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3-dimensional structure can cause diseases in humans and
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carcinoma or cataract. These diseases also have been
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Figure 42-1l. Curves of Changes of Body Temperature in Group
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This figure is the record of body temperature changes of 5

25 patients in Group A.

Figure 4A-2. Curves of Changes of Body Temperature in Group
A {6 patients)
30 This figure i1s the record of body temperature changes of

the other 6 patients in Group A.

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

patients in Group B.
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changi ng 20857y amno acid sequence of said protgRueesniniss Ng
steps of: a) 5 altering the codon usage of said protein;

expressing the protein using the altered codon to obtain purified
protein; and:ig)@ogmpér ithgratendzpressed protein with altered codon
usage to one w.t hout ey ei i e i I
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al tered codon usage results in high expression of said protein. This
i nvention, al so,provides the protein prepared by the above nethod. In
an enboditrent F29%°% He FEOTRIG Fi¥Stmt que secondary or tertiary
structure. This invention further provides a synthetic gene with

al tered codon i ch m%§ﬁ¥g§fressed, roduces enhanced or new
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25 This invention al so provides a process for production of a
protei n of enhanced function or new function conprising introducing
an artificial gene with selected codon preference into an :
appropriate host, culturing said introduced host under appropriate
conditions for the 30 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
35 enbodi ment, the process conprises extraction of the protein from
fermentation broth, or collection of the inclusion body, and
denaturation and renaturation of the harvested - 6 WD 2005/021777
PCTI US2004/ 028068 pr'd teln. This invention also provides the
protein produced by any of the above processes. 5 This invention
provi des a conposition conprising any of the above proteins and a
suitable carrier. This invention further provides a pharnmaceuti cal
conposition conprising any of the above produced proteins and a
pharmaceutical ly
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25 improve activity is the result of systematic analysis.

This invention provides a method for wmodulating 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 ¢} comparing the expressed protein with altered codon
usage to ome without, wherein an increase in function or
identification of new function indicates that the Ffunction

35 of the protein has besen modulated.

In an embodiment, the altered codon usage results in high

expression of sald protein.
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gene. In yet a further embodiment, this invention provides

a host cell comprising the gene.

25 This invention also provides a process for production of a
protein of enhanced function or new function comprising
intreducing an artificial gene with selected codon
preference into an appropriate host; culturing said
introduced host under appropriate conditions for the

30 axpresgion 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
35 embodiment, the process .comprises extraction of the protein
from fermentation broth, or collection of the inclusion

bedy, and denaturation and renaturation of the harvested
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20 Taking the interferon as an example, construct the gene of

human IFN-o into reverse transcriptive expression vector to
produce PDOR-INF-o expression vector, then transfect 2.2.15
cell. HBgAg and HBeAg in the culturing supernatant of cell
ig measured. The results indicate that the suppression rate
25 of r5IFN-co to HBsAg was 62% and 67.7% to HBeRAg, but the
recombinant interferon protéin produced by gerne
recombination techniques do not have the effect in vitro.
In addition, the experiment of constructing the human INF-
o2 expression vector using the reverse transbriptive viral
30 vector and tranefecting it into HIV cell strain-A3.01
proved that IFN-aZ can completely restrain the replication
and transcript of HIV-DNA. However, the effect of

interferon is limited in the treatment of HIV diseage.

35 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
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effect on HBsAgvanoriBeagdiatihy?. Ibwekkrean t uepxpreSkion TCEOth | Gl
35 - 11 VD 2005024777, PETLLS2Q04/ 028088, 41, EStimmifd heon puricy

di fferences iffi cpmof €ac utlén degree’ romt e contro roup
usi ng studentptoduegss are galned by denaturation with & mol/L, guanidine

hydrochloride - renatured with 4 mol/L arginine — purified
20 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-
25 co and IFN-con; proved that »5IFN-co has the effect of
inhibiting the secretion of HBsAg and HBeAg which is 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
30 reporter construct was transfected inte HpeG2 cells. The
cells were treated with different interferons and
luciferase xeporter 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 35% and 27% of it. Therefore, the suppression effect of

rS8IFN-co on HBcAg has been cbviously iwmproved.



Southern blot: (1) HBV-DNA extract in 2.2.15 cell: Culture 5 cell 8
days. Exsuction culture medium (Separate cells from culture nmedium
by means ofw@sakgime the culture medium). Add |ysis bydfegnbHoksgak
cells, then extract 2 times with a m xture of phenol, chloroform and
i soanyl al cohdleanyhile ) c*a@al@@ogimp#pmu@@ecwm e815e hBrQYRer Hag%EmMt
addi ng 10 anhydious rakbeohals 19, deROSId-cRHELPI Seafdtre VRGUUBL BT AW 1e-
di ssolve into 20ulTE buffer. (2) El ectrophoresis: Add 6XDNA | oadi ng
buffer, el ect COPRAFEEPS Bt I8 o9%drose gel, IVicm at fixed
pressure for 14-18h. (3) Denaturation and hybri di zati on:
respectively dip gel_into HCl, denaturaion 15 buffer and, .
neutral i zati oﬁhﬁug?ﬁe}om(%’) a*FFaH%?F&TﬁP%%“m&XP%%%’%& (98 er
of DNA to Hybond-N nenbrane. Bake, hybrl di ze and expose with dot

bl ot hybrldlztl an an n zer | at.i ve _de with gel-pro
software. Cal ?ul gf’mp B gl o%rcﬁlg%e an ﬁd‘gﬁ‘ gﬁ %e%%l ts Results
from Tabl es 1AdZrand: 3 EtﬁowCeAtezer afax BmahysisnecdouSesoncent Satheomm
exponent cul t yl.od.. ég{ 8 days with 2.2.15 cell, the maxima is 9.0
OxI 061 U m average Ynhibition rate of maxi mum i nnocuous

concent rhi on 2reRFREed: oS MBRAGITEulss. 0B deRiEp<0opgPRent CIgPRstrum
4541 - 32X1062bhstle - SladoS 130961 /T AeROLHEAD | % A 86 5% 1 C5Bais.
6. 490. 42x| 061 U/ : Thi's shows that rSI'FN-co can

si gni fi cant | y 9-RKfi t(sﬁfhglééi’?vjr AR fifenF 30 and HBsAg, but that
the IFN of the contrast group and |NFERGEN cannot. It has al so been
proven in clim)c ¥ty cb SLENE S «C aievdona caapLHBaAGnaRthdHERAGe Oion of
return themto__normal |evels. 12 WD 2005/021777 PCT/ US2004/ 028068
to'Ub Hm, P52 R M BSRI-mr-, MmN mO0) OOONNHOHi +) O
mmmd bLOd NOWd N R -rl MNHMd~1 mrl tp O) I~ NN
t0 .-1 L 0 Qz)atNrMasﬂsf C-rI to Mbto d C.i OMO) NHN EOWO

mMHNEAMto % M O O .NO
CN o) N HO SR fnd erary G Tehddo G b gRiae Pald Ceded
vial, dissolve, and mix with MEM culture medium at
20 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 (liquid solution),

25 purchased from Amgen, 9pg, 0.3ml each, equal to 9%10%°IU, and
mix with 9X10°IU/ml culture medium preserve at 4°C; 2.2.15
cell: 2.2.15 cell line of hepatoma (Hep G2) c¢loned and
transfected by HBV DNA, constructed by Mount Sinai Medical
Center.

30
Reagent: MEM powder, Gibco American Ltd. cattle fetal blood

serum, EycloneLab American Ltd. G-418(Geneticin); MEM
dispensing, Gibco American Ltd.; L-Glutamyl, imported and
packaged by JING X& Chemical Ltd.; HBsAg and HBeAg solid-
35 phase radiolmmunocassay box, Northward Reagent Institute of
Chinese Isotope  Ltd.; Biograncetina, Northern  China

Medicine; and Lipofectin, Gibco American Lid.
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minutes and add culture medium to stop digestion and
disperse the cells. Reproduce with a ratio of 1:3. They
will reach full growth in 10 days.

15 Toxicity test: Set groups of different concentratioms and a
control group in which cells are mnot acted on with
medicine. Digest cells, and dispense to a 100,000 cell/ml
golution. Imoculate to 96-well culture board, 200pl per
well. Culture at 37°C for 24h with 5% C0;. Test when simple

20 cell laver grows.

Dispense rSIFN-co to 1.8x10°IU/ml solution then prepare a
gseries of solutions diluted at two-fold gradients. Add into
96-well culture board, 3 welis per concentration. Change
25 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 lesgions
and inhibition rates at different concentrations. Calculate

TC50 and TCO according to the Reed Muench method.

30
. 50-8
TC50 = Antilog (B + % C)
A-B
A=log >50% medicine concentration; B=log<50% wmedicine
concentration; C=log dilution power
35

Inhibition test foxr HBeAg and HBEsikg: Separaté into
positive and negative HBeAg and HBsAg contrast groups, cell

contrast groups and medicine concentration groups.

..10_.
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10 culture at 37°C for 24h with 5% CO,. Change solutions every
4 days using the same solution. Collect all culture medium
on the 8™ day. Preserve at -200 Repeat test 3 times to
estimate HBsAg and HBeAg with solid-phase radioimmunocassay
box (Northward Reagent Institute of Chinese Isotope Ltd.).

15 Estimate cpm value of each well with a v- accounting

machine.

Effects calculation: Calculate cpm mean value of contrast

groups and different-concentration groups and their

20 standard deviation, P/N value such as inhibition rate, IC50
and SI.
. s a A-B
1) Antigen inhibition rate (%) = x 100

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

25 '2) Counting the half-efficiency concentration of the
medicine
. a4 . 50-B
Antigen inhibition IC50 = Antilog (B + 7 x C)
A=1log>50% medicine concentration; B=log<500medicine

concentration; C=log dilution power

30
3) SI of interspace-conformation changed rSIFN-co effect on
HEsAg and HBeAg in 2.2.15 c¢ell culture:
ST = %gg?
35
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mixture og phenol chloroform and isocamyl alcohol
(1:1:1), 10,000g centrifuge. Collect the supernatant adding
anhydrous alcohol to deposit nucleic acid. Vacuum draw, re-
dissolve into 20ulTE buffer. {(2) Blectrophoresis: Add 6XDNA
loading buffer, electrophoresis on 1.5% agarose gel, IV/cm,
at fixed pressure for 14-18h. {3) Denaturation and
hybridization: respectively dip gel into HCl, denaturaion
buffer and neutralization buffer. (4) Tiansmembrane: Make
an orderly transfer of DNA to Hybond-N membrane. Bake,
hybridize and expose with dot blot hybridization. Scan and
analyze relative density with gel-pro software. Calculate

inhibition rate and IC50.

Results

Resgults 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 innocucus concentration rSIFN-co
to HBeAg is 46.0+£5.25% (P<OO001), ¢80 is
4.544+1.32X10%IU0/ml, ST is 3.96; rate to HBsAg is 44.8% 6.6%,
IC50 is 6.4910.42x10°IU/ml, SI is 2.77. This shows that
rSIFN-co can significantly inhibit the activity of HBelAg
and HB=Ag, but that the IFN of the contrast group and
INFERGEN 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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MHMHO 18eaWrpagbs/ bzlnmtﬁcmngsg@wm@@snt of HRV-infected
hepatocytes with interferons leads to inhibition of HBV
gene expression. The aim of the present study was to
10 <characterize the effects of different interferons omn HBV
regqulated transéription. Using transient transfection of
human hepatoma cells with reporter plasmids containing the
firefly luciferase gene under the control of HBV-Enhancer
(EnH) I, Enh II and core promoter, Applicant studied the
15 biological activities of three different interferoms on

transcription.

Materials and Methods

1. Interferons: IFN-conl (Infergens), IFN-Hui-Y¥ang (ySIFN-
20 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 £irefly luciferase reporter
25 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
30 kept in 30°C, 5% CO2 incubator. The cells were transfected

with pGL3-HBV-Luc reporter plasmid using Boehringer's

Lipofectin transfection kit. After 18 hours, the medium

containing tranasfection reagents was removed and fresh

medium was added with or without interferons. The cells
35 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

- 20 -
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RESULTS
Expression of Luciferase Activity in Different Interferon -

Treated Cell Lysates

10
No treatment IFN-conl IFN-Hui-Yang IFN-beta 1b
15 100 48+8 - 29416 64+10
This result shows that ySIFN-co inhibits wmost effectively
on the expression of HBV gene expression.
20

Example 3:
SIDE EFFECTS AND CHANGES IN EBODY TEMPERATURE WHEN USING
YySIFN-co

25 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.

30
METHOD
Sample patients are divided into two groups. 11 patients in
@Group A were injected with 9ug Infergene. 10 patients in
Group B were injected with 9png yvSIFN-co. Both groups were

35 monitored for 48 hours after injections. First monitoring

was recorded 1 hour after injection, after that, records

were taken every 2 hours.

- 21 -
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PCT/ US2004/628668—Exanpte—3 CCWPARibbN‘UW = v
ST &) TORY FRREGES-OF
DI FFERENT INTERFERCNS ON HBV GENE EXPRESSbg@ 5 Hepati t Sud Vi rus
(HBV) DNA contar s TONSensuy erements fOr | person: n=10 Persor: n=11
Body Systems Reactiong Headgount Headcount
In General Feebleness 3 3
Sole heat 1
Frigolability |3 4
Decrease in 3
leg strength
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
Respiratory Stuffy nose 1
system
Parcpsia Swollen eyes 1
RESULTS
For those patients who were injected with vySIEN-co, the
side effects were minor. They had some common symptoms
10 similar to £lu, such as: headache, feebleness,
frigolability, muscle soreness, hidrosis, and arthralgia
(arthrodynia; arthronalgia). The side effects of those
patients whom were injected with Infergenm were worse than
those were injected with ySIFN-co.
15
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
20 Infergeng.
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transactivating proteins whose binding activity is regulated by

interferons. Treatnent of HBV-infected hepatocytes with interferons
| eads to i RphblekheP0f HBY gene expression. The ai m of ptResREEEERE
study was to 10 characterize the effects of different mter?erons on
HBV regul at ecestamgecti ption. Using transient transfection of human

hepat oma cel | s rgﬁﬁg,ltﬁer p } tad f

| uci f erase genequtr?%ér t he coﬁt#gﬁﬂog@k’%@ n%nggr&%rﬁaéﬂjﬁ{zﬁ%{rﬁw I
and core pronotA&ANERBR| i cant studied the 15 biological activities of
three different interferons on transcription Mat eri al s and Met hods
1. Interferons: |FN-conl éqlnfer geri ), IFN-Hui-Yang (ySIFN- 20 co)
and | FN- betta |HFY#taRepbr¥ FI‘b1°&srrF‘d@ e DN fqragﬁeht@e%rﬁoanﬁr agter
HBV- Enhancer d/gitbhatic B¥iahl agad E:@m@ﬁ@”D(ts%'é %&egr gpajed using
PCR and bl unt-end cloned into the Snal site of t pronot er- and
enhancer-less firefly luciferase reporter 25 plasm d pA.3-Basic
(Pronega, W, 1USA)yystEheceesthting reporter pl asm d was naned as

pG.3- HBV- Luc. re and nsfection: Hep&2 cells
cultured in Dl\géﬁ %& %ﬁﬁ&; r’%ﬁﬂ:sanv\ﬂ O%FES T 56 Fﬁrrf’mg mi
peni ci |'1i ACandinlOGeughny . st septadny cirystiheizatich ware Bibakxgpt Hiafp BAC,
5% C02 incubatgr.. T retr sfected \M h

reporter pl asrrff eus?ﬁg&%{) r:’\%ger aPLr pdgfIg[ctr i r‘é{%ssfe C{_{ %ﬁ’ %F‘E“Pton
After 18 hour §Omheyneayumlr®rﬂr@pnﬁngp¢mw @;Ltfrfoawzeargmnosl wasquid
removed and frggh: mediym dd Wit h or W!Lth i5f er

cells 35 were kgpt in culture anot her ' 48 hours iQ}‘ﬁLucr eraseﬂg
Assay: Forty- diSgRETABUFS aTEeE ?h‘élfa?@érﬁPFthPQﬁ dfnseelerorystehe cetd s
were harvest edand £8l1idewsl soWefide 5 20 WO 2005/ 021777

PCT/ US2004/ 028068 prepared. The protein concentration of cell

| ysates were &r;g@sured usi ng Bio-Rad Protein _Assay kit. The
luci ferase a V' Ve S7Ba b r G s PRCEFGREdaRs  Luci f erase Reporter

Assay SySt ens—accordi ng to-thejnstructions of 5 nuf act urer

RESULTS EXpr Slaﬂxm?# Luci fnrn"g Activityv . in D ffg_r__e-rr;[ lL.nterferon -
Treated Cel | VE?;L&FEE 10 No trealf QEHE 3rl'—lﬁ- E6h1 1 FN- HU| Pﬁ‘?‘%’ngﬁﬁﬁf\k bet a
| b = ——
Precipitant 17.5%(w/v) PEGS550 MME | 10% (w/v) PEGER
Additives 0.1M NaCl 1% (v/v)MPD
Temperature 293K 293K
Crystal Size (mm) 0.2x0.2x0.1 0.6x0.02x0.02
Crystallogram Figure 5 Figure &

20

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
25 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=1.5418A)
generated by Nonius FR5%1 X-ray generator. Light power 2000
KW (40 kv x 50md), wave length 1.00&, under explosion 60
30 second, Ape=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 & for process results.
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15 100 48+8 29+6 64+10 This result shows that ySIFN co inhibits nost
effectively on the expression of HBV gene expression. 20 Exanple 3:
S| DE EFFEQ}@Z@O ) GHANGES | N BODY TEMPERATURE WHEN USI Nﬁ:’rflﬁ%)ﬁ%ﬁ(g;s%
There are usua y nore side effects to using interferon e side
effects incl U’ﬁ@ale"lﬁusﬁésum%ﬁ%'fec§k€gi:%ﬁ@§§ra]%kgﬁ@a@gme@@ﬁet| te, hair

| oss, hypol eucocytosi s (hypol eukm a; hypol eukocytosi s; hypol euki a),
and decr ease i nphlonskerpl atelets, etc. 30 METHOD Sanple patients are
divided irgo two geoyps. lgzpatients in Goup A were injected with
9g Infergen . 10 pati&gnts ons.d@ oup B were injected with 9pg

ySI FN-co. Bot h groupsiwerei85.g0mnitored for 48 hours after
injections. First mofftoring.omas recorded 1 hour after injection,
after that, record$ (Were vakeh every 2 hours. - 21 WD 2005/021777
PCT/ US2004? 028068 yTabl e 498s3% he conpari son of side effects between
patients being injected with 91ig of Infergen and 9pg of ySIFN co.
Tabl e 4. Si de EFPeet sB®upS| FNe€®*l REergen 9g 9g Person: n=10
Person: n=11 Bo#}eSystemeiReeRalasisnHeddcount Headcount |In General
Feebl eness 3 3 Bavenefedic pobeeysl 4bi %Gy 3 4 Decrease in 3 leg
strength M| d | BaPagB 2o  Botlf-Soreness 4 5 Central Nervous
Headache 3 6 Systenm, Dizziness 2 11 Peripheral Drowsiness 3

Ner vous Syst ef C%f%qlrtdé’ﬁt eFB%’E%rﬁPSAﬁ’(S’CICé%’FEa]i IXB oGy nivalgN-co based

on previous publications. The closest result to the yvSIFN-
co was hulFN-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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Diarrhea 1 Miscul oskeletal Myalgia 1 2 system Arthralgia 2
Respiratory Stuffy nose 1 system Paropsia Swollen eyes 1 RESULTS
For those patients who were injected with ySIFN-co, the side effects
were m n(a)éI .They had some conmon synptons 10 simlar to flu, such
as: head ﬁé“"f ‘eebl eness, frigolability, nuscle soreness, hidrosis,
and arthral gi a (arthrodyni a; arthronalgia). The side effects of
those patients whomwere injected with Infergen were worse than

those weretinj actradthod h foSl Mbd@atihg Fitem faraties 4A- rot@?nig wABhdut

and 4B-2, it was obvious that the body tenperatures of sanple
patients in GGO@NGANgvidree tirgRsy amanota@dpaeqeanseiof easlpratein; the

al so reflected Eh%the endursnc&éﬁ Lﬁé'Sl FN-co was nmuch better than
20 Inférgen . B8 CoOHOR1899 7¢ FU82001/ 028068 E. calflpie 4:
CRYSTAL GROMA of c N 1) TAL ?@Aﬁ’

Crystal of ySlI I\I-C%I%IFQ% ?géegoggﬁcru%tg?@eréelf ound O%%W%E%%r&e
systematic trial amtcedipgr sakhprotdee wheneies tihe Qodon G:rsa;eihs Gloavichl

Di ssolve ySIFN-co protein with pure water (H20) to 3mg/nl 10 in
density. Search cr¥eUAiNGat® oROEPNUIISRPHaRptDh aRrpsenriake chgst acell,

Suspensi on i 11 usi i R SR A Ba o0 dhE bt Sidlfbrte D
liquidg in 293K tampeidicdten Gta6k that dAEEES th¥PSsmef pairmdly amino

crystals were 15 found as listed”in Table 5. Table 5. Screen of
ySI FN-co Crystall |arr:|dcsm:cuencca1 Il Il Diluent 0.1M Tris-HCL 0. 1M HEPES

Aldi 1 ves O 101 NadPREIRRSIN VDS TERFONR LibiagaRdsosReaUENte . the
appropriate host cell to obtain purified protein; and
c) comparing a protein encoded by the second nucleotide
15 sequence with a protein encoded by the first nucleotide
sequence, and identifying a protein which is encoded by the
second nucleotide sequence and exhibits a different
secondary or tertiary structure as compared to the protein
encoded by the first nucleotide sequence, wherein the
20 identified protein encoded by the second nucleotide
sequence has modified function as compared to the protein
encoded by the first nucleotide sequence.

2. The method of claim 1, wherein expression of the second
25 nucleotide sequence results in high expression of protein as
compared to the expression of the first nucleotide sequence.

3. A method for preparing interferon-a protein with enhanced or
new functions without changing the primary amino acid

30 sequence of said protein, the method comprises the steps of:
a) altering the codon usage of a first nucleotide sequence
encoding said interferon, wherein the codon usage is
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Crystal Size (mm 0.2x0.2x0.1 0.6x0.02x0.02 CrystallogramFigure 5
Figure 6 20 2. Data Collection and Processing Crystal | was used to
collect X-Ray diffraction data and prelimnary anal ysis of

crystal |l ography. Testing of paranmeters was al so conpl eted. e
diffraction data AHEres acsprdidto ¢rgen w%@%tler@%ﬁmperla@}@%m“

Condi t I h I

sing  Bruker AxS SIADYC deiid, "4t eR e SPHEBHGRE sed e Y
generated by Noni ggeF&Xhdbr @Ea@@nﬁfa%t@ﬁco@egfthep%\ﬁfe aﬁ%@arMﬁ%
kv x 50m), wave | ength 1.00A, under explosion 60 30 second, acp=2

t he di stance bet weeid seguseadeand detector was 50nm Data was
processed using Proteum Procedure Package by Bruker Conpany. For
crystél diffraction pattern (partially), see Figure 7. See Table 6

for proce I 17 20 8
6. Rgsul t:So ?ajyé%%ﬁ%sgirgphw%ar amacﬁT?d1 rﬁl&r?g%ygr sgéégéﬁ?% gg dePe b
(A) 108.04 c (A)aﬁﬁﬁo@iat@hbkt%@n% oRkdih POrified ifroteln; 88d35 Space

G oup P2 or P21 arpness of separation 5 A Asymretric nolecule #
10 15 Dissolution 57.6% In addltlon there was no crystal growth of

S b bl h
VSN oo aolf raisA R Ao ioERHeR0Re ThenSodiae plotHlE ehddit,
seedijpg 3 tines, gy @o%Idegrs‘é‘eré?Ic% B S0 :%IEEIfe?BﬁE&“@ﬁéod@é by the

separatlon was 2 9 A space oup was P21. The crystals were also

big, asymetric nﬁl'sé:cuILﬁzleutl*der searlehceandndliideoltifying aas interferon
60% - 24 dains: 1. A nethod for nodul ati ng the function of
proteins wt hout Y}'Ili\é%llﬁge'ﬂ@@d%‘ﬁl Brarineaserengc ndCleRfids ceaiengy @nd

rotein the 5 MELHOSCONDUAERANC SRS “ o)tk Wrblneody

usage of a first
compared to the interferon encoded by the first nucleotide

15 sequence, wherein the identified interferon encoded by the
second nucleotide sequence has enhanced or new functions
as compared to the interferon encoded by the first
nucleotide sequence.

20 4. The method of claim 3, wherein the interferon encoded by the
second nucleotide sequence has increased inhibitory effects on
DNA duplication and secretion of HBsAg and HBeAg of Hepatitis
B Virus as compared to the interferon encoded by the first

nucleotide sequence.

25
5. A protein identified by the method of claim 3, wherein the
protein is encoded by the second nucleotide sequence.
6. An isolated nuclectide sequence with altered codon usage that
30 encodes the protein identified by the method of claim 3.

7. A vector comprising the nucleotide sequence of claim 6.
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encodi ng said protein, wherein the codon usage is altered according
to codon usage in an appropriate host cell, thereby generating a
second nucl eoti de sequence with 10 altered codon usage that encodes
the sane primary amno acid sequence; b) expressing the second

nucl eoti de sequence in the appropriate host cell to obtain purified
protein; and c) conparing a protein encoded by the second nucl eotide
15 sequerite wifth & re§t51§?rh DREHR ACOYRTIRNG FRe HHE\e&;tC’]edegeoé@ﬂf@nc@c,
and identciiéiﬁin@ a protein which is encoded by the second nucl eotide
sequence and eXhibits a different secondary or tertiary structure as
conpared to the protein encoded by the first nucl eoti de sequence,
wherein the 20 identified protein encoded by the second nucl eoti de
sequenée Shas nmBdidstecelt gamprisingsthm npigtentide sehoepcet @f adlaimngoded by
the first nucleotide sequence. 2. The nmethod of claim 1, wherein
expression of the second 25 nucleotide sequence results in high

expr essi of Apr, = : t S 0 i
nucl eot i gem'sedngg%@iba%lﬁ%ﬂ %@%%gr ﬂ?)% pgﬁ?ﬁg%ﬁndf‘%p?ergoﬁﬁg épr%@%e?[%le
wi th enhgaeddror new functions w thout changing the primary am no

acid 30 sequence of said protein, the nethod conprises the steps of:
a) altering the codon usage of a first nucleotide sequence encoding

id ipterf ' ' -25 alt i_I
AR R I e
nucl eoti de SE@Wg?mlﬁ-ﬁaC@ﬁﬁ@é Feedptamieag@aridrat encodes the same
primary am no acid sequence; 5 b) expressing the second nucl eotide

sequence in the appropriate host cell to obtain purified protein;

and c) cqonparing an. interferon-a encoded by the second 10, nucl eotide
sequence ]E?t h%n”’l@#‘@ﬁf efrro(‘)’n-raogh'@ﬁﬂ%@l Epet HENCEipPs o RTatsingewithout

econd nict eof AL M RO PP ARy ST o Sy e TR Bt 1y tne

tertiasy struehetiodsonfomPes @Hetgtepbe)fi; nterferon encoded by the
first nucleotide 15 sequence, wherein the identified interferon
encoded by th@) eeesiadrudrettindencedr@ tveafist enidpetdesequance and
functions as conpared to the int rfe%on encoded by the first

nucl eoti de seque'ﬁcee?.(prfésﬁf:I hd flr‘féfﬁ'@& cﬂencl aim 3, wherein the

interferon enggdgtbdding"®ne or more second host cells for said protein,
wherein codon usage of said first nucleotide sequence is
20 adjusted to facilitate expression of said protein in each of said
second host cells;
c) expressing the protein in said second host cells; and
d) identifying a protein expressed in said second host cells that
exhibits a different secondary or tertiary structure as
25 compared to the protein expressed in the first host cell,
wherein the identified protein would have modified function as
compared to the protein expressed in the first host cell.
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second nucl eoti de sequence has increased inhibitory effects on DNA
duplication and secretion of HBsAg and HBeAg of Hepatitis B Virus as
conpared to the interferon encoded by the first nucleotide sequence.
25 5. Aprotein identified by the nmethod of claim3, wherein the
protein is encoded by the second nucl eoti de sequence. 6. An isolated
nucl eoti de sequence with altered codon usage that 30 encodes the
protein identified by the nmethod of claim3. 7. A vector conprising

t he nucl eotide sequence of claim6. -26 8. An expression system
conprising the nucl eotide sequence of claim6. 5 9. A host cel
conprising the nucl eoti de sequence of claim6. 10. A conposition
conprising the protein of claim5 and a suitable carrier. 10 11. A
pharmaceutical conposition conprising the protein of claim5 and a
pharmaceutically acceptable carrier. 12. A nethod for nodul ating the
function of proteins without changing the primary am no acid
sequence of said protein, the 15 nethod conprises the steps of: a)
choosing a protein encoded by a first nucl eoti de sequence and 1is
expressed in a first host cell; b) choosing one or nore second host
cells for said protein, wherein codon usage of said first nucl eotide
sequence is 20 adjusted to facilitate expression of said protein in
each of said second host cells; c) expressing the protein in said
second host cells; and d) identifying a protein expressed in said
second host cells that exhibits a different secondary or tertiary
structure as 25 conpared to the protein expressed in the first host
cell, wherein the identified protein would have nodified function as
conpared to the protein expressed in the first host cell. -27



