WO 01/ 034646 PCT/ US00/ 30791 5 RECOVBI NANT GELATINS This application clains
the benefit of U S. Provisional Application Nos. 60/204,437, filed 15 My
2000, andwBGhsfsad 14, filed 12 Novenber 1999, the specifi eatriusoe3abl 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 reconbi nant gelatins, and to the use of these gelatins in
various applications. 15 BACKCRECDIBENANE GBMERINSN CGel atin is a
derivative of collagen, a principal structural and connective protein in
animals. GCelatin is derived fromdenaturation of collagen and caontains
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col I agen iip bovi ne and porcine 30 sources, in particular, from hides and
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encephal opgt hge%iﬁenéel;%@buten@&ﬁole%ntcalrslrucnb%drme@&@@gln{gcabmmgamm opat hy
(BSE), and scrapie, Cgl ol, Stand

88: 247-256.) BBPIdLE L%?e%t’gyéwaﬂé‘%‘f)%“gaﬁ‘a 9 egit”c?Fef‘ i ?E’&P Pftoéesﬁ%ﬁ %ff’“?"i’[i?%
phar maceut i cabonas)@pieeithi fivdd bosdap hridpaicine Bgirced THEbDAlySIE GrbberREDf @Wﬁ&? 91

it a versatile material, widely used in a variety of applications and industries. Gelatin is used,

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 gwbatiossegont ai ni ng products to becone the focus @ECTISV@BED1

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 (nvCID), a fatal neurol ogical disease in humans. There is concern
that purification steps 10 currently used in the processing of extracting
gel atin Pr orReamilmepncem aqybthe safity o isesmaiaiplsroenifigant 8offien EP8HE %0 r enove t he
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Aor ty B.prgfﬁsigsa@@leﬁ’g{rsaft% lg%tf’rilaglﬁgubllegtreﬁ g’cvtanoutS Ehee%ﬁ)cra gtf aérme‘a’}ét S’rruécill%mgxt raction
sour ces r eceairalengedsexpante tolightheidixdr piaine evivtipnn dewsrouTyymidicotion sfepsganer al | y
derived fr oM dullhAGRD RGPl Soat UMY ARG AGRLAR A LYPe B 1
general ly derive rom al kal | ne- or |1 me-processed materials, usually

bovi ne bonedregisaieirpysed fremoye itarriticssughgs aeprqolizeeaygPrpigie Rongerust bon, t he
process genefeatdsyd. | MRS ashiab h@CAlrdon §ERSbh &khahfRZaM ot cRdnl& arddi des to
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for 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 lilﬁe-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/ 034646 PCT/USOQ' 30791 5 dilute solutions of gelatin, are filtered
and evaporated, and the resultant concentrates are allowed to cool or

chill ed twoailgeies6 The gel is subsequently treated in dryi mgTtusnersi7sy or by
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 |linme treatnent can take as long as fromone to three
nonths, and is usually around sixty days. The |ined hides are washed and
treated wilh difegeltions pimslatin, ediliprrdiad cyiperalehend hyBPHRg FeseTRERA POt wat er
and the r eSU|eIllbﬂQi 18 %801 BCchle@oR gBll TEEFER dutBuerl GdtddieayRP MRS byt he
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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 average 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 uwoguioswsye m xture of proteins. Current nethods @CTASV/ATPI on
result in a gelatin product that is a heterogeneous m xture of proteins,
cont ai ni ng pol ypeptides wth nol ecul ar wei ght distributions of varying
ranges. It is 10 sometimes necessary to blend various |ots of product in

or der t01f>0bt§al n a gelati n m xture with the physical properti es appropriate
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characteri sthE@’Slcalz’G’PFrﬁesa?ﬁkalfr}a@rfor“F‘?'fngﬁ% F’ “utical, cosnetic, and food
and beverage industries, especially, there is a need for a source of

gel atin ot hﬁl’mdrdﬂl&ﬁho@é]ﬁtbus@fmﬁ@jt aadbr produpgdhbyemdre eeptoitumibld mesns, @waildb¢  sour ces,
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al . (1999) jﬁiliﬁ%ﬁ%éeigﬁwﬁ{&%%?%lm 653%1 699 M gazavva ﬁm 1999)
Vacci ne 17: 0w aboygir a pirépgibleisnd eopirofied peripgrsgse. Thirg A BIRBY 3PS r?@ a%o Kel S0
(1999) J  AblEtprodekibR nehi¥loniatin 333icRADMA PRyidds @mofchOBYodibewitBi ol St and

99: 41-44; and \Frd .(1999) Lancet 354:1304-1305.) In addition, the
avai | abi | i t §ogP! "é} g'ﬂ%éeflftlc te material that does 30 not undergo extraction
from ani2oml sources, e.g., tissues and bones, wi |l address various

et hi cal, r el gidibius in thewhaswmcsutital, dpsotetit, awd fogd ang beyrlezriadrstripmeseriallys t hat does
not requi rethgfét :ﬁ?ereél fg)pa sc{lfcgm. g%ﬂ'mﬂ@dlerﬁ%&%ﬁam@&'%u@%xﬁh&l@ﬁlﬁ&n anglabones,

coul d be use manuf act ure of ods_ and ot her |ngested
products, i nwqu@@nemg b@ﬁ@&p@ﬂr@t@ﬂnﬁﬁé‘éﬂ tisps & Turthes 6 cugpegt yaé(ﬁllﬁ‘glﬁﬁFlFtﬁ’t% for use
by peopl e Wil blin@iPerot dnfsdl Sdufckd s@asa,s bRk arDisdiRY, there bR@SRemb@lafigy th ow Kos her
35 and Hal al law. Wi le g elatin end- user.s Shz% e searched for

ducer 1d
and test’dd &enndasEabled By e"t‘é' ?ffgég{ﬁﬁcogﬁb PROTELE B%r e
ani mal - sour Gekageh M. Bt ot (T999)ITt Aller. &kiai Inadohdd, 10469699V yatawe etab (19%9W e has not
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Jich as 1 he Aad I A s R e B ( CAPSUGEL:

Morris Pl ai ddler. Nby Imrymo}k HR3:200-202; Asher (1999) Dev Biol Stand 99 41 44 and Verdrager
(1999) Lancet 354:1304-1305.) In addition, the availability of a substitute material that does

30  not undergo 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/ 034646 PCT/USOQ 30791 5 proposed use of non-natural gelatin-Ilike
proteins fromnouse and rat coll agen sequences in photographic enul sions.
(See, e.gwponéds46en, M W et al. (1999) Yeast 15:1087- 109@cTarsdo/Be91 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 substitutes have not been
adopted. Thus, there is a need for a neans of 10 produci ng getatin in a
synt het i ¢ Sandropessd v wEidnmetushesirn-liseteiny Q%@O?Sééltﬂ rptealagp SaHTetes an  serve
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processi ng, manufacturing gelatin that result In a nore
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amounts and difd RLeMondl m@c&m@m gehalidpeARRLARhRIR{RE, di verse _
applications. There is a need for a versatile gelatin product that is
readily adaptable for different uses and that answers existing health and
ot her concer %sum?tﬁry]_h@re R aredvor d lﬁﬁlveﬁﬁlir@hcéiﬁn%ﬁﬁertahﬂiﬁt&mﬁ;ﬁdwdﬂﬂ&ﬁ"ﬁmﬁﬁed s by

providing a universal replac t . terla i ned reconbi nantly,
appropriate f aclrgihcs ﬁtrgteﬁén ‘gégr%g%“r'% Rat Py réglmvtécrl@eeang SSEOI Tt o

appl i cat i16ns produashleke igehad fonmiemdsmfpredwhggﬂ@edhat Fthet pn@sélmsh mdterials can
be desi gned te%Fﬂ&gl%&%ﬁég %o ﬁﬁﬁgﬁhﬁﬁum&g E‘%ﬁ({ﬁa@{ekﬁtﬁh s Sodesirrgd for

particul ar appfications, and can thus 2 rovide new p gertles and uses

previ ously umepdeqt pakihas are Cwlﬁm*ﬂbmpmﬁll@glsmmt @P“Pﬁén‘b‘ih gl tvresRfention is

directed to r@mt@%‘%e Bediatsk AsplicdiiOnsC TAROSE la hbdd TS adBFatRIRNALS pro@R MRSt Si Ng
r econbi nant gel atin

net hods o roduci.n r econbi nant
gel atins. 306 PHIPAE P‘é@ﬁ@&?ﬁfﬁ’?‘ﬁé‘seﬁf‘%%"r‘ig“"‘ﬁ’i?é’ﬂ?ﬁ‘%ﬁ aﬁ’f‘?ﬂﬁ‘) S5 hposi ti on
conpri sireg reconbi nant gelatin. In one enbodi nent, the reconbinant gelatin
has a nol ecul ht sel ected f out 5 kbDa,
8 kDa, 9 kDa T%iﬁr KB TR ‘“;S%? %8% ré’g dgffigﬁg‘é*‘gg%%a‘h‘% ﬂﬂg"ﬂj%t’még d 65 kDa.
| n anot her emta@dalnmnedtdqembi@@than@w@P@tmﬁile h?él@ordmﬁlﬁyé’c@weeﬁpe(\%mght range
35 sel ected ff%léaﬁ&sgl{@fﬂ& %ﬁﬂﬂs%ﬁﬂ‘eﬂ@y &bd. aﬁl@HltesegtﬁxﬁerﬁQ kbl de@BREto 10 to 30
kDa, about 30 t0O out kDa, ~about_ 50 kDa to 70 kDa about
50 to 100 kD@OSS%Eb%PfOIWS@Bd ofgCtRskcs de%&ﬁ%fﬁ’fpafsf(‘}awpb%mﬁtﬂa 2Bt 200 to
250 kDa, 2:8boutovidsQew propdds kildasespralioaddputavadtile.t 0 350 kDa. In one aspect,
t he reconbi nant gelatin has a nol ecul ar weight greater than 300 kDa. 5

SUMMARY OF THE INVENTION

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/ 034646 PCT/USOQ 30791 5 In another aspect, the invention enconpasses
a reconbi nant gelatin having a Bloomstrength selected fromthe group
consi st i ngoafi/05646 100, 150, 200, 250, and 300. In further pemsde/sEnt , the
Bl oom strength is between 0 and 100. In certain enbodi nents, the present

i nvention provides a conposition conprising 10 reconbinant gelatin wherein
the reconbi nant gelatin is non-hydroxylated, fully hydroxylated, or
partially hydroxylated. In various aspects, the reconbinant gelatin has a
per cent age’S  hipdnehsy kepestahe iseniscaepppssIharrambipa: selati haviag 3 Bleomptrengh t o 80
30 to 80% 40561&6@@9/&1&1@%1&1900@&9@02@ 100, £0%2003130t20d 660%0m hbhdro 60% 20 to
30% 20 to 40%. and 3% @ 40%?g#n ot her H@?dlnents t he reconbi nant
gelatin is fufgp %WVH? P {PaY ST Fﬂﬁpwyl%?ﬁ yzed, or non 15 hydrol yzed. In
one aspect, the present invention provides a conposition conprising

reconbi nant gffll Bdih é boﬁl'fr]n%ﬁtglthe réé_egn%lt Lﬁg%?{;g)ﬁrm&ts fg&]l]ep%glh% &&B{?{l‘ﬁ es a

honogenous m Xture reconbi anot her aspect,
t he reconi? namongmaattgehtlmwhppﬁm @eycqnm@ebg@ﬁé@u@dmxﬂﬁt&i &ully hpdreyfylated,

reconbi nant gl gkl RAIYARRE e siond ol aEhANER R, REQRERL [ nventi on

provi des a conposi ton _conprising reconbi nant gela wher ej 0"t
reconbi nant gBidERYAtignselerdsd; Kpriths g camsting A0 rflen il 9 §8%: @F%%O/bﬁoéi’ny ot her
col I agen. | n g@s,toeldoed, 3@w01B04] 4TR0604, 20 RE0ENE th WMk, o 3@m|4b%gﬁ’fbtﬂleﬁs sel ected

fromthe grou consj sting. of t type 1V, type V,
type VI fyperernegt e caenpinaq sty BT oyl Ruolv kG (|28
X, types Xl Mdrdiygpd XV, type XVI type XVII, type XVIII type XIX, and
type XX col | agen. Conpositions of r ecombi nant gelatin wherein the

reconbi nant gel atin has endotoxin | evels of below 1.000 EU ng, bel ow 0.500
EU mg, bel ow In@nesPedstierpgesenh renben BoYids @ 0BREioHF OBPESIREGPROBHIFH EEH. 30 | n
specific enbOQhé}amh% recBrﬁﬁndh?ééﬁﬂﬁ)bdiﬁﬁEesGﬁbtﬁégeﬁbugfnu&ﬂ@ofﬂé&ﬁl&ﬁint kdmnt i on

CcO rrses an a acid s quenc sel ecte rom-t consi stin of SE
| anN@ 15, 16poriﬂ tldi% irg)therzzﬁpec@%e rec%gmaﬁége[aﬂacon%sesgéete g_enecalﬁau)fgtg 9 Q

Polynucleledeﬁmmﬂmmdu@gmmhesﬁm&MEno 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
prokaryoti c o caekabodpteni the bresegtiavestidnivivesa compositipk aperising risormbinage| | | s

sel ected fr On%etleﬁ'ﬁ wﬂgrgﬁ{%e(}%ﬁblﬁ&ft E&atfﬁfls d@nVe@Eﬁ%Ifn B8lybe of3BilagdddB an ?%{hlen an

i nsect cell pl ant fungal cell. The present invention further

provi des tr an&yasic Indﬁf“ﬁ‘ﬁi’“semé?fhqutsaﬁg @@rﬂ’R? obtolipge lséélﬁ‘ﬁ?q fernge o
pol ynucl eof i dassistfig WayRll Q846 4 RCTYIBOY 307 Dbe VI, type VIL, type VIIL, type IX,
type X, type X1, type X1, type XIIL, type XIV, type XV, type XVI, type XVII, type XVIII,
type XIX, and type XX collagen. Compositions of recombinant gelatin wherein the
recombinant gelatin h.as 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 aspecwp oilogieps esent i nvention enconpasses net hods of pcodisoe/sgot 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 reconbi nant gelatin. In one aspect, the reconbinant col I agen
processed fo R@@@h*ﬁw%a%m@ww qugming agj BiapaRe scheeadiion e BRERIPISITHRE a
further aspecssSHQ® NOBoHLI)ait206Rlalsagomdés produced by co-expressing at

| east one pol ynucl eoti de encoding a collagen or procollagen and at | east
one pol ynucl eoti de encoding a col |l agen post-translational 15 enzyne or
subuni t t her elfone dspecs tlegrdseat imventiroghcongmises médiimdpoproduciegibt mtanbivaht enzyne i s
protyl Ny dr oy 2 Gonel e BBOMALes uaggre@&ﬁ Al Afade ol Mool PG ahaieent T on.
reconbi nant gelatin I's produ |re roma Pifere

const r uct 10 | norayafiapgstthesqor; éﬂiﬂi@ﬁe?ﬁﬁﬁﬁh‘? r@%@bm@%menamm%%@ Prrﬁaglzgltﬁl@ produced

by co-expr ess{fgnt m@re@*tct £bEHe LAUNAERNCIGR) 3 bdéGlpca e RtonkBRSicoaeh
pol ynucl eoti de encodi ng post - trans;@tl onal enzyrre or s%bunlt hereof. In

one” enmbodi menkrocessse togerdmt mf‘?&ﬂ@’l“éstrls"& fand fyrpapesotlagen, Tn p Srrtherogpeeh &) ase.

Met hods of predusdingt dbﬂ@a’ﬂbpm&ﬁb'ed gedo&kprsssmga\xeaﬁt@nslaﬂ;emﬂadldmﬂcécin@g
tenperatures are a d.conpri ses
conferring on Otuﬁ%m Olé%rong rfd agF o ?neﬁc)lﬁnudegﬁrdggﬁ: a5 a??n?ﬁengﬁfﬁ Olanon hat
corresponds t@lzyrheorséiuexttheldofrréithengn crebvéerreait e Bost-ﬂranslatl@eﬂrenm is mﬂdodl ment ,
the conferring §f6RCcONPri ses producing reconbinant gelatin froman altered
col l agen construct 1n the presence of prolyl hydroxylase. In other aspects,
the conferring step conprises deriving reconbinant gelatin from

hydr oxyl at ed mesanrRinRabd ace&hlhg@emh prédént &Oerﬁ@fmcblﬁaﬁanhge@mmpko@meag

non- hydr oxyl (ﬁ}ed r econbi € el atin. %ﬁ@%ﬂ t he lirngcorrbl nant

gel atins of t Ecﬁb"r %’ﬁ’t“Frﬁ §eB Fonsrst “"Ie °nf. e THEAPPRRLELHT ¢ he
present ipawenis pﬂﬂuc@d)h?)dfd-ﬁﬁ@ssﬁm@ﬂﬂpﬁdﬂé@ﬂﬂagﬁn %mbtlmdatrh@stagemﬂ}&uclédnﬂd’n form ng
agents, nnlstur eni lI'1ing
agents, coll or'd %ﬁg%e%%glgst@gm? ‘%%/resgoruﬁmh%&fc %‘SCUPO%?S%QES gsgts and
refini ng agentrassleismplrenzyimgds mdgddpryviag. gel atin. The present invention
provi des in one enbodi nrent a pharmaceutical conposition conprising

reconbi nant gelatin. In a further enbodi nent, the reconbinant gelatin is
human r econbi M&Heds oferpdreing recpmbinarigelins havppicrehpelting{empestsfifiatkAt gel ati n
i S non-i mpunogevidd. Iddhe Slﬁaﬁi[nﬁdnt; thé nié@o@&ﬁrﬁbﬁéb@éﬁfdﬁﬁﬁ/oﬂﬁ@@ﬁ&%t gdfatin a

ggggg: reren(gst a]%hc% tg%eg'g 0X. latloﬁlgxntltclogg n(eié)t\é;t}%eglec?edéne?:tb e Olparaﬁxpvo ahmrtherSOft gel
repl acenent nentedinght, thaccglfeaing step ednipnisps paducing recombinant gelatin from an altered

collagen construct in the presence of prolyl hydroxylase. In other aspects, the conferring step

('DEFO

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 nvent i orwencomsasses a kit conprising a conposition conpCTAiSng30791
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, nutritional
suppl enents, edi ble coatings, and various _mcroenca sul ant s conpri sing

r econbi naft @6?%@@%“5ﬂ%é@ﬁ@?ﬁﬁﬂﬁ@PEBWBH§P¥V@H§“?@¢HP§§ﬂﬁ@”¥8aﬁ@%%nblnant
gelatin are @ba&fa Gk IRpRdeda collsida keluapladeeit nfitekifl, M@mmﬁ@g@nbu nant

gelatin is partially or I 0X The nvent i rther provi des
a cosnetic cdﬁﬁﬁ@ﬁ?pgﬁ n@@ﬁﬁ?%%l%ﬁ”?@fﬂﬁ@l%gﬁ?xdg %FﬁﬁwmpﬁchﬁEr

enbodi nent s, réchebinaw geitinon cameperp dABPesening@FoEdnc@nRSATIIS| dompiFigenpr i si ng 20
r econbi nant it QIR ki i,hant
gelatin, a cgﬁ#&%up%“%%nh&%#%%éﬁﬁ+ %Qggﬁgﬁﬁgg%ggrecghﬁ%ﬁgﬁ%ﬁgg f?%, and a
conposi tilén fsgyect-aboratory use conprising reconbinant gelatin. Further
enbodi nents, such as nicroarrays conprising the reconbinant gel ati ns of

t he present i nvention or nucleotldes encodln t hese reconbi nant

gel ati ns, W{eéﬁ‘ﬁP‘étt‘@HCO%SWF‘E’P“ BESERH BT ﬁ@“@iteﬁ?ﬂge Rplgn gur el
sets forth r@ﬁ@khﬁmshQWMﬁ@m&@ﬁMﬁXﬁﬂ@ﬂ@kﬁﬁmmkmbbC@Mﬂ§ﬂ&ﬂWm@ﬁiatlnS

Fi gures 2A and 2B s resul t nst t ha gelatlns
suppor t ceIInn“??g?ﬁ%gﬁfmnfw%§ma) %%¥Egmffm&ﬁ%ﬁ%ﬁs ]%?m%g t he
product i o ofrecpmbmam}gghttm@alalsy Cfsﬁeaipla@d,rae@@ nmquamnts igyerhigh jeensnbing@® ghlpgur e 4
sets forth r ' s&emmﬁ,yomtéag ﬁ@ﬁvs%&%@ﬁe& D0vidds 2 Q¥ HAxWhBbGiEbn! €CONbI Nant

gelatins. Fi sets'forth results show ng the purification of
reconbi nant g@ﬂﬁﬁFﬁf$@mb%mﬁﬁﬁmPn vitro hydroxylation. 8 WD 01/ 034646
PCT/ USO0/ 30791 5 Figure 6 sets forth results shomﬁng the stability of

reconbi nant gel atin xpressed i.n the resence or_a nce of prolyl
1< hyar oxyl as St ol BE Rl Do RS GO S R R SRS e
reconbi naot gebabinmt getpinemsndosirid) yompbEitisumompesirent@mbinmt gélatexqcneaswtuwn medi a

composition comprising recombinant gelatin, and a composition for laboratory use

comprising recombinant gelatin. Further embodiments, such as microarrays comprising the
recombinant gelating 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 i viiro

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 ecwlban/oswsiught di stribution of commercially avail allca/uped/aipns.
Figures 10A, 10B, | OC, 1 OO, | CE, and 10F set forth results show ng the
hydrol ysis of comercially available gelatins perforned at 120C. 20
Figures 1 1A 11B, 1 1C, and 1 1D set forth results showi ng the hydrol ysis
of commercially available gelatins performed at 150C. Figures 12A and 12B
set forth3results showing the acid and thermal hydrolysis of 25

reconbi nant RiyrRy QR0 RIstHRAnd thedbillry feechhibinant p@atiheexbs@einshd or t h
results show ng the gnz n?ti C Aﬂl){gg ol gsi s of reconbi nant human col | agen

type 1. 30 FiPHaFEe ¥405aeol gt W ¥WeFer n bl ot anal ysis of recombi nant
human col | agens and reconbi nant hunman gel atins using antisera from Gui nea
pi gs i muniz wi4dh r ' : : Lees 15A and 15B
set forth re?‘?ﬁufes}sgﬁé%&%%ﬁ%s%éng?%ﬂ?%%@%ﬁ%%mﬁ t?gﬁ%n{n’?%%%g?w th 35

r econbi nalft Isuppiementatidnafemrepsjqpencdiaj s reactive to specific cyanogen brom de
fragnents of collagen type I. Figure 16 sets forth ELI SA results show ng
antisera from Gui nea pigs inmmunized with reconbinant. human. col | agen type |
i s not react iN@ra&sels & BRIRFLATPHRTEsRRrETlY prpdablosliEng® L8y %do ] yP
PCT/ US00/ 307 YdcombinAeREInPTI ON OF THE | NVENTI ON Before the present proteins,
nucl eoti de sequences, and nethods are described, it is understood that
this invention is not limted to the particul ar nethodol ogy, protocols,

cell |iness, \Rigtedrsis fortinghuliseagpaing thd ewbriliyadightdistitytereofiveymereiply. 1t is al so
to be upderstagﬂﬂblggggﬁng_he term nol ogy 10 used herein is for the purpose of
descri bing particufFar enbodinments only, and is not intended to limt the
scope of the present invention. It nust be noted that as used herein, and
in the appendggd.&hai nes, 1oBE10D, NN OF & fHih redults shoMing the BAMLysk BR" i ncl ude
plural reference unless the context clearly dictates otherw se. Thus, for
15 exanpl e, rempegiibeaveipblegeRisperfpsdat [0° of er ence to one or nmore of such
host cell® and equival ents thereof known to those skilled in the art, and
reference to Figu?es?ﬁ&,l 1l?§,dﬁ C, a{nﬁ lﬁ) set forth results showing the hydrolysis of commercially

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 IIL

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

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 1 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.
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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 calwend/swiuentific terns used herein have the neani g3/ Es0/307enmonl 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
invention, the preferred nethods, devices, and nmaterials are now
described5 Al publications mentioned herein are incorporated herein by 25
reference for the pur pose ofDMPTmMquMMmNng the cell |ines,
vectors, and _ nethodol ogies, etc., which rte(% int bI| ations
whi ch ni ght t?@f%%@%lp‘iest‘fm@écﬁ%c‘?‘idﬁ?flde\?ﬁqfl?’ilc‘?s f“ﬁ%g Scnﬁfﬁjt ’Itlisr‘i’g FE8in is to
be const r ued tias thannweakith $Sioohmitdd &t thé preticularesthddology, srotvodls, cehlines, vetbrs, o
antedate such, i se,23u e%%&ese%a;r% L1220 tolbd Y1008 haﬁa&@mﬁrgogggfence ci ted

herein is incor erence ini1ts entiret

practice 16f tubgal hplf@@lseﬁt the pivease pﬁﬂnscmbmg Paéwpkwnboéiﬁ?@%lﬂbtﬂmﬁ witsdenieddi cat ed,
conventional 4 f;ﬁtthlgg&ppgfﬂglfmﬁna%mpl ochem stry, nol ecul ar bi ol ogy,

i mmunol ogy and pharmacol ogy, wthin the skill of the art. Such techni ques
are explained fully in the literature. See, e.g., GCennaro, A R, ed.
(1990) Rem ngi ikt be dfofd kb asddihedin, ﬁdhﬂmgendaﬁmhlmgdme,smmkorﬁum’i sﬁ;l’ng 35

Co.; Col ow ck, I.n Enz Acad o T €SS,

Inc. Handbod'@‘Rd'%ia @%&P rﬁ%’é‘fflce uﬁf?u eIconteXt Ig]\/“?g'rﬁ'i%tal(P %@erﬁge]\/‘fh et and C. C
Bl ackwel |15 edsampld 8@GencBlod’e kasedell” is Bfiremt iofonfcorlﬁunlm dfgedhihosisglls andani atis, T. et
al., eds. (19§§;almkg9%kﬁ{ow9t@tﬂas@guuea\nhﬁpm HAendlaD Yo -a8k L1 on, Vol's.
l-111, Cold g La orator(}/ Press:  Ausubel et eds.
(1999) Short refeiencséwims of HomyBiseditsapd @isplenyytherept Wl@mtﬁ ﬂ)@?? Slﬂﬂemﬁ ﬂ’W“lt’ey &
Sons; Ream et;d & M. 01/ 034646 PCT/USOO 30791 5 al., eds. (1998) Mbl ecul ar
Bi ol ogy Techni ques: An Intensive Laboratory Course, Academ c Press); PCR

(Int roductl o] hni eri es G aham eds.

1997, 3@68&/@&%“@ ”’B%F’Tqﬁf’%“ﬁ{@gsf’ﬁn ﬁéel?%?sgﬁli\feé%’llr AGERTFHEFS to any
one of the k rommonlp bhdagend byyqne of ordinay skill ingheaditd wigjenhe ppegor belongsr ough XX, as
wel | as to an&i%hgﬁglﬂ%lﬁy Qcilclcfél Mmen\éﬁgmglror c@ﬁvﬂfeﬁ‘tjto h %%%Qﬁﬂéd(ﬁﬁrerﬁ%m besynt hetic,
or reconbi nan er m a SO enconpassesS proco ens e termcol |l agen
enconpasses awgd in §ic prgktece ehlagting pidheyprspit ingentien é@d’éﬁﬁmﬁg mgthegdspdgviges, and

pol ynucl eot | gy Af Wbt d&e:itaNRE piblBAibiss n@e@ﬁbnemetr@ﬁ 8t (osPpérhisd 1RESEHYOI | es of
col l agen chains. The term "cql |l agen' ‘8 fﬂs ‘L%al I]é encorrpasses 15 variants
Yrakre

and fr agrnt gefpage &tthe pamaserof frsePaig and RISmeh ¥eClsy #at i ves t her eof

whi ch methodologies, etc., which are reported in the publications which might be used in connection

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. Seg, 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 procwbloagem4correspondi ng to any one of the col |l agenPcyaesso/so7920

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 Ctermnal and/or N-tenninal propeptides or

tel opeptides that assist in trimer assenbly, solubility, purification, or

any ot her 5 f (hcadb-¢H98)MelequisaBiolory Fechpignes; duduleisive LaRPraiqris Goussy, Agpdemic

N- pr ot ei nase, pr&zPPOk BhtRRAGRIon BiQtdABues SAEYEE ed ENEGvton RIGRHIAAINL,118972NZY MES

associated with coll ?%en production. The term procoll agen 25 specifically

enconpasses VIPFPEER e h fragnents thereof, and functional equival ents and

derivatives thereof, which preferably retain at |east one structural or

functional c &lic of collagen, for exanple, a (dy-X-Y)n domain.

"Gelatin" as%@ﬁ@r@n refers to any gelatin, whether extracted by

traditi ondl rBehoscdipgesOrefesscommyionaefithedmowt edsgsn brees EBclidngrollkgemtyrse t o any

mol ecul € havi tﬂlgugf%t;ok,%%&u QQ@an?:b{hﬁ%H'd’gﬁ{s, AR Oaturdl Upahdionahi Ghadack eri stic
n

of gelatin. Gelatinis curre y obtained by extraction from col | agen

derived fromasempipnt( ghejerm ghgepdempassss PrFtiagens phhe ke colRgel RPIPEFEEhe)
Sources, €. g.singRQUAGIS pafstptideicR®URISy 2 Higle paymlg@idats weleadompassesndot h t he

iti f e th tid L d . | duct,
S\glrrlpozls Ia(rjlni felq ! eeé1|c a%grfl@%g%t{%?l(lljaégnec}ﬁm%s. Clhe texi}r(l: C%ﬂ%elil ]I‘]snecg éc?l &t In‘g)gﬁgso uc as

contributing tin 35 material.
Thus, thel% ervaingcodiihgent tysbhridfurgonabuuiviletyaad derivpives hoeativhighr esent
invention e R a@i%gé? o sEERARE AARNonI BlaRbieRsiBBE QlhRh, FGRIHISA N t he
es, as well as an individual gel atin polypeptide

present gel atin pol ypepti

of the pr esedﬁlﬁ-gxﬁ@rfqu@ﬁ: 11 WO 01/ 034646 PCT/ USOQ 30791 5 Pol ypepti des
fromwhich gelatin can be derived are pol ypeptides such as col |l agens,
procol | agens,_and ot her é)eg,l,%{%eptides havi n t .least one.stryctural .and/or

at .
functional cH4ieRy Bppall 1S4 PragpUpEen QFERPORingP G1eE PHER® €O YPHEI ude a
si ngl e cotd ageRugiTax s well asdo a prodollage torfegponding toreny atifer tndiegeng whetime ngturdy  any
fragments, deriyvatives L gor ners. s Vel a=h 20 il
cont ai ni ng at syPaéeglé:t St %‘8 ‘cf gé%ﬁ%ﬁlg?nggkaﬁge%gs %dlytlo%lrl glll regi oa}ln ?rrl\?}%rém?aer m 10
speci fi cal | y manpiéiepirdtlensptishythaiessistid trénesy arserads selehlity.puriraiion 14009 such as

al tered col | aggmon GONREG S suttddtentifBlesbd 8/ 1€ Frof@atcd0QRGRRS bidaet 1S a
pol ynucl eot i de conpr|5|ngla sequence th al tered, u | etions,
0

. at_is t hrough d
addi tions, sUBSIRBLRE-GHEOLEE e%@@“@ﬁ%f?@g‘ﬁg{cﬁa}gﬁwrad“ﬁ‘é%g%? RO ng
col | agen genespedifraflenc@fljabbédntiantsd d &ipmed ERfcoRsidthctitabeqaivalgntsaind vacci ne t o
i ncrease, inpraove, or otherw s jd 1ts effect. dj uvant u in a
vacci ne f or mufEYuST téﬁrﬁhtw%ﬁﬂpgﬁrﬁ%m%fl%%alstcog? SHRER or?'ﬁlzﬁtljongll Cﬁr}%r?%e\%g%c The

i mrune r esponsiadey, fpreaaupdd, A(GlarXAvhdemaci fi c stinul ator 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, €.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.

11



response. Adjuvants are often used in non-living vaccines. 20 The terns
"allele" or "allelic sequence" refer to alternative forns of genetic
sequenceswoOAlllogicas may result from at | east one nutati onpca/use@3erac! 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, or many allelic fornms. Common

mut ati onal _changes which give rise to alleles are generally ascribed to
natural el EeivBwREdes fgp iy gelatingan baxledypd areippiyperidrs susf 21 epl%Bt i des. Each of
these types pafoltRaRGas ofi@Yol9sptides BdvRiger ledf onk Bn@nfiDirdak fudtionsd t h the ot hers,

one or nore tines in.a. give equence, "Altered". pol ynucl eati de sequences
i ncl ude t hoscéar%%epﬁncd)éf%lggeé}nE?Cﬁflﬂgl&ef’?dgﬁg‘fl lg‘rielu%u Sé”t%%tcu 3 %nnczla%’foradi ff er ent
nucl eot i des cpliager Homoginienordetpotriyrey ot @ fiagheentshdetivatimesodigerntetsepobianess, or  a
functional | - i . ide n%ﬂﬁg iRt N LRI inition are
sequences d%@%@%ﬁﬁ%ﬁxggﬁ§%%$%E%gﬁghb?%%?%ﬂgi or ﬁﬁ@kﬁggg%g'?%éﬁﬁ%

det ect ablife yBicHigallysenterenidtesengindergd prgedness pptdeimg inglgdiee, gich prplteradiepllegsl et i on of

i proper or HREXREEE EAn AMRE ksliagatch@RRud R a%blb@lcﬁﬁﬁde%ﬁlﬁﬁsﬁlg'a@&lu@c@ﬂhﬂ@sr t han
the normal chronosomal | ocus he subj cleotid uence. 35

for ect pol yn se

CAltered: pdlSRRrRaBCIEg. Al Houaat: Bider PR (B RSy SRUYE t ut i ons
of am no acicdliagasgesdies whi ch produce a silent change and result in a
functional ly equival ent pol ypeptide. Deliberate am no acid substitutions
may be nmade on the basis of simlarity in polarity, charge, solubility,
hydr opholdi ciAn/adjimadt’ dyiny hdeutiatided teeadhigor vadaiae teripsidagraintprayepaptherwisofidt he

resi dues as ; ' i Waanghis] T eT-1 Ji Vi t he
encoded poIQ%gggfggvﬁgﬁ?%?%?%gg%&%%ﬁgéygnpIe?h%g VI)S%?%%%%%%ﬁQ&t

PCT/ USOQ/ 30 79R0%s His FBinpipassponshby Ryulicinga 108-Sereiig stitpgsfon of e B Sspar ti ¢ aci d
and gl ut am Gesp&isél; Aqp@&htt ir¥ Bicyl uSdaa @AdivingMctidesaci ds may i ncl ude |ysine and
argi nine; and am no acids with uncharged pol ar head groups having simlar
hydrophilicity values may include |eucine, isoleucine, and valine, glycine
and al a0 n&he eapiabgd’ve“adeld seduetcahiefacto abematinefommsch pénedomnduaeses. adltles
,F,) henyl al ani %?ay%gglt ﬁ%rél R3S Pne I%Qtatidﬁ% ﬂgn%ﬁ:h:qmd Qéquerlgg LI%G%Q trésg afteguences or

pol ypepti des; " as ese terns are used herein, refer to oligopeptide,
pepti de, polsi¥ptar delypeptidepyissestpctae qUindiasmaperdnay neiPraliaes AHBEESF | and to
natural |y OGGMET drR&o@binsy BnbRbY KavERnE GHE, 8Smary@lidtie @itnk. d€on@hondRitdkenaaci d
fragnents are any portion of a polygﬁpthg whi ch retains _at |east one
structural &RFEEHGEEEsHEplelen ae guteafly spted fmapupp deletigns, additionsyer | gt

| east onmB entiediee bf tledtides. [Pacisd thiscitypeestichampes nag loyqpegbrede iff dompinivhs are 15
t hose retai r%‘i/itrﬁghe%tthelse%%torn%}g u%e%%{a X Peeqfdi on. The term"animal” as it is
used in reférence, for exanpfe, oSV ans el col | agens" enconpasses any
col | agens, derived from ani nal sources, whether natural, synthetic,
sem - synt het“hﬁere@rpolyﬁlﬁﬁgﬁﬁg'saﬁmces iﬁrﬂldgﬁlloses\ﬂﬂ&rdgl@t?on's,%le&i%; or kstitEAANRY €,
mammal i an sources, rncluding, but not ,

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,

12



20 limted to, bovine, porcine, and ovine sources, and other ani nmal
sources, including, but not I|imted to, chicken and piscine, equine,
rodent, awo omosuevertebrate sources. "Antigenicity" rel at epcrwsoig7ability
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 include, but are not linmited to, a variety of pacronolecules
such as, fér esgfysivechagedamitonsids mpsHaglvdspupTs acid Hid slremicackh posiaely figegedi ¢
aci ds, bact er k@ingdaéldhastiRhidalysieOHp et Sand afiflo ¥didsufitSméeiaged/ polad head groups

conponents. 30 The.ter " | ement ary? .or "conplenmentarity,' .as ysed
herein, refer g?véngtsﬁlélﬁﬁgfdfﬂpg‘ﬁm ivﬁlafsﬁﬁayél%lud%%\l@nﬁulé gstrdes’ hi}é/ g aﬁlgi ring.
For exanpl e, thensegeuegiceand Au@ni, shiinedsd theotireandpbenylabmen twityrogequence
"T-C-A " Conplenentarity between two single-stranded nol ecul es may be
"partial,"” when only sonme of the nucleic acids bind, or nmay be conplete,
when tot all0 co6fpinepeit ar Palxpertide ssequersst Wepplyrepiiles dhese srsaiederd isinecul es.
The degree of (GQRPIIBHRPER! pebiide 31yPEIHAE BF protbit kdhsncaCind ﬁ%%rﬁ@&dﬁeré&@%nd o
significant effects on the efficienc rengt h of grl[:l)ri di zation

and st | ‘
bet ween nucl ePRVALY FORTREN Fabettpaleq s.ol%o?ylggpf@f AR A FBFTSR @ Fpportion
anpl i fi cati on of 4 gaygkptide hickdeiath atdegenestuponl dadldiungiohe theeemrrisivof thé ¢ aci ds

t ds, d in the, desi d f . Of | i id
cLrands. a0 0 0 IS5l AL NS A BETBA i p GBI 810 201
in an ami i§ adiosk owining el lesstanel€Slg-&qllersgient hat results in the absence of one

or nbre am no acid residues or nucl eotides. The term"derivative," as
applied to polynucleotides, refers to the chem cal npdification of a

?

pol ynucl eot i déheieEn gl #s piresdduteirentioly pepplede  Bimal 6H3s@meRtsPgsstso a

pol ?/n gcl e ]9t [ d@nﬂ&lli@aﬁ‘@&ﬁﬁﬂi@ feonefrial sz:cufcas{,] Wgéﬂlle)/ﬂ@lﬂﬁbli Qﬁﬂletﬁlwﬁﬂlli-m@iaﬁdi, eati ons

I nCl uae, or exanpl e e acenment rogen . an al Kyl,, ,.aC , ,Or am no
group. As usedRBVR: AT S Pudsefor SUmpIe R pL o eliqingy Piet o
refers to2a pahyppitodee, phiciad) andsovine dévirdeg end dtiger arexalsplress, itjudimgdmonoy| at i on,

gl ycosyl ation 1imAEHY ! cﬁ}ci{e?lgnd @%cn‘g,y eqﬁi_g%f ro%%n{\{) a!rx@ﬁoﬂeﬂ&?zﬁéswr@&? term

"derivatives" ‘enconpasses ose ecul’es contalning at | east one
structural and/or functional characteristic of the 15 nol ecule from which

it is deriveds«ahiembife tifes kSthSailfly Q shRiafce 16 AN BRdduelatdy AL bog, of anot her

nol ecul e when it contains additional chem cal “ﬁ‘iﬁﬂe“ es not, gi(p),r 1y a part
of the nol ecup@nulalbpimipme fesoaseand the gigiusion of pantinedye ApEes LY EB I Ty,
absor ptions bippbagi€ altighadidy id refesd taumtbeinp entigérie . Anfipeicngéred dag fcladenbuz 0
alternatively decrease, the toxicit f the nolecule. . elimnate or attenuate
any undesi r abE %] lﬂlél egteof §ECt ty(())lfrm%cﬁaémrf:ﬁ\ﬂeescsﬂfhea,s ’ fgrneéant’}?'lu% pfﬁt?gn% r|°t5 Ves

capabl e of nedolaidhgidyobrlad fous tbacteaie endjmpteniah Pdmponents, and viruses and viral

components.

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 woaselche known in the art. 25 An "excipient” as trlag/uses/s’ds used
herein is any inert substance used as a diluent or vehicle in the

formul ation of a drug, a vaccine, or other pharmaceutical conposition, in
order to confer a suitable consistency or formto the drug, vaccine, or
pharmaceutical conposition. The term"functional equivalent" as it is used
herei n ref r sAt Geleiop o § Hepssine: Frngrsidphircicatfeisepuenca BhatTrsyls ip e absersg of ¢

| east one f ungleiopmale aitd/268 reSititiod 61 ikiddtidedar act eri stic of a particul ar

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

nodi fications that enable the perfornmance of a specific function. The term
“"functional eThs teral ‘@aivatives ab atpbeide polymocledtides, wethes th tha glmeridagmodificaomtod 2

hybrids, vari ! deri I e. 35 A
"fusion proteln %flg&fgg%)n?gc?ne% aﬁiaftﬁm{%mo@ﬁép f%ﬁfi"@%%%%@ﬁé% OI@EI%&IH% ferent
proteins &0 e woedizgA nprtichlpnpelypeptift Suehapedificaiiqss ingluges for eampleaprizcgmengof he
process by whiihheah BlaBYCacE bihnSRAMERC Bs el Bisteih & réfer 16 PHPIFRRY HRk¥mS equence
t hrough base pai.ring. Iéy ri dizat,l on .condi _éon% can ge qjgfl ngcrj by, for 14
WD 01/ 034646 PEFTHEOFED PePolyBerddssithds mpdifieds Spesampleyibgdraxylfion | ¢ or
formam de in gihespstRhybgildiba at byomy sifilarpydatdsd Thateind fdesalivds? ena@mpaeses by t he
hybri di zation_te rature,. and .are |1, kno in.th rt. | di zation can
occur under cf 1?15(#‘?0?‘35?1155 QRaiiap At gt og%ﬁudrgfr}aél%r IﬁCtIB%a?fhl%f:aﬁﬁerés:ﬁ? QI; Tingency can
be increas®ed ylecuddinm wigctt ihie deoraéent rati on of salt, increasing the 10
concentration of formam de, or raising the hybridization tenperature. For
exanple, for purposes of the present inyention, hybridization under high
stringency cofidiolscené sydtahea “rhsmisplsigivatirde! metherapglcrale yhenihennteins 7C t o 42C,
and under r ediHigEdngs thehM@BNGEMtieS A brinkIBNSpattdf BB Sdleculd Butloma&ifs cehafiprerdl de at

about 30C to 35C. .1In, i.cular, hybridizatiaon o s i conditions of
hi ghest striﬁlﬁg’ﬁ’@ﬁfﬂ%’tps%? i??s%ﬂ%“fbéﬁl?%cﬁf‘ﬁéjjﬁ%%dcé%g&e' BRIAHE and 200
pg/ M shead edalemdtivtly dderwmat the edictpdiitemadqoeale rdibate ofdtentaerpeumdesiratde sidenge
correspondi ng i cul e . SLL rrowed
by 1ot hods. knit 4 Helee Qe e SRS el bbb AE HEN i R Bl B Bl

pyrimi di ne r atiabisfin theart andised ks feurd dorgxantols, intReméngion’s Rharmalenlical Seignqe;
tenperature agpl kditduyes fof CopBIIRYE AAARPH GInfdicculd fe SLBRRIWRn B L S can be
sequentially washed, for exanple, at roomtenperature under increasingly
stringent conditions of up to O 1X SSC and 0.5% SDS. Variations on the
above ranges AftexcipRmndbd thomsn iRtRd Wetih islkpiet dubstinbeusad 4s.a dithaftat ReG@enCi ty"
relates to th bi |t o.evoke an i ne response w thin an or ism An
25 agent di spiragrRy et rabafs et e R Gl b A B LT 1T
i Mmunogeni c. suitable consistency or form to the drug, vaccine, or pharmaceutical composition.

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, varianfs, 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
14



Agents can include, but are not Iimted to, a variety of nacronol ecul es
such as, for exanple, proteins, |lipoproteins, polysaccharides, nucleic
aci ds, bawoenioaséacd bacterial conponents, and viruses an@CIiusad/30791
conponents. | nmunogeni c agents often have a fairly high nol ecul ar wei ght
(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 rmultiplication of mcroorgani sns, such as bacteria or viruses within
the body. 3BanTiie thecenventrafions efrsel mfbm@nudeadmmrphyhﬂdmae@reﬁﬂdﬂlﬁmélzemnge in a
pol ypepti de QthQloY Pyt BRtiliSRion REPLERE Snkl &8 Well kit@miifmt e Badbitdiencaf one or
nore amno acid residues or nucleotides, respectively, as conpared to the
natural |y oceQ Pdsgcordiione of wrious siriggsney1/ 034646 PCT/ US00/ 30791 5 The term
"isol ated" as used herein refers to a nol ecul e separated not only from
D e bR AR D R B MR e e PR S B ADSBLRL Ty bt
f ound imOthempnﬁsemUﬁﬁummnﬁéoamymgﬂmngdWWym&mH@hVBnﬁbﬂbmmﬂeﬁxpwwgﬁs or
ot her conpo p I @g%j xed herein,
Q)?ﬁ'l% P%%%%%% ﬁﬁ){j@%ﬂ. Q’ld@l‘(jﬁﬁl sHutnka@y Q)fndﬁd&ﬁ oS atost 585

the terns "iso enconpass nol ecul es present in
t hei r nat ur dbrmgwige eleabout ©7°ﬂ1e 43°erand 'ﬂliiﬁetlle@}mdf siyngencs padisionsgn gheyt 3a¥ortadyenent  of

nucl ei ¢ aci %nbaame Qpabglﬁb%t? 3R hfsélar ﬁ;rbﬁdlzamg&cars SRR AL Srnighbe

substrate can be any suitable sup e.d., beads, gl ass, paper,

n|trocelIuIGgegﬁmhvmaﬁhné@%éﬂmma@®ﬁKﬁSP%@é%ﬁﬁﬁbmﬂﬁ@ou@ﬁ%ﬂwﬁﬂgm@strate can
be any rgglqh£$négmhmﬁhgthﬁgpport including, but not limted to,
menbranes, filters, wafers, chips, slides, fibers, beads, including 15
nmagnetic or nonnmagnetic beads gels, tubing, plates, polyners,

m croparti cl@s enpapiutelraiph &)‘I’nespﬁﬁcﬁng to Iﬁ@u@d&bﬁwl of sgringeddy E)d'nQ% fuBeraasdwciace for

coati ng and/ or n have var sur. orns, . such.,. as .we pi ns,
trenches, ch¥RK %”mgﬁﬁmgﬁﬁgs°r éﬂﬁﬁPKﬁﬂ?ﬁﬁn% & PRI fogupgigine %?ﬁ%&%0|
etc., may bleclho pkidlof iR@esT el athesting thmwmaaﬂu@amosmglyc dio rénmek whspecibat | S n ot

lim ted o0+ ¥ e[ly%ﬁ)% ca&)%csgcg{ rg%P}{ &lk&rn%g%ﬁgple alt x?ltténi{eﬁﬁlre m&%t

ur eapl asmas, ect’i ous parasites such as
pr ot 0zoans. Strhéent @rnﬁlﬁons ﬁﬁ'@ﬂ teDdXH8C and 3% 8BS \/’ﬁ@éq’ﬂé@tl ﬂﬁébovgea%ﬁ@es or

"pol ynucl eot.bgsns 5K klo@n 250, gonucl eot i des, nucl eoti des, or

pol ynucl eoti des, or any fragnments thereof, and to DNA or RNA of natural or
synthetic origin which my be single- or double-stranded and nay represent
t he sense orimfilidog@itse” shicandhe abilitypeplokdka imhaheatspode ivtthif BINAYanisor Aho any
DNA- | i ke2 el

agent displaying the property of immunogenicity is referred to as being immunogenic.

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-1i ke nmaterial, natural or synthetic in origin. Polynucleotide fragments
are any portion of a polynucleotide sequence that retains at |east one
struct ur awoan/os4smct i onal characteristic of the 30 pol ynuclpeotisd@s3o7bn one
enbodi ment of the present invention, polynucleotide fragnents are those
that encode at |east one (Ay-X-Y)" region. Polynucleotide fragments can be
of variable length, for exanple, greater than 60 nucleotides in |ength, at
| east 100 nucIeotiQes iq,len th, at |east 1000 nucleotides in |ength, or
at |east 19, OB trocisebtef the gsed ferpi o 2 3%lepHescptipiadrot o fFRB AU % ar i ¢y
(%simlarit %’ﬂl{itra?écﬁés&tﬁrﬁhé mllr@wuece !Biétﬁgﬁot@ﬁl, vlﬁleauﬁmeol tﬁééearhpaﬁantsyn ghewnd in a
conpari son of two _or nore polypeptide.or polynugleotide sequences... Percent
simlarity ca?f‘dt?éef‘ﬁ@tlyerre‘{‘ﬁsﬁ‘g n%‘%“f?é?wga’s&%ﬁ?ﬁe%ﬁ ﬂg\%ﬁn?dﬁn%’ ﬂ%y LS YemF’?)L}ﬂeEx anpl e,
Fﬁrcert ts:nukﬂﬁkbmzfﬁMMeemnﬁﬂhMQXgmhﬂuaﬁmﬁanﬁﬁESaaﬂz%BB@HkEEﬂ&@@deSing
e clustal ne » £ p (1988) Gene
73:237-244.) Tt 3 PR g?%‘ﬁb?@f%gwdéef%%‘%ﬁg ol 7856, s
sequences ¥nt o clusters by exam ning the distances between all pairs. The
g ;J \sNte gr st are d t%@%&é@dxﬁw rS8rs &ty bl PerheRt cﬁhﬁlﬂ'&@acid}h&ir@%ﬁiﬁ@ RiBEBessdie)] | arity
n two am no_aci d_sequences, e.g.,,sequence A and sequence B, is
cal cul at ed by°%t Phefietsg TheRubyraln gaoybe 81 Sg‘éaal?éwg)éﬂ’,&;g"ﬁfaﬁiﬁsg asg, PRRCTRisETUISSE gap
{ﬁfgd?ﬁz ;Bn$§$&§ﬁ§@¥ﬁmggﬁﬂumm?hawnwgbemm@&mgapmMﬁﬁﬁﬁmeswﬁhd@@ﬂmmmmeBB,
: esj.due ches ween.sequen an . :
ti mes one hunﬁ?%%?gEHJ@QE@W%EP?JQH%?&Ohﬂ%SMeghgwgﬁﬁﬁﬁé?ﬁggﬁagﬁg%?%% am no
aci d sequéefcesagueds aobnniagesticbeds, gois, ibieg.elatdspolygepanicepiridre, Ospi}h'riealeiCt y.
Percent sim l gﬁé sq,lystrgtg@anqy oV} lagﬁﬁ"a@é J‘f(:\)fjcopt‘%lgn &)&rcamﬂzbé)%ety%Péﬁ%e'f&hn&,@@chart '

for exanple, by varying hybridization c I.tions, and can be cal cul at ed
el ect roni cal | §5 el mipsreatypsa pranmslscand ayres, ipevhithdimnpeine pridsofang CONASTARY | nc. |
Madi son, W sgomshd) . 15 As used herein, the term "plant” includes
reference to one or nore plants, i.e., any eukaryotic autotrophic
organi snms such as angi osperns and gymmosper ns, nonotyl edons and
]9: cot yl edaons, Thetedirahiicrgprgdnldin” temtincluderibtitdgindt tiiteioy, lyereses, batetib, @ihjamglibal f a,

ax, tomato, .sugar, beet sunf | ower . . : . i , rice,
| ettuce, banaﬁ%?%%ggggeqﬁh?%PFﬁ%ﬁg?%ﬁ%&ﬁ%@g%gmﬁ%%gggégmﬁﬁg%égﬁ?m%gﬁ%la,
henp, al gae, kalrgozoamtsc. The term "plant™ al so enconpasses one or nore
plant cells. The term"plant cells" includes, but is not limted to,
vegetative tissues and organs such as seeds, suspension cultures, enbryos,

meri stematic F@ﬁ?ﬁﬁ§Wm@§F%%EWYT§§U@?mF§59%§Wm?%6?&?“d§W6§F?ﬁ”&hnetophytes,
sporophyt es, pidoh@otidebl REdISidE Ot PBlynublsdtiass, oif dnp Bgients tiettbt sud teDNADY
m crospores, ﬁ}\&\ of na%u?ral or synthetic origin which may be single- or double-stranded and may

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 | agwn.01/0bs46 er m enconpasses, but is not |imted topcrarsoesanpl e,
prolyl hydroxyl ase, peptidyl prolyl isonerase, collagen gal actosyl

hydr oxyl ysyl gl ucosyl transferase, hydroxylysyl gal actosyl transferase,
C-protei nase, N 30 prot ei nase, Iysyl hydr oxyl ase, and |ysyl oxi dase. As
used herein, the term"pronoter” eneraII refers to_a regulatory region of
nucl ei ¢ Aci deduenseR Bl clustera Pagyrraming the distances Petreen @il pairs A glustelnare AigiFht i ng t he
transcripti ogirvie aﬁdﬂﬁlllﬂl@wfdbﬁ%b &chnﬁwﬁlﬁﬁﬁj beffe@@/b @imtho AEY seqaatds) onal | y
conprise recogm tion uence 32 downst r eam pronot er
el ements, whife FCIHEYe £ AP %ﬁ%‘ﬁ?:cg%r ﬁecgf aé%d%é' lréglbc{ |g§%r?? of s C%M‘&

"non-const i tths:mmmberpfgapmetselnsinseetfeaqres&tnmupﬂv@m@rsfgahwmduqﬂdw@@lemedhscri ption
via a SpECI r}t& fhe Edré@tqﬁe'res%ue Hﬁt}éhég %etggelﬁ%q\g&ﬁgA%@%gueﬁ&\@ %ﬁ@%@hﬁldregr

devel opnent al control s, I ncl udes repressib and ‘i nduci bl e pronoters
such as 10i s$gps offast @rof@fthomologfgb?éw@p% 79 Eninggsid seEnces)are yHnorfg3n 646

PCT/ USO00/ 30 4@ drmirend peRentSdR Sfedithulits. perr&mh@ﬁaﬁty maraﬁmem;ﬁaﬂ&r meGbddde, but are
not limted to, the AdHl ronoter, gé OXIa or ?cr&teg stress, the
Hsp70 pr onotBF™n in fdat i o H%&atry”é%l? 13 Zan%fh‘&ﬁm 1H f4e bp 2y i nduci bl e
by |ight. Preminsy wshp glgaimesich assbMMEGAEIGRN pregiim armsmmzrm ,e%ailsbinat
preferenti al‘;vg i I’ll)tl ate transcription 10 in certain tissues. Pronoters
which are "t 8sUé- Specific" are prormters that initiate transcription only
in certabn tissues. "Cell type-specific" pronoters are pronpters which

primrily drAs‘ﬁ?ed%éQﬁletﬁéﬂeﬂp“ aﬂ”%fuh@slrsre&@e ko dn¥ BESorb 91@5 teagtuangtor gan, for
exanpl e, vascul ar I nduci bl e" or repreSS| | e pronoters are

t hose under aBtB‘FﬂPP@IOTE’G’FJST?SrFéC}@H PhEsPRRhINd SXRREPE AR Pronqtyledqatarint i on i s

effected, f qrcom@adﬁplmudmg @nncemwtdrdaa@@m@l cof6M) lifdl fa GMax Jbiedlo, aﬁgaﬂB&QI’ obi c
condi ti ons, esenc esli)r eSS n response to

i nternal, cﬁ Oléfgfr poteg, to B‘i%l%&g’c‘g}eatsﬁwﬁﬁg& cas&v?éa(e\ﬁ? Weﬂeof‘}f @ phosphat e
dehydr ogaenaS@p,rA@éﬂd eanola AP, algn® kéiprl -Th&‘lﬂmcfpbih‘é also ewotyEsss orgror orephysi cal
damage. 20 d T!ﬂg eﬁﬁ rbéar& &ﬂs”tﬁcﬁlmes 819(';&%{0{ I‘i’ﬂ'&te‘d\.{(? v eﬁmttﬁgul?s anfl glfgg:l{ss to
pronoters t |n|t|a I rect transcription, and-are active
under nost @wlauaﬁ em%mmnsmmq@rm @p’fsvoa,ﬁepngtﬁlmt@geg@ms celly Bestp Ivavss Teats cel |

di fferenti atdRR, chtRpRkE SpRbpHgRA pbilch UlitedEcorhd BRbLNSwerd, BitsUdges, but are not
limted to, the cauliflower nosaic virus (CaM) 35S, the 1- or 2 -

pr onot er deMiFeHOT 6 T 25 DNA of Agr obact eri uai n tunef aci ens, the
ubiquitizs 1 pronoter, the Snas prormt er, the cinnanyl al cohol

deh y dro gen as[%e P [ np[())tst%rahslgloXa? eenzymr al 9 ’eref¥ (tao a%? Q dr O%‘Etr!:%t%@z posrgggn%fatlo gln d the

modification of, for example, any collagen or procollagen. The term encompasses, but is not

limited to, for example, prolyl hydroxylase, peptidyl prolyl isomerase, collagen galactosyl
hydroxylysyl glucosyl transferase, hydroxylysyl galactosy! 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 franscription 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 caWormaos4sm®| ecul es, e.g., polynucl eotides, protei necTarsdo/3azhe |ike.
The term preferably contenplates that the nolecule of interest is present
in a solution or conposition at |east 80% by weight; preferably, at |east
85% by wei ght; nore preferabl y, at |east 95% by vvei ght; and, nopbst
preferably, at Ieast 99. 8% ght buffe n ther smal |

mol ecul es,® esRecPEfioProRieEs o L#/ %hspr%‘?f‘?rﬁ’&d&‘tlwt e E}Ptélr‘m ogfﬁ‘f g@)’? 1 §rgeees, 35 ¢t han
about one kDandwcidR bpﬁygwesemd str3da,thd 18Yp0 préemidied miicibid Hyhequtresd, keidic as used

herein, refer nu o0 acid sequences that are renoved from
their naturalﬁ)g&uﬁir? ‘?ucg{ebgrll%qed or separated, and are at |east 60% 18

WO 01/ 034646 PCT/ USOO/ 30791 5 free, preferably 75%free and nost
preferably 9%&1&%@\7&1&9&% G}kgﬁfpre@&ﬂg@%@ﬁ}&ﬁot% bk pmér%aﬁﬁﬁlﬁat@frﬁm&ﬁahbﬁ ally

associ ated. A "substitution’ he repl acement of on€ or nore am no acids
or nucl eotf de‘§CWmd’iS*lFferPECFﬁOtefsa‘fﬁlﬂ’cf’rea@F%%SRi?lﬁﬁL?éﬁ Rgfpeteretat il ect j vel y. 10

The term "tr apsfcasidn QR uﬁ&rtéiﬁﬁﬁué@e'f‘@llmypéﬁﬁdafﬁ » $rombthie af pREBES wiiichi Nt r oduci ng
an EXDYESSIO . vect ar |nto arious, transfecti.on te hnlaHES ar e

known in the Wnlyfdl?}?’e%‘?’ﬁm“énceﬁﬁ?& L3YRST B&EFSHone PR AR KB V8P ¥ he use of

a gene gun. 1kl Transformation”, as defined herein, describes a process by
whi ch exogenous nucl eic acid sequences e.g., DNA enters and changes a
recipient cell. Transformation may occur under natural or artificial

condi ti on¥ usihnigeiblel orSrgpressiblell ppmoigesiate thasowder aanirdhef the quviropmgpissugh theft i on may

rely on any kpown,fBi@EcdOfor bRiple Rk bin@Bnmdntal &ﬁﬁh&{vsuapéalaﬁaefobem d
sequences into a_prokaryotic__ or eukaryotic host cell met h d |s

sel ect ed base@ndienE e ptr%?ﬁ@e Bffligho RIpHCSEPSFes RS- P I FSRPFSY Bﬁ%ﬂﬁ Foeni
i ncl ude, but tiGodiat signal] etge,@lybﬁaldéhytﬂeq.ihodpm‘tﬁﬁhymna@é AaoX1epdA@KE ON, heat

shock, |ipofectio ment. Such "transforned” cells
i ncl ude stab|‘§}ﬂﬁa}1§r{2@8‘£%€§) LCFSI %re }r’%yv\ﬁa?g"ﬁnag? he inserted DNA i s capabl e of
replicatizn either as an autononously replicating plasmd or as part of

the host chr oMBSOIRreiAfH teﬂh sé?)nén'ﬂﬁ'v«!:'%gm&ﬁjsléfe ,I&anzetéeﬂlae ififk, Yis&KRE €SS the

inserted nuclelc aC|d l[imted periods o used herein, the
term "vacci neﬂedraerten@npt@ne@né e petive i dgmest enmmmeeralcﬂanmﬁ fridgfgtes of

m croorgani s rﬁiveléﬂniéhtr@)g ce’l‘ltdtif%ﬁ’dﬂﬁitﬁﬂ Ba881RE §nsti@fivd prothdigs, iﬂdiuhé{ bitlafethbe Nt
OrganlsnB

an he ents, |nc t limt tides,
proteins, bi 0‘}118 gff’a\t}‘ ﬁaélkfl {ngiatﬂvggs Cglgl )2%(3’1 tget or% - promoter genveé) fr(P "?

25  DNA of Agrobacteriuam tumefaciens, the ubiquitin 1 promoter, the Smas promoter, the
cinnamy] 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 fwpDuwi@34emé ection with a simlar entity. VaccinesPcarusoosirain |ive,
or inactive mcroorgani snms, or other agents, including viruses and
bacteria, as well as subunit, synthetic, sem -synthetic, or reconbinant
DNA- based. Vacci nes can be nonoval ent (a single

strai n/ m croorgani sm di sease vacci ne) consisting of 35 one m croorgani sm or
agent (e.sq. frepokdferatily 1980 fracanid modt prrferablyeP0rfice omothef coomenen withwhigmni sm or
agent. VacCigeSeGafrnf) fcRfqmul tivalent, e.g., divalent, trivalent, etc. (a
conbi ned vaccine), consisting of nore than one m croorgani sm or agent
(e.g., a neasles-munps-rubella (MVWR) vaccine) or the antigens of nore than
one mi croor gsanh&mu%n”mpm&&em&abﬂﬁ&ﬁﬂﬁm@ﬁdsusme&mzwy differdnt Ve vacci nes
are prepared fron1 0or.gani sms. At t enuat ed vaccines are live

vacci nes pr éFHPEEY% ?6%?%?@%68?832?%n3 whi ch have under gone physi cal
alteratilon (such as radiation or tenperature condltlonlng) or serial
passage | 1 1 0RHAL QL ABL MRhechRGLR oM, b B BREEL or ihhRRHSY £RLdecGd L UM €5, Such
treatments producing aviru stralns or “strains o uce V|rulence

but mai nt ai e iktha cdlayaneus fraplegiontsshitigionye waetﬂif%fqrﬁ?fmﬁlet y. Exanples of
live 10 attqgggﬁﬁgxmqg@kagg(kn@huQ@agagghgs nmunps, rubel |l a, and cani ne

di stenper. Inactivated vaccines are vaccines in which the infectious

m crobi al conponents have been destroyed, e.g., by.chem cal or physical
treat ments (sUshsfamafi@r mabifined loedrn desecribps Dpractsdyavhich exogervnenuclaidaad i on)

wi t hout affectln t he nt| e t ' coat or
bact ori al ot Rt B Sorey Hafeefh shEIARe il phifak il 0t

vacci nes |nmwudéwwnﬁk@bmn@hmmﬂmnﬁwmméme@kmmﬂémﬁWp@ﬂ@@wyﬁmﬁﬁigm@nqu

vacci nes. Sybuipi iy Ycﬂ&ﬁlﬁ%d%%e%@ﬂa&%@f%r@lfgn &ﬁ)élcra@farsaﬂmc@s%@ﬁmﬁm e.g.
the viral, bacterlal agent responsi bl e eliciting an i mune

response. TH@@&ma@#ﬂBﬁéﬁ¥§m€@ﬁhﬁbs5$F§ﬁhﬁﬁd@Hmﬁﬂwﬁﬁﬁﬁéwﬂéﬂmﬁﬁ?gbmﬁ r
exanpl e, 2ot h raﬁ&lﬂbty iauﬁdef b€ B nbtQihited BVl GO JirsyFRtion) BREHAE BidfddtdnNg 20

reconbi nant . Sybuni,t vaccines, .c cont.ai nt.hetic

m nics of aﬁ§ ngéﬁeﬁFﬁ %ﬂ%. %‘ﬁ%?@&ﬁggm@ﬁﬁas B?ﬁﬁgﬂﬁﬁ%?gholecules
such as bac tthln&ahequM elcapable xf mydlicatioe either astae tetonosioustii pbitchime plajmid vi asal
EFOtEInS (e. 9ﬁ0f¢5 REQ%QTXEJM&% c&%H%ﬁﬁ%ﬁgﬁ%ﬁf&%m&@&ﬂhwﬁ&PapsU'atEd
acteria (e. enloph| us |n uenzae and StTeptococcus pneunoni a)

and V|ruslumdﬂﬁamdﬁth@@dpﬁﬁﬁﬂ@%@wby reconbi nant DNA technol ogy (e.g.
hepatitig B surface 25 antigen), etc. Synthetic vaccines are vaccines nade

up of small synthetijc ptjides fhat mmc the face tigens of
pat hogens arftt "S5 ent g@ﬁ%ﬁ?ﬁ““ F? QaB@WW%BEPﬁé%dHﬁWﬂ?ggtured with the aid

of reconbi naaborpMAnk g ihgiatinesed drgaaisnd onidyingttalyevirvlentwsg@sisnh) oy bilel ei ¢ aci ds
have been

agents, including, but not limited to peptides, proteins, biological macromolecules, or nucleic
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
nmol ecul esw035/0BAs vacci nes contai n reconbi nant DNA vect or Carusoasargl
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 antigens. 20 V\D 01/ 034646 PCT/ USOO/ 30791 5 Vacci nes
have been devel oped for a variety i nfectious a . . The present

i nvention §s Hre weeies a@@”ﬁ’@%‘b@?ﬁi% VARIEFRPTERTTSHS: f\ﬁeé’gat RS Hgﬁ%f in vaccine

formul ations y.g@ads gfeﬁa'i&iﬂEBCmIhfaﬁ)orga%ﬁtwhlcﬂ‘h&le\ﬁﬁ&&goﬁeﬂ@yaéaéaltehal;l@n (aohatimted to
use in the vaccines specifical It%w@@%relp pasga emelabora?%%ammn@i‘é{h%is SHARL e

Vacci nes i ncl @gfationgyte Bergurs Gndy ¢Cl nes fvacinnia virus
(small  pox), tlspdeemcurmfes;Suo@SaAnhemIdocﬁabg avjrmlenhsimgiss,or saips bErsducedubel | a,

di pht heri a, [nkaﬁlgg ;]%bl% ¥ Sl cﬁ&:ﬁ% RERABN 'EQQﬁ}ﬁ&)of iRertussis

(whoppi ng coug engeBbu“q er| n t uber cul osi's haenophi | us
i nf | uenzadd mesiiemglet ivascingsdtyilusls megsles InEyRs, 1obs %@%ﬁé@ﬂﬁw i chva%;flr us,

sal monel | a t ypiinesShivainkSin wikR &L hﬁfécﬁo@mufﬂ&ﬂ@-&dnﬁﬂoﬁenﬁ haﬁjﬁﬁméttfoyﬁi,eyﬂ | ow
fever, foot-and-nmouth disease, herges Si ”;ﬁ ex virl |rat LOr Y yncytl al

virus, rot aw?}tféleml%r‘?@l’}é(m%%afrﬂqu % foprealin, begpronp aﬁ@?epg i ’rek s
Di sease), i nf{laenzatectptheandgoiiciy.or Iﬁiﬂﬁmb@lnmm/dfclmvmel cagt otisetridl Sutkrer e| n

i ncl udes ref erence to vac?l ne§eso . varl9 0{% t%igc]ugggdg nf?]ope

di seases and TERWREPLERA N gen of

exanpl e, \YaccArmmﬂpm@myelms(iB‘sf)Yancfl@@tl ous and autoi mune di seases and
cancers, e.g., vaccines to HW HCV, nalaria, and vacci nes to breast | ung,
col on, renal bl adder, and ovarian cancers. 20 A oI e _no acid
"variant" is ﬁwu@}ﬁYaﬁ%}neééﬁedmglé\ﬁ?ﬁ’éﬁE%’nﬂ%@lee?eélf”f’@rgﬂ {/) acE?Pan?fI" " ani no

acids froma Q%ﬁﬁrb@bﬁs@[e BN HiEm GR GespIIee . Thésepmhmnamdaﬁlaa obaiiedinta may have
conservative c

ges erein bst i, anmi no aci.d
structural or ‘t“ﬁﬂf? fviays, %F’@B’@]reatf’@gg g™ %éongﬁ R Y ei%r%d) %L,g‘%
r epl acenment ofecdrﬂmahf[elxlmebﬂﬁlologya e LISibingit vadeinea pananitain Bnmﬂxem wigidgafany
nonconser vat i Vnge f Qea 098 Squplaf WHLEDh E]w?luﬁﬁlﬂ&g Fjetm?lgs ds%ﬂ e{ggac%hlq)r&@ﬁto&hy si cal
0 e repl ace

25 properties ent” T rom t hose amno acid, e.qg.
repl acement otegategfhnys idipbtheviad, hyira proteing (- EFteant q&ﬁ@%@@ywﬂwde@f&wau ons may

al so include %&Qlat@@bagteg§é &t, 'fr@tﬂ?fa@tﬁoﬂhﬂ%%%b@&b&nd Steprdd@chy. pnbliehiy, akd v,
am no acid variants retain certain struct }[ﬂg’fr fungl %ﬁ\[ﬂg’#“é aracteristics

of a parti cuVaplisgrgipleprrrdised baycanbipat }P]H Frgrde °ho acid

residues maybengtbsdd.tuted, inserted, or deleted may be found, for

exanpl e, using conputer progranms well known in the art, 30 such as
LASERCGENE sof tware (DNASTAR Inc., Mdison, W). A polynucleotide variant is
a variant of Sympistit mcuhararepraﬁtcy)nmﬁde@p pictenal ssohetirmsptidasihat prwic diegpiage

antigens of pathogens and are immunogenic, or may be vaccines manufactured with the aid 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 awopalyssuc| eot i de sequence. It will be 35 appreci atedishy3trhose
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, sone bearing mninmal honol ogy to the pol ynucl eoti de sequences of
any known and natural |y occurring gene, may be produced. Thus, the
i nvention i:onY@ﬁ*B?Sé‘P%‘fé’e%he‘@ﬁ@f%%@“WﬁE%F%u%ag?‘éfF i BEPERFHRYE® $nucl eot i de
Sequelnce thatdxfé@t/bﬂldr&&nﬂiﬁﬁ&gé&ﬁnﬁi&eﬁiﬂeﬁgadmﬂibﬁbmmoﬂsa@eﬂlemfﬂmsS| ble 21
WO 01/ 034646 PCT/ USO0/{ 30,79 odon choi ces. These a e made
in accor dance®SEHOY b 28K ]‘h‘ﬁﬁaﬁ%‘&o‘ﬁ”‘?n pev?ccmessgflfgcagga Scn%écp%%r} ¥ such
vari ations areaytddehepkoNsicthes iedudzsbuber ng ligiettbf viacrdrieh fpr wicok gisesdsmalll NVENT] ON
The present i { or

e@\!c? %io%é’({sl Ka Qﬁ?ﬁﬂﬁa 8191‘113 nglgzﬂfes g@eﬁ’at H?ﬁﬂlé‘ﬂc&t%s R Seith

producing th I nant Ins of the present

i nvent i onlgr o@S@e(Cbldﬁs P@#@ngeﬁmﬁﬂsﬁiﬁ (dvering 4988 cﬁaﬁﬁ?@émet&r@eé? SGble to
address vari o &Rty ﬁ'aeﬁﬁeﬁnlﬁst Bfens® REMAGSs, rablsd, Bitbidi) %p&{eﬁb%ﬁwphahﬂ'ﬁrﬁl@ds

gelatin can be dlrectly manu acture rather than extr dfr ni mal
sources t hr o#HPrFEigihsH geifey PRRQHILH gFRﬁ‘Eté%%égenovH’fé yFlﬁ’é"ofgﬁ’lr ﬁ%?ﬁ?n‘g‘g? in of
the pr esent i diveadt heqms m&plépr afs, rébirfpay hyageialsvirus, rtaveng Dphgee, WeatXikgend,
bacteri a, n 1f h e c. The
present net hgﬁ“ Hi reﬁp ?ﬁvir@s rﬁ(ﬂat])jlj 7easte§mglﬁ%zaafl€doa%¥1’1%r %%&g%{%g@af ukl

r epr oduci bi | i heyiuineltdeaiefeadnbeto vascipesrte Eqmpusexﬁmlae&anénutwmmsea%‘am@t y issues,
such as concepp Qv h&f@%ﬁegtof bt will BTHARAGRE 'f&’exﬁnpg: vacBMshOeRbE i@8ious

all ergenic, responses, ve arisen regarding_t use of anj mal -derived
product s. Thealidﬁ@tb‘ilﬂmuwdlﬁeéseiwd(%}?ﬁﬁ@tge V§ECiapsp IéH:Y éﬂv glafiy ARG ¥pocings ©r epr oduce
ani mal - sour cep @Rl Ak, Rolbh, ¥dnklll BadduS 8 obatah BMtdy 1S of ongoing concern in the
phar maceuti cal and medi cal comunities. Additional saf ety concerns exi st
with respect to bacterial contam nation and endotoxin | oads resulting from
the extraetiapolgypegtifew irhine atid ‘Garigot”dcssB®.acid Seqlidnee thedoatisiehaynenegedeati ns of
t he present ' ally free of
bacteri al con%grgrlp%é ?rgﬁlq ?me.&ﬁ ;‘l?&élgﬁg%\E—ﬁgl&e{}%e&%gﬁﬁgvﬁgﬁr%gg%l nant human
gel atins of meen@h@yémea, Wb@m#mhstwtffdl amgrforagie! hef sispijap el ashaged over

ani mal - deri Veﬂo@ﬁ@to@ﬁ%ﬁ@wﬁ%ﬂa@éﬁ LY, ﬂeﬂadél%@nt oﬂl%uc‘hﬁ@wﬂﬁ%le@dcmeg@x vatiddS
derived fromnati

ve human sequence can n@ ‘t%fg . ris %ru
response due ¥ R PIENGOPSCHAHC S LARET: 10 ¥ IC SHHGEHRG 3t aﬁg‘hys’l I'n
addi tion, 24 heprp;sea&eaﬁfelgﬁlﬁahﬂ e 6Nk gacpd atlncail, 8§, replidents ofnglydliestihnct

t | th t t . Th
2 S 5[ ![ :nts p\I’MO‘aXP(EOI ar QS0 go{ul%rr?urllllgf \isanaqpons may 759 idcRle RARS d M REoR Bpllnéeﬁ%hé gns e

both. Preferably, amino acid vanants 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 reconbiweaem/ogsshat i n. The gelatin can be produced usi ngPs&qseosEs1 f rom
vari ous species including, but not limted to, human, bovine, porcine,
equi ne, rodent, chicken, ovine, and piscine species, or fromnon-vertebrate
species. The gelatin of the present inventi on has i ncreased purity as
conpared to the gelatin products 22 WD 01/ PCT/ USP0/. 30791 5 of
current et F84R& ¢S g”ﬁ%’é‘?‘?ﬁ*é&‘fﬂﬂ’i‘%‘onséﬁdnarﬁia?aﬁcof 6‘6 Bssip ‘1(1)0 F‘B’afﬂplﬁnd reduced
| evel s of endmdio¥ddssn@nsuch Rdstionostt BIve BaRiised dsibeihg shesificattyidibabised. aci ds,

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

t han gel atin manufactured by current nethods, and can be admnistered to
or ingested INVERIM@Ns and animals at a higher dosage while mnimzing the
risk of negail¥Rsehl ilfenfnl Rl reé&nb-lr;]}aﬁ gglgtlu@rahﬂﬁetﬁgds b rofilcRg @fdke | NVeENtion

have i ncreased activity and worka ty conpared to "~ comrercial gel atins,
as the plleserbtingeThpermbantiggaty aﬁh%@ase%hmé@towr%df FPOSiFeRt ARG TWPTIOETd ¢ s

OE“ i Ized fq;%r\f\h&%(fdel fdn@?@sm&o alldFERE OatiolkChe@IBRINS ofdticbiickiyis.  UsidgSie: paddeht f or mul at e
the gelatin i.le. ge curr cte m_ani sources are
heterogeneo@%ﬂk?fi%éﬂ?:tgs”% © ly\}ﬁaﬂ"gfn%gq'?ﬁ’ﬁlétﬁ %‘ﬁe&%ﬁﬁn{i‘f’m\%ﬁo Ats t hr oughout
a gi ven bat dlroqgh legtp hrel hatshprogpsdeait The secofibibdnegehtie sfthd presemveattioos freacl ude
consi stent, e I %§F Q%Emj: nt

gel atins of ﬁw%gﬁésfgﬁ%mﬁgg%t%?g%%gg%%h% u’insH{i giég ﬂ;m%g{ae ety g met hods.
In one Wet HBBEs).rlte Theswesa imyads 1W|Vhflﬁb§1tymﬂ1éﬂltlm\éfér%¢?g@ﬂgfh processi ng of
reconbi nant &duaSER-unatBRatiSBRurrddt &iractibXABRbRS 7, 10, and 11.) In anot her
met hod, the reconbinant gelatin is produced di rectly fromthe expression
of altered collagen constructs, i.e., constructs containing a

pol ynucl eot iSd&t}ﬁﬂG@(ﬁuﬂgasabncbIﬁasdrpﬁﬁﬂaﬁﬂdﬂuﬁg@rﬁ@lﬂ% aidigeridynd bllrgeniof encodi ng
naturally occurrln See d6) In

anot her aspeePoISPh ?%rg%nrrrﬁgaﬁ&%ﬁtﬂeuse f |n1|d%er ??cl}lg ﬁeénr'ﬁblh |n[ypeptl des whi ch
are not Foul lceinplaigly lchanaterizeapirify, ocmrpducngmoaﬂsb\aqaqlammﬁﬁwq@mwd@mea@p«aﬂ but

whi ch cont al 88&%1:?%@@&&3%(2 @Qllrrla@&ﬁ Hﬁn@:ﬂ%'e&nm&ﬁ?e@ A&diftbnal s§gt§g I'D NGs: 15

t hrough 25, Reco nant gel atins can al so cofprise
sequences CGAECAIAPHY WI%&eneeﬁt@bﬁatenﬂwvwwgm angengotexiylpgdmsruliedigrdhs des.

(See, e.g., eﬁﬁ@g&,@nﬁ\lg&lﬁ%@ohbfo@édgbb 29.) In one aspect, the reconbi nant
gelatin of the present invention is derived fromreconbi nant 30 col | agens
or procol |l agens. Collagen nol ecul es generally result fromtrinmeric assenbly
of  pol y3se ptlihd eecahiznansgetzomt o tha ipregpn{ idreptiog-adrpss thesqreadess whthghureatitally f or t he
formation of

ﬁ'eg bt lB!:tgrial contamination or endotoxins. Furthermore, the recombinant human gelatins
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 woloiasssnms t ypes have been identified in vertebrates/usoosd7odi 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, anong other pl aces in Ayad et
al., The Extracellular Matrix Facts Book, Acader c Press, Di CA;
Bur geson, R ® curreghpiethgdsaf minabgnip, and fsjapregyesd projbead apgedecsd ]§Yel%‘tfr uct ure and
Ti ssue Di striQdbibaRsand %ér@ent@iﬁdﬁ@ﬂncl@cﬁ?g m86c 2d&; pol%&c@lhah}des lﬁond\/btc etheal .

(1993) "The Col |l agen. Fa Structur senbl ni.zati o In 23 WO
017 034646 PCTTBRR BEaTs Sherhabe @Eﬂ‘i‘“ﬁ“&?”’ﬁ%ﬁf‘&?@“ TOEORISH e Ti ssue
And Its Heri talhinﬁstaecstobd:ﬁgestpd Wumand and arBesdledtia hipgher Aplgdviidic cadimigpdet s,

Royce, P. M a (Ei)fr§t etlvgrr? B., Eds., Wley-Liss, NY, pp. 103-147; and
Prockop and I{lw r TRKO @%&f "CoI I agens Mol ecul ar bi ol ogy, diseases, and
potential 80 for therapy”, Anna Rev Bi ochem 64:403-434. 10 Type | collagen is

the major fi bfﬂe'g%ﬁ{ms%%é ﬁgﬁﬂt &Jemmrﬁevema&haamfaﬁwohablng cBRpEth mat el y 80-
90% of an organism s total collagen agen i.s fhe major

structural matorEREiedeRtes. ai)'ihélérésﬁ’f’t gelgtin %Eb%B{P‘?“ﬁ?f]énFﬁ]Iyd‘FthﬁJé‘imrcfe}?Stﬁf

mul ticellul aropﬂﬁﬂ@alfos EBEClﬁ@ﬁkeQﬁﬁﬁleufgeﬁe ammrtpmu@aaztxﬂlfgﬁnuﬁie%rme@ﬂaﬁmtvah1epr otein
mass. Type | IIa rinmeric cO al (1)
chai ns and on%e ‘%Te%ﬂﬁﬁftf?ae%?rﬁ AR OEE %rggéerg%;’n?oﬁs pr%_{ Xitﬂ ‘COL1A2
genes, 1515 esprgetin melkqular @iblgs mmugﬂoag@wenypémrmld,ésselamﬁmﬁjhﬁrmesmhan type |
copjagen and gl bt lLRLER! o[rrﬁ!ge%%éds,bdu& kBBaRM fidlGs For example. type Il
col l agen is the predom nant co en 1n cartilag and vitreous hunor,
while type Il collagen is found at high levels in blood vessels and to a

| esser ext ent reRecelibilant %Qat]-ﬂy 8hel ﬂréserﬁ AvrHBE S pzadlfcf@d 186 vhdeBrdf Heﬂhbdsc ol | agen
found in skin and vascu [ 11 rimeric

ar tis sy t
col | agen conpfegegd ’W%@mpﬁ%‘ﬁﬁ‘? qupsp(; C@qufl}‘m@ﬁﬁfoﬁ?‘g%‘rl}&f@aﬁﬁv?ﬁ “COL3AL
gene. Met bods(stQe.gpBrantpls MY 0yaad il DY & mothérageios, tierrenombings gégindamodnesdf ound,

and Rhodes. (1853 SXER st EABHE R RGIRINE L eodhdo iR, | duiter
enzynes are ipgbontlentile ¢ngoditeat lgusbwmlhe@oss dofnaiprtytwestt frggdingnagiradly col | agens.
For exanmple, pralid e ﬁagaxd(smgaﬁ;@nfp& @ 4})&%3% ﬁ%e@és*)&ﬂﬁle &BAMRR: Necessary

for the synthesis rocol | agen or %{ This enzynme
hydr oxyl at es gy de?‘@éiﬁﬂmégly‘?qi?“‘ieﬁé’hl?h arp pfityll- ]S‘P‘Eﬂb‘?at“l“‘élﬁ@%‘tufrﬁé cqtjagenyr y
sequencesjj o ﬁo&bﬂﬁgeﬂ%ﬁp&lﬁéﬂ cOfain ét%on@e@agen&fs@&ﬁﬁ@ (Ste, af., SMN@@F’B) N.
Engl. J. Med. thr%%g 7?0 ?? 333%%6%(?&11%% a ms axuxlsaot c%mgrlilsrg:ts)ec{uen%es con tg OSI tion

prol yl
additional N-terminal or C-terminal propeptides. (See, 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, .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 matwoni/o0dMsseover, if no hydroxyl ation or under-hydraorgisae/aom occurs,
t he pol ypeptides are not secreted properly and may be degenerated. 35
Vertebrate prolyl 4-hydroxylase is an a232 tetraner. (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

i nvol ved Pn tTheExserike M aiix.om Gopngsivs ygsueAagily fedtablpisordsre Mokgulgin 01/ 034646
PCT/ USOQ 307 Ynetids, iARS Dledibd] Rshebls, IRAGeea 36 AEESt@imdnd, B L NIMilsy-LAHEY(gh. Subuni t s,

protein disulf] I sQner ases,, . cata Lhiol/disulfide interchanges,

| eading to f&HTg‘%r?ﬂq 6‘1”{‘%?%{(1‘"?@%0 {%%Sgs&’gfg%e@ﬁﬂozﬁcu 0% %’a%ﬁefsgﬁf‘rrlfg a stable
prot ei n. The p3tetialuoritiiegapy’s BanuRey Blochdm Pr498dBh di sul fide i somerase activity
when part of the prolyl 4-hydroxylase tetraner. (See, e.g., Pihlajaniem
et al. (1987) Enbo J. 6:643-649, Parkkonen et al. (1988) Biochem J.

256: 1005-1901 Typedrallagen iy the sajonfibrillariapBaepn of bog;) agfl skigkeiparising epppgimatedndd- 6449. )
Active reconbphnanin FLRBR sRéRlcMlagds MY IRSNAZASE thh asjoPRRABRAl AdERtciln, €. J.,
Sf9 insect cells ~and in }Ill?ast . si mul t aneousl essi.ng the a

) cell sf, ﬁ]}/ rP/ exFFr
and 0 subuni PEsent igdhe exgacgilular gaigix pf mylticg[lolar opgpeey andeeppriseyapRroXimaely = oo UsA
29 h 7 g 67-7 |4 70 ;20‘!4-0§Eﬁtaﬁ§ﬁ)t€ilﬁ]fma3§0 Tyfe 1 colfager3b Qllaéterc_ktﬁnéﬁidill hdidcale c&@ﬁﬁiﬁg ﬁ\l;d)hY(ﬂ)
-hydroxyl ase, other cqllagen post-translation en ave been
i dentified aSeRinsPRGRNcCaE) ShAnsHEC afetec??oz?q}yél?e (?(?@IAJ&P‘%B%S%%’P% nase,
Nl-pr ((Jt ei rl;ﬁse,reisbééﬁwl}i. Q)ﬂldﬂ&ﬁl@genhypsydrt? llehl)‘ei'ﬁlfnﬁéhyih%@pe I&bl;agerfj ﬁﬁexhﬂﬁt@ﬁfe,éenﬂ sen et
al. (1991 . Biolo of, Extrac Matrix,.2"d e Hay..editor,
Pl enum Pres so,%hs WoDEPHRT %?5 “he epg’g%fgﬁ‘?}{a?eﬁl\}se% préfominent P?afg(e:lhlfllc%ﬁlg%ent enpl at es
the use of amryd dowpoumdy, vhilotypglillcallageris foghdathighleyels indtood vasfelsragd to a
hydr oxyl at i orllessege)gemmgﬁg_l i ne hydroxyl ation and/or |ysyl hydroxylation,
etc., as desired, to the present reconbinant gelatins. This includes, for
exanpl e, prolyl 4- hydroxylase from any species, endogenously or

exogenouslyy Sy C%Hlafgeﬂ 96 il M1l RsSfouddSe e 478 vatugnehyd. T™§pdydr oxyl ase

and any variants or fragnments or subunits of prolyl 4 25 hydraoxyl ase having
the desired &8laesAisgyho g pollganicqraprisig HF??é@‘?nE‘fal %]r(ng ghims %‘ﬁf‘eﬁlﬁiﬂ@, and
ot her hydr oxYJOa38$ g&#d CMefods Br@luytying vitpay DRge@TRm tBEues cah Seyndfog. , U. S.

Patent No. 5,928,922 i nco, ted b > e ein in it irety.)
In one enbodiHERS T REF 8 {}?ﬂﬁ%g&?&ﬁg;ﬁéga i/aimtlagi\Ji lﬁesr axéc%)n Oél?si}a%%tny a
prol yl hydr oMedilaseindierimebgy 82:3r04 he sane speci es as the pol ynucl eoti de

encodi ng yseconbi nant gel atin or encoding a pol ypeptide from which 30

reconbi nant gelatin can be derived. In a further enbodinent, the prolyl
4- hydr oxy| as &ogtgranslational enzymes are important to the biosynthesis of procollagens and collagens.

For 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. (See, 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 o, 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 iwooasisnet 0 produce a material with the desired paydiso@bo791
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
transgenic animals, or plants or plant cells. In such a system the present
i nventi ors prigeluble & thawbtdncedsf Pfsahunipr dled subgnits, prateit disdfidsfisoneresdyeialynt gel ati ns
having a ra | at ed,
par i al Ly nydaARuoae nERRLRRC B e o R AP oo AL 034046
PCT/ US00/ 3078ltle pitdin The Rk sybpiits retaHmSQ%ef pmmlméeulféﬁe isomensrcictivty meopaiof ant

gel atins w g \f&}ﬁww&opﬁgsg%%aae@epé hyﬂraﬁfﬁxm,tt hi0A9s7 BRLOY dls@xyloat i on s

conferred by endogenous ase In ransgeni ¢ ani mal ,
and the di sEerdseen Bt é1r985 g“ﬁ’t‘ ég’é r@k&?@tg%‘ﬁ”?%ln@%ﬂf

hydr oxyl @t edet.eudf716doyy- hydr oxyl at ed, and the nelting terrperatures of the

mat eri al produced range from28C to 36C, with a nedian T. value of around
30C to 32C. If desired, 10 different ‘fractions of the material can be

i sol at ed al owgveretoetripent htroaneprajyldeiydmtylasakas beglptodived imeg.e$f8 asset ¢efls downst r eam

uses require sel e f

mat eri al s, sucz yeasgcteﬁsgby Lmﬂ %%%%L’i%fesst“%% %B SFA JB}‘ t gg %ﬁll%br%?arl)l e heli cal
structure at(199@)Ryoc. Nﬁbdsyad Serﬁb%ﬁr UL ET4797CP.. Paﬂ?ﬁtNm Sﬁéﬁf@rm@dbmtwent ,
reconbi nl%nt 13ty B8 xys € ome&@hafg@ﬁipds{hﬁsmﬁ&l%@ym@sraw beln fEARSHLAI ¢ ani mal ,

in which hy roxylation 1's sug enent ed exogenous prolyl hydroxyl ase.
In one as pé%ﬂedgﬁéﬁllﬁf% HStdiss Crprainaes: Hgorqt%aéwsy\l&mdasgév%&u ns provides
reconbi nant hg&b@us@%tc (%@Q'gng)lsfeﬁ@ﬁ] 0001 Y BRKY atFEadeDulirMidiyy, by e oxyl at ed.

The fractio ant nore fully hydroxylated w il be
subst anti al Iril? %{P@ en’imf‘u “regc%%%#ﬁ%blt mat eri al produced in the 20 presence of

exogenous prolyl hydroxylase than in reconblnant mat eri al produced only in

e oPn R A BbscR AR A ARIR e AL MO AG B, TRBEEL B0 7= 11 D0

tenperatures 0 can ran e exanple, 28Cto
40C, havi ng chenpiesdijtizphconfers Ivéiméatm e.gapolinrdy duxylation 361@? ls&délyﬁr@?(Y@j’éplatl n

m xture couleg Q@de@x%r@ﬁfe'pﬁzge%tlfewmbﬁﬁ bR, mﬂn@aaés Qb exARIY, bR 4ONS, such as
gel capsule manufacture, Wt hout requiring % ractlonatlon or 25
%S

separation & %ﬁ@"e?%?I}Y)fPWE}FBW?%?S@bm%%F‘PB upniicd: EHIS VAEMRods provi de
for product hsanmai ofipedt Ay dratillasdriiany \&haltwﬂingaenfsa,ﬂgmuxﬁﬂ‘s ofeblyliang

tenper atjires, t can r a tenperature
gr adi enti%t 0 ﬁ‘f“vmﬁg} gﬁsﬂfa‘? asc¥1V1§r fﬁagve S’?Iﬁ’e%u rasrefnf s@“r}pgga Ure, e.g.,
36C, fromt tmdspllyklroqylascls with & ppéyl 6-hpdrbartasBre.t @nepe gabtur BatenFNo.t51988.98% e, t he
present | nv%t)fpgﬂteg B?I\éfege‘ﬁcg HefeirGR &Y énﬁlfetﬁcﬂl 'oH@en%HiﬁQ&,sthQErolyl hydroxylase

activity is conferred by a prolyl hydroxylase derived from 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 oWworoeosssié nant gel atin produced by the above net iradgisosbpei n t he
reconbi nant material, having a range of neltin tenperatures, had a
desirable nelting tenperature of a?ound 33C, sgch ggPatin melting at 35
body tenperatures, and thus being suitable for swall owi ng and digestion. In
the present nethods, the regonblnant gel atin _can be pr.oduced dléFctIy in
the desiréd Syerapgle. & Qpe method ofpEaducingPOMAmAYgFLatng Witk KHYIREPHSRtPErRet £ or

exa nan:a ) a; P r Qjatlgdlsxgngﬂrs b Yigdrskylagors condgkdlby dnbepeittnk prtol?l' hyd;bg;zlm i /g OZ L g 2 gn

reco r st em

PCT/ US00/ 307 STE; agimngh a0 ﬂﬁ%ﬁ%‘b““‘”% “t}pfrﬁen%ﬁ? ﬁgre"r’fyl"‘?(’ﬁ‘\f A T POV des a

met hod of pr bxtuwiyiatpd telbipidrenleted, gel the ineltimDempreraira@! fhe otedd] prpdveed onbi nant
col | agen a”d{e&l&f 1%\% EW%Cﬁog gt{;lq@;aﬂﬁedgﬁlraul& 0% £:8Mq 35*&0?9@ rq”) e%ﬁt col | agen.

In one aspec npri ses the expression o east one
pol ynucl @6t i dléfe@efcftﬂemeoféhﬁmﬁtmbcaab@mlttwg 6 tepeigias Sragéfah as raightbe agment  or

variant ther ﬁ&gssar%%dawﬁgt@én tsee%&uu@@eec%g yow&tneratth@teo@mmly@&yﬁteaol | agen
post-transl ational enz Pat ent

No. 5, 593, 859ateigls &¥has fat’seaufﬁf}ef}ﬂét*mf%@@d F%F@Pﬁlﬂlﬁﬁetl‘fa%méﬂﬁatv 8€yb‘)dYThe

present recophiphate @eLAti ns can be derived from reconbi nant col | agens

usi ng procedures knovvn inthe art. (See, e.g., Veis (1965) hit Rev Connect
Ti ssue Res, 3:113-200.) For exanple, a common feature of all

col | agen-16 0- @gednatherenudina trecombipsid g@smese podichibin b eggen)t.g.] Hrdnbgenis econdar y

S tartit e o kg GRNAIGHREANEL DopBRddlih MosBhOb Al llE! ANGES,

alteration in C(‘ﬁnla en’ st ure. e Cco ucmgthe
gel atins of ?Wtﬁn@@emthqdnﬁﬂn@ucmarecmnab@e}@ﬁw@éﬁremhﬂ@nwlﬁti@r ent

procedures dependyhg 1191{1h}ldp)§y15t¥cpt% 0y &b A1y, dﬁéﬁetc%h ofre%eltﬁhanng@atmg he
pr esent |nvent| on can be d fromreconbi nantly produced col | agen, or

20 procol | ag&Re iy }Hti‘i‘?éYlat%‘f“pQ@@Wﬁ%lalb’dPrﬁféfbteF%@é“amd?atW]d}WdH%ﬂ MBIt ur es,
e.g., venbebpatdesLdlkogeroud ;trblryﬂ@dmmasathu@mlr@bmblaatnt m&éﬁupﬁ@ddeemm ihihet he art.

For exanpl e, eI ati.n ss or the

cul ture nedi B BS° %fﬁw%‘o'é?d’\rlcgﬁﬁgé%}wgfe g‘f??fa Pfenth 0111%%111? er%%ures ogt%l ®el evat ed

th errﬁer alt ;JI‘ es nakdaliptoiucet adnirkrgt ﬁorﬂ,l’fd?irarﬁ@ﬂdS@tﬁ)ﬂ(‘S’CdfavﬂliQ\;]\mgdlaﬂﬁngdalupbf | ow o(r]I
i gh sa conce te ures t hods, processes, an

t echni ques of B éu@ °n3§£§55“§é1 aiuﬁ ngoél[tl BRPECRFIRtY rusell?aﬁa[é)ln |§cl ude

di gesti on w tpplipatiohseniclybsi gel @mymufmremmwumWémmwmw denat uri ng

the triplg hgéﬁat%%n0§E%él%£twh§dr8\,\£yl+gﬁmﬁlghg agen utilizing detergents, heat,

or various de urin own in the art, etc. In addltlon
various steps invol ved in the extraction of gel atl n fromani mal or

sl aught er hougg, SOW K&fuds {Jre@h@rzlf RSubtRAE FBMbitdhilnihtdrb FRith @ rangerdfqemg eat
extraction in aqueous sol ution, ion exchange chronmatogra cross-fl ow
temperatures that can be easily divided, for examplg, using a temperature gPadiy nt to separate
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 atwo oofo34che€ present invention is conprised of denatramatboe/sa7pl 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 either proline or hydroxyproline, and glycine appears-in~ about
every thidrd residue position of the conponent chain. The ami no acids of X
and Y are pj Qﬂeleﬂﬁo&lﬁedﬁ,x&kr\%smﬁmdﬁe@proﬁmaﬁﬁﬁbd @6%&&19{ Mébntbinkg t he sane or
different. In another 27 ) 01/ 034646 PCT/ UESIJ’S 791 g5 embodi_nent, the

r econbi nant SG&IOMRTISIE rEerucipy weauhnantcolleges B dEERg reenkinapheeliip f8Ma i d
sequence of tifeGkapmEm)t collagenWHE b1l afpeX, e iGletiodasompiisay the efipressi@cif ak. leaktonone

enbodi nent, the present gelati.n is.derived froma reconbi nant collagen of
one type t Wﬁgmfcgec’té%&qcug%fj F%P‘:mf/gafcrogaege? # ﬁgcgli)alg?naﬁrgﬁr']agrg 1%z(i)rn‘g/ano thjtgfrreg)tl(bol | agen
type. | noonendsfrestope pdjauclgotdomidmgnicolbgdn ragjdnnslationa) graythe gralsitaigén. | n

anot her asp t G ' ' 20l lbagen. I n

anot her enbg%itfer?gn(tggeé%'gtﬁgb%% gj{s}f{aoritg ’glé%ﬁg\?g’ﬁ%o%%fak? ﬁ%yﬁ?g%n%fﬁg%{l@col,l agen is
human r econtshiieiid e pressgiepcomprirnt Belating pAn bel flovert Eorprecquphinapt roRAgeISHHie i n whi ch

thleI recomip%%u&ﬁﬂhd@gﬁﬁmhﬁ ke, & .W@sr(el%spinkn@&rbnhéépﬁissusmm:asmmy one o:‘
col l agen types t hr ou o usi vely,. or any. other co en, natural,
synthetic, off ?%WPlS”Wﬂ‘F‘%@? f%}“eﬁpagl coﬁ gEieree Rt ?’{E}a 18?1?8?‘?5?6%1’[53’8?%%%0& nent s

i n whi chist hehase@dddy sumcttire gethatdllingeh prothay; aindadithé majonity bf mgacesf anaftertiont ur es  of
any one or nore of any of.collagen t. L r i usiyely, or any
ot her coll aéré%o?la%% TR Tgf/%otnﬁ%g ke %Bl%guecl'nqgfﬂgfgfidﬁ'{eltol c?p‘llael%g'!_ ]}sf‘%gt\go?lf ically
cont enpl at edan Rpeocpssebsing difetchipeisedyfes gepontiingion ghertyne ofgslatndesirgtel at i n have a
nunber of advantages over traditional nethods of gelatin extraction. Mst
inmportantly, the present nethods provide a 20 reliable non-tissue source of
gel atin contGsiap ﬂfg‘heriﬁFSWénVE%PPé"é‘é’ﬁ derpyertfeone seombipagipredugsd collageh @t et hods
of extrawt i QroceiBghRbr Gthdr G0MafdRbusblypdpadestfonfrorf Gell Rured e. BveREbrgetetit i N, such as
m ght be advantageous fo se Jin varj ous._nedi cal | icati.ons, The present
i nvention sPBIE B Y %é%%?ogsel?o‘?’]é%f%aiﬂhgﬂrtexg%q %tg%%gl n&aé’F%F 9%0%% r om human
sequences, cloaqily Siotitigrrsll massor the ¢ultgre nredicn v takiap tdvaniagee! grdtialsiseisbilitand et hods

; duci ) ' . ) ‘ oo
:’:1)0 N P r %Tluj (r:] 1) S gh %1%1@%@ teglg«lg?t%}egﬁrd 1t!-gﬁollft§raﬁlﬂgpéoﬂcﬁmns gfﬁ%\b E%ﬁ?ﬁh ;g-f:‘ hRt dr High Salt

) ed 1 n pharmaceutical an I cal processes, and
vari ous usesonceiagiess, and bigh fegperating: Yigihods, erpcessos, aad iselmiuesof piedycingt he present

i nventi %dprggl\ﬂilﬁ%ﬁlp{)&fong fi6in ﬁﬂl@gg%iu@mga‘sﬁdnhﬁm@f@et%%& erhéilat é]evfafe?m .
engi neered constructs capahl e, xpressing gelatin.in various forms. This
i nventi on 30°T&FEEYE; %ﬁ%ﬂr@ggﬁmpiﬁ%ﬁ%f%%w%fﬁ%%EOII%CHﬁPf&W&gﬁG%%P%?gi n using

reconbi nant opvaioyd detuntting xgeh@ sell known in the art, etc. In addition, various steps involved in

the extraction of gelatin from 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 wo opossess the specific characteristics needed fPam/uso@an7bi 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, nelting characteristics, isoelectric profile, pH,
degree of hydroxyl ation, am no-acid conposition, odor, color, etc. In one
met hod accbr dinphgdiment; therecqnbinseligelatinaf €1 Progmt INRIACHAPEIPBICY HetRRpeidt i n i s
produced, andegRRccRE( QugtRtetnyx Macr 94 @ﬁlmofaahl y or partially, if
desired. 28 WO 01/ 0346 CT/ US00 307% Pro ies of Gelatin The

vari ous physﬂeg}le%?l{gﬁlg}e{ﬁ,%gpr&*m PP nﬂ%‘fffoﬁéa ?Oén eRepiages P Y85ar t i cul ar
appl i cat i ons. thatGahiBskdntiallp He¥ frale solldgen @iy pef colagemigee. Dasedsmeet, thé or exanpl e,
its arrphoterlcnture t els, its
protective cofs‘fomatl’%:’l1 At Cbnaﬁén i1 S’?afccé)ﬁ ac |I§%1I°91r Op%e@??lggec&ﬁ ugirﬂomlg%c%nt ri bution
to viscosity tpedlspliged. i gnoﬂllelrﬁﬂédeilﬁﬁefﬂlmresalﬁmVP@@m thyrscompimpricolagins used,

for 10 exarrpl1@hurﬁ‘a§1r@c@m§iﬂ¥4t§dll§éeﬁrFurﬁlgi‘e%gd?ﬁéntsd?'fhe%v@imoh'lﬁ%chﬁﬁ an agent for
filmor coating formation;, as a binding agent; as an adheswe or glue; or

as a floccul aeFamyagepiagentiagg aaenescrlipee ey yehsas gy et sollager st and
extracti on preeesses, mldsivetlhfoeedy &Haecoqwgm@lsmltal @ﬁlt}ﬁiﬁc omﬂnaiylnmetmpérypepti des

obt ai ned during. entl onha n nimal 15
products are Stp%‘ﬁé ‘Eog’iﬁ étﬁéo%gb 31}%{‘% nnW%ﬁﬁh% 15“81%1 %%/nt ﬁéi%mf) eFveggroglhal ns.
Celatin nd ecspbceikdmaxtuﬂamffaw orle yr here g&any i collegbiiypeyd heagh XK, Wéiusg\hty wthin a
particular s ' 0 f& YA splbdi Rl nkifRaed Ne Mol ecul ar
wei ght di st rladéqgtoiﬁ(e)lrrf:%g%&pg?{éﬁtaf gr?n@m Wﬁzr{nﬁdgﬁe ar 1ot can}ﬁc(lglrel czrltftl cal, as

wei ght distribution can influence, for exanple, the viscosity and/or gel

strength of gegakat in@th&ﬁmrsduma@reb&hbgﬁﬁ%eladm habmansmaaaaMagaﬁ o’r gel atin
sol ution increases w th increasi nglogo%ent rati on and eﬂ@ decr. easi ng
t

t enper at ur e. RIpiORA EEthods SE grlatip gxii H oLy e Qsté’Pté’i‘ & Previde ex anpl e,
for gel ato N WEBE nas-ti&usdoaloe b gelatin dbfltaihﬁig ﬁdtﬁaeﬂlageh@ec@m Iap@ﬂmoaadurrams
liquid gelatln er as.in varl use Sif ds, etc.
Vi scosity of Iﬁs&égf %e%acg%q clli’?tnlof)arlllO‘fVlrfll(%:rr"’m ansatug'”1 With gLi aenélsslu%h éé%u% é]?:léul ar

vei ght of t headgeitagedun for pwwpiovReintssnedital apibations &bspmvntgeweammlﬁpestﬁwm on could
consi st, therﬁ{;@aegrecakb@antge&nnm%@%m%me@]tméep%rﬂ%ﬁ&wcaﬁpr We ght

gel ati ns, | ower concentration of h mol ecul ar wei ght gel atins.
Vi scosi ty al scoafoimapithympgelapsopdmehads OfPI}‘?é‘}cﬁ’&ﬂ%e gelatins: (1g° WHRPYRERYt i ng poi nt .

H gh- vi scosi tyn@ie badtinAs alinininasnidys aplieEin giinSacebtichl ahd GB@¢al progbstd, ag and

ing r han I r Vi | latin | utions.
setting rat esvaE*ioua"s usecsi%lereggl\e are also c%l%grgplatyd. gel at 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 capsuwwevimsd4t abl ets. Celatin can be heated, nol ded @ecTdisapsadns
appropriate, and cooled to forma capsule or tablet coating that has

uni que properties at honeostatic tenperatures. The gelatin will begin to
nmelt at nmouth 35 tenperature, easing swallow ng, and becone |iquid at body
terrperatures Gel atins of various gel strengths are suitable for use in

di fferen? apptReEiggpb@datinrhe firmess or strength of the set gel is

typi cal | y maasudriecs gysi@bprepettnt sipglafidie il ic @asafiladsiia partifila bpdianiole  det er mi ned

using inter onal..st andar and. net hodo rie I strength
is a29 W %%b%%@%gesﬁﬁ?%g\%}%ﬁw& %’égxs Iee’rrlgn L?tyr{cﬁgtn%tlrpgﬁl?&h of a gel
fornmed by atcﬁfoﬁﬂ%lsrmkrasterm gols, igekactive cofpidal @ﬁﬁsttfaamctlt/@mpmﬁm,@n@tSbat h over
18 hours. é%gg y ight in
grams require g%@ V;rggasgst};%nggﬁg%a%% uhﬁer%%gg%g?ngfg?%ﬁﬁ %1}1 ée%‘efoﬁl\g al

Agri cul tidr alexangiterA %@@yls@rruﬁh@@nemorﬁabw%@ﬁ @r%elit e ilm pecogfane formptiqhe wei ght
in grans requibitdind HEntde R AB&IRRr 2@ ol 98 NcUBGR agés. 200 grans, the
particul ar gelatin has a Bl oom va%ue of 200. (See, e.g., 10 United St at es
Phar macopoei a and O ficial Methods of Analysis of AOAC International, 17th
edi tion, VolRawenaletial}, t{penorerettcatmegednd bxtrastion@rvctshas a1l bfecgthachaghogitioh 0l d on

Bl oom stren 1e"alQ‘cm cﬁ%y% %El o%tal @&%ﬁ&%mvan@én%nﬁﬁ&t&gs?ﬂeﬁ ﬁﬁfa&g&@ge for

di fferent uses atins vari ous
i ndustrilal apdhdtcat ﬂlm‘r@teroemgous pmlmmléws sfmbfmnémham Gelptimuoleepdssi ng, nol ds,

gl ues, coatiBOR. i Gree, Wil tﬂle rpﬁecﬁﬁ}@&éh@gﬁﬁ]ﬁ QHﬁrﬁ’ché&% Ceedi®an %m\éefévy ing Bl oom
strengths, depending on erformance charact erl stl cS EP?SI red. Gel atins

with varyi né Bred W@F@&P@t 1hﬂlé? “%ﬂl"é?uléq veeight gjgtelbutignof; gqlatinyia 2 pa

various phariReEs e wédh dRfiagide t inflndice, SRR, ﬂﬁ@fs&os@ednd/oﬂ@psuhmofar e
typically manulftact ured using ossein or skin gelatin with a Bl oom val ue of
about 20 158 58 #8PEnd/ or porcine-derived gelatin with a Bl oom val ue of
about 120 to 210, or blends thereof, while hard gel capsules m ght use a

gelatin wt gn ge QJanBE%&%F greof Qgelﬁfﬂgﬁl oé%%retdé%s %ﬁl@mare&sﬂlg c%gntﬂf?cm a!n&:@hl'l ons,

gel atin use exanp ener 1 n_marshnél [ ows or ot her
conf ect i onaﬂwf??ﬁ%@@f’@aqﬁgﬁﬂughﬁ\mcoéﬁﬂ%‘@?ﬁ ‘SW‘H??Q’F%CI’W faresemrle: 5%0. Vari ous

appl i cati ongelatid & 444 sABlIi%Eblt@ERNE NMlsShd éﬁbﬁlﬂuénk Uigea gh1tidd bR pegkaghi c
applications, and various indystrial_ 25 c nlg @gvol ve the use of
a&? i

non- gel | i ng SEERSPIVARoUs sHYsimg Jmids ofon YisrRsin o Bereasg I W oduct i on of
reconbi rant ng:&laﬁﬁig midecalat helghtﬁjftmf@nhn ccB{peﬁnfﬂssM@hg/ﬁdasmty kslatmrduitmpect , t he

P 20D oSS LRS5BT o o o JHRVLAGH 541,01 oI
lower concentratlon of high molecular weight gelatins. Viscosity also affects gel properties
including setting and melting point. High-viscosity gelatin solutions provide gels with higher
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 uswo,01bsr4exanpl e, in the manufacture of gel capswiceaiso@siocoul 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 Bl oom strengths of under 100, and fromO to 100,
i ncl usi vel are 35 also contenpl ated. The present invention provides
met hods fogl deeRyemeng ol prsiy Rl A gel damed byt -Gt WIvEpReof gRlgE iR aFonsiBRioper t i es
desired for pexhﬁdéwé Bith BRP1 Y oads] ARBndatd TeRNR akad istidtio ]{nfeei@ﬁe ﬂfelex&gﬁtlt f
i nvention provides reco i nan onpr.i si i far ecul es of a
speci fi ed nol BEFRSFeMEgnirss a\ﬂﬁggai‘?%%é&% g&?ﬁ‘tﬁ&%ﬁ%@fﬁ“ rintgrrp range of
nmol ecul ar wei Giietrsists) @hdgmmmd]stexfswo the gadl UIE the gyeighie s grame gwrsil fradeprgedmat | ns.
Such honogeno they provide
&%egmgéw JoB gﬁlggﬁﬁe%ﬁ%a gl Y BROAYRRLS of) (el

a reliable sourc for mance, mn|m2| ng

vari abi | i 1 i Hnijsd §@Wefha§éﬁcpmﬁﬁ%‘éfﬁ8}ﬁld\4¢mds?feﬁ% it MG Injraretionsh &7's
Currently, gelgbhvdimgi fferent lots nmust sonetinmes be bl ended in order
to produce a mxture with the desired physical characteristics, such as the
viscosity or 10 gel strength, etc., provided by a particul ar nnlecular

wei ght or nol e&mhadslal\gelb@iahmnmge graaaa afypld cpddodssrength. ibifferbnt ganggpeti f i C

nol ecul ar weight range of reco el at in. | frerred to a
reconbi nant géfat Vaﬁ URTRPRCRS atéeg(g | crePrtD Sé)g?eéa?mmé%’egx%?? g’tgﬁ%{m% FESEAE i nventi on
provi des isijc hvanretsemdusttial apﬂ.isatngs,eb,econedemhilﬁa&m gad @stingsm@ds glhes, present

i nventi on, %oé LB r@:wc Q&Eﬂ WSgl'éct&fﬁ'blrrpa w1t191ran§)8?-{;g?§n§g BIBhnt stteRERITRI BRI, ogel at i ns

fromlots with specit nmol ecul ar In certain percentages in
order to achi féﬁ’/@ffﬁﬂ?ﬁnﬁec ‘i!??ré“wsf“ﬁ desred. d%eé‘ﬁ%mse‘ﬂth egingdiieon sugpath e Aange

Adg' t:c onal 1y, detib@ upﬂhgﬁl@lﬁﬂfacﬁw HBioﬁﬁﬁHEamﬁ[%uﬁ&al p}Sdlﬁfserrréh@ﬁrﬁdﬁbdﬁyglenDr e unif or m
and of greater consisten rrent avai rcia ucts.

one nmethod offPHFe a5 HEEE m‘?nﬁ etﬁrleiybsﬂlg OFSS%%%%%%?%?“%??%E B VplEe ?)tl%)%lgssed
such as by acisd t®175hedbr pdfdinayietved gcsdtm with @ Bpomdulneoffabao il tndHl, ogéddndt i n of a
ol ecut ar el Ahkor A, A3LIONEE hiRY ag@ﬁmg&ng} esrﬁomevofgm 330 foge! atin

products. Using e®and con si's condi tIons,
present net hohi§0qdramd19@te>§5 :ge@temmdnﬁmxammﬁa @@k%ﬂet m@avﬁmﬁlowepeé@r ar vve| ght

di stributi Onscoﬁfemdnﬁ? ploBudi1RSR hi¥e A BUBIBK G df YrodMash abhudPbRdaticts, as wel |
as reconbi nant latins with ranges narrower than those of the nol ecul ar

wei ght  r angesMgPdRs et prpysityipg fipigp nphotographic applicgtions, f@evénﬁa’ﬁﬁ“& 9 and 10.)
The presepd |@uﬁ@t,luwalvpﬂﬁwkedﬁaoﬂ@ﬂmg@emmm gel atins of uniform nol ecul ar
wei ght or specified ranges of nol ecul ar weights, renoving variability and
unpredictability, and allowing for fine- tuning of processes and

predi ct abl e bBivawsor invaiten poddee fitr theptddudien ef recombinen gelétias pitbdifferriton

Bloom strengths. In one aspect, the present invention provides, for example, for the
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 0 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
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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 nolwouwhas4ewei ght greater than 300 kDa. | n anot her echaoersiml 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 nolecul ar weight ranges are
specifically contenplated, including, but not limted to, the foll ow ng

nol ecul ar. wei ght 35 ranges; . about tq 50 kDa, about 50 to 100_k about
100 to 150 KPR A BGlecH =it zﬁ@%m&%&s Tor BiSGRROE SR Pt PRBREpial ma%%E? 250 to
300 kDa, andombgiudus 3t imiformibllerialdare aﬂﬂntﬁgb@ﬁdﬁﬁﬂlaﬁﬁqumiv;delaeﬂldﬂb$mabf gelatin
wi th a nol ecul ar t ar to hat of mE vai | abl e
gel ati ns, fprc}dr%r"r"]v% Q‘ftaﬁﬁpetron%cekﬁ, Yags%f@mprgﬁlgéﬁl%@n pre grred 31
WO 01/ 03464 6n2REI¢huBe PAr305te . Clﬁregbbgﬁéhtméﬂmshffeten@mpn@geﬁmﬁtmw‘@lﬂmw pr ovi des
reconbi nant ;06hg4 15‘r§dd8é‘£ &&‘&@Jwﬁﬂh@&kﬂe@ E:h})éﬁblgﬂatrac'ie%&&? %uchr&‘s"hle Gfééo&

avail abl e in comercial products, such from about” 10 , about
30 to 500kDagl samﬂx@%mm%dbbamwbamolﬁwlaavvﬁam@r wolpepfar @(ﬁ*ﬁ“ﬁa"}“ﬁ% nt, a

reconbi nant gelatin with a chal n length conferring specific pr operti es
appropriate _to t. i nt ende I|ct|on|s ravid

enbodi nent s I%Tppil??goﬁﬂréggﬂi (ilec? a ‘?{eé%%ﬁﬂge Ogﬁetcm%%“aﬂ&ﬁeg{? ngﬁﬂﬁ/jﬁet h uni form
nol ecul ar werefinted tooafrecapqumantgﬂamehm a:dedﬁamOEmH@avelgat WBaresedt ikPation14 kDa, 16
kDa, 22 kDa, lﬁBﬂi 1 (See, e.g., Table
2.) In par £ r&ﬁei‘éﬁ&?ﬁtﬁgﬁgﬁj rsrlél?ﬂlgofgé? g%farg%sgogﬁ{e%%%\l}glntg%g% §gel atin is
produced5f r ormefaeerened, forensiminiey Bk rewmlmp ééatmﬁ Epm oty eecificde sequences

i dentified In{MeIanv&'el%ts Ebaﬁﬁlp%&%%e&ﬁlsorcﬂeﬁmraaﬁév%%mm@ ReE ik b&ireo! | agenous
domai ns and encode short faorns of &gl atin. The present | atj ns _are capabl e

of retaini ngoESPEIME B8PS e dfone i, g pregsn @?W‘ﬁ’g‘ elgfis teiippereRtymorg y anml e,
filmform ngnifdeinlahd dfgSeatedvhsi@enpphsOSF iy aﬁiﬂﬂ)‘lﬁ@ﬁm[mhzﬂpﬁdﬂlafs weinght s | ower or
hi gher _than, bhesenof. canventl onab Ly, deilyed AnEIR| J0eLagidy VAL ous
modi fi cati ons Of “col Fragen 20 Seguences, el dding. for ‘eXanple, denat uring
of the 6l | agdolysis ¢l fredyesre@iingnt geletimon 2 tnolevznlar wrertghfgmm@ronvhxeth@dlﬁat ofor varyi ng
degrees of QWH@%‘X\Jaﬂ&HIe%Iatn?&Qd@@ fmﬁig% tte{Bﬂ:tanH\'wn{rolBBEqycﬁglygsedoﬂ&lﬁdﬂs with

specific phy5|ca properties ) her lower nelting point than
conventlonaFeR&éﬁ&ﬁ?ﬁ““@ﬂﬂﬂ@?éﬁ@m%ﬁmﬁﬁn%%g%m%%WﬂH§@FWBﬁ§m§§peC|f|c

nol ectJl ar V\@lsﬂiﬂﬁt%nﬁ)gl?ﬁlﬁfﬁllgiﬁ&e@f com{e@eau& @afdalle;]b\lﬁgeﬁhﬁs&izs g@ums reccﬂrﬂﬂlaﬁt:'l ch o
variations are. s ifica c ed herein ecu wei g 0
Syl calt RS SR PR QT GO L L O R SRS P BTG, o
300 kDaJSInpﬂﬂﬁ@&&&@&k@ﬂﬂﬁﬂh@dl@pch as those in which high nol ecul ar wei ght
gelatins are wused, it mght be desirable to produce a gelatin with a
greater nol ecul ar melght than that of currently avail able extracted

gel ati n. Thdhepreteat inyepticymeovislatyeepmbinart gelating plumpramapleculapyeight pipecified

ranges of molecular weights, removing variability and unpredictability, and allowing for fine-

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

30  ofrecombinant 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 arwesilgbde4gel atin  product can be used directly i nPcarisowsn7ol
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, gelatin can be produced using coll agens |arger
than those available in conventional aninml sources. For exanple, the
present ﬁetNmb@moﬁmpmed@%mﬂmwm@@mkﬂﬁﬁﬁfﬂ%ﬁﬁwmédmvéﬂﬁﬂw@u@@ﬁwhéwﬁéﬁd sol ubl e

cuticle coll, éﬂg@snéot @lﬁ{eher;ﬁgaﬁamm &%ekﬁﬂ%omds Isachoaé froM@Bduk 1P BO k184, an t ube wor m

Riftia pachy nol ecul ar wei and annelid. A'vinella

poni pej ana @ QFD%éWbWPHSOT @5Dkd€?pm?ﬁ@%ém@%WPﬁbéﬁ§mE%ﬁWH be adapt ed

to 32 WO Ol@aaﬂﬁﬁﬁuﬂﬁabusgﬂb&ﬂﬁﬁﬁsmﬁﬁtbﬁm@ﬁﬁsgﬁmxﬁewhmd&mﬁkdproduct|on to
pr oduce | ar h all n ov d%dt vanousem% fnléotgno pies &H}velﬁlnt 1ECOo al l abl e gelatin
i s extract ed™§h 8 FHE FESut' tamnt” proauc Lﬁ& Be"trea ed:?o produce

gel at i nsl0as gdletmmadumfdrmn@lespamrefghtsaf dpyroum@hfr’rﬂdDaifeldDat $ilPa, g&Pat i ns of
various nol 8% Q‘rl6\éﬁ!1 QE&Ea,%@Esz%ﬁﬁao%%gkﬁyar@co Ya@erd' g&tey e%f TQ&;? ds

according to thé present i'nvention. For exanple ara teristics of t he
present reconbi nant gel atins, e.g., percentage hydroxylatlon degrees of

cross- | i nki N@par@ufar, in oxﬁaﬁmb@oﬂfw;m&t 1nGenBl6:0 SIS i§ RERIILH mmlo@a&catl ns with

(he desired TP SCUl ot Yoo L Shce B3R o (8L oCTRIEL STt

reconbi nant rgedsait kpasifibyolltgehiig detiassad dnbdde Kigpridgerbsgdanown in the art to
cross-link 15 gelatin polypeptides. (See discussion, infra.) In another
aspect of the present invention, polypeptides fronlmhlch el atins could be
derived ar éfhempﬁee@édmfarmaéhgf g daluablephysicel chaagieristigsiof eriptinfpt i pl e

copi es of alck,0f HfRRARAE Sbilftfes, wAAL Jo¥Rssh@ bl RRE oREAMSRGSH!s 10weF or®ighéPl €, 1N
one enbodi nent, the presént invention provides an 20 altered col | agen

const r uct cé‘ﬁfﬁhoé‘i quor}’fmtw%lvéerw%@g%al gflatinh daeys magEriers CHelaseR of type |
col I ageno | ReqaiiRtd) BEnGHE) @dietiRile, dehdtering ONMEE wmegencam;gem aam, bt @l e copi es of

t he col | agenous mai.n_of e |l furt enbo nent, t he
const r uct cgﬁﬁp?nésg CreoG ST %%yl?gcg?ﬁfé’fh}idméﬁlg@q”yﬁgt’? Iqu‘deélbalt fvgld:’ or%%esge d6hai ns. The
pr esent inveﬁmkmmﬁmpmmwd@smﬁﬁw teh @ highe onlbweri nmpifing point tham dotvieptiogalcopi es of all
or porti 0“%% @f@g&%%o%asggﬁ&gtla@xf&%%mu vé'eﬂﬁlls%gf s Sahdiagens 25 type

| through Ive I'S ‘speclf contenpl ate that the present
met hods al | (_’iwlgh‘lsscﬂtc tap&sugl wEiakons gnsnesificgly %Fewlaﬁéh‘?f%d from nore than one
type of mgollagen. In one enbodi nent, reconbinant gel atins derived from

R e sy R R A e
gel at i ns i s 3p0 kmh) AL sbme applications, such as those in which high molecular weight gelatins are
used, it might 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  Inone 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 Riftia 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 swage/3dems one aspect, this involves production ofcramsoonki7aant
gelatin by expression of various constructs in a high- tenperature
expression system such as one relying on thernophilic organisns, that does
not 35 all ow the formation of triple helical structures, but permts t he

activity pr ol hy X The present in co o be derived
from col | Hw@()%%rtt P’ﬁgt"g g ‘f“é‘i‘%t Hige BEeFan @gcu e%t@?ﬁﬂ tP?SS I§1deI etions

t hat pr event cﬁrrdnﬂjz gvailblel gelahm‘se;rmméd atd. thd msularDproéduct m}de;etre;atetdm moduaw ol ves
producti on of lgtms n. from shortened constructs that do not allow for

formation of 571 pFSée 1Ir"lel ices at regular tenperatures, i.e., 37C
Alternatively, gelatin can be produced in the 33 WO 01/ 034646

PCT/ US00/ 3079 sp%cﬂ%’aﬁ? &ﬂf%ﬁlpfa{ed th@t@eﬁhﬁs%f %ngﬁs 1ﬁ51é£iaﬁw§%4t§ chn f)é%r%gé B for
exanpl e, polyanlons that are co-expressed nthetlc col | agen

constructld, Aprsnt9fgiedpssaccording tﬁ%gvtﬁlﬁew%ong&%mplwhw rigesfdht

i nvention coq;te@k;nbtec@teﬁﬂm%étaﬂtﬂscyg rpeeam@e RyaiRdxly Hitidal M&G@ﬂcﬁbﬁﬂ-lh@@rﬂc@hal ns that
do not form trip ention

b ov des-n mEEHSTA Y PG ey e SR PSR SRR Gl FER BER agen or
col I agen i n wpegfot dxange,itte praent inwdntiorgirgwades & athod fof prodvyile g nedecdar of

proline resi (a8 S IS RLB9 % ?W]; M gelatin
fromcol | age%%gareéroe]sogle é’} B?ﬁ}; Igé)nce o? Iﬁgjrﬁglggj a&ééél?;ﬁ% or exanpl e,
in an indéct ge‘%mwb’ﬁmﬁﬁess%t’élﬁﬁ“%nﬂhfmﬁ prol yl hydroxyl ase. (See, e.g.,
MW/l lyharju et al. (1997) J. Biol. Chem 272, 21824 15 21830.) In one nethod

)
according to_the_present invention, gelatin derived from artially
hydr oxy! at ed TFolEReycht B pressrEaveati %P&f@ﬁpﬂdﬁsﬁnb Togeo6m cegtﬂ%t)@ﬂ Shterr ed,
for exanpl e arelypréssedfioht cagiagtrad RoBtricatcominiag mhblyiple GwydsaﬁzﬁBor frhginedi@f et hod, a

| ow degr o, oy SUBRLLLULERD RL XA YR QAR l ot BLS e EAR AR ar ced by
pr esent |26venttqr®1rv01iamp¢qn§telst cbmprisng WumbwyltleﬁtOédle colgdniped dopaihptiyeedy | at ed, and

non- hydroxylal.ed meaRm erBB'&mQ@'ﬂ?ctcbﬁk%uct k&nﬁﬁ&%ﬁfpl%@%f%%llag&f&ﬁs met hod

of the present i1nvention conprises produci ng% a gelatin or gelatin
precur sor ha¢PHyn &f t¥y5dE rellegend S fBkhepFmboRipgRiolRy FRETSHEOMPHSeaCHPIsP P8 aspect ,

the inventi omaﬁd&y@tmsolta@enausmetlm@ﬁ m& p@geﬁcdmhtggpeﬁtdaéﬂoﬂh%eb@eﬁigt@rf rom20 to
om.about 30 to 60

Py oxyl at | ol oS E g PRTRP LT s St Ay ep LRt PRUPERUFEE on. ( See
Exanpl es 28 amgbe I roughTKE, ipdwstvie.alt isyspdnyideﬂbxy:htamézdedm dripresamnimethel altowns of t he
present inve @c;rit}%ri')ro%ﬁ(giop &t g%ﬂﬁr%idgr%gd from more than one type of collagen. In one
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
33



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.) Furthwo,010Bus46 nventi on 30 provi des net hods for achi evipeg/uysas/sa7al

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 to which the thernal
characteristics of currently available 35 anjnal-source gelatlns can be

al t er ed. SThérspeeseliehibitarehtiplshelfematoue Rr pxpmpleofygaiensy tht arc seerpggeedof

produci ng r es@ARitiaRihegetadthden coﬂéﬁi&t’selAﬂdlﬁéiﬁll}F € BbniRnd geglfhll atthsprias t he

specific thernml racteri.stics desi artic | ication.

Usi ng the midREEE c%"\?&farfgn ¢ &om geeom IHVQHP’iOgWGJ ‘fog?&gxlgﬁﬁlﬂgﬂ{o gfgmal ting point
and/ or gel gsipielmijtds. of t he reconbi nant gel atin can be 34 WD 01/ 034646

PCT/ USOQ' 30791 5 manipulated in a variety of ways. The tenperature
stability and/or gel strength of reconbi nant gIleI atin can be neasured by a
vari ety 18f tewiedirprbsdigent thadpysifion providgea method of derfyéegplpin finhgonne| ti ng poi nt

of gelatin Ihg&ag@a%e%scomeﬁ Ji‘%olgg&rlﬁ@'hl@ﬁ th&mrp@lxmlrahér%n mql@@a,mon ofUsi ng the
met hods of t present i nvent| possi bl e tgplg& (ﬁe hi gh nol ecul ar

wei ght 10 g@Fosps feidiep Jp ongRsRech sr’i%f’moﬂﬁ? eSS fing Ry %R and/ or
cross-|inki reggre@etdan the hiReee afﬂr@mydrg@ﬂase Sdrbﬂi’@lehmaﬂﬁﬂs@t exlpmmﬁm sysent | Nng poi nt
t han t hose of. avai 0 fore, the
pr esent |nventth Rmﬁ'ﬁ]%(/(%d‘@lase (Sae ﬁ%}ﬂ yﬁlgi%P gtaréﬁglz?%lﬁbﬂeﬁ%zgf ? {l%?ag

unat t ai nabl €1830n Inang rmﬂ@d@mcmmg@ fmplpﬁeofdmmsm golpiin &b‘b@leﬁ 6pmtl§e in

appl i cat i onéamEr@d@xﬁatm (10&%&&%&@&011&5}1 gﬁmggiaa&ﬂ dn bScol€Sddl £, i n order

to provide incréased Tilmstrengt non- qel ling or 15 | ow
strength gel*Psbey Vf”§ agfaigjsfratign oﬁwd@wéas%%mwmod 4B degreE8bnt i nventi on
provi des reeRfRiichIThyd@yRblide férhafind\as bt DYRYE b RoREHShydfRyBilabid ¢.4y due to
i nconpl ete hgdrow{l ation E’I proline residues. Such a reconbi nant gel atin
coul d be us®PF2 9 YERSURFG8S of applications. In gelatin produced 20 by
current 2oxtraction nethods, only fish gelatin provides a high average

mol ecul ar V\Iamﬁge?p%soefnf%\!e n%gﬁ%ﬁar " ql‘o ¥1£tgdaga E@gq@% %ﬁeltéd' :Qﬁno The non-gelling

and cold ristircs non- ge ling fish
gel atin can hb@oxvﬁtf@ﬁ@?dmbbya%gﬁméﬁtln gnothgpgnpbepiment, ‘h‘j«@?fb@%ﬂféa pis&sRt ne and

por ci ne gel alveRtn c&hgnswp&dmu&ﬁgarg%ﬁao&%@& ;Lr@s%@omav&g h S8k &BGL br and

flexibility, as the rolyzed | atins ar r .aver.age. nol ecul ar

wei ght . Themgfrapdation. @QWWQS@%'&I’PWH?“ rel@ﬁ%toﬁr‘@g‘\éﬁf’fﬁr?ﬂ%ﬂ% 8" pr ovi des a
parti al I2g- hyﬁdﬁﬁ@(fydmmtd 80 p@@nﬁnymﬁmangglpmfdrably, Wbih Abduo¥ed 6Q@edrcestt 1 engt h and

hi gher nol ecul ar urten avaj

ani mal - sour ¢&"R tlal P g’i}dt apﬁfefaﬁ abﬁ%tﬂégerf t}%%m%ﬁtfon kéegExmgéef g d‘raengt h
reconmbi nant 59 e’l‘latparﬂalbfduﬂt@xyddtgbedgmbmge £elating pf the present invention can be obtalned

through mixing specified percentages of recombinant 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 iz 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 Iwow1@s@46 ntegrity of the pharmaceutical product PCBuEsho/a0791
reconmbi nant gelatin could be used, for exanple, as a plasnma expander, as
its nolecular weight could provide stability, increasing the residence
time in circulation, and the altered setting point would prevent the

mat eri al fron1geII|ng at roomtenperature, allow ng 35 the expander to be
adni ni st er’ed TSR BYHFR L Wavh TR e sibity, and/pregelrengdrf | nvent i on
provi des a paédoh@inhﬁfcgamdlrc@wdraéaeﬂledrb@@%ﬁ&m%mg@k@mmq@whma%t for use in
phar maceuti cal applications, for exanple, as a plasnma expander. 35 WO
01/ 034646 PCT/USOQ 30791 5 In another aspect, partially-hydroxyl ated
reconbi nant gﬁnatlﬂmthbmembg puim efigetakin mughemme@s@éabmwmﬁyeﬁ@fmdraadat gel atin,
or expressi Ortés‘i}fgl A t R)@P(%) %?esinli %%n%q ‘i:t1s pﬁ)lé]sﬁzlé) b Grodiice h{gg ecdlagrﬁzgit gt ge' atin

can be deriv ce o ‘888 in an
i nsect  eMpr easliinsrihas ylug te manibelifion of fmdmkxl#twh W@xgﬂbmmg(e@eehavee Igyver gel

Ml lyharju etsp@lgth dad/@9éWerdheltiBh Mint thalPBHBER of €Jr%nt132a7v§1%re %&&%Psohrcé‘hfe%ﬂ@(y' ation

can occur at the tinme of production or can 0 subsequent| osed
t hrough, e. g.theiefore, the pigsepy ’B‘TGB@“(P&W“%W ré??é}li’F’éﬁlgelﬁ‘leflﬁ R&%ﬁeﬂmatraw fe net hod
of the prese rilh vdriovsidiieidial freduoms 3litdIe forged ia bpplitatidistrHR ra'hYgﬂ@f fdleihr

partially- hydro rom dro at ed oII | atins
derived from'nat EQ%H?&%?%%gn%gﬂgUWW%ﬁf¥ éﬁh?ﬁﬁ? ﬁ?ﬁ &§mﬁ$ goBat | y
strengtheﬁedlmﬁﬁmbghgﬁemewxsﬂ®nehIm&m@nmammattmﬂmsaﬁhwakﬁnﬁﬁm&sen | ysi ne
resi dues of 11 Ki oceurs
natural |y In??ﬁgﬁ%@?%%%eﬁ¥&?ﬁ?&%@%@%npﬂ?%ﬁ; g&ﬁ%ﬁ% dﬁaem@%%ﬂgploﬁ and
fibril formatFbAc 8€epri or to secretion, certain lysine residues are
hydr oxyl ated by the enzyne Iysyl hydroxylase The extracel lul ar enzyne
| ysyl oxi das ubsequent | dat certain |ysine and hydroxylysine
resi dues in Eﬂé (gﬁ gﬁg BQHL mw@ﬁ%?&?ﬁ@”%@*%ﬁﬁﬁﬁyh?%%%%?@@mﬁidehyde
groups tat meamTeneqxamlmeahmlk,pnny@isﬁ griatih povidésatighhodsls mokbar wegstll ti ng
cross-1inked ( i n | ngrea e ngt h and

i ncr eased vﬁ%@%%%%§9§¥¥1£& %ﬁm;%h%mmﬁ% egrgg%@ r'?:Olﬁu(?glgsglinking
results in gehaeiwqtisﬁcv\pﬁfmedthygbﬁegellmlﬁsh gw@tln tarbp erheity Sureendy greihteer gel
strength. 25pi@,19R8 bBHRAAS poréuheegeia{ues&@m Eb‘ﬁ%%fot QJSQHH &er g%%b' nant

gelatins that are cross-linked,” resultin ecu ar wei ght

gel atins. (Sdexeligmsithe bydrylyzed gelating prg Rf h@ereafﬁaas &o chdeeat Hrereforef iar ent

met hOg; C%SUC BnedntayinbhtOothOgrese@linveritiofs PRSIl patmie- ﬁy'd%fji}lht@f‘recdﬁﬂﬁlaﬁhaﬁ'iml e, in
one enbodi nent, .reco atin tide fromwhic atin can
be derived ["aP&USF e "q%a&? ﬁ“dgf%befﬁ%%glﬁrc“ém@f &wg&pmﬁﬂﬁlﬁchﬁ'ﬁF%’vge a‘fi‘H q ysyl

oxi dase. | n amwekevrcempedisnent, 30 the pol ypeptide is nodified by
cross-linking after expression. In a further aspect, the present

A higher molecular weight, lower gel strength recombinant gelatin could also 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 - 3wOdioeiche | am nopropyl ) carbodiim de hydrochl ori aeT(SDZ30791( See
Exanple 7.) Qi her chem cal cross-Ilinking agents, such as

bi s(sul fosucci ni mdyl) suberate (BS3), 3,3'-dithiobis(sulfosuceinimdyl)
propi onate (DTSSP), 35 and Tris-sul fosuccinimdyl amnotriacetate

(Sul fo-TSAT) may al so be used, as_can various agents known in the art.
Addi ti onald y,Ingppghepsaesh Rurtiglbrpadroiedpreambiges et Fingd R grrrerersyn

reconbi nant ggkbhBiBanveldin, \6ayieRhndepIlARptHdeS fréh @Bish the plsdeftGecombRinyl f or

obt ai ni ng recopbi nant . gel atins of desjred | ti oi.nts, .gel. strength,
and vi scosi tyg.egg%caf)\%e 6%‘? %Téflfba%ﬁ&ﬁog%w ]éyﬁ'rloﬁasestg%}fgm e BT vent i on
provi des net hapisssioo sysemi pthbapehi srorphec (earesndhdiltaru et (1980d Biok _
hydroxyl at i Or@heﬁlﬂﬁZ}ﬂ@Z A ECH o;&faﬁ&lsc'ah b&{fﬂ A Bine Bf}ﬁodu@cﬁggpdaﬂﬂgt ge! atins
to allow for creation of reconpinant gelatins of different and specific

Bl oom st r Bngtshsequaailyiapesedirougheed s viaRiclogisrlar Fhygicamefificrioneorand specific
level s of Vi sg@gIdbYthe HOsehliRleitdd, BaeHbR} bktinG e REAYS 6L Pirkially-hy@bGlakdd nat ur al
col | agen formati on. %r O)ﬁl at1 on of specific lysyl residues in the
sequence X- Ly&fppgullyhydroxydatedgpliagens y i nportant function in  col | agen
synthesis and fibril formation. The hydroxyl groups on nodified |ysine

resi du.es fyr@etla{tiog de%% d ot hnal%;a{l &)%rb:e ntcué%nhg?vajlz%ﬁe rﬁe%{ola%)g}y%r e ?t?engt'ﬂgqe S
essential sites Tor the fornation of sta e 1 nternolec fa cross-1inks.
These nodis i dattheonistenesqiijavaent pressdinksrhstyskobisiefresidyecttecomntuenisgiieess, | ysyl
hydroxyl ase gpdediis YlroQAhHRS& curd ERA Y Be cxnBectE: HRB&ALWRE cdiBnl NVenti on,
t he co-expression of these enzynes with the polypeptijdes of the present

f . . .
i nvention i s €8fHon Al Briblprmafing a0 ospRSAR e e PP AR AR 2 Haut al a et
al. (1992) Gemﬁs'aa?nﬂ&ys%ry&_ﬁiyldsa T RERSEREr dndyrie GSxidued subseqiitbh i S then
e

further 20 nodifi by .the introducti.on of a se nce encoding. a gelatin or

pol ypepti de f ?)‘ﬂ’\dWﬁcﬁ‘?(FmE%’i‘ea?Pitif‘P’dﬁo WY g F%&eggggﬂg@%‘?ﬂg@ﬂw@ﬁlgt ﬁe pr esent

i nventi om0 Thsghiyerearitn aidehitde gehstthansaw spohtaeeonsty to Semtcovatenehdsoffhecan t heref ore

be post-translati | TN o PR o} VAR o L\ o sly expressed
Al ga%% I%@?ﬁagin? agi b faﬁr\ﬁ Flibibatbd o gﬂgéehq(ﬁﬁ?e%g p

| ysyl hydroxyfase and ( e reco nant atins of the
present i nverifcenty.cinscififaly afhighersidered of gropsylinkine resylis inegelfipmivithhighgigadinus | ysyl
hydr oxyl ase aRgpedapurt)aaY brefig6la8@gth! N one enbodi ment, reconbi nant gel atins
produced are non-hydroxyl ated, and subsequently altered by inposing the
desired degree of hydroxylation of |ysine residues by the enzymatic
activity of |1ysyd aspegt] the sigbeasievenfidh@raatiied redoynbinantgblbins ilahwee degigledpf | ysyl
hydroxyl ation_is. desi.rable in pr L.Nn elati gl% i des from
whi ch gel ati nresélglﬁg be gharenF°?e\?%léf‘Q‘i}é%?ge%\?%%i(geﬁﬁ %‘“e%?%ég%g Hc_r gs- % nki ng that
| ead t o t he degésedly djiirent metberytsheh aahylbigiogival grabetiicd] adification. For example,

in one embodiment, recombinant gelatin or a polypeptide from which 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 producwo oop346he activity of prolyl hydroxylase. (See EBxansh@s07¢1 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 enzymes, such as |ysyl oxidase, thus allow ng the collagenous
pol ypept isde The pseent inyeatenpeqviderethods to rpanipylatedheimpolopulen vegight itedeyelkafos s- | | nked

form Ther efl?&r%xylaﬁiaﬁ 2APRE &0 br &&ﬁlmﬂgeo?%trecbxﬂylﬁﬁft %@Jﬁn%@l‘l’dv&di%ﬁ for the
producti on of recagnbi nant gelatlns of desirable g 37 WO 01/ 034646

PCT/ US00/ 30 7&pptionept sqcprabippntgelatipspf differeqfand ?e@%queW%fbsaﬁs @S wit hout the
need for | ysydombiekt@xatinasRiifttient yn8 ¥hecifio Yvelasiyisagity.vi ti es. The invention al so
provi des for the production of gelatin having a particular gelling point.
In one enbodi nent, the present nethods provide for the production of

gel at i n WavibBagjing hgkedxylatign pdays ceh@el gd ihinatgralyollagen HfmdtioonHy&oxyteti®dE. | n furt her
embodi Ment s <o L1 W:GGORRENAE AELALLD. baﬁya?sogsm@gl p&% otibd M 15 to 25C
from25 to 3% from 2 n vari ous aspec present

i nventi on pﬁ@%gﬁéﬁ’nﬁh%@ﬁ%f%ﬁ’émﬁ@%@? Rydreyyt srpups ﬂ‘bﬁ%@?ﬂlﬂﬁp‘ﬁ"é@u@s fully
hydrol'y Ze]gi f@L{quS%Q rblewtzagmmtnemaﬂomaﬂgh s@ﬂﬁas e&&ﬁiﬁl RBs fgﬁ%@&mﬁaﬁo? J|31at aL e a
m xture of 15 ro an 0 cts i.tionally, the

b esent | nveRPE SPGBy B COR I G der G ORI ALREgel 1| ns w th
var yi ng degreegsmeqflysplyhgidrotyyse and lsBesidasexanpl es 9 and 10.) Celatin

hydrosyl ates are typically cold water-soluble and are used in a variety of
applications, particularly in the pharnmaceutical and food industries, in
whi ch a gelTémef@rwntone gpRst o dhieliviggfiopys thyxerexpression of tess przzbesevithtkel at i n

hydr ol ysat e%@f@m&b@%ﬁm edeh8nv2RioR lib%ﬁf&ﬁlﬁ&{&d ¢Rd geha&eﬁﬂgnysmy&ﬂokmsé orm ng

agent S, m cr o- encapsu ion Processes, arthritis and J Ol nt relief
formul as, tABPERE 5ial(19%A Gerrarssdd82-Ads spiessrin a#l&%tmmgwh if frer f8bg os et i cs

i ndust ry20 gmidaiedaymydlrraiuyﬁoatoesseqmeacmaﬂmga g&ﬁlﬁl@ﬁ&lﬁpeﬁﬂﬁﬁ fie@ridhi oner s,

| oti ons and of 0 tlons pel udin ernai l

formilas. et TRV i B tea B b entoR e e = imspfBent s i n

pr ot ei n and pesser gyentipn wkﬁleamb He@oﬂmns@nmammdlﬁslﬂylﬂman@magént s in wne,

beer, 25 an%n&o !a ﬁslfé)?{ekste& %‘3{1 l@a@%@lﬁ%ﬂ e. Iﬁe%%ﬁnlmlaﬁ{ Ia@ﬁlscoé ul ation
00 avor

of . addltlves S ngs a ors atin drosylates are
used in i ndll’l’sf’??qt Bventipitan elsq heanpstifed by iﬂlﬁ@@presqum ofrpxoeon gyl Wﬁé‘ieélﬂd stics,

such as Jsn gRAtdxieR. &f ontbEkRM S, feoonsﬁmltcg@mﬁmq&daﬁcem%@%tduas@ate@taﬁ In one
ol I agen

enbodi nent of, the i nven | ati odu

sequences i " bgfﬂuﬁmgéﬁerﬁg}yt@%(ﬁ’lnéb‘ ﬁ%ﬂrF‘g‘% flfgx VAol %Séﬁrﬁ@f‘ <¥d or have
_been a_dded ithe eozytatic dcOvigyl of Bysyl hijreoxylash due ajznhtpfo altér_eheaiegﬁee«sfsﬁ;zl product. The
invention fyrkRer 6oNLETRIARL 5D TR0 %0 Ohd BARL G 080m which gelatin can be

derived, with various degrees of cross-linking that lead to the desired 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 | agen.wbDro1fpasstié cul ar, the present invention contenpl atr€3/uset/byds 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-responsive

regi ons, and vari ous reglo elicij ant i geni ¢ and
al ergeni c r¥epdhiaad "1“:% Wﬁ?ﬁ%ﬁ%%@%ﬁgﬁgﬁiﬁyg’ %@%f’rfl%é’{]dormi ns
of various cobdiggensvikdave been associated with specific activities. (See,
e.g., Shahan et al. (1999) Con. Tiss. Res. 40:221-232; Raff et al. (2000)
Human Genet 106:19-28, both of which references are incorporated by
ref erence her Bierimicnficnlais prowifiasifrdieipeaslugtion prgelgtip bavinglagprticulsy geliypecnottt In

i nvention spegicfingaihht, Fﬂ{e%l’éscgl?ﬁetfl% FRiab R the ?;odmlad&cguagl hatiB8E 9 Stinp BNt
gel atins derived from col I"'agen cons ructs altered limnate or to reduce

or 10 |nc&%as@llglg@emiqu@oméar%ﬁsc of fgthersmbadjmpntsy ths secgaipraf epladig hafist h a
specific actlééhﬂlgpo&n)@ﬁbéuﬁf%'zlsw fmﬁlzslszrse@agmﬁmﬁwﬂo@o&ze deleted in full or
in part to produce a gelatin [acking or with reduced specific activity, or
addi tional copies of the specific region could be added to produce a

ge: ?tl n wth m&m@ e@@&ﬁ Wiebe)t m\%ﬁtﬁonwmi @cmsﬁgm%aaﬁsmatﬁg rfoﬁ(—lﬂﬁﬁolilze@,nd : : I
col lagen reco Integrin re atel et ce
surface have %E\éﬁ’dfo&@ﬁ ]?yg‘iﬂ’%’zécﬁﬂwdmjg ‘getgreﬁﬁ Sucﬁ%P g(e% at 5rea§%‘5‘fr 1JChem

273: 332871332%013&&6@%011 Tyrdrodstzedybroduftd, 98d0jtiodallyBihe prese@hmmenticd pRvitg044- 11048,
o e @ PSR REAE RONALEG: Lkl SHBLEDRE JIRLEL DL L entirety.)

I n one aspect res I nvenrt | on Sira 0 create a
hormogenous geE@mphﬂS 9 e@rh@d sféﬂdjiﬁ@fl}’*frsﬂgfﬁ%m ypigallycpld siateeeplublesnd EBHicd dien

constructs | agki®gs PRl ipadeliiiah th@ma%Q:eﬂitﬁﬁl'aﬁd\ﬁmd §%&eg%mm coul d be
i ncl uded, for exanple, in products associated wi anast o s and vascul ar

grafting, et cg‘ﬂa‘t‘PP’i’J:q1 G- ing Bapsrify & degiblet @ﬂfm’éﬁﬂlm PP P RS ‘b §. Such
products g@n femiSaficdl aﬁﬁﬁym filf- fdﬁin%tagéﬂt@mﬁ;r(sérﬂ@sﬂitfoﬁ@ioﬁe,sseﬁ Qi‘thrﬁxaﬂépl e,

t hr onbosi s, tha ﬁ?e%gcrnn%l 25, atlbpgm Ssglﬁ:sln% onal Wnanast ﬂ1e‘rhe %ogme%c% %ﬁh%@}(rjpr oduct s

as a result of™ re a | | agenous
product. In ogﬁmagphdymw$Meu$dg@énmmmﬁménmdmnm@&bmm@@gimhmﬂanﬂawnnthod of
producing a r E?H@i PEAY bpedr@ m&lohal

at t achnent mﬁgﬂﬂﬁ% 1 %gghgﬁg%?ﬁgﬁggpﬁ?ggrGge6?§g§wgﬂg Igpe|c ndogsanot

i ncl ude pl at etveplepaisdn poEinag iy drinke prisforrsifrsisyd %ﬁéﬂlﬁlﬁégeﬁ'isgwll% besk.at el et

aggregati on. £r§?ﬁce@%%ﬂ§ﬂt1@n, dad ardired ﬁft&rnﬂcroieﬁtﬁpéﬁraﬁ&ﬂﬂbddlﬂv@s/ﬁﬂ{ ds@bdpr ow des in
one enbodi men

Qr a stent coati onpri sing. el ati
preferred enb P‘Ff@ﬁ?ﬂdscf’ﬁéq Pélétﬁ)‘ﬂﬁ’p'rg?@’ tesg'léelué‘f‘?"ﬂ %PE%B%F%%?W?H% gel atl n.
I n sonme 30 i netmaingeéaractsiipbts, ash asai baatiges whHlkmnt &t emapigluttoatdnofgyrejete. coul d be
desirable to provide reconbinant gelatin conprising domains capabl e of

i nduci ng specific aggregating activities.
In one embodiment of the present invention, gelatin is produced from collagen sequences in

30  which particular native dorains 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 a2Rl

recept or ,woro1fos4sme constructs with one or with 35 nul tipl e PcofiSe&3wh1 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 for the production of reconbi nant gel ati n,

ei ther through direct expression of gelatin or through processing-of

gel atin f5r orficewifid degeneefyatings yplegsns kiwe been psepipid withapegidie agivitiehi(¥isl y ef fi ci ent
reconbi ”a”téﬁg%ﬁéﬁb&ﬂ 1995)&oR 18R &fls. 4070 AbDt RAPt AR O SIumAscaRPosed to 39 WO
01/ 034646 PCI/ US00/ 1 5 current nethods of exiraction, offer extreme

f1 exi bi | i ty,l0649-ghpothaEwith referspgenar ingypasipt byaersrre dereip ket used.  The
producti on map&tidudk, thepraaat Sl Secifially guad fe metthsyﬁmﬂucﬁnlg pl ant bi onass.
Secretioninc tain n systens ca , r_exanple, by
dictating tH8 1r‘?'fmft ?1#%“§€eflged §°mp%°;ﬁ?%e N tFucg aﬁer?dﬁﬁelﬁnﬁlfl%e 1'% k S™°6°be produced
accor di nij t ondrdase speceaegions nist dothasn gdllnasawateduetheﬁltﬁodp n@mtt}s Spbdn’@alfbr esent

gel atins or 4 he.nolk¥Rfbld £k Hfamrmamo B6REa $0.8lRbE BSvif&LdRr i ved, are

produced in expression systens |ncl but not limted to, prokaryot| o
expr essi on $yestiispgtivitg, 9& dﬁ@“%&‘??feéf’f%? Spé%{*ﬁ'ré%l%rl eoHldde addaghio proghgs %eukar yoti ¢

expr essi onEX SYRHENEh enhiHeddbdivig, F&%ﬁz{mpleaﬂiqﬁ@l:as ity 81 andan douagbsle&bg@ze@r essi on
syst ens. pression. systens such as transgeni c ani tra geni c

pl ants are c¥iiterpl Bfegdn reqaptonrpd "pli’létglétrffu ?“Fg‘i?ﬂ‘?Yed’ﬁe‘b‘H%\t???ﬁlegKﬁl pressi on
of at | emst (@%)pgioymuah 203:337167- 83B94>d1hdﬂ&[oﬂon el (a99'7m ®iol.aChpal yrpepdisde from
whi ch gel atl bkf erived.in atc(gw :}1 n;ﬁod ment,, the present

i nvention pr ISP AR 5P YR rS%rePﬁ% EEPEL RSNl ynucl eot i de
encodi ng a gel at| n or a pol ypept| de fromwhich gelatin can be derived in a

cell, such t o d in t oSrcie het er ogeneous
R34 é‘e‘&tﬁig\g{ ﬁl%%ﬁh aghat it{édE Ie foredte 1 AOMGLARY Se18h

polypeptldes I'S e present Invention furthér provides for
expr essi on @pmaosgmfﬁwmn@mﬂer@z@m Hegemcaeiiucl ekingprigeleissiivaden or

post -t r afps| atdi@abuch BAMAR 0K bSiHOHRE tforteQﬁﬁ&@fn ﬁrcﬂiu&s &8dclated Rith f er ent
post -transl ati onal m)dl ficatj ons, d.differe aost tr nsl atcé&‘ﬁlr;
‘ST ef fect,

enzymes, e. grastopiogi 4Ad VAT %s%tc - pqhuding cogiings, BWH fdgvices.
f or, exanpl e,prddiuGOn bt fsssrgited wath delettrdvas sifufbdts &r e@h@teauhtmmd; thetzaiof t he

pr esent gel acfl NSy mas%c%latlonwﬂhetﬁe ume) Ps%&pf%%'c@%s argsuf? s?@atg t\(;’%gr %at pvention are

derived from co seque se uences fe encodi ng
pol ynucl eot |rmsofesetlhethemvléls¢np®mr@m@ Hmnpmept dlzprprasent igesftierpreddess fm human or

from nonzshunpm, 3 eAMERERS a redGRENH th?@hﬁ:}h&n Eﬁaaia@%w 1ot deB Sutali§Sdnf €d  for the
i ntended use of the ultimate gel a roduc For phar maceuti cal and

nedi cal usesvhenpsed BASHHS ‘ﬁélﬁ’ﬂlalﬁjﬁ}‘fﬁf’m '{jéﬂ fops et inglude @PtF]@HeaCNEﬁfe%‘ﬂﬁ’an sour ces
i ncl ude non-thid FEMmMPRFIR|HisBOf platelet aggregation. (See Example 2.) Therefore, the present

invention provides in one 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 a2B1 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 cawbylosmtenpl at ed. Nucl ei ¢ aci d sequences encodi ngcraiso@sens 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) J Biol Chem 259:13668-13673; French et al.
(1985) Gene 39:311-312; Metsaranta et al. (1991) J Biol Chem - -

266: 16862- 16869t mitheds af@smeaonapffglextre(nfglgmyﬂltyase@mnﬁpa B frsrot mppregsion

1089: 241- 243, p0Qdh l%tusél Thé &Q&Zﬁon%ﬁ’ﬁaﬁ@ac&%@ﬂg%&ex yfeas§$r p?ah’e (1994)
Bi ochi m Bi op% Acta 1217: hirai et al "MEtrix Biol ogy

17: 85- 88: P fF%%%H’@e‘F?éW E@Wﬁtﬁ@f &PPHﬁ‘ﬁede 2 giample Ry iatEg ochem J
253: 919- 912;thKiifvaitize BT pagticulad gelalid A818JuleBtote Ipﬁ)ﬁhc}d 2barding B tﬁsfkﬁesem nd Al a- Kokko

et al. (1989) Bi.ogchem J 260 509 e nly- owned
application th§d Rﬁni (e etm%c’dlmgler’l alpre%\‘?ofsge:laaltl &t P@&IPQP ﬁnef' n%? W@oﬁﬁgs’geens and
Gel at i nsl10" fge]amd afeQleiNed.erdyeedu@d,in ¢xnms$rqncymd101mém&|bnt oylimigeflér,ence in its
entirety.) IQ&IC%EI&L‘S% syl sREAURRESS egaﬁeégl&ﬁsygtaxsemem&m be engi neered

in order to'al e codi'ng ‘sequences u roduce reconbi nant
gel atin, or sE@psyigepiiensdnchiBayp wmalpiany arddwmpt ﬁWSlOIgséthQ’flﬁ EXa§§ioBe

derived, f orsydenahdhQl YarBfenR Bfthalk B tafkipBige plitid ard\@htehnplafed.ed to, alterations
whi ch nndlfy processi ng and expression of the gene product. For exanple,

alternative secretory signals maybe substituted for any native secretory
si gnal s.15MutTat peseat m«&yndﬁ@rdvmbs”ibdexpesﬁdm'f aidpad bnd iyinmilaptidsenvedling aknown i n t he

art, € 0. bl 8 LB G RANRIRRS cREEOAVLASL 6, BURURDSEGY meoasset te

mut agenesi s, and 6 own Inthe art to Insért new
restriction PsqStréSlventlmprP‘odealfqr e@fiﬁ@@sgﬂnﬂqtbwoaam@uﬁ@ﬁdb%m yl ati on,

proteol ytic grefé{uﬂ&\é%lér;%ﬁ&@%mheg%ﬁtm cabdidrikQ@Nak bafl, sudh @R :RbReHSENg gel atin
in an expre55|on sys m using particular_ host cells, the polynucleotides

of the i nverfeRhhaha? H9BORRBRHSOF RetprosnepYsrolyPerlifes isFEiuesdo Ahreseity tri pl et
am no aciod 2feff GthSprévedet fr b@fa&ﬁno@@ﬂﬁﬁﬁﬂbcﬁﬂe tRedigodonegpi @bessance of a

particul ar host or m Alter ol ypucl i.de se ich may be
used in accdf Bﬁﬁgaélgw(’tn PRES oﬁvglﬁ?t%gﬁ%ﬂﬁ@ Icgg;dlg eenz %ﬁg letlon\all\(?ai ni ng

del eti ons, adtlifichtions andotiffesanbstsi-trantlatond egdfympsie k. epblydedordisddes! i n nati ve
col | agen SCHYEBEAR. eUCH eRQ:lt ¥QUch e BRGS s&agm%m&? 1081 SRR e Atic&

functionally’eq i vdl ent 25 gene p oduc gene p oduct Itself may

cont ai n del é’ﬂ%ﬁ@sen‘éﬁﬂﬁﬂ@s} ons or substitutions of amino acid residues

Wi t hin ascol | agen sequence. The pol ynucl eot i de sequences of the invention
are further directed to, se nces Whl ch enc var i nts of the encoded

pol ypept i des" he fqembinniaglafios Bresee! Bvep; ’éveﬂﬁry‘?mﬁg BFOPEFEESY 30
vari ous net h[(helseqkdmmﬁommlﬁchaaeandodﬁ@polyxrmblemﬂemfﬂ@ isrppion pre idatved cadk eot | de

changes for s&iF (?ie(%icﬁ‘o?&u\rﬁar \ 3:?” thganpsteéugr? %s de p‘él@dmgrgﬂ?l{etcﬁ‘ar}gcte\lli%cls getgllreeds in the
constructi on am no aci Se( U
for the intended use of the ultlmate gelatm product. For pharmaceutical and medical uses,
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 |ocation of the nutation and the nature of the nutation.
The am no acid sequence variants of the gelatins of the present invention,
or of thewpolppspsi des from which the present gel atins aPeTdsod/swdr 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 in, for exanple, collagens fromdifferent

speci es (varl abl e sitions), hi ghl onst ant
regi ons) > SieP %ﬁar[')glﬁ%%; BFOGI&EQH%HS? 155‘\?1@[ Q?I%C%Ftla;?]@ég%ﬁg% gg&rég series,
e.g., by sulsb;iah@ihiarigpkkd dtall (1989 Iﬂloelﬁuﬁsmmaosr-ma)cﬂ‘eaalm -Heading, g:onhmht;ephobl c
amno acid to a 4646 P r ophobi ¢
am no acid) anod atpﬁhcan%l?% llcatlo al%? chotce entlgls%m%l%ﬁu%p?’fr%?c am no
acid to a mm@dﬁlaiﬂmvacbedw lrawdorattrbherqﬂebye‘@ﬁemm ipits gpirsEYt i ons nmay be
made at the target site. Due to the inherent degeneracy of the genetic
code, other nucleic acid sequences which encode substantlally the sane or
a functlenaI'qh?n'@éﬁlﬁ apidiseayencayhf His nyertan ey bemeessid I gripd 3/isept f@e natural
synt heti c, no'émt:cnebfoauce @dcomREMNEIANA D p(blﬂae@t[degfrcﬂm whBl thDfcéttgni N t he

practice of t i ned jpvention nerate v fically
cont enpl at ec® E}“ ‘Eaﬁge deﬁ’?’?ffs hi VWW@EW%%&“&%F@&Pﬂ ta%gﬁ’o?%ﬁi’slg?ﬂs %f%'?h

sequences. Inmdﬁszldnotdsmg anll bgpregyi@sd ik gene\pendtiét.oFor esjoels 4licpativeyecptayi des f or
pol ynucl eot i g f equence
under stri ng&ﬁ%s moynbcf“S }l%%ﬁts?g?o?%w %t“%esgcg‘%{o ISIQ#‘]% }atggrgg?é}%ékhgﬁlgégr egsw tably
appl i ed 5o ttérbnigeen gell bfowemh@@smnsﬁg@g@@mwmwaﬁp@ ~dirertedpeagenegif, skill in

the art. Widg&.R AkH¥BRES 3fd JRERERKEA IO BXRLAMP AN f3citidetksbel ow, it
is to be understood that application of the present methods not linmited to

the specifi E’ﬁﬁﬁfcﬁlwaEO%tem%WOF@PWH“%PrBWW‘K’ RapYeRb kg &Hr essi on

syst ﬁb s my Abﬂmuﬁalltv,l vl plo@uch@ @élatinin ﬂfﬁpﬁ%%@ﬁ&nﬁﬁﬂg@ﬁﬁﬁm ancetls,ig t he

r econbi nant resent inventi.aon r epti des
from i on. uRgugteofs B od 8B SHE B abRIEhh el RRr G, PpBRmRERE |
limted 200, cmilomrso@srtgacﬂiescmsfosmtphheapsddnamfmncaofzhavattwdﬁémlomemsnwl th reconbi nant
bact eri ophage, plasm d, or cosmd nucleic acid expression vectors; yeast
transforned with yeast expression vectors; insect cell systens infected
with virus Alkrse eelgiusisotise ssammsesvdicy may bavsed Bgroerfayce Wit fharrprtisn Ekdmgi

transfor med giubkted ééﬂﬁﬁlng dM%h@a&ﬁnoaé aﬂ'Bi,lbéﬁﬁlltlbns%Yﬁc&ﬁﬁdetrésﬂiﬂ&f@ﬁdﬁeﬁ with virus
expreSS|on vectors i fl o 0 nosaic

o Pues “Tony Bleeey erepid; ek Bbragp RS bR Gl e oS a gt IR pBRans
pl asm' ds)s; qenegmoduetl Thegehe wydibiatElf monhtrioldeletioasyedtittonoor snidtutias of amisequences

suitable for yse.jn expr %gﬁagé}gse&dégcepm 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

41



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 wotoh/obussé cel l ul ar proteins to 35 carry out trangcmysvé/srroand
transl ation. Such elenments may vary in strength and specificity. Depending
on the vector system and host utilized, any nunber of suitable
transcription and translation elenents may be used. 42 WO 01/ 034646

PCT/ USOO' 30791 5 Pronoters are untrans| ated sequences | ocated upstream
from t he 3st dwerophsblis Aminp a¢ifand therwith inerp digtent ehdides (c.20 byrirprbibi¢ faing peitiger i pti on
of the nucl eingrgdCnfhokBiEds bnd théh dRIYnE B insetBRURdYRL Braly RO ERLLBsiBS € Ppronoters
that alter thelr | evel of transcription initiation in response to a change
in culture conditions, e.g., the presence or absence of a nutrient. One of
skill in theDwnd the\mhéreht Kepomoraof ofthe deadtig eodelttize nuckeic spideameeesswtiidhat woul d be
recogni zed i t tho 0 of the present
i nvention. B%%g%%m%ﬁﬂ hg%%g%%pgﬁg§8%ﬁg§£@%%t %K% %Qqugeéén be sel ected
as suit all e dolypentide, sitinhl] sethitiv, shesyntetic, orffgnombixantpl aiginyhesibebadrin thg i n
bacteri al syt e0Rr e Ol RlveniBh ONDERESe vHE ﬁésp&%a@&hﬂeﬂplaﬂe@%@r oot er of
t he BLUESCRI PT phagem d (Stratagene, La Jo .

pl asni d (G BESFBRY§Itghdpctudias F‘Pde’é Omzeééequ%ﬁ ﬁr%ﬁlditlﬁ@ éf@tpreé@r jngentipth o

bacul ovi r us spalfithiBidvites fF peuEEotidRYWHAS aktSBghble bhhyplidipihg GYHh@BEar pPronot er s
or enhancers deriv Jdenones of plant cells (e.g., heat shock

pr onot er, tﬁ@quﬁ?cg%‘%é?m%’?tc?@é Shal | subunit of RUBISCO, the pronoter for
the chl orsophyl| a/b binding protein; pronoters for various storage protein
genes, etc.p Ok éfom pl ant viruses (e.g., viral pronoters or | eader
sequences, t & 358 RNA pronoter of 20 CaMV, the coat protein pronoter of
TMV, etc.) rikypiseniheshadslar pritbly rplicdkie fhe rangq of cxmessian syaigms eeillabledq thossns,

pronot er s f ro@mﬂmmlrﬂ %119@H1§§oe(@fﬂ§bse exgﬁgsﬁ)h sﬁ'&eﬁis@fé%bé&n&'a@&@&@ﬁs tobe@Ct i N
pr onoter, etc. ) an viruses adenovirus late

t he
promot er,  CWder ﬁéhat apgll‘lﬁtw“l‘lfthezﬂ?éenf ‘H%th‘?fjée%hﬂ’i%%d LY |ﬂ}eﬁge°’ﬁ°8mk°dﬁ?%9 ers,
etc.) ar® prietigerl e. If it is necessary to generate a cell line that
contains nultiple copies of the sequence encodi ng the desired 25
pol ypepti de, vectors based on SV40 or EBV naybe used with an appropriate
sel ect abl e navdiety of exBussirnpytamstey e vidinedde cantaimn avp exredst seqieneek extoding t he

pol ynucl eot itﬁiﬁr@coﬁﬂﬁl%g'ga&m% Bﬁhgﬁgs@ﬁt'u@eﬁfon&ﬁle&%ﬂlﬂg pdARSiESRSwREL hile Present
i nvention, such as by renoving t pronmoter fromits native gene and

pl aci ng t he géll%‘%ﬁ&?rh‘& dedyed, rﬁ?&%eé‘é‘%‘id%i é“%lfe Roplimitpd tQx HEFTRAESaIES PFlbirdedsias e quence.

Pr onot erkﬁ usﬁﬁmnnbmwn&@c&maﬁrb@a@mphalgwamluQiacdsﬁcd hielgic aclbéiléxpﬁbléﬁonno'[ limted
to, prokaryotic pro he | act ose. pronoter,
ar ab:onose %r GHYE S'Fasptgﬁn%éﬂeﬂgq%Pﬁ?%ﬁf‘i‘%%ségléve&p n%%étrceu PP 5‘%&9@%““& onot er,
and hybrid pironopesspnsends @g., bivelovias); flaommtws fungiteasbmpd eitfibfuega, i ncl udi ng,
for exanpl %ct&rQ?JlaB{ c%ﬁp}tsgﬁls {ré}{sfoﬁnéa%t%m}gsgelxyrgsgfoﬁtv&tog (“25 gauhi%\xg?&o&cycm ytic

enzyne pronot
v1rus CaMV tobacco mosaic virus, TMV) or with bacterial expression vectors (e.g., pET or

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 ogewase/034che al cohol oxi dase (AOX) 1 or 2 pronot er s PCThE00/30791

nmet al | ot hi onein pronoter, the nmaltose pronoter, and the gal act ose pronoter;
and eukaryotic pronoters, including, for exanple, pronoters fromthe
viruses pol yoma, fow pox, adenovirus, bovine papilloma virus, avian
sarconma virus, cytonegal ovirus, retroviruses, Sv40, and pronoters fromthe
target edkarRjesmaiirs srppmiansatadisequencerdoggiod urstieant Zosethp stesheden ofthescsder gi | | us,

43 WO 01/ 03%@&%&%&5@&%&@ o5th@ﬁl§cleﬂ: 01 ubdRk filbohtrd). RESUBR B6iSoter@iite
i mmunogl obi n pronoter from a and native coll ag % onpters. (See,

[
e.g., de Bodyomgersihatalte; gisiy jevi?;r"é?fans‘l’ilﬁ??n mifiglign in TegpPNSe {9 %g PUBES - L { zeman
et al. (19&0yditbns,BigQlhe pfebeata or 2mbric2 0FaRuiriehti NS ofkillah the (11 9] Iedartols e

273:113; Ml I| an.an 98 Science ; LS.et al.
(1981) Proc. R%Hmber (Iig&»mo stlgag'%%} gec?%@ .}nilwtc:cj‘lﬁﬁ’nta%é oruse{%lﬁle?&h?Tgsz)
Gene 18:B55-88@ pre@nbyveptional . (1982) Nature 295:503-508; Reyes et al. 10
(1982) Nature 297:598-601; Canaani and Berg (1982) Pr oc Natl Acad. Sci .
USA 79:5166- 5170; CGorman et al 1982) Proc. Natl. Aca USA

79: 6777- 678 Promaies, quiyeRrd ef%ler&Pntm& elameas canpsiselecind@s eisphle bymneﬁkﬂled in the
11(4) : 2306- 221 Berexdfife, pz@éxydmmaigmaueﬁal SRRHE fﬁﬁﬁ&bl@ﬁ@)ﬁﬁteﬁgudhhﬁthlﬁ}baﬁl ns and

el atin precursors of hod
tgr anslcr i Bt i g%&ﬁ“@%ﬁ??&#‘hﬁrﬁﬁgﬂiﬁa ﬁé S‘?‘rgagqn ‘%f?]f)e%??ﬁ‘%& expr essi on
gener al [ ys. Alldeid{@IBGCeBRL,) ahdthe filc yaylbe hedt hdmssct edipl timtechlovirug fodyhpdrias ent
met hods are proef\nxo%rﬁﬁg?éjusgcp Jﬁ‘f)l Ongsltetﬂs%réd% Ve%J& efﬂ{an&%lden‘;eﬁ%m tﬁ% eﬁb%?gf nor e

preci se envi‘ronnen con opnent control Pronot ers

di recting expanbess @8- heat thaekgsomatess thiwremotefer th@ﬁ@ath@Emt qfﬁ@ﬁ&’@ﬂ &epronot ers.

In the case %@Jt& f&} ﬂ{e'cﬁlﬁﬂéﬁhﬁlmﬁdh@ memrpﬁoﬁlatefs%rums sthYh @tpRdiéin BoRBy, €SSi on 20
is partlcularly in the tissue rom

extractiqon of the teinis

desired. In st é’ﬁff%m PRYVirsSs @rp Ve PYBISER AT \A{%@d%%ﬁq‘teﬂfés dsP FBHW%%‘% of
expressimn rt&ybetﬁeabgpﬁoedl;ir@ndtdaefMQequ)eﬁmbe claﬂleamn@mevéoa)yemmaﬁmahgno (or its
parts as scutl?l Itum and fOtf}/ donsa?ll e%gsl carp, sStem. %%\(/)%r bers, roots,
etc. Exanpl €8 OF R SWR 1T s SUE"EY spe hl? 6r%m)% ers TR % %5¢ ude t he
t uber - di r eqgranbtar) erg)r ﬁomatamnnhanprruﬁnn(bgr, theamommln’@mmtea@@élsé[ﬂ@d with
pot at o t uber f inin (7S
protein), Lﬁwgaﬁsggggcg% %griﬂggmﬁgnnestﬁa?ﬁ%%blg If{t%ng%g%}y g(?r ected
pronoters f rasearainioel dipghyepriainsapultpdy copiewd dhe spsapnse eneslieg thedegred Bevan et al .
(1986) NisCl 6o | grgeﬁﬁﬂéj SechRBhaselbn SHRLS ERGISy bhAell @ith &1 apBlopridielsBREbldMRArker Gen.
Genet. 224: 1 146; Bray (1987) Planta 172:364-370 ; and Pedersen et al.
(1982) Cell 29:1015-1026.) 30 Transcription of the sequences encodi ng the
gel atins or Syed prbmoterﬁ)cmba p1s Opegablyf linkdrigo fhe palpmitleotidesampddingrthefgelatin drigelatpr onot er
is often incr Q]Egn

%ﬁ‘é&? ogl)t{ ﬂrélgn? f.l’lk’!il‘ﬁ'g mhgs rfi&;m CE& ﬁlo% tﬂ?uvgg%te o t hat

Enhancers a e Cl S- enen rom
act to incradsmg thqgnqoélp@polynucleotlde at the 3' end of the promoter sequence. Promoters useful in

30  the present invention include, but are not limited 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 awe oeobmncer for the host cell of 35 interest. (8€&/US0/80791 Yani 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 expression of the proteins are non hunan host
cells, it is often advantageous to | ace t e sec ret epti de of
the col | AgerfBrBIRMHIRFTPROGES: WP@ ABRF B ?"%B?Q%d %ﬁp *Lernati ve
secretory smgm&lterqume; e, dafBoarlet 4191980y Boe Nat. Qicah BiyUS A8 FA5Z éhtzdn;antehe host
cell's secre etd n si gnal
E O)J 191 f:hen%lzf?ﬁﬁ) %r}!etal %@Rﬁ&?ﬂ%ﬁ&vﬁ@%@% (ﬁﬁé 9

sequence is p |cu inin Fexpr essi on
of manmal i arﬁlﬁﬁéh%ynce(@%é‘memy Paviykisletal ¢1984) Proc. N?JDSM?d PeiddSA m1393-74£9@ad Sci .

USA 81: 4642 dree%bﬁa alsuggn@beﬁeemgm&ﬁcia etapr(fds@rma&é 295 s)m@st Reyeé sREi, insect
or mamal i an cel are dinary skill

coul d eadi| il%é)lgaéwr@w 5§8§?]gr%}1aa§’€&@|§?¥&@9§%3;§¥°6ﬁﬂ%t f‘@df%i' U@ﬁe”ﬁb@f cell of
chﬁl ce. The sefd, Gem@Aeyal ¢fose)msCNa. geadnisef bEAe;?lfﬁamml,th%\Iﬁﬂ)ﬁﬂg@Cz{LL($9&éﬁ of )
enhancers appr.opr i . ] rticular cell systemwhich is used, suc

as those deg\@‘?l'iagggaf'ﬁlc{l'ﬁi@#'&%@?ggdre (See, e.qg., Scharf, D. et al. (1994)
Results Probl. Cell Differ. 20:125-162.) In addition, a host cell strain
may be 15 c the inserted
sequences o:ﬁ ? gﬁ#ugl&gigé &qﬁemésgé%?% %%‘%%ngigﬂgﬁﬁ?%ﬁé&§§s@&éﬁ%tas hi on. Such
modi f i cai oneethefls mw@ep@dey;begmswn@mbqonm of gygnstitize pregyeter difpptingd t o,

acetyl ation,eg @gslef?geﬁlnaﬁy Q:memgmgotﬁymtnhamld@fa BRI thahle@As mditioad dat i on,
pr enyl atl on, and acy él on. t-trans| ati onal, processi ggf}lgm ch cl eaves a

‘prepro” f oreﬁl?rﬁftsedtlﬁ%Spﬁ?l g 1P Oﬁﬁ tyng) € §n4SRmPFE B§CIFI et 08} Fect
i nsertion, fde&ethﬂ@ntalaadﬁomr Pifomﬂefsldﬁéumg)xfnfeatoﬁmthémeﬁistam:eé Arskmwn bhs as 20 CHO,
Hela, FAEK@S P dasewnhe e atlss V-% e%1 1§C|o | t%r 1(s:§|e|dUI ein Qagepsllorlller y and
char act er i stTERERREREnE POFESSVER TSV SRR P HP LR AP PP maybe
chosen tZQ ensmrteularﬂbelngluome@@suw frord ivhick exttineiion affthe pyeteio éssissired olantsdof or ei gn

protein. B3BGEne \Mnfﬂ{a dbdiea flsQlYee%fer'fbn ?Ibé’ﬁfé‘é LERLhARIREAENCES
encodi ng reco | nant ge atins or ‘6 pepti des from whi ch gel atins can
%iRe) E’f"é‘f‘

be derived fyroBelaEkSPREYe & it Prety @ eiedonsd. PPEcRID 50, 199¥eEf er 1 ed
enbodi Ment s titers{ lo@is, iefd BRUnpRR of Knben fiLEFkYiMPImoRel iablafits insludttn@abagel atin. In

th fe f th t tid
ot er et e B Ot ot b PG RO M BBl o TS

ot her type aie s6yﬂehagﬁmter©f chdsrxglymhigamas ﬂrcbtem)()@]nl:}a@ﬁ'as sedd- @ﬁctecftraasnﬁpm sequence
for any other t fromt col | Lee 310 of

codi ng sequélﬂ%s(fgc?gfeag‘illg’fo%?tﬁ‘ggmﬁt/h 5&BETED ?f?ﬁ%lzg ﬁndo P 4N e$ bdfrent, the
encodi ng  pal9gaUickatActbReal 6 462§F46\7%M1ﬂlpmmlt(yi9@) Moaﬁdn 1§72 11 2124 3ol | agen in

speci fied qqa@tgmgegsfs;y dﬁélﬁ-i‘w&@@:% 370t Qlﬁngﬁérs%h ki1, @fg@ﬁst&ﬁ% By159024her i ved from

t he encoded poly es conprises m xture of type

30  Transcription of the sequences encoding the gelatins or gelatin precursors of the present
vention 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

44



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
sequenceswotoh@s4cihran nat ural col | agen sequences | eadi ng t @crhsowswoduct i on
of the present gelatin, nucleotide sequences encoding the collagen, or a
functional equivalent, or other sequence, for exanple, a shortened
col | agen sequence, such as those presented in Table 2, is inserted into an
appropri ate expression vector, i.e., a vector which contains-the necessary
el ement s 5f oran eltpenati e SPHEELONY G824 6ep8dPU¢HISBOF SfiTenily recogrized b the post et'sand
translation of.h %réeﬂt?gerﬁécﬁ%rf Oﬁ{erﬁgpraﬁigfég&%ry QEnal s@qﬁeﬁ& 1§]Iﬁ§tﬁuﬁ1fly an RNA viral

vector, the neceSsary el enen replication and transl ation. Methods
wel | - known ﬂ%ﬁqqﬁﬁ§éd§%WPg%ﬁn?Hm%%%“@F¥mEaﬁmﬁ%mU§b%m@%(%%ﬁ§§F%%@e%%pre35|on

vectors co QI%?)/’Pr&QN’&th AcEte Séil lrtm mﬁsumg O&ﬁﬁ&@ﬂl(‘secllualﬁtﬁs %p@bwohatyeast | ug
transcriptiqnal/transl atiana cont r nal.s. The ncl ude

st andar d T GiTC ﬂ a@ﬁ?ﬁ?’q‘ﬁgsare B ]amow?’ﬁl raéldlp%e At f’?‘?ﬁﬁgl %63‘31 ues,

synt hetil® t edMaqgsre’s$eqwncb appromatecfomwmsttoelhmm@w See, for example, the

t echni ques described in Maniatis et al., supra; Ausubel et al., supra; and

Ausubel , F. (1997) Short Protocols in Mlecular Biology, John Wley and
Sons, New Yaihkefﬁmncy hexpasioningy bxphensed byrhajecdsion of ephgncere anpsapdate BT B pr ess

t het prese nlt 9&1&%@%@1 dg&é‘rﬁ whic fs uSSHadHRY £ thoBe debc¥iBédGa the @tél%ﬁ@ S(B&ne ge?:hm

contains el enents_codin ori Si for

i nsertion of° ﬁﬁﬂé¥@6ﬁﬁ’ @Pﬁﬁkp@LPgé% tﬁdg% %@W8ﬁ§H?§ %HEB% % ol
initiatisvn thaimaMﬁmmbpbnm&nﬂém&a@me%ﬂgﬁﬂ@uﬁagemgmmﬁmwhm@&masnmonnter; and

el ements that S é%el m}%ﬁ"e de8 ﬁeg %aghsu% %% modt fl catpo%g 5fl the po}g(ﬁe 18e mgludeabut

transcrlptloﬁv?%F ti'on/ P Ay At oh seq ression vect or
for use in Um@umbéBemﬁWhhweﬂﬁh@ﬂmuanﬂﬂmsbmmon@aﬂnm@m@mlm@QNmnﬁﬁwhaglare

needed for taﬁ?ac?f\é%t ?%t-&&!aﬁ&wfaﬁﬂrbc@élm@ﬁvh&ﬂ@le%@&é %Fep}omf&mto?ﬁe ﬁx*&’feﬁ@a?zomﬂ

addi tion, gene that codes for a s€lection mark whi ch functlonally

linked to prbrbt wedtofachitaiewregt grertiqny foklingr 3ngey %thplm Wfalieméﬁst ﬁﬁ&? sughad be

W thin tioe exu, essd, MDOI@HEKQ% EIQII”WBX&ﬂiﬂh%ave@ﬁbcﬂ‘fdbélﬁla@hh&nnefy&ﬁﬂ stance gene
to provide for the, i

r | ection ex on vector in the
st 55 TisEsieltis e R S B R R E MBHOE SO PRIERE e i 1t he
host cel |, ebrartyodifivhtgraad procending of tha éordigsdroteihr onosone. Sui t abl e vectors
with autononously replicating sequences are well known for a variety of
bacteria, yeast, and various viral replications sequences for both
prokaryotesI@ﬁﬁméﬂk%wybﬁégwmm@nP@W@dﬁﬁveﬁﬁﬁ@gﬁaW@mpﬁﬁéﬁ@ﬁ@mhﬁbwméélI genone

when they hayg,at@Q rENAVEREGHURRS @antb@aénvk@mmm&@éﬁn J@r@nﬁeme&ﬁﬁ hound in
For Ion n of .reconbi nant

host cel |l n , -ter Q
pr ot ei ns, stpéagq“@g@? menfs ghth ?’é‘ gl]FFeéB"gbmaﬁbgﬁlaB‘}’(EW@g i?&’il | noffes whi ch
stably expr eggerich emfpdmsanbf mohyqn&m the p&lyrmalyotide sdgtiannsfaterdarratd from type I

collagen sequence, free of coding sequence for any other type of collagen, or from type II
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 pwDom/os4sreni nat ors, pol yadenyl ation sites, etc.) aod/Bowsl7ect abl e
mar ker gene on the same or on a separate vector. Follow ng the introduction
of the vectors, cells may be allowed to grow for 1-2 days in enriched
nmedi a, and are then switched to selective nmedia. The sel ectable marker in
t he reconbi nant plasm d confers  resistance to sel tion, a## g grow h
and recov%ry“@F“EQWV§dFH&?“@UE@@§§?@§FVm5f5¥@§§‘F ABSRG 3% 46

PCT/ USOCQ' 307 @sktor, phel ndéeka ula@dnts fh epRGesk anfReakiaicant cl ones of stably
transforned cells may be proliferated using tissue culture techniques
appropriate to the cell type. This nmethod may advant ageously be used to
produce cel | Meihndssveliingim to XpreakiledindesitcatbepeddyipeqpstivdeexpEseion sgdiron of t he
vari ous sequg&aﬁﬁrﬁq&e el b3 g@m@% PhrobfiR. BELASBhall BRERbI0Bs ven by,

10 for exanple e ga onoters can be induced by grow ng the

culture 60 asigwh- Th@pﬁ@@@kﬁyhﬁﬁﬁﬁﬁﬂﬁ@N@Nﬁ@m§U§HFW§%eﬁhﬁﬁ”ﬂéﬁ?mp§ﬁﬁd

i ngUCt' Ondf ?%k%e@%ﬂﬁeﬁ&fbﬁﬁﬁu@%@ﬁtv% %coﬂi’MItlan&]E ek, {f&ekéi}ﬁplé; ﬂie‘iddﬁrﬁqﬂesﬂ ?Ihucose
medi um an en_remvin e gl ucos centri a In e

cel I's bef or edpedad pevraiagmetily s 8%{ ‘g’§€e¥ﬂe6‘fpﬂ‘f’rfm§%ﬁ l%?g%dﬁg\%%)ﬁ?-ﬁe gel s in
nEdIunlContaPMKﬁ@sb@M&aﬂhﬂﬁﬂﬁﬁ/adegEyGQMbﬂeNsmYbﬂaNYthe gl ucose is
preferentially 15 netabolized before gal actose-induction can occur. Any
nunber of selection systenms nay be used to recover transforned cell Iines.
These i gl u¥egoubertpreasian veeiprs lmjayrbe userl t exprashibie preseplerelygentigise Rongikagpde: € hy mi di ne

ki nase and ag@ﬁﬁlgﬁpresabg§&a95dngﬁl§ )51%&&@8&5@&%@1%{@1% | £horkRitdRr enpl oyed
in tk or apr I's, respectivel 20 et al. (1977)

(
Cel | 11:223- Fpertiqnpfgn expgengs nyflect em@ts)wecﬁweméﬁlaéff?tf%%“‘)‘aﬂowws
anti met abol i trgscripibd @ﬂ&tdxé‘gen&lﬁ gdhe/stihci ﬁlﬁrofn@tﬁﬂ sﬁmmeme aat damanﬂed as the
basis for sel ecti.on. on cont e )| %es t he use

of such sel ePPEHIRS ‘Pf&'f“ﬁf’%’i‘pés S”F%?S at@séﬂ&o ﬂ]ﬁ?t n){ﬁ CORUER SRS Psi st ance
t 0 net hot2o ex atpesssitiptectomior wsh inglonfresers uwampmaamsecqnalrtsmél seguenasd@layecosi des

neomyci n and e%dﬁafﬁ eagbg% Spﬁﬂ %?@I?&Cnhe%et&mfﬁmlﬁs Ss6i5i. Sth aifont Doed

chl or sul furon an in acety tran erase, respectively. (See,
e.g., W gl er thapgodestfor aarlectlelw%sr which ds funggierfally ligkadito prgjotersthat smiol 35707 and

Col ber e- Gar aﬁhr@cmpﬁon Blia@dn- ma@%@@@wﬁl}m th@éxpressﬁln@lactorlﬁgeximﬂlé aiavﬁiﬂd:h&l onal

sel ect abl e genes have been descrl ‘{Ag ?ﬁ{ xat[rtg §5E9p t%h allows cells
to utilize SYSEREEHS 19 POPfeerhegrowth gust sEISHIR Of B RIS VRHP EhPa M Shus cel | s
to utilize histinol in place of histidine. (See, e.g., Hartman, S. C. and

R C Mlli ?TZ.F %tgr%ﬁ)a%us mventloa %aut nomglfsiy htcehe éxth%%%Zt caﬁ b) me@% :st‘l: to the use

of visible al'ne ers-as ocyani ns,
f 3- gl ucur onitdhse clamdosmtns Samtljéet \reaiple xxdyygltor@muﬂmplfcetrnagmugmﬁ ¥ Vé‘ﬁlls ubstrate

luci ferin, n%\%ﬂfg‘eal vXnéf? %actena, yeast, and various viral replications sequences for both

prokaryotes and eukaryotes. Vectors may integrate 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

46



not only to identify transformants, but also to quantify the anount of
transient or stable protein 35 expression attributable to a specific
vect or sywoamiod{feSee, e.g., Rhodes, C. A et al. (1995) Metrhadsodsi791 Bi ol .
55:121-131.) As noted above, the expression vectors for use in the present
met hods of production can typically conprise a marker gene that confers a
sel ect abl e phenotype on cells. Usually, the 47 WO 01/034646 PCT/ USOQ 30791
5 sel ectabl e marker gene will encode antibiotic resistance,~with suitable
genes i nél uditreguead sqqeamsas. Resistaniedmesyft sigdn banstoresdregfismesy b @r@hfglta@ﬁesen& o the

antibiotic SR&EEIRNRTYGhiues bipfopihit BREQRY §hs) ﬂmﬁhﬁg)‘ﬁé\ﬁﬁtﬁg%@stfy%-r) gene
codi ng for streptorrym n resistance, the neomycin phophotransferase (NPTH)

gene encodi NEFIAPatHre Fsi HFS‘@%WPrE?ﬁd‘?S&q@{YB?P@ge the hygronycin resistance
gene, genes coding for resistance to herbicides which act to inhibit the

acti on of 10E ar%SeS}()go?t%t agn% ssgnt hase

r
sul f onyl ureaXPype herbi Ci qu(encesuse hlﬂle)ngﬁl()dsogﬁj re%fﬁ mvén’m% Ven sY) genes
codi ng fior rfeskztrinde gtI@cttkseprmeiexse@ batidgéed by growipgitheteilbirg Onaielonon of

gl utam ne  SYRIHAS Gon- aa{fcﬂlg@c%gar mgpbermﬁmﬂd&au@n fanovbsaa%aﬁor(&gaaa&sb%ybar gene),
or other simlar genes knogwT in the art. The bar gene encodes resistance
to the her bigaes thaaityre i g%@owpl@qd1mn@e%@elbﬁ@e‘a@gsﬂwr gugosa by rendrifugagon e

anti bi oti cs waiiEieNs Bohde ﬁaﬁl%sl&hﬁgalaaﬂﬂﬁeﬁlmﬂﬁla&iwwﬁm@ebﬁsmr esi stance to
t he herbicide 15 ch| orgﬁéfuron Q her téﬂhﬁid for. deter m1 i ng which host
cel I's, subsdRfd¥AtcoREnng Befl elroseand grlactospsntht fre gl SGBSF%“(?B? oti des of

i Nt er est15i nahetubalizad bedisre gdlactosd-inpucoasdnbesr. known to those of skill in the
art. These procedures include, but are not limted to, nucleic acid

hybri di zati ons, including DNA 20 DNA or DNA- RNA hybridi zati ons, and vari ous
protein bi oa%lyaymbﬁf ofﬂmmaﬁymyn@ébqwdm@soverwsfemeﬁgelH@ﬁﬂaffbﬁﬁ@- sol uti on-,

or chi p- baseghlie PRl RB1iBRed rtheth esdsﬁltl tvh%ﬁﬁ%@ﬁmasg b&ﬁ'&'&émﬁﬂec ation of
polynucleotldes or pol ypepti addi ti.on, strain may be

chosen whi cPhopBRRRP %gcybgmts%@see%‘?’beﬁ é@{ﬂ’ Fﬂﬁ‘ bg F’mﬁ?lﬂ’@d imrfé &F {‘356 Ce%%esg@a\i?@h ces, or
nodi f i es0andsqey @glavﬂg&:s M l2eal ge978) Quliadaed-3i; Doy e esalﬁ(cw&‘op Celf:assmmm) desi red.

Such nodifi atl ) i on) and praoc n cl eavage)
of protein %)dﬂ aﬁrﬁv %lb%*%ﬁol} écrlée "FEPEHE fuRet eb%f f?hsgle%lro Gt ei n.
Di f f erent hddtrefoe) ths plegevenchiamaottenpladsitie vend smbedcda'bb“ maggoh@ni sns for the

post-transl aesa éald tﬁ%ﬁ;ﬁ%&k&&ew Cm%emoﬁaéaee-qgf %mHE&.E £l ASstarPPRRRPT 1 At €
cel | i nes systens can be chosen nsure the correct

nodi fi cati or&mawalyms@mgmw afl Gr4& 28dals ermet yhicheopfeerepistancptessed. To this
end, euksar YQBlbféulhﬂ&fangﬁlﬂhﬁs hﬁ&hc@ﬁb‘é@z%ﬁsf&i@@ réapéctm;ar(smglwgrey M.kpr proper

rocese Y o G A O SR kR Sk i BT S

phosphor yl atBi@ni sofl-14he gene product may be used. Such manmal i an host cells
include, but are not limted to, CHO VERO BHK, HelLa,

Additional selectable genes have been described, for example, #7pB, which allows cells to utilize

30  indole in place of tryptophan, or AisD, 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 atiributable 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 iwoend4sme Such signals include the ATG initi ati omrcrarsoor3end

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 WD 01/ 034646 PCT/ USOO/ 30791 5
appropri ate expre55| on vectqr, no additiaonal transcriptional--or-

transl ati onalslegsbleeTkes e Hilkenrade apibiofierasisnce, m sy @ {;eg?nﬁs incjuding %mﬁt e only
codi ng sequenrGes: oftgénepwcﬂiﬂg@mesisb)ﬁd’e&@ﬂ'he aflibdtic dpBgiasrhyth, the XOFRMOLS

rans! ati onal, CANL Okl @0 st LREI 00, ATGLAL bt Alho0, codon shoul d be
provi ded. Fuf P ernore, t ALY atd o oo o B " the correct

readi ng franph¢photemsime (NETIé)@m@mmimg bdnamprn @rgeietian resistence, thethyogupous

transl ati onal.gl.e0ents g&&%w@t @&gtmae GABRREI P! o Mipalheuatchaps ori gi ns,

bot h nat ur al and synth tner et al. (1987) . in
Enzynol . 195325 fdackisyythase uz:@mculélf the ﬁéfowfhtrgaeme herRjedee (ecﬁﬂ theatt a{%or
infected, tr a&&&a@m@m gdﬁés cba@glﬁf REBGe hbrbBicibs v!zmsatt t@ﬁﬁlbn-a&ioy Blgiliaahd de
encodi ng a pOSt tran east . one

enz ion t
o ynucT eot | R SERETUP GBPLE A CF F R 2D Sbbe SRRSO 1
pol ypepti de fivecun Whe igah gdnh encodes atsistance torthdderbitddeibuste the Goidipepohgodesabsistnecd e s
i ncl ude thos t - prol yl
4- hydr oxyl asg tﬁg%ﬂ% f:ﬁtﬂcgrl\{gh%l cogﬁlggrt?er%gurql %@gégg k%@gﬁcgfﬁ%?ér%gg%etiﬂ{g%ﬁlggenase,
| ysyl oxﬂéasémorsldfumfysyl hydroxyl ase, and can be inserted into cells that
do not naturally produce post- translational enzynes, for exanple, into
yeast cells, or cells that may not naturally produce 20 sufficient anounts

of post - t r an&]ier meteds frdlstgrmuune yhich hast sefls subscqpiantite iRnsformatien. copn e mal i an
cells, such tpmgﬁuc&xmgemm&eﬁnﬁmmﬁﬂ@tyb@rcrce@ws kvl t6 thogeQd HGlBin@lRrattal N

post-transl ati onal presen ntion,

Phe. post -t anbraPoBHES Gt e AlTaRgr S R tpid o Bho R R

pol ynucl €6t i d&NAeorddire8NAgbradizgtions, hed(aﬁompbmm bioag$ay pr winyinodssasi teobjduase. | n a
preferred e Y. e ]]g{)q;a and the 13
subunit of pro Eg%mbﬁﬁé dg?ﬂg@ ggée ar ge%?%@@}c{%s?%?%e?e%&@féﬁdﬁto produce a

bi ol ogi cal | y qﬁ%@ﬁ?ﬁé"fp‘?f@PQ}I’PUCED‘Fﬁ?ﬂ?TcE’RWPeﬁ@S enzyme, co-expressed with a

pol ynucl eot i de encoding a gelatin or a pol ypept| de fromwhich gelatin can
be derived. on u otldes odi ng. tr slatlon enzynes may be
derived from arﬂgl @%G?“B%cels%‘nﬂ% Hersh ‘&P ﬁéﬁrFsélon SRS nant . 1n
a preferrsd espadesr@ihqdifiehadpaséssds Itlalgsde@tddmai the @B{‘Zﬁmlﬁshlo& debgred.\Sach f rom t he

cmhod hont . Ra e iehilE s SR OIPORA A5 Sl b M Bl AP B

gel atin, and imppetaggdeyithe function of the protein. Different host cells have characteristic and specific

<o

mechanisms 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 mammmalian host cells inciude, but are not limited to, CHO, VERO, BHK, HeLa,
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 wotoa/03eué t ure nedi a and can be purified to honog@agitusgo/byonet hods
known in the art, for exanple, by chromatography. In one enbodi nent, the
reconbi nant gelatin or gelatin precursors are purified by size exclusion
chromat ogr aphy. However, other purification techniques known in the art can
al so be used, including, but not limted to, ion exchange chromatography,
hydr opholi ¢ GOV GLI G A6 ¥EoRATAJS0m! Borgiption! orieasiatend envirelisicatiat ogr aphy

(HCO, and 'h%?@é ﬁé%d&h@l%@e\%p ETRE QQ& i codfn geguen@esgorapoﬁ@ﬁyﬂf&doﬁ aRet al.
supra; Ausubel et al., supra; and Scopes 4) Protein Purif

tion
Principl es aMertodr Xegeneus trans@ﬂ?qahij’é‘i‘o Vgl?‘allsé’éf U the 4G injtigiton coqgp s f)c’u%rb('ikar yotic
10 I'n pr okarpycmcib@ F&JYtﬁérﬁﬂi’é,,théSMﬁEhoﬁSOdaﬁﬁﬂoﬁlﬁfbain tB@/cS)fr&ﬁfEe,adlﬁglﬂameerﬁﬁrea nunmber

of expressi o) el ect d|n u se intended for
t he pol ypep'(tg'ialbsl %{t%eeenpaévg s%&ge“?ﬂ“o%aﬂ%aga emen\/\/nenlmltmtlon coaéﬂsan%y i es of
t he recdfbi rantiogsiriging, bsthoftutlwpd pym@smlﬁswmrﬁmm@mt abfl%b(Me#pelptl des from
whi ch t hese QisNants,gel atins can be derived, are needed, vectors which

di rect high-Tevel expression of fusion proteins that can be readily
purified may be used. 15 Such vectors include, but are not limted to,

(mé![ ti I uncti ;N"ﬁﬂst dell oﬁﬁéhﬁr%sﬁlllt%bﬂﬁré adihe ﬁﬁf‘d@fe@&ﬁh@é&tedV&ﬁﬁlﬁf&r{lﬁi‘gﬁﬂl aﬁl%asB&LﬂﬁESCH FT
rat agene C e encodi ng sequence at e e vector
in frame w R y%‘é%fﬁté‘i‘?c?ﬁ%od‘lnﬁ?p‘fsh‘é"mél Oﬁ‘% ‘{E%K?Btto aélr'f Stf”f’?é”?ﬂ ieé’ﬁ ent seven
r esi duestsof eﬁ&d@@h@ﬁitﬁ&fﬂh&@ﬁseﬁﬁn\teh’ﬁm ofa mblqareptdie fivmtweiich thegpelptiroelubed; pl N
vectors (Va k j

6a: S50a. e ag e sch phtymRilehef m%fﬁ](% : gg@[ngg&gg%g seallifiboy é}]}@@s hdehET
(I'nvitrogenks it ‘bh@rmlysea@ﬂ@gebdymlé@allsﬁﬁmé@e ﬁ?rpé@t@na}‘saﬁ\éprghmassdyvb@ﬁai;edes as

fusion protefpsy m&r&ygwa@tcm RN Eeredlifi@ OBl ﬁaﬁ%ot(n%aly pﬂoauclg&er al, such
fusion proteins are sofluble and can easj | ified fromlysed cells by

a vari ety offeREiARYZRGWAT SXPHPIE o ¥agt Cel]Is"o":r C*’&Q gﬁb‘P@’ nob’S’Ft‘ﬁﬂQ(B’Foﬂ %n to
gl ut at hiznesa@aieQ sRoB@d fost-gdrksionmal cymed, iHrleinhpleL‘\vahbﬁ infoét@sEAMemain f r ee

| ut at hi t d h t (o] d |.ude 25
o ot e OLEh5. TR0, LS SISLET, URY. O 65, 0l Al 25
pol ypept i de loéne cinhbdnes bftheamsbﬁ uwaitlemslednoétm@mlanml aBimerspwtyy4- Yeast In
preferred enb%gylc Eﬂ;nta%d the ?zn&cleo%ge encode AN & orOLHe [pgugl\ﬁhpo??royk}ta?&gla&f P oduci ng

r econbi nant east” expression sys referred
enbodi nent s ,pre@meébmlwdnmnp p@}dmcleqlldctl en@din; the brsobmnd bidsthefswbwlit dgelyl €onst r uct s

d d £ f f
or der | vgd (B RLPRERSHATA Pl ARANBRLNAERId TS hurolbEr O

o' ptsfr
vectors contal ni'ng constit fﬁ)Ol’l consitutiv pronoters
may be used enzyme, co- expressed W1th apolynucleotlde encoding a gelatin or a polypeptide from which

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
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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 chr orwemmm3@mnre used for 35 expression in S. cerevisi e2CTIUS0@BTI1

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 of a |arge nunber of expression 50 WO 01/034646

PCT/ US00/ B0 79raction seropgiography sHIQusped rey fiserihase shrematpgienyiiS6g &8 Man#iset of

vect ors cont @i, RipRg AGQMSItet 41y fipMS ardrIScopgadi 894h PR tepi TaNNEaf6E Hincibledumd Brabtitef or ,
AOX, GALL-10, and Ausubel et al., supra, and Gant et al.
(1987) Met hoﬁ?nﬁ?{z\&%%l\é‘ﬁsggkﬂ%%g&)ﬂf ) Commonl y enpl oyed expression vectors
are shuttle vectors containing the 2/-1 origin of replication for

pr opagati on yeast and the ColEl origin for E. coli, including a
yeast prormtpl%ft dgterm nator for efficient transcription of 10 the foreign
gene. Vedd or b prokenpirosierns grchasiieieisl gatens anyipae of aiymbeiof Esssion vfteed t o,
PWGA and  pyESd selbtb L BepBivg ub&]ﬁh@usgﬂen&-ﬁa)r%e@@@%pﬁdesttm chofibskedl @or €t C. I N

one nethod of the resent |nven51| on, drox | at ed 1Joroduct is

i
desired, invBPwES ‘Y}ﬁ’é loggs qEies oL} E)F?C‘B‘i‘b“}imc‘ﬁi ”%fgj’gﬂ‘e BE DY Ws M at i onal
enzyne, for pt)lﬁﬁﬁﬁdés frgahi arhiylhﬂléselmcdnmwt @tins dabodevalabnardddhediprsusi ng t he

pW&4 vect or.. nin S ei t her
the a or 0 s u um el\FnghllgvepeXBTe ioh %ﬁm&r? %Htgﬁgtgé‘t%aﬂ 15 d‘gﬁ{d ly %)Lt}l%e(gxgéﬁ%eﬁggd ATG start
codon f od5 ei Siskvedtdreingludsy bl@ arg mbflllmltt:d toj Inulhfn@tlorwélf rvold clogingand SXIreFOp| asmi ds
are used whi ¢hy di £8Ck B'Lﬁﬁ§@1§l@ﬁ“ '(Qﬁtagé%)omtvhfch%reﬁ%ﬁg Q@%B&t:e Lbgehigats The

expressi on vector pWG/L, ch has intact 2a 1 and REP2, the
GAL7 pr onot &fo, theyyegtor #érape P‘lﬂﬁ E?ﬂ‘r‘ﬁnﬁ?éif% fhe a’@&ﬁ'@f“%] Mgt a’éﬁs@%lsu RALH! SCYF8

CO- eXpr essi Ofésﬁlies ef ﬂ?lgﬁatctog@asﬁ E@ﬂﬁﬁ |aﬁ%n@%ﬁ4ten?1@ H’Q:ed OV vRWaNWhiEHecRd, Gl V|

4- hydr oxyl ase elt ubuni t of
i, P v e BelChen ks Fb Bl ke fieRoRk 4R Lo
Bat nH  ono NC®ladisdhl, Was.) M@ETﬂﬁ‘hﬁdgeﬂ)GBdt(&k mbysotbla @sef taddxyptessAorhigal r oxyI ase gene
is transforne el ther e a of the
cell wall top%(pg%tudg’seas ﬁlsﬁonrp el V?&” hmn{s a'trlan fg&sﬁ@% I g? ﬁere{l %{{@%& W th
cal ci um and poleylemhwlem‘eanglcm*ﬂy@p plbgﬁe@ fr@atymllsdw ajveyieicef n@élpﬁs,dmm h

| thi um i ons;, el ok SR fe'%%h%rpﬁ% gfu@aﬂn& - %d?&s@ BAHER oW b6 LIBGPRer at i on.

Transformants can be selected ~using east cel]ls that are
auxot r ophi ¢ P@en¢eef Epnalutathipyan Hﬁqﬁtﬁﬁé‘de ’ﬁrs‘éféleSte&l’s Ry 8¢ fegichd R Befether  with

sel ect abhge MRS, (1BRRES oSHGE 308 prbiedde cleab R bitesWRAS: thd 8183d plypeftld2oD. | n

anot her preferred e rret hods of producing reconbi nant gelatin
accordi ng tomte%tctaﬁgbrﬁg%sggﬁ?mf}ﬁ AR use host cells fromthe yeast Pichia

pastoris, or from other species of non-Saccharoinyces yeast, that possess
advant ages ig {oduci ng high yields of reconbinant protein in scaled-up

pr ocedur es. i a expression systens include advantages of both
In preferred 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 nwproooesgé ng, fol ding, and 35 post-translational modifSo@at7pons.
Such expression systens can be constructed using various nethods and kits
avail able to those skilled in the art, for exanple, the PICH A EXPRESSI ON
kits available fromlnvitrogen Corporation (San D ego, CA). 51 WO 01/034646
PCT/ US00/ 30791 5 There are .a nunber of t hanol _r,escponsi,ve“' enes in
met hy| ot PopRPgoryagdible %ﬁ’éﬁ“’é%chﬁ}n&ﬁin‘ém}ﬁégg’g?tﬁé confgining OPIRYRSY FYHEP ca, etc.
t he expr essipgnddds RACR oXedtdIACRBATAL 10eghd PBHTESB A0 | Ausdbelspa N sipweaidegul at ory

br oot o 5 aRGUE e ASED NERR YRR [T ral Yol GRIVE SOBREn HEnt | on.
Exanpl es  ofaresspettié Yecorsicagathiag the Ju orizgi dnplidarial fathgotag@iop baintyesst fndithet he

Phe "sevondary e BEaR Tog g et ot By RAShA 5, b B RuFD, 27 1"
pronot erl0 t lie foreigmetrer Vears intrepoditing 2+ elsopadsérchde butanm iehBuitdén eWY[Gand Pi chia
R o R R Ry P
AOX1 gene. (iSertionginghicha Eydrixglaied praduct it d98SY inNglves theebiexprepien of agollagan] - and

U.S. Patent \NQ.4ifomi dBgmd, fresiiel hilenydRxAXR Bt QRh MatRo@hsdf e achi eved
using, e.g., the GPH pronoter. Another yeast expression system preferred

for use in tHEYGhetepionde dicolicloping pitsdesed o HGEhihe efe for RithsT the & yubyfef

met hyl 0t1r50P*})ir&qu§%§Jr4@a§m L RvROY WPerBRRedof A SitRY B 813 § aButiembaed, for
exanple, in @ nethod of production of the present jinvention where high
yield is dediefhes cpressionplesmitireansedutivhadirest micegatipt wtojthe qhyomosqg REDE Best of
enzynes key in, such as MOX (nethanol oxidase), DAS (dihydroxyacetone

synt hase), and FVHD (format ehydr ogenas T nz can nstitute
p 030, 40HMb P GRRPRLP (L. FHOh B M HALOBENEE R Y NBEAERS:  and
FVDH  pr oduGtdntferainéthe BDP fefthihsted, day alsd be@by. Whentit es-sxpressiineEalpday gr owt h on
met hanol__and repressed b romh o l.ucase.. Any or all .three of these
pronot er?d mdB 8”?‘86%?5?%%@%1%&'@\9@&%’ 1%%5%%13@1? ge §f elhjgli Bt $PFyous
sequences i Ruthnit piyirylpickiptaxylae tonselitadn thopaiginka ddth knd wmdsiate BangilarNcol 1 n one
met hod of th esent |nventjon,. it n i.0g . td . ..C|] oned
into an eX|5’%r?eé§f:sh|“'3 S%Ct%é%tttaou}m%ﬁrl\%pédr’lyltzlﬁmg’d%}éﬁ%rg5‘%}%6%%&%%%% jbgeg&ﬁ%re gﬁ%rmr pha
pronot er. | foefoeror eftdr tamopdl of thecellyrab thrsedupesspiiweplasie dhat takepp DA tegienie
encodi ng a sh@nRAkiuSeaYSINetyleR o760k 8) kQindnforYRRBLls SHEN@S ik, Mral , s
fused in frane with the codi ng sequence for the p%l%/?geptl des of the

i nventi od. THEMaxelyy BYSicgHPeERtted B decBrRemition- claws Isgir eSetH9EBhi ¢ nar ker
gene, such asing)RAByeadt cdliEtdt ardduxot@dplyic o Redine@ypkaphark1@avil of lstiie togéther Whi Ch
may be used to conplement the defici N r@UX phi ¢ host .

Al ternati vel‘xﬁ}t,&’)l S‘gﬁcﬁk’ W‘E%(%%ﬁn%scsfl%baf %E%%é%’g@ascﬁmg’ggﬁe{é&gh or bl astacin 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).
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used. 35 The expression vector is then used to transform H polyi norpha
host cells using techniques known to those of skill in the art. An

i nt er est iwg oafskcusef ul feature of H polyinorpha transforeaitison3izsithe
spont aneous integration of up to 100 copies of the expression vector into
t he genone. In nost cases, the integrated sequences formmultiners
exhibiting a head-to-tail 52 WO 01/034646 PCT/US00/30791 5 arrangement.
The integrated forei gn DNA has been shown to be nmitotically stable in
several PecdhtE ranrnusher of methand yespersifrigenesipmethdoteophip yeasts sisbpt fiehis. Thi s

phenomenon g)tzstmsg& p@&%aﬂawh@a k@l th@ pri'édfl&hﬁ'éadﬁ@gﬁg édﬁtr&lfé@b%&ﬂdah@lt ivity
potential of the system Pla resent_inventi onﬂ? so contenpl ates

t he product ifSRTSHe ’Eeﬁ%lat?ré EBiPBt (ﬁ]é?ﬁefe&@‘i tﬁlaf PTOIB‘PterF% &0y gF WeEhmethandl ent i on,  or
pol ypepti dESesf)(ﬁr@lm p&hin&brs b3 Quifable Qi iNeath pxg&ilcabﬂ the peadent Iaﬁexdxem i Emﬂlpleé n plant

expression ste cludin and tr.a ts. (See,
e. 8 A ané’ %Dﬁflgslﬁg‘g#?r%reglﬂn%?‘gdﬁ@}elpﬁom% BfL hmp ]me Y ke us? ria g%m'lotlrdo%{1 (
Phar macelot i RidhicRuobes ASX1, Qapromognidr tﬁewconéds alcohpbdwidaWy deas/fradn Bofie, 1996;
Transgeni c F" 02 ogfighqe PR {6 @i@gm or m&éthmggcb@he SRhdsSgRe Pr ess,

1997; and AP nt Bro no é ra et a Scf ence
Publ i shers, ﬁIOFPePIChl@MQ”S)W) @&@é@%ﬁ Fﬂ}eB‘ﬁ o giepi WES{lp SIS are used,

the eXpreSS'Mza%sto&Qﬂé@ﬂ&@% i} @@otemaﬁemebghﬂmgu@eédnomgaﬁr(seé el onot ers.

For exanple,_ viral, pronot h as rs of CaW may
be used al or‘?éhscS’F'ﬁ %5)88?48 ﬁ%{f}g@ﬁgﬁﬁl alidbrpg P@ﬁéﬂfg’ ?@5;{'%2}? %e from TW.
(See, e.1g., cBréessismernaiso bd achied084i)g, dlat ttie 6P ponbted- 514; and 20 Takamat su, N.
(1987) EMBO J. 6:307-311.) Plant expression vectors and reporter genes are
generally known in the art. (See, e.g., Guber et al. (1993) in Mthods of
Pl ant Mbl ecuinather yBisbexptyssicampsien) weferesd hsiuesy the arRthodarad s phesent invsniermakes v

pl ant promotgrs ﬁ%yﬁ%oﬁhfbeyeémjulselﬁl&%ﬁ‘hzgrgﬁdc ﬂé%&gaﬁﬁne Hb%@tfor%%ﬁ)‘fe 25

pronoters e.g., bean 5-E Y§¥ e used ér ﬁ
Coruzzi, G ipgmegho OfP?PQ'EB’E?n Eeresent @Vel‘ﬁﬂ‘”}ff?é@g g Hgsizablg Crayt éIF ( 1984)
Sci ence 2324 n88nd Adults W thé Bluctich of €lizy@bs key (n] SOH Is NRBX l(lhétl&nﬁl‘o@idhse), Oakl Differ.

constructs caEiRtnSinisn SRR A Sy bontin, e IR TR
pl asni ds, pbmtitutewp tald-APodf the $otal d@llrpemm mﬁgbneamsb(bngMOKoBAS,mn@FMDHj ection,
el ectropor afplro%ﬂcﬁof?%?&ﬂ@l’ﬂad%9 tﬁsﬁggﬁﬁl sal{da&afofglfom% Rabid SlageRQuday dnent

or any ot her neans known I n such as" are described in a nunber of
general |y awiwines gucesey Aayar all (meecof thesegromofqsiypay be gsed g obfgiy igh leel g j

I\Y/b Glr<aWN|j$ I eY5akibR OeRiolopbils@achc@nS HIRB IO A¥cotdhAe netvbdik@timtth the art. New
or 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. Altematively, 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, Plaptoiibicecul ar 35 Bi ol ogy, 2d Ed., Bl ackie, Londo®CT@$00/36791) |n
vari ous enbodi ments, the reconbi nant gelatln of the present invention, or
pol ypepti des fron1mh|ch the present reconbi nant gelatin can be derived, is
produced from seed by way of available seed-based production techniques
usi ng, far exanple, canala, corn, beans, ric .53 034646

PCT/ USOQP30 Aganeoment thepzarassd fegghDN AN ‘i?&‘hShBWBES’g’e H’étﬁ*t‘%l}{\yoita??t" BB n i s
recover ed duabm@maﬁadug@mahmainmnkmahhbmgummﬂ1mmmﬁﬁmmahmdﬂﬁ§ntﬁy t he
proteinis e ssed L ect t he sperm or into other parts of

t he pl ant soﬁgﬁ% ﬁﬁmﬂa&f? %%mp@mﬁ% pomtmgg?§§%£and the plant itself can
serve as, for exanple, a dietary supplenent such as a source of protein. 10
Pronoters thal; My be used to direct the expression of the polynucleotides
may be hetérol ogous or non-heterol ogous. These pronpters can_al so be used
to drlvéoexﬂp%§§ﬁgﬁmﬁwmnéﬁ?F?Eﬁ@@wﬁ@EP@WﬁuﬁH#@§r?@”@@ﬁﬁéﬁﬁmoﬁ@Fease or
alter expr e%ﬁds@lﬂma@mdﬁ&p’o@@eptl@sfﬁ@ﬁlWl’ﬁlﬂltﬁdr%ﬁbiﬁﬁl& gelﬂfﬁl)éalb&da’ﬂdaﬁ iho i ncrease

d/ t t | ant |
ot andar d_ andRIESRP SEBed AR RBRAPT i apd Badesht 8% 8B nuc eot  de.
sequences 1TrampgeniaBlayts:] A PreddtidnSysterp foo frolhsnial arslyPhfunatdotieal Broteips,iOyenat | east
one factor tagc?‘ﬁenr%%lg foin? 1153}15 SorIsr ﬁgé Cﬂa{n p%ef’ng plaﬁt@t(ﬁlugfanc} I&'rgmaﬂ,%gsd ed

pol ypept i des, de export sequence, codon
usage, ilatr émenalpﬁﬂllwtfmy Il&% @ﬁ P@quﬁﬁlagt Bl@tﬁ@%bﬁn@hﬂpﬁﬂ iﬂoﬁﬁls t¥WiEnat i on

sites. Met boolandd, H¥DMHY I RBaBGhe FanPGlpRsSRANSEtEH b SseliQhd RAFERRE8F €XPr €SSi oNn
| evels in plants are g%nerall known in the art. el %I“QRO gers et al.
@%‘3 P

(1985) J. BiSHMences{agybe SuYn Sy Pl s eysmbgegfgrontiony Fan engcal [ Mol Bi ol

23: 567- 568. kudhns thagimea IlQS’;gorﬁot@k &Tﬂal\/ﬂé/lﬁi}ejmuﬁdﬂalonaif)rflﬁcmlﬁnﬂam withttlee of
transcription of the pol vari ou K i the art,

i ncl udi ng regugal?adersecﬁlg%cguelﬁlggﬁ;s( ch&s ﬁnssonefal\;z%ﬁg%“ﬁgwl vg?y Cgctl ng
sequenced, dakmmntens (KAY EBMBQ@H68HE311.)cHmd erptassionsiertons pud reportertgones agan be
used. 25 Ty%brfé?a!ll mﬁmaewt&w %Qﬁm&%@tra@%@b%ﬁfemwo@pg&m&% in plants
are wel | ht not limted to, vectors derived
fromthe tuﬁ%ﬂ%ﬂﬁﬂﬁepﬁém@WD)CBPE@ﬁﬂd of Agrobacteriurn tuinefaciens. These
vectors are plant integrating vectors, that upon transfornation integrate
a portion of the, into the n t.he h Roger s
et al. (198161&%@%1@ %ﬁ’?‘&tﬁﬁf‘%gi%‘ge %‘?&S 0@%??&%‘? O‘éliea%ﬂ?“E( 1987) Gene

61: 1- 11;25angroddteBergapybedn ha;i17 5{E1® 89 7.BBagay bNaieH (Ség ad., CSozzi, QJetSLA.

86: 8402- 840?19)84)%;1\?%9'%%? {20, C}%g%@%{ 9&'1“5%4)‘&%9# z%kissséf\@m?e\l%' digble in the

art, including, trans in vit ‘pr ot opl ast

t r ansf or mat (991 Rssuis Propl. ?ﬂ@ﬁ%@l%&%@%@éﬁﬁlqyﬁﬁdt@%@ Mol. Cell. Biol. 6:559-

565.) These constructs can be introduced into plant cells using Ti plasmids, Ri plasmids,

D

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 obacteriuin-nedi ated 35 transfornmation, and ballistic particle

accel eratwoni/0¢4ee, e.g., Paszkowski et al. (1984) EMBO PCTAISBVINIRT722;
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 ot echni ques 4:320-334; R ggs et al. (1986) Proc. Natl. Acad. Sci USA
83: 5602-5606; Hi nchee et al. (1988) Biotechnol ogy 6:915-921;—and-U: S.

Pat ent N&. 4nduslensed.)n Sich prfeadinatist thowristeif dyreqobiered duingeed 1/ 034646

PCT/ USO00/ 30 2 dninadod/maiBad. Oh GfdrieRBod@hents BEprolA8Sdxpresfd Mrect®Ahtd4m and barl ey
are described in the art. (See

_ e.g., Christou et al. (12{5;3211 Trends in
Bi ot echnol ogjdererrm gyintoeierpartsef theplang spdlpgihe pelejin is negexiracied.2pd the Blagt s
90: 11212; WiSelfdan drve a6, 0 ¥4dmpH, abiktafyRyiSileilent shéhdis 3 fourcapelprbeig. et al . (1991)
Proc. Nat'l Acad. Sci. USA 88: 6389.) Wueat can be transfornmed by
techniques simlar to those enployed for transformng corn or rice. (See,
e.g., FrionmPedmasdrs thith®9 09 usBi o/det tha etpogsionld 18 pBBGcleaidts Bay lbon- Kanm et al .,
supra. ) Add'hyegfbglmsrs?ﬁmg%oﬁ Bifs. TRNDEoMSEY cdnQ1d 8P R R oGPl APleSidlor P! ant
cells that can express the resent reconbi nant gelatins, or ,Fol'ypeptl des
from whi ch tapissese pedeinsidn ipredugre inglerspr alieh xpeessiones desier Qfhes mpdififationst abl i shed
i5n81358€32-r7t . Gﬁag%@ga&a tgincrlséée &degfgﬁg%ziN@n&cr%ti%&s@@@ﬁceﬂn@plag% 9118_12 EMDU é5

, 859, 347; U.S. Pate .. B, ;U S. Paten - ;U S.

Patent No. SISO A kigyTo TesELlE SRFor Bigl. o R BHEt AR N
5,424, 4113; \dp&ablPadkedito alNemoter 3162 {uBD porspmide dtleBst ondadteribat Nodifis k29, 112. ) The
present invention. further praovid 0 [, : tides by
provi di ng a%%mpgfog ﬁaﬁesog %}Eregcr%geglpé’ﬁ[??ﬁ%%}a%{haagtfg%é @9&%@%&2%%@ gprrpri sed of
at | east oneeqeicyrdingerige.derons pefirdpitiendgdisragd aansapborbemamntionfgbatin, or a
pol ypepti de Nduif Yl ih ERRIERIaBA Bins@Rlsad inbreast &rdord8Vels Wantsdrer €I N such

pol ynucl eoti de sequence is operably linked to a pronoter to effect the
expr essi on GPREHNE KpyTyip Bp et dece f-& %g?rﬂ?ttah@ﬁg%&b‘%}eﬁ%m?60f-’ﬁé1;§@fnwad

addi ti omal | ¥t alq@99BY Pls@ MMl Bio€23B62368. 0 ddfindting £5&it sy3fRe: th hifot @leend sfde
sequence enﬁTodi n}g. an tﬁnz me thgt 25 c&t ?Isyzes a post .- Lr nsrleat1 itoonal

modi i cati ofreSPPHORBLAT ROPALTOES: VARRE I ATOF O IS TP ER P equence i s
oper abl y | i nkeenceosueh g3ipositbelyror nedgatively estmg rednochsenhinoes aelsdambirnant gel ati ns
or col | agen gla&ogﬁaﬁgteitc%%bgrugedextract ed fromthe biomass. Fungi 30

Fil amentous fungi nay alsd be used to produce the pol ypeptides of the
instant invention. Vectors for expressing and/or secreting reconbi nant

pr ot ei Ngsi N HyblcARBROMSHl MNGbre@Id oMBldign kit WHldnR afeh@ldhdwn iR B a@Ne of skill
in the art coul usi nglélrret hods gu ts avail abl art, use

d, and. in the
t hese vect oﬁ%cllj‘idf?gtl?’l‘énoﬁ Heee- Vet Ay ey ‘F‘n‘ﬂ)lﬁlgr.'m?%&]@,(ﬁ?el?las.n?yﬁ S. Patent No.

5, 834, 191. ) Agrobacterium tumefaciens. These vectors are plant integrating vectors, that upon

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  Berger et al. (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, e.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 aphwoaalodfea¢ i ni ca nucl ear pol yhedrosi s virus (AcNPVPCTIS0u3Edl as a
vector to express foreign genes in, for exanple, Spodoptera frugi perda
cells or in Trichoplusia |arvae. Sequences encoding the gelatins or

gel atin precursors of the present 55 WO 01/034646 PCT/ US00/ 30791 5
invention may be cloned into non-essential regions of the virus, for
exanpl e, 5t herapdrphigarobrice, yesaecora net eipimg erslbarinydes descoibedri the ot (368, S4NPV

pronot er, fohn%@émi a99i)%n&%ﬁm%@mmgpimt@sas eﬁg%@@ff& Naf19g4d. i on of a
codi ng sequence w || i hactivation dron gene and

producti on oft Héﬁﬁ%éql&d@ﬁ”‘qtélc@?]% Rlan{hysiol d§4 %F{ a‘éiLeeﬁaMlsggpaFé‘P& #lt he
pr ot ei naceouscad 3ai USR8 @8gh.)byhéahen potranbReiddby geiitues sTHbS & tnceeorrbi nant

viruses are th to infect odoptera fr rd s or

Tri chopl usi §mlp§’P'?fjjafgrtfaﬁ& “@ﬁ°‘88f§}‘ﬁ’u§%%§t%p§é°mm etﬁgglggﬁg (ﬁle geolg%tl ns or

gel at i n 1¥r eB33.0ms Garden-Bxpnesdedpra)See, e.g., Engelhard, 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). Furt her exanples of this

expr essi on gyiditienal mathieds thapmpicheiused tegegerate planis pralanggellpihat cpmeypsss thes upr a. 15
Reconbi nant p&rsaﬂ%&m&ﬁsnpgem%nh&eor@eﬂyyd@ﬁws ﬁ&asvmﬁ ﬂie&%ed@ﬁqﬁﬁﬁﬂ%elétﬁ!&’@aﬁ%on can be

achieved in" insect ce [ﬁ(é;b ovi_rus vectors
%G Nhose

infe

cont ai ni ng tdﬁ%"eﬂﬁb"r‘Bﬁqsﬁ?llﬁhedﬁ‘bﬁh?%g@%eo‘f? spéﬁfﬂgﬁ‘tggw P
encodi ngisanys,§59347% UrsaPadnaNo.Bvas, 24anyysnesent Wats,6591 2hU.Sbeatdnee $$83,874;
Bacul ovi rus r f r [ of I Al ge scal e 20
producti on g‘fs Ei%fem\é\ﬁ) y?’%&%@%%ﬂ&eﬁ)&%f #gfllﬁr/l’?%%tg{et % 2%@ I‘IgOUS met hods
known i n t heatgnitNo. 8.32P.13@) enpl oyed to construct expr e55| on vect ors
contai ning a sequence encoding a gelatin or gelatin precursor of the
present invention and the appropriate_ transcriptional/translational

control si gridp Brescpigayention fyther projides pumethodet prodydmaplyrtigis Sy yroyidne 81- 39:  and
g uen\évalzub gioﬁgﬁﬁg&ogﬂplamﬁwa rbllént(cél&%ﬂch&a@bkh@iébdmt l@émﬁgaymcjg\le&{elet or SlystT ﬁm

rocedur es t hods nua har m n, .Sa 0,0 . ni ma e
present i nveRUPYS SsPE0s ?jrg%orrfl?ﬂ’f”i”f(galgmb?r aé%ﬁ’?%’&?“i %’dﬂ ?’ﬁlgh ?%oélgﬁ%?tﬁgﬁtfn gel atins
of the preseatbe denvmm(heam sudrpopnhq{q@emsm@emeﬁsrqpmmmﬁddad tohagranetowbi nant
gel atins of h@c‘% gﬁ)n(g @%be%ﬂ%ecqﬂ'afuﬁgerg ElénY%me't}BdFtPithzhl systens. .
Such systens I nc non-verte host cells and t ransgenic
animals. In cnlamﬁas 40&%3%@@ of”@é epsy oneaomvde@fquee@w@g@w gggredws may be

utilizeds | N.GRSES pYdLEERIaAGh BARITRY N US stbinitB&ELrAThefh QXIHBBEIIRRdV ect or ,

sequences encodl
d sequence 95 operably 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, dutographa 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
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t he pol ypeptides of the present invention nmay be ligated into an adenovirus
transcription/translati on conplex consisting of the |ate pronoter and
tripartitwoloemssns 35 sequence. This chimeric gene nmay themclyasonsept ed in

t he adenovirus genone by in vitro or in vivo reconbination. Insertion into
a non-essential El or E3 region of the viral genonme may be used to obtain
a viable virus which is capabl e of expressing the polypeptides of the
present invention in _infected host cells. e. an, and Shenk,
T. (1984) Proeventignipay baclerd intagpqn-esggytiabysgign %V)ruSAfOE e&awalﬁﬂbfeq

vaccinia 7.5 é@n@raﬁxrmiced urfd[&)éoxkt@l mechf\Sp@moer &r exaﬁ@ley’l& ﬂilfl’ﬁcﬁétﬁ46

PCT/ USCQO' 30791 ‘{2 2 f 8 %5 il ll Acad. g USA

79: 7415- 7419 Iir‘f@??f) “‘i\/&é !elflsce 18{“’ S 1 ﬁ'if)“ce‘fﬁ‘ A r‘n tﬁ’@ B 9864: and

Pani cal i et apolyhedriO@ay anRpmductiNactinon-pehided iBombinyBATEd;. eﬂl,mslﬂ@slglhe) I n
addi tion, var r&&ﬁacfesugg%dc eymsm %%enﬁse e teBorfiiEnBiduses S ElAn 85t he

Rous sarconma VI rus ance to 1 ncrease expr ession in,

for exanpl®, wethirdfecasroresy aﬁf@zzregda cqlly OS@ﬁthJRlVSlqjélW esip “ich pdyrusleciidgy ef er r ed
expression Syélwdmga& ﬁﬁns\()k élla'imbﬁsur@rstamagmmﬁt(Séea@g%r@uﬁiad H Rad all nf ection

of manmal i an lin 0SSl host
cells, for e&%ﬁ%? }%éﬁﬁa %ﬂﬁﬁé? 2aﬁ “bgﬁLgﬁ%gﬁngmﬂﬁgﬁﬁggﬁtg hanst er
ovary (CHO citdnsNo. uszm@l) Stuether axavtipteaidf tieetpesidastant mhydbefemy ie.gh

reconbi nant e vels. Mre specifically, it is contenplated that
Sem i ki Fores%&W??ﬁ% égbﬁ‘YIGSed in a wide range of hosts, as the systemis
15 not bad®d on chronpbsonmal integration, and therefore mAII be a quick way
of obtai ni ng Rémqblmn?amue{b% oPlhe E&?peﬁt‘f%ﬁ%ﬁﬂ&e’}ﬁ’é@&nt GobAbh 83 bk Rentdid) es ai med at
identifying structure-function "relationships and testing the effects of
various hybr i @serisrelse for eempRey feréion fbaioNEIsVaEes FRytINGE Y PORBiest Vi r us

vectors for 1@&&itlﬂ@se@«fen&3§%ﬁlﬂiﬁgl&o&reﬁéoﬁing§ny| ﬁ@strmmbnaaaazﬁﬁestthaeel s are
known in the arhband are crib 1%1 & 58 en et al. (1994)
Met hods Cel | BIEB1° "FGHE: %‘%‘“S%TS |"?r|*/8 SR 37"1” %eé oo 18 Secﬁlf in

di hydr of o2t eproduditinntoi saziogsctfompingra prolens frripsegicellst Fekiaws tohtheds knawngn the sit on
plasmi d cont al.D Do lifloolFhE - ARl Shafh ROk UIHE LERLICociBEbEC T O Of

CHO cells resistant ‘to I ncreasl ng concentrati ate wi |
under go gene geffin prepusser pidke prozent pyvenipeiand dhetippyprsiatediipreadionayanshajers  of the

desired reconfnfdiend. QSé%'erg L%&{OWW'(IQS@)VH& n%ntm :31-39; SGRHWa1da8) i
syst ens n'ay al so be used to expr ess e reco

| a of th
present i nvent Fg#F G393 1]ﬁ"é“lﬁmgﬁﬁ?s?l&e‘é“ﬁr8¥ﬁt%|Pl(§$f§$“§ieég§MFtéQ‘g%f‘Wﬁht egeI atins

can be dep3 verharmifit6!Bas PRpeITB.)can be constructed, for exanple, in mammual s
by operably |inking an encodi ng 30 pol ypeptide to a pronoter and ot her
requi red or optional regulatory sequences capable of effecting expression
in mammary glAmoel Li kewi se, required or optional post-translational

enzymes gats | Bt (oRELy Bakiod ProViceh AlhORRE exfREidg iR doBiRant BBMBS.RRQMUER
| u |
1)rllvent10n or polypeptides from which the recombinant gelatins of the present invention can

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.) Alternatively, the vaccinia 7.5 K promoter may be used. (See, e.g.,

56



target cells enploying suitable expression systens. Methods of using
transgenic animals to reconbinantly produce proteins are known in the art.
(See, e.gwp ouosie4dPat ent No. 4, 736,866; 35 U. S. Patent No. PETARG)/B881 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 01/034646 PCT/US00/30791 5 Uses
of CGelatin Gelatin appears in the manufacture or as a conponent of various
pharmaceuti cal and medi cal roduct s and_devices. lé),. est| t hat
about 85% oMaskeiirehal &t ey I\gﬁl-o“&%tsg- WA HOE R 'hfélflie%*c?- ials in
sone form iyneitdidioRer-8dacarka @uicat eg2] @DS2NPHEINae A day. Sdis BHA 791492840 BIL)S

products, faqr anmpl e har maceutical, stabilizers ma t rs,
sponges, haﬁlﬁacgﬁlan’sv 8’?‘1“5'% S‘Qngﬁ%riel REnEA e esaﬁtpsﬁ%l%?s%eﬁ?%% ?a%)é gggr%el atin's
filmform ndREYpalkpnter,nayde agee todnpdaepcaptession iny for promplef hinmmatismltdsirglisy st ens
desi gned specifically for pharmaceutical oral solid dosage forns,

i ncl udi gtgq controlled rel ease capsul es and tablets, and ot her nunerous

phar macelt i Samliki Feise yEysds 3 pelpdenprepeiPaeysiimapih sigus fas abroad hest Fges Hetended t o
i Mprove eas hPhfeaibXionnghimalah 6dll 1etvill 6€pdsMBIE Yinfeeidh.of @hmblial hatpRMAAr S as a

stabilizer in vario ornms,. for le, in the 15 pha eyt i cal

i ndustry, efjexangle Eaiﬁé@%%@dvgé%ﬁﬁg? Sarnﬂ%ﬁsﬁ tﬁgﬂs IBQ%@S’Q "?%o“&iﬁ‘ét s and
processes, istchiarvitalstatorabn dgpldrehiph eembinentgxpressiombrad Mt gedificaliptiiion, and as
L

f ood andSbewettagpd op plaemasprind sntegprtionapdgherefore svill fperdiuigk ey 9f obtiniagr i ous

gt‘)ggfnclt : FPie:?YOdﬁfaQiogﬁo?%ﬁrrécoﬂﬁiﬁﬂiﬂgéla‘ﬁns B3k Chthad 2 Mertilyif it 8 Sunctidal OSt i ngs,

s, and dairy and frozen products. GCel ati erves as an
enul si fier &fionshis anddpibhe Paeipgs P%%OL&HWB&P?W%@%‘?QS §§°0\Rﬂlluf’tm§s in soups
and sauces. segliatromstivBusis@6ls 8 expresdidnaf exvlg@ioig}goteigein inammakndndt tatls ag and

fining varioqus beyerages, |ncludi W nes d fruit. . . atinis
used in vari %‘%‘“Pﬁ%ag%’ﬁfafwe%ﬁc hﬁﬂf’g?‘ BT 09?%?“638%%11 (?g%ﬁoﬁ%gfﬁmgnd sal ad

25 dressionge3:4as3.a t hi ckener and stabilizer, and appears el sewhere as a fat
substitute. CGelatinis also widely used in mcro-encapsul ati on of
flavorings, colors, and vitamins. Celatin can also be used as a protein
suppl enent  iAddijignally §31Cheelhdedipient i dilydepiotie eductagn(dhinisen/kertagdsted ith pods

such as t hog@uhkiey Abeid cdntammga U@ k@b bnd tASsited Polphudlebdde C SditduSIfiOIES. As a
filmformer, gelatin is wused in coatjing fruits ats, delj.itens, and in
vari ous confcélgtrfsﬁﬁﬂtrtglmﬁrre"'(‘fﬂﬁc?f”?,ent‘iamflls %bouﬁ’@tec‘ﬁﬂa?r%ggoéﬁlf aﬁlﬁfr‘ﬁ‘caté@c. In the
cosnet i 3 i mehrilingihichgek@tssion Rppedils desiredrevanbirentypradin, hakmowo artee and skin care
products. Celatin is used as a thickener and bodying agent in a nunber of
shanpoos, nousses, creans, |otions, face masks, |ipsticks, manicuring

sol uti ons arffthngeeoid ewime sysians now Blsg beowsetie expeeseiibgiceqapinant gelatins of the

present invention or the polypeptides from which these recombinant 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 awgaloB4cecdustri al applications. For exanple, gel acrrusowsomwdel y
used as a glue and adhesive in various manufacturing processes. Celatin
can be used in various 58 WO 01/ 034646 PCT/US00/30791 5 adhesive and
gluing formul ati ons, such as in the manufacture of renvoistenable gumed
paper packagi ng tapes, wood gl ui ng, paper bonding of various grades of box
boards afd pgagerf&elatind in various applications which provide adhesive
surfaces whigdig a@ei}glnrﬂ%q%hﬂéar@@h ngcomﬁﬂah §ﬁﬁﬁéﬂ§9han%&e@ﬁhl%d ReB&I Ves as a

light-sensitive coating in various electronic devices and is used as a
phot or esi st PRSEgs 394 d%ﬁeﬁ ot eﬁﬁ@iﬁéﬁﬁt%&ﬁﬁéﬁﬁf@%@ﬁ%@%@@ “"fst‘}Pnt@&anpl e, in
col or tel evisslindaRel matdridB 6 HABEHA, ﬂ@mﬁgammma gelanh ramsaam wodid veions

manuf act urin el.atin t|n Qdfgnthe

coating of P C?df‘%ﬁéorg’éamptgﬂgﬁ%feupcaéf%ﬁézﬁ aS@?" ‘fnid?‘fs Sgonﬁ %Efll ACVAri ous

pri nti nglopr eeless@psuienduppnsitohie, sl rkeasic’s titnp-frgming cappl@iitica hre guplbyelyn paper s, such

as that useq,jf) ?i?n &9&% gs'? ﬁ%&%‘éd %&ﬁ%w Eﬁé%ﬁn&%ﬁa o1 @los@R kb, 1 0

phot ogr aphi ¢ “appl'i cat | atin1s used as a carrier

for wvari ous}ncé%@mg\?eﬂﬁ@%?}%maﬁs‘il% anstehledsy padsiice nusisrays Phergaceutisld| udi ng

sol utions umuétplnmcagemmewm@a &gmagqmeﬁdea toluﬁg ey/@kaBnbista@el ati n, | ong
used in vari ous phot((ﬁ ravi ng ues, 0f al so i nc uded as a .
conponent of9e{ER St T%f‘gé‘gpeﬁtf ‘ﬂsltaiﬁ 12 V%ﬂ’g“Sﬁ%ta\% PYXHERIG M e si | ver hal i de
chem stris i phiakbeatital 1h<am35r,s g0Qfn dhigh md@a&uﬁaﬁﬂ’ooqﬁndﬁmfage pr&@luktyedd gelatin film
2,?2?2‘52 I ge][ g‘eclesisiesi mlndusmaal apé)ﬁlc(:)atubr% e%e.g conclrete SQaq}ﬂlZP(lO% ? afs(?a{l/)g??r%\éan ] F;nsmit IeJ?Q
25 Gelatin H@sraallrxsmlube@mavaa@ua@lreemb@tSance for use in various |aboratory
applications. For exanple, gelatin can be used in various cell culture

applications, providing a suitable surface for_ cell attachnent and growh,
e.g., as a RN gAY cbls fauas has jogg Reen user iy the f9ediand bevsrageipsities. s ubst r at es,

or provimi Nngzehutis ;sluts@%@el;pm&@umcomwoﬁaymmc@gsawbxbdmpbaalcu1hi%dn@hmgj or | ow
gel st rengt eI at i nﬁgs us

ol og %ﬁ% in vari g processes,
for exanpl e gf:’(ﬁ%??lP Eh mb"’[n éfﬁ%eﬁam i sutqe' Seﬂvsf’%%faflﬁm g89y8% such as
enzyme-lin kehickenammsmtsbsé]mpecasmggs aé el SAsgoupsand saptes. eGelatmmrsmgays
CGelatin is and
of ect r ophor PRI EE AR b REL O UnoePrliS e thhBte RIBERE ML Bl B0 o
The present Gelnjie istusesrin gdriges lew prdapyresitie prodps, wbamayp@@zsmﬂﬁam gelatin in

vari ous 2sphagdiBes Uk b @idkeRPshdiBstiSeR lanPdpplak LR RIASas alel stk CO&AMmis | N one

enbodi ment, t he pr esent
also widely used in micro-encapsulation of flavorings, colors, and vitamins. Gelatin can also

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 humewosnwswes. The present reconbi nant gel atins of f @ecTarso@sivant age
previously unavailable in the art: that of using 59 WO 01/ 034646

PCT/ USO0/ 30791 5 gel atins derived fromnative human col | agen sequence,

t hus reducing the risk of inununogenecity to the gelatin material. In
addition, as the present gelatins are produced reconbinantlyin a

control | éd edisivomdetving fermsktonsfsudhres axghd winpfactue phiemaigierbls semobd rager TSES  or

from pat hogens dRbH@ YRS, phith bAHME Sl aFbts isRBesRE RGEER S p@k, 4xli NI M zed.
10 Endot oxi %QI gég?tgﬁeg co%’rregg:aﬁz}l mat%rl al sstgﬂl ?Scal |y rangep%{ om about 1.0

to 1.5 M ng TYariopeppltcptipns igghprodepdhesivg sisfaces which ¢an be Fractiatdyn  Jagow (1987)
Anal . Bi ochesmoistéfig368- 379; Friberger, P. et al | (1987) in "Detection of
Bact eri aI Endotoxins with the Linmulus Aneobocyte Lysate Test," Prog. din.
Bi ol . 149- 169 e ion, the
endot OXI n Ig(?v%mslseé‘éeﬁasnal P Sgnsgtplg %%%]8%?%?1%1%%0% gsragggfuge\régg% tude. 15
(See Exanpl eh&orpsisthase pr\@s@laphqtqhﬁ@gnaplmrMﬁss for epinglesin coler tderdsiansbddi nent , a
reconbi nant Qg Lﬂekarlnﬂﬁfaétﬁ{rﬁg il SR 11%9% tgtééﬁﬁn is%sewnf doHduthe

endot oxi n-free. ditionto providing a mat eri al _w thout the
i mrunogenem lgagd ffalﬁEF @ﬁ%@@%@?ﬁ%@%é@nw%@%ﬁ?]ﬁpﬁ ViFeLan ispsddl vageysi ved

mat eri al s PREHNRPEEEds ahd M @R tla@ifaclrin® WSspbdl qulify@ppeasisich &Y teat #dd sour ce of

consi ste ifically, the present gelatins can be presented as
a hono no qn dﬂﬁ“ﬁftﬁ?kecp%’%wiedeeﬁcfl cal nol ecul es. The physical characteristics

desired in a particular nedical application can be specifically introduced
and achi evedy, on o provi de a
ol abl e and"Eorielh EbbdechtGen iERAL ook MBS biadple Wi 2R id o i
t he avai | abiveiliquy agiifelcampencsts inphetographiqpelutions inghydig selpisons pisd lnr?( wyeed fic

embodi nent s, h&t@%aﬂhﬁmé@ﬁﬁﬂmeﬁed}e‘létinrlo@us&hﬁ vmo@sslﬂlefoeﬁg&wﬁl@wcﬁﬁquem be used

in the nanufa ure of capsules, .including hard shell har d apsules
typi cal I3 prsaiclgedas 6ﬁ9mpgéffna?f VRIS YRS °8ﬂ1§1 gl ehegbrusehpvergplidor
capsul es, t yepingigyl lyvmdeaajefscmﬁgednabapar Ifrbduﬁis Silvér PEE filld @pea&nﬂnmelmﬁ nts of

the present i.nve elatin

and 30 a sof*f AT fﬂfn WP ogher Qmﬁlogll Ofr@actlé)rrlrﬁtong Gseial{l'iqg‘tusen At Seeﬁ%?%l{} ded, as
are net hods dmentOﬁmmﬁsa‘dmwetcng these capsul es. The t hernmoreversibility of
gelatin is a property exploited in a nunber of applications, for exanple,

in the manufacture of such gel sules and tablets Gelatin_can be
heat ed, 3¥pl d&titin Bgs a@ﬁhﬁ?éavﬁ@bﬁﬁwgﬁelf%ﬂéﬁméi%l’“%ﬂé‘??”é@y gplieptions- Fofrm a capsul e

or tabl et c‘esaaqsﬂmgelatﬁi@an B’&%edlmwﬁiﬂd& Bl aﬂtﬁfetablﬂﬁatﬁhs poteRs b aitide fuemqeer at ur es.
A sel ected %gflﬁgﬁl can 3 into nme ure, easing

swal | owi ng, @&Qﬁ-ﬁg’i 3oy élig s &8 qsﬁf%attlﬂ%ﬁ)r Bl'{’)ta%/haSks mn}r)o {;eagls or other

substrates, or providing a suitable protein source in growth 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. Ina
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 aWby1as4sité abl e capsul es and coatings. | n anot her pemsdi/sent , t he
present invention provides reconbinant gelatins with inproved resiliency,
appropriate for use in capsules and tabletting. 60 WO 01/ 034646

PCT/ US00/ 30791 5 In certain applications, such as the manufacture of gel
capsul es, the brittleness and hardness devel oped by gelatin over tinme is
an i npor tSantge]aﬁ{saiEﬁeélfromlnaive hﬁrﬁanlcbllI@én seipens tlsfredutihgtharnigk of usef ul ness of
currently av tain
viscosi ty il BR e RAERE0 S5 s B R flof el

manuf act ur errecombingyely it 4 genicaddiad mvmmjntmskwﬁ;@fe@f@y, fipmae@tsspeyss TSEsGy gel atin
in sizable |RhSaiBedt #RlendoRoxFRindb@ ERASSLARS Yardhinini@uf act ured products.
Furt hernore, sonme manufacturing processes, such as the nmanufacture of hard
gel capsules, currently require a blend of gelatin types, e.g., of type A
and type1oB gﬁh@:&inﬁlﬁvelsj dfc@ﬁld@aslalmteﬁmoﬁ}pﬁﬂlyaaﬂgaﬁaﬁ htadut 1 foh.stHEmgesi r ed

properties, anple, in a
hard gel &al%]%h(??? ?gié)c{j%eg%e}‘l,%fal%%[(? et d o?ov‘igb%n ? EIII‘E% 1a6Ir51358u§sl7é The
r econbi nant Fgléd:radzrlIhstad)f(19t8ﬁ)enﬂ?@@mofiermntndnwémer@ﬂh@k@aber purity and are

bet t er Char@ﬁéossaygiglsateh@a »q:wgr@m Bibl. @vsalzilaqtab%m@{hb Mefhods DEMS, the present
gel atins can mat erial, and one nore reproducible and

predi ct abl e Hr‘ifieflt t@erw@hé%eaﬁlowmd?"ﬂ%é%ﬁfé‘uceéby h‘éﬁtﬁaﬂeteﬁ@eﬁ@f WSt t he
present 15nvqséelmamp1@9¢ ’Iﬁ@%ﬂeé@nt@rﬁghﬂbﬁ%s poviesdfibidtabbdigeltatrbddmbitalt possessed
the structur atu es of both t . of dt|n|na5|ngle nol ecul e or in
a wel | - char® F‘é R BUPgP oUEses Vérg’la Y ‘%’f%"?‘écwrbl nant gelatin of the
present invention can also be used as a stablllzer in various 25

phar maceut i e.g.

co- pendi ng, %%:Cgﬁ#ggﬁ%éd ebﬁé%%a?mﬂ%og% tlg% %en%’ﬁ%%ﬂd’?&é 1Vl%ﬁgslgeesd

" Recomnbi nantasCeiptad Wittsanimel-dgrivedinpferinls; th¢ presspt H]}@ntN@\?B‘??ﬁef?f azeudluciblacor por at ed

herei n by r efGEEReEnsisRntiptRu@NédetiBlatly he pldi&H 8dineeanibB pftae@iodi ment;, the
pr esent invention pr ovides a stabjlizi ng age {)ﬁhal'ag r.sing r econbi nant

gel atin, whePrEPEpyEIEpspfifsnsieal mpleculss; P%?dﬂhésl stios dp¥red Waceut i cal
applicati Onspam&ﬁlaﬂnﬁbdﬁamp}ﬂfcﬁfoheﬂlbeﬂﬁbelﬂbdmliﬁtmddcbtmnﬂ@ﬂﬁhﬁﬂ dﬁ)&ﬁﬁtengjal’ﬂiel nis
reconbi nant human ns of .vari .agens are
associ at ed WEH" %?18?@ ﬂﬁ‘&??l?/mﬁoélgea?ahab?egangconflsmm pmduc(? yl mmlérgl gns of type
1l col | agenvatidvilay ieeiated swth the avadability trid vacdfi cmeensgelaespnoclvwl ved in the
clotting,cascade. Therefore, in one enbodiment, the present invention
contenpl ates the use 35 of | ynucl eot i des encodlng reconbi nant gel atins
t hat cont ai ﬂngq;@éip prplg’odg_r@piis,\)‘.& rﬁc@gqb@ﬁg g¢Jgtin of the present invention can be used in the

manufacture of capsules, including hard shell or 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 ewpiod@346e®ul d t hus be used as a diagnostic tool PaTIubens(i7PYy
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 WD
01/ 034646 PCT/US00/ 30791 5 various nethods of screening for drugs or
conpounds that could inhibit or enhance the activity and/or ‘expression
associatéd with particular coll agenous domai ns. The present gelatin can

al so be Useqnbé?taﬁ@ﬁﬁﬁéﬁhﬁédcﬁ)ﬁbmé AR GBS 58l CapASR PSRt ¥ hads | N

tabl etti ng, positories nd, vari ous nedi cal enul sj resent
i nvention ald§ ?Ofed?:ycﬁ’ﬂa%ﬂeﬁ%"sls frHEPpraat Refamelgpthat et it ﬁ&ﬁ’tdfé% a&?l n provi ded

herein in madif@iadss GlR0MEGED avallably animahenms paitine Bpabiljyso mehigin vistasitpwound
treat ment anog/erl tl?ne\{;vac‘)l{lfd%e avy %ua%g Iag’:sgt ?sgé%{%h}% &)?&hn%?a%mre?s cg gel'fltﬁls ontglgﬁ)lgges used to

prevent | eakage afte 0SCOo procedures.
Ther ef or®, |pmodo¢te whs pex;tlﬂy l‘tuh eelejmels%wble ilatsia mdﬁldﬂ meisiprdorsdsteney ponge

conprising r Bductgei"@'&léﬂlore\’%ﬁfé ‘ﬁiaﬂlf&chﬁngﬁg&gs%s lsfhasnt abl e for use in
medi cal proce ur es. I na preferred enbodi nent, the recombi nant gel atin

i s recombi narAufaeivra Al hyed gst G aPF“bTI‘i@an@Y:’@ﬁ"Blie a&lsad %fegle}é'l?‘i HReSgiE-1h@Pphesent
i nvention cahd Qfge aaug@ eldora@ td}ﬁ&ﬁl@&ﬁnﬁﬁﬁﬁvﬂﬁi tBe qUBYSlipEdpbrtieisaRAlt bfes sui tabl e

for use in part] cations ventj o rovi des net hods
for varying t}iq‘?;r E‘P‘é’fﬂ? SEfé gﬁg’ﬁmglg %ﬁ%@ﬁ‘ﬁﬁ?ps'&%%gkﬁsttoolﬁréﬁeéfrength, and pH
of the f15nalmageﬂaauremnd1@6) formul ati on to produce gel atins with specific
properties as desired, and to thus neet custoner's specifications to a

degree unattainable with currently available materials. Mreover, such
f or mul at i onsThaFecerbinanieetatingabfhe prosest iByeplia e of gfertagnERtaad 5 PERY st i ng

processes %ﬁga&&l&mmtch%ay avdSabMehdter@B. Thus d@/&és@m gél@d’ﬁs aRRkdvaRbi ons, for
the present reconbinant gel atins. C‘%iad;rll'he cuI a t .distributions of

commer ci al | YRR aIe & Q‘i‘ﬁlﬁ%{?rear@?‘i gB‘F@}H e igdip ‘T}’?Y’l%r gmgﬁ‘@ﬂ’reas t hose used

i n formdoat iveifg OF méMEEIoNBS prefeang&nﬁdnmnea@mangﬁedrarea&ntkiﬂmmhﬁrha:m about 0
to 60 kD. (See P i AV nt|o rovides for a

net hod of ﬁroﬁasﬁ%ﬁﬂysu}‘sr% n%aimﬁ%sr?tf%’%ﬂl °¥%e1?a% S & elercug’w]f]ablfe? hydrol ysi s
condi ti ons, chiratterizabuikius of moleguissonbi nant human gel atins with nol ecul ar

wei ght distributions which correspond with the 30 commercially avail abl e
gelatins, and can be used for the sane purposes. Additionally, the present
i nvent i on pridreqeEbimst g7l of e presers dyentinn cagelsabs ved atiaskbilizen BrREWer ol ecul ar

\livel ght i Stﬂh?rhigfe\lﬁl#al prbdEts, G%RIHhfo, 1rﬁbl£gb|'br v‘ha;lu{e@ 3&, kPaco-@ndighout 30 t Io 50
Da, not available fro comye/l Cl terials 5 nant ge atin
of the presdfPmPHYENRIISHS: ARREFaL ‘5‘%’6@ i-ons—t HEHS Fecoglgﬁmg%g%&ﬁén used in
various sur g(acahespﬁadeolubembenmm indorpgatedhelpindgyegfematal i codatgdi t s f or
directing anl%erefore, in one embodiment, the present invention provides a stabilizing agent comprising
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  ofpolynucleotides 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 hetwpioamsdéan sites and ot her incisions or wounds, @ad/usao/pobyester
grafts as an infection-resistant sealant. (See, e.g., Migilche, N L. et 62
WO 01/ 034646 PCT/USOQ 30791 5 al. (1999) East Afr. Med. J. 76(7):400-406;
Beyer et al. (1997) Br. J. Anaesth. 78(1):4-50; Luks et al. (1999) Am J.
bstet. Gynecol. 181(4):995-996; and Farooq et al. §1999) J. Surg. Res.
87(1):57561. v}nmhmeﬁbp@yémeeﬁhafoné@@m pagapiounsls Fpireile i oggfansethadmi ni st er ed
to a subj ectydil afdid ek iBRbn Rociakd wiR P ifhdthous @Biitd ONS, 1 ncl udi ng
arthritis, athrosis, and other conditions related to the degeneratl on of
cartilage and joint flexibility. In a preferred enbodi nent, the reconbi nant
gel atin contmk pﬁseat gmdil tanatdo Bd’ﬁiséﬁlnaﬁﬂalﬁkuﬁﬁcﬂuﬂﬂcﬁngﬂﬁicmbncpmﬁlsﬁmsﬁﬁ ihi gher
concentrati ni ne dr 0Xx ol i ne, [50) Lhe, and ot her
ani no aci ds%?%i mlgesffplf g‘% t a‘bdrvc%%" learl StlsiEsy ?hegp reségan p%{%f eogl ycans in
cartil age. (CStﬁenplﬁesghe usm:coefomait gelétmm)dedl her¢iy inrmedicl sp@Q¢s105.> 1891- 1895. )
M crosphere erﬁX %hg&clatc i} Qo&nﬁ@eﬂﬁém@&id%vaﬂgust D%c@lraﬁpclﬁmoné Byeation are

al so contenp ated m’croencapsul ated particles can be used, for
exanple, in Smf}g@;sd{‘s@do P@%ﬂnt lggkpge afer nof esmend it fetossepihandiother Rsreedisl | ol ecul es,

provi di ng a ThewioRf Inda¥ aspécamrpresamvenmmmamg i Ylofzedhpricais YecoSiham (ﬁee
I n anot her

e.g., Brown et  al 998) Artluitls

aspect, the $Prd% gﬁ?”'&ﬁ*?é?\%“ﬁ%lﬁ S‘EtS{?'}? tﬁ’ﬁ’bﬁeé‘f S m&’rpé?ceilﬁ?ﬁ ] aslﬁf?fa%. don of the 20
reconbi nant egdbdiinermSheatcohibap gelsarid recamb@iattihomart gelagih.| evi at e di sease activity
in rheunatoid arthritis. (Arborelius et al. (1999) Rheumatol Int
18:129-135.) In ingested pharmaceutical products, it mght be desirable to
provi de recdisbrxemitinagedelatingpf Hawicsryt igveation dar e @g@iedéqpos&g@gpe&@apmwah n the

acidic envir %@ﬁ@stsuf?efbletf&%éﬁl%ﬂiﬁ&har afPiitatiof Ghe ﬁéseﬁﬁﬁ@ﬁicﬂ%ﬁﬁldgﬁﬁethods

encapsul atiaon, and various formul ations and drug del |veré§%ystem;, are
avail abl e i rform%@lngrc%ar%ﬁ?ast&f Sl aeqlseplagight selsirrstisard g of e ingl glain’ o
Gennar 0, 20A. RormuR€on to (afb&&!a)gelﬂelmmpaaﬁepramfemmeﬂ@aatoamsemetes 18th ed. ,

Mack Publ i Shl st..effecti nd .conveni ent route
of adni ni st r'8t ?Cl’&%sé%eal%fars‘llgnsqogfi eg)éeﬁf)nrlagﬁl%l (i Wlﬂﬁ‘ctl)nrrennl%l a¥aelabq %t?nag particul ar

situation caviorbwyen gaidfoyulgdetestiedudymanttenplos redmewmts of exidtieg progesses 30
Sui table r Owﬁm%atﬁmgmﬂag fld 39@?@% apliPtiofX R Bresdh el af p@htins,” €CL A1 ,

t ransnucosal, Intéstinal a istration and parenteral delivery,
including i nt rarruscul ar, subcutaneous, intramedullary injections, as well

as intragshecak moﬁbmﬁ%ghmsrmﬂws of &)u]ln@fmauy %ﬂ@ve%ﬁimaenvbmruap@amh@neal
i ntranasal or ?hgl‘ aocul ‘_& I ons. Vacgi ne

del i vered 3590 Wéﬁ%ﬁjg oLBFeusP-atmeC 38 oél‘hé Ttoé‘fzgﬁtaﬂndgflr%?b&at live

at t enuat ed, ts6bkni See Emmﬂvsﬂ zmd19,) The present invention provides for a method of
producing recombinant human 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 tao /034686 emi ¢ manner. The present invention al s@CErEN/BES1 a
pharmaceutical conposition conprising reconbi nant gelatin wherein the
conposition is suitable for delivery as a spray, for |ingual or nasal
delivery. 63 WO 01/034646 PCT/US00/30791 5 Food In the food industry,
gelatin's physical properties and pure protejn _conposition ke it

sui t abl e f ora}l-&]é’89)i5?5ta’\f§/%iiét ZP(7(3'140Q1\§§?S];°’€YF§F&F1UG?%§B% 'Aéla?fg]n%ﬁghf@ of various
edi bl e pr oduGksetand99g) . I tobeBRGyREHL AR AEIYE-996; @el Frkdof e 1 998) JaSdrgod pr oduct
inits own 33@7 )_g,/r_ vi ding a 10 carbohydrate-free, pure protein source. In
addi tion, gel*d (- % sical and structural characteristics are useful in
vari ous food preparation and packagi ng applications. For exanple, gelatin

i's used as apg gllege'nﬁgmg'{ageuh&l golfrﬁgélt'fb‘ﬂs %%dilrﬁﬁrﬁer@c{‘to%@wje%{ fol @B 0am ng

agent; to prevent curdling or protein-liquid separation, for "feel," or to
i mpr ove Wonsviseue jpi condfiigns aglpdipgarthrits, strods. andathes eqpfidons aglded ththsdhesi on and
packagi ng, f@REeneWMARE QutildS adljoROlRILAIL iTh Aprefed& dEtbolilnentOBd @édntbing@n Serve as
a particularly val uable squrce of pure protein. Therefore, in one aspect,
the present & %‘fﬂifaglﬁaﬁp%g?{fggnogcﬂfwg}cgwgl&bﬁsﬁfﬁﬁg 1Zhe RPN EISE Y ecombi nant
gelatin. Theiged, Btdraxymblirevad pydes@iyting, mdeitet Aumincails kedntquintodiepedictiert h, f or
exanpl e, spegific an Si . t f i, & j cids. The
present i nvé)%f(l)l%%engpl?n%\ﬂo é)gly?ag? m? %@H rg%egcet%e ’3%(;%# étg‘o“?%g? ?gﬁ% edi bl e

gel ati nsiS wHéPGh@r18pn18§a) Mitrespheressynthrsigefiovithites gejating of e presqnbiaYeaHINAq s

optimal for .8, Hdddifddl 8ichdRRbInEALIIAY pRficIe Wn BE REU & exahpR, AldRS&RAt 1 Nvention
provi des for_reconbi nant. gel atin products conprising different ratios of

anmino aci d rdsbyeaind Serapspfe prgteiny or sgiall Belerples gRvATHea AYRATHEYami no aci ds
esgenti ?l fQﬁoc&ﬁpdﬁwaaa&erryris)m‘ehucdsdag.g‘.,cgﬁovammpI(1@98)|Am1'rima3hean,ga‘mi1sﬁe, | euci ne,
and i sol euci IL.n one enbodi nent,. the present invent.i.o r-avi des

r econbi nant 23%] hf WOE‘SWWC%g’ﬁBreieﬂfénvseﬁtéo&C??t%mp?%?siof)ag aéﬁl?lmséur# ?1118°f%aeci ds desired.
For exantl e reagabiatrit gelaime of thaprése dweriting wratlehte disessa pgiiveéyrmnbevmptodt hl et e' s di et
m ght conpri . hi i I I 1.6 .11S

benet i of a1 P, SREhENEL T1s8)) KIETMANER | 45037 b MELDEpILERELD 1
creatine, i Pradugslitpeght bpdesiabledppipyjde raemhbant sdpindpvinpsispifrisaingel | s. Gel atin
can serve t Qegaanca tehedo vivibih@nsHhe\iidén, gft, foods in general by
conpleting and increasing the am no acid conposition of other protein
sources, for exanple, neats and dairy products. Gelatin has m nimal or

bl and t axt e, Tealimihuestbr dnbupsulgiet, ied asod f@Eabatiab bel dupdiclvtyr sytténonat f ood

available in the art and are described in numerous sources. (See, e.g., Gennaro, A.R., ed.

(1990) Remington’s Pharmaceutical Sciences, 18" ed., Mack Publishing Co., Baston 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 waloed446 oods, reducing the caloric content. GelPamiusowannl 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
carbohydrate-free carrier or filler 64 WO 01/ 034646 PCT/US00/30791 5
substancé in, for exanple, spray or dried instant food products and
flavorings, megaas a clari fyi ng and fining agent in, for exanple, wnes and
juices. The agl lity of geg i rrFart desi rabl.e characteri stl Ccs,

i ncl udi ng, fibie Bed idpsty SRR &P S‘°a18r8 R eqrPosilongmakhfty yal ued. The
texture of Sﬂ&hleﬁdr@ﬁhlﬁhﬁarﬁ@pﬁﬁd;& ih€luding ag.t genpd et Eeatis edifle prb@ct ypes  of

i ngredi ents d, . fornmu on.. var abl e ow. t s are processed
and handl ed.nminﬁ ric'fﬂosn %le einos'ner3a/tma°61£)|9 %?‘?%O&Ct]?lts ownn%%f%?gﬁ% atin appears in
a vari ety ofcagellylet-frepirodpectisn sogue n adlitpasgelatin’ eshysiea apicprudtael gunmy
products.  Gehalddisdcs ald 3G ﬁlsvaﬁoug?dohh garafaﬁrs}h pacla%lgg@pghaagongeﬁqrur es rangi ng
fromsoft and elastic to short_ and re and nouth-feel of the
fi ni shed prﬁlﬂi”(‘?@e B@at’é}ésdé?ﬂféﬁtgebl?ﬁapﬁ@mﬁ%ﬁg@f s PeHPERISepHE &8t | on, and
fornul ation agént 1Ppreehirthiding ks Qfbtein- 1ﬁqumsbafahaﬂ forgeélatomlﬁpxaw dofiistkaty properties
prowdeasu tratefgalr col ors al.l owi t he eS|r q% acity or

el arity, e St Feims RSl o P e R e o R R ot vt

the preslént invention allows for the use of a gelatin that provides the
of “gel I ed oonP it PR BRSht 3 putldany LAER ol Bl e B e el atin
i s sel ect ed agsptcthe Prassntanviertionpioyidpsa Dresen SuEPimWUéWWﬁl?g reggnbilagfigclpinscosi ty can

produce undesi Eans tht ledehitBven®th cslh& pelﬁa&& lwhh £78) eﬁa&ﬁm@ spwm £ desiBaUf at ur e,
causi ng defectrve products CGener al | ea in dt g g gr th(ﬁ bl oom val ue
yideg,for i B0 15509 Hc

of the gel PHis diseseniai e K e 8e stihya reasing the
gel atin ao ntvexﬁtius edllISIEgeldeﬂ:léther BeRD e ofpatde foranditciherastatstids optimat fne. 25 A
property of %? hcatlonmy‘3 0I olted in, for exanple, the production of
aerated comfect ary produ |s its ability to produce and support a
foam and to prormte rapid settlng at the air/liquid interface by form ng
a filmaroung g@stemm%ng;.:ld@yme&mmé@ aatﬁldprodastpeur&ﬁ)hﬁng@ﬂé&ﬂt tbgora | arge
famly of come' ctionery products, 1nclu mar s , _frostings,
nougats, and EWERH Esidpy Hy, Plﬁtﬁcﬁ’@%‘nswg"fé@@f'f@@ a@lfiseégqngq f%n and setting
time 30 rsequihed, haMdid faaa&&mga byife, afgﬁﬂuqsucdﬁmmdae@met hent R daRre:, gr ade of
gelatin use together. wwth the conceep ration o& ig‘ﬁ tin | the final
product . Al tRSATER EWERLOT RRVIAS: drpPrRST §ore5 R Cotrrigag he PRgeiigEgs o gﬂm\)/ar y the
texture of acdadesickdpFodsanipe, gdfain ued anfobds intgpdédatd supslemertt n dibletrs Bktoom val ues,
or gel str erﬁg%ﬂ% borx?ﬂn?glﬁgh%r l%ve?sho? [ekiBlies th?:ﬁ\Qé lyme&/ﬁl@}?m gg‘!@ﬁélél% L\Mclg Erolvﬁn\’\er bl oom

val ues provi
and arginine, which, as a precursor to creatine, is involved in the energy metabolism of

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, suwb oam34ead f ees and caranel s, which contain fats amdtarseo/3ebi ghtly
aerated. For exanple, gelatin assists in the enulsification of fats,

i nproving dispersion and stability; provides desirable texture and

chewi ness, as well as foamng ability; 65 WO 01/034646 PCT/ US00/ 30791 5
and contributes to the shelf-life of the final product, such as by

cont r ol | i5ng sshyenede foreyapld, bbrayat fiad ins@od foadi pregiugis and flav@inglopnast about 150 to
200 to are tyRRGRlbYadSelalh, [RestpePhAduad ficed usage levels of 0.5-1.5%
w w. Therefore,” in one aspect, the present 1nvention contenpl ates a
reconbi nant gelatin with a Bl oom of about 150 to 200 for use in edible
products. 10rhé&ediay bfgepkifioliflgst R26hBIS 'blmdeﬁsﬁbu Erﬁlumng,cﬂsteammm&m& whi ch

contain both solid and.|i e wder ed .su an and fats
di spersed irf% grﬁfldéarntys r‘“&%"%ﬁ;ﬁ%g" e Szilg %m%ug gepegcgtoafarrged%gﬁet% a crunbly
t ext ure ®@nd thedypemhﬁ ihgrédientsaisdd] foguulaBet mbiéssanb&ln‘dﬂngropummrp(@@e@m al so
utilized in n licorice,
L e S B L AR

bi nder, gr eaxddyets, msheviasiilenwidoerias summay ppducisnCelainds Wedwareiingagsitacki ng and

crunbling d %dvmgmués%{ghhg %omG@t AlileRstR |t§§h01|@ @Adﬂﬁrd Q‘B@Mﬁ{&% aOAG@ettionar y
products, gh as,

Icorlce, fr I n_Storage,
i nproving pro ﬁ'ﬁ@’f“s%eﬂﬁ’fofluqt }S?igpendfﬁté’nﬁl?eé’éoé’ﬁltm?rf#e?ﬂnf 6‘Hat B)PBWWE@ in one
enbodi nerst , galatublsétﬁllﬂgdda@ﬁ,rgelamﬁnmlmﬂal @g)pfre@q»rdvidaambsmé fat dotors anthi ch bi ndi ng
agent can be,a SRIBRRRN 8l A8 T LRE LLAIHALE: MRERTEIERLANENE) OF
further pr ovides a s uri ri sinig combI nant gefati
whi ch noi st 1né aspesty ﬂagma@nt msensen atﬂam fer tﬂi@laseaéegqlaﬁném nsmedepthed@m@ct Gel I ed

products ar Qexﬂiﬁﬁb}oﬁmlﬁ Brilliahé¥, érﬂléﬁn{yoiﬁ ﬂﬁmahﬂgéuﬂgbﬂkglléd%aﬂychB&rﬁ at products,
dry blended powdered m Xt ur es, lets 1n which the sugars, gelatin,

aci ds, fl avéridnags Inpawthepseich ﬁ@am@v@aﬁe &B@%ééﬁeﬁd@eﬂh\%ﬁ Tl elydoW ed.
Gel ati n’ % abistdsity, ab Bigh ﬂgomlglc&sﬁrb@ca@zsésthamhhg’rdmrerdepbeﬁlﬁg.@h@dg@{gs Wi th
nmel ting points around 25 ? i s expl 0|t<?d in.su Si bl’ naj% texture,
rigidity, aﬁ?fnu%&fet‘faﬁﬂngr defearvg profyris SO |S?1e§lﬂﬁg”g‘8dtg?‘§r ar °°8’ovﬁ u?8 l ed by the
concentr at i olie gahth, Heyhsiderdhe pr@iugperomes so thit by meregpglzaliec galatimwatentpae t i cul arl y,
bl oom str e”%EJ&u&’BQco*%?tﬁfh%f&anﬂe@Xe‘? bSextdrd the production of gelatin

0

desserts, e use o wer concentration of a higher-grade gelatin to 30
produce a gelled product of a particular rigidity would provide advantages,

including ecRpRm 6r g"éﬁ‘ﬁﬁ’-@kl@@%xpl@ﬁd welok exasple TR RY@6ticRlodsddied and col or

devel opnment, conpared
P confecrtrlgnary proc%ucts, is its a% ?1ty to produce and support a foam, and to promote rapid

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 nawo ogebstié n, wherein the gelling agent is suitablPeTfusoo/ssel i n an
edi bl e product. 35 CGelatin is often used in the manufacture of various
dairy products, such as ice cream yogurt, and puddings, in which a
particular texture and nouth feel is desired; in particular, gelatin

provi des a snooth, even-textured consistency and creany nouth feel. Gelatin
is used i5n afid Whribike3 464kl T AUSODAZDR, subh sbybemallingsucwset h ot her
hydrocol | oi ¢ h hd | - se and

sal ad dressi %S@ﬁlz%\‘f% Gfﬁ%ggg%%ﬁlg?@éﬁ%?%vlfﬁo 20 a%\%r'ﬁlé ¥ H@&lﬁg& géem rability
of low and pmdmft%ﬁt ughgt leyelynf 0 dulci’s wiw. gﬁk@fqrmln@aﬁaqnm%éhea}m%mg@naﬁlm ng
contributi Or&oﬁté}nﬁlﬁé‘s al%éa%ﬁ&nt g&a&ﬁl%ﬁa BREGYo! 830 SO0 £6:86d inedibi@ 10 fini shed
product. Wth its fat-like nelting characteristics, a gelatin having a

el t| ng poi pEodg¢ts- around 25-35C provi des the desi rabl e sensory properties,
or el tri n-t he- nout h' characterl stics, thus sinulating the texture of t he
full-fat pr t consci ous soci.et |l -suited for
use as a st g%?’ﬁ%“ Eré’?ﬂg COI?GSI\‘/VC ttce)}r( FEHUCEP A ™ il?%faﬁ%n%ﬁ(ﬂfdnafqa IS%I\ME Pesetr oduct s,
addi ng t o t kensizulyofpoddenmistdar indédts dl&pnudedon esigamsyrup. Setesintakts as qielidex:fat e, and
creany text E)Ee%eﬂtgc}unﬁl @(ﬁﬁ“@&ﬁ t&tﬂn&%racki%gdéélstWHdﬁwg %l&lﬁ&s‘aﬂa a?sroab ilizes

t hese produc ventl ng syneresis, or the separatl on of whey
proteins. | r\ltll‘l%id@IF’@g%ﬁS and cgmprstspeablels- Japrgustssuics fiepios et oA gel net wor k
whi ch binds c%Blﬁéd wﬂ?hraﬁ‘é@ﬁ{ dubt0as hbkd BbirQlots @@ﬂbm&?@@ﬁ@tﬂn@fbvﬁﬁ mbi@rewhey

proteins, thus roduct sh f- Gel at d in the 20
Puf act ur & FORphRK R BEERS X TIMAR fying
properties gfevge k:aifd:cﬁona@rpeocm&educh@s ifar exapmielicorieafiony 'dls'mgsmtm;/stor@l atin al so

O o ISP Aol R ol PRUE 6 PR ree SO b ens SN BRI SR QMG S i & I © M K
desserts, SUC?I %ﬁeeseca 5 ?nl avor ased esserts such
as nousses, bmdmgfamscoamdswm@sm gqiﬁél, whielahindiesgen panpe @ gemisaeny ff | ed as

desi red yoby eallbk%;ddeas t10€ pleQRGRT KA R egglnusfagz@g PRGhIeSnef the
gel ati n used. ngca Fatlnleves 25 for such uses ragc?efromOZOS%
i)

w w, al t houd#f© ﬁégelﬁm W]@%Flmﬁ'é‘}m@ta?eéw@ﬁh@blﬁ%}mﬁ ihliblyredUFted i n vari ous
products. The present invention provides a stabilizing agent corrprl si ng

r ecombi nant | at i Ther increasin mand. i.n _the f ealth
i ndustries fc%"ﬁe‘f ?fﬂ‘ﬁtéﬁre%laﬂ ab&‘?mfv  {ada ﬁgqés’ %ﬁl %P%raﬁi@ teat Efé’fhéc'% i %y gt etic
properties, powddreddhirigres,tostablbis ini vwhichttie spgaosy gakdingacds, dlavoring, atlctl@lcalbskmee of
fat, zﬁf It éﬁscﬁgsclfu/edl alld éehgd Y/@e;lagﬂ’ts aﬁlﬁlcgﬁ) foqurgéf&hg ¥xtu ﬁtk@ﬂd-re@e?sﬂl@geﬁr oduct s

de5| gne patients, ~con escent and 1 ndi vi S wth speC| al dietary
sensitiviti e;gth@peltppg(pgigts aiod20 134 °(sis p}fp@[ltgqlﬁsuch uses. The ﬁnal texture, rigidity, and

setting rate of these gelling products are controlled 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 ewed1iossehé qui d f oods that are easily absorbed. PureTaBogaizati n
contains no fats, sugars, purines, or cholesterols. Celatin's physical
properties, protein content, and |lack of strong taste nake it a preferable
fat substitute in many products. Celatin is widely used as an emnul si on
stabilizer in, for exanple, products such as |lowfat butters and

mar gar i nés. cowbigatiohiwith ethérigdregetioifd asd ihigreryendistabibieer mtlpw g mpyoneage see i n whol e
or in part the;&akmgcontent in various food products. For exanple, gelatin
can replace highly caloric binders such 67 WO 01/034646 PCT/US00/ 30791 5
as cream butter, and other dairy fats; egg yol ks; and other starchy
products. | rwiaddé &xdp@ilive gRlvatih the SunBet sid\desgratiky af 16w d gord ddidy @fodadte  hel pf ul

in binding | arge anounts of ter,. allowng  for. greater post: ndi al
sati sfacti orf® ﬁﬁ‘h‘af’fﬂak% sogt.sml‘ﬁ% Cg%tﬂbsugl?@/to epgrr(iﬁlﬁ?tﬁex geé oadgfan%e %ﬁfeﬁ{oﬁ‘%
criticall0 adinisbeiyprddatt- ffitedts Gut-lireguhlttg dharaterigics d gelats lvwrka mdinginkdim ¢ as
closely as possibl g.the h, f.eel |...as the .fast of fats. By using
gelatin in aéoufl%\% fsa{: p?ogllrggrrsuttf‘ea(}els%ﬁlf s?n?o %’gr% eglsegfiof)ln%%tl}éﬁ%c Me a texture
conpar abl e tcbaractdrigtids.-thutsinpitatu bt textue hethefyll-fa ptodecti ng a | ower calorie
content while preserving a preferred texture and nouth-feel. The anount of
gelatin used is dependent on the percent a%e of fat, if_ any, contained in
the finishdya prableruscioussqciotsdatinsevellpited 1qrype 2 8 ekifizer Boveorgduerdddy, w w
g;al ati In 155 l&ﬁ@ﬂon-wgok@t Bbdudtd, all b thgabdylaad/ﬁbﬁh-&fel, aﬁ%ega@msﬁmtﬁmt ely |3 5%
wwgelatin js used to maintai roduct. .in ri n nsory appeal .
Gel at - pr odGREl SOEGTEN FYvE & PHE-Bredim Arfenhy st Rt o
nel ting- poi prodsétsiby @evebtingtsyratesiaor thivepéraivpd ofwins potansi n tkreghd,igelatis i ncl uded
or . Pref er alydhuer Afiiol BmbI ol Ribdhc b RNPRIRIHE pRlenlf B0 £3U 1110 11N

v ea ngg rre

mel ting of ge a‘ftl n-a I'ng” tenperatures and?a cortespondingly rich
mout h- f eel . semratiowlvfitheorhey proteins.ithys SelpihgproductshelBlifp Gelatinds aljorseskit iee 20 with

the flavri ngs el oPBickdncdddins fi@ AictPhO itce anddniddith g pi@drith bigelatin i ghl'y
di gestible. Usin gelatin as a fat. substitute th&’?sg%fl ows for_a reduction

in cal ori es i HHOCEE SRR LSONG: et difeE VIGRPTeA grErARFoRi chness, and
Wi t hout cor rcespoieduaty, aR@gitid Mtk @Ek@s fush rthéeasbles, andlin fldvog@siiikibadedit y. The
present invention, Jn _one aspec praovid a_fat it 1;Si ng

r econbi nant %asesf at g|uﬁt,1as erer ?}tﬁ?#(sam}dés{) &éﬁbgﬁ? U e‘}lslcés’“?r% 1&53%% %&}E’%eéie in

edi bl e pr odyklering the gorREntigtianfand gellihg erebertiésivbihe gelatihasade drmidsl gelatin leye$ at i n has

a melti g pcﬂﬁr&hcs qsesfrgrfg%mér @.liIO.S‘%SvaQalﬂlgﬁﬂﬁ;highgi%gowgeée%nieﬁ%ﬂs'ZPJl@UeeS the

appear ance a Icin aracteristics of various canned and preserved

f oods, i ncl WesieginTeraeus prdeds. J8¢ ResRaeHigAProBifesssRbiliziag 325 CHRRISIE| | i ng any

cavities intdppaitéigaue. I n canned neat products, gelatin serves to

absorb the juices that are released during the retorting process,

i nproving the slicing properties and giving a pl easing appearance to the
There is increasing demand in the food and health industries for reduced fat or fat-free

30  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
in the newD gl0B4se6 can occur. In canning applications, s®ech/issoseaaned
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 and the get strength selected, gelatin |evels
usually range fromO0.5- 5.0%ww. Celatin also serves as a binder and a
gel | i ng &gens cieam, battenedd ehe flondes; agalyofsand othergdrchyipradugtsr nedditint j el | ed
(aspic) pr 0%91%@5mgﬁumtﬁlﬁﬁ%)&ﬁﬁé@m@gﬁﬂﬁ%éﬁ% armouiR lofvit®, dlloREhS
application for sausage coa where it is used as an adhesivé agent in
bi ndi ng spléﬁémﬁﬁrwﬁém§ﬁﬁ¥%ﬁga3?n%FQH@%¥s such as salams. The sausage is
di p-coated in a concentration solution of gelatln that typically has a

hi gh bl oom dh| Vi s ing. the

inhibiting r ?rf%oﬂﬁ?iq%el %lgf %{&'UE f ggﬂr ¥ iagtr . (r:eoa e%1 gaé%m(gurcg S%‘f‘gs o used,
for exanyl eto mmmc sshvdosehp s fossifa themafth Sdydeakh asthetagd, lélrts. s Bpesingtealpin ineat
products, aréqov!r Bht I"opr Hul ?)Etlf & sgﬁle {]ooa‘cl)ﬁé%'fe a % é)’(ﬁlref Jofflggﬁole {36 &5t ]fi’&ﬂctdel i cat essan
items. |In one aspect esent 1 nvention des an edible coating
conpri si ng reebpihisging a éj%ﬂ%‘taloﬁe cqusntayhilg Pie@‘alllgs?d’r‘?f%f@é texfreAng peuthiehpsul at i on
of various fiamass of%@llaﬁ?ﬁﬁxed oMot eh thagéibehtageec&zfat arly, ldhtaiMddiamens. 15

Specifically contenp ated are various r n atins th t can be used
as stabilizifhedPgditts E”Wﬁa@?éﬁ?ﬁﬁc%ﬁﬁﬁgggéﬁvﬁﬁ %%$§Wﬂﬁtﬁ eWEE 3 bi ndi ng
agents, di hiveer CORVINGIS% bbmﬁ@mwaganM®q¢nﬁmmemﬂu&uﬁmhems&k$mwgﬂylS|fy|ng
agents, mcro-enca VOr s . Vi i etc., and
can be used FHUR acg’ﬁea?r&e?aém grOduCFé accoriimg éﬁw&’fesﬁﬂ%ggﬁrtfﬁ JI:’I ‘?ggér%i? and diet 20
suppl enent s meiting-pbiat sirgildp et that gfftlgestOd modyrie ingvhidhdi lmﬁvdedphere@@bbft the of the

present | nV%gng (9%’10'!1&1 terﬁb%ﬁglré dt hﬁrﬁlﬁls RdsREESR hféﬁmQBf g@ﬁfﬁkégétﬁgteﬁ-{peraﬁfes as a
conponent I n, 0oods Consuners t h Kosher |, Veget ari an,

ar ed
or other di @hda ?W&%PO?@@E) wcefanhefeei ri@édéjét}%rge@fm ﬂ%feﬂl t@&ﬁl%ﬂ%ﬂﬁafer% pecific

ani mal - sgur Ga@mmeqﬁu&hlgs ofa@mtléhlaaﬁ@ubﬂo&m tmaluselgelgum Bighly digedbibl Bsifyy oduct s
i ntended for humanc Qioq ?ﬁ)latln are dﬂ&§ bi ndi ng agents in the
et o™ gre

nanufactureg%?uﬁﬁfﬁué &“H r gy 8bﬂ§dm¥ﬁ§% RGPl bles. In
addi tion t o rédnetiontinr texrbre pad richbyqantdagdsut ge@tegiondingdepsive effartsoh este aigl oduct s,

gelatin's QI S%le? :t}pt'l%E pre cfﬁﬂﬁ\%ﬂtﬁon G In ag%hr ‘Hﬁeg ao‘? %b%ﬁtﬁ(tgc r@?ﬁ% s such

al l evi ating egenerative ases e ani kel eta
system as wesbmbigant gﬁﬁmowlierﬁgl thefat substitsiptihintgpded fe weep ediblgprogsist Bigr aphi ¢

25  preferred embodiment, the recombinant gelatin has a melting point of from about 25 to about

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.

68



I n anot her aspect, the present invention conprises a photographic
conposition conprising reconbinant gelatin. Preferably, the reconbi nant
gel ati n iwopansdeaé | y hydroxylated. Celatin is a key conpeaantSooso7vari ous
phot ogr aphi ¢ processes and products, including, for exanple, 35 filns and
paper. Gelatin is used as a binder in |light-sensitive products, where its
gel -setting and filmformng properties make for clear, uniform and

dur abl e coatings which can involve nmultiple coatings in a single

appl i cat iSon.Getgtih frdsapriisatian [ir srabagecaatmentwheredids essd 2ervd aghesivd ages inbirdlinguni f or m

consi st ency,splééa ld glé &frﬁ@et&fataduc@rsu&qtl&w THleShEapdis d@%ﬁ&dlﬂa@é&&tﬁiﬁ&b' lizes
coupl er and emul sions in col or phot ographrc products. 69 WO 01/ 034646

PCT/ USOQY 30?913#1011# eslatiathahypically fiafi adtigh bloopiaad high irrot g g e BR IR s

i ncl udi ng siskved mh&ﬂtm@mnembmlﬂwprddw@ﬁr&pe tsnph coaﬁx@ts a0 blsstsed, dgexdngleer S,
inter-layers, . and nd.c rties of

gel atin enafi®® rp“??aucaicglée "%F‘) erB e cﬁle(r)ﬁu%bt d mﬁa% ? angmetﬁ? %d;{m(%p?phot ogr aphi c
sil ver hal i dericesfrhisi 0ewts, ar@dnlwatessm@m[sylnwge d’lspm,ds presant mmlmgeﬁrb\iidagarii sh

gel atins v Job b gDl O SOl Utions at concentrations as

hi gh as 40‘()’)?!1%&5'%[«;%0%%%@%5& es at§ iaow as 20C. In one enbodi ment, the
reconbi nant gelatin has a | ow nol ecul ar weight and a | ow setting

t enper at ur e.Gelafin ARARL HRA nﬂﬂﬁ@@hdﬁ?ﬁ Latiort (TQaricRE QB R Es, £fallodet dAdAS, Ad| oW
setting poi n but a higher cul ar wei ght than available in current
non-gel | i ng b He- der i ved gelatins or in 15 animal-derived gelatin
hydr ol ysiat es. The reconbi nant gelatin of the present invention can be used
in various j ort of

L0 various RaoRgkARRGoEPRL %agl%ﬁs'@aa&lbm{nﬁgelsmmé o ud Rl a&@t@blqéef ort of
gel atin has a@ﬂ@e‘ﬁmk@gigtameﬁlmtfam@gmgefﬁeb%mgilﬁs adible p®iingsomlimpe 1 econbi nant

gelatin can %tssﬂ%t@ﬁﬂ sﬂﬂ’pieﬁl@n@@ﬁulﬁf“ﬁr%raggltsal%lcﬁ) W HBRSHL MlorsCRIVEs MRk er  sol ubl e
povvder or fi i s thus ‘advant ageous use in various technical

appl i cat i on§’ltanlﬂt‘5§3 etce?é*&ﬁfﬂl??useﬁh’b’(a&? P%itsu@}eéfteétﬁ’émluﬁﬁ’é nyiinaland gt atin can
al so be s eduﬂpﬂm@ﬁth ahd At dubstitubk.SIn oﬁaanbopmﬁtem gdldivi @Nthé PresetianMeatigaliat es

phot ogr aphi ¢.q tin products cust.om desi exactl ng
properties 6‘? @‘ﬁprﬁéqgst“?gc‘ﬁ%?a%é’ TR S ‘gén %@Hﬁ?ﬁf elggorr ‘FERTAG such

gel ati ns. 25vitDKerer, HEIaéverw@mmb@rmamdiegematmsmttbﬁfmgdmonmf é@émntalrm@ntl on of fer
various tech cﬁiglamglglvs%g&gl%g&c@ver comercially available gelatin due to
its nore par I cular tegrated chem cal make-up, and the correspondi ng
consistency in its physical properties. The reconbinant gelatin of the 30

present 2snVeniddRidn ©Rink 1448 iRibkSREuétdintefdeh Rir GathandtBRunS @il @RSnddM Ch

currently inval ve extracte
y used as binding agents in the manufacture of bars and pellets in pet foods, snacks, and

‘»—U

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 avwoe1/084ské ot ype, screen printing processes, n cr@emaspesizat ed
dyes, copy transfer papers and ot her 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 deposition and as a protective colloid in sone polynerization
reactions, and as a coating or filmform ng agent in seniconductor

manuf act ur e.gefn %&s}s&@%ﬁﬁlﬂ ghd?gz(pkig%@ ngzi]udmg silvlr l?aﬂ&%t helsiRmadigent, the

present gelatin is used bi nder for special qual |t?loﬁioapers i ncl ud| ng
st ock certi fP¥ St YaacedayaR. lﬁtérfl@éers wdbackrpgs. ﬂﬂ’%@ﬁ’c‘cabaélflé?l Bk RIPReRiSt Ofser ves as
a bondi ng agef enblE pruGe ptdalpnalbﬁ:hhdrmaﬁ@l nprrnmgloehbm@gﬁpm@mﬁ hdelsity and nore

even conbustion. for, rasiyv rticles on
a canvas or eglﬁglé)}ls bsgmﬁiaﬁ'amg' 61?1 b(sjllﬁsc?gon %ﬁl st v bm %gglé:hm%reﬁlﬁm?%‘[)gl{l nctive
properti®s abluteb atcomwentiarials adhigigasi40%, b b terhperabpesaelowans a6°Ca pr ot ecti ve
colloid, and to alter its electrical charge with changes in pH, conbine to
make gelatin a material suitable for use in mcro-encapsulation. Gelatin
and its der ilvencieyibadivent thereeymbmani gelefinibas alov aroleetly visight andedav ssiiegpsul at i on

devices and i BehR-UR SnoHePimBARARRY e rebdhbhif ool &l 1B %%%h@@ﬁﬂt%t@f i nks 15
for carbon-free paper; fragrances for advertising and sanpl e manufacture;

chemi cal s udigermplecHiar vaight Banalatle uaalﬁml%%eﬂmgﬁacvf AF SR AUt 1 1 onal
suppl ement s.aniiABddived RhatieR@apsatbat | on capabilities of gelatin and its
derivatives are also useful in the manufacture of packaging materials,

i ncludi ng packaging allowi ng mninmal pernmeability for oxygen, aromas, and
wat er vapor .Th&scatbimni glatil oShaprebedt ynvergien canrbe hided i olieus phabgaphiag, such as
packagi ng fql r I ducts. The
adhesi ve eff pli%%oﬁg??*gdpﬂ@% %ﬁﬁlg%ls)ur glévgﬁ%gﬁéérogﬁgt}ﬁ?%l 3@%&198% atins
render t hemembedigént, theyedomhinart gelatin|hpyasetting Pperatere pheetvecea bi’land 35°@nd sl ow

degr adatjoon 1gf r&mlm dgmnﬁsan@é sdy-@h &ld offerel Qﬁa 1oW BiSityS 631 wateh ssqaﬁl@d ni trogen
concentration provid the flertilizer is thus nmaintained and 25 nade

avai | abl e ofpoadqreh@@r an&éﬁr%dd@mag@ﬂ%for use inyeriqys teghnicalgppliratieten  as a

bi lO: ogi cal | )éxalﬁiﬁ&ﬂ%ﬁ&&isﬁsybtbrﬂﬂ|’Flhgp1@§}ﬂtrgelatnﬂcah|aﬁo vaRed B gtistieds, ey tili zelr
pellets. Due to its am no atins can serve as conpl ex
sources of MITFHERFHLOYLREHP! s I?h(?fog‘g‘%é%%f’:l gnbﬁoguc SHBS L ATHREE] '8 8T Beni ci 1 1 n
by Peni ci | | iexaticdpryysogeoiichah, padisulavabdd, @svell bonet@ds fox amafphgesuch gelatile nmanuf act ur e

of vari s starter cultures and antibiotics. (See, e.g., Leonhartsberger,
et al. 99?3 J Bi otechnol 30:299-313.)
the

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 reconworafs4egel ati ns of the 35 present invention w | [PClraSge/sEpl y

val ued, minim zing unwanted variability in | aboratory processes and
conpositions. For exanple, the present reconbinant gelatins can be used in
various tissue culture applications, providing a suitable protein source in
growt h nmedia, and, in sonme applications, providing a cell growh matrix or
scaf f ol ding, In@rothst prerodigienis e Brofepeclaiin is used as achinlontat sPagial duliBvaepers The pr esent

i nvention allﬁ@udafg%ud@a&lf@atgsetdmc REES &E. VBHe oRBenf ge[awh@ther@avesz;a WRs8d/ 034646
PCT/USOO/30791 ngr|5|n rec nbi_nant gel atin. Such ation coul d,

for exanpl e, f‘)rgfoﬁié‘ BrepasE-RrQrLting aloviss d7ifs; 496 mgte SRLrom) ‘E’f‘o 8| s,
protecting trwchs)huwvdllon fastading of abladiveipsiticlad dncrravador psper batkieg ppesaednt

i nvention cqpf.enp %g&gs bi ol ogi cal buffers conprising hydrolyzed or |ow gel
strength reconbinant gelatins, such as various bl ocking and coati ng
solution®. In further enbodinents, the present invention provides

reproduci bl ey @g@mer]ﬁ@kmgsedf%&mﬂlsmélgamg@%ﬂla, 1 &6k b R BB LSS Ed T Or
bi ochem cal and electrophoretlc anal ysi s, 1ncluding enzymography gels. The

present i nvdneifenfs dctisal éh%@rfﬁ%é%esmﬁéelaw?@mab%@&gnea%% Swifeble,
reconbi nant fgalsaininiicro- eﬁapshlamrp ICRIGAS 40id 65 senvumanemgbauswm ﬁramagzlolfan cel |
cul ture, prOV|de a g&ﬁ ngan C € Ig& atfac %> en en %%?

Pol ysacchar i "dS°&h VsTyrese B aass> ?r?m%Q %nm%aﬂmﬁﬁufgn8 ed with
t he recolbi rfem@rbglefrestpan@% ﬁ)i%ratmefom@s@m@ andwmniq mufactuqarqhmmdés wedii t abl e
surface for 1mﬁt?l:4mp%ﬁén@£dﬂé§?v@§ a@cﬂqtm%g%hmtr&l&ap &1&5@3@ the

m crocarrier beads of present Invention afe coafe mnth specific

r econbi nant e@@P%‘ﬂ%’“ﬁ%caé%h‘itﬁﬁﬁ oficplatinend jtsderipasivesseretro useful ghemmyfeeiasabl e of
i nduci ng di fh@agnd inﬁEﬁa‘l%nméiﬁldjnﬁfaQ%lhg fowR@hlihifmbil p@fmeﬁlﬁilt!y $or ofgerDafofngy, ent

regi ons of i ous col ns_ are . assocj various activities, for
exanpl e, V&P e VAR 8%%1%? thps el yspd i @F’Fg!f;@?f eSUFREPeaErPat ed wit h
active si0t edoddnptaimveehticals, iddethecdeaditive ppdadscade. Therefore, in one

enbodi nent, the present invention contenplates the use of polynucleotides
encodi ng reconbi nant gel atins that contain specific active regions of a
particul ar dékhdgsye affect efid rghlﬂ@qn@tﬁ&mfﬂced@llsiloageﬁéed bBeelting oingartheinestfildes can be

used in a vafjegithtiliAr. Dhe W@é%tablfh%r an€ AR c%?adatloﬂ oPhELPIRL LA 31 ccRRE QLI NaNt
gel atins, pol ypeptides, and ynucl eot| des encodi ng t he rectonbi nant

gel atins fprfl‘:ﬁ@y fﬁl‘&eéﬁ’ctrog‘??\f%rl‘??li‘t’aﬂmd’é‘ﬁldﬁéb%@‘%ffrtlhﬁerrﬁ)tbﬁlmﬁ*ﬁt%‘?eé&?dr ay

teflhnol nglb ESraaaElﬁifaﬁszﬁeQﬁlldﬂ@rpéﬂbH:@ﬂdﬁH TBla6ss. ar&Zlﬁdu@]ﬂLﬂ@sﬂﬁblbg&aﬂy?nq : ng_bi lji zed
col I agen bi stro tele ets have nultiple binding
sites for F?ﬁ%@ﬁgﬁﬁ%%%%w page %@&b?&?g%gﬁgg en nol ecul es pol yneri zed
to each other The interaction of platelets with collagen through their

col | agen g&@ml&r oG5l 'c@gogleorﬁgéuux@éahgave%fs el RbALE o fhifo BN st S EqUENt

formation o |'at el et aggr
for example, m the synthe51s of penicillin by Penicillium chrysogenum, as well as, for

30  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 f or m two opsd6ey, and reproducibility unattainabl e w tRcerarso@si7ocol | agen
and gel atin sources. Mcrofibers derived fromthe present reconbi nant

gel atins can be presented on substrates, e.g., arrays or chips, wused to
screen for conpounds that prevent platelet aggregation through interaction
with, e.g., type Ill collagen, or any other fibril-form ng collagen.

Cheni cal 5c o repopisig recempihdnt FeatiyCS @ fDadEve coll fuseapbotromsed t§ pigssecul es,
peptides, or,ohhes %19&19%1@@&0@8&@% kcﬁﬁmﬁ%ﬁlﬁ%ﬁﬁﬁw@dﬁ%ﬁ BRALE She fRRnDE

screened for thelr it revent, reduce, or_ slow the process of clot
formation orYsRtpnEPEempRiag é’b’&?i‘l(?ﬁffers ‘P?B’BF%{%geltid‘BV g5 on o) get stiepdtiar act i ons with
specific r eg%c@ﬁﬁmﬂﬂtkflétﬁs ,8uch @t ‘&aag@ruothbgeﬁqld cé‘dﬂﬁé’lsoafglonsf (Il’fffurtlj&%arrpl e, RGD
sequences. A i ona .Ccroar Wou SO use or _exam nation
of the inté 8‘%”?18}58 \é‘éifegﬁ‘lg‘fegtﬁfn pf%'ﬁlgssre‘?ff’g\cﬁ{eéﬁ??ﬁigan\?\ﬁetlﬁmfltfgf ¥6Us regi ons of
col | agen® arvarigpe k&t usad fofbipdhemioal ndeéacsophiveiir anblydie mslugingehapaagrdphogels.

reconbi nant gelatins fromany of the fibril-form ng collagens, e.g.,
collagen type |, type Il, type Ill, type V, or type XlI, could be used in
screening  flo Pieeshi inygatinniakse ercerpsicamistastrrierdgtds %/eidd"r‘\tha%t)fa@%ﬂﬁf glagn. Al so

cont enpl at e@ua{lﬁlcf&ﬁﬁ&@wea;ésg q{mmhanalu@elu@@m@%v@mgdwmgurfae@@n‘ol nant

gel atins or 15frarre ﬁuﬁereof %Elﬂc roarr $ re useful in screening
for and i solAPBFt P‘ic Lolygacch |aa<g?é°irswfﬂle€% Sa1F FeBRETAT By

pol ynucl ot chz&&wﬁ).t'@ redobiBinenit gENAs ofthxthrésent thetr@iotriopirevife adiifable sefatd fat | evel s
of expressio 0 xanmpl naqr gﬁg anot her

enbodi nent, %llhatabres{eaﬁ & %le ?ngﬁmg?‘%?%tehg%& %cfgése(%glg rFénegtnt human

gel atins ZOHVEmmn@J@@%W Wlﬂﬂ@pmfm@mebmqnbqua@hs wtaiping geive ediegepesl s, for tissue
regener at i ony kel BPIRSof indhthel derentidtiSR Ml R¥Eh HGRAILAL-cellsOMPONENt s of the
extracel lular matrix are involved in the regulation of cell proliferation
and differentiation. The use of gelatin mcrospheres inplanted with basic

fibrobl agt gyigskd rdoed &frvalamwu@geai £&astdclared BitRsdriopy Rlivifieds fatdx@pplgnd capil | ary
formation in an artifjci

Bi omat er i al §7P rBKES %@@’e?l F%en’b"é"ﬁ ??Bgoﬁw\ﬁ%aﬁ%‘leﬁ%ﬁséﬁéﬁﬁ IP)(llﬁr oliferation
and glial celoktingicdstale.eTiierefitré, @qne whbddenept, iaptesentintentiondohtbepl@ethatse on of

neur onal [ I S

110: 31- 38. )%%ﬁ‘g{"%}?%‘ﬁfg eﬁwdmg%‘icﬁj‘é%“éagﬁg%%%%t Bl g%ﬁ%“‘%é%@ég% c
differenti atpﬁ@ﬁulwdl!?@ﬁeorn’énaﬂ@w’ars@i@ﬁlﬁl S@Cé|pp1§nu01m¢de@0an@®}lqeég@walﬂ%es I,

[11, andsV q)maﬁ%w@%lgq@&c@agayg(uboku (1995) Bi ochem Bi ophys Res Commmun
211: 1091-1098; and M zuno et al. (1997) Bone 20:101-107.) 30 In general,

the use of gelatins in cell culture lead to higher cell density and

i ncreased ardconiimheped, m@lpbpmésahﬁbblmciemdhmtdﬁgolhe&bdombmmg@lmhI s and

ot her pr ogeni.hor ce Tu 26.) Gelatins
used as a car r| gresenl 1E1vent)1(c§n cananseqseda mn novel(mlﬁ ar?'agt oggi]es an%s reenm%

methodologies. Collagen fibrils and 1mmoblhzed collagen blnd 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, e.g., arrays or chips,
used to screen for compounds that prevent platelet aggregation through interaction with, e.g.,

type I 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 agewoagessn@at i on 35 therapies. (Angele et al. (1999PCTiGssua7ENg
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 cell culture, such as, for

exanple, in pronoting cell attachment, cell proliferation, ‘and cell
di f f er entsi atoioasules, peptidasioa ptherdinisitlmraicsles (FEhpOnGhydrsien be PewedI0/ 30791 5

the present gdBilttyi 19 PreRinOMEL Sor BBV RRPRocEs0 bt dRS: RS0 Gr Iﬁaasﬂaggrg%aﬁ&ponbl nant
gel atins desi gned to praovide the desired.cel| .att

proliferati GHfIaEd E%‘FtF StRtTPRORY I SPSCHIS ToRans YT %%‘ﬁlaﬁ’i‘ ere%?&lh‘iﬁi for s
pronoting t hkeandild, RGD&Ekiubl&bs @(ﬂdﬂﬁnaﬂﬂhﬂlﬁmﬂaym@gmﬂoﬂoenseﬁﬂ!folr sxawagticasdi red, a
recombi nant gel atin c d n egi ons of

col | agen type nilferactlon opci’ltlfere grgé)sfo(?m%g]% vgtg %ﬁ%up ePi8ns oggoll%ge%ghd Sl ttlin Cnventi on
provi deslla cogndibérs M@w[ﬁbﬁsa; prpd)lnedcf@npmombimgntlgel@tmﬁﬁpmam Ofg@lf@nl -formihi s

conposi tion 4 &, r t t ¢ TR Be ABEin &R T ough
and broken IijaIréellg ggﬁ%&% I%Iﬂt@e;ﬁg%gn B?b hali r0 Gee | at 1|nr§ S s

hypoal | erger‘f‘i’f@dé%ép ﬁ%?chltlfl‘tﬂ@ apgrRAsiionan@gonisind its ability to provide
texture, color, and clarity, and to formfil s, make it an essenti al

i ngredi ent vari o osnetic nd.toiletri. [ ex | e, gelatins
are val uabl é%?cfﬁ‘ﬁ%‘ﬂ@?{?‘gar%’fm‘f?ﬁarys oipﬁf “Cberog‘ifﬁﬁricg %‘ﬁ‘&oﬁ’ é{?nt§?|1%8’65 and

condi t i aer dragthentsGheeeod okl miveratrays tile@sqfirl @seretning foemt! isoltionwf gariattesf a

noi sturi zin turizi ng agent
s ~appr opr raradt g ARk EMAGAEATIAANY DA SR, ot BbelBlag T 0
properties o*fffege@tlﬁﬂqms @faﬁpreﬂsmmo@éexﬁméegpmvsaﬁ@aﬁéﬁéﬁw ng of hair,
especially in damaged hair previously treated with 20 chem cal

preparations. Gelatin_is also used in various cosnetjc processes i ncl udi ng
hair treat ffRohS: RbedimersheRiesRnt FeHion RRHEFPUHEGTTrGmaReN Brrea ARy, in whi ch
pr ot ei N$0SUGH uesin t@alifRtdnitatidf 6f puspedliot @11f) fatient rebﬁieﬂ‘atnirtthéjqﬁdd,l‘aﬁd fofthe use of
reconmbi nant gelatin in t nd ot.her
cosnetic pr 8 S prgineering, égm%one RS of § ee%ra&elluﬁ:r m%qﬂx ar]g 1r1v91§fef'd 1n|ﬁl.e1"eéa‘latlorn (S)tfer ties of
gel ati n contceli mmf@stlmncan@ﬂuffcremnm Ahesss ofgelitismictaspsees Hmmarmdeflthbp@ct t he
present 25 'Hﬂ%%ﬁgt'g%}gﬁa&%@&le%eﬁ%bﬁbﬁg fgﬁfe}aﬁorpé?ﬁp,%ﬁl!aw RBPnHHREh ST NG

reconbi nant gel atin dm ni stered treat ro&ggened or weak
nails, etc. aftisiabfesnis megdl. \Kgaﬁ%léifér(%qo@sBleﬁat@’@lSa%ll"ﬁg’ Pht Colleagyaet¥ ability to
Serve asgsa Mﬁiﬂ%@&éﬂ‘f)ﬁ)h&@iﬁbﬁ)hﬂ gli@gh dlffé?erﬁhﬁcﬂrwlhfe%rcﬂ{oﬁﬁé thé Gifftre@R@in@E W t h

changes in pH conmbine to a er.i or use in
M cr o- encapJEfa BReeEsT éﬁﬁ”@ﬁ@‘%ﬁ%ﬂﬂ&?ﬁﬁ e s @ﬁ%{ ﬁgﬁ‘ﬂ%‘“ﬁ& 4 in a
variety of nrbleiger ippedapneddatiel ostaogeh@v diffesntiatieh df bate marue strorfabeellgxaiipl e, in the
m cro- encapscglllaaggr{ ks ?If ITI, and V did not. (Mizuno and Kuboki (1995) Biochem Biophys Res

Commun 211:1091-1098; 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 wWo®@19B46eh t 0 enabl e those skilled in the art to momrased/amely
understand and to practice the present invention. The present invention,
however, is not limted in scope by the exenplified enbodi ments, which are
intended as illustrations of single aspects of the invention only, and

met hods which are functionally equivalent are within the scope of the

i nventi o, |thrdwesent inyention providesarethiodsefpr nyprycing spedific resppbinentaalating desipied i on to

those describgdvidémyasiely c@ﬁ&ﬁaﬁleﬁgd(ﬂlﬂﬁﬁ}@[ra%gg i cell iR BN Wik e BEOME
apparent to those skilled in the art fromthe for%ﬂgggsg%egr%gcrlptlon and

acconpanyi ng*yrRiaiimgenoting the, differantietiquof peyrual progenifor &1 wthin the
scope of t heecomppei dastinebed teprodnXevBiliiting thespekifiessiontdiesliagmeystat ed, the
foll ow ng mater d et hods were used in the exanples of the present
i nventi on. éxsg(m%he%ir%bacml t Expression of Reconbinant Cel atins Specific
fragment® of the al (1) cDNA from human type | collagen were anplified by
PCR 15 and gl Bfaseqt m%hf?ontﬂ?@waei A3 dicREhS4Rb QmpREAS R bl gt @0 &Ris Cor p.

Carl sbad, CA). The specif PCR prinmers used in cloning are set forth in
Table 1 bel c?\R}nPCSB’@P: Fanjbg a(ﬂf@&létﬁvﬁii fRartbiecttaimprpyrand regaif igeghiand prefenmpilsTapl e 2 as

SEQ I D NOGs: ahtotilprovidhe fwre 3ftdir3Belatdils hypsttlerdehic ahb Bpdating Srogdits Aadits gel atins

are additionally 1dentified ferenc re agen

( Genbank Acc?g QySHro ete’@fﬁ&f@ggén‘f la=F‘Itlye 'EOEEE F‘E?nm X ts%eifggﬁi(sﬁ%edg%l ta?ned al
(1) cDNAS520 isegoerossetiof and idilbteese fbr exarags gélatsnaketvaiua;bltee:omp@smts oflbir ng f act or
al pha b ep! QR Bk Gl SOIENGEp oShliher 'Igaﬁ'emﬁgﬁasg g@%&mm& iy the art

can al so be us e yeast invertase he yeast acid
phosphat ase P(fCP’H@) a @@efu@zmg@gent edvepriping iembpmgelem Fyehmeisyrzne aggduence, and

the signal sggusRESoT B inRbIRAC SHPEUHIR! Pt foﬂﬂn@b%élhes%@@l’a%ﬁ@& t hat
provides the optinal |evel of express f a,  speci f g %el atin fragment

in a speci f.l@pr@xepth%%lgﬁsal%ﬁfgg}@%% A LESPe la wg&%@g@w Q I D NO
SEQUENCE201 (ohéhTical GrEffraioAVA GRAEA @K e A Ghrldubd dsthecpT doesh s A ddighhir 2

-I(;'/IA'\S'?" ggég%ﬂ%&gi Wﬁ%&wmwwﬁpmwms such as

ATGCT CTAGAT BARIACH 6T CAGCACBEEDADBATIBAGS L recombinant gelatin in lotions, masks,

creams, lipsticks, and other cosmetic products 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  for use 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 GIATCTCTCGAGAAGAGAGAGGECTGAAGCTGECCCCATGCEGTCCCTCTGGT  CCT 6
TGCTCTAGATCATTAAGCATCTCCCTTGGCACCATCCAA 7

TGCT CTAGAEDATHMEGBECGCGCCAGCATCACCCTTAGCACCATC 8 PCT/US00/30791
TGCTCTAGATCATTAAGGCGCGCCAGGT TCACCCCTGITACCCTTGEG 9
TGCTCTAGATCATTATCTCTCGCCTCTTGCTCCAGAGEG 10

GT GCCCGT GGTCAGCCTGGTGTGATGGGATTCCCTGGACCTAAAGGTGCTG  CTTAAT 11
CTAGATTAAGCAGCACCTTTAGGTI CCAGGGAATCCCATCACACCAGCCTGA  CCACGEECACCAG 12
ATGCTCTAGATHRERMubEaagaagpate rohresihizddnhe arf fom the foregoing description and

CTAGTCTAGAT T A ) e‘gg arb4ntended to fall within the scope of the
GCACCTTTGGCTCCAGGAGC 32

CTAGTCTAGATTAGC

AGCTTCTAGAT PR AGSEABEEACCAGEEGEGACCAGGAGGTCC 75 WO 01/ 034646 PCT/ US00/ 30791
5 TABLE 2 SEQ I D PCR PRI MERS USED AM NO ACI D SEQUENCE MOLECULAR NGO WEI GHT
15 SEQ ID NO5 and SEQ I D NO 6 resi Z%Sto resi due 280 9,447 Da 16 SEQ
IDNO5 and SEQ ID NO 8 residue 179 10 residue 439 23,276 Da 17 SEQ ID

NO 5 andlOSEQildss diRreise sxedd the follg@ing materads add eeBIdB whre, uEQiin g exai@leSH) | D NO. 10
and SEQ I D N Ll fig3bgdiug 531 to residue 589 5,250 Da 19 SEQID NG 1 and
SEQ ID NO 2 residue 531 to residue 631 8,947 Da 20 SEQID NGO 1 and SEQ ID
NO 7 residue 531 to residue 715 16,483 Da 21 SEQID NO 1 and SEQ I D NG 4
resi due 531 Hxemplesi D@t Ffhlesdeh o R3cobBinad Gefols® | D NO 1 and SEQ I D NO 12

resi due 531 to ﬁfgéa: due 1030

4,216 Da., 23 SEQ ID NO 3 and_SEQ I D NG 7
resi due 615 P&-PCTaspes offhe Oéﬁ%@fb&"mﬁﬂn@‘é@el?fﬂ .né”eéer?&lpg%%ylgcﬁo 4 residue
615 Ej 0 rgsi caﬂ@clzl&airﬁélﬂleﬂlasnmpplézws&ﬁpmg}@é&u@@&@'ﬁ@daasua@cﬂ@ Tesi due 615 to
resi due 1030 36,7 Da 30 .SEQ LD NO 3 an Q 13.residue 615 to
resi due 676 BSB7 BPIIST UEdd ‘%ﬁﬂ“?%é?essetafﬁ%’ %E%Ef bé’fi[\)@’!\}%ﬁ?fécsrﬁ? &5 t o
resi due 865 g2Rtik26 ibatificsi3n BHE 2 DSKEQID NOarid tsé@h RE) ahkB B 21, meki3diBes531 t o
resi due 1192

rec-oglﬁinlafn gelatins are additionally identified by reference to human prepro-a1(I) collagen.

(Genbank Accession No. CAA98968.) The expression plasmids used contained at1(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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The expression plasm ds were introduced into Pichia pastoris cells by

el ectroporation, and 10 transformants were sel ected by conpl enentation of a
hi s4 auxowoaphyeePl COK vectors) or by resistance to zeo®Ch/(Spé@2ZnA
vectors). Reconbi nant protein expression was regulated by the

met hanol - i nduci bl e al cohol oxi dase pronoter (PAOxl). The Pichi apastoris
host cells <contained integrated copies of the a and R subunits of human
prolyl 4-hydroxylase (P4H), the enzyme responsible for the

post-transl ational synthesis of hydroxyproline in collagen, and 15 have
been previously described. (See, e.grapMuerela, M et al. (1997) EMBO J

16: 6702-6712.) The yeast strains were grown in buffered m niml glycerol
nmedi a, and r e¢cOfRYIMANPCRIRIVERSUSED eXpr eSanmACEeVINdEijewLEsiag the same nedi a
wi th net hanol H-O55% BT LSt Pmas O A bon—seunce, as

S50

descri bed in theWdnv $EQ@Q@BanH"$EQmI\ﬂ8|:X 5 S O R NEI U 23 A at T T2 pr oduci ng

i ' IONG:5 JnSEQ IOy | |oisidus I7DPYSIIRAITE 4 i iti
st I'.a.l ns were —d-,e_%‘_l_f_ Q ID NO; 10 and SEQ 1D NQ:11. | residue 531 to residue 589 %)n(ﬁkt I oned
medi a and probytd=hy g0 maaeso Sabh Vit il bk Addedh t S 1h5e as

cul tures. Co-exp S| £ ID Noft aipSEQIDWND:7 4 - Prsidie @xtylesmi@@isand 144 COl | agen fragnents

T SEQTDNO: 1 5l SEQ NG |rasidue 531 forasicuog?81 37D ent |
resulted in th T T s g e St stk native_human

sequences. 25 W@mmxpraagﬁaswﬂmagu gl gieins Tt o—the | nedi a.
Reconbi nant gel agg n gggﬁgmd‘sm 4 esglqgig‘tbleﬁgmror ;é‘;?ﬁ@a medi a_hy acetone

H H H A AN j> pn pSidue tp resj 030, , 8 D or—anVv—¢ i i
preci pi tat i on—ahj o6 pieh Lirdko N TR e MIoh R 6 0GRy p, OF —aRy—¢O0mbi nati on
t her eof . Acet DNE3Pr ECSEP INAB knfDSEQ WAB: 140 Ef rbsidde STEGIresiie 8 v, ATt oM of acet one
to cell-free ¢ | EQ PO ad FAPDNOLY [geshiie Bab resdmsiCent ré@kleon of 40% The

resulting precipitate, consisting primarily of endogenous yeast proteins,
was col | ect eThe bypra3floc@ftinids fnd@aiittodited ﬂﬁﬂ%@tﬂ@aﬂ@&s Jeﬁlﬁﬁ' e%dﬁi@@raﬁ&l hdai S

oroci pi e, “RER G dee AR B Pty b A RIRE RO PP et 76 o
01/ 034646 PGHistIBEA6 MZQIpPIGZmN@rcmrsg mec@gmanmrotmbmqssmmlas Irqgolpdad by zed. High
purity gel atther}n%%ilrl(—)ﬁ&u@llbfé%gol}%yoygdage pr rﬁo@ea} A8)H)s OIfhe?’ %za 67 (frzs h5§ t I 10n exchange

chr omat ogr ap omat ogr aphi ¢ purifica room
t enperature. COEsimdmmrmd wbiet dichesi anéé sxmhmtscmfhlmgiamxl;s 41hym:erlasfs(PnH) the

el ect rophor eeﬁi er ?%@fe?%%ﬁe o&eﬁjaﬁ:s i Lsg/gﬂé%iso é%xcﬁzgé\gﬁr}éln?{oll%ll %p(% based on

am no aci d corposi , Int 1982)

Met hods Enzmbegwrmmw@ynlmdt@?w &aVu%@aq%n@é (K921 5MBQ J 66:610-672aconbi nant

gel ati ns denonstrated correct processing of the prepro sequence which was

fusedtothe:J:(hFl elatlnf ment norder to djrect the protein to the yeast
a

secretory p SRRV &‘Yli iRdu eﬂierdd‘aﬁ‘@é]og YeRroh Hgdia, %?@W@%Prﬁeﬁed only
sequences de:kprmdn fvacinduaedaing te bdrl‘&:gﬁldl.a with n’Adldlidl (0¥ Ishigtituteddr pipeeorbi nant

gel atins r ek e gg}%c%go&rpeeas@kgﬁed% Vi rgg;%en 1ch1a l]}lxpressmn anuai1 eéjelat redia, as

Pi chi apastoris ce sec e ver
20  producing strains were identified by 10-20% Tncme SDS-PAGE analysis of conditioned

media and prolyl 4-hydroxylase activity in extracts from shake flask cultures. Co-expression
of prolyl 4-hydroxylase and the collagen fragments resulted in the expression of recombinant

gelatins with native huinan 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 80%,

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, woogeBsstié ns of -5 kDa (lane 20 2, SEQ I D NGO 18) pCTAGokBE9( | ane 3,
SEQ ID NO 19), -16 kDa (lane 4, SEQ ID NO 24), -18 kDa (lane 5, SEQID

NG 20), -20 kDa (lane 6, SEQ ID NGO 28) (al so having a cal cul ated nol ecul ar
wei ght of 17,914 Da, not set forth in Table 1), -33 kDa (lane 7, SEQ ID
NG 27) (also having a cal cul ated nol ecul ar wei ght of 29,625 Da, not set
forth i nSTalvenight agains] witeaend {yoplrkzed HigEoyrinzelitn 983 obtained by Hepmpmatiqnl ane 9,
SEQ I D NO: 27} yni@tSankt Bok 8cBhed Budmta@efabhyl chlc@RBedphid QiriigRbASARA S hydrol yzed
reconbi nant human_col | agen pre |, préepared as described in Exanple 10).
Exanpl e 2: HGHIReRECMOFRRFAY el at i ns Support Cel | Attachment Activity The
reconbi nant human gelatin fragnents of the present invention denonstrated
invitro cell,. 30 attachment. activity. In.the follow n SS . 96-wel |

Maxi sorp pl térga%’(aﬂlﬁﬁ% Sl%?eco%aggl%ogsdpre%lfl i etleﬁ%oPP SFT oW 61% d gocc(%% PORRE hunan
gel ati n donanaksulburvoright besedadn amhmmiarid odmplositienis kyqyen ih the e (Butigpenki et descri bed

i n Exanpl e i gjmg By RN SEQ I D

NG 21, and gl‘:%af%lﬁk%s% : V%%%@Eﬁg%gﬁgga%& a%%ﬁly%gégﬁg%e%%b%%ghnol ogi es;
Pal 0 Al to CAflinsdemersiraies cemeetprreehngof e Bieprg sqquense phish visfiseditdienegat i ve

controls, 33h@sRealhtyRloder BAGE: A ploRM HMOYRERErNES pithkdyt @8 deutib 1 Mo/ M i n
0.1 M NaH H.10,0, and

, , t he ates coated .overnight at 4C. Human
foreskin fi ﬁ’f‘lﬁlg eq &y thus Cﬁ—e}%’)coﬁ?m?ﬁlt?ﬁ’{iﬁe%ﬂﬁﬁ e ﬁo{?&“ﬁm‘g??g‘ﬁeﬂ'el ial cells
(HUVEC, 15r omdditiomdly | thesrecophiisa geathy repiaeenied the edpdcompbent dfehecoalitdded pl at es and
i ncubated far 60 mg.nute t 37 E&Fﬁg [ ts were performed in triplicate.
77 WO 01/ 034’&2’@’%@#@%@ r%(f‘}léfg%r% ei%‘gggo%seng' of cell attachnent was then
nmeasured using Reagent WST-1, the absorbance of which was read at 450 nMin
an ELI SA 1 eafleL dsiel WebmAnBONEs WA dlsGE0 BiRdsNakling BB out 3&bAt MBSyt SUppOr t ed

HFF attachment to Maxisorp plates, and, for these cells, attachment was
directly prp&PepgnerredpnSRe-PGiEetaewmpading Hrexagpletingelstvs ehrikRadtchuman
gel ati n moateged D Reak), ~VEiDa. (1laRE SEG T b 1Y), ~1 41D (ReORIBEQaDINGgED,atig ns of SEQ

i gher ext e (R, DAL NEER: ot reglax 6 Bh 1Y NOURP B Bkl G 11 er ent
reconbi nant smlswvalar gedhaof 119 145Dp porstidathemTdiciol 134 kDe Gide 7a3EQENRAT).  Cel |
B epar ed by AHE b B o e o Taccr | bed

prepared by r SI'S reco |nantt uman col | scri bed
bel ow i n Exdlps & SBQ ID @)%]3@) and-SO &R (1¢ng 3t SBRIDANP R, #randigatpd irdiisead Ganewei ght
ranges ofs 0-13 Qeéeké;&tsé}@elrogz&%ckmnanlﬁmﬁﬁ ML& e 1) kRl id £atibdm of a Proteol

ically Stable | ati n Fragnent
y Example 10). g

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 NaHCO;, 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 pawpDaniosseeel | s. Expression of several different pectiusee3ablt he
hel i cal domain of the al chain of type I collagen lead to 20 the
identification of a reconbinant gelatin that had superior stability with
respect to proteolysis. Three different gelatin fragments were cloned into
pl asm d pPl CZaA, and their relative stabilities evaluated durin

r econbi nant The dtgesiern eslpHeshuins ad thenicatvired using Rengens WSdH, e sbsplance o st st rai n
used is descjidpeds @Q@%QSOMMIgA?ead&oﬁrgﬁ@@R@lﬁ&d@%at@co%ﬁ@aﬁt@mﬁ@ 19. 25

Addi tional strains were_ created using plasm ds encodi ng thmn al (1) helical
domai n ami ndelansisppredss ffedachment soddaxisemraiates At farghese ¢ells 64asmepE"SSEQ | D
NO 23) . Thes@edt9ppbiitani thegl(ﬂile%ﬁlhﬂlﬁelgﬂeéfﬁhd}%ﬁﬂ)mmhﬁdal@laﬁie@@tbd feskhi n

Exampl e 1, us a NO 3 and
SEQ ID NO. 7. et‘hgp%éﬁq@r%% “tt%trgé atc‘fls 099‘?%092 %@o@l‘l ZAd dIBm oned,
and pr epdr edNG: @rsuplbcetediHﬁlbataettrmeoﬁoablghbesmntﬂemﬂlatbwﬂfﬁ% Stogmzi2Bs were 30
grown, prot %g%g%gﬁ&ﬁfe QP rtea%ﬁsﬁ %eltatlﬂﬁ &%Qﬁe@%ﬁ&qﬁegﬁ kétdtbnb@gTENt S

corrpared by gure e reconbi nant gelatin of SEQ
ID NO 15 (@Heﬁ@m@meptmewas;abe Wﬁaﬁé ngrea?mbtna@t hugpeeqlgin REeparei iy ane 3)

under went prt&rrﬁéllhy&bl sis Uﬂ%cbﬁblﬁﬁ@hlﬁtﬁﬁ%ﬂﬂgdﬁﬁﬁﬁmnbg@%ﬁiw id EQEmpﬁEQ usiig NO 23 (| ane
4) remai ned co%l ete %/ tact This result %@[ﬁ%@a (fg%@] r ecombi nant

gel atin fragffempeagieel tFi‘é Pying moreulprrght iresss {) Fed whi ch have 35
superiorisstability. Exarrpl e 4: Expression of Hydroxyl ated Reconbi nant Human

Gel atin Pr Ol]%(' 941 E‘yﬂlenf% atl%gefaalprgtleéil chl r-S"‘?asf)le eath%ga g’ﬁt ected in yeast. A
Pi chi a past ‘%ras—ﬁven—e%gﬂ%@r‘eggtﬁ‘o—éxéle‘ss active prolyl

4- hydr oxy| asecemignanteslahie bremeste tego fand s Pipteplytigstlp Bgdifedripringtharn / 034646
PCT/ USQQ' 30 7Qessn Qtydjic&ffliﬁlaﬂglﬁg t}ﬁ%ehﬁgﬁ@eon(b%%ﬁ Bibns2: pabialieddtis. MRpresior 93, 859. )

To express hydrox&i ated reconbi nant human gel atin, this strain was

t r ansf or med ofpevhrabdifisapqriions Qifhelsliab ominsef dieod chameldwed GoleeR 18f{ho aci ds of

a reconbjgnange 195nt1ﬁéhﬁ@1{‘oﬁ|rec(n%ﬂjmé}1@klo Aig 813t HaSERerkid? sty 18th réEﬁé@ttS 2), generated
by PCR using the priners SE 1 and SEQ I D NO 2. The BNA pr oduct
(-330 bp) wesoteplgssthEs deftfefqat selebn ragments ygig ©f OPﬁidttéalatfﬁf‘ BPIPH%A%H% ®%bhal sites
of 10 pPl CZg8akve BMbilifid GRMated QlirRatdchi@bimintisiBikid ediXHNion i PldddPahgisCells. | | - Agel
fragnent was isolated from pDO7 which contained the 3' portion of the AOX1
pronoter region, the mating factor al pha secretion signal, the reconbi nant
gelatin of ThE@st raMOsedlifdesdribed apbotethxdnete 2s egesponding tp SRQPNCZ&EA, and 56
base pai the OX1 15 tra i n . ] was

| i gat ed %S?It oidt Hlona(lje anfslwer Ager du% ﬁ agltu% z : nél1 }gfé%ln%()&t% gg@r}%at e pDA1l.
Pi chi a past cnmdsessitlcsalﬁi?rZ&X(SBQ(ﬂhNéMl)S) 3m§§li F@dﬁEQKW@:W-t%esmpmbmant

gelatins were constructed as described in Example 1, using primers 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 ophwo odopreaxi mat el y 20 hi s+ transfornmants were growaTarsdo/detduced

w 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 nedi a.
(Figure 4.) Reconbinant gelatin fragnments from positive strains were
purified fromthe nedia by acetone precipitation, and analyzed further by
am no acisd dmdrbxpdites collegerd dSesU.$ @atent dlogs,593i8A9. HAp expreshydmyylgtad77) Met hods i n

Enzynmol o9y 4453pih8x h&ﬁgn%aaﬁf;m sBNRbYStafstoHned Beh O8N tRprRGGGE S rom one of
the strains denonstrated the presence of hydroxyproline in the secreted
P

reconbi nant en¢pdingt§Gpsninomasids plprpegmpinary ol pHBIcpitagen SER Lo NOHE: Tokls

det ermi ned 19 B8 d29 PCR udSd B prindrSIHEIDAN0: 1 b SR IENGLI Bk RCEIMBMN i N shown
in Figure 4, isolate #2, indi ay’eggo r%g)-ﬁ%gﬁ.essi.on oéqgl%baa@én %nd prol yl

4- hydr oxy| adEuct §G 30BN IS ST Tbelarp tigalsdiing de &b Feexpressed and
purifi ediof r A GRitR PRSI PlasiBidHBON. t hat does not express prolyl

4- hydroxyl ase. Proline residues within this reconbinant gelatin were
subsequently converted to hydroxyproline residues in vitro using prolyl 4-
hydr oxyl ase 12§ hpCadl-Agel frygmeAt vpe isakuied frex pPOE whioh cqulainsdrihe 3 \mmgiog pat ed by

PCR using 3 e . : I Walele . eXpression
of reconbi n%e?&%%f%? llnﬁg(%é Agsggmﬁﬁég%tc’g%%&ﬁ%eru%éig%%?%q%égf%r) B%&%?er oduct was
purified andf8EQ&3NEd Swhe prigtnker sdbrare frampPICEayhtzadi>¢ asotat saiO%i gest ed

pPI CZaA. ;sThe pl. A5 ol n?%%gﬁeﬂﬂwwli%ﬁeﬁﬁi% knedRT-AGbIRELPRaESE ed into
| .

Pi chi apastoris strain X-33 nvitrogen). Transformants were selected by 79
WO 01/ 034646npadzauS00re3o POP41. Bickin gowdiis siringh§ (BisAras rensiereed Mith§tv500 gg/ m

zeoci n. St r gjns, WefifmidPdad vl Q& usgm'ﬁ%ﬁ, 1R Rh §53hA Ae@BsciResbped above and
r econbi nant non?%r%qul at ed}f/gecl atin \/vrst?sa purified ?ro?n the nedia of a

i
posi tive i sdratEmagyyeT sqlosie datrenpamenid thedid aiorRhE g ARIOFBItEY FMihr essur e
di al ysi s usithgfamifs ¥8agawh atiuhditedwrih@ltthatdl bs dafcdibeEinxaipe, 1. Sadndthe sanpl e

was dial yzed a %gi I?I%B_irA.d% | SiHCL pH §m\/(lIi ). The
di al yze Onateé}?rf‘sg'fad IDRYP: %‘F’%ﬁh %glre apyhs-elisd'4 "%?‘1(5% 43 %%tgdr %)soguoél 0 nll}%n‘%
equi | i brat edFigmeBOf fer A Celatin does not bind to this colum under these
conditions, and therefore, was present in the flowthrough fraction. The
majority of the contam nating yeast proteins bound to the colum and el uted
wi t h Buf f er Reprilisnt gshatipfragngnts ey Resvy straws wers@uifiegdorHhaagit W eeié®f on was
di al yzed agahddptiaint, MVhmBMUTRRCS @R acidhdysk, asdBdritebe. g iieBAgPENant gel atin
further fb'ur I(]; 9|7%dMgtﬂo sin F;;Z}%‘g Qg?lrﬁ:%-el&cg:!n%rggcig gm%'lylsils 18{ tﬁé ge?atiln QroEiub:‘?ﬁrosn(;jl e

one of the strains 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 forwbhO1/0B4su¢ es) and m xed with purified P4H at a emzymsot/so7substrat e
ratio of 1:30 in the presence of the follow ng 20 conponents: 50 nM
Tris-HC1 pH 7.8, 2 nM ascorbate, 2 nM a-ketoglutarate, 0.1 nM FeSO4, 10 pM
DTT, 10 ng/m bovine serum al bum n, and 100 units of catal ase (Signa

Chem cal Co., St Louis, MJ). (See, e.g., Kivirikko, K1. and Mllyla, R
(1982) Mst hgdsvth on YN glytedontgiying 20034501 360bin. Sivans\ivrne festedkor gelatin al . (1992)
Proc. Natl. f‘gﬁgsgibn écdeszcg@%ﬁgéz@kd?ré %b%mtl&?hfd%%%&&%%la‘?@ﬁ%a@ﬂuhﬁ%ﬁ o proceed

at 37C for ours. 25 The reconbi nant “gelat | then purified by

chr onat ogr ateymesit ofy Bejiiaisgae Ceaditrusdmedivies conseiated THBIGRYWMRISHST ot ei ns wer e
gl ut eg fgr ;)m%ah‘ﬁ?sﬁﬁhm léﬂaﬁ*r%le@ulé Mgh@tg—of?ﬂgn&me! ﬁlﬁﬂﬁ@ampk(\ﬁ%s%[ygecﬁ, |S<’E1)ges 7,GE
, an . e ow-t hr ou a r ons re anal yze y - PA

to denonst r 488% ﬁ‘éff"‘bg%ot‘f)l%érfnslgﬁé&% g@o@é@ég&é}él ﬂlei V\?yzfdlﬂf‘?jﬂ? V& ) Anino acid
anal ysi si0of cB@mhthgraghed at 4 @-saphsosp eslivon erpidibfaeh irodviffagA dGelhtinsioss nof bitdre

fl owthrough .fracti Fi gy , : ) l,n0 acid

anal ysi s sh%%%F#a%%g%F\hggegcgﬁggoﬁ?iéﬂm%t{%&g%‘ﬁaﬁg%%%#g{éggw thrl-{%rﬁ%iﬂo ation of
100% i s achiTée edjovitiefthe prataminatingryeest pratpingkouad tofigdelysey prisilutesayitrdiudier of
proline + mﬁ%gffng_hy_er@m@m.ol ine in gelatin equals 0.5. 35 Exanple 5:
Stability of latins in the Presence or Absence of Prolyl 4-hydrox |~ ase
An 18 kDa reconbi nant gelatin (SEQ ID NGO 20) was expressed according to the
rTFt hods 1€desnhé H6@ @R Fection W d@))l(yﬁl sEasad 50 MapORinhacaed, pHalany Zed by gel

el ectrophoresis,. Re i pant . atin expressed in.the .presence of prolyl
4- hydr oxyl as&® Blaal}trﬁeﬁa%g erd’r“ﬂ%‘%‘é’?aSg'tsﬂjﬁrf’sietcﬁ)/lu?’ﬂSwlibﬁ%déne Q%1 expressed in
t he absence bofferpThd rgdombinknt delginboasido th¢ Stend:hrgiuvae step-§luBOWND. DV NEA64 6

PCT/ USOO' 30 ) j i human

@%Fu@eéﬁ%&h% PlnoRL Qs A& H%%?@&; %ﬂg@?lf&qo%&ﬁfaﬂﬁ Pﬁﬂéggﬁﬂn

gelatin stabilflt an enRancenent . Ity was explor in prolyl
4- hydr oxy| agetiieddiess sgynm te fibgiraipaatiof 1:30 wytheresence of theollasied encodi ng SEQ

I'D NGO 2020(p%eeﬁ@%omstm&,ﬁ%bymmmapgmm&ms utspe 0l 1aMNO. 1 and  SEQ
ID NO 7. The mproduct was ﬁgl’lfl ed, digested, and cloned as described 10

above. The dah@. H (M PTEDNA rERgHEnterpabiep pek8 gnifsef pidase SmAs | acki ng

grﬁl )élro h?/drc%aﬂc%%_,, tsﬁwdiTsIhMom%Fe),& .Jﬁiﬁﬁﬁlfb']f(@jaﬁéiWHﬁQR agaz)@kel(h%dmol yl od
-ny Xyl ase supunits, ree I cNl apastarl s ral ns _wer e roporate
with Prel - | iEReEqlox §2:515c385; and Vpogh: fr-> & 3(1?%5Ff69-?\{3§}p”e°a i381hig9a74§7a§‘f7%3r)i E), t Wo

prolyl 4-hydmexyttds eacHlpress putees hitr3aioTts: 163bti:ai n PAH 2, and strain a08, as
descri beg inthe U S Patent No. 5,593,859 and in Vourela et al. (1997)
EMBO J

The recombinant gelatin was then purified by chromatography on Q-sepharose as described
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 selected by resistance to 500 g/ n
zeocin. Eight isolates fromeach transformation were grown and i nduced as
descri bedwoan@34che stability of the expressed reconbi nantchursan3gel atin
was anal yzed by SDS-PAGE. (See Figure 6.) In wild-type 20 Pichia pastoris
strain X-33, approximately equi nol ar anounts of intact reconbinant gelatin
and a proteolytic fragnent (which mgrated just bel ow the reconbi nant
gelatin on the gel, indicated by the arrow at the right of the figure)
were obsérved. (Figure 6, strain X-33.) In both strains that co-express

prolyl “4-hy @[I%i%hvﬁr%ﬁm ht,ﬁl&ﬁmwm&&bhm nhat 2Rk fdflic] SRANEHhnMRAS:

significantly red denonstrating that co ression of prolyl
4- hydr oxyl agestailnyasfelares 3 rolvl drigiRatise- W@Fﬁéﬁﬁn&fg?héﬁli’aﬁ’o@ﬁwaﬁ%e@ gel atin

stability b 1a§1uia.°eh@aﬁ1g sEQmNe@o@mzw@tce&hyﬁédSay@’CR ubiigpge8BQUD (Fi gure 6,

el at i n ExpE LD BT Va1 Pt R i RRUT & 30-BFovi ous

reports 1kbavabwadm&ﬁdat(baDNA&ﬁ@mmwampﬁsssdmpbwmmaeldngrmmla decreased the

amount  of S een_ during expressi ain i ns in Pichia
pastoris. (%P’ PE, a% aﬁdSmB?St%telns contai’g’@% "c%’ﬁ@l’ °’§' B° 3ub"‘rl)“f‘|t Takdown of

t he present m&mﬂvm&ﬁlnhmﬂeogeﬁomtedmﬂhmt-Md pDOR: sthireX PAGtIDF i s was
nmeasured foll o ous

cuppl erent 5.5 in AL BT ERps P oSy RSB RhO ol Sl P2 WY BELELS g
descri bed i mB@&sE@@@nﬂpﬂmtﬁeU\'ﬂlrﬁatﬁhﬂ@x@ﬁ%’s@édﬂdleé/@wblanmht(lﬁﬁu)r@@@él atin
fragment,sSEQglsR) N 20 was enployed. (Exanple 5 and Table 2.) Reconbi nant
gel atin was |nduce in nedia supplenented with a range of concentrations

(0-2% of various supplenmental conponents, including casam no acids,
casitone, Yyeaagks ﬁﬁ‘aﬁfs%f@sel&%&%?%mta&%% mu@/nﬂEéOYEt B8 isdiads &bRARGh 81 V\D
01/ 034646 PCT/USOQ 30791 5 lactal bumn ytone. Several fornmulations,

i ncl uding | é’@ﬁ%?%?ﬁr‘ﬁvemvﬁlla%%‘ézedésﬁi%w ané&‘éelSYaB‘H@O DAagPFEltani n (Difco
Laboratori esecoﬁaeﬁlal@ hﬁmanlgl:mm W A ey SESOAGH) 8Bde Figked.) Th W1H>¢ﬁj’ees si on

| evel s. m n and t.on hes sul t ate that
speci fi %I%la§&gﬁlls y IH S e?‘PBToé’fféaEf?ycf\éuumﬁr %“?}émttsa%ﬁptggéﬁcgmn mafnp‘cie?f?r econbi nant
gel ati ns cannd epdteblptid fagmes @ dchpigreiad justdelow (the rmqmbla@q@ edttin on He gelse ] of
soytone as an

ani mal - der i \%déﬁmﬂ 'b?thg %Po% Sk %htr\))lfﬁ)l% hgﬁ% v@re@b?e?\;ea gu}@%dstl(aﬁ‘x% @?f IrI

dl a conmpone to |ncreased expr essi on of
r econbi nant bg@staingihat qmwremmlﬂ Adyéroxsdiase, élil? ageiHaf the prateelticfTagpnd &as

envi ronment g ngﬁczQﬁl? ehdtded @&n&i‘sm{tﬁg@lmb%ﬂ&sm@@b@&dm slpdbxERehichghamhused in a
variety of applications. 15
25  recombinant human gelatin enhanced gelatin stability by substantially reducing proteolysis of

the gelatin. (Figure 6, strain P4H-2 and strain a,$8.)

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, 8590 omasseps epar ed by di ssol ving 10.8 ng of reconbi memtuSawsenl
collagen type I in 5 mM of water, followed by dialysis against 20 nV

sodi um phosphate, pH 7.2. The final reconbinant human 20 col | agen
concentration of the slurry was approximately 2 ng/m . Preparation of
cross-linked reconbinant human gel atin was perfornmed by adding 10 | or 5 |
of a 20%sollastafbumingfindFoytenehisversl fomnudfitipmst inglyding lrsabruspyyirolisds 6eHiansi de

hydr ochl or i dg;;6£D6d pBitfkis EDifed 8 M otRirie SDetoil, B1I) idcrtked@bcolbRladt 84AMKDI nNant human

col l agen slurry descri bed abaove. The cross-|inking reaction occurred
over ni ght at*FesiRT leadh dFigre/ dactaliymdet YBPC was removed by dial ysis
against 25 water. The resulting cross-1linked reconbi nant hunman gel ati ns

were anal yz b %.0). yci.ne SDS- PACGE anal ysi s,  Fi.qu 8.sho n SDS- PAGE
conpari son g?‘esfa %@ﬁbng%rl\% tthaﬁsl'ﬁ)ﬁ%ﬁc rﬁ%ﬁi‘c‘? ?p?]lemefl %5%@0%6,(1 Ta ggﬁleeeégrfi%\é\ﬁ g 4),

Cr 0ss- | i1k edecombioard prietms can lradi e igpedasediprpdyidtiam eln Sne dsprgte the dselgRkoyBndas a30 0. 1%
EDC, |ane 4’me ﬁgﬁlgregxey%vﬁééa plgn-agév%ther ﬁﬁﬁrﬁﬁﬁﬁld@ﬁ\}eﬁ) lﬁéﬁﬁ'cktﬁp&n@mhar d

capsule gelatin (lane , and commercially availabl e gelatin (Type A from
por ci ne ski rihat leggyp ingsepsed exaraysiand repprakipAnt ge&%@ Bis Bastcarovads o pemelSi gna

Cheni cal  Co.maASiaSHR W iofindnd Br SO iRk caithaBieftif thatfdo@t beus8d inthe cormmer ci al
capsul e gelatin and Si %ma gelatin contained a- chain (nol ecul ar wei ght of
appr oxi mat el e RBBILE 2 nej or conponent, as wel | as a snear 35 of

hi gher mmwl ecul ar wei ght gel atin conponents (wth nol ecul ar wei ght ranging
from appro@xgmat ipant human col | agen was
conposed of =a- . - i ng, however, the

cross- | i nked\ fomftsicorabirantfmimae Follagea obitadnep axdserribeskin . RaiiNas . \Mefias a

smear of hi %@férﬁqﬁ@éd%ldlsﬁﬁvhwoghﬁg Selcahbinmt hﬂamélﬁéentt%etl batmepseeyed in 82
WO 01/ 034646 PCT/ USQQ 3079 5 comercjal, gelatin and co rcial capsule
gel atin. ThitdlorRaPcdse aeha 20 BNGRBIT APt Gel A aPEpr s T a

rm: ecul an V\@})léﬂgén @h&htga'ltibﬂgﬂ tlti))el'khﬁliymals &fprdxnatdied mghl.cméﬁmfi&ihcﬁlcroﬁt@lpﬂift} e

gel atins cou e produced. crgss-].inking recomhi nant  hunman col | agen.
Cross- 1 i nkedeCO?ig%ﬁ[}‘i“??&r%Flat@’e%éPFr?Pém%%agélﬁgk%ﬁ8“5e“ i°ﬁa§%f°ﬁ@ PPbRs in whi ch
i ncreased gelhysi-edigtthlyanidopripyl) tebsiidide hgt@tiotije BDA] RlereCldmihir@hlte. 10
Exanmpl e 8: Endot.oxin Leve ' ' 8l at | nd Sol ubl e
Reconbi nant q’%@?rglﬁreé%q%% ?#%%8%%%@%%%6%2%%%8%%% %ﬁ&gﬂt ai ned
commer ci al | edurredrpyeioiglt & raomgsmieragig. UmeicteBDC warigmpyed Ay fiallitinggaingiel at i ns of
the presgnt j.pyention (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 o.-
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 c-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- 1w0.01/0snee different gelatin concentrations wer ®CFAm0/B01  As
shown in Table 3, the reconbinant human gelatins generated by thermal
hydr ol ysis of reconbi nant human col |l agen type I (nccl) of the present
invention were virtually endotoxin-free. The endotoxin | evel s of
commercially available 20 materials were about 1 to 1.5 EU ng of protein.
The met hdds chwmensiabasiatin ang cominercielrapsyle gelatie This &dichted thifaecgmbisahbunagy ent i on

resul ted i n gelidtispsyitedhouBRS LR Bt sihAYas heniedaNdéal cheve! s, by two
to three orders of nagnitude, thaIn those of the comrercgal l&ﬁ(e arations.

Such | ow erfggtuscrHd perredueed by crosselimking ecophirentmay elagenn S5t present

i nventi on esgefbiakdt yelatiak trowddhavy ese irDdpplitagonk ih vadhtizordased gpllsir@gthianhis, such as
use i n pharmaceutical . s‘;v&l?'gei esalrtaf')lgn. 25 TABLE 3 Gel atin Concentration K&K
Gel atin (EUMEFRICEHIT Hant "1 EHa%* (m/m) Gelatin (EUng) 3 1.03 < 0.005
1.5 1.4110< 0.005 0.75 1.29 <0.006 Exanple 9: Derivation of Gelatins by

Thermal and @#6lge bl d@—oxiﬁméveﬁ%fbwl%&w@ SvaBiRCGah 851 dbleRecdlilp@l . and
enzymatic) Wwere devel oped to produce sol ubl e reconbi nant human gel atins

wi th nol ecultmapgelstr di stributions similar to those of currently

av aL! i’:l_bl e SQﬂ_nﬂ&b;ﬁn Bﬁélmlsclﬂﬁlﬁe{ geléaﬁlol?ﬁﬁeatcblﬁﬁerciwgeﬂm Kiﬁa SAUDAMHEK) BB the
stabilizers in the fonnulatiop of vaccines. For these experigrents, intact
r econbi nant r?fﬁ’f]l’g‘ﬁml’igﬁ“?aé@gl%u?ﬁgt eﬁ’resﬁﬂtdnvtel)l/tt‘f@%ﬁd? as (\i/\eécrngedﬁnslgﬁn ge t'arting

mat eri al . Bigternginedivige i Bintwjod Anleytmic e Cyntd iesti Bkgown ih theas. (Bessg.bl e to vary 35

ot ned ol doHEr k. Hos il LOPBITRSS A LS RS RESEURRLATE! B 2 O o
wei ght di st reptrgatiagiensferecsamingde iAa Flioym any/ Babledphercgubinantigmangeladies r econbi nant

human gel at i RS WIS RN B @sly RO BsHibitRMBES ERhdeH 1Y BirthoBRF e gRbAL | NS.  Four
| ow nol ecul ar wei

ght gelatin sarrgl es_produced ‘ﬁy Lei ner, V"}??b G eat Lake,
Kind & Knoxivesing visiriagelly endeipxn-gen dbnedotryn lxdsetserarrisliavaidlea | gel atins
exam necowe rmatdals weleabd®1 ot 1.3 Binhg befpeinaThemthoddfer produeey badtinwei ght
distributions af th el at.ins.on i cine .SDS- PA | are, shown on
Figure 9 andi% TWé?dé‘a%F ﬁre Agengen relsaléegénﬁella[tjllrlsoljrafnp%ssu%?t%?@:lgvé% eFdgRm
levels, by two to three orders of magnitude, than those of the commercial preparations. Such

low endotoxin 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 comercially available gelatins were
approximately 0- 55 kDa, with the exception of the Dynagel -1 sanple, which
had a nolwouwhas4ewei ght distribution of 0-30 kDa. The gel pamafSod/sw9Inl so
reveal ed two patterns of nolecular 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 exanple, derived fromthe Dynagel and Kind &Knox sanples, showed a
'(I:'(I‘)]ntl I’l:JOUSl di stribution of material on the gel, with no discrete banding.
e nol ecu ar i.butions and nagel -2 were quite
different, %E‘fl‘g ﬂ ey cﬂ”%ergglﬁ%‘g%% ?%%z%ﬁanuf zl:a)g:/t u?er for theqsarre
appl i cation. Tﬂ'dse mcmﬂmahithumﬂrdge@anse@rq @amarbthftgélhsttcmwlélh’ avgilable g8l#t®R coul d be

quite signif
Ve Trum Appa?g‘?tm‘”w%f’ec &ag&wgéiatﬁ%m@s o%ua@b@témpaaﬁ%t ﬂak@qmagay Rel ative

[ ecul ar %/b 1t
Di stri buti onKa@gynd D{/negekwerezwlatileedfer @%C@Z%’%ﬁ SR Qémﬁa{‘/}g’ 601@?10 70, 000
0-55.50010&G @ﬁ&on&-@lﬁﬁer@m@ 692 meceﬁav@ghéastﬁaﬁonsswm gk1RmE on #Tricif®.SB483 65, 000

was adj ust o0 PBGEES PO BRI ORI it BT RS 7 (P 0e
wei ght of t henoktsrcitetlt divtitutions of doinblsjciatiy mllabhegehEEnvereeﬁa?plﬁmatmiog ht of the
col | agenous %Qfg CLAg ol %xceﬁfoh oftfe bﬁﬂ%ell rl%a@ﬁp% Xfﬁfcﬁ?haqf 2 bRtk VVEgghWaS per f or med

as follows. & CONMer ¢l a atins were dissolved in

40- 50C wat er disoibwtizkef @3(51@1’839@%1@1 profilet Q}%Oﬂ@’ﬁale&?fw piteros PLpeleeula Beight on was

adj ust ed jui t *alsﬁbﬁtnﬁrm Qne D NE GHivR bk BbsddGles kBm P ERBATREs QTGS mam at

hydrol ysis. Both ty | and type |11 ogB 2 ﬁma coIIa wer e

expressed i nS@FY@Hl%reffa‘%‘tl??P]F%b d"erepjﬁf‘?“feggﬁ %E QE G . Pat ent

ch\)/l H&Sgg 85Qxam-ﬂbed&llvétﬂ‘fonftﬁ@DyﬂagdhamiKJMI&’ﬁﬂbx$alh}blagmwﬁﬁl qmatsludlsssol ved in 10
Ial yze: nst t | zed. jzed 84 WO

01/ 034646 Pcﬁysﬁgwggtﬁgina\f\a t%e M naxﬁg&%%%%ﬁgoﬁlg% glrclM%ag%i%l ssol ved in

40-50C wat er dtsmlbmmofam%ebbmdtnymgel -2ere qiife éﬁfeﬁmd%mte@?mg)ﬁo@m%d bydiust ed as

| i catl edpbe ik amltepfo{%ﬁ@;aﬂigxg@%xyﬁm e RInalMe @hipskisowagh per f or med i n

1m Reactl- |as I erce Si s terrperature varied from 100C to
150C, dependlvmtlefnc%lﬁé’eé%fﬁéﬂnﬁéﬁm° %{ gRaSy dr ol ysis sol ution

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 HCl, 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 utworni/034ses gel atin  hydrol ysates were sanpl ed at va&cCrTasso/si7oe
intervals and anal yzed by SDS-PAGE. Hydrolysis of Conmercially Avail abl e
Gelatins at 120'C. 15 Sanpl es of high nol ecul ar weight gelatin from Si gma
(Type A from porcine skin, 250 kDa) were dissolved in six different pH
solutions (5% gelatin) and hydrol yzed at 120C. The pH 2 and pH 3 sol utions
were hygf 9| yzedntiht }hhﬁ@gn ailllﬁigea gﬁ?&iisol?é&iﬁ 8(;;’680(43 Saemd ﬁdkeel?ljé'g soliad. fThRour . The
pH 4 sol utions re _hydrolyze or.fiyve hours and.s .ed every hour. The
pH 5, pH 6, PAA ?ﬁqh‘?"%B?Sﬁgﬁug??sasmcéte%v&)rwo‘?rﬁ?ité)glqu8}' %lﬁﬁours and sanpl ed
every two hours after 14 hours 20 of hydrolysis. The hydrolysis patterns
were anal yze Jricin - 209 . 7 4 i j ., 10B,
10C, 10D, 10%?3‘?3-‘(%"1 B é’“‘é%lﬁﬁ???%@%?%ﬁ%%@%é Rk didia e%%é% pH of the
sol ution, t heiedfor 160C eKI50°G dapetsingron thy sxpsriment Fre pileat feiyidrolpdsPller The gel
profiles gl so, 1.e%6akad «§ ¥P722 maXaEd! mih§dr91?5i§t§ﬁékﬁas&@%ieﬂ hembyeto ol ysat es.

0

One pattern showed Several discrete nolec r ..bands on the.gel (see the
aci d hydr ol y&irey-tvaoirs denspding g thatemperaie "ﬁaﬂ’é ofthf i&hft’fi’f‘fsﬂ“eﬁe érﬁge 10A and

10B), whil e hjolphidewerpabdort Bt vali@iwetle miep@btahdumplysddy SDSIPAGE. on of materi al
on the gel (see the hydrolysis results of the pH 4, pH5, pH 6, and pH 7
solutions, Figure 10C, | OD, 10E, and 10F). 30 These results showed t hat
t he process awdibiyied Cahmaeialbodvaiaiid Gdlationg ILH€r eof , produced two di fferent

types of terial, .as, seen.in.: k: L il abl e
gol ati ns (e o B RaE L N g B b R F PR b, 1 o
SDS- PAGE) . Thesdisentyeeé iiri stedifferént pH edutlons(5% ssletin) mef} ydrobeed 44 430°Ge dhe @fédr adat i on
of high nol ecu Jy: ' qﬁq@ ' [ Mhogol ubl e

gel ati ns. Ta%rlldr-r&g3 %@lg\%&lﬁeﬂegly%bg%iu arsi%g?‘glﬁlzfﬁ%#sg#?fﬁgeﬁgﬁ?gbthgi ned usi ng
Si gna Gel at i ihe Bib# padutionsgans/eydepiped for five hawrormdisgnglad egerp havy TheipGy> PRS. WO

01/034646 Pcﬂdﬁp%oﬁgiz%lvere%ym%f&m%QitrM%hﬁplﬁeﬁ}&yRﬁﬂﬁiﬁs‘dﬂer%b&dﬂ ty Max.
App. Mol . Wsigg,t Mol ecul ar Weight (hr) (Da) Distribution (Da) 4 0.2356

140, 000 G911 9Flydelyss 0. 2890 90, 000 0- 71,400 11.5 0.3372 75,000 0-59,500 16
0. 3837 47,000 0-37, 300

The hydrolysis 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 thé 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
gelatin fwom@sgaa ( Type A from porcine skin, 250 kDa) l1@cwarseo/si7ssol ved
in four different pH solutions (5% gelatin) and hydrolyzed at 150C for up
to ten hours. The hydrol ysates were sanpled every two hours for analysis.
The hydrolysis patterns were anal yzed by Tricine 10-20% SDS- PAGE gel s as
shown in Figures 11A, 11B, 1 1C, and 11D. The gel profiles indicated that
t he degradation of gelatin occurred M¥BHEfrore rapidly at 150C than at
120C. Additionally, hydr olysis of gelatins performed at 150C 15 produced
gel atin fragnegyamyRit ThREReIEVE MbualeT ML ARpL Mol WabHC| OMelaalP weigit N0l ecul ar
wei ght distrji butigaps of| Sigma Gelatin, foldapwi ng hydbatrpsic @) 150C in pH
6.0 solution.| TABLE 6 Hydrol 436 Relativei4ooi ity Max. 0AppR00 Mol .| Wei ght
Mol ecul ar Weiljght Tinpe (hr) ¢38380 DistributdPeld (Da) [ 2. 5 @IFHBI 95, 000
0-75, 400 4.9 .0 4355 41 000 332 500 6 075997 32 0h0 0-%15000 0. 5833

24,000 0-19, doo— 18 0 6611 &j@fo 0411, 90%8"% Exanphe—1 73 fid—and Ther mal
Hydr ol ysi s of P\ecc‘hu. Ran—HkH: Cot-{-agen—t giid—H Recof Hhppntfuman
col | agen type—+—was hydrotyzedat—126Cfor—up to 8 hours uhder—meutral pH

conditions (pH 7), or up to 3 hours in acidic pH conditions (pH 2).
Reconbi nant H}dmniSOﬁ@lmmq@ﬂyﬂyqﬂgbl? Gelatwgt B0 hydrol yzed at 120C for up to

si x hours "Ba%g% ?elcu@% r%fgegggﬁ&ﬁ sfgglggg,{gg ARm VM QLY s 198 S

performed as recorrbi nant  type’l and type
111 hydriél ym%bssvl@?den Mlif@@tﬂPﬂyoquroﬂ%@%egelﬁ@l)m/bymzmog@ch§ up hown in

Fi gures 12A angud2Bne h-l/_a%ly% e é@ﬁn&é‘d eva‘}mcﬁ{oﬂﬁ fdr Qﬁlil}%ﬁt etk fyBRlysik he heat

hydrolysis of Treconbinant human col g n was identical to _the hydrolysis
patterns of H%F"g‘l‘fv%‘?fﬂaé‘%lﬁ?eé}’y%“&ﬂpaoééllj AL gl s shawn iy lasrss At A aP> sour ces.
(Figure 9, Hi1glmes13.04nd dar sk ﬂ&dﬁtedaﬁdhﬂeguﬂaeﬁn 3f gbAtiBeccifad ddichhé 646

PCT/ USOQ/ 30791, 5 D ur.e nd 12B. to the
hydrol ysis JfPfat L}%& ‘@ag@bf%%r% 4 H° ¥ h[yatB%'%{?:? ERPET %75‘84%§g@ r econbi nant
human colsl agesiusdd@uieth &gmaftmflmesmbleém weigkee Lﬂ‘aal‘e6shmsgllmtmd])®ﬂld15\yeigﬂni l e the
neutral hydrd?sh}{)%t%nggf §1 V\ge atin, fnﬁ owing [}1:[olyrs]1ls'I Qt%o@ngﬁ% 0 solu’uonI 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 11T
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 dwgreadatskon. The 10 hydrol ysis under acidi c condi tPcarsooswar r ed
much faster. The nol ecul ar weight distributions of the acidic hydrol ysates
of reconbi nant human gel atin were nmuch narrower, around 0-10 kDa, after
two to three hours of heat treatnment. As a further refinenent of the heat
hydr ol yzed reconbi nant human gel ati ns di scussed, we 15 have denonstrated
the utilisty tobugh 1yBasFignes 12A-agd m2B.Y Sivulaish ﬂﬂahydr@x%lﬁrégﬁnr@kgemswﬂﬂ@ ogy for
the productigpn Qfy yﬁlUl?@aﬂss Bk &hibRant Wirhdh B3l s%@edfse\%&mmrée Rbledue al (1)

chain of human type | agen. This technol ogy | oned us to_produce

wel | - def i nedveigh '@fﬁﬂ%wﬁ&%@%?d&éﬁgﬁﬁ Sﬁowqdraé‘@‘i%‘}?fl%‘mf’ﬁﬁ@‘i l550fas Wikt ze from

g_ 65th§a lelsﬁlbaﬁ&IS eﬂfe%olbﬂ@f M‘rwﬁcﬁﬁnﬁuh@ir?flﬂ‘ldnbﬁnﬁl hyﬂroly@dftéﬁ?fﬁf:omlﬁﬂi&t_ f_si ze and
i ophysi ca ties o n that can or ecific

appl i cati ond" rg%f’liaﬁﬁﬁ’ﬁiﬁ“@m % %ﬁ%% ﬁ&)t&}%ﬁs egt d(%?raﬁgﬁlbr?%?nant Hunan

Col | agenioTy p@drblymRa{darmidrcamtdlti@umnured Irriuetgfesnert Yimendleculaswiightl distiions

enzymati cal | SI n e nant  human

col | agen typo\é Cldlc %&oﬁﬁg@:{&%%@ﬁ?ﬁauﬁ%%ﬁngﬁ%&%kegn &gggf%wzum ng a substrate

to enzyne réﬂa@ﬂéwoth@ehm%maéﬁeammfabl e 7. The human 25 reconbi nant

type | hydrol ysates obtained by treatnent were anal yzed by Tricine 10-20%

SDS- PAGE gel s. The results bt ai ned fromp and rot ease X treatnent

are shown i rf*S 2iuigrisfinementfbe fﬁ‘é‘?"“@gﬁté}‘%@ §¢ H’i‘scdésf'gﬁedt‘ﬁ%\t t he

enzymat i 5 hyeveleyshstrated the ﬁtﬂﬁ}wfialyé’aaﬂﬁuhﬁlgém Ii’ec&ﬁﬂnheag@{preksﬁmdneﬂﬁd(ﬂtbgyff@r ent

nol ecul ar we ht . di st ut i ns 0 | ati ns drolysi s using
papai n resul® g’ Pqufiog o ifb‘m ?ﬂf WHS‘/%TF%&F Fegienss ety Oﬁ% u@é in 30
Fi gure 13 andlldgen. szhlislte:hﬂqlogmaildvedIug/tdlpﬂaldycsm&llusﬁnn@ h@hlyﬂﬁﬁﬁ@n@ﬁs gdginl ted in

several dis ete. nDIec r b 7, the
reconblnantq% %¥H§HH%%€%§§%99@% %ﬂgﬁgﬁﬁﬁgﬁﬂgﬁggh%%ml y%?bly5|s
patterns as the srtzegm iophfsiqahrsonstties pidkd @htuemtywﬁtelueedﬁwpmfswp@catlorlse at nment .
This pregents great flexibility in producing sizes and bi ophysi cal
properties of the gel atin that can be used for _specific applications. 35
87 WO 01/ 034&amplet: insynatie FydrelysigoiReegnibmantguman Colgagen ype I+ 1 v/ ty / ny

Protein Su bstebcaﬁlﬁnahmuhiyﬁiédmhgea tpe Paﬁst}@aralyzﬁlamﬂiawﬁm u@ng(ﬂae metpa@attn 1 U 37C,

pcgln,? i ﬁuggg ]fOl%:)lQ t'Ijabq QUEecoBrLIerE\Eﬁ haulrnrzlln gollagen?ypb I gas mcugatesd wi eac]h enI?’zayrrlnceiIarl g &

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 patterns 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 bwoioem34ee6 r econbi nant human col | agen type | dir ectred/izg@Borst
different 10 reconbi nant gel atins Human reconbi nant type | coll agen
produced in the yeast Pichia pastoris was tested for its potential
allergic reaction as a contact sensitizer on guinea pig, known as
Maxi m zation Study. After the duration of the study, the sera were
collected to investigate the inmunobB&BldETty of reconbi nant hunan type |

collagen in guinea pig. One gramof rhC 1 was 15 imersed in 10 of

ei ther 0.9% SodFwamehl o Enayme fefjvitt/medioteind Spbsiiate st s o mdlydiofysis Bafern i hcubat ed
for 72 hoursig ilgémTEﬁuﬂztzggéﬁyas thb.swﬁﬂff??%; Abea0e6—rpmfor 15
m nutes and BllSemy Pof [y @rce A §Ct et ISO BT Ng- hihd & Codthfs v re
exposed to tlﬁmeﬁgvﬂplluwhggﬂﬂﬁH Tt T Ot SGiogg.7 O DYp@Bms MAuct I o phase.
This 20 phabﬁmEQVOIVednﬁﬂ@@ﬁqgﬁuﬂﬁ of i ntpasar mal | Cdnkluoksnj €CT1T ONS on

cli pped areasprothexf 1 risk yg@srcafHdsD 1 nj dobpb@ns (crfBsadiag ) consi stled of an

enul si on of Freud' s Conplete Adjuvant (FCA) in an equal volunme of SCI. The
second pair of IDinjections (mddle) consisted of the test extract

(reconbi nant hunan type | collagen) ~The thlrd palr (caudal) conS|sted of
an enul si on Exhmplé i g9 X e dnecobageh tppp 93] agarpst & . Positive
and negqblvqagggﬁ&ghdgﬁgnals were 25 treated in a simlar manner as the
test animals, except that the test extract was not included in  the second
and third pdiumapfecomipsat typsisollagen nrogucediniheyegs yickippaorispyas i55tetier ns, the

tﬁst sites \@efeﬁtiaem{gh&ta@dosﬂ‘e@ac@yécdeelmae@h ghibdaipigd kB as M-ﬂﬂﬁmzht&ﬁlt sik tes \é\gr e
then pretre %.SL ol eum a to the skin

using a gl as®¥o}! Qﬁﬁm?‘%H’ﬁgfpgﬁh58V%Wgﬁ &F?ggﬂnwggg%e On the seventh
day, a topi dminumgpiemgmfre@omlmmtlmdmtypslaeﬂgdnmrgum@eplgMmgdmmfd&lwn% each

test aninmls W 4 &y paper soaked
with O. 4@& g&gggg@ ﬂgké%ﬁ?ﬁ%%?gm§ﬁﬁgﬁg¥%§§a$s E%?£é&l e topica

i nduct i on apmpubataitfprsia, hourh@ 3314 Wed extrageves tl@hamtlefrra}eid%oﬂmnafoebﬁ pimutehe ri ght
side of eagﬂdgg ﬁ@#m%ﬁ§mﬁ&&ﬂﬂﬁQmm§n the next day, Hill Top chanbers

contai ning O. test 35 extract, vehicle control extract, or positive
control solutlons were applied to cllpped areas and 88 WD 01/034646
PCT/ USCO 307}&1ﬂey §1gE QBB AREEd & thd 038 adiBle B contfoDEoludién Bpa isductida@hstosTig Sites

were sco ed ma and..ed nd .72 hour s..af val of
the cha er§ “ﬁfwg ‘Q?e%%ﬂ?gﬁmFﬁ%mﬁ%ﬁQ&UﬁB§E88ﬁﬂ@%pgﬁsa f%$ %V%EBto cl ot
t hen cent ri finjgidnsgtraR8N@nsigoath of e emulstonrot FretdsComplege Adwvam (Wos) in ensuad from
each tube arl/gluﬁg HEeS %H?Jego%d Wo? i5} gn?e';:t?o(iixs a'xtliddlégg‘lsisted of the test extract

(recombinant human type I collagen). The third pair (caudal) 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 | (rnwoloi/o346@€onbi nant human col |l agen type |11 (rhcl IPCrjusvd/IRQGEN

bovi ne col | agen (Cohesi on Technol ogies; Palo Alto, CA), and 15 various
fragments of reconbi nant human gel atins of the present invention, including
6 kDa (SEQ ID NG 18), 10 kDa (SEQ ID NG 19), 18 kDa (SEQ I D NGO 20), 33 kDa
(SEQ ID NO 27), 50 kDa (SEQ ID NO 22), and 65 kDa (SEQ I D NGO 33)

fragnent$. (Seénctabiheamanfir 24boanplles dbsife Revwrbicaaa tor eothemgnd edomeh

reconbi nant 2@@8%@23%;5%&@[1@&5‘,5@?&9 Eafgson 8% Tris-dycine or 10-20%
Tricine SDS-PAGE gels. Western bl ot analysis was performed using 20
anti-serumfromeach of the Guinea pigs used in the study. Figure 14 shows
that reconbig@i? holid[TRIbISNRRS dollesddl :a@aTewsPR Ciof, kien ddtrifiiRd k@300pMeordr €sent i n

the sera of Cuinea pigs inmunize recopbi nant human t ol | agen.
No ant i body Fgw@rvﬁve% aRiPmgTe %tﬁﬁ@ eﬁ%&ﬂ%ﬁvﬁ%ﬂlﬂn Saﬁleﬁe%*tv?rﬁgoféﬁ%{|-{$’z§d by

West ern 1ol otun@lRgd. ysi s was observed in any of the sera of exam ned. Figure
14 shows Western blot results using the antisera fromone CGuinea pig in the
study. 25 The sera fromat least 4 different Guinea pigs were anal yzed,
each of whi Shradiemilesdmingaipgdi @alea pigewad then analyzed &ar thtipsasénes efdniihedics gure 14. 1t
was desirablyg.dd , 11&&?&8‘@&%&%&5:@4&%%@%91{%3%aohl%ﬁlaﬁ%%ad coﬁ&!erll

responsible for t eni c responsé observed follow n Il’lj eC on of

nccl into GJ;EIHB%IH};VQERO i feflagen (§@eﬁﬂh%ﬁm@E’B1e%1§é]ﬁ Mgdeadas separ at ed
into itssal GhloudRshngk by reRIFRGR Alkhis oo ailﬂs@magremﬂa&euﬁ@t infidigeikm0! um

" econbi nant (0 1OURF Fllgin SRS NS RH e R RPlop B EnBlselib (ype 1

col | agen wawoO: zJB,rsfo GOAEEQED Ni®22)y dnth 63k Da(SBQ I SIS Nfrapneint®i ©ze TabRBEGHd

Fragment o wiranle £ Recbfinklb8fenyo GBI ATl WG BERHuIAIG AR | I
anal ysi s f orltis-Edysing of 1t0y20%oTrtctne SRHPAEE gplp- gwsmblq@@@lvﬁlﬂj\% perbwwed usmEgur e 15A
shows a #oonRS&inks BEA LR O RIGRAGEs Aed hﬂﬁeas@lfdr ARPurENRo &L BAV&ImBikark | ) and

a2(1) chains of reconbinant_ hunman, type | agen. Western bl ot (gnal ysis
showed t hat Dy tgRfi Liselkeep- s@e‘:‘%ﬁffl?@é‘te%tw?ré%iellwéﬂ‘? 6“‘1"1@(9“““%%?’85 Jrsizeed agai nst
the a2 ]ghal Rvit@ frecbyipigant h@xﬁhk@gefbllagad NpatibédyeeadDity\ld H3oOBdedmmbET USO0/ 30791
5 CNBr fragnents ther ivi ty aga ai nst t f type |

col | agen vvagﬁﬁtwél&atlyg y fteahtf’l% %@mwaﬁbs e &Pl ﬁ’f’ raog%xm)l/sgs descri bed
above exam rﬁ@drdlhehma%kmaoyresﬂtsuh@t@ﬂ:ﬂh@&fpungorséiualeamgmrtbe(ﬁmdm nant human
type | "@fﬂ@&mfgﬁlﬁ by 1oL UIRRG Souifd el RGN A RRARNA iy 10

virtue electro retic separation on SDS-PAGE. To exam ne the reactivity
of the GUI néggults to thatd1sclosed1nF1gure 14.

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 Bormstein 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 o.1(I) and o2(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 swpaisewegni zed the native conformation of rhcl. pRansoosovhe
reconbi nant gelatins of the present invention reacted with the GQuinea pig
antisera by ELISA, regardless of whether the gelatin fragnents 15 were
presented before or after thermal denaturation. The rhcl was even nore
reactive in the ELISA if heat-denatured prior to analysis (data not

shown) . Fhi £NBrdiiagradnasdherdoé NoreyetiViyrghinst thntil bodi & &/pe hedllagen was detectedogni zed

primarily SQAPGDS epi topes, rather than helical structures. Together,
these result's”in ted that the concerns associated with having an
anti geni c si te(s) present on human col | agen type I, specifically to the a2

chain as showBweheh Bt ﬁﬂryﬁe@ Aéscrtfd 96 RbBine CBEHEktPRy @\ﬂw@lﬁeaprg séh@ met hods

of the present invention t. i nvention rovi des met hods for
gener ati ng F@&@%ﬁﬁaﬂtwdmeéfﬁlﬁgm@@%fﬁ&n% fftj‘é??"%l{”&flt%@g‘mm?&ﬁbymu| d be
useful fior speeifdetappleticapirnios o SDS'\,hAGE Hedxaming thefreaktoriy afthe G@mdaci ty i s
desired. Vario ificati | 0Ss N met hods and
systens of PR pesrogery fmﬁ}ﬂ ap rgr%teér?t% It?‘dg%%?itglsagecg%ﬁ?ﬁe A e art

wi t hout depazvatspﬂ@ﬂﬁ@’doﬁﬁigdte@)pﬂmdataahwe@@etp@ (@finep hig antispiaagspgndzed thal t hough t he

i nvention h 210t Werheh %Ptﬁ& fdefrt ilfeR{oRT I €d
enbodi rrents%tllJt%%s %rgr g&‘[)defhﬁﬁ %@g?ﬁ%ﬁl@&tﬂgt tt%é n ntﬂl)rorel as ec oal med shoul d

not be undulpcte i the Guingp RgRHsEPEL o reatise oifﬁéfh‘ftger ﬂ\?&?‘?‘t&’lf?gﬂﬁm fications
of the dgsc rv&ehﬁﬂes@ﬂl@ﬁfo&&fr aft& eyl BGattidfiont MBe fhEMeR tvenmondehivedh theObVI OUS t O

t hose skill rt and rel ted fi.e re tended to be
within the ?g“e%glfﬁi?a?flﬁ‘@ IpP?f W@g'%“f Gree SIN“?1§OT se“r“iemna%xeis &P ftya erein are
i ncor por at edntibpdieeheacane echaized pﬁrmanlytshrmemceemtppee,trgther%n WDC@EMBJMMG o
PCT/ US00/ 3071%é&=fthe? éai‘f%ﬁimytgﬁéd tha% lc&fcémsdaséoétate&wﬁ 129/91 %tl%_o prising

r econbi nant e e et gel'atin havi scular wei ght
sel ected fr qvmsmhenlgm@upolbmﬂpsﬂ,wpﬁglﬁcaify tathoo? cl@ﬂll@@dlowawad}@ cgreitDa, about 9

kDa, abot Jelx}a:é:ﬁ% %‘%m&e@ bgalﬁ)@meﬁtta& thg%re veﬂ@&ytmg&egﬁ%veﬁ‘t%m 36 kDa,

about 4 reconbi nant gel atin having a nol ecul ar

wei ght rangéhu§ erosidesametiody for 3%@2“6}@6%’“‘1153”&%1?’%19‘?% agiieenip §itee 3P0 50 kDa,

about 10 t o wR1dPRAsefiRRR YleciBO agpBcafibhskiahictada@tit of 16 higdlcitykdRsiredbout 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. 4. A
reconbi nant \gebatnmadifhaiongpd darimids ofithadeswibedyintthgyls eat spstenbsrd the 30entkeda. 20

25  will be apparent to those skilled in the art without departing from the spirit and scope of the

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.

90



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 a Bboomsslts engt h of between 0 and 100. 25 7. The eomumseé/si7on of
claim1, 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 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 conpogirfarms of claim 1, wherein the

reconmbi nant gelatin is non-hydroxylated. 35 10. The conposition of claim
1, wherein the recanbjnant gelatin is fully hydrolyzed. 11. The conposition
of claiml1, W]?étrl%‘fl?’rm?‘!rfé‘ reconbi nant gelatin is partially hydrolyzed. 91 WO
01/ 034646 PCT/ USOAQt&0wsifion dmpdsingFbrembioapeditini on of claim 1, wherein the
reconbi nant gel atin conprises a honogenous mixture of reconbinant gelatin
pol ypeptides. 13. The conposition of claim11, wherejin the reconbi nant

gel atin dBNPRi sesA aecominast gsipiin baying amoleetaraveight selepiphisom B BORRTOBTSTHE

pol ypeptides. 10 Jé4poul HEDE AROSkDA, S3utdkDa] b1 4 kDayagsue] dkDafeouteconmbi nant

gelatin is derived from one pe col | free.of ot her col | agen.
15. The conposi tiWab&‘t&?ﬁﬁ%&t,’o“\t/\ﬁéﬁ])éiall?oa%%gg%?‘lém %}’B%%F%%ol | agen is

selected fromthe 15 group consisting of type I, type Il, type IIl, type
N, type V, type VI, tvpe V|| I Ltectd BB fin e XlI, type
X1, type X P1, ‘Wﬁ%m'%/k‘ﬁ ,gelabfbléa%%,g“%%%‘g&%@gm&gje XV, egtﬁ%ﬁexw 11, type

,  type XV ty
XI X, and 15ype XXoosdtihgagfahout 06 50kDe, abepdieid kB aé?ﬂtéqtaﬁ%li%’ RefeL? H t he
reconbi nant gel 'afnabfagt%o%qa%%%%ﬂoﬂtdo@yﬁio_kna,%&ﬁhmo_ismﬁ,@uatrrgotol?. The
a ,

conposition of c m erein the reconbinant gel atin ha endot oxi n
| evel endot oxi n200&PalabesiP¥\ie 8503 @Bﬁﬁﬁqt"é@qﬂ%‘z ‘g"i}ﬁ O“Eg%%i%otakir&&n of claim

1, wherein the reconbi nant gelatin has an endotoxin |evel endotoxin |evel

bel ow 0. 050 EU ng. 19. The conposition of claim in the reconbi nant
gel atin has 4n enQdtB%PRAY & O iR Becher BSOS,

aving a molecular weig
20
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 nawp ogeBsté n conpri sing an am no aci d sequence sel ectrdsboé/sarm 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 pol ynucl eotide encoding
an am no acid sequence selected fromthe group consisting of SEQ ID NGs: 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 31, and 33. 92 WD 01/ 034646
PCT/ US00/530721 Fha@mpdgitiomphelamdi wiereiretbe weondbinapirgelgiimepmiphiges pol ynucl eot i de of

claim?22. 24. Ah&g%gnogg}_njmgé)&pgcgﬁgi@téeﬁgnp(qi,ﬁéw%geoti de of claim?22. 10

25. The host cell claim 24, wherein the hos ell is a prokaryotic cell.
26. The host cell of claim?24, wherein the host cell is a eukaryotic cell.
27. The eukapyot iTEe dd@pbsitialof clsth 10kiRkdi Redrecombitatti ghlatih@npideat yot i ¢ host cel |

is selected fro 15 the group consi.stjng.of .a yeast cell, an animal cell,
an insect cell, et%?%?ﬂ?ou%‘gfxﬁ?&gﬁeﬁmgbl aﬁin%e%fmg% e.ndg%. A transgeni c ani nal
conprisilag the pol ynucl eotide of claim?22. 20 29. A transgenic plant

comprising the PohYIMHEbERoHEiRl, Tt ReombhantbelGE QTR PRI BRI Ak N
conprising an, amno acl d sequente sel ected fromthe group consisting of
SEQ | D NGCs: 26, 27fcofiggen fppopf 2y oflpreofiagen.A net hod of produci ng reconbi nant

gelatin, the nmethod conprising: (a) providing reconbinant coll agen or
procol | agen or fragnments, or variants . thereof; and 30 r.ocessi ng

r econbi nant ¢ol | gbee‘i‘?m@?mt?f“(%ﬂﬂna@ewe@}n t?%oéﬁﬁﬁﬁ?fsco}gaﬂewgﬁi?%fﬁﬁgm ereof to
produce 1seconbi namwtp gabisting 6of ty@d, typet 1B typeilh oge OF, typk &i, typSYI, typh¥Haype t he
reconbi nant col | n i .Svrec i I y met hod of
claim 31, wherei %ﬂg%)er%é’c %ﬁ?ﬂ%?ga’gg‘ﬁ}gg’ ocof?fg%gz’%fps?wg’r oduced by
co- expressi ng at bbeX3l upeXdl ypakiXeuditae X&rebtiemg a col | agen or

procol | agen and at | east one pol ynucl eoti de encodi ng a col | agen

post -transl ati onal . _ , _ _ '
16. The composition of claim 1, wherein the recombinant gelatin has an endotoxin level

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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enzyme or subunit thereof. 93 WO 01/034646 PCT/USOQ 30791 5 34. The net hod
of claim 33, wherein the post-translational enzyne is prolyl hydroxyl ase.
35. A netwod1ioB846pe oduci ng reconbi nant gel atin, the mnmethodPcansoi/si7ag
produci ng reconbinant gelatin directly froman altered coll agen 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 eoti de encoding a post-translational enzyme or subunit thereof. 15
37. The nethod of claim 35, wherein the post-translational enzyme is prolyl
hydr oxyl ase. 53 38. o A BRINACe R coMREHE 1B PolfRERAHRE BAMImae] atin having a
selected nelting tenperature, the nethod conprising conferring on the
reconbi nant gelatin a percentage hydroxylation that corresponds to the

sel ect ed nel 14, ng A eaP&RNbiirBing &0 pdPhucithirie 6RdA@d2.0f cl ai m 38, wherein the
conferring step conprises producing reconbinant gelatin froman altered
col I agen construct in the presence of prolyl hydroxylase. 25 40. The

met hod ofo c128 m 3Bhe habteelbpiclaim@4cwherein thehgstselbis appkpretesllderi vi ng

reconmbi nant gelatin from hydroxyl ated reconbi nant coll agen. 41. The net hod
of claim 38, wherein the conferring step conprises hydroxyl ating non-

hydr oxyl at ed6r ec cHisihostreell gidlaimi24, wizgein the hAStl?)Plhtﬁiar?Qkaalgéimcelgorrpri si ng

reconbi nant gelatin. 43. An encapsul ant conprising reconbinant gelatin. 35
44. A stabilizing agent conprising reconbinant gelatin. 45. Afilmformng
agent conpri%i ng Tecukiyetizmostgell ef dlain 24 4/8hergin theiewkanyotie herfjcalge selectedriyoni si ng
reconbi nant gel at thigroupnEhol/a GSb6AB, aleiimbISEN)as hidd cell> plaat ceAranéaul si f i er
conpri si ng reconbgunapt 11geI atin. 48. A thickening agent conprising

reconbi nant gel atite &

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:

@ providing recombinant collagen or procollagen or fragments or variants

thereof; and

30 ®) 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 oi dal

agent conprising reconbinant gelatin. 51. An adhesive agent conprising
reconbi nawp ogesatié n. 15 52. A pharnaceuti cal conpositi onPCans0i/si70y
reconbi nant gel atin. 53. The pharnaceutical conposition of claimb52,
wherein the reconbinant gelatin is human reconbi nant gelatin. 20 54. A
hard gel capsul e conprising reconbinant gelatin. 55. A soft gel capsule
conprising reconbinant gelatin. 25 56. A plasma expander conprising
reconbi nant gelatin. 57.- A colloidal volunme replacenent material conprising
recombi nant sgel ath Oyt cBind38§kerdtPBE bRYrmONRnkIShAShe [SLQNRLABRIasge! ati n.
30 59. A nedical sponge conprising reconbinant gelatin. 60. A nedical plug
conprising reconbinant gelatin. 35 61. A pharnaceutical stabilizer

conpri si ng r3ecomi Aadd oggbdicing recorfiinantgelitia; H-nisdtot canprsgpodwingg r econbi nant
gelatin. 95 WO 01/ 03464 1 USOO). 3079 A Ki the kit conprising:
(a) a conpositi o CBABH: %Eﬁgd?%gﬁé%?%ah m§81§%?ﬁ?”g%% (b) a device for
deliverildg the conposition to a subject. 10 64. An edi ble conposition
conpri sing r,eco 2. - ' ; npri sing
reconbinant3gélg?%%gg§%ﬂ§g@£ggfz¥géb é??%ﬁ%%hggﬁg??éﬁgﬁgég@%nbjnant gelatin
67. A nutritionahmgﬁﬁﬂi@ﬁéﬁﬁdéﬁhﬁmwgﬁﬁgiﬂ@@bﬁﬁ¥ﬁ&ﬁPWEEE@Wkﬁm”éggaAn edi bl e
coating conpri si ReskRERARLNARMmIe Bldilthered® 69. A photographi c conposition
conprising partially-hydroxylated reconbi nant gelatin. 70. A photographic
conposition conprising fully-hydroxyl ated reconbi nant gelatin. 25 71. A
cosnet i clscornposi Thomnetha@mithia IFgwiicadoidpasatinslgpnatehzyme isgRolyl Apdrozythsst r i al
conposition conprising reconbi nant gel atin.

38. A method of producing recombinant gelatin 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 |aboratory use conprising reconbinant gelatin. 35 96
WO 01/034646 PCT/US00/30791
5
47. An emulsifier comprising recombinant gelatin.
48. A thickening agent comprising recombinant gelatin.
10 49. A gelling agent comprising recombinant gelatin.
50. A colloidal agent comprising recombinant gelatin.
5L An adhesive agent comprising recombinant gelatin.
15
52. A pharmaceutical composition comprising recombinant gelatin.
53. The pharmaceutical composition of claim 52, wherein the recombinant gelatin is
human recombinant gelatin.
20
54. A hard gel capsule comprising recombinant gelatin.
55. A soft gel capsule comprising recombinant gelatin.
25  56. A plasma expander comprising recombinant gelatin.
57. A colloidal volume replacement material comprising recombinant gelatin.
58. A graft coating comprising recombinant gelatin.
30
59. A medical sponge comprising recombinant gelatin,
60. A medical plug comprising recombinant gelatin,
35 6l A pharmaceutical stabilizer comprising recombinant gelatin.
62. A micro-carrier comprising recombinant gelatin.

95

A



WO 01/034646 PCT/US00/30791

10

15

20

25

30

35

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

A kit, the kit comprising:
(®) a composition comprising recombinant gelatin; and
(b) a device for delivering the composition to a subject.

An edible composition comprising recombinant gelatin.

A protein supplement comprising recombinant gelatin

A fat substitute comprising recombinant gelatin

A nutritional supplement comprising recombinant gelatin

An edible coating comprising recombinant gelatin.

A photographic composition comprising partially-hydroxylated recombinant gelatin.
A photographic composition comprising fully-hydroxylated recombinant gelatin.

A cosmetic composition comprising recombinant gelatin.

An industrial composition comprising recombinant gelatin.

A cell culture composition comprising recombinant gelatin.

A composition for laboratory use comprising recombinant gelatin.
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