ANTI BODI ES DI RECTED TO ANG OPO ETI N-1 AND

ANG OPO ETI N-2 AND USES THEREOF REFERENCE TO RELATED
WOBRRILGATI ONS 5 This applicati %n cl ai ms t he bepef/U82009/001123

U.S. Provisional Application®%rial Nunber 61/139, 361

filed Decenber 19, 2008, and U.S. Provi sional

Application Serial Nunber 61/061,943 filed June 16,

SKIPAR ATION O6F HfWROGEfN FRIDM H‘YDRO@Q(R“ONSFIDTILIZING

i ncor ILl
| NVENTI ON The present invention relates to specific
bi ndi ng agents that recognize and bind to
angi opoietins-1 (Ang -1) and/or angi opoetin-2 (Ang-2).
M S, invention relates to the
F iilv ﬁﬁitjgt%ﬁgghﬁgﬂuse, and t herapeutic use of
nonocl-onal and pol ycl onal anti bodi es, and the
anti gen-bi nding fragments thereof, which specifically
(0001 15TAe@rdsenb ﬂiﬁntﬁﬁ&e&tes“@ﬁﬁ@tséle@ﬁvé Reparatien tof Mydrogen

also relate to hybridonas or other cell |ines
frexphydroicarpogigdh semamls edntEningHeoth ésfdrmgmdamhhydx@dadmns

e, useful . for .di n05|cs and for .the_ trea
uiligigecolisisommidred] {§ krpmewoTis gaterizly Taglerably, Hhe Stream to be

s%a@éﬁﬁ?%ﬂ?%‘*ﬁﬁ&r%%&% b s B8 sbyaH I A one p e ol
peFE&d emiboditherisHeréig, fHeSfoolitie iRFidLAS1AR! fradeWRIAY material is
phyS|oIog|caI and patho ogi cal processes. Normally,
inreogpargteddnica iSsving ghddoyptien uhit] abrépreferablpadressure Swing
antl - angi ogenl c factors, but in the_ case of di seases
Adserption unihees Temparature SHing \Asqrpiipn i deom which a

thrltl. and psori.asi the

hogiichst e B RiaEed 1o 8 (B AE38, E80aMind ¥t bydrgeen
aﬁHJH?&"ocﬁfbcﬂi &ﬁﬂﬁg&ld@om to be associated with

deregul ated or Uundesired angi ogenesis. Such diseases

i nclude, but are not |limted to, ocular

neovascul ari sation, such as retinopathies,including

' IN ed macul ar
degeneration, psoriasis, hemangi obl astoma, hemangi ona,
arteriosclerosis, inflammatory di sease, such as a
i

G017 i 5 EHTE PR ATHRERE AR Eyarkfs indystic,
particatdrsr 1rpt|hétmbdu¢thfﬂ offirly rchednsais Ciiﬁtmcheuﬂbalaand specialty

chronic asthma, arterial or post-transplantational
produstsosd |gas @gparatlen senderaceemplished by @ogariety jof methods that,

a0 B dsrs ReHb o n et B Sa ensl v L il BBfrenees in
DR GRS Shys i S BE SRR, . or

esdthpleegad Sepabgtiéi tan BS adhichod by paeaial 1squafadtion or by utilizing a
transduction systens have been inplicated in the

solebadsarbent roatesialthag prefsrentiallyaretiing preadsorbs a more readily

haracteri zed, and st endot hel i.al, cel | sel ect.ive
&Pg{v OMROBEHIEIALYE 9i2e p;ta&so’e'gﬁdd‘sqmonanﬁ iéhe gas

m(&t%%{,{{q% §eQ/e?§l otﬂ-élle%gszseﬁﬁrat SO rﬁ?lgr ; e \g’ﬁ];g rtl,'if H‘kcﬁ.ggtry

OReGuth %ohirﬁé&%ijeﬂly Déﬁ@tlééwg@ﬁsﬁ;ﬁiatﬂﬁl fRkeSs ishpreddurébding
Yancopoul os, Genes Dev. 13:1055- 1066 [1999]).

ad?mepéom(’ﬁ’SdAk)ndWAmgwspcs evhersteara@ldaprdeet:crtamlcondmons

lém -1"). through angi opoi etin-4 ("An I‘b
Nyido1ses Cét erROmpNCHt Op COBMONFRLS 1N 2aS miﬁtareth ¢Rysherentially

(Davis, S., etal, Cell, 7:1 161-1 169 [1996]; G osi o0s,
K., et aI Cy togenet CeI | Genet, :118-120 [1999] ;
Hol ash, J. , etal., Investigative Ophthal nol ogy &

Vi sual Science, 42:1611-1625 [1999]; Koblizek, T. L,
et al., Current Biology, 5:529-532 [1998]; Lin, P., et
al, Proc Natl Acad Sci USA, 95:8829-8834 [1998];

l\/al sonpl erre, P. C, et al, SC| ence, 277:55-60 [1997];
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Vi sual Science, 2:1617-1625 [2001]; Holash, J., et al,
[1999] supra; Kuroda, K., et al, Journal of

woO pvedgvi2gat i ve Der mat ol ogy, 116; 713-120 [ 2001] PCTUS2009/001123
A., et al, Investigative Opht'r?a'l nol ogy & Vi sual
Sci ence, 0:1912-1920 [1999]; Stratmann, A, et al |,
Ameri can Journal of Pathol ogy, 153: 1459-1466 [1998];
aﬁ?{ﬁh‘b&é within tBé tp@fe stdéture bﬂ?@ﬁius aloSrbeAt Arhberial® 99htive to a
Yoshi da, Y. I nternational Journal of Oncol ogy,
sé&)l@mpmn[at%a}ponmmnn tke gastmixkyre] GEhm@ltalca‘mount
Peri odont al, Research,, 3 165-17] [2000],; Zagzag
ael@orbp %Fommpsyltl tm%tF“@]né ?@dﬁe@tmpacﬂy) and

n nce ich r to
e %eé?éﬁ}w&agﬁﬁw spppfot Bl i, L ROt R R 2R
cbirpoR¥R #a§ dften be Hﬁf)f&'eﬁgiycéﬁerﬁﬁﬁ BEPRTESS uﬁﬂ‘fﬁ"s%emﬁc
expression’in normal” tissués is extrenely Iimted
ptMu&mrm teniperafire Conditionalsinde 82K pressure and tmﬂppratuie
., et al, Biochem cal and Bi ophysical Researc
mﬂmﬁmtbe@dmmuoadga@gg -ofdhe pqmpyntﬂtﬁ atdigfeﬁ@?trﬁaqtent The

cBiktryer b echb & prlfeesbay B OhBCnaRToT by R ifopd fRentation of
P&%&%ﬁ‘?’%ﬁ*@f SRl e R of R BHERN R Thal A Gl chosen

cﬁhqﬂbﬁﬁ)rﬁ pegsaiestandt tedip@raturay Hewewtorslatively fewnadsorbent
angi ogenesis. Ahnad et al (Cancer Res., 61:1255-1259

n@agg@al]s )harsle §@parg@omg1eztlau@5ea¢ﬂoest=m@ ﬁamtlemmd pﬂm beneficial

PetRsRS (el ARG ot oAl i eBg and gaifib] B as to be
aﬁie’ tosﬁiHE n 3§ gogl?xg%é?alf;é \gg{g}eaz?rlwg &Xﬁ‘gﬁgiregt gcrl&ﬁt)@nﬂs 9n a PSA

presente purpo

peygesessi on with tunmor hypervascularity. However, in
contrast, Yu et al (Am J. Path, 158:563-570 [2001])
report data to show t hat overexpression of Ang-2 in

0 « Sy B %gzas‘q%%@ L5t TRTRTS Ygseah GLttoRTe Syt ofone
cgg;%nanehaﬁ rah%ﬁfé? fihrlehPORAGIAS cohdildhs e dew

vari ous I'ons have sugges
cOftipodcAddndy Aot Be §§leé‘t1%l§%d§bﬂ>eﬁ&fr§ﬁﬁy het bé1 BHSGI%@& ¢8an
t herapy. For exanple Pat ent Nos. 6,

aécﬁﬁable déveldhat woaltdedd 40 ea@hommmadals'evlahk proncaSptHowever if
H@n‘I an ant.i bodi es and re%qepifir bodies. U. S.
fg‘wceﬁ% adsgyptiopPspperiiss exisy eVemponents in an
af‘%%?ﬁ Rl A BB Lo B OIS EtEr il sHhargte ceppain
cbi9PonSit $54¢9 84 ISRl )Fordasi e, #a g"’fﬁ%ﬁ&hfé@ch as a1r is

expressing soluble Tie-2 into mce; the soluble Tie-
ppssedat senfle\prdssure and demperanmm:‘ahrowghm vessel obntaheng an

tunprs deve) oped-by the mce. In a related study, Lin
adsorhent materigl tlhat spflwgyely q@@r@p@rquggqqggn]gltrogen at least a

Peﬂiﬂsbﬁﬁ@l Dot iRt ShthsctePadoe PO inhilleiagsgrbent and
Bl Gt Bl SREeHifit emﬁ%eaml& 35 [ 99580 e bed

era ted uman nel anoma cell 1 nes expressing t
rmcheea gtlecteal fraletion of it§ tdfabezipaclty jte atisorbt drepeng Etl dan be
lines into nude m ce, and concl uded that soluble Tie-2
regengtated By yarioys mre&surmswngstieghmnu@e rtherehirgleasing thef

i PBed BEEEST ey Sier BShePRE §53% Soymanets), Which can then be
Qﬁﬂ%cﬁﬁﬂ({)ﬁoﬂ{te@ g8 Q%Egﬁ%]&é Efgcﬁlcp Sr&n € T’Hésatdgﬁpééng niqtsrial

nors require neova Izatron to grow beyon
mllimeters in dianeter. Such therapy m ght have wi der
application in other angi ogenesi s-associ ated di seases
as well, such as retinopathies, arthritis, and
psoriasis. SUMVARY OF THE | NVENTI ON Al t hough nuch
evi dence points to the usefulness of inhibiting Ang2
Ievels in treatnent of unmanted anglogene3|s (or any.
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Anot her enbodi nent of the invention provides a binding
agent such as an anti body conprising a heavy chain and
wa@20mgb27€chai n, wherein said hgavy chai n conprPGEESH09/001123
heavy chain variable region Sél’'ected fromthe group
consisting of H2 (SEQ ID NO. 1); H3 (SEQ ID NO 2);
HA(SEQ ID NO. 3); H6 (SEQID NO 4); HQSEQ ID NO
whjich hbis Aow3een!"Qedépbed’) of HidFoxX GieR dan théh bé)reutiliged and the
antigen binding fragments thereof; and said |ight )
vatiausstepspf th@elgsé nrogess ayiele aregpeatsd so@sdp aloses eendauous
fromthe group consisting of: LI (SEQ ID NO. 8); L2
OPYBHOND NO 9): L4 (SEQ ID NO. 10); L6 (SEQ ID NO
11); L7 (SEQID NO 12); L8 (SEQ ID NO. 13); L9 (SEQ
IDNO. 14); LI 1 (SEQID NO. 15); LI2 (SEQID NO 16);
[0004} ( SERW&NFinding; sutablleuiategiils thab dped ficaly @Rk iininate
thereof. The invention also provides a specific
betwatinrdj figdhto sepapate gases hx botbastefbicient apdieffective anarurer (that

S SR bR G SR corci

SO Rl Al S5y R P S| Bpe r

dggo't\@oldlﬁ)'\%w&ﬁto(tﬁg(adhﬁid\ﬁl cé%onbﬁts(iﬁﬁ& ke ¥R of 4té uhdble to
(SEQ I D . 13); L9 (SEQ ID . 14); LI | (SEQ I D NO

susiain thd 2evGEQredNee addor terhperalir® denditions] Wcluding cyclic

antigen bindingvfragnents thereof. It will be )
copitions.aeauired By the pragesses: | thaefaeneprageneially supable, and

f or .exanpl an_anti.bqd such as ol ycl onal
mes SOPORANTS cFHEETEanY faleiE adSasPest iferf areaot very
SRRt R ] R S A T USR] R I8 pproved
adsurbetemprepials) poesss confipuestions phid pdyatingledhditivhsrey make
other forns of peptide nolecules (such as Fc-fusion
these eeparation pogssesetanentishldy Wiable.{ see CovXPfi zer
technol ogy)) that contain peptide sequences which
recogni ze and bind to a protein target (in this

ext, [ai ] . Do
G 5 i 478 doedloldgng ety it
feuhindg. STiPAtehttNi@ L3, 4300 18R ghereinQd bystemrtindngranleasiofour beds is

the invention include the peptide portion of nlL4-3 as
desgiribeds Thisr4 b§ patent desdomibiea@ qyshic P& processingrsequencedihat

.b dditio eleti.on, and/or i,nsertion. of am no.acids
IQ%U%dnfqaeﬁqbﬁai gﬁ@gﬁ?fo@eswmaﬁgwpg&amtﬁ gelease of product

< S P B OPTREAR 32) PGt MBSt
iﬂibﬁné’diﬁt%dprlé@ﬁré RAth Rdedse EBRSIE 3padd LasRbhr theProdirét énde
art and taught in, for exanple, W00/ 24782 and
thafesl; (Byddmtevcucientidepriessurizatioatted lowree ipnedsyre; €# ppargee and
to the sectjons which describe and teach ki ng

(Yirspressurigatinns Thevokbinage gas relsasrdAurnng te ¢a-gyrrent

BB oo St e By 7 b it BLRHAa8n purposes
an®ROPEAAE gﬁfge' Y PEEPACINOWE de3Brptibieprickifte. Pnother
wel | “as a cel I nes contining (through any nmeans such

caisvdmyiona kRS Aepriocesses usargsthoessmbentbeds ie discbpsedani6:5) Patent
Wi th the nucleic acid sequences necessary to express
Noné,138%ht specific binding agents such as the
anti bodi es described herein. It will also be
appreci ated that the invention relates to conjugates
as described herein. The conjugate can be, for
exanpl e, a specific binding agent (such as an
anti body) of the invention conjugated to other
protei nati ous, carbohydrate, lipid, or m xed noiety
nmol ecul e(s). The invention further relates to nucleic
aci d nol ecul es encodi ng the specific binding agents
(such as an antibody) of the invention, as well as a
vector conprising such nucleic acid nolecule, as well

o o g e .




activity by adm nistering one or nore specific binding
agents of the invention. Theinvention also provides a
woreaobaos20d nodul ati ng or inhibiting angi opoi et PCF/BS2009/001123

activity by adm nistering an 4t i body of the

i nvention. The invention further relates to a nethod

of nodul ating at | east one of vascul ar perneability or
[000%] = IAaRith@cindisteialigrivglortmoghs s¢prgaticmproceseid tegnperature
therapeutically effective anmount of the specific
smrrgiadsgprp@@m(""ﬁ%/&é) dT 84 processes, ibempperatedrarder certain

i nventi al so rel at thod of treatin

PIBRUE ALtegIeg & FoRBoRS IRy Samedans w&ss}%t?ﬁ selectively

aﬁﬁﬂﬁ&g b9 ?% ?@%gﬁ@étgggﬂ@%@gﬂumgﬁ% gﬂs id: gf&?ﬁ Thaterial. In this

pPSdRSE, asdit e ebhitairfifg @oRipdrRatsSto Hbesa@amed (ﬂodvssﬂha&@gh an
bone ‘rel ated di sease, or psoriasis in a mamal

adsorpentsinatgriad mhursmennemgr morcef theauompendngs elfefmwely
amount of a sgem fic binding agent a

ccor
adsprbed PYRL angther GRIBRENEH GrHONNINEDE vxaé}ha ﬁate%tlfﬁ?&l deduced

dul
TFS i o R R BT g
aMtﬁ{gﬁ@ﬁugﬂa &t by "fépest theeTs, BEes@f Iﬁnhﬁrﬁrbe@ﬁyaﬁer the
accordi ng o t he i’ nventi on. he i nvention also rel ates

allsorbemanbtetiabhas ndsdrbed aaierﬂaﬂa&hounteof)ﬂlecﬂnsirad component(s),
neovascul ar di sease, obesity, hemangi obl ast orégé
t S oatheeadseslm ipiiczeasefl; 3 adsorbed
infla I SO r t
cRRaSRETD s Feleadh oF kol g fne @%(ﬁ@e? ngfegiyls and can be
cgfclié&@& SepdtatePEOM tﬁ% 'e?ﬂhéhtastf@ﬂmﬂ th?s?&@f) IoTith€ overall TSA
m ni sterl ng a therapeutically effective anbunt of an
pedtiekd oghle aByocyblitallyswihgingthe nemperatier ¢ fradsorbent beds, TSA
invention relates to a nethod of treating cancer in a
pmms caorhsr ussidiig sepAlate semppRents in Bdniyteie when pyed with an

aaprbis iy e oS AgSerbE RBst Mgt F SRR hqy e fo the
fi nlgl ng?é:fe"i‘ﬁt?\% Woﬁgﬂ&sﬁlogé‘ dift& et §tréd?ﬁtcohﬁﬁ>n§ﬁ§(‘d<fd1bﬁnsmg the

agent and chenot herapeuti c agent
ﬁa@mhnnaﬁgred si mul taneously. The invention al so
provides a specific binding agent conprising heavy
chain conplenentarity determ ning region 1(CDR 1) of
{ es

[qa@{gm; pg giEFQP’:}‘P B{%p%rgcea%ege,ﬂd Ec\étﬁ{pHdStB,p;e”qﬁé r 3 ?lllplve A
G Beﬂf&ﬁﬁ%*)%ééé‘*ﬁ@%’y %%f@%&s the

tdrbbdaturd Bf the ddsvrbeiteRateriati dgring RN éirbﬁhﬁ@f)urg'@‘sﬂep ofa

i nvention al so relatestoaspecn‘lc bi n agent
conventioniah B Sheprogeshtn impronp therdesoapiiony of elneawhem\r@y adsorbed

composrail s PhesessEdiede m%'ra%e’“%qr%i% cJeduegefor
oo B ko b a0 BBl AR Tyt BSARate
iRPre th rﬂlﬂs!)x*p@ﬁ)h &ﬁ%dteﬁﬁi&' mﬂfsbi'ph&?&@dﬁ igf&he material.
region 1(CDR1) of any of: SEQ ID NO" 19;
NO. 20; SEQ I D NO 21; SEQ ID NO 22; SEQ ID NO 23

SEQ | D NO.  24; SEQIDNO 25; and antl gen bi ndi
[90 nemBseStdwemg prpﬁelrrcrwérf@m@ﬁr%ﬁwer.egﬁmraﬁee@eta@sarpuon

b frifie aiSorbeht b7 nE FeknerftER Wil f Bntd Bap i BbRed tyrqueh the

a&:ﬁorbé’r:t%db %a%ﬁer %@dis?le{@s adforbed&hblechies ffom tHé‘ fdsorbent.

ant 1 gen g fragments thereof. The invention al so
relates to a specific binding agent conprising |ight
chain conplenentarity determining region 3 (CDR 3) of
any of: SEQ ID NO 33; SEQ ID NO 36; SEQ ID NO 40;
and antigen binding fragments thereof. O her

enbodi nents of the invention include isolated nucleic
aC|d nDIecuIes encodlng any of the antlbodles

oy o o, e o



met hod of inhibiting tumor growth characterized by
undesired angi ogenesis in a mammal conprising

wa@dimonoRreri ng a therapeutical Ly effective anoeel/Uusfoo®001123
pol ypepti de orconposition as aescrlbed her ei n.
Additionally, the invention relates to a nethod of
treating cancer in a manmal conprising admnistering a

PidiesaRabat areldopdatfedovith ¢hianppendf adsorbeat! rggeération dechnique
conposition as descri bed herein, and a

anc ¢alleskpartinbpregsure purge displagement @@@Wéﬁzﬁ G'm’seﬁ")-
°e%'r§in'e8 S50 el ShnPhrEs GeelaCeR il AR COAnpation thgteof are
EeF i e S%ﬁ?ﬁwﬁxﬁﬁ%ﬁo?@#% g‘rff%%o*%n@ﬁ

pﬁfé@&sﬁ:@'c@h% condveterY with tapidadyledes (3.¢l,to3Rles of short duration) in
chenot her apeuti c agents and ot her cancer therapies can

whichusase .theyldie referxed yo as rapid eyeletthemmaleiviingsadsorption
of .treating cancer, in,a

(Igéﬁzgo%sm@ Ryclg A mgawem%aﬂ%m@%@% éﬁ?pl&rcygle

pife! BERMAS Bhe S b PR e Mo RS AS )
tRhebRki&ad enbodi nment, the anti-VEG- agent or a
mul t1 Ki nase inhibitor (MKI') woul d be chosen from

Avastin(r) (bevaci zumab), Lucentis(r) (ranlblzunab)

thugen( (pegaptani b), Sutent(r) (sunitinib
[00694y ar A&i @tﬁghﬁ SPGIBPrANGHERaEEiop mpﬁ‘i‘vﬁé%ﬁ%ﬁ be used for the

sw@mogvé%%?sa%?rﬁpﬁ%% S p e B g RPIERAY deparagion Brocess.
ohd'8f nfdirb %Bm?ﬂn%ﬁﬂl & tﬂ@trhlxﬁﬂgih‘égmdhtﬁ&%fessléé‘ df trh&hbrane:

cancer the ies can be used. It wll be appreciated

mialbérial tahd esmtllohl of the mlixed s&@emt pernfeatdsethroughnthieanembeane and
used to treat a nunber of diseases associated with

isdretrigyedfremn the otherexide @ﬁtlmw@mmjsmesn@term@ﬁ adipsemsate”
i ncl ude,, .but are not 1i

SEORpalel tis Prachss offe RegTates h%aihr&f& cePREALATigR,(in
|

nfichotl dgh 4%3@@?%?@%:;%3 P R select

cémnpenémhhg fRsinixed Siréafmbatdnitiadiyseanscts siucmeasbrane. A

rheumat oid or rheumatic inflammuatory disease,
"netqudatic strgararis kot obtairiedfromithe firsteiidaobthe menthrane which has

a Sowehfoncsaithian G Pale \%s%rgﬁb%bsor SRR 9 oa e BRgd by the
Q) Q?g 9&'0% %?‘B{Jd 'rﬁr egﬁ{]ﬂaﬁﬁ{lhﬁllﬁ contacts the

ses or ex e so-ca unor s

rﬂeh%fhﬂet UATEHiS n{dih'féh @&ﬂa@ﬁkﬁﬂbﬁé& {)édéhth ionalde desideiagsn a
whi ch can be treated by adm ni stration of the specific

highedvalyedge thestwo ls¢pametedmamst(1 £0 thtroatentald andethe) permeate
Such .addi ti.on are not

th di I t
stmq%@éiaa@ the griguial pnxeiwsi'nift %@% rﬁegfﬁ? ?’hq vlenﬁqra%aeparatwns

PSALE e ARG s, B SRR B Mmoo o

ef@hﬁk%%eysruré reaipepstubd) &nd (irg€ 26R&itidRSParcaiRFensd that there is
deregul ated or undesired angrogenesis. Additiona

a gradientnefithemital petentiakatrossthemeémbeane thpeisi favorable to drive
bi ndi ng agent conprising at_ | east one peptld el ect ed
thersehgat kempasept rems the fesd siste togheypermggte side @"Eégelrbe rane.
2, SEQID NO 3; SEQIDNO 4; SEQID NO 5; SEQID
NO. 6; SEQ ID NO. 7; SEQ ID NO. 8; SEQ ID NO. 9; SEQ
ID NO 10; SEQID NO 11; SEQ ID NO 12; SEQ ID NO
13; SEQ ID NO 14; SEQ ID NO 15; SEQ ID NO 16; SEQ
ID NO 17;and antigen-binding fragments thereof. Also
contenpl ated are anti bodi es containing the
af orenenti oned pol ypepti de sequences. These anti bodi es
are polyclonal, nonoclonal, chineric, humani zed, or
fully human anti bodi es. They are single chain antibody
as mell as nultl chaln antlbodles warldonas t hat

o, o o o o o



perneability or plasnma | eakage in a mammal conpri sing

admnistering to a mammal a therapeutically effective
w@ewanes2od t he i sol at ed pol ypeptide, bindi ng apenusSmno/001123

anti body described herein. AI'SG included are nethods

of treating at |east one of ocul ar neovascul ar

di sease, obesity, hemangi obl ast oma, henmangi oma,

[0010§T | oOTBkRy RS Seed inf the MrEfoRitnpéd sahswingddsanpuidroand/or

di sorders, atherosclerosis, endonetriosis, neoplastic
meimbrase pranessesrutilizing adserbgatmatarials for theisglechive separation of

contenpl ated is a conbot hera conbi nat.i t a
hyGOsAEOR KIMBEts P RARtiEHaE ey i8g nesdcn the ﬁggfrorrﬁﬁﬁﬁ?ved

) < . i cal .
L e st
thRNel ey sépastioRamdiRhfival afdyarspean@omestaRais ¢ohtaining
agent. In such methods, sonetinmes the isolated
hyddogpr phid dydrécarbons) Pxgferablyrthestrefimd praassockated with a
chenot her apeuti c agent are a ninister%ﬂ si jul t aneousl y
petrelenm of priFoqhicrrisalproCats: andienassarie mﬁmﬁlﬂﬁe
specific condition, regulatory approval, and the
j udgenent of the medical professionals. Qther types of
[CUATHOt hefaRd SiBfes Hfedt PIRIIRAH0RANG. NES2O0TI02EPCITA 1 Rikloses a
ma | conprising admnistering to a subject in need
farhy efimateridis velpiehtshal Ibeyre firfeeictol heremnasuzdolivic iaridazolate
i sol ated pol ypepti de,  bindi ng agent, or_ antj body

framenvarks fom® I%i"ﬁ) materials e dbiscpulication deserabesoinrdpgai) the

| dt th EGF t . 1- Ex
syt and s crebefss afioe SRR gl o YAy e
nifteriqlE Maehides O R temperdlite BRASisoffition chatgaRtinatiéd (N, and
Ha@eUK amal Aaat BBK)iofselbetedy ZHiesinhgtumisrbuied@dssmt disclose

contenplated in conbination with small nol ecul e agents,
adsprptior proreuties ohthese materials @b pressurfoand tegnparatyse gonditions

thereof ., Such smal |l nolecul e agents include those,that
e A beREVaR g RAPAIA G BIRGERRS O et G Rt o2 oS of
. = s those that are nultikinase
“?%%?glq%?851%%?5%¥§#%¥§; Sutent(r), Nexavar(r),

Mot esani b di phosphate, Axitinib, Zactim, AZD 2171,

Recentin, and AG O 13 736 are contenplated for use in
SUMBOARY X THEAN VENBIQNepet i des, bi ndi ng agents,

and anti bodi es described herein. Certain other

enbodi nents of the invention relate to a specific

G 0 THR s e Spafor ol RERAP AP gppaining
makeridDs t@2 effediniely Bepiate’By drokeh ifd By d2skar St inlpriyeess

25; a specific binding agent conprising CDR 2 of any
fezidstsens conPrised of doth componen3; Pseforahly tis: peessipdsipeam
.NO. 29; SEQ ID NO, 30; SEQ ID NQ .31; and speci f.i c
lsmSﬁa‘?lﬁ&da\@gma RESFRIFRY W%sﬁgswalmcw agd(orassapiated

. . . . I . . E " .
PREFRET e il Froif s yetnichy dibme Ry dimlepergd #a ) is
défine SERmoRAWar l?QiroﬁBﬁ wiflegiel dhenficald orp&aaoh HYBYAs utilized

conprise 1, 2, 3, 4, 5 or 6 CDRs. Simlarly, nucleic
hereiny thetaou!'leagdrecarbon(s)" {ore"BEYY is-dedimeiddrereinsgseanyf inolecular

bi ndi ng agents are contenpl ated. Al sp contenplated is
CQMBRYH aoaﬁalraeg@&ffmg op garhopaAtory anghaf; lgastionei hydrogen atom.

and/ or angi opoietin-2 in a biological sanple

conprising contacting a specific binding agent as

descri bed herein with said biological sanple; and

determi ning the extent of binding of the specific

bi ndi ng agent to said sanple. Additionally, a nethodis

contenpl ated for detecting the |level of angiopoietin-1

and/ or angiopoietin-2 in a biological sanple

conprising contacting any one of the antibodies

descri bed herein with said biological sanple; and

determi ning the extent of binding of the antibody to

o Y T Y 4 a1




vari abl e domain and the |ight chain conprising a |ight
chai n variabl e domai n, wherein the heavy chain
WQo 2000408220 dormai N conpri ses 1,_%L or 3 heavy che¢TUSIDRS001123
selected fromthe group of HC CDRs consisting of SEQ
ID NGs: 18, 26, 28, 32, 34, 35, 37, 38 and, 39, and
wherein the anti body specifically binds to at |east
[aH8]of Mngtcardandingithl orpaerdbodiimetitf2he presghbinviention there is
angt her enbodi nent, the invention is directed to an_
provaded @ progess Boraserarating Ho diam agrogessi igadsteaaam,comprising:
heavy chai er.ein the |.ight chai,n conpris a l.i.ght
chai n var F‘EB?‘@Q‘&% f agﬁcarbteﬂgn}?g%{%}c r%e o‘ﬁfﬂ?%‘gg%a
heay : . . : . > <
var | ApfAPGTE HAA SRRl WPD Prdecss Tt AthaF OStising Hy
sel eahdat leashrondhydrovarbaf cdrip ik ate fisstpresyyre inSHpst
I DNGs: 19, 20, 21, 22, 23, 27, 33, 36, 40, and wherein
t he &mper@trespecifically binds to at | east one of

Angl and | { gan of Tie 2 r or,. In a further ..
enod menP) Sdsarb R aleft e parian STIBF by ttpcafbdhpifpbothd in the
whi ng&ﬁ'ﬁﬁﬁﬂl %%&rﬂalheavy chain and a |ight chain,

wher el n the heavy thain conprises a heavy chain

vari abl e _dpgﬁidmcﬂfgja Herich priduch sireamoWbeteif $héH,Lii¢H product
chai n variabl e domai n, wherein the heavy chain

conpsirean l@stachigher bencentradpn OHRE, bynthad®e thanithépredess n

vari Zb‘%ie domai n _conprises 3 light chain (LC) CDRs,

wher &striams @8fences of said HC and LC CDRs of the

anti body f g cansi st.i :

(2 seo 1 B RekfeREE #3198 rh s iR R bl Buigure and
19, Zdoondxefipetitard; whdrbin HePI)-RabiFroddé st’am B4s fflower
t he HC pl us gEQIDNOs: 19, 27, 33 'of the LC, (c) SEQ

| D NGsncetratid,ofdd, by mdi&o H@Anpthe pré&sdsfbedsbzan?0, 27,

36 of thep%?,_(d SEQ. I D, NOs: }8, 26, 37 of the HC

pl us SEQ PWhergin the geolitic imulagplate, ramewarkymagerial bases:

18, f EQ | D NOS; 2 19, . 27, 33 of .
5. o TR oyl
| D NeSmpiided 8f a s%?%l@fmétﬁﬁidncéndéachiﬁ} bPcdifectddPadigbent

34 of the HC prus BEQ 1D Nos 21 27 35 of the LG

(h) S&ficeDoRehe frahevadtk shictiretibitinkid plyusitr656 hOnMOSS an
19, 27, 33 of the LC (i) SFOIDNos: 18 26 34 of

t he Mridszglatesanjonmomtsderpvativey and whereinrhe izeolitig jmglagolate
. Pl M TS8R 0 g e
Pl US o SERold N8 Hy % afTeasd3, Of the LC, (1) SEQ 1D NOs:
18, 26 T34 0f the’HC plus BEQ ID NOs: 23, 27, 33 of

the LC, (m) SEQ ID NOs: 18, 26, 35 of the HC plus SEQ

| D NOs: 20, 27, 40 of the LC, (n) SEQ ID NGs: 18, 26,
[0824bf t hea porpiprefesrd anbodiment of tixypresgnicihventéon the zeolitic

inghaiote tyameeik shdtenal is elsptsd BOmEEILs 215G ZB-42F-9, and

Z*ﬁl@k&? plus SEQ ID NGs: 21, 27, 33 of the LC: (g) SEQ
D : 18, 26, 35 of the HC plus SEQ I D NGs: 23, 27,

33 of the LC, (r) SEQ ID NGs: 18, 26, 34 of the HC

plus SEQ ID NOs: 20, 30, 33 of the LC, (s) SEQ ID NOs:
[0085] 26, Inzanather prefeaced embogdirgentDthace:. IpBiroparboazamfipound is

selgsiggironblsH.dgnethanel Coble (¢ Tins), Gl (etbansy Catly (brgpYiene),
CithyFrohdfey FfikkEotiege) A G iptnyitfond P 20 T

NGOs: 20, 31, 33 of the LC, wherein the anti body
specifically binds to at | east one of Angl and Ang2
ligands of Tie 2 receptor. The present invention also
is directed to an anti body having a heavy chain and

i ght chain, where the light chain has a light chain
vari abl e domain having three LC CDRs of any one of (a)
through (v), supra, wherein the antibody specifically
to at | east one of Angl and Ang2 ligands of Tie 2

e T o - o o -



mce. Details are described in the Exanples. Figure 5
depicts the effect of H4L4 anti body on Col 0205 tunor
whewodass2in vi vo. Details are dsscrl bed i n t he BEXEDPL06%001123
Figure 6 depicts the effect of the anti body H4L4 on
endot helial cell proliferation in Col 0205
tunor-bearing mce. Details are described in the
[(4&6]p! edn Beenrdance withi arieserabsdiensnt affitie prisent siventidn there is
m_.4-3 neutralizes Angl-induced Tie2 phosphorylation. in
praviided a priggsss forseparatingsHp dromy aqupyessdeedstream, comprising:

sy dufd ontsfting Bstsi og Mngtbréte (mPRE 8F o LFitic
ang dfiafdfe MG IO Sl BHROURR KasRAKP B Rprsing H)

by i apd e pREbhé h?tltdlﬁrbdfééérﬁgﬁuxbd at a finst pressure Bad dirst

are mean val ues *P = 0.0005 vs Angl plus Fc,
ANOvAempetatHiesher ' s post hoc test. Figure 8 depicts

b ganogan Py reirisvig & Drdermgalportishif Fom Apergnbaide of the
enbr ¥ﬁ)e3m £RaSEY ste?w?ﬁ? grégg(nl%garm'sdéc%n& rtél%@f:ra?ﬁtrée 'v‘)hg??iﬂ the first
smal ['er earts ery

narrower
SpacegrimbaeetrehALcHRiss bY Gompohbets!tRatlediB@ly Petthédle
| arge, wi de trabecul ae found i n stage-matched enbryos
exposkmugh tBe thembiage Raddbe first pe(rtrwate siegaan has a lower
Representatiyve imges are shown. B) Incidence of
car dicABCEIFRSIORDS K BY Ml ghaniie R¥9Q¢S§ f@?@ﬁfe@m and

enbryos. 0] are test. Figure 9
depi cts tﬁgrezf’gg%% %Fﬁ( gt%n}]aggg%\n >and Ang2

i nhi bi ti Oravnvaelhhﬁe GEONGE nﬁfdaEGIaQ@%niémk AP Ahs &
Mce (n = 10 per group) were inplanted wth Col 0205

cel | frarmwlotl« stadoteret whepam eadlevertexnof tsherﬁaanhw@rk structure is
approxi mately 500 nmB with Fc control, (52 (gdg)
nL4- opprsed@iiasingle metal igmgnd gach p@;‘ R cgg}ectcg a Rﬁ’m

conbi ned wit the sanme

e Hardsen gt dnd e i e TS MESL B iE8EOR AReS 8F an
LW Corp@lzole %l%nmleth HefiOMive, GRE SMRGER t!h\éezeolmc 1m1dazolate
experinents Is Data aré nean val ues E.

<0. OGtimersotklmatdgal habB@dsonpitive [Gadiagfratip dot thedtydrocarbon
test. Figure 10 depicts the effect of Angl and Ang2

ant agampgmdrweuﬂrbrofeaid@asﬁér ial cell proliferation,

corneal angi ogenesis, and retinal angiogenesis. A) The
effect of inhibition of Angl and Ang2 on BrdU upt ake
BRIFPHESCRIPTIOIN OF SHIESFASURIES from Col 0205 t uror
—X'EHUQ'%'S_?UTM_UEHT‘FWWG treated for 3 days
with Fc (5.7 ng/kg @), AMG 386 (6 ng/ kg single dose),

L1-7 2.2 /k , m4-3 (3.5 | k ,
(0171 N) FEGHRE §ds the Pxparimaniahpowsler Sarey ddaetiom(PXRD")

REsiTS 08 i AR EHAEH ARN ALPORBH-HOURBRE4IF - BRmpIEs of
E&gﬁ{pgélmrelns)rhgt%?&ggfeﬁm Eéﬂéfﬁgs oty &slﬁﬁ] g:?l stick

ent's t-t
p&terins lih Bé ﬁgﬁrec)ffof\zur TtesedoadheBirngh cMEET- sltﬂm@tiﬁed)fﬂw 7
(C) bFGFi nduced corneal angi ogenesis. gi ogenesi s was

répuaitedad the "Parkl ReferenreVmsrefesendsddrseiakie @lsoyshowrdinsthe figure.
into the corneal stroma of rats (n = 8 per group).
Treatnment was initiated one day prior to corneal

. ant i f.h . \ . m Gv

007 3" HEURERYENA B (RGBS (-FIS AL Bffor the
aé—%%ﬂt@léalzé@ HR{ Reetonithife-Bkdhahged ZIFE sampResTIexample 1 herein.
schedul e used in the single-agent groups). Data are

mean values SE. < 0.0001 vs Fc + VEG- (B); #P <0.002

vs Fc + bFGF (C), ANOVA with Fisher's post hoc test.

D) Inhibition of Ang2 prevents oxygen-i nduced

neovascul ari zation in the nouse retina. Starting on
postnatal day P8, pups (n = 5 per group) were treated
daily s.cC. for n| ne days W|th Fc (200 rTg/kg) L1 7(N)

S A NN AN~



used for chem cal syntheses, chem cal anal yses,
phar maceuti cal preparation, fornulation, and delivery,
wae@otioeas mrent of patients. S terns used to PEFURL00L001123
the present invention, unlesS”sSpecifically defined
herein, shall have their neaning as understood and
used in the art.It should be noted that the terns H5
and H5P are used interchangeably and refer to the
heavy chain used in various enbodi nents of the
(00493 nt | BEGURK 3, is thp experimentat pewder X-pyediffmgeton (H1RD")
H5L1 1, H5L1, L12, H5L9.
paiterpof s 9% ﬁagzg%@ng 8F?tﬁnftHT‘?:F§ERaé‘g§d%u3 galmpIés St

EE@%@T& 2 'H%relﬁ ]ﬁh% éa%léteﬁ' PR mg%?é}ﬂh@haw 29GRE QPft?cta? Stick

ref erence, reor Bs We
phtédral %ﬂtﬂ@ﬁg@@tfbﬁZSF%d?sBdldﬁQhé dinglé cpystal saicharetof, ZIF-9
splice variantS, derivatives, substitution, deletions,
repottedrinithe 8PaikoRe feaenceitas refanenasd hezein is @dscashown in the figure.
pol ypepti des, and interspeci es honol ogs. The Ang-2
pol ypepti de may or may not include additional term na

300 Iy B e iR R PR A RS Efor he

a@8¢hth¥§iz88 ah§ AL toRfiril LRI de@ T IPLI kbR N Rk&hpR 2 herein.
sequences dependlng on the manner in which it is

prepared. The term "specific binding agent" refers to
[&ﬁéeiﬁteevlﬁé "5&23aeb'g%p%nﬁéfit‘a?h&@f%g?fa% Therion (FkRD")
th f Le
P&y PES e b ﬁ%ﬁ@&&? BB IE gl AR
c A gﬁg?ﬂ? bFs éﬁ‘ angﬁgtﬂ ﬂ@reuf‘ Uphé b&lcﬁPdté’d PXRD pattem

ate nol ecul ar wei ght
(sh@mmmewﬁﬁ&nlmlnﬁqamniﬁmhe ifiguiry) for ZARgl Basedlomtiee dingle
. In a preferred enbodi nent, the specific binding
cra/gt;ﬂ ﬁtraeame of A4Ft brqm)éteérléstbﬁf Parrlwlgﬁfqr@W"sas aﬁferenced herein
%él s chfas a polyclonal antibody, a nonocl onal
18UW%hi meri ¢ anti body, a CDR-grafted

antlbody, a nultl-specific anti body, a bi-specific

anti body, a catalytic antibody, a hunmani zed anti body,

[(022) "an FaGURI® @yshows the ttherintbgbyiphtricambalyses )" TGA"s) for the
anti body, and antibodies that can be |abeled in

asfsymtbeszod the aactoniirile-cachanged aad thatolyeneicxghanged ZIF-1
ﬁ g&f I@ nts. or derivatives thereof, either
S%H’B“‘Féo XSS on with ot her amino acid

sequences, provided by known techni ques. Such

techni ques include, but are not limted to enzymatic

0023}V agPIGURIM7Ga the bgsetaaentaPpowdde Xspyt digfrhstion ("PXRD"
[rg?gnblnant techni ques. The an?l-Am Zﬁgﬁd Ang- 1 ( )
patperas Of theopurifiad aag ancthanél- cmémpgeé -1i lnsmplﬁs; @f &l’xemple 4

hivsum Sbe celeulted PHHRE et (howat & thereerhiral Wﬁems in the
e ok F1E0 100808 A At BN RS0 B Bl it
"Patki I0feYence e hs kéfetéhcRdRIENA9 aIROAKOWH i theigire.

ant i bodi es that recognize and bind to dlfferent
epi topes on the sane antigen. Polyclonal antibodies

may be obtained from crude serum preparations, or i
[Qibly%un FIGYRE 8 rﬁ@ow%heékm@avmtrlgamiw RiTGA"s) for the

ol igang graBaor-Serahghf 2R iPer obFehisly erin.

refers to a collection of antibodi es encoded by the
same nucl eic acid nolecule that are optionally
produced by a single hybridoma (or clone thereof) or

other cell line, or by a transgenic manmal such that
each nonocl onal anti body wll typically recognize the
same epitope on the antigen. The term "nonoclonal ™ is

not limted to any particular nmethod for meking the
antibody,_nor |s the tern1I|n1ted to antlbodles

________ o o,



anot her anti body that recogni zes an anti gen.
Production of anti-idiotype anti bodi es can be

w@ewboozed by any of the net hogllqs1 descri bed herCTUS2H09/001123
production of Ang-2-specific”antibodi es except that
t hese anti bodies arise frome.g., inmunization of an
animal with an Ang-2-specific anti body or

[ooR5]2- blﬂl@U&E@’l@QﬁékaéM&ﬁ@fl powdlch &f-rayhdiffriodeR ("PXRD")
pol ypeptide itself or a fragment thereof.The term

pattemis afthe purified sad thethenol-exchangdd ZIFe% earpple;isédixmele
wher e si dues are ins ted in
herednn ?ﬂep@c@ﬂs@ﬂ’%ﬁa&aﬁw &shayan agt \é?rtlyaf)%&mi RS in the

oy g 083 BT e AU DERNGE28 o e

"P A IQé‘fePériUee I8 e RSertRAtdrbRds ARHoWDRT iheafi ges”
i ncl ude those binding agents that have been chem cally

nodi fied in sone manner distinct from i nsertion,
del etion, or substitution variants. "Specifi c

[0026)s" F&G&%Eﬂ@ wsabpim@qnqgraal@g@@maiyssr» Jréi@"S) for the

PRl AR DR o ik AR DA % sl AR LIRS Rerln. e

fuIIIength or partial-length trget polypeptide (herein
Ang-2 and Ang-1), or an orthol og thereof, such that
[0027]af f FAGUREdd i et SvamniegElectron. Microd¢dpyn{"SEML) fidage of a
or Bl Acore assays as described herein) or its
ZHEh seampleofiBxanaplg£bi | ity (as deternined by e.g.,
Neutralization ELI SA assays descri bed herein, or
simlar assays) is at least 10 times as great, but
ona tyi I r s
S R e A G S
(ahéme)i tyd @;Hp€piopyliermd tadsorptivpabothietis at 30h&K fameZiBs7 sample
ot her angi opoi etin or other peptide or
ﬁ gpde bde. The term "antigen binding domai n" or
"antigen binding region" refers to that portion of the
specific binding agent (such as an anti body nol ecul e)
h c
1002915 o STORIRE, 1505 oRR Brbblf SinBling (ROSHQrPIbfodings ofa
ZAPLT g@nplersd Bxaimhsle @fbrt}mﬁgiydlﬂ yd1), @8R (indthane), C,H, (ethylene),
ecificity and affinity for the antigen. In an
ﬁz(@bam) Cabls dprapydenedi Gskin(prapea)n Cabls Ebristanie), and CsHyo (n-
eferre nplenentaritydeternining regi on,
neﬁﬁi‘)#ﬁé 556 & ope" refers to that portion of
any nmol ecul e capable of bei ng recogni zed by and bound
by a specific binding agent, e.g. an anti body, at one
[603070r e FRGURE 13 i8 &l StinddeNElettraRtMgg0sebpyd("SEM") image of a
regi ons. Epitopes usually consist of chemcally active
Z3E+% saveplgrodiramgplect. nol ecul es, such as for exanpl e,

am no acids or carbohydrate si de chai ns, and have
speci fi c three-di nensional structural characteristics

1052855 f

[(ﬂfSl sed l:{Ililér ern Cllr?a%l/‘ %B”%q@%%?i‘gggm‘%&g n&# ggtlpli g! ﬂe}gg@e[%

(YhardY ahd C§H|6 ¢y alSorptizatibSthefm$ BB801 ReYor a ZIF-9 sample
conprise a three dinensional structure that is

of Baamipial. to the epitope used to generate the
anti body, yet conprise none or only sone of the am no
acid residues found in the Ang-2 used to stinulate the

B 21 FIOTRE ] o0 REAR et OGmb R hERIL AR IR ot a

7py- %W@'Jﬂﬁ&hﬂ@'ﬁﬂ)ﬁ%{ﬁy@%) aemr(nmﬁa:iadazm (ethylene)

results in the loss of (or "at st the decréase
bi ol ogi cal activity of the nolecule, cell, or organism
cont ai ni ng such epitope, in vivo, in vitro, or in

situ. In the context of the present invention, the
neutralizing epitopeis |ocated on or is associ at ed
with a biologically active region of Ang-2.
Aiternatively, the term "activating epitope |s an

- oy



circulation time. The term "variabl e regi on" or
"vari abl e domain" refers to a portion of the light
wa@pavees2meavy chai ns of an antjpody, typicall yPCT/US2009/001123
i ncludi ng approximately the amno-term nal 120 to 130
am no acids in the heavy chain and about 100 to 110
amno termnal amno acids in the [ight chain. The
Ofe¥; (@), EYRTBrangénmy] CYHElopane) Cabs(Y-duteria), and O30 (n-
aci d sequence even anong anti bodi es of the sane
betane) et30 TKeandhil 06161 }Pa.egi on of an anti body typically
determ nes the binding and specificity of each
particul ar antibody for itsparticular antigen. The

e IO 0 SR ERRERIR e SFf moge of
Z1EQ @aétdnﬁ%)excmgegil)tgaﬁlpn@bﬁEhhﬁmé/sponser ved

regions in the varia domai n are call ed franmework
regions (FR). The CDRs of the |ight and heavy chains
contain within themthe am no acids . which are | el

: " av y
100 ons FUGURE 18 ine Sransie ElcsiondyigRseapy (SN Hasge of a
.t.h. antigen, ., howexer ' i in the FRs can
Zif-(_],ln{tﬂﬁggﬁ-thghgvgeéﬁtsag}p?%"ggﬁ)%ﬁwi?ﬁg, recogni tion as
di scussed herein infra. The term"light chain" when
used in reference to an antibody collectively refers

[0085]wo - FIGURE t1 9t shioess, the AT H g (inkehapa), (GoH . thydetvela CoE)

based on the am no acid sequence of the constant

(etbare)nand ChHst(prapylened pdserpsion isoiherms 8bd01 K ferraZiide
to,an antibody callectiv refegs to five distinct
(%%?b%?fﬁs'aﬁ’ﬁcgax%?@ﬁa}n B ? ?g‘agﬁg? on, ganma and nu,

based on the ami no acid sequence of the heavy chain
constant domain. The conbi nati on of heavy and |ight
[6086]ns FIGURE 90 it @ Bar\seaptn ovmpatiag sks addorptibh headiags of a

I A,] lgD, IgE, 1gG and | gM respectively, 1ncluding
Zﬁ%dr (akatomiirdedssrhanged) sampdeapf Eé@mglﬁaiiéy Ha (hydyogen), CH,

Rngb St Ston e Cale 5 Erne; Gotlg (aiapYietiedr ¢ aits Csgeane)
Cf1a (1 Rlufinte) AL CI) St ftine P MRR dfdFo6 08P, Bot 1o

nature and not nodi fied by a human being. The term
"isol ated" when used in relation to Ang-2 or to a

[M0354i f i FIGURE 2d iageymanoingBlecrondligsreseapya("Shidumaiage of a-
t is fre rom.at | east one contam nating
Z&% Qp@ﬁ%ﬁlﬁé’iﬂx%&nd that is found in its natural

environnent, and preferably substantially free from
any ot her contam nati ng mammal i an pol ypepti des t hat
[0038]d | FIGURE 22Whblvsi the CHS(meddhty; OH,de8N8%)! C,H
use. The term "mature" when used in'relation to An 5
(ethane)Amyd €;Hp(propy¥ene) mdsarption issthermpadvd el KabmrauZIF-11
speci fi¢ binding agent of Ang-2 refers to a peptide or
S%I“B’(ﬂ‘i‘iﬁ’ﬁqmﬂ@ -acking a | eader or signal sequence.
When a bindi ng agent of the invention is expressed,
for exanple, in a prokaryotic host cell, the "mature"
003y i deFRGURAE PB9R%AIHAR giEph i {ibi '

am no acid resi dugtgﬂ(&gut st%?ﬁ?ggékg@%%gﬁlbggﬁéﬂ%se?fa
Z3kd sampde ofifixamyile Onfion 3, (iwdhogemi)E€H, ¢metienedy Colidy e
net hi oni ne_and [ ysi ne_ residues. i de

A
(QbyIepeh Gadls (pihoaED Kol promeniinftls kekopBBeL Gatldbcbutene),

i r, Wt addi tj am no acid residues

aﬁ%wﬁg" %%Hpa?‘giﬂ{é@fﬁgﬁgﬂ%gqﬁ%%d, ng agents and

Anti bodi es As used herein, the term "specific binding
agent"” refers to a nolecule that has specificity for
recogni zi ng and bi nding Ang-2 and Ang-1, as descri bed
herei n. Suitable specific binding agents include, but
are not limted to, antibodies and derivatives

t her eof , pol ypepti des, and small| nol ecul es. Suitable
speci fic binding agents may be prepared using nethods
known in the art. An exenplary Ang-2 and Ang-1

g, - r - Y 4 a1 e



sera, using, for exanple, antigen affinity

chromat ography or Protein A or G affinity
wae booorre2ogr aphy. Monocl onal ant,j bodi es di r ect eRCT/O820021001123

Ang- 2 pol ypeptides can be protduted using, for exanple

but w t hout Iinitation, the traditional "hybridom"

nmet hod or the newer "phage display" technique. For

| e FIGURE Rdrigla SusnnbhgdERstioh It/lliaoscnﬁgn("lS(EMh)mni@ ofa

made by the hybri doma nethod as describ n Kohl er et
Z3F-8 sampleofI5@myels 101975]; the human B-cel |l hybri doma

t echni que [ Kosbor et al, Innunol Today 4:72 (1983);

Cote et al, Proc Natl Acad Sci (USA) 80: 2026-2030

nlquesegﬁ% p Inggg%§4ﬁﬂ@ﬁm§?fg%?ﬁ%gﬁ@ﬁ%ﬂ%égg@%

(étH&ne), P’Iéfol(prdpyw%))]ada&fi)tmeis&ﬁh{n’ﬁy lat 3D Kafor a ZIF-8 sample

t echni que al , Monocl onal Anti bodi es and
ofEmemplerh@r apy, Alan R Liss Inc, New York N. Y., pp
77-96, (1985)]. Also provided by t he invention are
hybri doma cell |ines that produce nonocl ona

I bodi i 't - ' . .
(8o RLCLIER 7K 8 i aglf S BuRRhg ARERU TR rip i8S of o
ZIRUB DEnple&F Exarieple OR) for I @S dee iy ICHY (meERarid), C,H,
hybrldona produci ng fusi on proceddres preferab1y are
(ethytena), Gybiiy(ethand)) b, (phapydene g C;Hy (prupaat],iCity(d yhutene),
and enzyne defijciencies that render themincapabl e of
aRd Gubng(n-hutase) at 30L K ard 10€.6ddi@- a whi ch support the
gromh of only the desired fused cells (hybridomas).
For exanple cell lines used in nouse fusions are
X R gﬁ%ﬁ) imen
Rl o Ag 1 Foégﬁl%(%/%mfg?%ﬁﬁ Qﬁ?[ Rty Argbeds embodiment
oSG iBuriticrewhidh mtelszessee@bvmg adsorpticn progess with a ZIF-
R210. RCY3, Y3-Ag 1.2.3, I RO83F and 4B210. O her cel
contaikng gdmnbenbmat@lal forthegselective sepambion@iishydrerabon
LI CR-L 6@ Uﬁé 9-6. Hybridomas and ot her cel
Cpmpaucy YSUHRE! KB#ocl onal anti bodies are
contenplated to be novel conpositions of the present
i nvention. The phage display technique may al so be
[06&Y t OFIBUREDLS isandeblified diagiahosh@sinkrproreys embodiment
speci es. Preferabl Is technique is used to produce
of thel qurtantanventinacw gmh utiligdstomicabrane sgpacatiens process with a

2P ahRiAR B LR embTe RS Bk SeISEe Slerpiyifbtyol 8 B drocarbon

j et al., J Mdl Biol 227: 381
Cﬁggéﬁtefﬁ%‘é’k@&e;?gg‘?m "Mbl Biol 222: 581 (1991): see
also U S. Patent No. 5,885,793)]. Each phage can be
"screened" using binding assays descri bed herein to
DEEAILED DESERIRTIONOF (EIJEINYENTUION affinity for
Ang-2. Thus, these processes mmc i Mmune sel ection
t hrough the display of antibody fragnent repertoires

h ot { .
l@ u%sieéuifﬁr fenf it et RIS S RO ROLARBE A (@Y paration of
Ap g% lﬁfﬂ?&bd@b@ﬁ@ IQ)cb§s ﬁ%ﬂ@t&éd?ﬁﬂcbrﬁpﬁ@é'd of both
pri

cation"No. PCT/ US98/ 17364, filed in the name of
céuipoBends with a prbéesh utidizong adsorbengs icenipaisedofa@tolitigh

ff df dy . f
irpidzbte s waTk- SLEQUBRGTRLY riy YIBReQ RET R BRGHT |

BB BR S Baivlfidn, o LA bR By ARGAEMh the
cHeHIRA] Yo ?B@ﬁloﬁ'ﬂq A%rdmﬁ%ﬂqierahoeﬁ teﬁﬁnhsaaydc%?b&gs)" (or

pr evi ous descri 'inax et al, Prot Natl

Sci (USA) 87: 8095- 8099 (1990)] Once a pol ynucl eoti de
sequences are identified which encode each chain of
the full |ength nonoclonal antibody or the Fab or Fv
fragnent (s) of the invention, host cells, either
eukaryotic or prokaryotic, nmay be used to express the
nDnocIonaI antlbody polynucleotldes u3|ng reconblnant

M T o, .



Al ternatively, transgenic animals {e.g., mce) that

are capabl e of producing a repertoire of human
wa@piaoheitres i n t he absence of dogenous i Mmunpgl/ok2009/601123

production can be used to genetate such anti bodi es.

This can be acconplished by i mmunization of the ani mal

with an Ang-2 antigen or fragnents thereof where the
"HOY) & defagriindrsinhay enyamaolesular corhpowed)cemamihfat léast one

uni que to Ang-2. Such i mmunogens can be optionally
carbopagemendial least aneihydrogueatonbr exanpl e, Jakobovits

et al, Proc Natl Acad Sci (USA), 90: 2551-2555 (1993);

Jakobovits et al, Nature 362: 255-258 (1993);

ger . o | - . o

14877 REfFTeff the JEAC MyfolZHE, frdmewdiic 3 llizddin a
SW rptad pebdebs FThe eeaeal ferhPtiwigddofsticnsrdeesas used

and |ight inmunogl obulin chains therein, and inserting
hérein slalkbeltakgnitommelude Rrgssane Swiing tA dsbeptiorp( ' RSA Hprocesses,

into the geponethereof. Partially nodified ani mals,
Temperatpes SWHEAJZOTRIPY @ISA") Brodesses, Fires PESfent of

th C . , :
DiHRG R EESEF (oS BB EXCR PR PR Al tBtion
("E@Pé)\cf‘f)ﬂ&e&es,vﬂﬁﬁi@@%l’éi ”Férﬁl!’)ﬁﬁttﬁfe Svﬁﬂgﬂfﬁ?&:ﬁﬁptibﬁ ¢SRCTSA")

transgeni ¢ ani nal s” are” capabl’e of producCi ng anti bodi es
psucessel URapidv@y ¢lelPressuegiPange Displacetners Rrovesse§ ((RGBPSA") as

than e.g.. , .murine) am no acid sequences, that are
wehrasironspinationcof Biese pwingadsosptiam pregasses. duea preferred

li cat,i Nos. ., PCT/ US96/ 05928 PCT/ US93/ 06926. ..

oA v % R 10 B acmpuelerig fe Rthg by gancialy
gé:b gﬁ;stégg_, PCT application Nos. PCT/US91/ 245,

PCT/ G3B89/ 01207, and in EP 546073B1 and EP 546073Al.

Human anti bodi es nmay al so be produced by the

expressi on of reconmbi nant DNA in host cells or by .
[09471 es sTonthien prsfisried embadimestseef theqresant anventising zeolitic
SRRl A Seo R TR B b rming
méfabigne Kl?ﬁ%’?ﬁ% tﬂeﬂsé?&ﬁi Qf{on &f ﬁ?(ﬁbk%‘éﬁ 'ffom hydrogen

constructed Such that gene segnments 1°'n a ger M e

("eBNY irﬂStf@iﬁ@ébrﬂaﬁlib% Bothéompbhérts TheZIF haerials ®ath

other. Due to size Timtations (i.e., having ?eneral l'y
pregerablynbautibizédhin a matriked mambrgnaimatedelt facilitacaheai n

a limted nunber of differing gene s nt.s, but, i
separation recw%ﬁémRifﬁg_@_aﬁwgwig githeny the feedstream

. | )

P8 R R BN %A AT Bbens i e 1
inf theqédyhhnd Will Be substaaasNy ¢n ARdSCous\WiRe! ar ger nunber

of gene segnents are desired in the transgenic ani mal,

yeast artificial chronobsonmes (YACs) are utilized. YACs

range from several hundred kilobases to 1M an
(03481 | nt 7 Bwlm&d@éolta#‘egmrkgﬁoro? ) B e defined

mal ) .gen Vi heroinjection dir Ly i n_eqg

3R i ARG <P e lcies R Rl 1B
cdrERon$e ¥durld Refeo]ités ARVEF A othéf ey stdIRné nddtefigls vaskred @ach
ES cells by lipofection of the purified DNA or yeast
verpheo Dihle feaméwsilo strudtareisrcanyerisedr off a sidgl¥\hetal iomand edch
in mcelles and fusion is carried out in manner
pair pf rennactehgdinrentrertices ofthg frmewpek stoagture isdinksd by
.gresi re? ES ﬁel l.s.fol low ng DNA t aansfter ii*‘ _— "
nifrOBSAAIQTOR 8F apmidaqolafe AgTohoL iy deravatlys, The fgpms “micropore

] ' s | { r :
o hERARLT KT HEND L Rkle ol AANG o g mptecial
are anplified in a bacterial E. coli host. While these
vectors generally carry less inserted DNA than a YAC,

the clones are readily grown in high enough yield to
permt direct mcroinjection into a nouse egg. Use of

a cocktail of different Pl vectors has been shown to

| ead to high |l evels of honol ogous reconbi nati on. Once

-

.. s o o



Alternatively, an entirely synthetic human heavy chain
repertoire is created fromunrearranged V gene

WG e@ore230 by assenbl i ng each man VH segnment BET/0S1009/001123
segnents of random nucl eoti des together with a human J
segnent [ Hoogenboom et ah, JMdl Biol 227:381-388
(1992)]. Likewise, a li ght chain repertoire is

coftaiing pbaddiayeterstufiiessahan o equakto 2/0 smy (@(mtA)y\mspeetMely
segnent [Giffiths et ah, EMBO J 15:3245-3260 (1994

Drseriptionscsl ecyathesis olesosaerpf theeZ Hhmagrrigls thatean b&ditﬂlzed

inremssb v tion Hedt %5??% UiesRe pRsAP i figRich No. Us
2%@56&0%2% ; hrggg Ff"al | WRITRNS AERetR 1A86rporaRd erence.

ern. usi’on protein I's expressed-on the
surface of the phage, a polynucleotide encoding a
specific antibody is identified by selection u5|n% an
[00#499bi | Theapplicantsof tlnmpmscnt mamntlnre hawypdissarered that ZIF

ant i odyfragrrets area Fabfra ment s.
quﬁg Cuh SUECRYRY kRIS BYdr ﬁ@@ %wmﬁmna%ea s containing

IR R ARy P

ﬁ?ifééﬁreefen%eraﬁﬁé ‘”an&'%blnp‘&ﬁi’olﬁ%a( ASAL1RBnt R/ daSE il

991 Lar ge-scal e production of chineric,
pftumsz dd or@¥Rogrephtate twardnipanentshinomra migiusedhe adsenption
antlgen bi ndi ng fragnments thereof, are typic
g, Bymeols/ ) %ame ticoEmponept w&%e&fraaer than the

ok Gin Foiting U6 8- SR Twel BT RAXhE FoonfmESRly 1en thouen

pfitiesds e%ésﬁ%ﬁ‘ﬁgdé@ e Sép&alel ot 1anctaﬁzspbf§aasipu§hnsadmg

materi a s a procedur es descrlbed her ei n.
(inrmafeild/g) fanhe dirsecdmpohentavst tltmailsesptmrelqadmgr@adnmle/g) for
mammal i an host cells, such as CHO cells, Details of

tlmmoml @ampprl@nt atis prefeeraddbat thiy cadsorptie logding yatio for at -
{1d| ngy of t he esenhér. oﬁﬁbet e F‘l?i%ﬁ‘;gl 88:J4%e at

5vat|ves of the |nvent| on can further conpri se any
constant regi on known in the art. The light chain
constant region can be, for exanple, a kappa- or
| anbda-type |ight chain constant region ., a human

[00§%a- lnr:aﬂ‘tmraeqw]@d equeRS Rz caéh@tdaﬂperaegg@%pemré tend

trgg avén(fth n]ty %Q&c’etég@ at %tgﬂlelg aggﬂ%ﬁm?g &qacﬁng {%} ﬁéda%praratlons
p%b%{las%%ﬁﬁ%%u&ﬁ %&%Sdttr?c@ve tﬂlﬂﬁg’?ﬂa@hﬁﬁ%d &ﬁtcﬁﬁ‘ons that

on- eavy al n const ant
1¢2d%b Qi hérrhd@ﬁﬂ)tml@ddmgﬁfatloh hén mddiprefertedastybediaionts of the
constant region is a fragnent, derivative, variant, or
prnseet nnvoﬁtlan,rthe ﬁIHI mytem% utlhzc@ icthequrgsent riegmtmn Inas an
eci fic bindi ents of th

BtNe loadah fattrh £ 23 s g HadEer P RmPOnRRS %V&aﬁz of at
legsﬁ%rﬁ.@ eﬁ)aﬁ?e{}ga%n# %t ASdeuat b & f‘n(% fpggferéﬂl eEtt l'e9§t about

|ques are
26N1H QQﬂMstﬁfreﬁ:rﬁ’!df ¢ b8Him &t DEHeBIF ﬁbtdrﬁ@bh@ﬁ:rf fsCSli!ibh ﬁ!hat the
anti body of interest, i.e., subclass sw tching. Thus,
spgﬁiaMyerm mpbaemanrheestphramd ﬁmm tha hydrogengontaining
for exanp and vi ce _versa., Such ni queﬁﬁgl |.ow t he

stspapds awlbﬂlat)fhen@tﬁoamw%md@sg tq%ﬁ dag seccifip Bydrocarbon

oA Al B 98E by & mcm?ei‘ﬁ el dgibe dt East 100.

P 58)?? felle@eniGsificat 8 tid %)fésé‘ﬂt iBVEA RS hé FIF YR&efihl utilized in
ass different fromthat of the parent anti body.

Reconbi nant DNA techni ques may be enpl oyed. C oned DNA
encodi ng particul ar anti body pol ypepti des nmay be

enpl oyed in such procedures, e.g., DNA encoding the
constant domai n of an anti body of the desired isotype.
See also Lantto et al., 2002, Methods M. Biol.

178 303 16 The specrflc b|nd|ng agents of the present
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cgt gat gcat gaggct ct gcacaaccact acacgcagaagagcct ctccctgtc
tccgggt aaatga |1 g& Heavy Constant domain Protein (SEQ
WO DodD524@) : PCT/US2009/001123
ASTKGPSVFPLAPCSRSTSESTAAL GCLVKDYFPEPVTVSVWNSGAL TSGVHTFP
A
VLQSSAL YSLSSWIVPSSNFGT QT YTCNVDHKPSNTKVDKTVERKCCVECPPCP
tHE Y EEAT I At RITKISIIRTd o SR HREX TICN \RYBHADAFOE NWIFVIDAAA/ALF-9.
NAKTKPREEQFNSTFRVVSVL TWHQDW. NGKEYKCKVSNKGLPAPI EKTI SKT
I SQRRERREETIdRSREGHTIIMS It preseRViPSENAVE eI KIERERISTiaT
TRPPM.DSDGSFFL YSKL TVDKSRWQQGNVFSCSV H SL
UL M Rrc TR AT BN AEIFCIKATORER B, R - dapnd ZIF1. Ina
{ t. c : . .
@é@g@%ﬁ%@%ﬁ%@ﬁ@%&g @gﬁrget %@g@g éf.ggr&%?&nﬁﬁé AP ALRAPL(Szed in
¥ prasddtGhadMifsirRag@ygccaaagt acagt ggaaggt ggat aacgecctcc
aat cgggt aact cccaggagagt gt cacagagcaggacagcaaggacagcacct

acagcct cagcagcaccct gacgct gagcaaagcagact acgagaaacacaaag
tct

(004 ct gduynecferrad cmhadimgntscalihs invationgasdesarbgd gbeyedhe
hf@@%ﬁﬁ%%ﬁ@%ﬂt tef"}ﬁ £ ARG el Fth T ARRAEPEHSY W e hl PESLD,

o T B R G B T A b e
hydrvoaiboni @irhpéitets tisethytkren(GyHINAIM &fdphePnidte pééferred

ccaaccgaaagcggcgecct cggt cact ct gt t cccgecct cct ct gagga
eg peHR o thed ggg@@aao%gy@egt is egthane( 2He). Inam%stg]?re%erred

Rftte

ctcat aagt gacttctacec agccgt gaca C aggcagat agc
G L L L)

ccacaccct ccaaacaaagcaacaacaagt acgcggccagcagct at ct gagcc

t gacgcct gagcagt ggaagt cccacag
[0052¢t ac Agaitiieddgireinc gratepad tggdracannbegosbangtiliagd beein as

ccctacagaat gttcatag Lanbda Li ght Constant domain
referged iona hggrpqarbowocomppund is defined as referring to the total number

o %@PEVTL%? SSEE rgél}\lrngLVCI_I SDF!YP%VTVQ;_\@DSSPVQQG\/E

oy et . . °

RS8BT ABES o1 B 05 A0 AUNGE! S5 means

thantheuhipodid vadtaliithde ddiBon BioRAS.i Siinilawy UabeutiliReherein the
conprising, for exanple, the variable donain

tecmﬁgi,ﬁ aneansghaphe, commpoundefarenced has X carhory atamo L For

H5LG, L/, L8, L8, .H3L7, H5L4, HAL12, H6L6, HALZ2, .
em@,e %&9053@ CP,%BE fhreg eprbop atpg)sypay e rs opiss tﬁéwsem as

+ SRS BRI oA O S | ool A cob P b Bteest one
cdrbaf ARsth andhe €t ond/ByaRYRN atbin. an | 9G4 is desired, it

may al so be desired to introduce a point nmutation in
the hinge region as described in Bloomet al., 1997,

Praotei n_Sci ence 6:407 (incqrporated hy reference
(0037 ) Th raif GescriRed.Ahaue 4t R FyORIY 3k FRRGIAC PRsarhRie-

i fi . h [ i .
Bl ot 3EP RN ARG A b ARLTGBBRATLY Tl kel is
reffétred tRhéreih dthe 'AUdsomitivg 1686in8N6A86" OThidwatiodFde fihe@Rerein

IgG3, and 1g4 isotypes are used in conbination wth

as denitkess ghamtitycthat/iscganahtosthgaesomtionf londimga(in inradleg) for the
of the present i(gve tion to, nake a specific desired
n

firss spppengpt diyidediby t orptiginloagme {in mmole/g) for the second
coﬁ%&% Yor b Shecttic hasoibent Fatefiin it aspeditic preseureand TH
Y Sh SN Y Rereh @A1H0Y E\g%m ;
te}F%A; EPE E%"L GCPSVEL FPPKPKDIT L I\/IgSiRiTt ipwem@ﬁ ding
EVHNAKTKPREEQYNSTYRWBVL TVL HODW.NGKEYKCKVSNKAL PAPI EKTI
SKAKGOPREPQVYTL PPSRDEL TKNOVSL TCL VKGEYPSDI AVEVWESNGQOPENN
Y

alt BT

KTTPPVLDSDGSFFLYSKL TVDKSRWIQGNVFSCSVMHEAL HNHYT(KSL SL SP
&K Human | g@&
ASTKGPSVFPLAPCSRSTSESTAAL GCLVKDYFPEPVTVSWNSGAL TSGVHTFP



HC sequences of the antibodies of the present
invention as an |g& The foll ow ng sequences represent
w0 b@ohexvy chai n sequences of i e anti bodi es oPCT/Ei82009/001123
present invention as 1g& isotype. The light chain
sequences remain the same, which are provided in the
Exanpl es. The underlined sequence portions represent
féhéachddem eoaeaspartidular ZIF material be measured under the

EVQLVQS QPGRSLRL SCAASGFTFSSYGVHWRQAPGKGLEW/SYI SSS
ofSYRkiAY component partial pressure and temperature conditions for the system,

ADSYKCRETI SEONANSLYL QWS BAETTAVOCAPDLLDYDLLTEYGNED

ZIPYordAH cothpbririr e bniardt Mol oA E=EdldiabhS Gt pledsie and

{ Y, OBt i bYdsCOMBRKInSR v A h I ERKSEf=Cof th
AR VAG VR L PR e

plESEhMrSRIERENY, DOy SHEDREVAINg e oo HNAKT RIPREEDNE B-ROH,,
SVL TWHQDW.NGKEYKCKVSNKGLPAPI EKT .
an@ﬁfk@?hsmmmﬁp@mmwamwgw@mm

cggggg@%%ﬁ%%%ﬁﬁwgﬁwmﬁﬁﬁé{%@Mm&%cﬁng
t@@%@m@%@&%ﬁ%ﬁ@&&wa%a@@e%&%ﬁosen
ha&RTYKEBE BN SROKZKRS) ¥hQVRSIEREEDIF0OCRAR K IBY DS th REYE B se,
GTLVT
theseAatierooditionspreresissdanshe testipgrofithe symplasinthe examples
hersing which, 58 bedirpd P SupliceirdRARRRIB G POk covE
PPCPAPPVAGPSVFLFPPKPKDTLM SRTPEVTCVVVDVSHEDPEVOQFNWYVDG
VEVHNAKTKPREEQFNSTFRWSVL TWHQDW.NGKEYKCKVSNKGL PAPI EKT
[0034TKCOZRERGM¥Tia RREREENKNQUGLiTichMikCRY B R SO R ENGRRAN ratios

NYKTTPPM.DSDGSFFL YSKL TVDKSRWQQGNVFSCSVMHEAL HNHYTOKSL SL |
neyde wgd in swing adsorption processes of the present invention to effectively

o EYGL YOSV GPCRS! R SCAASCETESSYCUHINRAAHE EVYSY! S5
CARESEBPETRIDENSh - AR FARERAVHEARb R FERANER
COMBRAET KT ARSESEETSE i GV DV REP UT MG 36 BIBY

deRpptioOSEESs Yatds\wovrssaior dradriona/omMrpRIte Ry 3dspiior "cycle”

Sl T SEICUOS SV D,
o SRR PO T R e

kSftiets. HAQomplete swing adsorption cycle on a particular adsorbent bed,
DLV CE GO P GRAL RESCAASGHT F S5 GVEMIRQAPGKGL EVW/SYI S35

th@safory, comprises all of the adsorption and desorption steps that are taken,

ADSVKGRFTI SRDNAKNSL YLQVNSLRAEDT AVY.YCARDLLDYDI LT WGEQ
bgg-i@mKng w]-th tEe very first contactﬁé of the fee%A gas m?xture wclat\ﬁethe

N e S T e N e L e e

tl%jﬁsé@é\;s%%ﬁ@%@éjEﬂ%ﬁ%@k‘%ﬁ%@@{%ﬁ\ﬁ%@ﬂmw&e or

sEhSFRRIKRISDId sk R HFRET Qe AMSRIF DRI NINgDEYEAG IR TMPREE
QFNSTF, | ) ' ) )
represSUEiping- sl RpRESIRE s ERRbR Ry orevikerRatsRtpOing thpScycle

oA e e e Bt R RSP RE R

s%@%}@@&f b DUSOFGA R whieR Has Bebun the "cycle”. At this
QPGRSLRLSCAASG-TFSSY! PGKEAEWSYI SSS
S\SDQVI&FTI SRDNAKNSL YLQWNSLRAEDTAVYYCARDLLDYDI LTGYGMAGQ
%F/E\S/ASTKGDSVF PLAPCSRSTSESTAAL GCLVKDYFPEPVTVSWNSGALTSGV
'II_"F PAVLQSSGALYSLSSW VPSSNFGT QT'YTCNVDHKPSNTKVDKTVERKCCVE

NN NS A FSENY A NSNS /=1 Frarwi 72N ZFN"T"1 R A I IN"T"FNEF=\ 7T 7N A AN\ 771 IF=r<r<r-y /7<rf R AN N Ir~




TFPAVLQSSGEL YSLSSWIVPSSNFGT QT YTCNVDHKPSNTKVDKTVERKCCVE
CPPCPAPPVAGPSVFLFPPKPKDTLM SRTPEVTCVW\DVSHEDPEVQFNWYVD
WOGHEYHNRKT KPREEQFNSTFRWSVLT NGKEYKCKVSNKGEBB 1K9/001123
TISKTKGEPREPCNYTLPPSREENWKKEEE%#CLVKGFYPSDIAVEWESAEEPE
NNYKTTPPM._DSDGSFFL YSKL TVDKSRWQGNVFSCSVVHEAL HNHYTQKSL S
LSPGK Fusion Partners of Specific Binding Agents In a
pbint} themesibathg@ddorpfion hgydle'v gretanved and ehepoyolpdpsutdequently
conprising the am no aci d sequence vari abl e domai ns of
repegtedl. ant i bodi es, such as a heavy chain variabl e
region with an amno acid sequence as described herein
or a light chain variable region with an am no acid
enc
IFREIRTT Sy Rl BierpREa{hE, che RbpRr] SHSF e 4 Bfcess
fEARBEAS i9confactd watithe adSorbeitmateiial iVhewvifgadsorptiond
together with a therapeutic protein such as the Fab of
peocessigTHe sgebialént tambs Pprogessaficedzirahombhon"indet streami” s used
| onger half-life or incaqrporat uch functions as Fc .
herein gt HWINgG @f&ﬁ%@t}om%lb@ﬁﬁnﬂm@i(’} dﬁ% greseBhinvERtAR is the mixed

bR PSR RS ol LS s i
cOMEcRAWHR e AddHBentGhZtcrial ditiRe 8O h@bTPHBY chelel ll§1§1?r_1% this

at elther the NNtermnus or C-termnus of the specifi
steprudithe pageess, thelpypaps ifeeistreanhcaracts theadsorbens-rAateaial under

or Fv fragnment (obtained, e.g., froma phage display
centainproyessdemperaturcoand pisssire condrionsiand asdthg proecss .

The resulting fusj ot gi b rified by u o
fedgieid Howe peoitgh s Rt imepial af i 4 it iendirst

8 .

cBiBOELR® (O RElgly Bl (el EOBRneRt PTG BRIRSS Teddstrpam is
ptdferdnﬁhu? edsorbedttsr therddsoMeno materialswith réspeantd-g "second

region allows for dinmerization/multimerization of the
comppoent) dpy pepaklyadsorhedmompepest” rdyuing shis stapran ['gffluent

SEEHTA(oF dieatich peadid sl hefEnd s ffavtn bom M Siife adsorption
pg({ggymkaﬂ the fRal H%B%?ﬁn@&rm%'fggte &grﬁgg&&ﬁ,mﬁ; the swing

er exanples known I n e art incl e wherein
addvipfien E»e@ésg@ is Wigheh thumytheeofal iamber ofnedlBe of tieehitses,
or may be synthetic, is fused to the Nterm nus of
cabponentooutrafghe bk adsasplide paccsss dutipgdhisi adsprptismostep.

RN T
PSSR Vs ot A0
cosepRiabiontdT thé Eirét AN a2 PP thecéffRlent Saéathe, 337:

525-3 1 (1989)]. Catalytic antibodi es are another type
of fusion nolecule and include anti bodies to which one

or_nore_cytotoxic, or, nore generally one o re
[0 ogi |sywastaﬂ§%tptwai1€9f>%§ 13a Oeﬁqr%%%{ ‘i’gaottlﬁ%st one
Bl i D] . f ,
ORREHOh S LB 6 0nn Pt ¥ e AR FoBREH Gl i e
prteentidlg adSEbRYDyANel AIQ8dbeRE HatdrPdl i§ YeIve¥éd i Whatiddermed
i ncl ude Such noieties as cytokines that directly or
hemein peat'dysabedutream” ¢et 'HgHeanhprodadi streany'bherein). During this

chenot her apeuti ¢ _drugs. (including prodrugs), bacteri al
stepxtheProesss Geadifirnioindhe spang Ad$PTPHPP Pracsss ar¢ shanged to allow

C. | ant Xids, (ex. ricin lopin,~etc,),
affist L frBl o BK B cgohdiuf e HEsAlled FEiipk adsorbent
nfAd AN dHelte dPdsCa ¥ desofSi PGRMNYY AR dRBAHIBh can be induced
conj ugat es (RNase conjugates, anti body-directed
enzyme/ prodrug therapy [ ADEPT)]), and the like. In one
aspect, the cytotoxic agent can be "attached" to one
conponent of a bi-specific or nmulti-specific antibody
by binding of this agent to one of the alternative
antigen recognition sites on the anti body. As an
alternative, protein cytotoxins can be expressed as

o o . - Y oy




are unlikely to affect the antigenic ability of the
reconbi nant pol ypepti de. For exanple, both the FLAG
wayevaee2and t he 6xHi s system agdd only short sepCEOS®E9/001123
bot h of which are known to Be“poorly antigenic and
whi ch do not adversely affect folding of the
pol ypeptide to its native conformation. Another
by\ b?és%féaéwihg,s A @empbaituiesswiag} thiedhtroddction b€ aymetiall pressure
the fusion of a Met-Lys di peptide at the N-term na
purggidisplademens spreame ion acromplipation therepk hinaa prefedsd nay
produce beneficial increases.in protein expr.essiqgn
ernedimang, the melar Cenreniafionaa b traCoampernsitin iy dFsgfbed
be one_ in whai i el bHént ia th
stR3Lh wstie MR POREcohEoRHAfTer A4St PopbHEn h the
proBEG! febdstiiansli anshel pfafeired eabudliment, thé ntdlat soncentration
useful, for exanple, in the production of
ofaht ifirséarhppeernn itho desssbed streamiis gegatérothan the malasi on
constructs to increase innun%%%ghcit are well known
cangentiatien of thadirst compaasngn theedtuery - a fusion of
speci fic binding agent with a hel per antigen such as
hsp70 or peptide sequences such as from diphtheria
[Oﬁ)g)an. CAFhBugh af)casi Hesd 8w Yedpsdte Fadsorption did disefption) are
I'neliciting an i nmune response. |n otheéer enbodi nents,
rebjufiedin genswingcadsoaptidre pravgssestifthe witreneinivantien; adgditional
targeting of the antigen binding agent COﬂEOSItIOﬂS io
stepsmayite wilizeddndhe suing adsorption PEPeRssesonbhesecsteps include, but
i ncl udi.n et erol ogous_pol ypept i des w [
arg i SrmitlL o opcu TR FgBe SR Ee i ey (G Rfeps, and/or
A1l i bRAYYri Atidr REPENThédeesd®Rtiohsl steps
xnﬁghgg??ﬁ%hg#g%fggénggﬁﬁgk ateé. %Ihegﬁfusion syst ens P
mAy Guaiized tsAaprode fipstindder sskend cotnponenemicosbiye improve

exci se the fusion partner fromthe desired )
first loy pequmiddenmpeneipusipoandienebtaimmuliipieqoguet segamssin

.nked to t reconbi nant ., specific bindin n
aqdifion e theettfignt SGeamng s ssteadh BEichbeg Hdve.
speci fic recognition sequence for a protease. Exanples
of suitable sequences are those recogni zed by
[mSIoba%@ drilsddiMicnt @fm@iwm;%%dsbr;ﬁteoﬂpmw@g ofjttespresent
Gai thersburg, MD) or Factor Xa (BEM/Eng!and Bi ol abs,
inBentioh ayilize\p Prassaré Swang iAdsorptan CIPSA daroeessiwhereln the

oGO Toniea fopaat oyt sEhan s fe T Elbponent o
o . : . !

agiRtoBsBa i Sy dhicarBih ERBONA (€S FRURRAE dfiylene, cthane, or

pr?g)%éiﬁ'ﬁg%nﬁ%é* "SRMENIPSneRES s dddibednbbue ighydrogen, H,. In

tion wth truncated tissue factor (tTF), a
thieBS process, gke¢ pariah peessursoolthstfimpcamnpanenti s ingethe

formof a human coagul ati on-j nduci ng tﬁo%ﬁin that acts .
adgorption fisp 1phigher\han the parp PW@S‘é‘Qé’rff ne L3t Q%P%?Fftcﬁﬂsumg
tTE to th ti,- -2 anti f f
tsedespERiieh 380 ViR Biars L bABF baribn R SREERTp AT BEC
c%glglglﬁ?m\ferﬂeaxgt:évé}fed% Ké H&;ﬁ)rﬁii&ﬂ' s Ariheadvarteabhsatefial to

I c Binding Agents of the preSent invention
bé Regendeated dgrdepdetiordef el ausortrddiompendngs foruehsin a
variants. |In one aspect of the invention, insertion

subsequentsadspeptinmostene d hihtrascamplished inpart by sxposing the
resjdues supplepent a ci fic bindi '

oot T AGAEDtS et RGPy S o ifisd ane dPfiBfon step

{ Ry #tohS iR thAdSHRYLIBE stePs ITHi9@esbrption can

t%%ttﬂfﬁ)%%lgirrﬁg{ur% gg?glgfsbhgfﬂtﬁhéé specific gi ndi ng agrgnt
am no acid sequence. Insertional variants with

addi tional residues at either or both term ni can

i nclude, for exanple, fusion proteins and proteins

i ncluding am no acid tags or |abels. Insertion

vari ants include specific binding agent pol ypeptides
wherein one or nore anmno acid residues are added to a

L Y o e



recogni zed to be part of any specific protein
sequence. | n another aspect, the invention provides
waledoetto2mo vari ants wherein one or nore am no ap¢TUS2009/001123
residues in a specific bi ndi'nbgoagent pol ypepti de are
renoved. Del etions can be effected at one or both
termni of the specific binding agent pol ypeptide, or
bé fahércaseistdd B utitiginy a purge gastodueer the pantial peessure of the
speci fic binding agent am no acid sequence. Deletion
fivstrdiompanent desingith¢ desarptionstey, la furge step: 8 partial pressurization

SRR b s SR RSP S R s BRTER e
oGR8 BBV SRS ey FERTR A, P,

TSN P £IR CPIA, RETBIAL ROVS Argnotedses o coffbémativis therein
cl eavage of full-length antibodies. O her binding

wheegjrghe prdssuteuid dowenxktogeelewatarbspherie pogsisivea(ie. A vacuum
t echqr%'b ues, sich as fﬁ)ge (gxpr essi on of reconbi nant .
PHsadte) duriag it 163t RBC O @ dESeIRIANSIER-R BWESS teh ARATHg!

ofShuERianenr o Fahi! PPes A DA AR P W6fiffon

pr&iRs€Lcithe fragments nmaintain the ability to
specifically bind an Ang-2 pol ypepti de. Fragnents
conprising at least 5, 10, 15, 20, 25, 30, 35, 40, 45
or_50 or_nore consecutive am ng aci ds aof pepti de_or

(M5 pepfiigrred? sheavs meehrmalic af @ Peelsped s meat ef Hie
Pl B R, £ Srqce S et fe 3P0 FY b MPHERE W diBLen (i)

aﬁ‘t?'élt (38 i 'd}%cﬁﬂﬁﬁ‘l_tco'iﬂ}[)&ierﬁ'(ﬁ_e.i, NN EdYoc@bonfdEpRIIP") is fed .

of the invention having the desired i1 nmunol ogi cal

ta ppecdss ef tlompresentpinepatienl whereinya Pressure SweinigoAdsonptibn
known and routinely practiced in the art. In still

("der hamibeiSots utihiged whereindhe By naikds commprised,of an adsorbent
variants of ecy fi,c binding .agents.of, the ihventi

iy forRi, Mo mpetial 8 KoMy st A T iltsiq)dhat has
oE . _ i mal :

QPR LORIE ol 3, B R GUERER SOnchOolit 13, O grcater

theands.i Hereldie hipdsstapiodry pempporast inipeeferentiatly atsorbedeby the ZIF
am no acid residues of a pol ypeptide are renpoved and

maggrialdadhoPSA unit avitinraspect todilyud2uring ableastaanisesipge imthe
PSSk E 208 SEREE 1 KR BRI oy
RS SR Meeqh P18 S ELhl Yy okt
praiebo fedsGomh (101 hodslditimiallye dubiup atl€astohe bthtrtseabelin, the

t hose described in Conputational Mlecul ar_Biol ogy,
PBésunit ayle, a &bp-leamstreann (I1iS) & diamn froasthe Ripdy unat é 05)

A28 i P SRS 15T TRl BPRTB GHSDE Tt

A . f0 101 GLE
PIEtEPS TS BRANGDD)- lp ZPRUEAEE R meR, hd Heah stidam (115)
alberaea KigA&ddontEeroRhe hydaadabos compdakRrby aiol® tHapgle

von Heinje, G, Academ c Press (1987); Sequence

procssy feslseeamdd 01% i bskov, M and Devereux, J., eds.,

M Stockton Press, New York (1991); and Carillo et al,
SIAM J. Applied Math, 48:1073 (1988). Preferred

ods e I .
(GERITCT ¢ ¢ 1050 IS REnOuSH o PR IR () S cprionally be
fé PRI PSR uait RRinEeslehdtonvaits Ggﬁﬁﬁl étﬁ%é 8fl thd\6VdaH PSA cycle
determine identity are described in publicly avail able
conmput er progranms. Preferred conputer program net hods
to determne identity between two sequences incl ude,
but are not limted to, the GCG program package,
i ncludi ng GAP (Devereux et al, Nucl. Acid. Res.,
12:387 (1984); Genetics Conmputer G oup, University of
W sconsi n, Madi son, W, BLASTP, BLASTN, and FASTA

ry - n - "~ A - B




conparison matri x (see Dayhoff et ah, Atlas of Protein
Sequence and Structure, 5(3)(1 978) fo the PAM 250

wa@oompani2zgon matri x; Heni koff et . ah, Proc. Natl|PCHEUs09/001123
Sci USA, 89:10915-10919 (1992§0for t he BLOSUM 62
conparison matrix) is also used by the algorithm In
certain enbodi nents, the paraneters for a pol ypeptide

tG asHIsASe iircaisortdduplocedwefeedstrensh compingats from the
Needl eman et ah, J. Mol. Biol., 48:443-453 (1970);

adsorpent materiakt Althoushguuee sireamdrh2fg is shorwn & Figiire 27 to be co-

cHIcEChdhe Kl R i esprben Hed SERBTERE (LIRS ey Agwn to those

ful with i
ol OEGFEAE G YR B HERREE 2 hrg g eant o
sHEWatdctidARPABHWEWRhiPthePS X R, bae e MRaflosodizedtidnruf the
wth no penalty for end gaps) using the GAP al gorithm

variong streams emdyobid desigaed as cogarznttoougtdrecurrent, cross-current, or
pol ynuc| eoti de nol ecul e, sequence co ri sons include
ofheswiss inoeideg to Magimizenthe Tipelipnatity %E?h%lar,ocga%r a
(1970); Conparison matrix: matches = +10, mismatch = 0
Gap Penalty: 50 Gap Length Penalty: 3 The GAP program
| al s loritdr! By bperaAfR e PHATRItSNEh nillfip]
[g?%ll’lenegﬁjg%%gi%%glpéwgi tg)rlsballﬁr e&?heedef aul t par anet Ie)lres
alternapiplgyeds/sefas de thetpds) @ pravessiwithom Snedttdoatinuous” flow can
exenplary al gorithns, gap opening penalties, gap .
besachreyedn Thinsimulated cantinous dlowrsan plsede aghieaddbyyytilizing a
of simlarit C. . be used, in ' t hose set
g o et BRI R MRl IR IO 8RS o

i ' m e rhAilEbERARages.
I
TaePREuOfortdiEprresd émbodianges ias desdribdicheraiteandiscwithin the
DNA-t o- DNA, protein-to-protein, protein-to- DNA and .
skitllsi ofi areaof] skill i shehant te Wesigonpih thoinfpematiomas disglased herein.
pairs of sequences (in which case GAP or BestFit are
generally preferred) or between one sequence and a

e d 0 g [ .
6853 IREPS Ohr ARSI RS ol
spRiifieait pei@intade (bt "redSerpnbitheH, iakhe ¥ddatieansin the H,-rich
fol l ow conventional usage. See |munol ogy-A Synthesis
streamh fiEdintthe ®SA-un\, Iﬁqirﬂfcrmdcbrﬂboﬁmﬁat%ﬁ¥ thegeresent invention,

Si hauer Associ at es, Sunder] and, . (1991)),,. i ch

the Harrich yeram eanmseﬁlﬁew el ing &fz %rﬁ#%dpég% feedstream

T ' id i t L. : j v

¢ B B oBess MRy PR, (P rifh b ToRRanF HL Rktvso

ROy BEBd HE prévedt APIHROREES R &) (HIBS ATpr86eNs, hild evén fibre

may conpriSe a conbi nation of stereochem stries.

privfeeatdy , the i, -tich seeamoduntains ay ldast §5 eialPs ofitheTHe present in the

i nvention al so provides _revers | ecul es V\,he;l,ei thle
1g(hﬂlgve of

fegdstrsatmeionnadISA precespolhieseemoRIIMERts fBRE
TRty B Eha B Clon R Seph Y it S ®

irent#nXl. The invention also provides retro-reverse
nol ecul es wherein, as above, the amno termnal to
carboxy term nal sequence of am no acids is reversed
and residues that are normally "L" enantiqQnmers are

[8063r ed Albemntively; insthe ROAqupeessendescriedrheseisg Hapay be
e. D- ami no gci d of the t conventi onal .am no

diSiréd to Bhakliet At SiPrsgreast oL tery S ER ' Aih H/EGgen
i) DS Wit Rl R harftS). ") peEited

ﬁ% 5@??&%@%&% otn%erl%adﬁggﬁle/g?ﬁagﬁhia? g)rri no aci dg may

al so be suitabl e conporfents for pol ypeptides of the

present invention. Exanples of unconventional am no

acids include, wthout limtation: am noadi pic acid,

bet a- al ani ne, bet a-am nopropi oni c aci d, am nobutyric

acid, piperidinic acid, am nocaprioic acid,

ani nohept anoi ¢ acid, am noi sobutyric acid,




rather than by synthesis in biological systens. These

i ncl ude peptidom nmetics and other reversed or inverted
w6 or0g03270 ami no acid noi eti es. tural |l y occurpP@TgS2009/001123

resi dues nmay be divided into 2l asses based on common

side chain properties: 1) hydrophobic: Mt, Al a, Val,

Leu, He; 2) neutral hydrophilic: Cys, Ser, Thr, Asn,

eﬁb@dnﬁént@@fdh@ prekeft invettion) thed$j-cich lslh@amL(}(mtavﬁE gess&han 30
resi dues t hat |nfluence chain orientation: G

meito 6f tfmrhy@ocaxboflr rcompopnds Pinesent-in thg(fangmgeam to the PSA
P A LSS A 2 s o
hﬂgm%gfbg ?(mloél@gﬁe%eéregérﬁsiﬁ the T&J&sﬁ%@ﬁttbttﬂé DA ﬁfdt%§§ Sand even

0 regions o human a

nid?é‘pr@{feﬁaﬁl? ik F9LHSh WtreBm ot AinsBessanan DS Ghe3s ofithé nt 0
t he non- honol ogous regi ons of the nolecule. In naking

hydicatioangeapowndsoprésent indhe feadatraarartodtie RS proaeks These
am ng aci ds may, i der ed.

egé@ﬁ?rg%qg E%a‘éﬁ%gpeﬁwglflszé@lrp%@&rga@apanﬁgg}t%lggénrle istgam
pffheh Sr SR fr he BResERRRARGE oL e (Sa 5Ys vali ne

(+4.2); leucine (+3.8); phenylalanine (+2.8);

cysteine/cystine (+2.5); nethionine (+1.9); alanine

[@06U] 8) ; Aglogleeritgpé of swing hisaption@réedds Of thepresent invention is a
rosine (-1.3); proline

t t oph
T%me%mrmééfnggmgxétmz()")ﬁs@ 5@%&8@ whesem) the adgeehenh material

iscopppsedSER I Einata ol W MR EmBaelr a4 dgrckislabove is o

hgmfc "H@’”b@ﬂlg%ﬁhé & %d%eﬂhﬁnG Qth SlehkNGthhRé %rﬂﬁbhyl%ne)

I"ogi c&l fuhction on-a-protein is understood
ad the 'Kgtendtomponent" abtdesciBbed abovkbig hivdpedéhl H,19B29 TSA
It is known that certain am no acids nay. be
prgestastoperaie stnilar tocthe S A proegsses men\gharesn the partial

PHESIET R finiroip et B tRE altomlioh s %ﬁ&llgﬁ@mhanéhe

! .

PR PROL Lo BTt nB 54 BB TR Mep which alows o

leamea pbitiunofthe adsorted it cbmpcﬁéﬁtabrbeaiéb@%r&a fh she desorption
those which are within 1 are included, and in certain

steptandithe adsorbentometanial 1t he gegenerated byl dapletion of the aﬂsgnbed
understoqQd in the arf that the substjtution of Li
compaBents %B"sre&‘éﬁ 2 SHE%F&“@P? é@ftqf%??r SiER- tHEWEYE, & e TSA

h [
PSRN B dkon 8 BRSPS A i o
hi%l}*e?f&iﬁﬁerﬁﬁfre ¢dfAditions RO Heirpibn SEPABhNEY fempdratuie
resent case. In certain enbodi nents, the greatest
cdmdmbnsueﬂmwlsnmrmmtepu dihis/desorptign oare b furberppsistedly
the hydrophilicity of its adjacen no aci ds,
u@ﬁ%mg@awgeﬁaﬁ ﬁOh o1 thGRRsHRkrrERTye 9 %ah%hfstggmmwt and/or

e r
o it S Ms PRt R aRRdotiy el BhAlH Sep o Byree
stbb e85 gaﬂﬁll Ei?es@ﬁhﬂati&ﬁbt@g e@r a 95&1@11 ueﬁre(smihéanod st 8§ described
); aspartate (+3 1); glutamate (+3.0
abmna ne (+0.3); asparagine (+0.2); glutam ne (+0 2)
gl ycine (0); threonine (-0. 4) proline (-0.5 1);
alanlne (-0.5); histidine (-0.5); cysteine (-1.0);

IeSg:Ar?e r%badlgienttos Iﬂaeg Bﬁsglc 21’834 ?féc%ﬁi éﬁ@?é\l’%ﬁ%\t invention is
algo St by wgﬁ&pﬁ exbept thi tHebaBRNATRERR I PRatIASRAd of

upon sim roph|I|C|ty val ues, in certain

enbodi nents, the substitution of am no acids whose
hydrophilicity values are within 2 is included, in
certain enbodi nents, those which are wwthin 1 are

i ncluded, and in certain enbodi ments, those within 0.5
are included. One may also identify epitopes from
prlnary an1no aC|d sequences on the basi s of

—y - o s o o o o Y Y o



anti body with respect to its three di nensional

structure. In certain enbodinents, one skilled in the
wa@edooredz7choose not to make r&%iocal changes t oPEMUAI®09/001123

acid residues predicted to becon the surface of the

protein, since such residues may be involved in

i nportant interactions with other nolecul es. Mreover,
rzﬁﬁﬁgi’dﬁ: bheihl ipfedstifesasfitheBitegdriaisaitred emhporeritadusing to the

containing a single amno acid substitution at each

adiesptienl step(s)anddiowering; the partia prossuremekthe streamdadsagbed
sG¢reened élsi ng.activi y,assggs known to those skilled
t

dpring fie the desgrietion, siepEaivia 8 SRBBHE BSSH e F fRiponent partial
' ' [ 1.ab jant . bt
PIRRSSTI DA S LT kv
tehep&tatuRs bl de EGnPbhGHs i copRLr WitBdhe Adseptivelthydia,
reduced, or unsuitable activity, variants with such a
change may be avoided. In other words, based on

e o T e o 5 PR RS s

' wh funth ' ' i ded
o A RS A TR RSSO s
cOMBRRI HocesesBdthipteddubd htdtdnoperaiiady @hREess sle\salifgs't sre

the prediction of secondary structure. See Mult J., _
nfaderbet@en the dsotmidh stép< and d2sctplion 5838)af thh proesss, resulting
_ctl, Biochem stry, 13(2):222-245 (1974); Chou et_ al,
irpp desied sapeyation of 2 least aiparpipn(ofthe diyst compongnt fom the
S0 SRR P i 5P, e Bl e of
tlﬁ;ldsmA%o@éss. Bi ophys. J., 26:367-384 (1979).

reover, "conputer prograns are currently available to
assist with predicting secondary structure. One net hod

of predicting secondary structure i s based upon
[(mﬁ% ogin embedimgnts i the swing adsorpdon Hregespes efcthiegresent

ieaiono AIF Bl fey Hhesomereia sV AR ving

im | i 3 . . .
P Fmah{ SEUERAI KR B0 RRIRACH il Auliofa
cembaness. MhedlEt maidridly maly reiqoogwrytedtasweystallites of preferred

including the potential number of folds within a, .
sigoland spapeief substangiadlyeuniferng dimensipns oswathr-dimansiong| suitably

abiited SaComein ik Defelied desiAbucies. 18eiartaligymay be used
digga;% gggfé’%@em%ﬂe gyﬁtpégis g{%ﬁg or Bk re ﬂﬂéférﬁﬂlg%%‘iated into

I'n a given pol'ypepttde or protein an
1RP&eagbregatts 6RIncHpHAtedintd histOttir€d ob avRrikaR#terial to provide
resolved, structural prediction will becomne
fatng rseabilityt, land foorie caothinatien wididbtheneeinpleméntayy ed-adsorbent

oA LRl S o BERASPAoE5% B v
1997) <, Si . . - 15- C
pkes3aY. Notoliyf Semplsktitidhe incHrirabineiRe ZIE Rithrint yith o
binkRP MateiFl toFotn £madlix cditiphising? biider hateridbsel&fled from a
(1990); Gibskov etal, ProC. Nat. Acad. SclL,
cBA(dlBhe p8bEsner 35Rn(dry8alline polynieryah epoxy,ca thekmopkgtt, a clay,

(See Hol m ,supra (1999), and Brenner, supra (1997))..
ajsHicaseqnipiningBdenialnan aluminereanjaiping materialpand aditania-

lycosyl ation valriants wherein.the, nunher. and/or ft.
oftAiGE SRy PR oFhs PRisRR HURETU oAy Bisp SR 3PeEH pl¥fiporous
oﬁmn'?&oﬁﬁf(ﬁlsss‘%ﬂié?ﬁ‘é.e%d’ditibﬁ&ll?ﬁf fdy Wﬁ&@eﬁﬁ%&ﬁs thAdd suitably
certal n enbodi ments, protein variants conprise a

greater or a | esser nunmber of N-|inked glycosylation

sites than the native protein. An N inked

gl ycosyl ation site is characterized by the sequence:

Asn- X-Ser or Asn-X-Thr, wherein the am no acid residue
designated as X nay be any ami no acid residue except
proline. The substitution of am no acid residues to

T s o N e . L Y



Nat ure 354:105 (1991). The specific binding agent

nol ecul es of this invention that are pol ypeptide or
w@epbileke7eubsti tuti on variants y have up to BODUS2009001123

to twel ve percent of the orig? al am no acid sequence

repl aced. For antibody variants, the heavy chain may

have 50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39,
cBésendditdées idbo thid bintfer ndateriall, Thése additives cah/be dsed to

25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
improveithe adsorptiog/deporm@iomsanditragspart prapertieswhiheselested

e85 b L3 b S 508 3 agitiona

afiies Bt feolfey fnd Biclg@br cABldline magerialp sugh gs pure

silig¥@R8! éiﬁﬂoﬁhfrﬁn@?l@dﬁpﬂﬁ&s@sm'!sy,ea‘-luﬁﬁn@ﬂﬁ% haes ("AIPO"s). In
bi ndi ng agent pol ypeptides. DeriVvatives include .

a ppeferred enbotiimegt,ahe addjpoinap edditivess bezgolibgy Other additives

mdi fi cati ons other, than insertiqgn, deletion, qr. ]
suchas MELAIS Bh oHIer gl BoalGapap by Ang dieh g?%tf@nglypwﬂy [paterials

| 0 . e I
ol BGRB8 GBS M2 0B B2 bR HAE lfier oo
I&EQ@Ebﬁiorﬁ@ﬂth'e'lﬁrag it §s PPh&hteddurtfy théadxotR&msit ad86rption

i nvention may be prepared to increase circulating
step(sf) off itheswingadsoeptién prduessli thgrebyeshbrieningpthetdutatiomof the
may be designed to inprove targeting capacity for the
cysdingieioceste Ingsearing thigughpps andifyghesimpgoving thesoverall

invention, f her. enbr.ace rivatiyv i ndi n ents
eI e AT Pr i 0 FelRbR RE SRt At
'C&@ggglﬁ&polyner attachments such as pol yet hyl ene

gl ycol, pol yoxyet hyl ene glycol, or polypropyl ene

gl ycol as described U S. Patent Nos: 4,640, 835,

4,496, 689, 4,301, 144, 4,670,417, 4,791,192 and

[006879’ 3¥vhersthe ZIFomatgrials are incpmaratedsvith @tinder, theadsorbent

b Rab 3 PR TR ROt GBS T e Spbie oo
ok Rath Qphep Yol hSne ogpbiEbibARAIA KEthe aduorbentand
thexattedtevhichahne selkctéd ad3opsing vompdiehisansdirbiipled idto contact

pol yol s (e.g.,.glyceroligand pol yvinyl al cohol, as.
wiidl the adserptionrsites of the&Ele mpasesiake rNonigniting gxanmples include

L Ay SR BOR B R, RIS S e,

SHEl PRt Foold! (A S PROUTRY pEchTESts b hollow

fibérst Mersapdingd Lipor thedipegifag sithativm dnlet Streih coaisididion as well
attached to one or nore side chains of the .

appiogpepstream compasgonst priess epnditipnsand gquipament design for the
t her apeyti c capaci and .

ty. for specific binding agent, )
PROSESS Q4 FESFTL ARY SiTe SeRtAIN StShurgs AR/ ot e SorpRgitions

e phiyRie {bYfq 5 epariin HRcl A MR Fiscfiesfiries R 4R overal

pfdeesgenesis Certain strategies can be enployed to
mani pul ate i nherent properties of an Ang-1 and / or
Ang- 2-speci fic anti body, such as the affinity of the

o 2 B 2 S HG
B HOHE SEHHSE AlIBNGE RIS ROR T8 WP ah AP E Eibelele syine
a&‘oﬁﬁ’ti&?é%&l@?ﬁ sifplyLCa)\Ee" afr@tdftiﬁﬂﬁ()istrg AcBBABSimigtHance since

exhi bit the desiréd change, e.g. reased or
decreased affinity. The am no acid residues nost
commonly targeted in nutagenic strategies are those in
the CDRs. As described supra, these regions contain
the residues that actually interact with Ang-1 and /
or Ang-2 and other am no acids that affect the

spati al arrangenent of these residues. However, am no

o - o a1 o s




The Kabat definition is based on the sequence
variability and is the nbost commonly used definition

wo eoopnestiet CDR regi ons. [JOhQ% n and Wi, Nucl BCTUSDOYS01123
Res, 28: 214-8 (2000)]. The thia definition is
based on the | ocation of the structural |oop regions.
[Chothia et al, J Mol Biol, 196: 901-17 (1986);
sBoetehcyclettimes reNaltin digletZhrdighputitand 88831 redibe e§bipment
definition is a conpronise between the Kabat and
cosbt Whereast ¢aniventianalsgyxingsadsarptioneprogesseaitypically operate at

rogra for.antibody structure nodel i.ng prodyced b
Bifan iR guBkid ot pdenaliniiied v s Blaals ohhepresent
. . - 9 - . . . . .
R L R S TR A
sigrafichindy réfuce Bié dushtidaof Lsdb@ipletdlel eleyamoré tithnl S0%ver
M suite nodels the tertiary structure of an anti body

cdonyemtponalsming adsenptiongpras¢sses.aTheseiapad cyele sfving adsorption

know edge dat abases, and ab initi o nethods. An,
paesaqst%ﬁ@ﬁ aﬁf‘em%?@f By the maferials and preesss gopditions of the present

ot e} o P15 b 00 ol A P Sitnic YRRy chr
préfePRYUSI B iAiendd8f ! SreéntliRPerfticH, HROVEF 7R4TRHiSPis utilized in a
crystal structures. By convention, 'the CDR regions in
sthpg hdsorptiohgirocess avherpircthiel oy cieefimrerie dessahars abbut Hehinute, and
and H3 and are nunbered sequentially in order counting
- morghrefraably; the £Hr matersalils utitiged i pSYng adsarption preeess
regions,in the.light chai re typically referred
e WOt 1 12 e, BB o8 B i e ferred
HEBRAimeALOE s &HD ih(entRdH B’kﬂ‘kiy%
Cerm nus. Thﬂc’aa)CDR- H TS gg]f)?%?(%eer?gtel i%ﬁﬁ)é%‘iaiéﬁ{é?ﬂﬁb{rated
intesd chpéd cyclelprespuine awihg ydiotplioy ("REPSA "} prasissleatbodiment of
after a Cys according to the Chothia and AbM
thiepraseRt Bendent ypical ly 5 residues later according to
the Kabat definition. The H is typically foll owed by
a Tip, typically Trp-Val, but also Trp-lle, or
Al a. ' Is :
(90T01 o dn S8R Sbdinatd of BeRpalt iPRich, He 79F Material can
belinédriparated intota mentbtahel d?ﬁn&ﬂi@ld pokeds fop sheélselectividseparation
CDR-H2 typically starts 15 residues after the end of
ofja hygizoearbag componadKaigat mathanpoathsienenethane, orprepylene) from

h&gffl)gdélljlz f‘l-pf l:gleé:t{ef‘gllnlggg g,OHrﬁH?irsﬁga/ gig&léé éf mﬁ%@pn}ﬂon.ents. In.this
HRIBREAN % ZIPmbafertal ¥ fiftohYorafld Witifh &Y cddi€d Bt AfdrPanic

sequenc

stlysitate or bgolymer Waltéririlembnitiifled-ihh meibrhheseéPatation process,

According to the Kabat definition, the length of the

thezeby paprm:@ aa ek continmgiiaembsank!e sllwhd He materialof the
nition predicts the [

ricabiae o pst @mnﬁetwlgﬁ_ffﬁﬁ t&f&"j&}%ﬁ&ﬁ%ﬁﬁ%@% Bcompound
(G585 8 e hydlodB T THéPeEfiendiof kite dfbiplcfy

deyaribed intefrad bPWRE nltipliGatve RRtAS] SnSRIARATE 1R Hiffilsién rate
| ength of H3 can be anywhere between 3 to 25 residues.

afié anqiber r¢latedtiodhe ladsarpéiondoadingp pf the carnpoyente of theemixture

24 a will typically follow a Cys, The residue after
ophe _ngqteple aMﬁygesaeqti tg ﬂaﬁaaﬂﬂﬂ facwpa &aF mats@gl n

. 0N Trp-Tw-Ane:-hrp-lew-Gd n, ,Trp-.Phe-d3.n, or.
i BFpGGRARTS o et My B F Wi ehd gl oivRiandig sBtio for a
h&&ro%ﬁrﬁcﬁﬁé(ﬁﬂ?éund— Her4Diitipt6vE e donb&itrdtith gﬁtdﬁéiﬁ $bLthe
of the invention follows this pattern exactly wth a
Cys residue foll owed by 15 am no acids then

Trp-Tyr-A n. The CDR-L2 starts approximately 16
residues after the end of LI . It wll generally

foll ow residues Ile-Tyr, Val-Tyr, Ile-Lys or Ile-Phe.
The length of CDR- L2 is approximately 7 residues. The
CDR-L3 typically starts 33 residues after the end of
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specificity as a parent antibody but which have
i ncreased human characteristics. Humani zed anti bodi es
wae@oaa2a0 ned by chain shuffliﬂg, usi ng, for erENPE®P9/001123
phage di spl ay technol ogy, and“a pol ypeptide conpri sing
a heavy or light chain variable domain of a non-human
anti body specific for an antigen of interest is
hgdrovartesh verhpoand eiplkert arithe nfmbrane surface (i€ r@eatedrqnto the
(light or heavy) chain variable domains. Hybrid

rrpsanbrang surfhee) andéosinetbicimempeanet Gﬁ%m&ﬁmcgéwdomw ﬂteemmbrane
d h h th
mpifie} Rl mpTou R PARSPT A Erpdisel PORArECa T Srlgriive

PEHH%’i & B AEBHAO0R AR RATY Yo Bl I el embrane

résQltinpitean Bfipidvedyretover9rofiHiei thetrherabr rooedsre@dntate
conmponent parts of CDRs from human anti bodi es. From

stréamy esul ting library of antibody pol ypeptide diners,
hybri ds aresel ected and used in a second humani zi ng
shuffllng step. Alternatively, this second step is

S
L R e T e
c@iﬁgnfsir@ad hpardc@rbdipé&ﬁpeuﬁwm ealHY, @Hn@a@tk §‘f1rst 51de ofa
descri bed.” See al so Wnter, FEBS Létts 430: 92-
Z(H@@ﬁyammg raembhane anchamlleest aumrltled dfithe qm;oms efertdstream
054, &é to rter et aI |ssue [
peéefat% agnThsAnGanRd fram %ﬁ%qoé@oﬁlée offhe

%ﬁé@%&%&?&@%ﬁﬁ?ﬁ%&%aﬁ%ﬂ ﬁﬁ%ﬁﬁeé‘r%fa?%@ag.ﬁ 9% Hzlean
produt btedlrhM HerilsVbtaiRed o HARRE i of iR membrane and
correspondlng human FR am no aci d sequences. As

th:erpﬂrlmateeetmmh thuslbtainkdthmsta 1owes ndSs of #1,Shan the process
i ssued June 16, 1998 ("Modified antibody varlable
fe&émam JThecespiyalent teams Sprocess faedstieamy rfgedme 96 "inlet
cid, residues of. an a tlbod varia y
st i PR B iR Eieker ¢ RBoMimbAls ohehy mqs&r"lﬁ
invBRtiN 14 SRMBAN JHpSeHRist i écﬁngﬁﬁﬂg al'i‘ Yedst Bwo components to
| mrunogeni city mnth respect to a heterol ogous species
basehanstet velsich s contapred wigh the fiestsidt 61 8 ZIR-chitdihing
vari abl e domai ns which are useful for adn1n|strat|on
megtrane r Bisbgulisbe petaddbat mesoma¢ smbodanemst @isweep stream" may

bépfigedon tidagitals G pORe 2R Bie Bierdhignein e
m U?Qﬁ’éséﬁ?i?ﬂﬁbﬂ E dﬁc% Fthe pt % | nll{i@%ﬁ’oxgeﬁ'sﬁaﬁfﬁ 4180 be noted

I eve I'ncreas |ng Af or "an an
thaﬂﬂieaemé'@uﬁﬁeatﬁlmi&@ﬁﬂ'rusmsbﬁ heteih hﬁadﬂfg ¢diﬂg<\(31t16n tﬂi‘@pertles are
reci pient. In one approach, humani zed antibodi es can
mb@sumdi basestisalelysuporn the:compasitery bétheostream dsatipermedtes

i.n affinity of the antibod for ts cognate
%ﬁx‘?e?@ﬁcemag}mg FRAMPFAREn S10T YPASEE £F £ anyani, jif any
admgmm%aﬁ 4600 85 2 ERBA, s aNBEREITREREANL Ok of the

veneer rngrresur produce
mafibradpritewd, the 86@poSTtion T thReWéep ﬁ%a%mri@t be excluded from
[ Vaswam et al, Annals of Allergy, Asthna, | munol
thsronuﬁmansﬁﬂpnaswguﬂkhe@&ﬂﬂbmﬁsBmanlEng|neer 9: 895- 904
(1996)]. See also U. S. Patent 6,072,035 to Hardman et
al, issued June 6, 2000, which describes nethods for

10002 Do B Tois Pt s SHRTERRRE SRR liint étion, at
lehstigtleBten®st dHam (‘d?e'szr‘ch‘gFod%ﬁyt?éHmaﬂEfeih)dis%tlé/deBtamed
and anti-allotypic responses follow ng repeated

adm ni stration of the antibodies. Alternatives to

t hese nmet hods for reducing i mMmunogenicity are °
described in Glliland et al, -J Imunol 62(6): 3663-71
(1999). In nmany instances, humani zi ng anti bodi es
result in a | oss of antlgen bi ndi ng capaC|ty It is
therefore preferable to back mut ate” the hunanlzed

o o o o S o " . o -




conprises a reporter group selected fromthe group

consisting of a radiolabel, a fluorescent |abel, an
weewyies27@ substrate, a solid trix, and a carP€T/E62009/001123

Such | abels are well known tothose of skill in the

art, e.g., biotin labels are particularly

contenpl ated. The use of such labels is well known to
frofiPaR st Sidee! If the nidifbaink vaidhilas ddsghébmdlYoof I, than the

U S. No. Patent 3,817,837, U S. Patent No. 3,850, 752,

plt(thss feztismearhishataintiéedjysacntaetd the menfbrapa: Im&hls manner, a

4,277,437. Other | abels that, .w || i nctthgggv
Sfltmgatmrbomqmppmméds made gaswtingiig @ lgﬁ%q%a ue for Ont
SR8k R LT O RER AR ARl Sr BB ey il

mhiREEErediR that: 1§ ¥d Pthe Hembriied ﬁ!}iar&ﬁbns%r%@@ss?w U.S.
Patent No. 3,939,350 and U.S. Patent No. 3, 996, 345.

Any of the peptides of the present invention may
or nore of any of  .these

[QC@EE{ 'ssfié)ur%gﬁ lypsw@s Aais S98EENt; i aaﬁqh&m%w/sgf&mrseferred

eaBgamittat B pass BRI R B £ Bfess REIrca @OR)
ccohﬂgi HPAN Gt Pea§9&>ﬁedh§&%e9fﬂorf & g@wﬂqap ehydrbBarbon

ven techni ques. The current limt for solid
c@h@@&n@'&bﬁﬁ ifeds tsa ipsocdss of tiSpredentinvantiar wderein d megtbrane
However, chem cal synthesis techniques can often be
- sm@nw whibtAQals ytilized veheseindhe sacrgbranggrepaiatigap tnifcontains

o ekl PierayanneurisanL IO R EoRprLoRH A e tha

o T
HSyabRabs5. Blére.atle hy Br@daeboICbemé)onme@ prefeté&itibily ddsorbed by

et al, JAm Chem Soc, 105: 6442 1983); Merrifield,
thecZBhmeterizd in thia seladtivy madarangmﬂmsaw taddp. Here, a Hy-rich

Ve |d, The P ao f d
SUGAMARI D) BiooBbRuRBHy iR a5 o R HlF bR Tb e emane |

B

HY, $fyan61%aharbtid praeBesteedspédrd €26Vt Add)- seamnlwds(m that is
copol y(styrene-divinyl benzene) containing 0.1-1.0 niV

cempmged glf pdbgtms% compenentsthatqesmicate hepughithes{Hi-pestaining
BOC
TR SR DL G Bohupeiensts” BPBt BierpeRbgtae
s@RIANACAGAPRerc B ITRINANS callt B RS SAURE content of
a

eses Si ngI e’’am no aci eac
}%otbs/pmél%rthm ehef %u §dfeclstrédmli(203). Ofn 4 prefered efbddheent, the
an et al, rrent Protocols in |Imunol ogy, WIey
szean stréam (@20)1&9& hakaittigher. co@hemmfpihehydmaafbmhefpmpanent by
n}%nt hesis, the s nt hetl c &aptl de can be deprotected to
r@\h@ntth%pm@@s; Iho acid bl ocking gr oups
and cl eaved fromthe pol ymer by treatnent with acid at
reduced tenperature (e.g., liquid H~1 0% ani sole for
[60Pft O1shduld 8leWe dotkd Whatat SWARLD strédinh €22 HVARY ro@hbﬁ@ny be
of the reagents, the specific binding agent” peptid
fat ® thetmembexhef separdtions politydaringtheprodessaetassistini rbmovmg the
solution that is then Iyophilized tq yield the, crude
Hydean sﬁﬁammny)mtm@a avg/p%n%mql fromg thesedectiye membrane

frtggxg e ?eagc%ejbggk f%l%ﬁ?\/}?ﬁ%ﬁlb&&s Jl"}slf.snrﬁa)5 %
HE&PEH i vfertﬁetc | Al nl(ﬁn%a&@n%'@tﬂé Sdleotiwily! gEﬂﬁeated

onngene S speci agent peptide or” peptid
derivatives, which can then be characterized by such
standard techniques as am no acid analysis, thin |ayer
chr omat ogr aphy, hi gh performance |iquid
chr omat ogr aphy, ultraviol et absorption spectroscopy,
nolar rotation, solubility, and quantitated by the
SO|Id phase Ednan degradatlon Chen1ca| synthesis of

e~ .



the invention. These systens include but are not
limted to m croorgani sns such as bacteria transforned
wowRab/16ec®bi nant bacteri ophagﬁ pl asm d or coRCI/USIONA001123
expression vectors; yeast tra %forned wi th yeast
expression vectors; insect cell systens infected with
virus expression vectors (e.g., baculovirus); plant
nftérials ¥st3e8hé heombat ehlugdrhprowingl theconpral process dehofis. Ina
(e.g., cauliflower nosaic virus, CaM/, tobacco npsaic
préferred emgdiment, meswsta steahmis wtikizest which cancbe easilyoseparated

t .g., Ti BR322 id); i mal I
AR 1 A ST S ORUfOE of g pEoSAss e epeeycled Tor reuse as
r ' t specific binding agent protein productions
aﬁﬁ%%ggg% ut are not limted to VERO cells, HelLa cells,
Chi nese hanster ovary (CHO cell lines, COS cells
(such as COS-7), W38, BHK, Hep&, 3T3, RIN, MXCK
[0678), P preficied cambbdif®nts the Z1Esatetial wttlizedoini the membrane

cell lines as described herein. Mammaliap cells are
Ppreesepf the prssenyipyentian bas en adspsplive feading gatip foF hat least one

agents su t] e ' y_f
g st eS8 e s Abb Fms SR eleb),
aB?Jr]BJtidé hdif rafd isvatil¥ast %b@ﬁ@lo,eﬁmd@@mhwpfe&uauy, at least
I'nctude CHO cells, hybridoma cells, and nyeloid c€lls.
aboute2 (e xbnp prefyrrpd entsalimehbof tHeepresamrihvextion, the ZIF material
expression of the specific binding agent proteins are
utiized imde presantinyention ismelected frprrezﬁnﬁs &f%Bnl hddtol,"ZIF-T,
I S, 1o a _plasm ha Virus.or vector. for
b FIED T B R adoditncnt Biihe pRRySCinytfion. tha,IF
it Eid IR{123dA Qﬁ@grés% t ﬁﬁrgﬂ?gﬁ §s SelbERAFFShAIF8 2 TT 1 { and
conprising an assenbly o a genetic elenment or
Z&F aelint 5 mivaw phgfetred egbatintent bbtiee presgiriavextiosthe FF
for exanple, pronoters or enhancers, (2) a structura
maptersa pidized infthe prgseptisyentien s AllF8%g agent which is ,
transcribed into nRNA and translated into protein, and
(3) appropriate transcription initiation and

[0676]! N2t fibre prfeitedem difdtd, 3l d49tdiSed ?léﬁ&sléj‘%ﬁe h9érocarbon

use'in yea aryotic expression Sys

c@lh?f)ﬁélﬁtih)thé pedeEds fecdsaraRr tohid WediaBramRaebhRion process is
extracel lul ar secretion of translated protein by a

s¢loeted duirth methane (GH, ) @tlyylend 6CgHy)e cthabe (€okls s padipropylene
i_ndi agent protein is, expressed wi thout a |eader or
(‘Sﬂiﬁsﬁg p esvsau_ﬁﬂ@epre' ATGHhGTPREIMER. ths BYATREazbeR Romponent is
r S
ol s b Bl s P e Inb Rt BBt e Bigrocarbon
cHPbAent it StHRMRVICIELR fr A Mot pestefred bbutifen®dBBthydrocarbon
product. For exanple, the specific binding agents may

chomporertnibinmethaheg (EKp).essed in yeast using a

commercially avail abl e expression system e.g., the
Pi chia Expression System (I nvitrogen, San D ego, CA),

oW t he nuf acturer.' s _i,nstructi . This,system
(0173 e e mBREs 3 o Epiefiolils. oiBe iy Yt can
bé 88yrRhictic ah¥ cah WRNMAPIIBY Rvetd) Pay s OF Uifferefl in4edtials. To
by the al cohol oxidase (AOXl) pronoter upon induction
ithpravetthanmdss tiansfarahaeioteristjips wiffthesebasydimetrag@einbrane

peptide is purified fromthe yeast growth nedi um by, .
steugfuresiang eramperief these laysrpean by amnesopepaterial (A ghin selective
bacterial an nmal i an.cel uper.nat ant s. .
1aREF P ety iy of ook uI i elaatiYaStindhe Blimmetrig memhgpne
S BRE { BrdTeite EnM AT, DR IS QIR R e Kb Atins the 2IF
This vector can be used according to the
manuf acturer's directions (PharM ngen) to infect
Spodoptera frugi perda cells in sF9 protein-free nedia
and to produce reconbi nant protein. The specific
bi ndi ng agent protein can be purified and concentrat ed
fromthe nedia using a heparin-Sepharose col um

o o Al .




Expressi on of pol ynucl eotides encodi ng anti-Ang-1

and/ or anti-Ang-2 anti bodies and fragnents thereof
wa@gimgohe reconbi nant systens descri bed aboveP@®EYS2009/001123

result in production of antibaddi"es or fragnents

thereof that nust be "re-folded" (to properly create

various di sul phide bridges) in order to be

Baeriadi O3 the faed bide makruleslare Sél@bﬁizélgxd@lﬁﬁﬂﬁduhﬁthe elective
such anti bodies are set forth in the anpl es herein

layier amd o the pédnsate gidedbe inuvlec@pe ard desopbedli hhe agleative ZIF-

made {n pacterial .cell|s, nay,K be produced as, an .

sapsaining Lyenean §PBW%L§6W%?‘H1@( pibep, g@ﬁ%ﬁwﬂa-, Qigrphfbe materials that
r fi s foll cells: C aghl £

Strid pRSe ot A oniBRln oy of in ke gt Whin B2

contAaM AV ey comdirs aiethan 10vE9Z oFBhdihet WitéiAlRhe selective

(Sigma,” St. Louis, MO for 15 minutes at room

lagepisrcailad @ mikted gtk €To anitigatectheaaffett by anpdiefets onpinholes

and cell debris can be pelleted by centrifugation for
ingheselgetive layera mparatiqn coatngeicieppration; layetean be incorporated
.aqsnt-co t ai nhglg lgel | et can be resuspended in 50 niV
¥ gpﬁ«ﬁgﬁ@peg €M EDTA, | ayered over 50% gl ycerol ,
andcentrifuged for 30 mn. at 6000 X g. The pellet can

be resuspended in standard phosphate buffered saline
[60178] i onTh&BH-conexininl vgmbaamet Wall typiddldy bppattfofca membrane
bi ndi ng agent can be further purified by fractionating
mpduledbaksinehidsd aquessare hausinge Nenrlinigingesamples of ZIF-

ol vacryl am.,de gel (. Sanbrook et al, supra).  The gel
PR LR S tRabAC Sosbs TirorSoBlY o s Bepbrane
YRR APANEERLERR R ELERUSRS, el b4 s,
andogonedthie niemsbrant struatures. SThe bdeinbraat éhodule twitleoy pivally

purified using the GST Purification Mdule
qomiainpgalsdy isalaierthe iretentase and perrapstezones pktheapoduls and to

SR LA RO Sl BA et o Lo, o
perhidald d&%aﬁ{@! birhk §¥alk S‘naﬁf PRESEnS ae&@sfigé ?&dhélﬁﬂ{%eg{é
uce C r at

or pro tain post-translation nodifrcations
membréfe ngHhed withip te/m@initgane diciule.activity. Such
nodi fi cations of the pol ypeptide include, but are not
limted to, acetylation, carboxylation, glycosylation,

horylation, |ipidation and acylation.. Different
B3 col ttbets 2 menPrpplication ghkindstsy pish capbeniefit from
tie F(y 55 dp ekt ihogﬁ‘ﬁ%@%iéﬁ@n&il&esm\/ SARGLAd S Paration of
ceflular 'machm nery and characteristic nechanisns fo
1586z 1, o hlyafdasdnsa pid fetdbl R so it GiamitdPtd: P8 §as phase
to ensure the correct nodification and processing of
stiteam.nt r oduced, foreign protein. A nunber of selection

systens can be used to recover the cells that have
been transfornmed for reconbi nant protein production.

P80 G wich REFrFTRANGYSA s u b SiCoyl o Subitfed or
dUNeFAE® hiy BRpEhidad REe 8RS the PeBdBUN eefining and petrochemical
phosphori bosyl tTansferase genes, in tk-, hgprt- or

ingustries,ahbsagenea edthydedgen gdssreams is -ometafithe imaest important
resi stance can, be .used as the basis of _selection for
andrntegrated achwitiasdn the pyeraldaocesspior fefinementeof patroleum fuels
ich nfers resi,stan C ol i c..aci dy . neo
AR S GEREP Epf B AR Eole R KRR BRI pI<HiRE i of these
. . : 0
Ao Bt s Ry NPT P SOTiis Uy AR/
Addi ti onal sel ectable genes that may be useful include
trpB, which allows cells to utilize indole in place of
tryptophan, or hisD, which allows cells to utilize
histinol in place of histidine. Markers that give a
visual indication for identification of transformnts
i ncl ude ant hocyani ns, b-glucuronidase and its

. 1, o r o o -, I a



i soelectric focusing. A particularly efficient nethod
of purifying peptides is fast protein liquid
wa@ booorre2ogr aphy or even HPLC. rtain aspects PET/UR®09/001123
present invention concerns tHe purification, and in
particul ar enmbodi ments, the substantial purification,
of an encoded specific binding agent protein or
fupetbhalety. TRenb&rdaséquhé hydrbgenseichincmisnbé aga aiganficant to very
protein or peptide" as used herein, is intended to_,
highfhydrogerapentyp@ypicalyi fram abaut$f to 9 meldhaydrogen) in order

conponents, wherein the specific bindi ent., pr '
fog Ahé Bprceas.tq eperals Proparly Srafyt Z“é’af) apciafiPefiGa, Ry Suh,
v . L g
witkabfls B Rba FRoByserasa hpRilllcr i BeSORE afd, (¢
pétPocheRilesl proéedses fonascp frRquentlptRiditional hgdrogen miusebe
fromthe environment in which it may naturally occur.
sy@¢hesizdd gr, elspsuppliestifrom an ontsida squsceite hecpatralewmraiidng

agent conposition that has been subj.ected.to .
P‘ftf‘%f’éleﬂéﬁ%\ltrlegﬁeﬂbpi‘%%ﬁ}?é- aﬁﬂgsé%ﬁ% quERthy ALlast @ pRyion of

whi ch conposi t:i ' . ' } d
A0 oBRARRRAh O A B v Bt B g
hpMobibeas, drid theSreahllinisfBE pAAEeHO8r Wibdnefielally putified, for
specl fi ¢ binding agentconposition in which the o
furfieeiuke én petdiengn ane petrpclnmical refineep proeesser that require high
maj or conponent of the conposition, such as
~ pwistyshydragemg about 50% about 60% about 70% about
80% about 90% about 95% or nore of the proteins in
the conposition. Various nethods for quantifying the
[aimp ee pfneRch ipr6@dss @Bnfthot ¢ tiPR@ubirg f6F pRidugingydrogen is
w 't be known to those of skill in the art in light o
viahestpsyefdrnting prosess evhith éseolves thedeonviersior od mpdthane (and
determ ning the specific binding activity of an acfive
othenby dsearkansdagwsarah gayHatahydregen and sathan mogoxiieRy
agent pgl ypepti des wi.t hin raction S
Py oNth SRR v ShitaPle el Bipre bRt ATk R s pptyst
W 518 i il h&lal ukéd £ high-
HRAEEREFAGIIE b Mt A R aRRbugh B hlal frobesrpoaubnl hie
céitenhydtopen pesdust sitea, thie preduct stresmtoomtains doohtaminant

thus cal culate the degree of purification, herein i
cempeounds! ibgluding, fhut mop limitedctermethang gpdhighemrarben weight
upits used to r%PreﬁeBF t 3 ?pnunt of, .bi ndi n .activihy
hygljocarbon cosppeundsprhighnacqdade 5Bl vERdn o5ty o pprove the

Hni n : 1§ [ d
h7§RBkn PRERY oFH: FROSTT SanfetGing oAbt KEoLAS e
fRIRRigstés, RS Mlistaitek Firthethage deheasin: e bi ndi ng
activity.” Various techni ques suitable for use in

speci fi c binding agent protein purification will be
wed. | Rieflomingdnvokyee mythang reacting prith steam atiedevated

LoF pikisereBizes S e BRI bl TR g0 -

the ki I t | N . .

cont 1T #0530 BHodfia REALS Bhy Clingnd). a MR ul®hrimarity made up
chr oggh9aropehlandesadbon Ridtoxide; A- Sephar ose), ion

exchange, gel filtration, reverse phase,

hydr oxyl apatite and affinity chronmatography;
i soel ectric focusi n&HgélHé]\{e'ct-r%&@r‘b§fg; and

conbi nati ons of such and other techniques. As is
generally known in the art, it is believed that the
order of conducting the various purification steps may
be changed, or that certain steps may be onitted, and
still result in a suitable nethod for the preparation
of a substantially purified specific binding agent.
There is no general requirenent that the specific

bi ndi ng agent al ways be provided in its nost purified
state. Indeed, it is contenplated that |ess
substantially specific binding agent products w |
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bi ndi ng agent anti body bearing a | abel. The second

anti body, specific for the bound conplex, may | ack a

wo awehigs2but can be bound by a %@?urth nol ecul e BEEUSI00L001123
to the species of antibodi es"which the second anti body

is a nenber of. For exanple, the second anti body can

be nodified with a detectable noiety, such as biotin,
W, c Bhifa R eabion agplvallydefotred focasrd twavarl gasshéft (WGS) semction
enzyne-| abel ed streptavidin. Qher proteins capable of

s pec Wherein|the sarwinngonaxidedhatols producsdniar thafirseigastien is
such as otein A or protein G | so be used as the .

" b orsaufd gk stedn dueP bicatithy o tomn BydPagth #f Faon didxide.
constd | .

pact SHLTER B Bl fhicofin Futaled ERLTAROYa high

r eactdripératuie ishift BAY Adeholperatapnshint Thehighnenfpepause shift
vari ety of species [see, generally Akerstrom J

| mmhislolypicﬁksc I fernasha a(bwms;ﬁ()%éﬁ@briﬁaanﬁ ithe lows demperature
P .. 10: 585- 1 T ,
i ﬁ::ugléitﬂ %inab&%llgagg\é% a&&g@é Qlég’éo-mgﬁi fr eguiafzgy.;f ter

each conbi nati on of reagents. Incubation steps can

vary from about 5 to_several~fO preferably
from about 5 m nutggcfgﬂzg%out 3}24 hou(r:ég.zwl-g&/ever, t he

i ncubation tine will depend upon the assay format,

anal Hyeiroger produetd $in steam nidingReferinhingstypiatly includes
t hel i Ke. ual ly, the assays will be carried out at

anbi emalliguaptities of earboint mongxidehearbon digeidecaniliby duogen

AT IE S —
th L . . .
R e LT L

exanplich bﬂm?ﬁi@e@ﬁﬁéﬁbﬂﬁﬁn'ié, @b’ caaBaic rehdteons of CO and
capture agent (antibody) can be bound directly to a

sol i €Guwghripdeogdmeataentperaturasmilabout & 00°Frivealzout 800°F over a
i mmobj | i zed ant | bodies then capture (bind to) antigen

pr esBHkel gn t‘@s‘t’atélaﬁbl e. The protein thus

i mmobilized is then bound to a | abeling agent, such as

a second anti body [ a Label .~fyn her preferred
"sandwi ch" assay, t %%&cond a%ti%igfﬁlilF gtgks a | abel,
but can be bound by a | abel ed anti body specific for
anti bodi es of the&@pecdtigs from WIHM 2RBOsecond

anti body is derived. The second antibody al so can be
nodi fied with a detectable noiety, such as biotin, to
which a third | abel ed nol ecul e can specifically bind,
such as streptavidin. [See, Harlow and Lane,

- bodias. .
(8821 07 188 sviing 2086 S eRbraddiechbraddH frodgeciibs the
pfeabat @Reffion Ban beriizetl ity smBrovt the MaII8Y&n purity of a hydrogen-

| mmunol ogi cal bi ndi ng assays can be of the conpetitive
coptaningigas atreamiprofluceibby astqgane seforming prosesainisl @ swang

A R
1 i Dl .

pfREd Y QERBRRIDOBIFRERS it Seldlh 8MDidsbiufiitimis of the

pAdidhd/in®entidn @bmprisakieh Q@eliﬂig iRfedlde fxtahfevs@)lltpd"zg]lz'r)ctnaterial

the sanple is then contacted with an anti body (t
wheptinthe siyearh)is sdjperatedants atdleastabH,-eithaafilugnestbeammdnd @ H,-
the antibody is inversely propartional to, the
leagrriesprbed: stisambr Bers priebeitluent streanshanp 10lYsee,

SRR ST i s bR Sl

conpetitive binding assay, the antibody is imobilized
on a solid substrate. The anount of protein bound to
the anti body may be determ ned either by neasuring the
anount of protein present in a protein/antibody

conpl ex, or alternatively by nmeasuring the anmount of
remai ni ng unconpl exed protein. The anmount of protein

I T o o o . ~



the presence of Ang-1 and / or Ang-2 in a sanple. The
techni que generally conpri ses separating sanpl e

w@e@bad230 by gel el ectrophor es%f on the basi s PET/US2009/001123
nol ecul ar wei ght and transfefring the proteins to a
suitabl e solid support, such as nitrocellulose filter,
a nylon filter, or derivatized nylon filter. The

Therhbj-eich effluentbateath pidducad biytthdicasrent pfocagsreat then be further
t hereof that specifically bind Ang-1 and / or Ang-2

utiliged he an émprovedygaofeststredmn to bydmm@cessng@r chemical

anti bodi es be directly | abel ed rnat ively
ﬁws%g%%@e‘ﬁﬁmq QCE%]FB&%HP%?%WISB ¢ ’J’egﬁt i bodi es
that specifically bind to the antibody. Binding assays
to detect those Ang-1 and / or Ang-2 specific binding
0a83]t s tAWdisenssed Pthed@ By drdpleficiontaihing §a dteemy are often
set forth in the Exanples herein. D agnostic Assays

producedttiyom derﬁmlanamlﬁacgaqr Viaredvartety roagmmsses ang ’é@fhxﬁrogen-
present invention are g for the d 03|§

BRIDE 548 SGPaBS Seaea TR B PERD oeBepintl sefinerics.
R R ey o R Py or e

p?éyén{ 1rf%nﬁﬁﬂ 132ut111£éd fd 29iBNicmans&Yorodace hHY-ALH efffuent
of Ang-1 and / or Ang-2 activity. Diagnostic assays

sfreatmffmynht deadt A portiéngf 2 purchasdd hydrdgaiscontaining iggs atream.
speci fic binding agent and a | abel to detect Ang-1 and
/ or Ang-2 in hurran body fluids or extracts of cells

(P8gdine : o % rrRGetl BB e die O P pREERE MfhribBaRsmocy
féeRiehs V&q@d) di @%}ﬁghﬁ%d%‘if%ﬁ SWIRE ﬁ%&%k& @S b rI"L‘J:A) of Figure

agent's [ ed by attachi ., a label ‘or
24 is epmprised wbhgdrogen Rom alleteamrneﬁmynmg prabasmmlrtq'drocarbons
reporter _nol ecul es are known, sone of which have been
whereiadhe dbsiorthe progsss deadstreampis selestively, Seméatﬁ‘i’ &epap the

vent, on i s usefu or dia

hv§tqcat*g%torapsmts in WP BSL RRSiHim 1 BAg i BEfiRired
ek I

e S OO PR P R, UROpEL R Ed e 961 PAe

ckemplified biyhde anémbﬁtﬁmebEﬁatiolns Iproeess of Wigurel 2&Kctomprised of

i mmunosor bent assay (ELISA), radioi mmunoassay (Rl A)

hydrpgen foermscdnam ra%qrmlag qgoeesslanddyydregarbepewpergin the H, in

t t | onal - bas til
t%“ﬁt&?%%sﬁ%e dRetn SHoe e sl sepB At Boa memoidsbetPan ng

I;%)ﬁ?ﬁt% ift %fﬁﬁ)ﬁﬁ%%}é&%@ﬁ%ﬁﬂﬂk@d&% lg)frgfeﬁ%ﬂ entdithents of

t}@@p@yéntaheeﬂm thé @erléwﬁtr@i‘ﬁf(m ©) conaiis & <1>e<aset70 dhol% of the

Exp Med, 158:121 1 [1983]. In order to provide a basis
quzresnnagrm&m procasy feedstoearst Mdmmefexabbfs theoH,frighestream (110)

caain et .8%‘1‘9 b B Hhrpier o iedie lg%%gl‘,l%étﬂﬁﬁr%da%e"m
R Bl RINOHE ML A8 ENAEAR R AR BSIORM of the I,

ecrtic bi
p?&@ﬁtmtfh@ gr@%@@ﬁ%@dstﬁénﬂml body, to Ang 1 and / or )
2, er conditions suitable for conplex fornmation
that are well known in the art. The anount of standard
can be quantified Ry conparing the

I f t
(008 ﬁé 49"41{13@51%2@@@% %gr%@@ﬁggntem ABvrpetroleum

%fugﬁe[}& k& g?}:apaéytAg gesfgrrgg}ﬁ)ﬁroges t%e %gﬁig\g 5efwgr§1hn£ Bttcﬂ:ess
gafd@aﬂﬁﬁnsfﬁremr a6ty TR!thé amila& ﬁﬁﬁaﬂlﬁh& eidlahRgesMreontacted
al ues obtained from sanpl es from subjects potentially

affected by di sease. Devi ati on between standard and
subj ect val ues suggests a role for Ang-1 and / or
Ang-2 in the disease state. For diagnostic
applications, in certain enbodi nents, specific binding
agents typically will be |abeled with a detectable

rml ety The det ect abI e rml ety can be any one that S
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The cancers treatable by nethods of the present
i nvention preferably occur in mammals. Mammal s
WO p@baae7o f or exanpl e, humans d ot her pri nmat BGT/USH09/001123
wel | as pet or conpanion aniha3 such as dogs and
cats, laboratory animals such as rats, mce and
rabbits, and farm ani mals such as horses, pigs, sheep,

wiflda ﬁéﬁ)hhmg JataB/iss ao¢lengted | tempratines ual ehcgpmsehee of hydrogen.
tissue cells in which the nultiplication of the cells

Thsswpmnssemtypaaum @apremt@ﬁebs of e1thguthe fixashbed enthrescentinuous
bpd VaBaFs. ofBE FEalHsSFRIOHTIMGOGRESkY DHUSHIALG & flatiiuim-
cfa‘ﬁﬁgrgéé e aify{d 'v?llucﬁ qghﬁnﬁgd {d %&%'tﬂ@ nga?l\éﬂ(;ﬁhé 'ﬂyﬁl:@clarbon

0 ex I'Ng" aggressive ce
fe¥dRtreArBs 31 @8-hydREYen@@dni re¥@tlhsS UTicay Rdialgti¢ refdrasgand
nmet ast asi ze. Mdreover, nmalignant neopl asns are
podtessastare knewni to thbse ofhlelj/l arhthe axt.gr eat er | oss of
differentiation (greater dedifferentiation), and of
their organization relatlve to one another and their

100 Ko TP BREbLe o Bl Pl myaroen,

tne;yﬁgtg d?ffthé“h%rd | prdaueed isch ryg Soonsu%rabl?%WeFﬁi%s

rconas. |nonas i nc hose nal i gnant
prﬁ“enhd:fosoptanunﬁdpéranrmem pbﬁi()rﬁd)f thelHyalrogext-containing stream
infiltrate (invade) the surroundj ng tissues and give
pradused byrthe gatadwtia refnpming prosesfoldsCIt éd baf:lé ioithseatalytic

rived from ndul ar t|
rTEEBTE bR Sl e dhes, TRERDISE o Ribiibe Pime.of the net
I;
PfRHEIR Y RSp SO PhE pHAUEs B RRF BRBss RiHcHbs B fvell as prevent
exeuspye kit sfitikt platiauin deforeming\atilygsts.olhedigher the purity of
tissue. The invention al so enabl es treatnent of

theaieeeled by drogempentaining stregmpthsi lowesy dhe tasal v@@rrtm@ﬁ@le
regg Y e FORG e Aoy Tt A ear i b Procis. THELEsul n
s1gﬁﬁieé%% EH& ?iﬂ%’%%hs%ﬁtak %gws rﬁgt?érr‘;d%duift“&n Ht@?g% a given

ancer or s amenable to tnent accor
sétmﬂrbﬁnemami?mem Nk al@ecfefred egntiytiiment A@wahxrgrazﬁqut&ﬁl or
tunor, acute |lynphocytic |eukem a, acute
mmbmma Beparation pregessioh th Q:BW@@W inVention isowtélizad indheex,
adder c%r}cer n cancef ancer cervi cal
pecr e ifereeylsRuEn o b SaRBHceTomREE Rrocess wherein an

}1 &ffdeﬁt %ﬁéﬁiﬁ R dif&k&faﬁﬁt RledsPl ‘b%ﬁ’lor? Ef ﬂ(beﬁuﬁlch effluent

doretria cancer, esopha
st@éﬁiﬁ ef recgueﬂg)as:k&artﬁ@ eBtal@ad tdtbﬂﬂﬂ@px@aes‘se Tn didithiet
cell 1l eukem a, head and neck cancer, Hodgkin's
emivnﬂhnm atdapstsa pertisar efotine, Hicridh eﬁﬂumtcsmeam produced by the
cancer cancer srral | and n cel 1)
pw&stsgeﬁ&rfttﬂi)gthFah@aﬁ Bm i FERr togn Bistcastib e forming

PR T P e A

ost eosarcoma, ovarian cancer, ovarian (germcell)

cancer, pancreatic cancer, peni | e cancer, prostate

[0087¢er , In eprcf@htedsmbmdimm of tlenpresentsiol entiors the process
|norms st omach cance

rconm, uarmus ce
fqeggtrtaem(w %ﬁ]@eqmpleﬁwg dhe swing pracesses dBSAser TSA) of Figure

o REB 90 PRSP N B DS
hpdokhbdnd Wherkin &éHﬁﬁ%e'}ﬁb@és@ feddstRha] 1‘%rh‘é1»°ectctli‘§/feIlyn§e é)arated

treatnment of certain types of experinentally

cancers. In these illustrative treatnents, standard
state-of-the-art in vitro and in vivo nDdeIs have been
used. These nethods can be used to identify agents
that can be expected to be efficacious in in vivo
treatnment regi nens. However, it wll be understood
that t he net hod of the |nvent|on |s not limted to t he

.. Y I Y a o



nmel anoma; hepat oma; neurobl astoma; papill oma; apudons;

choristoma; branchioma; malignant carcinoid syndromne;
w@areiie2rd heart di sease; carckﬂona (e.qg., Wl R€T/PS2009/001123

basal cell, basosquanous, Bro Pear ce, ductal,

Ehrlich tunor, Krebs 2, nerkel cell, nucinous,

non-small cell lung, oat cell, paplllary sci rrhous,

feshe hgliascarBrooshposents in slwpme% feedbtreand In another

transitional cell); histiocytic disorders; |eukem

prefervedogmbedisnant of gln@ptesenbmg'lenhos, thcspea@es,s feedstream (101) as

4&8%;)}?@)} E}%&ﬁtsl ?ariﬁ%l unr&ﬂ?)lcless c?fr fllgﬂ?enES is comprlsed of

A5 e ARBER P PP Wi e 1

tHé phdcess | réedtstfmms sBlettivelsydepibated Fiopithc hydiosaboany;
nmesot hel i oma; nyxoma; nyxosarconm; o0steony;

oomlﬂmeatscmrthﬁ peoersd deedstreannand atleasted pomion of the Hy-rich stream
(Ilnisger m norra hamart oma;. nmesenchynoma; nesgnephrong;

Okisreyrled back ibihesqatalyticdefRIAIBERTOGRSSN B Agditional preferred

S5 S SRR AL s t s

m%%ﬁbf tRE P, P84 &HT8n tﬂ@gd&%kﬂ’éeﬁﬁﬁearﬁy be@ﬁl‘é@@fﬁb% the Hy-

cystadenocar0|nona cystadenonmm; granul osa cel

righnstrecino bl 105 toortdind epleasin®) niul%r efftheddpprasehtein the process
celltunor; Leydig cell tunor; papilloma; Sertoli cel
feedatieam, sad £ven more preferably, Hig Horsichy siresmy OLD contains at least

ggﬁﬁﬁh%ﬁvggaikgﬁﬁﬁmﬁé% Sﬁ%ﬁéga§§H &$%ﬁgz?gﬁa gl i oma;

medul | obl ast oma; neni ngi oma; neuri | emong;

neur obl ast oma; neuroepithelioma; neurofibrona;

[0688]onma; Embodigadigs bb i presemdanghticimmayclsh be pedfetratly utilized
angi oker at oma; angi ol ynphoi d hyperplasia with
te pyrify bﬁdrqyn-mmmg &ﬂd@trwns]go variguehpdregen;consuming
h&|0ﬂ&ﬂ?l0ﬂ& Hﬁﬁlo ndot i oma; , hemangi onma;

IHRMGFETHEE WY TEEnPRnAs O FEcHyi thfderm
"hg 9 @deﬁﬁé@ h& Qﬁ* géﬂﬁfeﬁﬁ?reﬁﬁlﬂg ?r%@s that is a net

rc nosarc ondr osa cystosa

cphyurhedefhydriogenswheima daeilpstds esafactwdawith a hydrocarbon-
| ei omyosarcoma; | eukosarcoma; |i posarcons,
cpytagymaggfcg@ite@mrm theyresenseraf hydyegermtheoehy, resubiinigam a

r hahdo neop

H SR b e PR SRRl oL T o PP HB, polecular
G o MBoBAE SEMiDLRFRrGRn) Bl RO HECABbRL P ining

€ presen |nven event
féécﬁﬁ‘éaﬁﬂysmpl@id}bﬁfdéegﬁlﬁglMEtsGﬁalﬁildEl Bt aﬁf: nlob éinsitddnto,
i ncludi ng psoriasis and cont act dermatitis or other
hiygdpetesnllirizatien, ihydroéraekings hydroisemetizaioni and rhs'dr@gmation

that patients th psoriasis and c act dermatitis, .
URiy e Tdrees g?%awugn&@fmﬁsw POV KD w0 Thaecpiskill in the
QOgoshi et al, J. Inv. Dermatol., 110:818-23 (1998)].
feferably, specific binding agents specific for Ang-2
will be used in conbination with other pharnaceuti cal
agents to treat humans that express these clinica
(89881t ondn thi¢se prpeessts,a bydrocapoageomtsiniegstoeardéd fedstoettie
usi ng any, of the various carriers through routes, of
hydranipsessiig whit desee ittf@altaf& aihydeerrogessing catabyist iy @
0se .of _ski cts

nlftdnrEOS e RatR S 480 i Skhes bfia hYrdtichedaifing fREskEam. A
Zﬁ?dﬂ?@@@a‘sm(%eﬁm( Bﬁ?ddé@ sft8ardi i8 I?@lhb%dl ?Fdrﬁ @lﬂ’@bl@ée@ﬁmd separated

ge-rel ate [ ar degenerati on)

angi ogenesis is involved, as well as

di sorders/di seases of the femal e reproductive tract
such as endonetriosis, uterine fibroids, and other
such conditions associated with dysfunctional vascul ar
proliferation (including endonetrial m crovascul ar
gromﬁh) durlng t he fenale reproductlve cycle Stil

R o, o o, o " o - . a



antim crobials; antioxidants (such as ascorbic acid,
sodiumsul fite or sodi um hydrogensul fite); buffers
w@ swehoxr3o bor at e, bi carbonate,, Jris-HO, citraP@yUs2009/001123
phosphat es, other organic acTﬂ%); bul ki ng agents (such
as mannitol or glycine), chelating agents [such as
et hyl enedi am ne tetraacetic acid (EDTA)]; conpl exing
igarydroguatedggodadti sticae amd b hydrygdenyconthindiog product stream.
bet a-cycl odextrin or hydroxypropyl -beta-cycl odextrin);
Preferably, atleass snautigniofdhe hpilrngenteontaiaingprodychetream is

N T e
W TERGBL S it oA L SR L g produc

s@SarAPosyestyd 1y deddetasumcenirationpldcallybelosy gptimum for the
pol ypeptides; salt-form ng counter ions (such as

hyduipgegessimgaindt.v dhedegdrogenicontainiog rabiecti streavhtontatis,
benzoi.c acjd, salicylic acid, thingerosal, phenethyl .
hyAton B gy G EHBCOTRBIRALS R SIS e BYdroaFmPHELY of the
LG AC roxi de); solvents (such as

hg?@%%ﬁ#%?ﬁ%Pgﬁ%@%%@Bgﬁy%gﬁ'or pol yet hyl ene gl ycol);

sugar al cohols (such as mannitol or sorbitol);

suspendi ng agents; surfactants or wetting agents (such
[C090)] ur dma pscfehed, ersbodinicnt, s¥ingraslsoypiomspocassesf theqiresent

.as pol ysor hate20, polysorbate 80, triton, | )
invegHan nwlhé?de temcreass the hyfrogeaconcentyptinmphpt least a portion

il hane.i. t .bi 1,01 9 ;
of ihndr e RN AR s PARF Yo Plim iy By drogen-
o3RI LR SUSRIDRRIDIES S50RGHARSLHE L F G, Hers,
lemxtca poxtivnsofthe/hydrpger-oentaiting produdjt sueainsfor a hydroprocessing
(Rem ngton's Pharmaceutical Sciences, 18th Edition,,
UINL 3 sqggmwsaw,ma @dsompion wmibef i prgsens Apkentiomoyoprisinge
o gR AR bk 2P AR s B et
ik gt 5&3&@5‘ ﬂ%%&f’é‘ftﬁleﬁ’i sﬁgzéﬁlrﬁnﬁtd' AL 184 gags%rbé’c? StfedB! "Akre, the
an esi red dosage. See for exanﬁle, em ngton’ s
Hphivhreftleeht stedanbhiae arsl% sopcentrablopho Ly droget icBitenihiin the

i nfluence the physical state, stability, rate of in
hydregen-soataivingpradnet fgedstream yo the swingradsorptidn prasess. At

speci fic bindi agent.. The primar ehicle or carrier
1R Epppan i e TR EE! e et artorasd (@0 seeled”)
< PRLENEELY BB oSO BRET oA b Amanceof e
hydrsptcUesging ainits alhiBenpebvdd pérfermaidel danbedmanifested in an
_cerebrospinal fluid, possibly supplenmented with other
improzed hlydrepsanessed predugs benefit héghiarhysloprocessing unit

admi.ni stration. Neutral ffered saline or saline

theoughpuj; lopves EnEFEY ¢ it AT opisr eARIPIASHE Fostsrdepending upon

SRS PR P b BRAY JREBbh 3o LnckapBR e
owethll @hitddperwor. WitH kHowl&dge d¥ B pi@dent iveneionl te Méfner in

sprbipol or a suitable.substltute therefore. In one
whidhddi implement theegprpsad anventioneint order tdobtdimtheqepatitular

conposi ti gns nay prepared for_ storage by m xing the
benefide desr 568 iqughn%‘HOitﬂ&lQﬂ@é)fé&lil iHeRIGr ee of

purity with optional formnulation agents (Rem ngton's

Phar maceuti cal Sciences, supra) in the formof a

| yophi.l i zed cake or an aqueous sol ution. Further, the

bi ndi ng agent product nay be fornmulated as a

| yophi li zate using appropriate excipients such as

sucrose. The pharmaceutical conpositions can be

sel ected for parenteral delivery. Aternatively, the

conpositions may be selected for inhadlation or for

enteral delivery such as orally, aurally,

opthalmcally, rectally, or vaginally. The preparation
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I n anot her enbodi nent, a pharmaceuti cal conposition

may be fornulated for inhalation. For exanple, a
whewditey7agent nmay be fornmul atgj as a dry powdeeT/{/82009/001123

i nhal ati on. Pol ypeptide or nuc¢teic acid nol ecul e

i nhal ati on solutions may al so be fornulated with a

propel l ant for aerosol delivery. In yet another

[@09aqdi MEN§hou@ alsol i statsdlythBealdedigh thehydrogeroparity in a

adm nistration is further described in PCT Application

hxdroppaTyssib@amIno ¢8Y Blsots istprowed byimprpvingothahydrogen purity in
de]iyery of chem cally nodified .proteins. It is also
t%ﬁx%egpmc@at%@s pradiet Stream Hiiliged reeyrle gas, similarly, the
i ni r | [ .
SRS T B e B TS0 S LSV Sphoving
tli’é_jﬁi(]dljogbﬁ ?aﬁtgv th el By dragbn-eBnadiinB Feédtroahat Riithié Embodiment,
wi t'houl” those carriers custonmarily used in the
at leaptoapoitiom of thediyiddogios agetaimingfeadstieans{ar adiydrepeootssing
capsul es. For, exanple, a c,ap§uI e may he designed to,
Upi|is aefd toReSVEAE; adsOiIan Wit of thepresentHIVeRUIHCOMPpEigINg a

=B i kP RSB ToPS mP] wHBFp s svcam i separated
8 % dJAt h ML -fieh BTMheHt 2Gdam el § ERNRAN A885bEd GABaME Here, the

Included to facilitate absorption of the binding agent
HyatidceffhienDstremntims af inalérdongentratbon ofhydrogep@redter than the
waxes, vegetable oils, lubricants, suspending agents,
hy drsigen-candainingyprodust foegsiieam ta ibe pwingadsorpfon preress. At

G5 ROGRon PP EGrfictt B SR RRR S n Gl R fhe hydroprocessing

uBIROFRAEL CLARLY, BN RoSONMERACHE) et in fubited -
berefits gimilantthes¢ desqritaidabovetfoe aleatingioshydrogeniconbsining
formul ated as tablets, pills, dragees, capsules,

produet gscamewherebyrapertian of thedd,-rich shdnentsteeamawhiehis then
like, . for ingesti.on by the patjent. Pharnmaceuti cal

rw&%&%ﬁ%ﬂgﬁ?bdﬁqpipxﬁgl% Y&- obt ai ned t hrough

"conbi ni ng active conpounds with solid excipient and
processing the resultant m xture of granules

[€092]i on&h bipreftiedrergbodichond of e pRisantintvahlien, theprocess

dragee cores. Suitable auxiliaries can be added, if )
fetdsiream . (181) anpxemplifiedbyrthe swilg prircessasHBdyd et 8 Agrof Figure

2 SBrist AR bR droE R BT Eoptocs inginesiomad fRdtocarbons
thé | ol '

R O F S RObAIRSs iRl LR REb AR R GR

h$&bcHiBona¢dapomndithin ¢l procesclecdstréam. e hblthed pAsfalred

and tragacanth; and_proteins, such as gel atin and
embodiment. off the paesent inveaitionnthegpracessofeedsteranu ] 0 1)zsng

agent, e added, such as the cross-].inked . .
RmpInd Y I0F AT B SChRAoNs REOGSS ORFASUIE oF is comprised of

f .s0d] ' . e .

hySoech TR by ERRE ST T BRI B8l Pthe Ha in
tHesiocess feedsttdtint & Ssle@igRy sepdritedoiiom theih§drédurbeh SO

contain gum arabic, talc, polyvinylpyrrolidone, '
campboents 19 ¢he prckyefaedszeamgindad l¢ashaglontion of #ié Hparich stream

and suitable organic

(ﬁ@géi%(rjﬁ?@CLﬁ%C@éjﬂ?{ﬁ@ffgg tifé?@l?sré@ssmgegqa&mrs Igjad ltg?ﬁgwgeferred
Bt Frolf B e AR SRS I ol o

70'ma1%% by ﬁleCHEfP%&@Ht irl the: prof@saaedstidant. "REGH! 'r€ﬁ:|rably, the H,-
preparations that can be used orally also include

push-fit capsul es nade of gelatin, as well as soft,
seal ed capsul es nmade of gelatin and a coating, such as
gl ycerol or sorbitol. Push-fit capsules can contain
active ingredients mxed with fillers or binders, such
as |l actose or starches, lubricants, such as talc or
magnesi um stearate, and, optionally, stabilizers. In
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nmust be sterile. This may be acconplished by
filtration through sterile filtrati on nenbranes. Were
w0 b@oaaizposi tion is | yophili zeg sterilizati onPCEURZH09/001123
this nmethod may be conducted” 8t her prior to or
followi ng |yophilization and reconstitution. The
conposition for parenteral adm nistration may be
rithGtedni (1 110y ephiding &dlchsir80 @oldoofsthe Hj presertrin the process
addi tion, parenteral conpositions generally are placed
feadstreame and avere marg\preferablys thei e rigbstreanpOrl0) cootains at least
xampl e,. an_jntravenous solutipn ,bag or vial having a
83?8%@@10%@% é’éﬁ?e@tb‘?ﬁ}f Pﬁ?ﬁﬁ%ﬁe&ﬁ#iﬁ Mection needl e.
Once the pharmaceutical conposition has been
formul ated, it may be stored in sterile vials as a
[6693]t | Olln afibRe PEéfRFredEPhbodifiens, sWingwdsbiptiod prdcess of the
dehydrated or |yophilized powder. Such formnul ations
presgnbimventiords etilibed td recaveeatlydtogensmrichedstreainnfram a fuel
form(e.qg,, lyophilized), requiring recqonstitufion
£ps S9am o FAighERs 15 Gomprsed q>§11&hts$?é6$ {nr@?iemt[»bmqrosﬁ@ G

. ti . . it .
g s OGP L Oh B Gttt St AT afpfbduced
. £ . . . .
SRR okl e HERL 188l BT clp LR e b1
féiklydowngressiads (gdnerally Abow@ipw HH0 péigy andwsed primarilg as fuel
kits containing single and nulti-chanbered prefil]led

refynaryi gquinracef, such auifar fayng heatsrsand/onbeiersnyidkizedin the
B e b P T St SRPR Kt sBSe o
sgflglloiﬁ thBert PEARRAHE 'lf\%hl? Fl?ﬂf‘dgarl?d}g &phﬁgt&d\iéﬁéehlg@‘iﬁcremental

ed I1n the art appreciate t
valhieroRk beiry wdliagkad £ el Solifue, hfzéﬁigmrdoewﬂakze tathighvary
~depending, In part, upon the nolecule deljvered, the
inareineatal yaluecoventbiesng utiized avia fegelsgurge afoit éxvialwable in many of

bei ng used, .the route qf adm.nistration, and the si .
i OfoRET AT SR 0SE S AeactbgH AbpYhn Carnpg Tifipg e Broblem is

) _ . ant |
R b 1 W BTERGHIAR hAERBERLS RAPA bikirchile KA oBice
cORfafed fohtBehgdi 6capbondlin thieStreain & therefok&ithettei a significant
optimal therapeutic effect. A typical dosage may range
etomomixireasorDfdr regdkeringa hydrageabrach campongntiream fmone the
dﬁgen ing on the factors nmentioned above. |In other
r [ @. the dosage may range fromO0.1 ng/kg up to
about 100 ng/kg; or 1 ng/kg up to about 100 ny/kg; or
5 mg/ kg up to about 100 ng/ kg. For any conpound, the
[00%Rf)aP et kigiglebRfifRat, at fe4408 Poptadh BE tIRShy ddkeAl containing fuel
initially either in cell culture assays or in ani mal
gavibedent toig kwang aidsweptiontumnit ofzhbipresentl ogsention qungsrising a
ani mal] npde] y also be used to determ.ne the .
ze@lpiopridagelate Hamewarki (c4L Amateraliwhsigin the stream is separated

L Rt PP i Rl P Bl P SFRORT stRER, o Brere, the
H,lvideENent 3h€aritasta MOPALDNMEAatRsh §EhPArTgeR Grédter than the
["ight of factors related to the subject” requiring

hy degeneruntaiDosppedactstachm niTherld4-rich efflecrtdjtreanecan then be

g&ovi de sufficient levels of the active conpound or to
ukitized k) pracessedsyrh ag thosedisted phevethat redmredpighpurity hygdrogen

i nto accpunt Jnchu he severity of the disease
1Pl PPl e o RS Aoty b cObRER Rt of the
wei ght, and gender of the subject, tinme and frequency

of admi nistration, drug conbination(s), reaction
sensitivities, and response to therapy. Long-acting
phar maceuti cal conpositions nmay be adm ni stered every
3 to 4 days, every week, or biweekly depending on the
hal f-1ife and cl earance rate of the particul ar
formul ati on. The frequency of dosing wll depend upon
t he pharmacoki netic paraneters of the binding agent
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cells may be immortalized. In order to decrease the
chance of an i mmunol ogi cal response, the cells may be
werwapsiat ed to avoid infiltration of surrounedCnysS2009/001123

ti ssues. The encapsul ation natefials are typically

bi oconpati bl e, sem - perneabl e pol yneric encl osures or
menbranes that allow the rel ease of the protein
hpdasbaetdis)thbtiirerinalie fiteltdye fdedstiednt amhcad be betueidd forhyse as a
the patient's inmune system or by other detrinental
fitel@asrs fromthe surrounding tissues. Conbination

Therapy Specific binding agents of the invention can

be utilized in conmbination with other therapeutic in

[q{%gt r e?ﬁ %Eer apeu %%igﬂ%lr% 3 fq{]ie %eﬁt @%Hﬁbﬂ%@%wcess
fé@ﬁtr@hmqfloll) 88 EREAPlifieh HYThBSRARE procesaGPSA oRTSXE) of Figure

as other growth factors Or inhi b| ors. Chenot her apy
2fris aompnised afi agefihesy fuel gas capthdng bydegensandizy drocadpons

»\?h%%@xﬁﬁ & Pdindhe alockas ibesPlemas SElcchyeb snasH R the
AR BB SRR RS T oo eBiTRn in RT3 RLbFRErred

eﬁﬁ)@dﬁhbﬂ@ JfftRé Ei/és'emntl% hfh'eqll‘ -FicH Qe AR (fl)l byebainteat least

such as thriethyl enenel am ne triethyl ene,
70 ol of piwHa prebent imthet pmaéss ﬂeedsiremlny l\/lmiequefmalélrylme H,-
altretam ne&I al kyl sul fonat es _such as_busul f an;
€

richistrgamed 19) santainsatdsasi £6 mel%eofithy Honresentin bl pracgss

feiqqcshgdl n%%é g{zlerggﬁcrh%a? @g;ﬁ%ﬁ hggﬁ ﬁ{}gtgrrﬁoe 1 18§ %E)r?ta?ns at least

85 thb199 LW H'%):presfeh%'fi{ s f@b&‘sqgea‘ii?m:' t abi ne, :
cyt osi ne arabi nosi d cyt ar abi ne

5-azacytidi ne, 2,2 dlfluorodeoxycytldlne, purine
anal ogs such as 6- mercaptopurine, 6-thioguanine,

[0026] hi opfat aother pd@fbm‘yddfrgﬁw embqdimenbof Ehe enrrent invention is

ﬁﬁ%t srpdA SRR, n@&&ygﬁd@fv@é 2 RratGridicas dseribed

G R B DS oA PGP Sl oBucea

eithérdrasthiy Retie (O¢lgBppyenb Gtdasit bﬂ&klr@ﬁhft’ I F\D'I'Siéehh Reacking unit" as
taxotere, estranustine, and estranustine phosphate;

dessripeddp h;ne@mhemscad Peocessing bl whichnal hydreicptiyimstream,

b h D,
PR RS heaSE PYBiacATbons: B sraskeadempamitutss v pically
o ORGP (Y nd BHHAYE LB i HRKEbBEn AN fbserce

i homycl s suc aspar agl
oPhadieidhgbhydrogee i6 Frdﬂi@bfdn@d‘lﬁerﬁiﬁbnt@ﬁun'g_ product stream.
I nterferon-al pha, , G CSF and G\ CS
Priferably these atkengears eﬂry&nman@ompmpwlﬁnm Indbest steamamracking

conplexes such ,as cjsplati.n and carho
PEQfeResc Bridigesh &p&d&weggnm a?aﬂ@ﬁaaﬁegn@ a53h¢ plkepgrrich

PR, S L B BRAEL PR e
ré}‘ﬂé@é@ﬁ%ﬂeﬁﬁi pSHBPHIRSARSIS pfodubt prodiict@! ane
DDD) and am™nogl ut et h| m de;  hornones and

ant agonl sts including adrenocorticosteroi d antagoni sts

such as_predni sone and eng val ents, dexanet hasone and
[‘H}Wr]ogl mgtlﬁiembdﬂlmﬁﬁbéé asha parsemef the hydrogen-containing

sts%%[ UG TSRS PFof L AP o BRI B ST R B3 invention

?hgﬂ'{gsi HARR fn?i'daﬁ@l@teeﬁ'afﬂ%WorE 5(“ZFF]' g RhatBAN! %ﬂl&&”ﬁ fhe steam
“an ro

I es gen such as tanoxifen; androgens including
t est ost erone propi onate and
fl uoxynest erone/ equi val ents; anti androgens such as
flutam de, gonadotropin-rel easi ng hornone anal ogs and
| euprolide; and non-steroidal antiandrogens such as
flutam de. Conbi nation therapy can done in conjuction
mnth the gromﬁh factors Ilsted beIom1or mnth agents
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grom h factor binding protein, keratinocyte growth
factor, leukema inhibitory factor, |eukem a
w0 nivvbo2ory factor receptor- 1,  nerve grow h fRCT/082009/001123
nerve growth factor receptor;] 38n'eur ot r ophi n- 3,
neur ot rophi n-4, placenta growh factor, placenta
grom h factor-2, plateletderived endothelial cell
cicket prodaet Sticard lig s aehteddntovstdegst @ prichaiffluent stream and a
| atel et derived growh factor A chain, platelet
Pﬁdﬁalwddsqbcdvstreamctﬂerdwle platich efflugst streamdraswemol%
factor AB, platelet derived growh factor B chain,
coRCEUREOn R ydsoR e exsarerithan Bie sieamcraskar arogustisiicam. The
r - . r
HIGRA o5 e 3SR RS b w8 T Bihet Bl ke e QS oP petroleum
réfﬁﬁhg?roéds%ﬁ feQuiring@s h9trogenctdriifining s@ésh. MHecHi-Man stream
transformng gromh faCtor- 1, transtorm ng growh
isf dasbred2frony thies£ b+ oontginimg adsorbentt pnod8¢ingr amiphprovied gpurity
&reowth factor- 1.2, transformng growh factor-4,
alkene profuat scyMowt h facotr-5, latent transform ng
grom h factor- 1, transform ng growth factor binding
protein |, transform ng growth factor binding protein
[0098]t T aATh{EMbOGirdERWflthé g?és‘éﬁt fiveitig i 11fiselabed by the
tunmdr necrosis factor receptor type I, tunmor necrosis
coftguratior of pliguret/h eviidreiny thukproesss: fegdstredm b hpgeexemplified
activator receptor, vascular endotheljal growh
by the sWingprecesscréPSA o 58A) of Figlrer Tos sginapnised ofra steam
i nol ogically actjve fragnents thereof. Copbination
cipfRypanst it 2Rhtal e A0 RROan 1 Cap Rikensy CpcR s ffiene
aﬁggpfgf‘ﬁgfyl&ﬂﬂ Wh&ERHhe 1Y fheQffeart LP{LKRP pPOURR SirBAWis
In c I"nati'on wth an apoptotic inducef such as a
sdpaivdly seprrattidnfyomabo talKenegcomponengopiesthicinaht isteagy cricker
TRAIL ligand) that induces apoptosis via the DR4 )
pyorimes strqam) Ipaddisionahprafeged Tmhodiments ofdbe present invention, -

B L) RS e P e PSS e stcam
L SEL S A B, B b S comtans

lcasn80naiol % ePtietH L pregemeinaht ¥tdagl yraeket podusesteéarh@dthéven
effector cells and nolecules to target and destroy

moze praferably,she Therichraireamdfl 1 8- cantainseay I¢ast 8 anoBx afpheH, -
anﬁ@ntiﬁod of th resent .invention that recognizes |

PICSFRY R4 PR 8fcaphcragke CbSUfamy, t ar get cell. The
anti body al one may serve as an effector of therapy or
it my recruit other cells to actually effect cell

[0099] i NgA siBgifiaht b@@bﬁtttﬁ}th@h@;ma%@@ﬂ&w 8fltHeGPrasdhit U9

_or toxin éjcherrpt herapeutic, radionuclide, ricin A

inyveniion cambkachiavediaver penverdxinsP $ Axirncesses by wilizing adsorbent

mafskidly COBRESTh oL Rortein 250 §LLQ§§%€%@§%§8 hest tht some of
A AT aRE AR R 6l B (MR ARl Al bncration of PSA

proeesiR5 L AsoWkAak ¥ lﬁgﬂtajﬁﬁ@ﬂpﬂvé%ﬁdiﬁg rhti6 f8hyMedrbon components
conpositions of the invention may be used in a

ovarthj.ned t herapy approach in conjunction with Ang-2
targeted therapy. Passive inmmunot herapy has proved to
be particularly effective against a nunber of cancers.

(65if0) AnTEAT T bR BF P s Brbckes s Ha g POA°

ac}l%%\ij%ﬁ&h PRIceBEcHPBE bgb'xea%aﬁ JférSTilBi&g%’e&ﬁE@ H%gug{;?t & can be

ntion in any wa MPLE" 1 eration o inty
Mat ured Anti bodi es Agai nst Ang2 by Phage Di spl ay
Overal |l Strategy CDR random zation was enpl oyed to
enhance the activity of Ang2 antibody simlar to
previ ous approaches (Chen Y et al., 1999 J Ml Bi ol
(293) 865-881; Yelton DE et al., 1995 J I|nmunol (155)
1994-2004; Yang WP et al., 1995 J Mol Biol (254) 392-
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and Ascl. The resulting construct was used as a
tenpl ate for CDR random zation. B. CDR Mutations
wa\ndopheityo 536 as a Fab in vector pCES-1 was afPCTU82009/001123
mat ured by a step-w se Si tedi +bcted nut agenesi s usi ng
ol i gonucl eoti des bearing NNK (N=ATCG K=GI) codons for
each of the CDR positions. The Qui kChange
seent ¥y Pl 18adr eﬁ/_ﬁhé%?ﬁﬁ@daibdﬁh loddBigstingueticuli? GO6ZIB-SYIF-11,
was ‘used fol Flow ng the manufacturer recomended )
amd ZIB&oshowivin Higwres 20023l 26, respectinakye the ZHd inmajerials as

JE N TV A ST
o B A s e aidny
a%ﬁetgéghg%%nﬁﬁi&ﬁf m§%Pea\ﬁﬁﬁstWﬂh@Ir%ﬁeQGQcyb_ﬁbﬂ@“pg%§&e

etected with anti-M"13 anti bodi es conj ugate
- sepairitidiREf hihmgen drah. hyldiocarben eontansingtesl stwgamse dmpethex
relative to parental 536 Fab, and clones w th superior
prsifomed emhodimentsafagdspetian pracesses 94 the presert invgafion, the

N T

aC{&hita Eﬁggﬁfm%ﬁﬂe %Hg PEELs q&éﬂ%ﬁ%ﬁnﬁ?&%ﬁﬁ%s 'gﬁ %e&s than

were sef ect converted'into 1gG Briefly, th

abauti 100 ssia ¢9®RBayf Ireather eimbodiments, chyahrpearbordeed streams
usi ng aZ%%i r of prinmers. Prinmer sequences for LC were

canectithe ZForidiE-ongajing @dyorbent watsriabnt espitally ¢hasen
e S S Gl PN A G AT B

WW% fifity of the present swing
. After “di gestling
adddrpti &8 prbdessdrtoBahl¥ shieh a ktbstandalBephtatioarst IB&irBgerd ffom -

HC, the variable regions were inserted into pcDNA3
hydrocartonceompéoundsgis Wieky htizatéive sspecialdy imgdack prageasas as
sequence of human Kappa and human .l gd usi st andar.d
reltay dvick £A5i05 ey £as Frfoy s WK (e Rrgaess Ay be
i nt 6wel | plates of XLI O gold
a%\%fﬂ%)telz{ gﬂﬁ%‘e@ﬁ lfz té}géggggﬁe), and the transfornmation
m xture were grown overnight for plasm d prep the next

day. Resulting DNA were paired with relative parental
[(EEO1]C #ithiEedind o dngh loadisgeattloy preasurbsdioegxamptle, the

293T cell s _in OPTI - VEM usi Fugene. After, 7 days, t.he
saaple0l AU dFomdamply Tand bs g8 sswﬁ%%@esqrpaﬂﬁﬁ%éng at
LAkl | i '
BPR SRk PG Borf B3R 10 s A paPRE BRI of about
084" ARIGIEN dtHalne ¢ flids e saGs@ntia e din bstRirRGprebdure ARG
(Perkin mer). D. Selection of 1gG C ones ndi ti oned
temepkirature @ondivionai(sed Bi@une 26).tlagtthel G rhyidf&Farbons, the capacity for

neutralizing assay for its inhibitory effect of Tie-2
ZiFeis et 810 Weelcls %@.eS%ﬁgbst@maéfygazquP fA1F pressyre and

screenin LC c e n I d
tGingi O Sanditorisy THBrSrRPily bdreasts ket s L mhiA i t these
s@&s@ﬂﬁ?&%}éﬁﬁtﬁ&%ﬁ@ﬁ& PresAnft &0 fdrﬁ;‘&%ﬂuﬁ&‘ CORGHRMG 'fBﬂtheT@%n

t he conmbi nation of "each LC and nmutants, along wt
h$docpeboanst AAs disoussedvyricr, ZIBnsdtenalsgdsuaht as Z1#19BIF-11, and
ZEI ates seeded with 293T cells. Conditioned nedia were

118, can bg valyable adsqrbent materiale fardewcprsssre A ohS Angnd

knhi-bi,tory effect in Tie2 neutralizing assay. From
Pb%%g@‘oﬂliﬁ’?éﬁﬁsterson, 22 clones that contain single

mutation in each LC and HC were selected for further
anal ysis. E. Expression and Purification of Human

Affinity Matured Ang2 Antibodies in CHO Cells CS-9

cells used for transfection of the anti-Ang2 |1gG

expression plasmd(s) are a serumfree suspensi on CHO
cell line. They were derived by gradually adapting

DXB-1 1 CHO cells to grow in serumfree nedium as

descri bed in Rasnussen et al, 1998 (Rasnussen, B.,

——y ] A NN O o oy




pl asm ds nust conpl enent each other to express a
functional DHFR nol ecul e by association of the 2 DHFR

wo ec@giren2te in vivo. The followipg twenty-two PCT/US2009/001123
anti bodi es, each consi sted of4$mo heavy chains and 2
i ght (kappa or | anbda) chains as designated in the
follow ng Table 2. Table 2* Tested for binding to
[bMJz, I6eEHeuld beattsied And althaagh else pidvessdiafahe préseht asvention
3 and 4 set forth the sequences and SEQ ID NGs. of the
fhesaparatich bf hjdrocahopecampoundsidem Hhin peocess fagdstrgams have

anti - -1 gnd/ or .ant.i - Ang-2 anti bodi es, converted.fro
bﬁﬁgggﬁ;gnqcth OVed?fQ‘Pﬁ“bX;@ gegmsiogi@oqvg@_g aglsgrption conchgura{lnon, the

| o - e . ) o
AR AL A E1EEERE 3 B0 AT s s
pPaéabasRt vbhdifioHS %sélb&i&@? RBparae Hpdrochitem dom s from H,,
et al in: Sequences of Proteins of 1nmmunol ogica )
ahdtprodudte indildrRobipasitioropraduct Sttensl as discRiseddpithe swing

Heal t h and Human Services, 5th ed.). Fab regj.ons e
agdpoIpHen RIecess nengs a%vedamgmowsm ¥ féZlBB St

ernline sequence and then,vi ' '
Beliainedut P ERETad hpleh bk iR COBEHEE i Bt §rbrocess
oy ey e gas seaumpe IR B epton
chnipaginid sehetitiveapéraidates_Rbhyowgts et P -Bontaining membrane process
Conpl enentari ty-Determ ni ng Regions _( CDRS,?1 of Heavy
popducisg @Hgaskere Hegieh totentate sticam whepgip the Ehrighyretentate

Ang- 2 Ant] bodi es;,, Resijdues and SequenceSEPARAT

shvbichant bBi Tl PhHel® BT PG hat Chidis the
-Wﬁ%\(&ﬂ@ ka5t 6hOH, Jibkn pRIYROAE Sheam i

%Iglo preesent [ %‘%@?A%éf aéiaes to the selective cam1s

atppdoduced bgﬁh@pﬁb&g§wﬁe{'@'mthy &f,clean penaeate steamainas a lower:

containing ot h hydrq&;n and h%grocarbons utilizing a .

meldp iof iHh than thezpriosess feedsteaamk Thgtsiiepnl comppesiipps| sgparations

the .streamto be se t is fed to the esen ..
splect ILiSK OB Rt A el e HindlEed bR I6F efErcppipining
HiRBFHAE o Se R SUintchEs SPMHe! frSertPAGARIPAR shiABPWPlHose
matertal” 1s 1ncorporated 1nto a Sw ng Adsorption unit,
ideitEfidd Bf deabliig adfsrpsivurtotyisignibstintents describetl above.
Tenperature Sw ng Adsorption unit fromwhich a
hydrogen-rich streamis produced froma feedstream

L S AR S L BRBRRTR S o soci

. iy b ke : . i b os
bRl s ROCEERILA SuftAc fheldflohR dRd OUBLAG G for

dpREdtiN\&des 8p&cifd donditioh@will be ragﬁa&htsto thogéskilled in the art. Itis
Separation can be acconplished by a variety of nethods

thérafqre astehdedethabtheHfolowisg tlaitns be interpivetedas any¢ring all such
z&enerally exp,?its t he hft rences in physical angd/ or
tﬁeaﬂoelmansmp% ietians s fpHev BHE sPirld 2pd scepsaiiEy.
.For _.exanpl e, gas separation can be achieved by parti al
IPYHHE action or by utilizing a solid adsorbent
material that preferentially retains or adsorbs a nore
readi | y adsorbed conponent relative to a less readily
[00304]be dlmoBRamples below hre pravidedtoillestrate theysynthasissand the
ot her, gas separatign techniques,kngmn in %he i ndustr

adherPSiQBIPTRAHEY of alfz‘y splestasaliie igpdazelpis EmeH Ok matdials to
iR 8¢ BEndltts AF 5 BEIPAY P el Thed BRSSP htustrate

sel ective conponent or conponents in a gas mxture to
be preferentially- - adsorbed within the pore
structure of porous adsorbent materials relative to a
second conponent or conponents in the gas m xture. The
total anount adsorbed of each conponent in the
material (i.e., the adsorption capacity) and the
selectivity of the adsorption for a specific conponent
over anot her conponent may often be inproved by

. o s - o




adsorbent material that selectively adsorbs nore
oxygen than nitrogen, at |east a portion of the oxygen
waeommvained in the feedstreamw, ||l stay in the pdBUS»eN001123
and the gas com ng out of the*hessel "will be enriched
in nitrogen. Wien the bed reaches a selected fraction
of its total capacity to adsorb oxygen, it can be
spEIRO efrdodinéits b theopres@itdnseiitivpnsatidge nec hwanteslimit the scope
t hereby rel easi ng the adsorbed oxygen (and any ot her
o theowiregné dnvgationonponent s), whi ch can then be capt ured
and isolated as a separate product stream The
adsor bent material whi ch has now been "desorbed" of the
F?EXﬂ§§$@§p then be reutilized and the various steps of
e rocess cycle are repeated so as to allow a
conti nuous operation. [0004] However, finding suitable
materials that specifically discrimnate between .
[@0XGS] culln thefdkpringtExamaples 1i thréughhS .csmall hinoiuats obAdolitic
effective manner ' have. baqt h

hat_is that the ood . .
Imagpzoiate gﬁa@sw&eslss( RALEN sarrmlg,wéa%ayrﬁh%ﬁe% g%falaﬁw)testmg

e . eas| . it | SO At
PRSP P MRS Rl ot PR ERIARR i Examples
6aREHUGhOT R ZAyRenemtiqut Ry pd'Sf AfiERPBFoRY cris@llipdihectiees

sustal n the severe pressure and/or tenperature
havingi frarmework tupologies copmhonlydondd in aeslites agdiarad dbler
t he Frocesses. Therefore, comercially sujitable, an

1

cristallinepenterials wherebheashcyertexyiswamprisied afdsyngleqnetal ion and

terdal.s are not very readil vail abl e. sear
efet oo o Rafase e agibEriL iRt SR AR Grs SEREARE 4R finked by
RIS I3 at oMb g&"aﬁ'iﬁlidi’idl%%i&r%f {19 deAVAGRS. RAch ZIF material
operating conditions to nmake these separation ’
witlog spectfic egmnofisalathtyoocladddeis dhafitidrizua lepalupique X-ray
teachi ng of a PSA process having a nulti-bed systemis

difftastion patiem. Hewevar, fue tathezaorons and dlexible sagyrgiof £ IF
havi t | east b i s .d i bed, This '418
AT RIS Eeng 6T OLTRHOR FOHETL P DS BRREIPam splvent-

! . b ’ . r o .
RS S8R AP AU B oSSR i
seididshwegstepiril ateofding & pubhshicbproce dades ovith slight

internmediate pressure with rel ease of void space gas
nfodificatienspingdactionesehle had/oosampl) agination; seg refprence Park, K.

depressuri zation to. \ ressure, (4 ', ~and .
SIS 22 3 A2k 3. S Bl e B SR 1. K
IIRechE MEYGORE B "BF P e PNERSHELE X O £4°P006, 103, 10186-

comuonl 'y "enpFoyed tor pressure equalization purposes
181911 1 WhithaY iiseorpefaed Hain By 2efReéhtand Bereliferred to as the

desorption pressure. Another conventional PSA
"BarkcRefeeenagdi ng t hree sorbent beds is disclosed in

U S. Patent No. 3,738,087.- - [0006] Another

industrially inportant gas separation process is

IO, ptcteadtile PP ZEE PhieRTs plaioka nbrin e BT RNt o be
1iﬁﬁﬁﬂgtdfqné pre3ehfMiveAiTBn ¢R ARY Aedtiner! ThegrenetAeYhitsis and
adsorbed over others within the pore structurée of an

strdstord eritaravi¢rézatan ofl somdé bf ther ZHesmteraals apphceable to the present
cont ai ni ng conponents. to be separated fl ows_ through an

inNpsbiopee Preseakadain Wpked StatemBaigat kgblicasion Ne-

re selectivel.y .adsorb ver ~anot her
RO A RBisTch ek REBORERY BT AR S e
in concentration of the selectively adsorbed
conmponent (s) i s obtained during this adsorption
"stage" or "step" of the TSA process. In this process,
after the adsorbent material has adsorbed a certain
anount of the desired conponent(s), the tenperature of
the adsorbent is increased, and the selectively

adsor bed conponent(s) is rel eased, or desorbed from
the adsorbent materials and can be collected separate

- Y Y 2 T . - . o " o o




partial pressure swing or displacenent purge
adsor pti on (RCPPSA) technol ogies. [0009] Additionally,
WOrReHNes2e0 separ ati on processes can be used forP€TEs2009/001123
separation of gas conponents'ﬂ "a mxture. In a
menbr ane separati on process, one or nore conponents of
the m xed stream contact one side of a nenbrane
[081¢7] alDewatled :gmmbki@rpreéeddies Al cabed Beldye imExaaples 1
t hrough the nenbrane and is retrieved fromthe other
thyoakghdt fariselavtetbZHnmatetialsi al as a "perneate" stream
In this process, the perneate stream has a higher
concentration (in nole%, weight % or volune % as
!nginﬁglby the process) of a select conmponent than the
reamthat initially contacts the nenbrane. A
"retentate" streamis also obtained fromthe first
side of the nenbrane which has a | ower concentration
[00108jo! debthisvexiagiple %4 ZOF-Mmiaterial Wwassydeidasived. Bhhda framework of
2?rocess) of a select conponent than the m xed stream
IKaf hanp chemical comnasition abZpbabvhskein L~ bpnzimigdazelate, i.c.,

o SR TR BAGD oA e o b i
iAEHRAN 8 hARRIHTRREWRR Bl SOBTSRODNAM i€ Mridy! Rfthework
that Is ted to the ne

m xed stream rane separations
typocaksas défingahlyss tialntematibhaldbsolite AdzeciacionEdIZAY) thethe
of the menbrane (for exanple pressure, tenperature,

“MlaspirZsolido Hramewark Types’ cids Baestochintl BrddeCuskes, D.H.
di f chemigcal potential nb
i i3t Boypaftcifondiistier AmSEEE Monent from

the feed side to the perneate side of the nenbrane.- -
[0010] There is a need in the art for inproved sw ng
[60E09]pt iIanhaswithesivofii e AEF T datskes9.00igd 622iAg nitrate
-adsorbent materials for the selective separation of

tetyahysieate{En(N O hoHdDs34.#mmel ) ansliB 40, g onBenzimnidazeledds.4
HBah e dirsatied BEOGH ﬁliﬁﬁﬂﬁﬁﬁ%@?&fﬁﬁ&%ﬁ@ in gl liter
S5 G AR A R RGN 8na

isttkéreia Rventdd 8 73 tK f6in%8 AbBrs2 TR red@tbn)ithé nmidbtRE QLTS
or petrochem cal process and/or associ ated products.

deconed. U selidl orystadizethor the sidbiwalhand theNoottom part of the jar
US2007/ 020203 disclposes a famly of terials which
v llegd, Brahedu ihAns ared D ind labeied hassinthesized ZIF-

7ﬁranemorks (or "ZIF's) materials. This publication
describes in detail the synthesis and structural and
pore vol une characterization of various ZIF nmaterial s.
It includes the | ow tenperature physisorption

[@0kOJ ct dniozderi toractiMatezthd 24P -Atthe ak-synthedrzedtsofidiyasheated

selected ZIF uctures but it does not _discl ose .
uaggrovapﬁquah ab‘i‘g{)& fardd Tagurs Hsanstrmed 19 11204l prabsigypersed in
ratinae eondj i relevant. to .

L0 B EE GnBO eREd oL 288 KT AR BBuls IR Wprohfuite
exaia&%?atzmm widUshdddin #PRiss Gid AtPevadddiFon Yvadlilin line

I NVENTI ON [ 0012] The present invention is a separation
apparatisat roo-tenmgeraiuFe fomi @hoursgomramevieahs sdlvent molecules
effectively separate hydrogen from hydrocarbons in
residingds itsdiares e g %fcﬂ?ﬁwa%édZWH peasobtainggneerresponding to

5 £f e ly the process. feedstreamis associated with a
Sgg‘gjyl&ﬁ@ﬁ?ﬁv‘%g 0 ﬁ?%ﬂ‘éﬁi’ﬁ‘@iﬁ% process and/ or associ ated
products. As utilized herein, the term "hydrogen" (or
equi valent term"H2") is defined as nol ecul ar hydrogen
with the chem cal conposition H2. As utilized herein,

the term "hydrocarbon(s)" (or "HC') is defined herein

as any nol ecul ar conpound contai ning at | east one

carbon atom and at | east one hydrogen atom[0013] In
accordance wi th one enbodi nent of the present

invention there is provided a process for separating

wN r o S r R o



i mdazol ate framework material is selected fromZl F-1,
ZIF-7, ZIF-8, ZIF-9, and ZIF-1 | . [0015] In another
wee@baoned enbodi nent, the C2+égydr ocar bon conpoOT/Os200%001123
selected from CH4 (nethane), "C2H4 (et hyl ene), C2H6
(et hane), C3H6 (propylene), C3H8 (propane), CAH8
(1-butene), and C4H10 (n-butane).- o - [0016] In
[e0TDIdarsE %dstdals@ﬁﬂidﬂ"@qﬁrhﬁéﬁts,dhetabetopittﬂ%kchmged ZIF-7 was
invention there is provided a process for separating |,
lppded dinectlypinotbe senfpde biotdes oithe grgyimetriggaspdsorption unit and
cant acgt.i n first side of, a nbr.ane. rised of a
agH¥gt ile‘ﬁgﬁﬂ&éﬂﬁipgt@e FP’&&%\%F %%Fﬂfléqqe@lcg%}?ﬂfeagp rocess
feedstream conprising H2 and at | east one hydrocarbon
conmpound at a first pressure and first tenperature; b)
[0e112]eviFiguie [ khéWws A”JommRrisont dfahdlekperiin@ntd poetes Xieay
of the nmenbrane at a second pressure and second
di Brqetioat (IPXRDHepattemns bfthe asssynthesized and thesaaetonitrile-
consi sts_of _conpgnents that sel ectjyel er neat e .
exphanapd £He7 samplesandhe ¢ @Jlﬁﬁeﬂgl%% fatkarn (shown s g stick
L ower cencentration o o9 o) $
PO asE R SR IR Sl Erlal g tueRIZI T Blgtfeuip e “Park
RAERARL" YR Bl cbdRekER! ThHePXRIPBAAS &8s SheWBWA Higure 1 are
material has a franework structure wherein each vertex
phéttédhes fheaditfractiorsintersityr @n asbitranpunise)chgains tlse dfraction
nmetal ion and each pair of connected adjacent vertices
a@gqu\@¥h€é¢7@ﬂtﬂﬂgfm55ucture is |inked by nitrogen atons
of an im dazolate anion or its derivative, and wherein
the zeolitic imdazolate franework material has an
[0OFL3]P '"Mfe lhiG}ﬁCBd?&?r 'oAth® a§-%{r:mth'é§iz9a{ HPCAEAAP] LR ed by
over H2 of at I'east 5. BRI EF DESCRI PTI ON OF THE
thd Cbincilen@e bf kexptitidchtal and dakilated PN REpatterpa it &y worth

X-ray diffraction ("PXRD') patterns of the
ngtingthe Right-dififesenres bstwyeen Hie tvasupeaigertal PKRD patterns of

ZART e BT A RIS 3 fitleXBa 0 Ehorbbiedrabopace
O@IRS) J 2b LhF0h7oRsed PNGHDA HRAl (BE YalBIn of acefonitrile-

ructure of reported in t ar ence” as
exehaigedZIF-Nés Bidexed taltlsosahovpadegronp withur-eb < 90.58P A and
FIGURE 2 shows the thernogravinmetric analyses ("TGA's
ool 51768 AsThy datacriggest aslighiclistortion of theeumih ael; o8 ZIF-7 upon
ZlyF-7 sgﬁ)l es of Exanple 1 herein.[0019] FIGURE 3 is
SPHENERFEN4NENt al powder X-ray diffraction (11PXRD')
patterns of the as-synthesized and |,
acetonitril e-exchanged ZI F-9 sanpl es of Exanple 2
[DEIEIN. FiberecbliowatinothRRbeRafiinetric éﬁ%ﬂ?m (isr(m%a for the as-
vertical stick patterns in the figure) for ZIF-9 based
synthebiged iandthe a¢stonitilesexchanged Z0F-7sdmplasaparitregern n
the "Park Reference"” as.referenced herein is also
alipesphere; Theastivation conliens fs5eRed 2ba¥e weere khosen based on
]t@gr ravimetric anal yses ("TGA"s) for the
as-synt'hesi zed and acetonitril e-exchanged ZI F-9
‘sanpl es of Exanple 2 herein. [0021] FIGURE 5 is the
experimental powder X-ray diffraction ("PXRD")
[@6 x4 r nFighret Heisam Seamiting Eileetrhn Mieroscopy ("SEM") image of a
acet og'é&h%l e-e ch%Pged and t he tol ueneexchanged ZI F-1
sampha '7EB(8§BF ‘3 herein. The cal cul ated PXRD
pattern (shown as the vertical stick patterns in the
figure) for ZIF-1 based on the single crystal
Mggl;kqe of ZIF-1 reported in the "Park Reference" as

renced herein is also shown in the figure. [0022]

FIGQURE 6 shows the thernogravinetric anal yses ("TGA"S)
for the as-synthesized, the acetonitril e-exchanged and
t he tol uene-exchanged ZIF- 1 sanples of Exanple 3
herein. [0023] FIGURE 7 is the experinental powder
X-ray diffraction ("PXRD') patterns of the purified
and net hanol - exchanged ZIF-1 1 sanples of Exanple 4

— o - e ~N NS a2 a2




ZI F-7 sanple of Exanple 6 for H2 (hydrogen), CH4
(met hane), C2H4 (et hylene), C2H6 (et hane), C3H6
w@ proopyd2ene), C3H3 (propane), Zféu—ls (1 - but ene) , PENUS2009/001123
CAHLO (nbutane) at 301 K and T0®.6 kPa. [0030] FI GURE
14 is a Scanning Electron M croscopy ("SEM') inage of
a ZIF-9 sanple of Exanple 7. [0031] FI GURE 15 shows
the CH4 (et hane), C2H4 (ethylene), C2H6 (ethane), and
C3H6 (prop | ene) adsor |on isotherns at 301 K for a

[00H6] sdnphis ee;ﬁrr@lg,@z 9 mpgoia yvamsmﬁzfgsn_z@d; Jhe fsamework of
23 S PR eRinal rRmpoRaion o Chva SRS L heRpifarlpte, ie.
tfetioh i Behaiitinppiel b w100Glomy GRIE GO ERtiofsHly i

iderfed] tBe@ebReic ffAASRbriEyPrSOD! $ODas Ihned-dter framework
El ectron M croscopy ("SEM') imge of a ZIF-1

tyrecadderast deﬂr@ddogcﬁmﬂ@wjlasamilkdﬂe Bsaapiatios (T8 34 the
“Pelager geokiorrmenoe Loney At Hrstlophe ipﬁy M\Qﬁsﬁp@@
(ﬁ%?rk%o gﬁﬂel){,gwg‘ﬁgd%@?%ane ,lgg%él%%%:’pr op§1 ene)

adsorption isotherns at 301 K for a ZIF-1I
(acetonitril e-exchanged) sanple of Exanple 8. [0036]

[(OATRE 10 thessynthesis of dphZEdSpmatenigl,t h26 gdsforqbaitaritrate
| oadi ngs of a Zl @HVéacetomtrl | e- exchangeB) sanpl e of

hexahisdrated GoglN enzypidazole (3.05

bl el i PSRy QR éih%%lﬁors%mﬁ%e 120 m

%}é};ﬂtﬁ? gﬁﬁ ld'%r oé-gggsap(ﬂegg%@ thErE¥for?mixtupe ﬁfa§‘h%8&'drlﬁ an.

Image of a ZIF-1 1 sanple
isofthdrxaiieiven 4t 3793 Eor 6 Ebi¥s. Adtcs roastiom) ehﬁﬂfbther liquor was
(nethane), C2H4 (ethylene), C2H6 (et hane) and C3H6
d@mpﬁylﬁmegolubewrsrﬁlhmd 01@ thagidesvall ambthadetinm papy of the jar

Ie of RE a bar a
i5lRrEd, RSl Boamor L RYT rd fabsid fasrSnuflEsics Z1F-
of Exarrpl e 9 for H2 (hydrogen), CH4 (rnethane), C2H4
(ethyl ene), C2H6 (ethane), C3H6 (propyl ene), C3H8
(propane), CAH8 (I|-butene), and C4H O (n-butane) at
301 K and 106.6 kPa.[0040] FIGURE 24 is a Scanning
[(m Hc&] r ofin mdmctgwpya(e tBEdIF-9.1thg es-synthegizedgolidpasehested

Ie 10. O RE 25 s ows he t.nane), ..
JCUORY Pl & QB lEAnS &gt ﬂ%b& sgsed in
é%ﬁﬁftﬁ‘é i B A 1o TR e

ekﬂﬁar%@&%[’@ %s'l@@&’éd“ﬁ%_&fas@ tulldrarftl Svdtalhtedodn Evaswh® line
10 for H2 (hydrogen) met hane), C2H4 (et hyl ene),
apﬁ;hlﬁtl(sea:t raom)-ten@n6ture rfmpw bowis, to@emv(s phc: pakvent mode@iles
butene), and C4H10. (n-buta ane) at 3Ota‘. and 106. 6
rmng[leowaaorm AREE0f 4C§Vate§1 pugHareEERANGENE to

lS{?ylleg(iib g‘oﬁnﬁ%ggzgég %thl F:JlrJ(r)I::gts :M_n;/ﬁ‘ntal on whi ch

ZI Fcont ai ni ng adsorbent material for the selective
separation of a hydrocarbon conponent from hydrogen

[@0119] [ BO44hs RisadphoR&xipsrimentsyphe heetdnidiikgexchangediZll-9 was
a process enbodi nent of the current invention whjch
l%d%rhdz@etla indhe smplesbcpldpapf thesgrgy bnelsis gasiadsarption unit and

. nt ai ni.n ctive nbrane e s tive

Gyt d -3 50 i B conBRa AR eihefin EXGRIRG dr ogen

(H2). DETAILED DESCRIPTION OF THE | NVENTI ON [ 0045] The

present invention is directed to processes for the

separation of hydrogen from hydrocarbons in process

feedstreans conprised of both conponents with a

process utilizing adsorbents conprised of zeolitic

i mdazol ate framework ("ZIF') materials. As utilized

herein, the term "hydrogen" (or equivalent term"H2")
|s defl ned as_ rml ecul ar hydrogen W|th t he chem cal

e . T .




i mdazol ate framework ("ZIF') adsorbent nmaterials are
i ncorporated into a nenbrane material for the

w@edoeaoi2ve separation of hydr oggr bons from hydpOnes2009/001123
("H2") in streans containing Bbolh conponents. The ZIF
materials will preferably be utilized in a matri xed
nmenbrane nmaterial to facilitate the separati on of

[DOT20JCcarigie F 56w cohtpatisph@ifahé efpéribedialpoivdet Deray

feedstreamto be separated will contact the nmenbrane
diffieaction (AXRLYYrattzrioottheras- symthesizadnandhefasetiatrdam

eﬁ“é%%;g%?;il%ﬁﬁé%‘&tp&a%{r{d %Mi@ﬁhb}sﬁﬁ?%% b {ilaobn st stick
R alondft Sl SnBl HROPERERCFIES oy thethark

Referefifé' ALfeféRAcod hefeiR! IThE PXRE) pdttdri€ adSiGWh h Figure 3 are
wherei n each vertex of the framework structure is

phattaal assthe diffractzinnigtensityt(al arbotrapnenies agajisi theodiffraction
connected adj acent vertices of the framework structure
apgley Wﬂ(@@t%gnrﬁegf‘??ébn atons of an i m dazol ate ani on or
its derivative. The ternms "m cropore” or "m croporous”
as utilized herein is defined as a pore dianeter or a

ni al ‘31 Iy §_ ; ;
O B Py ORI B S Etize Py P B Sarhpils Shidenced by
thdeoinyidehes of experimenrtad bind leelcil dte dPDER D atterisat Tharelbtively
utilized in the present invention are disclosed in

- layge bagk goanddn the BXRIPustteonof the asosyntiesioah Z>0xample
oBbhoud BB oo s BoET oL VS ERS LASHBLALSs by

| | | g |
PAEHERbR R SRR R o€ S S5\ el ooy, The

PORIDa ot B@gdeststhat Cobesmaiinp B9 is intrinisidadlynaftlewetr hi s
may be acconplished at conditions of pressure,

crystalinity whenaeempaneddoiitsi isemorphausafre-containiagimaterial ZIF-7
industri?llfro esaﬁﬁ. In order to separate two

(cnByiR& f BYFS M)kt ure, the adsorption | oading

(e.g., in mole/g) for the first conponent nust be

greater than the adsorption loading (e.g., in mole/qg)
[06122] he RrgeRHsKANP titethermEE RN ihbBaUIAh AV QRS TGXCHEOE the as-

can be designed to operate at |ow ratios of adsorption
syuthdsizgd and theracesogitritesexaanged ZdF-Q sampplesnn nitsogarhe

adsor pt i | oading (in molelqg) for {he secon

airpagbicent L hg fciNatdnORdaRnS dekribeg éfw‘éw&rwﬂwn based on

Tt%?%a ratio for at |east one hydrocarbon conponent

over H™™ of the ZIF material utilized be at |east 5.

[ 0050] Since the required equi pnent size, cost and

operating expenses tend to be significantly | owered at

[001R23r dgureptd isea $crandiimg) EletticosMictoscepypAISEMOhamage of a

processes hecone nmuch nore attractive utilizing

sample oL E-2roduesd-ti ons that 1ead to higher

adsorptive loading ratios. In nore preferred

enbodi nents of the present invention, the ZIF materi al

Eil_%inll# keyl in the present invention has an adsorptive
ratio for at |east one hydrocarbon conponent

over H2 of at |east about 10, preferably at | east

about 15, and nore preferably, at |east about 20. In a

[0QL24] pr dn shis sxample @ A8 matgeiayvas sptesiged c hedramework of
uch, t hat, t he ecifig. h rpbon conponent, to, be.
Z3EFCnaa Sthérmisal BposBio e 205 RRerE LT FBda Pt gy the
Loft ' ' i 7 ERichthA( isGdentical t
R of HFRENE) Bhd KTop BEY RN 1S (heizdd iR RAL iy identical to
sonme applications can be at |least 100. In a preferred
enbodi nent of the present invention, the ZIF material
utilized inthe present invention is selected from
ZIF-8, ZIF-1 1, ZIF-I, ZIF-7, and ZIF-9. In a nore
preferred enbodi nent of the present invention, the ZIF
material utilized in the present invention is selected

I T .S — - 4 A o Y




tenperature. As used herein, although it is preferred

that the adsorption |oading- - for each conponent on a
w@arwiteei@ar ZIF material be nmeasured under thePCT/US2009/001123

operati ng conponent parti al pf‘éSsure and tenperature

conditions for the system it is often nore

advant ageous to neasure the adsorption |oading for a

tharzéolitid raméworkaypeBUT C BT iea thregl ettérframwork eype code as
"standard" conditions of pressure and tenperature.

defincd hyrthe Internatienad Zeplitee A ssdciathors ('IAA) in tine SAtas b€ Zeolite
cope 0 he present inventjaon, the adsorptive | qadi,ng .
Pfrsmeworisﬂlw’pééﬁpﬁﬁ%rm@e(etg? skera 3 . Qfon, Sixth Revised
r t Ql e%p'ﬁ ng partial pressure for the ‘
Eﬁ@éﬁ?ﬁgeﬁgﬁgg’hgﬁf? n ojaérati ng tenperature

conditions for the feedstream contacting the

ZI F-cont ai ni ng adsorbent, or at single conponent
[08£25]ng ladhesynthesis dfdbe ZIRdr miateriad, h2530af Kin¢ 26troic)
and 106.6 kPa (800 torr). Unless stated ?t herw se
tetrehyidrnie ZaXNEow HrOnd Harmalbaed 2 ef [Bidazele (04 mmol)

t he sanpl es. | h er ejn i ch.can
a8 R o (o B8 RV PRSI eSO R 20 mi gass
. 00 E e S ) ESs I
T VR FEER T o pp P in il ighltidH A Wil Heal
isuthempdli ovenit G68sIS dor 32 hivhes. pxfecrartction, ehé nwstheoliquor was
effectively and econom cal |y separate hydrocarbon

deeapedehbe solid aryaallived ppdhersideswalhnnd Hae beftem part of the vial
cO ents. Fach of t ' dsarpti on pr sses
R RS R h W RS PSS AR R R T 5E Pove any
r¥aauAnioftler o0k pfﬁé’gr(ﬁfﬁ@t (asenat erﬁ‘si%xg@&Qo QR mil Rial, stored
conbi nation l'ead to conpl ete sw ng adsorption

in ODMFeind labtleds'apsyhtibisizedl AlF- Fheat ed. Since nul tiple
adsorbent beds are typically used, their appropriate

time synchroni zation |l eads to the continuous

(B EAL” R BTl g e 9oy S P wa immersed

FREPORTER G pE R e RS R iR

réplatetevery 24 howre. Thedc@onitrilectxdtanged ZIFhEwas loaded in a glass
adsorbate-free or substantially adsorbate-free

tabsandevacuatad enatviaquumginchappagatus laé rocmttenpsmatpre ton. 16 hours

stage that regenerates the adsorbent in its .
16,60 P Y e F9 RO EHles IRTIHNS 1 LB OFeSLY 318 Sbactivated ZIF-1

el incl udi a i 4t A [ Zi
AL A5EH A0 1R03 of SHLSTRN Fiycrare)
Altdrigkivél, theyslnthaided BIR-Nayvdd ddtivatebpektidhgihg With
feed gas m xture with the adsorbate-free or
telubst foliowed by d¢ating anderf vaaiuaa sb442 Kt ford bobutsas begun
the "cycle". At thispoint, the next sw ng adsorption
"cycle" is started and the cycle is subsequently

(0GEEAL or e Q0B orBh Bkt S e B Sk fed or
t610Bh& ek Ekhnded ZIF € vadSondedire®i e i fle dathple WA of the

adsor ption process. The equival ent terns "process
giado®trie gas adsorptioh enitsindesotivates] imsgith by using the coniditipns
adsor ption enbodi nents of the present invention is the
srthedda &t ream conprising at |east two
conmponents to be separated which is contacted with the
adsorbent material during the adsorption cycle. During
this step of the process, the process feedstream
contacts the adsorbent material under certain process
tenperature and pressure conditions and as the process
feedstream fl ows through the adsorbent material at
| east a portion of the "first conponent”™ (or "strongly
adsor bed conponent™") of the process feedstreamis
preferentially adsorbed by the adsorbent material wth
respect to a "second conponent” (or "weakly adsorbed

" B O .

o g - .



steps may be utilized in the swi ng adsorption
processes. These steps include, but are not limted
WO eg0vaaizcur rent purge steps, ¢ ynt er-current pRETES2009/001123
steps, and/or nultiple partial’pressurization or
depressuri zati on steps. These additional steps may be
utilized to inprove first and/ or second conponent
[00128] er Figurerd shusws a icdinparisor obtle exparimental powidey X-ray
and/or obtain nultiple product streams in addition to
diffiacton (UBRRIND pasiernsof tessrayathesizeda akastonitruls-cxchanged -

SRS cth RS2l SR ZAE] OB R S SO e
PR R PRk oY S ST A  AGrfe:

réporedrianhe "RarkiReforees aalref@encedehdiyitl. 0T PXIRD patterns as
compound (e.g., nethane, ethylene, ethane, or

siowpyh Engre dnaretpletted es theidifbapioore intensity dosichittaeyl units)
ahove. i s hydrogen, H2. In this,PSA process, the
agaipst the %&é‘é‘lﬁ’%@”&le tyie tﬁ@tp?{n @‘Eﬁfﬁ%‘ge nt during the

adsorption step is higher than the partial pressure of
the first conmponent during the desorption step which
[60120Y5 Fhel1B3 puAity 8f tHetas-YynthbGz&ZF ethniple 3§ evidenced by

conponent to be recovered i'n the desorption step and
thehapincidondxeof expranential and belcnlaged PXRID paktyrie fi istworth

of the adsorbed conponents for reuse in_a subsequent

neldRg i disierendss betwpen the tewepnarinertal RXRP paggrns of ZIF-1.

XpQsin he adsor.be terial to | ower partia
TS B38epEo S afttheliesy riTSdadne fiogRoBoalfbishics sroup P2
aP29 6b9IA B as3UI &5 AoRdL 150738 ANgEhE s WHkeA3the piftern of
Thi s desorption canbe further "assisted by utilizing a
aqutowieriigasxdhangedv@IFt his indexedito theaamerspaocé grtnep ithsg = 10.098
conponentlguﬂlu%the desorption step, a purge step, a
Ap&rt 14:648rhsa i 2300 dn AT 9. 55rand paitern aff toluene-exchanged

r.essuri zation step as descri.bed above. 1t shaqul
2GS SRR dh A ohart Rl of RERGHESRLERS ey 2 With a =
r{ bed iAN [ d . :
LR SRS T oo A S AL ThE Pl SiRes (TSbriBle B the unit cel
of A -prgssiodvérit-dxehangel We prthowutahavkighesyintmpirg siialsz of
ﬁége., to a vacuum pressure) during at |east one of a
ZH&d glossiesistsThe single orygtal strugturg of sueh alcomponent was reported

nBhES At REt Sl DuncdepeReisi e Epking i o, ramework

' 0 ﬁgﬂﬂﬁ G Of _ fzenre ogli ner
to?P tg}easzpzle}ggh?ﬁpﬁ{/en |gﬁp\lxlgcé’r(§ei ﬁ)gﬁ%f&dé{esg“f ee st?gg%ﬁl'%o
Aa101) conpri sing hydrogen (H2) and at | east one

ydrocar bon conponent (i.e., "hydrocarbon conpound")
is fed to a process of the present invention wherein a

DT s SRk b5y o e s
SRS AL I S0 B85 B D RIS Bl

sandptes MOnitAdden dtRlosphereh THe ACHY RPN CONMEABAY deSitfied#boile were
greater than 5. Here, the hydrocarbon conponent is

chosen based onlllGAatidar bed by the ZIF material in the PSA
unit with respect to H2. During at | east one stage in
the PSA unit cycle, a H2-rich stream ( 110) is drawn

t hg, PSA 4Nj 105) rein.the H2-ri feam
P31 | 2B b Schbing BEERE MiFaiio (RFN IR of
sapiple ¥y Ike i | A g | t i

e T et tile K Ehan f) ArQRAE VEISEHE 193 B Scpnnine
stream ( 115) is drawn fromthe PSA unit (105) wherein
the H2-1ean stream ( 115) has a | ower content O H2 by
nol % t han the process feedstream (101). In a preferred
enbodi nrent, the H2-lean stream ( 115) also has a

hi gher content of the hydrocarbon conponent by nol %
than the process feedstream (101). [0060] It should

-, o . A NN

o o .



feedstreamto the PSA process. These enbodi nents
ensure a high level of hydrogen recovery in the
wo2e0pi1e8276t r eam product str earqé{/r om t he presenpCT/US2009/001123
i nvention. [0063] Alternative in the PSA processes
descri bed herein, it my be desired to produce a
H2-rich strean1fron1the PSA unit with a high hydrogen
ERtidnyMiéroScopy "SEMI' Niri@gde 604 simplogfAI-drteluenaekehanged)
In preferredenbodlnents of the present invention, the
ptdtlucedh stream contains | ess than 30 nol % of the
hydr ocar bon conpounds present in the feedstreamto the
PSA process. Mre preferably, the H2-rich stream
ECO";)'QF | ess than 20 nol % of the hydrocarbon
LEAEE SIS present in the feedstreamto the PSA
process, and even nore preferably, the H2-rich stream
contains |l ess than 15 nol % of the hydrocarbon
[00d132d un s this examiple, @ Z1e 1 maisnabwmz sjonﬁlhelzed;AThe framework

rocess. These enbodi nents e re evel of
o783 dinsy piraryicneRmBORBOR QL Ut UK ot bergmidagolate,

f h '
L6 iR Ao B FRRAmgRAR1E) o8 thROMEY LAYy 1602 Bitions that is
idEgﬁeslft%ttﬁé el FraDfsPb K type REIOSARHPIOS Birse Mrbdrakdmework

e adsorbent material is conprised of a ZIF nateri al
t}é}recbddhels deifined h}onimednmmatlmml dfmxhlte BAasocibtior (TIZAH") in the
ydrocar bon, "HC', conpoun net hane, ethylen

“éﬂh&ﬂéze@htqu@WW!di) Tw”t(ﬁlfb Bagtlophers &rBolVigtiuskss D.
bed, abov h H. T
ey SiRfeR P Efioh F15A8 A et 20078 oher o n ¢ he

partlal pressure of the first conponent during the
adsorption step is higher than the partial pressure of

[00183f i r $ tieosyavhesis ofithe ATF-1 henatesial, m)t33fmgsifemc/\imalne
allows at |east a portion of the adsorbed firs

hwthdn@nt(Znﬁl\I@e)zr Blek.dd mmd)wcb@@&ﬂ;ﬁ of)Beawpdamle (8.38

o Rera desobe oo (N Pt e RligEE R G apB i ass
vﬁffl SR 1a? Qva%tt%rtl))%\ég d'te tré‘fct%%nﬁé ﬁgegzs%? geat%a'lﬁ an

I's acconplish ‘exposi ng t

isoEHeefiaf bvER ahB BB &I fok Qmﬁﬁﬁl§ UA Recadiibh,ohe rhstheh&iquor was
desorption step than the tenperature conditions in the

dammmcbﬂlzjhtgscﬂt(hp'lysfﬁﬂuzﬁdd@s theptide nvallaando@hefbgttm part of the vial -
wgh EeDesied ahdiwshef it DS UAEA Bimathe R usde fidetcily o
re%o&ebg jgefs?&lpﬁ %oﬁﬁg{ ﬁgp&l afttih Bfh | ol?]segf g%éh?& the Broduct

a purg ep, a pressuriza

“ﬁél&lﬁérﬁiraﬂﬁEfr@&%l lal 208l Qihl%anha@mss‘dlv&ﬁdwdomnted After
[ 0065] An enbodi nent of the basic TSA process of the

ther akition ofichiuroforni .al lomil), iths viad e dappéd gudéh@mixture was
except. that the basic difference is that t ead

ilmezses) inan wWirasanicibath g%’s% gHRYtes {0 mee {1 #ed

M
uFRRARRY Bnte-phith &b MEDEREEPL 205 3158 Thuo v of

solidd etafbd erdfie Uit daf Bn S 1IBPESSurfdc@ 1hdidtafted fof 30 minutes.
pre ese component partial pressures are raised

The dolld\lﬁyadloatﬂ@amthevs&irfacew dhbovefomg v\aisobareaﬁuﬂyr@llk:hmd
tenperature of the conponents in contact with t

using & pipete ané @naasfqrmisf@] anothesflimd vigls §he éohét“é?hﬁ “washed with

e SHeh PUE e e dpunBed R TRE D Coon

invention. In these conbined processes, both pressure
and tenperature changes or "sw ngs" are nade between
the adsorption steps and desorption steps of the
process, resulting in a desired separation of at |east
a portion of the first conponent fromthe second
conmponent of the m xed conponent process feedstream
fed to the inlet of the PSA/ TSA process. [0067] In
enbodlnents of the smnng adsorptlon processes of the

e o, . o .




such as netals or other high heat capacity and high
heat conductivity materials may al so be incorporated

WO 200/104220 matri X to assist in tge capture and PCHNSI069/001123
of at |east a portion of the RRat that is gener at ed
during the exotherm c adsorption step(s) of the sw ng
adsor ption process, thereby shortening the duration of
[D0E34p /It deF Rrasivate ther ZH51 Dothelpueifidtsslid @ad immersed in
further inproving the overall efficiency of the ZIF _
methenol(c.d.d5 mt)sfor bitatpl ofid 2dwiusst Thosqluerinvolume was replaced
conponent s.

0068] When the ZILE rials are.
qVEBO2H oHFse 'mﬁghéﬂﬁ -ﬁa@mng@ﬁ@gﬁﬁﬁw@érxw% iorg glasg fybe and

be f | ated i i i
5pLRETO 7 Pl B BBt 0N SR Bl methano
sgtrﬂ%)gfgﬁadt?ﬁ é&ﬂgakaitﬁﬂez theddolidwagHemehemdervacfig af 328 K for 16

sel ect ed adsorbi ng conponents are brought
Houkotocremaat theisolvent encldsolep résiding indbe poreshef the ZIF-11. A
mat eri al . hbn-[initing exanpl es i nc| ude beads,
1.

009 girampde of petivated gdFt ki was ghys Rbtained, seaesponging fq A%
| 1 pw fi ber. L] ti lied t
sinik Bsed ot et il Ry e T bers of “hotlow

fibers. Dependi ng upon the specific situation, inlet

stream conposition as well as product stream

[00138)si tHarigas adsoneivn epetini¢mssthambcthanolperohianged ZdB-11 was
for the process of the present invention, certain

leadadedioeasly iartbe sample hpldes ot pravimstréagaprdsprptéon unit and
aebraamsuar fope e condh B eF LR Tl |

descri bed above (i.e., structuring, additives,
coadsorbents, etc) that allow a reduction in the
[00136] OrFighired7 SROWS alcdnspdriddnastahe pkpeorimentdl powder X-ray
sinmply "cycle" are of utnost practical inportance
diffrantiond' PERRY)pasternsref theepurified andithehmethanobeyphanged ZIF-
nd/ or, can, reduce equj cost. er eas, convent i onal
iomplstand Bis SopRiREBRRD phieen(showag e Shek Peledbased
o s LR skl AL Elerribd ey bt Reference’ as
reReMEERMdréine ATy PXRIY paReidsi 453hodisin Figuts 7 Res pidied as the.
to significantly reduce the duration of a conplete
diffedotionyintems ity (learbit@asyowmsts) againsth theodififractidmangle two-theta (in
adsorption processes. These rapid cycle sw ng
856Bpti on processes that are enabled by the materials
and process conditions of the present invention are
particul arly advant ageous from an econom ¢ st andpoi nt.
[001P71ef eTHEKigRTRRHY BIMAhE s@thpld B VidERRH bytheRoifiideridecof
ZIF material 71s utilized in a swing adsorption process
experimientdl andoatdidated BXRE patteans.hHris abarth nating the slight
and nore preferably, the ZIF material is utiljzed in a

difieregcas Befvrendhe pive capsrimratal X Rbpatiems of Z1E-1 L After

I t.h bout., 30 £ 1

BB ReriaBey e R BEERY St e AFsRoR neRk uRE piGGihpd the
: : ot e s g

PR AP SHACHAAD Aitod ks 6 BTy degrecs)
present invention. [0070] In another enbodi nent of the

[Bresent i nvention, the ZIF material can be

Bt3fIporkigers § showa thetsramearadmeine poalyses CIEHA "X for the
Rt e e ARG St B ATt SRR 3R pr e Rngpphere.

TS @8%0on 'é%rlﬁitt rﬁtcfegﬁgge& QN @igfgflg)ﬁh)ﬂa%c? oRITGACERa.

conponents. Is e di nent, materral is

i ncorporated within or coated onto an inorganic
substrate or a polyner material and utilized in a
menbr ane separation process, thereby producing a

"ZlI F-contai ning nenbrane”. The ZIF material of the
menbrane has a net perneation affinity for a specific
hydr ocar bon conpound (or conpounds) over hydrogen, H .

o, . o, o o




menbrane. It should be noted that in sone enbodi nents,

a "sweep streant may be utilized on the perneate side
w@Roowhes2Zd F- cont ai ni ng nmenbr ang i n the nmenbraneCT/US2009/001123

separation process of the pré @it invention. It should

al so be noted that the term"perneate streanf’ as used

herein and its conposition properties are neasured

based sol ely upon the conposition of the streamthat

perneat es through the ZI F-containing nenbrane. For

pﬂl@b]s esFighire Bl &5 & SaemnngrElectrromemppydﬁ&El\/ﬁt) image of a

suc str i s added on the perneate side

f%nuﬂﬁeiﬁﬁﬁﬂﬁzwgdBP ess, the conposition of this sweep

stream nust be excluded fromthe conpositiona

anal ysis of the pernmeate stream [0072] Conti nuing

Phdhipldss process enbodi ment of the present invention

7mf-r£a§r one retentate stream (or "H2-rich product

stream herein) is also obtainedfromthe first side of

t he nenmbrane which has _a higher nmol % O H2 than th
[8P4Qks s Indhissexamples %&IFT%maregralww@&%zqdq elhe framework of

ORI AT Y
iSCRAEAhsh 6 2 ?\%ﬁlyﬁn‘uﬁazol%;1 fnd gﬁﬁg@%gﬁ RPRel by the Zn cations

permeate streans) “than the ori stréam t hat

that it édedtiral ttetheezﬂnﬂmefrmmak tyesSP c&@@ is[DthzSd- letter
Figure 28 illustrates this concept in a schematic of

frrmaewpriety perasggiasedefingd b}hféleﬂnmmonai verlitoAssprinton ("IZA")

if B¢ RAGRS oL ZE0RtE ERMGEAR TR @%ﬁ%gﬁer bBolflster
1 31/OHoh SRRRRSRER Ilib R REERAPimb BHER! Sy per ef ' 2

mbrane’ separations unit IS utl rein
the menbr ane separations unit contains a selective
menbrane material (210) which is conprised of a ZIF
[B814l]i allntthesymthesiawfibe dIbt8 matgridd]l 80 2ef zing mitratge

il RIS SERT

%@?ﬁﬁp@g {é ?Es@%dﬁé%ﬁi A P'yﬂr: é%‘#@ﬁ}ﬁ?mﬂ@qﬁ al
memgrawpwsrue jh'rfw&b %ht@y cappenarad ﬂle rfeﬁ@tiﬁﬂ hextieeasMRated in

separations unit wherein the H2-rich stream
apJdsathetmal even @trf’elr3 Kdor @dthouts. Hefterreaotion,ithamather liquor was

BEESSSEHLS it o S P
a;ﬂ &i%té&&&gsﬁég‘%ﬁh I @w{e‘a‘iﬁtd PerfiNd bﬁj}ugéﬁéhyal mother

rawn as a - perne rane separati
nqihbt ahd Qﬁ)arﬂwwhew by tolict. TAB prod@atWAsBeh thisfeired to a 120
| ower content of H2" by nol % than the process
nileadb and thre DMHA polvient wap detanted dAéebtiti addition bfiehloroform
| ean stream (220) aI so has a higher content qof the -
(P@dﬂ@@ mlpdhe it t@@trwacﬁlr@méa%%eegse d in an ultrasonic

byt veé%oe%srétﬁ%i‘% 5»5%89%@11% ePRR ot By B S Bboh o surfaces

OTATPL 68, sEAP. ar Wbl "_@F‘e?s 'eb‘l"sbhdl:ﬂﬁpﬁkgué@ BftBF BeB58] $ oRSFlevkl

in renoving the | ean stream conponents that have
speface anéﬂttfrbednfmmﬁo sahetesi Vhe selid laes ﬂ‘aaungtdmethe surface of
Cﬁermeate or "back") side of the, selectjive nenbr

Inretoray was carafplly @ellﬁeteri naérrtg/e Pincdle AN EmStempdFp another 120

oo} s i Ve A3 bR ap TR B Rudadf itriea

Agnefits. In a preferred enbodi nent, a svveep streamis
utilized which can be easily separated fromthe

H2-1 ean stream conponents of the process and be
recycled for reuse as a sweep stream [0075] In
preferred enbodi nents, the ZIF material utilized in

t he nenbrane process of the present invention has an
adsorptive loading ratio for a at |east one
hydrocarbon conponent over FQ of at Ieast about 5

o, . "



| ayer can optionally include other materials. One of
the materials that can be present in the

wQ@bkmoaaen2r@i ni ng | ayer is a pol r. When the ZPET/US2009/001123
contai ning | ayer contains notre than 10 vol % of anot her
material the selective layer is called a m xed matri x.
To mtigate the effect of any defects or pinholes in
the selective layer, a reparation coating or
reparation | ayer can be incorporated in the nenbrane .
[60¥42qt ule orde¥(d3ictiVate the ZIEehitthe purnifiedsobidavas inmersed in

A & o 40 P Fonecte] o 3 Rt A pgisoLveat voluthe Was teplaced

eftra s, B TRRIEROE cRUAMEH AE & Wals 1680 o glass gube and
e k@6n 8 vVakGha Bi%e apparhtuShAgier FRSRIMGEal YfTekédrab Piethanol
and nonolithic nmenbrane structures. The menbrane

solvdnt & nooii-tampératireythesolidi waskedted tinderswcamem ahg23 K for 16

retentate and perneate_ zones of .the nodule and to
hgpms\terremovsthe yplyest Brolequlestestting i Mg perss of 41Ke8. 1.70 g of

h . . 4Th
o0 Z06-5aS laited 2o SuBHEE B 81 b ST (Bhseg St
hﬁﬁ liffi§adole)P! ace within the nmenmbrane nodul e. [0079]
There are ny applications in the industry which can

benefit fromthe process of the present invention
whi ch enabl es such an efficient separation of

[03443d ge Ko gias adsaspting ¢xpermsatss themethangbiexchanged bF-8 was
lim.ted o | . [0080] C h .
gt an s B EOBREo SRt IR o o i ano
a%¥#§@%§%§§y2§?§%§ﬁa§m cailéllﬁ%g%glp #géﬁ @grr(gn éé?rgﬁ? mof -
hydr ogen gas streans is one of the nost inportant and

integrated activities in the overall process for
[0M44h e mEkgured sheowsoa eomphrieds ofithe ¢xnsttmsentehpowder X-ray
trachem Jproduct s d internedi ates.. Many of
oftfacBSR ERRR DS prfieais oshF oupifie W e Srgphpmoltatihanged ZIF-8
M0 ' it :
sHfptEaRd The BUELRACR PHALD YRRERPOck phttch) UREN AP Single
cHisgll sthuefup@oen ZB:8 ieporfedidh¢h¢ I'Park Réfeddive!’ a8 @efeder®t herein.

nol % hydrogen) in order for the process to operate

The bipgh pyrity off hemampads eidencadbythe etinsidence of experimental
S BT A R ARS8 R SEHGh Hore a
pIGHESE the irfCHoh ARAMICTY T 8T P Se TN BERiBRAcHRIn

aﬁ’gl@ thetthemh@deglecs gf i nery processes. In either case,
frequently at |least a portion of this

hydr ogen-contai ning streamis conprised of
cont am nants, i ncl udi ng hydrocarbons, and the stream
[00145] be]qtﬁHrF flpeﬁxowthpghwaxmtw q@@rrxsreﬁ Zﬁréaoa for the

pit BRAGLaIRE piefb FRl e BB A U LIS fireeBh gBphere. The
aéi\RtRMAdbnRi SRS dese ABER Abble WePe CRELEN bakel On PGAJYSANT
hydrogen is via a steamreform ng process which
i nvol ves the conversion of nethane (and ot her

hydr ocar bons in natural gas) into hydrogen and carbon
QﬂVM&ii dE1gyye 2448 @ anpingElsctam Micpseopyut "Skive image of a
cat al - preferably a nickel -based catal yst. However,
sqmp%t%ﬁlg'gg??fg‘f%g‘that al though the actual process
produces a hi ghcontent hydrogen product stream this
product stream contains "contam nant conpounds”
including, but not Iimted to nethane and hi gher
car bon wei ght hydrocarbon conmpounds which need to be
renmoved in order to i nprove the hydrogen purity of the
stream Steamreform ng generally involves the
followi ng steps, as illustrated for nethane
conversion: a. Reform ng invol ves nethane reacting

. o, o o o, M o, Y o




[0082] The swi ng adsorption and nmenbrane separation
processes of the present invention can be utilized to
WO apave7¢ he hydrogen purity o%%a hydr ogencont BETYURZ)09/001123
gas stream produced by a steamireforning process. In a
sSwWi ng adsorption process of the present invention, a
hydr ogen- cont ai ni ng feedstream produced by a steam
Ex@@léh Bglprocess is sent to a swing adsorption unit
of the present invention conprising a zeolitic
i m dazol ate framework ("ZIF') material wherein the
mis_separated int t. | east HZ ri.ch_ef fl uent
B1EA 3nEammés § abrongbs ) berdis o Ca méw@,ba[qal@e apparatus
-Lich.effl uent siream has _a | % concentration of
(iRt ettt ord Bk faly sHa RN R
- ri fi - by
A PR R bon SRt By df e FRIRBBIIRE 1. abititbates)
in varievete ik ihtiddsélatafraimewdrkls (. oadosheids O IELpaimemts were

processing units within a petrol eumor petrochem cal
cazfedraityon yayiss)adsertmte-adserbent paicsto determine the adsorption

AR G Aoy T S i
S NS SRR e SIS G s

1cadeh g Wad md¥saf &F dtachrRITB Alis 'YAte presSied GipadsiQen kPR. In order
process of the present invention is utilized in a

tescaptur anyapotentialohysterdtic dehavtory for leaek fidatkerim halfedithe
fromat |east a portion of, a purchased . . .
eXRIHBERIA] Pomtaer egaurediipdhepdsarption mede (i dngrqasing the

DR P SO RGBS o 08 5 590 e e
of TR exPerihealFoifitsIWER Méadited P FE&drPhoM HURAER.,

froma steamreform ng process and hydrocarbons
dedreasing thdprasRurerfroinethp momd s peekstireeafl 066 kPa to vacuum).
sel ectively separated fromthe hydrocarbon conponents
In all expepimentss 8 LiabdbstW @ eomputessoftare prasfused éd automatically
enbodi ment, of the _present inyenti t he, progess .
SqleCRRLTQIANd TOBHST HIE seAbRRes o1 Saph{ollancdishgackkperiment
separations process of Figure 28 is conprised of
hydrogen froma steam reform ng process and
[00148pC amhendsvibatefaedthas bidught (i the esclshahHBBRBirbfAICture
is selectively separated fromthe hydrocarbon
battlep on drons hions¢ sepply dines sohtaanlinigrleghnputity gdstistandnal
i ments . of the present .inyent

hﬁér-eoff:g{b%%gt &gfﬁged manifold rw?ﬁ ifscontaqt ayith thﬁoﬁ(lﬁ@?"v)%r{sggwgd in
e BRlge DR RERBA S 0 B SR e
nfa'ﬂﬁ‘oh?w%? grﬁggf)ué@ tbﬁgﬁiﬁ{ ¢ Bﬁ&%sréel?ﬁlaoyﬁlgmgy&e 146

nore pre Y, rich stream (
Measaientnt @A %6 siitré 18y ském pivhiseintvas Bohmectéd acefScomputer via
feedstream [0085] Additionally, hydrogen can be
RS232A¢oatnimicetions. The fequbmanifeldwas kgqnippedwiith three MKS®
catal ytic reform ng process. In the catal

tic
1A grastiee prpwicers (10,0083 MR- b &bazanc)0-143kRa) that
disti]late tqg naphtha f.uel range re contacted- -
plipfaéd sl Brdse ey Blorm e P GoBRRIEF LT R sontrgler
r . . " 1 .
+4RCBGRRIER i WA QTS T SyREORE RN i e fcd
maaifoldiuOus vabt (MKISL0248A, Thpe 061 GORKI) evasefomnetted to the
processes typically use a platinuntontaining catal yst
which is utilized to inprove the octane of the
hydr ocar bon feedstreans via de-hydrogenati on
reactions. These catalytic reform ng processes are
known to those of skill on the art. [0086] Wile the
catalytic reform ng process is a net producer of
hydrogen, the purity of the hydrogen produced is
typically considerably | ower than preferred for

. . o a1




the process feedstreamis selectively separated from
t he hydrocarbon conponents in the process feedstream
wa@p@avs2ieast a portion of the -rich stream BCI/LSI009/801123

recycled back to the catalytré reform ng process. In

addi tional preferred enbodi nents of the present

invention, the H2-rich stream ( 110) contains at | east

alQorbatdferld IyHand tirsether valve (MK S8, BRits1 0GR V) was
More preferably, the H2- rich stream ( 110) contains

cannketad tto 8l madiemlineheA REeiffee®chS Ui 26 It tuebpmobessdar pump was

feedstream and even nore preferably, the H2-rich

used da grhicye dhe veghum genditiangast 85 nol % of the H2

present in the process feedstream [0088] Enbodi nents

of the present invention may al so be preferably

@bik%ﬁemcmy,;gryoﬂx%e ﬂgﬁ;}&%%&ﬁ BAdiapii6R ISOh&RTS O
arious rogen-consum ng hydroprocessing units

Héadureaentspabbdig 15290 ner pf adsorbestdwheloaded it e trdervbalance at
"hydroprocessing" is defined as any petroleumrefining

Hrid€edn arflen toiavoid tha caacting:of Bie adsarbens witlhambient air, the
TR B A RIS 08 s
SR Hl g PR RTAE 188 v
refioved Mirotighttht Rigé b dyHamiEevadifunh BinséMme cases, where the solvent

hydr ocar bon- cont ai ni ng feedstream Such .
wigsdheldmeressrangly mithin it intedor ofithezadsorbmte | heatingdvasoalso

RN NRA—————
P PO B Rl D5 ibea

tBPeRRaFAN R&ptitRérR fof aPregBedsdurefon,Qch BBoling to 301 K.
hydr oprocessing unit whére it contacts a

Bewhuse thecmsarobglana¢ stagtare justpigoitodoadingsthiesgmpde,dhe dry
in the presence of a_hydrogen-containing feedstream _A
wisighbyias direstly @btained frosy the migrobalance upeRoEPletign Pt the

B PER A RERIELERITR, R U CRE B8 Bt as the
Ursfi6h 8Pthe stdbs %@%EB&&% bhhe PartidiBar ZIF material ;éll?ef (s)tudy.

ydr ogen-cont'al ni ng product streamis recycled b
Rdra given AFcaagse the saie dlean-oprsepsovereatpyatcd@akh time a new
t he hydroprocessi ng react gqrd). However, this recyc|ed
HPERSSEMErEXPSRETHi Wip gmsiugtad. sRriento reprosdng dhe sample from the

hydroogen concentration typkcal ly. .bel ow optioum for th
miisap B ts REst (o Sereid ahorb it eshedienty Wi rrgnied.
Plidse (i‘gfi)éh? R&BLH eg sdtre%é’IEB%&%eﬁé}ﬁtreﬁmitﬁﬁw,%onﬁrming the
contam nat e an I'lute the hydrogenh purity “of the
dieduageof therdxplerintantflr aldogiticat isetrarm| fd@6dudes aa well as the
preferred enbodi nent, smﬁng@adsorption process of the

statilishef thewsamplemthreughqutithe adserptins expedments. hdie¥gen
trati f at | t [ th .. .
A e

t he hydrogencont ai ni ng product stream back to the
hydr oprocessing unit or reactor. Here, at |east a
[0015010n Db nidasufeyiiie adeorptivnt fropenitswiabe ZNFs fotaydrbgén as an

a hydroprocessing unit is sent to a sw ng adsorption
aglsprbatd 11t Ezampeseint 0j thesrameobasio steps 95 dgseribesdoahaviedor the

S SEEBhS! S FIFOSEE R ol S B o vosen
FHOAIPRH 5 GRERE SN OBl 1088 . st

hydrogen greater than the hydrogen-contai ni ng product
feedstreamto the swing adsorption process. At |east a
portion of this H2-rich effluent streamis further
returned (or "recycled") to the hydroprocessing
reactor thereby resulting in inproved perfornmance of

t he hydroprocessing unit. This inproved performance

o o



feedstream (101) as exenplified by the swi ng processes
(PSA or TSA) of Figure 27 is conprised of hydrogen

wo e@ares2hy dr opr ocessi ng react or. ,and hydr ocar boP&T/US2009/001123
wherein the H2 in the procesésﬂéedstrean1is
sel ectively separated fromthe hydrocarbon conponents
in the process feedstream In another preferred
thehgdidEntadibrptivh fureaehiofithy ZIF adsorbehs iaroessples 6-10 was
feedstream (101) as exenplified by the nenbrane
adp measiredsatgho deld sestpresisyre ef 2@6.6kPaonests tpimsasure the
hydr ogen from a hydrqprogessi react or apd
P BREASRORRLIOM BFARGTUIET @1 e £1F S Wil Pesormedais  r eam
is selectively separated fromthe hydrocarbon
conponents in the process feedstreamand at |east a
B%&hhpﬁﬁ6°f the H2-rich stream ( 110) is recycl ed back

0 € nhydroprocessing reactor. In additiona

preferred enbodi nents of the present invention, the
H2-rich stream ( 110) contains at |east 70 mol % of the
[M913tle s datthisrexapaplp, lsosption ¥RIVBSALS Werecastied ephpnL1F-7
the H2-- - rigch str 110) _.coni ad a east 80 .
SHEREG 9B pined B0 G S ftes s dRbeif R 0k Renle L 5Paks, i compliance
VOXE the BEfer Y RE@hE Prdoedu® 102 Bxagipled BEIWéscili]:Q)ltaﬁgve.

contains at least 85 nol % of the H2 present iIn
process feedstream [0093] In another preferred
enbodi nent, sw ng adsorgtion process of theig[esent

[P8433k i drerithe testingzadeach hydeosasbon adsarbatgei thif ¢xpresiment, a
sgiieie Ghe B es acstlSRioR sheR it R gl i Baghibgassed
Y AHERLASTE: i ki athan, MO nARRMR AL Bnlcd. T
dey evedginewad 4y.68anpu Tl winte sleanap priocédurel wad gyplied to ZIF-7

pressures (generally about 20 to 100 psig) and used
ppior teailispbsequens experimeatsywish withereadsorbateh AsSdapning Electron

Miskoidpy GoEbEadaaee nidbls Smle i ot vy bledstidafieure 12
sHE s i Sufbrbflo Kitferhs A CH, (etified UM C.H,
(¥thlati€), aHEICDR (PRopilhd 2@l 78S Toat 306! K S HeCrdikte doglys the

does have a hi gh incremental value over being utilized
equilibriwme ladsonption laading ingypishliamiteof mmeleig.ofThe hbscissa

e ER P CoHRS oSSR e B AR i SRR
PRl ARERuH S TR B Py g

adb&Hptioh bRk cERAMWIEWIthABIREd BR¥mdRFREehd AHd dhe desorption
hydr ogen-rich conponent streamfrom the refinery fue

bgarch is 3b6vwh withtopen diarnodd fegend) afin tleatsting pegimeof tiis
t he hydro en-cpntaining,fuel gas is sent to a _sw ng
cxampls mefhang did Bet efubis the ssnaratg\adserntioncanddesorpiaon

St 1S vl SBRELGH for hEEY Bl tirgenfidpsladithEldrBle, the adsorption
ah@'deh&?ti%ﬁfddﬂ%ht fottrh&Rah& i tis FsihRAV SRR FIFSE.r eam
Here, the H2-rich effluent stream has a | %

concentration of hydrogen greater than the

&gdrogen-containing roduct stream The H2-rich
[@0F33]entos the tasting o fthydrogen ag thejadsarbate gt Huisexperimgat a

as tho i,st ed above, t hat require high,pur.it
sAPalBEA 3 tpparca e shirf mafndh 8 YBitibie aboys for the
: n e
B s o e R O O P g
as a fuel gas. [0095] In a preferred enbodi nent of the
present invention, the process feedstream (101) as
exenplified by the swing processes (PSA or TSA) of
Figure 27 is conprised of a refinery fuel gas
cont ai ni ng hydrogen and hydrocarbons wherein the H2 in
the process feedstreamis selectively separated from

o o oy o o R



concentration of hydrogen greater than the steam

cracker product stream The H2-rich effluent stream
w@a0v9tbiemo be utilized in other petrochem cal oPCT/US2009/001123

petrol eum refini ng processes 'quui ring a

hydr ogen-contai ni ng stream The H2-lean streamis

desorbed fromthe ZI F-contai ning adsor bent produci ng

@Rotpriunonadingufor AIFaT keRaakeronistattullaesnpréHAS8bf T06.% kPa.

enbodi ment of the present invention is illustrated by

No dydoogenglasarption ektsHiog /AE-2Wereherfeimed.t he process

feedstream (101) as exenplified by the swi ng processes

(PSA or TSA) of Figure 27 is conprised of a steam

cracker product stream containing hydrogen and C2+

al kenes (such as ethyl ene and/ or propyl ene) wherein

[00e542 im[ghfhem@@ﬁafs EARRESoRp A4S thesddrR&Pbhding adsorption

sel ectivel'y separated fromthe alkene conmponents
lpadingmDf the ZHe-7aneteniat forcKe (hydrogen), Gl @aethane), C,H,
odi nment f _the prese

(?&%iéfiﬁ B%LHE’ E?Efl%e[)f EQﬁSZErp@xlﬁn@iﬁdﬁs @sapPan S&;Hs (khutene),

o Ctee Replio S P ER5 il QR IS KPa dAAYS from
tRO st ASd&cribRa%bote. M HMrdbe & FBmMPMRSEAH graph ! the adsorption

st eam cracker product stream and even nore

lpadihgs abthe ZIG mhteriat forsthe@ynhy didéirbow somipoands at 106.6 kPa
| east 85 nol % of the H2 present in the steam cracker

@ WYk wereralhgreataygban appriximiataly 20 panele/s. The edgorption
§ahRE Tk CHlePhT SRD g ok 3T cdosoRETt AT F e, The
T Y PR R AWRY AIRREt Slon SR Py Ty abbl, 003
minbldp! A thasaednditibasitthe adserptive 1oating natée GoroQEL @iviep B, is

of PSA processes, as well as a high adsorptive |oading
apgroxinfately ROy iblosirating aémﬁ@mtssegwwnbm the@l6] mueierial for

g0kl Eiiveb e st Fnfrab sERESE Gondtiphs, theoy,

SR by SO T, IS0 By g 65 W

gftdted thhn a@{pﬁoﬁhfat&ys R6ONilTustratigy tes addzingBy hiphdseléctivity of the
e

respectively, the ZIF materials as used in the present
Z1hv & matemalgy thes Cgnhy drogatbonceanpoundsayveny Hp o Ehessaproperties

il e ad tive.l.oadi ngs for hydragen are
ks 2By Some malial F uad R N pee¥oP T
conditions. This clearly shows their adequacy for |ow
pressure separation of hydrogen from hydrocarbon
EXithale mated streans. In other preferred enbodi nents
of agsorption processes of the present invention, the
hydr ocarbon feed streans contact the ZIF or

5 A S 35 Bl S oL
i P. . . her i t .
P e et E AR Rt R B RO B R Sompliance

VAt tiosdrirall testingl prodeditesl Bxiaddpléd 6 05ddstABEY abhosen
tenperature and process feedstream pressures of | ess

than about 50 psia (345 kPa) or even |ess than about

(0L 1ot R Upe sz ashadeodaubon adSurBateaiihia cxperiment, a
: . ds |

SRR BF RS oot RGNS PRI CREHROOLIGHE R4S o gassed

fo£6 hreht/30 LR! utiks dynahaie hacedd. 196 TRt NG WitEa plied. The
process streans may be avail able at rel atively Ioﬁ)

pressures. [00101] Wth regard to high |Ioadings at |ow
pressures, for exanple, the sanple of ZIF-8 from
Exanple 5 and its correspondi ng adsorption | oadi ng at
301 K and 106.6 kPa from Exanple 10 shows a capacity
for nethane of about 0.74 nmole/g of nethane at these
substantial ly atnospheric pressure and tenperature

S o ~ o~ o o




nol % of H2 than the process feedstream The stream
conpositions, separations selectivities and properties
wo@toovhes2f6 nal products pr oduceg by the ZI F- cone@i/usr99/001123
nmenbr ane process enbodi ments” ¢t he present invention
are simlar to those identified in the sw ng
adsor ption process enbodi nents descri bed above.
di00kdgtt widd 5606 mg hThersarrntleamuprroosdurasvdsesplied to ZIF-9
described in terms of specific enbodinents, it is not
pEior (o pll subisequent expasiments vwith other adgonbatiist i A ScaoniagBlectron

A A 0 S A 1
Sﬁwgsucﬁdsoﬁk | ons an fgﬁ d}% {‘I‘H%:tgl?ﬂ %)g éet?tqwé/&r)t Q?H6

(éth@négx [ bed G)QH% l(pro’p%ierfe) QREZIF-9tald 8 0l 1. The @dinaOdiplays the

anpl es bel ow are provided to illustrate the
eqwubhmm sdsorptiondoadingiptypicalpmifserfimewlefg. allieabscissa

ect zeoplitic_imdazol ate f terials to
ARPleYGha FBSHIS GoePraEsugHingsha. Eeﬁ@eﬁ{lg? ADE QpeB symbols
[

SRR SR B RS TR o
addigpa6R Pearith is RRoGMr WRA'filldaVERAioA. 1e§éﬁﬁ\/5’ﬁ£ d &4best

In the follow ng Exanples 1 through mal | armunts
brinchaskhown with dpewidiEneond kgend). kin (lmneﬁtﬁlgiséglmarfpthﬁss

wer e, synt hesi zed for _use in testing for, adsorption, and

exaippleamethanedid ot sxbubih e separate adsorptigniand fesarptigm

ofgFRFBL 55 us Bh D P e CE e BB A BT hsadsorption
aﬁ&ﬂ@é&?h@ﬁ cGRRITR} YndtRaHWin! this? hhb%%ﬁ E/fsf zipgot her

crystalline materials wherein e ch vertex 1s conprised
of a single netal ion and each pair of connected
jacent vertices of the framework structure are

ad
[00157kd K9r thedesting of bydeagsrmsdhe adsorkpigandhis expeninegnt, a
Qr 4t svative. Each F material wth speci fi
snle' 250 Wi Brarlanatt Suph aidnsits of sty e e
f sy d Oat
R el S R e R O
adsotrptyordl rdaidime fordOIHeQtway tak e onBeatafulletesibréiite of 106.6 kPa.
sol vent exchange or desolvation. The ZIF materials used
Norhydreggndespapidon testnfadlEehvege perfarmeduwer e prepar ed

according to published procedures with slight
nodi fications in reaction scale and/or sanple

[0%9"5?)]’ at ié%”uire ??E?s b §faf rﬁ?ﬁﬁ?c&aﬁgmﬁt%esc%r@ onéirig\J gﬁ)slo?ption
loaliags oflthKZIF O Haesia, foM—Iz (I’(?@’@i enf,.CHY} g E:ﬂﬁlne)\mﬂH‘;
Acad. Sci. U S. A 2006, 103, 10 86 10191, which 1s

(ctindenglo KaHe ethana), F°3bly (pﬁfpyﬂmed,ecddd(mwen@ KaHe(-butene),
e T I T

L. f t
ths (B8 BBV A EnBeSRER IS W Bragh, 30Y alRIRADg 1 08fng of
the @B -® indt&galdor tHROS] hpdiDcaition cfpsurids dthO6s RPE® 301 K
invention are presented in United States Patent

werehall gataithrtth appiseioatdp azﬁBﬁmlolﬁg cFhe adsmrption loading for
cor pora y reference. -, - Q7] De a| | ed
Ef;mq%%g@ )ééwersataarwrawtpw OBenmple/s. Hbspresired

o EHERB o EHo5 B A F Thre.

theydEARAti6Rsl thd aascfrgﬁ'if@\l‘@édinghtﬁ for’CHg®vRr H}‘iﬁhgﬁ&lommately

conmposi tion O ZnL whereih L = benzim dazdl at

i.e., the anion of ben2| m dazol e) and a topol ogy
defined by the Zn cations that is identical to the
zeolitic framework type SOD. SOD is a three-letter
framework type code as defined by the International
Zeolite Association ("IZA") in the "Atlas of Zeolite
Fr arrevvork Types (Ch Baerl ocher L. B I\/bCusker D. H.

-~ p— = N o




[00112] Figure 1 shows a conparison of the

experinmental powder X-ray diffraction ("PXRD")
wW@a10a03230 of t he as-synt hesi zegll and the PCT/US2009/001123

acetonitril eexchanged ZI F-7 sahples and the cal cul at ed

PXRD pattern (shown as the stick pattern) based on the

single crystal structure of ZIF-7 reported in the
4'RankstRafmy e anrlerate seRiceivityafdhé ZTEiNmaldrtal FEROH, over H,.

patterns as shown in Figure 1 are plotted as the )
Hiiwéveacevemmiore ranaankably, at thesewcoaditiansi the)adsgmtive loagding

diffraction angle two theta (|n degfees). 0113] The
raliasiop s £+ Brdiocartih cmbRuldSaiFtote 55 eralpann

: " Ao S _ e .

B AERERDy TSR Rl 2in AR TERLRLITRY the 21F-9
n$dtéGant fod i, ﬁzamsb&ebmpaum@ovwwm@ maRes ZIF@Buitable

patterns of ZIF-7. The pattern of as-synthesized ZIF-7
materialdfex ade imtheprebentddventiopace group R 3, a = b

=22.927 A, ¢ = 15.603 A whereas the pattern of

acetonitril eexchanged ZIF-7 is indexed to the sane

ac oup with a = b =22.522 A and ¢ = 15.760 A The

Mgest a slight distortion of the unit cell of

ZI F-7 upon sol vent-exchange. j [00114] Figure 2 shows

the thernogravinetric anal yses ("TGA") for the .
[66E39)t hdaitltie @éxanpl¢,elsarmicmexpearimers werageartietl &ut/on ZIF-1

sanples in nitrogen atnosphere, The activation .
sawplestabiziaed deamn ithe ayntbesis dgtaileddndbamplgseebe meompliance

data. [001 Figure 11 is. a~.Scannin | ectr.on

wift s e dbssing obadine' 3 EXERR P BRHiB% above.
produced. Exanple 2- - [00116] In this exanple, a

ZIF-9 material was synthesized. The framework of ZIF-9
[061603 CForitluatestingpdthé hostohltfitd-ex¢hangeediZIFL] sample, a portion
benzi m dazol ate, 1.e., the anion of benzi m dazol e) and

0§ thmﬁﬁd gﬂﬁln_mi? ipn‘féfiucwgﬂ andiac@wateﬁ asOimsElgaéaplq Ewiagdeadadhwith
a6 0BT S e sl ar oplEBcied 195 6%+ phIT K vpder dynamic
bl 40 ROl Rl Sy el i e 04 m. The

samB-clddnCuis bﬁieed@ré‘lwagaggned ) ﬂi&ad@@dﬁi&ﬂé-&iihhh%e‘d ZIF-1 prior -
El sevier Ansterdam 2007). [00117] In the synthesis of
ta Al subsequentiexparithents. gthefr adsorbiatesniA Ssarning Electron

hexahydr gf, 0(NGB) 2- 6H20, 4. 33 mmol.) an 360 f.
N@@F&%Cﬁpﬁzzﬁﬁw gr.n@se hdhs a%?@%lfs@&ﬂ*fﬁ@aeg .Zqﬁobsqﬂqp%wﬁ

' vi-f ormam de) in a 120 m vial. The vial was
Sé%ﬁ?ﬁ?@%p@ﬂ and the reaction mxture was heated in
an i sothermal oven at 373 K for 96 hours. After

reaction, the nother |iquor was decanted. The solid
[@006di] al | Foetheotestihg ofiedeh Waittocarkbrt idsobbate om thartoluehe-

the jar, was collected, washed with and stored i )
exehpngsdedlbgl saap .amfz@pwg the ZIFgl--sar{lIdGﬂgﬁwr# %‘r[zg/g?twated
to activate t ZIF19...the as-s |.zed [
o PRI D0t M SR R BBNISRE 1P fuf B for 6
htLatB AOK Mindét Aynaimi@Pa& R ReaA6€i®R3 K Fot A Rrstandltheiicboled
and soaked at 348 K for 48 hours. The
t@det &ni The deenclightgeds Z6 21 dnga  Hecadedclean-apgirassdurebeas
and evacuated on a_vacuumline_ apparatus at

appled tathsdphieneexchanged Rbinlsprier toatbsubsequenfsxperiments with
|l equles resjding in.dts pores. 0.07 g WAGLI vat

ot 358t h, SeBningr BB ke oRY (CSEl itpal cd dgtuene-

i7ved | ] ¢1§1 adsor ption

e%?be |ﬁéﬂ¥é?§?ﬁgk%§§$%ﬁ%?%ﬁ l-gggﬁhnged ZI F-9 was

| oaded directly in the sanple hol der of the

gravinmetric gas adsorption unit and activated in-situ

by using the conditions described in Exanple 7.- -

[00120] Figure 3 shows a conparison of the

experimental powder X-ray diffraction ("PXRD")

patterns of the as-synthesized and the

e o o o — g N o o o " I T T 1




TGA data. [00123] Figure 14 is a Scanning El ectron
M croscopy ("SEM') inmage of a sanple of ZIF-9

w@e@daeed Exanple 3 [00124] In_this exanpl e, BCEUF2009/001123
mat eri al was synt hesi zed. Thé-Pranmework of ZIF-1 has a

chem cal conposition OZnL2 (wherein L = i m dazol at e,
i.e., the anion of imdazole) and a topol ogy defined
by the Zn cations that is identical to- - the zeolitic

framework type BCT. BCT is a three-letter framework
[0pB62F odBignse 48 showd the adsmrptinn dsatherinamef theasietqndtrile-

*rasacs 27F-1tgas ({18 pthanels b dguRleriol CpTs GELgHE). and CH
. ; diti . . { _ .
PobIerBid; 355 e PHpRly SR RO fifHs 3¢orption Igading
iﬁfty?i'cﬁpuﬂiité bfhfnbIRIg. alHé bﬁﬁéssfazdlgﬂ)\l@é e 4B5Cluté pféssure of the

mmol ) and 2.75 g of I mdazole (40.4 mmol) were
afisepmtey aokPa 100 i DMAc (N, N-Di net hyl acetami de) in a

120 m glass vial. The vial was tightly capped and the
reaction mxture was heated in an isothernal oven at

f 7 . AL ' '
968 o oFrche Wil of MioppE RS M Susg B TR NS bl =
s%ﬂg)lé log a_@@tbhﬁﬂlél@kéh&%eﬁ AFY] @Jas‘rﬁ%)eﬁ‘éh life eh§hrAB thanner as
washed with DMF (N, N-Di net hyl f or de) to renove any
degstibedihbon forrthé hgdrocarbidreagyorption/descrptibameasurements above.
transferred to,a 20 m vial, stored in DVF and | abel ed
A hydsegamadsorptiprraading fqragetmiitrileregehangedoZ Bid iwas taken only
t [F-1, th A t i;zed lid i i I
T g e e D T
é&h&ﬁ%@d YH-Yne rf&ﬁléﬂ‘?ed every 24 hours. The
acetonitrile-exchanged ZIF-1 was | oaded in a gl ass

tube and evacuated on a vacuum line apparatus at room
tenperature for 16 hours to renove the sol vent

(8164l eE,iguEeSZQnim bangraph mminmtlmycgrqspoa?mg\pgis@msion

ZI E- | i ned, - 14% vi
lsafnggaﬁ’fﬁm%%?ér? erSRpaPErCAIF A paferil f0LHy (Bydrdesy. ca
G ET b O, G M GAALRORCIA, pidhane,

CHurbuteh 0 22d IC,Hqs (19datands af st oondikpes bfB01 K ahd@06.6 kPa

acetoni tril e-exchanged or toluene-exchanged ZIF-1 was
dbsaiged friim dhe tepts abavice Annan be RegrdFonothis har graph, the

OB 0 A B T 5 o .
T LA
dpprdeiitel9§1.7hemafolegnt Tiesadsdiiptidh foading for CH, was

acetonitrile-exchanged and the tol uene-exchanged ZI F- |
appreiiomtelyd. 3G mmalelgl ThemeasRiEdhydrogan @dbenkmd axast ¢rdy about

G B e B F Rha H B E, over,

. A rel. I . N
R ENGREL O Tyt § KB SR RO M £ 1 geeria
fof OH, Vet HY)i HweReRicheh nidre réhdatiA1Y ] fthaqddshditibns, the
theta (in degrees). [00129] The high purity of the
adsemptiveHeadingdafiogfor tharGy, dyyidsocavbaelencemgohbyds beer H, were
coi nci_ dence of, experinental. ang’@(‘;al cul at ed PXRD
greatepthan approxigmatehyi - Aot This makesacetankewxchanggbplF-1 a

the t hr erimental PXRD s of ZIF-1. The
Sﬁgﬁpgrrﬁg%fﬁg QrsVﬁt‘ﬂé@? ?éec?eﬂ Iﬂﬁ{e}llﬁéﬂl ndexed to

nmonocl i ni c space group P2\lc, a =9.699 A b = 15.185 A
c = 16.555 A, b = 116.9 whereas the pattern of
acetonitril e-exchanged ZIF-1 is indexed to the sane
space group with a = 10.098 A, b = 14.649 A c =
17.300 A, b = 119.5 and pattern of tol uene-exchanged
ZIF-1 is indexed to a space group of orthorhonbic
symretry Pnnl with a = 15.708 k . b =9.455 A C= 16. 969
A. The data suggest distortions of the unit cell of

g, I e

— g g



type code as defined by the International Zeolite
Association ("IZA") in the "Atlas of Zeolite Franmework
wagwedis2¢Ch. Baerl ocher, L.B. Cusker, D.H CGDIS2009/001123
Si xth Revised Edition, Elsevtef-Anmsterdam 2007).
[00133] In the synthesis of the ZIF-1 1 material,
0.330 g of zinc nitrate hexahydrate (Zn(NO3) 2-6H20
[00165] MTPsHowdd ehoIEDtint, Oéltlﬁﬁ{g&l otGadMng thStolder¥@Xdhanged
wer e di ssolved in 100 N N-Di ethylfornanlde in
ZiF i matdriajlexbibita sxmllarladsmpalon\daadmggﬂmarq,ctmqimcasa d
t he re ctign ét e.was heated in an isothermal oven
aggtonity ‘keﬁ‘%la r#ﬁ Lmateniak eaction, the nother
i quor was decanted. The solid crystallized on the
S|de wal | and the bottom part of the vial was
@@d and washed with DVF (N, N-D net hyl f or mam de)
repeatedly to renove any residual nother |iquor and an
anor phous by-product. The product was then transferred
20 mM_vial and the DMF sol vent was decant ed.

[émm t AB thig gxamphe.rdsemtinnognariments werg carrjed ppteon ZIF-11

s Bles B BB R A5¢ shilfieths Sl TR 2R B ppptiance
with ﬂfé‘%&% }dlftéﬁfh BdRR3Ter E&Qx'ii‘plé&%-%ﬁe@éﬁﬁe&&b&é: 1
1 crys ayers of solids appeared after

vi al sat on a IeveI surface undi sturbed for 30
m nutes. The solid |ayer floating on the surface of

[eM &F] of Fomtheatesting of garly hydracachamadsorhafedn ghisexperigent, a

spblre AR 1 ot TP iy mGpaniohas fhipEgae I - gassed
Rl 40301 1 R Whatc 6l e LYK R PHES dnd e

e purifi was | ner se n net han

cobledftor3d0d Kotide drfy weighowas 82T0nmpo! Viensande Iclerm W)ﬁprocedure
repl aced every 24 hours. The net hanol -exchanged ZIF-1
“m@@pllgéae ZIFnl laprjomtnsali suleseqnentcexpetimernds svi oth@c adsarbates.

SPuRe B Miciestont CENEY Bnads pES S ARl Bhowa in
E%q E21Y AL 5 sHEs fod RlsotPrichp ot GITPHE 11 T8y CH,

(thethAn®), ©,Hy (sdiese)pC,Hg (¢th&h@§i add E31H6 Iprépyléneysat 301 K. The

obt ai ned, corresponding to 27%yvyield (based on zinc

ordmatgtd;spigysaﬂmwlbprlum:ggytlm}oagmg adepieal iupits of mmole/g.
ri.men nme nol - exchan Z Ioaded
THERBEEFY $iablars CaE PO Hoore P e AoDR R AR gas

adsorption unit and activated in-situ by using the
condi tions described in Exanple 9. [00136] Figure 7

_ aFeP erlsﬁﬁ%dﬁfh yabszeprdietht b6 atePRVEeY experifent, a
diffraction PXR patterns of the purified and the
sampleavicl Hex t hmsgvdpaeﬁ inxhe sampneanmen dlS tdescribd t athemectpr the
PXRD atte nggsho as .the stick att % 2@ﬁ<% on the
hydracpebary tl%r!/ Iptign gpeagpren fltsﬁ Y¢TOogRR

TR 4015 A, PR 051
N& hydragén GBsdrBh@ﬁiiédtS/ fér ZIRa1 Pivkérapérforined) agai nst the

di ffraction angle two-theta (in déegrees). [00137] The
hi gh purity of the sanple is evidenced by the

coi nci dence qf experinental and cal cul ated PXRD

[Qﬁaltﬁt k1 nEigure 23S Acarieraph Fﬁ{jlpﬁﬁégéh‘? gPrrespanding adserption

R R AT PL R TP RV R B Chetlop), Chu

(&h?lfehéf a1 (Qﬂﬁhé? &R @t e;gneﬁe)aeq}lg %ﬁq ROF (1 ingene),

e syst'emati cal shi her eta an
(in degrees) [00138] Figure 8 shoms t he
t hernogravi netric anal yses ("TGA") for the purified
and t he net hanol -exchanged ZIF- 11 sanples in nitrogen
at nrosphere. The activation conditions described above
wer e chosen based on TGA dat a. [00139] Figure 2 1is a
Scanni ng Electron M croscopy (" SEM ) |nage of a sanple

o —y g g p— o NN A A




surface undi sturbed for 30 m nutes. The solid |ayer

floating on the surface of chloroformwas carefully
we@olbaeed using a pi pette and hr ansferred to BPODURENI/001123

120 mi vial. The solid was waSRed with and stored in

DMF and | abel ed "purified ZIF-8".[00142] In order to

activate the ZIF-8, the purified solid was i mersed in

amel O g (n{butane ) ddQesriconliftfors dfB0dl Kaind7R616 kiPa.obthiaed from

sol vent volune was replaced every 24 hours. This )

the tésmaboex chacege beZeen groma shis bad graph; the adsosptionheadings of

R R B e Gk B 08T 5 @ 301

LGSR BERES Bt Boutoffmatty 1 SRS CTHE U ort A 63dihe for
%Hg'wgis pprokihielp V.83 nithold/g- The IndddugePhy digeraldedrbed was

was obt ai néd, corresponding to 41%YVyield (based
anly 2bowvied 08I mmiodelzo 1 Af) thesOodrmditiors thg adserptive doading ratio for
experinents, the_ nethanol -exchanged ZI F-8 was, | gaded
(s ever bz inappreximatshe Ho idestraiing e gpHigAntselert vy of the ZIF-

ol e (Lo RRBl” TONGAF, b ot sEibalfFlelf dtfess

. | :
ORPfForRd W% g?farc)ﬁ rR20R€60F RNCA hRYERbo do@ﬂ%%unds

diffraction (" atterns of the purified and t

over hnetreealt freagardhai bpprosdumptedy 189 This makeslZ Hi-dd a suitable
PXRD pattern (stick pattern) based on the single
Iaasﬁvsuagforsqsm@ he presentAnvegtipBported in the "Park

Ref erence" as referenced herein. The high purity of

the sanple is evidenced by the coincidence of

Exbabidot 2l and cal cul ated PXRD patterns. The PXRD
TnnTiﬁTEras shown in Figure 9 are plotted as the
diffraction intensity (in arbitrary units) against the -
diffraction angle two theta (in degrees). [00145]

(00§70l 1o thisovxanaple, adrorpiion a¥peRMENts wers Gasded ourenZIF-8 -
S Biad 5 BR S he sl BRk E SHAPRSE B comptiance
AR LTS ERL AR TSI B s B SR Fhe

M croscopy ("SEM') imge of a sanple of ZIF-8

produced. Exanpl es 6-10 [00147] | n Exanples 6 through
[0017E eiFor the Gesimgr of edchrivisiapearben adperbataiin thisgreperiment, a -
0.1 used t ravinmetrically characterize the
20007 Bt 28 s loadegr i ohGhin s he R BieBEe i wtout Bassed for
I QGAR i V. [
jﬂ};{n&dggg ?Ilgg el?ﬁi fl rgt\d Works i |u?l§$’,q%gﬁsdo]trob%% sul.%réxpe’r %ﬂ%ﬂ}eg
oRI&] ©B301 KJ Dhe dgnweithit ouds BEISP et Thadamiehdedn-ppiprécedure
to determne the adsorption isotherns for the various
wasrapiedr o 18- 8 ynito de iaHsbsequent experimentshwish githd adsorbates.
ui librium

. . th .
A erguineiRoRan SBRewops L S Dainags 2 s Fampls & shypen in
t g .
PR P BidliE 25 thBushe bsdipfiofl ioiflert of 73P18 £ CHt
(&R AR)NTHE), {ethilehby dcgz}%gie(egme),aindr@;w Gropylensras301e”. The

in the adsorption no ., Increasing the pressure
drdorates displaysttbe efeilvbaiunradsgptiondoadiog in Oppi6akiz)s afwhmole/g.
the other half of the experi nent points were
Theaahrcisgaidisplays e aospliORISBHRE %l thg adserdateskPry t he
pressure fromthe maxi mum pressure of 106.6 kPa to
vacuum . In all experinents, a LabVIEWTr) conputer
software was used to automatically set, control and
nonitor the sequence of steps followed in each
experinment. [00148] The adsorbate feed was brought
into the feed manifold fromlecture bottles or from
house supply lines containing high purity gases and
hydr ocar bons. The feed manifold was in contact with
the adsorbent | ocated in the sanple hol der of the

m cr obal ance. The adsorbate pressure within the feed

o r 1 o oy 1 AN r/sS o~




wei ght was directly obtained fromthe m crobal ance
upon conpletion of the clean-up procedure. The type of

W@ iwanm270 t he heating tenperat gle as wel |l as tPer/Us2009/001123
duration of the steps was dependent on the particul ar
ZIF material under study. For a given ZIF sanple, the
sane cl ean-up steps were repeated each tine a new
[00292F S| Fér @enRestinest hyddgenadtlé edsorPatedn this expeEiiend, a
the sanple fromthe mcrobal ance, the first and/or
sopleof ZdEed pias pueparpd in thmsameorannce pe dessttibedaboae for the

IBGRBFHON e oD RBAIBHE T MERRTERSOR ol AJHSBRERT o

. Ll .
RSP RE A £ S AibheRoniy R SUTR iRl of s koo
NB&SUFSEBRNASofptid R stsCftR VEH- S (eé perfbrheder confirmed
thelr integrity. [00150] To neasure the adsorption

properties of the ZIFs for hydrogen as an adsorbate in

Exangles 6-10, the sane basic steps as described above
[08173he Figured6ishabar ¢unpRe thg ¢arrespengdmgeadsorption

AR oF o 20 el Sar g LR ARG 6 BOBRL Cor

, d RIS, .1} (R but
GRAGR, Cylig LR EOIRE FoRPa RO, O (oA, Godh (Eputenc),
dnldeC{H ol (ntagthn@rat sestroenditick3to B MAL. andeHi66 kParobasined from
t he hydrogen desorption properties of the ZIFs were

- the testeabovareld shewlsrhs rotgd[thatithe jadserptiondoagdingpifer CsHsg
d i i i ed | F-7
BB CIIEBHRE RSB, FRARD St b Rsfiosfure were
EATRL RSN L9 B2 150 60t SRRt i e

ddgorptive loadings ®fahe ZAELB Mmatkriut dobglh ofldsohPpdioeatbont duripounds
experinment, a sanple of ZIF-7 was | oaded with

a1 d86enkPa (@ 804X wrese alll greater than approxiumatghsedd mmolgg. The
hrs at, 301 K under .dynam ¢ vacuum No further . hea
RS T Qe RS orb e Frse il Y BOpg Nt @bo . 00

u i t _ ' .
ARATRRASREON. 8 RS RLits, el orp Bl kb foran
hydeseirban Ebaponents\dver 3BosYs iy, illisRdigoin 4dtbhishing

sanple is shown in Figure 11. Figure 12 shows the
setestivpyiafithe ZaF Hfematerial fochydiocartiomseyver ERHAThis makes ZIF-8

(et hyl ene

.. C2H6 (. . d C3H6 | |
el ey & CubBRISEnatetial Bt ISk i ShGIPES PRy SV ERGORIt B ferred
i . i i i i f nmole/qg. Th
ERARPRI LA Bkt htBhfign UL 0L TIPLEI S pad

The filled and open synbols identify the corresponding
adsorption and desorption branches, respectively (the
adsorption branch is showmn with filled dianond | egend
and the desorption branch is shown with open di anond

l egend). In the testing reginme of this exanple,

met hane did not exhibit the separate adsorption and
desorption branches as was exhibited for the C2+

hydr ocar bons and therefore, the adsorption and
desorption curves for nethane in this regime overlap
for ZIF-7. [00153] For the testing of hydrogen as the
adsorbate in this experinent, a sanple of ZIF-7 was
prepared in the sane manner as descri bed above for the
hydr ocar bon adsorpti on/ desorpti on neasurenents above.
A hydrogenadsorption reading for ZIF-7 was taken only
at full test pressure of 106.6 kPa. No hydrogen
desorption tests for ZIF-7 were perforned. [00154]
Figure 13 is a bar graph conparing the correspondi ng
adsorption | oadings of the ZIF-7 material for H2
(hydrogen), CH4 (nethane), C2H4 (et hyl ene), C2H6

(et hane), C3H6 (propylene), C3H8 (propane), CAH8

(I -butene), and C4H O (n-butane) at test conditions of
301 K and 106.6 kPa obtained fromthe tests as



M croscopy ("SEM') image of this sanple is shown in
Figure 14. Figure 15 shows the adsorption isotherns

WO 20092 7q et hane), C2H4 (et hyl ene), C2H6 (et heeEYS208910D1123
C3H6 (propyl ene) on ZIF-9 at-891 K. The ordinate
di spl ays the equilibriumadsorption |loading in typica
units of mmol e/ g. The absci ssa di splays the absol ute
cEMdvs.essure in kPa. The filled and open synbol s
identify the correspondi ng adsorpti on and desorption
branches, respectively (the adsorption branch is shown
1w t h A prdceds doresepacatinpddn fronnd procesddeedsticant) dondpriding:
is shown with open dianond |egend). In the testing .
regi me of a)leostaskingpinsadsothansneatetial eamprisdd of a zeolktic
sepanatg aqsor tion and des Rpt%on bran%gea as was . .
exhi BMidezqlele framework mairialav il aPrafessiised drem compaising Hy

adsorpt;i ' ' [

et 1 de R nf E5R5RarBoh EEEBONNAL A TRALBRGCE od fie

hydr qg@pertituidie adsorbate in this experinent, a sanple

of ZIF-9 was prepared in the sane nmanner as descri bed .
above for b)hdsénpingatlchsta potimmpof the/ hydsocgrboncompound in the
nmeasur enent s above. A hydrogen adsorption reading for

ZI F- @ enhratedHiy at ful | test pressure of 106.6

kPa. No hydrogen.des L. S for ZILE-9 [ .

per T of med &) PORIFE ATGEHER BedfRSuphin, Siercin B Herrich product
the GelehfSRAWhiMheR d8RERHA1dn (T B? s thfh thefpricess
material for H2 (hydrogen), CH4 (nethane), C2H4

(et hyfbedstean2id (et hane), C3H6 (propyl ene), C3H8
(propane), CAH8 (I -butene), and C4Hi O (n-butane) at

test condid)ipseduang adl-leaarodud. straapnatobsegondpressme and

the tests,above. As can be.seen.fromthis bar qraph,
the SBCOTbRRITABES WA trcliyedroPiadicr stiftm B8 Brlawer
C2+ wer e

a1 GPRCRRRIRRNOFOTRY D ethan H gtER Riledhy

adsor pt i onwHepeii thg zeolitiClikhidwolate drani¢wark mytdrinhias at
approxi mately 0.08 nmol e/ g. The neasured hydrogen

adsoftasaeweark strysiure wbearein eaelevertext ob e framework sgacture is
mmol e/ g. At t@ese condi he .ads.or

"oei Sonipredipta snERpnet! Z%E?fbim{ m@?ts?rvn?ec'tgﬁ‘ adent

illu ' B fi -
SR SR, G by o o o
I enaimddd2olatatanidiLe£its dediativa) andivilgere i tieidoYi€ic imidazolate

| oadi ng ratios for the C2+ hydrocarbon conpounds over
H2 arfmmgwerkematdrial hap pnadsomptivieyloading ratioifbr thet hydriongrbon
t he amazi ngl.y hi selectivity of the ZIF-9 materi al
for éQnWﬁvgﬂdégFggdngﬁﬁﬁﬁﬁéds over H2.This nmakes ZIF-9
a suitable material for use in the present invention.
Exanple 8 [00159] In this exanple, adsorption
2expermhEgitosesvedfecl &t 11 fhefeih th adddrbéntsabrRS iPRirfieped
fromthe synthesis detailed in Exanple 3 above in
conplcomprisediafla bindegmmatarel sekestadniyomr o cedtalbine potymer, a
Exanpl es 6-1ﬁ,described above. [00160]. Fqor the testing
of t MENFEsaHING POlymetcMu AR, 2 theymeplastie, a glayon silisg-

of t LE- | I r . [ in.. .
e amspatiting RERaE A AR T oPRR kAR, Abd loui
It \A@gn&%ingqﬁ%ga[or 6 hrs at 301 K under dynam c
vacuum No Turther heating was applied. The dry wei ght
was 69.64 ng. The sane cl ean-up procedure was applied
to the acetonitril e-exchanged ZIF-1 prior to al
subsequent experinents with other adsorbates. A
Scanni ng El ectron M croscopy ("SEM') inage of the
acetonitril e-exchanged ZIF-1 sanple is shown in Figure
17. [00161] For the testing of each hydrocarbon

adsor bate on the tol ueneexchanged ZI F-1 sanple, a
portion of the ZIF-1 sanple produced and activated as
in Exanple 3 was | oaded with toluene as the sol vent.
It was out-gassed for 6 hrs at 301 K under dynam c

T W r o o o



adsorption | oadings of the acetonitrile-exchanged
ZIF-1 material for the C2+ hydrocarbon conpounds at
wae@obokPRa @ 301 K were all greater than appr oORCTEHE®0Y001123

1.73 mmol e/ g. The adsorptlonIQQadlng for CH4 was

approximately 0.30 mml e/g. The neasured hydrogen

adsor bed was only about 0.05 mmol e/g. At these

3ondi Thepsecdshof ags Qﬁ@édd\iﬁ% tash, Reheréinithe fadSor?H%QMﬁdmg ratio

H2 is approximately 6.0 Iustratlng a significant

sel ecfanthe hydtoqahleolzcmnponad evienH,fip measureghvas 30X and 106.6

However, even nore remarkably, at these conditions,

t he aﬁg%rptlve | oading ratios for the C2+ hydrocarbon

conmpounds over H2 were greater than approxi mtely 34.6
This makes acetonitrile-exchanged ZIF-1 a suitable

qrat er TRE pkdess B¢ ah{ tpﬁ'&%di’ﬁ?é]%’i‘lh Wh\é?élh'tﬁé‘ zeoliti¢ fida2blate

It should be noted t hough not shown, the

t ol ueframexnarknyatdridl i5-selevtied fiomt ZEKHI, AIFs7 sZBFn—SaZIF 9, and ZIF-

adsorgtlon | oadi ng characteristics as the

acetohltrile- exchanged ZIF-1 material. Exanple 9

[00166] In this exanple, adsorption experinents were

carried out on ZIF-1 1 sanples obtained fromthe

synt h‘?ﬁé ﬁr&iﬁ:‘é?bkﬁﬂ _(@ﬂﬁﬁg’kﬁuﬁ AMY¥&nithe %@@lﬁ’ﬂlé fififdazolate

W th e gener al |ng ocedlres for Exanples 6-10

descr frbmé“&ii:b\mateflﬁnikﬁéleo?ﬁ frohe ZIB4lt, i415-&fandali-11.

hydr ocar bon adsorbate in this experinent, a sanple of

ZIF-1 1 was | oaded with nethanol as the solvent. It

- d 2 h t d d
o uohhe PESRSS of Bhy pedtetig clang, gvh“egﬂﬁr%ﬁx%arw ¢gmpound

or ocoRira: past by ¥7 gHEalif (8, hCHS 3CHEDSh €BfhpAng

subs epuieial ﬁ%ggeuﬁgnquyﬁth ot her adsorbates. A
Scanni ng EFectron M croscopy ("SEM') image of this

sanple is shown in Figure 21. Flgure 22 shows the
dsor ion isotherns of ZIF-1 r than
( et hyfﬁﬁesoceéﬁn? Ry Ré‘?F&fhngaﬂI&“és e(‘ﬁP é 1Y e%ﬁ)t‘“% i greater
K. ThgaR%Hd F@é&d&?é@t&¥s the equilibrium adsorption
loading in typic units of mmol e/ g. The absci ssa
di spl ays the absol ute pressure of the adsorbate in
kPa. %hg168] For the testing of hydrogen as the _
&dsor prdqe;ss bf any ppeoedingiclaim, wherdin thé sionditempeeature is
prepared i sanme manner as descri bed above for the
hydrd@gﬁﬁ%ﬁh &@ f KHPRRE8BEBt i on neasurenents above.
A hydrogen adsorption reading for ZIF-1 1 was taken
only at full test pressure of 106.6 kPa. No hydrogen
gdesorphé gfbde§§ bf chadth &hheéreih eIy cRefifRi88eks thP 468t 1
Figure 23 is a bar graph conpari ng the correspondi ng
adsorpinuwe. | oadi ngs of the ZIF-1 1 material for H2
(hydrogen), CH4 (methane), C2H4 (ethyl ene), C2H6
(et hane), C3H6 (propylene), C3H8 (propane), CAH8

10 S0bgBlacsss aBAY RSN P PRkrth by BRdeeP 8O khipBOtnd is
As cafel@ifed BOM meﬁéthan@)?czmﬁem @@Q(d%axfe) C;Hg

| oadi ngs of the ZIF-1 1 neteri al

hy dr opaoindene) bl {pgeopane), A6, H; (R Flwt@é’p And Cykl, g (mblutane).
greater than approximtely 1.59 mmol e/ g. The
adsorption | oading for CH4 was approxi nately 0.43
nmol e/ g. The nmeasured hydrogen adsorbed was only about
0.08 mmol e/ g. At these conditions, the adsorptive

| oading ratio for CH4 over H2 is approximtely 5.4,
illustrating a significant selectivity of the ZIF 11
material for CH4 over H2. However, even nore

remar kably, at these conditions, the adsorptive

| oading ratios for the C2+ hydrocarbon conpounds over
H2 were all greater than approximately 19.9. This
makes ZIF-1 1 a suitable material for use in the
present |nvention Exanple 10 [00170] In thls exanpl e,

- o e L T o — P o~




| oadi ngs of the ZIF-8 material for H2 (hydrogen), CH4
(met hane), C2H4 (et hylene), C2H6 (et hane), C3H6

w@ proopyizene), C3H3 (propane), H8 (I - but ene) , PEMTS2009/001123
C4AH10 (n-butane) at test condi®fi"ons of 301 K and 106.6
kPa obtained fromthe tests above. It should be noted
that the adsorption | oadings for C3H8 (propane), C4AH3
1(11- buTheprecess df adypbededimyitiaivg) whierditilthe pesdesp feslstream is
were allowed to equilibrate for 12 hours. As can be
seen mensdrd of hateam egfbrmingeprogesy prodont stoeatn sgmpstsed of
t he gIF mat er,i al for all of the hydrocarbon
conp oggh andangthppe, @301 K were al | greater than
approximately 0.74 mmol e/ g. The neasured hydrogen
adsorbed was essentially non-existent at about 0.00
110l efTBe phRdERs bRRhY of 2laifREISE0 CRREEEIN BHSprdcess feedstream is
adsorptive loading ratio for al | hydr ocar bon
conposempssal ef a Hydrugenscontainimg gtrear lpreduced byga gatalytic
astoni shing selectivity of the ZIF-8 material for
hydr JfCAPTOHE RIPEFSSH2., This nakes ZIF-8 not only a
suitable material for use in the present invention,
but a preferred material for use in the present
1'3nve”1‘hé’Pmcess 6 VBT clain® lp[9°ﬁﬁérefu?fh E& feRdstiam is
froma process feedstrean1 conpri si ng: contacti ng
an adsompestd obd bydsdgenosprtainacy ftfedatreamltotal leydrotreating
i m dazol ate framework nmaterial with a process
f eedsPIOE&YH conpri sing H2 and at | east one hydrocarbon
conpound at a first pressure and first tenperature; b)
adsorbing at | east a portion of the hydrocarbon

onpopgg r .

TR Bl b o 3 O s ToL O W i PR £ dfream is
st r eagorhpisal of ghefinargrfoelngasati on of H2 by nol % t han
the process feedstream and d) producing a H2-1ean
product stream at a second pressure and second

1o TR Hiciiess GF sy, Ot i 1 hE O et S e dStrean is
feedsdy; Stefnt Q8 cREProdliEt iR 2Rl MERTARITEMINK -

materi a as aéramsvvor structure v?]%gre In ea%{% vertex
of t heorhpoureigreeleztedifront ethiytereamd propdlene. a si ngl e ‘
nmetal ion and each pair of connected adjacent vertices
of the franmework structure is linked by nitrogen atons

T T LSBT S g A

adsorptiv . .o
e v TR PR SR i
wher eitrﬁdaitﬂa@dssmb%tk Riterialalith pracédicfecdstign §8ﬂ1p9fsmg H,
a binder material selected froma crystalline polyner,

a norenckatdeast longdiydodsarbon campepodyat adinshprassyiesid first
acla a silicacontaining material, an

al umi RPEHHIES ni ng material, and a titani acont ai ning

mat erial . g retélev-f a&frgﬁgesr&xe%fte Qt?%/anq rffo‘iﬁ%'t %goﬁh dBof the

wherein th sorpgtive ng ra

hydr GfiambeiheCaPHEdEd Predsure and sédndueftperatuid) Wikerdiitthe first
106.6 kPa. 4. The process of any preceding claim

wher giemmehte steeain tonsistsicfapoiponents thatselestivaly permkates
selected from ZI F- | ZIF&}S(;ZIF 8, ZIF-9, and ZIF- 11.

5. THArHEhBE nem W‘B”«de ﬁbp%l]n%ﬁ"\‘ﬁ stpindias aclqaver

I I
fr omopEetFRESER, by BT ARMY HEDRALE feeBsREuiond
precedi ng @'ré‘t'rféblﬂﬁ‘@'fﬁéﬂeté?ﬁat@é%ﬁﬁlar bon conpound
partial préssure in step a) Is greater than the

hydr ocar bon conpound . partial pressure in step d). 7.
The process of any preceding claim wherein the first
pressure is greater than the second pressure. 8. The
process of any preceding claim wherein the second
tenperature is greater than the first tenperature. 9.
The process of cIa|n18 mhereln t he cycle tlne |s Iess

I o A~ — - o o



13. The process of any of clains 1-10, wherein the
process feedstreamis conprised of a

why@vagene cont ai ni ng feedstrean_.to a hydr ot r eaPCNysS2009/001123
process. 14. The process of aﬁ?‘of clainms 1-10,
wherein the process feedstreamis conprised of a
refinery fuel gas. 15. The process of any of clains
1- 10, wherghéreihthedzedtigRSiniidegsihtecfaamew otlo mptedaichayfa a
steam cracker product stream and the thr ocar bon .
conpofranteivork siractusel wheseinataeh Ivertex o dhe frapye veork stmgture is

AN I N e o
conp r\'/e?ﬁgeso(f)f ﬁlezﬁ%&é ofk 'sf%%?é’ is%&éwgiggd%{xﬁéggcﬁl an

with a process fe ream conprising

one hiwtidasslakothi6R P idrderpativef A ivhBfedn $h gealitit frhidakolate
tenperature; b) retrieving a first perneate stream

f r om framewonki niteidaldiast dreadsenptivn adingratictondhe hydrocarbon
pressure and,  second tenperature, wherein the first

per megrapeyndbaystddnef at lpaghS.conponent s t hat

sel ectively perneate through the nenbrane and the

first perneate stream has a | ower concentration O H2

19y orie Ff&% BECRIACKS; WHEEmMhE 9201t 8 i dazol AL WSk

a first retentate stream- - wherein the zeolitic

i m danateaiat iy scdected ffom@IEr1,A1Fk@saml ZIFddwor k

structure wherein each vertex of the framework

structure is conprised of a single netal ion and each

air of connected adjlacent .verti s of .t he f.r.amewqrk
B Fhs BREET P F Ok Slafits 1SLE G e plitThiGAzb late

| m d%&h@%rl@ﬂiz&f}i&lrh tah AROHYNE NadiR G0 théh} #focarbon
zeolitic i mdazol ate franmework materi as an

adsorg@mpeurndevirid, ofiat keastor0.t he hydrocar bon conpound
over H2 of at least 5. 17. The process of claim 16,
wherein the zeolitic imdazolate framework material is

I d f F- | E- 8, IF-1 1. 18, T o
13 b e b procam Sha, ptFatims 4611 vhése i Fa chbtenl BY molos of the
i d _ . .
| oad 3! PEntale AR K R AR (Bon URSHECORCREDY % of the
at | gadteskTeedstreafie process of any of clains 16-18,

wherein H2 content by nol % of the first retentate
streamis greater than the H2 content by nol % of the

A1 o pEes ok #5 afoite 1651, RARTA (AT BOTRYIve, Rging rato
hyd i
196, ook e By OCRRA LTIl HIFRHE RS a 301, K B 106.6

wher gipy.t he process feedstreamis conprised of a steam

reform ng process product stream conprised of hydrogen
and net hane.

21.  The process of any of claims 16-20, wherein the process feedstream is
comprised of a steam reforming process product stream comprised of

hydrogen and methane.



