WO 01/ 34646 PCT/ US00/ 30791 5 RECOVBI NANT CELATINS This application clains
the benefit of U S. Provisional Application Nos. 60/204,437, filed 15 My
2000, andv@o01/i8%¢ 114, filed 12 Novenber 1999, the specifiparises3oodl whi ch
are incorporated herein by reference in their entireties. 10 FIELD OF THE
| NVENTI ON This invention relates to reconbinant gelatins and to
conpositions and agents conprising reconbinant gelatins, to nethods of
produci ng r&conbi nant gel ati ns, RECOMBINANT GELATIN$\ese gelatins in
various applications. 15 BACKGROUND OF THE I NVENTION Gelatin is a
derivative of collagen, a principal structural and connective Pr otein in
ani mal s.  Gel aThinappkcatieydajcthe benefit @EH St RrpvtinehArptication NeggeM2044d”: &t ai ns

pol ypepti de segigReRB0,RAV60MSS, 1, Hirek1NERREA1699, Wb §JcBifichtiaRdf Whidk &e MOSt of t en
proline and hydroxypraoline residues, These 20 sequences contribute to
triple helical m%‘tr?qﬁ%‘idd’te@‘“;%defgf’fcéB’tthet‘rrfémﬁtéqs'l ing ability of gelatin .
pol ypeptides. Currently available gelatin is extracted through processing
of animal hides and bones, typiﬁ%ﬂ)ym; fﬁ?ﬂ@l\ﬁ&’f’ﬁn@nd por ci ne sources. The
bi ophysi cal properties of gelatin make It a versatile material, wdely
used in a vari Eiyinphtigplhtectatrdcominanhgelatinthngd tordompositicpd aat agenissorsie  f or
exanpl e, I n NUEESGHSNRBRATEE Bihb&Rr pdlRingRAbEGHhant ROALOHAE e Gse Jrheldst ri al
cosnetic, 25 and food and beverage products and processes of manufacture.
Gelatin is thugelains i@ gproBs WPEGAHPSy 4l uabl e and versatile product. Manufacture
of Gelatini&elatinis typically manufactured fromnaturally occurring

col I agen i n bovi ne and porci i i ar, from hides and
bones. In sone instances, ge%‘?'g@@#“g’gé%ﬂ‘rﬁa{@?iéﬁlr%m for exanpl e,

pi sci ne, chi ck@elatinos a degjuatineofsollagers s prikipal stratt@nliand sonodctiveypétaain agalalt i n
producti on, Séamm%;deméa' 6 bAoA MRS Snd Bhithitd RRpEptE LhAbds BRliy SUbj ect
to governnent-certified 1nspection and passed fit for human consunpti on.
There is conceGW-Wé?pe%the"hFrﬁ%é@G W\arergostfficn priokne apd hydrpxyrrpling residyese These t he

presence obho Conl@nied adrribete ANEPl Bel®bGRudSe 4ndafI&Ring sdligRbLSBTgHARr M 35
encephal opat hi e TSEs

rticularly bovine ongi form ence L t.h
(BSE), and scrRpPept esezcé‘?rg%ﬁé‘léa,ﬂa e%ella¥m Fﬁc?%':’ﬁé?f“ .ugg? brfmo??‘[&'@%ﬁgg%ds%/and
88:247-256.) Sobs, iypisallysroartevinesydeaicak boprees. iThe biaphytical gepatidsof gedagid make
phar maceuti cal ; and  MRdi.&ak, @0A) L&At QRety df AR AbhS404RnR%L BeRR 3¢9

for example, in numerous pharmaceutical and medical, photographic, industrial, cosmetic,

25  and food and beverage products and processes of manufacture. Gelatin is thus a

commercially valuable and versatile product.

Manufacture of Gelatin
Gelatin is typically manufactured from naturally occurring collagen in bovine and porcine
30  sources, in particular, from hides and bones. In some instances, gelatin can be extracted from,
for example, piscine, chicken, or equine sources. Raw materials of typical gelatin production,
such as bovine hides and bones, originate from animals subject to government-certified
inspection and passed fit for human consumption. There is concern over the infectivity of this
raw material, due to the presence of contaminating agents such as transmissible spongiform
35  encephalopathies (TSEs), particularly bovine spongiform encephalopathy (BSE), and scrapie,
etc. (See, e.g., Rohwer, R.G. (1996), Dev Biol Stand 88:247-256.) Such issues are '

especially critical to gelatin used in pharmaceutical and medical applications.



5 Recently, concern about the safety of these materials, a significant
portion of which are derived from bovi ne sources, has increased, causing
vari ous @ebat/a4s4€ont ai ni ng products to becone the focus BPET/ESMEV2I1

regul atory neasures to reduce the potential risk of transm ssion of bovine
spongi f orm encephal opathy (BSE), |inked to new variant Creutzfeldt-Jakob

di sease (nvCQID), a fatal neurol ogical disease in_humans. There is concern
that purifitatRemiyepemagoy tesadsy pifhsssmaenal. ¢ fignfiepiPeeion gt a8t r act i ng
?eLalti R f(r]I O”} ad&i]y@il frobd &Sme?u&aﬁhé@Qﬁ&SseHE&yusﬁh@t/ariobegeffdﬁﬁ-fcbrﬁiiﬁﬁg products en?ve t he
i kel i hood of infectivity.due to contamnating SE-carryin issue. (i.e.,
brain 11 ssue, Tepermyihe Feuebe il s RR RO it St PR BER PR P

mat eri al for gdlbatinesporgtifotoeencapbdlepdibyl (BSE),dinkadad newr vahamrBreufzobith gbolodiseetes or i n
phar maceut i cal i , el l.G i I; t ai ned
froma grow ng(mﬁ%ﬁ%’éﬁﬁgfneﬁgﬁg%ggqg{aéreiqré}s@ﬂpéh %%ilfﬁagcﬁﬁ%p%}fﬁt gtst?l%ns specify
that certaith newrentiyabasin e procestingof praragiing gelatin; frog puimah fissuqs gpd kpgesdanay ot he
production of @al@timtto fhbveaRd 1ikBEHISMSHiAORvIBI (6 @SBAEmInAHRISER aSBNEse
purification and cleansin and can re@ui re .harsh and %g(g%%lh nodes

st eps, .
of extracti on.("ThlgalﬁHsz"aFt%‘?ri Id'gsangﬁ'd’olﬁ?%‘é‘%““garc TS SRERTE P2 TRV gafe Ag 20
process, and ttaee exldeddi simarat mmaafood sroduats joeintpBamb@utical medisl, chesmal
treatments, ingcludi I eXR - ' (i kal i ne
sol utions. Nun@?gcgg&%gﬁ%t |t8°g'[%?tgﬂ st g%gg"g’ﬁﬁgnﬁbg{ﬁf?g’g&g@%’%ﬂggén&@ ltration
and vari ou$S hemgulatioesesperifyi that cemgin elateréats tirheving reindissugyaek tof yeed intheeat nent s are
used to rendve,baBiniotk8sinsuch as non-col | agenous proteins. Bones nust be
degreased. Additional washing and filtration steps, ion exchanges, and

other chem cal and 25 sterilizing treatnents are ded to the, process to
U her o P CTa R en BiotesRh PO S P and St TRt B Rt os oan
still remain aatskandlepigssidegf exandiot.hEheragsual hidm tindj@hestaratrepediiucéndermgst t hus

typically clarif] i %l : : rther r. efore
et ng- 1 eadsy 150eie by sRcleh i Ahileh bl kS RRGRGNS BURHe T 0%,
A or type B. Tinelguged pxpossiretp highly andic erafkalineisolutigne Nymeerqus puifieation stepstcpict i on

sources recei Vigy@g Wit A filtBGonSKd VRS oA tBIAGRS HcidléRheAlidaBon MENMEAI |y
derived from aci d-processed materials, usually porcine hides, and type B is

general |y der i ¥R BiusAdiyiemas Impties sHeh 3 pep-eollage RouT Rk s o Pnes Musihg | y
bovi ne bones (&gssed)Addaiddal iagheg anBEitrdtidn engls| ia€ bicRahgésysmd odherphtmitdl Bnd t he

process generally involves subjecting fres r frozen par.cin hides to
successi v egias%?r‘)réalgg Wahenﬁlﬁfeé ?Jieg?]ocf h? P%%ce?fsﬁr% n ser\Rnurt”ﬁ gt Ig?z 1ds-The
acid-treated okiamgagssdwasinees camywill menzpichfigr prodessing, and Hije eastltanigelatperadustd

extraction stepg ik YD ol 8¥ie@pErifich HabAA AMHeolQhirMe R ore RAE ta@) | Y
hydr ol yzi ng thfe col l agen” present. The resultant extracts, 2
Or use.

30 Commercial gelatin is generally classified as type A or type B. These classifications reflect
the pre-treatment extraction sources receive as part of the extraction process. Type A is
generally derived from acid-processed materials, usually porcine hides, and type B is
generally derived from alkaline- or lirﬁe-processed materials, usually bovine bones (ossein)
and hides.

35
In extracting type A gelatin, the process generally involves subjecting fresh or frozen porcine
hides to successive washings with water and treatments with dilute acids. The acid-treated
skins are washed again and are then subject to repeated extraction steps in which they are

treated with hot water, partially hydrolyzing the collagen present. The resultant extracts,

2



WO 01/ 34646 PCT/ US00/ 30791 5 dilute solutions of gelatin, are filtered and
evaporated, and the resultant concentrates are allowed to cool or chilled
to a gel wOhe34ged i s subsequently treated in drying tunnePeT/USE0/I0791
continuous dryers or other drying devices. In the |inmed process, type B
gelatin is derived fromdonor hides and skin trinmngs washed 10 and then
treated with linme. The |ine treatnment can take as long as fromone to three
mont hs, and i dlulgseiapany ofgelatim arediltsied and gyaporateg and thegeshlippt gacentiales i shed and
treated with ditlobte o asdl BiSchilled @ ghll. dasgeiis Subisdy@entlh yrekitaall iy a9 thg inhdls, by wat er
and the resulti n extracts %gprodcessed as described above for the

aci d-t r eat nent “P 8'é5d?'ersf5°t$§/ BGEfStin can al so be processed from ossein
sources. The hard bones are washed, degreased, and | eached with successive

treatnments of ﬂ'ﬂeqmdg{sbgé typ§E%Qlaﬁﬁs H%Ql&gml &Bbﬁucﬁg&ﬁskm-{ljﬂﬂnﬁ%‘ whstegeat ment

reacts with the m ner contents of bone, which are renoved ong with the
aci di ¢ sol i omd thepeatadgibdiei Fhe lise tgamem sipke 2 longyasfeom ontfq threpmanths ¢ bone

matter, was hedandﬁsrlﬁ@anpﬁmﬁrﬂ%lxwtﬁys Bt Gmed Hde6lirk @8shbDdnd S ARG dlatcasredi at el y
limed. After limn se| (f sngbse u om. y tlreat ed as descrl bed above
for the producthed ?ﬁreé‘ °H’Z‘f B SEVALH AP eislting gxtraghs pre processed a t o £ pal
filtering, denaeaneinaaiabz\&tfmolmacﬂmmmlpa:tcessm, and drying steps, the resultant
gelatin product is divided into batches, subjected to various physical,
chem cal, and bacteriological tests to determine grade and purity, and
ground and!bl efired soleéronrnl plsgbetpeocesseshpar eshedl sonreaju Theiredhoges araivasisdh type A

and B extracti &@re&re@g&ﬁ@&ﬁed WilhQudcE3ive Iré%ﬁﬁen@%f @fulencid® s&h@ﬂ%ocﬁlyrw ol |y
conprises a mxture of gelatin nplecules, i zes from Iew t housand

up to several MSAHA HEF“P?P{){?%%‘?S“ § el coxﬁfrgs,p ?ﬂea‘f’l?‘ ar‘é‘ie%?g% POBEYME gel | ng
or non- gel | i ngthé ypiSsoludistt] lebwify dsdid, yr qamoenaﬁ&edonas Tﬁ}&pﬁgaﬁlc boel nadtteniwashal al so
used in certai tions. Y, s |y derived
30 fromthe skL[T1ee OQ%MF“%J IS%EQJ tlorfs(?l St oe latefg (tél‘@% gﬁg%ﬁ{gér e typically
derived fram cobsiqwatygreattd @fﬂeSCﬁbesihb@'etfcatthem@dMWeomeH@n 9’0rvh¢vyﬂerhgie%1rh1 no acid

conposi ti ons, ﬁl@seg 'aflér?i'halff 'itEHH &Hﬁr{zﬁhzaggrl @(;n'cé?l%atldﬂ Jﬁ@\'ﬂyﬂ% s{eysp{hg ?cJSLILIMntl ower
pr OpOI’tI ons Of O i ne and % I’OX I’O i ne resi dues contrast to ani nmal
3

gel atins, fi sh8En Brfussis diyidp 1°Ib9 eé’rfﬁ‘?l?ftqdlt‘qﬁf’ﬂ‘sé’f’ysffﬁ]cfpe%i‘“
t enper at ur es, &Vt@xﬁbl@ﬁcaﬂ@dﬁl@ﬂ@h'}nﬁle@kéﬂéa’i@@uﬁt}@hﬁdﬁlgtbl&ﬁ aﬂ@&lgﬂé&accdiﬁlng\iot h ot her

ani mal gel atins i sh extr reat ne Dsequent
hydr ol yzati on ofmq‘efcé re lf%re%em% a Q(hth g4 2 ﬁx‘?mm%{rﬁliocessets iIc| Sluo?lngﬁér%%cesses

t he processs of predabtrtmctallylgmfpnah a geitare Dﬁgeiaesmbltcsﬂes,nn azep pffchm:@ fewhzpusand acks
homogenei ty. 3,004 34046 RCIHYBANGZ0791 5 Summary

Fish gelatin, classified as gelling or non-gelling types, and typically processed as Type A
gelatin, is also used in certain commercial applications. Gelling types are usually derived

30  from the skins of warm water fish, while non-gelling types are typically derived from cold
water fish. Fish gelatins have widely varying amino acid compositions, and differ from
animal gelatins in having typically lower proportions of proline and hydroxyproline residues.
In contrast to animal gelatins, fish gelatins typically remain liquid at much lower
temperatures, even at comparable averége molecular weights. As with other animal gelatins,

35  fish gelatin is extracted by treatment and subsequent hydrolyzation of fish skin. Again, as
with animal extraction processes, the process of extracting fish gelatin results in a product that

lacks homogeneity.



Gelatin is an essential product used in w de-ranging applications. The

di verse uses of gelatin rely on different characteristics and properties
of this whdgus4eeeis m xture of proteins. Current nethods PET/@RCWIACL on
result in a gelatin product that is a heterogeneous m xture of proteins,
cont ai ni ng pol ypeptides with nol ecul ar weight distributions of varying
ranges. It is 10 sonetines necessary to bIend varlous | ots of product in

order to obtai glatin ure S|cal rties.appropriate
O O TSl e e SRt THY Sl 3 PR
produced by nowsl oheﬁfeadwharbdt@lsﬁmam@ropamed dtﬁnﬁlbxqﬂﬁtms ravblire of pibreina\Gairkrabi | i ty
of a honngenous r.e iCcs

woul d be desi ra%FBd exgactxon resulltmzp %e?ag}’il gllomc?thﬂhyasﬂ 83 grileglh Eﬁlﬁt&%@é fe1§£ wher e
the avail abi | ¢ontpinipg pglemtldeﬁwm tnhle@q@ewplghtéls@h@@roamfefpwmgurwes étus:h as a fixed

range of npy eCcuhRimWebQthry o MEHlVEridRl iog\eIf&@aucan bRBY 9 dbigih Bl8atfidxERRG® Ol | ed
performance. There is thus a need for a reljable and reprodum bl e neans of

gel atin productf Bysiea) BIOPGHSS PPRIEiaty %B?‘Fd‘g%%ﬁeélaﬁﬁ’ﬁﬁﬂfet with controll ed
characteristics. 20 In addition, in the pharnaceutical, cosnetic, and food
and bever age iﬂdloﬁeth’oineganecasmedlicahﬂd}o,ne plbdllﬂdf@)yin&r@repre@dibieoneaw, woud e Of

gel atin ot her t hat |  sources,
e.g., bovine a‘%lal%%lgr ??enaevg it s?ggﬁh{g?%g{}ggé{a urt%ngadjcaserpélgﬁéragﬁt |y avail abl e
gelatin isls rraqharhetmsucrse@urdrbed@saﬁhquﬁalr exponle gib gariougodusts Besksecesergvhdrsteies

there are concgLnsityRlratihGvihQpeicthfackRdRs kicahld @ﬁ;&emg@me@m&rm@gnd
infectivity of gelatin-containing products. (See kaguchl M et

al . (1999) J. walaAllowdprateprodgibip @1 co t@liede@éore’@@ce Wegﬁa%féw nggd igy a reliablsg g
Vacci ne 17: 217ﬁrd2eibﬁﬁuc1§aiﬁ9@b16ﬁ'gelaﬁ{ préduction HAORPpvileahoadgeayns PodrBei?90; Kel so
(1999) J Aller. éi:?i | o 103: 200- 202; Asher (1999) Dev Biol Stand
99: 41- 44; and S&F¢ %Q’eafaceTsi‘@Sgg) Lancet 354: 1304-1305.) In addition, the
avail abili 2§ of a substitute material that does 30 not undergo extraction
from ani mal somrddiion, ig thy pharmpesytirals cogmelichind &ood ang Heyeragg drdagidesyespecislls

ethical, relighQlga n@mmsd%ﬁr@é ofgagtin%h@&hmﬁw& SRRt BHYh RBcBH m dnbt@li does
not reqU| re extraction from ani mal sources, such as tissues and bones

coul d be used, SOPE¢S: "e&a‘??iﬂ‘l“%andlpﬁrctnﬁg‘meﬁaé‘ﬁdfsél??t fipren ps UEEHY 2531bln89RP 1S ngest ed
products, i nclxudiuﬁgmem&ammhaltseﬁcmm@s Bv8&,and haax'ﬁes aneee arapmemrrum@ tf or use
by peopl e th dietary restricti ong |1 ow Kosher
35 and Hal &1 | BGM™ al%/l m{j%qng%efnﬁltyproall%grl? o)f(%e i Cf:’lm‘umn% %roﬁgget séarrched for
and tested a neamerhidil. enalt (9D J. avler. Cliny hrhvaol. é:04sﬁ95§95? Mivaaswd b al. (1)

ani mal - source gglal Wzlw&fs%néékyguaﬂ@eal @i@b%amaumgy@w@é 29RURSLd (i9dbfy  has not
yet been found. Alternatives have entif or a few applications,

such as the 40A{gE&ligAmppnal L}P%)%qoczo? a‘\/éh‘?’rép@?)l Dgy Biol tand R -4 39 Y ewE8pr CAPSUGEL ;
Monms Pl ai ns, NJ399) Dincét364:13$4-1305.) In addition, the availability of a substitute material that does

30  notundergo extraction from animal sources, e.g., tissues and bones, will address various

ethical, religious, and social dictates. A recombinant material that does not require extraction

from animal sources, such as tissues and bones, could be used, for example, in the

manufacture of foods and other ingested products, including encapsulated medicines, that are

appropriate for use by people with dietary restrictions, for example, those who follow Kosher
35  and Halal law.

While gelatin producers and end-users have searched for and tested a number of natural and
synthetic substitutes for the animal-source gelatin currently available, a universal substitute
has not yet been found. Alternatives have been identified for a few applications, such as the

40  use of cellulosic raw materials in VCAPS capsules (CAPSUGEL; Morris Plains, NJ), or the

4



WO 01/ 34646 PCT/ US00/ 30791 5 proposed use of non-natural gelatin-Ilike
proteins fromnouse and rat coll agen sequences in photographic enul sions.
(See, e.wooewten, M W et al. (1999) Yeast 15:1087-1098¢CT/@ina)/0e91 Wl f
Anton et al., European Application No. EP1014176A2.) However, for nost
gel ati n- based processes and products, the performance characteristics of
this key material have not been duplicated, and sugstl utes have not been
adopt ed. Thus,Preresdass of ngn-ppdiig eflafin- l&" RIS Tom mogsespd Bttallpggn FAPEETH i n a
synthetic and phepp@shicinalisonBEass.s.Werte] M. Whe ar @9ed) tamt 1pH087HIEs; mdDe Sserve
as a rational stitu th the desiye ech acteristics. In
sunmary, ther e&]lulg' AR, L% g'éf?peglg 1\C/Eglf) rég Cﬁp‘?@]] acegg Rt er rm(fsg%ep]azl%" can
provi de per f ortmead peocessdsandrodurts, shelp@éormfmcgelllaaactensmmf]ﬂes ey Inwigrislgpa¥earot a mor e
reproduci bl e aggl &gﬂéateela!n@ghbm&ql@veqlfot bken maddmms R, seaﬂe§d Rr pﬁ@ﬂs bor
met hods of pro ucing gelatin that do not require harsh and e
processi ngl0 armoq“éliﬂg “ﬁdfd%syétf’etﬁﬁ?ﬂﬁ%%‘i“ﬁ‘fbleﬁ&"@f‘éI‘”Q?ri”ﬁﬂ‘Fﬁ"ét‘ltaf“é’é‘?ﬂ“?t C?'h a nore
uni form produgtve 8 WhatidhaitsutitiRte G @2l desired pesfomithnde dai@Edsiicdg Si gni fi cant
anounts and different types of gelatin appropriate for diverse
applications. There is a need for a versatile gelatin product that 1is
readi | y adapt albl@nhay, tibrd if @needfor useeeralrdplidaatnt ansnid st @r povidaperfossdntdh and
ot her concerns I eds b
dharggen-I;P(% oP%eI?a%ﬁ whllé J‘M&;ﬁg kY m%f% r¥p¢§du€1l5'1@ %:35 %gtgoélg%ﬁﬁ{ce ?{3 y

providing a universa tal ne I nan
appropri at & f dirodyste There tsﬁéeﬁéi?rr"?fé‘toéﬁ o awﬂwcylgcgﬁ%r% de p gapimiarsh pnd

appl i cations ijghgMyipedieSiab,ahd r Ihahdabusfrxﬁaaﬁhﬁa&uﬁi@%élaufmh& re@ﬁl&ii@lﬁ{ordmﬁf&fd als can
be designed to (@ossg S the % E bﬁ#es and c racterlstl z et5|re for
particul ar applPUSERONE: eARFOE Shs OdZ‘%m%)?' Ggaﬂl@meafngB FENEPENG uses
previ ously unagetih spkopriate f&UMMR\ép@Eat‘BhE ThideEsNTre&NoTdrersptile gaain pradva ki on i s
directed to reconcPfH agan ag?or%lffe{eﬁt’ uses am? ) O%&egsegﬂt’?né%ggth%%a&ﬁe? conceiPr 1 S1'ng

reconbi nant gef a uci ng and usi ng reconbi nant
gelatins. 280 I n one aspect, the present invention provides a conposition

conprising r ecﬂﬁ"ﬂke@&%v&%rﬁfolv@s thesd ShdQREr RERRY pARAIng a LiGerfaPBRInBANt gel atin
has a nol ecul ar wei ght. selected fromthe group consisti n% of about 5 kDa,

8 kDa, 9 kDa, Merigpabtaingsl rqepbinasly, appropripte faryse in ghe egtpgordinlyjdpygrse spegigmg s kg,
| n anot her errbadpplﬁeanibns ih Mitick @emn‘w diAghtly gel.aTheprdias mateiiad @f bid @slgmamg ht range

35 selected fromt ro sistin 0,to t 10 to 30
kDa, about 30 R%&°B0™ I% lLtIlE)Sa o tﬁnsttlgs q%ﬁ”&?%pam e pgf)anﬁﬁaantdc "kDa about
50 to 100 XDa,praidsuew pBPertics aftdbi@edqDeviousln bamyailabls to 200 kDa, about 200 to

250 kDa, about 250 to 300 kDa, and about 300 to 350 kDa. In one aspect,

t he reconbl nant gel atin has a nol ecul ar wei great er than 300 kDa. 5
SUMMARY OF TH

The present invention is directed to recombinant gelatins, to compositions and agents

comprising recombinant gelatin, and to methods of producing and using recombinant gelatins.
30
In one aspect, the present invention provides a composition comprising recombinant gelatin.
In one embodiment, the recombinant gelatin has a molecular weight selected from the group
consisting of about 5 kDa, 8 kDa, 9 kDa, 14 kDa, 16 kDa, 22 kDa, 23 kDa, 36 kDa, 44 kDa,
and 65 kDa. In another embodiment, the recombinant gelatin has a molecular weight range
35  selected from the group consisting of about 0 to 50 kDa, about 10 to 30 kDa, about 30 to 50
kDa, about 10 to 70 kDa, about 50 kDa to 70 kDa about 50 to 100 kDa, about 100 to 150 kDa,
about 150 to 200 kDa, about 200 to 250 kDa, about 250 to 300 kDa, and about 300 to 350

kDa. In one aspect, the recombinant gelatin has a molecular weight greater than 300 kDa.



WO 01/ 34646 PCT/ US00/ 30791 5 In another aspect, the invention enconpasses
a reconbi nant gelatin having a Bloomstrength selected fromthe group
consi sti mgoof/34@e 100, 150, 200, 250, and 300. In furtherpremosdiavent, the
Bl oom strength is between 0 and 100. In certain enbodi nents, the present
invention provides a conposition conprising 10 reconbi nant gel atin wherein
the reconbi nant gelatin is non-hydroxylated, fully hydroxylated, or
partial |y h§dr Baether aspectthe ijveption sacoqppacs @ gecombpjpant %?&a&ﬁﬁthaﬁﬂm@fét PRl has a

per cent age hygéleetwtr@ttue@rosetceﬁttegofsoomottse 200,230, 26031 &t furigerof 20 to 80%
30 to 80% 40 t ﬁ 8 f %{ &096 &0 to 60% 40 to 60% 20 to
30% 20 to 4096™% ’B’egto ?goﬂlﬁ"wenﬁ%s eW@Fn i ments, the reconbi nant

gelatin is fully hydrolyzed, partially hydrolyzed, or non 15 hydrolyzed. In
one aspect, th cgljta%e%\%)\%dn@{tgqﬁe enPInQéﬁ'rtTngp?o@deEQ élﬁdn% n%f?{%f I Sing

reconbi nant gelatin e reco nant I n conprises a

honogenous 18 xteganebingft geledmysrainthe regpatbinantigelatinis Wé}yﬁqodﬁgted fly drbeyiedaspect
the ;rte)corrb It nanltr pgﬁ!alﬁ'tﬁyfiro%@zﬂm |Il$e&$10ii'l’s BREE HRGERABH St géléﬁnllhﬁﬁa pedddnt@de :
reconbi nant ge n po n one p es nventi on
provi des a con]ﬁ' Ylpten s%gcr‘FﬂrﬁPg‘l tﬁ‘*&’?‘@é%t"fﬁﬁ?&og@{)aﬁ Sk s §OQ}‘L’ Iqé

reconbi nant gegmt, 20 tol BYLIEY th 662, 40no6n%h Re tot3PPe20ab 4¢26) dndidfetn 4D¥ee & wifer any ot her

col | agen. In P& L dC léllltg‘rthe r(reﬁ%mgm élii’l‘ll ilaﬁ:){ l&élgxly%%/do Sﬁrt%ﬁléﬁ?(*t%%ﬁ Q)rh sel ect ed

fromthe gr oup CONSi St ng typ 'V, type V,
type VI, type MNidiolyzed/pe VI II type IX type X, type X, type X, type
X, type XV, typeXV type XVI, type XVII, type XVIII type XIX, and

type XX col | agen. rT‘gOSI tions of reconbinant gelatin wherein the
r ecombi nant geIne?m #Porh e @Rt BXSIHOT REQETES 2 SAMPIUTIGODPIG TR B2 Bw 0. 500

EU ng, bel ow OhddédihElddBbinaar@lai@tomprises Q%n@wongmanee aforb@bipinagean 30 | n

speci fi c enbodi rl'rentns(,.iés thtt econbg {%ant eI at i RLESENt i pyention

conprises an abimeP o lyANglEt FERTEh e tgIeﬂmncc’frﬁmesrouero onsi sting of SEQ

| D NGs: 15, 246, oflébommaant&@atmmlyp@&des 22, 23, 24, 25, 30 31 and 33.

Pol ynucl eoti des encodi ng these am no acid sequences are also provided, as
are expression vectors and host cells containing the pol ynucl eotides. In
certain 35 aspene ynbogdigenthhepresent ipvention ProyidesAr@ugsition fpaREING Frogptanant

prokaryotic or e%‘tikaﬂhéf@ih ke recbxﬂbtﬁ’ﬂtﬁgﬁﬁbdeﬁﬁ%ﬂfrom@n@tv}ke&ffy&lfag& fhestangethér 1 S

selected fromt nsi of a yeas cell, an
i nsect cell, %?%ﬂtﬁ)l@gmf“ Eocfétn%ff GPre } og"ﬁg@ Brsgfécéﬁqt n@e%?‘fpon further
provi des t eansgesisting aftyped) tspedhdypb Haltwgﬁ\hitxpemam‘él toagHi tgpeﬁglltdmelx

pol ynucl eoti deg,. & W08 L3238 %M, WP BALE XV, type XV, type XVII, type XVIIL,

type XIX, and type XX collagen. Compositions of recombinant gelatin wherein the
recombinant gelatin has endotoxin levels of below 1.000 EU/mg, below 0.500 EU/mg, below
0.050 EU/mg, and below 0.005 EU/mg are contemplated.
30
In specific embodiments, the recombinant gelatin of the present invention comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs:15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 30, 31, and 33. Polynucleotides encoding these amino acid sequences are also
provided, as are expression vectors and host cells containing the polynucleotides. In certain
35  aspects, the host cells of the present invention are prokaryotic or eukaryotic. In one
embodiment, a eukaryotic host cell is selected from the group consisting of a yeast cell, an
animal cell, an insect cell, a plant cell, and a fungal cell. The present invention further

provides transgenic animals and transgenic plants comprising the polynucleotides.



5 Reconbi nant gel atins conprising an am no aci d sequence selected fromthe
group consisting of SEQ ID NGs:26, 27, 28, and 29 are al so provided. In
one aspewoQ ot/bws4present invention enconpasses net hods of peDdsayagelt he
reconmbi nant gel atins. One nethod conprises providing reconbi nant coll agen
or procollagen or fragments 10 or variants thereof; and processing the
reconbi nant col | agen or procollagen or fragnments or variants thereof to
produce r ecOnbReFaRbINGEEMRtncomprisigAa amingaeifl Seapqmee selseterhdiimm bp SropR famsigiEA
processed to respORDMNIRR6IT| 2 4dd 20SrefaB6 pidtiisdant human col lagen. In a
further aspect, the reconbinant collagen is produced by co-expressing at

| east one pol ynucl eoti de encoding a collagen or procollagen and at | east
one pol ynucl eoliodeaspst ddipresenaineanlidreggeomppsss mathodnafipadi@methe kéombmzytne or
subuni t t her eOé latihy] cﬁeﬁ@{ht,@& ﬁm@%ﬂﬁg}womgn%ﬁggeﬁ smmatg&rp&@a LrATUIIS
prolyl hydroxylase. In anot h«g nmet hod accordi ng to the present |nvent|on
r econmbi nanfl0 gefraeiiantsitherenf; vl REeegssing the agepmbingng ‘%ﬂﬁ‘?@ﬁ OraHr?CéP@ﬁ“ TP
construct. In aantluml&}é‘dft@ﬂ?m& @@Jﬂfbmaﬁt@@laﬁlﬁ%@éﬂélawtm@@&ﬁﬁﬂht cdfhgks produced

by co-expressin al tered cQ | | age onstruct st _one

pol ynucl eot i deP" W@B‘gfoﬁifmﬁb‘ﬁ%’ége a[tlpés?rgq l”?.ﬂ’lé maé‘r‘f?&ﬂ%ﬁ" 3? b’ﬁgﬂﬁfpt“tttﬁ%r eof. In
one enbodi nent tecdniinafi@stiagerd is priadicadt bmakprmng/mastsgnqapodyny¢leduyd¢tnocyﬂgas e.

Met hods of pro

erper at ur co. oSkt S SERIEL 083 AR EbhRT AL BoAR Ao BBl Bl | e
conferringldn ¢eng el hereal QleilC&M%“@“W%‘éﬁ?‘ég@anﬁ%ﬁn@ﬁwyﬁle|1~°dﬁ°1¥1hat
corresponds topjdheyisel ected nelting tenperature. In a further enbodi nment,
the conferring step conprises producing reconbinant gelatin froman al tered

col l agen construct in the presence of prolyl hydroxylase. In other aspects,
t he conf erri nginsh@ier memﬁmerci:@&ﬁg «d@reipveisag invetia) becorabiiiangglatih isprddneth

hydroxyl at ed Gtk ctmr nﬁ‘%l alterec{ coﬂ én %:onstrucéﬁn g RIRL: Ier% odlm%ﬁg o Oé%kr?‘lgllrl% Felatm

non- hydr oxyl at e eco ar ous uses e reco nant
gel ati ns 020 t hie pdesdmt corenpresnmg the algresl colingersgopitrattand at least opepolyinudidotide  t he

present i ”Ve”tén%hufg%“p‘%'u%@sﬁué‘rﬁ?é}%h@ @Rbanit SEASH I Ak BILRGRAL Fhe pbst! M fOr m ng
agents, noisturizing agents, enulsifiers, thickening agent s, gelllng

agents, coll oi %Flaté’gﬁﬁ‘[‘zéﬂne@?r‘éﬂﬁé‘gi”ﬂ)’@s%gent s, floccul ating agents, and
refining agents conprising reconbi nant gelatin. The present i nventi on

provi des in on odi nent arma tical n com [isi
r econbi nant geﬁgﬁ;% .09 R’E‘E‘&“? {??(?"ﬁ Mt BB Ui hav"rlﬁsefggﬁp lﬁ%”oe eﬁaan S o€ Sg.tl nis
human r eco®bi nlamidedgml(me i:rnbodmntathotrh@pd ®mpogs referingoh der@onbinhgaltingel at i n

i's non-immu nog;gepéeﬁtage gdrﬁ%cflb[{ th&t chréé\Ranlt/o %%Qé&tﬁ%tMEQQ{pégﬁgl In a5further

enbodi nent s res I nvention provides a hard capsul e, a soft gel
capsul e, a tab@r@iod%m thaepnfering SR SRENPERT ATARSINS r%zmehm%geéﬁélp frpp|ap Akered

repl acenent neggBsdeAtonsttucOh 8k pre6enad dPeblyl Bydroxylase. In other aspects, the conferring step
comprises deriving recombinant gelatin from hydroxylated recombinant collagen, or

30  comprises hydroxylating non-hydroxylated recombinant gelatin.

Various uses of the recombinant gelatins of the present invention are contemplated. In
particular, the present invention comprises encapsulants, stabilizing agents, film-forming
agents, moisturizing agents, emulsifiers, thickening agents, gelling agents, colloidal agents,

35  adhesive agents, flocculating agents, and refining agents comprising recombinant gelatin.

The present invention provides in one embodiment a pharmaceutical composition comprising
recombinant gelatin. In a further embodiment, the recombinant gelatin is human recombinant

gelatin. In another embodiment, the recombinant gelatin is non-immunogenic. In specific
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medi cal sponge, a nedical plug, a pharmaceutical stabilizer, and a

m crocarrier conprising reconbinant gelatin. In one aspect, the present

i nventi owenvamspasses a kit conprising a conposition conpeT/aseNgE0791
reconbi nant gelatin, and a device for delivering the conposition to a 10
subj ect. An edi ble conposition conprising reconbinant gelatin is al so

contenpl ated, as are protein supplenents, fat substitutes, nutrjtiona
suppl enent &, edROmeRs dheiPrrgt ‘“&?ﬁ‘gg\/pé?‘i“{}ﬁ 8 har?in%% FBERT éﬁ%&ﬁ"’gﬁpﬁ'&c%ﬁbﬁ si ng
reconbi nant gedoatingha plidmatggndf b calotialipsie réptioaneaomiperal b gofi toating@onbi nant
gelatin are al so,.contenpl ated, .as are enpodinents i.n which re | hant
gelatin is pa’Pﬂlcﬁﬁpﬁ}n & g iC% 42 ?%r)‘(n V feglp ‘é‘gﬁt@ﬁé’ v SR PG %O%E’ﬁg? provi des
a cosnetic conmpasibinaggelatyo dperiegipag, themesmiinvantion gesompdsses a kihcaptphieing a

enbodi nents, t b WolpH folnrer-1o i ' el i,si ng 20
r ecombi nant ge‘{%gltpzl)slrl}%ﬁg%d@{r% gg’%ri al i%%%%é?ﬁﬁ%%ﬁ%@?@?%ﬁ@&%%&

gel atin, al®eldubigiil ture conposition conprising reconbinant gelatin, and a
conposition for |aboratory use conprising reconbinant gelatin. Further

enbodi nents, such_.as mcroarrays. conpr,i.si he . reconbj pant gel ati ns of
Che present | rAREToIBro 0y ISIE Gt PHLEn G A° EHEE8 o a0 AR PRA

gel atins, are suppi¢naans| fat selobtituRS nBRtiétel SORHORING.TdION ORINgHENDRAWENGS Figure 1
sets forth res j i f i i NS .30

2 gar s 2 and eI el SRRERS BaR, PG oA bR ol at i ns
support celd ragombianheplatin 9 agrcentgnpdaqdsasagsrenpodipenty in avhigh FRPraRinaat gD t he
production of iPFé?ﬁa@l?'oVﬁﬂlﬁl%’&oXyl@tE&bﬂh@ infv&ieA RikRd Blovided RLhds conosifibrgur e 4
sets forth results .dem)n%t rati ng t he production of hydroxyl ated reconbi nant
gel atins. Fi gOPBISIESEOTOIAY eHaMas | t s showi ng the purification of

reconbi nant gelatin followwing in vitro hydroxylation. 8 WO 01/ 34646
PCT/ US00/ 3079 ' . . ' : it f
épgﬁf@n%&&e&s ﬁ%%&ﬁg@{l %Jgoé%%ék&&s&%%lﬂ sﬁlﬁr?co%{r)pgﬁlh%' y o

reconbi nant g NS expresse resence or absence pf ol yl
4- hydr oxy| #se. re@mpinees g7latine arsindugtriglisompositipn eompaipipgiseqmbinapigelatih a prileglture
reconbi nant  geloahbdlioR ¥k RBorkbnand il BRI £I5RPbSRIoh 5 18braRXRIESSI On Medi a

comprising recombinant gelatin. Further embodiments, such as microarrays comprising the

recombinant gelatins of the present invention or polynucleotides encoding these recombinant

gelatins, are contemplated.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 sets forth results showing the expression of recombinant gelatins.

30  Figures 2A and 2B set forth results demonstrating that recombinant gelatins support cell
attachment.

Figure 3 sets forth results demonstrating the production of proteolytically stable recombinant

gelatins.
35

Figure 4 sets forth results demonstrating the production of hydroxylated recombinant gelatins.

Figure 5 sets forth results showing the purification of recombinant gelatin following in vitro

hydroxylation.



Figure 8 sets forth results conmparing comercially available gelatins to
cross-linked reconbinant gelatin. 15 Figure 9 sets forth results conparing
t he nol eowib ar/348@6 ght di stribution of commercially avail abCrUgalariins.
Figures 10A, 10B, 10C, 10D, 10k, and IOF set forth results show ng the
hydrol ysis of comercially available gelatins perforned at 120C. 20
Figures 11 A 11B, 11 C, and 11D set forth results show ng the hydrol ysis
of commercially available gelatins perforned at 150C. Figures 12A and 12B
set forth resukigse 6 abrigredultesha@ing tha sabilith of @imbipatrgelyisiesprated i2the

reconbi nant hunman col Ibaeglen fIYJi)?‘LIClT and type I11. Figure 13 sets forth

resul ts show NJSEHE 2P AT hydrotVsrs of reconbi nant human col | agen

type 1. 30 Figure 14 sets forth a Western bl ot anal ysis of reconbi nant
human col | agenﬁig@@ﬁseis%ﬂmun@&gmn&gm@m%&a&ec&ﬁb%k %tiﬂ@{:__dréﬁ&?byf rom Qui nea
pigs i muni zed W th reconbi nant human coll agen typeé |I. Figures 15A and 15B
set forth F&suiupRlemsRBHETR comiesPie®Pedid r om Qui nea pigs i munized with 35
reconbi nant human col l.agen type | is reactive to specific cyanogen brom de

fragments of ol |l agen. type |. Fiqure 16 sets forth EL|I SA resul.ts show ng
ant Lser a1 om GAITHBEPYLE YR e Dt Bl AR IR TBEE | agen type |
IS not reacti vecdnbinaggelatdi. nant human gel atins. 9 WO 01/ 34646 PCT/ US00/ 30791
5 DESCRI PTI ON OF THE | NVENTI ON Before the present proteins, nucleotide
sequences, and nmethods are described, it is understood that this invention
i s not |inmiedFigwe ¢ bris fprdy resultsisompannatheaeniicelgniveight distgbusion of cemperciallnes
vectors, and feagRRtudescri bed, as these may vary. It is also to be
understood that the term nology 10 used herein is for the purpose of

descri bing particular enbodiments only, and is not intended to limt the
scope of the pFigg&nbA] 108erid, oD, 10K, andI9F sd éorthadselds shbvahg ths hydsdgisloér ei n, and
in the appended clains, t sinqular forns..a,"” "an," and "the" include

pl ur al referen“é’gmﬁfﬂlagggvafl%ie%kﬁ%@f‘?owgﬁﬁglcdi ctates otherw se. Thus, for
15 exanpl e20reference to "a host cell” is reference to one or nore of such

host ool l's, ande, SAUXENENL % LOGTSQk AR PRI efedndhyar t . and

reference to "an a
available gelatins performed at 150°C.

Figures 12A and 12B set forth results showing the acid and thermal hydrolysis of
25  recombinant human collagen type I and type III.

Figure 13 sets forth results showing the enzymatic hydrolysis of recombinant human collagen
type 1.

30  Figure 14 sets forth a Western blot analysis of recombinant human collagens and recombinant

human gelatins using antisera from Guinea pigs immunized with recombinant human collagen

type L.

Figures 15A and 15B set forth results showing antisera from Guinea pigs immunized with
35  recombinant human collagen type I is reactive to specific cyanogen bromide fragments of

collagen type L.

Figure 16 sets forth ELISA results showing antisera from Guinea pigs immunized with
recombinant human collagen type I is not reactive to recombinant human gelatins.

9



reference to one or nore anti bodi es and equi val ents thereof known to those
skilled in the art, and so forth. 20 Unl ess defined otherw se, all

t echni calwant3ses entific terns used herein have the neani PgpUS&/30cONMDODNI Y
understood by one of ordinary skill in the art to which the invention

bel ongs. Al though any nethods and materials simlar or equivalent to those
descri bed herein can be used in the practice or testing of the present

i nvention, 1he preferred nmethods, devices, and naterials are now

descri bed. Al publications nBESCRIPFIONOFSTHE BENYVENTION por at ed her ein by 25

reference for ?erﬁ @‘3 ! 1[) geéie pégtems Puc?eoh(pelsgcg)ﬁnaégsd ancciiI e?hogstsare &sénb?(h ﬁ? %rgtgo%s

vectors, and re repor Ications
whi ch m ght bethatsladinvmtlmﬂmbmlt@no thﬂpaﬂwdah@eﬂlwmr,lpmﬁocowlﬂlhm vedersin is to

be construed &@%s%ﬁlseqrbs @A NeryT RYLMNG PR vhGerdlVd thait {ehlugsioéyo
ant edate such |sc osure by virtue of "prior _invention. Each reference cited

herein is 1§ ncuseplsret isfpr fispupose Bfdescabiag paiylar pmbodineais oply.ng is ngigntyed
practice of thg lipit@seBdpe bNHEFtseMMmvattioh. enpl oy, unl ess ot herwi se indi cat ed,
conventional nethods of chem stry, biochem stry, nolecul ar biol ogy,
i mmunol ogy and pharmacol ogy, wthin the skill of the art. Such techni ques
are expl ai ned I mhstpe natedtthpead us¢ddeminuangd in Beepperaledyclaims, Gersivgvler, forsRa,) “aad .

(1990) Rem ngt&g‘ﬁeﬁn&fﬁ%&%t&&&é%'s n&&,ﬁmtﬂcﬁm &&ates MBGHKsPHRLs gPi ng 35

Co.; Col ow ck I n Enzyrol f? Academ ¢ Press,
I nc. HandbbokexempleE@éﬁf@rcpr?éﬁﬁl@ﬁtcelﬂmmﬁwreyggponwrgore? shap ogbeglfs 29%i 1 and C. C.

B: ac kW\S' I, (?_8269 ulvil\-l/bafi@thenl;%f MC] tlhosegﬁg\@iEﬁ téltzln@ aEdJI}@fefeli\i/?tb Qﬁh&)ltibowflé @-E is, T. et
al ., eds. ecul ar oni ng: abor a nu ion,

Vol's. 1-111, C5FF"SIP PG ﬂ&l‘reﬁ?ﬂb"@g*%? soPy" ﬁ‘&@ %“(Pstﬁg”@ “%1@ "eaf‘ al .

eds. (1999) Shawto Brtt ocols in Ml ecul ar Bi ol ogy, 4t h editi on, John W | ey &
Sons; Reamet 10 WO 01/34646 PCT/US00/30791 5 al., eds. (1998) Mol ecul ar

Bi ol 0gy Teghini GHES neil -G0S hY EerbRAAAL R dﬁc%ag 384 hAGAHRRNG gl POR

(I'ntroduction to Biotec qués Seri es wt on & G ahameds.

1997, Spri ngeqonv@ﬂlyagéerstogtrrx e 7f @pligary 11911 s aptde thltbe Wa?j@wbeﬂ(@ﬁ%rs to any
one of the KNOoXithoG e dnBi8ods YR RaterlaR Gt digqlﬁ@lehﬁgQiasetdéﬂﬂ&d'heretnhﬁlﬂbkgh XX, as

well as to any her col | agens, et her _nat ur i sem -synt heti c,
or reconbi nan‘fse‘g S PRSTSHOGIEYRE RITRSHTEY SWENSP: caﬁl&edﬂr%élfgﬂg’t 'Sl;sh‘é IRy Mol | agen
enconpasses antylaterﬁilsl’a@l mewcibsatited pall pidipdtioskenariond edeib yre sncerporgedherein by

ol ynuct 08 derrefifucSl e Ao MOTRLIIR LG o 8iiflng B LANBLL WL Gnsgendl | es of

col I agen cfiai ns. agen™ speci enéonpasses 15 variants
and fragnents mﬁque]@gles %iﬁdwhlﬁtﬁéﬂtfﬁmw mé‘lftﬂ“bhf?@ﬂﬁ ‘S’hlafh’éilgh'é%elu@eétﬂ? sPaRectitver eof |

whi ch with the invention. Nothing herein is to be construed as an admission that the invention is not

entitled to antedate such disclosure by virtue of prior invention. Each reference cited herein is
incorporated herein by reference in its entirety.

30
The practice of the present invention will employ, unless otherwise indicated, conventional
methods of chemistry, biochemistry, molecular biology, immunology and pharmacology,
within the skill of the art. Such techniques are explained fully in the literature. See, e.g.,
Gennaro, A.R., ed. (1990) Remington’s Pharmaceutical Sciences, 18" ed., Mack Publishing

35  Co.; Colowick, S. et al., eds., Methods In Enzymology, Academic Press, Inc.; Handbook of
Experimental Immunology, Vols. I-IV (D.M. Weir and C.C. Blackwell, eds., 1986, Blackwell
Scientific Publications); Maniatis, T. et al., eds. (1989) Molecular Cloning: A Laboratory
Manual, 2™ edition, Vols. I-ITI, Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al.,
eds. (1999) Short Protocols in Molecular Biology, 4" edition, John Wiley & Sons; Ream et
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preferably retain at |east one structural or functional characteristic of
col l agen, for exanple, a (dy-X-Y)" domain. The term "procol | agen"” refers
to a prooodbasm correspondi ng to any one of the col | agenr¢ypsa/d079120
through XX, as well as to a procollagen corresponding to any ot her

col | agens, whether natural, synthetic, sem -synthetic, or reconbinant,

t hat possesses additional C-term nal and/or N-t erm nal %rope ptides or

t el opepti des tHatdsdE8sMolesplar Piojpgy Techuigyes) An Intepivgiaparaigry Cpups: Ardeifon, or
any ot her fUﬂE‘t’éds}?BCR@lﬂﬁo&&ﬁbﬁ td Bletechaigees Seixs g opded! (Nywioh &asratdmbads., 1997,

N- pr ot ei nase, #{g) or other enzynmes, e.g., proteolytic enzynes
associ at ed wi t 8T ﬁréaeg productl on. The term procol | agen 25 specifically
enconpasses variants and fragnments thereof, and functional equival ents and
derivatives thgpgRliTigd ch preferably retain at |east one structural or
functional characteristic of collagen, for exanple, (dy-X-Y)" domain.
"Gel atin" 5 (Bwdermeeaiagent efesyte anyonaphhedmpun Pqtlagemmﬁwﬁluws follegea ypesy!

traditional nehRagdsxRras 3 426 2HyRINBARIagess, bhéﬂﬁyﬁhtdmtslyﬂméue sOthi-GhteticOér t 0 any
nol ecul e havi ng at | eas one struct ur al a or _functional characteristic

of gelatin. GeFemvRaps I Ch BB RGO B e x e AT ol ef BRSSP AGEn
derived from asmngn@dhal@@olgpepuda(emonetbypemgle paynuchotiikan welbgglhiometrimpticadne)

sour ces, e.g. ,hett%t%ﬁe{rﬁqgemtueﬁfltﬁr‘faﬁenﬂt1 SN Bk gt BRSAESAR (e

conposi tion of an on atrn product, as
wel | as anli novapiprigeed ﬁpmeyﬁélmep@én tltqabﬁtﬂthHgﬂtﬁt@dtiﬁéfatg’ét eeef WEchat er i al |

Thus, the ter MR R lead Bhedtrhdur@Sr BH@1dnd] BharRfcB§iR BEQ IR QX PRAS et
i nvention enconpasse both a reconbi nant gelatin material conprising the

present gel atl(ﬁhb T’S)p Pdes, as well as an i ndivi dual gel atin pol ypepti de
of the present invention. 11 WO 01/34646 PCT/US00/30791 5 Pol ypepti des
fromwhich gelatin can er d_are.pal ype such a

procol | agens, ﬁ’ KBt Hrocokﬁp%efl re%erﬁo %j%mcoflllgﬁ?flﬁ(gmg ‘Igué%to anyoorltlgos ?%ocl?%?gg'ggand/ or
functi onal 20 CHHIOQ@'UQX,I&S welbasdd amm0llmgecprre&90¢1ngatopmtqﬂpegtllams wbethad nitprel, ude a

single col | ageg, Ol dm;. %th@tlc &Qécl)ﬁgiﬁeﬂn Qﬁ%&k@ﬁddf%mh@&&%%ﬂrah%{ N-tefthin@&NY
fragments, derivatives, I gormers, polyners, subuni ts 't hereof

cont ai ni ng at Hr@’&gtdeb?féel%l’tldﬁb%ﬁéﬁg‘t lﬂgﬁ’%ﬁr ﬁss?ablxasg)u@éw PHERRAt or appetherer m 10
specifically C@ﬁ&l&ﬂﬁh&hﬁﬂwﬁﬁl@bﬁb@@ﬁﬁﬂy snequ@mcm@rofwtaset Ofitkiriake, Beediier €, such as
altered coll agen constr (Ef‘ etc %({ {heduco (gletn copstruct is a

pol ynucl eot i de "m’r |g3’|pﬁose° %m‘ﬁéﬁso‘t‘ ot Wiireollagen RPEHon, PO ST T ons,
addi ti ons, 2% ubsptdifically @w@ppasses atilnerand fregngets ﬂlefepbmdafumactrakeahlwermdr ri ng

col l'agen gene. gohvuiOih inAk VAR bretekaBiy Hn A9EHonBdAiE ! @ @cmnuahaaaef@&&afne to

i ncrease, inprove, 0 Its effect. An adjuvant used Iin a
vacci ne f or nul wliagsn f?ﬁeggmplf’@é(cd}’rxrmﬁ@t’bgl cal agent that i nproves the
i mmune response by producing a non-specific stinmulator of the immune

“Gelatin” as used herein refers to any gelatin, whether extracted by traditional methods or

30  recombinant or biosynthetic in origin, or to any molecule having at least one structural and/or
functional characteristic of gelatin. Gelatin is currently obtained by extraction from collagen
derived from animal (e.g., bovine, porcine, chicken, equine, piscine) sources, e.g., bones and
tissues. The term gelatin encompasses both the composition of more than one polypeptide
included in a gelatin product, as well as an individual polypeptide contributing to the gelatin

35  material. Thus, the term recombinant gelatin as used in reference to the present invention
encompasses both a recombinant gelatin material comprising the present gelatin polypeptides,

as well as an individual gelatin polypeptide of the present invention.
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response. Adjuvants are often used in non-living vaccines. 20 The terns
"allele" or "allelic sequence" refer to alternative forns of genetic
sequencewoM/swhes may result fromat | east one nutati onPCTVUSODESOMUC] ei C
acid sequence and may result in altered nRNAs or pol ypeptides whose
structure or function may or may not be altered. Any given natural or
reconbi nant gene may have none one, many allelic fornms, Comon

nut ati onal 3 ch%fﬂ}g’éﬁ‘%#%w}g‘m/@ afqlgaélbeéerapq uf pbypaptidesurhas splagenss cr i bed t o

natural deleti Iﬁa&uaga&daddloﬂiaspowepua& hawWRSdt Iehdd bheQBBenahl apdi6H fetibddes. Each of
t hese types of changes

r. al on ti th the others,
one or nore ti B t‘%l"%g ﬁ“ 581&9?@861’“‘1%01“@#’5@’%6 E)E)‘f’@?lffglfl%%mq‘aﬁleorsaequences
i ncl ude those wiliden Hah@timenshetdaratsieert ar emsfragments ddhtivies) olignmeerg fpolyaiérf,foer ent
nucl eoti des re ' a
functionally S%H%ntdthfh\g/rg fnco ta&g’iﬁﬁg&t(ﬁgwgg l{l%gmﬁﬂ%c@lﬁ?(n{’? ?gﬂ f %E]Ttl on are
sequences 0 spivegfivaliy mteylnbﬁebmg@ﬂ%ed seqyancesmpy fonpd ippgfupsuchne alﬁeéfﬁ(fplllaﬁen
det ect abl e usi QgsiRak telcc Uhalter@ doBRRNERALHiHEp ORISR A ordpRtiRt R queAlR gt s on  Of
i mpr oper or unexpect ed hybri di chtl on to allel e%éf:w th | ocus ot her than

the normal  chi&wrd<yrugh dFlgans agqhons ﬁ‘é}’s%tﬁtlﬁ“%(?f othes PRARESST Tt § e QEFEAE . 35
"Al tered" pol ypapehgas. may contain deletions, insertions, or substitutions
of amino acid residues which produce a silent change and result in a
functional ly equival ent pol ypeptide. Deliberate am no acid substitutions
may be nmadéS onAn tedjubmtisanyfagent adedip i thypg prvagairiede intryase,dinproye or otfistwigsiald t y,

hydr ophobi ci t yj eﬁmrgpmjwa&luga@m m@é&rfomﬁu@x{m@hmtam&nmrogm aééi‘nt tme
residues as long a he™ bi ol ogi cal I mrunol citgl cal activity o

encoded pol ype,aﬁvcprocl%S ﬂil%mW%‘fl%ﬁe?P@EFe brarpd%wgﬁﬁ%spe sfipulgter 3f4’6e436‘“1ﬂé?r/ usom 30791
5 negatively chgogedAdivaie arGiftelsuséd@iy nbliplingdaccagparti c acid and glutamc
acid; positively charged amno acids may include |ysine and arginine; and
am no acids with uncharged polar head groups having simlar hydrophilicity
val ues may20 ncThedems iliele’he, “allef osequenieii exfer srrdtermative frems ofl gpustinecquendes. Alldei ne,
asparagi ne_ andy ) uhAThAG, 1eRE5E AR BN D6 sedRtbeRRERY LA fErednd
t yrosi ne. " pol ypepti de” sequences or "pol ypeptides," as
these ternms ar®RY4eer PHE‘P@P@FS Wh?séﬁ‘é‘f"t“f"(?r&nf"g)@ﬁ@pjﬂ By, nob@pat“Frﬁ‘é A¥pept i de,

or protein se%ﬁmeﬁecoamdlaﬁtrga@m@memmr@h@for mafchl kR foRat Wominby m@GEdaEr i Ng or

synt hetic nol ecul es. .Pol. or. amno ac fra ts ar ortion
of a pol ypept i RS %et F §fs afee%igetra ?—f“é‘% t%%?%@%eté%&ﬂg?thn%ﬁgtl onal
charact eri 21 i csubdittibie of mleymptﬁadbof theise tspes bfchatgeansy @odyelbharenih cofibinahien

present invent gﬁg 3 e..15 those retaining at |east
one (Gy- X-Y) ‘!V?{a}h?&géry e“tmgr%r% eg% Segﬁse 7% is used in ref erence, for
exanple, to "ani mal col | agens” encorrpasses any col |l agens, derived from

ani mal sour cesip MRt RBMudki s’éﬁuen&yiﬂﬁb&tﬁcﬁe wﬁ?&leh@ﬂé Nh&atohg or Wbstitutions of

reconbi nant. Anjmal sources include, far ex manmal i an, squr ces,
i ncl udi ng, but different nucleotides resulting in a polynucleotide that encodes the same or a functionally

30  equivalent polypeptide. Included within this definition are sequences displaying polymorphisms
that may or may not be readily detectable using particular oligonucleotide probes or through
deletion of improper or unexpected hybridization to alleles, with a locus other than the normal

chromosomal locus for the subject polynucleotide sequence.

35  “Altered” polypeptides may contain deletions, insertions, or substitutions of amino acid residues
which produce a silent change and result in a functionally equivalent polypeptide. Deliberate
amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic nature of the residues as long as the

biological or immunological activity of the encoded polypeptide is retained. For example,
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20 limted to, bovine, porcine, and ovine sources, and other ani nmal
sources, including, but not I|imted to, chicken and piscine, equine,
rodent, awmolonsw4wertebrate sources. "Antigenicity" rel at eBCT/@StdBd7abi ity
of a substance to, when introduced into the body, stinmulate the i mune
response and the production of an antibody. An agent displaying the 25
property of antigenicity is referred to as being antigenic. Antigenic
agents can § nchagefivelyshprged pwing agids mayinclide psparticacidand ghpmisracideRositval Dargsde s

such as, for exmpPAckis nay @kl«aamsmel ahPRPIhRE;RhdSrino ek w&naﬁdnagmqﬁ&r head! Go@)s C

aci ds, bacterl and. ri onents nd. vi.ruses an

ononent s. 0MTHE PR SR i S rar petigsoing leRiEe, A ot Bepe o
herein, ref er ﬁlmuﬁeh@panmmwaai gl\hlamvde, ’gine ind tivedmynes kol elenyldlesndand haseepai ri ng.
For exanple, the sequence "A-GT" binds to the conplenentary sequence
"T-C-A." Conplementarity between two single-stranded nol ecules nay be
"partial , " Ihefroine yeid ontpolypeptifid spayerices & ebipersidesi e thessitermagre bed 8Pl et e,

when total  CopRt RERMpAdE, Bf)e}ﬁ%ll:zv @pé@ﬁ&evﬁ%téuhﬁq%&glaﬂd &1 dnAd efdrbhhRG4I es.
The degree of corrpl enmentarit

en nucl ic acid ghr ands has
significant ef T8ty opgyringar %ff“i’?tlﬁ"é“ﬁe&ae RAYRPHLE R PRITE Aoid HIEHISPRT &Y Rofion
bet ween nucl ei 6f agolypeptde etichsretaidnit feast Snefruqnailtahdet| fatctionapaataersec a>fnhe

g ana " poRaE SRR AL b AERSACRIRB ALl BAAMBER AL 201 09

strands, and i® gn an el ¢ acid

( PNA) ol eddll e@loselﬁalm@ﬂ?ﬂ?,t@z@lmm%@)( 30791 5 A "del etion" |s a change
in an amno acid or nucleotide sequence that results in the absence of one
or nore am no acid residues or nucleotides. The term"d r| vative," as

applied to pol VieEmeatimeass it is ujed fnrelersndeHar CXpraply cajanimhioflngent ieRimpgssey
pol ynucl eot i dear@rdslagéne,giemepabﬁuaﬁmiawbumj we)pltnad@l QyntipGigREMABMhdaAc)ort 0 a

pol ynucl eoti de 10 enco artic eptide. Such di f.i i ons

i ncl ude, for eXaIHH®BD %@’6?‘5%’8 SH?ChbdF ey T %np(%% Ampgliag SourTeT%’y]ilcrr%mgyﬁU%:n ani no
group. As @&edlithigden, hoire, poeduey 2 artd@vmoiwpepandd»ésr antnhaesome:pmnclhdleg,lbwam ve"
refers to a pofypan cf'cﬂ&eM‘Q{dg% lgé R Ifoae%@ianma-vmls&ucéay hydroxyl ati on,

gI ycosyl at i on pegyl ati on, y any simlar process. The term
"derivatives" enconpasses those nolecules containing at |east one

structural andfQfigdnibitgt ielaieddo t&halnle,aifegdb&ﬁﬂcstop@hetnhema&emtoamﬂoeyf rom whi ch
it is derived. A ggl ecule i s sa em cal anot her

mol ecul e when TS REATRYe SRATE I""bdﬁfg‘? pr%q‘ilétf'ﬁnc? T“%I?Ogi’l a“"r‘aig(tdlsﬁ(%l%'{h? y a part
of the nol eizul popeBy ofuntigenieity 1 sefamd ta alsrpﬂng/aatlgmheAnugeencageetssarsmlmJ Hut ty,

absorpti on, §L 29hGala tbaa'vfmJ& éﬁnacmglfm@] s&chléieforl)fmpr@*rs&ﬁ]ﬁ

alternati veI y decrease toxicit P Rat or attenuat e
any undesi rabl @lmcab;andef liué’@lc agjfls, b%erlmdéeqsqrel coppenepth@nd yiries apbyist | es
capabl e of medigfbidissuch effects are general ly

30  The terms “complementary” or “complementarity,” as used herein, refer to the natural binding of
polynucleotides by base-pairing. For example, the sequence “A-G-T” binds to the
complementary sequence “T-C-A.” Complementarity between two single-stranded molecules
may be “partial,” when only some of the nucleic acids bind, or may be complete, when total
complementarity exists between the single stranded molecules. The degree of complementarity

35  between nucleic acid strands has significant effects on the efficiency and strength of
hybridization between nucleic acid strands. This is of particular importance in amplification
reactions, which depend upon binding between nucleic acids strands, and in the design and use,

for example, of peptide nucleic acid (PNA) molecules.
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available in the art and can be found for exanple, in Rem ngton's

Phar maceutical Sciences, supra. Procedures for coupling such noieties to a
nol ecul e vaoe1/sushd known in the art. 25 An "excipient" as parUs@virdis used
herein is any inert substance used as a diluent or vehicle in the

formul ation of a drug, a vaccine, or other pharnaceuti cal corrposi tion, in
order to confer a_ suitable consistency or formto the drug cci ne

phar maceut i tal A SRR 3 dange AR aF’é‘}OﬁF‘dPUH‘&]F?tlﬁiﬁéqqu@ﬁ%ﬁh?}é‘fsélfﬁ‘n thag spree ply used
herein refers d¢meoBmpebiipe piid @aqes oatlyolidel eoti de 30 that possesses at

| east one functional and/or structural characteristic of a particular

pol ypepti de or polynucl eotide. A functional equivalent nmay contain

modi fi cati ons Theadrmé&dadvhtive,” tdvpplpd itd miymdeddof re@rsspibe tifemealfrumidiciton of ¥he t erm
“functional e%ﬁ;ﬁa&&ngﬁ enkédldg%sﬂﬂﬁfgp epﬁde%!r &&eleﬁﬂemm SolynTUERRE S

hybrids, variants 34 derivatives of a nolecule. 35 A
"Fusi on pr bt ei pieoding agparsie r@leqpndmﬁwéWoﬁémqoaenee%iu@hee@plﬁ repacenef ef ent
proteins are Or@efo@é?myanhmcﬁkéaﬂ or-Eﬁhﬁlotgﬁihﬁ] Adysbd m&laumufe o plgkgidss, the tdrhe
process by whigh a a (r:I eic ac d s(%g#lggl 4%ﬂsoteo a gﬂr rrgtrllt ary sequence
through base p&fFY Hbe e R EPYREP AP s TR KRG By, " for

VWO 01/ 34646 P@’f&iﬁﬂﬂﬁbﬁi@3@]]:41015ox.dwanpilmglarpfmecss;pﬁhrem dthivetings’bhcaglagsesor

o e b o G BoRONRILALARL L R BALDABES b B, aﬁglgruaergwﬁ? f by the

hybri di zati on tenpera nown in t art I zation can
occur undets coneeaulediom vafichytds flesied. st r | ngency. In particular, stringency can
be i ncreased by reducing the concentratlon of salt, increasing the 10

concentration of fornmam rai e atio erature For
exanpl e, for phFSEEs's s ‘og’ﬁ °|§F‘8’§ ﬂ‘fr F‘W‘ieﬁf%‘%‘h “T??fﬁ 5y ei‘d't tf’lmhnder hi gh
stringency COI‘H?lltiilhbxﬁh&eﬁi&@llﬂkﬁehbﬂho&hﬂﬂﬁllyE@% oiftbermamutd:e Sath naddiet cad tipréve 42C,
and under redgtgednolfcu e's sglebnlc%lagsorp%ﬁ Ybrl glcﬁlrﬂ?@%%ugnd%%%ﬁ(g 01“1’%%1016 Esocaﬁmm de at

about 30C to ion occursin condrtions of
hi ghest  s2Ci rvgtermetyfelatdeail@@? thetogOtyof the melerule eliBiRatSSREenugte 39 Wwihsirablgsifle2 00

g/m shear ed anfcLpmdRRORLM, e@tﬁealkgvnoepercgﬁa%memang eemfeawégeﬁeange
corresponding to a particular |evel of strin ency can urther narromed

by methods kndWhilapls i heartiod canrbs fousd forpaapleny

pyri m di ne ratg,pra0brobdiigres fobl€ufling s@hintbictiés tb Boleasd aranell ladivhl filthett. the
tenperature accordingly. To renove nonspecific 20 signals, blots can be
sequentially washed, for exanple, at roomtenperature under increasingly
stringent Zondid feasigiendt asiip t¢rm iQisddheB8BGs amydndix sBigaBidIsed\via p diftentongehgle in he

above ranges atﬂgtbn&@a[mh b QR %a%mxteu otﬁspmannacghnwgmﬁgogmoﬁ' [n"BLPRIERESI tY"

relates to th to evoke an i mune response within an organism An
25 agent di splsayqbﬁqoﬁwnﬁf%mﬁﬂ/th‘%ﬁmg YPRSHREE pliaEnaceutical corapogifipnad t 0 as bei ng
i nmunogeni c.

The term “functional equivalent” as it is used herein refers to a polypeptide or polynucleotide

30 that possesses at least one functional and/or structural characteristic of a particular
polypeptide or polynucleotide. A functional equivalent may contain modifications that enable
the performance of a specific function. The term “functional equivalent” is intended to

include fragments, mutants, hybrids, variants, analogs, or chemical derivatives of a molecule.

35 A “fusion protein” is a protein in which peptide sequences from different proteins are operably
linked.

The term “hybridization” refers to the process by which a nucleic acid sequence binds to a

complementary sequence through base pairing. Hybridization conditions can be defined by, for
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Agents can include, but are not Iimted to, a variety of nacronol ecul es
such as, for exanple, proteins, |lipoproteins, polysaccharides, nucleic

aci ds, baxoerssmi@and bacterial conponents, and viruses anBCTVUS@/30791
conponents. | nmunogeni c agents often have a fairly high nol ecul ar wei ght
(usual l'y greater than 10 kDa). 30 "Infectivity” refers to the ability to be
infective or the ability to produce infection, referring to the invasion
and mul tipld ca®eEpledhe wicpEErryhtal eslomamids in e prehybapizaiop pnd fiyprgization ¢ hj n
the body. 35 sbhgodsesrivs diélhplﬁﬂ[zhtloﬁlmmp@ﬂ%ltureadﬂlafelvﬁbﬂl knévaf i@ thetat. Hyleldamga chrh a
pol ypepti de or Qlegrcmﬁ%&%cﬁv % ence resulting in the addition of one or
nore amino aci & Fesfaies or "ges respectively, as conpared to the
naturally occurring nDIecuIe 15 MD 01/ 34646 PCT/ US00/ 30791 5 The term
"isolated” as psed e Fdedcs ERDLS inbfastd waeﬁﬁmg %e%&ﬁa{naamfmt inGdsthg frle OM
proteins, etc., that are present in the natural source of the pro%eln but
al so from 8t heqon%e@mﬁ@ﬁewp@ﬂawﬂegw&%the hybrithpapierdterapesasies: Fos pxepigles for pimegisecul e

found in the psReeREet Hventibd, hpbiizition gndePR stiheSidly ¢exAltionduebfreih about 0% OF
ot her conponent normal |y present in a %Plutl t he sane. §ed her ei n,

As
the terms "i siomagmidpat ahigyt 37yt Catpd ug rF?S‘EcegffE‘&ﬁ‘?ﬁcé@gnW%‘BﬁP%‘% YreLefht in
their natural HewE® atdfdurBOEC 850, TipLiicoRs, hybyidizitRhQtGstiDcoadifiord of @g@anent  of

nucl ei ¢ acids, am no acids, antibodies, etc. on a bsirate. The
substrate can ey 23S Bi5P% leEABErOX SSPE O Wb@%ﬁ?{“‘ %ﬁ%eﬁ@}g}l %i’fﬁ%‘?“,

ni trocel | ulosedenativyd QinonGper@MNAAPPr Opri at e nenbrane, etc. A substrate can
be any rigid or sem-rigid support including, but not limted to,
menbranes, filters, wafers, chips, slides, fibers, beads, including 15
magneti ¢ or nofwagmetauee ee dgtesppedisg tot pigtiowdar leytlaf gengepyicymigrerther narrowed

m croparticl es, &&M@%ﬁﬁheﬂﬁmﬁp@ @uaalgtﬁgﬁlegme% i eqatwfhéce for

coati ng and/ or can have a varlety of surfface forns, suc as wells, pins,
trenches, charmeleis acid apinigisytand adiugfingiiedHneRBIG AGEArENgLY- akd TErgove SRS s C dis,

Iet c., gay 2(be Q@lﬂl@ hlot2&n E_é'@qlteﬂtiaﬂy mhﬁd(’:i flﬁé)&ﬂﬂ!e:SMOOﬁﬁ&mbeMJr&ldﬂer ildddasihgy not
imited to, viruses, hacteria ., Li.ckettsias asnms,
ur eapl asnas, fﬁﬂﬁﬂncﬁﬁﬁwﬁﬁfﬁg (i§§§$%%¢€aﬁﬁghi Pﬁ%??“ﬂgwgépggwﬁﬁ§miuch as

pr ot ozoans. ThendigengsreWellghopingn theard” or " pol ynucl eoti de" sequences or
"pol ynucl eoti des” refer to 25 oligonucl eotides, nucleotides, or
pol ynucl eotides, or any fragnents thereof, and to DNA or RNA of natural or
synt hetic ori gilimuprgetciprelafse toghergiliar to prokeje ipmmune fespansd Stthia e olgays™. rAfpr esent
t he |S e E se 9 aibhtABNSEnShe ROty $OmPERItHEy RUEtRECo dlethg (fbiogend! tO any
DNA- 11 ke or

Agents can include, but are not limited to, a variety of macromolecules such as, for example,

proteins, lipoproteins, polysaccharides, nucleic acids, bacteria and bacterial components, and

viruses and viral components. Immunogenic agents often have a fairly high molecular weight

(usually greater than 10 kDa).

30
“Infectivity” refers to the ability to be infective or the ability to produce infection, referring to
the invasion and multiplication of microorganisms, such as bacteria or viruses within the

body.
35  The terms “insertion” or “addition” refer to a change in a polypeptide or polynucleotide

sequence resulting in the addition of one or more amino acid residues or nucleotides,

respectively, as compared to the naturally occurring molecule.
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RNA-Ii ke material, natural or synthetic in origin. Polynucleotide fragnments
are any portion of a polynucleotide sequence that retains at |east one

st ruct ur avo or/3fewé1ct i onal characteristic of the 30 pol ynucPenwsaezo74in one
enbodi ment of the present invention, polynucleotide fragnents are those

t hat encode at Ieast one (Qy- X-Y)n region. Polynucleotide fragnents can be
of variable Iengz exanp greater than 60 nucleotides in | ength, at
| east 100 nucl Elwreeeolatﬁd Iaéﬁijf‘ herelafefef%teagtolemmp%eq nob ey pretengich, or
at |east 10, OOtQatmécpkeeeﬁ {indRSnatufhl J;oeftgbhhe ﬁr&eﬁ[ hat mrfﬁ)&ﬂ)tﬂeped’nﬁrﬁﬁﬁntssm ganéralru ty"

(%simlarity) ref to. the ta f seque r|t f din a
conpari son of Wre 5 %}ﬁ)’?fgsb @%%CBF:} epD(STSﬂg’f ?@8@8’@ gﬁﬁﬁ% Y bt er cent
simlarity canioher ethctreqsmpqnexdndwlalimtrdfscrdm amelutionkad thamamen Aslweeddietein, tﬁotemexanpl e,

ercent sinul » Pat. ; ted usin
Dol st o et BELUERA AR B SO ARG ARl st o B ng

73: 237- 24419 The al gorithm groups 16 WO 01/ 34646 PCT/ US00/ 30791 5

sequences i nt 01‘1(&'téiﬁlt“ﬁﬁo?oam[y”eé‘f&mo%ﬁgrahﬁ&eﬂﬂ&ﬁ@mldb%maﬁdﬁhﬂtlb&ﬁésfﬁc | The
pmlari ty

clusters are aligned i.rwi se and, .t hen | rou rcenta

et veon two. anfHVGERE Deqtsruaen bt 85 guiabedinah & A BEbcRan Eocg et
cal cul at ed by wileni aHamgapbhogridtengbiitanofetes eguibstrate ca, be aynigid ortsbrei-mgididneportof  gap
residues in se cl:’l <ﬂu*? ebut hot li qg(?totrrl'«ﬁn ﬁfteré) tvaﬂgpch[ @%ll&!ﬁ%\%eﬂé %e§c§q}i|§lﬂﬁ1% B,

into the sumo resi ue nat ¢ étweén seqguence sequence
times one hundmemictichOn@apencts bepdvaedy mblﬁg,mbteh@ﬁwnefg’ymﬁfem%@ﬁ Cﬁmléafle%tcam no

acid sequencesTilsghsRAL cah BI%LJHQ@Q;rfa& foxdceateg Hdr Bgh m%&en&tggesuﬁwfdrﬁg Ishh-
Percent simlari tﬁ can cal cul at egﬂor ot he met hods nown j n the art,
'

for exanple, b¥W 9V‘ﬁ§eﬂf§}ﬁr‘ih6‘imflétai“ otﬁd‘ihfc G Qucleieapids aminpacidsy ey MaY ed
el ectroni cal | ype®idlg prograns such as the MEGALI GN program ( DNASTAR | nc.
Madi son, Wsconsin). 15 As used herein, the term"plant" includes
reference to one or nore plants, i.e., any eukaryotic autotrophic
organi sms 8uchTiedermigicompmnisg” @ndiclyjahesyet linsited to motsss, batsris Chlagydia,

di cotyl edons, jRg sugi'ngfg%plmss %plakt'ng' fuftdd, a.rng){)ara%f? XORAEYinGRELRBs paihited bR

flax, tomato, sugar sunfl ower, potato, tobacco, maize, wheat, rice,
| ettuce, banan‘ﬁpr"(‘;"&g@&va, saf fl ower, oilseed, 20 rape, nustard, canol a,
henp, al gae, kelp, etc. The term "pI ant” al so encorrpasses one or nore

pl ant cells. @% term"” des

1 cid”’ or "po cle ngl 9 Tices O r?(% des” e-etr od to,
vegetative tis ST fyelg gf &é‘#} p 8H Udes Sggeices ﬂspﬁ’tll-:‘/ﬁgci h cu m{ Ures, emnbryos,
meri st emat Bt rdigbowlsotidesahiciestides, ssmexnuﬂemd@sqr amOﬁﬂEBlents tredtt ad tgdNBbophyt es,
spor SEBX tes. PRUABFhguldt B Rnedt BFdlE whidhhBFoe slsRYH uSubld didhded and i YES
, represent the sense or antisense strand, to peptide nucleic acid (PNA), or to any DNA-like or
RNA-like material, natural or synthetic in origin. Polynucleotide fragments are any portion of
a polynucleotide sequence that retains at least one structural or functional characteristic of the
30  polynucleotide. In one embodiment of the present invention, polynucleotide fragments are
those that encode at least one (Gly-X-Y), region. Polynucleotide fragments can be of variable
length, for example, greater than 60 nucleotides in length, at least 100 nucleotides in length, at

least 1000 nucleotides in length, or at least 10,000 nucleotides in length.

35  The phrase “percent similarity” (% similarity) refers to the percentage of sequence similarity
found in a comparison of two or more polypeptide or polynucleotide sequences. Percent
similarity can be determined by methods well-known in the art. For example, percent
simularity between amino acid sequences can be calculated using the clustal method. (See,
e.g., Higgins, D. G. and P. M. Sharp (1988) Gene 73:237-244.) The algorithm groups
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The term "post-translational enzyne" refers to any enzyne that catal yzes
post-transl ational nodification of, for exanple, any collagen or
procol | agemo1/I4se6 t er m enconpasses, but is not |imted topctasosozpl e,
prolyl hydroxyl ase, peptidyl prolyl isonerase, collagen gal actosyl
hydr oxyl ysyl gl ucosyl transferase, hydr oxyl ysyl gal actosyl transferase,
C-protei nase, N 30 proteinase, |ysyl hydroxylase, and |ysyl oxidase. As
used hereind t¥faueness Mo HsisFY reninaghe f“l"?esrbé‘l”"é?“santpélrsa]-g’ feeEaliendgi on of
nucl eic acid @a@uf eaﬁjlah@a;p@;bdpe Oife ﬂef&brﬁdga'élhﬂ@';ty shw&atwmmmmga@ﬁmail ln? t he
transcription of a pol ynucl eot Pro addj tional ly
conpri se recoghftTHTEEYH gﬁec%eém suc fé“ﬁ%’é‘%‘“‘%‘“ H’Q gﬁgpsg%%ceg*r’énénn‘ﬁ pr onot er
eI enent s, whi cthe neyber offghpresidues inlh@uencaAsompgthe rwmbpratf gap radiies ig sqguence B,
"non-consti tut fn%qhe%{ug%ﬂhgﬂﬁdue n%{t)c‘?ll::ssoe erpge LS éldtsgﬁéncé BdtHﬁe@ oﬁJ HH&Ed. i ption
via a specific tissue, or un er environnental or
devel opneni@l Gemeflewsr ofan Bomql% |befereen thfet}WP amip prigsegrcss A el ipdlusdedinonot er s

such as ti ssueqdiBihfl b&bbntabd SfikSinyS Pechd: hlﬁumﬁmn%@ulcuﬂa?ed\épo@y&%éﬁ
PCT/ US00/ 30791 51ty s eci fic pronpt Such pronpters |nc but are
Yesich RpPBiBESD. ! et

not |imited t oMYA hPRRBEEY ARG Etir‘ﬂizétmﬁflo 1885 P Bt beBllated 1 ess, t he
Hsp70 pronot erelecrntieatly tding poogrdneatchs the MEGAINGN plogram IPRKSPAR o, Maghsanndum bl e
by light. Pro L&l S glmch are "tissue-preferred"” are pronoters that
preferentially i initiate transcri ption 10 in certain tissues. Pronoters
which are 11issue-specific" are pronoters that initiate transcription only

in certain tisgugsd herdif tte tdn¥ PRar¥PiRGhde} FéferaQEé}HQﬁeeJr%o@r&nﬂr&nﬁﬁﬁuﬁamlcCh
primarily drive expression in certain cell pes in at Esast one organ, for

exanpl e, vascu‘?“é"r‘rol’}&ce‘rrg"é“smigwh P%ﬁ&&‘eﬁpm‘@'”‘b%ym?s@ﬁfné’é%‘inﬁ'iy “ﬁ??ﬁirmt ers are
t hose under COdl&dt}Oédoﬁlsf mtlhﬂng?ﬁﬁthﬁtﬂilﬂﬂﬁcmto sogheat) chttoatalfalfa; ALS Omiafo] dugdt, tiest,
effected, for %)?@er btatoytoan envi roE nt alet d| tion suchfﬂavsver 1 er,obi ¢

. . acGo, Malze, W, anana cass va, Sa seed
conditions, the" EREE 1? © ?’I% Teddes re’sponse to

i nternal, 2heniapamystayd, carviapheoyi zdale lslpgmll@e tegm fjplant”gdlsy@eqoaip@e%ydeormmat e

dehydrogenase, ; A%k afd (A X?lant TBisMA0Rdes  bRAN fdt Rinfedb QBB BN Stiss 6 aﬁdqngmw cal
damage. 20 As used herein, the term"constitutive prompters” refers to

pronot ers t hat SUplhasseeds suspepipieutures, embryesymerisiempticrrgiens; BHiysdissue.deriesaroatsact i ve

under nost envihb&s @Bﬁﬁt@hyt&@ﬁ)diobhﬁlﬁspoﬂﬁﬂmsér@b@&s ®lilbs, diewers, G Béneqr cel |
differentiation, I es of constitutive pronoters, include, but are not

limted to, th’@‘cff’éli?feis’fel ower nosaic virus (CaM/) 35S, the 1'- or 2'-
pr onot er dzﬁrl ved fromT 25 DNA of Agrobacteriuamtunefaciens, the ubiquitin

1 pronoter, %{I@ ﬂ QJSgnBtﬁoﬁa 2] ehirfhe” kg n%k&%?%ta@%%@&%ﬁ&%ﬁl
pronot er, gI ycera e rogenase pro
modlﬁcatlon of, for example any collagen or procollagen The term encompasses, but is not
limited to, for example, prolyl hydroxylase, peptidyl prolyl isomerase, collagen galactosyl
hydroxylysy! glucosyl transferase, hydroxylysyl galactosyl transferase, C-proteinase, N-
30  proteinase, lysyl hydroxylase, and lysyl oxidase.

As used herein, the term “promoter” generally refers to a regulatory region of nucleic acid
sequence capable of initiating, directing, and mediating the transcription of a polynucleotide
sequence. Promoters may additionally comprise recognition sequences, such as upstream or

35  downstream promoter elements, which may influence the transcription rate.

The term “non-constitutive promoters” refers to promoters that induce transcription via a
specific tissue, or may be otherwise under environmental or developmental controls, and

includes repressible and inducible promoters such as tissue-preferred, tissue-specific, and cell
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Nos pronoter, etc. The term"purified" as it is used herein denotes that
the indicated nolecule is present in the 30 substantial absence of other
bi ol ogi cavo nmssasol ecul es, e.g., polynucl eoti des, proteinBCT/@RE/30v91e | i Kke.
The term preferably contenplates that the nolecule of interest is present
in a solution or conposition at |east 80% by weight; pref erably, at |east
85% by wei ght nore preferably, at |east 95% by vvel gl'fl nost
preferably,> attyPesresificrgomolrs, Sugiprgmeters {gluds, but a‘lﬁlﬁ‘f"f‘é‘?" Ji WHA hepPmetia) |

mol ecul es, es pla@uc@ldby hpisdxacwlzcﬂxssnh@vmmspao ﬁfﬁl'ﬂ@t@lUlﬂﬂlﬁClm}gféit stdss, lagBtie 35 t han

about one kDa, Pﬁ@wa@?tgﬁ’ glﬁ%cr%tleb%'ﬂﬁgt erm"substantially purified", as used

herein, refers aci d sequences that are renoved from
their natural environnent, isolated or separated, and are at |east 60% 18
VO 01734646 PGI/ LSO tisSuel prébired PAr& smalsxli eferfeﬁtﬁ nABE nHRSpt
preferably QO%r eegéj&glrzn%%t erep?:o eonen%rs W th apﬁ %H are natla?al I y
associ at ed10 A mseragytissugs. |P6?F‘°t?r%""1?1ﬂéa“°r é‘ﬁi“&é@ﬁ’@ﬁtaﬁ?ﬁ’m@ﬁ@s&a ipHte ani no aci ds

or nucl eoti deStrdﬂycrlaﬂufnfoﬁfy@lm&ertalﬂmsﬂ& &Cdlldﬁ)el@f)ecfﬁdﬁbxﬁﬁbtbﬁQfé,prd’n@‘ﬁeﬁbaﬂﬁdhve| y. 10
The term "transfec ion" as used herein refer roces i.nt roduci ng
an expressi on PRREEPEYS ?i‘ﬂ’f?sséond‘éTefTam%lrtYpﬁﬁg‘afé%fﬁ%‘}eé’ﬁgtaflg ?i‘épien VHEY are
known in the ad’ells. for exanple, mcroinjection, |ipofection, or the use of
a gene gun. 15 "Transformation", as defined herein, describes a process by
whi ch exogenous nucleic acid sequences, e.g., DNA enters and changes a
reci pi ent &el | IndReibla’s 610 rapeessitiey prmwtewwhosahrdiercoanrﬂpﬁt%la¢nV5@mr&r1‘t $uch tptg

condi tions usi tpaﬂsc\ﬁﬁlﬁdnqyé“fe@@& I?(Q@)?dﬂ%' by 2K RWBnthéhidl BSidRb sucH isafstpicmat i on may
rely on any known nethod for tggt E‘nsertlon of foreign nuclsncéfamd

sequences i nt o°CRdsKEaT RrsERce of | USROS Ho-1P5 Lo to RtprEal FREMIGY: 9T s

sel ected baSEdolﬁlﬂgléahﬁgﬁa}GﬁEg cgflychﬁlaéhydnqihbspbm defjydrogansé, NQFEn@A0FAd may

i ncl ude, but 'Setﬂanol méurg}ge d L Qe ¥, ah 1ca'?f§n(1:z{“ on, el ectroporation, heat
shock, |i pofection, r? PO & RBHD S 8 5. such "transformed” cells

i ncl ude st2bly transformed cells in which the inserted DNA is capabl e of

replication eifhgry ﬂ%l@@e%@%M§é yroﬂh@tgjs Y I‘Eé}s't@ﬁroﬂl)t@é mafjm@iﬁte Qﬁect Rart of
t he host chronosone, and al so 1 ncl ude cel transi ent| ress the

inserted nucl BedateEansprpian, aud plepeliye pedes fB%féef’dFO’in?eﬁ%J condjtiong ands s H rein, the
term "vacci ne"deﬁlﬁcﬁpﬁﬂeﬁt dr Qel Adifidr@fialont E;&fhpléi oﬂ@bhs]tleldv@’rorm)&k fiicBde, but are not

m cr oor gani sms 1L,Vi a genuat ed or I | N nt
or gani sms, lﬁ?l'fdg‘f ngfautl QERES Vﬁ%‘?@pmgﬁs Phdt pgom(#er&&} o(!1 %ep'?l des,
pr ot ei ns, Zﬁ oI YA ot grofarceurm! iwaebams, thgubiquith épl@moter the Smas promoter, the

cinnamyl alcohol dehydrogenase promoter, glyceraldehyde dehydrogenase promoter, and the

Nos promoter, etc.

The term “purified” as it is used herein denotes that the indicated molecule is present in the
30  substantial absence of other biological macromolecules, e.g., polynucleotides, proteins, and
the like. The term preferably contemplates that the molecule of interest is present in a
solution or composition at least 80% by weight; preferably, at least 85% by weight; more
preferably, at least 95% by weight; and, most preferably, at least 99.8% by weight. Water,
buffers, and other small molecules, especially molecules having a molecular weight of less

35  than about one kDa, can be present.

The term “substantially purified”, as used herein, refers to nucleic or amino acid sequences

that are removed from their natural environment, isolated or separated, and are at least 60%
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acids, natural, synthetic, or sem -synthetic, adm nistered to produce or
artificially increase 30 immunity to a particular disease, in order to
prevent fwouorsekaf ection with a simlar entity. Vacci nespcaus@mordi n |ive,
or inactive mcroorgani snms, or other agents, including viruses and
bacteria, as well as subunit, syntheti c sem -synthetic, or reconbi nant
DNA- based. Vacci nes can_be nonoval ent (a si

strai n/ m crdor Henprelrpbly 484 fee. gudrpqshregferalnd (ng?erfﬁ’“b?th%sorﬂ??éeﬁﬁﬁvﬂ?‘dﬁ?cﬁanl sm or
agent (e.g., p@kByviduglysaegis®) or the antigens of one mcroorgani sm or
agent. Vaccines can also be nmultivalent, e.g., divalent, trivalent, etc. (a
conbi ned vaccine), consisting of nore than one m croorgani smor agent
(e.g., a measl sSsubstitgion’tisithe kdplcaiMRf onevamoien@jnoeridd draudsntidgépdiffekntnor e t han
one mi croorganj sm #gdsggrﬁglteondggr A QLf, 34646 PCT/ USO0/ 30791 5 Live vaccines
are prepared fromliving m croorgani &ms. Attenuated vaccines are |ive

vacci nes ptepared from mi croorgani snms whi ch have under gone physi cal

alteration (sugh @ “trﬁxﬁfii:tﬁ;ni’ msairhe;e@lrfaaﬁ @ttw@o&@win&bwaingga ex@fess&ﬁr i al
passage in | aborat oryéarl%%g hosts .or infecte ti.s ue/c Itures such
r

treatments proffiel g P TeRYTCHPHECh IV pE KOS 'Bf °PE ﬁrceéﬁmp?ll rul ence,
but mai nt ai ni ngictoivgect@p Bgwifdctidny oahe usaickiacemeggupr ot ecti ve i munity. Exanpl es of
live 10 attenuated vaccines include measles, munps, rubella, and canine

di stenper. Inactivated vaccines are vaccines in which the infectious

m crobi al &onpTmeniosnatien eastielied Hagin.despalrs a grogess by wijcheegeneus Pudic 35idy si cal

treatment (suclq@scel QT®NA) ent€hd c%@é@'a@écﬂ)%%@ TiahsfGRABIGR nfaf décat inddh) |
wi t hout affecti ng the antigenicity or rmgg)ggem city. of thel\_ Vi raI coat or
S.Wﬂ]f‘e

bact eri al out et ppArtifiial fﬁ“S‘t“%‘i‘sﬁ‘é‘“gB? eli knawa inyfh g Tepstempiinn pay
vacci nes i ncl ugg ohahy khewiz ﬁhf:thb'dEﬂaﬂthd: in$estion dbfordign andleipaid saqqeedes tntos pﬁdkawtlc

vaccl n es. Sggg‘? Iélrlkagio cC Illors]te c%{l eme rrHlS sgecte% baslég Xrbﬁa ng (I;rquo é“ l%eglﬁ I:arps o)

the viral, ‘her g an i mmune
response. meseldar@yrp@héq; bw lwnhrbl@d@bmaal méecsitmmeleptrommﬁbe,rhe@fshqn}aylsofeﬁm,

exanpl e, through thHElé bdnGAldhRR. SERAMAR MR GRMNSIIR st 8 HEAR O eelSih MR O
r econbi nant echnol ogy, etc. Subunit vaccines can contain _synthetic

mnics of any thi’ ppeated PVA 15xgeable of spkisatigneeithes axanpuienemgysly frplicahng RASRIGRS) ecul es

such as bact erpaglof P& Bdseéhforid@¥%hd) and a(s6 if@lude deBd Wit Strandlénftll eXids @y insetied al
proteins (e.g., from,in za VI us pol ysaccharides from encapsul ated
bacteria (e.qg. ﬁ ?FGH‘F%L‘W@%& eI)uenzae and Streptococcus pneunoni a),
and virusbksike particles produced by reconbi nant DNA technol ogy (e.g.,

hepatitis B Suxilﬁgoehe?e% aatd e&a Slrlers t%%éﬁe?ﬁﬁﬁoﬁol’ﬁﬁgdd?%dﬁéc? vacci nes made

up of small synthetic peptides at mm he surface antigens of
pat hogens and @F@Oigh%ﬂfo]@@rﬁa@en“etﬁd?fﬁif“sﬂ’é o Hvipg s ViFseRt FTeRRists - ©8 2w othsT t he ai d

of  reconbi nanigedd\fclu@iafbuCHéeEmitdd Rdepiticf) growiie) tolddidalkn@Sondlesles, umtigt ¢ aci ds
have been acids, natural, synthetic, or semi-synthetic, administered to produce or artificially increase
30  immunity to a particular disease, in order to prevent future infection with a similar entity.
Vaccines can contain live, or inactive microorganisms, or other agents, including viruses and

bacteria, as well as subunit, synthetic, semi-synthetic, or recombinant DNA-based.

Vaccines can be monovalent (a single strain/microorganism/disease vaccine) consisting of

35  one microorganism or agent (e.g., poliovirus vaccine) or the antigens of one microorganism or
agent. Vaccines can also be multivalent, e.g., divalent, trivalent, etc. (a combined vaccine),
consisting of more than one microorganism or agent (e.g., a measles-mumps-rubella (MMR)

vaccine) or the antigens of more than one microorganism or agent.
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30 nodified. Sem -synthetic vaccines, or conjugate vacci nes, consist of
pol ysaccharide antigens from m croorgani sns attached to protein carrier
nol ecul esvOBB348NA vacci nes contai n reconbi nant DNA vect or BCEUS@dony
antigens, which, upon expression of the encoded antigen in host cells
havi ng taken up the DNA, induce hunoral and cellular imune responses
agai nst the encoded anti gens WD 01/ 34646 PCT/ US00{ 30791 Vacci nes
have been d%ve?‘&?)@ﬂc“f‘eé?reﬁref}a&?qé’t“ylvd‘?g IGOYEINISTs AUFGEHTL TS A &S ent
invention is dvad&edsedpdra ﬂ‘oﬁﬁﬁnﬂﬁbbﬂgaﬁmnsgf&hoamwaslndek@he plasicdd eltersiont(sich avacci ne
formul ations re rd ess of the nyol ved n r L limted to
use in the vac@ néoé1 oéﬁgxé'ﬁﬁr?t?r?:%?nfhuo‘gneé) crrsle 8asﬁa§|9 & IQb gatory gml%ﬁﬂ%tsgoggn%te?
Vacci nes i ncl utheye/collitultares syvb tredtinerity reefiutiog awbwlsmﬁﬁmmaﬁneﬁﬁﬁch Vi rus
(small pox), pohdi@, Wit w&a(n%glﬂke gﬁqu@amaa oing PrdiReEve ﬁﬁﬁ%k,e%mwa@fhae

di pht heria, tetanus, Vari cel Zoster (chicken pox/shingles), pertussis
(whoppi ng L ugtPnuatsg ¥acrings ‘@éﬂdﬁ@f"’csl?s aEpPs: ubekoed capinpriyienper @?Vatqqaermphl | us
i nfluenzae ”Emfdaghefslaﬁwadca&l @s/mcm@ir@ercaousaﬁ@amsan@memwm&ﬂ destibiyéd)S.g.,

sal nonel l a typhi, shi eI | a t] adenovi rus, I 1 ow
Fover .t oot - anitsetieH Sk B8 BRpk bish o ormhER B P PSPPSR eyt |
virus, rotavirwshouldaginghe méfgtemmyloemuilunugpimtyﬁfnt}c@yalhempe@ctcmzrl gster( Mar ek’ s

Di sease), infl & rihe Po'&:%saﬁ){a R¥of i;gaﬁvatte%romu\é ’%&ﬁle@i%clh'%q{&lu%a ngﬁt@

i ncl udes reference t6 vaccl nes to various iInfectlious and autol nmune

di seases ahdl oaaidpeliomydiis (AR @ceneen or that will be devel oped, for
exanpl e, vaccines to various infectious and autoi mune di seases and
cancers, e.g.,.vaccines to HV, H mal ar| nd vacgci ne

| ung, col on, %%&‘?‘t VapIeH A& FOmPRYe] © %éfr“?a&rﬁmff 5?%68%% t% Vé%f%fgeﬁ?l (H r ani no
aci d "vari ant "ages r&ponsibie i eloiting as exyonen cedpdnbea {Thesg canhporengsctable abtagedm anor e

am no acids fr | riant
may have conshry B S Bheahe® TR Blitad AAE o BB R IENE
simlar st?Uctigeaibingpt I&*Hemlm@lpgy, pie.opbpmi vaecineg can jgentamiynbetiEanipics ebAniced,

e.g., repl acenﬁfe&tlv@fageh@tsqwﬁﬁ vxucfn& aalsﬁauaamaaﬁ)moécmrsma& baclFRY pRteiOtokiay €
nonconservati ve changes, whi ch t he sugr ted a no aci ngJﬁ grghym cal

25 properties @i feé’f"ésn‘illpmli‘eﬁ"f?r YiRORBteEs (68, U iy ﬂéﬁsa&"é‘
repl acement of endapgliyt@l bactertd (8.1, fom Hugppplfyh agluenfieahdfapdcdrtiy phewnaninptidons nmay

al so include a\mru e%a(l:rll e, prodg(geld n%cc?nlibman %?\UR {e %log? {J ﬁ CFe%tanis EPsruﬁ'; gr abl Y,

am no acid varian certain structura ironal aracteristics
of a partBi:uI%nltlgqnbleﬁypeptl de. Guidance in determ ning which am no acid
residues may be substituted, inserted, or deleted may be found, for

exanpl e, using conputer prograns well known in the art, 30 such_as
LASERGENE sof t Wafelic ereusTarvaceiges maggen o gpall Wtiletwﬂe%lé?sy‘?melr%f}ﬁea‘éf%n ant is
a variant of aanfgdnt bfGthadendkDl ¥ UGk BREES orSREbe R eindshathudtat ewidhthyaid of

recombinant DNA techniques, including whole viruses whose nucleic acids have been

30  modified.

Semi-synthetic vaccines, or conjugate vaccines, consist of polysaccharide antigens from

microorganisms attached to protein carrier molecules.
35  DNA vaccines contain recombinant DNA vectors encoding antigens, which, upon expression

of the encoded antigen in host cells having taken up the DNA, induce humoral and cellular

immune responses against the encoded antigens.
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has at | east about 80% nore preferably at |east about 90% and nost
preferably at |east about 95% pol ynucl eoti de sequence simlarity to the
parti cul avopoB4agmaicl eoti de sequence. It will be 35 appreci pCRUS@Y30THI0SE
skilled in the art that as a result of the degeneracy of the genetic code,
a nmultitude of variant polynucl eoti de sequences encoding a particul ar
protein, some hearing mnimal honolo o_.the pol ynucl eoti de sequences of
any known ahd N&‘Fﬁ?sﬂa]"'ybe @ﬁ?‘?ﬂeﬁg’ra&é‘gé,&‘ﬁ&ﬁ“ éﬁ??%‘dﬁteé’{fﬁsmf’r‘?ﬁ?f’o’i fie

i nventi on cont éirpkaivcesonbiaint padinetif cyh eassliibl@civafbmailadtion refardlegodfyiruc| eot i de
sequence that cqul.d be. made l ectin QnRi,nat.l 9n i ple 21
WO 01/ 34646 PCRIGH ‘b?'&ffare_ ‘g‘yscnc%)@‘c?ﬁg%’: t%’o‘ﬁg%%s - fﬁ%lg%%%ﬁ%ﬁﬁﬁ%ﬂ%ﬁ%&ge?@ made in
accor dance wi t Watdfexasipien Yascihesioeleds, hut rp hestimifedviet Vaecines e yacinig viaks (smalc h

variations are,$0 be, GANGLASHEALAS mRBp) e SRE Hielis Alphtherfll SGhRS@Micellal NVENTI ON
The present i nventi on provi des reconbi nant. gel ati ns_and net hods for

produci ng theséostep(chigkearprdingtrherertissis MoRRIpg coye) dierills Cometter{duenp Bht
i nvention proviuB@clRRS haehRpHtiludintuchsip MeMedtis, Bkd, Glioled) Sfpaneid W caphaitiatikhe, t 0

address various. health and ather copncerns. i ng the present t hods,
gel atin can besaﬁ?qngliatt?"&pl’ Hlﬁﬁea?’ﬁlﬁqaﬂﬁlség, e‘?ﬁg lﬁ%%&?’ﬁ‘g S’é’)%lfdrfv)vaé‘feégoqﬁ"ﬂ%eﬁ?l%ug}i’ nal
sour ces t hr oudjteadechrgichsimplerdvitva reshirgurp sypsgielsviru§ hetavires Ordpue AYest M@l virig, n - of
the present in i i s gﬁgf X iC
bacteria, tr anzll?n_ s%l ?@fge&%%@%gﬁkfsgjrl.sr%&g}r’l%gp a ’glfo;aa?lﬁllmgs %%L%Tvéi%gef}’gg%g The
present methodeerei nlndes efayeneq tapaccingsyo wrgusinfeeiang ad agoipaypediseases and
reproduci bi | it ynseaathdt 84ve 8&th 8r thil wilvbd RMlopeX tréragdmp) vA¥BhR eshrioRasediyusd Ssues,
such as concern oveirgglpot gntl al | m’runo?ggnl C, e.% P?(S}l g@gl c _and al| ergenic,
responses, havBIAPPEENG dEFasE R GRS % &acsesdh AN e FRGRY 21 GEIEE . The
inability to Zidesnhjpgebled, yenelhbliddet #xiozZeian @uedrd. y, or reproduce ani nal - source
gelatin m xtures used currently is of ongoing concern in the
pharmaceutical and nedical conmunities. Additional safety concerns exi st
Wi th respedt t6 ppsrepideonpmiperidiivinrat’ ilsom aging aeid srarenss thatlicaiiarsd beeglotingig f r om
the extracti ofniadighidd WoifaipeAldl BmRb AGERGRSce. ApohPptideeRiRinpaRivegel ati ns of
the present invention address these concerns a%t hey are vjrtuall free of
r

bacteri al cont SPRICRAHYSSASES Bhrgdh HPTiditedepynopg SE‘,“%’E Huerats s HEht  human
gel atins of tpfepepteem®aidaniii\ueidrdpted)s.g.) regiick@ent df 1sicing elith &dieauiicageariav er

ani mal -derived counterparts currently .in. u s.the use of | atkns
derived from nati a\llllsé’thﬁ‘l’fnr%%cogséﬁd%g ﬁgléan% an el ]iC}?n%F]ESi (Satlt%tﬁagmmﬁ asc(%1 hggp%ﬁy%ﬁlme
response defe tmogehtis differemffromaimshefithercplaged ampho adil ¢ 9 edplapenerd piesslyc8@ with a

addi tion, the present Ad8babi AfoGaRbis iy Al GRAAS NI QIR O ifleffohd) 61
materials, with Characteristics optimzed for particular applications. The

resul tant pr odepth Prefergbly, amippe Acid Yayiants retain certain structural or functional characteristics of a
particular polypeptide. Guidance in determining which amino acid residues may be substituted,

inserted, or deleted may be found, for example, using computer programs well known in the art,

30  such as LASERGENE software (DNASTAR Inc., Madison, WI).

A polynucleotide variant is a variant of a particular polynucleotide sequence that preferably
has at least about 80%, more preferably at least about 90%, and most preferably at least about
95% polynucleotide sequence similarity to the particular polynucleotide sequence. It will be
35  appreciated by those skilled in the art that as a result of the degeneracy of the genetic code, a
multitude of variant polynucleotide sequences encoding a particular protein, some bearing
minimal homology to the polynucleotide sequences of any known and naturally occurring
gene, may be produced. Thus, the invention contemplates each and every possible variation of

polynucleotide sequence that could be made by selecting combinations based on possible
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nore consi stent and uniformthan are currently avail able gelatins derived
fromanimal sources. 35 In one enbodi nent, the present invention provides
a reconbiwant/3qged atin. The gelatin can be produced usi ngperpgaamoes from
vari ous species including, but not limted to, human, bovine, porcine,
equi ne, rodent, chicken, ovine, and piscine species, or from non- vertebrate
species. The gelatin of the present invention has_ipcreas pur

conpared to’ th@d@‘eqhalf?snﬂﬁe(ﬁﬁ]g‘f@‘onﬁe PededmaceAdmes F‘Ué'ﬁ’g?‘ Eﬁ’

current net hodgenéefc comnandan sush €3riaddid ale @sbeaortiskidicd mbe;mlg@;beeiﬁnallly@adoamd r ed uced
| evel s of endotoxins and ot her contam nants, including nucleic acids,

pol ysacchari des, prions, etc. The present gelatin is thus safer to use

t han gel ati n nBYNENMION ed by current nethods, and can be admnistered to

or ingested byr{upRis m@mo@ﬁ}bﬂ@s?ec@ﬁblﬁanr%eﬁhx%ranﬁjf?@tﬁ&ﬁ vptdageifg thdsen zi ng the
ri sk of negative side effects atins _of present invention
have i ncr e edeedins ibg VC%{HH“WRHI&OIW‘F?“?B%‘%‘&H‘ pfqyldeéﬁt}ﬁ?@l‘t@f“&mp&w%tl ns,

as the p (r]I e fs ent pegfemahécNandarn abe tcperdandss@e@budheramcanldwhw doBceERAUERE @ predentC S

optim ze or specjfic use r ovi 0 to use and formul ate
the gel atin. FF%J > 858} "b‘iaflﬁgdlrec y%ar?f"i[] gur@xfa}her ande xfr?%er%%m Al AR a?goélﬁcf%es are
het er ogeneous t}brooghjcttgsly\md Imrsh pmcci;ees 1’5herremglemarm geiwinef ik areseneingghtian i fseoughout
a given bat Ch a{ﬁ@gzpé fre gle egia%a&a‘nat&aﬁsnagsﬁ,e%9$n1gl$,%vg,9%hggba{hngI ude

consi stent, eneous uci b product s he reconbl nant
gelatins ofi5t h(c:fsgsaeeéfeﬁﬂw Prﬁ%ﬁﬂqﬂwﬁs By i wdalioniona degrseef y of net hods.
In  one met hodwephfiRiblBE@ERIMABI in @8R EttAction nieheduced t hrough processing of
r econbi nant colfagen. 20 (See, e.g., Exanples 7, 10, and 11.) In another
met hod, the reconbinant gelatin is produced directly fromthe expression
of altered col $#geissuepnsh asoh@m dvergotentabinsriunegethis, eceo phtigenic Agl adlergenic,

pol ynucl eoti de,, @gsgmfgfﬁéenLeggalﬁj%fﬁgﬁse%mrﬁﬁgxagﬁgwgml e B&shgy@t encodi ng

naturally occUrr| ng co
anot her asp&ct completelyrcherenidsize aprify, o espreticn apimalchevrre,getptin mmrmsmﬁmﬂﬂes whi ch

are not full-I mg%(hlg@@ﬁdéﬁl% Yy lﬁﬁﬁ&é&lhﬂ%&ﬁédic@%ﬂmﬁﬁlm?@ ARAIQ6R] Jaeeen but
whi ch contain at Teast one coiD

| agenous donaij n. D NGs: 15
through 25, 3050n%IS eﬁﬁdv@sesyecmeéwlﬁaﬂfmlg@mﬁdred%%ﬂ ‘a?déaeses%gmng%e
sequences cont arfdtibgandpddlichtiopadceddest er m nal or C-term nal propepti des.

(See, e.g., SEQ ID NGs:26 through 29.) 1In one aspect, the reconbi nant
gelatin of the present invention is derived fromreconbi nant 30 col | agens
or procol | agenEhe r@ombingpegelatins efdhel peesend immention dddrepsckase ¢onfarnsres they srevirteallissenbl y

of pol ypepti dﬁee%?@dc@ﬁal%&ﬂénﬂhdﬁb@& eh8Ftokink~ Mirth@nioRPBeSonUiabihudhh giihor t he

formation of triple
of the present invention will offer distinct advantages over animal-derived counterparts

currently in use, as the use of gelatins derived from native human sequence can eliminate the

risk of immune response due to the use of non-human, animal-derived proteins.

30
In addition, the present gelatins can be produced as various and distinct materials, with
characteristics optimized for particular applications. The resultant products are internally
more consistent and uniform than are currently available gelatins derived from animal
sources.

35

In one embodiment, the present invention provides a recombinant gelatin. The gelatin can be
produced using sequences from various species including, but not limited to, human, bovine,
porcine, equine, rodent, chicken, ovine, and piscine species, or from non-vertebrate species.

The gelatin of the present invention has increased purity as compared to the gelatin products
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hel i cal domai ns under normal biol ogical conditions. (See, e.g., van der
Rest et al., (1991), FASEB J. 5:2814-2823.) At present, about twenty

di stinct wobl/agen types have been identified in vertebrarewpysoiwmorudi ng
bovi ne, ovine, porcine, chicken and human col |l agens. A 35 detailed
description of structure and biol ogical functions of the various types of
naturally occurring collagens can be found, am)ngl ot her places, in Ayad et
al ., The ExtratfePrsn ‘%%Fth"%fqrfl?“}&fa%rét%‘d Bes @ieedugsd arpiein Eadljlnééeguceéé?ﬁelﬁ ego, CA;
Burgeson, R Eendotafifk ahli 6@dr corkQAgnts, m@ﬁﬂn’ag&@ﬂ&c h(y@ﬁi)lys%haﬁﬁul @Tonésbﬂtuﬂfﬁeur e and
Ti ssue Distribution,' Ly et,al.
(1993) "The m?sté’&‘e%ﬁlatri‘Hﬁ{Wag §{° See gé?a‘ ma““r?ﬁ‘f‘fed B\%%P“&t fietiods, M b o o
01/ 34646 PCT/ UShiMiS6FDa or ibgestadbiEimamced huhals atWhtgh¢r>dpéhgq \Mhltmnmemrlg\tle! Ti ssue
And Its Herl tapl | ecul ar Genetics, And Medical Aspects,
Royce, Qé%éggt%gﬁg&fegyf) Eds., W/Iley-Liss, NY, pp. 103-147; and
Prockop an(HO Kivirikko (1995) "Coll agens Mol ecul ar bi ol ogy, diseases, and

potential s forrfcheh@RY%f the pYRRH: iMRMidRInAehRafd adliy Aﬂ‘%vorléh&h@)ﬁ@ﬁpdre&@l | agen is
the major fibrillar, oI I agen of bone and k| n f g %?EFEOXI mat el y 80-
90% of an or gaffTER <l g oy Pr5RyREelaH] 558 ?Prects‘ﬁdacﬁ'p ity vith

structural nacspbimideé todbpecifipuses endroving onéi@atdlity toasednl tﬂdranlatﬂmttergelxmofwmle

mul ticellular Cgﬁra%%neuggﬁg%mﬁ@@m i SRR %;haa u@hyous ﬂcfgfwmwe protein

mass. Type | rising two al (1)
chai ns and1®bnerapg(in r)mlechlkr Welghfmﬂlmqgfézrl@ ge\r@e bﬁ@bpr Bampldy the geiptinaef thewefesem_1 A2
genes, 15 respgedliffhdlude hiflentCIRnoBGEs 4 PRFrodIchId BaRci@bundant than type |
col l agen and exhibit different distribution patterns. For exanple, type Il
coll agen is the predom nant collagen in cartilage and vitreous hunor,
while type 11 Imeédoﬂgxem 'gaatih@mcb paésedn ingéhnblecae Ib& privduckd 1ﬁ@daﬂb@&ffﬁieﬁl0&ndh to a

| esser extent in Slﬁo@ therecom col | agen

found in skin GREVESEHIET g 5 éelatm lslpmdagﬁ%r&fmughgfofes ué%Offrecom an?r(i”a%en
col | agen c®&hpr (Ssé, rg. Examples V,démnd ¢hl Ireanqt(xqme)hoqbNairmmélnma@dmbyprodveed CO_3A1

gene. Methods élgztlym&ﬁ tiqé’éx?&ssYcﬁ‘lro'fQlfé?edgﬂlak&gﬁﬁb%uétsr PN bhshilESnafihehe found,
for exanple, I n, 'Byers Brochem st rE/n 13:5243- 524§ and M1l er

4)
and Rhodes (19%)““C1%9€I”R§‘8%dlqgﬁt ‘E?f&%?lbé‘iﬂm@zk’@@@& obencesding nawrallis| at i onal
enzymes are i rr&@ﬁrhlagvouig@nt(h@e bgOEmﬂlbiaesms@eis )pﬁmmkﬂaa@enmeadadnm{nt agens.

For exanpl e, rox ase, i s ost nal en necessar
For Tha™\ et otk s gerivay Bup Eigaies PR PF Sy P Bkl SopRe e =2
hydr oxyl at 25 pprodojidgen, ®st vehikhontain dtfigast¥ne @disgehdus domdin. r(Bgreag.i $i @ ly(-)sx}SY

t 4 p
sequences O t};}%&é@ Og%p Ian}x Urz | HeoGifbinait %latms c&?ﬁé%%gmﬁxtlse Qéquer?g o §é%  on

Engl . J. ess an riat Y- posi
prol yl additional N-terminal or C-terminal propeptides. ( ee, e.g., SEQ ID NOs:26 through 29.)

In one aspect, the recombinant gelatin of the present invention is derived from recombinant
30 collagens or procollagens. Collagen molecules generally result from trimeric assembly of
polypeptide chains containing (Gly-X-Y-), repeats which allow for the formation of triple
helical domains under normal biological conditions. (See, e.g., van der Rest et al., (1991),
FASEB J. 5:2814-2823.) At present, about twenty distinct collagen types have been
identified in vertebrates, including bovine, ovine, porcine, chicken and human collagens. A
35  detailed description of structure and biological functions of the various types of naturally
occurring collagens can be found, among other places, in Ayad et al., The Extracellular
Matrix Facts Book, Academic Press, San Diego, CA; Burgeson, R. E., and Nimmi (1992)
“Collagen types: Molecular Structure and Tissue Distribution,” Clin. Orthop. 282:250-272;
Kielty, C. M. et al. (1993) “The Collagen Family: Structure, Assembly And Organization In
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resi dues are hydroxylated to 4-hydroxyproline by prolyl 4-hydroxyl ase, the
new y synt hesi zed chains cannot naintain a stable triple-helical
conf or mmtwon1/34¢6¢ eover, if no hydroxylation or under-hydrPORYR@rioon occurs,
t he pol ypeptides are not secreted properly and may be degenerated. 35
Vertebrate prolyl 4-hydroxylase is an a202 tetraner. (See, e.g. Berg and
Prockop (1973) J. Biol. Chem 248:1175-1192; and Tuderman et al. (1975)
Eur. J. Bi othehhe Bstracglujg Matripgydn Gonnggise, histug Apd Kt BsritpblerfisaadepsaMoleswlarsi t es
IP?:_\F;) Iu\égg/ I3 8 7; lk@eng&g,r&iﬁwi@}&%p&fshmy@é,?! MI 83 is]géu]gﬁnn, EQEQ@WiIe_I}:ﬁ,‘iss,\éh@[,Q%/ 34646
nsoluhle in t. nge of ( nits. e 0 sybunits,
protein disul f}oaél4%;§8§€'|°§‘§’8§‘}dq@éif‘§1°3iz)9§?)[ ﬁ%"gﬁgﬁ?ﬁ g@#ﬂlﬂ‘ﬁhmﬁﬁ"é}%ﬁ?nﬁl s,
| eadi ng t o f orpoahiidnfootherapys A Bev Biochds 6éd8k4i1di al to establishing a stable
protein. The (3 subunits retain 50% of protein disulfide isonerase activity
when part of the prolyl 4-hydroxylase tetramer. (See, e.g., Pihlajaniem
et al. (1987) Birbbcdlagesiguamgardivrillapgeliagesépong andgkin, oapggne ppigeiiaisly 89-

256:1005- 1011, 908Gk aKQf;g)ﬁHsn?E tofdl 0011%19.8? e~I]eollgéeﬂ|is-ﬂ1&h§695truc119312rﬁ2rbl§6{4&r166449- )
Active reconbi nant human prolyl 4-h

_ A- hydr oxy| ase has been produced in, e.g.,
Sf9 insect cellresentinge priragplulanmaigy qf Q“ltﬁi}%?f ?Fﬁ?‘?sgﬁé%‘ﬁ?wgﬁiiﬂp?ég?aﬁg" the a
and 0 subuni t 5209 §8&al peotdih masYUDpk I @lllagzh is a hettQBZeriPmoRculdNdprisiad o 1@ci . USA
89: 7467-7470; U.S. Patent . 5,593 859.) In itio 5 prolyl
4- hydr oxyl ase, *"aphad °E%?‘4(QB%H” ﬁb@lﬁ arg F‘ﬁﬂ‘gfléi’ g ﬁ@ﬁ%f]?‘ﬂ%ﬁﬂﬁ%\g@e%een
i denti fi ediandrespe@pellyt Ofher dalldghetypes tue e84 dbiifant thudtypd il Bflagen pfiddx@ibi diderent
N- pr ot ei nase, |. l. oxi das | ysyl . hydroxylase, etc. (S > (. sen et
" (1000 el PSP ORYOR Fere R o FR% oGt eons Artpel
Pl enum Press, #idwitrgeusiuthorp@hilEitpe fi ectlegen isi fornd at highnewsjsachlpadyasslyanddnz enpl at es
the use of any.couREWA;PI ol ogi cal or chemcal, that confers
hydr oxyl ation, e.g., proline hydroxylation and/or |ysyl hydroxyl ation,
etc., as desired, to the present reconbinant gelatins. This includes, for
exanpl e, IOE(DI yfyplé_ﬂl gﬂlﬁigeﬁi(s?b'rﬂ@@d_ ﬁBrﬁl(am_:oﬁilﬁlgénmﬁ@%naﬁin aﬁi’hdtﬁ@f Bflﬁud&kl | yTwe 11l |
exogenously su I ed, 1ncluding various. isoforns of prolyl 4- roxyl ase
and any vari an‘{z’@a%? s hgRAEREY Cglrlagg‘h‘fﬁ’ﬂﬁf‘i“égt e’ﬂ?%?@)lalqﬂ)z%a‘ﬁiﬂf?d%%étg% havi ng
t he desired actOMAlygenavMittoas forailifywe, vasous tdliagdne fro kisss@Ran yfoundgbd ¢, and
ot her hydroxyl ases_su r ly: 37 DV ¥bASE,q. : ; . S.
Patent N, 5 695 Gy 3h Bet8 i O ML H A0 Byl B ufecbuon) 5
| n one enbodi ndethodsirninzpmelbgy|82833-64-oxyl ase activity is conferred by a
prolyl hydspxyl ase derived fromthe sanme species as the pol ynucl eotide
encodi ng reconbi nant. gel atin or encoding a polypeptide from whjch 30
reconbi nant gefostiraislaignel seeyeerarsiBgortanto e pigsyntfisr's efprsaiasens £nd e ol yi

4- hydr oxyl ase Fds example, prolyl 4-hydroxylase is a post-translational enzyme necessary for the synthesis

of procollagen or collagen by cells. This enzyme hydroxylates prolyl residues in the Y-
position of repeating Gly-X-Y sequences to 4-hydroxyproline. (Seg, e.g., Prockop et al.

30  (1984) N. Engl. J. Med. 311:376-386.) Unless an appropriate number of Y-position prolyl
residues are hydroxylated to 4-hydroxyproline by prolyl 4-hydroxylase, the newly synthesized
chains cannot maintain a stable triple-helical conformation. Moreover, if no hydroxylation or
under-hydroxylation occurs, the polypeptides are not secreted properly and may be
degenerated.

35
Vertebrate prolyl 4-hydroxylase is an a,f3, tetramer. (See, e.g. Berg and Prockop (1973) J.
Biol. Chem. 248:1175-1192; and Tuderman et al. (1975) Eur. J. Biochem. 52:9-16.) The a

subunits contain the catalytic sites involved in the hydroxylation of prolyl residues, but are
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human and t he encodi ng pol ynucl eotide is derived from human sequence. The
present invention provides nethods for manipulating the thernoplasticity of
gelatin iwoonDsses to produce a material with the desired poapss@edo79t
characteristics. In one nethod, the 35 encoding polynucl eotides are
expressed in a host system having endogenous prolyl hydroxyl ase or

al ternate hydroxyl ases, such as certain mammalian or insect cells, or
transgeni c ani inggluble infhe ghsense of Rosubysits nkhe B sphugits, prateigdishlfide isqrasrasen cafalige pr esent
i nvention pr OVﬂhﬁtﬁésulﬁH%tlﬂiQQﬁnée@ﬁeaﬁlﬁ%@@&’mﬂlﬂm@;fHﬁb\ﬁﬁdérbencﬁfesséxﬁﬁﬁgbdtdbﬁéhlngge| atins
havi ng a range of percentages of droxyl ation, i.e., non-hydroxyl ated,

partial |y hydrsblarsies, Tl?ilﬂ’d“‘?%tﬁ r?‘“ﬁ)?@%@f(@fP’é‘E‘éH“ﬁB?‘f‘f"&ﬁ’?ée aC’E‘SIWGORMMG
PC|T sSee) 307ﬁlthe 15(01504 h@@mee}em& QSee, el H’hﬂlﬁﬁjhn&fm BiaQ {198 7)Fgnbio & cgaBicam nt
gelatins wit eso on ylation is
conferred by e gné/‘f’ D %@?Q%Sg{ g&?{ °‘§"etag?19?%gh‘gé % - ani mal
and the disari :tﬂzt6|44)7n64@19) percent age hydr oxyl atl on ranges from non-

hydroxyl ated to fully-hydroxylated, and the nelting tenperatures of the
materi al produced range from28C to 36C, with a nedian T,,, value of
around 30C to Agige repgmbnes; humn prolg! 4dirifoeylass bastheprrodyped tfe-at B2 ippagteslisal can

be isol ated al 4?1991ﬁa&@Jm%&%ﬂrt&eafs@@kﬁagmg@xgam,cgm;ub&aﬁts @@&@?saﬁaﬁam
downst ream uses require séle dr oxyl at ed

L or T oo o RS oo At SEl oh B Yo A bt BaraNe g %%tsa?hhtadfi%%whe| Ccal

structure §, Iﬁolgm,hylaﬂ)dsaasetcmpaﬂlageub&t-(r&mt)onaﬂeﬁzms RVvebég lidemifleoaideNt
reconbi nant gel a rodu n nic animal,
in which hydr 05‘(‘%”5‘5]]“6 llt%rgtgrﬁﬁtbﬁ?@%g]%‘% ‘{7\%/? h\?%rﬁt 8@ &Ss?'??) %f fygﬁydr oxyl ase.

I n one aspecthydsuylhsestarg$daock. Slsep ptad (90 HCetl BiadogyiofiBxitacaflelaaMitris, 2§edyi des
reconmbi nant ge on-hydroxyl ated to fully-hydroxyl ated.
The fraction Oﬂ;%&a@%ﬂ%ﬁﬁ%&%g@éﬂ@ nmore fully hydroxylated will be
substantially larger in reconbinant naterial produced in the 20 presence of

exogenous @60|T’He phexa gxe,ﬁlnm%e&mllry doﬂtem@t@m; ﬁh@ﬂfan r@;romai b@lbgl@dll&ed only in
the presence gdg%gnous rol% heydr OXﬁ i gﬂé/orle i g{ lting

t enper at ures o e‘f“ﬁ TGP I dr o Y ie0ceqe PERYRS y&?@éatforn orelysyl hy aﬁ!g*r%@“ 28C to
40C, havi ng a eweds asirddytovid pieerd fecoraliigingdlaBbC Thie ui&ﬁld}:s fSuchmple,pedld#i N M xt ur e
coul d be appr Olgllallﬂogt%lgse]}rg{nﬁn&asfpemes Qdo; rliolusg){r &{)%eact r{%tﬁéd %@lﬁdm%wéﬁgusas gel

capsul e manuf a regul 1 6n or Separation
of differentl ylS¢f9fdls e&wblalt‘lelu'dmrlw emny Wl@ntamﬁﬁ@mm Heehanisrodpiolyb4-f or

producti onyof a6 Iﬂm&g theBdeGifel Qth%t}y\ﬂwﬁé}h@nit@Qg?nt&ftlc e bendi Behthe i€ BRET at Ur es,
that can be easHK divided, for exanple, using a tenperature radl ent to
separate mmt efthesudragiasey sich asaprﬁﬁﬁfqyerﬁfﬂﬁse EEPSFftsureS Pateyy No- 3889231 om

those |iquid ahcodpopddibly edférarice Bddeit RN extiardtyly & onk ernbdd@iien®) the prolyih &yd]ﬁfxelﬁent
i nvention pr OVI veltyflso gonfélorgé byeafpfro )ﬁthya{'oxy ase c[gnve% fr%In the same species as the
polynucleotide encoding recombinant gelatin or encoding a polypeptide from which
30  recombinant gelatin can be derived. In a further embodiment, the prolyl 4-hydroxylase is

human and the encoding polynucleotide is derived from human sequence.

The present invention provides methods for manipulating the thermoplasticity of gelatin in
order to produce a material with the desired physical characteristics. In one method, the

35  encoding polynucleotides are expressed in a host system having endogenous prolyl
hydroxylase or alternate hydroxylases, such as certain mammalian or insect cells, or
transgenic animals, or plants or plant cells. In such a system, the present invention provides
methods for producing a mixture of recombinant gelatins having a range of percentages of
hydroxylation, i.e., non-hydroxylated, partially hydroxylated, and fully hydroxylated portions.
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producing a material which, wthout separation, is suitable for use in bulk

applications. For exanple, the manufacture of gel capsules could involve

t he use ofovowswmmbi nant gelatin produced by the above net hodgsowdeesiei n t he

reconmbi nant material, having a range of nelting tenperatures, had a

desirable nelting terrperature of around 33C, 'such gel ati n nmelting at 35

body tenperatures, and thus pej uitable for swall and di tion.

the present® Y EGESe, Wﬁgﬁ@ﬁ&@ﬁ’ﬁpfﬁiﬁm&?ﬁ?ww@ Nyt v cP&rde”éﬁg?é%t ly i n

the desired Syﬁhmlatﬁ)nghe hyﬂroxiflﬁtaalﬂmﬂblﬁeda)&Ieﬂiﬁbhcnoﬁsl‘prﬂﬂrhytﬂrex}ﬂh% inveegl,a f or

exanpl e, throu dr ol ysi nz tic, from

reconbi nant co ﬁ“%%jéﬁ%n“ﬁgl atit:héa’ghslg’bmf% °¥%décseflt?%e&n§mx tl%ﬁ?raﬂ%esé\%%ﬂ? 34646

PCT/ US00/ 3079 lhydtexylatedtndully ritydrdkyhasaat; andﬁh@lepmeseemratlunv efithd materpt produdess a

method of ProGHGNn ﬁc@mkx@%tha&‘g&@'}”f‘nﬂaﬁl Bkl RPCRE SAUCH Ak £CONDI nant

col l agen and derivi ng reconbi nant tin rom e reconbi nant col | agen.

I n one aspétt, diff¢rent fretinescdl &g mgrerl@lé@l hehselaeﬁpbe&%ﬁeepprwe gradiepteps mightee

pol ynucl eot | dene%c%ga @@&w@mdjséageqau&seie&ﬁlg% QEmpdé, @R drEO8 dphydwxylatwgnent or
nucl eoti de encoding a coll

vari ant thereof, and at |east one

post-transl ati 'Bﬁ%‘la Isetish aeehags S“ﬁﬁ%"l‘}%{}ﬁ’fi?xy %/th’etPé"&mm(’]Se‘%“calé“ﬁ“‘“e t & BedY ent
No. 5,593, 859, einpsairp@ratied by reference herein in its entirety.) The
present reconbi nant gelatins can be derived fromreconbi nant col | agens
using procedures known in the art. (See, e.g., Veis (1965) Int Rev Connect
Ti ssue Res}s 3: H:Jaﬂetlik@&nbodinﬁor reeotabiphiezelanseommence éed system of g altlansgenic

col | agen-to-ge %&Et{ lﬁﬁfo'x?lgtlog 1s°s%§§e31?eﬁte& Rith &%ﬁgén&%%r&yl h%éo%yﬂ@e SeGRndary

structure of t rotern orit | NSt ances, an
alteration i naseem Ftageme%@ ofPradreng rgeEbinat g%l@eheronéedeqowblﬁ%aﬂemﬁg t he

gel at 11 ns of dt h@ndf, i gefﬁﬁmonlhé&ematéarﬂo fuﬁ?—ﬂ}lld'ﬂﬁ wegcmmehousmgmdﬁaﬁ@e@ms
procedures depending, o elatin desir

present inventTh ﬁ’(l,l?éhy‘g‘é‘y A K‘;‘E‘& spbs larlleiabq?bﬁnﬁ%fﬁ‘fqﬁ‘?a‘lbpﬁtaﬁag 9‘8?8‘5 ’I“élﬁen or
20 procol | agengeserice of dxegenas Iptatyd Bydeislageahay rejpédntbémnt neiterihirpdstiucedlohly authé ur es,
€9 rer D" B Rl cndMRAVRES) s TR Ol IR AP (e Tt
cul ture nmedi unmiggriat prkduogl cadmagt fege fooﬁxagmleaZSPGﬁtos‘lO% Ihmmgl amadiandy, vékenfat ed
tenperatures apd, g%z%c%& it hﬁo}’} %919@ mi@RALG B en%gr%]t) ﬁé{-d%g ¥ \QhRerPbp | OW or

high salt concentrations, nper at processes, and
t echni ques of gpplrdians, ﬁgchzsg@edlpalﬂit mmw@ﬁ‘p@swmhomglufmémmféﬂql%wqr ncl ude

di gestion wi t h.nr 0680 difdr&u§ Ry %ﬁtegboregnevat ed tenperatures, denaturing
the triple helical structure of fhe collagen utilizing detergents heat ,

or various denaturing agents well known in the art, etc. In addition,

various steps THIUBIW @@thbdd prdvme f@ ptod@Gibn ﬁﬁec@xﬁiblgﬁlk mtaniexﬁms‘\mmramg'emhemarg
sl aught er house_sources, incl udi

ot 1ot on i n SHSBGE: Lait D Rk E T RER . ks B S P o

materials solid at a particular temperature, e.g., 36°C, from those liquid at a particular

30 temperature. Furthermore, the present invention provide for cost-effective methods of
producing a material which, without separation, is suitable for use in bulk applications. For
example, the manufacture of gel capsules could involve the use of recombinant gelatin
produced by the above methods, wherein the recombinant material, having a range of melting
temperatures, had a desirable melting temperature of around 33°C, such gelatin melting at

35  body temperatures, and thus being suitable for swallowing and digestion. In the present
methods, the recombinant gelatin can be produced directly in the desired system, e.g., a
transgenic animal, or can be derived, for example, through hydrolysis, e.g., acid, thermal, or

enzymatic, from recombinant collagens produced in the desired system.
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30 filtration, and various nethods of drying can be used to derive the
gelatin of the present invention fromreconbinant collagen. In one aspect,
t he gel atweons4cihe present invention is conprised of denarar@dowzorql e

hel ices, and conprises at |east one collagen subunit, collagen chain, or
fragment thereof. The Ay-X-Y 35 units within a particular collagen chain,
subunit, or_fragnent thereof may be the sane or different. Preferably, X
and Y are efther proline or hydroxyproline, and glycine appears in about
every third rEBMﬂﬂGMQG&EMUﬁﬂm@%nﬁhﬁmﬂﬂ@ﬁﬂﬂ&ﬂhn@hﬁbﬂmn&hﬁgaﬁhﬂﬁmacidS of X

and Y are proline or roli C XY sane or
different. In %?18? ﬁ%“rlpnil g’i’/@%?’ﬁéﬁ%‘ﬁ%ﬂaﬁ%ﬁﬂ 6%?69‘5‘1‘% req:f)mltl)r'r%IR t&FIrgrtgnI?% t he
reconbi nant gethaterombarfantchiagpr. ebent aspevy ehatnictnd canppisds desxpressignpipdleast prg
sequence of (%o‘f &lﬁlde se uem%fl&'dfﬁg %(C(ﬁfa&an 5}5&)11@3){ o§ﬂéﬁ§énla&'vg1aml therddA €
enbodi nent, the present gelatin 1S derived froma reconbi nant col | agen of
one type {ihatandatleastrse aslriugieotde preeding 3 HacerPIstigpapatonal AR ME ORRTDWH] | agen

type. In one a&a@&t (Se& RS, UrsepAEH NB.a&IH93 853, ina@@aatécﬁ)ytraaench h&oihimigen. In
anot her aspect, ,h‘eecorrbl nant .col | i

e |l
anot her enbodi ?ﬁt;*ﬁfy PEThFETH an'lgﬁ@ i“i)}?‘? de’?ﬁé@'@é%ﬁ’ﬂ‘”ﬂ%fo g%f“f Lﬁﬁ’én is
hurman r econbi ngndedwel knavgrein thefartr {(See re.ge oie (li96B it RevCorinbet Tissnedies,3dmh3-2000 whi ch
the recombi nagg eya%ﬁleagc%ﬁ]@fe% Yi G eﬁ%% A Bl pr R idfe BY%e 0N O

col | agen types |nc Usi vet r any ot r col  agen, natural,
synt heti c, lor t@emonﬁwﬁtn@wrecof tfﬁﬁélag@m@w@@nw MRt pIsEnEY an gisréen nent s

in which the rﬁ%&@én&&ﬁ&urg%fcblﬁg&é‘ ugzl@rde@ddcﬁgtﬁagela'énsstrésaﬁmmmr es of
any one or nore of ‘any of collagen type hr ou i ncl gely, or any

S
ot her col | agenc@" Rgpragesed “Wrﬁlffﬁ’éet“f Rroce §8‘i‘ﬁ’5‘§%/?ﬂtﬁeet?'?e of gefpt iiré ifically
contenpl ated. The present nethods of produci ng reconbi nant gel at| n have a
nunber of adv mover traditiona ods. 0 | at i tion. Most
i nportantly, ?ﬁelggr e SeRTH; lfl‘ﬁmcf)sn Cﬁn(r)%v&lelavrrgtﬂo?éec f’ Ygroﬁ%ﬁg%%tn Ele" source of
gel atin co?? ai mpqwgagq@stqr vtéer@elllalga@m@@@mém@ fromrvelhddﬁnte&@m verigbieieell et hods

of extraction gdg.Boby @J«Jngep/omgth@exnmtuwmlm %Héxﬁﬁpl@fgeﬂm @eledfelin, such as
m ght be advant ag,eous use in various nedical ap ggl catl ons. The present

i nvention spectifertiyfromthe ¢ IWFSd’ég‘e FURE TR inzaty Rl PR B hunan

sequences, CONQQBYaddnspeROrE amcsts@gblhﬂyaﬁmrbjnmams ohleowrA higke bt lbw e highrsalt met hods
of producing these gelati.ns, The hu n el at

non- i munogeni CNEATHSH 1dfigh temﬁ’ﬁraﬁ’ ceutbl caﬂmcesse i‘car } Oflc?(r:%igg and
various usgs tgvitieodmpasitona e colbptnanghlda tigestion \Mlﬂan@t@)em ea@p@mt cleydtad pr esent

i nvention pr Ovt'erq ?e?at&rer detn%r%rt%ﬁlt héhidal Qtt'uca.ln:%f ere %élﬁlgén ﬁﬁ&l@é (lleﬂaréeﬁtg Heat,

engi neered consttucts capabl expr essi n% elatin in various forns. This
i nvention 30 sP&FHE éﬁ‘aﬁt}‘%‘lgéé‘ﬁ‘fsé’i’?ﬂlka‘?v@‘sm%? Sis Tpaddigem AerRqupseRs valsdn usi ng

reconbi nant pr@é Mtraddpsl6QéMtidE&N animal or slaughterhouse sources, including treatment with lime

or acids, heat extraction in aqueous solution, ion exchange chromatography, cross-flow

30 filtration, and various methods of drying can be used to derive the gelatin of the present

invention from recombinant collagen.

In one aspect, the gelatin of the present invention is comprised of denatured triple helices, and
comprises at least one collagen subunit, collagen chain, or fragment thereof. The Gly-X-Y

35  units within a particular collagen chain, subunit, or fragment thereof may be the same or
different. Preferably, X and Y are either proline or hydroxyproline, and glycine appears in
about every third residue position of the component chain. The amino acids of X and Y are

proline or hydroxyproline, and each Gly-X-Y unit is the same or different. In another
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and various synthetic constructs, including non-native collagen constructs.
Further, the present invention provides reconbinant gelatins that can be
desi gned woopassess the specific characteristics needed PoT/Usogmardti cul ar
application. Methods for producing these gelatins are also contenpl ated.
Usi ng the current nethods, one could produce a gelatin with the desired 35
gel strength, viscosity, rrel ting characteristics, isoelectric profile, pH,
degree of ‘hydbRyimst; %“nrm&}?ﬂ%-géle‘i“tf) f s ppFat NV HHON 9BRSes AR Ay ¢ | n one
met hod accor di @@eh& of [@y- XpY)ﬁSvﬂiaield)UMEIMdreﬁhyaﬂﬂia-ahydr ol yzed gel atin i S

produced, and can ubseguent |y dr ol

desired. 28 V\dnﬁ?ﬁ?i’@i’g‘ 5&%‘0@5@/ ?6% ge“é @?oérbaérffoln%agé tfcg%éfn%my e vari ous
physi cal propethitisssbsohtiajielfra¢ from clbgenof any stheseflagemiyss In pnegapett el ar

appl i cati ons. regé%lbﬁx‘éﬁt'@ol 81"& %ﬁesl c‘df‘dggﬁ‘emgr?oﬁlfepis ke r&@rﬁﬁ%@&llaéeﬁﬁs exanpl e,
its anphoteric nature, formtherno-reversible gels, its
prot ectivel®ol e IHapllaa?m I@Wﬁiaré@ba@mw ef the Efﬁ%thVé@wndhrore?%bma@dﬂlﬂas?fbut i on

to viscosity aBdursdnaibmbihdht cduslgea mﬂn‘a%b@dlmaMflt&mvbmg,,m @ﬁicmhbn i s used,
for 10 exanpl e, OF"E’ an emul sif Fk’:l ckener, or stabl% é as an agent f or
filmor coati ngeNBFAYEEPIGREN 1S §“3é°“1§| ﬂ’g‘ypo?gsé‘ﬁtlasaﬁ%onﬁr? PUMEEPE Tor gl ue; or
as a fl occul atthrgghaxpedclusiRelyy opaityarteadoliageh ypesl, efnthotie ot sematymiiric, arand
extraction PI OGE3 R cad ﬁlcmelgt & Céml;[o %eﬁt?[m%! ttﬂqu!:ogxf)marggélﬁ'n}n c?eB%d%R)ﬁpt i des
obt ai ned during con Frohal - manu ture. rren able animal 15
products at® tmssﬁeﬁetlwregéﬁ@ws Opfi‘l@f?ef any pf %thgplefyp%fl el FEpiFlaevebher ns.

Gel atin ol eculy ?%th@x‘%ﬂlla@@l Fuabdurkul gynmrcg&},sexﬁyts&,hh&lbearergﬁémhuhﬁonmblam within a
particul ar sanple ranging froma few to several hundred kDa. The nol ecul ar
wei ght distribution of gelatin in a particular |lot can be critical, as

wei ght distri bﬂieip&@ent?ﬁﬁhddﬂf)ﬂm@jﬂaﬁg ret anbiraxtaeiplithavd embeissf advattygeantt or  gel
strength of g €, Vi Scosi of a.gelatin
sol ution incr eaagglonatl it tﬁocggP%e?amsl F’%a‘:t%?gng@%tr}l%mp the SR ogse%?%cg:% ng

t enper at ur20 Aechlirblyimer-tissicsowsé ¢f3geletoi @hRigng Wik gbllb&enpmtfrm rleddditicgy cuggmnpl e,
for gelatin L&ﬁ&ﬂba@éfe%a%mmo nuza@lr)w% ahy YRtk Rifce ommgaatapﬁkn £l B

liquid gelatins are preferred, such das in various emnul si %ﬁ

Viscosity of ardguragequnios e in Yagepsimsdicad aanlisatigns Hhasreﬁeﬂtdwga%nﬁ@ec ow ar

wei ght of the geli@t reaorﬂmﬁptcgaaﬂﬁssiem/éd Iﬂb@mummﬁ;@@ﬁnotey c@ﬂioatwda c&@prisingon  coul d
consi st, theref ore ceptrat.ion of ht

gel atins, or of*% mf‘%\%%‘? é’(‘-fhatn eﬁ‘éﬁf gf’mﬂucmﬁ theseI gg{c%g?sawevx%fog\ge agtel atins.

Vi scosity 24 schuaff gddtis isgeh-imnopgnid aespplwdmlphﬂdmwgutsétatld mefiahpioeerses, Amly  poi nt .

Hi gh-viscosity,, @s%%fsfheé%a&’édl&@ﬁnt&ﬁﬁa‘féade gels with higher nelting and
setting rates than do lower viscosity gelatin solutions.

In another aspect, the present invention provides for the production of the present gelatin from
engineered constructs capable of expressing gelatin in various forms. This invention

30  specifically contemplates methods of producing gelatin using recombinant prolyl hydroxylase
and various synthetic constructs, including non-native collagen constructs. Further, the
present invention provides recombinant gelatins that can be designed to possess the specific
characteristics needed for a particular application. Methods for producing these gelatins are
also contemplated. Using the current methods, one could produce a gelatin with the desired

35  gel strength, viscosity, melting characteristics, isoelectric profile, pH, degree of
hydroxylation, amino-acid composition, odor, color, etc. In one method according to the
present invention, non-hydrolyzed gelatin is produced, and can be subsequently hydrolyzed

fully or partially, if desired.
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30 The thernoreversibility and thernoplasticity of gelatin are properties
exploited in a nunber of applications, for exanple, in the manufacture of
gel capswesl/asds t abl ets. Celatin can be heated, nol ded peT/wk@mediIas
appropriate, and cooled to forma capsule or tablet coating that has

uni que properties at homeostatic tenperatures. The gelatin wll begin to
melt at nmouth 35 tenperature, easing swallow ng, and becone |liquid at body
t enper at ur e5%. Rrgperfips i Gelatin o  ous gel strengths are suitable for use in
different appl T&&Eﬂld@tﬁlﬁhysﬂ_h @roﬁémme@m@ Hefins itg @E@h&sﬁﬁpaﬁh@laﬁ@phc@ﬂim | S
typically neas cal c Qm val h.ca erm ned
using inter nat#%:ﬁ%pr dg%‘ﬂ’éqruager%o" "Cem[a?fgao’l gy I’its ﬁphgte?%na&ﬁ oom strength
is a 29 WO 01/ tBaﬁcﬁﬁﬁheBﬁﬂ:fe&JS@Elﬁ MYMrO@tlmaﬁmddmmurf@de actirve pooperégsganilitef a gel
formed by a 6. i 4 bat h over
18 hours. A stcg)ﬁé eﬁ%ﬂsrlt ‘%g“l"@{z’)e?“ %Igmg)gg&g oleﬂﬁggig{%ﬁtﬁ%wv\gr ht in
grans requi® edexglaplel»éﬁ)ﬂle%@lsﬁ.leé thagkenser. @ tebilizer; e agankier G o5 Foatipg fornagen:

Agl’l cul tural Qﬁ%mdﬁﬁﬁgenpkéﬂﬂg&fe&ée d??iuls'oﬂ’@ia&[o‘écdldﬁhg)ageﬁle gel. If the weight
in grans required for depression the plunger is 200 grans, the
particul ar gelatin has a Bl oomvalue of 200. (See, e.g., 10 United States
Phar macopoei a Bawdm4ifbrfalsctygds of\fré-hentiseng hnddmadeyien po@fseDAGedt tHeeomatsitionall , 17t h
edition, Volu d on

51 com ot rengt R PUFRIEE il a6 By Ra pl i Lo RO, RR) |

di fferent Usespreductyete dup hetergsneonsqupipin mnixtyges of pelypsptids chairseGglain mpeylesy | ous

industrial applah E@falrf?na?ge @ttlgthe m@l@&ﬂ%ﬁ %El%ht%\tllﬁgl |ph§1@l§lér@£}npl§1%@ngctﬁfﬂdﬁg nol ds,
gl ues, coatings, etc. be sel e%ﬁ?{ froma. w de range of vgﬁy Bl oom

strengt hs, deptéﬁ‘ifF’ﬁbh“B‘i’fedlfl??eTb"e‘F‘? B NEE RPN T PR AU RABEHIFY

with var yi ng Biritican)as veightdishibutioh @artihB@ncedfosdxample,itie videesityrami/dr g tstengthof
various phar maceéh!l%lcal leproducts For exanple, soft gel capsules are
typically manuf&CtUred usi ng ossein or skin gelatin with a Bl oom val ue of
about 20 1BD to 175 and/or porcine-derived gelatin with a Bl oom val ue of

about 190 t0 2]QeneQf, tﬁ%lv%@(;&y ofta@@lﬁﬁpsfolutlmér@asélwlﬂ u&?éasn?gadaﬁééht%oﬂlﬂh‘hthus e a

gelatin with a Bl oom val ue of about 220 . applications,
gel atin used, deeFasBRiHprRlureyd ‘éghF“n‘i’sGR%tﬁé‘?l“tioﬂ Wﬁﬁflgﬁh‘ﬁﬁe’fr%\n@r BrmBlEHeT
confectionary garaaﬁiugéassar&agmterbaﬁmk@eermmbsﬁmlmgﬁm@id garaaﬁsrade p&@redVar i ous

appl i cations, |nclud| ai at o hi c

appl i cati ons, \thaFS §qu mr}} etc2éf 1%855}9 ag%ella(g c{/‘ﬂllogmcfeﬁg u@‘e

non-gel | i nzZp geihat%mgmoﬁh&rmebt@ﬁﬂle gﬂaﬂmmbmpmerm avhigewisdogty gelan qglruoqtuctl on of
reconbi nant geéoalh'caﬁlsmhg,lafoﬁe g#a%g%asnce@agmfwrﬁa&wwe@n QR ASHECE, the

present i nventi on provi or exa for the manufacture of gel atins
with Bl oom st rle\ﬁgtcmcerman%% bﬁblmsksculazUelgﬁtﬁsletmszbfﬁcosmsdso afffgts grbproperties

including setting and melting point. High-viscosity gelatin solutions provide gels with higher

'

atins

melting and setting rates than do lower viscosity gelatin solutions.

30
The thermoreversibility and thermoplasticity of gelatin are properties exploited in a number of
applications, for example, in the manufacture of gel capsules and tablets. Gelatin can be
heated, molded or shaped as appropriate, and cooled to form a capsule or tablet coating that
has unique properties at homeostatic temperatures. The gelatin will begin to melt at mouth

35  temperature, easing swallowing, and become liquid at body temperatures.

Gelatins of various gel strengths are suitable for use in different applications. The firmness or
strength of the set gel is typically measured by calculating the Bloom value, which can be

determined using international standards and methodology. Briefly, the Bloom strength is a
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30 one enbodi nent, the present invention provides for the production of a
reconbi nant gelatin having a Bloom strength of around 400. Such a gelatin
can be usedpi/3wne exanpl e, in the nmanufacture of gel capseCE®soesodicoul d
allow for the manufacture of a lighter and thinner capsule, as |ess
material would need to be used to provide a gel of sufficient strength.
Reconbi nant gelatins with Bloogm strengths of under 100, and fromO to 100,
i ncl usi vel y5  ameasurgmenkefdhs sirengthia gel depied bied 477 4solien L g¢alit P 8 FO9SP Vi des

met hods for degingdranigbatieeents vant Agﬁhﬁd%&mwﬁnblyidﬂeupéwsmahreﬂpm@ﬁft| es
desired for particular icatio sent

i nvention plroowgrcilglé rerq%l(r:eo%géeﬁressasan%r(%ABAeg‘gssocﬂag n u“hl?lfA c%rng%h‘rarroa ecules of a
speci fi ed nol eChehsts) whinggnt+ nﬁld)mV@SMd @ﬂﬁ'&@fmﬁ@ommygmmresf%ﬁéﬂf@ﬂ@fé of

mol ecul ar wei ghiyg, hﬁg&l lsnzab baRks tﬁeq;m@ﬁla%usﬁms § BRSS vhIRCSAT06. el atins.
Such honpgenous and uniform materials are advantageous in t h provi de

a rel i abl el&oubeied Sptes Preperserccpprd L ifFaldf€iodheidnplitis ?fﬁ%f&gltenﬁf‘?ﬂaw i ng

variability i nedtfoatdimeaey f or mance and in manufacturing paraneters.
Currently, gelatin fromdifferent lots nust sonmetimes be bl ended in order
to produce a mxture with the desired physical characteristics, such as the
Vi scosity or Qéinrredial gelatewn ginthusét graded pndseldche dldoyn sererpelr. tDiffvéraranmsIOécul ar

wei ght or @Hlmam{@argpﬁpr@%ngm dif@reﬁtrz,@%s of HideRIYS aégsgyv@'gsﬁte fRgShfic

nol ecul ar welg ran | nant n wou erred to a
r ecombi nant$ ge‘faat“isnn(\ﬂﬁttl%\ a@h%"é'é@ﬁ’?Bccoﬁﬁ?téﬁ%hllﬁﬁtloﬂeiagqﬁastulghéolﬁ g88nt i nvention

provi des such Jmﬁrgg e, Svill BdstIBGedtion ar\ﬂa&aﬂs)geraamyquemasm Bfen@hs, tdpendpip@aent

i nventi on, étréuf act rer coul d, J,&r re(t:ro%nang gel atins
fromlots wutht SHECTTE S afﬁ%?“é%‘iﬁfiasfre lﬂﬁ‘sw Vﬁrylf‘é B P E8NP88es, in

order to achi edesired 1rrm«mmruﬁacwretdﬁw_tdoes pﬁamaceeﬁlcal produess.UF afexangplleg bt gekange

Addi tionally, t heule arg fyglcal yﬂ{?ﬁ%’&hr@@ 1'115 sel%tol'ﬁcf\}g%[%ﬁ% Jwﬂlbg ﬁ%Q&l!erWa@o uni form

and of greater €onsf s an curremtly ava commer ci al products. In
one et ho?dd of 1501wl 75 rederporcinerderived gatatin Wéh, aRopmanlue efabous o 21, prblsads sed,

such as by acu@leraff mgharzgexbml&wgmge atg@am&moaﬁmmfa@atzz@ed Rbin of a
nol ecul ar wei g ranlge narrower than that of currentlﬁrﬁ%val | abl e gelatin

products. Usi nlgfgoélaP iBAtians, et ysrdr 9T SXABPIE 2h3 ticking'dp @arsBrdiors gidher he
present net hOd&mﬁétﬁd&tﬁ@dddc&@ﬁgthItBld@hhmﬁéhggl&EabnnﬂSSW Vfi’hom}dpﬁlﬁbailm wei ght

distributions simlar to those g I as wel |
lrgur certam emulstl 1nF ulds 1§1 hol r%?ag c alyphﬁ\{lg %vgnch? mt%\S] m)l

as reconbi nant™ an thos ecul ar
wei ght rangfes @fitmgwmvelmthyuv\pémnagslhegg@@nproducts. (See Exanples 9 and 10.)
The present invention provides reconmbinant gelatins of uniform ol ecul ar
wei ght or specified ranges of nolecular weights, renoving variability and
unpr edi ct abi | i The pressaginganfioRareNdes & ﬂ‘F’PWé““’?‘lﬂﬂ“?‘f@m%‘f‘%g%‘é%gé% ifsrent

predi ct abl e befgath Gfengtdh &n fHeQ§RE] thé@tbR A erloh provitidspfol H@mPle CFBUES | 0N

manufacture of gelatins with Bloom strengths of around 50, 100, 150, 200, 250, and 300. In
30  one embodiment, the present invention provides for the production of a recombinant gelatin
having a Bloom strength of around 400. Such a gelatin can be used, for example, in the
manufacture of gel capsules, and could allow for the manufacture of a lighter and thinner
capsule, as less material would need to be used to provide a gel of sufficient strength.
Recombinant gelatins with Bloom strengths of under 100, and from O to 100, inclusively, are

35  also contemplated.

The present invention provides methods for designing recombinant gelatins with the physical
properties desired for particular applications. In one embodiment, the present invention

provides recombinant gelatins comprising uniform molecules of a specified molecular weight

30



30 of reconbi nant gel atins of any desired nol ecul ar wei ght or range of

nol ecul ar wei ghts. For exanple, in one enbodi nent, the reconbinant gelatin
has a nolveaul/as4eei ght greater than 300 kDa. | n anot her pebodewsemil, the
reconmbi nant gel atin has a nol ecul ar wei ght range of from about 150 to 250
kDa, or of from about 250 to 350 kDa. O her rml ecul ar wei ght ranges are
speci fical | conterrpl at ed ncl udi ng ut nog ited ta, foll oqw ng
mol ecul ar V\%I gfitrangeohmalse §rweé%'5 ‘l“d@e#IB %@W‘ﬂﬁcm% ‘E?ﬁfecg'ﬁb"fa('i't “sklﬁﬂl;{ql about
100 to 150 kDahonmbéndiis ah®thifofin 26k6ridddae advaimgetius M@kt they @bdddaRaljabkBowite a250 t 0
300 kDa, and about n.anot nh e %FI elatin
with a nol ecul BP™k WIQerdlscltaﬁ’lé er%onpanc? halflmlzfngs onr?gﬁ%lgmu&? yaqgec%fi abl e
gel atins, of fm@mfaatbmgtpa@@lett:@ G@renia geletmufiorh differgnt btsumecromptimes beblerdedd 31

WO 01/ 34646 PG/ MQ&%M@&&&Q@WM&&E& phpsh&l MhESERECs! ﬁ&?ﬂttﬁe%c&'it?w des
r econbi nant gel atins narrower nol ecul ar wei g ht ranges, not curren

avai | abl e it ceshinspel &1 Pty @ pakicha melecylarsrighi s moleqarpsightrangen about
30 to 50 kDa, and about 50 to 70 kDa. In a partl cul ar enbodi nent, a

r econbi nant latin wth chal en hco erri ecific. properties
appropri ate to]?‘taPP ISH0PSIR B a%"ﬁ%’? f 15‘31Fg1i)aﬁw'm§ 5T eOfngcamg it gedstin Wogﬁ%

enbodi nent s of prefreedjis esemibiianhgelatisi Ulrﬂiaspscf@mmlwalnrtwel@t diel petsem @venitiol uni f or m
mol ecul ar wei I KRant Reidiior 1R pkdoBht inverdfiRa 14 kDa, 16
kDa, 22 kDa, %}B‘ﬁ%agucggﬁigﬂ rﬂ%&gtﬁér&o %lnrtge clontetrrp atel e(Seél e.g., Table
2.)  In patti corufactuiercopldelonexanpler gt repgmbinspicaeiatins inﬁ\}@tﬁm%?Pwa%i atinis

|0(r]I oduc]t?d 1(‘1 rom %&%{utaﬁﬂéglts m%h@gmem@y%&a&m dcpieveXaRitctvithithalesRgUences
identified in

F These s ce 15 rﬁe@g sent }s#)em fl{gﬂ% gl | agenous
domai ns and en®HERRE KR ARgT G Rr‘ﬁ‘em ‘@“ebﬂ’l’a@%gé MSFET BrIREY capabl e
of retaining valifuabdne obé‘lg@drC@blsterh:alﬂaﬂbl&fem'BjtaVﬁlBiblefborgeératllpmdutftSDrIn omxanpl e,
filmformng it ; S | ower or
hi gher than trﬁ%féoed o?‘g Brggrllg\g{elrll‘t?efngoﬁ’aﬁ%%%dﬂ& |C81Y 5,{'%9 rra Jeg(eg g%lg Ry\ﬁ\ﬁﬁlﬁ%ﬁjs

modi fi cat i &hs l@ﬂrodygbltwewe@@cm@embsn oflarma,qlquprn’glghf BRZCEREQSK Ban Watvht ur i ng

of the coll age&lrrelﬁ? b AT FARR b3 duchU iR §u1ta195 andfclirﬁlgﬂﬁ)[btlﬁld%%g eqbitio®! varying
degrees of hydroxylation, can be made that V\A|| produce gel a |n wth
specific phy3|t@%ﬂl’resﬁ’i‘t&ﬁg’i"f‘%%%d“qdrﬁomblaa“m“@’l‘?élge #os I‘”B@\E‘Pleﬂﬁarf“’eﬁ poi nt than
conventional @adi@atiom sinfillad tb %Mcm@ﬂala&wﬁlamegmmm s Wlkas resspﬁmnafn't c

mol ecul ar wei gh ranges of cul a hts,.etc
vari ations ar&é%‘é‘“‘c"f‘ﬁ%ﬁ namwerg‘o ah Sé?toe%le \é\qr%celgarwe mﬂ%es Ofa}lréeélﬁ ar ﬂ% i ght of
a typical 25 brprbduﬁtsr@vwamglbﬂ%gléﬂohol ecul e, such as type | collagen, is
300 kDa. In some applications, such as those in which high nol ecul ar wei ght
gelatins are used, it m.ght be desirable to produce a gelatin with a
greater mol ecul§Preggat BYP(‘“‘?%‘PY“{CFI%?PW““C&?PP‘@M prjfory mpleciilyr @reightor spepifigd

gel atin. Ther ehfeeof molkcaliyvepiBOeint®iH vafidbilitad g Sddtdbility) e dllo@1hg for fine-

tuning of processes and predictable behavior. The present methods allow fro the production

30  of recombinant gelatins of any desired molecular weight or range of molecular weights. For
example, in one embodiment, the recombinant gelatin has a molecular weight greater than
300 kDa. In another embodiment, the recombinant gelatin has a molecular weight range of
from about 150 to 250 kDa, or of from about 250 to 350 kDa. Other molecular weight ranges
are specifically contemplated, including, but not limited to, the following molecular weight

35  ranges: about 0 to 50 kDa, about 50 to 100 kDa, about 100 to 150 kDa, about 150 to 200 kDa,
about 200 to 250 kDa, about 250 to 300 kDa, and about 300 to 350 kDa.

In another aspect, recombinant gelatin with a molecular weight similar to that of some

commercially available gelatins, of from about 10 to 70 kDa, could be produced. In preferred
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30 gelatin can be produced containing nolecules |arger than the coll agen
fromwhich commercial gelatin is currently extracted. The resultant higher
nol ecul awowi/sfstie gel atin  product can be used directly i nPEBEUS@ED791
applications in which its physical properties wuld be desirable, or can
be divided and subsequently treated to produce nol ecul es of a smaller

sizes. 35 In one enbodi nent el atin can be rodu d usin | | agens, | arger
than those Sava‘?nr%ag‘f"@mf e p{:eé‘?ﬁ’vgﬁef“fl?ﬂﬂ?“ ﬁfeﬁ?i’l] g’g%s nalpf%“feggyg g’ gfﬁh
present met hodangsé, nptreodlendy bvailabteonl Eahnieecial aadbdiptseshch & fipmoadog a0 toh?@ kdaj d- sol ubl e
ticl |1 f t ub
cuticle co aga%n% 3??'40\{(%91 anIi %t SB?O %&%68@ ILE&? em&g&ﬁlbmr}%éofng\{ Q{? ube worm

Riftia pachypti ecular weig annel | vinell a
ponpej ana ( ol geatih &ith eueiagtength C&‘Pf%nmﬁc PTopesies appropERita thedmendel be adapt ed
to 32 WO 01/ 34L4%» ki HoAWa3hildous 5mtaéaﬁndafs%$@afm§5mtmg&noxfecmmctl on to

produce larger nol ecules than those from which curren avai | abl e gelatin
is extract B, gshbnghgh uwEe polseplanyeehtof arpeigighel lfr?aeaid@%; 8kBa. 3k 8uce

gel ati ns as desikDadie K, 22%Ds 28 &DA,i48 &Dh, ynd 6 iDaRR cattedplitta t(S@ad. et Tabis 20f
various nol ecul ar wei ghts can be produce by a 10 variety of nethods
according to the present invention. For exanple, characteristics of the
present reconbnpatitulageh ateimpghod ef the presp iyentton.gelatiryid postycedfroroshorteiedr ees  of

cross-|inki ng’coﬁz;g%n sequénEdd, f&eexwlé @Qséqqeressq&mﬁedmm %sgte saﬁ&@ésl ns with

t he desired nol ecul ar WEI% In one aspect, for exanple, the present
i nventi on pY ovFRIEsENtAPseHic Kelaemeys dgmeen pnd psodeshorbloppy eett®r  wei ght
recombi nant gel atins by using cross-linking agents known in the art to

cross-link 15 | at S th
sspoct of the et st B Dsmanel et Rt e B Get Mot d be
derived are eaxmnﬁsfﬁdfcfrmmgnbh@s rwmc P@sesIpSsty eregstrgolaulat edightsigvarot ltighet e
coptes of all @k dds8OBRR Ry ek ¥EmARhAD VSR UAMERion RLaREADI €. 11

one enbodi nent, t{lue present Rvent T on p%ow des an tere agen
const ruct ¥bneiushase inlvding, rfPfe?X%!’mlﬂ depatgring o the collapeng eiaess s EHPANPT t ype |

col lagen. In affugala&g th@rezmﬁlvmﬂg degieéseofﬁfcﬂ&@yrau&{ cMARalSES wiihrbdudé g14Qpi es of
t he col | agenous, Il a further enbod] nent, the

construct conptt hsSB%“ntjti? Ysé°§1 %%lpeft‘)e?spée ﬁrcf’gf‘?"ﬁémg {8 RoBY #%%’ﬂ‘()eﬂgona mai ns. The
present i nventgetatin,gifftwntasnd aoid cblhpbsltl&e pécifid mgéoalaoWelghmirtangés@f molpéuiss of al |

or portions of_ ugncy ; Lo ing collagens 25 type
| through XX, %%ngvga I%Fg%g{(glg%%l fggz{”}’?&‘go tk{é%p Ilgl'?edgt hat tge presen%/p

met hods al 2%ow for t he production of gelatins derived fromnore than one

type of coll aggp mole@ulg% hESTR QAL l- foﬁﬁﬁQ&Hﬂhg}ﬁ%le&ﬁé 3lch e§ty15tefrcbrva°g@h fsr om
nore t han one tﬁzg %a en are CO- exp resse I N an %teSSI on syst em

e.g., a host c¥PKDa tlflamf‘ga@ﬂlfcetm&ﬁ SYFR RS %SF&,“ which fugh *Pcﬂ%ftﬂaawel glarearg f
gel atins i s pryél g asght be desirable to produce a gelatin with a greater molecular weight than that of

currently available extracted gelatin. Therefore, in one embodiment of the present invention,
30  gelatin can be produced containing molecules larger than the collagen from which

commercial gelatin is currently extracted. The resultant higher molecular weight gelatin

product can be used directly in various applications in which its physical properties would be

desirable, or can be divided and subsequently treated to produce molecules of a smaller sizes.

35 In one embodiment, gelatin can be produced using collagens larger than those available in
conventional animal sources. For example, the present methods of production could be
adapted to produce the acid-soluble cuticle collagens derived from the body walls of
vestimentiferan tube worm Riffia pachyptila (molecular weight ~ 2600 kDa) and annelid
Alvinella pompejana (molecular weight ~ 1700 kDa). These collagens could be adapted to
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30 In anot her enbodi nent, the present invention provides a nethod for
produci ng gelatin wthout derivation froma collagen or procollagen triple
hel i cal svage346kér one aspect, this involves production obPCT/@savdoryiant
gelatin by expression of various constructs in a high- tenperature
expression system such as one relying on thernophilic organisns, that does
not 35 allow the formation of triple helical structures, but rmts the
activity of’ prtB?VFseﬁmll?Qiﬂfa?éumorg‘HQmB‘r‘cééaéﬁ mgles elslﬂﬁn?t?ﬁﬂ[g’ be derived
from col | agen @ﬁ&ﬁl@/h@lﬁlﬂe golutih &l eRiraaGd,nid tt resultant pradd ictuldbesreated togekdadei ons
that prevent tr el |({:al formation. In another aspect, this involves
producti on of gﬁtL,aF?ft “Ffom shortened constructs that do not allow for
formation of triple helices at regular tenperatures, i.e., 37C.

Alter nat | vel .y, el sl S M IAHERE dalfem3RltiPu i 34A40 pRETL H3PO/ 30791

5 presence of inhibitors of trlg hel i x formation, for exanip
pol yani ons10 t hafiets plemethpdeaceprdiag wdhe RiFSE Iy st k98 gaRlet sharagiesistics ghthe
constructs. Adféstit@dambidant fdbEind)é. Qspéfﬂeﬂegelhgdrg@la%m degées bheosphﬂ&@n&tc

i nvention could be derive r r.ec d ,col l agen chai ns that
do not form tFpYEé"H tf’lpﬁog'éce rTBmlf“rﬁang‘gP i Sevf" er‘r‘i)(Pea"eq f eculgrve %g\vgln%l oln >

provi des a netdysdt, & exhewpleythengesgelireition prowidesramethol yat podydigtlage wdédurgen or
col I agen in whjgh, {eb&ﬁb%ahtsgeﬂaﬁstbyﬁél d &éspﬁﬁw{%@&tg bbb AL ykraésllﬂp of

proline residues. In one S et conpri ses er|V|ng gelatin
from col | alfen geleippaeseiifes i sediscussigeitfie) of prolyl hydroxyl ase, for exanpl e,
in an insect expression system wthout prolyl hydroxylase. (See, e.g.,

M/l lyharju et al. (199 Bi 0 Chem 272, .2182 1830. met hod
according to tﬂén"&"é%s@?‘i% qJﬂP‘F\Pé‘T“?fritB‘l’ient‘&élp%}f’?eﬁﬁq b lwh{?géé‘ft%?ﬂ‘qdﬁgqerﬁ’ﬁ tially
hydr oxyl at ed aire expressbqyﬁlasmm;girﬁérabboﬁsniu&tagmmuudgjyxdm@iqdoabs afnall cafregtentcadnf er r ed,

for exanple, nlggve A lagtﬂ; {egueﬁ& %}Ep% O(Qe rl;lbola I;IP e 1% %§1nve|npo %Eo%lcg%&h()d a

| ow degree of subs ron oxXy |ne or E@S I ne can rced by
provi di ng My drasgpeadlpgen gonsiauct @mynsmg rbhdtml@mpm ofghe opliagenoupdamainipipel 20 The

present i nventdo@fhes OHRAJiRESMEobiled:; Y SHnR¥d BiBiches RAEDIE @dpteyohuéﬂcroq hated, and
non- hydroxyl at ed reconbi nant gel atins. Ipn another enbodi ment, e net hod

of the presentdompineERPs Brrolagrmn i & Bsthe cphosnsHy te Cﬁ’ésfr&‘it F?WHS‘F‘:S@?@T‘? fype
precursor havi Imgd @pélpmnafgb@udmgfaee THfe presynelinGonyibBrovides fdr theasd afsibglesr aspect ,

the invention rlﬁtqu? 1es of aﬂ or peofrtlons %f%equgr gsdelfllgoldgl% a?yel 321%'&'? 1%: dﬂlg\é(l)lﬂl einfs rom20 to

80 percent hydm Picon, roma rce
hydr oxyl at2%n, tmddlrowgbé@i plplefflv-:er atos @eCI@Eblbmonwmplp@ﬁ thatrthe mgsdrrt@)@ghb@stailem. (See

Exanpl es 4 arlci“or tRe Qro&ﬂb@on%%éldtlﬂi &%VJMWI: 9151?6116'}}%@ fo&hﬁg’éﬂt m@&d ati ns of the

present i nvention can t ai ned
embodiment, recombinant gelatins derived from more than one type of collagen are co-

expressed in an expression system, e.g., a host cell, transgenic animal, etc., such that a
mixture of gelatins is produced.
30
In another embodiment, the present invention provides a method for producing gelatin
without derivation from a collagen or procollagen triple helical stage. In one aspect, this
involves production of recombinant gelatin by expression of various constructs in a high-
temperature expression system, such as one relying on thermophilic organisms, that does not
35  allow the formation of triple helical structures, but permits the activity of prolyl hydroxylase.
The present gelatin could also be derived from collagen constructs containing mutations,
additions, or deletions that prevent triple helical formation. In another aspect, this involves
production of gelatin from shortened constructs that do not allow for formation of triple

helices at regular temperatures, i.e., 37°C. Alternatively, gelatin can be produced in the
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t hrough m xi ng specified percentages of reconbinant gelatins with different
degrees of hydroxylation, or can be obtained directly. (See Exanples 4 and
5.) Furt veo p1/84se6 | nventi on 30 provi des nethods for achi evPayupavioral

hydr oxyl ati on of reconbi nant gel atins by adm nistering prolyl hydroxyl ase
to non- hydroxyl ated reconbi nant gelatins in vitro, and controlling the

| ength of the reaction. There are |limts to the extent tg which the hermal
characteristi c@e%?ceEUPIF‘@F?[‘S]csftr&\l)ed}e}"é‘bf“éat“’%@or AR PUBORS RSO RresS
altered. The p«/ﬂs@@mogymu@ﬂaulmgen&pmdm calditignaly,ahl bite gntlietit gelatdtohthe greeht
produci ng reconbi pant wher el nan t he
specific ther ™ onhcé’?lgg? S‘enlv whioELreeea esblmranetp grgceganaa P giﬁa%g%pt?ogfgtl on.

Usi ng t he net htogls hdfcest he present invention, for exanple, the nmelting point
and/ or gel strength of the reconbinant gelatin can be 34 WD 01/ 34646

PCT/ US00/ 30791 5 mani pulated in a variety of ty The tenperature
stability &hd/Brngyer ergltqd@??att the B‘f"e“r“é%léfﬁ’ﬁik‘ﬁémeth@‘é? SeTivingestin BORBANS ur ed by a

variety of teckyaiofygsd (Wﬂigen Kﬁt@ﬂﬂgedlﬁ\ﬂhﬁﬁ thidfetis pan@examéxahdnyun liyagxyetohiong poi nt
of gelatin increases. as ti.on increase Usi ng t he

Tet hode of ¢ nSTBRESaHE NG Pt I peie GRS RE PEs IS TR Hiegh ol acul ar
wei ght 10 gel ad¢xprassed inate,absue of prolybinidpyylest. forexafipld yhnansydt axpressiorasystéror

cross-1inking,,, withfirpra my 1+é) Le, & I%ﬁﬁe{rﬁ@%ﬂh@‘? / 8fol 'c%%rnml §z4n9 poi nt

than those of curr source gelatins. Therefore, the

present i n¥®ent318¥- )plﬂd’W @@bo%c?%%ﬁfﬁ ths aresenpiayeatiomesigtip is dsrvsddion thes

unat t ai nabl e 15aﬂ1allﬁli}ldﬁbl§lat6d36mi€ﬁ-ﬁycﬁéxyﬁfe@G'dlﬁﬁe'ia Hff&biyﬂalﬂblecaﬁfbé cdhSered, for

appl i cations vvheré % ‘?her ol ecuI @fd 1% In el at giem retxd i n order
to provide i ncPEARERY 4 TR AFImATaEy of BYdoxylagsy “'?1‘8?3 e‘Tll"?V $For° 15 | ow
strength gel paubdgitnGion ofhydtesprobaok. fod molmaeaneanﬁ@chdhgmbyldmgbythne to,@gent i on
provi des recaomnhi na orye%ﬂm#ceﬁs that has |lower tenperature stability due to

i nconpl ete hy r38t§r§/a| aton o proline residues. Such a reconbinant gelatin

coul d be ugkful in a variety of applications. In gelatin produced 20 by

current extr aCfﬂe%saa%mqo% coltPhists hulig By@&kﬁ@eh DahiVydR2y1fed) hilthoAVer age
nol ecul ar wei mformng protein t IS non-g % %@The non-gel | i ng

and col d wat egh—ygﬁf‘ﬂﬁfq ‘F‘Eoylbﬁlﬁ’%ilg%fétt“ér@s"{“?ﬂ&eé e‘B‘qu@feétdthﬁi?’eWB‘ho B9SHY fish
gel atin can beinveatiéhesiplys godutiani ggratla%agenaabbxecurﬁaymvmgyz;sbdlﬁbaagrdaef and

por C! ne gel at L@%{Oﬁ}gé{ﬁn V\fn ar}u OI‘ ! es @gx{verglon re?a?e]s o}c a IIIéthO@O%éI‘O(?urégl%

flexibility, droly ecular
wei ght . Thar eflevieg from 2@@ 8@mer<>@nlbddlxyﬂetrm, pertreblp fromaheut ﬁ@méﬁmreﬁmt provi des a

partially- hydrwm&tgq ak@%géwémy, gwuaztdaarceﬁ%wox&faw (ge%IEx%m@sa%@ and

hi gher nol ecul ar welag that provid by curfently avail
ani mal - sour ce TalksriraRYy- hYAfol’iYIQ‘ﬁ‘é’FCWr@E@FIéﬁ‘“S\Ré‘ih@PFFSan igNfRtiongan beé’LbFa@ﬁ‘bt h
reconmbi nant gehatdhmigiauspdcifddRrcbRagdsSatirdtbmbifant gelatins with different degrees of

hydroxylation, or can be obtained directly. (See Examples 4 and 5.) Further, the invention
30  provides methods for achieving partial hydroxylation of recombinant gelatins by
administering prolyl hydroxylase to non-hydroxylated recombinant gelatins in vitro, and

controlling the length of the reaction.

There are limits to the extent to which the thermal characteristics of currently available

35  animal-source gelatins can be altered. The present invention specifically provides for
methods of producing recombinant gelatin, wherein the recombinant gelatin has the specific
thermal characteristics desired for a particular application. Using the methods of the present

invention, for example, the melting point and/or gel strength of the recombinant gelatin can be
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30 various pharmaceutical applications, in which stability is desired, but
non- or lowgelling properties are desired in order to maintain the

mal | eabi Wiotoa/3aeud i ntegrity of the pharmaceutical productPCTAISDNV3@91
reconmbi nant gelatin could be used, for exanple, as a plasnma expander, as
its nolecular weight could provide stability, increasing t he resi dence
time in circulation, and the altered settin oi nt woul d r vent the

mat eri al fronfﬁ@@P?%@méWmFﬁﬂﬁﬁﬁenﬂ@?ﬁFﬁ?QmeégW@Mﬁﬁﬂ”@@s pander to be
adm ni stered WcbfBibdnt ¥&dtificaibe nleBsuted 8y £idiediofReHniquéshelikheseitthelaftyent i on
provi des a partially-hydroxyl ated reconbi nant gelatin suitable for use in
phar maceuti cal applications, for exanple, as a plasnma expander. 35 WO
01/ 34646 PCT/ UB6H4130HSdeltide doimt af golatiemncressgras the dgpagetofl Bdraryhyarioxypbeat ed
reconbi nant gejgki rﬂeﬁlo&)sthtfg'f BfeSent LRGN e;f)ersr%e% BRa0L nREBRRIRAN IS AL TN,
or expression of “polypeptide h resent reconbi nant gelatrn
can be derlifvedelating theh duegp maripuwatioh oﬁw@pwlatlﬁya}d@xypﬁsi@kmg GFC sxvgaver gdln an
insect  expresgingm a &tlﬁrmr Wekif@ptint RfaRin¥de ohb’tﬁlrreﬁg%lvﬁﬁ&e aki8EourBe Ehlatins.

Myl I'yharju et al. (1997) J. Bio em 2

Z 824-21830. % deroggl ation
can occur at tRECPRNES BFSCRIERIONPENIIEH2 EeRbE §H0 A DERENEY Wt
t hrough, e.g. ,n Vanousrcbmﬁbiamrmgttaahltable fee herih glicariod iwhie athigber. mollerqulmrne met hod

of the pr esent i i % f
partially- hydr o F m’SGéSH ‘f%“o"r‘n T Htaf’r']év“ﬁ?‘l&%%gf@ nfsrerg %lgl églgnl n[n‘g%llmlglor
derived friédm rlratmewth eﬂd)pnochesw Hepireds rr engtempodirpent, I&awreeewmaeprarlémgr eatly

strengt hened  J.8mBi¥ant g@atlg)ﬁ{ﬁﬂa?n)%r t@r%pe%ﬂ@itﬁ)‘ﬂity @J&&&cddﬂtﬂféhﬁ@f%&%%ﬁ of ysi ne
resi dues of the constituent collagen nolecules. Cross-|inking occurs

natural |y in PHENRHEUSEe| | ul ar space fol l owing col l agen secretion and

fibril formation, as prr or to secretion, certai n | ysi ne residues are

hydr oxyl at ed b t he I as xtrace zynme

| ysyl oxi dase S8 asrgcoﬁl ‘%ﬁe at}?COXIdaeal%les certai r?pr grcaﬁgnsandge#tl“gkr%%c £si ne

resi dues i29 t thecawhi eag@norrmetﬂeqdmloely fislygebstivl progid2@ highginragemlectlinyeicht dehyde

groups that r %ﬂ'ﬁtfor&ﬂggtomy%l nbn tngnng m &BVg@ﬂnﬁQ&tan@%ter-yﬂ%ﬂnf esul ting
co

cross-1linked | age el atins of 1ncreased gel strength and
i ncreased vi $bagstepstics brfrneegqﬂylg figh gelagip ean by agichd by Uiy a2liadiek ng

resul ts in gelhgdrbipged Bbidt ahd ﬂﬂ@ﬁe d¥Rtids] @ with ee@oRding 16 offileh s@é@&t@ﬂ gel
strength. 25 In i nvention nbr nant

e as presen rovrd
gel atins that '§ ’f‘%‘p?rﬁélg%ﬁsrﬂl%e gel ttnég’iﬁlof IRy 2 et irapta ef%’iu §trrg Welg
gel ati ns. 25Seendzngiofiment,/thy présremsmfebuon kiomigesciapartibléy- hydrvpyiste@rebynbdtaﬁtfgelraernt

met hods, such ag | eco%o%g%” &%‘Wg% &Jte%trt%ll mgtr ttlttqogndg@by J:%nﬂ?)é@ﬂpél@ in

one enbodi ment, I na atin or a ypeptr romwhi ch gelatin can
be derived i emelﬁbqoeeeeeterraﬂf the presence of | ysyl hydroxyl ase and | ysyl
oxi dase. I n another enbodinment, 30 the polypeptide is nodi fi ed by

cross-linkin after expressi o a further. as rese
g A higher molec%lar weight, riower gel strength recombinan Pge(fatm co lc? al? be useful in

30  various pharmaceutical applications, in which stability is desired, but non- or low-gelling
properties are desired in order to maintain the malleability and integrity of the pharmaceutical
product. Such a recombinant gelatin could be used, for example, as a plasma expander, as its
molecular weight could provide stability, increasing the residence time in circulation, and the
altered setting point would prevent the material from gelling at room temperature, allowing

35  the expander to be administered without warming. In one embodiment, the present invention
provides a partially-hydroxylated recombinant gelatin suitable for use in pharmaceutical

applications, for example, as a plasma expander.
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i nvention provides for inposition of cross-linking by chem cal neans, such
as by reactive chem cal cross-linkers, for exanple

1- et hyl - 3v@ di/smstdryl am nopropyl ) carbodii m de hydrochl ori BeT/(EDB0791( See
Exanple 7.) Qi her chem cal cross-Ilinking agents, such as

bi s(sul fosucci ni mdyl) suberate (BS3), 3,3'-dithiobis(sulfosuccinimdyl)
propi onate (DTSSP), 35 and Tris-sul fosuccini mdyl am notriacetate

(Sul f o- TSAT)  niynashes aspesb Pasially-hydroxylated recopbpan ge‘%!ﬁ’éh?bém%ﬁ dunreh FrPrSsEC, ¢ .
Additionally, §ffi@oRbigseBdlatin/t etpkdsQsh dIHElYpef@ss FErh RAMLE tfﬁbreﬁﬂ‘n&@&tﬁibﬂ@nt

bt & i ng  eccrbh e prdd KA eRR I bR B CR e BRELL | engt h,
and viscosity. e@@SS\A@S@SlQhB\mm& PROThidBOGIS0 TS, e.5, Mﬁkyhmu@sér(ﬂ99i7hl/§wﬂ| on
provi des nmet NogRy 97,3 53 }&}&yﬁs%@&du b&thr memme 1of}§rbﬁ1c i\ Lan®E

hydroxyl ati on, and the degree of cross-Iink mg) t he reconbi nant gel atins
to allow fHt %lbseeten@ﬁﬂmseﬁi B A aiftvirgdiorgicakor shemisat medifigationa fyronspeci i ¢

Bl oom st rengt hﬁeth@s)fue Jeseaﬁnveﬁ%qmnmaﬁt ot bielisrivell i phr@sIB Mty daRdatépeci fi ¢
| evel s of vi sco | ty dr oxyl ation plays central role in natural

col | agen forma H&HF‘BE& i c"lc!)"fff specific lysyl residues in the
sequence X-Lys- Gly al so perforns an i nportant function in collagen

synthesi s andégél&{n'g henngc{fv@uamal squSs é}b’c‘flﬁ%ié/ L1¥a9£b%magaaﬁ aggfiat sﬁgl §Jdne

resi dues funciion as nent site or car
essenti al &5 t gy thexnxistenes of envalgntcrops-livks besyeghlyaing mlellemﬁthﬂf@n%}fue@r%@gm | nks.

These nodi fi C%m&s [ @QiihRing BQuE MRS mee)glfac@mpgpsdecfo%&l@amg&s lysyl
hydr oxyl ase and | ysyl  0oxi g)ase Therefore, in one as e Loy ntion,

the co-expres sﬁeHFF‘OB?n‘%M TRHLY FREAGHASFTEHR Cerp Lypym ?‘ %ar‘b#‘y RS esent
invention is cynihesipmailag] hyﬁheylzg;errﬁxeeﬂmdlungedzymyiysyny;ddase(gabaalenﬂ}( Haut al a et
al. (1992) Gen esse is then
further 20 m)a‘f i é%fesocﬁrt?"llllém?% Poﬁ x?l Yom 6 fdigd mghelfgﬁla g “e’?%%d“l o0 i:dllqm‘ggel atin or
pol ypept i d& f riaghlyveactibe aldpbydatsronpsaian repe sxdnetamwedy toefgnttemqnt lbveds |Tihet he present

i nvention. Thereguﬁﬁlgeéagsnmd eﬁdg@&s yﬂ:ﬁi gtqfauﬁsfa@m@gs@&g@;mhgﬂeratlh&easéaan therefore
be post-transl ationall he activity o endogenaousl y expressed

Y.
| ysyl hydr oxyl 4$esitin 8P6F‘§‘§291D” ad%hﬁfaf’se@ee oflfEosT kBB HL R g"éaé‘fl%l‘t"iﬂﬂgg}lﬁ’f melfing
present i nventkm@peratas aal geatgeln®ehighi ed by the expression of exogenous |ysyl
hydr oxyl ase and 25 |ysyl oxidase. |In one enbodi nent, reconbi nant gel atins
produced are non-hydroxyl ated, and subsequently altered by inposing the
desired defr eeIn(oﬁe duprdit, O pleseni ioventidn proyglenmecandgianhigelstingyhat arherosrimkadat i ¢

activity of ééﬁltﬁg}sﬁﬂ{#gﬁ%{&&}&ﬁr 5{% tgé@aulngt Yool Ekatbit 8 dr&@lﬂ&xggre@bpf lysyl

hydroxyl ation i's ein g]g atlns and 1E;)tldes from
whi ch gel ati n ipapsedly diffesent (reggo s\/ﬁuthas\ba plogisal geiemisal r@ﬂlf@%tegs TEXRIPKg t hat
| ead to the degbheshbd@ines @Bk ANE o8PpAYpEHAS itbmEhich gelatin can be derived
is expressed in the presence of lysyl hydroxylase and lysyl oxidase. In another embodiment,
30 the polypeptide is modified by cross-linking after expression. In a further aspect, the present
invention provides for imposition of cross-linking by chemical means, such as by reactive
chemical cross-linkers, for example 1-ethyl-3-(dimethylaminopropyl) carbodiimide
hydrochloride (EDC). (See Example 7.) Other chemical cross-linking agents, such as
bis(sulfosuccinimidyl) suberate (BS?), 3,3’-dithiobis(sulfosuccinimidyl) propionate (DTSSP),
35  and Tris-sulfosuccinimidyl aminotriacetate (Sulfo-TSAT) may also be used, as can various
agents known in the art. Additionally, the present invention provides methods of producing
recombinant gelatins with varying degrees of cross-linking, useful for obtaining recombinant

gelatins of desired melting points, gel strength, and viscosity.
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In further enbodi nents, a pol ypeptide containing hydroxyl ysine resi dues can
al so be expressed in, for exanple, a yeast cell, in which hydroxyproline
i s producedobgsctihre activity of prolyl hydroxyl ase. (See BgEUIPbe®7d and 4.)
In sonme enbodi nents, the nodified 35 reconbi nant gelatin or pol ypeptide
fromwhich gelatin can be derived can be fornulated and adm nistered to an
ani mal or human, thus serving as a substrate for the activities of
endogenous Enz@esent Bi‘t‘,‘ﬁm%”sprP‘SV{"f/ metgods tpyaanpufats fae meleiRr wejehthe 18%1 ¢fagenous
Fol ypepth i def t quh@,xylhtwacuh@m&a&g@a ombsa-lmmgsm& réddmBinsdt glatink mgomo?ss | |h nked
orm Therefore, .one as resent tion Vi or the
producti on of FEEYhYIHY ‘Elg ad"égeéziufl%cgfdggrea a0 Fp§8F ﬁg’elfhl SW%%‘@%&MG
PCT/ US00/ 3079 Irecombsianteplgtins of difideny agicpwificyevklopf wiwoster ci al use, without the
need for |ysyl hydroxylase or |lysyl oxidase activities. The invention al so
provi des for the production of gelatin having a particular gelling point.
In  one enbbdifreline hydrwlap?re@@'ﬁfenﬁﬁltrﬁwswwab@ﬂ?le@nf%mattone Hydeuylaoneh of

gel atin havi ngspaifaldyl RGaRE in tHeQegiBilck KNGs 0B 4o pofforfuk @iMimbbrtdnfuddion inl N f ur t her
enbodi nent s fﬁ)

, r econbi.na Iatln a ttin oi.nt. of fro 15to 25C,
from 25 to 35 legusrig 9oy oxmeion e pufriiouspabpuled funesreln,
i nventi on pr oviuatasn as&mmmhachmmt sige foatartwhydraits ahekasrmmhydlremfoyme&nnatfom bf y

hydrol yzed, Ors}%ab%dﬁt?rl%éﬁgarc VIRKY I e rqﬁg/{zfgﬁl%proﬂﬁj@t}g%xﬁﬁd&bﬁﬁecwat are a

m xture of 15 and non- hy ucts Itio t he
present i nlﬁentqn@nnep,rlwlldfé&wlwemﬂdwl a¥fdagsr oduci ng reconbi nant gelatins with
varyi ng degrees of hydrolysis. (See Exanples 9 and 10.) Celatin

hydrosyl ates are typically cold water-soluble and are used i variety of

appl i cati ons, Psrefdre q oF pypest Al thafavestiogy hacsgrpiession oA ReseraRde Wit ries, in
which a gel atponypwnﬁh; ol p&eint ihvegtidarOeteinplesd. iThe ghas ercadihglysyOpldeixylase

hydrol ysates ggtd é{b9ét}%nomlcsolqa65 @qseé%{p#‘s:s%g in arhc(j)yt l{ ¥1th9 ftﬂeh [[q.l}nfh?r m ng

agents, micro- nca gt N pr ocesses, IS and” ) ol nt
f or nul as, Z(Iablmdlﬁeld@y the irdrodugtionond g sequencd enicaesting|a gfel@?lrn‘trlpalszpeptlw ftOImewleds metics

industry, gel %Ia‘m’i‘ A% a&lvwéé&&namn TS Egsénﬂn%hﬁ‘éﬁpqg§re§dﬁ%uﬁﬁtrkgfaﬁﬂs%PﬁEs

| oti ons and ot ormJ ations, including |ipsticks, and in fingernail
formul as, et c.PreeMAVFHIORGAhTe&RbeRostippaionaly medified by thepst AViySfippl enent s in
protein and en@Bepénddbly BlsesAthsfAQEsKyladd Bd lySﬂdmaﬁsefMeﬂ&oﬁgﬁﬁit Seldtins VA tRL,

beer, 25 and juice.clarific g) re used in the 0 sulatlon
of additives STCHtAYRigpEn aff’g%?c}’tﬁa Y%axpé%f%?% ex?%ﬁmﬁf yrs’ry ﬁ{fg?)‘gsayﬁ Ges are
used i n i nZustlysybdxidapp |In er@temberiimdng recorhiginant gelating prédurcediaregnoghpdreiytaedi ad i cs,

such as in CO%hgaaﬁmgfau@eﬁ;gB gésldg%e%@me 9&%‘&%%@&&?1&%%%%&s1&k§b In one

enbodi nent of sent 1'nvention a In 1s produced from col Iagen
sequences in 3be chﬁwﬂﬁf&xsalrhma’w% H’Sﬁﬁl“ﬁé"ﬂ*ﬁ%e%@ﬁoﬂéﬁ%t ed or have

been added i n QkAeYIatoR isdedi@ble tnrwodua 14k, ardfpol pti@y BoRSHRM cpliaducte  The
I nvention furt etenl;edcwom erTBus%Eg?e%s ) cross- uﬁ( tha?{eg tlél(t:}{e%gsired gel strengths and

30 viscosities.

In further embodiments, a polypeptide containing hydroxylysine residues can also be
expressed in, for example, a yeast cell, in which hydroxyproline is produced by the activity of
prolyl hydroxylase. (See Examples 1 and 4.) In some embodiments, the modified

35  recombinant gelatin or polypeptide from which gelatin can be derived can be formulated and
administered to an animal or human, thus serving as a substrate for the activities of
endogenous enzymes, such as lysyl oxidase, thus allowing the collagenous polypeptide to be
incorporated into tissues in a stabilized cross-linked form. Therefore, one aspect of the

present invention provides for the production of recombinant gelatins of desirable gel
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reconbi nant gelatin wherein the gelatin is produced directly from an
altered collagen construct, w thout production of an intact triple helical
col l agenwoni/paud i cul ar, the present invention contenpl aperusardoods of
produci ng reconbi nant gelatin conprising the expression 35 of various

engi neered constructs that do not encode standard triple helical collagen.
For exanple, specific deletions can elimnate collagenase-responsjve

regi ons, and veERgsend wifpHRydor cammerripl ysg W%Wﬁ)@@ﬁf‘ﬁ lysy hydroxylase prdesl ¢ and

al I ergeni c, respRRSREvitied8 WO 01/ 34646 PCT/ US00/ 30791 5 Specific donmai ns of
vari ous coI | agens have been associated with specific activities. (See,

e.g., Shahan et al. (1999) Con. Tiss. Res. 40:221-232; Raff et al. (2000)
Human Genet  106:idv®atR8 alsbprbtidesfforwivipoidudtion effgelatiekavimg @ pirtiodar pdhingtpet. Hy
reference her e&r\? e}ng d?rne%k 'ihe%fgsénlf BLh&S p1)0v1d4 for m@%&a&ﬂ&%f gelgtnﬁnagﬁ§§§ﬂltng or

i nvention speciftic provi des for nethods o roducing reconbi nant

gel atins défi VEdiln’gp@mqfﬁbmé@@r%c‘bdglf‘ﬁfh@te@b%ﬂlm@ﬁse@e tegoralyings gekatiehase t o reduce
or 10 increase, |4 ) 1 iated with a
specific activit §§§8%%8§?§‘?g%99§ @Egﬁgﬁ%rggggﬁhs coul g%l;gcdel eted in full or
in part to produce a gelatin lacking or with reduced specific activity, or

addi tional copi&gridif ashbres, BPsedehi 1ﬁveﬁt§ﬂ|pfbmldgﬁbdod1bﬂﬁlt@§lﬁkﬁﬁh§tﬁ nidh- Q%Ulﬁte@;
gelatin with enr nce aCthté’?«?’l: exa e, uences, in t and 111
col I agen recogfifiygro PHEdebEsito vy eSr %18%%@81?“‘%1“{ a2 ’ﬁ‘lr%? et cell
surface have bl@ﬁﬂ)lylzdia«mﬁ hén- l@drol}(zéﬁ’prghtts efkddajonalljzﬂhe( &8 )invéntioBipwividesChem

273: 33287~ 33291%é:th ngf M&&Q%reg %%bﬂlant Ql%‘t?n% ch ‘g/ar%lﬁé ﬁégee%?&rol?%g (§9e044 11048,

whi ch references are 1 ncor referen eir entirety.)
I n one aspect Bfampleed gdd 8¢ Kielatin b}éimsvlétpﬁ arg typigadly geld wptgibiobiblegnd e useding

homogenous gel @i of é{oﬁl‘iﬂ&ﬁ’&l@ Ga@fulfy39 e PladnR NIEED 88 BELndus@iR, GOl dicdgen
constructs |l acking platelet activation 20 regions. Such %EI a |n coul d be

i ncl uded, for #kRERPItRnoTgslnE BAPRESS isgeunhl- a‘f’%ﬁ‘“\ﬁy@ﬂlyﬁlﬁégﬁeﬁ ®and vascul ar
grafting, edc.phaincdutichl MGusdat filgemiirgragSitseiicroanchpgaibh pldeassee,eahmism

products can t ﬁ§¥19 Fe??l aBlas a%\fe&lh decl \f"a}'l(?urs Ino U§ onaf tgl[%w?af Lﬁlcﬂtle dOSm??lr

t hr onbosi s, ChR OGR! assocrat products
as a resul t of gefatim hyshralysateedre @g@m@@@tppmnd ¢Oeg¢l@n1§, lph@smothenfom'éaté’eq | agenous

product. In Onﬁcl@tﬁ&qfﬁgtlckg b iR ?ﬁ@ﬁﬁﬁ fdnﬂManét& Qﬁkla@iﬁ‘ﬂydra%teg Ypedt a@ém{fr%BJPOd of
produci ng a reconbinant gel atin which can provi de support for cel

attachment  wh¥pPIERsal 17 Potgin apdsRerey Arnks prd|fogds; gespsedes Tiping agkpfs B ‘EF@B‘?r 'not

i nclude pl a4 el(@ti]lﬁ&@cahﬁc\aﬁodz el BGed 1]{1'&Halﬁﬁcr6rbﬁtb1m113ﬂ1dﬂg)fﬁdM1véd sith @ffoofl at e|OI et
aggregati on. ee e re nven OVI es in
one enbodi nent ¥ 8FEY °8lﬁfs 9)813?1{1}1' gar‘ﬁﬁra’feélf ﬁdgwg%%ﬁ%apﬁféﬁ{m “H a
preferred enboidmnmgnharattérsuﬁemdnbum@nmggeﬂ edtrients 1rsernemdn¢wrnmnt1fa¢mrmr¢ gel atin.
In some 30 instances, such as various wound care applications, it could be
desirable to provide reconbinant gelatin conprisi n% dormai ns capabl e of

i nduci ng speci Injoge fa@ljﬁlé)g%tt(’f ﬁgprg@pﬁ igyeptiqaggelatin is produced from collagen sequences in

30  which particular native domains have been deleted or have been added in order to alter the
behavior of the expressed product. The invention further contemplates methods of producing
recombinant gelatin wherein the gelatin is produced directly from an altered collagen
construct, without production of an intact triple helical collagen. In particular, the present
invention contemplates methods of producing recombinant gelatin comprising the expression

35  of various engineered constructs that do not encode standard triple helical collagen. For
example, specific deletions can eliminate collagenase-responsive regions, and various regions

eliciting immunogenic, e.g., antigenic and allergenic, responses.
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A gelatin of the present invention could be expressed from col | agen
constructs that did not encode the regions recognized by the a2(31

recept or wWop1/846@6n constructs with one or with 35 nmulti pl epcops@ssoedt such
regi ons, thus providing a honogenous and consi stent gelatin product

wi thout or with reduced platel et aggregation and activation. In one aspect,
the present_ invention provides or he pr oducti on of conbi na gel ati n,
ei t her t hr oughSREFFREMaI; gf v %‘iséhl ag‘B‘IS yél é@laﬁ°8?teq‘?ﬁ‘f}’osﬁiﬁfﬂeﬁftbvét§§ s{%ﬁ“g

gel atin from cef| stgenets. (PODYE@PTisORESS, 40:121-QBE Raff bexl. (2000)Humah iGghtt y ef f| ci ent
reconbi nant ex sent product 0 a to 39 WO
01/ 34646 PCT/ USHG? %83’6? Jgg‘élgrrefegﬁ%“ S iftomarels Byl ra%?qll%’glﬁl ‘Ethfg‘gp‘%%gst Y ene
flexibility, ak pamiyularthe présert invention speoificadly prowdesiformethpds efiprodecare be used. The

production mat I%Ednﬁ;lmaht%e@ﬁﬁﬁéﬁi'e@fr&n célﬁgenpc&%mtsealte&(f‘to%ﬁxﬁ&gte 8f to Rldaktor Di omass.
Secretion in certain production systens can be optim zed, for exarrpl e, by

di ctating !¢ helnermast Beicrgensef aﬁ%}ﬁ%efl@ineafw@e?da‘whﬁ spesificaciivds $rsCifelir oduced

according to tdeh ﬁg@ﬁ&ﬂﬁild bé@Rickadstull bnnmﬂocptbsuceratgaﬁhmmmMﬂere@rcasent
gel atins or the f room.whi are derived, are

t| d h th atl
produced in ex???égs%/ TRESYE ?‘th“?ﬁlal AT 0581 eeifig feglonfgf 8 afl&g 'GRIOUCER Hkar yot i ¢
expr essi on sy sgedans with erhancadacheityt Epi thnlé%pfqeemsomtysfgﬁéamﬁﬁ collageh medgnizadot i C

expression syshaiPog m%sgime@%@;%ﬁﬁ,& gla@m&ﬁ'surfapé AN becPAn0E RhightPLES ST On

syst ens. Expre enic animal s and 1ransgeni c
pl ants ar el-‘i:on@é?ﬁpll @@dihem&ﬁﬁe%ﬁﬁé%%mndMWetmtlabﬁ%?)é\Bl@le@heme?ebl@‘Hessi on

of at |east ongopolyRickeatdde I&B@eq{eagy éferaeérelsemnqleu@mp&;’ ypeptide from
whi ch gelatin can be derived in a cel I n one enbodi nent,” the present

i nvention provides for the expression of nore than one polynucleotlde
encodi ng a gehahé ﬂp&t’of&w@fﬁs@ﬂﬂﬁ@éﬂldﬁ1tﬁ§&ma%k&dﬂea@&]}ﬂhb@n&a@elhﬁl derived in a

cell, such that rec nan that is a h { erogeneous
pol ypeptl des i €"BYS aémenﬁ%%esezg&e% 2R SR %q;’oc n?fc’llﬁ lePamr“(')a\%l des for

expr essi on2®f mgipwl ﬁmh(gbletm dould bemelmthdrfgr taammib Inaxge(hxctp pesoastesli vn@ or
post-translati &Qﬁl%m(ﬁ@ %%{jf@fcglrar ?&iﬂhﬁ‘ bk, ﬂlaﬁ& Joaﬁn@s for Q&lt Lmd ggﬂf cfe%Eégnbuch

pOSt transl ati ona cat er ent OSt transl ati onal
enzynes, e.g.,Prpiugtgqn bﬁyﬁ?%@ﬁm@éieleqem Flde fieets. éwraa@%e thgqngbosis, thghcapf f ect |

for, exanple, ﬂv&msgssmgﬁ Ritamelueoh&kh ﬂb&ﬁis@ﬁd reﬁllrt@fmepletmesaggﬁgatmg t he
present gelatins. 25 The reconbi na(r)lc}ufﬁzn atins of the present 'ﬁfés t| on are

derived from cSPPEFEIDHLE hesqlpgrossP” LE FPEHCRLTFYRTHICR ROV RE e odi ng
pol ynucl eo2d desethdd df predicing @ ndcoroliinaat gelatie whigk chnpanvidb euppgrefoeadletiachmenn hunan or

from non- h“”an?éeﬂfdkk‘a'&fae&em Q%Bﬁl kD, ‘Bﬁ'tvl} dSQ%ﬁﬁcthﬁEgﬁIeieFéa&@é}e gk, for the

i ntended use of the u |mate at| n rmaceuti calf and
medi cal uses, e misisvmag theak o ‘ﬁﬂ?fa%?%t‘?“n(SF%E’ﬂﬂ’@Fér)r%ref%ﬁlﬁHWPF&h sour ces

i ncl ude non- hugRdtisHEFRIes Rdne embodiment for a stent coating comprising recombinant gelatin, In
a preferred embodiment, the recombinant gelatin is recombinant human gelatin. In some
30  instances, such as various wound care applications, it could be desirable to provide

recombinant gelatin comprising domains capable of inducing specific aggregating activities.

A gelatin of the present invention could be expressed from collagen constructs that did not
encode the regions recognized by the a2P1 receptor, or from constructs with one or with

35  multiple copies of such regions, thus providing a homogenous and consistent gelatin product
without or with reduced platelet aggregation and activation. In one aspect, the present
invention provides for the production of recombinant gelatin, either through direct expression
of gelatin or through processing of gelatin from collagenous polypeptides, through the use of
highly efficient recombinant expression. The present production methods, as opposed to
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sources, such as bovine, porcine, and equine sources, and other ani nal
sources, such as chicken and piscine sources. Non-native seguences are
speci fi cavbyi/ammt enpl at ed. Nucl ei ¢ aci d sequences encodi npgCcTokéeyeas have
been generally described in the art. (See, 35 e.g., Fuller and Boedtker
(1981) Biochem stry 20:996-1006; Sandell et al. (1984) J Biol Chem

259: 7826- 34; Kohno et al 1984) Bi ol 259: 1366 -13673;.  French et al.
(1985) Gene® 3Wmafedgds.of Rzéremﬂﬁfébexg‘im %{p Do &Y s el xpresion

266: 16862- 168 GQsterMa&aﬁ be 1&&1 arhe productior hA&1h) is addessible] for Bampih)is yeAd baplant

1089: 241- 243;

Bi ochi m B ophy Lot -1 oGRSt 6 Bt Rcorile Bl ey Y

17: 85-88; 40 V@@llﬂ)@mﬁmf POTulISE0NI8 OPBulesto T ey cadtacegrding(tq e gieseR ochem J
253: 919-912; KylA0I §R¥hridal erﬁiodm{erl{ggl@ r@én@ Jiﬁlmgrtl?eﬁ%b@%%d@%mvaﬂ@hﬁls@ Kokko
et al. (1989) Bi ochem J 260: 509- 516. ) See al so co- commonl y- owned
appl i cati off U. sslating depivad; Ppprad@icpdip exgeession sygiemsiped ‘“gA*PHt ‘m@ﬂtP’agens and
Celatins," fil Q«aﬂy@trd\&v@ﬁbﬁrsys&%s suaﬁ@bmhateeldedgﬁﬁ eystema)énd ekay@iace in its
entirety.) 10 The nucl gl c.a %uenc s . of c[r tnventl %‘bg en(gll neer ed
in order to al PBFSIH& LB ‘ﬂ%“ ’%gé’a b ANRY RITL A0G 858 SRS PSR

gel atin, or poystpepchds srafsgaun animatstand tresgesic plaiss arapdntenpiskedt | N can be
derived, for a variety of ends including, but not limted to, alterations
whi ch nDdlfy ocessing and expression of the gene product. For exanple,
alternativé seﬁr@fe&nymvww%dem etpEesuInd ol leask g Tl RiclsRtige pRePdiNg? secr et or y
signal s. Mitat geﬁﬁﬁoﬂE%MlyB@tlﬁé\ﬁdrﬁthh&EQ:lauﬁ bdi\gbe a&vwrﬁmblquesnmbbddﬁmm in the
art, e.g., site-directed nuta

CF%f rect ed nut agenesi cassette
mut agenesi s, aNFCBIHENCP Bré)ﬁlﬁ?sg?fé SIRFSOR R 1PAR PR SO EPHPT ”‘rﬁ%‘?’%a new
restriction sigetasin or agolypeptidd freu wlgpbly@@sybatbe derivpdintagelh sychghos@inbimghtat | on,
proteolytic tuy r or 8li& o ng gelatin
in an expresm%)er[%ﬂs{g]g{lg{nﬁou 81% ﬁ%tgo%ﬂl q%otg?g&%sl %Ig éﬁﬁﬁd“ TI%gﬁéiéﬁducl eoti des
of the invzht iloyeniefurther m'ddes uf@dxnrqsmmfef agplmleotpissilqorha&a @fﬂla@nywqﬂmﬁ et

am no acid 20 &Qa@RaRRHGI Jngymglﬁ,ﬁmaaaéo@m&@ Ibllﬁereﬁtqﬁmramaem[ ence of a
particul ar host organism Altered tynucl eot i de seg,xences whi CE may be

used in accor d&?ﬁjéfépa%nf Rng ﬂgerFrHP%sﬁfr?nélﬁ 12l SPEYFES: €S BIREH BRILOXXIB%t iYhi ng

del eti ons, addtyﬁuomﬁse eﬁ:l‘ caidiét] forsxhropls Bodomnuelgehind dierrpsicdibbsradtanistitat | ve
col | agen sequences. el EOl ynucl eoti des can encode the sane or a
functional ly equi \?aeﬁ n% g gene product. The gene product itself may
contain deletions, additions or substitutions of amno acid residues

within a coll aggR.SaMHHDNgRins me%gsaﬁmcénﬁmaréi&nsmmemus Eéa@enbeaventl on
are further directed to se‘glmences whi ch encode variants of the encoded

pol ypept i des. Thsecascesdios Whshibe speqdipepalypuglsetidenefyhejaveptiongerdetveg yan bgo
various net hodslekaDidi huah BEfréh ﬁonf-uufnaﬂ @ﬁdeﬁdu@bﬁgdlago@ftﬂmhhﬁ&t&smmkﬁea i de

¢ hanges for e Ofifz)r tg %rola{egé%egy?éng 81?1 :Eltlncli)?osductTpcK))r pll gge%t?cg an me 1cali)1|15%ss, in the

construction
30  recombinant human gelatin is preferred Non-human sources include non-human mammalian

sources, such as bovine, porcine, and equine sources, and other animal sources, such as

chicken and piscine sources. Non-native sequences are specifically contemplated.

Nucleic acid sequences encoding collagens have been generally described in the art. (See,

35  e.g., Fuller and Boedtker (1981) Biochemistry 20:996-1006; Sandell et al. (1984) J Biol Chem
259:7826-34; Kohno et al. (1984) J Biol Chem 259:13668-13673; French et al. (1985) Gene
39:311-312; Metsaranta et al. (1991) J Biol Chem 266:16862-16869; Metsaranta et al. (1991)
Biochim Biophys Acta 1089:241-243; Wood et al. (1987) Gene 61:225-230; Glumoff et al.
(1994) Biochim Biophys Acta 1217:41-48; Shirai et al. (1998) Matrix Biology 17:85-88;
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variants are the location of the nutation and the nature of the nutation.
The am no acid sequence variants of the gelatins of the present invention,
or of thavpol/ysepti des from which the present gel atins aprer/asoon3oed, are
preferably constructed by mutating the polynucleotide to give an 35 am no
aci d sequence that does not occur in nature. These amno acid alterations

can be nade_at_ sites that_differ | for exanpl e, gens from.different
species (vati aﬁo@pﬁ%iq%gm?ﬁh&ar‘Z?Wqﬂ‘l%%hi‘wa‘&gﬁ‘%‘?l\fg%g& g’giﬁﬁﬁ‘sl 25% St ant
regi ons). Sitest0aindNksKolkoeedl.i(1983) Bibdhém T 940 508I516/) Bee also do-péneilg,icommenly-es,
e.g., by substituting fir L th copseryative choi.ces..(e. phobi c
anmino acid to %wn(flaﬁ‘f SFERT 6?844'1'3%%&? %‘ﬁ&%—P&H—UﬂB& O?é%agcﬂlf}g% g%ﬁobi c
am no aci d) an@eletimefifiled i HNermberdD gecarporateh béreim By (eéerages infity ehtiegshiobi ¢ ami no
acid to a charged amno acid), and then deletions or insertions my be
made at the target site. Due to the inherent degeneracy of the genetic
code, ot hel0 nutlcggleig agidisequeyere AlBSINVERTIQNMaY &R engEered BOFgHe YT G P4 same or
a qucti onal | yseGarbey ade@ Bf prétiitd YoconBintht SESHACH @Bl Iptided oI viHRm el retombinait UL al,
synthetic, sem -synthetic r rec inant i.n orjgin,. e used.in the
practice of t h%elaé‘?{éi?“ﬂ’(?&el?v,ﬁ@g?{taivﬁﬁe%n%@%‘gHg}’ug?‘%’%\‘/lgrg’f grmtersm%ra er%tﬁgsc‘%f“fhc ally
cont enpl at ed bipodifygrocpsiog emnttexpressiom bf tiengend preductd Forgexarople akapttiveseoretdry
sequences. In it r -' i £ : J for
a&%ygg Be subfifucdd B8 epféag]bﬂgyégrggagg%mé ARGhionSAky ¥ iRl Rhng

pol ynucl eot i des™w are capa hyhb ng to a particular sedquence
under st ri Afentechaismesivtell dpevn in the @ sr2e it digctedmpeagsnesis H{R- e thdmutagersiss ui t abl y

appl i ed to the.kaROfuen®K e SHérdnsyiRt RAEKRAVA|H B0 iert ROSEricBbn skd, | | 1N
the art. Wiile a Qunber f. these eF(greB?l.on s%s ens are_described below, it
TP

is to be unde?<? YEHEYIRAtR RICREPAEANOBEAtON R &N e PR A linmited to

t he specific entdihinaisnivbenpedduci@fpefati infan xravsion shstarandigg partoflardiop cdls ghon

systens may be_util,l z cont.ai - I NG -

T ecomi nant gePipietE of e BB el RN 3. SEAHAGASHEDEAIN ltno b

f r om whi ch2@ heendon sgab tetbeites cerdammiiethel eqdprpreferenug @Eepartirglagiehst orgptismar e not

limted to, mcroorganisns such as bacteria 25 transforned w th reconbi nant

bact eri ophage, &Iasn‘i d, or cosmd nucleic acid expressign vectors; yeast
ffier gvget

transformed wi flersApqypiceelideseqirsfs Wugh iy de uied factordanrq with g igypatiqnipclyde o
W th Virus expqesss odntawee! dletons d@tions Ragibktdutiond ks hicldotilam®die o Satfvangi

t r anSf Or rrEd W %otﬂa%,rlil neggelncesy gl?c&l%%l?’]ilucgl)tladgst cag gAcl)de%Mesétar%ggr atcirélartlgrﬁ %%‘:El Valve\f’ltt h V! rus
expressi on vectofS" (& G CAUPP YT OWer  hosai ¢ vitus, , tobacco nosaic
virus, TM}S or gent prhduga clihe géna producpitsel siap epontaincdelstiens,(addigjons opgEpstipytionsIHampiBR3 2 2

plasmids); or A0 BEdueCElin SYalERquéiant rol el ements or regul atory sequences
suitable for use in expressing the pol ynucl eoti des of

The polynucleotide sequences of the invention are further directed to sequences which encode
variants of the encoded polypeptides. The encoded amino acid variants may be prepared by

30  various methods known in the art for introducing appropriate nucleotide changes for encoding
variant polypeptides. Two important variables in the construction of amino acid sequence
variants are the location of the mutation and the nature of the mutation. The amino acid
sequence variants of the gelatins of the present invention, or of the polypeptides from which the
present gelatins are derived, are preferably constructed by mutating the polynucleotide to give an

35  amino acid sequence that does not occur in nature. These amino acid alterations can be made at
sites that differ in, for example, collagens from different species (variable positions), or in highly
conserved regions (constant regions). Sites at such locations will typically be modified in series,

e.g., by substituting first with conservative choices (e.g., hydrophobic amino acid to a different
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t he present invention are those non-translated regi ons of the vector,

i ncl udi ng enhancers, pronoters, and 5 and 3' untranslated regions, which
i nt eract wobh3dsast cellular proteins to 35 carry out tranBcT/UptOI/@M1and
translation. Such elenments may vary in strength and specificity. Dependi ng
on the vector system and host utilized, any nunber of suitable
transcription and translation el enents may be uszﬁrc]{:’TC 4&( VWO 01/ 34645

PCT/ US00/ 3079 1hvdsppksbispgineasidand thep ity mare disagf chiers &edwdrrehob aming gt fodam
from the startchageDdmiad actdh @ndthéridztetisa lor gernd Matbeaant stale tdrfe siter anscri pti on
of the nucleic acid under its control. Inducible pronoters are pronoters
that alter their level of transcription initiation in response to a change
in culture coBReH tothomberewrs degenerachiof the gepelirsedepptherpudncasidspqugngavhittent . One of
skill in the aé&ode@wsgmlsnpwe Qa];ne‘%rahﬁ&gﬁal@léﬁmﬁienpjmlﬂf&m&ﬁ@&eBhat woul d be

recogni zed in host cells suitable for usé in the nethods 10 of the present
i nventi on. 1r oprbtrentide. dpHiah Bxwhetics prapi-gYHsHe, ebrﬁiq"t?rna@v%m gagbsein 86| ect ed

as suitabl e byprgtie stitlielcla@gbdiitveitlo. Dédeheratt-@iia@XaFpeaficald) edhtedipfid BYthi N

bacterial systens, .i nduci.bl e ters. such as e hybrid |acZ pronoter of
Che. BLURSCR, PTRR i ey i s Rertpit et angaés dprsed iadtod

pl asm d ( G BCGpBiichllyprovides éor bolkmxcmeb@udseﬁcapdbh af hgeidizing & 4 mytictlhe

bacul ovi rus pol.yhedl o] LEfiid®y be used. In plant systens, pronoters
or enhancers deglit%vedllngfikrr(s)tm E?e% géthorres of plant cells (e.g., heat shock

pronoter, the pronoter for the small subunit of RUBISCO the pronoter for
t he chl orophyltxlﬁésbiopi nding protein; pronoters for various storage protein

genes, etc.) gor from t viruses Vi r ronoters or

sequences, t heT@ES@SW tb? AGOUER ﬁﬁpp}‘%‘?@gﬁ?’“ %XE%S&‘L"“&’W{"@FY?H tfl%tﬂg't"%er of
TW, etc.) mayofBEIlld thaed Wiile@ ntbiber wBthdse expression spsenss| areadescribel Helosy & fseants,
promoters f rom Aas Cfdla? iLap (?a%gsot(tﬁe pgesent n%ﬁqa Ingtt 1&&18@‘%% sﬁgc(?ﬂ:oén% odimen fs%gl n

pr onot er, etcl)u'l 10 mral 1 an ‘viruses (e.g., € adenoviTus Tz
pronoter, GW, f0$\Mf(D9W LTR, TK, and the vaccinia virus 7.5 K pronoters,
etc.) are preferable. If it is necessary to generate a cell line that
contains nultiple coples of the sequence encoding the desired 25

pol ypepti de, vR&HEHL! BREsHoGRsteApRY bF uiised Wﬁ?“t%‘éa‘ﬁseéﬂewf’cqﬂe“é‘?f B9ABpr i at e
sel ectabl e mar ﬂhefecombﬁuﬁttgepruﬁmsnmepﬁseﬁamvebtﬁmamen@mg atlipeptiden kad whioh thhe

pol ynucl eot | desl%nc%jl)en&nveﬁel"}gsel cudn bu{’ar?not t&'i to, PGS HE RS sucL aébqgterpr esent
i nvention, such as By tenovi t'he TS Native gene an

pl aci ng t hes entamsfpmrgd poh ;cnmﬂdn@t)thadaumhagp h?é&S@id @msnm mlee apld@nmsepn sequence.

Pronot ers usefwcto}sryeﬁ%faﬁmqr“@tﬁg% exyeégml L Qbrd; ﬂl@écpaeﬁ ,sysleyfus iHGdeh | imted
to, prokaryotic pronoters, inclu for exanple | act. ose pronoter,

ar abi nose pr on’B{“é?Xpreéﬁlme?t?Fé(%@émt%é“ﬁﬂ’reﬁtﬁﬁtfé‘fg‘ “%“Fg?ﬁ’ﬁeéﬂ‘ﬁ%iﬁ““gﬂr onot er,
and hybrid promtbﬁr@msewhysae&lstu’aﬁf&md WIEHONRE &piessiRasdtorPle@Toiiflswer ndsdiaidi ng,

Lg;yrrgxg?glrrgt et he Cp MQ’ to acco mosalc v1 S, i(éll%otqm}fl%a&g{a exl&egs?osnevect(())rg eegr pEJI‘XrC ol ytic

30  pBR322 plasmids); or animal cell systems.

Control elements or regulatory sequences suitable for use in expressing the polynucleotides of
the present invention are those non-translated regions of the vector, including enhancers,
promoters, and 5' and 3' untranslated regions, which interact with host cellular proteins to

35  carry out transcription and translation. Such elements may vary in strength and specificity.
Depending on the vector system and host utilized, any number of suitable transcription and

translation elements may be used.
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(hexoki nase, pyruvate decarboxyl ase, phophofruct oseki nase,

gl ucose- 6- phosphate i sonerase, 35 etc.), the pronoter for al cohol

dehydr ogamase34cidre al cohol oxi dase (AOX) 1 or 2 pronoter SPCTAB00/30791

nmet al | ot hi onein pronoter, the nmaltose pronoter, and the gal act ose pronoter;
and eukaryotic pronoters, including, for exanple, pronoters fromthe

vi ruses pol yoma, fow pox, adepovirus, bovine illoma vir avi a
sarcoma vi rls, PTEPPERAEANERHFEscayeREs eatsd yrisgam %WB@‘G s@R §odspr 8 ?%Iiugm‘iapom t he
target eukar yogdae thﬁthnt&;Xﬁéfﬁhﬁcnph&]ﬂ)fgielﬂﬁ@tﬁtf@dldaxiﬂerﬁlﬁ mmblenndhmmerpnempersgrel | us,
ﬁﬁ’rm\/\:l)ogllggﬁgllg? grﬁcgt%g ggaf]tgr%elrjleve] oq'?r%nscnéagan mll?lftq)l‘l mn res O; SC oachar&e E}U (See,
e.g., de Boer ehditibns, (gl IBPyesécoar.abdeadelof a At @@lof SkUBAtISQHMulQIsnOW M‘ at zeman
et al. (1980), %L of %@rg (R RoR bkcoghiz iR htt cofld suitdbdHE ke Nafdhd@hods
273:113; Millig A "an (1980) Science 209: 1422-1427; Pavl akis et al.
(1981) Pr o0 l\%ftﬂllepr%@&awelﬂe@ USA 78: 7398-7402; Greenway et al. (1982)
Gene 18:355-360; Gray et al. (1982) Nature 295:503-508; Reyes et al. 10

1982) Nature 297:598-601; naani d Ber 19 Pr ac d,, Sci.
USh 7b: B16o. - shog e, B ohe opb o be et aspapte Dfre sl e

79: 6777-6781; andoNualople,gvhet clading if BR8431 syshdpls, induaithle@ednfoterBiuch as the hybrid
11(4):2306-23 écipr&n@er%g hxﬂﬂeh%bﬁ%gsﬁaﬁghgﬁgen@m%q&lian@aéﬁfp& pgﬁbﬁﬂ ns and

gelatin precursors resent
transcri pt FonaplasshiGiBeo BRL)aané 8 ks mytheypeedp Ffbﬁﬁﬁtéﬁlls ¢ baselpying poldieiinessi on

ge?ﬁr S' ly. Al t&&ﬂ&&ﬂﬂ{a%'byuse& h@ pRef s ?Mlt $6thbtel 8r e%ﬂ%lhé?é/&dvédffrotd’tﬁe RhERERE

met hods are pre ic tissue ce nor e
precise envir oﬁ??éﬁeﬁléf °Ldffd a}toflgﬂgm?f?r thﬁ%r\‘}‘@Ptﬁrptgfeth‘i 9t IE‘S’K‘F‘F %f@BIg;E@ﬁﬁet ers
directing expl‘}ﬁ'SIﬁbtél‘l’fontlib dhloespbyli tstiadigesotein; @rdanawfoaarious Sdtgd fybtein|gerenot er s.
In the case Wn r?ro a%tj \hru§e??m fvlrgl #)pom%%og 'ie#ie? se'dﬁe%ges tHJ %"sﬁiﬂ)}]&&%tgﬁ ?I on 20

is partlcularly rom extraction o eproteln is
desired. 120 pl @aM‘é thef@@at protoupprprheer 0631}5%@1? higyaydhs cloned ipte dieveqtort [nymqgemalian

expr essi on rrayceh@yskeﬂ{sq%%#er;@orﬁmﬁn@afagg&@g@g m@tbml&faﬁpk&ﬁ&&, -g&aryo (or
its parts as scutellum and cotyl edons), pericarp, | eaves tuber

roots, etc. ExHPPIEsctor OrIQIHHWI‘ET}ag@Ué“?b@(& F}ie@d‘ﬁ‘f"dﬁ‘éfaé‘:rpé"“i“ﬁer’fﬁl\é}{t Y40ncl ude
the tuber- di r'Ery, ae, ﬁidalﬁasradcmﬁhaﬁr%‘l’ﬂKﬁbfdﬁf&Hrseétc)irhﬁreﬁfaﬁlﬁDIfetr@neaé‘s&@}Cﬂoat ed with

pot at o tuber ADPGPP ean promot e 0 inin (7S
protein), whi ci"grT %g(i‘r]ln% C r|1t2F“é‘°’ tc‘fx X 1r‘?sscr|esf3‘?uence emoglag&l 9% dicrect ed

pronot er s 2 onpolypeptdeivectgerres ooﬁVﬂ@orzF@Vem@dspeqdmlth @SepropaatgselecBely market  al' .
(1986) Nucleic Acids Res. 14: 4625-4638; Miuller et al. (1990) Ml . GCen.
Genet. 224: 136- 146; Bray (1987) Planta 172:364-370 ; and Pedersen et al .
(1982) Cel| 20Sugbammaigy ean)bem opgrehhslinkpchip s polypuclepisics enerite b selHiR BRCER t he
gel atins or gelréduisbrs Bf tBEpHEsSRifvetion tshie apbyeﬁﬁle&mg thMBRbteOFond 1tsem\tergenepm@ not er
is often incre sedéllg%/l sertlnglfla g}& glgrtjencelnth tor 1
Enhancers are Ri%¥% ?’??améf"g gice g, °£1 013 i ') o 0 rof)“@ﬁ Sﬁlﬁe t'hat
act to i ncdeastse prisentrigfestion include, but are not 11m1ted to, prokaryotic promoters, including, for

example, the lactose promoter, arabinose promoter, alkaline phosphatase promoter, tryptophan

promoter, and hybrid promoters such as the tac promoter; yeast promoters, including, for

example, the promoter for 3-phosphoglycerate kinase, other glycolytic enzyme promoters

(hexokinase, pyruvate decarboxylase, phophofructosekinase, glucose-6-phosphate isomerase,

35 etc.), the promoter for alcohol dehydrogenase, the alcohol oxidase (AOX) 1 or 2 promoters, the
metallothionein promoter, the maltose promoter, and the galactose promoter; and eukaryotic
promoters, including, for example, promoters from the viruses polyoma, fowlpox, adenovirus,
bovine papilloma virus, avian sarcoma virus, cytomegalovirus, retroviruses, SV40, and

promoters from the target eukaryote, for example, the glucoamylase promoter from Aspergillus,
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of transcription initiation at a pronoter. Many enhancers are known for
bot h eukaryotes and prokaryotes, and one of ordinary skill could select an
appropri aveoesdsadicer for the host cell of 35 interest. (Seer/Uusoogo7oItYani v
(1982) Nature 297:17-18.) The gelatins and gelatin precursors of the
present invention nmay be expressed as secreted proteins. \Wen the

engi neered cells used for exgr essi on o{ t he proéei ns are naon- hu host
cells, it is offRff RUVLRPRFEST BT ISR aopiler KUk P SRR @d@ﬁ%ﬂeg@ ¥ de of
t he col | agen pgroh@tm (8kd, b.g., BNt B11(13886 Bfoc. RGT/ AiS0Bc30U3AB0:25 28 Higkharanat i ve
secretory signgl 1&%&? ele d‘l’fe‘dl.%%:b%g?fe% ﬁil.f('lﬁs)fﬁ&t&r)!zfa‘?ﬁ‘?,@lmlﬁgaﬂ aP&’Betr%e host
cell's secretorx} ta geflng machi nery. The appropriate secretory signal
sequence i s pallP§op Beience 309:1ddd b2T:davlakivet albtl 33 In Preg Nept Agwdd Sct WAG AP 78pi*eksi on

of manmal i an 9gRERvay E3E 1988y Gne 183581860; Shrayk al. (14829 Rdthre 259503- DR HeyesREAd. SCi .
USA 81:4642.) Ot her’ si sequences r c, yeast, I nsect

%azl gue s for "prokaryoti fun%i,

or manmmal i &h' c@P§2 Nas 2qEP98-Gkoktnagnhand Bered 1482) Bipe Nath et Seir S h &3/ 08k | |

Cﬁul d easihl y ]}?wﬂmﬁan e@-?lSdlmaProﬁwﬂl%S& sgpwsmmzsm67gloﬁndtmbéa@atal. cekd) of
choi ce. The effici I j may be enhanced by the inclusion of
enhancers appr%ﬁlr?@t%gﬁf%?l' ﬁ?‘gﬁ%?éﬁbcul ar cell systemwhich is used, such
as those described in the literature. (See, e.g., Scharf, D. et al. (1994)

Resul ts Probl 'Th@%#)igmget)&cgrsmu%gés;e%?)gﬂlgmaﬁ)gellltﬂls %Qf:gef'alﬂ&'ec&og%?ﬁme ?x@éeht strain

may be 15 chosen rits a 0 ul ate the expression of the inserted
sequences bt t®ethndspayke e thedpserntionacqpirelobp proptiutive @rometst. dsgftifgishi on.  Such
nodi fications Qhretsh gortanp.eRldrsh@vdly) Gk BélPnucibstidesdngloyd®in thel prsér theth€ts are

acetyl ation, carboxyl] ati 0{51, .gslli%cosl | ati on, B{E}ospghorgl at i on, I i@i.dati on,
prenyl ation, SRESELPRAPSCHR iSSELY ! YRG2) URdsr BIRE PTISHe BT PRY AP EHOE Peaves a
"prepro" form dbelogrenpl @higiln Prayoteradis@in expas@ch ih thefednstdntds atedneorasect
insertion, foldin a functi . - . 20 CHO,
tota, ok, - reRuie R 1 HOEHb B ShetleSpale ARher T p O efitaiod® TG
charact eri &t i cis pasaduierly bigh infthg tissug dilempduoh cxtyagiips| of the eretein iadesired; {4 lants, fory be
chosen t o ensuy8mpib Qepen@hg &fthe ARLH tilsGa bApgRRsioH WayYe @ 88 tBle Adodpbidh, f OF ei gn
protein. In accordance wiith the inventi on, polté]ggcl eoti de sequences

encodi ng r econTFPRREYGetmbriofer 15 parts sgschigiium andcotyiadons), RERERpsER: §8F%t i ns can
be derived maytuless, epreas Samples ofiljpiva itsuatpeciRogbmaters irsplantsrinclyde ¢ @bered

enbodi ment s of 1 Wegd r%agééﬁ%ggﬁgmmt t@?%é%&)%gg}sqgsgﬁ?tgkaig}%%fd rﬁbepggg‘?lrlgge'n&“ n. In

other preferréd 0 inventl ynuc séquences
are derive?b f rtbenolylgae promotendfIBagetycimeq @i protein), whsh daves exsdidinggted tegpgetptien, f or any

ot her type of 918lséeag?&ted?fonlcoiﬁe%rﬂot‘ryt? zelnI eneggll rll%rg:%gdos{) i gﬁ@, e%‘?%ﬂg Sgquence
for any ot her 3type of collagen, or oM 1 pe | col | agen, fTree 0 “of
codi ng sequenc@9opNucigigAgidsiies. 1145,‘&%5-&38@6@%9@%(19?9)% ehepengtndddilfrent , the

encodi ng  pol yjgoh8pt bele plaih €726534 B ¥LAnd PQABREPA. loendeit 20p@19-1026§0! | agen in
specified quantities, such that the gelatin produced by or derived from

t he encoded pol ypeptides conprises a m xture of type |
30  Transcription of the sequences encoding the gelatins or gelatin precursors of the present

invention from the promoter is often increased by inserting an enhancer sequence in the vector.

Enhancers are cis-acting elements, usually about from 10 to 300 bp, that act to increase the rate

of transcription initiation at a promoter. Many enhancers are known for both eukaryotes and

prokaryotes, and one of ordinary skill could select an appropriate enhancer for the host cell of
35 interest. (See, e.g., Yaniv (1982) Nature 297:17-18.)

The gelatins and gelatin precursors of the present invention may be expressed as secreted
proteins. When the engineered cells used for expression of the proteins are non-human host

cells, it is often advantageous to replace the secretory signal peptide of the collagen protein with
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and type Il collagens in defined quantities. 35 In order to express the
col l agens from which the present gelatins are derived, or to express
sequencewoObhat4d han natural col |l agen sequences | eadi ng tpCcT/Aisogmooduct i on
of the present gelatin, nucleotide sequences encoding the collagen, or a
functional equivalent, or other sequence, for exanple, a shortened

col I agen sequence such as those presented in _Table 2, is inserted into an
appropri at e exPraeBityRsegEopGygnalpepide whicl is oo e figiEniyreignized fdhe ot cilft essar y
el ements for tderedly tM@nﬁ@&Mﬁﬂ@ PReldpploPite3ddt&dry sfpndl k@an&ee is}pkrhﬂﬂhr]&nd

transl ati on of. th§ tns trte GO pug ae ueesq&%fm%mglnntpnees se of pan viral
vector, the nel®S$d Flnln%nlflma & % PR O ARG Br arisTat | oh el]f\ﬁetfl'uods
wel | -known to tlﬁ@ééros R¥atl] Asndd.Sai. Uﬁe 83#@420@th¢9emmumcﬁ5@emsﬂ<m@tc, WAPr essi on
vectors cont aqu% rlgsegt Qtemgﬁﬁélfaﬁ gellg qu 'v&@g kWA YEME S, %’ﬂfjon@ Ber@He[r%' %l@could easﬂy
transcriptional/transl ational control 10 signal's. These methods I ncl ude
standard DNA ctelseiaignal semriicgRppeoprige for the hest Fllof doicecombi nant  t echni ques,
synt hetic technl gues, and in vivo reconbination. See, for exarrpl e, the

t echni ques ed in Mani.atis et al u et a upra; and
Ausubel . F. M DSBS S e R ERT i ReTReS o and
Sons, New Yor kparthi¥lar &5 sy¢ami vdurd ivspd, e85 pothosy destried inrtp/lithyguigs €de. t@., 8xtpriess
the present pObye%p@%ﬁzﬁes sProXRITRA fer. 28:124. Y02 OR bR ARSNGBl
contains el ements c For eplication orirgin; oning site
insertion &f a@om@géﬁww wmd@e@m@mﬁe@r%ﬁé@ insgriesFRgvERSeY 97 AR Pr@‘%fﬁﬁtﬂi‘eol

initiation of edf-8088btkiRkd tﬁ@dé@lfredtfﬂﬁloﬁxﬂﬁﬁﬂﬁ&ﬁca@i@ﬁ%fth@b@ﬁ)e fle ncRKIQ BB ; and
el enents that coptro t he proc ifn(g}of transch

I o O L e A Y S R R
for use in theandnegsod. Hoseandlitiomnl paresdhgswhidaivhes A “geed’’ fomgefeivpegeiasaar e

needed for t healse e H?o fac1l(r}ate 9#\1%& ng)sertlgnlli f&l(ﬁlg%\&%%tr ctﬁo'ﬂ 1f¥e it l?o@t;cgfg)sﬁ&rg;

addition, a gene euﬁ' a se uncti onal | y
linked to P% on@H@rféeL?,ﬁélPCIédiﬁméﬁ and Wé%whmfmawmeqlﬁn qellld%rlr@nhlmarél so be

W thin the expgssiRic M&hifms f(trgﬁch%ﬁm&ltlorﬁpac%&ésbrhé%itﬂe(éhos&ﬁ% kbR gene
to provide for the gromh and selection of the expression vector in the

host. 25 The S$PEet Brdifigption 3yd grocsssingefithsforsig) Pettfononousl y replicate in the
host cell, or may i nt egrate into the host chrormsorre Swtabl e vectors

W th a.Ut OI’]OFYDU][S Xcor 61%6 w1tﬁl¥h ngexﬁl%rqu!)gpnuc eotu{e se uences encogl recom 1nant e‘ﬁi“‘tI se gry of
bacteria, yeas varil o S viral Iy qons seqguences % lﬁ

pr okar yot e&s anmblwedtléw}f@tresluch\@bmrcsn hmlyn‘fed ey bqaetxereﬁsnd 0 ammprh@élpst edls| Ingenone

when they have,ge30 HKuiRGHE Be Svihdh, tlhe%eJ&QBHer? MR id Rinfdn SQMHME RS OUNd T N
host cell genom c DNA. For laong-term high-yield production of reconbinant

proteins, stabfrefersdsmbedines of g‘e S{ @f"@? r"@d")lymlg&ff’“@i%ﬂﬁ‘ﬁ?cés arg.darived froqppedhi ch
stably expresscdlf@n Rg@seredtToRRREGUERS forayy dier fypEstSsbiRkER r from type 1T

collagen, free of coding sequence for any other type of collagen, or from type III collagen, free
30  of coding sequence for any other type of collagen. In another embodiment, the encoding

polynucleotides are derived from type I and type III collagen in specified quantities, such that

the gelatin produced by or derived from the encoded polypeptides comprises a mixture of type I

and type III collagens in defined quantities.

35  Inorder to express the collagens from which the present gelatins are derived, or to express
sequences other than natural collagen sequences leading to the production of the present gelatin,
nucleotide sequences encoding the collagen, or a functional equivalent, or other sequence, for
example, a shortened collagen sequence, such as those presented in Table 2, is inserted into an

appropriate expression vector, i.e., a vector which contains the necessary elements for the
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usi ng expression vectors containing viral origins of replication or
appropriate expression 35 elenents (e.g., pronoters, enhancers,

transcri proon34ce6 m nat ors, pol yadenyl ation sites, etc.) paduso®iactabl e
mar ker gene on the same or on a separate vector. Follow ng the introduction
of the vectors, cells nay be allowed to grow for 1-2 days in enriched
medi a, and are then t ched t? selecﬁlve media. Th seleg qﬁ& rker in
t he reconbl%aHFmﬁ?@§Wl Eosiption o the (oserie %ﬂgﬁs?ﬁm§%Pé@ CSAC °ht W?Hﬁ‘gromﬂh
and recovery ofectogthe aecedsady elsmatehistplichtion exiiraedgionhe 46 WO 01/ 34646

PCT/ US00/ 30791 5 introduced sequences. Resistant clones of stably
transforned cells may be proliferated using tissue culture techniques
appropri at e t oMthals gell-knawpethosiskikedripthh ardicamiy ussd (nInsiyd xpstssioheectoised t o
produce cel | 'aoﬂﬁ&n@’meq@m@maﬁg §eqeen9ée§,u wopa@&, YRRBHSRI R REARThaR] of the
vari ous seﬂgences used in the nmethods of the present invention driven by,

10 for exahpl esignglreThyeq fa%‘%"&%’é‘db‘?ﬂdﬁﬁ‘ia&@‘%alﬁmB%tthﬁ‘HiH?ﬁe?jg 49 VP SrPAY 0 he
culture on a nednighe¥yRESic I&ghmc[mesnaddmducd BEnHigaon. See, fdﬂa:tam‘lblé]’tye feéhRiqdes

i nduction foll |
e um and. chekererso oA PO SR et AN ENGU Y HSRrg the "

cells before rksns) wu»dbhd@é%n@dsemnNeﬂﬂkdmwﬁgromﬁng t he ceIIs in

medi um cont ai ni ng both glucose and gal actose so that the glucose is

preferentially 15 netabolized before gal actose-induction can occur. Any

nunber of el e¥AioByFXBiyasion Hestarayens uird gc&%%ﬁ%%%ﬁ Pelyrsptided riioaerapigles2 | j nes.

These i ncl udeaypibuéxpekdonRétor coithihisBdbnietts cédﬂ@ foreIrRisatioh BG4 chingStetfsty m di ne

ki nase and adeni ne hos hori bo l-trans erase genes an be enpl oyed
F éﬁ @]Ag}“a“ﬁ{}l"

intk or aprf‘B%FP§°‘W§§ 7 T ‘eﬁﬁ“?ﬁﬁé emgnt,tat ¢ et al. (1977)
Cel | 11: 223- 32randctipsion of the etogabus 980N asGairdm@a; aadaerzans)that Aérgrol, the

antimetabol i te c%QEnI 18}- %lgc% cg[lchqggE’Aélﬁ%r&gor{/tgédléahmo%(aﬁ&glapcgl % aﬁnt he

basis for selé%?lon ore esent | nvention conte ates the use
of such sellectebiessionnpdkasfag usefiphe preseatipyeationpif #1so cppipie Pick SH9PAIES 25 W8 St ance t o

nmet hot rexat e; fRRfed fae/fue@t?enﬁ@nﬁteg‘r&mﬁ sﬁh&teateplﬁtom hRosl¥l HOQAkYENS LERS
neonyci n and G 418 S or resi stan

e
chlorsulfurontﬁﬁ&x%%%b%ﬁ%ﬂHWﬁ%H f%@H“éﬁ@?&P@&éﬂ%?é?%&@?@?g@ﬁ@@?%ve|y ( See,
e.g., Wqgler, t%scﬁptlonaimatl()ﬁ.ﬂ&&)lsomé @tthin KiaekpreséiomebctoSbir example3mGiitB&ic0; and

Col ber e- Garapl 8 iLional
sel ect abl e genr(eagslm}lu1 v%en%togrovg‘eg)éﬁ%ﬁ%gml\%%dSeleég‘glrﬁg ée%%%;esgig} V\})r(])l {gﬁ% ows cells

to utilize25 30 indole in place of tryptophan, or hISD which allows cells

to utilize hiskicnghor & a%tl&fmglaﬁ&moﬂﬁ replcc'é@@n th€ndl oel Idarnta Rera®im&.  and
R C NUIIlgan (1988) Proc. Natl. Acad. Sci ecently, t he

use of visi bl dhsepiehfomoppme. uitable Hectsptil ha?MOtlé)ﬂ%t/FFPg@m Sﬁ‘éHeR‘@i‘ e yell

ant hocyani ns, khdwn @t bl CdieQOF Bia%ea, faie, dnld Sarfoubsital bR aliddSseqadhceslfeidbther ase and
Its substrate | pro %}ygtgg ! geukraluoy\g{es \gectox: may m(iiegrate into the host cell genome when they have a

30  DNA sequence that is homologous to a sequence found in host cell genomic DNA.

For long-term, high-yield production of recombinant proteins, stable expression is preferred.
For example, cell lines which stably express the present polypeptides may be transformed
using expression vectors containing viral origins of replication or appropriate expression

35  elements (e.g., promoters, enhancers, transcription terminators, polyadenylation sites, etc.)
and a selectable marker gene on the same or on a separate vector. Following the introduction
of the vectors, cells may be allowed to grow for 1-2 days in enriched media, and are then
switched to selective media. The selectable marker in the recombinant plasmid confers

resistance to selection, allowing growth and recovery of cells that successfully express the
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not only to identify transformants, but also to quantify the anount of
transient or stable protein 35 expression attributable to a specific
vect or sywsoens4cfSee, e.g., Rhodes, C. A et al. (1995 Merandsookdhe1 Bi ol .
55:121-131.) As noted above, the expression vectors for use in the present
met hods of production can typicall y conprise a marker gene that confers a
sel ect abl e phenotype on cell s e 7 1/ 34646 / US00/ 30791
5 sel ect abl W{% od SRMENCG Il?ies‘%*ﬁlég &rﬁ#’&itrﬁ‘?s W%‘?ﬂ%‘f’%?’n el '\%ﬁﬁl “80f t abl e
genes incl udi n@sﬁtcuﬂnea&thmqﬂﬂapﬁqﬁ‘la@fto el sype othingethal mayedvantagaoody teo t he
antibiotic spegt MAGIN ransferase (SPT) gene
codi ng for stre(% c}wr?cFlelg}es %%}L%B}e rpél%lrnd%}%‘Q&%phophotransferase (NPTH)
gene encodi ng kananyC|n or geneticin resistance, the hygronycin resistance

gene, genes COEi)lpﬁgsu;nQ{f tHe S ricat &G &eRcek Qscl G i rﬁétﬂﬂ§om &&eﬁcﬂveﬁt@n bRh Byt the
action of 10 acetol actate synthase (ALS), in particular

sul f onyl ur &- t PpeamRf B]i‘ecgabétgse(l’@“@ters CRIhRE ‘@?C‘élr?é(/gﬁ’twmg%eac“}ﬂ‘ff 8‘%?%’?5) genes
codi ng for reSﬂeﬁrEsaﬂgeloﬁ-ﬂldh@rﬁgbthr dﬁﬁat\my epidatiction fallolvs biditioa 6f daitto@f by

| utam ne synt hase not hricin or bar, gene
ot “other i m 1 PG e SRk AR RBR R kfho s PR L B Qoo D200
t o the her bi ci dshibatt eglls béfere mslusbdmsxgemgaleqmedeéume@dby anyag thegelislire
antibiotics kapamys [ aeed resi stance to
t he herbi ci dea]JH Hﬂtg?ls Ib?ﬁ%ﬁ]usg%{aﬁglr%%g%% @ef%(l)lg %gstl%r m nﬁﬁyg whi ch host
cells, subéﬁequ‘éﬁ%boil@dﬁ??faﬁ%iﬂéﬁ*%&ﬂdﬁﬁﬁ‘?“%ﬁf%ﬁ n the polynucleotides of
interest include a variety of procedures knomn to those of skill in the
art. These pr oc cedu es .i ncl ude, but are Ilmteg)
hybri di zati ons) YIPI‘E’I ffd’lfff CERQRYSS B Popse ecﬁﬁﬁ\% cfgﬁ?eé%eseand vari ous
pr ot ei n bi oassiagtudsy but aruetdiamitsdty, thedetpas grugex vitus thymaline rinaserixd @logne, sol uti on-,

or chi p-based eﬁh%%ﬂ g@-ltrgl%fetag %ehg%h%ﬂégﬁ}e Elo%qélgcror aﬂr‘z‘?:%“s' 1fe§ &q'&lél n OL

pol ynucl eot i des al n y e

chosen whi ¢h nﬁS@mPat ‘é/$g1€trH\é fé?(lp(rl%%?é%hl1§f23~§¥1é~0w§e9t?’e69802§6%é?qﬂéﬁéés

nodi fies and pxREeSHEELLINE 28BN RF RebiGHe rbdktdnbiecatt BEGED as%eflﬁebfopme@eﬁl r ed
Such nodifications

chosylatlon and essi ng cl eavage)
of protein proth§efes ﬁPﬁ)PrGB%“ My Yy CRFTP ?tﬁsrthet‘fﬁeoﬁsﬁﬁ’t:‘f’]ieﬁﬂ’l%‘fwﬂf%%f%r ot ei n.
Different hOStexﬁlﬁﬂ)lé sihﬁ,awechmbﬁbrafetslaancstonﬁbtlamkaep@ﬁ,lv&hmh coifes keaistuga® theor t he

post-trans| ati Ona os1 r?e%rlngllgn a@%mda{nzi IaFa{ a?r\lzvh%in cgnfqtrg"s%s&%(fe téb‘ppr opriate
cel | lines or’h & can be chosen t/o ensure the cofrect
modi fi cati&n aﬂh@rqg}fmle@shtm@oaﬁﬂMWelnBewmn@?rgsn rppettiselyy Espe-esWedler, Maett hi s

end, eukaryotig (M@iprscekh@ AhabciPaS3ER 76;h8d 6QbdrlbaGpiNEC il loy1) 1181 Proper
processing of t h<%rl mary transcript, including various nodifications such

as protein I-Wsul fi de bond fornation, gl ycosyl ati on, and
phosphor yl at | on of t he gene product may be used.  Such mamalian host cells
i ncl ude, but a&cﬁiitl%gzgl sellécrtgbfeeggneg Edve %einoﬁesc\:{*l%%,)’for%gﬁpleﬁlﬁg, 'which allows cells to utilize
30 indole in place of tryptophan, or #isD, which allows cells to utilize histinol in place of histidine.
(See, e.g., Hartman, S. C. and R. C. Mulligan (1988) Proc. Natl. Acad. Sci. 85:8047-51.)
Recently, the use of visible markers has gained popularity with such markers as anthocyanins, -
glucuronidase and its substrate GUS, and luciferase and its substrate luciferin, now widely used
not only to identify transformants, but also to quantify the amount of transient or stable protein
35  expression attributable to a specific vector system. (See, e.g., Rhodes, C. A. et al. (1995)

Methods Mol. Biol. 55:121-131.)

As noted above, the expression vectors for use in the present methods of production can

typically comprise a marker gene that confers a selectable phenotype on cells. Usually, the
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COs, MDCK, 293, WL38, etc. 35 Specific initiation signals my also be used
to achieve nore efficient translation of the polynucleotides of the
present iwe@ensiéaq. Such signals include the ATG i niti ati orCT/OS@B0291d

adj acent sequences. I n cases where sequences encodi ng the present

pol ypeptides, along with any initiation or upstream sequences required for
translation, etc., are inserted into _the 48 WO 01/ 34646 PCT/ US00/ 30791 5
appropri at e exyiceatls warkegenesyill encedegathiqtic arisrncer HsRialsigeR icluging at least

tr g_n5| ational &r@@&bﬂéen&lc&ﬂfr’é Br 88fanbEto MRdtbtic ERe@aN ¢in,ithe segaatycikher e only
codi ng sequenc or port reof are  inserted, exogenous

transl ati onal ‘g’é’ﬁ]{ @gﬂsge?e C@F‘ﬂ%foﬁﬁref’tﬂ@y%nrréﬂf%cf EECAR Eodon shoul d be
provi ded. Fur t;is‘rep}rmmeferasdr(éJPTH) genatricohngieamnycis hogehdicingesistand the bygroneysin
reading 1 ame LQaSSUE corel AR M kARl «§ AEIGRS When hARSHibit FXRASNGUS

transl ati onal enen iation co may of various origins,
bot h nat ur & amtol@gﬁm fyathpse (ALS)eip particudar, thespqunm@rea@tpe afrrbwl(iqsgeg)thw@‘t Hd/of

Enzynol . 153: 5 nafkftens), PerlROSHing &r kes@iran& Iﬂﬂieﬂﬁcﬁ‘&@ﬁhlch ay %riﬁﬂllﬁfhcﬁ@fbf BRtamine

i nfected, transfected, t r.ansf or t | east one 0 cl eoti de
encoding a post? Fsgrsugh é’fP}lS’ﬁ%P Evgga“alvxﬁ a’E §BH ¢ 8 8&5“1“235 ‘%;leulﬂ‘ wn in
pol ynucl eot i dethe &b Tonba@emgnadgedsitance tothe hareicips estenibe ipnl gt bropdey resigtance

pol ypeptide frg i S

i ncl ude those enc\é%ﬁb%wstﬂn?%lé%&%%gﬁagl r %ﬁsﬂ% atLlsog(é 9‘1 englfl&gg}ﬁggugtgc e%g%g%gr ol yl
4- hydr oxyl &se, chiasdulfergen gl ycosyl transferase, C proteinase, N proteinase,

| ysyl oxidase, or |ysyl hydroxylase, and can be inserted into ceIIs t hat
do not nat uraI I produce post- trans]atignal for exa into

yeast cells, %ré‘I‘el@dstfH eteprgipying yhiclyhgst gells. F‘?S%Fzﬁ@%“%nglﬂlf‘i% ‘Br‘ﬁe amount s

of post-transl ;ailynma)hdeslazmma incdiude a exRPF proced@ed Kausn ionisR€ bf skilidn d@maal | an
cells, such that ogenous. en Lre roduc er
post-transl ati éﬁpmc?‘fuéeét“’s?luge %Xtaffnnerm enﬁl%gt %%cac’ghf’ll’ﬁnd tlon%eu?lcul @n i on,

t he post - t 2&nsPhaicoDsA-FNIylyiradizasions; gidykriods prhtyldtbmvﬁmenmmdssamechmques

pol ynucl eot i de; m&ggﬂe?nbuas &186n-L H8nid- b%@@féainglogés B dhecivdr@¥y! ase. In a
preferred embodi men épuc |'eot1 des encoding the a subunit and the (3
subuni t of pro‘ll“ﬂmﬁ&at??aow iepiaPrides e rah@eRtideSer ted into a cell to produce a
bi ol ogi cal |y actl ve prolyl 4-hydroxyl ase enzyrre co-expressed with a

pol ynucl eot i de odi t| de. from whi el atin can
be derived. Th& (g %?8‘?7%8%‘“@#88@5 q'b%‘ Oplpies g %Pfeﬁshoﬁloggﬁgg#ﬁg may be
derived fram aseyuesm;rocmpdlﬁés@nd/mmetsathmmupradu,ct i thaseeific Gshigr desiedofMhnant . | n

a preferred e’m&ﬁ'ﬁc@?ﬁg(er eggl n%?l%tﬁoré F(chs_tsﬁ)g{%%l cleﬁlggex GPprbém gﬁ)ﬁﬁc\(sqga bEtom the

sane species as |5 t fin be produced
enbodi ment, t herpeabphniagtionef thy Rr?feltloDﬁféfeBtrl'ﬁﬁ Gells (Ha‘ieschﬁ%ﬁ‘ﬁélﬁtlcraéé Wﬁ‘h ant

gel atin, and t &hRRSIs for the post-translational processing and modification of proteins. Appropriate cell

lines or host systems can be chosen to ensure the correct modification and processing of the

30 foreign protein expressed. To this end, eukaryotic host cells that possess the cellular machinery
for proper processing of the primary transcript, including various modifications such as protein
folding, disulfide bond formation, glycosylation, and phosphorylation of the gene product may
be used. Such mammalian host cells include, but are not limited to, CHO, VERO, BHK, Hel.a,
COS, MDCK, 293, WI38, etc.

35
Specific initiation signals may also be used to achieve more efficient translation of the
polynucleotides of the present invention. Such signals include the ATG initiation codon and
adjacent sequences. In cases where sequences encoding the present polypeptides, along with

any initiation or upstream sequences required for translation, etc., are inserted into the
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transl ational enzyne is human prolyl 4-hydroxylase. 35 The expressed

gel atins or gelatin precursors of the present invention are preferably
secret ed wobn34eeal t ure nedia and can be purified to honogepariusgy/dpysinet hods
known in the art, for exanple, by chromatography. In one enbodi nent, the
reconmbi nant gelatin or gelatin precursors are purified by size excl usi on
chr omat ogreghy However, other purification tec?k-( ni ques kao !) e art can
al so be us FPREOPTIRY SGTessIn oG5t 0| adHiqnaldrapsgriptiogy| o H%ﬂ?@ COHPOHEESgr aphy,
hydr ophobi ¢ 49m¥®ehdddddt e Tin %&W@@BQ& c5dmgl’kfe®téﬁﬁ§ qutmhx t(héfadifager aphy

(HIC), and reverse-phase chr % ,
supra; Ausubel m%efte%gxogerg’ﬁsp Faﬁga Qﬁagg@%glp%%‘al Tglﬁgi?g tIB %Imﬁ & ﬁnr ?o ?l%:sa ulé"{)e
Princi pl es andprbriddt FatigrmoSpthe mgj@tien\teddnastoulibly iythe korre{:trrcﬁdmg Keytng tOIanKEar yotic

10 In prokar VO&AnﬁaM%h%g@m%hg%H @@ggfaﬁst@amlalomm%%md ﬁﬁ\)ﬁu%d&fs nfdy BUnber
of expression vectors sel ected, depend m&}ﬁé pon use 1 ntended for

the pol ypep?i defyatieys b@@x&#@?@@éjaﬂdﬁmthe“éx@?ﬁﬁé Biftpra st 4l é}9§@ Methriti ti es of

t he reconbi nangngabiatssnses-eds.)t he present invention, or polypeptides from
whi ch these reconbinant gelatins can be derived, are needed, vectors which
di rect high-1level expression of fusion proteins that can be readily
purified may bé hossedl. of hs piBteatinestidin@rsbe imfedtedciegnsocdd, art@nsiotned with dtémistiong

b ottt erfd RN AALRERT ESFO aaXFSH Phleattilpdl Bdda ! PT

(Stratagene) i'ng sequence’ may .
vector in #¥ anecedinge ssledpuefithe@sesibinventien ersipalspapaderfiomarhisithe geigin eandbe

subsequent sevghved &&in @rﬁuci%%tlde§maﬂdle3fﬁc§s9&lc SRS offeh PRLrAsIENOREIefzyRleQbRhN 1S
produced; plN vector

Van He chust 1989 i ol .
Chem 264:5503% Bctb’é)“%ly ey lah el rgﬁ?élycﬁéﬁﬁfﬁ%%%‘e‘% ‘ﬁiﬁﬁ’g%"&?? Y Qxisfasgyn g
PET (Invitr ogeﬁ)lysyle@ﬂmx}&asamyd@hB@n@ﬁedmtadeltsmhae&q)roemrilkyrpeudgn pogol ypepti des

as fusion pr ot el ALk LIRSS LLAS! B/ @RSl FET)ocphiairhstal - such

ational e 6 x%
fusion protei RSB SEPUBY € aRdT can om’| cells by

a variety 8 nufflvsdsanongywf postiranshtional ttnzyme@rfowanm‘# @arioyy/ingedicnd paingaliano
gl ut at hi one- agang fh %?&5 eBQJs Ie%g mQ)y beqjedﬁtlrlacpt'a pfoﬁucre Q&talrﬂfoﬁstﬁmoﬁgl effdcge

gl utathione. Proteins made I n such systens may desi gned to .include 25
heparin, thronBioac erghodigptobthe Nﬁ?’eﬁtr‘%‘teé%eth?:?%%‘%}a&ﬂ@mg?lf%mgﬁ ¥HE# t he cl oned

pol ypepti de of hydioR}18% 884 the pélyelestiAk BRERE the b hE B eutaST of i lAhYdro¥@8& tinal N
preferred enbodi nents, the present invention provi deg@gst hods of R, oduci ng

recombi nant  3uefgEdgmpedima, rﬁ’@ly’&ml?%%i engodinedieg sRunihpe sybynibpfprlyl A g
enbodi nent 5 gl@ldﬁkylﬁlse b u@érﬂ:d utedced |td;&edub¢/a tfldswgnaaiz adﬁwep}olejm mﬂgﬁwa@o nstructs
or derived from pr ¢ ocessin

vectors cont ai AFAY” E6REET ‘f”th A ollynu e°8 0 n‘esrl f{é"ig)é By Or 2 Po%ﬁfgmg Lhompv?’hcl)%ot ers

may be used  gelatin can be derived.

The polynucleotides encoding post-translational enzymes may be derived from any source,

30  whether natural, synthetic, or recombinant. In a preferred embodiment, the post-translational
enzyme is derived from the same species as is the recombinant gelatin to be produced. In one
embodiment, the recombinant gelatin to be produced is human recombinant gelatin, and the post

translational enzyme is human prolyl 4-hydroxylase.

35  The expressed gelatins or gelatin precursors of the present invention are preferably secreted into
culture media and can be purified to homogeneity by methods known in the art, for example, by
chromatography. In one embodiment, the recombinant gelatin or gelatin precursors are purified
by size exclusion chromatography. However, other purification techniques known in the art can
also be used, including, but not limited to, ion exchange chromatography, hydrophobic

49



in yeast systens. (See, e.g., Ausubel et al., supra, Chapter 13.) In sone
aspects, vectors containing sequences which direct DNA integration into
t he chromvogoneicas e used for 35 expression in S. cerevi si eRCT/IUR0AIEI1
enbodi ment, the reconbi nant gelatins of the invention, or the pol ypeptides
fromwhich these gelatins can be derived, are expressed using host cells
fromthe yeast Saccharonyces_ cerevisiae. Saccharonyces cerevisiae can be
used with any Bieragion shrgmatperppbu FHIG), andsyersephasp chrepriqarsphy ) (Borpae, Maniatis et
PCT/ US00/ 30791al., Eup)«lzeﬁﬁsﬂbé e psubrafing Seopest (N4 prrbteiniPoGidatinn @rificiplesnib@Pra@ice,
vectors contai &ﬁ nst tWU\I,IV?nOlNYI nduci bl e pronoters such as a factor,
AOX, GALL- 10, aﬂ% 558 Ausubel et al., supra, and Gant et al.
(1987) Met hods Enzym)l 153 516 544. ) Commonly enpl oyed expression vectors
are shuttle veg I%Et@%-gont aining the 2 origin of replication for propagation
both in yeast an Col El origin for E. coli, including a yeast pronoter
and term nkt orInP@#aré?tPlsb‘iteéﬁtSufbraég%%eﬂﬁlm’ﬁt"é‘ﬁ By onqeip EMbes PEEXPIRSSHB HEFtO /ect or S
i ncorporating xzaymeaaé&dasaebaﬁingld@m@w&e iateRled Bk the bﬂ[yﬁe@ﬁheﬁ tb,beB)\MéEékdade PYES2,
whi ch have the 2 O?I -STB el ement tE‘ rret hod of the
present i nvenPFBUS YoRe jisF 8 n%\“eﬁﬁ}%peorﬁmtnéﬁ gf}?tg’ﬁﬁg ?rgse?féléve?té) "i nvol ves
t he co-expr essliompepmﬁesafronoklhagham repmbnnantrgalatsisam tenlatlived apyneeded, fveqtorexarrpl e,
prolyl 4- Ydr Ol e hloh 1 QB itk BREAR brordtil Bt aﬁli‘lg(p%ﬁé/dqgaé/%%useﬁhe Neol
[ he ene i

cloning site is use nser or either unit of 15
prol yl 4- hiAdr oSugh gesters inghdlethyt 459 wma@fdtt%@uhrﬁecfsqnalrﬁ celodeinef2pd e@ress®r t he a
or 1 subunit. Jeao@e&hamm@sf,tmﬁ@&ﬁ hé?rlnﬁbﬁﬁﬂ{kﬁlr&odlﬁgesehﬁ&ﬁ&n\{!@lb@h aHdr ect

integration into the chr m)so t ost ressi on vector pWG/L,
whi ch Dt Tt At Uadeesis PR IREP e REo-ET P HBEEF S he
FLP term nat orresm@@of@Lg&mctbedaué@dhat é/lkybﬂd faﬂaemegyr@ﬁpdfdeﬁm x@ﬂor@fVaa Heeet G20

transl ati onal for e, vl esired, the
gene for eit hearngéﬂge%hﬁer aggﬁ%"ﬁ'%% Sf/(ﬁl‘” %ﬂyﬁé&ai 55% [FE8Ft ed in

t he pol yl i HkerMudidoh, W3 abd pfﬁr(dwit@genavmmmay@lrso bicwkd togkpiress fofdigm vect or
containing th | & vi si ae
ei ther bef orgp g&) &Jn%{étsea? ﬁﬂ%%@%ﬁ @?? %lﬂtgtﬂlglé% fn&ﬁéﬁ%(@i@ﬁ‘fgn géglglgl §tc}érﬁ%%§ast S
that take up Dipeipyare sobdklesphean cqnly by rusficdifivm la%%aceﬁlébyéquy@ﬁ@efg?dyéeﬂwnor by
treatment of ipiRGk, Gekhdpldiby Bdsbrbfidaitélfuthiidse- agaésﬂeh@rfmbvba/w eyunothAhd:an be
i ntroduced by el ectrfo rgﬁl on. ]?'Erransf %mants can be S?‘# g ch u5| ng host
yeast cells tHEFHP & &g afhiang Eroteigs mpdg insugiLsysteps mpsispissiened oiucyde

hi sti di ne 250Qeiepein, thisinbia, @édc&ﬁb(ahalr(ﬂeamlda@ge geneshas thehkloasl doEbJ-Zmdél‘dfﬁPl, URA3,
H S3 or LEU2-D. odi ment, the nethods of producing

r ecombi nant geptgrte?qﬁangbgcgg dl%% é%’gm?l%g present invention use host cells
fromthe yeast Pichia pastoris, or fromother species of non-Saccharomnyces
yeast, that pogggss advantages in producing high yields of reconbi nant
protein in scaT_d-up procedures. Pichia exlg)r e35| on sy §t ens. i ncl ude

advant ages of BBFFFrred embodiments, the present invention provides methods of producing recombinant

30  gelatin using a yeast expression system. In preferred embodiments, gelatin is produced directly

from altered collagen constructs or derived from processing of collagenous polypeptides. A
number of vectors containing constitutive, non-consitutive, or inducible promoters may be used
in yeast systems. (See, e.g., Ausubel et al., supra, Chapter 13.) In some aspects, vectors
containing sequences which direct DNA integration into the chromosome are used for

35  expression in S. cerevisiea.

In one embodiment, the recombinant gelatins of the invention, or the polypeptides from which
these gelatins can be derived, are expressed using host cells from the yeast Saccharomyces

cerevisiae. Saccharomyces cerevisiae can be used with any of a large number of expression
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prokaryotic (e.g., E. coli) expression systens - high-|level expression,
easy scal e-up, and inexpensive growh - and eukaryotic expression systens
- protei woonoawssi ng, folding, and 35 post-translational poTUSCErIIONS.
Such expression systens can be constructed using various nethods and kits
avail able to those skilled in the art, for exanpl e, the PI CH A EXPRESSI ON
Kits avallablefromlnwtrogen orat San Diego, CA). 51 WD 01/34646
PCT/ US00/ 307 91Vecsrspadlale inthear, iy a”b‘f“ éFﬁ??E?l°°?t@g‘ﬂ%ﬁ‘§‘?‘%}‘8w58ﬁ¥$°‘i%&?

mﬁt hyl ot r ophi cpry@erd such i fagsr, ROKNGAL P&t @V BGH. (Sée, £j.CAsabelhanohjad, etc.

t he expression_of e ch bej ntro Y. hanol. responsive requl atory
regi ons (al so (r}l@’f"é: 98?2)&3@0%% Lllgz)ﬂ% ﬁf‘f% mraly € rﬂ@?’%ﬁﬁ’fﬂresm?nevsc Bhisi ve
pronoters are 8usmxalblv®tdrsronuammgitha 2u bEglpofaealmnenﬁﬁptob@aymnesénm yeastugithe on.
Exanples of s flc to

pri mary al coho 5%%0 ase enl(':':é1 Mlﬁ% %86 %Ip oge%ngg n@%ﬁasrﬁb%'éﬂrﬁm&ﬁngn&

for the se(tQ)ndfm @r@gn@omwe@ms dagleorg@ﬁé#ib}a@wﬁ@n@lfﬂeabut prasetdimited tO@NPY G4 4nd FLD
1 pronoter, g(@ qvi?éh%vé € 2,4 BRI ﬂm&mxﬁ&@,&ﬂnﬁ) §t¥nfnh>ﬁ§ﬁetgmthe{pfegém

Pi chi a pastorl s (DAS pronoter for the P40 gene, etc. Typica

expressi on in inRingdn; m%@@vﬁ%ﬂ%ﬁdww@mt elesinggs lnm@eaihwxerﬁssmﬁefﬁ QOH%SCIH ghtly

regul ated AOX o@ﬁ&ﬁltﬁ)gﬁ@mzyﬁe% 1d, brdlye4-hydroxyladed §Pdne Mdh- mef8H, lusinBin® |
5:1111; and UlpS. Pa%aent No. rexan? b yCon)gi'Elglutlve 15 expressi oér?hcan al so

be achi eved us#WyG4 eectpr, therljral @Wgﬁ‘r‘f‘dﬁb%eép inspih the gene fQreuler the uor B sdghofsy st em

preferred for ;Hf§l§14I@d%ﬂﬁaé@%ﬁ'%’iov@feﬂieh@f@sﬁa@&%&ﬁnfbﬂ:\fcﬁ‘éﬂﬂe%ﬂﬂ'@lﬂﬁﬁlt mwse of the
met hyl ot r ophi ¢ _yeast Hansenul a pol y system can be used, for

exanpl e, in amBdhGaBionplgRidt L O 8?10*1 ﬂ@cwt&%@m i, Yo eowh e Mttgh
yield is desirable. G owth on 20 nethanol results in the |nduct|on of

enzynes ke such .as MOX a
syn%lhase) , yah%ﬁl@?—ﬁf)“f‘?‘b‘fﬁ‘fﬁ’f ‘Q’g?hgd‘?‘b"b&?fd%@“ éﬁég‘i@e@ X’ @9‘%& itute
up to 30-40% ofrohdier, atndtlaIFLBedrxlmnmmotmalso bellsed. glétlwﬂmeen{eqﬂtsmgn N@Xpst-DAS, and
FMDH  pr odyeti Onslz?tfogalcont ! QIJor e?&z\%i&llﬁé/ 8ro ylij? u)gir&éfz)ise 18 esueci rhd lé(ezl%eeq’or e}{heg‘[hg\&'to? on

°

met hanol afid r&BFELLE fheSe
promoters may sbbumt@éptwm lmitavlnseha lghrt¢devéllﬂ p@ﬂlrétkrpv@ss iSomdot a Banldra N@@ous
sequences in l_i'lte pﬂ{e%ga&gbrﬁalmﬁg &0 Eﬂlﬁf‘ﬂh}d%xﬁsfe @Q&S{s tﬁﬁ%@ne’d Iﬁms §' %et@\;zsgae eltlluJ;I one

met hod of the present 1nvention, e encod |ng ynucl eoti des are cl oned
into an expr e&ronT afiaeavalpf the eelk vall tepipducnip %wpl%fﬁ thah BCTHIPRA PR T3BRPOr pha
promoter. |f s\elﬂf&tciuﬁfhn@f)olydﬂmen@gm@u&my trSatrd@S bl ikt cals Path Yithuad 6@t | de

Fused 11 {Famch e hE At Ry SERa R aer s e DargiemeTnl sbiehy | °

i nvention. Theusmgh@st gagicdly thapgt woqmpbrbén@btlye Crmtopénarresurml cabixtetinedqhiher mar ker
gene, such as M%%leﬁgblé'rﬁ'&erﬁg{ess %L%EJB Rf?fstaﬂknﬁj’ Hlf@OMEU ﬂ he art, which

may be used to conpl enent e de iciency o auxotrop i ¢ host.
Al ternatively, dom nant sel ectable markers such as zeocin or blastacin may

be In another preferred embodiment, the methods of producing recombinant gelatin according to

30 the present invention use host cells from the yeast Pichia pastoris, or from other species of
non-Saccharomyces yeast, that possess advantages in producing high yields of recombinant
protein in scaled-up procedures. Pichia expression systems include advantages of both
prokaryotic (e.g., E. coli) expression systems — high-level expression, easy scale-up, and
inexpensive growth — and eukaryotic expression systems — protein processing, folding, and

35  post-translational modifications. Such expression systems can be constructed using various
methods and kits available to those skilled in the art, for example, the PICHIA EXPRESSION
kits available from Invitrogen Corporation (San Diego, CA).

51



used. 35 The expression vector is then used to transform H pol ynorpha host
cells using techniques known to those of skill in the art. An interesting
and usef wobeatews e of H. pol ynorpha transformation is theCEpSowaANEOUS
integration of up to 100 copies of the expression vector into the genone.
I n nost cases, the integrated sequences forninultiners exhibiting a

head-to-tai]l 52 WO 01/ 34644 P /USOO/ 30791 %a[? %pq‘:larrent e nt egr at ed
forei gn DN® haShelaeit WhgHe! methape! rﬁ?pf”bsf"eé%ﬂefvnﬁ PGyl &€ ombi nant
strains, even pRdas, oﬂEEVmSﬂktlﬂﬂlbhc\aeetc:CﬂiKhxbnes‘smB of ehthi izinghemoli@itgmedfandli gh copy

L0 e o ant Teletiive AR oh A hOR LI LG AN Al & niiipaty ot em Pl ant

10 The present ‘I'nvention ates tion o
r econbi nant getesponsivepfontobees arfpﬁﬂé@@rf?f usevip dhetpraghce Oéfrhe pmeyqowml@e@xmnm whi ch

the reconbi nanifs%%if@iegmatgsneg%s iil%ruhe«ﬁsipmlii&er £6H tﬁeri;mﬁgmc%ﬁa 0Qifass Y&k GOR,
i ncl udi ng | ant ost cel trans eni c | ant s Tr ansgeni C

Pl ant s: odlrelti mtosyé%intiecﬂromqiﬁ@grﬁieisaqon%w&lqﬂhﬁpﬁ%é gYF &am At ei ns,

Onen and Pen, pe@dEs AOND R F\wlq»bn&teSmonio%ﬁn thE Rp&EeAtetonPhyditag gefeal un and
Brei man, eds.,_.15 ] eria

Bi ot echnol ogy, ‘l‘i‘ﬁg’ﬁ Pgfers( Dc‘:ggéutggpm’g‘&tfrﬁfﬂéejﬁaﬁ%ie eé%ér?glgal‘yh%‘pmsi"@é‘b ) I'n
cases wher e pl Bintia pafories shtainedbydieqranagar omdedighttylregubiied rA€¥Eli gone. @Bee, s@gquences

may be driven py égiy&@is)@lowm%o@‘um%p&@rﬁmﬁ% 4%§@§ml)econytititat pronoters
such as the 35S an ronot ers of H%/Hr e used alone or In

conbi nat i oh wi %xareiswecarmise@aaqh@aﬁiéisms&guéﬁ&é’ GPACTW. (See, e.g., Brisson
et al. (1984) Nature 310:511-514; and 20 Takamatsu, N. (1987) EI\/BOJ

6: 307-311.) PI nt expressi qn vect or re ter ge are ner a
fnown 11 i he. aifoiel A EXESon ST Bl et PGB RGP Al
Mol ecul ar  Bi Oilsag&hﬁﬁdhyﬂhtmblﬁcifﬁaﬂllﬁgsynulm@nﬁrpéssﬂ)ls Abtere caeteiusel] fp; expinplat
pronoters such h o R%)g@ ), s not ers
e.g., soybean lﬁg%ﬂ&]%%%?#thggﬁg%&ﬁ& may ellﬁgl:éepdf?&?ggﬁH d%m&% %oruzéz?li et
al . (198430 Eivs@ailol rgulisgy the 1@8@1% Bresgyimeakeyr, such aaMOX((mggmol %iaéqidéf\s
554823?0243 X&ii&%&fxyac@ton@ﬁynﬁhse) 51(%% fgi%ﬁtéldg a3 EQ:IQJe TRdel enfin eé@h’h

an rie se
constructs can OB%‘t‘iterﬂp %goe/&io &ﬁt?)ta‘gff’goﬂrt’teﬁ‘e %geﬂ%sieﬂﬁ’d*?g Mg%&?rﬁ%d%“d)lwg

plasm ds, pl apabduVﬁdhu& cugollalts, strﬁhgrpmrtotda\iﬁdubécwysgfmmm@hnnolwd:femeﬂpcﬂgzt ion,
el ectropor at | Ofl glog)se Anytonqlq.li:e? gfqhesepgr eerg; ne’dlsgdatg E%tglaglgp%ntiar dment,

or any ot her n%ans nunber of
gener al | y #vai dxaig$sen phetesolggousy sSpencesing. polj"mmd@ acgerdlw tolyigthogs knpwn { thej apg.

McG aw Hi || Yearbook of Science and Technol ogy (1992) MG aw Hill, New
York, N.Y.,

In one method of the present invention, the encoding polynucleotides are cloned into an
expression vector under the control of an inducible H. polymorpha promoter. If secretion of the
product is desired, a polynucleotide encoding a signal sequence for secretion in yeast, such as
30  MFal, is fused in frame with the coding sequence for the polypeptides of the invention. The
expression vector preferably contains an auxotrophic marker gene, such as URA3 or LEU2, or
any other marker known in the art, which may be used to complement the deficiency of an
auxotrophic host. Alternatively, dominant selectable markers such as zeocin or blastacin may be
used.
35
The expression vector is then used to transform H. polymorpha host cells using techniques
known to those of skill in the art. An interesting and useful feature of H. polymorpha
transformation is the spontaneous integration of up to 100 copies of the expression vector into

the genome. In most cases, the integrated sequences form multimers exhibiting a head-to-tail
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pp. 191-196; Weissbach and Wei ssbach (1988) Methods for Plant Ml ecul ar

Bi ol ogy, Academ c Press, NY, Section VIII, pp. 421-463; and Gierson and
Cor ey, Pivemvi/Mshkecul ar 35 Biol ogy, 2d Ed., Bl ackie, LondorCT/CR00/3079.) |n
vari ous enbodi ments, the reconbinant gelatin of the present invention, or
pol ypeptides fromwhich the present reconbinant gelatin can be derived, is

produced from seed b ai | e seed- based odu tion techniques
usi ng, for xa‘?ﬁﬁ‘f‘%@megtaﬁﬁ%ategr&% rel@%‘éﬁﬁgeenﬁ?"é‘@ to be%%‘ ](?Sf?gﬁgléf%"erall
PCT/ USO0/ 3079 1recdmbaiast stodiis| @jn &elexdlomsﬂemm*damﬁrmgdrhmﬂmbmmeh&mfp@bt@yn is

recover ed durln see at.j on/ n D QL 4 enbodlnents t he
protein is expre gtéo Freacfiﬁnt Eheﬁf(’dm’ﬁ%y ogen%%gfote% into other parts of

the plant so that the gel atin is non-extracted, and the plant itself can
serve as, for gyanple, a dietary supplement such as a source of protein. 10

Promoters that _nmay be used to direct the expre55| on of the gol ynucl eot i des
may be hel®r ol SS@HIN BYentigaliespusreniaigdhrroderiion of e wrrstbaet eelain ofitey pe used

to drive eXpreISrSdeﬁlrhv@ritlonéblﬁf)(blﬁﬁﬁt&Es fisi6 WRicE tha et ehsbirat geadxu&ﬁbe tervecase, or
al ter expressi desi re de to increase

n.as
and/ or maxi ni z‘g"”it PREEM sﬁﬁ ‘i’“bs m%If'&égepmgirl\Ocsesﬁlsl arll18 ansgemc){)lang *&itt cel | are
standard and kﬁawgerm«i’latnnos@rqduptlpxhéys&rrtfor Iﬁd)tsmelmadvﬂlaenaCtthlealﬁmtmu@Weoti de

sequences 15 0&%&@%@/' hahﬂ'sxﬁféy&%oﬁs RSRMBLRLe Wmts%%lmsﬁd%wmﬁag at | east

one factor that nodi ranscri n rate o e encod
pol ypept i d&s, knpetel Gelleet ByessehR@fiprdirny 1M§1°é¢k1B\9]0SY Shomast 2l dgdeprce, codon

usage, intr onSPubmwa&enwga)t MORAses waaabﬁm eRfHEksibl ARG atetséddthe bR IAAIT ON
sites. Methods of nodif nucl e id.constructs to, increase expression
RO PRI “‘C [

| evel s in pl ant®8"°87&™may PR A SRHTPH Of Rl Fop pEpleVig PofdE s ot al |
(1985) J. Bi ol suclCiseim3526:@: 199 Bbmo@smE O Grapbe @kd al¢nk 9913 korbigatibn Mok thi ol

23: 567-568.) | e%{l‘%Ld%%fp%;H%Cq%nPb?thgs%X %geﬁhéstﬁ?%t aﬁ‘{ﬁ) AétNEtuI‘ehﬁOE?‘lt 149

transcription o e po fious nown in the art
i ncl udi ng P@egulakematsp, NS@PIREBY JuH-345) Blonticxpressioy vastorsiag eepPrice ESACERES | ng

sequences, enhancansSn mn%{elaﬁnfseé Sz, GRIBEQIRL (1993 in NSRS SEPIAE Molecuf@N be
used. 25 Typical vectors useful for expression of foreign genes in plants

are wel | knOV\mB‘PlﬁgWr’i‘gBéﬂtﬁChml‘ig}‘rcﬁwr’ff@ but not limted to, vectors derived
fromthe tunor-inducing (Ti) plasm d of Agrobacterium t unmef aci ens. These

vectors are pl e t| vect or t,0on, integrate
a portion of t%‘e"ﬁ*\ll‘ﬁtl ﬁl pfoﬁgtersesﬁ%?neﬁ%?&%]ﬂ%mﬁ% FRU{B{S%B ? g%&ke g., Rogers
et al. (19%7) memdters¢.g, Emmbw 5B gr IBpI3- 32 thay ISGH@r et zﬂoruZ(lal@&Val

Gene. 61:1-11; (Q%i ﬁlQBqulg%ﬂ @ESOaiBrogl(elﬁ&Qll &999801&@ i2~4 8’9@@@ V@?tkr 1. HaP A
86: 8402- 8406. ) Pro |s are available in the

art, includi ng(l%flé)?*eséliéé)ﬁ‘&l &ell &‘ffeéclg 55 é%é“dt(f’)"élﬁ%?télr (198 Mal1Ged: Biplod-13r ast

t ransf or mat i onsespl e cotistries-cameish imtodteell B\ BdnOEMBlisi@ITi plasmids, Ri plasmids,

plant virus vectors, direct DNA transformation, microinjection, electroporation, pathogen-

30  mediated transfection, particle bombardment, or any other means known in the art, such as are
described in a number of generally available reviews. (See, e.g., Hobbs, S. or Murry, L. E. in
McGraw Hill Yearbook of Science and Technology (1992) McGraw Hill, New York, N.Y.,
pp- 191-196; Weissbach and Weissbach (1988) Methods for Plant Molecular Biology,
Academic Press, NY, Section VIIL pp. 421-463; and Grierson and Corey, Plant Molecular

35  Biology, 2d Ed., Blackie, London, Ch. 7-9.)

In various embodiments, the recombinant gelatin of the present invention, or polypeptides
from which the present recombinant gelatin can be derived, is produced from seed by way of

available seed-based production techniques using, for example, canola, corn, soybeans, rice,
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| i posome- nedi ated transformation, mcroinjection, electroporation,

Agr obacterium nedi ated 35 transformation, and ballistic particle

accel er atwoni1/3468ee, e.g., Paszkowski et al. (1984) EMBO BCT/BS@77912722;
U S. Patent No. 4,684, 611; European Application No. 0 67 553; U S. Patent
No. 4,407,956; U.S. Patent No. 4,536,475; Crossway et al. (1986)

Bi otechnl ques 4:320-334; Riggs et al. (1986) Proc. Natl. Acad. Sci USA
83: 5602- 5605; i hulEaeedt Ingpch e(ﬂk%fssmss%t’re@}%mewﬁmi‘s §iPgsesd1: and U. S.

P?:tT /ents 0?})30499&1%@%0?&@%@&& dibiiMess, the rotdieis e;&;ﬂeséé@dﬁ)ékﬂfﬁéﬁ%kﬁe d bar!

PCT/ U 791 5 transformation eat an arl ey
are descri bed THOPHE 4o othegparts ogg%plam ff’rﬁ?ggcggla%}m ar éxfr icgeél HE'Inr(g s in

Bi ot echnol ogy ilself 233¢rvéCastasexamplala.diefaiyd@fplenkmommch NatsbtirceAtfa@tem Sci. USA

90: 11212; Wan et al. (1994) Pl ant Physiol. 104:37; and Lee et al. (1991)
Proc. Nat'l Acad. Sci. USA 88: 6389.) Weat can be transforned by

t echni ques1&i nPrprapters gatayde used tadigstdis erpssion efibs robmpdieptidsmey 8¢ ri ce. (See
e.g., Fromm etheaelmlog()as%%n-ﬂt&éﬁg%@ﬁmésegﬁbmwrs%msa?@ beatrd td0ive efprdsasavret al .
supra.) Additional nethods thaé be used to geneg?te pg)tgnts Qr gl ant
celI's that canf lsepiedudeir pRds te "5% TP e B AT TS 5 P GIHERY i des
from whi ch t hessy teaadabiivesate agﬁbramaxmszeaamcbﬁiondeqequee@s ingrpdanyw|plantecsll abl | shed

in th t. (S P J . , 0 15
5850 37, U ot mqiloR o TR e, o RRISRE bophReol Bl S

Pat ent No. 15, 5@8rably dinked t9, sprormweierany fuxther campris atdeast-ong fagfor thatmegifienhe

5,424, 412; U. SpanRab&ditratNor theendfiidd meptﬁ&dsu% § for g)@ﬁlﬁl@tpeMe e@ogggnallz ) The

present invention further provides a t hod pr.oduci ng epti des by
providing a 2U0MPEnEden ‘fsi"gﬁrr‘fl‘b‘r“éeri’?'é’a‘l‘i?yliﬁ’lo&ﬂ@n%e?“figa%ﬁ‘i“%‘ﬁn Fnen ?rffﬂef‘ sed of
at | east one pmlatycmgefﬁwlﬂyﬁhg nucﬁdiﬁﬂdﬁl’&&%trﬁmﬂﬂdicﬂ’d@eaxp’rﬁﬁlﬂrﬂbvmmaxgeiratI n, or a
pol ypeptide from atin b such
pol ynucl eot i de*E&Y ekﬂ?:%nl gh d| eﬁgafjlefglﬁogerﬁetc?l (&%§J %)’ﬂg er %?03 Jco t he
expr essi on20of etthle(lﬁféﬂ)j?peqd‘ﬂ@lwl 23:567eb68 1l Mmem@dlamtemem fh#teffmﬂhmete of

addi tionally t?aﬂ%ﬁﬁo%%?th@ﬂolﬁ?&l?l‘é&ﬁl@é %o&ffa@&s kR in RO, Qeiumg%ﬁgs de
sequence encodi ng an enzyme' t hat 25 catal yzes a post-transl ationa

nodi fi cation, $AYCBEHEHSR S ROFBYHUT neapiElSriiesStrvpncpo FRIARET adt Sllesers.sequence i s
operably Ii nke@r&ﬁtl@s@e@mt@rcanﬂ)dnsémese nmet hods, the reconbi nant gel atins
or collagenous pol ypeptides are extracted from t he bi omass. Fungi 30

Fil amentous fungi nay al so be used to produce the pol ypeptides of the

i nst ant i n¥ent Typival vedfers twfis fok eupressiqurod fadigngegesas i mantssecwalt kinpgn indleertbi nant

pr oteins in fi }- ﬂl‘l‘ﬁotfhm t a\;egtoxsé\@érlved M%Mr-‘nﬂ@cnﬁr (tfl!) pﬁl?ﬁid gpe of skill
in the art cou i ng ods _and products aval | the art, use

t hese vect ors 4gtohareipt @?,’éfﬁ‘t"?"y Fheeq egters ﬁ’ﬁPHB‘d%‘egr{tgééGCt‘és &at UPR S Patent No.

5,834,191.) transformation, integrate a portion of the DNA into the genome of the host plant. (See, e.g.,
Rogers et al. (1987) Meth. In Enzymol. 153:253-277; Schardl et al. (1987) Gene 61:1-11; and
30  Bergeretal. (1989) Proc. Natl. Acad. Sci. U.S.A. 86:8402-8406.) -

Procedures for transforming plant cells are available in the art, including, for example, direct
gene transfer, in vitro protoplast transformation, plant virus-mediated transformation,
liposome-mediated transformation, microinjection, electroporation, Agrobacterium-mediated
35 transformation, and ballistic particle acceleration. (See, €.g., Paszkowski et al. (1984) EMBO
J. 3:2717-2722; U.S. Patent No. 4,684,611; European Application No. 0 67 553; U.S. Patent
No. 4,407,956; U.S. Patent No. 4,536,475; Crossway et al. (1986) Biotechniques 4:320-334;
Riggs et al. (1986) Proc. Natl. Acad. Sci USA 83:5602-5606; Hinchee et al. (1988)
Biotechnology 6:915-921; and U.S. Patent No. 4,945,050.) Standard methods for the
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35 Insect Insect cell systens allow for the polypeptides of the present
invention to be produced in large quantities. In one such system

Aut ogr apveo onaB4efie©r ni ca nucl ear pol yhedrosi s virus (AcNPV)PCT/ESUER@®IasS a
vector to express foreign genes in, for exanple, Spodopterafrugiperda cells
or in Trichoplusia | arvae. Sequences encoding the gelatins or gelatin
precursors of the present 55 WO 01/ 34646 PCT/ US00/30791 5 invention may be
cl oned i nt 0® noFngfeEaten offics @grbsemoprehe 2y bagey arg describediipthedrt Spfec-Bol yhedr on
gene, and pl acewisisn éeil. (Do) Trédds BIBiARh AN YO:P3HURbEd al. {1993) @ra I PAcall.he

pol yhedron pro I s essful i [t of codi ng sequ W JJesult
in inactivati o%?g‘fsﬁ%@%%o?ﬁ%é&lf 8@§§£k89%ﬁ%01p@338’ca?? gene egq' @%ﬁ?%rg% :]J&tc}ed
reconbi nant vi Acad. Sci. USA, 8843895 Whaa kanrtg trhisé@rmgiyttehmace sugdardotescencoded by
the pol yhedron, agne) ror FHESEih EGHRHEANS eV § USGam 8 £ (1996 BidReditfichyt 0 1 nf ect
Spodoptera fr u?gnl%ggr da cells ogre Tri chogﬁetj’séi %’ | ar vaea i(n ilche po tglkr}llucl eoti des
encodi ng t K g&8Bt indSoglondemaret o fwElur sors are expressed. (See, e.g.,
Engel hard, E. K et al. (1994) Proc. Nat. Acad. Sci. 91:3224-3227; Smith
et al. (1983) J.. Virol. 46:584; and U S.  Patent No. 4 215 051). Further
exanpl es of tm\%dltwﬁm&g?sdhatw&Pwd&aﬁensfétefp@ﬂﬁar RIft oglls at AT ot ol
(1995), supr a. prdsentiReembibann geldting boElypépitioes fofn whidh tipsd ppebinatkeslanfs citte pr esent
et on oan R AChL SYPklbnd 9RGh GELLS: LIOPaGHQURIA0 DY LIhAGL KON Of
bacul ovi rus vectors con alning the apprdopriate pol ynticl’eof 1 dé sequences,

i ncl udi ng 1hosB3B¥AEBAI-H FatemWNopbdP. 26 b aks Paterit D 658423 e PetpriiNo. 98474 be
necessary. Bacykomidhi$83,484,671VEKYPRAINE b 25 418XPE a%fhQb. Y864 885 Sanfi Ofs. t he

| ar ge-scal e 20_production af vari ous reconbi nant proteins in Insect cells.
Vari ous met hod@RH3wn-22hiHe art  can be enpl oyed to construct expression
vectors containing a sequence encoding a gelatin or gelatin precursor of
the present inyention. and t appr.opriate.transcriptional /.transl ational
control si gnaln'}slh.e p(eéeentel,nveen. 1&9 %ﬁﬁl{eﬁgﬁg\gvgétmeglm szpi%@%g lg?fl}fpg?q%asybyf%%d?f-aw; and
G uenwal d, 2. Tergkss fom pleits or plah OB Wihd compmagd offaX Jsase arwi polynivdeotidsr - Syst em
Procedur es & “@&&9&% ; ggtecorgtﬁnaﬁmfaﬁﬁ, G%ﬁ?ﬂypéﬁi@e Pb&98ich %br)lbindﬁ{’%eﬁﬁlln Th_e
present invention providées nethods of expressing the reconbi nant gel atins
of the presentcanpadrsitd yhereipruchpalypyesntifeRequensedtIniRPY Hinkedé 3 B hant

gel atins of t hgfepriReRptssion v podperkids) In 3@l edBsdimad, thd fetiddiad@ionsSt ens.
Such systens include manmal | al?t nq non-verlt?g)r at %nhost . (a:neéls Qq
transgeni c ani FPRIPESSS PHEXRISRRRIO HA2H 98§ POpAYleotide segnings peogne B BAAR % syst ens
may be ut?di zewlyzésn posseslaibet wodfiradmieroviuntitheicsf, whedn ash pryexetids si on
vector, seque ns%&tﬁnc%@sc&gllaﬂg linked to a promoter. In these methods, the recombinant gelatins or

collagenous polypeptides are extracted from the biomass.

Fungi

30  Filamentous fungi may also be used to produce the polypeptides of the instant invention.
Vectors for expressing and/or secreting recombinant proteins in filamentous fungi are well
known in the art, and one of skill in the art could, using methods and products available in the

art, use these vectors in the presently recited methods. (See, e.g., U.S. Patent No. 5,834,191.)

35  Insect
Insect cell systems allow for the polypeptides of the present invention to be produced in large
quantities. In one such system, Aufographa californica nuclear polyhedrosis virus (AcNPV)
is used as a vector to express foreign genes in, for example, Spodoptera frugiperda cells or in

Trichoplusia larvae. Sequences encoding the gelatins or gelatin precursors of the present

55



t he pol ypeptides of the present invention nmay be ligated into an adenovirus
transcription/translati on conplex consisting of the |ate pronoter and
tripartitveobeaudes 35 sequence. This chineric gene nay thenCheSim®esit ed i n

t he adenovirus genone by in vitro or in vivo reconbination. Insertion into
a non-essential E1 or E3 region of the viral genone may be used to obtain
a viable virus. which is capabl e of expressing the pol ypept atges of the
present i nventYgHY ‘HaybﬁP]@E"tdé‘HO H?i’setsseetéﬂl f%“’“%‘%@@ virgs, for eXamglaAfe polyhediply  shenk,
T. (1984) Procgentjahd placéC@der colbol of a8 WcNPBB prodibief) for exdintpl! thapdlytelipn t he
vaccinia 7.5 €

PCT/ US00/ 3079 1prgl§0tﬁfa§ﬁ%fs{;P ylPsegllon of alcgglé eghence \%Na%s?lp IDXI\QCt d/a(1c§1 0@4}% USA

79: 7415- 7419 (ddB2dron gdacindtptodedtiomdt noyg- Q@M?d rechmbiyant girus (48 \855713@61@ theand

Pani cali et al rotel(lgc%&glzoa?&fe&ed B?{hg lﬁﬁ:@qn geﬁ@)‘ "IhQ§fAécc?r9mﬁ!a%2\7 73t -then | N

addi ti on, varlous transcription enhancers known in the art, such as the

Rous sar coM visedis infeaRSpgylonginaeirerda cpsypr Fachqrluvp leryag ‘ﬁé"lhl%%ly‘é‘klﬁ?té’é%l on in,
for exanple, naﬂwdgteeggn%tor £t precikbrsSeddxbiciseEQB&SE. g VEgSarl, E. B. Aef er r ed

expr essi on sys e Virus d. host . th nfection
of pmarrmal i anycé&?n) ?ﬁoﬁ' \ﬁczl“{ E%.gqgg%%zgf;%%mpﬁ?ai.é{sxlrgg)glgggcﬁ%- 'Iafl‘ihsiﬂost |
cells, for exawntNo. 438051 haivebe exakiptinefthit Bifkpsiaeliten mmdocChndés e-ghanst er
ovary (CHO cel] Spel MSi. p]]ggs 55%,13 a viral vector can yield very high

recombi nant expression More specifically, it is contenplated that
Senl i ki Fot®est virus can be used in a wide range of hosts, as the systemis

15 not based omec&ml%pﬁr@mmlomg 519,$ebﬁuas o@%résa@m&%@camb hchR@edBin qui ck way
of obtaining podif] Cf’;\tl ons o%nant%{%gl atins jn studies ained at

i dentifying st OF‘H‘FIE‘{"F mf?cé‘P‘h‘f %6 5 eciory cqnitne e PREPEHT ect s of
various hybri dpdmhemﬂhe@quemt r@bhding %se@ﬁmmgﬂmﬂoﬂgran&mﬁdl kizyhesrtest Vi r us

vectors f or I% I OC@SSQI"I:Y acu elrrtllgeugne gr(}?]% 01e esFlo”\%g ngr tglqurg? SC§1 l S are

known in the arigg are’describ konen (1994)
Met hods CePd Bpreclucu@@f rﬁ?slome@@bmm dmteme mhﬂey celtS:l—l&)aws methetisfkneyrein theiars

di hydrofol ate g8 gé‘&ﬁ;ﬁ%@d Bsrict %&SQ&I Vekial sén%{uegoh Slidehte 3ftodiBX PEESBI0PN

pl asm d containin gene and the desired ynucl eotj de, Se| ecti on of
CHO cells resgeéaf%ﬁrt“"t“@r ‘i’fﬁll?rpéeé%‘lt wger@%wmeraaler%ﬁge ”G’Fsc%‘l" trensletional wi | |

under go gene adgalrdlkighah i(S08, egZiumocwa sl (m@9hvgdn@gy 100:pI-8% andGrutmenil S. aad  t he
desired reconbj Q n ani. mal
systens may aIJS:gIa 1529(19%%021 C’tﬂ8‘hré1>s<g’r(péess§w %Ctorr té;%s(?eﬁrblrlﬁ(gﬁ ureS%f ?Lﬁ nds?%%afmatl’he

present i n¥entPemiggentSaeDped, ﬂé@ptl des from which these reconbi nant gel ati ns
can be derived. Such systens can be constructed, for exanple, in mamuals
by operably |inking an encodi ng 30 pol ypeptide to a pronoter and ot her

requi red or opf®BAA| regul atory sequences capable of effecting expression
in mammary gl andpresdnt iﬁeaml&fq)rovﬁ@qum&ﬁ oeéxpﬁmﬂgmaécomeﬁam LEl@ms bfahd Qe

enzymes that ef feeqt gr of et {‘19 r%t\x}h%ﬂ?he recom man tlz{tlgsp the r senl? 1nv rtlgl(lj (l:'la(r:led
si mul t aneous| YU POYPEP ge p
30  be derived, in animal systems. Such systems include mammalian and non-vertebrate host .
cells and transgenic animals. In mammalian host cells, a number of expression systems may
be utilized. In cases where an adenovirus is used as an expression vector, sequences encoding
the polypeptides of the present invention may be ligated into an adenovirus
transcription/translation complex consisting of the late promoter and tripartite leader
35  sequence. This chimeric gene may then be inserted in the adenovirus genome by in vitro or in
vivo recombination. Insertion into a non-essential E1 or E3 region of the viral genome may
be used to obtain a viable virus which is capable of expressing the polypeptides of the present
invention in infected host cells. (See, e.g., Logan, J. and Shenk, T. (1984) Proc. Natl. Acad.

Sci. 81:3655-3659.) Altematively, the vaccinia 7.5 K promoter may be used. (See, e.g.,
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target cells enploying suitable expression systens. Methods of using
transgenic animals to reconbinantly produce proteins are known in the art.
(See, e. w0 olB4646 Patent No. 4,736,866; 35 U. S. Patent No.PET/82e/8328; U.S.
Patent No. 5,487,992; and U. S. Patent No. 5, 614,396; and co- pending U S.
Application Serial No. 08/987,292.) 57 WO 01/34646 PCT/ US00/30791 5 Uses

of CGelatin Gelatin ap nuf act nent arious
phar maceut i tal Magkgt ?fé é%s) Pmﬁr]% {‘E’g %h gj%ég\r? ?76165574?§E13§2§ Ql\ggcgfthﬁfﬂeglg%

about 85% of phallirmamsmsealancpmadw’:étsl ,C 8L )Hrav. NdnbmxaiesdaJTSA@ch%‘MﬁrlDal s in
some form i nc{ agélp \t/alillg s %}{slcg qloggnha{xcer@ kg'%vnlrlg Elglmbf sﬁ'c%%gthe ﬁoXsasMcg virus
products, for exanp lh Ircal “stabilizers, plasna extenders,
sponges, hard @8¥) g@ﬁneeqmasgleeluaﬂtwn@aﬁs eﬁpeﬁsswnslmfwc%mm mammakiandost@dsat i n’ s
filmformng capabilities are enployed in various filmcoating systens
desi gned sgem fically for pharnmaceutical oral solid dosage f or ms

i ncl udi ng nt$e<5rrh|kblifrqs@inaa§é PRELSY PR sy Yeabts dee gl 2 Bﬁoﬁ%leostrfwsﬁl&hs

phar maceuti cal thatm{faﬁulcéfsnalnmmm i 11@@ Iwat berpose,[evaﬁeoaSn ﬂnﬁhﬁﬁhﬁauxﬂgmstr&l&nded to

i nprove ease of admnistratio |ver rs.as a
stabilizer in VEPPERS PO RSt e’é&B Hs a?&’m%uﬁ: SC}T‘? ova %gﬁ °C f“smg

i ndustry, e.g.suchavici veger andlelda/@mylhlwsecomhnmressm letyebeMagepqsrf@dlycﬂg and
processes, in ipdy; lta{ehﬁlldt S’éBEl(L)'F%i%Et' Qﬁbsca S‘elgcdmg%h% ﬁ%@o%&?'ait‘h@%&t‘eﬂ”s and as

a stabilizer in va I ouUsS ratory sol utions, g., various cel
prepar ati ohs. '@Pa&?q?11C?W‘?“‘O%’anb‘t]@grétdﬁ“tﬂnét}?'iﬁfofﬁsw‘ﬂﬁ%aﬂ‘ﬁﬂ‘g‘”%@éﬂbtﬂ%‘% in the

foo ]g and bever aggfidafichd 5t thé ﬁ&mbﬁﬁnt@@lhﬁﬁs lifstidSes m&eaiatMuedeﬂymg btPuchias- ﬂu?UﬁSn
confect onery a esse artic u [.oSti ngs,
cream filli ngsregg??gl“ ??Stg‘ﬁ%efeﬁ?f;s 059?51"8%*35?‘2 léé’,eétlﬁ i C%? SRS ue

emul si fier andSentliki Kokeneus veatorsdor eopressinh dypegindus profeimg §) magnakien hosasllsane soups
and sauces. ColBLLh hPatiAE e Bothedlr REGHIAL! AAAURRL, (1504 MbINe Bidnd

fining various beverages, |nCU|ng W nes" an ruit j atinis
used in vakq ouB 43k and reduced fat products, such as nmayonnai se and sal ad
25 dressings, as a thi ckener and stabilizer, and appears el sewhere as a fat
substitute. Celatin js y din Ccro ul at ] on, of

fl avori ngs, coﬁﬁtg’na“é(ng}lg ”éﬁfv}df‘féem @&éﬁ?fﬂla@é‘i‘?“ﬁ‘"ﬁg Bﬁﬁbﬁggggﬁ’s%%‘edawﬁr%t ein
suppl ement in expfeksm@lahmghomang/dlﬁmdndwﬂmbtletsmaajolylnmr@ndag&leand of Cdds,
such as those (93[13 rtegl sltae}LIWSo 1ncre 1 OV\&IIQJPIE)HS o?ﬁ'l?thgtrne atgsvnll ﬁ?ér&o %fggﬁéhl%ka%%n AS a

filmformer, gela used 1n coatin rul nd in
various co?f e crrpadies lygher exdigesion levelpef th‘tl‘ileﬁllfdwolé@lmi Erstelaniﬁkg@wnméle@r.t In t he
cosnetics industry, gelatin appears in a variety of hair care and skin care
products. Gelatin is used as a thi ckener and bodyin ent in a nunber of
shanpoos, nousS@EgenicaBipksystePHPIARS be psgd fo expyess the “fCP‘ﬁg‘f“i“gﬁﬂatmﬁ%{fﬁ? uring

sol utions and pgeseslistRion ande gllypeptidesroiEbtich thkBY feE@sbinant gelatins can be derived.

Such systems can be constructed, for example, in mammals by operably linking an encoding

30  polypeptide to a promoter and other required or optional regulatory sequences capable of
effecting expression in mammary glands. Likewise, required or optional post-translational
enzymes that effect post-translational modifications, may be produced simultaneously in the
target cells employing suitable expression systems. Methods of using transgenic animals to
recombinantly produce proteins are known in the art. (See, e.g., U.S. Patent No. 4,736,866;

35  U.S. Patent No. 5,824,838; U.S. Patent No. 5,487,992; and U.S. Patent No. 5,614,396; and co-
pending U.S. Application Serial No. 08/987,292.)
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35 and applications. CGelatin is also used in the cosnetics industry in

m cr o- encapsul ati on and packaging of various products. CGelatin is used in
a w de r amge1/afe46 ndustri al applications. For exanple, gelpCT/msomsonidel y
used as a glue and adhesive in various manufacturing processes. Celatin
can be used in various 58 WO 01/ 34646 PCT/ US00/ 30791 5 adhesive and gl ui ng
formul ati ons, such as in the manufacture of renoistenable gumred paper
packagi ng t%pe@sesmt’@l ui ng, paper bonding of various grades of box boards
and papers, anGelatinppeats hrabémﬁmﬁbtm@af asamsmwmbm lof yariowsi pamacthiixal ane medicdl aces

whi ch can be reaé: Ly Vadth cesyIt 5 etgrrr?alte% apzlzlbngt 85 arrg‘z;cleu ical Glodtts Bt

l'i ght- sensi ti V&8¢ eVl| N va tlfect roni c adis used as a

phot or esi st bdwemﬁ-ldenwaci m@tmaISphmlfmtnhmqupﬁﬂlcb(pmgégs@smmlmPseéxmmle, in
color televisi a&u@@q‘or MIHO p&%é@cmyﬁz@&t H£shﬂgxteddgrsssﬁmg950ﬁg&l&1td95ﬁ

manuf acturing, gelatin is used i n construct frames and in the
coating of 1Q/argeg‘ﬂ%°9§é‘+hsc%m?§i@f‘6% et@l%ﬁtséﬂm@néiﬁlcﬁ’aplénﬁ%GWHY“K%\‘P| ous
printing processas @A doatif JyRemd@RE e slctifitany fd?EhaS@ﬁﬁﬁtﬁhlo@dﬂ@dhﬁHUsaWsS such
as that used in quonda stock certificat elatin in

d
phot ogr aphi ¢ apPrineenEed relase Bar?é“leéﬁ‘ BRIFE RS ﬂﬁeﬁ%‘f“&e{r?‘ﬁ pﬁaémifg'g’ﬁalas a carrier
for various astduveincerigheient srveses phatiogingpded ©o igplovt easnef adminstrasidn agl

sol utions used, eil&%e{ca&e@t (hopBRAL PHLARNY if Il ARV R ARHRRN Rl Ati N, | ong

used in various toengravi ng techni ques, cIu ed as a
conponent bf vr&lﬁwe%ltlfa}wéwrbfe e i dryes awtvapcineh dmfppd gndpeveeres prodiictsged hal i de

chem stry in VasdeQsin! 1@66%@ apfflicdtiohsTe. AN nREP SEbiIARIMUESs a sAViEin GRload I N film
appearsmtheform mcrofiche fiimand in other forms of information
o

storage. Gel at!P§Pr3i¢y NS, & 8-pvaggys el %%Hafaﬂ‘@}’s el ement of various films, etc.
25 Cel atin has al so been a val uabl e substance for use in various Iabor atory

appl i cations. (I.‘w: Qtin. me%a?‘n(qps edible 3t gﬁas lo g%%nlagedlijrftﬁgfoo@ {?ﬂ% nﬁu?sl'rles cul ture

applications, providing a SUi 1 ace and grow h,
e.g., as aZQ:oa@qlfwg ifused yildely mgaridup epafestiongry @ndlepsed droductsy pagtichlerly ingpudshings.at es,

or providing agstich s Aingl, %Jhawwd%zénfbrdlﬁ&é’\ﬁdbla!ﬁﬁﬁ’ér@es i Mdmalsiigedqor | ow
gel strength elatin is used as a biological buffer in _various,_ processes,

for exanpl e, thickegerin ragiowrdieped 19pRiteRiam ey, f‘i“Bsrf’é‘d SRues Prlatdsuigdasd ch as
enzynme- | i nked flodratiag Qgebtemlar@sgaatﬂ fiping. ba%as) bevafgds Gﬁchﬁfng WAL &SR ANSs.

Gelatin is alsgQ.a co nent in va e for biochem cal and
el ect r ophor et | 3R ngqqg Varont ‘Pﬁ&i“{{a&é‘ﬁl‘% rogsﬁl &R ﬁuCha Ifq%yomﬁﬁg?nﬁdnsgle%tl cal 35
The presenis i nir@ntlgsoars adlickonet anitsabibkeatandapptres qlswhm asggovisiitnantelgaliatin in

various phar r@?s%%&e'lﬁ@éd i B s AhticRBPAdVERTeS, AB1Srs, dnBl viRifd Hlaf canbilo ONE
enbodi nent, the present
be used as a protein supplement in various high energy and nutritional beverages and foods,

such as those prevalent in the weight-loss and athletic industries. As a film-former, gelatin is
used in coating fruits, meats, deli items, and in various confectionery products, including

30  candies and gum, etc.

In the cosmetics industry, gelatin appears in a variety of hair care and skin care products.

Gelatin is used as a thickener and bodying agent in a number of shampoos, mousses, creams,

lotions, face masks, lipsticks, manicuring solutions and products, and other cosmetic devices
35  and applications. Gelatin is also used in the cosmetics industry in micro-encapsulation and

packaging of various products.

Gelatin is used in a wide range of industrial applications. For example, gelatin is widely used

as a glue and adhesive in various manufacturing processes. Gelatin can be used in various
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i nvention provides for a pharmaceutical conposition conprising reconbi nant
gelatin. In a preferred enbodi nent, the reconbinant gelatin is derived
from humemo sosueees. The present reconbi nant gel ati ns of f peT/@REIIVENt age
previ ously unavailable in the art: that of using 59 WO 01/ 34646

PCT/ US00/ 30791 5 gelatins derived fromnative human col | agen sequence,
thus reducing the risk of immnogenecity to the gelatin nﬁ)ﬁeri al. In
addition, as tifhesyraukaiimgiomatpas. syphas i Beyandpcturent smeIsiFAH gympmgd gaper
control | ed envpam@ﬁgfabes Wd)(ﬁilgﬁnr@fpapé’ifb&ﬁiidg\bﬁ@ﬁpusfg‘rﬁm &Q@exnboards balpapess, ZHBES  or
from pat hogens and en xin nt r.qdu ssSin e mnimzed.
10 EndOt OXl n | evarfogs %)PPC'&POIISW lcll gliOVlge z%cﬁesxve sur%a gvhpclil ?eberr%flﬁg&’ategpom abOUt 1 0
to 1.5 EU ng ofmoigfeding. i n. (See, e.g., Schaegger H and G von Jagow (1987)
Anal . Biochem 166:368-379; Friberger, P. et al. (1987) in "Detection of

Bacterial ENdoGQinRgvilial gl Senbiliviiebding mAaE&laelewoelc 3@t sdT@stdasaProg. Cin.
Biol. Res. 231:149-169.) In the nethods of the S%S% |nvent| on, the

endot oxi n | eveIhStopesis bass in wigesehotpihqshie Brofeﬁ?eeéor(?i‘ ngplopiglsHsiPRIE. 15
(See Exanpl e &lc)eowﬁer;pﬁ]es;wamnmgw\Ixesfehmaﬁuubtbusamfaemmagegqlamns Velaish) ecmbmdnm@ nt, a

r econbi nant from human_sources. t q; 3 vVi.rtu X
mgs %cofatm oI vario semlconduc T e%emen clatin 1 USC 1{1 Various
endot oxi n- free d t|o roviding a ge in materia hout™ t he

i munogeneci typratmt prwkecstanvmttlye nagadyingasspecilahadity mptrh sehianthit-ughdrin ved

materi al s, {4 hg, ph SseRtk LAMeNtd gn al lows for a reproduci ble 20 source of
consi stent product. Specifically, the present gelatins can be presented as
a honpgenous m xture of identical nolecules. The physical characteristics
desired in a @s%btg&d&ha{phﬂﬁg’aﬂﬁ’d apﬂ&@dldnsaudngiastmmebeGaaelqs ﬁsb@@lalcymbmlr oduced
and achi eved consi st ent| 1{})3} ?nvent Ilo‘g Ehus g Fr ovide a
reliable and cGAS1S ftgﬁfo‘%‘fpﬁ}ﬁ’lfd‘fp ??%o?semc{} ?%SQB“?'}S“? Bti%8ted with
t he avai | abi | i ghgtogmghicfSim d@ﬁelc(pmemteﬁtlatgeloag used jprvadhus pistoeRdraving tehmiguek,iic

embod ment g, - LAS ilfe8 afaaﬁéﬂn&%%hsh %eém iR P € Blay IPUEN ISR £, e used

in the nanufacture of caps ar capsul es,
typically pr odilhefe@trﬁ mamougleyea&qfrfih%mdmmeoprgdwtinaﬂ\@ogedat@ﬁtnp pppears ig gfetform

capsul es, typl&alléryﬁcmaﬂﬁq dnfi @BuGefoithd dF idfdrinifon slofhgs PE&thiiCuse PRI -BMS Of
the present inyenti on pard gel capsul e conprising reconbinant gelatin

and 30 a soft entaf ﬁ%rtﬂu% Bt si ng reconbi nant gelatin are provided, as
are nmethods for manufacturing these capsules. The thernoreversibility of

gelatin | Sra PESRG rhgs%/als%)ﬁg%%lvta]flgle b %Pce%rrmg{n vgrflciugﬁ%rhtgr%tea‘)ﬁ{aamng Hor exarrpl e,

in the mantfacture o es and tab
heat ed, nol ded:xample, shlafpesdn besuseqo‘prve'pm el eultuggrpgiplisatipnp @rayisling atswtableﬁlrﬁaae capsul e

or tabl et COagi Afl attRhenP AR gmugeg &raQ:Qﬁﬁl% R ladl, 1RQUBRASHBLAIE of SREPET At Ur es.
A sel ected gel atl n can 35 beg t6 melt at. mouth tenperature, easing

swal | owi ng, and byyalep ﬁ%pr?\pqileﬁ %Fuéa(blelpmteérf $puyce Wh media. Hydrolyzed or low gel

strength gelatin is used as a biological buffer in various processes, for example, in coating and
30  blocking solutions used in assays such as enzyme-linked immunosorbent assays (ELISAs)
and other immunoassays. Gelatin is also a component in various gels used for biochemical

and electrophoretic analysis, including enzymography gels.

Pharmaceutical

35  The present invention also contemplates the use of recombinant gelatin in various
pharmaceutical and medical applications. In particular, in one embodiment, the present
invention provides for a pharmaceutical composition comprising recombinant gelatin. In a
preferred embodiment, the recombinant gelatin is derived from human sources. The present

recombinant gelatins offer an advantage previously unavailable in the art: that of using
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tenperature, such as within the stomach. In one enbodi nent, the present

i nvention provides reconbinant gelatins with the dissolution rates of
comer ci avby1/au6a6 | abl e capsul es and coatings. |n anot her pembsaiavent , the
present invention provides reconbinant gelatins with inproved resiliency,
appropriate for use in capsules and tabletting. 60 WO 01/ 34646

PCT/ US00/ 30791 5 In certain applications, such as_the rranuf acture of gel
capsul es, the &itipgdeavrdfomantiverhymanoldagen sraveareetredRring ek of over tine is
an i”portant pﬁﬁtﬁlﬂ@e@d’mtﬁ lfd&ﬂe geRfin ﬂnhtéﬁa'l Ih B&liteh gils the Iptebeat gahins atspbducedess  of

tl | abl e Ity I '
i Scosi 1) - oveP TTER NN R A oAP AR S oL Bt i e TR &

manuf act urers fncimmogmsanmmtaqmum@dmd qhnmglplotessmg/\homumlzeht |y buy gelatin
in sizable lots in order to maintain consistency of nanufactured products.

Furt hernore, sonme manufacturing gﬂocesses such as the rmanufacture of hard
gel capsul &, Bagetosiniavels plsgmmersiabmaserisls @ypishllyfanesfion apgusdd to bS BUmef t ype A

and t yfe B gel @EdRHS(Seé @gos&h%ggérm %@d%ﬁ Jatgowtgev)m&m Bdot:}h:n% s Be379; Ied _
properties, as_the u resu or exanple, in a
hard gel capsul™@EHat: ef"g 1196%}/'@ Pf’tfxlgl n ‘?ftc#"“i‘?l ﬁ&%ﬁﬁ‘%?ﬁ?@ *Itse. The

reconbi nant gehatdbbtedfysdtdiEesii Rreg Qlin. iBinl.Reb.i28N 149F169.0 f In threanattterds qulﬂrel ty and are
better char aCtrgs%ﬁténQ’gnt}on afL thg)gﬁ%J/eY @e' rle géd%ﬁe t%rtl{rgel otders (Q E‘ze present

gel atins can mor e reprodu e and
predi ct abl & i n(SPQ %Xamelhéx)lﬁﬁ Preﬁmltl‘i‘?é?lcrmliﬂé PYOZ@eSulﬁlloﬁgenﬂh?émﬁétt h@%nbdfamt he

present 'nventée@aﬂndé?ﬂ@dﬁ&l%\ﬂnaﬁ@&iré}ﬁﬁlﬁt1@v1ft@aﬂf€ﬂélbt@ﬁﬁlﬁege| atin that possessed
the structural features of both types of gelatin in a single nolecule or in

a well- characterized m xture of nol ecul es. The reconbi nant gelatin of the
present i nventin@aditano ﬁbﬁ&n@ﬁgdlﬁilﬁdlaﬁ:ﬁal&ntﬁélﬁbﬂe hmmmfogénacit\yaﬁd 'mﬁzstivitiﬁsues
phar maceuti cal CCI

co- pendi ng, 5 Eocxa [ 1tf? ammag dﬂ'lVégrl:{P emfls Ithe tpresen ven 10 %s £ re}rglr()§ %ﬁ)ie T

I on
" Reconbi nai (bhrat ofntgnsnsn:nt Priducti ﬁaeglﬁ'talfw theptest@ gN@twé adyehe pm@@:d as pcor por at ed

herein by ref eﬁo%%&oﬁs%lkﬂn% oﬂ%ﬂtircﬁrn%i&ule Thes ﬁ{yQEa?chafa@te%gs fohadisent, the
present i nventi on provi des a stabilizin agent conpri si n& r ecomnbi_ nant

gel atin, wher epaicpigmedicalgpplicatign carsbesspget ’étﬂlyéntf"ék‘ce%‘@ arhievsth sonsigienthyt i
applications. gehtfinvantdh &ftis aeleltogdvam a baiatle arldkensisRapidAiuetaAl mgehidd i n i s

reconbi nant human .gel atin of .variou ol | agens are
associ at ed w tﬁ“&’é‘ﬂ}' %C‘aéét"f‘@ﬂfe aégleﬂ% cgi?‘é figent & "‘é‘f‘.p“’?%&% egi gns of type

I1l collagegh have been associated with active sites involved in the

clotting casc ﬁ%pec}b@éﬁJd%e%sot?,@remnﬁﬁ@@mm%1pretsé;,?m9gnﬁ§,@ah bk U RlheON

contenpl ates t ynucl eotides encodi ng reconbi nant gel atins
t hat contain S‘ﬁ@t‘:‘faf:q’"@ oéggﬁl\lﬁé 1p@§lprtgr}il§rdélpell(,§_)r hard capsules, typically produced from

gelatin solutions, and soft shell or soft capsules, typically made from gelatin films. In specific
embodiments of the present invention, a hard gel capsule comprising recombinant gelatin and
30  asoft gel capsule comprising recombinant gelatin are provided, as are methods for
manufacturing these capsules. The thermoreversibility of gelatin is a property exploited in a
number of applications, for example, in the manufacture of such gel capsules and tablets.
Gelatin can be heated, molded, or shaped as appropriate, and can be used to form a capsule or
tablet coating that has unique properties at homeostatic temperatures. A selected gelatin can
35  begin to melt at mouth temperature, easing swallowing, and become liquid at internal body
temperature, such as within the stomach. In one embodiment, the present invention provides
recombinant gelatins with the dissolution rates of commercially available capsules and
coatings. In another embodiment, the present invention provides recombinant gelatins with

improved resiliency, appropriate for use in capsules and tabletting.
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particul ar collagen or of particular collagens. Such pol ynucl eoti des can be
used in a variety of ways, for exanple, in mcroarrays. Such

pol ynucl eoo btes4coul d t hus be used as a diagnostic tool proTUd@TIy
altered |links of mRNA pol ynucl eoti des corresponding to collagenous domains
of interest in a sanple. The encoded pol ypepti des could be used in 61 WO
01/ 34646 PCT/ US00/30791 5 various nethods of screening for drugs or
conpounds that could inhibit or enhance the activity and/ or expression
associ ated W t 1 cpaid dpflitlaidns, Gdhl ag Ghe AaklFacE@ B igél Sapsulee the betHEREs a&haadness can

al so be used i ncapsul ati on,. i ncl udi m _croencapsul ati o nd .in

tabl etting, su%ﬁ‘gg‘?e?§¥ papin Oéﬂgnﬁgraflgfpé’g%ﬁaﬁr%%ﬁ?erér"%ﬁ(f)arsl:ﬂrgﬁtsth.e Sqdrl]fél%%?néisent

i nvention al soustfdinesof @npithteslabihaing gowde selagnsr Ermbbitntamaingel ascpsity pr ovi ded
herein in nedi &%J’thﬁeo\p&m’a vglugjle sseb@?&eﬁ@%r%ﬁﬂ%ﬂ%of g%faﬁn-contaﬂﬂﬁ@ound
treatment and i h various surgi cal ‘applications, e.g., as sponges used to
prevent | edkagerodirtserhogarenty g‘mﬂ?%m i gizgolst lofs E’_(?ffi?r BARPEAMEISIHISE R ur es.
Therefore, in ﬂﬂﬁfa@ﬁfé@’ﬁfodu&sh@p@feﬁl&@@&onﬁeﬂf(ﬁﬁ%&tﬁﬁg%ﬁﬁ&ﬁds%&z@t}ﬁponge

conpri sing reconbi nant | atin, wherein the nge is suitable fqr use in
medi cal pr oced’ﬂ?‘%‘g“."m’ier?fﬁagggeifaé’weéucufg‘ﬂ?éFﬁﬂlﬁ‘iﬁ W‘Pi%ﬁf’?ﬁ]fémﬂ?ﬁsoﬁ%i HERE Agel atin

i s reconbi nant addiypaB ggetii] ih drderkb protee o ibteth with the Hasiredysopetties, hethpne s&nt
invention can B desiAnel. LO)RORSERTIORE GG ARNSUEAL 0oRhARRLLI es suitabl e
for use in partlyPcu ar appﬁlca ions. "The pre§en I nvention provides nethods
for varyi ndp chammfacreiagd ises such as nol ecul ar wei ght, gel strength, and pH
of the final gelatin 20 formulation to produce gelatins with specific
properties as desired, and to thus neet custoner's specifications to a
degree unat t ai MsEFeemPiRIhedating efiihe Ryeseny Iy inLpt & H%@Ff Rrigy and W%&t&\rler , such
fornmul ati ons adhh@verizB@thediSireig avdilablexptiatse Thaf thepresnt gelatis cexpretiderny
processes and_ formylations, as well .as to devel op, new a Lcations, for

t he present re%%’?rﬁﬁlaneélﬁ{“ angeolr’%?]f)rﬁ?pmfgm%aendﬁ{??lé%ﬁf énﬁ tsvt\’élaélﬁgmé’f@e riButi ons of
conmer ci al kY awsagltizivhethodsifithglpredent inventiors ofeisbilé enpaleertai repombinany gfatinghat hose used
in formulati Onpoggess\é@{ﬁgétﬁgﬁral A Wp@sqggélatgl_ilﬁ Dsi qllﬁgecﬁln:%r Inracwgllabom 0
to 60 kD. (See Exanples 7 and 9.) The ‘present invention provides for a

met hod of pr odesieiyed BEBHOmefunan gel atins, under suitable hydrolysis
conditions, that results in reconbinant human gel atins w th nol ecul ar

wei ght distri b@%i onsb.v\hi ctin t'00¥§1es ontd vvitt h thFr\ %0 cgrrm::rt halrlil}/v avasi | abl e
gel atins, and CEACBRCHULE 'GP PRECSHIL BIPP §EEE °° KIar11 SRAFTY, YIRE  present
i nventi on pf ovphdesicawgtahprdductsofor gxaropleldn drggsgevaatinass(See,ely., so-padingwer nol ecul ar
wei ght distri et al X 10 to . nafitthti to 50
kDa, not avai I% 'Héﬂ]?rogfrnngc{%gh'%ﬁ %:a‘:agf %ﬁgl;ﬁé)r' m’.erglged(rlr%cc}?g{%nonbl |Flgzgrrllsf{ggel atin
of the present Vicpipesnifiledi O Neveanbenited dicpiperpied hareip efereagein #f @relld used in
vari ous surgi Chleref)rQ GRS EBBodirhdiE thd Piefit ihvintinQpe e a8l a4iRing Qpaitdoridigy

directing and

recombinant gelatin, wherein the stabilizer is suitable for use in pharmaceutical applications.

30  Inapreferred embodiment, the recombinant gelatin is recombinant human gelatin.

Different regions of various collagens are associated with various activities, for example,
various regions of type III collagen have been associated with active sites involved in the
clotting cascade. Therefore, in one embodiment, the present invention contemplates the use
35  of polynucleotides encoding recombinant gelatins that contain specific active regions of a
particular collagen or of particular collagens. Such polynucleotides can be used in a variety
of ways, for example, in microarrays. Such polynucleotides could thus be used as a
diagnostic tool to identify altered links of mRNA polynucleotides corresponding to

collagenous domains of interest in a sample. The encoded polypeptides could be used in
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supporting nerve regeneration, in colloidal volunme replacenent in major
surgeries, in gelatin sponge plugs used to seal various port sites, such
as cat hetwo bzate®©n sites and ot her incisions or wounds, BOTUSeN/PHM1yest er
grafts as an infection-resistant sealant. (See, e.g., Migilche, N L. et 62
WO 01/ 34646 PCT/ US00/ 30791 5 al. (1999) East Aft Med. J 76(7) 400- 406;
Beyer et al. (1997) Br. J. Anae§th 78(1):4-50; f(fﬂétg 1999) Am J.
Cbstet. Gynec oYanOLJ‘iS‘ie(}}?)iS 5598 for drygs ¢ spBRAYnds itiaggould Res.
87(1):57-61.) a'Ehﬁtyrmasmlbreqshﬁﬁsamdtwlm@hmawpm&g@bmmmm be adm ni st er ed
to a subject for treatnent of 10 various joint conditions, including
arthritis, athrosis, and other conditions related to the degeneration of
cartilage and Thiprsent padatinloinl alsp pe usedingnpparation, auludinboirareaapsulatione andde onbi nant

gel atin contai tgﬁetallecfslt&'gs @ﬁﬂ ﬁgoﬁ%eglcacl%fﬁh'ﬁ@ﬁse T'ﬂ%r@s@nt@t%x%ﬁﬁ%ﬁ§ hi gher
concentrations of arginine, hydroxyproline, and ‘Ei’y ‘YSI ne, and ot her
“b}H B

ani no aci d¥0 r efoatceglaeothe Fie OQP?)@ERE‘IWTBW gelgyin Rf@)‘f“l‘%@%‘?@ BPEEYF-Geans i n

cartil age. (Se@moSat@. spong®S&&in @bunﬁhreatﬁt&r@gﬁi)m Janoﬁllﬂi]fgtcaﬂ@plﬂ%i,@)g 31891-1895.)
M cr ospheres synt hesi the tins of resent rl ent| on are

€S (ied \\I/\éﬁ %I‘ OIL1C V. 0 o) 2 OCC
al so cont enpl atet™ SitH PHR'E SRRSO EE VAP 5? 854 tan f or
exanpl e, in diTecfedin abe hspeasrthe podsertt hlecrezpremmposq@amoegerpsmpmsngmombmmtecul es,

providing a “0%33@ B@Jg;g\gﬁﬁersﬁﬁeg tame%&mqttn@th@dl gstewr@; Yo SYekgIR (See, e.g.,

Brown et al. eum I n"anot her aspect,
the presenis i narehegimer tbmtcerbptaettgelsnweporetmmhuema@qnen of the 20
reconmbi nant gelatins of the present invention to alleviate disease activity

in rheunmatoid arthr tis. (Arborelius. et al Ej gQQg% Rheumat ol . g
18: 129- 135.) mheir?f@e ipue Sr?fé*l?@EFP?"éﬁli“em‘ﬁ‘}‘B‘B g fesisnqgdyto pseps sPerificRlEiiPhpl e to
provide r econb;irq&ﬁtes gﬁhlﬂet forush anpanigulatapilichtiony Thg pieset invetbgirpadiades merthods t he

aci dic envi ronorv i ch‘Iu' Seris c?mﬁlr;' agcnﬂar \%Elght Oé?strlr%ﬁr g)lflleo% tﬂce%al r%Blatl Lre

encapsul ati on, an aI’I ous or mu I ons an ry sys e
avai | abl e 2 t feanuation tmepdaceceleténs oith bregific Wommﬂ%dfslreémnﬁéebus nfegee, e. Q.

Gennaro, AR ,cu%mer s(sp2 A tioReBh R Minsita AR m@%ﬁt@ataﬂ@ae pneess 18th ed.
Mack Publ i shi nl% , Easton PA.) ~The nost effective and conveni ent route

of adni ni strat B‘i’iovéhauct’lf@nﬁlﬁté"t‘ %ﬁ?ﬁr%r“ft%t?% 14 SRS NNt Y FXISHNG BPETSES I ar
Situation can 44 férmaldidny, agheées f dedognewrippliaaidas, Kon eiapresdant febrenbirtaht. gelat3.

Sui tabl e routes of adm nistration may, for exanple, include oral, rectal,
transnmucosal, or intestinal adm nistration and parenteral delivery,

i ncl udi ng 29t r Brewsdaghlarweightdiguitutions ofieommerqiptlly ayadlehld 4nima)-dérvedeofublsraslatings  wel |

as intrathecal g, dishged ustdttﬁf&ﬁa@t@towo@wcaﬁes it HAMEBRMS to 30'tha5@§&ﬁ wsoqn@al
i nt ranasal or intraocul ar i ngectl ons. acCCl nes, for exanp be

delivered 35 iAEPsDetfsuxamplag Apnd 9 Thepagsent gy 6"“8‘%1?f°‘(‘9%(§°rtat’i’?fthl"6 Pffn of live
att enuat ed, suRbducihg reBIMAA] HMEN gelatins, under suitable hydrolysis conditions, that results in

recombinant human gelatins with molecular weight distributions which correspond with the
30 commercially available gelatins, and can be used for the same purposes. Additionally, the

present invention provides methods for producing gelatins with a narrower molecular weight

distribution, for example, about 10 to 30 kDa, or about 30 to 50 kDa, not available from

commercial materials.

35  The recombinant gelatin of the present invention, and compositions thereof, can also be used
in various surgical procedures, including in biodegradable conduits for directing and
supporting nerve regeneration, in colloidal volume replacement in major surgeries, in gelatin
sponge plugs used to seal various port sites, such as catheterization sites and other incisions or

wounds, and in polyester grafts as an infection-resistant sealant. (See, e.g., Mligilche, N.L. et
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di val ent, trivalent vaccines, etc. Fornulations for enteric rel ease, etc.,
are al so contenplated. The conposition nay be admnistered in a |ocal

rat her thvedor3®yst emi ¢ manner. The present invention al seCpUsw/des a
pharmaceutical conposition conprising reconbi nant gelatin wherein the
conposition is suitable for delivery as a spray, for Iingual or nasal

del i very. 63 WO 01/34646 PCT/US00/ 30791 5 Foo e food industry,

gel atin's phystcdtopEsphi-ts! 298900 Brist %‘lah(l(%%s]r ‘E\Paﬁﬁh TR &4-%

sui tabl e for uBsktl. Ql%@rArﬁUyO‘thet G3yeEol. 1810H):095-99G; an8 Fao®QeaploN e J.ghirgvar i ous
edi bl e pr oduct% agm@l |ti onal supplenents. Gelatin can be a food product
inits own rig? r)8V|d ng a 10 carbohydrate-free, pure protein source. In
addition, gelatin's physical and structural characteristics are useful in
various food pﬁfgrg,?ersa& ﬁanna%aﬂl,ca@@&mgm&g et a,ﬁﬁfseefa@%asﬁaactf&ﬁ@gﬁmlﬁof gel atin
is used as a gelling and thickening ent; as an emnul sifier and foam ng
agent; to B0 ev@ﬂpusawtdpw@nmncb'ﬁ@g 15, pitopie aadesher endeians ®lgied tofthee] * or to

i mprove consi S&e%é}ﬁbétlorﬁﬂdarﬁl@g%taﬂﬂ Rint HSkiHiR %'alnﬁ pFeRInSd %mlmdtm&CMmﬁt on and
packaging, for exanpl e, aasﬂf?n edi ble fi ﬁpEdi bl El'ggel atin can serve as

a particul arl y83Al 6 igganypo ?ftijrséqLB?CStwgic OSYREP EONCFraE !t aspect ,
t he present i natginihe, (hydrmypmh@e&da:ycﬁrquﬂ}em agdigipr enmipn teidsoelpted withegradedionbi nant

gelatin. The gQbfblilaflpdilifyRLL R0V B LRMOLARAE (REodUGEE W Lh, Tor

exanpl e, speci anount enti a aci ds. The
present i nvent 12800p181Al#Rs9 Mistosnheiss syndepired vihthegelatigs ofdhke nstsent Eypisiopare

gel atins, methﬁfcohtélmﬂﬁéd shaﬂﬁlcroé}rca@ﬁlw@;sanmg 83n béhideD, @Mﬁxﬂﬂ& &f digtitbLS

opti mal for gartl cul ar ap Icat%r@ﬁ&oﬁ % gduct grese t invention
provi des for r BEFPCE PRI °p € WBY‘ B8 1P WXt at i os of
am no aci d r esbickempatiblEydpliveslshytem. g8éeaé. g anométal r($998’p$ﬁthrmﬁ Rbduen, 42186 aci ds
essential for @?Eulnanoﬁ'le%gcal ldldl n { sSi,n .m%&aqi ni | euci ne,

€ I}l)f en %nﬁen onc tem late oral a 100 O
and i sol euci ne’ esen I nventi on proviaes

r econbi nang0 geleennibmant@piptins of thgprtbﬁhet ls'pe@nﬁq aleyiate fliepgsettivatprimmeunzitrids desi r ed.
For exanple, gghatd ’@Aﬂ&%x%ﬁ'us epalf(M§Rﬂeﬂﬁl§5lqﬁq811@9 ff}éﬁ%‘ﬂ{g%?éd é]mééethllcglt e's diet

m ght conprise higher |evels resi dues such ysi ne, V\/mc IS
beneficial to l?fﬁdélé‘F ot THERRE Hesmbéﬁfﬁ PLRyige WF?’F@"““W’EVP haéi’é‘g siabilitx againslor ¢ o
creatine, is idvgalatiedlinitit dilk cAViRhgiht BRhadidbacls gutpdtc. 30 nmuscle cells. Gelatin
can serve to enhance the nutritional value of foods in general by
conpleting and increasing the am no acid conposition of other protein
sources, a7 ekahpdues for ereapsdatmndind wdrioys fpmutitiorssnd dBed detivany $yatsmsriarei mal or

bland taste, apdiHRM hiiBand Gl iescAfedth RAMALERIR:2 Mt MY dehi2f @l R fia0d
(1990) Remington’s Pharmaceutical Sciences, 18" ed., Mack Publishing Co., Easton PA.)

The most effective and convenient route of administration and the most appropriate
formulation for a particular situation can be readily determined by methods known in the art.
30
Suitable routes of administration may, for example, include oral, rectal, transmucosal, or
intestinal administration and parenteral delivery, including intramuscular, subcutaneous,
intramedullary injections, as well as intrathecal, direct intraventricular, intravenous,
intraperitoneal, intranasal, or intraocular injections. Vaccines, for example, can be delivered
35 intravenous, nasal, or oral, and can take the form of live attenuated, subunit, monovalent,
divalent, trivalent vaccines, etc. Formulations for enteric release, etc., are also contemplated.
The composition may be administered in a local rather than a systemic manner. The present
invention also provides a pharmaceutical composition comprising recombinant gelatin

wherein the composition is suitable for delivery as a spray, for lingual or nasal delivery.
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35 suppl enment. Hydrolyzed gelatin, for exanple, is used as a substitute for
nore concentrated solutions of carbohydrates in desserts and candi es and

i n ot her wabos46as f oods, reducing the <caloric content. Gepatrirowcmmial so
serve as a source of protein in foods with high nutritional value, for
exanpl e, lowcalorie foods produced in the diet industry or high-energy
foods. In addition to serving as a protein source, gelatin can serve as a
car bohydratse-free carrier or filler 64 WO 01/ 34646 PCT/ US00/ 30791 5
substance in, Feod exarrpl e, spray or dried instant f ood products and

fl avorings, or S (2 rif nd. finin n .+« W nes and
juices. The abllnﬁ} §°d l?cf%Stall’ %etlatlg ? Slcﬁ‘ﬁéotp flgec:feag? l}r%#ngt’elgﬁgr ngtﬂgﬁﬁg{t%lltcs

i ncl udi ng, forsueab@(fprl use mtae'xlthmrfef ways; wklpding asngompaert ofvaripus eﬁlb]gh?togiuqueﬁndled The

texture of Suclthunlogﬁg{%ﬁmgﬁp%ﬁﬁn Eﬂb@ak@ﬁ%dt@?ﬁﬁ@@wﬁ)ﬂght 1vidag ot ypes of
i ngredi ents used, formulation variables, and how the products are processed

and handl el |54heBsratCieoRtER Rjotap pAUCE alnjaddidon, geéar‘mé)?éiﬁ't??‘ém Yerwel n appears in
a variety of g@xbﬂa&t@hsu@ra&disamsn vaslua:shooa@rdpasﬁdnlah&ﬁacmgmgagmbauaﬁs @onmy

products. Gelatin.is used ent provi di n t extur.es ranging

Promsori and erBRpeeigs uigr dfipe wlAS i erulba e HEPHEREel *of e

fini shed pr oduagtntjts peteqpeswiding orgrot¢ilbquid sspmton;rferidiely’; ordompent easistengy and

formul ation of, 4y, Q6! Alldn HSEE Lstoh QB pBBLAL 1B Rarfad, hOlnd@bleRiRPer ti es
and RexBife; Blrbthin %E reainau?%ﬂjess %q;ra Ef angﬁe?swe% le filmy.

provide a substrate for co ors ow ng the opacity or
clarity, a¥® well as color, of the end product. Therefore, in one aspect,

the present i nygd s<Pifinadd s@%asfa%m&lhﬁlywmama‘ soafcg@ipaklpfbtauhathe@fo&vm% t he
desired textural g‘ﬁ erties brll({elance clarit n the manuf acture
s

[
of gelled conf®eEh nppERtiPLovides,a Plt8‘flﬁ‘é’rp 5@‘3@8?“’“}/55‘13 reéﬁ‘B‘?‘B"[B‘F §Gt8 gelatin
i s sel ected whitelgelhtiisof sherpeksat m\mhgn daobe pr@icedivatholr ¢xymplaspdrifglnddesiedsi ty can

produce undesi rn%mltgof € htia‘l Ql%&oe‘% ds. t 'F}% fgeg&?ﬁ"lbénln&gpéﬁﬁegﬁ Qﬁ é)}:ora tue) ufature,

causi ng def ective produc peaki ng, oom val ue
of the gelt ivariousigdiblygeletins, th@erptr gl et opapderdierm, wigh ﬁfr%wewcsi apEmadeiang t he

gelatin conte%lcglg,edpplgglm%ggndq,ﬁgmes harder and chewier in texture. 25 A
property of gelatin wdely exploited in, for exanple, the production of

aerated confectionary products, is its ability to produce and support a
foam and to priepeiat hadtich pr&uedet 'fong:ccaxﬁbutah@eahrtﬁrbdlquicﬁin;briamgﬂifﬂaxeﬂ riips bOr m ng

Fam 1y of cont Bt SRERE: daey Rim it S0 aPhratR S Shohis e o
nougat s, ad dwookiseingndingvaf mlblﬁ,llysm,g@lmﬂéhbuqﬂl@g?IQeSO@ﬂCl@erha@rle@mbmnlené‘,et ting

time 30 requirgd, Lok ,ﬁeﬁfarl%}ocfaésascoﬁsﬁgyg 1at§l%aﬁm§lg% shddfic kfiBEoraRthogr ade of
gelatin used, together wt t he concentrat.ion gelatin in the final

product. Alt erﬁc}ﬁ‘tf,] desiied. Fgrssanplel SPRBIBThR f?ﬁdsdi‘ter@ié‘il ‘éﬁ’ts}lfﬁ’le“lﬁgté’ﬂ a'@h‘f‘? S\?i%frt y the
texture of aermigRdoRpradUighds levEtOsf r@KaaRIE®,as @elh@twlhms isefidficibl 6 mudeleq@eswival ues,
\?ral gg!s FS);[, :‘)\e/ In gt hgalj%{n%e . elchaassz:lr?oge%&rsegr toccrggiy\{’le is mevlé)l%gds in %%legé[rlgy mete\lﬁofis?n c|>fOWer bl oom
30  muscle cells. Gelatin can serve to enhance the nutritional value of foods in general by
completing and increasing the amino acid composition of other protein sources, for example,

meats and dairy products.

Gelatin has minimal or bland taste, and can thus serve as a palatable and nutritional food

35  supplement. Hydrolyzed gelatin, for example, is used as a substitute for more concentrated
solutions of carbohydrates in desserts and candies and in other caloric foods, reducing the
caloric content. Gelatin can also serve as a source of protein in foods with high nutritional
value, for example, low-calorie foods produced in the diet industry or high-energy foods. In

addition to serving as a protein source, gelatin can serve as a carbohydrate-free carrier or filler
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nore elastic texture. 35 Celatin serves a nunber of functions in the

manuf acture of fruit chews, and other sugar- pulled confectionery product
types, swedons4scto©f f ees and caranel s, which contain fats apdrase/3o3di ghtly
aerated. For exanple, gelatin assists in the enulsification of fats,

i nproving dispersion and stability; pr ovi des desirable texture and

chewi ness, as well as foaming ability; 65 WO 01/ 34646_PCT/ US00/ 30791 5 and
contri but es’ t oSUPHRECE HeloF exP‘i“Plé» SHRY ?rﬁée‘#‘f‘% topg pradnets andfavAings o3 2cont r ol 1 ng
sucrose cryst alibrifgiag irdminingagent ih/Tor evdnigle, arinBé Hafui@k. about 150 to 200 to are
typically used in these products at usage Ievel s of 0.5-1.5%w w.
Therefore, in one aspect, the present invention contenplates a reconbi nant
gel atin with aTtglabititnofgelativdeimparsdesirable2b@adtapistiaggrclidinge@i éamplegexptact s. 10

Gel atin provi dgs, GBS s gkt Whia . ﬂqux&mfe@cﬁtpﬁo'auctmb&hs ©aMr& Rghogsh sol id
and I|qU|dﬁ§hases consi’'sti hg of powdered sugar and fats dispersed in a

sugar syrupl dbp gpesief meredienisussd, fﬂ“ﬁﬂé‘}""fvﬁlablﬁfr avkhew the Repdypp pig ProgsetedPRd and to

i nhi bit crackingdledsah &Sd.fé%tlé?negiaﬁﬂicﬂ@nﬁf&@;@ﬁlﬁoiee@laﬁﬁ @pazlrﬁﬂavbh’iejt}} dféa!idi n

| ozenges and co ress d tah] et S| I@ pr oduct g su (81 gs e?OI‘I ce g

of ten 15 combiH& CWP 3 RASHUE AR ROBYFT LT RIOAECTY (S51T is i &5 48 S‘g $eH
greatly i nprovpmgdinpiestins @ngingeftoasoit ami elaaticto piroenagdibard ghe teatpke amgmautufeel
crunbl ing duripg,d f}ﬁgﬂé&%&d&&i desﬁpaﬁ mh@&&oq? BERRE colb@MER fQRTRELLQRAr Y

products, such as or ‘exa I corice Ing out In stor age,
i mprovi ng pY oderiatin gied) In aldﬁllfl@’ gefae’ SS?lbéjélrﬁfoﬁeW@%mt"il SP?ﬁ%teﬁ)rr vy in one

enbodi ment, a g,Ri ARiWILL BORBEed® brselaﬂg ars%ﬂmdr@rﬁmﬁeh@grbdmct mke‘fche i ndi ng
agent can be a conponent of 20 @l&‘?’f dgroducts res tion

further provid¥¥ a%"eﬁntpeslfrﬁﬁe?ti‘?vﬁﬁ“’ﬁ g¥prs stlaﬁﬂatmr%ng‘r% ?‘féIFﬁ ﬂ‘@ atin,
whi ch noi st ur i @xktagl pﬁ@ﬁﬂibs bslliside Taﬁttﬂlﬁlt}f orthdrsgufacuedf flled qzunfedumé@ Gel | ed

8; sdgréﬁ d:{je S%\?‘\%xlct%‘ l anot %r\ésfpléét an a;lgpr({pn%[s g?l&li.tll;]l(%S slé € te Yylﬁlfel‘hegg ﬁe?ag}reg}; logéfgtjfhs

acids, fla%bri wgosvams hcgblvacqsnbgcahaméuce Prledirabln t@iln% of tbﬁe@tpmg@em ddng
Celatin's abiliLyehe E&Elﬁgﬁéf&%é p‘?odh&g(t(ﬁ%&gll)lsggﬂljfgg tﬁ@rx@{elswmgonwl@ opi th

nel ting points ar ound - I's exploited uses. final texture,
rigidity, and theeslatingbe Pfaéﬁeéth‘b?ro?‘i‘ib%eéon&éls? APy dpcEating e &etlaémé?i‘rtﬁ“f’ 8¢l ed by the
concentrati on @bdhcieydies Birder pidapevitriiesxtok. t he gel atin, nost particularly,

bl oom strength and viscosity levels. In the production of gelatin
desserts, the use of a |ower concentration of a higher-grade gelatin to 30
produce a el | &dropertychiigtlatinfwidelypraploitedur, for exangieciihe produstiondbfperged de advant ages,

| ncl udi ng eCO&qmt&n%9¥ga&c%9§ its 8538 ploaf ahdRpEECtofih, Ahd b YroARL il OF
devel opnent, conpare o the use
setting at the air/liquid interface by forming a film around entrapped air bubbles. Aerated

products constitute a large family of confectionery products, including marshmallows,
frostings, nougats, and cookie and wafer fillings. The degree of aeration and setting time

30  required for a particular product depends on the type and grade of gelatin used, together with
the concentration of gelatin in the final product. Altering the type and proportion of gelatin
used can vary the texture of aerated products. For example, gelatins with high bloom values,
or gel strength, produce a shorter chew, whereas gelatins with lower bloom values provide a
more elastic texture.

35
Gelatin serves a number of functions in the manufacture of fruit chews, and other sugar-
pulled confectionery product types, such as toffees and caramels, which contain fats and are
slightly aerated. For example, gelatin assists in the emulsification of fats, improving

dispersion and stability; provides desirable texture and chewiness, as well as foaming ability;
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of a higher concentration of a | ower strength gelatin. Therefore, in one
enbodi nent, the present invention provides a gelling agent conpri sing
reconbi navo ogadéad i n, wherein the gelling agent is suitabbPerAseso/wsd in an
edi bl e product. 35 Gelatin is often used in the manufacture of various
dairy products, such as ice cream yoqgurt, and puddings in which a
particular texture and nmouth feel is_desired particular, gelatin

provi des a %nn%@ﬁmm@W@ﬂ“¥%¥*ﬂ?E%OE%ﬁgW%Pﬁﬁﬁyaﬁhﬁk@ﬁ@ﬁwymﬁﬁﬁﬁﬁefeeI Gel atin

Ih sdusedI : n 36 Mﬁtaﬁlﬂzétﬁ%ﬁ;aam%hlsmlo&@?%ut 150 &m@btd’h@dﬂyﬂfhlly\nuieh ithéser

ydr ocol | oi ds as, a thic in gnnai se and

sal ad dressi ng&° W?Ws‘lgﬁ %?(f)@;gd S Wg f?r?'i "{(H’Sa ﬁ%bdéerp Ry W& %P abi ity
of |l ow and noech@inpldias artycqmbodnugblst;n WIgEaI%locmnof@bwt h@kte%()rfouue stedibldi ng
contribution t o&u@t? product texture, body, and nouth feel of a 10 finished
product. Wth at-like nelting characteristics, a gelatin having a

el ti ng poltht of around 25-35C provides the desirable sensory properties,

or "nelt-in-t h@elﬁlﬂ%d%de%ﬁé%ﬁ*@ie@ﬁ&eﬁﬁ bxeasn pdstdd) S/hish Emtaaiuoagson&l&quaaa PiagesOf  t he
full-fat product. In diﬁb‘ glus soci et eg;tllflnls Wel;d kutedfor
use as a st abi fFIYPEP ol” iz R gsReRpd in st sdg’ﬁ R abayapPreploduct s
addi ng t o t he fredyt aanshbiyoextire irelad inhidin crackinga Gelagn’ sbisdinpqirdpertiedet algat e, and
Creamy texture t{hgedtlrl;I %ze%géss%gd;g)mgkssfeg ablelAdﬂl }dd {E@ulzk}/as 119&'109 ﬁlgtu? %@ﬁ? lizes

t hese product ntin esl s, e separati
proteins. Ih tmlm@gﬁr@ agglé#ilﬂh @Srwhegirﬂ@eru@tsgs#hln@mmﬂx @PFQYF%HH’ISQ@ net wor k

whi ch bi nds WaJef%ﬁ e¥RM iR ErRKHE AMdi AMbAR USSR ALLRN Gofatd L1 nfpey
proteins, thus non% ¥ rodﬁdg%t shgéllf-C Ifeiitu%l%tll}]l is al sglusedﬂédlan t he 20

n
manuf act ure ofpr?‘ﬁlltch@gﬁcé‘Elna&%%‘WﬁtS Spek aGuPreR ie0EPY Ay d2ig BHOFCRES i ng
properties of gptaingprodds ﬂlelﬂEEdTh@présBlﬁlirﬁarBﬁn mne;amldessﬁdmehgoodlﬁaitatl n al so

has w despread .u sour. .cream so t e roducts.. and m | k
desserts, sucﬂb"édzngcaﬁeené%oem 5 G reco antrge]ﬁ avglr ig (Pm% %er(ge({%ﬁeb °6 gserts such
as rmusseszo cmdﬁbﬂmeﬂuemdﬂs@wsernt lesentldfhfertlsr pravides ja suotsGirizipg agent cowprsangi ed as

desired by al rte&;rﬂbﬂlgnttgglgtmc Qﬂlgﬁltﬁglgtgltlil gé}ﬁ]g sEiRbik ik?dselh ORAL ﬁx’o@&tSOf the

gel atin used. Typical “gelatin levels 2 such uses range from 0. 2-0. 8%
w'w, al though higher or |ower gel strengths could be desired in various
products. The @RS FBluctsANLiLEIRinRaAS dﬂss,alcdaia@}ehdynbiag pagedd, d@Q)[EﬁdiédSi ng

reconbi nant gel atin, There ncreasj ng de the food.a

i ndustries fgrpoﬁ”gﬁrﬁ%@lﬂ‘tufeé’torlbaﬁlei‘séﬂ Wlflfa}bthe %‘éarﬁgg%l?&céds fgé‘frgllgi aﬂ‘dgq‘dméﬁ &t c
properties2s i nigeewdissniged ang gellod.| Gdlatintsabiptydw fode elpstiotesiureditiethrevabiblepde of
fat, make it us%IrHel?n§ pOltnE%IOV\E(i gh."IS (EB%%I&Q%H&EJ sesATh al teﬁﬁre r%e&POaﬁ yets

de5| gned for pa at conval'escents ividuals wt dietary
sensitivities sgmng]g@dg the@azklling m‘bcglctppr@p@}trnlled by the concentration and physical

properties of the gelatin, most particularly, bloom strength and viscosity levels. In the
production of gelatin desserts, the use of a lower concentration of a higher-grade gelatin to
30  produce a gelled product of a particular rigidity would provide advantages, including
economic advantage, as well as improved clarity and color development, compared to the use
of a higher concentration of a lower strength gelatin. Therefore, in one embodiment, the
present invention provides a gelling agent comprising recombinant gelatin, wherein the
gelling agent is suitable for use in an edible product.
35
Gelatin is often used in the manufacture of various dairy products, such as ice cream, yogurt,
and puddings, in which a particular texture and mouth feel is desired; in particular, gelatin

provides a smooth, even-textured consistency and creamy mouth feel. Gelatin is used in
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content adds carbohydrate-free nutritional value. In addition to its
nutritional value, gelatinis highly digestible and can thus be

adm ni st av@d1/84s44 i qui d foods that are easily absorbed. Puper/8Soogelatin
contains no fats, sugars, purines, or cholesterols. Celatin's physical
properties, protein content, and lack of strong taste nmake it a preferable
fat substitute in many products. Celatin 1is vmd used as an errulglon
stabilizer i n,combinatspriiother hyfrgepliowdsasa fipken apgsijy flé‘f“ QY mayoypggse an

mar gari nes. A5sa&dﬁfeksﬁigenl ng and bi ndi ng agent, gelatin can replace in whole
or in part the fat content in various food products. For exanple,.gelatin
can replace highly caloric binders such 67 WO 01/ 34646 PCT/ US00/ 30791 5
as cream but t Wiith thamxpagsivegrowdtain the nfimbes andedggjrabibityleg lowa andl notfdtdpirysnreduethy

products. In aggihomakO&l &Estaﬂdég TRiiBhtish m@gr@au@ﬂ t59ur€) 88dyl Sld@Soud el bed pf ul
i n bindi ng | arge anmounts of water, allown for greater post-prandial

satisfacti &h apushpdiprpdiists SViths datdiksaseling praqiesistios, areglatin having @ mslting pgiat of

critical, as na&mfzﬁtssotrp%lda;mé @a@%ﬁde&sa& RHQECIrSmaeRkhe-hutP0 M mic as
cl osely as possible the nmouth feel Ip as the taste, of fats. By using

gelatin in a @Reteristioss Bysimultingthe t‘i"‘ﬂ‘re|°§ﬂ’68§'sf?tmr‘éi“’fo achi eve a texture

conparable to a full-fat product, thereby achieving a |ower calorie
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or, preferably, era resu ng in
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the flavori ngsarQLse@to lg;etageccwm%séaa%d cﬁkﬁa‘i’iﬂu@ has ﬁt.daaalréaxuse%éoﬁ; ergan{ SoeDi ghl y

di gesti bl e. atin as a fat substitute thus a reduction
in calories w ‘thﬁ?ﬁEqu%PCE(ﬂ“? adgiomi drgserty e &t ‘ihéf‘ﬁe‘iakfs’taé%nd}aéor%fﬂlui’?"é‘ﬂness and
W t hout corresgedsl, B\@h RAGAkdeY Chifbdsed SudBs. TTRS Ereanaﬂd:om@lcgﬁﬁewabédusﬂéélred-rhe

present inventjo ne as ect ovi des. a f at subst te.c nisi
P ecori nant - gebate etareti b sdi R BER e e B Red THbf B LRb D
edi bl e pr ozhuct for suthnusas @ifge fiv@ 0 (.86 wanbltdughengher driever gt arebgthamtldgel at i n has

a mel ting poi géem?ed uI \;agms%po%ﬁ'&s 2I%e érgsegtqlwébtloni?o%des%egta%hiizﬂé 5%9{&:(8}{1?%1 ghve d

appear ance an aracteristics vari ous canne
foods, incl udllnqnmmgelstwch as cooked ham by penetrating and filling any
cavities in the 30 tissue. In canned neat products, gelatin serves to

absorb the juices that are released durin the r tortln r ocess,
i npr ovi ng the Hheredt Regeping pemans @dhedfpef s maﬁgmausme% éfeﬂﬁe%%b‘g’aﬁtaﬁﬁ&e to the

products. Gelatin’s dietetic properties, including its ability to provide protein in the absence of
fat, make it useful in the weight-loss industry, as well as in products designed for patients,
convalescents, and individuals with special dietary sensitivities or needs. Gelatin’s protein
content adds carbohydrate-free nutritional value. In addition to its nutritional value, gelatin is
highly digestible and can thus be administered in liquid foods that are easily absorbed. Pure
35  gelatin contains no fats, sugars, purines, or cholesterols. Gelatin’s physical properties, protein
content, and lack of strong taste make it a preferable fat substitute in many products. Gelatin
is widely used as an emulsion stabilizer in, for example, products such as low-fat butters and
margarines. As a thickening and binding agent, gelatin can replace in whole or in part the fat

content in various food products. For example, gelatin can replace highly caloric binders such
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product. In these instances, a gelatin should be selected that has a | ow
calciumcontent as precipitation of cal cium phosphate fromthe phosphates
i n the naaooj/siaes can occur. In canning applications, sechuss/manned
seafood, a gelatin with a high gel strength is used to 35 withstand the
thermal treatnment applied during the sterilization process. Depending on
the extent_of sterilization d the get stre el ect ed, latin | evels
usual | y ramje PFEEATPUEen apd GQ)’“@IQ‘W }a@eﬂgg?"?”ﬁ do 81%5%¥§H§f°£§°tsa I‘b?‘ﬁﬂ'@? and a
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spices to the surface of products such as salams. The sausage is
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Speci ficall conte ated are various reconbi hant atins that can be used
as stabili i:%/ nglowerdeirvals of 23V RRpFiximp ettt &/ $‘11qtlmsf“é‘fdrﬁ’ nga@@fﬂdgct IRl ng
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suppl enment s, ardy bratoushiragperdturé efhumébng, resoing imaedtingwiigelatih hiecagye] tebperatupds t he
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conponent in, consuners veget ari an,

or ot her di®t swittthg flavernes pfapartigulari forgersadpeinFingllyf gsdsgin c:a‘dxpghlyqaﬁeﬁ@le $piggi fic

ani mal - sour ce QIARIMCE 1 sudtul emn@qm“tslf&@ rddBctdf i tdloH&8H bt a@6Hd3pARdiRg Oduct s
i ntended for human consunpti on, %tl ns are sed as bindin gents in the

manuf act ur e of CHEHY B fryfusapd %(fhg“f G ’fh"f‘tc%%po I8 BreauvegHErts ¢ B es
addi tion to thagesibilitgt THeplesatinaditiag dongabat, Ipﬂ)VﬂésfaatthulbsntutehﬁmﬁnspngdUCt s,

gelatin's hi Q'Qco?nbman atcogv g‘g}rg thcgt su%s% ttg 1|s L1:)nltlen§e %] glbﬁf %19 I yCh
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35°C.

Gelatin improves the appearance and slicing characteristics of various canned and preserved
foods, including meats such as cooked ham, by penetrating and filling any cavities in the

30 tissue. In canned meat products, gelatin serves to absorb the juices that are released during
the retorting process, improving the slicing properties and giving a pleasing appearance to the
product. In these instances, a gelatin should be selected that has a low calcium content as
precipitation of calcium phosphate from the phosphates in the meat juices can occur. In
canning applications, such as canned seafood, a gelatin with a high gel strength is used to

35  withstand the thermal treatment applied during the sterilization process. Depending on the
extent of sterilization and the get strength selected, gelatin levels usually range from 0.5-
5.0% w/w. Gelatin also serves as a binder and a gelling agent in canned seafoods and meats

and in a variety of jelled (aspic) products.
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I n anot her aspect, the present invention conprises a photographic
conposition conprising reconbinant gelatin. Preferably, the reconbi nant
gel atin iwopas4ei@l | y hydroxylated. Celatin is a key conppaemsod7aari ous
phot ographi ¢ processes and products, including, for exanple, 35 filns and
paper. Gelatin is used as a binder in light-sensitive products, mhere its

gel -setting. and filmformn erties ke for clear, unifor.
durabl e coati nﬁ@amne%?pﬁléfﬁt‘?“% OSFV “ﬂ%ﬂ“%srgﬁ e L5 ap99y adhesye §¥eﬂtdiqhm ng

application. Gglcad tofhedsrfage liﬂplﬁdiuagsualgzemilaxms eRicemusa i dig-oied 8 dolventratiod f or m
consi stency, SQ 1.di fdcati oh e : i zes

coupl er and dy Ilutlon of ge]%tm (Rag ’t}ﬁﬁ)cal c}/Chas 3 ﬁlﬁl’?l%]ogr %18%1@9 v1sg%%lé)a%lflﬂg ﬁl% g&i}%tngi? 43 4646

PCT/ US00/ 3079 1set @d @llibatng nmr<§f frovelthe predisshsyifecei Buch h@%l@@ras&ﬂ*ﬁoelseéofat {xpgele,

i ncluding sil vrﬂrthehﬁgnhﬁ&ur@mwemnh@marsﬁbsu&;emma@paﬁhapramﬁmﬁe%saemg@fyer s,
inter-layers, and back-coats. The chem cal and colloidal propertijes of

gel atin enddl evapusdiie “B?‘é@?‘b‘ileﬂl%ﬁtqs%‘ﬁ itefpR I‘E:‘Pf@ﬁ?PE%H the presepiimgntion P’BH‘S?S&@r aphi c
silver halide cdyBudostingRémpropgectibihfit feJating f1 ui ds use non-gelling fish
gelatins, which may remain liquid in 10 solutions at concentrations as high
as 40% and at tenperatures as |ow as 20C. In one enbodi nent, the

reconbi nant geGeitinns wsisal ih mivraokgsulitan oiverigis tlavwnd cdors, end gkt pdditiyes, and
tenperature. |g anpther enbodinent, the reconbinant gelatin has a | ow
setting point, but a higher nol ecul ar wei ght than available in current
non-gel | i ng pi sci ne-derived gelatins or in 15 animal-derived gel atin

hydrol ysat es. gﬂééﬁéaﬂﬁ@dﬁtﬂn{p&& a@&hiddub f@c@ﬁbutah@enafuﬁsm&anibau@aaé sabilgap be used
i n various photogr for t he sgﬁ) ort of

ap ati ons r

sil ver hal i des*&H> ‘i-kﬁ““f% &K ﬁﬁn pEs Age?tﬁb @ga e%be(ﬁli ??ecﬁ?tmg?ﬁ econbi nant
gel atin has a seits, |pmg:ntsam)emaatswnellscffzmg)@Mamrd&mamdlaﬂ5@r c@@s, Thers; gclonbi nant
gelatin can be, Rty drhedn AL Ph R0 BP o Aol O IGRRNA unfidhdl il SOl ubl e
povvder or film an us a vant ageous ? use 1 n vdari ous techni cal

appl i cati of%, dfupplemenssaang fas subsiiwseso drperic smbahraant ths gelatineof Hie@scast ingastiet i n can

al so be used i RedBlRLIRekihE 55aSagifd\&, orRE £&RPbneh N GBI PRpLQI b ERLALES
phot ographi ¢ gel ati n products custo 8e3| ned t rre et tﬂ exacting

properties of %MOSB%’{TIII?I% YPEHariAR gpothes diets diaf restrict f“ﬁf)s(ffgn %P"drfﬁ’ktf“ﬂ’@g such

gel atins. 25 Qpbefic anihindsduee probduakant gel atins of the present invention offer
various technical advantages over comercially available gelatin due to
its nore particular and integrated chem cal make-up, and the correspondi ng
consi st encs i ninjadditiquity beingaisedon editde produsts infindedrferdwmbn erasumpgjen, aelatiis @ t he 30
present 1 nvent o ¢@Qink Q%éﬁts B S aH fabk e o EAN UG Bli1eR APt fBds, @As WhA Ch

currently involve extrac
chewables. In addition to the structural advantages gelatin offers in these products, gelatin’s

high protein content can contribute positive effects such alleviating symptoms of degenerative
diseases of the animal skeletal system, as well as improving pelt growth and texture.

30
Photographic
In another aspect, the present invention comprises a photographic composition comprising
recombinant gelatin. Preferably, the recombinant gelatin is partially hydroxylated. Gelatin is
a key component of various photographic processes and products, including, for example,

35  films and paper. Gelatin is used as a binder in light-sensitive products, where its gel-setting
and film-forming properties make for clear, uniform, and durable coatings which can involve
multiple coatings in a single application. Gelatin as a binding agent creates and provides the
uniform consistency, solidification, or cohesion desired. Gelatin also stabilizes coupler and

dye emulsions in color photographic products.
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gelatin. For exanple, the present gelatin can be used in a variety of

i ndustrial processes, including, but not limted to, paper sizing and

phot ogr awmum e1/34s@é | ot ype, screen printing processes, n crpenvspewiat ed
dyes, copy transfer papers and other papers and boards coated wth gelatin
through the formati on of a coacervate conplex with gumarabic. Gelatins of
the 35 present invention can also be used in electroplating to ensure

snoot h depossi tion and as a protective colloid in sone polynerization
reacti ons, andGésinas iGdigemnstife @phdtbdraphic@batingsgdnchgidngtsilvenhalidesmuddondayetspnop

manuf acture. 70 WD 4646. PCT/ USOQO er n t he
present gel ati K% Sulﬁsméﬁayers mtegg%edséan%bag( Cé)aéc?}l§ICHen9ca?5rt% couo‘?(m) rgpernr:%ﬁé udi ng

stock certi fi cgelags ¢nabla piccisratresipitation gnd C‘hlbrelca,d rﬂe@ermtof [j@l(maplmc $1lYPItlhé¢e serves as

a bondi ng ageé?lliulsfldﬁg Sbﬁﬁefnﬂlmmgcﬂﬁldgﬁgn%n- aﬁl%\ﬂsﬁihagm§ thQ:Way %ﬂﬁ'lfqﬁﬁdﬂpd nmor e
even conbustion for matches,” as well as fastenl ng of abrasive particles on

a canvas of0 pa@blrlorﬁabq@pq?gtrqﬂgnsgﬁ b‘éﬁhésém%amda’sflevﬁe%lﬁﬁfeﬁs wap30°Fhe distinctive
properties of gelatin, including its ability to serve as a protective

colloid, and to alter its electrical ar es | H, conbine to
make gel atin aMeBtEpbedimert fhi g ma’FtéFla'ﬂfg@S ? }?Wrﬁ‘ ‘?"Blar ‘ﬁ%&'b%rt?lag?‘ﬁi?ﬁmg@l atin
and its deri vafemmure:am aﬁdﬁ&ﬁerﬂﬁ)dm&tdthb fec@nbiidahi gelayin ok a 10w ettig poiatahusal at i on

devi ces and tec for in the m n of inks 15
for carbon- frghenl a ecraculafwel raﬁréeg\gukﬁ%ermgu ent on- glﬂ&p?s@?}glggnve(?%ela%ns orfmact ur e;

chemi cal s Uisedamnmal dmybdgela@mhwm@nms adhesi ves and vitam ns and nutritional
suppl ements. The m cro- encapsul ati on capabi I ities of gelatin and its
derivatives are also useful in the manufacture of packaging materi al s,

i ncludi ng packHEIrHFgMEMnbeAaNg O TRTRER SRR 581 Beues it WO%@@*@W bigr omas, and
wat er vapor. C@bﬁbtandms if6r ekdpde, ir 6he kyppbi eilven hdlldednbbid fipaadkiggpengin oieICh as
packagi ng for food har maceut i

adhesi ve ef f ecetm R OF’(B’ngfgelgtﬂlralPé?:%e%?lgF?g{pg%[‘ﬁrog@ei%‘?ﬂeé’ Y%fg&gggg ;[ f]S The

render the?n usBfeudcombiftant @Mlpﬁamrbte ispriyzdried andaffereti os 4 loe d_sdsa)blcbld Wy‘teraﬂohllblsl ow
degradati on Of, A€ AR OnACh Ikl fhe i Afous PR S Mol i) €0 N1 LT 0gen
y e fer t

concentration ‘provi de _ | Zer us nal nt 25 made
avai | abl e of aﬁxmmig@hotgwﬁt pydtews. The m;fseﬂcx,fllaatl Fanglsg beused @@elat%ﬁltﬁrs dkBe a

bi ol ogi cal I'y &&gﬁmmhﬁc&teﬂgiaﬁgp@q%ﬂbhlb Beldti Prodmit@sh UESened tofuREdihd | zeT

pellets. Due to its amno acid conposition, gelatins can serve as conplex
sources of ni tFHGBHPrORFEtst pf cach HaB‘FUIé‘%‘&??p?Sé”en aﬁmfth‘élsé‘ifﬁlah‘é%?‘%h getldnicillin
by Penicil23 um chrysogenum as well as, for 30 exanple, in the manufacture
of various staégher cultures and antibiotics. (See, e.g., Leonhartsberger,
et al. (1993) Bi ot echnol 30: 299- 313. )

The recombinant gelatins of the present invention offer various technical advantages over
commercially available gelatin due to its more particular and integrated chemical make-up,
and the corresponding consistency in its physical properties. The recombinant gelatin of the
30  present invention can thus be used in technical applications which currently involve extracted
gelatin. For example, the present gelatin can be used in a variety of industrial processes,
including, but not limited to, paper sizing and photogravure, collotype, screen printing
processes, microencapsulated dyes, copy transfer papers and other papers and boards coated
with gelatin through the formation of a coacervate complex with gum arabic. Gelatins of the
35  present invention can also be used in electroplating to ensure smooth deposition and as a
protective colloid in some polymerization reactions, and as a coating or film-forming agent in

semiconductor manufacture.
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The reconbi nant gelatins of the present invention can be used in various

| aboratory applications, in which the reproducibility and uniformty of

t he recomvbd nased4gel ati ns of the 35 present invention w | PChesgrmadll y

val ued, minim zing unwanted variability in | aboratory processes and

conposi tions. For exanple, the present reconbinant gelatins can be used in
various tissue culture applications, OVIdIn itable protein source in
growt h mediya, BaAepther prabodimea, Qﬁﬁ‘ie?eﬁtaie}ag%’é used a3 ‘quﬁé T speid | apAlGRIREH matri x or
scaf fol di ng, oOhcl@difpastock torifR6res, bk n6ted, btc. Bictpasdnipiitin AltlergE®vtala bddddgpr esent

i nvention al sogg ?V' desmatcg as! égov neravlgtvtvelr Q fornulation 71 W0 01/ 34646
PCT/ US00/ 30791°8"5 "¢ &P "SR iian 58 OB R PP RIPAT on coul d,
for exanpl e, bteatdseds w@l q@rfaetseng/@f abrapveevpauclat q>rtm:amvras ol papes basking to] pragluce
protecting theab§agllvy% dp@Q until adm nistration and use. The present

i nvention contenpl ates bi ol ogi cal buffers conprising hydrolyzed or | ow gel
strength Heconbi nant gel atins, such as various bl ocking and coating

sol ut idonsbI In Tﬂérdtshmwe lﬁaﬂaafas SreBlhth, 1nt:lhdin§i’ts&%ﬂ1%tok@%/@§hbfb&ctWeQMitﬁiﬁSnd
reproduci bl e rec nant in vari o

bi behen cal - ar S G A G re vt 8. certin iyt S dRsRaRG s,  The
present i nventfoouse al sicroencpsrpaes é&lam oot dervatives Hodtds bewed ivd vevietyhof

reconbi nant g \Jal%;ol dlca su%t'lgbdéuc d aggégl{nﬁqggssfor t:)mn le, 1§ mlcr6 cgﬁmn o@ﬁlxkscel |

cul ture, provi rp h surface ependent cel

Pol ysacchats defomopéle«y@apgrr%%@nﬁé&mgdvelﬁwg @%ﬁ%ﬁmlﬁmm&l&ﬁmﬁechmwelwe@w with

t he reconbi nanhugRbAfdnfe adhfesﬁeb%nd)%@ﬁlﬁﬁhndd%&@laﬁdl g@p&@er@s’ avié fera Ssui tabl e

surface for «cell attach In one

microcarrier BRSRSIREn {""rl?gge lﬁ’re%gfne‘;ﬁ]?gn ?"\fﬁ\n\f% ?fﬁeseﬁr%a %Iﬁldnwpﬁn“gaﬁ&‘é‘i %i ¢
recombi nant gejagitaging mawiidls inoludigg laacltagmg aldmhﬂgagemusenmdﬁmlfomp,abdnas of

i nducing differentjation ceI rent

regi ons of vari guse coPt aneilﬁtémg?lgsvé’Isag gsleafn 5}“%%1})% vart (L)l%tslasﬁgf@%&%f%és, for
exanpl e, I\’lhr|feeltphaergacelnsalefamtqﬂpesemlmve@mdluaﬁgen have been associated with
active sites involved in the clotting cascade. Theref ore i n one

enbodi nent, the present invention contenpl ates the use ol ynuc] eot i des
encodi ng r econbicAdistivyiedendreduction of swiapeFasion proyideq by g&@f“i‘s\f@‘dFrébﬁ“b‘ﬁ%ﬁ‘ f a
parti cul ar colihagefrtilizer©Dup &rthd srabllwanaabdvammnwmh apinb ydidsolf geddtindies can be
;ngt: Esa \62{ ;petc}/sFLIy a%us(t)ed nY%rad%en cloncentral?i np\ac?e’db d‘F’l L22AL 13 ﬁuyrngrg%gcdoaﬁah?ant

gel atins 2 trhale pragdginef allmem’tqum)f an (Eﬁéatlutsedalsorvsqrfel\ﬂeh biglogicdlar r ay

t echnol ogi es %?m%fe%gﬂhgggen{mhgggmf&gﬁ@gferg;gIeJ&gap fibrils and inmobilized
col l agen bind strongly to platelets, as 30 platelets have nultiple binding
sites for collagen that enconpass several collagen nol ecules polynerized
to each ot her.puheitd MRy REtcb@pbsiibn, Rtlaing tatservdstcbmglot doagervf hitb@ugRethinei r

col | agen rechgt ors resgl ts, i n ctl Vlﬁﬁf)yoﬂen()f thﬁzg@' atelets ndforsubsequent

formation of Iée[)%‘f]@f "é a?yggla penict icillium ogenum, as we

example, in the manufacture of various starter cultures and antibiotics. (See, e.g.,

Leonhartsberger, et al. (1993) J Biotechnol 30:299-313.)

The recombinant gelatins of the present invention can be used in various laboratory
applications, in which the reproducibility and uniformity of the recombinant gelatins of the
35  present invention will be greatly valued, minimizing unwanted variability in laboratory
processes and compositions. For example, the present recombinant gelatins can be used in
various tissue culture applications, providing a suitable protein source in growth media, and,
in some applications, providing a cell growth matrix or scaffolding, or other surface for cell

attachment and growth. The present invention also provides a cell preservation formulation
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Reconbi nant gel ati ns consisting of biologically active regions of collagen
type I'l'l, for 35 exanple, can be prepared as mcro-fibers that consist of a
uni form twoQ opsusitd y, and reproducibility unattai nabl e w t RCT/US603T91COl | agen
and gelatin sources. Mcrofibers derived fromthe present reconbi nant

gel atins can be presented on substrates, e.g., arrays or chi ps used to
screen for conpounds that prevent pl atel et aggregation throu i nteraction
with, e.g.,5 t§pen§ng re@&brna@éﬁatmo ﬁu%lerfmlaﬂ%wglﬁt}%ﬁ RAPREPF Higd g’cﬂ“fsﬁf@"e%

Cheni cal co P oA SatiorSdTRlatelel Z1YVRr R irg4RAb uffba kintiSQAMNES-4Eh anduseDTIRGs @B,

pepti des, or other biol ogi such od| ) n be
screened for t'ﬁ%?nPonaCBPtFrflgﬁtestabdolfﬁlcégbé'#rs c?'r'épélﬁlg%hfdg?’lyzg‘%% g t}en Cess of cl ot
formati on or pleaidinett galgiseyet ds eajous bieding tmtrolting pélations. dtl furthtrer actions with
specific regio RGD
sequences. Add%}%o}g\ﬁnte{% I?heei)reg‘glrt glg%?ghyﬂ bt eggﬁﬁbla%cor%g%mu %mr?érgiea{m nation
of the inier awp\érgeleﬂseéifqrfn@ﬁl@mcaltayéégctrevhomﬁf agbpipdnaliiding epappgedy g8yi ons of
col l agens and gelatin 10 micro-fibers. Mcrofibers produced from

reconbi nant gelatlns fromany of the fibril-for

col | agen type 11€PEPLmy§nton {}%ﬁn‘foﬂp“sﬁs%goweb?eagfﬁgewl% r&‘iﬁ’gﬂ §Sﬂg’ed in
screeni ng f orSwebhicagerdtiers nskdceg, ip nanhablenh cadjghtegarivaie agniveigarestis. Al so
contenpl ated a r I f ophi pant

gel atins or 152[ ng?hg}egrirte&r%ﬁ%d%%&ug P(’%Aémlﬁgé a%%&lg‘r%rﬁ%?%%gag?ef&%x{r&ﬁ quﬁngscr eeni ng
for and i sdi atgoeted wfth thereremhtinaniggelatinsof the pregent lo\ren@}aﬂltmfpﬁd%%%hlerﬁgrface for

pol ynucl eot i degy afexchinenPHd gwmmon&nﬂodlﬂe@%&ﬁlmownﬁw beadt SfurRRtdial | evels
of expression in, for exanp normal vs. diseased tissue. In another

enbodi ment , h‘éveﬁP‘é’saé%‘{oa‘F‘?\W@hsth%ﬁf BB ing gelais Fafalting SR FRHASEIES hunan

gel atins 20 f ddinalss €aphtile dflieiucihd differatibioatahdgrowth oppadiipaiar dells. cel |l s, for tissue
regeneration therapies, and for tissue engineering. Conponents of the
extracellular matrix are involved in the regulation of <cell proliferation
and di f f er 2ht i Rifferont.regidne ofszaouskollgedna tre psseriatadydihvericus adtivitiesa for edmplet h basi ¢

fi broblast gropgf,f r«?g?JnQBf %qﬁlc@fa@én%% Ue»er SBkiaRd wiK Q:ltl{fé s@t@saﬁﬂfo@\féd gnek capillary
formation in an artificial dernTs nodel Kawai et al

Bi omat eri al s, ottinggascady Therefpre, in gnesmbydiaent, e@ﬁ%?fﬁfﬁvmﬂ%epn@@ﬂa ehBPsef er at i on
and gl ?I cel | of@bllfiRlc6tites afcmrg,rem&hglé gdlmatmgnﬁlh@eam i@nengibaior on of
neuronal progenitors. Br.a v _Brain . Res .

10 91738 AU e or oFbyialgeeh i SPO RN ORGP e R b oE

di fferenti2ti oof vays, homemplrinowrstrmpsmal cells, while collagen types I,
11, and V did not. (M zuno and Kuboki (1995) Bi ochem Bi ophys Res Commun
211 1091-1098; and M zuno et al. (1997) Bone 20:101-107.) 30 In general,
the use of gelBacPmindnheckasng, PelyReptifies andgglynycisotides prepdingsth regruphunaptee ating

i ncreased and ofm{e%@aﬂﬁ\derﬁedéanuwsbahlnb%l inférdaﬁ RtBRNbBsiafd &teerimgeel | s and
ot her progenitor, cells. )g(og g éﬁ SAl O 3 46: 152215%6 ) Celatins
used as a car rPefodpiggirs Loy Wiﬂé‘ijif“’%} 264 sollsgg, Bind strongly to platelets, as

30 platelets have multiple binding sites for collagen that encompass several collagen molecules

polymerized to each other. The interaction of platelets with collagen through their collagen

receptors results in activation of the platelets and subsequent formation of platelet aggregates.

Recombinant gelatins consisting of biologically active regions of collagen type III, for

35  example, can be prepared as micro-fibers that consist of a uniformity, purity, and
reproducibility unattainable with current collagen and gelatin sources. Microfibers derived
from the present recombinant gelatins can be presented on substrates, €.g., arrays or chips,
used to screen for compounds that prevent platelet aggregation through interaction with, e.g.,

type I1I collagen, or any other fibril-forming collagen. Chemical compounds, small
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supported osteochondrial differentiation in the delivery of bone

mar r ow- deri ved nesenchymal progenitor cells and for nesenchynmal cell based
cartil agavoenawes ati on 35 therapies. (Angele et al. (1999pCcTiUsensd7HNg
5:545-554; Ponticiello et al. (2000), J Bioned Mater Res 52:246-255; and
Young et al. (1998) J Othop Res 16:406-413.) The present invention
provi des reconbi nant gelatins for use in ceII cul t h as, for

exampl e, i prYFs rﬁ’@Pt’(‘}%ﬂ Pr offtet biplpgigahpolequiss (suclyag F“i‘#’@‘?%?? rcf?e scxesedde |

di fferentiati Ofeir dbilitE®ptedér, r&iil&()disﬁﬁﬂhdiproc@s’i om&fadrﬂﬂ(ﬁrﬁﬁpﬁﬁﬂ ddefapHti3f) 791 5
the present inventi [ eqlf Le; recombi nant
gel atins desi g’ﬁ%dr(;atetd%yﬁg[ef)ey‘crj‘%mtcthons lehl"ss'pl‘?cé %\g)rfs t#ltn %‘rrép fite} Bt e R
proliferation,exanple®AGD gidehes.emdditmnillyrmigroarrays Wplé@alsqj@wsef@iqm@naﬂplf of
promoting the é%{eﬁa’éﬁdﬁtdfafﬂwﬁl tﬁs@s ﬁwltwaga@wgmg ofcBldgSnsWRSecHiRS red, a
reconbi nant gelatin coul produced cont ai ni nP the specific regl ons of
col I agen t e migro- frbé@pM*\%ﬁ’fB’FréP‘foélfce‘i figrg regeupbingn gpl at“istfm’FWé‘Y pf tas-f9HiPEnt i on

provides a Cosmageﬁs €0NRNSIch tyB&, 6EMI i RilNdygeas onipeTANEoulitd ateld ih scrbbtify
conposition ca adm ni ﬁt ergd to a s%@[gect to i nmprove and repair rough

and broken nai ‘sCOﬁ%ﬁ‘?Ef"tdB“ feistaseegploy PP of hair. Gelatin's

hypoal | er geni ¢ and hydratlng properties, and its ability to provide

texture, €0l O s 0fhefipfileh b vidfithafs Qe boliniilitd lh&%moaag?ec&ﬁbm%% AR al

ingredient 15 in various cosne torletries. "For exa gel atins
are val uabl®e ciagperiethersofofudhagi¢roargysrage %?@dmw@nm&@ewda@l%%mmtsaﬁd

condi tioners. Jofladefr eaRRChORAL polmge&fd@s@QtDNmmAaﬁumlaét%rﬁ@s a

moi st uri zing agent conprising reco |nan ch i sturizing agent
is appropri at8ifsreptiahjevelsionexpissinadn, ggg SBpPre c‘gﬂ‘% g‘“ﬁﬁ@ ¥$¥m f or ni ng

properties of gelatin can |rrprove the gl oss and handling of hair,

especi al l y I'n ]%ea?n%%?embo%un g\érlegegts m\ye:nttlol;li%?f}v1 €s pun%led recom%ln‘en!iphﬁx%in elatins

prepar ati1 ons. Inits I'n various ‘cosnetic pr OCGSS I ncl udi ng
hair treathenfprpe oqujinff@@tlsmhf asgepieqrnﬁhefnlttlsmwgnl@ra@nmthmmmmdrﬁg in which

protei ns such Qg egghe%w CREBorkd NSk theRxRIONRE tnahiRiafe iNolVEE InWeGeguliéh dtS€ Of
reconbi nant gelatin in lotions, masks, creans, |ipsticks, and_other

cosnetic produiet grofifratipnsapd differentintpn  1Bg use o8 eqlatia “f“fr?sﬁ?‘i‘??ruﬁi’lf‘f@ed BhIRET ti es of
gel atin contrifisdbest drowth Kicor S0ttt dsmblaaipeblisdtion ekicapilliy fngatias pemt t he

present 25 inve n cont tic ¢ t

reconbi nant ge gtici' ﬁde gﬂ)é&wal n(l%sb,t% ’ox{jlatn?s'{mp?zitg 1993 cﬁﬁ%d i vveak
nails, etc2s Thehxbitesmlmohfvslopm@altdelééiffgﬁntgmrawhlﬂv prqnmtllnglt!lp diffeientsatiornéf] i ty to
serve as a prq&eﬁ&aﬁgoy%g&ﬂuso%eté}mﬂggsiﬁra@ﬂe%e& ﬁrﬁm‘f{e?ﬁfo@l cagll) AQlBﬁBlgiﬁyW th

changes in pH, elatin a terial suitable for use in
i cr o- encapsul cgilqg@ﬁtyquma{chqtheaqﬁaogeplg diffsrentipgion ‘?f@gnf‘d&%mt"’ﬁﬁgm%ée”ﬁé’gﬂle ina

variety of nm cdofaRREPRINITBLAONddayi easuRnidd KR SSEBiocHeAIBigph e, in the
m cro- encapsulgtl on

ommun 2?{.1091-1098, and Mizuno et al. (1997) Bone 20:101-107.)

30  In general, the use of gelatins in cell culture lead to higher cell density and increased and
prolonged cell viability in hematopoietic stem cells and other progenitor cells. (Tun et al.
(2000) ASAIO J 46:522-526.) Gelatins used as a carrier matrix or delivery vehicle have
supported osteochondrial differentiation in the delivery of bone marrow-derived
mesenchymal progenitor cells and for mesenchymal cell based cartilage regeneration

35  therapies. (Angele et al. (1999) Tissue Eng 5:545-554; Ponticiello et al. (2000), J Biomed
Mater Res 52:246-255; and Young et al. (1998) J Orthop Res 16:406-413.) The present
invention provides recombinant gelatins for use in cell culture, such as, for example, in

promoting cell attachment, cell proliferation, and cell differentiation. In certain embodiments,
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fragrances for advertising and sanple manufacture. The foll ow ng exanples
explain the invention in nore detail. The follow ng preparations and 35
exanpl es ved e1/8ficven to enabl e those skilled in the art to poT@sal/masl y
understand and to practice the present invention. The present invention,
however, is not limted in scope by the exerrplifi ed enbodi ments, which are
|ntended as_illustrations of sin Iea s of t. ven 0 and
ot hods whi Sh 8 BTGB R PouOgR PERPORPE I PR R TG e BT o

i nvention. | ndeethvide &k idesitsd dmdut&hmalt |ceinsoldérattoh,e>rIcm/cheﬁﬁetmrmandnmctaniﬁés tHoon to

t hose described 7 1/ 3464 0 r | .qpecone
apparent to th%(glgpevgfr?mésggﬁl tg ﬁtpggléay % (ang’lggrﬁiépr?%m?o?g?effﬁg/ ag/(':I\Q(iasl(r:erdi ption and
acconpanyi ng dreepmibingnt.gelSiircdouldibel prodused qoptaiging the speaifie rrgods efgollaged tymsi IVhi n t he
scope of the appsnded: &lsaidvhy EXAMPLES 10 Unl ess otherw se stated, the
follow ng materials and nethods were used in the exanples of the present
i nventi on. 1(Exarrpl e 1. Direct Expression of Reconbinant Gelatins Specific
fragments of te pakénk hv&ﬁbhﬁprswlm buﬂﬁﬂib dolp&ition e@dlﬂriaiggftcmﬂfu&negmhﬁmﬁj by
PCR 15 and cloned.into .th | I’lVI rogen Oorp ,
Car | shad, CA). Oﬂl?osmoncanbefa ﬁmBB%E{-Tt JOEFCS?O 'mBréfveﬁd p%‘ﬁlmn ar:ia’ ge afl orth in
Table 1 bel ow ar@prelmpfqvcthp ol hra@thelagle’iih&mpailsrganeanddtmtmglpmemw, Fditke 2 as
SEQ I D NGs: bﬁlm ngald%xmﬁn&l&%d Sty %ﬂaim%o%m AlRE ffike if ﬁlce@&mama digg! atins
are additionally 1 dentif by reference to human prepro- al é collagen

( Genbank Aé%es@ﬂéﬁ?“hﬁ?smmwg‘ﬂbmfs ée"é’k’blF’@%i“Bﬁreﬁ’P]é% @argsad ottt ai ned al
(1) cDNA 20 segkginsdss,Sich@di hapdpindebidRonértl SI8 Ond hbbdlfet ARG resdRtinvBGioh act or

| ph et ah K th t
Can a1 S0 b uSBOo BRCEREAN B PHEYRRSEoT ARl RED N A Refidbet aci d

phosphat ase ( Piipopsagioenc escosndie appéitative. photlmddrindgeropsitignaigelatgaguence, and
the signal seq r t
provides the 0 'Eb ??r%% Qllosesve(?m?lﬁlgf E]Eggg%f?édml b dégéég%g% H9 Pga??dha ragnment
in a speci 8§ c dxpicdPpyrioss SFekatn ispkso §¢6 i aripns CW%@?’EOCCWBEEIUWSEQ | D NO

SEQUENCE 1 GI uc
TAgJACTATTATCTgW &Q‘%ﬁﬁ&@ﬁm%ﬁ@@m%m% h3s

T ATCT CT CGAGASHEA AL FACEE TSP A A s ecgtin i oions, masks,
ATGCTCT AGATTATTME]@TW@E&@% is also contemplated, as the film-forming

properties of gelatin contributes to skin smoothness and softness. In one aspect, the present

25  invention contemplates a cosmetic composition comprising recombinant gelatin, which is

administered to treat roughened or weak nails, etc.

The distinctive properties of gelatin, including its ability to serve as a protective colloid, and

to alter its electrical charge with changes in pH, combine to make gelatin a material suitable
30  foruse in micro-encapsulation. Gelatin and its derivatives can thus be used in a variety of

micro-encapsulation devices and techniques, for example, in the micro-encapsulation of

fragrances for advertising and sample manufacture.

The following examples explain the invention in more detail. The following preparations and
35  examples are given to enable those skilled in the art to more clearly understand and to practice
the present invention. The present invention, however, is not limited in scope by the
exemplified embodiments, which are intended as illustrations of single aspects of the
invention only, and methods which are functionally equivalent are within the scope of the

invention. Indeed, various modifications of the invention in addition to those described
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5 GIATCTCTCGAGAAGAGAGAGECTGAAGCTGGECCCCATGEGICCCTCTGGT  CCT 6
TGCTCTAGATCATTAAGCATCTCCCTTGGCACCATCCAA 7

TGCTCTAGAD AVT4AGCCCECECCAGCATCACCCTTAGCACCATC 8 PCT/US00/30791
TGCTCTAGATCATTAAGGCGCGCCAGGT TCACCCCTGITACCCTTGEG 9
TGCTCTAGATCATTATCTCTCGCCTCTTGCTCCAGAGSEG 10

GTGCCCGT GGTCAGGCTGGT GTGATGGGATT GGACCTAAAGGTGCTG  CTTAAT 11
CTAGATTAAGdhGdK@ETT*AE%#EEW@%E%&%@%ER? G%%Eﬁég %Eﬁé@ﬁﬁﬂ%&éﬂb 12
ATCGCTCTAGAT T ATacAdM el \ kvl £5.T Siioh GoABABaHS areliftended to fall within the scope of the

CTAGTCT AGATTA‘&%‘&% GAGGGGCCAGGGEEC 14

CTAGTCTAGATTA TTGGCTCCAGGAGC 32

AGCTTCTAGATTAT TAGGGAGGACCAGGGGGACCAGGAGGTICC 75 WD 01/ 34646 PCT/ US00/ 30791
5 TABLE 2 SEQ I D PCR PRI MERS USED AM WQAMPIRSSEQUENCE MOLECULAR NO  WEI GHT
15 SEQID NO5 and SE ID NO 6 residue 179 to residue 280 9,447 Da 16 SEQID
NO 5 and SEQ | Briecbemse saigd thefglopengmetsriglhand asthodsverssegip theeranmies of b NO, 5
and SEQ I D Notﬂeﬁleéizhtdhk%ntiom to residue 679 44,737 Da 18 SEQ ID NO 10 and
SEQ ID NO 11 residue 531 to residue 589 5,250 Da 19 SEQ ID NO 1 and SEQ

I D NO 2 residue 531 to re5|due 631 8, 947 Da 20 SEQID NG 1 and SEQ ID NO 7
resi due 531 t OExaes ‘ : e and SEQ I D NO 4

resi due 531 t > : 12
5% 52 R el e B

resi due 6155t candebhailinto Tt plagnid pBICDaA oPAPISHIhvDrdged CorpndarBRd, C4). i 4 r esi due
615 t id 615
Lo resi due. 10350 BhottptrBed i oiaring 2 B 573081 i R RERERLE U8 2000
resi due 676 5,Slainye dgifigHTpy RB@CHPG‘ICSEG thron 5 @439 Sdi &3 ehsset o

resi gue ?Egz 2 2pe6350%ﬁm1a@t geldths e QadifdnNG idenffich b ERbilde NBuien prestb 44€) RBed. O
resi due
(Genbank Accession No. CAA98968.) The expression plasmids used contained a1(I) cDNA

20 sequences of different sizes fused to the yeast mating factor alpha prepro secretion sequence.
Other signal sequences known in the art can also be used, for example, the yeast invertase
(SUC2), the yeast acid phosphatase (PHO) sequences, the native pro-collagen signal
sequence, and the signal sequence for human serum albumin. A signal sequence that provides
the optimal level of expression for a specific gelatin fragment in a specific expression system

25 should be chosen.

TABLE 1
SEQ ID NO: SEQUENCE

1 GTATCTCTCGAGAAGAGAGAGGCTGAAGCTGGTCTGCCTGGTGCCAAGGGT

2 TAGACTATTATCTCTCGCCAGCGGGACCAGCAGG

3 GTATCTCTCGAGAAGAGAGAGGCTGAGGCTGGAGCTCAGGGACCCCCTGGC

4 ATGCTCTAGATTATTACTTGTCACCAGGGGCACCAGCAGG

5 GTATCTCTCGAGAAGAGAGAGGCTGAAGCTGGCCCCATGGGTCCCTCTGGT
CCT

6 TGCTCTAGATCATTAAGCATCTCCCTTGGCACCATCCAA

7 TGCTCTAGACTATTAAGGCGCGCCAGCATCACCCTTAGCACCATC

8 TGCTCTAGATCATTAAGGCGCGCCAGGTTCACCGCTGTTACCCTTGGG

9 TGCTCTAGATCATTATCTCTCGCCTCTTGCTCCAGAGGG

10 GTGCCCGTGGTCAGGCTGGTGTGATGGGATTCCCTGGACCTAAAGGTGCTG
CTTAAT

11 CTAGATTAAGCAGCACCTTTAGGTCCAGGGAATCCCATCACACCAGCCTGA
CCACGGGCACCAG

12 ATGCTCTAGATTATTAAGGAGAACCGTCTCGTCCAGGGGA

13 CTAGTCTAGATTATCTTGCTCCAGAGGGGCCAGGGGC

14 CTAGTCTAGATTAGCGAGCACCTTTGGCTCCAGGAGC

32 AGCTTCTAGATTATTAGGGAGGACCAGGGGGACCAGGAGGTCC
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of prolyl 4-hydroxylase and the collagen fragments resulted in the expression of recombinant

gelatins with native human sequences.

25

The fragments were expressed and secreted into the media. Recombinant gelatin was

recovered and purified from the media by acetone precipitation, anion or cation exchange

chromatography, or any combination thereof. Acetone precipitation was performed at 4°C by

addition of acetone to cell-free culture supernatants to a final concentration of 40%. The

resulting precipitate, consisting primarily of endogenous yeast proteins, was collected by

30

centrifugation. Acetone was then added to this supernatant to a final concentration of §0%,

causing the gelatin to precipitate, which was then collected by centrifugation, dialyzed
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The expressed reconbi nant gelatins were of discrete sizes, ranging from
about 5 kDa to about 65 kDa as neasured on SDS- PAGE, corresponding, for
exanpl e, woogalead i ns of -5 kDa (lane 20 2, SEQ | D NGO 18) PCHUS0KID291( | ane 3,
SEQ I D NO 19), -16 kDa (lane 4, SEQ ID NO 24), -18 kDa (lane 5, SEQ ID

NG 20), -20 kDa (lane 6, SEQ ID NO 28) (al so havi ng a calculated nolecular
wei ght of 17,914 Da, not set forth in Table - kDa(Iane? SEQ I D
NO 27) (al 3o WAWHhtpeang Fpen pack leephitigide Eig P“%?‘@‘H’twaéf’bt%edé’lﬁ‘ cpRbinglige set
forth in Tabl eoflhion axﬂjcatkﬁaxchérlgaﬂlﬁmﬂatom | @hrddadtcdaphic pirtficatids Wka (| ane 9,
SEQ I D NG 22), ormeg {room eraurlgl gure 1 (lane 25 10 represents hydrol yzed

r econbi nant hu’r)ran oo ) enmP prepared as described in Exanple 10).
Exanpl e 2: Human Recorrbl nant Gel ati ns Support Cell Attachnent Activity The

recombi nant humﬂmﬁlﬁﬂo@% BizdsTo Whalsgioteﬁda% aéaa%ﬁm;emg RYSPrAP cAQRASST at ed
invitro cell 30 attachment activi { oW ng assay, . 96-wel |

Maxi sorp pl&t egolequlpnpyishibpsed @b"é@l%‘baqﬁy@‘ﬁpost“ﬁ’é ‘?@P%W‘lﬁfgaﬂr(@%ﬁﬁk’rféhlt human

gel atin donai n@9§21) MALbBERmdE BRI 10- 4213) Numnlaltsycpende andl@lslod@e recordsinalescr i bed
in Exanple 1 an ted in Table 2: SEQ I D
NO: 21, and SE(;g‘eﬁj N%‘“?’?“r tﬁ’ff%ﬁcﬁﬂ\ﬁ %éheé’fﬁpfo SN %h&agﬁ%gc fiol ogi es;
Palo Alto CA)  guhin fragnien® irs@dan m diled triprtgetoiegeassepeeiytprthwanrite gagas i ve
controls, 35 &l nE@om 0d orfi'€qRAQL 64 &mhmw&g £0 0.1 ng/m in
0.1 M NaHCOBI %I—iﬁ?&itg %Sotle mﬁi%t}gsqcoat eéwover ni ght at ge40 Human
foreskin fibrobfdiomaly myor@hananm%hnsa%smt@a\hw majesicomioens eHBe foafitienst | s
(HUVEC, from qngawggﬁauaﬁ@@ﬁ%ﬂs@mew&yﬁws&@g@d onto the coated plates and
i ncubated for 60 mnutes at 37C. Experinments were performed in triplicate.
77 WO 01/ 34646 PCT/ US00/ 30791 5 The degree of cell attachnent was then
measur ed usi ngTHReagesdd rdbihbindnt géldias abrs of dikreesized, ranfing fiomvatur dih tatbod50 MM

in an ELISAre ... FlLgu t hat t
supported HFF gﬂﬁ%caﬁ%%?m Zﬁxﬂg&é\@ comﬁs%tn dmg’%ﬂgk %;L or ré(%‘]%ﬁﬁ fgﬁ%'[?a (laﬁé
at t achnent 2@as2, SERAR&A:18).pl dla (ﬂanMEQtIB T‘{(hbf’) miﬁ isRa(lane 4»%(131@(1\1@‘24)': Hé
reconbi nant hug@y.ges, %EQQD‘N@?éo?dzb ﬂ)@@a@xQG S‘EQ'Ib N&E@@dﬁolh@ﬁh eyoalcbl%‘d

nbi | f I.D 10
gﬁggor ![ ggn}ﬂFge‘égFf%}g;Wg‘ﬁlit of 8 g4 P?d’r‘?bsrd farth ’(é?ﬁlablf Rar 3tkPét(la%ee7e ﬁg%ll? HO§§A Fl gure

2B shows t hat (alséravihighcfieudadd nicdealabwaighndf 20)62%8IDa, galsatforthsin TaldpD[ tde dDa
endot helial ce)l at tJ,vity was .al.so
denonstrat ed vxgl?lﬁg’rsfa‘:@gﬁ}w%%s ’tan%e%d kﬂélta? aJt]lgﬁaE)?ngrzgas %?/l\é\%dh%ir:lﬁgf lr(ulfl/ncfr ol ysis
of reconbi Aant l0repressnteinidiolgeiredodbaentiniyedh doldgaviypel, Earpdlaededgribedini ng
reconbi nant g )g}nbfgsm aving nol ecul ar wei ght ranges of 0-30 kbDa and 0-50
kDa. 15 Exanple 3 entification of a Proteol ically Stable Gelatin
Fragnent

Example 2: Human Recombinant Gelatins Support Cell Attachment Activi

The recombinant human gelatin fragments of the present invention demonstrated in vitro cell

30  attachment activity. In the following assay, 96-well Maxisorp plates (Nunc) were coated with
the following recombinant human gelatin domains from the a1 chain of human type I
collagen, as described in Example 1 and listed in Table 2: SEQ ID NO:19, SEQ ID NO:20,
SEQ ID NO:21, and SEQ ID NO:22, VITROGEN bovine collagen (Cohesion Technologies;
Palo Alto CA) and bovine serum albumin served as positive and negative controls,

35  respectively. Each of the proteins was diluted to 0.1 mg/ml in 0.1 M NaHCOs;, pH 10.0, and
the plates coated overnight at 4°C. Human foreskin fibroblasts (HFF) or human umbilical
vein endothelial cells (HUVEC, from Clonetics, passage 5), were seeded onto the coated

plates and incubated for 60 minutes at 37°C. Experiments were performed in triplicate.
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Reconbi nant gelatin fragnents were found to be proteolytically nodified
during their expression and accunulation in the nedia of reconbi nant

Pi chi a pasoorss4cel | s. Expression of several different ppet/iosessoned1 t he
helical domain of the al chain of type | collagen lead to 20 the
identification of a reconbinant gelatin that had superior stability with

respect to oteol ysis. Thr different gelatin fra clopned into
pl asni d pPl %Za]&he dagrer 4t 5] arttag‘f’@?te‘l‘fa? & 1geay ?4 S agé'e}mi éllfmgiﬁ’ OP
reconbi nant pl‘ﬂltuai\ﬂaseéﬁﬂﬁﬁﬁsthlmiaﬁlEHSN}éaﬁerpﬁfghﬁQ'AShmlthaBrecorﬂHihﬁntfhumﬁlﬁ strain

used is describ above corr 19. 25
Addi tional st r%?aglg S SRRRege ﬁ%%%tgc ent 9 MaXIToép qadssanghfggtg Sgcgﬁqmclgm'\‘%v ™ heli cal

domai n am no oty mewitdu © theﬁgolmtar (’@E@Oﬁ B miOmbiiantdnarcdebuiy d@ted 8@t D

NO 23) These §8€QERIAAMS the ge%!)@ﬁlﬁaﬂ§%3%ﬁs%f§ i) N@)Clbeﬁa@ﬁ) ﬁ@%@ rahJP@Eb 1)
nple 1, usi n(gzgrlrrers D NGO 3 and

SEQ ID NO 0 T @Rp?fﬁééﬁéﬁgacm%mdlh@é%éfﬂﬂ \ﬂﬁatl H’a%ﬁéﬂ V’Vlt% M@ 2B;| oned,
and prepared fgbwehacie dpamlet@ibinag hdlﬁﬁﬁg’elabl&duﬁbﬂét&ndéfﬁbﬁaﬁ%l[ @fattneier € 30

grown, protein ressi on. |nduc d and X re atin fr ment s

conpared by SO f( ent@pilyify yasp c{a&'Q I‘i&o?l "?‘?f’ﬁ lat&‘eqr%’ }6f SEQ

| D NO 15 (| antberpl lydalybikof reqnebmmhhmtcpl@géxe(msmheﬁ b@EQnIHEa:N@a I &ingl ane 3)

ander vent 1 Ot SOl e illh il I L SGAMRRARLs oA AILINGH EQ | D N1 23 (1 ane
IS result

4) remai ned corrp I ntact enonstrated that reconbi nant
gelatin fragnents of the present invention could be produced which have 35

égloerl or Pst ?b: t%%m é,Emmmcﬁloéll ‘of EXP89Eh B Sisle Gdigdin ted (I}econbi nant Human
atin Proly I ox activit not bee inp yeast.
Pi chi a past or i 8! ‘ﬁﬁnﬁga?fﬁ& BERHS Wéf?gf%/‘?fgéorsbéd’rqeé’ YESHyY 8 gl%ﬁ‘i‘%”% hf#ol yl
4- hydr oxyl ase apdsslman&melnnmlenimpmeemdmwffeyormhmaptriadmc;ezstzﬂs AAD. Bkp3b646

PCT/ U300/ 30791 f e5ver;1}/§j Ffee & ed ? tge %e?%a?goma(m gf%heL(JxlScha Patt er}atl o engléa%%?’ 859.)
To express hyd?(% I RYE strarn was

transfor nezd wi thdmdaltngedtlan pim reooplbwss gdmn(ﬂaskyétsumnorenbmdﬂ with rasp&t ®i no aci ds of

a reconbi nant of g, al : 2 ner at ed
by PCR usi ng theé teon ner%dé%égnf%?%ﬁ%)ﬁ% Rgﬁgéloﬁﬁmﬁ&%%sm;{iﬁgkggﬁ %%lt\lb&&gproduct
(-330 bp) was Idlagesstaé@itlwet/#iua)dddlmnxtmbmbm@t proigitespiessian i Rithee pabvorisoflbal sit es
of 10 pPICzZaA (I nvitrogen), creating plasmd pDO7. A 1048 bp Cel I1-Agel

fragment was isolated from pDO/7 which contained the 3" portion of the AOX1
promot er regi ofe ’Fsrﬁétral‘f’a}tSqu@d‘F%{@F%‘r‘b%q 1B Fxanplcs ereenendipg i 2FQ P A Peconbi nant

gel atin ofs SEQidu[anMGzral&,w&J&ea&e hidthd pMs@Ids SREAUB Iknah &o(m) HelJa(Hadin aaid 56 base

pairs of theA Ilgated
Phto the coi 1esiguies  BRRE R aRbsleT s ansy B ey Rosod el *5i chi
pastoris str ai gelatd38erd dvngriptedvasiederiized $f Evanmple 1\vsin pShers SEQ ID NO:5 and SEQ

ID NO:6, and SEQ ID NO:3 and SEQ ID NO:7. The PCR products were digested with Xhol

and Xbal, cloned, and prepared for electroporation as described above. The strains were

30  grown, protein expression induced, and the expressed gelatin fragments compared by SDS-
PAGE. Figure 3 shows that the recombinant gelatin of SEQ ID NO:15 (lane 2) and the
recombinant gelatin of SEQ ID NO:19 (lane 3) underwent proteolysis, while the recombinant
gelatin of SEQ ID NO:23 (lane 4) remained completely intact. This result demonstrated that
recombinant gelatin fragments of the present invention could be produced which have

35  superior stability.

Example 4: Expression of Hydroxylated Recombinant Human Gelatin

Prolyl 4-hydroxylase activity has not been detected in yeast. A Pichia pastoris strain has been
engineered to express active prolyl 4-hydroxylase and has been used previously to produce
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| i neari zed plasm d pDO41 by el ectroporation, plated on m nimal dextrose

pl ates, and transformants were sel ected that conplenented the his4

auxot r opwo ofppreOxi mtely 20 his' transfornmants were gromnar/asa/ionduced
wi th nmethanol as described in Exanple 1. Strains that 20 expressed SEQ I D
NO 19 were identified by SDS- PAGE anal ysis of the conditioned nedia.
(Figure 4.) Reconbi nant gelatin ments frompositive strains were

purified from PHexHet &l a‘é%ptléﬁé)agbtrl‘&’c?ﬁﬁgéw df X gsv veed furt her by
anmno aci d analeytaibmantdsmaapRi, lﬂ&ihtralﬁ s umﬂanﬁdamethaeﬁatmksprésmﬁassewét hods in

E I 47: 3-1 d th t f
the stra s debrtier Bt st Cedntr B b s B hePedPie L I8k ea”
reconbi nant  gB| ghérmed by PR usiag the parherk SEQ ﬁxyprlcahd &EQ NP0 TherRERARNSA ‘
determned to b th(Z?sg'ﬁ)B»?a?g%E&eﬁ&lﬁ%@ffﬁl affdﬁgm&iﬁt%fﬂ%g&@i Rpai s ReRe ! D shown

in Figure 4, |so(?ate I"cati ng co-expression o atin a prol yl

4- hydr oxyl #se pPIGmMmtmgdr)mqatlmmmrdGM“?bl nant gel atins were expressed and
purified froma Pichia pastoris strain that does not express prolyl

4- hydr oxyl ase. Proline residues within this reconbi nant elatin were

subsequent |y cOAVBbp &dl E-oed fagmesey yasotofard fowgDRiadich fonied redsPatengi ol yI - 4-
hydr oxyl ase entamexagﬁomwewgmm@maaﬁg fﬁbt&&@hﬁﬁ:&km sighasnd @cm&aﬂrgelaﬁred by

PCR usi ng 35 S d SE h
of T a0 nantIGERADY: By e ey e o AR ES, B SE PSR b PBHuCt was.
purified am d&@aﬁlb@cﬁl taininBtor< il s-fsradnt w&‘l(kaﬂed pattedCd O- A)glamlte@ﬂf@PICéngst ed

Pl CZzaA. The asm d was i Wit h t
Ilgi chi a past or:O nvétfolg%{PF?cffaéi?Bg)?[‘l\f;c?fﬂc?dsé?fsSg‘\*?%ﬁ@?’(ff’ \F/\(gr 2 sEhI ec!t gdoby 79
WO 01/ 34ESSt46 POHeUﬁ@@pSl&&Yc&ﬂDOﬁ bgelemoborﬁxmn\ﬁmdpahahmmalcbmoae platesgarld00 g/ i |
zeocin rains n Ve an

tran erTI’ ntts ?%?eq eggagc%lnﬁfelnent&f(tgg ﬁ?flsah)g)@r]p&% %%?r%ﬁhlgt%% 2698

reconbi nant non- oxylate
positive isol atra@sfomntelwmhewefd alﬂfbld@lﬁedmﬁl r@qﬂm@m fegqriber] ip Gxgrpnlgl. b%ﬁl’a’ﬁlﬁ @é’sur e

di al ysi s U% NOexPredsBd gﬁ%@i@b@w%@ﬁdemeeby S8t AGE bnaBRBE BOEndiBRddhizgasanpl e
was dial yzed agaln uffer A (50 MM Tris-HC pH 9.0, 50 MM NaCl ). The

di al yzed n1ater(|F§F‘re s 10 chronmat ogr aphed on a Q sepharose col um
equilibrated in Buffer A Celatin does not bind to this colum under these

conditions, a I n I The
mej ority of t @eccon %%eﬁa%{l fr\é%%ng f&?‘% grl%vtegtlr}nutsl%ietfglﬁ@%dgf gﬂtgp%%f aa%gcggng el uted
with Buffer B)WCBMM@ranAmab@ed@rthv’rNa@IﬂyO acidzmatysis, §s|deseribady g Hhredltlt | on was
di al yzed agai n@§77§91emés$xpﬂﬂzml Al R, ABHloAacé’amﬁ’ﬁQ of € geldtRpRAN ABAt gel atin

further purified on a SP-sep harose columm _equilibrated in the sane
one of the strams demonstrated the presence of hydroxyproline in the secreted recombinant

gelatins. The ratio of hydroxyproline to proline was determined to be 0.29 in gelatin isolated
from the strain shown in shown in Figure 4, isolate #2, indicating co-expression of gelatin and
prolyl 4-hydroxylase .

30
Non-hydroxylated recombinant gelatins were expressed and purified from a Pichia pastoris
strain that does not express prolyl 4-hydroxylase. Proline residues within this recombinant
gelatin were subsequently converted to hydroxyproline residues in vitro using prolyl 4-
hydroxylase enzyme activity. A gelatin expression plasmid was created by PCR using

35  primers SEQ ID NO:3 and SEQ ID NO:4, leading to the expression of recombinant gelatin of
SEQ ID NO:24. The 525 base pair PCR product was purified and digested with Xhol-Xbal
and ligated to Xhol-Xbal digested pPICZaA. The plasmid was linearized with Pmel and

electroporated into Pichia pastoris strain X-33 (Invitrogen). Transformants were selected by
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buffer. The reconbinant gelatin bound to the colum, and was step-el uted
with 0.2 MNaCl. The purified gelatin, at 1 ng/m, was heat denatured
(100C fowaOvmenut es) and m xed with purified P4H at a epeywso®7HUbSst rat e
ratio of 1:30 in the presence of the follow ng 20 conponents: 50 mM
Tris-HO pH 7.8, 2 nM ascorbate, 2 mM a-ketoglutarate, 0.1 nM FeSO4, 10 M
DTT, 10 ng/mM bovine_serum al bumn, and 100 units of catal ase (Signa

Chenical Co, ®oWhanYED plfss contaging S0Q ngjml zepqiyy §iajag werefesied fop gelatiy | | y1 2, R
(1982) Nbi[ hOdSexgﬂassioE@Z Ye3ulbeqiyboelnd é&naﬂﬁiﬁt mdhdyddosdlated giatin veds purifled frorh992)
Proc. Natl. Acad. Sci. 89:7467-747Q..) .The reactio l.l owed to proceed
ot °S7C for 16 RordE diapoind Bz e B A b PRG oy

chr omat ogr aphydigysis@sisg p h@kReseolaslacesght cutefl meabove andithesalnpla vds palpdedi ns wer e
eluted fromth i O, sﬁgl\ﬁ@g e j , lanes 7,
8, and 9.) Thea%?iﬁgvllad {}%er Sgﬁl\g?\% nylyg? éo’ racti orll.)'s%\/\iérﬂgy?ggéggggmg - SDS- PAGE
t o denonst tht echfamatogiaphed pn aR-serharopesiolinpe catlitysdin Baffer A Gylatin doss yot Apl o aci d
anal ysi s of 30k bougRlibd thesVesdiBesf 28 tedfofepvhspisard itth@dighsinfoud frichen.
anal ysi s showsHeEHPR i Gerr TG SR e PEruT nfp B ORUT B¥Ton of
100% i s achi eve@uffaes +t0heMNather of nol es of hydr oxyprol i ne/ nol es of
proline + noles of hydroxyproline in gelatin equals 0.5. 35 Exanple 5:
Stability of Gelatins in the Presence or Absence of Prolyl 4-hydroxylase An
18 kDa recbﬁwbiﬁarﬂpwg’@bwhifﬂct(osw¢l{b’m@@1)tW@)@pﬂé@s@d’é’db%@dg% to the

net hods  descr .RefiARQUSHn (R SHRELSSED-LHRIIERIEIMRiSorRRBh iZeshdYy gel
el ectrophoresi s. Reconbi nant ge_l atin expressed. in the resfgnce of prolyl
Sfeﬂ'é‘“geéWé

4- hydr oxyl ase &g b reeymiagtgsBinhoundto fhgicplpmy, apdyps 0% MRprlessed in

t he absence of THpGHAEd gdlatity strlaxyhias s hedt Jaatukdd gLOOE Br )0 BidutWPaliIhiR46#4 th

PCT/ US00/ 30791 . | e of ol.i hydr.oxyl.ation on Lec i nant human

gel atin stabi I}?upged;%%‘oaéﬁenezﬁlﬁg{?gébﬁgaﬁ raé{% fq?étxéatlhf Prfsfncv‘\e/é)g%giorg?%l%d in prolyl

4- hydr oxy| 25 e- exporestsi SgnNPITok HEl i s8], mM asobae, 33nM A-kepelarrmedd.emdbdi ng SEQ
! g

ID NGO 20 (p ct by PCR using prier I . 1 and SEQ

1B NG 2 Hhe ko Te BT, AL R i iy Bl ’eagf‘l”gjﬁ"‘cﬁ‘ﬁ%‘?g%%?@zﬁss‘ scribed 10

above. The san@healicalCd, St Dbids, MOB.gBen £-svkiyirdkp KelsaddMyiliylahR £1982)8¢thods mcki ng

prolyl hydroxy ap%ﬁga%-@oa@&%tyus&!ﬂ.,%t. GO BHRININ KA. N Bo TR0/
4- hydroxyl ase subunits. Three Pichia pastori's strains were electroporated

with Pmel - | i neBrirestipngpeaipwved opreepd g 335 fopf G heurst ype Pichia pastoris), two
prolyl 4-hydroxyl ase-expression strains: strain P4H2, and strain al38, as
Céﬁ/SBCOI‘ I] bed in t"Pnee régbgbingl?ée?a%l Wle\llgﬂlenSﬁu?lggfl’ b?lSCI?ror%thgrlap%y \c{r? 6[s%p|>haarogg as%clas'cril;e% 997)

above. The bound proteins were eluted from the column with 0.5 M NaCl and collected.

(Figure 5, lanes 7, 8, and 9.) The flow-through and eluate fractions were analyzed by SDS-

PAGE to demonstrate the purity of the recovered gelatin. (Figure 5.) Amino acid analysis of

30 the gelatin was performed following dialysis of the flow-through fractions. (Figure 5; lanes 3
through 6.) The amino acid analysis showed that the gelatin was 87% hydroxylated.
Hydroxylation of 100% is achieved when the number of moles of hydroxyproline/moles of

proline + moles of hydroxyproline in gelatin equals 0.5.

35  Example 5: Stability of Gelatins in the Presence or Absence of Prolyl 4-hydroxylase
An 18 kDa recombinant gelatin (SEQ ID NO:20) was expressed according to the methods

described above. The expressed fragments were analyzed by gel electrophoresis.

Recombinant gelatin expressed in the presence of prolyl 4-hydroxylase had markedly greater

stability than the gelatin expressed in the absence of prolyl 4-hydroxylase. (See Figure 6.)
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15 16:6702-6712. Transformants were sel ected by resistance to 500 .tg/m
zeocin. Eight isolates fromeach transformation were grown and i nduced as
descri bedyoanshetdre stability of the expressed reconbi nanPChvuseogal atin
was anal yzed by SDS-PAGE. (See Figure 6.) In wild-type 20 Pichia pastoris
strain X-33, approxi mately equi nol ar anounts of intact reconbinant gelatin
and a proteolytic fragnent (which mgrated just bel ow the reconbi nant
gelatin on t he gel, indicated by the arrow at the right of the figure)
wer e observed. A(-di_-é @wcﬂm@hyd&)kylaioﬂ oﬁ(reB(Bn&nahﬁ‘humbﬁ)g&IBtls'Sﬁlahﬂyand daahhagcenentpr ess
prolyl 4-hydro t.he prote wa
significantly )r%tagﬁté'dv s ?f‘é’lor lI)'rglly B{h dfoﬁ\é *C0 r%SlXé g’é:}él? s%’}’,?”&amgl §|

4- hydroxyl ase misowrenvdiy SEQ IDé&delﬁ@Wt) thvaﬁrugecl Bt RGR @mganmeﬁsg@mu n
stability by sy§sLAMWARID NOWG%ECI‘diQpr&quttv@aQWrﬁieé ested, B cBBLAs ibkcritkli gure 6,
strain PAH2 and strain aR8.) Exanple 6: Enhanced Recombi nant Human Gel atin
Expr essi onlbh~Sipyst dhesmaril Greldia fr%xmte‘@smrﬁsq%mhastsﬂlsw&% ol reports have
i ndi cated t haty GA3 AN A4 AG.d SN PR AIRNhEY ARGy O HRRARE sithfisafRent  of

proteolysis seén during expression of certain proteins in Pichi a astoris.
(Clare, J.J. eRickigpastoriy guins wezs glectrppeyatodywitiphmelyinepreedpDOIR SB#M P (Wi present
][ef:fmbi nant h i34 ﬁltsﬁoﬂs) &% Pro8s 5.8¢krdxlabll & prediod TR JuGin\WAH- 2B Stedie d

ol | owi ng enrichnent o €sSj 0 a W ri.o ments. In
this particul a#P? sﬁ?ﬁif“l’?dﬂ‘égﬁpéhi;aée“bgggégg g§9§f’?531\;r?“§}1(’§8a10@§93§ h%l n 35
Exanpl e 5, 1shi pde7expriessed reconbi nant human gel atin fragnent SEQ I D NO 20
was enployed. (Exanple 5 and Table 2.) Reconbi nant gelatin was induced in
media supplenented with a range of concentrations (0-2% of various
suppl enent al chapnmentsyere selectbd ki resiptapeesa Mng/mlceas, Exhtiselgesdiomeadst
extract, pept Lk

oeT) U007 Bopo R ERY ;\ggbp%o\g,,y # Q0% a%%f?’%%&é%mwﬁgp rruﬂ%;ét f}‘%ﬁesd i ncl udi ng
| act al bumi n hydeoaibjrseithamansgslatinyyies andlysdl POYRS-PAYE Fepiians ) fpyidgpe

Laboratori g5, Eeti4 wsions Main X-B% Bﬁﬁ&cﬂﬁhteﬂﬁ&ﬂm& aRbungek Atakitecof¥ AR SQARN
ot T M L N T A
reconbi nant gahatatMyd&rarrb\eatdhetr[ght afdredigee)dvgne ahdereddi (igurd 6) stoaeX-a3pdct , t he

use of SOyt one. s dn MRILBAUPRLGIEIRURY HEk Anl BObEASH IV BnLAANDEr ¢ han

Py

ani nal -deri ve ia conponen O I ncreas I on of
reconbi nant g edlamﬁcmtlyTﬁugedelb@trgme (hatke-eapression A OlylrﬂBhYé'foiXﬂ?Sﬁ flopgwith

envi ronnmenss f %co%ﬁ%%ﬁ&f%&fm érﬁ%gﬁ)éeﬁﬁﬁlgtatﬁlﬁi' B duBstidi @ty ERkihgpboliest i1 n a
vari ety of applications
the gelatin. (Figure 6, strain P4H-2 and strain af38.)

Example 6;: Enhanced Recombinant Human Gelatin Expression by Supplementation of

Expression Media

30  Previous reports have indicated that casamino acid-supplemented media decreased the amount
of proteolysis seen during expression of certain proteins in Pichia pastoris. (Clare, J.]J. et al.
(1991) Gene 105:202-215.) The breakdown of the present recombinant human gelatin
expressed in Pichia pastoris was measured following enrichment of the expression media
with various supplements. In this particular study, the Pichia pastoris strain a8 described in

35  Example 5, which expressed recombinant human gelatin fragment SEQ ID NO:20 was
employed. (Example 5 and Table 2.) Recombinant gelatin was induced in media
supplemented with a range of concentrations (0-2%) of various supplemental components,

including casamino acids, casitone, yeast extract, peptone, peptamin, tryptone, Gelatone,
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Example 7: Cross-linking of Reconbi nant Human Celatins A slurry of
reconbi nant human col | agen (obtai ned as described in U S. Patent No.
5, 593, 850 owass4@r epared by di ssolving 10.8 ng of reconbi PEAMUSONBIRIL
collagen type I in 5 mM of water, followed by dialysis against 20 nV
sodi um phosphate, pH 7.2. The final reconbi nant human 20 col | agen

concentration of the sl a |matel 2 [ .. Preparati on of
cross-linked PeBRHR ‘#toy% ﬁveéaip ?‘P‘Wag‘c%gw g&ﬁgi‘amﬂgycg‘ﬁﬁﬁaﬁg”itﬁnﬁ’ | or 5
| of a 20% sol datitoas) aﬁxfpeﬂxammt(hydcrlabcéraemhsmbﬂt Mbrinneqcsedmpgdn)birraatrgbbﬁﬁ i mde

hydr ochl ori de é%r ionlev &%I n%)al)dsg}q ne. of the reconbi nant human
col I agen slurry escri ové e Cross- klng reaction occurred

over ni ght at roomtenperature Unr eact ed EDC was renoved by dialysis

agai nst 25 wefiRke reshii€indi&tethdt i S%&ﬁ@ﬁl@<§§5ulpbl%§1@ eh@%?é&b!uﬂﬁglhe Hrebn@el atins
wer e anal yzed by 6% gl yci ne SDS- PACE anal ysi s, gure shows an SDS- PAGE

conpar i sonl®f EEBHBTSEALNS RIE t‘g‘@fr&"ls?drf’mdflfté’ﬁ elné’ne SBE5E eSS0 ps @
cross-1inked rﬁedwﬂapplaﬁm ﬂawmnagﬁhtaien%d (ﬂaﬂiﬁ&haﬁ andnalbceherd) tobdlia &m@pneﬁﬂ 0.1%

E[x:’ l ane 4 q(?e(a?g) mcregje% e)épr%fsmn OPI'CCOITI lh r{fﬂ‘l?l E‘%ﬂag?l}fd aval P{ ?ﬂfhar d

capsule gel at{'# Perall pe A, from
por ci ne skin, magrpt -fyoel ematopmynt 3@ QroBhatiompt r¢cambm@) g@@m&ah@mldﬂrgwg yma

Chemni cal Co. aﬂgy\%pﬁcgm;npe SDS- PAGE anal ysis of Figure 8, the conmerci al
capsule gelatin a I gma gel atin contained cc- chain (nol ecul ar wei ght of
approxi mat&y 110 kDa) as a maj or corrponent as well as a snear 35 of

hi gher nol eculggram i79 htos@kaleloNR &0 mﬁtusa dldibs nol ecul ar wei ght rangi ng

conposed of - SRATLCI SPGB P e PR R M ROnEs e B R
cross-1inked resoerpiradintdigeiiag 108 masf rcczompmsédmmmfcolaigvhmed im§mjeflWateas a
smear of hi ghg{?}l{%sgf%% a'gﬁgga% nﬁ?éoﬁﬁxg)]’bﬁosgﬁdtﬁrﬂ{ ah. gﬁ’ ﬁdaﬂ’eco%ﬁﬁﬁt\ﬁﬁﬂad |n 82

WO 01/ 34646 P conmer ci n and commercl al capsul e
gel atin. THI s ¢ofelice eqneciretionof %éwrvbwmmrowmw g’é/lnﬁt Pregaragion off caps-Heked

mol ecul ar wei gJasonﬁmﬁtrhm eaﬂn @asrpe}f@ﬁle& sy ddbag 1(9p1 099 ML Q0@ oGRS -€
gel atins could be produce cross-1inKing reconbi nant human col |l agen.

Cross-1inked gt éﬁ%ﬂ‘ﬁ‘&ﬁl‘l’cya’@@P%{?HyH§ar\lﬂ£ﬂh‘P’épeW&W%Chlfélée QEP appics E%FPP‘Ei‘hgo)tﬁ whi ch
i ncreased gel sﬁqrarﬁgtr&oﬁ&dam h@@hea&@& sWn‘.yﬁék‘émHey awwulmebﬁ)sgjmcmga&abtem 10

Exanpl e 8: Endot OXI n Le il able Sol ubl e
Reconbl nant Htj;ﬁ}glh &eﬁrm%(h?atr%)mte era elfélr\llre c%:d?#éwa IC OVC %1ay51sg g a.l ned

comer ci al 2y fwam Ki nd & Knox (K&K) and the reconbi nant hurran gel atins of
the present invention (nmade as described in Exanple 9) were

The resulting cross-linked recombinant human gelatins were analyzed by 6% glycine SDS-
PAGE analysis. Figure 8 shows an SDS-PAGE comparison of recombinant human gelatin
(lane 6, labeled UNL-5-4), cross-linked recombinant human gelatin (lane 5, labeled UNL 5-4,
30  0.1% EDC; lane 4, labeled UNL 5-4, 0.2% EDC), commercially available hard capsule
gelatin (lane 3), and commercially available gelatin (Type A, from porcine skin,
approximately 300 Bloom, lane 2) obtained from Sigma Chemical Co. As shown in the SDS-
PAGE analysis of Figure 8, the commercial capsule gelatin and Sigma gelatin contained a.-
chain (molecular weight of approximately 110 kDa) as a major component, as well as a smear
35  of higher molecular weight gelatin components (with molecular weight ranging from
approximately 200-250 kDa). The recombinant human collagen was composed of a.-chain
only. Following cross-linking, however, the cross-linked recombinant gelatin was composed

of a-chain as well as a smear of higher molecular weight gelatins, similar to that observed in
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15 determ ned using the Linulus Aneobocyte Lysate test, as known in the
art. (See, e.qg., Friberger, P. et al. (1987) Prog. din. Biol. Res.
231: 149- 69 0)/346h6 ee di fferent gelatin concentrations werpCExsomwioed. As
shown in Table 3, the reconbi nant hunman gel atins generated by thernal
hydr ol ysi s of reconbi nant human col |l agen type | (rhcl) of the present

i nvention re virtu otoxin-fre The oxXi I evel s of

conmmer ci al Y% atrae %ﬁaﬁg opyersial capsieselapin, ‘Slmci iggteq ¢ trﬁ‘fﬁ/‘?‘?ﬂ‘a‘g#‘mﬁ?’bt ein.
The et hods fogelapnsnmhptaymgageleaﬂarmgbt disttgitomi singbir forthat bfeopmes@htapsukkvent i on
resulted in ge by two
to three or der%eﬁl#l&%mg%yt’rg%‘é:gwﬁcgo%pﬁ%ﬂé I%O%Q“%eh%%m%%na Cr(%%‘g%? ations.
Such | ow endoqemmbmamegv'e'm@ wonld bave yee ip erpbsiPITam P higleingredserkechfrengieangr esent
invention espegi@stdviscadit WG b¥&sitBle. Use in certain applications, such as
use in pharmaceutical stabilization. 25 TABLE 3 Gelatin Concentration K&K
Gelatin (EU)rrg) Reconbi nant Human (ng/m) Gelatin (EUng) 3 1.03 < 0.005
1.5 1.41 < 0. 08&ampl 87 Endotokth 1801006 omme@iay AvaNablOaelhtinaind Sslutdd Récehihdnns by
Ther mal and Acj,d | ysis 30 Hydrolysis procedures (acid, thermal, and
enzymati c) wer%—oae% d to produce sol uble reconbi nant human gel at| ns
wi t h nol ecul arEndetogthievels sftsplubleitdlatin obtaingd dommerciglly fioys Kindf& Kugxr(B&KD gnd the

avai |l abl e sol %&o%bﬁﬁht@na:ﬂ%fa’uﬂs%@ thggieé"e;ﬂ ﬂv%ntldilﬁﬁxgde afs Qésc@é@m%xﬁmp@@) were
stabilizers in the fornulation vacci nes. For these experinents, intact

r econbi nant5 hudeismiges using &y Liges ArmeﬁPﬂﬁthﬂ%teltqsi as lﬂ)@?”émd?e?d‘ @& &€art i ng
materials. By m@bmg etzhe(lmmreg XC‘HhS31<§ICRdeZBI0)4%169])'[Th%ﬁlfﬁ&ﬁt$gehhle to vary 35

t he nmol ecul ar wei ghts of the fi ter rodu naterlals of

defined ol ecui®ArR8RY efesexalgf‘?ecc\%sd%? 15.%’ %CIF? § g‘é“f‘ n&BF ecul ar

wei ght di st ri bgehérated lwfthemamredrclwm dfyecarvlsindntlibinen galaganityrs 1 (i paf¢herpesonrbi nant

human gel ati ”Smx‘/é%ﬁ% VQeQJT‘P gerﬂl%kl Fke. Gﬁ)ggﬁfo&)élﬂllév)ﬁs @F&Wlaﬁy %heﬁﬁe' ns. Four
t at | produce

| ow ol ecul ar wel n]g/ms Lei ner Davis, G eat Lake,
Kind & Kn¥, Iaﬁwataywspgeéput Lige}- 2EWimeaf pretsint She meieada fr siofucingicglain2al | gel at i ns

exam ned were &oryldig mlegreasm mo&mdr@gmmrlagwtﬂs hamg smmﬁw @weamcgmn
di stributions of  the E'B 3 a Tri.cine _ SDS-
k& f@ags o

Figure 9 and Ifelsedy Frigniyas t3p gpre oL e CW% lé’EFp?rﬁtéonS b

low endotoxm levels make the recombinant gelatins of the present invention especially

attractive for use in certain applications, such as use in pharmaceutical stabilization.

25
TABLE 3
Gelatin Concentration K&K Gelatin (EU/mg) Recombinant Human
(mg/ml) Gelatin (EU/mg)
3 1.03 <0.005
1.5 - 141 < 0.005
0.75 1.29 , <0.006

Example 9: Derivation of Gelatins by Thermal and Acid Hydrolysis

30  Hydrolysis procedures (acid, thermal, and enzymatic) were developed to produce soluble
recombinant human gelatins with molecular weight distributions similar to those of currently
available soluble animal-derived gelatins, used, for example, as stabilizers in the formulation
of vaccines. For these experiments, intact recombinant human collagen type I and type III
were used as starting materials. By varying the hydrolysis conditions, it was possible to vary

35  the molecular weights of the final materials, producing materials of defined molecular

weights.
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nol ecul ar wei ght distributions of comrercially avail able gelatins were
approximately 0- 55 kDa, with the exception of the Dynagel -1 sanple, which
had a nolveaual/ase4evei ght di stribution of 0-30 kDa. The gel por/oBid/mzoial so
reveal ed two patterns of nol ecular weight 15 distribution. In one exanple,
derived fromthe sanples from Leiner Davis and G eat Lakes, several

di screte nol ecul ar bands were observed by SDS-PAGE. The pattern in the
second exahple, derived fromthe Dynagel and Kind &nox sanples, showed a
conti nuous diMbll’e&dlw'wez@ﬁ\f&frzbﬂﬁdn@fi:@rlmeﬁdﬁal@bﬂul@ﬁkgel&ﬂn&h no di scr et e bandi ng.

The nol ecul ar ht deS rlbut ons of Dg%)ga W‘Jg 9 1 re quite
different, des efere"t?& W@“tb}’%ﬁ’tﬁ? AUPSENFT REPLY 84 C%’ﬁ aé’tauaré °£o7 "the same
appl i cation. Thiuslowesidctlan weiihc gefatid sanipdets pivdicedbst IpisaD ok, Grﬁatrham,m &oul d be
quite signifi C%@ngh‘{g&e@érk btﬁ?(e@'fér%mrg:teg%tl% 'A‘l?gelaﬁﬁ@xgn%ewgpwm'?el ative

Maxi mum Appar ent ecul ar ;Ug ggn %

Di stributi éh (@agom trmgrarurg g polegdarp@eh %@us% otfé? gréatmw cge3R30 70, 000
0-55.500 G eaﬁAG@Ee@ax@sl%@%%n @%m@@@n@hsﬁeﬁ,nﬁﬁ&le 450the %ElBQiﬁlesﬁldibat@d #483 65, 000
0- 51,600 Sol - U Por, 4972 37,000 O gl * The nol eé I ar wei ght
was adj usted b§° ﬁcufaéﬁ’?‘él?t dﬁﬁ“b‘f“’ﬁ%"f cﬁﬂ’i“f:’ﬁ‘a]ilysavf“i‘i‘ elg‘é!?tfné WE PRy resi due
wei ght of the stidadwittckhgexodpeibmet tieldyndgebY eamptelnehictead a mektwdareveighi ght of t he
col | agenous pr ns 0 rf ormed
e ol ons. o anATRrE IRy iRy b Bblaiu PRt SRS RELT P
40-50C wat &Y t distritpitien. @@%37@@1}3&{ qlenv@cﬁromthwmplvﬁ%or@ww Detigand$peaytikeh was

adj usted with &bérmrscr&e A NAEIBRRIE whhe obsdvEN Ty SO I @D A bAtRM if e sbeRt
hydrolysis. Both ty | and type |11 _recqmbi nan%ééi;l?‘ﬁgacol la ens were

expressed in F’?"G‘I’?Pla’dﬁ‘é@figi"i“éhe age&&f‘m finox gamp COUINYPUS S pat ent
No. 5, 593, 859. didthigutibn Matdhelmﬁlﬂhlgalawhh i retedbahdirgg @he @aleavis weligisol ved in 10
nmv HCl, dialyz ain nd|OhI|IZ il WO
01 34646 Per e g DB d nd Biad SR co"rr‘f“m P BB i, T

40- 50C wat &¢ t@mnuhelfza;ttw&sdiemmmphcm Tlere@ﬂt lnm@tesldlaubaitqhmmgh adj usted as
i ndi cat ed bel oyt Qbud & ﬁmqmm@ y o381 yspo!l ysis was perforned in
I mM Reacti-Vials (Pierce drolysis tenpérature varied from100C to
150C, dependi ng on the experl ment. The pH of the hydrolysis solution

TABLE 4
Company Relative Maximum Apparent Molecular Molecular Weight*
Mobility Weight (Da) Distribution (Da)

K&K 0.3410 70,000 0-55,500
Leiner Davis 0.3410 70,000 0-55.500
Great Lake 0.3693 60,000 0-47,600
Sol-U-Por, # 1 0.3483 65,000 0-51,600
Sol-U-Por, #2 0.4972 37,000 0-29,400

25
* The molecular weight was adjusted by a factor of 1.26, which is the ratio of the mean
residue weight of the standard proteins (115) over the mean residue weight of the
collagenous proteins (91.6).

30  Heat hydrolysis of gelatins was performed as follows. The commercially available dry
gelatins were dissolved in 40°-50°C water to make a 5% gelatin solution. The pH of the
solution was adjusted with either 0.1N NaOH or 0.1N HCl in preparation for heat hydrolysis.
Both type I and type III recombinant human collagens were expressed in Pichia pastoris and
purified, as described in U. S. Patent No. 5,593,859. The final recombinant human collagen

35  was dissolved in 10 mM HCI, dialyzed against water, and lyophilized. The lyophilized
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10 varied frompH 2 to pH 7, as indicated. The hydrolysis tinme was al so
varied fromone to thirty-tw hours, depending on the tenperature and pH of
t he sol utwoni1/3éble gel atin hydrol ysates were sanpl ed at vRCT/O8®/30791E
intervals and anal yzed by SDS-PAGE. Hydrolysis of Conmercially Avail abl e
CGelatins at 120 "C. 15 Sanpl es of high nolecul ar weight gelatin from Signa
(Type A from porcine skin, 250 kDa) were dissolved in six different pH

sol utions (5% wgesmbinianthumprecobsadn w%@ve&tln@ée’cwtwkzﬁmlum 3hgol utions

wer e hydrol yze;q{I)fQﬂe soMBorARA adjudtdilab 1nhi@M&ﬁ3eﬁ>%n§ﬁHﬁ&a@ﬁlydﬁﬂﬁfsy hal f hour. The
pH 4 solutions were hydrolyzed for five hours and sanpled every hour. The
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every two hourHeaalﬁ)td&ilystahpdnfoﬁnedﬁol mfRdaMdVQISYBérSe) ﬂiEGlyhlybd'Bineylsérstu@at t er ns

wer e anal yzed on %_SD: |0 I
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sol ution, 1@ hevanuiféonqpiﬂ él@lgﬂf hemhyaﬂqdolmsh}sir@ﬁwtth@ Vgiehlaﬂaned)ﬁmmmee@j The gel

profiles also geyedl kbl M\@er%ﬁlgnxq)@w%ﬁreraﬁamsﬂﬁe RRGY ”Ithbgelmﬁd“)l ysates.
One pattern showed several disScrete | ecul ar bands_on el (see the

aci d hydr ol ysi &ydjolysiigstvsrormplpdat yagioys %ﬂtﬁwléa‘?@ﬂﬁe%%m%%ﬁ e |0A and

10B), while the other pattern shovved a contl nuous distribution of materi al

on the gel (see t he dr ol pH 4, pH5, pH 6, and pH 7
sol utions, Fi gd¥4 é"}fﬁépg ’%Z%cf}e’zi 50 These results showed t hat

t he processs ousalxﬂpltedfragmu@ecumwe@t geadtmcﬁﬁm Shgmr(@ytpfe,A tiacrnophmmkmmo kﬁh)f ferent

types of materi al een i I bl e
gel atins (di 3‘5?%?1550%5%8§lx\?§fgreﬁpp§5%[h ?%I}/ggtfg 8% a““ﬁ F bﬁ‘%o Szed aﬁ‘ ﬁha eri 5 Za
SDS- PAGE) . These pEx3pelniiame we@ hydrelgsd for svoaing @ hdlfichius ancemdmplh«aevetyéalﬁ haegr ad ation

of high ol eC%}agHwesbﬁQJ;nsq@emﬂggﬁ@&"f@éﬁoq \sﬁaga g\%rﬂoa#sfh@ ﬁJPHﬁpl e

gel atins. Table shows ar wel di s tions o d "usi ng
Si gma Gel at i n, anflgH[7RiRps ord hdrglwied fog 24 hvzeenqi melqd gvery wiglhenrs His 1485?%7\0

01/ 34646 P&/ Lﬁqur& 491 5 TABLE 5 Hydrolysis Tine Relative Mbility Max.
App. Mol . Weight Ml ecular Wight (hr) (Da) Distribution (Da) 4 0.2356
140, 000 0-111,000 8 0.2890 90,000 0-71,400 11.5 0.3372 75,000 0-59,500 16
0. 3837 47, 000 ThedydradPOs patterns were analyzed on Tricine 10-20% SDS-gels as shown in Figures 10A,

10B, 10C, 10D, 10E, and 10F. The gel profiles show that the lower the pH of the solution,
the more quickly the hydrolysis of the gelatin occurred. The gel profiles also revealed two

25  hydrolysis patterns among the hydrolysates. One pattern showed several discrete molecular
bands on the gel (see the acid hydrolysis results of the pH 2 and pH 3 solutions, Figure 10A
and 10B), while the other pattern showed a continuous distribution of material on the gel (see
the hydrolysis results of the pH 4, pH 5, pH 6, and pH 7 solutions, Figure 10C, 10D, 10E, and
10F).

30
These results showed that the process outlined above, or variations thereof, produced two
different types of material, as seen in the analysis of the commercially available gelatins
(discrete bands vs. a continuous distribution of material on SDS-PAGE). These experimental
results also indicated that heat degradation of high molecular weight gelatin generated various

35  sizes of soluble gelatins. Table 5 shows the molecular weight distributions obtained using

Sigma Gelatin, following hydrolysis at 120°C in pH 6.0 solution.
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20 0.4186 40,000 0-31,700 24 0.4525 33,000 0-26,200 Hydrolysis of
Commercially Available Gelatins at 150 "C. Sanpl es of high nol ecul ar wei ght
gel atin fwonm/Siegera ( Type A from porcine skin, 250 kDa) l1pcwes@®/dirsEsol ved
in four different pH solutions (5%gelatin) and hydrol yzed at 150C for up
to ten hours. The hydrol ysates were sarrpl ed every two hours for analysis.
The hydrolysis patterns were anal yzed % Tricine 10-20% SDS- PAGE gel s as
shown in Fijures 11A, 11B, 11 C, and 1TBBLERe gel profiles indicated that

t he degradation of gelatin occurred much nore rapidly at 150C t han at
120C. Addi t i onal hydrolfdidrint { elstive MoljEty It Mae6 Ape MoD Weghk at MbkOar Weight oduced

gel atin fragnments ofhhower i ght s@afabl e 6 |sHistrbutiopePpin| pcul ar
weight distributiond of Slgnme0&sbatin f ol Ilf‘ﬁaﬁoﬁn hydi ol vadrid1ed0 150C in pH
| .

6.0 sol ution. TABLE & HydrblysPe8%el adive MBIty May  ASH/LARL i ght
Vbl eoul ar Vi ahb T Lhrt DTS ot bt om0 Y T Plsasay b 9
ecul ar g H e (PiiAgs? St [T OUt ol ) Z oYU g 0o Y
0- 75,400 4.5 045554t 0 60 652 6=25, #0fj, 80} 5833

80P 0-"92,5900 16 0524752, 000

24,000 0- 19, 000[ 10 63 661I[ 15, §Wid;0- I, 900 B@oFEXanpt & 107 #%dosl and| Ther nal
Hydrol ysi s of Reconbi nant Hunman ColTagen T and TTT Reconbi nant hunan

col l agen type | was hydrolyzed at 120C for up to 8 hours under neutral pH
condi tions ( pHDAolsgsef GgrmnescighdgiiebleiGslages 4¢ 0 H condi tions (pH 2) .

RecoLrbl nant hgﬂ;’%ﬁ)les enlighagadtulypesht gdlatm»am&%m (ﬁlyﬁémoﬂrcyxiﬁdcnﬁﬁskﬂ:m@kba)’ up to
si x hours in both ne aC| ic 25 t.ion

performed 5% d‘@"sr‘éij‘FsB ?’rﬁO“EQ‘gr @01‘“19‘?@ “)ragih’ﬁﬁ{ ?t)ﬁ ;6%ruf’tand type
11 hydrol ysat eshotet G‘ha]ﬂ;ﬂi'o%z&d; vi&ye shhpled everylﬁe R@%f&iﬁﬁalﬂﬂhgl@ld@ys&hom in

Fi gures 12A and_12B. t, 4 hgpheat

hydr ol ysi s of PR OB anal?f% Q%ﬁinécﬁﬁc% Oépb?nst %@?égg%ﬁg%%%ni@sh%ghﬁgf ol ysis
patterns of hi g, andlléBulThe gﬁ\heﬂo@lh?cmdlgféqdahait the depeadption @f gelabproesamredmalch gwie ces.
(Figure 9, Fi 0] +34646

PCT/ US00/ 30707 P8 ﬁggbud tﬁ&%% & E@u%ﬂ&rig?{ R §°f¥‘ﬁ“§sﬁ°&“}.’“ﬁ] lar to the

hydr ol ysi s1%f madua%elagreﬁmmof(lwr WleC%lﬁéve&bﬁSdTM%vww@@eC@hr W@&larrbu nant
human col | agengshQwed oﬁg\gﬁﬁaklatm RASGhELRIRE Y Bo°C WBHGM soRasds, while the

neutral hydrol ysates showed a nore continuous nol ecul ar wei ght

TABLE 6

Hydrolysis Relative Mobility Max. App. Mol. Weight Molecular Weight
Time (hr) (Da) Distribution (Da)

25 0.2833 95,000 0-75,400

4.5 0.4555 41,000 0-32,500

6 0.5277 32,000 0-25,400

8 0.5833 24,000 0-19,000

10 0.6611 15,000 0-11,900

20

Example 10: Acid and Thermal Hydrolysis of Recombinant Human Collagen I and III
Recombinant human collagen type I was hydrolyzed at 120°C for up to 8 hours under neutral

pH conditions (pH 7), or up to 3 hours in acidic pH conditions (pH 2). Recombinant human
collagen type III was also hydrolyzed at 120°C for up to six hours in both neutral and acidic
25  conditions. Hydrolysis was performed as described in Example 9. The human recombinant
type I and type III hydrolysates were analyzed by Tricine 10-20% SDS-PAGE gels, shown in
Figures 12A and 12B. The SDS-PAGE gel patterns indicated that the heat hydrolysis of
recombinant human collagen was identical to the hydrolysis patterns of high molecular weight

gelatins derived from natural sources. (Figure 9, Figures 10A through 10F, and Figures 11A
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di stribution. The nol ecul ar wei ght distribution of the neutral hydrol ysates
of reconbi nant human gelatin was around 0-70 kDa after six to eight hours
of heat oeg@oasiaié on. The 10 hydrol ysis under acidi c condi PCDUSOBOCUr I ed
much faster. The nol ecul ar wei ght distributions of the acidic hydrol ysates
of reconbi nant human gel atin were nuch narromer around 0-10 kDa, after
two to three hours of heat treatnent. rther refi nement of the heat

hydrol yzed ¥ ecBieBshdRt ofigtes 1endil PR Sﬂ?‘géﬁé@éﬂdrob(ﬁs el elaips BRI at ed
the utility Ofthﬁac}(ﬂﬁ/ﬂiolywéstofregﬁrfb@laﬁteﬂﬁﬁlbdoﬂﬁg@ﬁ si2wpd €saildRcrbe oreadrogy f or

the producti On g:al.'l +1eartlelupaﬁh (Ell‘lsa(gI cre aemc];rgg' 1nur<])¥1ss ogcu[apv%el (1)
chain of human"% agen % Fri ol ogy a op Sduce

wel | - defi ned, dmnghlltiyn hﬂm&wdw@ﬂ @lstnbutlori mfalgfrremaéhydanwatn@ﬂmmsblzaeﬁf rom
6-65 kDa. Thi el 38 e %’B‘%ﬁ{d@%%g after gzs&otylgh& ﬁaﬁrs'o@héaﬁeiergﬁdmon e size and
bi ophysi cal properties o l'at1n that Ccan used for specific
appl i cati oHs. hydolyskapdst asidicieon V%EWFé“PWH@&Py§P§m®$mWEW@QBﬂﬁ§WW“HEnan
Col | agen Type df theB@@Q Hgdates bruEmBRMbing haga BelhitPerd mbSakdvek, alyEee 10
enzymati cal |y, fﬁégg ﬁg?gtea s set forth in Table 7. Reconbi nant hurman
col | agen type ° e TR OF B Enzyne at  37C, using a substrate
to enzyne ratio (Ww) as indicated in Table 7. The human 25 reconbi nant
type | hydrolyg 10- 20%
SHB-PAGE el s i RERAELSE nbd RRTRRA AL EROB A LGE BE e
are shown I IRivgdamensigted thystilspsaysgsimyld{eensagcompinant Pwmswtrwhoriﬁagy fohe
enzymati ¢ hyd rtﬂé Iyrg(!lu%n&)fof hﬁr%%gﬂgﬁr@@% dx@&é@-ﬂag‘?&h& 8888 1 @)aéﬂalﬁ Qf 18infah ghent

nol ecul ar wei ght distributions of the gel atins. Eniéggtlc ydrol'ysi s using
papai n resul t e¥llsgsnalivathpelogyaldorsd s @lpy%lrl%e vl tdefed, hi howegee%éala% 30
Figure 13 and ﬁd@ml-ﬁb}aﬁgn?g in W34 frén &Bﬂﬂﬁd ymls%rdd@tsﬁ@suﬂfaﬁkb@ﬂé@ﬂ?ﬁy i'n&&hhls bied I n

”eeanbi nant _aPRTAEe rURDLoR L R ek e R Rl B wr A PRy BE i <

patterns a% a result of the particular enzymatic hydrolysis treatnent.

This presents aﬁl M'ﬁﬁg atlc ¥rol Exs gmu{agtﬁmzaﬂ%oﬁwdn%&e@hys'cal

properties of ed f 1 Cc applications. 35

87 WD 01/ 34646@@!&» wemov@lzgenwmmymlzﬁ%ﬁmwywm&w RPEFey sehy

Prot ei n Subst rglueintTabikly dRQbMSihat IRMah 851Rgenkpbe Y WRs Baibmaimdmren.@ynad an | U 37C

pH 6.5 500:1 Contlnuous Bromelain 8 U 3/C, pH 4.6 _5,000;1 Bandi ng &
Cont i nuous 37°C, using a substrate to enzyme ratio (w/w) as indicated in Table 7. The human

25  recombinant type I hydrolysates obtained by treatment were analyzed by Tricine 10-20%
SDS-PAGE gels. The results obtained from papain and protease X treatment are shown in
Figure 13. The SDS-PAGE gel patterns indicated that the enzymatic hydrolysis of
recombinant human collagen lead to different molecular weight distributions of the gelatins.
Enzymatic hydrolysis using papain resulted in a continuous hydrolysis pattern, as indicated in

30  Figure 13 and in Table 7, while hydrolysis using protease X resulted in several discrete
molecular weight bands. As indicated in Table 7, the recombinant gelatins produced by this
method had different hydrolysis patters as a result of the particular enzymatic hydrolysis
treatment. This presents great flexibility in producing sizes and biophysical properties of the
gelatin that can be used for specific applications.

35
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Protease VIII 12 U 37C, pH 8.5 7,000:1 Banding Pa pain 17 U 37C, pH 6.5
10, 000: 1 Continuous Protease X 42 U 37C, pH 8.5 20, 000: 1 Bandi ng Exanpl e
12: Anti bodbes46t®© reconbi nant human col | agen type | di r ecPenvageionst
different 10 reconbi nant gel atins Human reconbi nant type | coll agen
produced in the yeast Pichia pastoris was tested for its potenti al
allergic reaction as a contact sensitizer on gui nea pi g, known as
Maxi m zatioh Study. After the duratloﬁABP he study, the sera were

collected to i nnestigate the hmunoaenect —of trecorbi- nt _hunm pe I
col l agen in gui negnﬁ’fﬁ@. 31Eé'zy§'?e£‘ﬁ%“’(5tf’ i’ '?ﬁ%f"ﬁe'" a%‘:‘mtﬁ{j‘iggfr seyg"hys'S Efﬁér'ﬁ of

ei ther 0.9% Sodiy A THE d HEGHETT (S Hh.1Sesang @hidweu@d 1 TCyibat ed
for 72 hours at/pdflelain INE| BX(@ F&I, pWaAs [ Nen CEf§ohilT UJE |@anddid @ohtiout O 15
m nutes and t hersufpennal @i @aok] gcs.ed Tor Posong. Himhidey pigs were
exposed to the |thasth arti cizU @3@Ccomé.§ ol sol utaoonl by areentinguct i on phase.
This 20 phase [iPmiateXed { W @@ 38i pPR8-Hf | nt r haOPrhl (I[Bpndinaj ect i ons on
clipped areas. The first pair of ID injections (cranial) consisted of an
enul sion of Freud's Conplete Adjuvant (FCA) in an equal volume of SCI. The
second pair of ID injections (m ddI e) con5| xiract
(reconbi nant hERERledgpanybodiey ty ' 2 ' sted of
an emrul si o Ofre&dﬁfbmaﬁt%lhtuext ract article and equal vol une of FCA. Positive
and negative contr e 25 ted in t he
test aninals, ngcaé1 “fco{n ”?bﬁe%rlig?n%roéuceda{’ﬁ’ esaStnofhmp aszlfmsw(rfn? es{ég%rﬁi second
and third pai rpmﬁmal Allaegi¢ feaation as@rontipbsesiiteehondineaiig, émoersMﬁxeezail@ns t he
test sites V\erﬁucﬁl\/%ﬂéﬁfl@ﬂmﬁgﬁoﬁl‘{és@lﬁp%s@xfav\lefecbltie@{e!i%rlnvestiggt@ﬂlrees'[ sites were
then pretreated with 10% SLS in petrol eum and massaged into the skin 30
using a gl ass FEEnossgity pfasrombingnt piag (er bepllpgsp i 1“2%‘“1‘]691‘% sOnegrang pfeh byyasnt h
day, a topigalinaRpkd &b hdbf e 03% BoBiumtChlogbe BRclidAgSClasedmasigasd of each

| h 4 25 cm di il ked
wth o mi o meebuct EEpimratl hepdn ey b oy Nk S PR cal

i nducti on appl dn@ &ieis@@matalteolaicdrivk dosiver e chal | enged. An area on the right

side of each animal was clipped. On the next day, H Il Top chanbers
containing 0.3 m of test 35 extract, vehicle control extract, IEOSI tive
control sol ut i Bnteywias everspposeido theteétlartpb@eﬂ epnisel solatind by @BInYyotigyhaske

PCT/ USO0/ 38y 9hase ifveIved Rd paR o?ﬂf?ad@x'ﬂiaﬂ@bﬁn E(QIIE)HSZAI chﬁBéH §reasT|Tﬁe £laphigr Il t es
were scored for. erythema and edema ‘Bé &ter rem)val of
sie d o

the chanbers. REEHOps (rnigh)eqnaisteq gfan BP‘B%‘H‘ cv(,ggeu% BF? FhoRencqs! ¢l ot
then centrifu g@ﬁim&tof 260 O:hé §a0rid@hir of ID 1rﬁacnws @aiddIFhenseddwithaast ekeszoved from

each tube and E recom man %prFcoﬁagertl Ot['ﬁ ar'cE pa_ir7(9a%dal) consisted of an emulsion of the
test extract article and equal volume of FCA. Positive and negative control animals were
25 treated in a similar manner as the test animals, except that the test extract was not included in

the second and third pair of injections.

On the sixth day after ID injections, the test sites were evaluated for evidence of irritation.
The test sites were then pretreated with 10% SLS in petroleum and massaged into the skin

30  using a glass rod, and then left uncovered for 24 hours. On the seventh day, a topical
application was administered on the shaved areas of each test animals with 4.25 cm diameter
disk of Whatman #3 filter paper soaked with 0.4 ml the test article extract. Thirteen days
after the topical induction application, the animals were challenged. An area on the right side
of each animal was clipped. On the next day, Hill Top chambers containing 0.3 ml of test

35  extract, vehicle control extract, or positive control solutions were applied to clipped areas and
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10 until use. Sera fromthe i mmuni zed Guinea pigs were then anal yzed for
the presence of antibodies directed against reconbi nant human col | agen
type | (mabi/34eueconbi nant human col l agen type |11 (rhclPCy/USM/IDRAGEN
bovi ne col | agen (Cohesion Technol ogies; Palo Alto, CA), and 15 various
fragrrents of reconbi nant human gel atins of the present invention, including
6 kDa N8IDN018) 10kDaé§EQIDN019) 18kDa(SEQIDN020) 33 kDa
(SEQ I D o pmaingyl e apigaly ferR4 Reyrs She doging Sifss WRISECqregHes eneRieandgydema
fragments. (Sem,dnblden2oadsher RXaMPbANhimiBaconbi nant col | agen and
reconmbi nant gelatin were el ectrophoresed on 8% Tris-Adycine or 10-20%
Tricine SDS-PAGE gels. Western bl ot analysis was performed using 20
anti-serum f r oftftee @2 houos tht hbo@dsmel&ctpdgsallmd td diot then cettuiiiyed aF28§0 e o4 shows
t hat reconbi nant col | n i ent in
the sera of Gjafgnncla%lneslrr% 3 rrrrrnuvﬁ?szreem vecatg(f ea?gt@g %%1 Eaﬁn&?eg W%It% S%\%d?t g(tsnl%lsagen
No anti bodio relalotusvl ty to any of the reconbi nant gel atins anal yzed by
Western bl ot anal ysis was observed in any of the sera of exam ned. Figure
14 shows Western blot results using the antisera fromone Guinea pig in the
study. 25 The & fpn ﬁhawm%%fwwgaww}ewalye;ﬁ faethe ppsgRceRbtnsbadies| yzed,
eac hdof v\/mb fh ERaVEaind edtbinbiadnt hugfas tdlfagen e T (HRI), ﬁﬁaﬁﬂu@sﬁdmamcdﬁa@u typeld. |t
was desirabl e Qss es..0 et | agen
responsi bl e folﬁﬁfhﬁéblc\hﬁ?bgg gVipee °°ﬁa§ &Jg(’ﬁ) 3SR FES Ee“é"tl?%ﬁﬁ %\% ‘Ar‘ll 89‘} i on of
nccl into Qui rneamplﬁggmenﬁexfmmmmhun@@geﬂﬂunmf tl@@kdsagermemlylp@u‘«ludmaé kBepar at ed
into its al(l)qg I I t | um

(S q%ﬁlg)(w)] 1%?%?@?6’1% be; 1@}(&25‘&5}5‘6@ é‘ﬁ(ﬁ 339@ 2%

chr omat ogr aphy. avag\l chal n of
recombi nant t yj¥e:2y) a{ SR NG 2R end#? kP3 (SERIPANG$3) fiagmantsi fh L aklgphand)
% ol | ﬁgen \tNas 5@%121 18r1 U?_%c&@olﬂﬂﬁ%ﬁdggﬁﬂldlrd@mﬂﬂﬁdﬂﬁée&hﬂ waﬁéleatc@gorésw&ﬁ@%
i ochem stry Gt. res [ t
fragments wer el s é?lé?toégo %@ gi‘ﬁ" %Rég}g#;geﬁn 558 %Vlag \7@%‘?’@?‘% %VS(‘Hg
anal ysi s f2r raactrinifioym each of the GRueareg upddgn testadyd Efporei 10 sltbwa fereconbingnir e 15A

shows a coo rm‘??ﬁngn @éé‘i r%ﬁ% r§ E%)%ﬁl? éb‘%b&]fles 'w@r{e%?eg Qhege\ﬁ%ééuﬁﬁ:é?gg rrﬂgn(n!lz)ed and

a2(1) chains uman ty ster ot anal ysis
showed t hat thélt@moméalarpﬂlgnalﬁmeﬂs@la@nr dig entibpdy rwtlﬁtydp anyef he giicpralinaal agai nst

the a2 chain elahysgﬁali/zcg 8y WRESR bidla1gdeds bberv&Pin W) & Me?sér@ 4PexBiRdIS00/ 30791

5 CNBr fragnments thereof. No reactivity against the al chain of pe |

col | agen was dagutiishows Vesisrbles resuls upingrhe aigest B OB neéﬁ’él“i/@%%“’ escri bed
above exanmmedrichga franatieadi 4 diffdént Ghigea@ips Rem apdlfred @fich of ®hick @ewedideaasal hunman
type I coll age, d reconbi nant human gel atins by 10
virtue of el ecfsrugp():%lor e%lfcgogegaglﬁg arteﬁ%c])n on SDS-PAGE. To exam ne the reactivity
of the Quinea

It was desirable to elucidate possible epitopes of the type I collagen responsible for the
antigenic response observed following injection of rhel into Guinea pigs. Recombinant

30  human collagen type I was separated into its o 1(I) and a2(I) components following
denaturation and column chromatography. Cyanogen bromide (CNBr) cleavage of the a1(I)
chain of recombinant type I collagen and the a2(I) chain of recombinant type I collagen was
performed as described in Bomstein and Piez (1966) Biochemistry 5:3460. The intact o
chains and the resulting peptide fragments were separated by SDS-PAGE and analyzed by

35  Western blot analysis for reactivity to the Guinea pig sera described above. Figure 15A
shows a coomassie-stained SDS-PAGE of intact and CNBr-cleaved a1(I) and a2(I) chains of
recombinant human type I collagen. Western blot analysis showed that the Guinea pig

antisera reactive to rhcl were directed against the a2 chain of type I collagen and specific
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pig antisera to these pol ypeptides under non-denatured conditions, a direct
ELI SA anal ysis was perfornmed. (Figure 16.) The data showed that the Quinea
pi g anti seoal/ssse®gni zed the native conformati on of rhcl.péivusooafo7¢ihe
reconbi nant gelatins of the present invention reacted with the Guinea pig
antisera by ELISA, regardless of whether the gelatin fragrrents 15 were
presented before or after thermal denaturation. The rh was even nore
reactive in® t heNBHagmpnts therppfaNo Fragiiyityaeaigst fheiod rChac“bOfé}‘P&II§/%1|a§e"("ﬁ’éf"?§ecf?3t

shown). This imgueasey the polyclonal antibodies in the sera recognized
prinmarily sequenced epitopes, rather than helical structures. Together,
these results indicated that the concerns associated with having an

anti geni c si tefrm)Wesrefrﬂfkeaﬁame}; dasgritad abwoyk b:agmedthypmctiv;ity sfbcGhinaalgsyratoo t he a2
chain as shown_jn t met hods
of the pr esentreforrln\Pe hﬁ%&%}ﬂ&%&éﬁﬁﬁ% n\*}mntl Sﬂdlp&ﬁ%}ﬁ%t?lg@?pdéélahg%tyhod for
gener at i ngl¢ ecuriisiof elegtropfirese ﬁqn’sramca@kisﬁé PARE; aema@n@ltheégactlvwoeﬁﬁe Gised d be

useful for spegi Sduger@trameg&@wp%aesluﬁdewmng@é@&hdm&fs o drect BNIGA0RRLG ty IS
desired. Various nodifications and vari ati ons of the descri bed t hods and

systems of theVisRedNPrGiigge W) Thesstashped dit e GUr RS LK POFFH Whe art

W t hout depar thafge d‘oﬁ@ﬁﬁattl&eofsmrmneanme &edhﬂﬁlaﬁtfgefaﬁ‘lﬁ of tha et iGventicdl t hough t he
i nvention has be cribed .in con C r

enbodi ont o | PR RS e S SORAE R Tl SRAEL e BB ISR 1 o
not be undidy W¢r¢ m&eetdd b@orsu@ﬁe@malﬁﬁr@m@m&hm{ was evenTheygagiipelinticcat i ons

of the descri b@fgsmgﬁ dta&'furedcpﬂ&r t¥ lcuﬁ si9 Hfata%@t%hé\%\f eﬁﬁlé ﬁ%&cé‘ééli tﬁépboﬁlrcﬁm@bw ous to

those skilled in the present "art rel at ed fields are intended to be

within the scopEbestes ke et P@Paaﬂwquemefi ef?‘@?%rréﬁli&ré%a“&‘ie‘tcé'cf“ﬁcé‘%ﬁ n are
i ncor por at ed byogktBéreh@p feulld @idehtdd thit tﬁeh&hcém@ﬂ;&dc[a&ﬁ)wnhQﬁvn\éﬁnaﬂdg&ﬂﬁéﬁ(s)

PCT/ US00/ 30791 5 CLAI M5 tion conprising

reconbi nant gel"&eH RN hyppnsol aﬂerft@fﬁs)[ ﬁ?#éfﬁfy t&&eglzlcha"h%f\ff’)% | hrerﬁ'imée%l ar wei ght

sel ected faom éxblﬁpl@],l‘c&ll@bmﬂﬁtcsﬁylt]mnetl&ﬁs dlieptesént labation bhe reSenkiDaentiabout 9
kDa about 14 tlﬁ s o C)Utt %1‘53 ﬁ%@ﬂe@?ng&%om%%%%?]atmgggﬂ{\ga %elﬁﬁgrtesa\m t 36 kDa

about 44 kDa, an reco ant vi hg a nol ecul ar
wei ght range s@@t&eeldeﬁﬁlrf@ﬁmctﬁe agﬁl@%ilpﬂSll@Wblelmgql%lﬂPﬁgW@flt@b‘@tths @PSW@ 50 kDa,
about 10 to 30 kDa, about 30 to 50 kDa, about 10 to 70 kbDa, about 50 kDa
to 70 kDa about 50 to 100 kDa, about 100 to 150 kDa, . about 150 to. 200 kDa,
about 200 to 2%8oRTHEdifigatans ansiygrigtignsh de desgribed mathods ud sysiems efdhednisntiopa. 4. A
r econbi nants gewilltbk Bppa@itit6@osd sKIMAES the art witsugdtbartiigefiinethe $fiitanBA6pelobDle 20

invention. Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly
limited to such specific embodiments. Various modifications of the described modes for
carrying out the invention which are obvious to those skilled in the present art and related

30 fields are intended to be within the scope of the following claims. All references cited herein

are incorporated by reference herein in their entirety.
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5. A reconbi nant gelatin having a Bloom strength selected fromthe group
consisting of 50, 100, 150, 200, 250, and 300. 6. A reconbinant gelatin
havi ng avBboosacsé rengt h of between 0 and 100. 25 7. The pomwpsaiioran of
claim1l1, wherein the reconbinant gelatin is partially- hydroxylated. 8. The
conposition of claim1l1, wherein the reconbi nant gelatin has a percentage

30 hydroxylation selected fromthe group consisting of 20 to 80% 30 to
80% 40 to 580% 60 to 80% 20 to 60% CS«NMﬁ 60% 40 to 60% 20 to 30% 20
to 40% and 30 to 40% 9. The conposition of claim1, wherein the

reconmbi nant geWadtisitlaimedi®n- hydr oxyl ated. 35 10. The conposition of claim
1, wherein the reconbi nant gel atin is ful l%lpxdrol yzed. 11. The conposition
of claim1, wherein PHROYERSHBPIRNSIYRY I &4 partial |y hydrol yzed. 91 WO
01/ 34646 PCT/ US00/ 30791 5 12. The conposition of claim1l, wherein the
reconbi nant, gej at i C j L f I cgel atin
ol ypept dis. 43, | PHERRRGSh MORPORPRLA: bbb RROHRI R EE

gel atin conprises &fatstdisgaedidarbsit 8 kBa.gbout Kodirpbeaino khalaheyt n

pol ypeptides. 10 14; khHRGb&OIPASN, 5036 RDa,Gbstk M Kha, Maab&ik 65 tfe r econbi nant
gelatin is derived fromone type of collagen free of any other coll agen.
15. The conposition of claim 14, wherein the one type of collagen is

sel ect ed fromi he A rdomBtnent elatoriavisg a mojeanfar wyipgte rdnge delepred frém thegpep 1 11, type

IV, type V, . type VI, .type V| VI, I+ type
X1, type X11, types g\??at%"i/“poe“’%?ﬁ‘%’ %’84 Sl g 6’18%%%&%@?((?5) l%ﬁfb;ebxﬁs/? f8|7:0 type
XI X, and type XX &Dhlabapef() kDago 707He abenvpd i 109 e, etfoutciOf itant 59 kDadabeue i3 te he
recombi nant gel at b i8Sk 280 S0 ¥bA) absBVB to 330 kBE laRIbLu B0 ESH fB.. 17. The
conposition of claim1, wherein the reconbi nant gelatin has an endotoxin

| evel endotoxin |evel below 0.500 EU ng. 25 18. The conposition of claim
1, wherein thesrecRidadiiant@ela@t halinf amolddule WeightQ@xdadr thev3o kDendot oxi n | evel
bel ow 0. 0590 EU nmg. 19. The conposition of claim11, wherein the reconbi nant

gel atin haS an endotoxin | evel
5. A recombinant gelatin having a Bloom strength selected from the group consisting of

50, 100, 150, 200, 250, and 300.

6. A recombinant gelatin having a Bloom strength of between 0 and 100.
25
7. The composition of claim 1, wherein the recombinant gelatin is partially-
hydroxylated.
8. The composition of claim 1, wherein the recombinant gelatin has a percentage
30 hydroxylation selected from the group consisting of 20 to 80%, 30 to 80%, 40 to
80%, 60 to 80%, 20 to 60%, 30 to 60%, 40 to 60%, 20 to 30%, 20 to 40%, and 30 to
40%.
9. The composition of claim 1, wherein the recombinant gelatin is non-hydroxylated.
35
10. The composition of claim 1, wherein the recombinant gelatin is fully hydrolyzed.

11. The composition of claim 1, wherein the recombinant gelatin is partially hydrolyzed.
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endotoxin | evel below 0.005 EU ng. 30 20. The conposition of claiml,
wherein the reconbi nant gelatin is reconbi nant human gelatin. 21. A
reconbi navo ogadeéad i n conpri sing an am no aci d sequence sel pcT/@dooiioem t he
group 35 consisting of SEQ ID NGs: 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 30, 31, and 33. 22. An isolated and purified polynucl eotide encoding
an am no acid sequence selected fromthe group consisting of SEQ ID NGs: 15,
16, 17, 18, 1912 20, Th gomppsitionof claigyl, wherein thsgecorghinant griatia SOMRISESAD 01/ 34646
PCT/ US00/ 30791 5 23mogsoRXfitt@s sf recombiait@elathqopépsidesg t he pol ynucl eoti de of
claim?22. 24. A host cell conprising the polynucleotide of claim?22. 10
25. The host cell of claim24, wherein the host cell is a prokaryotic cell.
26. The host cBL.| dfhe edrariopitigvof claiel, eiherein the ré¢sgmbinanggdlatin somprsesléar yot i ¢ cel | .

27. The eukaryoti ¢ BRRbere&ils miire 6f RioMbRtnt QB BIyPeptiflg. €ukaryotic host cel |
is selected from 15 the group consisting of a yeast cell, an animal cell,

an insect &1, a plant cell, and a fungal cell. 28. A transgenic ani mal
conpri si ng t heigol ymyednatiticheos Ohint1, &ihéfeid he recdbinsht gefatih isadafi @A io ot Bpd
conprising the pol y?uogl eot.i de. of tgl ail{n 22. 30. A reconbinant gelatin
conpri sing an ani nd" 5S¢ PE LS ISHL {NE&PIEETed from the group consisting of
SEQ I D NGs: 26, 27, 28, and 29. 25 31. A nethod of producing reconbi nant

gelatin, the npf hodrhgg&g;ogiﬁ&maa&@h, Qﬁ&%ﬁfﬂk&g&%%?mﬂ%@ﬁ%tsel@%d ARHER. OF
procol  agen or fragnments or variants thereof; "and 30 (b) processing

r econbi nants col | agegrugcoysisgest vage el tyredbriuetl¥, tore \payre Yhttere WhoPeof to
produce reconbi nantvigedstikiype3R,. typthe, RN 6poKIIL ype K1V Iype WVe Bt RVL, he
reconbi nant col | agen i)&gecoﬁgﬂantﬁ?n&cg é&l(ﬁlgen. 35 33. The net hod of
claim 31, wherein %8R PR A1 ABENPOr " BY6881 1 agen is  produced by
co-expressing at |east one pol ynucl eoti de encodi ng a coll agen or

procol | agen an f% at "Il'hg géntlpoglﬁ(% dt glla%pﬂ g‘}hg‘g&l It.hg ?chlggiggl't g@atiﬂ hgs%ln lef?cg)ﬁ)glin level

post -transl ati onal
20 below 1.000 EU/mg.

17. The composition of claim 1, wherein the recombinant gelatin has an endotoxin level

endotoxin level below 0.500 EU/mg.

25 18. The composition of claim 1, wherein the recombinant gelatin has an endotoxin level

endotoxin level below 0.050 EU/mg.

19. The composition of claim 1, wherein the recombinant gelatin has an endotoxin level
endotoxin level below 0.005 EU/mg.
30
20. The composition of claim 1, wherein the recombinant gelatin is recombinant human

gelatin.

21. A recombinant gelatin comprising an amino acid sequence selected from the group
35 consisting of SEQ ID NOs:15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 31, and 33.

22. An isolated and purified polynucleotide encoding an amino acid sequence selected
from the group consisting of SEQ ID NOs:15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
30, 31, and 33.
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enzynme or subunit thereof. 93 WO 01/34646 PCT/US00/30791 5 34. The net hod
of claim 33, wherein the post-translational enzyne is prolyl hydroxyl ase.
35. A netwodi/afe4@r oduci ng reconbi nant gel atin, the nmethodPCcDugow/B®iIg
produci ng reconbinant gelatin directly froman altered collagen construct.
10 36. The nethod of claim 35, wherein the reconbinant gelatin is produced
by co- expressing the altered collagen construct and at | east one

pol ynucl eot Pde encoding a post-translational enzynme or subunit thereof. 15
37. The nethod9f ChakiptedHon vokter BinprisidgahdpRFhnddoadesdf ahinoazal enzyne is prolyl
hydr oxyl ase. 38. A nethod of producing reconbinant gelatin having a
selected nelting tenperature, the nethod conprising conferring on the
reconbi nant gebkat i nAhog edlicempsiye thedpplynaleptidetof daimt23at corr esponds to the

sel ected nelting terrperature 20 39. The nethod of claim 38, wherein the
conferring steg ses rodu0| reconbi nant gelatin froman altered
col | agen cdfist fuct 1%"&%“ Pé%lé’ﬁfb > hersingha host gql} dnagr gceds 40, The

met hod of claim 38, wherein the conferring step conprises deriving

reconmbi nant gelatin from hydroxyl ated reconbi nant coll agen. 41. The net hod

of claim38, wherei Wh%%tﬁgﬁf@?ﬁ?fgwélfréb‘tbﬁ%ﬁe &2 Yting non-

hydr oxyl at ed reconbi nant gel atin. 30 42. A binding agent conprising

reconbi nant gel atin, An encapsul ant _conprij si ng r econbi nant glel atin.

44. A stabilizfhg a@é%?u%%‘frl?"asi cﬁﬁ of glaghdsh: Ihsreindhn tkgryptic hgsy celhisse F‘H?df%‘?% ng

agent conprlSsi ng r ethoeoimennsistige bt Yepst cellda anjmahgsilen PczF%’gaBEg‘éﬁ?” ewsipri si ng
reconbi nant gel ati ngpLo94e O 01/ 34646 PCT/ USO0/ 30791 5 47. An emul sifier
conpri sing reconbi nan% gelatin. 48. A thickening agent conprising
reconbi nant gel atin. '

28. A transgenic animal comprising the polynucleotide of claim 22.

20 29 A transgenic plant comprising the polynucleotide of claim 22.

30. A recombinant gelatin comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs:26, 27, 28, and 29.

25 31 A method of producing recombinant gelatin, the method comprising:

(a) providing recombinant collagen or procollagen or fragments or variants
thereof; and
30 (b) processing recombinant collagen or procollagen or fragments or variants

thereof to produce recombinant gelatin.

32. The method of claim 31, wherein the recombinant collagen is recombinant human
collagen.
35
33. The method of claim 31, wherein the recombinant collagen or procollagen is

produced by co-expressing at least one polynucleotide encoding a collagen or
procollagen and at least one polynucleotide encoding a collagen post-translational

enzyme or subunit thereof.
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10 49. A gelling agent conprising reconbinant gelatin. 50. A coll oidal
agent conprising reconbinant gelatin. 51. An adhesive agent conprising
reconbi navo ogadéad i n. 15 52. A pharnaceuti cal conpositi onPCDOIPENBTIIY
reconbi nant gel atin. 53. The pharnaceutical conposition of claimb52,
wherein the reconbi nant gelatin is human reconbi nant gelatin. 20 54. A
hard gel capsul e conprising reconbinant gelatin. 55. A soft gel capsule
conprising teconbinant gelatin. 25 56. A plasma expander conpri sing
reconbi nant geidat i rche méthodofealnt &8, dadrein tle pose trimpli@alen®ynie in@Ebdler iyadoxdaapr i si ng
reconbi nant gelatin. 58. A graft coating conprising reconbi nant gel atin.
30 59. A nedical sponge conprising reconbinant gelatin. 60. A nedical plug
conpri sing rect¥rbi namethefedf anoflysing3&oBhinannzqitiay thenethadicemprisgg prsidhqinge r

conpri si ng reconbi NaRbbgh 8diith dire 8¢ frof afhifekdd o6& BAstGQMPI | Si Ng 1 ecombi nant
gelatin. 95 WD 01/ 34646 PCI/US00/30791 5 63. Akit, the kit conprising:

(a) a conpHsition conprising reconbinant gelatin; and (b) a device for

del i veri ng t he3g onpms kthedoficRin®3 5 Whires the recdi@bifidht gefifin 8grdadbe@d 6paposi ti on
conpri sing reconbi nant gel atin. 5. Aprotein,s | enen rising
reconbi nant gel ati fF*P'i¥' %@?dﬁﬁpﬁ?ﬁ§ﬂﬁ??¥?ﬂf% %8%%§$§Pﬁ§“$%§§a LR gel at i n
67. A nutritional suppastsntal egynprdrsubogt thereefnbi nant gel atin 68. An edible
coating conprising reconbinant gelatin. 20 69. A photographic conposition
conprising partiall -hydro§ylated reconbi nant gelatin. 70. A photographic
conposi ti ok cohpri sibagethed efglay s Uk??‘&fhéﬁoﬁ"gﬁlﬁ\g{m“ﬁlaﬁﬂ%ﬁﬁé? prplyiydeorylasg. A

cosnetic conposition conprising reconbinant gelatin. 72. An industrial
composition ¢ 0{5[_) r SA ngthcl;deo 8ro &crlh%rr]écox%gilnaaf& Igerlla'tin having a selected melting temperature,
the method comprising conferring on the recombinant gelatin a percentage

hydroxylation that corresponds to the selected melting temperature.

20
39, The method of claim 38, wherein the conferring step comprises producing
recombinant gelatin from an altered collagen construct in the presence of prolyl
hydroxylase.
25  40. The method of claim 38, wherein the conferring step comprises deriving recombinant
gelatin from hydroxylated recombinant collagen.
41. The method of claim 38, wherein the conferring step comprises hydroxylating non-
hydroxylated recombinant gelatin.
30
42. A binding agent comprising recombinant gelatin.
43. An encapsulant comprising recombinant gelatin.
35 44 A stabilizing agent comprising recombinant gelatin.
45, A film-forming agent comprising recombinant gelatin.
46. A moisturizing agent comprising recombinant gelatin.
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73. A cell culture conposition conprising reconbinant gelatin. 30 74.

conposition for

WO 01/34646
5
47.
48.
10 49.
50.
51.
15
52.
53.
20
54.
55.
25  56.
57.
58.
30
59.
60.
35 6l
62.

| aboratory use conprising reconbinant gelatin. 35 96

PCT/US00/30791

An emulsifier comprising recombinant gelatin.

A thickening agent comprising recombinant gelatin.

A gelling agent comprising recombinant gelatin.

A colloidal agent comprising recombinant gelatin.

An adhesive agent comprising recombinant gelatin.

A pharmaceutical composition comprising recombinant gelatin.

The pharmaceutical composition of claim 52, wherein the recombinant gelatin is

human recombinant gelatin.

A hard gel capsule comprising recombinant gelatin.

A soft gel capsule comprising recombinant gelatin.

A plasma expander comprising recombinant gelatin.

A colloidal volume replacement material comprising recombinant gelatin.

A graft coating comprising recombinant gelatin.

A medical sponge comprising recombinant gelatin.

A medical plug comprising recombinant gelatin.

A pharmaceutical stabilizer comprising recombinant gelatin.

A micro-carrier comprising recombinant gelatin.
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WO 01/34646 PCT/US00/30791

5 63 A Kkit, the kit comprising:

(@) a composition comprising recombinant gelatin; and
(b) a device for delivering the composition to a subject.
10
64. An edible composition comprising recombinant gelatin.
65. A protein supplement comprising recombinant gelatin
15 66. A fat substitute comprising recombinant gelatin
67. A nutritional supplement comprising recombinant gelatin
68. An edible coating comprising recombinant gelatin.
20
69. A photographic composition comprising partially-hydroxylated recombinant gelatin.
70. A photographic composition comprising fully-hydroxylated recombinant gelatin.
25 71 A cosmetic composition comprising recombinant gelatin.
72. An industrial composition comprising recombinant gelatin.
73. A cell culture composition comprising recombinant gelatin.
30
74. A composition for laboratory use comprising recombinant gelatin.
35
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