SF&%EI(\JE% LST!NG

di met hyl si | ane-nodi fied si was treated with

[PhMe[err]NH [err][(Cerr]F[err])[err]B((err]Herr]-Cerr]Herr]-p-0H]
(0.39 g; 0.49 @ENERWP_QNF‘%RW‘HCN:G under an argon at nosphere. The
sol ution was amated in dry box for 2 days and the resulting white solid
was filtered off, washed with ether (3 x 20 m) and pentane (3 x 10 m),

and dried uBder r?)jARRLICAMTgsGmg, ChuahdChd. 20 g. DRIFTS IR v (N-H) 3142
cnerr] (w). [err]|Si

content: 0.232 per c;anSDNAS: DO-@P%)&E?@EWéSCt or PZ)I grrgrlolmzatlI Sr:\) POt 02)

Copol yneri zation Abrams, John
Jenh,: Chung-Her
Petro, Mary
10 ~ Silver, Jon

Tindall, Stephen
Windsor, William
Zavodny, Paul .

15 (i) TITLE OF INVENTION: Design, Cloning and Expression of
Humanized Monocional Antibodies
Against Human Interleukin-5

(i) NUMBER OF SEQUENCES: 66

“ (iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Schering-Plough Corpbration
25 (B) STREET: One Giralda Farms

(C) CITY: Madison

(D) STATE: New Jersey
30

(E) COUNTRY: USA
(F) ZIP:  07940-1000

35 (v) COMPUTER READABLE FORM:



A 2 |iter autoclave reactor was evacuated at 70[err]C for 90 m nutes prior
to use'.‘ Heptane (550 m) containing 13 [err]nole of triisobutylalum num
(Q.013 m; 1.0 Min toluene) was divided into two approxi mately equal
portions and placed into two 600 m high pressure cont ai ners. (One
container was treated with 35 ml of 1-hexgg. The second container was
treated with 0.2 mM of a toluene solution of

bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de (n-

BuCp)[err]zrcerr], (0.2 ng; 0.494 [err]nole) and the activated support of
3C1 (12 my; 2.4 [er rQA()tMEEgEIMJYBE: bélappy diske hexene cont ai ni ng sol ution
was transferred into the preheated reactor followed by t he catal yst

m xture. Ethylene wa %ickl admtted at 125 psi (860 kPa) and the reactor
was mai nt ai ned a(SB) oMP a Apple Maginteshng wat er bath. Ethyl ene was
fed on demand via a mass fl ow controller. The reaction was conti nued
under these seaction, Goadid.d 0, ou Pol yield was 97 g,
gi ving a producti vi t@(@ggﬁgmégéfgﬁﬁ) °2"@§H39§6 and a catal yst
activity (g pol yner/g catal yst-hr.) of 7950.

- 28- WD 97/ 19959 e, .

PCT/ US96/ 17140 (D) SOFTWARE: Microsoft Word 4.008

(vi) CURRENT APPLICATION DATA:

10
(A) APPLICATION NUMBER:
(B) FILING DATE:

15 (C) CLASSIFICATION:

(vi) PRIOR APPLICATION DATA:

(A) APPLICATION NUMBER: 07/832,842

“ (B) FILING DATE: 06-FEB-1992
(viii) ATTORNEY/AGENT INFORMATION:
25 - (A) NAME: Dulak, Norman C.
(B) REGISTRATION NUMBER: 31,608
| (C) REFERENCE/DOCKET NUMBER: JB0233K
30

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 201 822 7375

35 (B) TELEFAX: 201 822 7039



D2 '6) Addi tional Batch Slurry polynerizations The
reaction conditions of Exanple 3Dl were substantially repeated using
different quantities of bis(n-butylcyclopentadienyl)-zirconiumdichloride,
triisobutyl alum num (TIBAL) and hexene as well as different types and

quantities of activated supports. Resultsgaye contained in Table 1.
Table 1 Conpl ex Activated Tl BAL hexene Yield
Pr od. Run ng ([err]nol Suppor t [ err] nol n

(x 10[err]) Act.[err] ° 3D2 0.2 (0.5) 3C2 12

35 41 0.9 (C) TEIEX: 21916803 0.2 (0.5) 3C2 13
35 40 0.9 3570 3D4 0.4 (1.0) 3C6 20
40 137 1.5 6720 1.0 (2.5) 3C7 . 30
20 87 (@) INFORMATION FOR semo NOQo12 (0.5) 3C6 13
70 73 1.6 5530 1. Productivity g polymer/g Zr-hr 2.

Activity g polyner cat al - hr . Et hyl ene Honopol yneri zati on
a) 2(6 &NC%%&&V&*A@&EFB T%as evacuated at 70[err]C for 90
m nut es prior to use.

(A) LENGTH: 333 base pairs

(B) TYPE: nucleic acid
10 ‘
(C) STRANDEDNESS: double

(D) TOPOLOGY: linear

15  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GAA TCT GGA GGAR GGC TTG GTA CAG CCA TCA CAG ACC CTG TCT CTC ACC 48
Glu Ser Gly Gly Gly leu Val Gln Pro Ser Gln Thr leu Ser Leu Thr
’ 5 10 15
20
TGC ACT GTC TCT GGG TTA TCA TTA ACC AGC AAT AGT GTG AAC TGG ATT 96
Cys Thr Vval Ser Gly Leu Ser lLeu Thr Ser Asn Ser Val Asn Trp Ile
20 25 30

25 CGG CAG CCT CCA GGA BAG GGT CTG GAG TGG ATG GGA CTA ATA TGG AGT 144
Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Met Gly Leu Ile Trp Ser
35 40 45

AAT GGA GAC ACA GAT TAT AAT TCA GCT ATC AAA TCC CGA CTG AGC ATC 192
30 asn Gly Asp Thr Asp Tyr Asn Ser Ala Ile Lys Ser Arg Leu Ser Ile
50 55 60

AGT AGG GAC ACC TCG AAG AGC CAG GTT TTC TTA AAG ATG AAC AGT CTG 240
Ser Arg Asp Thr Ser Lys Ser Gln Val Phe Leu lLys Met Asn Ser Leu
35 5 70 75 80

CAA AGT GAA GAC ACA GCC ATG TAC TTC TGT GCC AGA GAG TAC TAC GGC 288
Gln Ser Glu Asp Thr Ala Met Tyr Phe Cys Ala Arg Glu Tyr Tyr Gly '
85 1) 95

40 _
TAC TTT GAT TAC TGG GGC CAA GGA GTC ATG GTC ACA GIC TCC TCA 333
Tyr Phe Asp Tyr Trp Gly Gln Gly Val Met Val Thr Val Ser Ser
100 10S 110



Hept ane (350 m ) containing 25 [err]nole of triisobutylalum num (0.025 m ;
1.0 Mi,n toluene) and 1.0 M of a toluene solution of

bis(cycl opent adi enyl ) zi rconi um di methyl Cp[err] ZrMe[err], (0.9 ng; 3.7
[err]mol e) and the activated support of 3C6 (30 ng; 5.0 [err]nple based on
boron was transferred into the preheatsgglgceactor. Ethylene was quickly
admtted at 180 psi (1200 kPa) and the reactor was mai nt ai ned at
80[err]C via a recirculating water bath. Ethylene was fed on demand via a
mass flow ~ controller. The reaction was continued under these reaction
condi tions for o) INFQRMAJIONFOR SEQUIDINGER:160 g. Mv = 155,000, Mw Mh =
2.05. Tm (DSC) was 138 [err]C b) The reaction conditions of 3D3a) were

a;ts)stégnt IE?H %{epi'ﬁéﬁbﬁéwédgﬁ%é%%ﬂ%t ity of trii sobutyl al um num

bi scycl opent adi enyl zi rconi um di chl oride, (2 ng, 6 8 [err]nmol), the
activated support wa , \ 12 ert based on boron), and the

t enperature S mai nts(é?mgch‘;% ?Bﬂ’r?@ P& rrer yi el d was 139 g. Mwv =
144,000, M~ Mh = 2.41, Tm(DSC) was 135 [err]C c) The reaction
conditions of 3D23) - er?] peat ed excepting that the quantity
of triisobutyl m P f'ﬁ%@@k& %P the transition netal conpound
was (t-

but yl am do) di et hyI (gg;w&ﬂgmﬁggs-cyﬂamnt adi enyl ) si | anet i tani um

di chl ori de, f&m [err]mol), the activated support was 3Cl (200
ng, 40 [err I based on boron), and the ethyl ene pressure was 200 psi

(1400 kPa). Pol ymer YD} TOROLOGY?2 @ﬂneMN = 961, 000, MV Mn = 2.00, Tm
(DSC) vas 135 [err] C

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

186 aTG GCT GTG CCC ACT CAG CTC CTG GGG TTG TTG TTG CTG TGG ATT ACA 48
Met Ala Val Pro Thr Gln Leu Leu Gly Leu lLeu Leu Leu Trp Ile Thr
5 10 15

. - GAT GCC ATA TGT GAC ATC CAG ATG ACA CAG TCT CCA GCT TCC CTG TCT 96
20 Asp Ala Ile Cys Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Leu Ser
20 25 " 30

GCA TCT CTG GGA GAA ACT ATC TCC ATC GAA TGT CTA GCA AGT GAG GGC 144
Ala Ser Leu Gly Glu Thr Ile Ser Ile Glu Cys Leu Ala Ser Glu Gly
25 - 35 : 40 45

ATT TCC AGT TAT TTA GCG TGG TAT CAG CAG AAG CCA GGG AAA TCT CCT 192
Ile Ser Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ser Pro
50 55 - 60
30

CAG CTC CTG ATC TAT GGT GCA AAT AGC TTG CAA ACT GGG GTC CCA TCA 240
Gln Leu Leu Ile Tyr Gly Ala Asn Ser Leu Gla Thr Gly Val Pro Ser

35 (GG TTC AGT GGC AGT GGA TCT GCC ACA CAA TAT TCT CTC AAG ATC AGC 288
Arg Phe Ser Gly Ser Gly Ser Ala Thr Gln Tyr Ser lLeu Lys Ile Ser
- 85 20 95

AGC ATG CAA CCT GAA GAT GAA GGG GAT TAT TTC TGT CRA CAG AGT TAC 336
40 Ser Met Gln Pro Glu Asp Glu Gly Asp Tyr Phe Cys Gln Gln Ser Tyr
. 100 108 110

AAG TTT CCG AAC ACG TTT GGA GCT GGG ACC RAAG CTG GAA CTG AAA CGG 384
Lys Phe Pro Asn Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg
45 . 115 120 125
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PCT/ US96/ 17140 d) The reaction conditions of 3D3a) were substantially
repeat ed excepting that the quantity of triisobutyl alum numwas 50
[err]mol, the transition nmetal conpound was bisindenyl zi rconi um
dichloride, (2 ng, 4.8 [err]nmol), and the activated support was 3Cl (80 ny,
13 [err]nol based on boron. Pol ynmer i eb® was 140 g. Exanpl e 4 C.
Preparati on of phenylsilane functionalized silica supported anilinium

(6- hydroxy- 2- napht hyl )tri s(pent af |l uorophenyl )borate, [PhMe[err]NH [err]

Lst 11 ca- O8I Ph Qo iEGRNATONFOR SEQIOMNG 4L 3! -
() SEQUENCE CHARACTERISTICS:
5 . (A)LENGTH: 39 base pairs

(B) TYPE: nucleic abid
(C) STRANDEDNESS: single

" (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
15 AGTCTAGAAG CTTGAATC.‘I‘G GAGGAGGCTT GGTACAGCC 39

(2) INFORMATION FOR SEQ ID NO: 4:

() SEQUENCE CHARACTERISTICS:

“ (A) LENGTH: 58 base pairs
(B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: |
30

CAGCCCGGGA ATTCGTCGAC TCACTGCCAT GTTICTTICT TTACATTGAG CTTGCTGT 58

(2) INFORMATION FOR SEQ ID NQO: 5:

35 (i) SEQUENCE CHARACTERISTICS:



A mxture of 1.67 g [PhMe[err]NH|[err][6-HO err]H6-2-B(Clerr]Flerr])[err]]
(prepar.ed according to Exanple 1A3) and 5.0 g phenylsilane-nodified silica
(prepared according to Exanpl e 1B) were heated at gentle reflux with
mechani cal stirring for 24 hours. The solids were collected by filtration,
washed with Et[err] O and pentane, and dri-g«nder reduced pressure. CP-MAS
29Si NVR -43 ppm Solids were determ ned to be 0.154 wei ght percent

bor on. D. Slurry Batch Reactor Polynerizations D1. A 2-L

aut ocl ave was evacuat ed at 80h?rr C overnight prior to use. A hept ane (300
mL)slurry of phenyl s(ARkENGEH: | basecpaitsippor t ed di met hyl ani | i ni um.

(6- hydroxy-2- naphthyl)tri s( pent af | uor o- phenyl ) bor at e ’
][Phl\/l(eg-erlg]oNgFerr] [Sl(é’ rl]'ll?.l%lél(c:[aeéld] Herr]-2-B(Jerr] F[err])[err] [err]

(t-butyl am do) d| met hyI (tetramethyl -[err]-cycl opentadi enyl)sil anetitani um

di net hyl re Et[err]Al solution in heptane

wer e transf red i nt gcfﬁj%ﬁgmgé é@ﬁ] r. Ethylene was quickly

injected to 180 psi (1200 kPa) and the reactor was maintained at 80[err]C

via a recircul ating WL Pgﬁ.th,ll was fed on demand via a mass flow
ne yie

controller. Polyeth after 60 m nutes was 50 g. D2.
The procedure of exanple 4Dl) was repeated with the foll ow ng changes 0. 05
g : (xi) SEQUENCE DESCRIPTION: SEQ D NO: 5:

10

GCAAGCTTGG ATCCAGACAG GACACAGGCC AGACAT 36
(2) INFORMATION FOR SEQ ID NO: 6:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid
20
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: -

CACGAATTCT GCAGTGGCAC CTCAGGACCT TTGGGTCT 38

(2) INFORMATION FOR SEQ ID NO: 7:
30
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 114 base pairs

35 . (B) TYPE: nucleic acid



[PhNe[err]NH [err][silica-OSi PhH-OCerr]Herr]-2-B((err]Flerr])[err]],
0.05 m. Et[err]A solution, 1.5 ny Cplerr]ZrMe[err]. and 3 psi (20 kPa)
H+err]. Polyethylene yield alter 60 mnutes was 144 g. D3- 22. The
previous reaction conditions were substantially repeated using transition
met al conpl exes, activated supports, andyof her reaction conditions

I ndicated in Tabl e 2. Results are contained in Table 2. Ml ecul ar wei ghts
were determ ned by gel perneation chromatography (GPC).

- 30- WD 97/ 19959 )

PCT/ US96/ 17140 (C) STRANDEDNESS: single

(D) TOPOLOGY: linear

5 (xi) SEQUENCE DESCRIPTION: SEQID NO: 7:

AGGCAGTCGA CGCCGCCACC ATGAAGTTGT GGCTGAACTG GATTTTCCTT TTAACACTIT 60
TAAATGGTAT CCAGTGIGAG GTGAAACTGT TGGAATCTGG AGGAGGCTTG GTAC 114

10  (2) INFORMATION FOR SEQ ID NO: 8:
(M SEQUENCE CHARACTERISTICS:

(A) LENGTH: 131 base pairs

15
(B) TYPE: nucleic acid .
(C) STRANDEDNESS: single
20 (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

ACTGAATTCT ATTTACCAGG AGAGTGGGAG AGACTCTTCT CAGTATGGTG GTTGTGCAGG 60
25 CCCTCATGCA GCACAGAACA CGTGAAAGTG TTTCCCTGCT GCCATGTTTC TTTCTTTACA 120
TTGAGCTTGC T 131

(2) INFORMATION FOR SEQ ID NO: 9:
30 () SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid

35
(C) STRANDEDNESS: single



Sup- conpl ex Scav. [err] Herr] tinme

Table 2
Yield', Mv MV Run port ([err]nol) (nmol ) 6 kPa
mn. (g x10[ err] Vvh m
4D3 4C TMerr] (30) TEA[err] (1.5) 0 14 60 48 -
- 4D4 " TPlerr] (30)  TEA (1.572. " 74
1.13 6.1 4D5 TEA (. 75)
62 1.08 4.9 4D6 " TEA (. 38)
46 1.03 4.9 AD7 ° " TEA (. 05)
9 - (DUTOPOLOGY: linear TEA( 1. 5)
61 4D9 " MAQ err] (. 05)
4 - - 4010 " TEA (1.5) 35
" 52 0. 1d) SEQUENCE RESCRIPTION: SEQIDNO:9: TEA (1.5)
60 " 52 0.79 4.9 4D12  1C TEA (1.5)
) 280 5 accrereéhc codbcticea %Gce'i'mrsc @é@mscrc CTGGGGTTGT TGTIGCICIS -EEA
(1.5) " Gmmé 66 D14 ™ (
TEA (1.5) 14 | 42 214 4D15 " TP (45) TEA
(1.5) %' 4D16 " TP (45) °
TEA (1.5) £2) | FOBMAT!ON FORS,&QID(N@MO 6.2
10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 48 base pairs
(B) TYPE: nucleic acid "
15
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
AGCTCTAGAA TTCTGCAGTC AACACTCATT CCTGTTGAAG CTCTTGAC 48
(2) INFORMATION FOR SEQ ID NO: 11:
25 _
() SEQUENCE CHARACTERISTICS:
(A) LENGTH: 102 base pairs
30 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
35 '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:



4017, - " TP (90) TEA (1.5) 50 70 " 62 0. 40

14.2° 4D18 " TP (90) TEA (1.5) 35 " 240
0.75 " 8.6 4d19 Z( err] (68) TBAL[err] (.7) 140 "
106 . 0.04 2.0 4d20 " Ri[err] (5) TBAL (. 2)

30 169 - - 4D21 3C6  Apherr] (10) TBAL (. 2) 0
4 4 4D22 4C BAL (- 2) 30

142 - - 1- oct ene :

(t- but yl ami do) di met hyI (tet rarret hyl -[err]-cycl opent adi enyl )si |l anetitani um

(t-butylam do)écfé net Kyl (tet rarret h I [Ter rtjc cyc Tgsgcr:]t aglrgnrﬁ% ane%s'tcgnlsgm
(11) 1, 3- pent AFASFEGTCC A@’chpé@ﬁ% eI FARFATRBAE GTeo thyI al unoxane
bi sycl opent adi enyl zi rconi um di chI ori de rac-bi s(indenyl)zirconium (II

di chlof 1061 n KRENGGEMARER PORERIINDCRST |25 eney 1 oPO 10

bi s(n-but ylBcycl opent adi enyl ) zi r coni um di chl ori de Exanpl e 5 Preparation
of dinethylsila HARAC 5.0 g of Pural[err]
I%@%rom%ndea 'IEER!STlCS

200 al um na (ava em e AG (cal ci ned at 600C under
vacuun) was slurried in 25 nL of pentane, and 4.5 nL (5 nmol/g)

- HMe[ err] Si NHSI NE[er(Jlimmﬂedoszgs@pﬁwe was shaken for 15 hours. The

solids were collecte

10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

15 .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

GCGTACTAGT TAATGATAAC CCAGAGACGA TGCAACTCAG TCGCAGAGAT CTTCCTGGCT 60
GTACGACGCC ACCTCCAGCT TGTACCAGTT TGACCTGGGA GT 120 -

* (2) INFORMATION FOR SEQ ID NO: 13:
(i) SEQUENCE CHARACTERISTICS:
25 . (A)LENGTH: 86 base pairs
' (B) TYPE: nucleic acid “
(C) STRANDEDNESS: single
30

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

- 35



on a fritted funnel, washed with pentane, and dried under reduced pressure.
DRI FTS | R 2958, 2904 (CGH, 2102 (br, Si-H) cnjerr]. Preparation of
the activated support by reacti on of dinethylsilane functionalized al un na
wi th di met hyl ani | i ni um 4- (hydr oxyphenyl )-tris(pentafluor ophenyl ) bor at e,

[ PhMe[err] NH [err]

[(C[err]F[err])[err]B(C[err]H[err] p- oﬁzl\@lerr]()al um na)] -

1.0 g dinmethyl silane-nodified al um na slurried with 0.35 g
[PhMe[err]NH [err](Cerr]Flerr])[err]B(Cerr]Herr]-p-CH] in 10 nL
Et[err]O for 12 hours. At this time the solids were

-31- WO 9dréR@R3ac 'rmms'rs're ucrssm GGCAAGCACC TGGCAAGGGT CTGGAGTGGG 60
PCT/ US96/ 17140 col | ec Iltration, washed with Et[err] O and
pent ane, and dFCERF T&ﬁﬂeﬁ”%&&%%‘ésaﬁe DRI FTS I R 2960, 2908 (C-H)
2131 (Si-H), 1641, 1623, 1591, 1514, 1461, 1261 (aronmatic ring

(2) INFORMATION FOR SEQID NO: 14:

° (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 73 base pairs
10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single |
(D) TOPOLOGY: lineér
'15 (xi} SEQUENCE DESCRIPTION: SEQ ID NO: 14:
GTACTCTAGA GATTGTGAAT CGAGATTTIGA TAGCTGAATT ATAATCTGTG TCTCCATTAC 60
TCCATATTAG TGC 73
20
(2) INFORMATION FOR SEQID NO: 15:
() SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 104 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

35



breathing) cnferr]. Slurry Batch Reactor Polynerization

A 2-L autoclave was evacuated at 80[err]C overnight prior to use. A heptane
(300 L) slurry of

Phve[efr]NH (CJerr]Flerr])[err]B(Cerr]Herr]-p-0Si Me[err] O al uni na)]
(0.200 g), Cp[err]ZrMe[err] (10 ng), and 0.2 nL of a 25 percent Et[err] Al
solution in heptane were transferred in%g t he preheated reactor. Et hyl ene
was quickly injected to 180 psi (1200 k “and the reactor was maintai ned
at 80[err]Cvia a recirculating water bath. Ethylene was fed on denmand via
a mass flow controller. Polyethylene yield after 60 mnutes was 2.16 g.

Exanpl e 6 DZ;QQ;MGF&‘ hABARATY CEAAGABRAY %{jﬁéﬁé’ BAGATGAACA GTCTGAGAAC 60 A
r meri z

conti nuous sl urGéGSo ation was carried out using a conputer
controlled 10F F’?‘é CEARICEACT AT FRFCTCTEASTRATAR CBA NatO4at er j acket, a

stirrer, a thernocouple, a catalyst addition dip-tube, diluent addition

di p-tube, and q&m@oﬁmﬁlmm%%wév% det ect or probe.

° (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 99 base pairs
10 (B) TYPE: ndcleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
© (x)) SEQUENCE DESCRIPTION: SEQ D NO: 16:
CTCGTGAGCT CGGGCCCTTG GTCGACGCTG AGGAGACTGT GACTAGGACA CCTTGACCCC 60
AATAGTCGAA ATATCCATAG TACTCACGAG CACAGAAGT 99
* (2) INFORMATION FOR SEQ ID NO: 17:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 94 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

35



Purif.ied isopentane diluent was set to a constant flow of 4000 g/ hr which
resulted in nmaintaining a solids content in the reactor of approxi mately
60 wei ght percent. The reactor |evel was nmintai ned at. approxi mately 60
percent of the reactor volune by periodic renoval of the reactor contents.
The reactor was heated to a tenperature of 55[err]C. A hydrogen flow of
0.15 L/hr, an ethylene flow of 650 g/ hrygnd a 1-butene flow of 75 g/hr
were initiated and the reactor pressure set to 220 psi (1.5 Ma). The
catal yst m xture was prepared by conmbining 81 ng (200 [err]nol) of
(n-BuCp)[err]zZrCerr], 4.90 g of phenylsilane nodified silica supported

di met hyl ani | i nacaectdeds €CGCCACCAT GGGATGGAGC TGTATCATCC TCTTCTTGGT AGCAACAGCT 60

hydr oxyphenyl ) L SLhe orate prepared according to
preparation 3(£&ed§é§%ééh o1 %’fq'{ kgg%%%ﬁg%%fnagn (TIBA) in 800 nL of hexane
in the dry box and placing the mxture in a 1L bonb. The contents were
then transferr qg) INEERMATION FOR SEQIDNO! {8d catal yst vessel and diluted
to 8 L with.isopentane. The catal yst m xture was slowy added to the
reactor fr the continuously stirred catal yst tank. The ethyl ene and

1- but ene fl ows M}SEQWCEC@&M&QTEBISTIQS:eased. A portion of the reactor
contents was periodically passed by neans of exit val.wves to a heated fl ash
vessel wherein diluent, noved, The devolatilized polyner's properties
were nmeasured and ?&:Eé@@#ﬁﬁ'h@%@ﬁﬁ?cﬂa‘%s operated continuously over an
8 hour period. The data

- 32- 10 (B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

" (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:
AGCATCTAGA ssrsacé:cm TCTCCGACAG ATACAGACAG CGAACTTGGA GACTGTGTCA 60
TCTGGATGTC GGAGTGGACA CCT 83 '
“ (2) INFORMATION FOR SEQ ID NO: 19:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: - 101 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: éingle
30

- (D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

35



WO 97/ 19959

PCT/ US96/ 17140 reported in Table 3 were neasured on sanpl es obt ai ned
after the reactor.reattained equilibrium follow ng a change in process
condi-ti ons. Table 3 Run
Cerr]JHerr] C(ferr]Herr] Kg PE yield 12 Mv  MwW Mh Density
Cserr]Herr] Bulk [err] g/ hr g/ hr g Ti (g) dg/mn

x10[ err] ([err]) g/cc nmol % g/cc 6D1 650 75 0. 36
206 0.06 0.9471 <0,¢7. 6D2 850 100 0.51 339
0.6 0- 9354  0.57 ZDS 850 100 0.51 320
2.22 0.101 2.21 0.9321 1.16 0. 35 6D4 1000 138 0. 64

414 2.71 0.9310 . 1.52 6D5 1000 138 0.64

1.46 0: 125_ 2R TeCAs BBAKCCATCA CATGTCRAGY AAGTGAGGED -ATETERARTT RODTACSIGIT BY
Pol ynmeri zat i ONgpaccageas AAGCCCGEEC TAGCTCCTAA GCTCCTGATC T 101

.(2) INFORMATION FOR SEQ ID NO: 20:

° ()) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 84 base pairs
.10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
© (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
| ATGGCGGATC CTGAGCCACT GAATCTTGAT GG'I'P;CTCCAG TCTGCAAGCT ATTCGCACCA 60
TAGATCAGGA GCTTAGGAGC TAGC 84
“ (2) INFORMATION FOR SEQ ID NO: 21:
() SEQUENCE CHARACTERISTICS:
25 ~ (A) LENGTH: 81 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: -single
30

(D) TOPOLOGY: linear
(x) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

35



Preparation of bis(n-butylcydopentadi enyl)zirconium (1, 4-di phenyl but adi ene)
Under nitrogen, recrystallized bis(n-butylcycl opentadi enyl)zirconi um

'di chl oride (2.02 g, 4.99 mol) was slurried in hexane with 1, 4-di phenyl
but adi ene. A solution of n-BuLi in hexanes (2.5 M 2.05 niL, 5.13 mol)
was added and.a deep red color formed i'nmedi ately. After stirring for 30
m nutes at roomtenperature, the mxture/®as refluxed for 2 h. The sol vent
was renmoved in vacuo and the solid redissolved in about 20 nL of hot

hexane. Red crystals formed. A small anobunt of hexane was added and the
reaction flask was cooled in a freezer and then filtered through a nedi um
frit. The red CPGRASCATES GRTASAGAGY RCAIFCTCRC CATEICHRGE FTAPASHEP PACARIATERE ufPfrit

funnel , washedgggarydd heralhdadreyar, and dried in vacuo (2.04 g, 76.5
per cent yield). Pol ymeri zati ons The reaction

conditions of Exanples 6D1-5 were substantially repeated excepting t hat
the purified i depINrQRMARION FOR SEQIBIND282: f1 ow of 2500 g/ hr, the

reactor tengerature was 65 [err]C, and the initial ethylene and 1-butene

i xtur e vas. preplt SECHENCREHARACTERISHERY, (orry i) or 0 7 0"
(n-BuCp)[err]Zrdferr], 2.45 _
(A) LENGTH: 76 base pairs

10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

15
{xi) SEQUENCE DESCRIPTION: SEQID NO: 22:

GCATGCCGTC GACCTTGGTG CCTTGACCGA ATGTGTTCGG GRACTTATAC GACTGITGAC 60
AGTAATACGT CGCGAT 76

@ @ lNFORMATION‘FOR SEQ D NO: 23:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 70 base pairs
_(B) TYPE: nucleic acid
(C) S;FRANDEDNESS: single
30

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:

35



g of phenylsilane nodified silica supported dinethylanilinium4-(4'-
hydroxyphenyl)phenyl)tr|s(pentafluorophenyl)borate prepared according to
preparation 3C6, and 1 nmmol TIBA in 400 nL of hexane in the dry box and
placing the mixture in a IL bonb. The

- 33- WD 97/ 19959

PCT/ US96/ 17140 contents were then trgﬂiferred under nitrogen to the
stirred catal yst vessel and diluted to W th | sopent ane. The cat al yst
m xture was slowy added to the reactor froma continuously stirred

catal yst tank. The ethylene and 1-butene flows were then increnentally

changed. A secol( t %!%f S pﬁ&g

manner as above ggscsrrléb gh(f%? é&g%sata vesse Were Is&\;e\?(?&h 00 back
and forth everGCBSERE di%ri ng the 34 hour polyrrerl zatlon During the

pol ynmeri zation the netal |l ocene catal yst precursor was changed to bis(n-

(2) INFORMATION FOR SEQ ID NO: 24:

’ - (i) SEQUENCE CHARACTEBISTICS:
(A) LENGTH: 79 base pairs
10 (B) T"(PE: nucieic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
® (xi) SEQUENCE DESCRIPTION: SEQ D NO: 24:
GACAGAATTC AGGTéCTGGA CACGACGGAC ATGGAGGACC ATACTTCGAC TCAACTCTCT 60
TGTCCACCTT GGTGTTGCT 79 ’
20
(2) INFORMATION FOR SEQ ID NO: 25:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 68 base. pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: smgle
30

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:



but yl.cycl opent adi enyl ) zi rconium (11) (1, 4-di phenyl but adi ene), (n-

BuCp)[err] Zr (PhCH=CHCH=CHPh). Results are shown in Tabl e 4.

Table 4 Run Cat . H err] CerrJHerr] Kg PE 12 Mv MW Mh
Density (Jerr]Herr] Bulk [err] g/ hr g/ hr g Ti

dg/ mn x10[err] ([err])g/cc not8®- g/cc 6D6 Zr(lV)[err]

0. 15 100 0.61 0.306 0. 9389 6D7 Zr(l1V) 0.15
100 0.61 0.325 0. 9359 6D8 ZzZr{lIV) 0.15 100 0.61
. 638 0. 9304 6D9 zZr(lV) 0.15 100 0.61 2. 099
.9285 1.54  BCIEBAATTC CTHGSTGEAQ CMPCAGRCIT CCTGMIrCCG (RO3AAGCCRAARNRACACHY

.098 0.9305 &ﬁ%%*CTO‘§7 6D11 Zr(1V) 0.075 172 1.00 5.24

. 075 2.1 0. 5 2./79 0.36 6D12 Zr(ll)[err] 0.075 172 0. 80
.57 0.076 2.073 0.9230 2.86. 0.35 6D13 Zr(I11) 0.075 172

.80  3.085 0. (2BINFORMATION FOR SEQD NO: 26: 6D14 zZr(I11) 0.075

25 0.81 2.058 0.092 2.197 0.9126 4.82 0.34

bi s(n-but yl &m opent adi enyl ) zi rconi um di chl ori de

bi s(n-butyl cycl o LbE&CEzCPMBAQ'ﬁEBlSﬂGSDhenyI but adi ene) Exanpl e 7

B Preparation of triisobutylalum numtreated phenylsilane nodified

—
stitca (A) LENGTH: 51 base pairs

OR~hOMNOPR

10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

15 _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

CAGGCTGTCG ACTCGAGGCT GACCTTTGGC TTTGGAGATG GITTICTCGA T 51
20 (2) INFORMATION FOR SEQ ID NO: 27:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 base pairs

25

(B) TYPE: nucleic acid

(C) STRANDEDNESS: ' single
30 (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

GTAAGCGTCG ACTCGAGAGC CACAGGTGTA CACCCTGC 38
35



B 1. Phenylsilane nodified silica was prepared substantially according to
the procedure of Exanple 1B excepting the silica was Sylopol[err] 2212
si)ica and the cal cining tenperature was 400[err]C. A heptane (200 m)
slurry of this phenylsilane nodified silica (10 g). was treated with
TIBA (20 M, 1Min toluene) at roomterrpg]ff\ture The resulting m xture was
‘agitated |n a shaker for 12 h and was theh filtered, washed with pentane (3
X 50 M), and dried in vacuo. Yield: 11.3g. DRRFTS IR v (Si-H 2170
cnferr] (m. [err]Si CPMAS. d -24 ppm B2. The above

reaction condi t(@ﬂNF@RMIﬁH@N FOR S8EQID Ngpgged excepting that the
.silica (Sylopol 2212) was calcined at 800 [err]C

- 34-
(i) SEQUENCE CHARACTERISTICS:

5 (A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
10 (D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:
15 CGCTAGCGGC CGCTCATTTA CCCAGAGACA GGGAGAGGCT 40

(2) INFORMATION FOR SEQ ID NO: 29:

() SEQUENCE CHARACTERISTICS:

“ (A) LENGTH: 196 base pairs
(B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:
30 '

AGTGCGCTGC AGCCGCCACC ATGGGAi'GGA GCTGTATCAT CCTCTTCTTG GTAGCAACAG 60
CTACAGGTGT CCACTCCGAC ATCCAGATGA CACAGTICTICC AAGTTCCCTG TCTGCATCTG 120
TCGGAGATCG GGTCACAATC GAATGTCTAG CAAGTGAGGG CATTTCCAGT TATTTAGCGT 180

GGTATCAGCA GAAGCC 196
35



WO 97/ 19959 ,

'PCT/ US96/ 17140 B3. The above reaction conditions were
substantially repeated excepting that the silica (Sylopol[err] 2212) was
calcined at 500 [err]C. B4. The above reaction
conditions were substantially repeated gge@apting that the silica
(Sylopol[err] 2212) was cal cined at 300 [err]C. C. Preparati on of
triisobutylal um numt reat ed, phenylsilane nodified silica-supported

N, N-di net hyl anilinium 8 - hydr oxyphenyl ) phenyl ) tri spent af | uor ophenyl
borate - (2) INFORMATION FOR SEQID Né 8

[PhMe[err]NH [err][(Cerr]Flerr])[err]B(Cerr]Herr]-Cerr]Herr]

-p-O Si PhH OSi) | di et hylether (200 m) slurry of
the TIBA modi 1 i) SHOMENCEGHARAGTERISTES) ves t 1 eated vi th

[PhIVE[err]NH]((C[err]F[err])[err]B(C[err]H[err] C[err]H[err] p-OH)] (3.01
3.75 t t d t h Th | uti
tagr SO AENSPAE S48 gy 000 2o The ol on

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
10 '
(D) TOPOLOGY: linear .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:
16  ACCTTGGTAC CTTGTCCAAA CGTGTTCGGA AACTTGTAAC TCTGTTGACA GTAATAATCT 60
CCTTCATCTT -CAGGTTGCAG GCTGGAGATC TTAAACGTGA AATCTGTGCC GGATCCACTG 120

CCACTGAACC GTGATGGGAC CCCAGTTTGC AAGCTATTTG CACCATAGAT CAGGAGTTTA 180
GGAGCTTTCC CTGGCTTCTG CTGATACCAC GCT 213

20  (2) INFORMATION FOR SEQ ID NO: 31:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 190 base pairs

25 -

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear

(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 31:

GAACACGTTT GGACAAGGTA CCAAGGTCGA CATCAAACGG ACTGTGGCTG CACCATCTGT 60
35 CTTCATCTTC CCGCCATCTG ATGAGCAGTT GAAATCTGGA ACTGCCTCTG TTGTGTGCCT 120



resulting white solid was filtered off, washed with ether (3 x 50 nl) and
ﬁqntane (3 x 10 M), and dried in vacuo. Yield: 11.25 g. |ICP boron
content: 0.244 wt percent. C2. The preparation of Cl
was substantially shortened (2-3 hours reaction tinme) wusing hot toluene in
pl ace of diethyl ether. -83-c3. The preparation of Cl was
substantially repeated using the triisobutylalumnumtreated phenylsilane
nodi fied silica of 7B4. D. Et hyl ene honopol yneri zati ons

D1. A2 liter autoclave reactor was evacuated at 75[ er r..9Q.mn. prd.or
Lo use. A ' supriTBtiv, REREE%c SRoAGACRHs MRl e bt et Ak ddBa 400
mmole; 0.1 nl; Zrceedtaanc 19 uene), heptane (-500 m) and

bi s(n-butyl cycl opent adi enyl )zirconiumdichloride ([err]BuCp)[err]zZrderr]

0o, o2 BN SEATEBO BNt e o e

(4- (& - hydr gxyphenyl ) phenyl )-tris(pentafl uorophenyl)borate of 7Cl1L (7 ny;

1.58 mmol ). The ﬁtéé&}E%étéﬁR%Téﬁﬁlf&r ed into the preheated reactor

Vi a

(A) LENGTH: 207 base pairs
10 (B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLCGY: linear

15
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

GTCAGAATTC TAACACTCTC CCCTGTTGAA GCTICTTTGTG ACGGGCGAGC TCAGGCCCTG 60
ATGGGTGACT TCGCAGGCGT AGACTTTGTG TTTCTCGTAG TCTGCTTTGC TCAGCGTCAG 120

20 GGTGCTGCTG AGGCTGTAGG TGCTGICCTT GCTGTCCTGC TCTGTGACAC TCTCCTGGGA 180
GITACCCGAT TGGAGGGCGT TATCCAC 207

(2) INFORMATION FOR SEQ ID NO: 33:
25 () SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
30
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33



vacuum | i ne. Ethylene was quickly admtted to 180 psi (1.2 Ma), and the
r.eact'Qr‘ was nmaintained at 75[err]C via a recircul ating water bath.
Et hyl ene was fed on denand via a nass flow

-35- . WD 97/ 19959
PCT/ US96/ 17140 controller. Polymer y'@ |d: 180 g (1 hr). Merr] =
169,000, Merr]/Merr] = 2.11. Productivity: 8.0 x 10[err] g- PE/ g-Zr h.

D2. The reaction conditions of 7Dl were substantially repeated excepting
t hat

- GCATGCGTCG ACGTCAAACG GACTGTGGCT GC 32
- (2) INFORMATION FOR SEQ ID NO: 34:
5 ()] SEQUENCE CHARACTERISTICS:
(A) LENGTH: 111 base pairs .
(B) TYPE: nucleic acid
° (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
15  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:

GATCAAGCTT GAATTCTAAC ACTCTCCTCT GTTGAAGCTC TTCGTGACIG GCGAGCTCAG 60
GCCTTGATGA GTGACTTCGC AGGCGTAGAC TTTGTGTITC TCGTAGICIG C 111

20 (2) INFORMATION FOR SEQ ID NO: 35:
() SEQUENCE CHARACTERISTICS:

(A) LENGTH: 117 base pairs

25
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

30 (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQID NO: 35:

GAGTCAGTCC AAGCTTGAAT TCTAACACTC TCCTCTGTTG AAGCTCTTCG TGACTGGCGA 60
35 GCTCAGGCCT TGATGAGTGA CTTCGCAGGC GTAGACTTTG TGTTTCTCGT AGTCTGC 117



the tethered borate support was phenylsilane nodified silica supported
anilifjium (4-(4'- hydr oxyphenyl ) phenyl ) tri s(pent af | uor o- phenyl ) bor at e
(®yl opol [err] 2212 silica, 500[err]C cal ci ning tenperature (7B3)). The
guantities of reagents used vvere ([err]Bqu)[err]ZrCI[err] (0.2 ny,

0. 494mmol ), TI BA (100 nmmol e; _Min toluene), and tethered
borate (12 ng; 1.97 mol). Pol yrrer y| eI ?"204°g (1 hr). Merr] = 184, 000,
Merr]/Merr] = 2.38. Productivity: 4.5 x 10[err] g PE/ g-Zr h.

D3. The reaction conditions of 7D | were substantially repeated excepting
that  the tet{@INFORMATIONFOR SEGRID N®!36;si | ane nodified silica
supported anilinium (4- hydr oxyphenyl)tris(pentafl uoro-phenyl)borate
(Syl opol [err] 2212 silica 800[err]C cal cining tenperature (7B2)). The
quantities of reager(i)}SEQUENBECHARACTEBRISTICSr]ZrC[err] (0.2 ny,

0. 494l ), TI BA (100 mmle 0.1 mM; 1.0 Min toluene), and tethered
borate (13.5 ny; 2.16 mmol ). ymer yield: 208 g (1 hr). Merr] =

156, 000, M &rr]/ M efA}) LE G’H Pn)elamlnnagtdm 6 x 10[err] g-PE/ g-Zr-h.

D4. A2 liter autoclave reactor was evacuated at 80[err]C for 90 mn prior
to use. TI BA (35 0.35 m; ., 0 Min toluene) was added to heptane
(-500 M) and the SEBWJ?E amipg:agi vmth

(t-butyl am do) di net hyl - (tetranet hyI [err]-cycl opent adi enyl )sil ane-titanium
di chl ori de (0.5 ) Qﬁﬁhg@) wed by the addition of the tethered
borate of 7Cl1 (40 n'gB g i e catal yst m xture was transferred
into the pl@heated reactor via vacuum|ines. Ethylene was

(i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:

Met Gly Trp Ser Cys Ile Ile Leu Phe lLeu Val Ala Thr Ala Thr Gly
15 -1 -10 -5
Val His Ser Gln Val Lys Leu Val Gln Ala Gly Gly Gly Val Val Gln
1 ' 5 10
Pro Gly Arg Ser Leu Arg Leu Ser Cys Ile Val Ser Gly Leu Ser Leu
| 15 - 20 25
20 Thr Ser Asn Ser Val Asn Trp Ile Arg Gln Ala Pro Gly Lys Gly Leu
30 35 40 45
Glu Trp Val Ala Leu Ile Trp Ser Asn Gly Asp Thr Asp Tyr Asn Ser
~ 50 85 60
Ala Ile Lys Ser Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Ser Thr
25 . 65 | 70 75
Leu l‘y:.!&et Gln Met Asn Ser Leu Arg Thr Glu Asp Thr Ala Val Tyx
_ao' 85 90
Plie Cys'Ala Arg Glu Tyr Tyr Gly Tyr Phe Asp Tyr Trp Gly Gln Gly
85 100 105
30 val Ieu Val Thr Val Ser Ser
110 115

(2) INFORMATION FOR SEQ ID NO: 37:



quickly admtted to 200 psi (1.4 Ma) and the reactor was maintained at
80[err{C via a recirculating wat er bath. Ethylene was fed on demand via
a mass flow controller. Polyner yield: 67.7 g (I hr). Mv = 3.22 X
10{err], MW M1 = 2.96. Productivity: 1.0 x 10[err] g-PE/g Ti.h

. D5. The reaction conditions of 7D4) were substantially repeated using the
met al | ocene et hyl enebi s(i ndenyl ) zi r coni un@&i-chl ori de and the

triisobutylal um numtreated, phenyl sil ane nodified silica supported
borate of 7C3. The reagents were: (EBlI)zZrCl[err] (0.13 nyg, 0.319 mmol ),

TIBA (100 mmol e; 0: 1 ,MaeAr Snle 1 BA treated, phenylsilane
nodi fied, silica supétmumwm@ﬂﬁ%; 1.54 mol).
Polymer[err] yield: 170 g (1 hr). Merr] = 130,000 Merr]/Merr] =

2.63. Productivity: eaP| ENETR! 1168 Biriflodcidls

5 (B) TYPE:' amino acid
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: protein
10
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:

Met Gly Trp Ser Cys Ile Ile lLeu Phe lLeu Val Ala Thr Ala Thr Gly
=15 -10 =5

Val His Ser Asp lle Gln Met Thr Gln Ser Pro Ser Ser lLeu Ser Val
15 1 5 10

Ser Val Gly Asp Arg Val Thr Ile Thr Cys Leu 2la Ser Glu Gly Ile,

15 ' 20 25

Ser Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Leu Ala Pro Lys

30 .35 40 45
20‘ Leu Leu Ile Tyr Gly Ala Asn Ser Leu Gln Thr Gly Val Pro Ser Arg

50 55 60
Phe Ser Gly Ser Gly Ser Ala Thr Asp Phe Thr Leu Thr Ile Ser Sex
65 70 75

Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr lys
25 80 85 90

Phe Pro Asn Thr P_he Gly Gln Gly Thr Lys Val Asp Val Lys Arg

T 85 - 100 105

(2) INFORMATION FOR SEQ ID NO: 38:
30
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 42 base pairs



CLAI M5: 1. A support for use in preparing supported
catalysts for addition polynerizations conprising the 5 reaction product

of*. (A) an inorganic oxide material conprising a solid nmatrix

having a surface area of 10 to 1000 nferr]/g (as determ ned by ni trogen
porosinmetry using the B.E. T. nethod) and&gtected from porous silicas,
al um nas, alum nosilicates, alumno- 10 phosphates, clays, titanias, and
m xtures thereof, having reactive silane functionalized derivatives of
hydr oxyl gr oups (%n the surface thereof, said reactive silane

) TYPE: nucleic acid
(C) STRANDEDNESS: single
5 (D) TOPOLOGY: lingar
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:

GATCTCTGCG ACTGAGTTGC ATCGCATCTG GGTTCACATT CT 42

° (2) INFORMATION FOR SEQ ID NO: 39:
(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 42 base pairs
(B) TYI5E: nucleic acid
(C) STRANDEDNESS: single
20

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39:
25 CTAGAGAATG TGAACCCAGA TGCGATGCAA CTCAGTCGCA GA 42
(2) INFORMATION FOR SEQ ID NO: 40:
() SEQUENCE CHARACTERISTICS:
¥ (A) LENGTH: 116 amino acids
(8) TYPE: amino acid -

'35 ' (D) TOPOLOGY: linear



functionalized derivatives corresponding to the fornmula: -
I ndependently each occurrence,

wherein R
hydr ocar byl ,
nmol . of

hydr oxyl

activator conpound conpri sing:

of
active

t he 25

conpati ble anio
to Claim1l, whe

10

15

20

25

30

reacting with a 20
transition netal
ani on containin
silane function

& Mol EEULERYPEs,

i norgani c oxide material, thereby covalently bonding the

e ENCEHESCRIPTION: SEQID NO: 40: >+ A SuPport according

transition netal
conpl ex,

Is 15 hydrogen or
sai d i norganic oxide nmateri al
resi dual

OSi R2H,
Cerr]
conprising less than 1.0

functionality per gram and (B) an

-8®terr]) a cation which is capable

and

conpound to forma catal ytically
b[err]) a conpatible

substituent able to react wth the
preteidf- hydroxyl groups on the surface of

Met Gly Trp Ser Cys lIle lIle Leu Phe lLeu Val Ala

val

Pro

Ser

30
Glu

- Phe

val
110

His
Gly

15
Se:_:

Trp
Ile
Tyr
Cys

95
Leu

. =185
Ser Gln Val Lys
b
Axg Ser Leu Arg

Asn Ser Val Asn
35
val Ala Leu Ile
50
Lys Ser Arg Phe
65

Met Gln Met Asn
80

Ala Arg Glu Tyrx

Vval Thr Val Ser
118

~10

Leu Val Gln Ala Gly Gly

Leu

20
Trp

Txp
Thr

Ser

Tyx

100

Ser

S
Ser Cys Ile Ala Ser
' 25
Ile Arg Gln Ala Erts
40
Ser Asn Gly Asp Thr
55
Ile Ser Arg Asp Asn
70 _
Leu Arg Thr Glu Asp
8%
Gly Tyr Phe Asp Tyr
105

(2) INFORMATION FOR SEQ ID NO: 41:

() SEQUENCE CHARACTERISTICS:

(A) LENGTH: 108 amino acids

(B) TYPE: amino acid

(D) TOPOLOGY: linear

(i) MOLECULE TYPE: protein

Thr Ala Thr
=5

Gly Val val

10

Gly Phe Thr

Gly Lys Gly

Asp Tyr Asn
60
Ser Lys Ser
75
Thr Ala Val
90
Trp Gly Gln

Gly

Gln

Phe

Leu

45

Ser

Thr

Tyr

Gly



support ‘material conprises silica. 3. A support

according to Caim1l or daim2, wherei n the residual hydroxyl
fumctionality is less than 0.8 | nmol / g. 5 4. A support
according to Caim3, wherein the resi dual hydroxyl functionality is
| ess than 0.5 nmmol /g. '-89-

10

15

20

25

. 30

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-15 -10 -5
Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Val
1l 5 10
Ser Val Gly Asp Arg Val Thr Ile Thr Cys Leu Ala Ser Glu Gly Ile
15 20 25
Ser Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Leu Ala Pro Lys
30 35 ' 40 45
Leu Leu Ile Tyr Gly Ala Asn Ser Leu Gla Thr Gly Val Pro Ser Arg
50 . 85 60
Phe Ser Gly Ser Gly Ser Ala Thr Asp Phe Thr Leu Thr Ile Ser Ser
65 70 : 75
Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Lys
80 85 80
Phe Pro Asn Thr Phe Gly Gln Gly Thr Lys Val Asp Val Lys Arg .
95 100 | 108

(2) INFORMATION FOR SEQ ID NO: 42:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 95 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42

GCAGCTGCAG CCGCCACCAT GGGCTGGAGC TGTATCATCC TCTTCTTAGT AGCAACAGCT 60
ACAGGTGTCC ACTCCGAGGT CCAGCTGCTA GAGTC 95



5. A support according to any one of the precedi ng cl ai ns, wherein the
activator conpound is present 10 in an anount of 0.001 to 10 nmmol per gram

of inorganic -oxi de. 6. A support according to Claim
5, wherein said anount of activator conpound is 0.01 to 1 muol per
gram of 15 inorganic oxide. 7. A support according to
any one of the precedi ng cl ai s, Wné?(g'n the surface area is 100 to 600
mMerr]/g and the pore volunme is 0.2 to 2 cnferr]/g. 20 . .

8. A support according to any one of the preceding clains additionally

| fﬁgp][ i)fimrjllgaagl %EWWAWO'Q FOR SEQNIDMNOPys2al um num c;orrpound according to |
(i) SEQUENCE ICHARAC.TERISTICS:
5 (A) LENGTH: 108 base pairs
- (B) TYPE: nucleic acid |
(C) STRANDEDNESS: single
° (D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTIQN: SEQ ID NO: 43:

15 AGACGAATTC ACTAGTTAAT GATAACCCAG AGACTGCGCA ACTCAGTCGC AGAGATCCTC 60
CTGGCTGTAC GAGGCCACCT CCAGACTCTA GCAGCTGGAC CTCGGAGT 108°

(2) INFORMATION FOR SEQ ID NO: 44
20 () SEQUENCE CHARACTERISTICS:
(A) LENGTH: 103 base pairs |
(B) TYPE: nucleic acid
25
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
30  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44:

AAGCGATCTA GAAATGACTC GAAGAACACC CTATACCTAC AGATGAACGG TCTGCAAGCT 60
GAAGTAAGTG CAATCTACTT CTGTGCTCGT GAGTACTATG GAT 103

35 (2) INFORMATION FOR SEQ ID NO: 45:



\Ahefei-n_ Ris (err] hydrocarbyl or hydrocarbyloxy. 25 _ 9.
support .according to any one of the precedi ng clainms, wherein the
activator conponent is a salt of the fornul a: [err]

wherein Jerr] is the cationic remmant of a Bronsted acid salt, an

oxi dizing cation, a carboniumion or a -gHlyliumion;

10

15

20

25

30

() SEQUENCE CHARACTERISTICS:
(A) L-ENGT.H:- 93 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESé: single
(D) TOPOLQGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45:

ACGAGAAGCT TCATGTCGAC GCTGAGGAGA CTGTGACTAG CGTACCTTGA CCCCAATAGT 60
CGAAATATCC ATAGTACTCA CGAGCACAGA AGT 93

(2) INFORMATION FOR SEQ ID NO: 46:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 116 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-15 -10 -5
Val His Ser Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln
1 | 5 10
Pro Gly Gly Ser lLeu Arg Leu Ser Cys Ala Val Ser Gly lLeu Ser Leu
15 20 25

A



[DM err]]- is a noncoordinating, conpatible anion, 5 Dis a

Iinkfng group conprising functionality capabl e of reaction wth the
i norgani c oxide matrix, with . residual hydroxyl functionality thereof,
or wiith reactive silane functional groups thereof, M is
boron or alum numin an oxidation state of 10 3; . Qis a
hydr ocar byl -, hydrocar byl oxy-, fluorinat® 2- hydr ocar byl -, fl uorinated
hydr ocar byl oxy-, or fluorinated silyl hydrocar byl group of up to 20
non- hydrogen atons, and _ e is an integer from1l to 3. 15
10. A support ﬂ?rc.ggg IA@% éeq: %P IATngfzpvwgfé ?\':2 glnI ila Pro.Gly Lys Gly Leu
30 ' 35 a0 45
Glu Trp Val Ala Leu Ile Trp Ser Asn Gly Asp Thr Asp Tyr Asn Ser
50 55 60
5 ala Ile Lys Ser Arg Phe Thr Ile Ser Arg Asn Asp Ser Lys Asn Thr
65 70 75
Leu Tyr Leu Gln Met Asn Gly Leu Gln Ala Glu Val Ser Ala Ile Tyr
80 85 90
Phe Cys Ala Arg Glu Tyr Tyr Gly Tyr Phe Asp Tyr Trp Gly Gln Gly
10 95 100 105 :
Thr Leu Val Thr Val Ser Ser
110 115

(2) INFORMATION FOR SEQ ID NO: 47:

15 S
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 108 amino acids
20 (B) TYPE: * amino acid
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: protein
25 , :
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47:
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val: Ala Thr Ala Thr Gly
-15 -10 -5
. Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Val
30 1 5 10
Ser Val Gly Asp Arg Val Thr Ile Thr Cys lLeu Ala Ser Glu Gly Ile
15 20 ' 25

Ser Ser Tyr leu Ala Trp Tyr Gln Gln Lys Pro Gly leu Ala Pro Lys
30 35 40 45



11. _A support according to Caim9 or Caim10, 20 wherein Dis selected

from p- hydr oxyphenyl, 4-hydroxybenzyl, 6- hydr oxy- 2- napht hyl ,

4- (4' + hydr oxyphenyl ) phenyl, 4-((4'- hydr oxyphenyl)

di,met hyl net hyl ene) phenyl, and fluori nated derivatives thereof. 25
12. A support according to any one of Clains 9 to 11, wherein Jerr]
Is a Bronsted acidic cation selected fraom trial kyl -substituted

anmoni um cati ons, N, N-di al kyl ani li ni um-94- cations, dial kyl anmoni um
cations, triaryl phosphonium .

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49:

§ CTAGAAGCTT ACTAGTTAAT GATAACCCAG ATGCGATGCA ACTCAGTCGC AGAGATCTIC 60
CTGGCTGTAC GACGCCACCT CCAGCTTGTA CCAGTTTGAC CTGGGAGT 108

(2) INFORMATION FOR SEQ ID NO: 50:
10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 90 base pairs
(B) TYPE: nucleic acid
*° (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

20 (xi) SEQUENCE DESCRIPTION: SEQ D NO: 50:

GGACGAATTC ACTAGTAATG GTATGCACTG GGTACGGCAA GCACCTGGCA AGGGTCTGGA 60
GTGGGTTGCA GTAATATGGA GTAATGGATC 90

25 (2) INFORMATION FOR SEQ ID NO: 51:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 85 base pairs
30
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

35 (D) TOPOLOQGY: linear



cations, diethyloxonium dinethylsul phonium diethyl- sul phoni um and

di phenyl sul phoni um 13 . A support according to Caim?9,
whereien: 5 M is boron; and oo - Qis

pent af ['uor ophenyl . 14. A support according to Caim 13,
wherein the anion of the activator is selected from10 tris

(pent af | uor ophenyl) (4 -hydroxyphenyl) bgorate, tris

(pent af | uor ophenyl ) (4- hydr oxyt et rafl uor® ﬁény) bor at e,
tris-(2,4-difluorophenyl) (4-hydroxyphenyl) borate, tris -(3,5 -

di f |1 uorophenyl ) (4-hydxoxyhenyl) borate,
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51:

ACTGCTCTAG AGATTGTGAA TCGTCCTTTG ACTGAGTCAC CATAGTATGT TCGTGATCCA 60
TTACTCCATA TTACTGCAAC CCACT 85

° (2) INFORMATION FOR SEQ ID NO: 52:
(i) SEQUENCE CHARACTERISTICS:
10 (A) LENGTH: 95 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
15

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52:

20 CGTACTCTAG AGACAATTCG AAGCGCACCC TATACATGCA GATGAACAGT CTGAGAACTG 60
AAGATACTGC TGTCTACTAC TGTGCTCGTG AGTAC 85 |

(2) INFORMATION FOR SEQ ID NO: 53:
25 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 100 base pairs
(B) TYPE: nucleic acid -
30
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53:



tris - (3,5 -di-trifluoronethyphenyl) (4(-hydroxyphenyl) borate, 15 tris

(pent af | uor ophenyl ) (2-hydroxyethyl) borate, tris (pentafl uorophenyl))
(4 -hydroxybutyl) borate, tris (pentafluorohenyl) (4

-hydr.oxycycl ohexyl) borate, . tris(pentafl uorophenyl) _

(4- hydr oxy- 2, 6-di net hyl phenyl ) bor at e, tris (pentafluorophenyl) (3,5

- di et hyl - 4- hydr oxyphenyl ) borate, 20 tris (pentafluorophenyl) 4- (4
- hydr oxyphenyl ) phenyl bor at e, : t rl'gs('pent af | uor ophenyl ) 4- (4

- hydroxy-2' ,6' -dinethyl phenyl) - phenyl borate, and
tris(pentafl uorophenyl) (6-hydroxy-2-naphthyl)borate. 25

ACGAGAAGCT TCATGTCGAC GCTGAGGAGA CTGTGACTAG GACACCTTGA CCCCAATAGT 60
CGAAATATCC ATAGTACTCA CGAGCACAGT AGTAGACAGC 100

(2) INFORMATION FOR SEQ ID NO: 54:

° 0] SEQUENbE CHARACTERISTICS:
(A) LENGTH: 153 base pairs
10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear |
15

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54:

GCGATAGGTC ACCATCACAT GTCAAGCAAG TGAGGGCATC TCCAGTTACT TAAACTGGTA 60
TCAGCAGAAG CCCGGGCTAG CTCCTAAGCT CCTGATCTAT GGTGCGAATA CCAGGGAGGC 120
20 TGGAGTACCA TCAAGATTCA GTGGCTCAGG CTC 153

(2) INFORMATION FOR SEQ ID NO: 55:

(i) SEQUENCE CHARACTERISTICS:

25 , :
(A) LENGTH: 150 base pairs
(B) TYPE: nucleic acid

30 (C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55:
35



15. _A supported catal yst conprising a support as defined in Caim1l
and (¢) a transition netal conpound containing at |east one
[err]-bonded anionic |igand group and a substituent capable of reacting
with the activator compound . 5 to thereby forma catalytically active
transition netal g7

ACAGTCGTCG ACCTTGGTGC CTTGACCGAA TGTGITCGGG AACTTATACG ACTGTITGACA 60
GTRATACGTC GCGATATCYIT CAGGCTGTIAG GCTGGAGATC GTGAGCGTGA AGTCTGTACC 120
GGAGCCTGAG CCACTGAATC TTGATGGTAC 150

5 (2) INFORMATION FOR SEQ ID NO: 56:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 117 amino acids
10 o :
(B) TYPE: amino acid

(D) TOPOLOGY: linear
15 (i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56:

Met Gly Trp Sexr Cys lIle Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
‘=15 -10 -5
20 val His Ser Gln Val Lys Leu Val Gln Ala Gly Gly Gly Val Val Gln
1 5 10
Pro Gly Arg Ser Leu Arg Leu Ser Cys Ile Ala Ser Gly Leu Ser Leu
15 ' ; 20 25
Thr Ser Asn Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
25 30 35 40 45
Glu Trp Val Ala Val Ile Trp Ser Asn Gly Ser Arg Thr Tyr Tyr Gly
50 55 . 60
Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp'Asn Ser Lys Arg
65 70 75
30 Thr Leu Tyr Met Gln Met Asn Ser Leu Arg Thr Glu Asp Thr Ala Val
80 85 80
Tyr Tyr Cys Ala Arg Glu Tyr Tyr Gly Tyr Phe Asp Tyr Trp Gly Gln
85 100 105



conmpl ex.’ 16. A supported catal yst according to C aim15,
wherei’n. t he support is as defined in any one of dains 2 to 10 14.

17 A supported catal yst according to Caim15 or Cl aim 16, wherein
the [err]-bonded anionic |Iigand group of the transition netal conpound
(© is a conjugated or 15 nonconjugat ed_,gsycl I c or non-cyclic dienyl

group, an allyl group, arene group, orf a substituted derivative

t her eof .

Gly Val Leu Val Thr Val Ser Ser
110 115

(2) INFORMATION FOR SEQ ID NO: 57:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 108 amino acids
10 (B) TYPE: amino acid
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: protein
15 - |
(xf) SEQUENCE DESCRIPTION: SEQ ID NO: 57:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-15 =10 -5
Val His Ser Asp Ile'Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Val
20 1 5 10
Ser Val Gly Asp Arg Val Thr Ile Thr Cys Gln Ala Ser Glu Gly Ile
is . 20 25
Ser Ser Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly Leu Ala Pro Lys
30 35 40 ' 45
25 1Leu Leu Ile Tyr Gly Ala Asn Thr Arg Glu Ala Gly Val Pro Ser Arg
50 55 60
Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser
65 70 75
Leu Gin Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Lys
30 80 8s 80
Phe Pro Asn Thr Phe Gly Gln Gly Thr Lys Val Asp Val ﬁys Arg
8s : 100 . 105

(2) INFORMATION FOR SEQ ID NO: 58:



18: A supported catalyst according to Caim17, - wherein the

[err] - bonded anionic ligand group is a 20 cyclopentadienyl group or a
sybsti futed derivative thereof. 19. A supported catal yst
according to Claim17 or C1aim18 vvherelnthetran3|t|on metal is
titani um zi rconi um or hafni um 20. A supported
catal yst according to C aim 19, Wne‘r%Qn the transition netal conpound
(C correspond to the - fornmul a:

() SEQUENCE CHARACTERISTICS:
(A) LENGTH: 98 base pairs
5 (B) TYPE: nucleic acid
(C) STRANbED_NESS: single

(D) TOPOLOGY: linear

° (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58:
GCATGACAGT AGATCTCTGC GACTGAGITTG CATCGCATCT GGGTTCACAT TCTCTAGTAA 60
TAG‘I‘GTGA‘AC TGGGTACGGC AAGCACCTGG CAAGGGTC 98
° (2) INFORMATION FOR SEQ ID NO: 59:
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 113 base pairs
(B) TYPE: nucleic aci&
(C) STRANDEDNESS: 'single
25

(D) TOPOLOGY: linear
() SEQUENCE DESCRIPTION: SEQ ID NO: 59:

30 ~ ACGATCACTC TAGAGATTGT GAATCGAGAT TTGATAGCTG AATTATAATC TGTGTCTCCA 60
TTACTCCATA TTAGTGCAAC CCACTCCAGA CCCTTGCCAG GTGCTTGCCG TAC 113

(2) INFORMATION FOR SEQ ID NO: 60:

35 (i) SEQUENCE CHARACTERISTICS:



[err] , wher ei n:

-100-

(A) LENGTH: 91 base pairs
(B) TYPE: nucleic acid
5 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60:-
10 '

GCATGGACGT CTAGAGACAA TTCGAAGAGA ACCCTATACA TGCAGATGAA CAGTCTGAGA 60
ACTGAAGATA CTGCAGTCTA CTACTGTGCT C 91 '

(2) INFORMATION FOR SEQ ID NO: 61:

© () SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 base pairs

20 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

25

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61:

CAAGTCGACG ACAAGCTTGY CGACGCTGAG GAGACTGTGA CTAGGACACC TTGACCCCAR 60

TAGTCGRAAT ATCCATAGTA CTCACGAGCA CAGTAGTAGA CTGCAGTATC TTCAGTTCTC 120
30

(2) INFORMATION FOR SEQ ID NO: 62:

(i) SEQUENCE CHARACTERISTICS:

35 (A) LENGTH: 28 base pairs



Mis titanium zirconiumor hafnium in the +2 or +4 formal oxidation
state,, 5 Rlerr] in each occurrence independently is selected from
hydr ogen, hydrocarbyl, silyl, gernyl, cyano, halo and conbi nati ons
thereof, said R err] having up to 20 non-hydrogen atons, or adjacent
Rlerr] groups together forma divalent derivative thereby formng a
fused ring system and 10 X! |ndepgndently each occurrence is an

ani oni c |igand group of up to 40 non- hydrogen atons, or two X' ' groups
together forma divalent anionic ligand group of up to 40 non- hydr ogen
atons or together afB)J¥RE} ugnicleicdaside having from4 to 30

non- hydrogen atons formng a [err]-conplex with M 15 whereupon Mis in
the +2 formal oxidation state;

(C) STRANDEDNESS: single
5 (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ: 62:

ACAGTCCGTT TGACGTCGRC CTTGGTGC 28

" (2) INFORMATION FOR SEQ ID NO: 63:
(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 63 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
20 '

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63:

25 AGTGGCTCAG GATCCGGTAC CGACTTCACG TTCACGATCT CCAGCCTACA GCCTGAAGAT 60
ATC €3

(2) INFORMATION FOR SEQ ID NO: 64:
30 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 116 amino acids

(B) TYPE: amino acid
35



E is siliicon or carbon, Rl err] independently each occurrence is
hydrogen or is - . selected fromsilyl, hydrocarbyl, hydrocarbyl oxy and
codtbi nations thereof, said R having up to 30 carbon or 20 silicon atons,
and . xis 1lto 8." 21. A supported catal yst
according to Claim19, wherein the {b@sition metal conpound (C)
correspond to the 25 fornula: - -

(D) TOPOLOGY: linear
(i) MOLECULE TYPE: protein

-5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64:

Met Gly Trp Ser Cys Ile Ile lLeu Phe Leu Val Ala Thr Ala Thr Gly
, -15 -10 -5
Val His Ser Gln Val Lys Leu Val Gln Ala Gly Gly Gly Val val Gln
1 5 10
10 Ppro Gly Arg Ser leu Arg Leu Ser Cys Ile Ala Ser Gly Phe Thr Phe
15 20 25
Ser Ser Asn Ser Val Asn Trp Val Arg Gln Ala Pro Gly Lys Gly leu
30 35 40 45
Glu Trp Val Ala Leu Ile Trp Ser Asn Gly Asp Thr Asp Tyr Asn Ser
15 50 55 60
Ala Ile lys Ser Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Arg Thr
65 , © 70 - 75
Leu Tyr Met Gln Met Asn Ser Leu Arg Thr Glu Asp Thr Ala Val Tyx
80 e 85 90
20 Tyr Cys ala Arg Glu Tyr Tyr Gly Tyr Phe Asp Tyr Trp Gly Gln Gly
1 100 105
Val Leu Val Thx Val Ser Ser
110 115

25 (2) INFORMATION FOR SEQ ID NO: 65:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 108 amino acids
30 : ' '
(B) TYPE: amino acid

(D) TOPOLOGY: linear



[err] wher ei n: Mis titaniumor zirconiumin the +2 or +4
formal *, oxidation state; 5 Rl err] in each occurrence independently
i s selected from hydr ogen, hydrocarbyl, silyl, gernyl, cyano, halo and
conbi nations thereof, said R err] having up to 20 non-hydrogen atons, or
adj acent R err] groups together forma dlxikfnt derivative thereby
formng a fused ring system 10 eac T is a halo, hydrocarbyl,

hydr ocar byl oxy or

(i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQID NO: 65:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
5 -15 ~10 -5
Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser lLeu Ser Val
1 ; 5 : 10
Ser Val Gly Asp Arg Val Thr Ile Thr Cys Leu Ala Ser Glu Gly Ile
15 20 25
10 Ser Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Leu Ala Pro Lys
30 35 40 45
Leu Leu Ile Tyr Gly Ala Asn Ser Leu Gln Thr Gly Val Pro Ser Arg
50 - ' 55 60
. Phe Ser Gly Ser Gly Ser 'GIy Thr Asp Phe Thr Phe Thr Ile Ser Ser
15 65 70 ' 75
Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Lys
80 - 85 90
Phe Pro Asn Thr Phe Gly Gln Gly Thr Lys Val Asp Val Lys Arxg

95 . 100 : 105
20

(2) INFORMATION FOR SEQ ID NO: 66:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66:



silyl .group, said group having up to 20 non-hydrogen atons, or two X'

groups together forma CJerr] conjugated diene; Yis -0, -S,
-NR%* - -PR*-; and Zis SiR[err], CR*[err], SiR*[err]SiRerr]*
CR*[err]CR*[err] 15 or GeRerr],wherein R* independently each occurrence

i s hydrogen or is a group selected frol’ri&gi | yl, hydrocarbyl,

hydr ocar byl oxy and conbi nati ons thereof, "R* having up to 30 carbon
of silicon atons. 20 22. A supported catal yst according to any
one of Clainms 17 to 21 additionally conprising an al unoxane, or a

hydr ocar byl al um gsHBAGEER0 Eﬂgﬁ‘éﬁﬂ{ I a Rerr],
wherein Ris (Jerr] hydrogar yl or@%ggggér %@Fwé %

10

15

20

25

30



23. An addition polynerization process wherein one or nore addition

pol yAeri zabl e nononers are contacted wth a supperted.catalyst aaccording
te any one of Clainms 17 to 22 under addition poI |zat|on condi tions.
5 24. An addition polynerlzatlon pr eMamdto
O aim23 carried out under slurry or gas @gg
condi tions. 10 : A gas B e addItIO
process according to C|a|n124 wher ei n condensed nDnoner or |nert
diluent is present.
WHATI D

1. A monoclonal antibody produced by a
hybridoma having the identifying characteristics of a cell line

deposited under American Type Culture Collection Accession
§ No. ATCC HB 10959.

2. A hybridoma having the identifying
characteristics of a cell line deposited under American Type
Culture Collection Accession No. ATCC HB 10959.

3. A polypeptide comprising a variable region of a
10 monoclonal antibody which has an amino acid sequence
defined by SEQ ID NO: 1 or SEQ ID NO: 2, or a subsequence of
such sequences. '

4. An isolated DNA which comprises from about
12 to 333 bases of a nucleotide sequence defined by SEQ ID
15 NO: 1 or from about 9 to 384 bases of a nucleotide sequence
defined by SEQ ID NO: 2, or is a functional equivalent of such
sequences. '

S. A recombinant vector comprising the DNA of
claim 4.

20 6. A host cell comprising the recombinant vector of
claim 5. ’

7. A method for making a polypeptide comprising
culturing the host cell of claim 6 under conditions in which the
DNA is expressed. '

25 -+ 8. A chimeric or humanized monoclonal antibody
which specifically binds to human interleukin-5 and comprises
CDRs from the heavy and light chain variable regions of the
monoclonal antibody of claim 1.

AR L L R



26. A nethod of preparing a support according to 15 any one of ainms 1 to
14 conpr, si ng reacting; (A) an inorgani ¢ oxide—naterial conprising a
soléd matrix having a surface area.of 10 to 1099;5@16&'!-]25991@3@‘309‘1

deternmi ned by nitrogen porosinetry using the B.E T

sel ected fromporous silicas, alumn 5, al um nosi

al um nophosphat es, clays, titani as, havihg_@3dLnes t he

reactive silane functionalized derivatives of hydr oxyl groups on the
surface thereof, said reactive silane functionalized derivatives
¢orrespondi ng to the formg a:The l&tgnamzed @onoc%hﬁzgnu%ﬂflebf‘ cfaim 80[

| ndependently ea ccurrence, err]
hydrgcar byl , sai ‘i m@s%(ﬂ’&évbfa%ﬂ{%ﬂ hght chaimpyariable regionshan 1.0

mmol of resi dualhaving osqquences defined ortgihninge 'witha@minot Acid residue
20, by SEQ ID NO: 36, 37, 40, 41, 46, 47, 56, 57, 64 or 65.

5 10. DNA which encodes a heavy or light chain
variable region of claim 9.

11. A recombinant vector comprising the DNA of
claim 10. ' |

12. A host cell comprising the recombinant vector
10 of claim 11.

13. A method for making a humanized monoclonal
antibody comprising culturing the host cell of claim 12 under
conditions in which the DNA is expressed. '

14. A pharmaceutical composition comprising a

15 human IL-5 antagonist selected from the group consisting of
the monoclonal antibody of claim 1, a binding composition
which specifically binds to human interleukin-5 comprising a
heavy chain variable region and a light chain variable region
from the monoclonal antibody of claim 1, a single-chain

20 binding protein which specifically binds to human
interleukin-5 comprising CDRs from the light and/or heavy
chain variable regions of the monoclonal antibody of claim 1, a
chimeric monoclonal antibody which specifically binds to |
human interleukin-5 comprising the heavy and light chain

25 variable regions of the monoclonal antibody of claim 1, and a
humanized monoclonal antibody which specifically binds to
human interleukin-5 comprising CDRs from the heavy and
light chain variable regions of the monoclonal antibody of
claim 1; and a physiologically acceptable carrier.

L



(B) an activator conmpound conpri sing: 30 bl ) Ta~cati-on-which-+4-s—
capablwe of reacting with a transition netal ccm'nggéj,_;aQB
catalytically active transition nmetal conpl ex, Eg{ﬁép?aced
b[err]) a conpatible anion containing at |east one %H bI eto
react with the silane functionalized _1%ef| vatives of ps on

the surface of the inorganic oxide material, thereby coval entl y bond| ng

t he

10

15

20

25

15. A method for selecting a human antibody
sequence to be used as a human framework for humanization
of an animal antibody comprising:

(a) comparing the heavy and light chain variable
region sequences of an animal monoclonal antibody that
is to be humanized with optimally-aligned sequences of
the heavy and light chain variable regions of all human
antibodies for which sequence information is available,
thereby determining the percent identities for each of
the compared sequences;

(b) determining the number of ambiguities in each
of such human antibody sequences;

(c) comparing Pin-region spacing of the animal
antibody sequences with (i) that of each of such human
antibody sequences and with (ii) those of other

. antibodies which have known 3-dimensional structures;
and

(d) selecting the human antibody sequence which
has the best combination of:

(i) low number of sequence ambiguities, and

(ii) high percent identities and similar
Pin-region spacing, based on comparison to the
animal antibody sequences.

16. A method for determining which variable
region residues of an animal monoclonal antibody should be
selected for humanization comprising: '

(a) determining potential minimal and maximal
residues of the animal monoclonal antibody, wherein:

I



5 conpatible anion to the support. 27. A nethod of ~

prepartng a support according to any one of d ai ns Thig $hebtH IRepBRcEd
(Ay reacting an inorganic oxide material conprising a soli uw L

by
rom

having a surface area of 10 to 1000 nfierr]/g (as [l
ni trogen porosinmetry using the B.E T. ms;t.ll‘@ ) and sel ec

silicas, alum nas, alum nosilicates, al'um nophosphat es, cl ays,

titanias, having m xtures thereof, with a silane or chlorosilane

functionalizing agent to form15 reactive silane functionalized

derivatives of hydroxyl g(l?@ﬁ:homihm&%‘smﬁst tempeise €DRl reactive

silane . functionalize di_n e, fo

OSiRerr]H wherein R in %ﬁﬁt?%ﬁa@ﬁ“%c%&& g'ehﬁ’lrteg t{’ £%‘?’6gen or
- 20 , Cerr] hyd botient dhe cCDR: stmectuzal doeps,haodoxy|

(ii) such maximal residues comprisc Kabat
5 CDRs plus CDR structural loops plus residues
~ required to support and/or orient the CDR
structural loops plus residues which fall within
about 10 A of a CDR structural loop and possess a
‘water solvent accessible surface of about 5 A2 or
10 greater;

(b) performing computer modeling of:

(i) a sequence of an animal monoclonal
antibody which is to be humanized,

(ii) a human antibody framework sequence,
15 . ~and

(iii) all possible recombinant antibodies
comprising the human antibody framework
sequence into which the minimal and maximal
residues of step (a) have been inserted,

20 which computer modeling is performed using
software suitable for protein modeling and
structural information from a structurally-
characterized antibody that has a sequence most
nearly identical to that of the selected human

25 ‘ antibody framework sequence;

(c) comparing results obtained in the computer
modeling of step (b); and

L



functionality per gramof said inorganic oxide material to an anount

| gss than 1.0 mol, and (B) reacting said silane functionalized
material with an activator conpound conpri sing: 25 b[err]) a
cation which is capable of reacting with a transition netal conpound
to forma catalytically active tranch%on metal conpl ex, and

b2) a conpatible anion containing at ‘| eaSt substi tuent which
reacts with said silane functionalized 30 surface derivatives thereby
coval ently bonding the conpati bl e anion to the support.

(d) selecting the minimal or maximal residues
which produce a recombinant antibody having a

computer-modeled structure closest to that of the animal
monoclonal antibody.
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