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USES OF SPATI AL CONFI GURATI ON TO MODULATE PROTEI N
FUNCTI ON The application disclosed herein clains

w@eooso2t7y7 of U.S. Serial No. 60/498, 449, fil edP@igsmin4/028068

28, 2003; U.S. Serial No. 60/498,785, filed August 28,
2003; and U. S. Serial No. 60/498,923, filed August 28,
20fx%Es Tir sSrapphl cCCONRIGURASIAYN PO i MPDULATH PRAFERN FUNCTION
Application No. 279/MM 2 00 , filed March 5, 2004,

apge | odhan-Apdd cationdia REPIMIME2Q04s , phibedtMaoehUu.s.

5, 2004. The contents of the precedi nz% appl i catiagns ,
aferirk ey | ARt Pordtded fitschdiuaugit i4Bet 14993y U-5- Serial

reber enceod niee t _ffiiieapﬁh%;ﬁéﬁi o8, Ibsougheutyldi Sserial No.
application, various publications are referenced.

DFSL4 WBAES diileRedB9pEbI RBat PEAS - i ARt RePPPEHEF LYY ¢glaims

apei ber@py dencenposat ey chefishengs. i i1 AiMg2004, filed
application in order to nore fully describe the ?tat/e
ofarele &rt TP 4whi 8Rdt HindipRy ARRIGTaSePRai R, 280/MUM/ 2004,
BACKGROUND- GF THE 1 MVENTI GNeTheoserptet i @ ofné hepreceding
human genone project verified the therapeutic effects
OPPRBRYA errss ArgndeEehE SRCPTRINIIAPe BedfcdEVET bR 1o5 bY
| DLP.LheraPSH €nREOLSh ISoati¥n NOSt of them cannot be
controlled by gene or protein techniques in the art.

They cannot be correctly translated into proteins

whj ch i ntain the whal.e therapeutic effect ssessed

DY PEREPE Jonctet T 1 GgaSt CBbot ABFAO0R « REDFoaar Tt | xe
suegesshekd pr atiechotuaas| aifi onhieset hpulshraagdiongr ot i neheir
folding., The field of research agn wto obtain a .
DPOETRENTT REET | PEFORY | SHACTAT S I ott OrlE FrToedts
WebB1Eeapein t ivnor@8angbnedirke fipati alescanbeguhat isdrate of

o[BI OLeT e i Lhout , diSturhing, ami ng, agi d sequence ey

BACKGROUND OF THE INVENTION

The completion of the human genome project verified the
therapeutic effects of many genesg, and some of them have
been developed into therapeutic proteins, but most of them
cannot be controlled by gene or protein techniques in the
art. They cannot be correctly translated into proteins
which maintain the whole therapeutic effects possessed by
their genes. The biggest obstacle on the road to successful
protein translation is the correct protein-folding. The
field of research on how to obtain a protein with efficient

spatial configuration is filled with competition.

Changing the spatial configuration of proteins without
disturbing amino acid sequence may change functions of
certain proteins. For example, some proteins with abnormal
3-dimensional structure can cause diseases in humans and
animals, such as: bovine spongiform encephalopathy (BSE),
Alzheimer’s Disease, cystic fibrosis, familial
hypercholestrolacemia, familial amyloid disease, certain

carcinoma or cataract. These diseases also have been



certain proteins. For exanple, some proteins wth
abnormal -di nensional structure can cause di seases in
whewvanst7and ani mal s, such as: bovi ne spongi f or P€T/US2004/028068
encephal opathy (BSE), Al zheiner's Di sease, cystic
fibrosis, famlial hypercholestrolacema, famli al
anyl oi d d| sease, certain carcinoma or cataract. These

dicsdasds Aol iRavarpraine | 6the ol Briow. B¥eRidpseauses BSE
The ' Bohony s pEOt el 02588 BRE ARM (GAR At egho QT TR .
proteins and transmt anong them During the research

of protein structure, nost researchers consider that

t hR RSt chaPeLkantcRabt FQOE@M | QUL URE GRIeGlesearchers
spatial structure of proteins are the techm ques_ of
dewasdfari dhegndcref BPEE ng "PREE3BE FRIT ti} argEeleving the
r eperted bgHE@Xf”@EEudﬂ%lﬂeefo@ di-Bge 83 0gt At Wddhniques of
various chaperons or reverse mcelles, etc. Many
salemetivsptégpr esdi giefpddings Nageepeof de\isirgpaget geported
aly 'Wgwobaaéﬁtpmt @e@élam_g, e384t BPNE RALMAlous chaperons
environnents, al'l these efforts only result in an

| Y CRYETER mheeylw dset‘ozf PesteiSESTehoden | PRRIURH S itcat veetors
changes, DETALLEDIESCR BT | ONCE, THE FL GUEES EhgULgplessea in
G rcul ar roi smspectrum of |nfergen Spectrum

r ANye 25tonal 1@0@m03@ﬁ913§b vikyt 2lg chhepghtefpfmuys only
0. M EAULDIEALL S CLL Cuhar O G e SO0G SAp! eor

: Igeg%tlgl nﬁgoﬁg/ icle:N- con}—‘ t5 gcjnhg/m of d and ot in
myludlightiNePChapdfs- 0. Figure 2 . Circul ar Di chr0| sm
spectrum of rSIFN-co Spectrum range: Onm 190nm
Sensitivity: 2 mcmlLight path: 0.2 0 cm
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Equi prent: Circul ar D chroi sm J-500C Sanples : contain
30ng/mM rSIFN-co, 5.9 ng/m of NaCll and 3.8 ng/m of

wol0oB@17pH7. 0. Figure 3 . Conparison of | nhi bPCT/082004/028068

Ef pestaf oisthepenty! o effreF@asray HBV CGene
Expression Figure 4A- . Curves of Changes of Body

Tenperature i n Grou]S.A (5 patients) This figure,i s

t hBigwedrle SRTFYdPTt BHpRt EPERARERsChf I SFdisfent s i

N SO rBingd.e246nk. - GQowes of Changes of Body

Tenperature i n Goup A (6 patients) This figure i s

t heersicwirt tof: Bodj/ aenper at ure changes of the other 6

pat i [ p.A Figure 4B-1. Curves of Changes

ofLiB(g%\;sp'ldetnI%e%t%grgﬁi n Goup B (5 patients) This

f | Gawipners t ¥d rcudor dDbfhtyodyn TeApeFat ure changes of 5

patients i _n ou Fj gur 1B-2.. Curves_of ang

of E@“ ye efr(f)%rr% ng??*dj‘)‘?ﬁ p@r‘?foﬁ%ﬁ’i egntgg) mﬁ'ﬁ‘????gﬁﬁgl

i s3t heng/corcd Ok.bPagypH7emper at ure changes of the other

5 patients in Goup B. Figure 5. rsIFN-co Crystal |

Figure 6 . rsIFN-co Crystal Il Figure 7 . The X-ray

Di Figaod i 20N WGfrcud hENP tohCrisat &pBETEtimi o DESORFNF N OF

THE | NVVENTI ON Thi g 'éplvepti' oongf)r ovi des a set of nethods

fo p%%dﬂfnétriaﬁlgepro ' spa% '3l confi guration. First,

sekestit e i romacsdl codon for encoding the target

protei n accordi ng t o host codon usage. Second, choose
h

conbFrat?s whitthBan nodul at e

Egquipment: Circular Dichroism J-500C

Samples :contain 30Jg/ml rSIFN-co, 5.9 mg/ml of NaCl
3.8 mg/ml of NayPO;, pH7.0.

and

and

Figure 3. Comparison of Inhibition Effects of Different

Interferons on HBV Gene Expression

Figure 4A-1. Curves of Changes of Body Temperature in Group

A (5 patients)

This figure is the record of body temperature changes of 5

patients in Group A.

Figure 4A-2. Curves of Changes of Body Temperature in Group
A (6 patients)
This figure is the record of body temperature changes of

the other 6 patients in Group A.

Figure 4B-1l. Curves of Changes of Body Temperature in Group
B (5 patients)
This figure is the record of body temperature changes of 5

patients in Group B.

Figure 4B-2. Curves of Changes of Body Temperature
_3_.



the spatial configuration and construct into different
vectors which can transfect a series of hosts.

wab@seRore, an appropriate vector wth approprPEr/Esivos028068
may be chosen. Third, choose the vector pronoter by
nmoni toring a conbi nati on of base pairs after conbining
t héTc B8 B Rubn I GEERe promoter and the target
prateisn.cilfurdl | ©hoosedhe SPPLORY T ALGEEXREESSI Onges of
host t o express the target protein, refold and
purttey OthehstrRe tifdtEc thvergurRIRl spati a
configuration. This invention discovered that during
t he proteinconstructing process, the variation of

5 coddfUFRaP - ehtbdb<a ReYarrhol acid of target protein,
the difference of choosing vectors, the nodul ation of
the pronoter and the selection of host expression
veftgrreebent ToMtiad 6a¥sbrl dehat urati on and
renaturation, agents etc. are all adjustable factors
for nodulating the spatial configuration of target
pr §E81RE. 7 ActleR di 11giYy DifbuatateorlofrsIRY-spafivdtal
configuration of proteins t o obtain new functions and
t o inprove activity i s the result of systematic
anal ysis. This invention provides a nethod for
nmodul ating the function of proteins wthout changing
the primary am no acid sequence of said protein
conprising steps of: a ) altering the codon usage of
said protein, b) expressing the protein using the
altered codon t o obtain purified protein, and c)
conmparing the expressed protein with altered codon
usage t o one without, wherein an increase i n
function or identification of new function indicates
that the function of the protein has been nodul at ed.



In an enbodi nent, the altered codon usage results i n
hi gh expression of said protein.This invention al so
w@e@siotilgg7 a met hod for preparing protein wth reifraszmed028068
O'pilliirlnd BeseRSo M U aRARRVRATIAe PriMArY am no
acl d sequence of said protein conprising steps of: a)
aITk@rs NG 4RE vt opr s bdes o& saitd pf omerhedd For modulating
5%%' n%p%gg ErQEEfD h%l§EEer§g188ﬁ0Qhécgmlno acid
o aln puri protel% nparing t
exprdsss efopr enePAingt frhal tteqrmtccmmtmtsvagecct@rdme; to host
Wi 004l athe ekBoalal NGEEARE ddiHDELLAD Oicn dul
> id%entl i cat %ongg new ?%%2% odré?nﬁ)ng‘?gat es %a‘f g o moeH ate
prictei wratt bl entemtiehr@td onewaidnotdrst tugs béepo different
Pr& o% m!l'ﬁ.c%h ceﬂpotdfam:slye’ctt hole saéd} %r eq)icqgg%qusaﬂlerefore,
resu expressi on of sal prote
i naﬁempmmlst@eprv@vtdeswuhle ppp:t@mameeﬁmm ey tdee chosen.
ahgYe JIBL NOhodd AP nbOdLIBNt. JLRGPLOt eLh Nas JpLang, o
secondary or tertiary struc ure i nveh
10 f uweariemagrion désbassypahsi |acft@en@owbuhlagt ’elneedccm:edosre,quence
wh e r.o an or
fuér%tmhon = n%gﬁ %ﬁﬁoﬁhg t%é’cetechg%%\%ﬁtl oﬁn%ro\@ JEooge the
V e IOpTa AP e spcngesheozgenest [ ro aelﬁmnréd'fertmmg‘m:ntprotein,
t hisedyvent I de re |on S
cgfr%fr% gil ngtntdge pglér%\efg/ I nmi?aé\L %\gf urther® é/ o rrenatnd t hslpatl‘—’ll
i neeriiicorapioni des a host cell conpri SI ng the gene.
15 This invention also provides a process for production
of rotein of enh ncedfuntl n .or ew. funct.i
corrglr]£5| nrév? nti rodumgng an art | flokclzl al gene i t
setecttetictadgn proekeeenctae wtamlamappbcﬁprdoalba hdet, encodes
cultur| sald tro uced hgst _under, _app f
conth ti% ons  of* tlﬁe egpr esrsé?QC g’-&ﬁa prg?og (,?l%ﬁfence of
haclvestingg tdre cexpr eﬂ&edmcpmmltammn of the promoter and the

&lon .
e protein-

20 selection of host expression wvector, even conditions of
denaturation and renaturation, agents etc. are all
adjustable factors for modulating the spatial configuration
of target proteins. Accordingly, modulation of the spatial
configuration of proteins to obtain new functions and to

25 improve activity is the result of systematic analysis.

This invention provides a method for modulating the
function of proteins without changing the primary amino
acid sequence of said protein comprising steps of: a)
30 altering the codon usage of said protein; b) expressing the
protein using the altered codon to obtain purified protein;
and c) comparing the expressed protein with altered codon
usage to one without, wherein an increase in function or
identification of new function indicates that the function

35 of the protein has been modulated.

In an embodiment, the altered codon usage results in high

expression of said protein.
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This invention provides the above process, wherein the
artificial gene is operatively linked to a vector. In

w@poosiobodi nent, the process conprises extractiPCT/0B2004628068

_protei_n fromfernentation bro_th, or coIIection_ of the
i ngl Usi OR, DedY¥n Q@Qodﬁﬁé&fﬁég!é”%é%ﬂ@dfgeftﬂféﬁéfih protein

f
the harvestedprt)t ern. This invention also provides |
t el g grdiemcgfogucedv bfuaehiwfs twHéhabbyehprotes sidye primary

This i L io A .
oT T YEDL B Q1L 062 En OB PORROIPAL AL A o
i NYERRYIGY fthet Refopr vyige ol PhHal pyesaincab) expressing the

Cogposd it %iﬁ@”ﬂﬁgsgﬂge%ﬁ/Cgc%dg;pq:oa%%\égiﬁrBgyfffjed protein;

proteins and a pharmaceut| acceptabl e carrier.

Onrendi ghi FPuRACEDf thai sxprrasnd @rdteiphatitht altered codon
mogul At €85 t B SRaLLahe CORLLOLLAL LN i%fcr Loteln QubiRgon or
the process of translating genes W th therapeutic-

ef +éantsi filgps ipnotad nsewhifoimcpdssesmdigatesonshat a protein
or%ﬂﬁl{]aéﬂhgglc%ﬁogfa& H@exfgeﬂlﬁr‘ct&% RHQCJEééH‘f?x% L.3gen in
prot el ns produced using traditional techniques, or

even with inproved activity conpared with those

exiﬁt%ﬂgeﬂﬁgﬁfﬁéﬁ%,-r .'ghgéy%drgéﬁﬁﬁr g%SI%%ults in high
exanpl e, construct the gene of human I'FN- into reversSe
t r expegdgicny eofexpredsipgptedst ofhtte prodnseoPDERsINprovides

ex ' ye en. t S . cell .
PR e Brbar kil DATERe fekpdd, 8 on | HiSbinent,
neblse et eihehpeswhigue micateryhat témet isupprégsiconre.
rate of rSIFN-co to HBsAg was 62% and 67. 7%t o HBeAg,

but the reconbinant interferon protein produced by

gefeis edawvisnnathonfeediay qpesvddenota hayethheief feete with
iE%Y%éﬁé§]44§§¥¥“dﬂf%%, h%%neéQ%EEs Qé,oérééﬁ‘éétéﬁﬂé%%ed or
new functions. In an embodiment, the invention provides a
vector comprising the gene. In a further embodiment, this
invention provides an expression system comprising the

gene. In yet a further embodiment, this invention provides

a host cell comprising the gene.

This invention also provides a process for production of a
protein of enhanced function or new function comprising
introducing an artificial gene with selected codon
preference into an appropriate host, culturing said
introduced host under appropriate conditions for the
expression of said protein, and harvesting the expressed

protein.

This invention provides the above process, wherein the
artificial gene is operatively linked to a vector. In an
embodiment, the process comprises extraction of the protein
from fermentation broth, or collection of the inclusion

body, and denaturation and renaturation of the harvested



expression vector using the reverse transcriptive
viral vector and transfecting it into HV cel

wa@reogiozt7AB8. 01 proved that I FN- 2 can conpl et el RCT/US2004/028068
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respisakmt he replication and transcript of H V- DNA
However, the effect of interferonis linmted in t he

tre tmsnt of H'V disease. This inventign w ||

bef'??‘é? WSO Poﬁff?ﬂéd%%a'ﬁ*b? é%r‘%férﬁlé‘hPFBFiPSG\fi by any of
Howayeshor e iddsked .in the art will readily

appreciate that the specific nethods and results

di scussed are nerely illustrative of the invention as
deS‘ﬁﬁ.bb@ﬂvéﬁﬂfﬁﬁWﬂﬂbv&Hebhé ebab 8B WHIC @l @Whg any of the
thereafter. nple : C(]\IF(RI\/ATI ON RECONSTRUCTI ON OF

| FRPBYRIL P@tiﬁﬁnscoaflg & neWi5der ef oR Wil ec fiigs  invention

comgktHet ehraceaedi ng baa@ﬁm@w_@éalveca@@@l@ﬁ:ﬂscbmprlslng
human |1 EN- subtype with genetic engi neering nethods

Th8WnCér &0 IAS BEENIGESc PFREGITR BRt &d @taéf“%eu‘:lcallif
PateBtpheisie 4r@9%r263 and 4,897,471, and has been

proven in literature and patents to have

broad- spectruminterferon activity with strong

anfngi pagnifiganceumdr tand Aavendloxeld -Yhalt] iiggmodulates the

f T S [
creEabeay ERG0L08 SHUBRGEIES S0 R procese o

cofsenataiing agenﬁ%emtlthnttthqma‘peudt1vecet@e,ctﬁed1ram ngroteins

ChOOS'é%ge%Es%re?é ost ?E@Pﬁ q[%hr%%tytzﬁg%ugenes’ ot

ar éugat hews byoueﬁaeur ani graieths6 pmtinte@uaﬁiidgneradltional

hyﬁi Q&HR %sde esn%tv% ed, i hcﬁgmgé QétgthH 22 oY fIl win

el at1 ng f|n|ty on®t ogr a
HS/th!Ioeat em@@mg@echsorrat ogr aphy. The conpari son
test of duplicates of hepatitis B virus DNA and
secretion of HBsAg and HBeAg i nhi bition between
r STEMtng the interferon as an example, construct the gene of

human IFN-o into reverse transcriptive expression vector to
produce PDOR-INF-a expression vector, then transfect 2.2.15
cell. HBsAg and HBeAg in the culturing supernatant of cell
is measured. The results indicate that the suppression rate
of rSIFN-co to HBsAg was 62% and 67.7% to HBeAg, but the
recombinant interferon protein produced by gene
recombination techniques do not have the effect in wvitro.
In addition, the experiment of constructing the human INF-
a2 expression vector using the reverse transériptive viral
vector and transfecting it into HIV cell strain-A3.01
proved that IFN-oaZ can completely restrain the replication
and transcript of HIV-DNA. However, the effect of

interferon is limited in the treatment of HIV disease.

This invention will be better understood from the examples
which follow. However, one skilled in the art will readily
appreciate that the specific methods and results discussed

are merely illustrative of the invention as described more

-7 =
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and | FN-COn proved that rSIFN-co has the effect of
inhibiting the secretion of HBsAg and HBeAg which is

wmeasporgessed by | FN-conl. I n another test, tPeT/HRW04/028068

C%ru%él. .[Lx%gtel'gorgl%gd Px)lthc org%lﬁawups?&sa%%'rat e

cits-act if enent were place ream of

I uci fer ase-encoding plasmd. This reporter construct
gns&ect ed into Hpe& cells. The cells were

tre *with different interferons and |uciferase

I CONFOBMATEOR REBEGINSTRUCH IOMSORMEEENHAONL Results show

that rSI FN-co can suppress 68% of | uci ferase reporter

reSS| on; whereas. | FN-co a
SGRFBRREES) SnnetNoh e Lt B80o80d Lonbedlhdl ¥oceraing
eftfcecd:onméemSitFiNecoammdﬁBaAgdmainbéama@vaEmsvl ysubtype with
Iogro ed. Meanwhxl e, circ I]ﬁa\rd dic 0| STnsc%%%%EBH‘ a_lhgg been

theengéflg dl?(*ferences i'n the secon
Stdesetribedof in S| Gk el bystearpar Paoanwi t¥od FI\I—4c,cmB|5 2%Re and

fol | ow are ose conpari son exper| nents in _detail:
1908 R 087 D BV R, SPD R P el Blnes co
Th.’%.\/@ent Broad - s%rmit)tslms ahtk ebefetronn Smcc:thuartyUninﬂ:m t ptrong
r.at, us1 J-500 rculg1 chchrg gent Ffects .
cft"rl&ﬁw r afget” SORnT A S eS| BT 1 FInTent 7
Ilght pat h: O 2cm (See Figure 1 and F| gure 2.) 2)
rSlFN-Cﬁlnhi its HBV- DNA du Ilcatdlon an secretdlon otf B
NG FBSAGY MEREITES Bof vémPeRAE DY spensiRgte t° -
l\/bd"chDﬂ cAdidn| okagal byefimdio eachrucalng dissolseest dmto pHY-
mx with MEM cul ture medl m at di fferent

cchceREr &t onsTeM3E DY t H O%&treé@nt F&‘Praﬁﬁbgn with  Peap
| NG &, Ntoe Ahpbodsnbyephiddlzed agowdes,. The high-purity

products are gained by denaturation with 6 mol/L guanidine
hydrochloride - renatured with 4 mol/L arginine - purified
with Cu®'-chelating affinity chromatography after POROS HS/M

cation exchange chromatography.

The comparison test of duplicates of hepatitis B virus DNA
and secretion of HBsAg and HBeAg inhibition between rSIFN-
co and IFN-con; proved that rSIFN-co has the effect of
inhibiting the secretion of HBsAg and HBeAg which i1s not
possessed by IFN-conl. In another test, the HBV core/
pregenomic (C/P) promoter and associate cis-acting element
were placed upstream of luciferase-encoding plasmid. This
reporter construct was transfected into HpeG2 cells. The
cells were treated with different interferons and
luciferase reporter gene expression was measured. Results
show that rSIFN-co can suppress 68% of luciferase reporter
gene expression; whereas IFN-conl and IFN-o2b only suppress
35% and 27% of it. Therefore, the suppression effect of

rSIFN-co on HBcAg has been obviously improved.



10

15

20

25

30

35

pur chased from Schering Plough. 3xIO U each, mx to
XIO1TUmM with culture nmedium | NFERGEN (i quid

wa@odoaneom) , purchased from Angen, 9ng, 0.3n PEDNS2004/028068

equal to.9XIO I1U and nmix wi,th 9X10 I|U m_culture
e Beerva il g dichsSysis shaderny AlES BFveq ghere
ofarkepiifigxcndep G2) teleonedoandryr anshected by HBYFN-co by
DNA, constructed by Munt Sinai Medical Center .
RESUERTSREM P “&"co Anmerican Ltd. cattle fetal

bl ood serum Hycl oneLab Anerican Ltd. G 418(CGeneti cin)

; M di_spensi ng, G.bco Anerican Ltd.: -dutanyl, .

| et BT atka Jtb By CITRES o THREAM TER, 17 iR
and HBeAg solid - phase radioi munoassay box,

Nor.t hward Reageni Institute,of Chinese |sotope Ltd. ;

b1 Do EAAERER AR Rbr AN *En A SPRBLTL SRR A

Ligpnfrectsi:n, TGebcoeit@®rf | can lndibxper i arat ateggoods amd chuan
eaéir_pmant‘: culture bottle, Denmark Tunclon(tm,; 2

- WBHVSHFd t¥6- wel | cul ture board. Corning American
LtxbparGamken DisndalechaseiingpbexroShel dqabpheRt i C@bectrum
Ltd.; MEM cul ture di um 1005r1,: 10% cat t,l e f?ai, bl ood )
serafige 0. 83% & ani n@"€4b81380ng/ nf, b 68r dncetFia PALh:
50 7dm. Metkbodigwre. lameelFigauktare: Add 0.25%

pancreatic enzyne into culture box with full of 2.2.15

cell. Digest at 37C for_3 nmnutes _gnd. ,add cylture .
meddi uRF Y St0p g O VAt Adi SR Sa T AR 8By gecretion of

Rejps QlC e V4 thigaakatio of 1:3. They will reach full
gromh™in 10 days.” Toxicity test: Set groups of

di fferent concentrations and a control group in which
ce¥dteerad snot acted on with nedicine. Digest cells,

a@oﬂ}esr&enéﬁdt %i@péQQir@oMgthaém Add 1iml saline into each

vial, digsolve, and mix with MEM culture medium at

different concentrations. Mix on the spot.

Control drugs: IFN-o2b (Intron A) as lyophilized powder,
purchased from Schering Plough. 3x10°U each, mix to
3x10°IU/ml with culture medium; INFERGEN (ligquid solution),
purchased from Amgen, 9ug, 0.3ml each, equal to 9X10°IU, and
mix with 9X10°IU/ml culture medium preserve at 4°C; 2.2.15
cell: 2.2.15 cell 1line of hepatoma (Hep G2) cloned and
transfected by HBV DNA, constructed by Mount Sinai Medical

Center.

Reagent: MEM powder, Gibco American Ltd. cattle fetal blood
serum, HyclonelLab American Ltd. G-418(Geneticin); MEM
dispensing, Gibco American Ltd.; L-Glutamyl, imported and
packaged by JING KE Chemical Ltd.; HBsAg and HBeAg solid-
phase radioimmuncassay box, Northward Reagent Institute of
Chinese Isotope Ltd.; Biograncetina, Northern  China

Medicine; and Lipofectin, Gibco American Ltd.
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solution. Inoculate to 96-well culture board, 200 ni
per well. Culture at 37C for 24h with 5% CO . Test

wob@s/osiTnpl e cell |ayer grows. Di spense r Sl FN-POT/US2004/028068

1.8xIO1UmM solution then prepare a series of
SQbﬁkhﬁﬁ&ndbﬂUbaadatahW01£ﬁﬁ@m§hadiQﬂﬂ&uréd%okﬂﬂé Denmark
96-wel | gyl ture board, vvellsger centrt|o c ,
RS Fhe sGiAtiRan eoBiy Foaigb TEUCEy oiie  Coming
efAmeati day mIE:EiO$COQarB$ﬁerDﬁoﬁi9d/§ Mdm:@eswo&y ashél-Lab
, /5%as 3 _, 50%as 2 ,

catnanises &{Félragém&"elqullté%teoﬁ?déiiﬂ |lr9ﬁ1“ﬂ)|t|18ﬁ FafELeatetal

digfeyenie cai)cantonat iconsanGaé cutate I&HuP/mNd Hid@rancetina
accord| ng to the Reed. Muench nethod. TC50 = Antil og

oW/ple ) A- B A=l og >50% nedi ci ne concentrati on;
B=l og<50% nmedi ci ne concentration; C=log dilution power
| nhdddidd.on test for HBeAg and HBsAg: Separate into
positive and_negative HBeﬂg and HBsAg contrast groups,
d

ce:H2 dont FESL oF SUPE SandAAEdi Ci ¢ c RCEREREEF orfRZYTe  into

graMRS:HN QB atien7 @@L 9902c§| 15/ 8d10f Rideskd &eld7oc for 3
into 6-well culture board, 3 per well, culture at

3FERGE S ARG t%d%%ceéturﬁheﬁe%%art@ 55§PRdi @iAgsFion a

did iHRe-20! tihd 0881 t hrSprélase t hecwr ade-{RIenst €193. They
sol utions, each wwth a different protein
eRCPo AL T e WHc dit L4t F8¥Sof Solution 2 is 3

times lower than that of Solution 1 , the

COoRGainat iceBtof sSol ytd ik %ﬂ Sil%ftelrgﬁﬁ b@M@énﬂJ@&qo&l@abm a
of Solution 2, etc.) .5x10 , U m

| JIRET Q. 1PPEP| UM Wlalrfdl 0@5@@%@0 PE]Pm notl R | péan Wlth

CORCENtiRL | Cﬂlage%'t'l tc‘é‘i@sat a acdfl%be%ég Wot B 5%CQ00 cell/m1
Change solutions every 4 days using the sane sol uti on.

CoFletrion| EsHrdenee upé-well culture board, 200ul per
well. Culture at 37°C for 24h with 5% CO,. Test when simple

cell layer grows.

Dispense rSIFN-co to 1.8x10’IU/ml solution then prepare a
series of solutions diluted at two-fold gradients. Add into
96-well culture board, 3 wells per concentration. Change
the solution every 4 days. Test cytopathic effect by
microscope after 8 days. Fully destroy as 4, 75% as 3, 50%
as 2, 25% as 1, zero as 0. Calculate average cell lesions
and inhibition rates at different concentrations. Calculate

TC50 and TCO according to the Reed Muench method.

. 50—-B
TC50 = Antilog (B + x C)
A-B
A=log >50% medicine concentration; B=log<50% medicine
concentration; C=log dilution power
Inhibition test for HBeAg and HBsAg: Separate into

positive and negative HBeAg and HBsAg contrast groups, cell

contrast groups and medicine concentration groups.
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on the 8th day. Preserve at -20D Repeat test 3 tines
to estimte HBsAg and HBeAg with solid-phase

\VmaM$m2nmunoassay box (Northward Reagent | nstiPCt/@sm4/028068

Ch t td.). Estimate cpm val ue of each well
A58 G T nehtEhThe oF EPr2ciS car bl attin. 5-well

Ca:lﬂuth:&éebeaamineanmyabéﬁ @élppn&mmlregrawmfan@or 24h with
di fe ent -concentratlon %Joups and, their standard

d Ceon™B NPVRAFE SudTRaL PRy bRt ureS S utiress yhgh 3-
. ﬁleola 1hsAntm@ergﬂaralé| bi(bireparat & (YblatXod®D AR GREL 2

f, trol m of test group,- 2) Counting
%%F%gpef%?gggh%y E%ﬁ%%ﬁﬁﬁ%ﬁ%qﬁn offb€he GTOGFBEERRCIOM Of

Argdlgenohnly bid i ont1kB) Fousdt i Ligh (@1&'1: Xo£) sétuBion 1, the
Aplo >50% nedi ci ne concentratlon B=l 0og<500nedi ci ne

FARFORE LI 8GLWF QR i DniponeFings sfoper than that of
i rgoaﬁ;sﬁaﬁeac;ory‘t@r mata, @Ql@hﬁ!‘}gﬁd rSl e oy ahi | eCé D 0STU/m1,
HBs A in 2.2.15 cg culture: s - Ch04
Edt .1 ‘Fgﬂm £Per nlas*ih %ﬁ*ﬂof letgh! oﬁ#%tqqswentratlonr

dQ@ﬂQ@rEraﬁ1BhﬁiQﬂﬁﬁrZ¥h GiRUP 58S ichy. S@ﬂgﬂﬁg ébﬂh%gbns every
Southern bl ot: gl HBV -DNA extract in 2.2.15 cell

e vsipggt 5y§amEX§9%PFBﬁnCL@?%&Q?Qﬂﬁﬁluﬁplture medium
(%ﬁpail% egoelds, fromdadurs ”Egé@ng¥eg€a@%sef 3 times to

draining the culture nmedium).
estimate HBsAg and HBeAg with solid-phase radioimmunoassay

box (Northward Reagent Institute of Chinese Isotope Ltd.).
Estimate cpm value of each well with a vy- accounting

machine.

Effects calculation: Calculate cpm mean value of contrast
groups and different-concentration groups and their

standard deviation, P/N value such as inhibition rate, IC50

and SI.

1) Antigen inhibition rate (%) x 100

A = cpm of control group; B = cpm of test group;

2) Counting the half-efficiency concentration of the

medicine
, e , 50-RB
Antigen inhibition IC50 = Antilog (B + -7 x C)
A=1log>50% medicine concentration; B=log<500medicine

concentration; C=log dilution power

3) SI of interspace-conformation changed rSIFN-co effect on

HBsAg and HBeAg in 2.2.15 cell culture:

TCS50
IC50
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Add lysis buffer to break cells, then extract 2 tines
wth a m xture of phenol, chloroform and isoanyl

w@b@shol7711: 1: 1), 10,000g centrifuge. Collect PEEUS2004/028068

super nat ant addi ng anhydrous al cohol to deposit
nuiol éiscigeicd. thacdiffarenses ekt seon vaf | $RG Zbfufgon degree

DULLEL «rC2)oELEGE TARRSY €313 AddaGDNAHBRdi ng buf fer,

el ectrophoresis on 1. agarose gel, IVfcm at fixed
pressure for 14-18h. (3) Denat urati on and
hysmtdxezrat 3t : réébeHBVvEN% ekpradl dmtd HES5 cell: Culture

tur@'@awuf%kc%rﬂgnn% L zat ko, b fp%rratﬂe“)cells from

Transrrerrbrane e an or y transfer o
madirandy Beas mﬂarcﬂm:z@nancﬂ@(pwé%et edgam. ) -

rﬁ}é{g dlb%&%fegntosggga ngtieﬁf@l Yéfed eé}?ctrla\é% ‘%e@silm@é with

bl 0
vvitdg -pro software ate inhibition rate and
| G50. mReudet s Reswhesoflr omcFaprefonm 2anthd Bsagip, alcohol

Af Flerl X ;I%”bg@g%&%‘ﬁ Jﬁ%ce@oﬁﬁgbentﬁépgunﬁé‘fnatant adding

culturing ays wt 2.15 cell, the maxima is
9. ipd@usUpdtohotr bigedépdfiti mugdetat acod. mMeGurImdraw, re-

'” ° L!% %%@&ng%%%ﬁ@g Xl@‘i tﬁfl @@é?h#ée%@sgg%%s%mp*
ralcmdlmgﬂmgers Me@urcaomesu@s@nu 3 .83 48024 (el, IV/cm,

IuMﬂfl canc%l y 1n %S o S 1hsaht erFN— é‘rﬁééin and

si gni e act|V| ty of HBeAg an
bumywﬂnailztaltethNr@fspehemm rdsp gedup-nded HCNFER@Mturaion

cann | a V i (o) |n| (o]
Coehes nd LIRS BENLD Clof Fel Bl O v
| exme| snﬂiabILE 1traR§§aIrt sofof DNAhi b t Hphondtle okmb8hedl cBake,

}n ?F%IOH égFﬁégé%s %EkbégghblgESh;%klé%gatlon Scan and

analyze relative density w1th gel-pro software. Calculate

inhibition rate and IC50.

Results

Results from Tables 1, 2 and 3 show: After maximum
innocuous concentration exponent culturing for 8 days with
2.2.15 cell, the maxima is 9.0 + 0x10°IU/ml average
inhibition rate of maximum innocuous concentration rSIFN-co
to HBeAg is 46.0+5.25% (P<0OOO01), IC50 is
4.544+1.32X10°IU/ml, SI is 3.96; rate to HBsAg is 44.8% 6.6%,
IC50 is 6.49+0.42x10°IU/ml, SI is 2.77. This shows that
rSIFN-co can significantly inhibit the activity of HBelAg
and HBsAg, but that the IFN of the contrast group and
INFERGE&' cannot. It has also been proven in clinic that
rSIFN-co can decrease HBeAg and HBsAg or return them to

normal levels.
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pronoter- and enhancer-less firefly luciferase
reporter plasmd pG.3-Basic (Pronmega, W, USA). The

wo e@alozi7ny reporter plasm d was named as pG 3- MBVUE2004/028068
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3Examplle Tulture and DNA transfection: Hep& cells

‘“’%&ﬁpﬁﬂk%—fﬁe%' '}N@@%Hﬁ‘?' BErELPP| BEEHIedEERD ¥QHeRkPiRONS
enicillin and 100 ug/ m streptonycin.

TOY EBVI §Elmr@<3@ﬁsmﬂ 30 C, 5% C02 incubator. The
cells were transfected vvith pGL3 HBV- Luc reporter
pl asm d usi ng Boehringer's Lipofectin transfection
letepaAth:eﬁ B8vhouwt s(HE\He DNRJCaRtebms a¢qiiaRjisus elements for

ge renpy. an metyRwas
e S T i o e e T
kepoulated| t e f ortembttees .48 Peepgierd | efici fi@Vadefected

ﬁﬁ%?ré?: gl’:éé’ GJi QR {W&&&e@fo i féhedsadgb“l%'?ll%ﬁtlon of HBV

t he cel wer e harvested and cell lysis
\A@eelprepape@ssime pFbeeiaiorenthat |Rmse‘frltce$¢udy was to

lyc‘%%&% \Q’F!Lge w%%éure%qfelé%sng)f& glf&derﬁ:r OI f%?:%@é on HBV

ucrferase activity was neasure u3| ng
Prr@rw@a‘tdeumafnsexrase1RepoﬂlsemgAslsJa@n£3ﬁ31tentrm%@QﬁW@ of

t%u&%%.l ﬁg%#8%UCI 19fw 5fgé¥ 4§%ﬂiggscontalnlng the

EXpressi o erase erent
I rﬂlerefféyoriucﬁleeasedgeehl ulgylsat @Qel\lormrtﬁaiin”@ﬁt HBV-Enhancer

Gf%ﬁnl |Fﬁ£§“&IY?ﬁ§tb EFF%%%m%F%%O i?g%lgg 16 844404 the

esult™s g i bi
eflﬁ@diqg\lelay oncttihe teéxpr esSi ahret HBM feremtexpressiarens on

\E\;ﬁ_ﬁnﬁ"p oo DE EFFECTS AND CHANGES | N BODY TEMPERATURE
nﬁglr g%ﬁlFN- co

Materials and Methods

1. Interferons: IFN-conl (Infergen®), IFN-Hui-Yang (ySIFN-
co) and IFN-beta 1b

2. Reporter plasmid: The DNA fragments containing HBV-
Enhancer (EnH) I, Enh II and core promoter were prepared
using PCR and blunt-end cloned into the Smal I site of the
promoter- and enhancer-less firefly luciferase reporter
plasmid pGL3-Basic (Promega, WI, ©USA). The resulting
reporter plasmid was named as pGL3-HBV-Luc.

3. Cell Culture and DNA transfection: HepG2 cells were
cultured in DMEM medium supplemented with 10% FBS and 100
U/ml penicillin and 100 ug/ml streptomycin. The cells were
kept in 30°C, 5% CO2 incubator. The cells were transfected
with pGL3-HBV-Luc reporter plasmid wusing Boehringer’s
Lipofectin transfection kit. After 18 hours, the medium
containing transfection reagents was removed and fresh
medium was added with or without interferons. The cells
were kept.in culture for another 48 hours.

4. Luciferase Assay: Forty-eight hours after the addition

of interferon, the cells were harvested and cell lysis were
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There are usually nore side effects to using
interferon. The side effects include: nausea, nuscle

waoersnes3] | oss of appetite, hair |oss, PCT/US2004/028068
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hypol eucocyt osi s (hypol eukm a; hypol eukocyt osi s;

Néaebaglsaa) ThedlBk ARG heasRdentRho0dn plodt edeatls, 1pdates were
THOD Sanpl e patients are divided into two rou

pHEPERTEY] NS@‘]SUEW‘\R@% Brqtedredsidth Bhy | ]F%rgg‘ﬁl%erase
1@ cpatk ept Sraksh =GR B WeHagl Nreaked - Eﬂtﬂcgﬂgrase Reporter
gSI FN-co. Both groups were nonitored for 48 hours

aPFERY| nj SEEEBRE. FRFSETHOW t orfichg V@S r edESGERC T fREr ©F
atbhenrbpLeeséion, after that, records were taken every

2 hours . Table 4 is the conparison of side effects

bet ween patients being injected wwth 9 g of Infergen
angsemgsof gSIFN-co. Table 4 . Side Effects gSIFN-co

I nfergen 9ngy 9 Person: n=10 Person: n=l|

Body
SJPERESREACET oHEcHEESURCE LEABE ot DT Ff Ty gRterferon -

Feell.erasse31 uppltacheat 1 Frigolability 3 4 Decrease
in 3 leg strength M1d |lunbago 2 1 Body soreness 4 5

Central Nervous Headache 3 6 System Dizziness 2 11

Peri pheral Drowsiness 3 ,
No treatment IFN-conl IFN-Hul-Yang IFN-beta 1b

100 48+8 29+6 64+10

This result shows that ySIFN-co inhibits most effectively

on the expressgion of HBV gene expression.

Example 3:
SIDE EFFECTS AND CHANGES IN BODY TEMPERATURE WHEN USING
YSIFN-co

There are usually more side effects to using interferon.
The side effects include: nausea, muscle soreness, loss of
appetite, hair loss, hypoleucocytosis (hypoleukmia;
hypoleukocytosis; hypoleukia), and decrease 1in blood

platelets, etc.

METHOD .

Sample patients are divided into two groups. 11 patients in
Group A were i1njected with 9ug Infergen®. 10 patients in
Group B were injected with 9ug ySIEFN-co. Both groups were
monitored for 48 hours after injections. First monitoring
wag recorded 1 hour after injection, after that, records

were taken every 2 hours.
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20

Nervous System Gastroenterostony Apoclesis 1
Celiodynia 1 Diarrhea 1 Miuscul oskeletal Myalgia 1 2

waeymsemArt hral gia 2 Respiratory Stuffy nose 1PC/ESE®NI/028068

Paropsi a Swollen eyes 1 RESULTS For those patients who
WeEg el 1l GGt %(Pxe ctoﬁpglslgﬂi Cos sgﬂfe Sé ke afdf agdtsewRr atients

m nor. They had sone common synptqns simlar to flu
hedhgadn] peberdohieh ﬁ@@bPEné%%erﬁernr FRABING ©F, Yﬁﬁ%‘%ﬁ%"
soreness, hidrosis, and arthral gia (arthrodyni a;

%ﬁﬁgogal gi &) Eflél'gbecsy de effects of those patients
omwere injected with Infergen were worse than those

re Ty ected w t{T gSIFNCo. Frgmdirauees 4A- 1] 1dfergen’
4B-1, and 4B-2, i{ was obvious thalg the body oug
:cggc:atUIEb of depIE pdllEnlblIﬂéfgagupnﬂiweruRg&égﬁy'n=11
HEY GYEcERALT Nt ST RE SEDOHE B THdidiouhel | Pet PReddtunt
Ay GERSRAlE e 5 eé"‘;ﬁdlv.%l Ue“e::.“[ ”%”"?\ia TEST—
OF—CRYSTALLOGRARHY-PARA %;IFFR ay% at—of gSHAN-Eg—Two
types—of—crystal ‘vg?;‘g Suntaiar systerrat+e—t |3a| atd
experiment. (See FPQGF%@S 7t) Crystal Growth
Streng

Mild lumbago 2 1

Body soreness |4 5
Central Nervous | Headache 3 6
System/ Dizziness 2 11
Peripheral Drowsiness 3
Nervous System
Gastroenterostomy | Apoclesis 1

Celiodynia 1

Diarrhea 1
Musculoskeletal Myalgia 1 2
system

Arthralgia 2
Regpiratory Stuffy nose 1
system
Paropsia Swollen eyes 1
RESULTS

For those patients who were injected with ySIEN-co, the
gide effects were minor. They had some common symptoms
similar to flu, such as: headache, feebleness,
frigolability, muscle soreness, hidrosis, and arthralgia
(arthrodynia; arthronalgia). The side effects of those
patients whom were injected with Infergen® were worse than

those were injected with ySIFN-co.

From Figures 4A-1, 4A-2, 4B-1, and 4B-2, it was obvious
that the body temperatures of sample patients in Group A
were higher than the patients in Group B. It also reflected
that the endurance of ySIFN-co was much better than

Infergen®.
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Di ssolve gSIFN-co protein with pure water (H2O to
3ng/mM in density. Search crystallization by using

wolagsoori7Resear ch Crystal Screen | and |1 whi cPCTVES2004/028068
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30

made by Hanpt on Conpany. By using Drop Suspension
Di #3%846n 4¥et hod, |iquid 500m , drop 1 nml protein + 1
M ¢ryptind, cROWRH3Ke tWMA-RLUARD TESBloR dRviSTRELEDERANPES
of small crystals were found as listed in Table 5 .
THARPMETERSCr een of gSIFN-co Crystallin Condition I Il
Diluent 0.1M Tris-HO 0. 1M HEPES PH=8. 75 PH=7. 13
Precipitant 17.5% (w v) PEG50 MMVE 10% w v) PEGSK
Addiitstgds of MSNEA- c3oq Vo vivrEs Tehperettile weosK frggR after
O fedi@na®ize e Sh 2t mdnf. 6¥80244 025 5-7)
Crystallogram Figure 5 Figure 6 2 . Data Collection
and Processing Crystal | was used to collect X-Ray
di{_fegfg{@p daar@and prelimnary anal ysis of
rystal | ography. Testing of paraneters was al so

pisslas. dicPf PEOEPOR HathR RWHSecoprect dd2Qhdép 3mg/ml
rogm t gOPET@af Ur ege LXYST alyr)od@andbtign | byWag,dinger tetpton
into a thin'siliconized wall tube. By using Brukéer AXS

SrdeaEeh davesedr SCreght T soud cBL QUKEeH |was] G4Eg Ay Hampton
L [ 9 = » gen . oWl .+
SoRRALSY B, e RS0 b 8 o 0
exyGsli-on B®psecdondil DirzPteflhe di stlanad bethamed, in 293K
cr de r S
Y Rlraandedetect or , Was: A0 %Q%Eeg&%ﬁp gﬁ;yﬂs_ta&gr were

using Proteum Procedure Package
crigingl agi fiphedi om Tadtiteefn

Table 5. Screen of ySIEFN-co Crystallin

Condition I IT

Diluent 0.1M Tris-HC1 0.1M HEPES
PH=8.75 PH=7.13

Precipitant 17.5% (w/v) PEG550 MME | 10% (w/v)PEG6K

Additives 0.1M NaCl 3% (v/v)MPD

Temperature 293K 293K

Crystal Size (mm) 0.2x0.2x0.1 0.6x0.02x0.02

Crystallogram Figure 5 Figure 6

2. Data Collection and Processing

Crystal I was used to collect X-Ray diffraction data and
preliminary analysis of crystallography. Testing of
parameters was also completed. The diffraction data was
collected under room temperature. Crystal I (Condition I)
was inserted into a thin siliconized wall tube. By using
BrukerAXS Smart CCD detector, light source CuKo (A=1.5418A4)
generated by Nonius FR591 X-ray generator. Light power 2000
KW (40 kv x 50mA), wave length 1.00A, under explosion 60
second, Ae=2°, the distance between crystal and detector
was 50mm. Data was processed using Proteum Procedure
Package by Bruker Company. For crystal diffraction pattern

(partially), see Figure 7. See Table 6 for process results.
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(partially), see Figure 7 . See Table 6 for process
results. Table 6 . Results of Crystall ography
w@aroanet’er s Paraneters a (A) 82.67 b (A 108. OBCT/B¥2004/028068
135.01 () 90.00 b () 90.00 V () 98.35 Space G oup P2
or Taldl Sifar Rieesd tof of eparsdtaildrgbaphAsyarratatiersnol ecul e
10 Dissolution 57.6% 1 n addition, there was no crystal
gr owPhrafegSt$N-co based on previous publications. The
5closest arddult t&2+td¥%e gSI FNco was hul FN-a2b but the
screen wadivery TwAwdl4i cated. After seeding 3 times,
crystal Ogr(é\)v to IBx@15x0 . 3nmm sharpness of separation
was 2. 90A(,’°)spackd grioup was P2 . The crystals were
al so bi @, <a‘i$ymTeQCHQﬂ nol ecul e nunber was 6, and
10 di ssol utvi dii)was 2h®a® 60% 1 . A nethod for nodul ating
the function of proteins w thout changing the primry
ani népackdGseguence20frs8kd protein conprising steps
of : &haabtess ngf tdmpacedonnusdye of said protein; b)
expr asginmgtthe prlseile #sing the altered codon to
15 obt abhspatutied prdt7eied, and c) conparing the
expressed protein with altered codon usage to one
wi Thoaddiwher.eitrtheare iwacr easerystblingtpeth oot ySIFN-co based

Ifﬁﬁghljt)hcg%d{nh%%llct \glfoylnCt &8 cEgses e%e%um.q; tohethe YSIEN-

co was huIFN-a2b but the screen was very complicated. After
20 seeding 3 times, crystal grew to 0.5x0.5x0.3mm, sharpness
of separation was 2.9 A, space group was P2;. The crystals
were also big, asymmetric molecule number was 6, and

dissolution was about 60%.
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been nodul ated. 2 . The nmethod of claim1, wherein the
al tered codon usage results in high expression of said

w@e@smRr177 . A nethod for preparing protein w tPCT/US2004/028068
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35

enhanced or new functions w thout changing the primary

afi no ACifeaggerce Oofosal L iPIOt @hR Comp Sdmg oSt epsoteins
of: a) altering the codon usage of said protein; b
expr es¥i HgPtheChroddich Haf ngrimardl PEHER Godén fsguence of

obt ai NngPUK i KL kY QbepbPis A SegiOrparing the
expressed protein with altered codon usage to one
Wit hodt, wReEBF AT GrEa8euPade URictSaos Broteini

| dent irf)i CaEkBBeQéiﬂ@V\fﬂéJ?&(cit%ﬁni Rdi;6at @8t BAteBed codon to
protein wth enhanced and new function has been
prepared. #PtatRePywetiHed 8FCEFARm AR wherein the

al tered codgpous #18s Wit ekBehl ghoX 68O R 186 r8a1 Hodon
protein. . The protein prepared by the nethod of claim

3 or . 6 .UPRESpriet eiofcof vEF PR 5 WIEHSHRi qife increase in

secondary @fnbeibhar ¥orSt rifdii®i carfosyY Nidtet i Ce@€N@uUnction
with altered codon which, when. A vector conprising

the gene ofingigphes ShatAfhexpFersiinn sgit e protein has

conpri si Ng ke g Sfeglaim7 . 10. A host cel
conprising the gene of claim7 . 11. A process for

production of a protein of enhanced function or new

fyncti %Flecﬁlgl?ﬁbé'&g didirPduci,Ag, 8 afhd fi Gl dle 0@BBon usage
with selected codon preference into an appropriate

host, ecebubEsnir Juidh errredeter Hoserign@epPtappr opri ate
conditions for the expression of said protein, and

harvesting the expressed protein.
3. A method for preparing protein with enhanced or new

functions without changing the primary amino acid

gequence of sald protein comprising steps of:

a) altering the codon usage of said protein;

b) expressing the protein using the altered codon to
obtain purified protein; and

c) comparing the expressed protein with altered codon
usage to one without, wherein an increase in
function or identification of new function
indicates that a protein with enhanced and new

function has been prepared.

4. The method of claim 1, wherein the altered codon usage

results in high expression of said protein.
5. The protein prepared by the method of claim 3 or 4.

6. The protein of c¢laim 5 with unique secondary or

tertiary structure.

7. A gynthetic gene with altered codon which, when
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12. The process of claim1l, wherein the artificial
gene is operatively linked to a vector. 13. The

w@e@smss7pf claim 11, conprising extraction of P€TES2004/028068

10

15

20

25

30

protein fromfernentation broth, or collection of the

i nclusion body, and denaturation and repaturation of

t Ae hatvERI&F Feepeining thergens: 6feFh2 PR otluced by t he
process of any of clains 11-13. 15. A conposition
conprising the protein of claim5, 6, or 14 and a |
sdit ablRe SEIISELON] BYSPETH GRS IEC RS cOTRR G IS0RL™ 7-
conprising the produced protein of claim5, 6, or 14

and a pharmaceutically acceptable carrier. .
10. host cell comprising the gene of claim 7.

11. A process for production of a protein of enhanced
function or new function comprising introducing an
artificial gene with selected codon preference into an
appropriate host, culturing said introduced host under
appropriate conditions for the expression of said

protein, and harvesting the expressed protein.

12. The process of claim 11, wherein the artificial gene

is operatively linked to a vector.

13. The process of claim 11, comprising extraction of the
protein from fermentation broth, or collection of the
inclusion body, and denaturation and renaturation of

the harvested protein.

14. The protein produced by the process of any of claims
11-13.

15. A composition comprising the protein of claim 5, 6, or

14 and a suitable carrier.

16. A pharmaceutical composition comprising the produced
protein of claim 5, 6, or 14 and a pharmaceutically

acceptable carrier.



