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USES OF SPATIAL CONFIGURATION TO MODULATE PROTEIN FUNCTION

The application disclosed herein claims priority of U.S.
Serial No. 60/498,449, filed August 28, 2003; U.S. Serial
No. 60/498,785, filed August 28, 2003; and U.S. Serial No.
60/498,923, filed August 28, 2003. This application claims
priority of Indian Application No. 279/MUM/2004, filed
March 5, 2004, and Indian Application No. 280/MUM/2004,
filed March 5, 2004. The contents of the preceding
applications are hereby incorporated in their entireties by

reference into this application.

Throughout this application, various publications are
referenced. Disclosures of these publications in their
entireties are hereby incorporated by reference into this
applicapion in ordef to more fully describe the state of

the art to which this invention pertains.

BACKGROUND OF THE INVENTION

The completion of the human genome project verified the
therapeutic effects of many genes, 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
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caltled foldinyg-diseases”. The “Prion” protein causes BSE

and can infect normal proteins and transmit among them.

During the research of protein structure, most researchers
consider that the most important part in retrieving the
correct spatial structure of proteins are the techniques of
denaturation and refolding. Masses of literature reported
improvement in refolding associated with various chaperons
or reverse micelles, etc. Many secretion expression vectors
have been developed to allow those proteins expressed in
more natural environments, but all these efforts only
result in an increase in the yields of proteins, not in

gqualitative changes.
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DETATIED DESCRIPTION OF THE FIGURES

Figure 1. Circular Dichroism spectrum of Infergen®

Spectrum range: 250nm - 190nm

Sensitivity: 2 m°/cm

Light path: 0.20 cm

Equipment: Circular Dichroism J-500C

Samples :contain 30Pg/ml IFN-conl, 5.9 mg/ml of NaCl and
3.8 mg/ml of Na,PO,, pH7.0.

Figure 2. Circular Dichroism sgpectrum of rSIFN-co

Spectrum range: 250nm - 190nm

Sengitivity: 2 m°/cm

Light path: 0.20 cm

Equipment: Circular Dichroism J-500C

Samples :contain 30Ug/ml rSIFN-co, 5.9 mg/ml of NaCl and
3.8 mg/ml of Na,PO,, pH7.0.

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_
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i Grotp B (B patrents)
This figure is the record of body temperature changes of
the other 5 patients in Group B.

5 Figure 5. rsIFN-co Crystal I

Figure 6. rsIFN-co Crystal II

Figure 7. The X-ray Diffraction of rsIFN-co Crystal
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DETATIIED DESCRIPTION OF THE INVENTION

This invention provides a set of methods for modulating
protein spatial configuration. First, select the amino-acid
codon for encoding the target protein according to host
codon usage. Second, choose combinations which can modulate
the spatial configuration and construct into different
vectors which can transfect a series of hosts. Therefore,
an appropriate vector with appropriate host may be chosen.
Third, choose the vector promoter by monitoring a
combination of base pairs after combining the code sequence
of the promoter and the target protein. Finally, choose the
appropriate expression host to express the target protein,
refold and purify, measure the activity and spatial

configuration.

This invention discovered that during the protein-
constructing process, the wvariation of codon that encodes
the amino acid of target protein, the difference of
choosing vectors, the modulation of the promoter and the
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

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)
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

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 also provides a method for preparing protein
with enhanced or new functions without changing the primary
amino acid sequence of said 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.

In an embodiment, the altered codon usage results in high
expression of said protein. This invention also provides
the protein prepared by the above method. In an embodiment,

the protein has unique secondary or tertiary structure.

This dinvention further provides a synthetic gene with
altered codon, which, when expressed, produces enhanced 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 1nto an appropriate host, culturing said
introduced host wunder 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
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proteIn.

This invention also provides the protein produced by any of

the above processes.

This invention provides a composition comprising any of the
above proteins and a suitable carrier. This invention
further provides a pharmaceutical composition comprising
any of the above produced proteins and a pharmaceutically

acceptable carrier.

One significance of this invention is that it modulates the
spatial configuration of protein during the process of
translating genes with therapeutic effects into proteins
which possess functions originating f£from the genes, or
functions not seen in proteins produced using traditional
techniques, or even with improved activity compared.with

those existing proteins.

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. 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 vitro.
In addition, the experiment of constructing the human INF-
a2 expression vector using the reverse transbriptive viral
vector and transfecting it into HIV cell strain-A3.01
proved that IFN-oZ 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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fully 1n the claims which follow thereafter.

Example 1:
CONFORMATION RECONSTRUCTION OF IFN-CONL

rSIFN-co is a new interferon molecule constructed according
to conservative amino acids in human IFN-o subtype with
genetic engineering methods. The interferon has been
described in United States Patent Nos. 4,695,263 and
4,897,471, and has been proven in literature and patents to
have broad-spectrum interferon activity  with strong

antiviral, anti-tumor and natural cell-killing effects.

The DNA coding sequence was redesigned according to E.
Coli. codon usage by first constructing an insert into pHY-
4 wvector, mediating down-stream expression with Pmp
promoter, then choosing E. Coli. as host. 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 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
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.
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Meanwhile, circular dichroism spectrum also proved there
are differences in the secondary structure of rSIFN-co by

comparison with IFN-conl.

The following are those comparison experiments in detail:

1) Comparison of circular dichroism spectrum

Address: The Center of Analysis and Test din Sichuan
University

Apparatus: J-500C Circular Dichroism equipment (spectrum
range: 250-190nm / sensibility : 2 m’/cm / light path:

0.2cm. (See Figure 1 and Figure 2.)

2) rSIFN-co inhibits HBV-DNA duplication and secretion of
HBsAg and HBeAg.

Materials
Solvent and Dispensing Method: Add 1ml saline into each
vial, dissolve, and mix with MEM culture medium at

different concentrations. Mix on the spot.

Control drugs: IFN-a2b (Intron A) as lyophilized powder,
purchased from Schering Plough. 3x10°U each, mwix to
3x10°TU/ml with culture medium; INFERGEN (liquid 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 line of hepatoma (Hep G2) cloned and
transfected by HRV DNA, constructed by Mount Sinai Medical

Center.

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

Medicine; and Lipofectin, Gibco American Ltd.
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Experimental goods and equipment: culture bottle, Denmark
Tunclon™; 24-well and 96-well culture board, Corning
American Ltd.; Carbon Dioxide hatching box, Shel-Lab
American Ltd.; MEM culture medium 100ml: 10% cattle fetal
blood serum, 0.03% Glutamine, G418 380pg/ml, biograncetina
50U/ml.

Method:

2.2.15 cell culture: Add 0.25% pancreatic enzyme into
culture box with full of 2.2.15 cell. Digest at 37°C for 3
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.

Toxicity test: Set groups of different concentrations and a
control group in which cells are not acted on with
medicine. Digest cells, and dispense to a 100,000 cell/ml
solution. Inoculate to 96-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.

- 10 -
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Inoctldte 700,000 cells/ml of 2.2.15 cell into 6-well
culture board, 3 ml per well, culture at 37°C for 24h with
5% COz, then prepare 5 gradiently diluted solutions with 3-
fold as the grade (Prepare 5 solutions, each with a
different protein concentration. The concentration of
Solution 2 is 3 times lower than that of Solution 1, the
concentration of Solution 3 is 3 times lower than that of
Solution 2, etc.) 4.5x10°IU/ml, 1.5x10°IU/ml, 0.5x10°IU/ml,
0.17x10°1U/ml, and 0.056x10°1U/ml, 1 well per concentration,
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 timeg to
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.

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

concentration; Cslog dilution power

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

HBsAg and HBeAg in 2.2.15 cell culture:

TCS50

ST = ———
IC50

- 11 -
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4) Estimate the differences in cpm of each dilution degree

from the control group using student t test

Southern blot: (1) HBV-DNA extract in 2.2.15 cell: Culture
cell 8 days. Exsuction culture medium (Separate cells from
culture medium by means of draining the culture medium.).
Add lysis buffer to break cells, then extract 2 times with
a mixture of phenol, chloroform and isoamyl 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) Electrophoresis: 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) Transmembrane: 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

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 wmaximum innocuous concentration rSIFN-co
to HBeAg is 46.0+5.25% (P<OO001), IC50 is
4.54&1.32X1061U/m1, SI is 3.96; rate to HBsSAg ig 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 HBeAg
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.



PCT/US2004/028068

WO 2005/021777

6PLOELL TIPO - 0601 € uoTINTTdA 0 quetd PTLIT TT®0 TOoI3U0D
T¥S981620°0 CYLLLO" ¥ 88G221°0 88G2Z2ZT°0 | ELTLLO0 | GESTOZ O £56880°0 | 0T80T 2SE6 | 2Lseot TITTITI 1T
80¥L9L8G0°0 €€002°¢ 6LTB66T"0 €TLLO°0 | T99L60°0 | TEZEZTSO°0 £L08Z80°0 | OLSOT PTITIT | #PLOT EEEEE"EE
6TOLLEETT O oqLLEe ¢ £86C6C°0 G8TE60°0 | 6FTBIT 0 | 9S8¥80° 0 6%¥8L0°0 | 0EEOT QZL0T | 8T80T Q0T
GZZ6¥£982°0 PZLOLE'T CL66ETS 0 ¥TOLGZ 0 | ESOT6T 0 | BO09EE"0 | STB6EFZ 0 9L%6 BLLL 9588 00¢€
92%9200865°0 6€ELLES" O 8822260 T92ZLE"Q | €E6926£°0 | 9E6TBE D GSTIZPE"O y11IL 0vCL S0LL 006
ET oM oM
coraraqut | epounooy oS worsraer | para . puoses | asita T | rem| trem) (T/nTon)
PajeTRUNoOY ~T] obeisay 23Rl UOTITGTYUI uoTIeIJUDOUCY
B BysgH 03 309339 UOTITATHUI
9T09v¥¥L-C09 080T € uoTINTTA 0 jueTd 0TO09T Ti=0 TOI3U0)
0 160760° ¥ 0 0 0 0 0| veesT 0LZZZ | CLT6T TITTIT TIT
£SPEEQTO00°0 160%90° € 6966%00°0 L66%00°0 0 0 T166%T0°0 | #2831 90€EBT | OLLST CEEEE " EE
88148880°0 880650°2 £E8002°0 9€8496T°0 s002°0 S000°0 80S98€°0 | 0082T 2009T [4A:1-3 00T
12¢€26€00E°0 12434 1N" 66288BES 0 LE6GLEE 0 | 69269€°0 | L¥ESHZ 0 | PGLEGGE 0 | 8600T 2802t 8196 00€E
9%SEESPTIO0 12626570 606976°0 6L0LOV 0 | 6G95%€°0 SEGET°O L2Z9EP°0 | 9LPOT g9L68 9206 008
T ajex iTes TI=M 1M
aoﬂuﬁnwwmw masemwmw aumﬁnesumm QOHuﬂnﬁmcﬂ PITUL puodag 18XT4 vwﬁwm vamwwm uwwwm ahqﬁE\DH«oaxv
paleTnunooyY -1! - sbexvAy 23es UCTITIYHUI T3e13usouc)
- ByegH 03 30939 UOCTITIIUUI
(00-NAISI) :ydieq 3ISITd

Bysgy pue BysgH 03 00-NJAISI JO 218X UOTITATYUT JO S3TNS8Y T TRl

13



PCT/US2004/028068

WO 2005/021777

89G6T60 TT3 0801 € uoTINTTA 0 JueTtd 1T=d Tox3uod
8eLLEZTO0 0| EZS90T ¥ 680500°0 68050070 | L9ZSTO0" 0 0 0} 2GE1T $€9TT | 81P2T ITITIT'TT
G€82€9100°C 2T9TIT €& T680500°0 0 0 0 \ 0| 8LPET 89€EZT | ZV6ET gEegee’ et
P9¥€86%0°0 | ZI9TIT'C PEYIOT-0 S$€960°0 EEYTT 0 | ZT¥LZ0°0 $62L%T 0 | OTZOT AT ANY 0e£86 00T

LP90T22G2 0| LS6LOZ"T gETVLOT O 86G0E°0 | 26P8LZ 0 | STLEST'O TLLELECQ 8TES yES8 08TL 00¢€
LYBGESPES 0 | LEGETS'O LLYEGB O £9098%°0 | TLSL6Y 0 | €SEZ9%°0 §9286%°0 Z6LS 8618 y8LS 006
wor3TaIan ﬂsemmnmw uot aoﬁﬂwmmm L, puones aoing| Trem| trem| trem| (Tw/0I,0TX)

kumﬂwamou¢ -1 JeTNUNOSY shexaay 93BI UOTITTYUL PITYUL | PUODSS | ISIT | woT3eIqUSIUOD

BysgH 03 3093F9 UOTITTUUL

9%BLGEG"G9E 0S3T € uoTINTTA Q queid 29691 11=D 10I3Uu0D
€LOSYTIEC O 618829-°¢€ T96LTT"O 1S6LTT°0 | S98TET 0 286¢222°0 90060070 | 90%ST ZE9ET | 98ELT TITITIT TIT

98EEE6ESO"O LLO¥%L T | S¥TO9LBT O €69690°0 162LL"0 1%L00°0 652%2T°0 | 8BTOT FTHLT | POEST £EEEE " EL
6£8T0Z6T 0 €ZP9TIB T | TTSOTEP'O ' gLOFYZ 0 | TLOYYCO T068T°0 pET66Z°0 | TITETL BZEZPT | 962CT 00T

SHPZEISLYH 0 | 96%090°1 TELTES8 O LE6WLEH 0 | PBBLLY 0 | 60296E°0 L96€0T¥"0 0916 8290T | PPEOT 00€
ZLETESLEL 0| T66L8%°0 IBTITLE'T 800ZTS°0 | #650.9%°0 | 26SPIS"0 BLEPSS O 0S€E6 9158 8T8L 006

EY) oM am
no.nuanwmmm mﬂzamwww uoT ao,.nu..nnwmm.w vmﬁ. vnwwmm u.mmw..n | TTem 1M | TToa ( Tw/nI,0TX)
kum.ﬁmﬁmuom -T FeTnUmoDY abexaay @3el UOTITqTYUI PATYL | PUOD3S | 38T | yoTaeIjUsdUOD
fyagy 03 109IF3 UOTITATYUIL
. (00-N4IST) :UDIB] PUODSS

14



PCT/US2004/028068

WO 2005/021777

10GDOI obraeay ! BysgH

08s6Z°Cc¥ as Y68T 679
6LPSTE"CET : veve 0sYv 10601 obeiaay :ByedH
6PTLZOL 768 0S0X £ uoTInTTd 0 Jjuetd 82STT T1®D 10I3U0)
0 GL89¢€C° ¥ 0 0 0 0 0 CYEET 9tECT CFIET ITTTT 1T
0 0 0 (¢ 0 0 OTTIET Z8STT 96921 ECEEE EE
0 GL838€2°C 0 0 0 0 0 P6ETT 09ETT 0Z%TT 00T
TE0069281°0 GLB9EZ T | BELPILEZ"O vLT9L2 0 hWﬁmm.M SZ¥0EC°0 SZLYECTO 8S60L 0658 Z2v58 0o0¢
€6T8E8LES"0 | 6PEETS O qzZTe9L" 0 19998%°0 moHNm.M SE0ZP¥° 0 ¥9896%°0 3437 8229 9198 006
ajex uoT ?3ex Uo TTem TTom Tem

wotatqrqu | ernumony | __ :anm,.n T3 TqTUUT PITUL puonas 18214 wmwa awwws M,unwz ( Tw/nI%0TX)
pajeTnUMODY -1 BT A obexaAy 93BX UOTITATYUI PITHL ) P s 382Td | uotjeajuULDUO)
’ BysgH 03 309339 UOTITATUUIL
SE£69670°28¢E 080T € uoTIniTd 0 quetd ¥PSLT T1®0 Tex3U0)

. . . S T . .
£€99L8%T0°0 LT0EBS"C 9T959S0°0 1955000 GLZLO0 £60¥60°0 0 82LST 99€ST 82612 TITTT 1T
8STETSZB0°0 | TE9BEL 2 | €STEIWT O TOLO6T O owwHN.M LYS¥¥Z°0 PS60TT°0 882¢tT vi82T 080ST EEEEE " EE
TZ9TP9ZLT 0 | ZEEGZE6°'T, 98820%°0 TLEZBST 0 Hmmhﬂ.w SL6TG2 0 1ZEBED"O TEGET 883821 21E91 00T
LZTEGBOPT "0 €09580°1 | G256558°0 99€€SY "0 morh¢.w 9680%°0 | ETLPPLY O 0.88 ZEQOT 7168 00¢
EPS66560L°0 | 696BESTO €8691E"T |- TEOT9P 0 hmﬂNm.M ¥0ZEET O 9T08Z¥" 0 0TT8 $196 20L6 006

23ex uoTy ®3®BI uo TTom Ti=m 1ieo4 0
UOTITTYUT | eTrMMODY YOT | tarqryuy|  PITUL| PuUOd3S asara | T ieses | asted (mo/ozeor)
peleTnuUnoOOyY -1 AeTnunooY aberaay s3BI UCTITATUUI pItys | P S| 38ITd | worzerjusduo)
byegy 03 109778 UOTITATYUI

(O0-NJISI) :yYd3edq PaTul

15



PCT/US2004/028068

WO 2005/021777

FSTVA 0G62I € WoTanTTda 0 jueid 988071 T80 ToI3U0D
0 c0L0T8 " ¥ - 0 0 o] 0 0 988071 98801 9880T POLEOL'E
0 S0LOT8 € 0 0 0 0 o] 0002T ALY re9ct TITTT"TIT
0 S0LOTIB"C 0 0 0 o] 0 PEGET 08621 pszet EEEEL EC
LT80TI0T0" 0 S0L0T8"T wmww._”o.w S6¥8T0°0 | 2LZH9E"C 947050°0 0 82801 0%e0T 9%60T 00T
9ELLSBSBT "0 z628°0 G6Z681°0 80LT"0 | ¥50T2S°0 | 90TL¥Z'0 | 68%PCST"0 8596 9618 5226 00¢€

: EA L) TTo4 TToM
noﬂuﬂawmmm masE”MMM MHsewwwM ﬂwwmwsmw PITYL puooag 38314 ﬁwwmm vuwwwm uwwwm ( Tw/nr,01x)
Po3ETIUNOOY -1 abeaoay S | UDTIBIIUBIUCH

838X UOTITYTUUL
BysgH 03 309J3S UOTITATUUL

qASTIVL 0SJI- € uoTIaniTd 0] jquetq ¥PSLT TTeD TOI3UOD
0 £GZTEE" P 0 0 0 0 - 0 £8021T £80C1T £€80CT POLEOL €
G| E€52TE6°E 0 0 o 0 ol 8919t Z¥0ST | 95802 TITIT 1T
0 £9CT¢e6°C 0 a 0 0 0 00%39T 91ILTZ 09L31T CEEEE EE
Q €GZT€6° T 0 0 4] 0 0 2818t 0689T 898%T 00T
VZL9%L890°0 £GCTE6° 0 LPLBO0"0 | L¥LBSD"0 | 6TSOLTO TTLEC0°0 0 0966 yZLIT 8T6¥%T 00¢E

a (o} 238X UC Tiom TTes 1194
noﬁuwpﬁwmm masE”vww mﬁzsmmwm ﬁuwnﬁnmﬂ PITYL puooeg 183114 vwmmm vnwwwm uwwwm ( Tw/AI,0Tx )
pe3RTIUNDOY -1 abeIxaAy ¥ : UOTIBIJUSOUOCD

83BI UOTITUTYUI

s

byegy 03 309338 UOTITTUUI

byegH puUe BysgH 03 (qzo-N4I)¥ UWOZ3UI JO 938X UOTITATHUT IO S3TNSsy ‘gz SIqeRl

16



PCT/US2004/028068

WO 2005/021777

- 48T 0G0I g€ uoTanITd 0 JueTd £%8TT I12D TOI3U0D
8€8L9TT00°Q | LEBVLE" P 8080T0°0 | 8080T0°0 | LBZBZO'O 0 LETP00°0 80STT ¥B6TT ¥6LTT TTTITIT TT
9T¥¥0LZ00°0 9%9586° € ( T8080T0°0 0 0 0 0 0Z0ET 82621 2Ee0sT €EEEE EE
§56909€00°0 | 9%¥9986°C 8080T0°0 | 0 0 0 0 980ST 96971 $68ZT 00T
£L022%0T0°0 | 9%¥9586°T | S2T60Z20°0 | ¥0TOTO0"O 0| E€TE0€E0°O 0 05€Ctl ¥8YIT 0¥82CT 00¢€
TITLPI%20°0 GL566°0 | €91520°0( -5Z%00°0 0 5.L210°0 0| weeet z691T | 0802T 006

. =T =)
noﬁpﬂnwwmm mﬁsemmww ot ﬁmwmmzmm vwﬁmm . uwmﬁm TToM trem | trem| (Tw/nI,0TX)
nmumasewoom -1 FRTNUNOSY sberaay 23eI UOTITAIYUUI PITUL puodss I51Td | yorieIzULOUO]
BysgH 03 309332 UOTATUTYUI -

HSTYA 0s01 £ uoTINTId i 0 jquetyg 209ST 112D TOI3UCD
LLETO8S00°0 £¥BEGE9 P 6£LC0"0 6€ELZO"0 | 69TZ80°0 o] 0 02edT Z89LT POSLT TITITIT 1T
26590€L00°0 ZETTEL € | L6BELTO0 0 0 0 0 0veEST PEOST 22LET EEEEE " EE
8L99T6620°0 | 2ETIEL'E TZ6€80°0 | TES9S0°0 | S¥Z060°0 0 6PEGLO"O PETPT ¥EBBT | PIEVI 00T
6TG720201°0 ¥OLLLL T | LZBETOZ 0 | Z90BTIT O 0| 60%2TC 0 | LOLLIPT O 25291 88€Z1 D6EET 00¢t
PLEOTLYPSE 0 | 528596870 LST90€E°0 | SLTPOT O 0} 698022°0 95916070 90¢eLT 98121 LTIV 006

oM am oM
aoHuHQMMM“ mﬁsemmww uot ﬂMMMM&MM vwwza vmwwmm »Mwﬁ& TI8M 1T9M ITem ( Tw/nI,0Tx)
POIETOUMOY o | ABTIUROOY | aBpraay 23ex UCTITATYUI PITUL [ PUODSS | 3ISATA | yot3erjuULOUO)

byegH 03 309339 UOTITQTYUI

(ueBzozul) :yo3eq 3I8AT4
byegH pue bysgH o3 usbrajul Jo 33eX UOCTITTYUT JO SITNSSY g STqRL

17



PCT/US2004/028068

WO 2005/021777

HSTVA 080T € uoTIaniIda 0 Juetd ge8el TT®D Tox3uop

0 8€8658° ¥ 0 0 0 (o} 0 82C8CT 8¢8eT 82821 TTITT TIT

60E96LETO 0 | B8EBESB € | S966€ES0°0 | 966€80°Q | S€6620°0 | 6CSSTI"0 92s810°0 ¥yeet 9%elt 9192t £LEEEEE

¥96¥¥%120°0 ¥EBETIG " C. TLBESOO | ¥48600°0 0 0 £29620°0 ¢86¢€T 89%ET 8¥¥eT 00T

98T06%0°'0 | 60L€Z6°T | TBST660°0 | LBEZSED"O 0| SS€600°0 | 9L0SS60°0 STLET 80LZT| O06STT 00¢

ELLTSLEZTQ 9668S6°0 Z9T0%T°0 Y00TH#0°0 | LB8TEVO O SS9€v0°0 TLTO9E0°0 vLZZT 89C¢T $9€2T 006

uot uﬁmmm m?&mmw@ - Uor Mwmuﬂmm nwwmm vuwwwm uwwww Tren Lo tren | (Tw/01,01x)

U@umawﬁsoom -1 JBTINODY sbeasay 83ex UOTATATUUT PITUL | PUODSS 8214 | uor3eajusOUO)

X Bysgy 031 3199339 UOTITATUUI

q35Ivd 0SDI € UoTINTTd 0 AuetTq 8¥8L 18D Tox3uo)

0 G9ESCZL ¥ 0 0 0 0 0 8¥8L 89%8L 8v8L TITIT 1T

0 G9EGSZL E Q 0 a 0 0 2836 vy18 0ess8 CEEEE EE

958%64500°0 | S9€SEL°Z | SBBSTO°0 | SB8BSTO°O0 0| §S9L%0°0 0 0618 vLYL 0968 00T

S00TS8T9%0°0 SZIPL T | BLOZYBO"0 |. €8E890°0 LZSBT"0 0| LLLBETO" O ¥6E9 2606 2694 (e]o) %

505062E492°0 £€9608°0 S€9%LC70 L9E06T 0 | 98B¥EBT O 795L81°0 150002°0 80%9 o9LES 8LeS 006
- oM

aoﬂ.ﬁwmﬂ mﬁssmmww uot ﬁwwmwnmm v..ﬁﬁm“m vunmwmm u,mm.mww 118 L tem |  { Tw/nIoTx)

pejeTIUNOOY o | IBTOWRORY | o ppzoay 91B1 UOTITQIUUI PITUL [ PUOISS | IBITA | yorjzeajusouo)
Hyegy 03 309339 UOTRITQTUUL

(usBaagzul) :ynieq pPuUCDSS

18



PCT/US2004/028068

WO 2005/021777

0 :as 0 10801 sbexsay : 6vysgH

tas 0 10501 ®beasay :ByegH

HSTYA 080T 1 uoTINTTY 0 yueid Z09TT TI=®D TOoI3U0D

) 0| €80%86°% 0 0 0 0 0] 209TT ZOSTIT | ZO9TT TTTIIT IT

0{ €80¥%86°€ 0 0 0 0 0| 09€2T 8S%2T { 0892T EEECE"EE

0| €80986°C 4] 0 0 ] 0| 9¥seT 09TET | 9¥82T 00T

0| €80%¥86°1 0 0 0 0 0| 86LIT 968ZT | ¥SVET 00€

96L9T6STO0 | €BO¥86°0 LT6STO0 LT6ST0°0 4] 0 SLLY0°0 | 2O61T 9S8TT | 8%0TT 006
. °3ea an om am

noﬂwwmwmmm masemmwm um?e:www qoﬂﬂwmmm uwwﬁ vqmwmm u“ﬁm vwwmm wnwwwm uw Hm { Tw/nI,01%)

-nooy " -1 abexaay 5381 UOTATQTUUT ’ : uoTIVIJUSDOUCY

BysgH 03 309339 UOTITTIHUI

HSTYA 0SDI € uoTINTIA 0 Jueld O%LL 118D T0x3U0)

0| TO9Z8L'¥ o} 0 0 0 ] ObLL 0vLL o%LL TITTT TT

TLOTHETO0 0 | T0SZBL E | 8180S500°0 280500°0 ] 0} S¥ESI0°0 9L98 9988 ZZ9L EEEEE"EE

< LTOE99GT0"0 | €89L8L"E 85€¥¥0°0 9LZ6€0°0 | 68E2%Z0°0 0| %9€60°0 ZgsL 9ZLE 9T0L 00T

$9899LT2%0°0 96928 T | 6L¥¥080°0 609€0°0 | 69Z8BOT"0 0 0 z069 9848 | CTLOTT 0o0¢

GELTTZTOZ 0 | 6%0€98°0 66ELTZ 0 TS69€T°0 | E6EH0Z°0 | SBIHT"0 | 665%90°0 8SIS %99 0vZL 006

[?j3ex .
oy | || e T I I wes | voes| we] (wamon
umw”ww“ 7 | 3eTRWNOdY sBeroay T PITYL | PUODIS | ISITI | yorgexjusouoc)
byagy 03 308339 UOTITATYUI
(usbxegzur) :yoP3Rq PITYL

19



WO 2005/021777 PCT/US2004/028068

10

15

20

25

30

35

Exatiple 2:
COMPARISON OF INHIBITORY EFFECTS OF DIFFERENT INTERFERONS
ON HBV GENE EXPRESSION

Hepatitis B virus (HBV) DNA contains consensus elements for
transactivating proteins whose  binding activity is
regulated by interferons. Treatment of HBV-infected
hepatocytes with interferons leads to inhibition of HBV
gene expression. The aim of the present study was to
characterize the effects of different interferons on HBV
regulated 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
biological activities of three different interferons on

transcription.

Materials and Methods

1. Interferons: IFN-conl (Infergen®), IFN-Hui-Yang (ySIFEN-
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 Iluciferase reporter
plasmid pGL3-Basic (Promega, WI, USsA). 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 cellg were harvested and cell lysis were

- 20 -
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prepared. The protein concentration of cell lysates were
measured using Bio-Rad Protein Assay kit. The luciferase
activity was measured using Promega's Luciferase Reporter
Assay Systems according to the instructions of

manufacturer.

RESULTS
Expression of Luciferase Activity in Different Interferon -

Treated Cell Lysates

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 expression 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 injected with 9ug Infergene. 10 patients in
Group B were injected with 9pg ySIEN-co. Both groups were
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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Table 4 is the comparison of side effects between patients

being injected with 9ug of Infergen®and 9ug of ySIFN-co.

Table 4. Side Effects

YSIFN-co Infergenw
Sug oug
Person: n=10 Person: n=11
Body Systems Reactions Headcount Headcount
In General Feebleness 3 3
Sole heat i
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
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 VySIFN-co was much better than

Infergen®.

- 22 -
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Exampte 4:
CRYSTAL GROWTH of ySIFN-co AND TEST OF CRYSTALLOGRAPHY
PARAMETER

Crystal of ySIFN-co. Two types of crystal were found after

systematic trial and experiment. (See Figures 5-7)

1. Crystal Growth

Dissolve ySIFN-co protein with pure water (H20) to 3mg/ml
in density. Search crystallization by using Hampton
Research Crystal Screen I and II which was made by Hampton
Company. By using Drop Suspension Diffusion Method, liquid
500ul, drop 1 pl protein + 1 pl liquid, 4in 293K
temperature. First 2 different types of small crystals were

found as listed in Table 5.

Table 5. Screen of ySIEN-co Crystallin

Condition I II

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 NacCl 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 CuKoa (A=1.5418A)
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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Table 6. Results of Crystallography Parameters

Parameters
a (A) 82.67
b (A) 108.04
c (&) 135.01
a (°) 90.00
B (%) 90.00
vy (%) 98.35
Space Group P2 or P2;

Sharpness of separation 5 A

Asymmetric molecule # 10

Dissolution 57.6%
In addition, there was no crystal growth of ySIFN-co based
on previous publications. The closest result to the ySIFN-
co was huIFN-a2b but the screen was very complicated. After
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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A method for modulating the function of proteins

without changing the primary amino acid sequence of

saild 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 the function of the protein has

been modulated.

The method of claim 1, wherein the altered codon usage

results in high expression of said protein.

A method for preparing protein with enhanced or new

functions without changing the primary amino acid

gsequence of sgald 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.

The method of claim 1, wherein the altered codon usage

results in high expression of said protein.

The protein prepared by the method of claim 3 or 4.

The protein of claim 5 with unique secondary or

tertiary structure.

A synthetic gene with altered codon which, when
_25_
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10.

11.

12.

13.

14.

15.

16.

A vector comprising the gene of claim 7.

BAn expression system comprising the gene of claim 7.

A host cell comprising the gene of claim 7.

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.

The process of claim 11, wherein the artificial gene

is operatively linked to a wvector.

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.

The protein produced by the process of any of claims

11-13.

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

14 and a suitable carrier.

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

acceptable carrier.
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Inhibitory Effect

Figure 3
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Figure 4A-1
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Figure 4A-2
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Figure 4B-1
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Figure 4B-2

__ 400
it
> 300 —-12
o
H
8 380 =14
o
3 Nk\\ L —— 10
5 - Kﬁ ~-20

36.0
,g —>— 22
M 350

4

8

12 16 20 24 28 32 36 40 44 48

Injected Time (Hours)

SUBSTITUTE SHEET (RULE 26)




WO 2005/021777 PCT/US2004/028068
8/10

SUBSTITUTE SHEET (RULE 26)



WO 2005/021777 PCT/US2004/028068
9/10

SUBSTITUTE SHEET (RULE 26)



WO 2005/021777 PCT/US2004/028068
10/10

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

