
CRYSTALL!Nfc RECOMBINANT INTERFERON WITH ALTEIU:D SPATIAL 
CONFIGURATION, THREE-DIMENSIONAL STRUCTURE AND USES THEREOF 

F!El,I) ()F '!'!--IE lNVEN'J'\{)N 

[0001] ·rhis invention relates in general to crystalline recon1binant interferon \Vith altered 

spatial configuration, its crystallization n1cthod and three-din1ensional structure thereof~ uses 

of said crystal and its tbree-din1cnsional structure, and 111in1etics of said rccon1binant 

interferon. 

BACKGROUND OF TI-IE INVENTION 

[00021 Interferon (ll~'N) is a kind of soluble protein produced by a variety of cells which has 

n1any in1portant biological functions, including anti-viral, anti-tu111or, and in1n1unorcgulatory 

functions. Interferons can be divided into type I, type II, and type Ill interferons according 

to the differences in the types of producing cells, receptors and biological activities etc. 'fype 

I IFNs, which are niostly induced by viruses and synthetic doublc~stranded l{NA, are also 

known as anti-viral interferons. rrhere are three for1ns of type I interfCrons: Il:;-No:, INF'B, 

IFNco. 'ry1)e Il IF'N, also known as in1n1une interferon or ll-'Ny, is produced by the 'l' cells, and 

is an in1porlant in1111unorcgulatory factor in vivo. 'fypc III interfCron is n1ade up of II~'N-A 

nio!ecu!es. 

[0003} In recent years, n1any con1pan1es 111 the world have engaged in the research of 

interferon, as exen1plified by a nun1ber of pertinent patents and disclosure docun1cnts. For 

exan1ple, U.S. l)atent Nos. 4,695,623 and 4,897,471 disclosed new types ofhun1an interferon 

polypeptides which have an1ino acid sequences containing the con1n1on or predotninant 

an1ino acids found in naturally occurring rt-interferon polypeptides. 'J'hat new type of 

interferon was nan1ed If·'N-con (consensus interferon a). ·rhe disclosed an1ino acid sequences 

\Vere nan1ed IFN-conl, If1N-con2 and II~'N-con3. Genes encoding JFN-cons and gene 

expression in l~·scherichi(t coli were also disclosed. C:on1pared with leukocyte interferon or 

other type I interferons, studies have shown that rccon1binant II~'N-con has higher anti-viral, 

anti-proliferative and natural killer cell activities in vitro. 

[00041 lJ.S. l)atcnt No. 5,372,808 disclosed the use of hun1an IFN-con in the trcatn1ent of 
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diseases. C:on1pared with previous clinically approved (t-interf-Cron such as lntronQ{JA 

(Il~'N-u2b, SCiI)) produced by Schering-l)lough, recon1bina11t hun1<:n1 11,'N-con has been shovvn 

to have lower side-e/Tects. 13y the end of 1997, the f·'l)A had approved the use of hun1an 

IFN-con, vvhich was produced by J\n1gen and sold under the brand nan1e lnfCrgenQ{l 

(interferon all'acon-1 ), ror clinical treatn1enl of hepatitis c:. 

[OOOSJ 13oth lJ.S. I)atcnt No. 7,364,724 and C:hincsc I)atcnt Publication No. c:Nl740197A 

(incorporated in their entirety as references to this application) disclosed a recon1binant 

interferon (hereafter referred to as "rSIFN-co") that has enhanced eflicacy, fewer side-elTects 

and can be used in high doses. ·rhe said recon1binant interfCron has the san1c an1ino acid 

sequence as Infergen(f~), but has different spatial structure and biological efficacy. In addition, 

the above-111entioned C:.hinesc Patent Publication No. C:N 1740197 A also disclosed the crystal 

J'orn1 or said recon1binant interferon and its crystaBization n1ethod thereof; howc\1cr, the 

crystals were of poor quality, had loose internal structures and an X~ray diffraction 

resolution as low as 5 A such that they were not suitable for obtaining useful 

structural inforn1ation J'ron1 further analysis of the protein spatial structure. It is of 

great interest to obtain good qua!ity crystals of the said recon1binant interferon with 

altered structure and functions at high X~ray diffraction resolution so as to deterinine 

the three-din1ensional structure of said recon1binant interferon, establish its 111ode!, 

and take advantage of' said structure and n1odcl to perforn1 drug design and to 

in1provc the efficacy of knov·.rn interferons. 

SUMMARY OF THE INVENTION 

[0006) crbis invention relates to the crystal of the recon1bina11t interferon disclosed 

by lJ.S. l)atent No. 7364724 and C'.hinese Patent I)ublication No. C~N1740197A, and 

this recon1binant interferon con1prises the an1ino acid sequence or SI~Q II) N(): l. 

l~'urther, this invention provides the crystallization n1cthod of this reco111binant 

interfCron and the con1position con1prising said crystal. In addition, this invention 

provides the thrce-din1ensional structure of this reco111binant interferon, vvhich is 

different fron1 the thrcc-din1cnsional structure of IT;N-u2b published in the art and the 

thrce-din1ensional structure of lnfcrgcn<f<J fron1 An1gcn (lJ.S.) based on con1putational 

nlodelling. Also provided arc uses or said threc-din1ensional structure for identifying 
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the candidate con1pound interacting with said interferon, designing n1in1ctics of said 

interferon and perforn1ing rational drug design based on con1putcr. Still further, this 

invention provides n1in1etics of said recon1hinant interferon, con1position con1prising 

said 111in1etics and uses of said crystal, 111in1etics or con1position for preparation of 

n1edican1ent for treatn1ent of viral diseases and/or tun1ors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0007] l<'igure l shows a n1onocrysta! or the reco111binant interferon (rSJJ~N-co) oJ'the 

present invention uscdin crystal structure analysis. 

(0008) l<'igure 2 shovvs an X-ray diff'ractogran1 of the rSIJ~N-co crystal (2.6A 

resolution). 

[0009] Figure 3 shows a partial l .Oa electron-density niap of 21;·0-Fc for1nat within 

the crystal structure of rSII~N-co. 

10010) Figure 4 shows a distribution n1ap of the average ten1peraturc factors alo11g the 

an1ino acid residues for all the aton1s ofrSIFN-co. (a) A chain; (b) I3 chain. 

(00111 Figure 5 shows the (<I), \}J) value distribution on the i{an1achandran plot of all 

the an1ino acid residues in the n1odel of the rSIFN-co protein n1o!ecular structure. 

13ascd on an analysis or 118 structures with resolution of at least 2.0A and !{-factor 

no greater than 20%, a good quality n1odc! vvoti!d be expected to have over 90% in 

the n1ost l~tvourcd regions; the statistical data as follows: 

J>Jot statistics 
J{esidues in n1ost fllvoured regions fA, I3, I.,] 

l{esidues in additicn1al allowed regions [a, b, 1, pJ 
l{esiclues in generously allowed regions t-~a, ~b, 

,,J, ~p] 
J{esidues in disallowed regions 

Nun1bcr of non-glycine and non-pro!inc residues 
Nun1ber or end-residues (ex cl. C:Jly and Pro) 

Nun1ber of' glycine residues 
Nun1ber of praline reidues 

·rotal nun1bcr of residues 

240 
24 

0 

265 
127 
18 
6 

416 

[0012J Figure 6 shows a unit cell packing diagran1 of rSIF'N-co. 

90.6o/o 
9.1°/o 
0.4% 

CJ.0% 

100.0% 

(0013] Figure 7 shows the asse111bled structure of the rSJJ;'N-co di111ers. 
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[0014] li'igurc 8 shows the organization of rSIFN-co crystallographic din1crs (l;'ig. 8a, 

Fig. 8b) and the root-n1ean square deviation (J~MSI)) of a carbon aton1s (the boxes 

represent niissing residues) (l;'ig. 8c). 

(0015J J<~igurc 9 shows the n1onon1olecular structure of rSIFN-co (n1ain chain 

den1onstrated on!y); (A) Side view; (!_~) ·rop view; (C:) ·ropology diagran1; (l)) 

·ropological organization of the secondary structures. 

j0016j li'ig:urc 10 shows the seque11ce alignn1ent between the secondary structures of 

rSIFN-co and its an1ino acid sequence; the gray boxes represent an1ino acid residues 

that were not set up in the structure; the blue boxes represent an1ino acid residues 

\Vhich \Vere set up as Ala or CJ!y. 'rhe solid lines represent tvvo pairs of disulfide 

linkages and the green subscripts represent one disulfide linkage that has been 

constructed in the structure. 

10017) Figure 11 shows the sequence alignn1ent of rSit;·N-co protein and 110111ologous 

Il;'N polypeptides. 

f0018j J<igurc 12 sl1ows a con1parative diagran1 of the threc-din1ensional structure of 

rSIFN-co antl IFN~a2b. 

[OOI9J Figure 13 shows the superin1posed in1agc of rSIFN-co (in red) and II~N-a2b 

(in ycllov-.1). 

10020) Ji'igurc 14 shows the con11)arative diilCrenccs between the thrce-din1ensiona! 

structure or rS1r-·N-co and the con1putational n1odct of lnfcrgcnCl{l fron1 A111gen (LJ.S.). 

100211Figure15 shows (a) the con1bincd n1odel of protein IFN-a and its receptor; (b) 

the diagran1 of the functional don1ain of protein JFN-u (the in1portant functional 

<lon1ain is illustrated by blue ring). 

f0022] Ji'igurc 16 shows the niea11 enzy111e concentration 111 blood-ti111e curve after 

subcutaneous injection of9 µg rSIFN-co and 9 ~Lg IlnfergenQtl to 18 subjects. 

DETAILED DESCRIPTION OF THE INVENTION 

10023J ·rhe fol!ov-.1ing is a detailed description of the invention provided to aid those skilled 

in the art /'or practicing the present invention. 

Reco111bi11a11t Interfero11 (rS'/FN-co) 

[0024) CJ'he purified reco111binant interferon, \Vhich has been crystallized in this 

invention, is obtained fron1 the 111ethod disclosed by the cxan1ples 1 and 2 of the 
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specification of the lJ.S. l)atent No. 7364724 and/or pages 11-17 of the specification 

of the C:hinese Patent I)ublication No. C~N1740197A. 'fhe characterization of this 

rccon1binant interferon is disclosed in Lhc lJ.S. ]latent No. 7364724 and/or the 

C:.hinese Patent Publication No. C:NJ740197A. In one e111bodin1cnt, the an1ino acid 

sequence of the present rccon1binant interferon, as well as the nucleotide sequence encoding 

the san1c, arc shown below: 

M C [J L P () T II L ( 
.. 
' N R A ' " l 1. L l\ 

1. l\TGTGC(;l\CC 'l'GCCGCl-\Gl\C CCJ.\CTCCCTG GGTl-\AC:cc;Tc CTCCTCTGAT CCTGCTGCC'J' 

'J'ACl.\CGC'J'GG ACGCCGTCTG GGTG/.\GGG/.\C CCJ\TTGGCl\G Cl\CC;l\CACTA GGACGAC:CGl1 

Q M R H J s p I,. c 
. .. c L K D R 1-1 D E' G ,. 

61 CAGl-\'J'GCG'J'C GTTl'I'CTCCCC GT'J'C'l'CCTGC CTGAAl\C;Acc c;TCACGACTT CGGTTTCCCG 

GTCTACGCAC; CATAGl\GGGG Cl-\l-\GAGG/\CG GACT'l'TCTGG Cl-\GTGCTGAA GCCAAAGGGC 

Q E F D G N 0 F Q K !1 Q l\ I v L I( 

1. 21 CAGG!\l\GAJ.\T TCG/\C(;GTAl-\ CCAGTTCCl\G l-\AJ-\GCTCAGG CTATCTCCGT TCTGCACGAA 

CTCCTTCTTA ACCTGCCATT GGTCAAC~GTC TTTCG/\GTCC Gl\TT1GAC::c;cl\ AGACGTCCTT 

M J Q Q '!' F N I. F S 1' K D S S A A W D R 

1 U l ATGf\TCCT-\GC /\(;/\CCT'J'CA/1 CC'l'GTTCTCC l\CC/\flAC;ACT CCTCCGCTGC TTGGCl\CGf'J\ 

TACT/l,(;(;Tcc; TCTc;cf\/~(:~TT (_O(;f\CA!-\G/\(;(; TG(j'J'T'J'CTGJ.\ GGl-1.Gc;ccAC::C l\ACCCTGCTT 

c .. I. F K y T y Q Q L N D L !'.: A C 

?·~ 1 TCCCTGC'l'GG f\!1!\l\1\'l''l'C'l'A Cf\CCC/\i\CTG T/\CCAGCAGC TGJl.J-\CCl-\CC:T GGAJ-\GCTTGC 

AGGGACGACC TTTTTl\AGl-\T GTGGCTTGl>C l-1TGGTCGTCG /.\CTTGCTGGA CCT'.l'CGAACG 

V l 0 E V G V I~ E T I' l, M N V D 8 I L A 

301 CTTl1TCCACC AAGTTGCTCT TCAACAAACC CCGCTGATGA l-\CGTTCl1CTC: CATCCTGGCT 

CAATACGTCC TTC/\J\CCl-\Cl\ ACTTCTTTCC cc;ccACTACT TCCAACT(;A(; GTACC;ACCGA 

V K K Y F Q R J T L Y L T E K K Y S P C 

J61 GTT/\!1/1.AA!\T /-\CTTCCACCC TATC/\CCCTC TACCTG/\CCC; AAAAAAAiJ,.TA CTCC:CCGTGC 

CAAT'l'TTTTA TC1"\AGC'J'CCC ATACTCC·JGAC: 1"\TGG!\CTGGC TTTT'l'TTTJ\T Gl\GGCGCl-\CG 

A W F V V r.; A F J M H 
,. 
··' 

,. ..• L S T N T_, Q 

4? "i GCTTCGGl\1\(; T'J'(;TTCGTC;c TG!\1\Tl'J'Cl\TC; CC'l'TCCTTCT C:CCTGTCC:f\.C CAAC:CTc;c11.c; 

CGAACC:CTTC AACAAC;C:ACC ACTTTAC-iTAC e:;CA!\GG/\AG/\ GGG/\Cl-\GGTG GTTGGJ.\CGTC 

H. H l< F (SE:O JD NO: l) 
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'1C1 GAAC(;'l'CTCC CTCGTAAAGA ATAA { ~JE:Q "ID NO: 2) 

CT'J'C;C/\(;/\CG Cl-\GCJ\TTTCT TJ\TT (~';l~Q JD NO: 3) 

j0025} Moreover, the circular dichroisn1 spcctrun1 (C~I)) or the present recon1binant 

interferon in ranges of 190-250n111 and 250~320n111 is significantly different fron1 the 

corresponding (~I) of JNFE:I{Gf~NQIJ v..1hcn dctcrn1incd under the san1c conditions (see 

page 3, lines 22~25, exan1p!e 3 and Figs. 6A~I) of the C:hinese Patent J>ublication No. 

CN1740197A, ). 

10026] In addition, the three-di1nensional structure of the present recon1binant 

interferon is also different fron1 the three-din1ensional structure of IFN-a2b published 

in the art (sec l~'ig. 12) and the threc-din1ensional structure of INFJ:RCJI:~N® based 

on con1putational n1odcling (sec J(()J{N, AP ct al., Journal of Interferon I{esearch 

1 994, 14: 1-9). 'fl1cre are ol)vious differences bet ween the Al~ loops of the two, a11d 

their 13(: !oops also cannot over!a1) con1p!etely (sec Fig. 14). 

10027/ Furthern1orc, after intran1uscular injection of the present rccon1binant 

interferon into subjects whose BMI ranged fron1 18 to 23, the tin1e of blood san1plc 

collection was plotted against the concentration or 2-SA oligonuclcotidase (also 

referred to as 2', 5'-()J\S) in the scrun1 of the sub.iccts. 'fhe chart generally shov..1s a 

tv..1o~pcak pattern, and the resulting area under the curve of this chart is signif'icantly 

greater than that of lNFE~l{C.Jl2NCitl after injection under the san1e conditions. 'rhe 

half-life period of this recon1binant interferon is longer than that of INFI:~J{CiI~NCI.Zl 

after injection into the body. 

10028] ·rhe expcrin1ental results have also confirn1ed that the present recon1binant 

interferon is nlore effective than any interJ'eron used clinically at present (including 

JNJ"if~l{(}E~N1fl). r:or exan1ple, for l-Il3V, the recon1binant interferon Ji·on1 this invention is 

capable of not only inhibiting DNA replication or I··Il3V, but also inhibiting secretion of both 

hepatitis 13 surface antigen (l·ll.isAg) and hepatitis 13 c antigen (I·Il3eAg). "fhc efliciency or 

inhibiting J)NA replication of l1epatitis 13 core antigen (J--ll3eAg) by this interferon is about 

twice that of INJ;'I~l{(}f~N1D. 'rhe in vitro pharn1acodynan1ics or the present recon1binant 

intcrfCron shows that it is capable of not only inhibiting the J)NA replication of I·ll3V, but also 

inhibiting secretion of both hepatitis 13 surf'acc antigen and hepatitis 13 c antigen. ·rhe 
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cytotoxicity or the present recon1binant interferon is only 1/8 that of the current 

clinically used interferons, but its antiviral activity is as n1uch as 5-20 tin1es greater; 

111eanwhile, the biological responses or the present recon1binant interl'eron 1s n1orc 

effective, n1ore broad-spectrun1 and longer lasting in the hun1an body. 

[0029) Furthcrn1ore, \.Yith respect to prevention of viral diseases or treatn1ent of 

tun1or, the present recon1binant interferon shov.,1s higher antiviral activity and less 

side eJ'f'ects con1pared with any other interferons (including INl~,r~I~ClI~NUti). For 

exan1p!e, this rccon1binant interferon possesses not only an antiviral activity 20 tin1cs 

as great as that of the interferons currently in clinical use, but also a n1ore effective 

anti-tun1or (such as breast cancer and cervical cancer) function con1pared with 

recon1binant hu111an interferon o. (including INI~I~l{CJI~NC!ll). It also shows greatly 

reduced toxic side effects and can be safely used in large dosages (each dose> 10 

n1il!ion llJ), niaking it possibleto treat viral diseases or tu111ors \Vhich require large 

dosages or interferon. 

10030] ·rhus, the present recon1binant interl'eron has a dill'erent spatial conJ'iguration, 

enhanced biologic activities and diil'erent pharn1acokinetics characteristics as 

con1parcd with INFI~I~CJI~Nati. 

f003JJ As used herein, the ter111s 'spatial configuration', 'spatial structure', 

'thrcc-din1ensional structure' and 'three-di111ensional configuration' can be used 

interchangeably. 

[0032) 'rherefore, in one en1bodin1ent, the present recon1binant interf'cron con1prises 

the an1ino acid sequence of SI~Q 11) NC): 1 and is encoded by the nucleotide sequence 

con1prising SE~Q II) NC): 2. l;'urther, the present recon1binant interferon has the an1ino 

acid sequence of SE~Q J[) NC): I, and is encoded by the nucleotide sequence of sr~Q 

If) NC): 2. Jn con1parison with interferons such as 1NF-I~J{CJE~N1{\ •0,1hich has the an1ino 

acid sequence o/' SF:Q JI) NC): 1 or the san1e an1ino acid sequence as the present 

recon1binant interferon, but is not encoded by the nucleotide sequence of SE~Q II) NC): 

2, , the present recon1binant intcrl'cron has a diJ'J'erent spatial conJ'iguration and/or 

enhanced biologic activities and/or different phar111acokinetics characteristics. For 

cxan1plc, the present rccon1binant interferon has a different spatial configuration and 

7 



enhanced biologic activities, different spatial configuration and different 

pharn1acokinetics characteristics, or enhanced biologic activities and different 

pharn1acokinetics characteristics. f.'urther, said different spatial configuration 

includes: the circular dichroisn1 spectrun1 (C'.1)) or the present recon1binant inter/'eron 

at 190-25011111 and/or 250-320 11111 is signif'icantly diJ'ferent fro111 the corresponding 

('.J) or INI~'E~r<GE~Ncff1 when deten11incd under the sa111c conditions. ·rhe enhanced 

biological activities include: enhanced antiviral activity, enhanced anti-tu111or activity, 

less side erfects and/or could be used in large dosages (e.g. each dose > 10 n1illion 

llJ). For cx<u11plc, said enhanced biological activities can be enhanced antiviral 

activity and enhanced anti-tun1or activity and the like. Furthcrn1ore, said tun1ors can 

be breast cancer and cervical cancer. 'rhe different pharn1acokinetics characteristics 

include: after intran1uscular injection of the recon1binant interferon in subjects whose 

l3Ml ranged frorn J 8 to 23, the tin1e of blood sainple collection was plotted against 

the concentration of 2-SA oligonucleotidase in the serun1 of the subjects, and the 

resulting area under the curve of this chart is significantly greater and/or the half-life 

of this recon1binant interferon in the body is longer than those of INFI:~I~(Jf~N® after 

injection under the san1e conditions 

10033] In another en1bodin1cnt, the present recon1binant interferon can be produced 

by the nlcthod con1prising the follovving steps: introducing a nucleotide sequence 

co111prising Sf~Q 11) NC): 2 that encodes the recon1binant interferon into an isolated host cell; 

culturing the host cell under appropriate condition for expression of the rccon1binant 

interferon; and harvesting the reeon1bi11ant interferon, wherein the recon1binant interferon has 

an an1ino acid sequence of Sl~Q lJ) NC): 1, and the recon1binant interferon inhibits secretion 

of hepatitis [~ surf~1ce antigen (I--II3sAg) and hepatitis l3 e antigen (1-J l.3cAg) of 1-Iepatitis B 

Virus. Further, said host cell is 1~·scherichia coli, such as 1~·scherichic1 cofi I_,GM 194. 

l7 urther, the nucleotide sequence co111prising sr~Q JI) NO: 2 is under the control of the 

pron1oter Jl8An· Further, the harvesting step con1prises extraction of the interferon f)·on1 the 

l'en11entation broth, collection or the inclusion bodies, denaturation and renaturation of tl1e 

harvested interJ'eron. Still further, the harvesting step also con1prises separation and 

purification of the rccon1binant interfCron (see the clain1s of lJ .S. Patent No. 7364 724 ). 

(,'rvstalli11e Jlecof11bi11a11t /11/t!rfero11 a11tl (:rpstal/izatio11 Met/tot/ Thereof' 

c:rysta!!inc recon1binant intcrfCron 
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(0034] ·rhis invention provides a crystalline recon1binant interferon. 

[0035} In one en1bodin1ent, this invention provides a crystalline recon1binant interferon 

con1prising the an1ino acid sequence of SE~Q JI) NC): 1. Further, this crystal belongs to the 

trigonal systcn1. In one en1bodin1ent, the space group of this crysta! is P3121. In son1e 

en1bodin1cnts, the unit cell paran1etcrs of' this crystal are a, .... , b ~~ 77.92 A, c = 125.935 A, a"""" 

fl = 90°, y = 120° , with a variability of at 111ost So/o in a!l cell paran1etcrs. In son1e 

en1bodin1ents, said crystal contains two niolecules in one asyn1111ctric unit. In son1e 

en1bodin1cnts, said crystal con1prises covalently or non-covalently bound n1etal ions. Further, 

said niental ions can be niagnesiu111 ion, zinc ion and the like, these 111etal ions can n1ediate 

the forn1ation of the interferon din1ers in the crystal. In sonic en1bodin1ents, said recon1binant 

interferon is encoded by the nucleotide sequence con1prising SIZQ JI) N(): 2. 

10036] In a still further en1bodi1nent, this invention provides a crystalline rccon1binant 

interferon con1prising the an1ino acid sequence of SE:Q JI) NC): 1, preferably the recon1binant 

interferon having the an1ino acid sequence of SI~Q fl) NC): 1, in \:vhich the space group of this 

crystal is P3 12 l, with two 111olecules in one asyn1111etric unit, and the unit cell paran1cters are 

a= b = 77.92 A, c "~ 125.935 A, (t = r:i = 90°, y = 120°, \:vith a variability of at n1ost 5% in all 

cell paran1cters. Further, such recon1binant interferon is encoded by the nucleotide sequence 

con1prising SF~Q JI) NC): 2, preferably encoded by the nucleotide sequence or SI:~Q ID 

NO: 2. 

£;;.n:.-'?JnJJgfJJion Method 

10037] crhis invention provides a 111etl1od for preparing or culturing the present crystalline 

recon1binant interferon. 

[0038) In one cn1bodin1ent, this invention provides a n1ethod for preparing or culturing the 

present crystalline recon1binant interferon, con1prising the steps of: concentrating the 

recon1binant interferon to about 3 - 3.5 n1g/n1l, and leaving it in the crystalli7ation solution 

containing J,i 2S()4, C.:APS (3-(cyclohexylan1ino)-l-propanesu!fonic acid) and MgC'.12 for an 

appropriate period of tin1e to obtain the crystal. Further, said 111cthod for culturing crystal is 

pcrforn1ed at roon1 tcn1pcrature such as 2931<.. Jn son1c en1bodin1ents, this crystal can be 

cultured by the hanging drop n1cthod or the sitting drop 111ethod, preferably the hanging drop 

nicthod (also relCrrcd to as hanging drop vapor diffusion n1cthod). In sonic cn1bodin1ents, 
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said crystallization solution contains about 1.0 - about l .5M l~i2S04, about 0.05 - about 

0.1 SM ('.APS (3-(cyclohcxylan1ino)-l-propanesu!JOnic acid) and about 0.01 - about 0.03 M 

Mg(~! 2 . In son1e ernbodin1ents, the pl I value of the crystallization solution is in the range of 

about 10.5 - about 12.0, preferably about 11.1. In son1c en1bodin1ents, said crystallization 

solution contains 1.2M l,i 2SC)4, 0.1 M (~AJ)S (3-(cyclohexy!an1ino )-1-propanesulfonic acid), 

pl--1 11.1, 0.02 M ivlg(~l 2 . ln son1e en1bodin1cnts, the n1cthod for culturing the crystal includes 

leaving the crystallization solution containing said recon1binant interferon to stand lOr about 1 

day to about 2 \\leeks, preferably about 2 days to about 10 days, n1orc preferably about 3 days 

to about 1 week, such as 3 days to I week. 

X-raF crFstal/ograpltic analvsis 

10039] I~ach or the constituent an1ino acids of interferon disclosed herein is defined by a set 

of structural coordinates (also known as "aton1ic coordinates"). CJ'he tcrn1 "structural 

coordinates" refers to ('.artesian coordinates derived fron1 n1athcn1atical equations related to 

the patterns obtained by the difl'raction of a 111onochron1atic bean1 of x-rays by the aton1s 

(scattering centers) of the present interferon in crystalline forn1. 'I'hc diffraction data arc tiscd 

to calculate an electron density n1ap or the repeating unit of the crystal. '!'he electron density 

n1aps arc then used to establish the positions of the individual aton1s of the intcrfCron protein 

or protein/ligand con1plcx. 

10040] Slight variations 111 structural coordinates can be generated by n1athen1atically 

nianiJ)Ulating the interferon or interferon/ligand structural coordinates. I;or cxan1ple, the 

structural coordinates disclosed herein could be n1anipulated by crystallogra1)hic pern1utation, 

fractionalization, addition or subtraction oftl1e entire set, inversion, or any con1bination of the 

above. Alternatively, n1odifications in the crystal structure due to n1utations, additions, 

substitutions, and/or deletions of arnino acids, or other changes in any or the con1poncnts that 

n1akc up the crystal, could also yield variations in structural coordinates. Such slight 

variations in the individual coordinates wi!! have little effect on the overall conflguration. If 

such variations arc within an acceptable standard error as con1pared to the original 

coordin;1tes, the resulting three-din1ensional shape is considered to be structurally equivalent. 

10041 J It should be noted that slight variations in individual structural coordinates of the 

interferon or the present invention arc not expected to significantly alter the nature of the 

entities such as ligands that could associate with the interlCron or portion thcreof(c.g. the Al_) 
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or the 13(: loop). As used herein, the "Ali loop" of the present recon1binant interlCron n1eans 

the an1ino acid residues 25-33 of the present recon1binant interferon having the an1ino acid 

sequence of SE~Q 11) NC): 1; nan1ely, the Ali loop has the an1ino acid sequence SJ>FSC~L,KJ)f{ 

as shown in S[~Q 11) NC): 4; and the "f!C: loop'' of the present rccon1binant interferon nleans 

the an1ino acid residues 44-52 of the present recon1binant intcrfCron having the an1ino acid 

sequence of Sl~Q JI) N(): I; nan1ely, the 13C: loop has the £u11ino acid sequence 

f)GNQI;QKAQ as shown in SE~Q II) N(): 5. In this context, the phrase "associated \Vith" 

rcfCrs to a condition of' proxin1ity bet\vecn a ligand, or portions thereof, and an interferon 

n1o!ecule or portions thereof. 'l'he association nlay be non-covalent, wherein the juxtaposition 

is energetically favored by hydrogen bonding, van der Waals forces, or electrostatic 

interactions, or it n1ay be covalent. 'I'hus, for exan1ple, a ligand that binds to the binding 

j)Ocket or region of an interferon would also be expected to bind to or interact with a 

structurally equivalent binding pocket or region. 

[0042] Jn this invention, any nlolecule or nlolccular con1plex, or any portion thereof-~ that 

has a root 111can square deviation of conserved residue backbone aton1s (e.g. N, (~ex, C, (), 

preferably Ca) of less than about 0.65 A, when superin1poscd on the relevant backbone 

aton1s described herein, is considered "structurally equivalent". 'rhat is to say, the crystal 

structures of those portions of the two nlo!ecules are substantial!y identical, within acceptable 

error. Particularly preferred structurally equivalent n1o!ecu!es or n1o!ecular con1plcxcs arc 

those that are defined by the entire set or structural coordinates disclosed herein :!: a root 

111ean square deviation fron1 the conserved backbone aton1s of those an1ino acids of less than 

about 0.65 A. More pref-Crably, the root 111ean square deviation is at n1ost about 0.5 A, and 

even n1orc prefCrably, at n1ost about 0.35 A. ()ther cn1bodin1ents of this invention include a 

n1olecular con1plex defined by the structural coordinates for the Al-3 or the 13C: loop disclosed 

herein :1 a root n1can square deviation of less than about 0.65 A, preferably at n1ost about 0.5 

A, and n1ore preferably at n1ost about 0.35 A. 

100431 crhe tern1 "root n1ean square deviation" n1eans the square root of the arithn1etic n1can 

of the squares of the deviations. It is a way to express the deviation or variation fi·on1 a trend 

or ob_iect. In one en1bodin1ent, the "root nlcan square deviation" defines the variation in the 

backbone of a protein /'ron1 the backbone of interferon or a portion thereof as delined by the 

structural coordinates described herein. 
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(0044] X~ray structural coordinates define a unique configuration of points in space. '}'hose 

skilled in the art v.,1ould understand that a set or structural coordinates for a protein or a 

protein/ligand con1plex, or a portion thereof, clerines a relative set of points that, in turn, 

defines a configuration in three din1cnsions. A sin1ilar or identical configuration can be 

defined by an entirely di!!Crcnt set of coordinates, provided that the distances and angles 

bet\veen coordinates ren1ain essentially the san1c. In addition, a scalable configuration of 

points can be defined by increasing or decreasing the distances between coordinates by a 

scalar factor vvhi!e keeping the angles essentially the san1c. 

[0045) Various con1putational analyses can be used to dctcrn1ine \:vhcther a n1o!ecu!e or a 

portion thereof' is "structurally equivalent", defined in tern1s of its three-din1cnsional structure, 

to the interferon disclosed 11erein, or part of it. F'or cxan1plc, con1parisons between different 

structures, different conforn1ations of the san1e structure, or different parts of the san1e 

structure can be n1ade by various con1putational analyses. In one en1bodin1ent, such analysis 

can be divided into four steps: ( 1) load the structures to be con1pared; (2) define the aton1 

equivalences in these structures; (3) pcrforn1 a fitting operation; and (4) analyze the results. 

T/1 ree-lfi111e11sional str11ct11re of Reco111bi11a11t /11ter(e1·011 (rSI FN-co) 

[0046] 'rhis invention provides the three-di111ensiona! structure of the present 

recon1binant interferon. 

100471 'fhis thrce-din1cnsional structure is different fron1 the thrce-din1cnsional 

structure of IJ?N-a2b published in the art (sec l.'ig. J 2) and the structure of the 

con1putational n1odcl ofINI;'I:~RC:JI~N(Jfl oflJ.S. An1gcn (sec l~'ig. 14), especially in the 

AI3 and BC loops. 

10048] In one cn1bodi111cnt, the thrce-di111ensional structure or said rccon1binant interferon 

contains the aton1ic coordinates of rccon1binant interferon as sho\Vl1 in table 7, said aton1ic 

coordinates optionally have a variability of root 111ean square deviation fron1 the conserved 

backbone aton1s, preferably C.~u. (also referred to as 'a carbon aton1'), of less than about 0.65 

A, prefCrablyor about 0.5 A, and n1orc preferably about 0.35 A. 

[0049J In one cn1bodin1cnt, in the abovc-n1cntioned thrcc-din1cnsional structure of the 
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recon1binant interferon, each n1onon1er or said recon1binant interferon is con1posed of 6 

segn1ents or <1-helix, a scgn1ent of 310 helix, and the connecting peptides between thcn1. crhe 

corresponding an1ino acid residue locations of said 6 segn1ents of the <t-helices are 13-20, 

50-68, 70-76, 79-100, 114-133, and 138-160; the corresponding ainino acid residue location 

of said segn1ent of 310 helix is 40-43. ·rhe folding of the n1onon1er structure belongs to the 

helical cytokinc type, having the fiJllowing characteristics: alter supcrin1position of the 

(:a-backbone of said recon1binant interferon and the C.:a-backbone or IF'N-u2b protein using 

!cast squares n1cthod, the location root-n1can-square deviation of C~o. in the 25-33 residues 

(Ali loop) or said reco1ribinant interferon and (~{l in the corresponding residues or Il~N-o.2b 

protein is 3.63A::t5%. 

10050) I>refcrably, the location root-n1can-square deviation of c:o: at residue 25 or said 

recon1binant interferon and ll~'N-(t2b protein is 3.291A±5o/o, the location root-n1ean-square 

deviation of C\x at residue 26 is 4.779A±5o/o; the location root-n1ean-square deviation of C:<i 

at residue 27 is 5.090A:.1:-So/i1; the location root-n1ean-square deviation of C:Ct in the 28 residue 

is 3.588A:t;5%; the location root-111ean-square deviation or C~a at residue 29 is 2.567A±5%, 

the location root-111ean-squarc deviation of" Cct at residue 30 is 2.437 A±S0/o; the location 

root-n1ean-square deviation of C\1 at residue 31 is 3.526A:!:5%; the location root-n1ean-squarc 

deviation of c:u at residue 32 is 4.820A:t:5%; and the location root-111ean-square deviation of 

Ca. at residue 33 is 2.756A:t:5o/i,. 

(0051} More prefCrably, the location root-n1ean-squarc deviation of C:c1 at residues 44-52 

(l3C: loop) of said recon1binant interferon and C~<t in the co1Tespondi11g residues of II;N-a2b 

protein is 2.90A±5%. Wherein, the location root-n1ean-square deviation of c:a. at residue 44 

of both said recon1binant interferon and ll"'N-c12b protein is l.614A:!:5<.Yo; the location 

root-n1ean-squarc deviation ofC~ct at residue 45 isl .383A±5%; the location root-n1ean-square 

deviation ofC2<x at residue 46is 2.7J5A:.1:5<Yo; the location root-111ean-square deviation of'C:<x at 

residue 47 is 2.709A:i:5(Yo; the location root-n1can-square deviation of (~<t at residue 48 is 

5.018A±5%; the location root-n1can-squarc deviation ofC:o. at residue 49 is 4.140A:t-5%; the 

location root-111can-square deviation of (~'a at residue 50 is 3.809A±5% ; the location 

root-n1ean-square deviation of' C\1 at residue 51 is 2.970A:1:.5CXi; and the location 

root-n1can-square deviation of' ('.(x at residue 52 is 0.881A:t:5°/o. 'rhe "location 

root~n1ean-squarc deviation" listed above arc all root-n1ean-square deviations of the 

coordinate positions. 
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/0052] In another aspect, this invention provides a selected portion of the thrcc-din1cnsional 

structure of the present recon1binant interfCron, which contains aton1ic coordinates or one or 

111ore an1ino acid residues fron1 an1ino acid residues 25-33 and/or 45-52 in table 7. In son1e 

cn1bodin1cnts, the "one or n1ore an1ino acid residues" described herein include 1, 2, 3, 4, 5, 6, 

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 an1ino acid residues. In son1e en1bodin1cnts, the 

''selected portion of said three-din1cnsional structure" contains the aton1ic coordinates of the 

an1ino acid residues 25-33 and/or 44-52 in table 7. In son1e en1bodin1ents, the "selected 

portion of the three-din1ensional structure" contains the aton1ic coordinates of at least 5, 6, 7, 

8,9, 10, JI, 12, D, 14, 15, 16, 17, 18, 19,20,21,22,23,24,25,26,27,28,29,30,31,32,33, 

34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 

59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 

84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 an1ino acid residues in table 

7. In sonic e1nbodin1cnts, said aton1ic coordinates have a variability of root n1ean square 

deviation fron1 the co11served backbone aton1s (preICrably ('.u) or less than about 0.65 A, 

prefCrably about 0.5 A, and n1orc preferably about 0.35 A. 

[00531 Jn another aspect, this invention provides the protein spatial structure n1odc! 

con1prising the three¥din1cnsional structure of the present recon1binant interferon. In one 

cn1bodin1ent, said protein spatial structure n1odcl could be an electron density n1ap, a 

wire-frarne niodel, a chicken-wire niodel, a space¥filling n1odel, a stick-111odel, a ribbon 

n1odc! and a n1olccular surfic1cc n1odcl and the like. 

100541 Jn sti!! another aspect, the present invention provides a scalable thrce-din1ensiona! 

configuration of points, wherein at least a portion of said points arc derived frorn the 

structural coordinates disclosed herein, or fron1 peptides con1prising the AI3 loop or the I3C 

loop or the present recon1binant interferon. In one en1bodirnent, the scalable 

three-din1ensional configuration of points is displayed as a holographic in1agc, a stereo 

diagran1, a n1odcl, or a con1puter-displayed in1age. 

111e /t/JtJ/icatio11 of Three-Di111e11sio11a/ .. )tr11ct11re 

_S,.i;:.i:cc JJ.i n g/ 9.Q.;?jgJ.1i!1R.ca11d.Will.\:: .. subs ta.ng.Q .. !l1gJ_g_QJ!l.s.Li!10r~t~.L.Y.Y.i01_LQ.f52.!lJ.biD_<.!DJ_i11Lc rfCLQ11 

10055] In one aspect, this invention provides a n1ethod for screening/designing candidate 
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con1pounds that could interact vvith the present rceon1binant interfCron. l;'urther, said n1ethod 

utilizes the three~din1cnsiona! structure of the present recon1binant interferon. Still further, 

said n1cthod is based on a con1puter. Jn one en1bodin1ent, this invention provides a 

con1putcr~bascd n1ethod for identifying candidate con1pounds that could interact with 

recon1binant interferon, said nicthod con1priscs the steps of: (a) providing a thrccHdin1cnsional 

structure con1prising the aton1ic coordinates of the recon1binant interJCron as shown in table 7, 

said aton1ic coordinates optionally have a variability of root n1ean square deviation fron1 the 

conserved backbone aton1s (preferably C~o~.) of less than about 0.65 A, pref'erably about 0.5 A, 

and n1ore preiCrably about 0.35 A; and (h) selecting a candidate con1pound that con1priscs 

structural features capable of interacting with said three-din1ensional structure or selected 

portion thereof~ thereby identifying a candidate cornpound that could interact with said 

recon1binant interferon. In sonic en1boclin1cnts, said structural fCaturcs arc selected fron1 the 

group consisting of antigenic sites, hydrophilic properties, surface accessibility, and structural 

n1otifs. In son1e en1bodin1cnts, the selection and identification of candidate con1pounds in step 

(b) con1prises: (i) generating three-din1ensional structures for a plurality of candidate 

con1pounds; and (ii) fitting each of the three-din1cnsional structures of step (i) against the 

threc-din1ensional structure of step (a) or selected portion thereof to find the n1ost 

energetically ravorable interaction, thereby identil'ying a candidate con1pound that could 

interact vvith the recon1binant interferon. In son1e en1bodin1ents, said inethod further 

con1priscs the steps of': (c) obtaining or synthesizing the candidate con1pound; and (d) 

contacting the candidate con1pound with said recon1binant interferon to detern1ine the ability 

or the candidate con1pound to interact with said rccon1binant interferon. Further, the step or 

detern1ining the ability of the candidate con1pound to interact with said recon1binant 

interferon n1ay J'urther con1prise n1easuring the activity of said recon1binant intcrl'eron \Vhen 

contacted with the candidate con1pound. Interferon activities to be n1casured include, for 

cxan1p!e, antivirus activity, anti-tun1or activity, anti-prolii'eration activity, natural killer eel! 

activation, and irnn1unon1odulatory activity. In sonic en1bodin1ents, said candidate con1pound 

is a ligand bound to said rccon1binant intcriCron or selected portion thereof. For exan1plc, said 

!igand is selected Jl.\)111 the group consisting of receptor, n1odificr, agonist and antagonist, said 

receptor could be IF'NAI{ 1, Ir'NAJ{2 or their con1p!cx, and said selected portion con1prises 

one or n1ore an1ino acid residues fron1 the an1ino acid residues 25-33 (Al3 loop) and/or 45-52 

(f3(~ loop) or said recon1binant intcrlCron. l~'urther, said selected portion con1prises the an1ino 

acid residues 25-33 and/or 44-52 of said rccon1binant intcrlCron. 
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[0056} In another aspect, the present invention provides a n1ethod fl.Jr detern1ining potential 

ligands that bind to the present recon1binant interferon. In one c1nbodin1cnt, the 111ethod 

includes exposing 8 crystal disclosed herein to one or n1orc san1ples con1prising potential 

ligands, and deterrnining whether a ligand-interf'Cron n1olecular con1plex is forn1ed. 

!0057] In another as1)cet, the present invention provides a n1ethod for acquiring structural 

inf(Jrn1ation to design potential ligands that can f{Jrn1 n1olecu!ar con1plexes \Vi th interlCron. In 

one en1boclin1ent, the n1ethod includes exposing a crystal disclosed herein to one or n1ore 

san1ples con1prising potential ligands, and dctcrn1ining whether a ligand-interJ'eron n1olecular 

con1plex is forn1ed. 

10058] In another aspect, the present invention provides a con1puter-assisted n1ethod for 

detern1ining, designing, or n1aking potential n1odifiers of interferon activity. In one 

cn1bodin1cnt, the n1cthod includes screening a library of chen1ical or biological entities. 

10059] 'fhose skilled in the art can utilize crystallography to screen and identify che111ical or 

biological entities that 111ay bcco111e ligands of an interfCron (see e.g. in LJ.S. I)atent No. 

6,297,021 ). l,'or exan1ple, a preferred n1ethod n1ay include obtaining a crystal of unliganded 

interf-Cron; exposing the unliganded interferon to one or n1orc test san1ples that contain 

potential ligands of the interf-Cron; and dctern1ining whether a !igand-i11terfCron n1olecular 

con1plex is f()r111ed. '!'he interferon 111ay be exposed to potential ligands by various n1ethods 

including, but not litnited to, soaking an interferon crystal in a solution of one or n1ore 

potential ligands or co-crystallizing interferon in the presence of one or n1ore potential 

ligands. 

10060) Structural infOrn1ation fron1 said ligand-interferon con1plexes n1ay preJCrably be used 

to design ne\V ligands that bind tighter and n1ore specifically, have desired SJ)Ccial biological 

activities, have better safety profiles or con1binations thereof than known ligands .. For 

exan1ple, the calculated electron density n1ap directly reveals the binding event, identifies the 

bound chen1ical or biological entities, and provides a detailed three-din1ensional structure of 

the ligand-intcrf'cron con1plcx. ()nee a hit is found, a series of analogs or derivatives of the hit 

n1ay be screened f()r tighter binding or desired biological activity by traditional screening 

n1cthods. ()ptiona!!y, the !igand-interJCron co111plex n1ay be iteratively exposed to additional 
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potential ligands so that two or n1orc hits n1ay prclCrably be linked together to identify or 

design a n1ore potent ligand. 

()btaining structurally hon1ologous n1olecules/ J).esigning interferon n1in1etif.~ 

(0061 J 'The structural coordinates disclosed herein can be used to aid in obtaining structural 

in1()rn1ation about another crystallized n1olecu!e or 111o!ccu!ar con1plcx. 'J'hc niethod of' this 

invention al!ov·,rs dctcrn1ination of at least a portion of the thrcc-din1ensional structure of 

n1olcculcs or n1olccular con1plexes which contain one or n1orc structural features that are 

sin1ilar to the structural features of the interlCron disclosed herein. ·rhese n1olecules are 

referred to herein as "structurally hon1ologous". Sin1ilar structural features can include, JOr 

cxan1ple, regions of an1ino acid identity, conserved active site or binding site n1otifs and 

si1nilarly arranged secondary structl1ral elen1ents (e.g., ex helices and [1 sheets). In another 

en1bodin1ent, structural hon1ology is detertnined by aligning the residues of two a1nino acid 

sequences to optin1ize the nun1ber of identical an1ino acids along the lengths of their 

sequences; gaps in either or both sequences arc pern1ittcd in n1aking the alignn1ent in order to 

optin1ize the nun1ber of identical an1ino acids; however, the an1ino acids in each seque11ce 

n1ust ren1ain in their proper order. I)refcrably, a structurally hon1ologous niolccule is a protein 

that has an an1ino acid sequence sharing at least 65~i identity with Sf:.:Q IIJ NC): 1. More 

preferably, a protein that is structurally hon1ologous to the inter!Cron of the present invention 

includes a contiguous stretch of at least 50 an1ino acids that shares at least 80% an1ino acid 

sequence identity with the analogous portion or SE~Q JI) NC):J. Methods f()r generating 

structural inforn1ation about the structurally hon1ologous 111olccu!c or n1olccular con1plcx arc 

well-known in the art. 

(0062) T'he structural coordinates disclosed herein are also useful for solving the 

crystallographic structures of related interfCrons, interfCron 111utants or interferon hon1o!ogs 

con1plexed \Vith a variety of ligands. 'fhis approach enables the dctern1ination of the optin1al 

sites for interaction between a ligand and an inter/-Cron, e.g. between candidate interferon 

111odifiers and interfCron. Potential sites for n1oclification v,1ithin the various binding sites or 

the n1olccules can also be identified. rrhis inforn1ation provides an additional tool for 

detcrn1ining the n1ost efficient binding interactions, for exan1p!e, increased hydrophobic 

interactions between an interferon and a ligand. 
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[0063} In one en1bodin1ent, the present invention also provides a con1puter-based n1ethod 

ror designing a n1in1etic of the recon1binant interJCron, con1prising the steps of: (a) generating 

three-din1cnsional structures for a plurality of niin1etics; and (b) fitting each of the 

three-din1cnsiona! structures of step (a) against the thrcc-din1cnsional structure con1prising 

the aton1ic coordinates of the rccon1binant interferon as shown in table 7 or selected portion 

thcreorto find the best fitted n1in1ctic of said rccon1binant interfCron, said aton1ic coordinates 

optionally have a variability of root niean square deviation fron1 the conserved backbone 

aton1s (prc/Crab!y (:lx) of !css than about 0.65 A, prcfCrab!y about 0.5 A, and niore preferably 

about 0.35 A. 

Rational drug design 

[00641 c:on1putational techniques can be used to screen, identify, select and/or design 

chen1icai entities or ligands ca1)able of associating with interferons or structurally 

hon10Jogous 111olecules. J(nowledgc of the structural coordinates of the interferon disclosed 

herein pcrn1its the design and/or identification of synthetic con1pounds and/or other 

n1olecu!es which have a shape con11)len1entary to the conforn1ation of the interferon disclosed 

herein. In particular, con1putational techniques can be used to identify or design chen1ical 

entities or ligands, such as receptors, n1odifiers, agonists and antagonists, that associate \Vith 

the intcrfCron or a portion thereof(e.g. the Al3 or the F3C~ loop). l)otentia! 111odifiers n1ay bind 

to or interl'crc with a!! or a portion of an active site of interferon, and can be con1petitive, 

non-con1pctitivc, or uncon1petitivc inhibitors; or intcrfCrc with din1erization by binding at the 

intcrf'ace between the two n1onon1ers. ()nee identified or screened for biological activity, 

these inhibitors/agonists/antagonists 111ay be used therapeutically or prophylactically to block 

or enhance interferon activity. Structure-activity data J'or analogues of ligands that bind to or 

interfere with interf-Cron can a!so be obtained con1putationally. 

(0065] ·rhe tcrn1 "chen1ical entity", as used herein, refers to chen1ical con1pounds, 

con1plexes of two or n1ore chen1ica! con1pounds, and J'ragn1ents or such con1pounds or 

con1plexes. C:l1en1ical entities that are dctern1ined to associate with the interferon of the 

present invention arc potential drug candidates. A graphical threc-din1cnsiona! representation 

of the structure of the present interferon or a structurally hon1ologous n1olccule, as identified 

herein, or portions thereof 111ay thus be advantageously used for drug discovery. '!'he 

structural coordinates or the chen1ical entity arc used to generate a threc-din1ensional in1agc 
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that can be con1putationally fitted to the three-clin1cnsional in1age of an interferon or a 

structurally hon1o!ogous n1olecu!e by one of n1any con1putation 111cthods and techniques 

available in the art. 

!0066] ()ne en1bodin1ent of the 111ethod of drug design involves evaluating the potential 

association of a known chen1ica! entity or ligand 1.vith the interferon or a structurally 

hon1ologous 111olcculc. crhe 111ethod of drug design thus includes con1putationally evaluating 

the potential of a selected chen1ical entity or !igand to associate with any of the 1110\ecules or 

111olecu!ar con1p!cxes set l()rlh herein. In another en1bodin1ent, the n1ethod of drug design 

involves con1puter-assisted design of chen1ica! entities or ligands that associate with the 

present interf'eron, its hon1ologs, or portions thereof. C.hen1ical entities or ligands can be 

designed in a stepwise fashion, one fragn1ent at a ti111e, or 111ay be designed as a V11l1ole or "cle 

novo". 

(00671 'l'hlts, i11 one en1bodin1ent, the present invention provides a con11)uter-based 111ethod 

of rational drug design, con1prising the steps of: (a) providing the thrcc-di111cnsiona! structure 

con1prising aton1ic coordinates of the reco111binant interferon as shown in tab!e 7, said aton1ie 

coordinates optionally have a variability of root n1ean square deviation fron1 the conserved 

backbone aton1s (preferably c:rl) of less than about 0.65 A, preferably about 0.5 A, and rnore 

prefCrably about 0.35 A; (b) providing a plurality of n1olccular fragn1ents, and generating 

three-din1ensional structures thereof; (c) fitting each or the three-din1ensiona! structures of 

step (b) against the thrce-din1ensional structure of step (a) or selected portion thereof; and (d) 

assen1bling the selected n1olecu!ar fragn1cnts into a n1olcculc to forn1 a candidate drug. In one 

en1bodin1ent, said 1nethod 111ay further co111prise the steps of: (c) obtaining or synthesizing the 

candidate drug; and (f) contacting the candidate drug V11ith said recon1binant interferon to 

detern1ine the ability of the candidate drug to interact with said recon1binant interferon. 

{00681 In son1e cn1bodin1ents of this invention, the selected porlion of said 

thrcc-din1ensional structure con1prises the aton1ic coordinates of one or 111ore an1ino acid 

residues fron1 a111ino acid residues 25-33 (an1ino acid sequence as shown in SE~Q JI) NC): 4) 

and/or 45-52 (an1ino acid sequence as shoV11n in Sf'.Q II) NC): 5) in table 7. F\1rther, the 

selected portion of said thrcc-din1cnsiona! structure con1priscs the aton1ic coordinates of the 

an1ino acid residues 25-33 (an1ino acid sequence as shown in SJ:'.Q JI) NC): 4) and/or 45-52 
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(an1ino acid sequence as shown in Sl?-Q II) N(): 5) in table 7, said aton1ic coordinates 

optionally have a variability of root 111can square deviation 1!:0111 the conserved backbone 

aton1s (preferably c:o'..) of' less than about 0.65 A, prel'erably about 0.5 A, and niore preferably 

about 0.35 A. 

! lon1ology n1odcling 

10069] In one aspect, using hon1ology 111odcling, a con1putcr n1odc! or an interferon 

hon1olog can be built or refined without crystallizing the hon1olog. First, a prelin1inary nlode! 

of an interferon hon1otog is created by sequence alignn1ent, secondary structure prediction, 

screening of structural libraries, or any con1bination or these techniques. Con1putational 

software n1ay be used to carry out t11e sequence alignn1cnts and secondary structure 

predictions. Structural incoherencics, e.g., struct11ral fragn1ents around insertions and 

deletions, can be n1odcled by screening a structural library for peptides of the desired length 

and suitable conforn1ation. If the intcrlCron hon1olog has been crystallized, the final 

hon1ology n1odcl can be used to solve the crystal structure of the hon1olog by techniques 

known in the art. Next, the prelin1inary tnodel is subjected to energy n1inin1ization to yield <.111 

energy n1inin1ized n1odel. 'fhe energy 111inin1ized n1odel n1ay contain regions where 

stereochen1ical restraints are violated; in such cases, these regions are ren1odelcd to obtain a 

final hon1ology n1odel using one of n1any techniques knov·.rn in the art. 

10070] In another aspect, the present invention provides a n1cthod for obtaining structural 

inforn1ation about a 1110\ccule or a n1olecular con1p!ex of unknown structure. 111 one 

c111bodin1cnt, the 111cthod includes crystallizing the n1oleculc or niolecular co1nplex; 

generating an x-ray diffraction pattern fron1 the crystallized n1olecu!c or n1olecular con1plex; 

and applying the x-ray diffraction pattern to at least a portion of the structural coordinates of 

the interferon disclosed herein to generate a three-din1ensional electron density n1ap or at 

least a portion of said niolecule or 111olecular con1plex of unknown structure. 

10071 J In another aspect, the present invention provides a n1cthod l'or n1odeling an 

intcrfCron hon1olog. In one cn1bodin1cnt, the n1cthod includes aligning the an1ino acid 

sequence or a j)Utative intcrlCron hon1olog with the an1ino acid sequence of the present 

interfCron and incorporating the sequence of the putative hon1olog into a 111odel or interferon 

forn1cd fron1 the structural coordinates disclosed herein to yield a prclin1inary n1odcl or 
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interferon hon1olog; subjecting the prelin1inary n1odel to energy n1inin1ization to yield an 

energy n1inin1ized 111ode!; and rcn1odeling regions of the energy n1ini111izcd n1odel where 

stereochen1icnl restraints are violated to yield a Jina! n1odel of the interferon hon1olog. 

/11terfero11 111i111etics 

10072] 'I'he present invention provides intcrfCron n1in1etics. 

!0073] In one aspect the present invention provides a peptide con1prising a sequence as 

disclosed herein, or a derivative, active portion, analogue, variant or n1in1etic, and uses 

thereof. 'fhus, in one en1bodin1cnt, the present invention provides a n1in1etic of the interf'eron 

which con1prises the an1ino acid sequence as shown in St~Q II) N(): 4 and/or Sl:Q 11) NC): 5. 

In one en1bodin1ent, after superin1position of the Ca-backbone of the three-din1ensional 

structure of said recon1binant interferon and the (:a-backbone of the three-din1ensional 

structure of 1F'N-a..2b protein using !cast squares n1ethod, the location root-111ean-square 

deviation of (~a.. at residues 25-33 of said recon1binant interferon and Ca in the corresponding 

residues of II;'N-a2b protein is 3.63A:l:5o/ti. In son1e en1hodin1ents, in coinparison with the 

corresponding residues of !FN-a2b, the deviations of a carbons of residues 25-33 of said 

recon1binant interferon are 3.291A:J:5o/t1, 4.779A±5%, 5.090A:t:5<Xl, 3.588A:L5(X>, 2.567AJ:5%, 

2 .. 437A:J:So/t,, 3.526A±,So/o, 4.820A:l:5°/o and 2.756A±5<Yo respectively. In son1e en1bodin1ents, 

after supcrin1position of the (~(r-backbone of the threc-din1cnsional structure of said 

rccon1binant interferon and the (~ct-backbone of the three-din1ensional structure of Il~'N-o.2b 

protein using least squares 111ethod, the location root-n1can-square deviation of Co. at residues 

44-52 of said rccon1binant interferon and (~o .. in tl1e corresponding residues of Il~'N-a2b 

protein is 2.90A~t5°!ti. In son1e e111bodin1ents, in co111parison with the corresponding residues 

of Il~'N-cr2b, the deviations of ex carbons or residues 44-52 of said recon1binant interferon are 

l .614A:t5o/o, l .38JAJ:5%, 2.7J5A:J:5%, 2.709A±5%, 5.018;\:1::5(XJ, 4.140A:t~5o/tl, J.809A:J:So/ti, 

2.970A:.1:5tXl, and 0.88\A:1:5% respectively. Jn son1e en1bodin1cnts, the nlin1etic is a functional 

n1in1ctic or a structural n1in1etic. In son1e en1bodin1ents, the n1in1ctic is a n1in1etic of the 

present rccon1binant interferon (rSll:N-co). l~'urther, the n1in1ctics do not con1pr1sc 

INI~l:I{C}I~NOD. In son1e en1bodin1ents, the thrce~din1ensional structure or said interf'eron 

n1in1etic is sin1ilar to that or the present rccon1binant intcrf-Cron (rSll~'N-co). In particular, both 

three-dirnensiona! structures can be the san1e or essentially the sa111c at the AI3 and 13(: loops. 

l;'urthcr, the three-din1ensional structure of said interferon 111in1ctic con1prises the aton1ic 
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coordinates of an1ino acid residues 25-33 (Al~ loop) and/or 44-52 (l~C: loop) in table 7, said 

aton1ic coordinates optionally have a variability of root 111ean square deviation fron1 the 

conserved backbone aton1s, prererab!y (~ex., of less than about 0.65 A, preferably about 0.5 A, 

nnd n1ore preferably about 0.35 A. 

10074] 'fhe present invention con1priscs variant peptides in which individual an1ino acids 

can be replaced by other closely related an1ino acids as is understood in the arl. r:or exan1p!e, 

individual an1ino acid n1ay be replaced as follov,rs: any hydrophobic aliphatic an1ino acid n1ay 

be replaced by any other hydrophobic aliphatic a111ino acids; any hydrophobic aron1atic 

an1ino acid n1ay be replaced by any other hydrophobic aron1atic an1ino acids; any neutral 

arnino acid with a polar side chain n1ay be replaced by any other neutral an1ino acids with a 

])Olar side chain; an acidic an1ino acid n1ay be replaced by any other acidic an1ino acids; and a 

basic an1ino acid n1ay be replaced by any other basic an1ino acids. As used herein, 

"111in1etic", "functional/structural 111i111ctic" relate to peptide variants or organic con1pounds 

havi11g the san1e functional/structural activity as the polypeptide disclosed herein. Iixan1ples 

or such n1in1etic or analogues i11clude chen1ical con1pounds or peptides which are 111odeled to 

rese1nble tl1e three-din1ensional structure of the interl'eron disclosed herein (the 

three-din1ensional structure con1prise the aton1ic coordinates of recon1binant interferon as 

shown in table 7), particularly con1pounds and peptides having the above arrange1nent of 

tu11ino acid residues. T'hus, as used herein, "n1in1etic or the present recon1binant interfCron" 

rel'ers to a peptide variant or organic con1pound which has the san1e 

/'unction/structure-activity as the present recon1binant interrcron (rSJFN-co), especially those 

having the san1e AI3 !oop and/or I3C' loop spatial structure as the present recornbinant 

interferon, but is not the present recon1binant interJCron When the "n1in1etic" is a peptide 

variant, the length of its an1ino acid sequence is generally sin1i!ar to that of the present 

recon1binant interferon. I~or exan1ple, said an1ino acid sequence of the n1in1ctic can con1prisc 

about 120-200 an1ino acid residues, pre/'crably about 140-180 an1ino acid residues, n1ore 

prefCrably about 150-175 an1ino acid residues, still n1orc preferably about 160-170 an1ino 

acid residues; for exan1ple, about 164, 165, 166 or 167 an1ino acid residues. Alternatively, 

such a "n1in1ctic" can be a peptide variant having a shorter an1ino acid sequence than the 

])resent recon1binant interJ-Cron but con1prising the AI3 loop and/or [~(~ loop. I;'or exan1p\e, it 

can con1prise about l 0-100 an1ino acid residues, pre/'crab!y about 15-80 an1ino acid residues. 

22 



100751 Suitable nlin1etics or analogues can be generated by n1odcling techniques generally 

knO\Vll in the art. 'fhiS includes the design OJ' "n1in1etics" Which involves the Study of the 

functional interactions and the design of con1pounds which contain functional groups 

arranged in such a n1anner that they could reproduce those interactions. 

100761 '\'he design or n1in1ctics of con1pounds with knovvn pharn1aceutical activity is a 

known approach based on lead con1pounds for drug developn1ent .. T'his 111ight be desirable 

\vhcrc the active con1pound is difficult or expensive to synthesize or where it is unsuitable for 

con1n1on n1ethods of adn1inistration; e.g. polypeptides are not well suited as active agents for 

oral con1positions as they tend to be quickly degraded by proteases in the alin1entary canal. 

Mirnetic design, synthesis and testing n1ay be used to avoid randon1ly screening a large 

nun1ber ofn1oleeules for a target properly. 

!0077] 'fhcre arc several steps con1n1only taken in the design of a n1in1etic fron1 a 

con1pound/peptidc having a given target property. l~irstly, detern1inc the particular parts of the 

con1pound/peptide that are critical and/or in1portant in dcterrnining the target property. In the 

case of a peptide, this can be done by systen1atically varying the an1ino acid residues in the 

peptide, e.g. by replacing each residue in turn. ·rhese parts or residues constituting the active 

region of the con1pound are kno\vn as its "pharn1acophorc". 

J0078} ()nee the pharn1acophore has been identified, its structure can be n1odcled according 

to its physical properties, e.g. stereochen1istry, bonding, size and/or charge, using data fron1 a 

range of' sources, e.g. spectroscopic techniques, X-ray diffraction and NMI{ data. 

C'.0111putational analysis, sin1ilarity n1ap1)ing (which n1odels the charge and/or volun1e of a 

pharn1acophore, rather than the bonding between ato1ns) and other techniques can be used in 

this 111ode!ing process. In a variant or this approach, the thrce-din1ensional structures of the 

ligand and its binding partner arc n1odcled. 'rhis can be especially useful \vhcrc the ligand 

and/or binding partner change conforn1ation on binding, allowing further consideration of the 

111odcl vvhilc designing the n1in1ctic. 

10079] Allcrwards, select a tcn1plate n10Jecu!e onto which chen1ical groups that n1in1ic the 

pharn1acophore can be grafted. 'l'he ten1platc n1o!ecule and the chen1ica! groups to be grafted 

can be conveniently selected so that the 111in1etic, besides n1aintaining the biological activities 

of the lead con1pound, wou!d be easy to synthesize, likely be pharn1acologically acceptable, 
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and not degrade in vivo. 'rhc n1in1ctics found by this approach can then be screened to sec 

whether they have the target property, or to what extent they exhibit it. i:urther optin1ization 

or 111odification can then be carried out to arrive at one or n1ore final n1in1etics for in vivo or 

clinical testing. 

[00801 In another aspect, the present invention provides an unliganded n1olccule including 

at least a portion of the interferon disclosed herein, e.g. the unligandcd n1olccule n1ay 

con1prise SI:.:Q II) N():4 or SF:Q 11) NC):5 (the sequence of the Al3 loop and the 13(~ loop 

respectively of the interlCron described herein). Further, the unliganded n1olecule has 

sequence as shown in SJ~Q II) NC):4 or SI:Q Jl) NC):5. 

Co111positio11 a11d T/1erape11tic A1Jp/icatio11 

J0081] 'I'he present invention provides a con1position con1prising a crystalline forn1 of the 

present recon1binant interferon or a niin1etic of the present recon1binant interfCron. In one 

ernbodin1ent, the con1position is a pharn1aceutical con1position. In one en1bodin1ent, said 

pharn1aceutical con1position further con1priscs a pharn1accutica!ly acceptable carrier. 

100821 Whether it is a polypeptide, untibody, peptide, nucleic acid n1olecule, sn1all n1o!ccule, 

n1in1etic or other pharn1aceutica!!y useful con1pounds according to the present invention that 

is to be adn1inistcred to an individual, the prclCrred dosage is a "prophylactically ef1Cctive 

an1ount" or a "therapeutically effective an1ount" (although prophylaxis n1ay be considered a 

therapy), this dosage being su/1icicnt to provide its beneficial ellects to the individual. 'l'he 

actual an1ount, il·equcncy and tin1e-coursc of adininistration V·iill depend on the nature and 

severity of the disease being treated. Prescription oftreatn1cnt, e.g. decisions on dosage etc., 

is within the responsibility of n1edical doctors and other nicdical workers. J)cpcnding on the 

circun1stances, t)harn1aceutical con1positions n1ay be adn1inistcred alone or in con1binations. 

[0083] I}harn1aceutical con1positions according to the present invention, and those for use 

vvith the present invention, n1ay include, in addition to the active ingredient, a 

pharn1aceutically acceptable excipient, carrier, bullCr, stabilizer or other n1aterials well 

known to those skilled in the art. Such n1aterials should be non~toxic and should not interfere 

with the efficacy or the active ingredient. ·rhe exact nature of the carrier or other n1aterials 

\Vill depend on the route of adn1inistration, which n1ay be oral or by injection, e.g. cutaneous, 
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subcutaneous or intravenous. E~xarnp!es or techniques and protocols n1cntioncd above can 

be found in H .. cn1ington's Pharn1accutical Sciences, 16th edition, ()sol, A. (ed.), 1980. 

100841 Jn son1c cn1bodin1cnts, said pharn1accutical co111posilion can be forn1ulated into the 

following dosage forn1s, including: tablets, capsules, ora! liquids, patches, injections, sprays, 

suppositories, and solution preparations. 'J'he recon1n1endcd dosage rorn1 is injection, such as 

subcutaneous or intravenous injection, and the carrier in the pharn1aceutica! con1position n1ay 

be any acceptable drug carrier, including binders, disintegrating agents, lubricants, fillers, 

so!ubilizers, hullers, preservatives, thickeners, chelating agents and other adjuvants. 

(0085] ()n the basis of the dill'erent purposes of this invention," pharn1aceutically acceptable 

carriers" n1ay be any of the standard pharn1aceutical carriers. J7or exan1plc, known apprO])riate 

carriers include, but arc not lin1itcd to, phosphate buffered saline and various wetting agents. 

()thcr carriers n1ay i"nclude additives used for tablets, granules, and capsules. 'fypical carriers 

often contain: starch, cn1ulsion, sugar, cellulose, certain types of clay, gelatin, stearic acid and 

its salts such as n1agnesiun1 stearate or calciun1 stearate, talc, plant oils, gun1s, glycol or other 

knovvn cxcipients. Such carriers n1ay also include flavorings and color additives or other 

ingredients. 'fhe con1position of' these carriers can be forn1ulatcd using knovvn 111ethods. 

[0086] Furthern1ore, since the n1in1ctics of the present rccon1binant interferon have the A13 

loop and/or l3C loop structures (such as the ahovc specific Al3 loop and/or I-'~(,'. loop space 

structures) of the present recon1binant interferon, they are expected to be capable of treating 

viral diseases and/or tun1or sin1ilar to the present recon1binant interferon. 

10087} T'herefore, in another aspect, the present invention provides a use of the crystal of the 

present recon1binant interferon, an interJ'eron 111in1etic or a con1position con1prising said 

crystal or 111in1etic f()r the preparation or n1edican1ent ror treating viral diseases and/or 

tun1ors. 

f0088J In another aspect, the present invention provides a niethod fOr the treatn1ent of vira! 

diseases and/or tun1ors, said n1ethod con1priscs adn1inistcring to a subject an effective an1ount 

of the crystal of the present recon1binant interfCron, an inter/Cron n1in1etic or a con1position 

con1prising said crystal or rnin1etic. 
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(0089] In another aspect, the present invention also provides a pharn1aceutical con1position 

for the trcatn1cnt of viral diseases and/or turnors, eon1prising an ei1Cctive an1ount or the 

crystal or the present recon1binant interferon, an interfCron 111in1etic or a con1J)OSition 

con1prising said crystal or n1in1etic. 

100901 In son1e en1bodin1ents, said viral diseases n1ay include: hepatitis A, hepatitis 13, 

hepatitis c:, other types of hepatitis, viral infections caused by E:pstein-I3arr virus, hun1an 

in1n1unodeficiency virus (1-IIV), [~bola virus, severe acute respiratory syndron1e (SAI~S) virus, 

influenza virus, cyton1egalovirus, herpes sin1plex virus, or other type of herpes virus, 

papovavirus, pox virus, picornavirus, adenovirus, rhinovirus, hun1an ·r-cell leuken1ia viruses 

type I, or hun1an 'f'.-ccll lcuken1ia viruses tyj)e II, or hun1an ·r-cell leuken1ia virus type IIL 

100911 In sonic cn1bodi111ents, said tun1or is cancer or solid tun1ors, and said tun1ors n1ay 

inclutle: skin cancer, basal cell carcinon1a and n1alignant n1elanon1a, renal cell carcinon1a, 

liver cancer, thyroid cancer, nasopharyngcal cancer, solid tun1ors, prostate cancer, 

ston1ach/abdon1ina! cancer, esophageal cancer, rectal cancer, pancreatic cancer, breast cancer, 

ovarian cancer, superficial bladder cancer, hcn1angion1a, cpidern1oid cancer, cervical cancer, 

non~sn1al\ cell Jung cancer, sn1all cell lung cancer, glial stron1a! tun1ors, Jeuken1ia, acute 

lcukcn1ia, chronic lcukcn1ia, chronic 111yclogenous lcukcn1ia, hairy cell Jcukcn1ia, 

lyrnphadcnon1a, n1ultiplc n1yclon1a, polycythen1ia, J(aposi's sarco111a. 

(00921 'rhis invc11tion will be described in details using the following exan1ples which are 

included inercly for the purpose or illustrating certain aspects and en1bodin1ents of the present 

invention, and are not intended to lin1it the scope of this invention. Modifications n1ay be 

n1ade to tl1e invention described herein \Vithout deviating fron1 the scope of the invention. 

[0093] All publications, patents and patent applications cited herein are incorporated by 

reference in their entireties, both individually and collectively, into this application. 

EXAMI>l,ES 

l~XAMI>I,I~ 1 

J>roduction of Ilccon1binant Intcrfcro11 rSJJj'N-co 
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10094) 'fhis exan1p\e describes the preparation of rcco111binant interferon rSil~'N-co (stock 

solution). (J(efer to l~xan1plcs 1 and 2 of l.J.S. I)atent No. 7,364,724, and pages 11-17 or the 

specification of (]1inese I) a tent publication No. C'.N 1740197 J\.) 

1. (;enc cloning 

10095] J3ascd on the published encoding J)NA sequence and deduced an1ino acid 

sequence of INI~'l~l~(J[~NQll (Klein MI.., et al., Structural characterization of' recon1binant 

consensus inter/'eron-alpha. Journal or C'hron1atography, 1988; 454: 205- 215), the DNA 

encoding sequence was redesigned using Ji:. (,'o!i codon usage (crhe V/isconsin I\:1ckage, by 

(Jeneties Con1puter (Jroup, Inc. (~opyright 1992, Medison, Wisconsin, lJSA) under 

conditions that preserve the an1ino acid sequence, and then the full-length cl)NA of 

rSll~N-co was synthesized. 

rSIFN-co cl)NA sequence §yntb.G.~l~ 

Synthesis of the rSIFN~co cf)N.A..~'-tern1inus and 3.'.::!.Cr!]Jinus partial 111oleculc;~ 

10096] l)C:l{ was used to directly synthesize the 5'-tcrn1inus 280bp (fragn1cnt I) and 

3'-tern1inus 268bp (fi·agn1ent ll) partial n1o!ecu!es of the rSIFN~co cf)NA. 'fhcre was a 41-bp 

overlap of the con1plcn1cntary nucleotide sequences bctv·.'ecn the 3' end of fragn1ent I and the 

5' end of1l·agn1ent IL 

( 1) Chcn1ical synthesis of oligodcoxynuclcotidc fi·agn1cnt 

()Jigon1er A: 

5' A'l 'Ci 'J'(J C (}A C:c:·rcJCCCl c:A (] A c:c: (:A c:,rc:c.:C:'rC.i CJ CJ ·rA A c:c:CJ cr(:c_rrcJ c:'! ·c:'J '(J A'rc:c·rcJ c:·rciGCCT'C/\ 

CiA'TCiCCJ'fCCiTA'J'C'l"C:cc:ccJ·r1·c·rc:c:·rc;c:c:·rc;AA.i\.Cii\.C:c~(i"l'(:AC(JAC:3' 

()!igon1er 13: 

5' c:·rc; A A A Ci Ac: c:cJ ere: A C.'CJ A C:'J"rc:c; CJ 'J"rcrc: c:c: CJC: A CJCJ A CJ A CiG 'I"rC: Cl A c:CJ C:i 'ff\ A c:c:A CJ'!"l 'C.~C:/\ G /\ 

A A c1c· 1 · c: A c;c;(:TA'J\:,rc:c:c; ·rrc:· re re: Ac: c; A A A. re; A·rc: c: Ac; c: /\ c1Ac:c:·1.,rc:3' 

Oligon1er C'.: 

s 'o c:,ro c· 1 ·c;o TAC' Ac; ,1 ··r c oc; 're:; ·1 Ac; A A'! .. l"rr,rc:c: A c1 C'. A c:;c; Ci A·i--rc~c:; ·rc:~c:c: A A c1c A Ci C'.CJ c:; Ac:; (.J A Ci 

'rc:CJ""I"rc; G'rCi Ci A Ci A Ac: A CJCJ'l" rel/\ A (J (]·re:· re; C'l"CJC:i A'f(~/\'!"]"] '(:3' 

()Jigon1er J): 

5 · A·rcc c:·rc; c·rc;c:; A A A A A'l"l 'C~"'IA C": A c:c~C'i A AC': ·re;· !A C":c· Ac iC: A c;c:·rc; /\Ac c; A cc:rc; c; A Ac; c:·r·1 TJ c:c; 

·1 .. r/\·1 ·c: CA Ci Ci A A Ci cl .,rCJ CJ Cr CJ T'"rCi A A Ci A A/\ c:c: C::CCJ C: ']'Ci /\'rCi A AC:: 3' 

()ligorner F~: 

s' <J /\Ac; A/\/\ c: c:c:c~c; c:·rc:1 /\'!'Ci/\ /\ c: crr·rc_; A c_:·r c: c: /\·re: c:·1 "CJ c;c:·rcJ ·1 .. !A A A A A AT'A c:·rcrc· c:/\ c; c:c:;-1 A'rc: 
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A(:(~ (~·re:; 'IA(~(~']'() A c:c:cJ AAAAA AA A'J'A c·rc~CCC' c; 'l'G c: Ci c:·r·r GCJ (J 3 t 

()Jigon1er I~': 

5 ''l "] 'A'rT·c.·r·r·rA CCi Ac: c; C~A Ci A CCi 'l"rC c·rcj CA GCJ ·r·rc;c; ·rc;c; A c:A Ci c:; CJ A Ci A A (JG A A(~(; c:AT'(J A'] '"I"']' 

c:ACJCACCJAAC'.AAC:·r·rc:ccAAGCGCACClC:i(i(JAG'fAr·1··r·rT"J"r·rc~c_;c1·1·cAGC:i3' 

(2) PCR 

(00971 PCR for synthesizing rSIFN-co 5'-tern1inus partial n1oleculc: using 

oligodeoxynuclcotide fragn1ent 13 as a ten1platc, oligodcoxynuclcotidc fragn1cnts A and C as 

prin1crs, the rSIJ~'N-co 5'-tern1inus partial n10Jeculc with a length ol'280bp vvas synthesized by 

PCR. 

·rhe PCR I reaction 111ixture is as follows: (units: ~li) ('l'otal voltu11e: 

50µ1) 

sterilized distilled water without nuclease 39 

lOxPfu buffer (Stratagcnc, I.,a Jolla, C:A, lJSA) 5 

dN'J'J> n1ixture (2.5 1111110!/l, for each dN'TP) 2 

()ligon1cr A prin1cr (25 ~ln1ol/L,) 

()Jigon1er c: priincr (25 ~ln1ol/L,) 

()ligon1cr t~ tcn1platc ( 1 ~u110\/L,) 

PJ'u J)NA polyn1crase (Stratagene, I.a Jolla, C:A, lJSA) (25 l)/~tl) 
-~·-~·-·--··-----·-··-·-·--···---··-··-········-··~···--···-·····-·-·-·····---··-·~ .. -··-~·-·-·~------.. - .. -·---------· -~--~ ,.--·-·-~-.. ~··--J 
PC:H. I reaction cycle: 95°(~ 2 n1in------+(95°(_'. 45s-65"C: 1 niin·-72"('. rnin) x 25 

cyc!es------+72"(_' 10 n1in------+4'C: 

!00981 l)CI-\ ll for synthesizing rSIF'N~co 3'~tcrn1inus patiial n1olccu\c: using 

oligodeoxynucleotide fragn1ent [~ as a ten1plate, oligodeoxynucleotide fl·agn1ents J) and F' as 

prin1ers, the rSll~N-co 3'-tern1inus })artial n1olecule with a lengtl1 of268bp was synthesized by 

PCR. 

'!'he PC~'!{ II reaction 111ixture is as follows: 

sterilized distilled \Vatcr v.rithout nuclease 

J Ox Pru buffer (Stratagcnc, l,a Jolla, c:A, lJSA) 

dNT'l) n1ixture (2.5 11111101/L, for each dN'rI)) 

()Jigon1er I) prin1er (25 ~tn1ol/l,) 

()Jigon1cr J-~ prin1er (25 µn1ol/J,) 

28 

(units: ~d) (T'otal volun1e: 50 
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()\igon1cr r: tcn1platc ( 1 ~u11ol/l_,) 

Pfu !)NA po!yn1crasc (Stratagcnc, I~a Jo!!a, CA, lJSJ\) (25 lJ/~tl) 

PC:Iz II reaction condition and cyc!c: san1e as PC~l{ I 

Asscn1J)\ i 1l£S!.f f\LIJ.:)eqg,tJ1J§IfN-co .~JlN A 

!0099] Fragn1ents I and ll \Vere asscn1b!ed together to give the con1plctc J'ull-!cngth cl)NA 

sequence of rSlf'N-co using the overlapping and extending PCIZ n1ethod. J{cstriction cnzyn1c 

sites Nde I and Psi I \:i.1ere introduced to the 5'-tern1inus and 3'-tcrn1inus of the sequence 

respectively, so that the rSIFN-co cl)NA sequence can be cloned into the plasn1id. 

(_ 1) (~hcn1ical!y synthesized prin1crs 

C)J igon1er G: 5 'Acrc~c:;c:;c:c~AlArc_rrc:;c~c:; A c~c~·rc:;c~c:c1c~A CJAc:c:c:1 · 

Oligomcr H, 5'ACTGCCAGGCTGCAGTTATTCTTTACGACGCAGACGTTCC3' 

(2) Overlapping a11d extending PC:Il 

l)C:IZ reaction n1ixturc 

~---- ----------------

sterilized distilled water without nuclease 

I Qx])fu bu/lCr (Stratagenc, l.,a .Jolla, C.'.A, lJSA) 

dN'rP 111ixturc (2.5 rnn10\/l., liJr each dNT'l>) 

prin1cr CJ (25 ~tn10\/L,) 

prin1er 1-1 (25 ~11110!/I,) 

*J'ragn1cnt l P(~.l{ product (1 ~Ln10!/L,) 

* fragn1ent II PC:R. product (1 ~tn10J/L,) 

l)fu !)NA polyn1crasc (Stratagenc, t,a Jolla, (.'A,lJSA) (25 l.J/~d) 

(units: p.l) crotal volun1e: 

38 

5 

2 

·--· -·-·----·-·------------------------------------------------------- -----------·--------- ·------·--·------·--· ' - - --- --------- -------------- ... ,.,. .. "'"" ····-··- ---
* S cparat in g and purifying the PC:rz product with S'J'JZArAPJ{[~p PC~l{ purification kit 
produced by Stratagcne (J_,a Jolla, C'.A), then dissolving the PC'I{ product into sterilized 
distilled water. 
PCil reaction condition and cycle: san1e as Jl(:J{ l. 

rSIFN-co gene cloning and sequence analysis 
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10100) T'he pl,ac 'f7 plasn1id was used as vector for cloning rSII~'N-co cDNJ\. 'fhe pl.ac 'f7 

plasn1id vvas reconstructed fron1 the pl31.lJJ;SCI{JJYr JI J(S(-f-) plasn1id produced by 

Stratagene (L.a Jolla, (~A, lJSA). 

(0101 I l)C:I~ product containing rSJFN-co full-length cl)NA was purified with 

S'l'l{A'l"APJ{I:I> PC:J{ purification kit produced by Stratagcnc (L,a Jolla, (~A), followed by 

digestion with Nde I and Pst I. At the san1e tin1e, the pl,ac ·r7 plasn1id was double digested 

with Ndc I and Pst I. 'fhese double-digested J)NA fi·agn1ents \Vere separated using 1 o/o 

agarose gel electrophoresis J'ollowed by recovery and purification ofa 507-bp rSJFN-co DNA 

frag111ent and a 2.9-kb plasn1id !)NA fragn1ent \Vith \Vizard J)NA purification kit produced by 

Pron1cga (f-'itchburg, WI, lJSA). 'J'hese fragn1ents were ligated by ·r4 f)NA ligasc to forn1 a 

rccon1binant plas1nid. l)J-15a co1npetent cel!s (Clibco) were transforn1ed \Vith the reco1nbinan1 

p!asn1id. After culturing overnight at 37°C, the positive recon1binant colony, nan1ed as pl-IY-1, 

was identified. 

(0102] l)NA sequencing was perforn1cd with SJ:~QlJl'ri"lE':J~MlM Cycle Sequencing Kit 

fol!owing instruction provided by the n1anufacturer (L~picentre ·rechnologies L,td, Madison, 

WI, lJSA) using the universal prin1cr 'T7 and 'f3. ·rhc J)NA sequencing result showed that the 

sequence was consistent with the theoretical design. 

[0103! crhc sixteen N-tcrn1inus an1ino acids and /Our C~-tcrn1inus an1ino acids of the purified 

recon1binant rSIFN-co v.,1erc sequenced. 'fbe results vvere shov.,rn beh)\V: 

N-tcrn1inus: 

C~ys-Asp-L,e u- Pro-Cl-! n-'f hr-I-Ii s-S er-L,cu-(J 1 y-A sn-Arg -J\rg-A ! a -L.e u­

M I~-r at N-tern1inus was resected in 111ature protein. 

C~-tern1inus: 

Arg-Arg-l.ys-CJ ! u-C~Q() I-1 

F'ull-lengtb nucleotide sequence of rSir~N-co is sh0\-"/11 as sr:Q Jl) NC):2 and the an11no 

sequence is shovvn as SI2Q 11) NO: 1. 

~~on.struyjion,J.ransf9JJ].1ation. enzyn1e digestion and identification. and hereditary stability of 

~1f1~r£.ssion vector 

c:onstruction and trans/'orn1ation of expression vector 

10104] J~. (.'oli expression vector pl3J\1)18 was digested \Vith Nde I and linearized, then 
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fully digested \Vi th Xba I. l'·:!ectrophorcsis \Vi th 1 o/o agarosc gel and purification vvith QIAE~X 

JI kit (QIACJI'.N) \Vere pcrforn1ed to give a 4.8Hkb l-l'agn1ent fi·on1 pl3AI)J 8 having been 

digested \Vith Nde I and Xba I. 

!0105} At the san1c tin1e, the pl·IY-1 plasn1id was double digested with Ndcl and Xba land, 

after separation with 1 % agarose ge! e!cctrophoresis, a 715-bp fragn1ent \Vas purified. 'l'his 

fi·agn1ent was ligated with the above 4.8-kb fragn1ent f!·on1 pl3AI)\8 using ·r4 !)NA !igase to 

produce the reeon1binant p!asn1id. 'J"hc rceon1binant plasn1id \Vas used to transforn1 

J)l·lSu-con1pctent cells. 'rhe trans6Jrn1ed cells were spread on LJ3-An1p agar plate, and tl1en 

cultured overnight at 37°(::. 

Scr~~-11.iJJ.g for positive clones 

10106] 1~·. (,'o/i. colonies fron1 the above l..B-plate were randon1ly chosen, and clones 

containing recon1binant p!asn1id with J'ull length rSll·'N-co cl)NA were screened using 

endonuc!ease digestion and J)(~Jl analysis. ()ne oft!1e l)C:Il positive recon1binant plasn1id was 

nan1ed pllY-5, and the strain contai11ing pl--IY-5 plasn1id was nan1ed PVIJJ. l)Vlll was 

an1plificd and stored at ~80°(: with glycerol freezing n1ediun1 for future use. 

1-ligh expres.::?.L~ln .. oJ' rSIFN-co gene inj~·. _(,'.~dLliMCJ 194 

10107] In the pl·IY-5 plasn1id, rSIFN~co gene was under the control of the strong pron1oter 

})BAD \vhich is regulated \)y the Ara(~ protein. Ara(~ is a protein encoded by the AraC: gene 

located in the san1e plasn1id. ln the absence ofarabinose, the din1er of Ara(: binds to ()2and12 

forn1ing a 210-bp loop. 'fhis conforn1ation leads to a con1pletc inhibition of transcription. In 

the presence of arabinosc, the din1er of' AraC is released fl·on1 ()2 and binds to I 1 and 12 

clin1inating the inhibition on transcription. Arabinosc binding deactivates, represses and even 

activates the transcription of P11An pron1oter, which stin1ulates PnAD to n1ediate high 

expression of rSIFN-co. rSIFN-co expression level is n1orc than SO<Yo of the total bacterial 

protein. 

2. Sc1>aratio11 and purification 

(1) !)reparation o/'producing strains 

10108] 'fhc }~'.coli strain L.M(JJ94 with expression vector pI·lY-5 \Vas inoculated in L.13 

culture n1ediun1, then shaken at 200rpn1 overnight (about l 8h) at 3 7 °('.. ·ro the n1cdiu111 was 

added 50~) or 30(X) glycerine. Aller n1ixing, the n1cdiun1 \Vas stored Ht -20°(: in 1 111] 
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aliquots for use as the producing strain; 

(2) })reparation of grade -I seed strain 

10109] 'rhc producing strain was inoculated in L.13 culture n1cdiun1 (1 I_, containing cfryptone 

1 Og, Yeast extracts 5g and Na(~! 1 Og) at a ratio of 1 %, then shaken at 200 rpn1 overnight 

(about 18h) at 17')(~, for use as grade-I seed strain; 

(3) I7ern1entation and collection of the strain 

10110] C::irade-1 seed strain \Vas added to J;:.M n1edia (1 IJ containing Casein 20 g, MgCl2 I 

11111101/l, (0.203 g), Na2I--JJ)()4 4g, KI-l2PC)4 3 g, NaC:l 0.5 g and NJ-I4C:l lg) at a ratio of lOo/o 

and cultured at 37°C, pl--1 7.0. Fern1entation was carried out until ()1)600 reached about 2.0, 

then arabinose (20% solution) was added until a final concentration of 0.02% as an inductor; 

after 4 hours, the strain V·.'as collected and centrifuged to give a pellet; 

( 4) Preparation of inclusion bodies 

!Olllj ·rhe strain pellet was re-suspended \vith an appropriate an1ount of buffer A (100 

11111101/IJ 'fris-1-IC'l, pl--l 7.5, JO 11111101/l., [~I)'fA, 100 1111110!/L, NaC:l), and kept at -20°C 

overnight. 'fhc strain was thawed and broken by a hon1ogenizer, then centrifuged. T"hc pellet 

v-.1as v-.1ashcd with buffer f) (50 n1n1ol/L, 'fris-1-IC:l, pf-I 7.5, 1 n10!/IJ Urea,10 n1n10\/I., Ef)'J'A, 

O.S 1Yo ·rriton X-100), bu!TCr c: (50 1111110!/I., ·rris-1 IC:!, pl-I 7.5, 2 11101/L, lJrea, 10 1111110!/l, E:l)'l'A, 

0.5% T"riton X-100) and then precipitated; this was repeated once, and the pellet was then 

washed once v-.1ith distilled \Valer to give inclusion bodies. 

(5) I~enaturation treatn1ent 

(0112] 'fhe inclusion body was dissolved in 6 11101/IJ Guanidine-l·JCI (or urea) to obtain a 

slightly cloudy denaturation solution, which was then centrifuged at a speed of 10000 rpn1. 

'The supernatant was collected and used to detern1ine the protein concentration. T'he 

denaturation solution \Vas added in three J)Ortions into a renaturation buffer (0.5 11101/l, Arg, 

150 11111101/L, 'J'ris-1-JC:I, pl-I 7.5, 0.2 n1n1ol/L, 1-·:l:Yl"A) and then stirred continuously at 4°(: 

overnight (about 18 h). '{"he solution was dialy7.ed sequentially with ten tin1cs its voltu11c of 

10 nlol/l, phosphate buf1Cr (Pl~) , 5 11101/l, 1)13 buffer and distilled water; After dialysis, the 

pl-I \Vas adjusted with 2 niol/l, l--IJ\c-NaAc (pl--! 5.0). 'The solution was left to stand and then 

filtered. 
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(6) I-IS cation colun111 chron1atography 

[0113] A co\un1n was prepared \Vith 20 11111101/L, 1-J()Ac-Na()Ac (pfl 5.0), loaded with the 

renaturation product obtained h·on1 step (5) at a speed of 30 111l/n1in, washed with 20 

co!un1n volun1es (C:V) of 20 11111101/L, 1-IC)Ac-NaC)Ac (pI-1 5.0) to rcn1ove other proteins; 

vvashed with 5 CV of 20 n1n1ol/L, 1--J()Ac-Na()Ac (pl--! 5.0) containing 0.15 1110\/L, Na(~l to 

ren1ove other proteins; then vvashed with 3 (~V of 20 11111101/l, 1-J()Ac-Na()Ac (pl-I 5.0) 

containing 0.18 11101/1~ Na(] to ren1ove other proteins. l~'inally, 20 11111101/L, 1-J()Ac-Na()Ac (pll 

5.0) containing 0.25 n1ol/J_, NaC'.I \Vas used to elute the target protein, thereby obtaining an 

I-IS-eluted protein solution. 

(7) Copper ion affinity chron1atography (chelating Sl~l)I-lAIZC)SI~TM r:As·r l~'J_,()W) 

10114J 'fhe 1--IS-eluted protein solution was added into 1)13 buffer of 0.2 n1ol/L, (pl-I 6.6). 4 

1110!/l~ NaC:J V11as added to adjust the NaCl concentration to 1 1110!/I~ and pl-I to 6.0, and the 

solution was ready for loading. A coluinn was prepared with 50 n1n1ol/i., Na2J !PC)4 (pl-I 5.5) 

containing l 11101/I., NaCl, and loaded at a rate of 1 n1l/n1in. ·rhe colun111 was washed with 50 

1111110]/J_, Na2I-JIJ()4 (pl--! 5.0) to ren1ovc other proteins, then \Vashed with 50 n1n1ol/l, Na2J-IJJ()4 

(pI--l 4.0) to ren1ove other proteins. Finally, 50 1111110!/L, Na21-11)()4 (pl-I 3.6) was used to elute 

the target protein to obtain the chelating colun1n~cluted target protein solution. 

(8). I-IS colun1n chron1atography 

10115} '!'he protein solution eluted fron1 the chelating colun1n was diluted 30 folds and its 

pl-I adjusted to 5.0, then loaded onto an I-IS colun1n which V11as eluted with JJI3 buffer, pI-1 7.0, 

containing 0.5 1110]/J_, NaC:I to give the rccon1binant interferon (Protein Stock Solution). 

EXAMPLE2 

}>reparation of lleco111binant Interferon 
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I .yo p h iJl0s;s1 .. iJli9s:J i on_iQ!111 u la i}yQ12\:U1i zedJ?.9 wQcr} 

rSil)N-co stock solution of the present 34.5 ~lg/nil 

invention 

phosphate buffer, pl-I 7.0 

glycine 

.Preparation n1ethod: 

10 1111110!/l_. 

0.4 1110!/l_, 

!0116] Materials were weighed according to the forn11!la, dissolved in sterile and 

pyrogcn-frce \Valer for injection, sterilized by filtration through a 111en1brane \Vith 0.22 ~l111 

pores, and then stored at 6-10 °(~. San1plcs passed the sterility test and pyrogen test, before 

aliquotcd into vials. E~very vial contained a single dose of 0.3-0.5. All the a!iquotcd sanlj)les 

were lyophilized in a lyophilization n1achine. 

Aqueous injection forn1ula 

rSlr·'N-co stock solution of the present invention 

phosphate bui1Cr, pl-I 7 .0 

NaCl 

.I.~X.@Dra ti_QlL!}J.<;..tb.g~I_:_ 

34.5 ~Lg/n1J 

25 11111101/l. 

0.4 n1ol/L 

101171 Materials were \Veighed according to the forn1u!a, dissolved in sterile and 

pyrogen-f'ree water for injection, sterilized by filtration through a n1en1brane \vith 0.22 ~un 

pores, and then stored at 6-10 °C. San1ples passed the sterility and pyrogen test before 

aliquoted into vials. E~vcry vial contained a single dose of 0.3-0.5 . l;'inal products \Vere stored 

in the dark at2-10°C~. 

EXAMPLE3 

111 i>itro study of rSII~N-co and INlfl<:l~(;J<:N@ against l1u111an breast cancer cells 

101181 'l'his exan1ple describes the in vitro study or rSil~'N-co and INF'I:~l{CJJ:'.NQ~) against 

hun1an breast cancer cells. 

[0119] 1'he present recon1binant intcrfCron (rSil;"N-co) and JNI;'J:~l{(JF'.N(l"fl produced by 

J\111gen (lJ.S.) were used as test drugs to study their c!!Ccts on cc!! proliferation, apoptosis 
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and expression of oncogenes in MC::F-7 and resistant strain Mc:r:-7/AI)I~. 

A. M .. 9JJ1od~ 

1. c:c!! culture 

10120) I-Iun1an breast cancer cell line MC~F-7 and adrian1ycin resistant strain MCF'-7 

(JVfC:F-7/AJ)J{) were cultured in 25 cn12 or 75 cn12 llasks respectively. After the cells covered 

the botton1 of the 11asks, they were trypsinized with 0.25o/o trypsin. ('.ells in the logarithn1ic 

gro\vth phase were harvested for cxperin1ents. 

2. I)ctccting the efl'ects ofdiilCrent concentrations ofrSII:;-N-co on cell proliferation vvith 

the M'I"r colorin1etric assay 

[0121} r~xperin1ental grouping: each cell strain was divided into 3 groups (with 11 sn1all 

groups in total): rSIF'N-co group (0.02, 0.078, 0.313, 1.25, 5.0 ~lg/1111), INI;·r~I{CJEN® grou1) 

(0.02, 0.078, 0.313, J .25, 5.0~lg/n1l) and blank control group (I{PMI 1640 n1cdiun1 containing 

10% fetal bovine seruin (Sign1a, An1crica), also known as l~l)MI1640 con1plete n1ediun1). 

rSil;'N-co and INFl~J{(JJ:'.:N<XD \Vere diluted into the desired concentrations (final ethanol 

concentration <J %) with the I<PMI 1640 con1pletc n1ediun1, and stored at 4°(:. 

f0122} MC:F'-7 cells and MC'f.'27/AJ)J{ cells in the logarithn1ic growth phase were diluted 

\Vith RJ)MI 1640 n1ediun1 containing 10% fetal bovine scrun1 to 1.25 x 105/n1! cell suspension. 

·rrypan blue n1ethod was used to ensure >95o/i) cell viability. ·rhc cel!s v.1ere seeded in 96-well 

culture plates, 100 ~LI~ per well. 24h, 48h, 72h after drugs \VCrc added according to the 

groupings n1entioned above, conventional M'J"J' assay was used to detect cc!! proliferation 

(absorbancc detected with 111icroplate reader at the wavelength of 49011111). F·:ach group had 

two wells as parallel san1ples. ·rhe expcrin1ent was repeated three tin1es. ·rhe effects of 

diflCrent drug concentrations at different tin1c on cell growth inhibition \Vere calculated 

according to the following forn1ula: 

('cl! (Jro\vth Inhibition J{atc (%)"" (\'a!uc of A in control group - Value of A in 

expcrin1ental group) I Value of A in control group x 100% 

3. Apoptosis detection \vith f1ov•.r cyton1ctry (F(_'.M) 

[0123] l~xperin1ental grouping: each cc!! strain was divided into 3 groups: rSll.-N-co group 

(5 ~Lg/1111,), INl~'l:J<CJJ::.:NQt\ group (5 ftg/n1L,), and blank control group (containing 10% calf 

scrun1 l~PMI 1640 culture n1cdiun1). 
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101241 F(~M detection: the cc!ls v.,1crc collected 48h after drugs were added, then the cells 

\Vere suspended as single cells and dyed with propidiun1 iodide (Pl). ·rhc apOJ)tosis rate \Vas 

assayed vvith the E~litc I~sp-based flow cyton1cter ((~'.ou!ter, lJSA), and the results were 

analy7.ed with the sollware supplied with the equipn1ent. 'rhese expcrin1ents were repeated 3 

tin1cs. 

4. In1111unohistochen1ical detection of cellular oncogene expression 

I~xperi111ental grouping; 

{0125] l~acl1 cell strain was divided into 3 groups. rSlF'N-co (5 ~tg/1111.), lNl~'E::l:ZCJl~Nciv (5 

~ig/n1I_,), and RI)MI1640 containing 10% fetal bovine seru111 \Vere added to the n1ediun1 of 

MCF-7 cell cultures. And rSIFN-co (5 µg/mL), INFERGEN® (5 >Lg/mL) and RPMII 640 

containing 10% fetal bovine serun1 were also added to the 111ediu111 of MCI;'-7/ADlt cell 

cultures. 

ln11nunohistochen1ical detection ofl)53, I~cl-2, Cerbl3-2 expression: 

10126] 'I'he coverslips were treated with acid, washed and sterilized under high pressure, 

and then placed in 6-well culture plates. l"he MCI7-7 and MCI~-7/Af)I\ cells in logarithn1ic 

growth phase were digested into single cell suspensions with 0.25% trypsin. 'rhe cells were 

inoculated into 6-well plates, each v.,1ell Ix I 05
, and cultured at 37°(~: in a CC)2 incubator for 

24h. Aller the cells adhered to the walls, drugs \Vere added to each group. Aller 48 h, the 

covcrs!ips were ren1ovcd. C:onvcntional in1n1unohistochcn1ical SJ\I~(: staining was pcrforn1ed, 

all concentrations at l: I 00. 

Criteria for evaluation ofresu!ts: 

10127] Staining results were detern1incd according to the n1ethods ofVoln1 (Volrn M, et al., 

l:~uropean Journal of Cancer, 1997, 33 (3), 691-693), wherein ycl!o\v or brov.,1n paiiicles 

appearing in cell nucleus (1)53), cytoplasn1 (l3cl-2) or nicn1brane (C~erbl3-2) were taken as 

positive results. r:ivc fields of view (l~'C)V) on each slide under high n1agnification (400 x) 

were randon1Jy selected, counting 200 cells per field. ·rwo factors dctern1incd ii' there \Vas 

expression in each group of cells. Scoring was done according to the intensity of staining for 

each cell, 0 point for no coloring, I point for light yc!lovv, 2 points ror brown, 3 points for tan. 

·rhe average would be the average staining intensity for a group or cells. l)ercentage of 
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positive cells: no 0 point f'or no staining; 1 point for <25% stained cells; 2 points for 

25o/!)-5CJ<X1: 3 points for> 50o/o. Sun1 or the tvvo scores: 0 n1cans negative expression; 2-4 

n1eans positive; 4- 6 n1eans strongly positive. ·rhcse cxpcrin1cnts were double blind (staincrs 

and observers both do not knov.; the grouping of the slides). 

13. Statistical n1ethods 

Statistical analysis of expcrin1cntal data: 

10128] A!! the experin1cntal data were tested \Vith the t test, variance analysis and rank 

correlation analysis using the SPSS 11.5 statistical package. JJ value <0.05 n1eans that the 

difference was statistically significant. 

C. J{csults 

1. r~ffccts on the proliferation o/'M(~.J?-7 and MC~r:-7/ADR ccl!s 

(I) MCF-7 Cells 

(0129} rSil·'N-co could inhibit the pro!ircration ofMC'l~'-7 ccl!s. l~acb cell group treated with 

0.02, 0.078, 0.313, 1.25, 5.0 ~ig/n1L. or rSir·'N-co and INFI~I<CJ-J:~NCifJ showed a significant 

decrease in its absorbancc (OA) con1pared with the blank control groups. ·rhc inhibitory 

cJlCcts or rSJJ~'N-co and INFl:~f{(JL~NCi9 sho\ved no significant dif1Crences at the early stages 

(24h, 48h) (l'>0.05). After over 72 h o/' treatn1ent, the % inhibition of rSIFN~co 1.vas higher 

than that or INI;'F]{(i[~No-O at the san1c concentrations except at the !ovvcst concentration or 

0.02 ~tg/1111., the dillCrcnccs were statistically significant (I) <(l.05) (sho\vn in ·rable 1-1). 

'!'able 1-1 Jn ViL.!JL.gJ:Q~Y.1.!J.jnhibition of the M(~l~'-7 cells (0/u, n = 6), 

lJose (~tg/1111-,) 24h 48h 72h 
--- ----·-·--.. ·-- ---.... , . .,. --·---·· - .. , _____ ... _ .. ___ ,_ .. ___ _ 

INFER OEN@ 0.02 8.5912.26 8.28J•2.27 I 0.4313.59 
-··--·--·- .... .,.,.,. ..... ,. .... ,_,, .... " ... ·-·--·--·--·-----------·---··----·-··- --~-~~~--

0.078 13.84JJ.96 7.801.2.01 9.47J.2.48 
·- --·--·--------

0.312 15.53± 1.51 9 J (H3 .28 13.391'4.37 
---·-··-- -···"------·-·----·--·---"----··-··-· -·--c~c--c~~-1-~~~-c--1 

1.25 17.58±•0.62 12.76·'1.63 14.41±0.83 
-----···-· ---·------------c-c·~~~~·c-.~·---.. -· ... 

5.0 19.98±5.22 26.69.:l:3.47 24.93;1:2.53 

rSil~'N-co 
=~=--c.--1-~~-~= --·-·--· .. --·-

0.02 7.78.c4.32 11.60.t.0.77 12.53+0.70 
·----·---·-·- -----··----·· .. - -- -., ...... ., ...... ""'-"""'" _,_ ........ _________ _ 
0.078 15.71 +3.68 13.0313.27 16.77·1·2.22* 

0.312 17.49+1.34 14.80.12.40 22.73.!6.06* 

1.25 20.07J 1.01 24.651.2.18 27.621· l.8 ]>' 
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[=--==~~l-5:c1 f24~7'J±~o~_]3(i~T7'-3~(i9J4~:s'-232:J 
*I)< Cl.OS, vs. INr:r:f{.(iI~N1~1 

(2) MCF-7/ADR Cells 

101301 rSJf,-N-co could inhibit the proliferation of MC:1:_7/Al)J{ cells. l:~ach cell group 

treated with 0.02, 0.078, 0.313, 1.25, 5.0 ~tg/n1l" of rSJl:'N-co and !Nl-'l~J{CJE~NQD shov.1cd a 

significant decrease in its absorbancc (()A) con1parcd with the control groups. 'J'hc inhibitory 

cilCct of rSIFN-co was higher than that of IN FF:J<C:11:~No:0 at the san1c concentrations except at 

the lowest concentration or 0.02 pg/111!. as shown by analysis of variance, the dill'erences 

were statistically significant (P <0.05) (shovvn in 'rablc 1-2). 

'Tqh I c J .. :"f .. fJJ_EiU.'.(LfilQ wtlL.i.n.!J.i.!).iJi.9.!J ... 9 f rvt\;:I'.:: 71 A J) J{ ( 1Yo, n = 6) 

>-------~----+-----+-------+----~-~ 

0.02 16.36±0.96 24.97Hl.33 28.87+6.20 
1---1·--·---···- ------···--·--·----·-----·-·~ 

0.078 23.01±2.11 28.04±0.85 30.90.c3.34 

INFJ~:J{(JF~NCi.D 0.3 J 2 26.69+.2.49 29.64:J.c2. 78 43.02:1::2. l l 
f---1-----+------j·----··-····-

l.25 3 1.64"'1.17 49.87·1· I. 74 46.68+2.42 

5.0 37.61+0.96 57.24±0.80 62.52±4.01 
l-------l----+-----+-------l--··---·-

0.02 16.24•>•2.30 34.20•1• 1.80 34.80C 1.38 
-------- ------------------------- ----------·----·--------· ·-----·--------·--

0. 078 29.70;.1.40' 13.92;,J.35' 48.71+].(14' 

rSlFN-co 0.312 33.46±1.04' 41.521.5.27 1 47.7110.401 

-- ------------·-- ---------------- ----------------------------- -----·-- ----·--···---·--·--·----
1. 25 38.80±2.16' 52.5CH0.73 1' 52.70.1,J.OI' 

f---+--------- ------+-------1 
5.0 48.36:t_6.52* 67.65±4.40* 169.44±0.95* 

~-----•----- -- ---------------- ---------- -------

* I1 < 0.05, vs. INI;·r;;f{(J[~NC!O 

2. E~ffcct on apoptosis of MCI~'-7 and MC:J~'-7 I Al)J{ cells 

f0131] (~on1pared with the control group, S~tg/111!, of rSil:N-co and INI-'l~l{CJl:Nol1 induced 

apoptosis of MC:F-7 and MC~F-7/Al)J{ cells arter trcatn1ent for 48h, the differences \verc 

statistically significant (P <0.01 ). rSJFN-co showed stronger apoptosis-inducing activities on 

MC.~1:_7 and M(-_'F-7/Al)f{ than INFE~I<<.Jr-:NcRl at the san1e concentrations, the differences were 

statistically signilicant (J> <0.01) (sho,vn in ·rablc 1-3). 

·rable l-3 '['he% apoptosis of MC'l-'-7 after 48h treatn1cnt (<X1, n = 6) 

[~~-~~===~~---~]~~:~~~~1!~-~~-~~1~~~:~~~-:_r::~~~~~~~~~~~~~:~~~~I~ ---~~~-~~~:~~~~~--- --J 
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------------- - _______ ]_____ -----1 
7.27Jo 1.19 l 9.67HJ.95' 23. l 0+0.80' A 

----·-----·-·-,.·-·----·-••'-'"'"'"'''" ., .. ,,, ..... -"'---·-----·-·-·----------- ----------------

8.40Hl.70 34.80013.20' 65.63±4.60'' A 

---~~~--~(·)·;-~-~-1:;) ·;---;----- ~--1;--~·-o-~o-·1-~--~~-----1N-1-~~1:~I{ (} 1:~ Nliv---------

MCF-7 
-------------·--------------·-·--

MCF-7 / ADR 

* /l<0.01, 

J. l'.Jfect on expression of'l)53, c::erbI3-2 and \3cl-2 in each cc!I group 

[0132] rSJFN-co down-regulated the expression of PSJ in MC~F-7 cells con1parcd vvith the 

control group, the diilCrence \V11s statistically significant (P <(l.05). Although INFE~J{(JJ-_,:Nup 

decreased the expression of 1)53, the decrease was not significantly different (P >(J.05) 

con1parcd \Vith the control group. I3oth rSIFN-co and INFl'.J{(JJ::NaD dovvn-regulatcd the 

expression of 1)53 in MC:Ji-7/Al)J~_ con1pared with the control group, the difference \Vas 

statistically significant (l)<0.05), but rSIFN-co and INFE~l{GJ:~Nl1{l at the san1e concentration 

showed no significant diJJCrence between then1 (P > 0.05). 

101331 rSIFN-co down-regulated the expression or C:erbl3-2 in both MC'.F-7 and 

MC:F-7/i\])J{ as con1parcd \Vith the control group, the difl'erence was statistically significant 
(i(> 

(I) <0.01). (_'crbl3-2 expression was decreased after INFE'.I{CJE~N-- treatn1ent; hovvcver, the 

decrease was not significantly dil1Crcnt (P > 0.05) con1parcd \~1 ith the control group. 

10134] rSIFN-co and INFr:J{(JJ:~No_{l both up-regulated the expression of' I3c!-2 in MC~'.F-7 

con1parcd with the control group, the dill'ercncc was statistically significant (P <0.01), but 

rSIFN-co shovvcd stronger activities than INI7r~l{(_lf_~NQP at the san1e concentration, the 

difference was statistically significant (P = (l.001). rSir:N-co and INFr]~(}E~NcKi both 

up-regulated the expression of 13cl-2 in MC:F-7/Al)l{ con1pared \Vith the control group, the 

dill'crcncc \Vas statistically significant (J> <0.01). J{esults arc shO\Vll in 'J~1blc 1-4. 

'!"'able J-:J:_[j1~1.JJJLJhc G.xprc~'!)on of 1)53. C:crbl3-2 and 13cl-2 !.H .... J0 .. \~_E.::_1____:1-8h after 

trcatn1ent (n ~--- 5). 

P5J 

c:crbl3-2 

------------ -- ----------~-------·--"'"""""'-''"(j(S'- '" -·----

I-~ I an k control INFF~J{(_l[.;N -- rSIFN-co (Jroups 

MCF-7 

MCF-7/ADR 

MCF-7 

4.l7cl0.0120 3.78t0.0851 2.62ct0.0208* 
-- ------ --------------------------- ------------- -·--- --·-·-·---·--------··---- -------------

4.09t0.0361 2.68otO.OlOO* 2.60HJ.0089* 

4.08H).(J322 3. J 5:l:0.3469 2.61+0.0120' 
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··---·-··--·-·--- ----- -------------------·---,-------------- - -·----·-----··-·-·------··-···-··-· ... ., ... ····-----------···--··-·----
M CF- 7 I ADR 4.06±0.003 0 3. 82Hl.0404 3. 70 lcO. 029 I ' 

MCF-7 2.59±0.0153 3.93±0.0306* 4.02±0.0252' 
I3cl-2 ----------------------------- ------ ---- --------------- ------------------- -- ---------------- --------------------

MC: F-7 / ADR J .64cc0.0252 3.93±0.0176* 4.02±0.0145' 

* !) < 0.05, * I)< 0.01, vs. control. 

lCXAMPLE 4 

/11 11itro study of rSil<'N-co a11d INl<'El~(;EN<l0 against cervical cancer cell 

[01351 ·rhis exan1ple describes the in vitro study of rSIFN-co and lNr·r~IZCJF::Nc© 111 

inhibiting the gro\vth and inducing apoptosis of cervical cancer cell. 

(0136) ·rhe present recon1binant interferon (rSIF'N-co) and INI·'f~IZCJI:~N® produced by 

An1gen (lJ.S.) were used as test drugs to study their effects on growth inhibition and 

apoptosis induction or cervical cancer c:aski cells (1-IPV 16 + ). 

A. Meth_pd$. 

I. (~aski ccl!s gro\vth inhibition test 

J. l c:cll culture and grouping 

101371 !)rug san1p!cs \Vere diluted v .. 1ith IZPMI-1640 culture n1ediun1 containing 10% fetal 

bovine scrun1. (\:rvical cancer (~aski cells were cultured in a 96-wc!I plate. C2e!!s were 

prepared as single eel! suspension using culture n1cdiun1 with a cell concentration of 

J x J 05/1111. ·ro each we!! was added 100 pJ of eel! suspension. rSIFN-co and INl~'l~:J~(J[~NCiY 

were added to the plate at a concentration gradient of' 0.156 ~lg/nil, 0.625 ~tg/1111, 2.5 ~tg/111! 

and 1 O~tg/111!. IZPMI-1640 n1ediun1 containing 10% fCtal bovine sertu11 was used as control 

group. I~ach concentration was triplicated. 'fhc cells were cultured at 37°(: v.1ith 5°/o C02 in an 

incubator fOr 7211. 

1.2 (_'ell grovvth inhibition test by MT"T' n1ethod 

[0138J MT"r reagent (Sign1a (_'.on1pany, lJ.S.) \VHS prepared at 5 n1g/n1J, and 10 ~d M'l"J' 

reagent was added to each \vell. 'f'he plate was shaken gently to hon1ogenizc the reagent, 

incubated at 37°C. v.rith 5% CC)2 f()r 4h, \vhcrcupon blue crystals could be seen al the botton1 

of the wc!!s. ·rhe supernatant was rcn1oved, and J 00 ~d of !)MSC) were added to each well, 

then the absorbance at 570 11111 v.1as n1easured \Vi th a n1icroplatc reader after the blue crystals 

dissolved at roon1 ten1perature. 

1.3 ('alculation of cell grov.1th inhibition 
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Ce]l orov1;th inhibition = (t - OD vBlue ofsarnpl(! >vell) X 1000/(· 
0 OD \.'slue of toiitrol 1vell. 

2. Apoptosis test on C:aski cells 

2.1 ('ell culture and grouping 

[0139] ·rhc (:aski cells were divided into 7 groups and cultured in I<PMI- 1640 n1cdiun1 

containing 1 <YYo inactivated fetal bovine scrun1 in a 96-\vcll plate. (Jroup I \Vas cultured for 

72h as control group. Ciroups 2-4 v.1crc cultured vvith different concentrations of rSIFN-co: 

0.156 ~tg/1111, 0.625 ~tg/111], 2.5 ~tg/n1l. C:iroups 5-7 \Vere cultured with di Ile rent concentrations 

of lNFI:~J\CTr:NCR): 0.156 ~tg/n1l, 0.625 µg/n1l, 2.5 ~tg/n1\. 

2.2 Apoptosis rate ofCaski cells dctern1incd by flow cyton1ctry (FC~M) 

(01401 E~ach group of cc!!s \'icrc centrifuged at l 000 r/n1in for Sn1in. 'fhe supernatant was 

ren1ovcd, and the cells were tested for apoptosis \Vith Anncxin V /PI double dying n1ethod. 

I~ach specin1en containing 1x1 o<' viable cells was washed once with incubation buffer and 

centrifuged at 1000 r/n1in for 5 n1in. T'he cells were re-suspended with l 00 ~ti niarker solution, 

incubated at roon1 ten1perature Cor 15 111in in the dark, and ccntriJ'ugcd at 1000 r/111in ror 5 n1in 

to precipitate the cells. 'fhe cells were v..1ashed once with an incubation buJlCr, triturated with 

a 11uorcscent solution, then incubated at 4°C: for 20 111in. in the dark, vvhilc shaken frequently, 

before being tested vvith r·'Cl\1. 

F3. Statistical Analysis 

(0141) All quantitative analysis data were expressed as x.+s. Variance analysis \Vas used to 

analyze the variance betv-.reen difTerent drugs and different concentrations, and the statistical 

analysis was perJ{)rn1ed with the SI)SS 14.0 software package. 

('.. l(csults 

1. (~aski cells grovvth inhibition test 

(0142] F~otb rSII~'N-co and INI~'I~I(CJL·:Na9 inhibited the grovvth ofC'.aski cells, and this effect 

increased with increasing concentrations oJ' interferons. ·rhc effect of rSil~'N-co was greater 

than that or !Nl~'l~f(C.JF:NQti in groups of 0.625, 2.5 and 10 ~tg /1111. 'J'hc diCfercnces displayed in 

·rable 2-1 showed statistical significance (1) <:O.O 1 ): 
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'J'able 2-1 lnhil,itory effect on Casl\.i cells ( .\-±.\') 

---·-··-·----- ·-··---·-·-·------
f) rug concentration 

(reg /ml) 

0.156 

0.625 

2.5 

10 

2. Inducing apoptosis in C\1ski cells 

c:cl! growth inhibition rate 

8.6±2.1 

l 7.frl3.3(i) 

42.7·1·1.5(1) 

67.3±4.4(1) 

JNFF~J{(Jl ~Nr_1_{l 

7.3±2.2 

7.4+4.0 

9.7J 1.6 

53.0±:5.8 

f0143] l~oth rSIFN-co and JNr··I~l{(l-l~:N® induced apoptosis in Caski cells, and the effect 

was positively correlated with increasing concentrations of interferons. ·rhe effect or 

rSIFN-co at \ov,; concentration (0.156 ~tg/n1l) \Vas higher than that of INI:'[~I{Gt~N®. T'hc 

di ff crence displayed in ·rablc 2-2, showed statistical significance (/> < 0.01 ): 

l'allle 2-2 Apoptotic effect on (~asl\.i cells ( .\,"£~· ) 

!)rug concentration 

11g /ml ) 

C'.e!l grovvth inhibition rate 

® 
INFERGEN. 

-------------------- ------------- -----------------~ -----------------

() 2J.3;.J.9 21.3±3.9 

0.156 53.S:l:4.61.2 47.6±3.1 1 

0.625 64.9±3.3 1 67.J;.3.61 

2.5 74.4:1:: 1.3 1 72.0±:2.6 1 

I c:on1pared with controls, I'< 0.01. 

2 C~on1pared with JNFI~i{(Jl~NQ\:l at the san1c concentration, I)< 0.01. 

J<:XAMPLE 5 

Study of the pharmacol\.inctics and biocquivalencc of rSI li'N-co and INI?Eiic;I~N® 

10144] CJ'his CX1H11pic describes the research work Oll the pharn1acoki11ctics and 
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bioequiva!ence between rSIFN-eo and INFJ-~J~J_Jr~Nli_ti_ "J'hc present recon1binant interf'Cron 

rSIFN-co and JNJ~'[~J;:..(Jl_~NO_~l produced by J\n1gen (lJ.S.) \Vere taken as test drugs to con1pare 

their phar111acokinctics and bioequivalence. 

(0145) It is dillicult to undertake pharn1acokinetics study of interferon in healthy people . 

J\s the level of n1cdicinal intcrJCron in blood plasn1a is very lov·i after injection, 

enzy1ne-linked in1111unosorbent assay (f~L,JSJ\) or virus cytopathic inhibition assay can hardly 

n1easure it directly in the serun1 or healthy adults. c:urrently, the detection n1arker for 

pharn1aeokinetics study of interferon is generally 2', 5'-()AS (2-SA o!igonuclcotidasc), 

which is a product induced by interferon, and also <ln indicator of its eflicacy. 

A. 1iiJ.bl9..91J11l~l_fy:t~G!):LQ.Q 

1. Subject 

!0146J '{'here were 18 healthy n1ale volunteers \Vith an average age ol'22.8J-_J.4, height of 

!70:L5.0 cn1, 13MI of20.5:J:2.4, and body vvcight of 59.4±.7.2 kg. Subjects were detern1ined to 

be norn1al by a con1prchcnsivc physical cxan1ination, laboratory tests (including hen1atology, 

urine, liver and kidney functions) and clectrocardiogran1. 'l'he subjects did not use any drugs 

within 4 weeks prior to the test, and did not use any drugs kno\vn to dan1age the organs 

\Vi thin 3 111011ths prior to the lest. ']'hey had no history of' allergy (O the test drugs; and tJ1ey 

volunteered for the test and signed an inf{lrn1ed agreen1cnt. 

2. Method 

10147} 'J'hc cxpcrin1cnta! sehen1c vvas approved by the Medical l~thics (~0111n1ittee or V/est 

(~hina I lospital, Sichuan l)niversity, operated in accordance with relevant guidelines of (JC:J> 

of' the 1>1;:..c:. 

2. J Materials 

J;:..eagcnts: 

!0148J L,yophilizcd po\vdcr of rccon1binant intcrlCron f{)[· injection ('fest preparations, i.e. 

the recon1binant interferon rSIFN-co of' the present invention, 9 pg/vial). c:on1parison 

preparation: JNFL~!{.(JE'.N()~J in_jection (co111parc reagent, 9 ~tg/vial) produced by An1gen (lJ.S.). 

[Ol49J 2-SA Kit: I:iken' !Zadioin1111unoassay Kit \Vas supplied by l·:ikcn C:hcn1ical (_~o., J_;J'J). 
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The Kit includes: (1) 1125-Iabclled 2',5'-0AS, (2) Anti-2',5'-0AS serurn, (3) 2',5'-0AS 

Standard via! (each contains 0, 10, 30, 90, 270 or 810 pn1ol/dl. 2',5'-C)AS), (4) l3uJlCr, (5) 

13lank se1T1n1, (6) l)oly(l)-poly(C:) agarose gel, (7) J\:T'P, (8) Mcrcaptocthanol, and (9) Quality 

control serun1. 

00 
L.L.. F~xpcrin1cnta! design and l)osing n1ethods 

10150] lJsing the randon1ized controlled crossover trial, 18 sul~jects vvcre randon1!y divided 

into A and I3 groups, nine in each group, separate subcutaneous injections of 9~1g rSil~'N-co 

and 9µg INFF~J((Tl"'.NC1i) v.1as n1aclc alternately in two cycles, one vveek or wash period. 

101511 Fast fron1 8 pn1 the day before the test until 2 h after dose the next n1orn1ng, 

subcutaneous injection v..1as taken in brachia! deltoid n1usc!c at 7:00 an1. All the subjects were 

required to have standard n1ea!s (food without high fat), and forbidden to sn1oke, drink 

alcohol, tea, cofl'ce beverages, and refrain Cron1 strenuous exercises. All other drugs \Vere 

banned during the tests. 

2.3 c:ollecting and testing ol'blood sarnples 

101521 4 nll of blood san1ples were drawn before dosing, while 3.5 n1J or blood sa111ples 

were drawn fron1 the elbow vein opposite the injection site at 2, 6, 12, 18, 22, 24, 26, 30, 34, 

38, 42 and 48 hours after the injection; the san1ples were centrifuged in1n1ediately, and the 

resulting serun1 preserved at -20 °(~'. until they were tested for the 2', 5'-()AS concentration. 

3. Statistical nicthods 

101531 lJsing the !)AS vcrl.O statistical software, test ·rest preparation and con1pare 

preparation were con1pared by the paired t test using the statistical soflvvarc l)AS verl .0. 

13. I\.G.~H.\.lts 

101541 According tol3ased on the n1casured serun1 2',5'-()AS concentration of the blood 

san1ples, the n1ean enzyn1e eoncentration-tin1e curves were plotted in Figure 16. 

!0155J As shov·,1n in f'igurc 16, aJlcr subcutaneous injection \vi th 9 ~lg or rSII;'N-co or 9 ~lg 
(l{I 

of JNF'f~l{(}f~N .. , the t\VO enzyn1c eoncentration-tin1e curves had basically the scu11e trend; but 

aCter subcutaneous injection of rSir:N-co, the concentration at the peak of' the enzyn1c 
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concentration-tin1e curve \Vas significantly higher than that of INF! ~f{(ll :N10 

10156] 'f'he relative bioavailability (F) of test preparation (rSJFN-co) con1pared to the 

Qll 
con1pare preparation (JNF[~J{(JJ:'.N ")was calculated by the fo!!o\ving forn1u!a: 

j0157J 'f'he results sho\ved that the relative bioavailability of rSil;'N-co (FO ~ 48) vvas 

l 25.4o/c>. ·rhe ·rn1ax cliil'erence bctvvcen test preparation and con1pare preparation was not 

statistically significant (t = 1.458, I) '°" 0.163). ·rhe difl'erence between AlJC:0-48 and c:n1ax 

was statistically significant (t 0
'' 2. 730, P = 0.014; t = 2.34 7, 1) = 0.031 ), and test preparation 

\VHS higher than the con1pare preparation. 

(i(\ 
101581 In addition, the IN1~·r~J{(jf~N - group was n1orc severe than the rSJF'N-co group in 

tern1s of the incidence, extent and duration of the adverse reactions that were con1parcd. 

(~. (~onclusion 

101591 (1) After subcutaneous in_iection, both rSJIJN-co and INFI-:~IZCJE'.NQ{l induced the 

production of 2', 5'-()AS. 'fhe pharn1acokinetics curves of the two drugs were of the san1e 

trend, and the n1ain pharn1acokinetics paran1ctcrs showed no statistical dillCrcncc. 

101(l0] (2) J~oth the C:mnx and AlJC\1.,1x of 2', 5'-()AS induced by rSIF'N-··co were higher than 

that of lNf·'F~IZC.Jr~N<XO, indicating that the efficacy of rSil-'N-co niight be better than 

JNF!-]{(il~NQO under the san1e dosage. 

JOI61] (3) 'fhe INFl-~f{(JF~N(f{l group was n1orc severe than the rSJf'N-co group in the 

incidence, extent and duration of' the adverse reactions that were con1pared. 

[01621 (4) It was discovered, aJ1cr plotting the n1ean enzy111c concentration- tin1c curves 

based on the the scrun12', 5' oligoadenylate synthase (2',5'-()AS) concentration n1easured at 

diCl'erent tin1es, the 2', 5'-()AS concentration induced by rSJJ!N-co generally had double 

peaks and the area under the curve vvas significantly greater than that obtained by 

!NFl.~f{(il:~Nd_{J \Vhen each vvas separately injected under the san1c conditions. An incren1ent in 
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the area under the curve was not correlated to an increase in the incidence and/or the 

occurrence degree of the adverse reactions. 

I~XAJ\1 l'l~I~ 6 

Crystallizatio11 of llccon1l>inant Interferon 

101631 'fhc preparation of high-quality rSJFN-co protein 111onocrystal is a prerequisite for 

detern1ining its crystal structure. 'fhe rSlT'N-co used for crystal growth was derived f1-on1 the 

said rSIF'N-eo of the present invention. '!'he preparation 111cthod, technical process, 

crystallization conditions and crystallographic paran1eters of' the rSII~'N-co nlonocrystal were 

as fiJl!ow. 

10164] lyophilizcd powder of the rSIFN-co in the present invention was dissolved in pure 

water and stored under -20°C at an initial protein concentration of 0.42n1g/n11. l)rior to 

crystallizution, the rSil~'N-co protein san1ples \Vere concentrated to 3-3.5111g/n1l and 

in1111ediately used J'or the crystal grovvth experin1ents. ·rhe hanging drop vapor diffusion 

niethod was used JOr the crystallization process held at roon1 ten1perature (2931(.). 

10165) Jn the initial crystallization studies, n1icrocrystalline rSIJ;'N-co appeared under 

difl'erent sets of conditions, but it vvas difficult to obtain high-quality n1onocrysta! that could 

be used for X-ray diffraction analysis of sufficient resolution. Aller opti111ization of a large 

nun1ber of crystallization conditions, it was found that the best quality crystals were obtained 

using the crystallization solution n1adc up of the following: 1.2 M L.iSC)4 , 0.1 M c:AJ)S (3-

( cyclohcxylan1ino )-1 ~propanesulfonic acid), pl-! 11.1 and 0.02 M MgC~l2 . A good 111onocrystal 

of rSIFNHco protein \Vas obtained after the crystallization solution prepared \Vith this forn1ula 

\Vas left standing for 3 days to I vvcek. ·rhe n1onocrystal was of the tripartite crystal ty}JC, and 

had a size of0.42x0.08:<0.08111111. 'I'he rSIFN-co protein crystal used in the X-ray diffraction 

analysis of the crystal structure is shown in Figure 1. 

EXAMPLE? 

Analysis of the <=rystal X-ltay l)iffraction l)ata 
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(_'.ollcction of CJ)'.;.;tal diJTraction data: 

[016()] J)ata collection was conducted under low ten1pcrature condition (1001() using the 

synchrotron radiation fron1 bean1linc f)J,SA at a photon l~tctory in 'I:sukuba, Japan. '!'he crystal 

diffraction data was collected using the follo\ving steps: 

[0167] (1) lJndcr a niicroscopc, a crystal placen1cnt tool was carcru!!y used for transfCrring 

a crystal fro111 the niother liquor to a loop at the top part of the tool; 

(2) l~n1ploying the l~'lash~C:ooling technic1ue, the loop containing. the crystal \Vas quici<Jy 

soaked in paraJlin oil (l-Ian1pton l{cscarch, lJ.S.), which acted as an antifi·ccze reagent, for 

several seconds and quickly transferred to the gonion1eter head of the dirCraction ap1)aratus. 

At this tin1c, the crystal will be instantaneously in a Jow-ten1perature nitrogen strcan1 (JOOK) 

such that data collection was conducted under the lo\V ten1perature of I OOK; 

(3) l)ata collection was started after setting the required paran1eters; the light source 

wavelength was 1 .OA, the detector was a Af)S(,' Quantun1 315 (~Cl) (charge-coupled device) 

and the CJ")'StaJ-to-dctcctor distance \VHS 3 J {) 111111. crhe data \VaS COl!ectcd using the oscillation 

111ethod, and for every in1age the oscillation angle v..1as 1°, the exposure tin1e \Vas 12 seconds, 

and a total oJ' J j () i111agcs \Ve!'C collected (Jiig. 2). 

I~1~Q.9,G,;>.;>.i1J_g_and analysis of the diffra£lion data: 

[01681 'T'he con1pletc set or <liflfaction data collected had to be processed and analyzed 

using the c:(~l)4 progran1 package beCore the set of intuitiona! di11'raction in1agcs (Figure 2) 

originally obtained in the diJfraction cxperin1ent could be used for quality assessn1cnt of the 

difll·action data and structural analysis of the crystal. ·rbis process consisted of: 1) indexing: 

transf()rn1ing the diffraction data to crystallography index (h, k, 1), and calculating unit cell 

paran1ctcrs and space group; 2) paran1ctcr n1odification: refining paran1etcrs such as the unit 

cell paran1eters, crystal-to-detector distance and angle, and degree of n1osaicity etc; 3) 

integration: obtaining the intensity inforn1ation f'ron1 the diffraction spots; 4) n1crging data: 

111crging all the di/-l'raction spots that arose due to syn1n1ctry or arc duplicated to generate a 

con1plcte set of data \Vith only independent diff'raction spots; 5) transforn1ing the intensity 

data into structure an1plitudcs. 'I'hc details on the collection of' rSir·'N-co crystal dilTraction 

data and results of the analysis arc shown in 'J~1ble 3. 

l'Alll~I~ 3 

l~l)ctails on the collection of rSI FN-co crysta I diffr11ction data and results of the analysis 
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[)ala acquisition conditions 

X-ray source 
Wavelength (A) 
[)elector 
!Jistance (111111) 
TC1npcraturc (I() 

!)ala acquisition statistics 
Space group (nu1nber ofrnolecules/asyn1111ctric unit) 
(~ell para1netcrs 
a=b (A) 

c cAJ 
o.'"'D'-·-90°, y---" 120° 
Solvent content (0/o) 
l{esolution coverage (A) 
Difli·action spots (l/ o (1)>0) 

LJniquc diffraction spot (I/ o (1)>0) 
()utcnnost shell 
Syn1111ctry related dif11·action spot quality factor I{ (o/o): 
Overall, ( Outennost she!!) 
Signal to noise ratio 
lntigrity(o/o): overall, (C)utcrinost shell) 
H.edundancy: overall, (C)utennost shell) 

ICXAMl'l_,lC 8 

PF, 13L-5A 
1.0 

J\l)SC~ Quantuin 315 C:C~l) 
3 I 0 
100 

56.7 

77.920 
125.935 

67 .58-2.60 
86556 

14052 
2.74-2.60 

7.1 (25.8) 
21.2(4.5) 

99.5( I 00.0) 
6.2(6.5) 

Analvsis of the (:1ystal Structure 

.J)et9.1.~n1i11n!!.QJ.!.--9f ... !b.Q .. ~.9J.:Y_-~._JnJ. .. 1!.!JJJ.~u_~ti.911.._1~!.litse and__s:.9.1.1 st1:..i1£1illil_Q f tl1 e 1·Q1J_:~.::_cQ .... jn.i.1!.~.l 

nio.lecular structural n1odel 

[01691 ·rhe niolecular replacen1ent n1cthod \Vas adopted to solve for the rSIFN-co crystal 

structure; the crystal structure (1)1)13 nun1ber l 135L,) or sheep INr:-r (54o/o sequence hon1ology 

to rSII7N-co) vvas selected as the hon1ologous structural 111odel. cl'hc software progran1 

l)l-IASI~l{ was used for con1puting its rotation function and translation function which was 

then used to presun1e the location and orientation of the rSII-,.N-co 111olecule in a unit cell. 

13ased on the L.aue groups and the systen1atic absence !aw, its space group was detern1ined to 

be P3 121 and the n1o!ccu!ar n1odcl \Vas correspondingly n1odilicd (viz. preserving residues 

13-25, 37-69, 79-101, 114-151 in the 11351, structure); results calculated J-l·on1 this n1odel 

\Vere as follow: Z-seorc \Vas 15.71, lL,-gain was 307.79, (~lash was 0. 'fhc n1o!ecu!cs heaped 

up reasonably in a unit cell, and IJ_,-gain gradually rose during the process of 1110\cculur 

replacernent. T'his indicated that an exact solution was obtained and the initial phase or each 

difil·action point had been dctern1incd. In turn, the n1tz generated by Pl·IASE~l{, possessing the 

initial phases, was used for building the electron density n1ap using FJ.'"J'. 'J"he initial 

48 



n1olccular structural nlodcl obtained was wcll-n1atched to the electron density 111ap, 

dc111onstrating that the exact phase solution of all the diJl'raction points ofrSIFN-co had been 

obtained. l3ased on the results above, the rSIFN-co initial n1o!ecular structural 111odel vvas 

built. 

]{cctjfic<1li_9JJ_2f the rSIFN-co structu1~Ql!JJiKLG1 

{01701 With the ai111 of obtaining an accurate rSIFN-co n1olccular structural n1odcl, the 

coordinates and ten1perature factors or all the non-hydrogen aton1s in the rSIFN-co initial 

n1olccular structural n1ode! underwent iterative rclincn1ent \)y using n1olccular n1ode!ing 

techniques and a con1puterized optin1ization progra111. 

!0171] progran1 c:NSI.1 was used for structural reiinen1ent using phaselcss population data; 

I 0% of these data \Vas randon1ly extracted for use as the testing set, and the san1c rando111ly 

extracted testing set \Vas kept throughout. All the aton1s in the structural n1odel participated in 

the ref1ncn1cnt, and eacl1 aton1 possessed 4 refining para1neters, including coordinates (x, y, z) 

and isotropic tcn1perature J~lCtor [~. C:on1putcri7.Cd auton1atic refinen1ent and 111anua! 

adjustn1ent or building of the n1odel (using soft\vare ()) took place alternately during the 

entire rci!ne111ent process. IZcstrictive NC:s vvas used at the beginning of the refinen1cnt, and 

was disused once the structural adjustn1ent was basically accon1plished. When I<ll'nrk factor 

(<0.30) and I<rrc~ factor practically stopped descending, Y1'atcr and solvent n1olccules were 

added to the structure to cotnplete the structure rectification. ·rhc n1ajor indices for the 

rectification \Vere a I<work value of 0.250 and a I<rrcc value of 0.286. 'fhc n1ajor indices or the 

final rsr1~·N-co structure rectification arc listed in 'fable 4. 'fhe resulting aton1ic coordinates of 

rSJI-'N-co are shown in ·rable 7. 

TABLE 4 

Major para1nctc1· indices and qualitative statistical results of rSJJIN-co n1olecular structure 

!~esolution ratio range(oulennost shell) (A) 

c:utolf point of signal-to-noise 

c:rystallographie i11eo11gruc11t indexes (outerinost shell) (o/o) 

Free incongruent indexes 1 (outcnnost shell)(%) 

<:01npo11c11t ofasy1n1netric unit 

Nu1nber of all the residues 

Nu1nber of A chain residues (unbuilt residues) 
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20.0-2.6 

0.0 

25.0(36.3) 

28.6(40.5) 

293 

146 (20) 



Nun1ber of B chain residues (unbuilt residues) 

Molecular nun1bcr of \Valer and solvent 

Root 1nean square deviation' 

!3ond length (A) 

Bond angle (0
) 

!Jihedral angle (0
) 

lJniit angle (0
) 

Wilson tc111pcraturc factor (A!) 

Average tc111pcrature ractor cA-~) 

Nun1ber of all !he ato1ns (2403) 

Ato1nic nu111bcr of protein (2254) 

/\chain of protein ( 1120) 

B chain of protein (1134) 

water and solvent ( 149) 

Statistics of R.an1achandran plot (o/o):1 

()ptirnal regions 

Additionally allo\ved regions 

co1nn1on allowed regions 

l)isallo\ved regions 

147 (19) 

123 

0.007 

1.379 

19.234 

0.8114 

70.7 

61.76 

61. 11 

58.39 

63.79 

68.2! 

90.6 

9.1 

0.4 

0.0 

Free incongruent indices were calculated using 10% of the total diOl·action points u111nodilled; 

2 J\001 n1enn square deviation was cnlculated using relative standard bond length/ bond angle; 

·
1 Statistics of R.arnachandran plot used soll\vare PR.C)C:!·lEC:J(. 

EXAMI'l,E 9 

Quality Characterization of the quality of t'hc rSIFN-co Molecular Strttcturnl Model 

Quality C~haracterization of the quality of the rSIFN-co n1olecular structural n1odcl 

101721 'fhc n1odcl: rSIFN-co was displayed intuitively, clearly and accurately. l·'igure 3 ts 

a typical electron density rnap rnatching to the structure of the an1ino acid residues in a 

rSlFN-co n1olecule; the spatial location and orientation of each an1ino acid residue could be 

clearly identified. 

101731 (2) J)istribution n1ap of the average te111perature J11ctors associated with the a111ino 

acid residues. (Fig. 4) 

[01741 (J) Stcreochcn1ica! rationality of the rSIFN-co n1olecu!c was characterized in the 

I{an1achandran conforn1ational plot (Figure 5), and showed that 90.6(0) or its an1ino acid 
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residues were located in the optin1a! a\Jo\vcd regions, 9.1 o/o \Vere in the a!!ovved regions, 0.4% 

vvcre in the con1n1on allowed regions. 'J'his den1onstratcd that the rSII;'N-co nl<)lccular 

structural 111odcl \Vas stcrcochcn1ica!!y rational. 

ICXAMI)l~IC 10 

(~rystal Structure C:haractcristics of the crvstal structure of the rSI l<'N-co Molecule 

.Stq~J~jJ1g and g!oba! assignn1ent..o/'thG._rSIFN-co n1olecu!e in a crystal 

10175] r·'igure 6 shows the stacking n1anner of the rSJFN-co n1olccule in an unit cell. An 

asyn1n1etric unit in the rSJf'N-co crystal structure was n1ade of two protein nlolccules (called 

crystallographic din1crs) (Fig. 7). ·rhc en1bcdding area bet\veen the din1ers \Vas 1033 .3A 2 
\Vi th 

each n1onon1er contributing 516.6A2:rhis only accounted for 6.4°/o or the total area in the 

n1onon1er. T'he A, 13, T' sides of the A chain in the din1er corresponded to the C~, D, I<'. sides of 

the 13 chain (see l~'ig. 9). lJsing the software VADAI<, the folding free energies of the 

n1onon1cr and din1er were calculated as -126.9 and -257. l respectively, which n1eant that the 

J'olding free energy of the din1er was quite close to the free energy of the t\vo isolated 

n1onon1crs (-126. 9x2). 'fhis den1onstrated that the interaction hctween the din1ers \Vas 

relatively wcakand there \Vere only two \Vcak hydrogen bonds between then1 A12(AI<Ci) 

NH2 ... NH2 Il7l(Arg), 3.0SA; Al45(Arg) NH! ... Oll ll90 (Tyr), 3.14A. 

[0176] 'rhc purification process showed that rSil,'N-co existed as n1onon1ers in solution; the 

current biochcn1ical function cxperin1cnts sho\\'Cd that the functional unit of the likes of IF N­

et should be n1onon1cric. 'rhereforc, this din1er n1ight be forn1cd fron1 the stacking or crystals. 

J)in1er Structure of the din1er.L 

[01771 ·1\0,10 single rSII~N-co n1olcculcs 111 an asyn1n1ctric unit forn1 one din1er. l~'igure 8 

sho\vs the crystallographic din1eric organization of rSIFN-co. c:hain A consisted or residues 

11-103 and 1 1 1-163 (residues 1-10, 1 04- l 1 0 and 164-166, were not involved in building of 

this crystal structure since they \Vere not shown in the electron density n1ap); chain 13 

consisted or residues 11-103 and 110-163 (residues 1-10, 104-109, and 164-166, were not 

involved in building of this crystal structure since they were not sho\vn in the electron density 

n1ap). In the crystal structure of each nionon1cr, it \Vas observed that the C~ys29 and C'ysl39 

forn1ed an intran1olecular disulfide bond; the intran1olecu!ar disulfide bond i'ron1 C'.ysl and 

C~ys99 was not shown because c:.ysl was not involved in building of this crystal structure. 

13esides, since the density or the side chains \Vere not sho\vn. residues 30-33, 47-49 of chain 
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A and residues 30- 33, 48-50 of chain 13 were n1ainly constructed as Ala or CJiy. T'he 

structures or the tvvo n1onon1crs were roughly the san1e and were linked by 

non-crystallographic syn1n1ctry (fron1 13 to A, polar angles ()n1ega, Phi, Kappa \vere 170.64, 

94.56, 118.35, respectively; tx, ty, tz \\1ere -1.061, -0.225, 0.155 respectively.). 'l'hc two 

111onon1crs were superin1posed and con1parcd; apart fron1 the regional Jlexibility of a few 

loops on the 1110\ecular surface, n1ost of the residues supcrin1posed con1plctcly. 'J'hc 

distribution or the !(MSJ) of all the (~a associated with the an1ino acid residues arc shown in 

Figure 8c; 127 residues ( 13-30, 34-44, 53-10 l, 115-163) had a l(l'v1.Sl) of 0.64 A for a!! Cci . 

·rhe dii1Crence in the local structure n1ight be a result o/'thc con1paratively large flexibility of 

this protein and the differences in the cnvironn1cnt vvhcrc the crystal stacked. 

Structure of a single n1o!eculc 

!0178J r:ach n1onon1er was n1acle up of six ci-helices (A, c:, (~', [), E~, F) and one 3 J 0 helix 

(13), v.ihicl1 were connected to each other by the connecting peptides between then1; the fold 

of the n1onon1cr structure belonged to the helical cytokincs (l:'ig. 9). 'fhe an1ino-acid 

residues vvhich corresponded to the six o;-helices (A, C., (~', l), r:, I~') \:Vere 13-20, 50-68, 70-76, 

79-100, 114-133, and 138-160, respectively. J(esidues 40-43 corresponded to the 310 helix 

(13). T"hc distribution and organization of these secondary structures are sho\:vn clearly in 

Figure 9. -r·he corresponding relationship between the secondary structures and the an1ino 

acid sequence is shown in l'igurc 10. 

Exa1nplc 1 l 

'l'he three l)i1nensio11al Structure of rSIFN-co and IFN-(t2b 

101791 i:~ascd on their receptors, JFN can broadly be divided into (\VO types: type 1 and type 

JI. 'J'ype l can further be sub-divided into Cl, [3, O), etc. IFN-c1, in turn, contains 

approxin1atcly fifteen different sub-types; the different 11:·N-u subtypes have sequence 

hon1ologics of above 801Yo yet they exhibit diversi1y in their functions. rS!FN-co is 

considered to be an unnatural and artificially designed protein. 'IO date, there arc only six 3-l) 

structures or type I Il7Ns ('Table 5) and their sequence hon1ology can be seen in the aligned 

sequences sho\vn in l~'igure 11. 

!01801 Fron1 the con1parative analysis sho\Vll in 'rable Sand 1-'igurc 11, the crystal structure 

of IFN-(12b sho\ved the highest sin1ilarity to that of rSir'N-co (Fig. 12). It was found, by 

con1paring thc;ir sequences, that rSll:'N-co had one n1ore Asp (J)) than IFN-(£2b ::1t residue 45; 
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and, by con1paring their 31) structures, rSIFN-co differed n1arkedly fron1 IFN- a2b with 

respect to the conl'orn1ation or the A!3 loop (residues 25-33) and the 13C'. loop (residues 44 

-52). T'hc crystal structure or !FN-u2b had been dctcrn1ined at a resolution of 2.9 A; 
ho\vever, except f()r the C\1, the coordinates of all other aton1s \Vere absent in the Protein l)nta 

13ank (J>f)l3 code: J 1{!·12) such that structural con1parison between rSil~'N-co and ll7N-u2b 

\Vas carried out only at the C\t level. '!'he overall !<.MS!) or a!! the C:o'. of the t\vo n1olecu!es 

was 1.577A; but in the J\13 loop and 13C: loop, the ltMSl) was 3.63A and 2.9 A, which were 

2.5 tin1cs and 2 tirnes that or the total average, respectively. 13esides, rSIFN-co contained \\VO 

111olecules in the asyn1n1etric unit of its crystal structure while lF'N-ct2b had six protein 

n1olecules, con1poscd of 3 din1crs, in its asyn1111etric unit. ()bviously, the din1eric organization 

of rSIFN-co was distinctly difl'erent fro1n ll~'N-ct2b (l~'ig. 13). 

'fable 5 

l'he dctcr1nined structures of ll<~Ns 

Protein nan1e Source Method l{esolution Pl)B code Identify of 

( A ) 1·Sll-"N-co 

"""'""'··-·----------- --------- -"'"""""""·"-'·'-" 
. ._ ____ ,,_ __ 

rSIFN-co Synthesis X-ray 2.6 ·rhis invention 

IFN-a 2b I ! u111a11 X-ray 2.9 1 H.!-~2 ( ()nly 89o/o 

(~a ) 

IFN-'~ 2a 1-!uinan NMR 1 rrr: 88% 

IFN-1 l!u1na11 X-ray 2.1 l 135L 54o/o 

IFN-[l !-lu1nan X-ray '' "·" l A lJ 1 ]()O/o 

IFN-[l Mouse X-ray 2.2 lRMI 23% 

10181) It is knov,in that IFN, as a cytokine, first binds with specific receptors on the cell 

n1en1brane to nctivatc several signal transduction pathways that \Vill generate biological 

effects in the body, such as anti virus and antitun1or eJ1Ccts. rSIFN-co is a type of If'"N-u. Since 

its receptor on the cell n1cn1brane is 111ade up of IFNJ\l{l and ir:NAI<.2, a 31) n1odel of 

receptor binding \Vith JFN-<1 \V<lS constructed (l7ig. 15a). A series of n1olccular biology 

expcrin1cnts \Vere conducted based on this n1odcl and the results suggested that IFN-ct·,.·likc 

proteins interacted \Viih JF'NAI{ 1 nnd IFNA1{2 in a sandvvich structure (f·'ig. 15a), i.e., sides A, 
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13 and I~' interacted with Il~'NJ\1\2, and the opposite sides c:, I), and l-~ interacted with II:'NAI\ 1. 

Mean\vhile, site-directed 111utagenesis revealed that the AI3 loop, vvhich interacted with 

IFNAl\2, \Vas the 111ain constituent of the active site of IFN-{1-likc proteins (Fig. 15). 

Structural con1parison showed that the structure of this in1portant region was distinctly 

diflCrent between rSIFN-co and IFN-a2b (I:'ig. 12, 'I~tblc 6). Structural dil1Crences in this 

in1portant region nlay trigger di!lCrcnt physiological or pharn1acological cOCcts as a result of 

changes in the binding characteristics vvith receptors. 

(0182] Apparently, although the n10\ccular skeleton of rSlFN-co was sin1ilar to that of 

ll.-N-a2b, they differed n1arkedly in the structure of their active sites. crherefore,judging fron1 

the local structure closely related to the pharn1aeological activities or the n1olccules, it \vas 

found that rSJl<'N-co was a new type of IFN different fron1 ir:N-u2b, and their structural 

differences had led to distinctly dif!Crcnt biological and pharn1acological characteristics. 

I-3ascd on the diflCrcnces in the speciJic key region of its three din1ension structure, rSII7N-co 

n1ight j)roducc unique physiological and pharn1acological ef'Tccts. 

l'AIJJ,.,E 6 

lloot-Mcan-Squarc IJcviation (llMSI)) of Cc1 bct\\'ccn AIJ Loop and BC l,oop of rSIFN-co and 

II;N-u2b (unit: A) 

!\esidue 1H11nber of AB Loop - -l{MSJ) (A) -Residue nu1nbcr OT-i3C:--J-~(;0-1)·------- -----1\MSf) (A) 
------------ ------------------------------- ------------------ ---------------------- ------------------------···-1-------j 

25 3.291 44 1.164 

26 4.779 45 l .383 

27 5.090 
---------------------------------·---·--r-~~~--j 

46 2.735 

28 
,.,.,, .. "'' _____ .,_, .............. ___ .,_ -------··-·· .. ---·-------~~------l-~~~___, 

3.588 47 2.709 

- ----- - -- ----- ---------------------- -- -- --- - ----------------- ----- ---------------------------------+------j 
29 2.567 48 5.018 

--·--·-·-·---.. ·- ...... ____ ,, ____ ,,_, ... _ .. ,_. __ ,,,., __ ,, ____ ·-----·----------------!-----~ 
JO 2.437 49 4.140 

31 3.526 50 3.809 

··-----·---·--·-- ...... _._, ___________ ....... -.... -· ................. ""'""'""'- '""'"'-----·--------- -----·--.. .. 
32 4.820 51 2.970 
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PllE A J6 

PllE /\ '.l6 
Ill lf: t\ :l(") 

18:3 CG 
18'1 CD! 
18i'i CU2 

CE! l'JIE t\ '.Hi 186 

18'/ Cl'.2 l'IJI~ t\ :Jb 

188 CZ 
c 189 

J qo o 
19! \ 

l'llE fl :iti 
:Jb l'JIE fl 

1'111 ·: ./\ :\() 
(;1,y fl :i7 

192 Cf\ CLY /\ :l7 

19:3 C CLY /\ :J7 

Jq!J 0 Gl.Y t\ :17 

l'lll.~ fl :J8 J \JG N 

l SJ6 Cl\ l'JIE fl 38 
CB l'llE fl 38 

CG Pill·: /\ :l8 

1'111'. I\ :)8 

I 97 
198 

J 9\J CIJ J 

f.'.00 CD~~ l'lll~ I\ :lH 

~.~01 CFJ l'llE 1\ :l8 

202 Cl'.2 l'l!E fl ,'J8 
2o:i CZ l'llE fl :38 

C l'llE A :l8 20 11 
206 () PllE /\ :l8 

PHO /\ '.l9 20() N 

207 CIJ Pl\O t\ :l\J 

208 Ci\ 

209 Cll PRO fl :l'.l 

--:l1.:l8ii 1!:l.(/)11 ·-25.fitll 1.00 81.88 

:l:l. 200 !Jfi. 298 .. 26. !iFi2 l. 00 82. !JSJ 

·<l:~.217 11.:127 ·-27.076 l.00 8l.2:l 

·:i 1. :l 15 

·<JO. 199 

·-:lJ. Tb8 

·<lO. 98 11 

·<ll. 9:l2 

1:1. 9!"i8 ·-2:'1. 929 

1'1. 117:l ·-25. 816 
1l:l. 066 ···25. ()118 

12. fiG!J --2:l. 881 

12. 2!\S ···22. 7'12 

--:11.:11:1 ·1~~.:l2:J --·21.:181 
:l l . ;J9{i 

-<lO. 2119 

2\1. DOG 
--:io. 101 

29. '.l92 

1:l. 11:1 ··20. :119 

11. :J:l1l ·-20. 995 

11.B:li'i ··19. 75Fi 

12.7'.ll ···J9.:l22 
111. ii2!) --21. 168 

···:Hl. :l8'.l !JO. 1l:'JO -· 21. G:lG 

lj l. 78:l ·-·2:l. 869 

1.0080.18 

1. (){) 7~,l. 67 

l. 00 7q, 01 

1. (}() 7(-i. ~) l 

1. ()() 76. 8.') 

1. {)() 76. :11 

l. ()() 7(). 7:J 

I. 00 7l-i. 92 
l. (){) 7b. 89 

l. ()() 77. :l(-) 

1.00 711.89 

1.00 75.0J 

l. 00 71. 97 ···28. 716 
--27. 6:ll 

--26. :-\66 

--25. 1.70 
--25. 1)\)() 

·-2'1. 183 
--27. :JJ8 

···~~{i. H(i2 

··27. 558 

110. 82:l --21. 089 I. 00 69. 11 

11.S(-il ·-21.S12 1.00 71.02 

10.617 ·-25.018 1.00 7:).18 

39. 901 ···2fi. 022 1. ()() 7fi. '11 

'10.591 --21.:398 1.00 71.7() 

10.010 --·22.8:\7 J.00 fi(i.06 

10.G011 ··2J.8:lO 1.00 66.0:3 

:l8. 70G -22. 900 1. 00 61. 8:l 

27.282 :J'l.85:l -·2J.7fi7 1.00 57.7S 

--28. 28'.l :lb. b98 -21. (i71 l. 00 57. 18 

··29. 696 :l7. 116 --21.112 I.()() 66. 02 

-·:JO. GS6 :l7. '.l57 --22. S05 l. 00 G5. 11 

·<HJ.1118 :J7.1JS ·-20. J.'i9 J.00 56.9() 

-<ll.817 :l7.827 ···22.296 t.oo 56.:lo 

··:lJ. 11'11 :l?.889 ·1\J.~J:lD 1.00 fifi.70 

···:l2. 28~J :is. 097 ··:: 1. o 1 o 1. oo fib. :i8 

···2S. 870 :J7. :l2(i ·--21. 8:lG 

·2:i. :lb7 :l(i. 717 ·-20. 882 

·<:G. 2:J:l :l7. ii:li --·22. CJ82 

·<~:l.859 :l7. JO:l ·2:3. IG:l 

··-2:J. S89 :is. Gl 1 ..,2:l. 17 l 

···(.~!,. ()27 ;J;), 110 22. 572 

···21. 13\J :J1. 868 --·2:3. 8iiG 

···21. 272 :3:l. 128 -2:i. 960 
···2.'i. :12:1 '.l2. 87:3 --21. C)2i'i 

·2:""i. )(il :)I . 1121 ·2b. 2r11 

·zs. :is2 :io. :lfi7 ·-21. 261 

;~1. 79:) :ll. 02:l ··2(-i. !i29 

--20. 177 29. 110 ··2 11. fii)q 

J. 00 flfi. G2 

l. 00 iJG. 22 

1. 00 G:l. 97 
1. ()() fi2. ('i(i 

1. 00 fi2. '.ll 

j. 00 fi2. 88 
1. (){) i)2. :111 

l. 00 fi:l. 26 
1. ()() 50. (-)7 

1. 00 '18. ii:l 
l . ()() 117 - 01 

1.00 1"7.77 

1. ()() ·17. 91 

··21. (-ij.'J 29. (i'f6 ··26. ~):l1 I.()(} IJ(i. 88 

··2 1J.80l\ 28.719 ""2fi.8fi0 1.00 48.2! 

···22. HG:l 
···22. t)81 

···22. 07 l 

·-22. :rr:i 
··20. 711 

20. ()8rJ 

:l3. 111 "21. 178 

:l:J. S7SJ -<-!G. G17 
:lt.. :l27 ·- 2:l. 72'1 

:JJ. 701 -··22. 111.2 

:Jl. 982 ···21!. l:i8 

:i1. 111 t) -·22. 889 
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l.00 5tl.82 

I. 00 5:3. 18 

J.00 Sli.11 
J. 00 Gfi. :J:l 

1.00 S7.:Jb 

J. 00 G:J. 8'1 
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ATO\! 

ATOM 
i\T0.11 

l\T0\1 
ATOM 
i\T0\1 

ATOM 
!\TO\·! 
l\T0\-1 
/\TO\\ 
ATOM 
i\TO\l 

i\T0\1 
1\1'0\\ 

ATOM 
i\T0\1 
J\T0\1 
ATOM 
ATOM 
ATOM 
ATOM 
/\TO\·! 
/\TOM 
/\TO~! 

/\TO~! 

ATOM 
J\T0.11 
J\lO.\l 
J\l0.\1 
J\T0.\1 
i\TO\i 

J\T0\1 
i\T0.11 

/\TO.Ii 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
1\lOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
i\ '1'0\1 
/\TOM 

~~10 cc 
f.11 c 

i'llO i\ :l'.J 

PRO I\ ;39 
~~12 () I'll{) i\ :i:i 
tl:J N CLN i\ 10 

~!J1J Ci\ Gl.N i\ 10 

2 J :l Cll GLN I\ 1JO 

'..:Jf> Ct; CLi\' I\ 10 

217 CD CLi\' i\ ,10 

~:18 01~1 (;I,:-; i\ 110 
219 NE2 (;Li\' i\ 10 

2:!0 C (;Li\' i\ 10 

2;! 1 () {;I,\' i\ ,1() 

222 N CLU i\ 1J l 
22.'l Cl\ {;1,u i\ 11 

22'1 Cll GLU i\ 1J J 

22f'i ((; GLU I\ tJ 1 
226 CIJ Gl.U A 11 J 

227 OEJ GLU A tJ 1 
?.,28 01~2 GLU A tJ J 

229 C CLU i\ tJI 

2:30 0 GI.LI i\ 111 
23! ~ GLL1 i\ '12 

232 CJ\ GLU i\ '12 

2:tl CB ()JJ! i\ 12 

2:l1 CG ()!Ji II 112 

2:lS CD (;LU I\ 112 

2:Hi OE! CIJ; /\ 12 

2:-!7 OE!. GIJ; /\ 12 

238 c (;[,[j /\ 1J2 

;.;:l9 0 GIJ; i\ 42 

210 !\ l'llE f\ 1:l 

2tJJ Cf\ l'llE f\ 1:l 

212 en 1'111: A 1J:3 
2tJ:l CG l'llE i\ 1:l 

211 CD! l'llE f\ 1J:l 
21fl CJJ2 I'll!': A 1:l 

21ti CE! l'llE /\ 1:l 

217 CE2 I'll!! A tJ:l 

218 CZ l'JIE /\ tJ:3 
21~) c 

250 {) 
2GI N 

2G2 Ci\ 
21i:J c 
2011 {} 

25::i N 

I'll!'. i\ 1'.l 

PllE i\ 1:J 

GLY /\ 1'1 
GLY /\ 1,1 

(;1.y /\ 11 

GLY /\ 11J 

c:1.v 11 rJ:1 

2fl6 C/\ ()LY I\ !J;) 

257 c ()l,y f\ 1:1 

2fi8 () 

2ii9 N 
2ii0 Cf\ 

2fil c 
~!62 () 

GI ,Y /\ 1J 5 
Cl,Y i\ 1fi 
(;l,Y /\ tJ(-) 

Gl,Y 1\ :l(i 

CLY i\ r)(-; 

-21. 2:J1 :10. 702 --22. 2b6 

-20. 705 :io. 97'1 ---2:i. :i18 

20. 29~: 2q. 82rl ---2fl. JG:l 

21. 15~) :Jl.'128 --2(i.48"/ 

-21. 2:JG :JO. 61 (} ---27. 710 

---:1.1.:J:J\J :lJ.520 --28.911 

-21. 996 :io. 77b ---:io. 118 

22, :l7~~ :11. 71:3 ---:ll. 2tJ7 

2'.~. 88G :12. 8 ! 8 -- :l l. 07q 

--22. l:Jfi :JI. ~!Ji~.:--:;;:. 528 

I \J. 97\J 2\J. 797 ---28. 011 

20. Oli1 28. 709 :J.8. G77 

--18. 821 :io. :i29 -·27. li:Jo 
--17. ri:\7 29. fi(i7 -;~7. 8:11 

--]()_110:1 :\0.178 27.216 

--1G.:J7:J :ll.99:1 --27.:l02 

-- 17. S99 :l2. S:l8 --2b. :lO~J 

--11.1:H-; :i2. 289 --2s. oqs 

., 18. 558 :l:l. 2~:0 --2(i. 712 

--17. SI tJ 28. 2'19 ---~;7. 276 

--16.971 27.:l27 --~J.7.88!J 

18. 107 2H. 081 --26. 098 

-- 18. 1 :3tJ 2fi. 781 --2;). 137 
18. 81 b 2b. 907 -21. 07:l 

---18. ()'.)() 27. 8:19 --2:). 108 

--16.671 27.:l87 22.810 

---IS.90! 28.192 --22.2tJii 

I(). :l2\J ~~b. ~-~~!8 -- 2:l. I :l1J 

18. 817 2:J. 10:1 --<:t-;_ 2r-;:1 

--18. (ii)8 ~: 11. s J fi -<!5. 982 

l'.J.f)(i:J 26.11:1 27.28:) 

-20. 279 2ii. 1()9 -2H. 1112 

21.HOI 2:'i . .'l13 -27.U82 

l . ()() f)(i. ()(i 

I. 00 fi9. :l2 
1. 00 fi9. :l8 
l. (]{) 61. ,12 

1. ()() 6:l. 8(i 

J. ()() li!i. 01 

1. ()() (}'1. 78 

I. 00 70. fiO 

1.00 70.0fi 

1.00 b9.'.lb 

1 . 00 (i,1. OS 
. {)() ()2. l 9 

I. 00 (ill. 08 

] , ()(] ()8. lb 

I. 00 68. 78 
l. ()() 7 J. (iii 

J.00 7!.91 

!. 00 70. Gfi 

l. ()() 72. 11:l 

1.00 69.10 

1.00 70.02 
l. 00 70. :l7 

1. 00 70. 92 

1. 00 70. :l:l 
I. 00 70. ()(i 

l. 00 71. 66 
J.00 71.99 
l . ()() 70. :l:J 

j. ()() 72. :11 

J.00 71.27 

1.00 711.tJ:l 

1.00 77.0J 
J. ()() 7:l. 77 

---22.2()(1 2:"i.:JSJ:l --2!l.GGI 1.00 70.1 11 

2::.212 26.ilfl() -2!).829 1.00 (i\J. l2 

--22.728 2·1.2 1ll) "''2:1.916 J.00 (-i9.17 

-22. 608 2{). li27 21. 1198 
--2:l. 12G 2'1. 287 --·21. S79 

--2:). 06!) 2b. 180 

-- j :J. '.)()1! 

-- I 9. b I 5 
2S. :l29 
211. :l:"J() 

---2:l. 8'/:l 

--2SJ. 1i20 

:10. :112 
--1 \). 917 2b. 571 ---:HJ. OSJ:l 

I. 00 (-i(i. 90 

J. (){) 68. 62 

J. 00 l-i7. G5 
I. 00 80. 52 

I.OU 80.71 

I. 00 81. 1l:l 

ID.S:Jrl 2(i.81J9 :ll.~8:) !.OU i~7.il:l 

-- 18. l O\J 2(i. SJ 12 ---:l l. 79h 1. 00 89. 96 

17.:l97 27.82~! --:)1.:Hi'? 1.00 H9.HH 

17.(i.'12 ~!G.SJ:l:l --:l2.G61 J.00 91.19 

J(i. 2r\:J 25. 889 ---:l2. CJ:J(i I. 00 9:l. 11 

J 5. 7:l-1 24. r!68 -- :J:l. O:lH l. 00 UtJ. OG 

--16. 21 :l 2:). :;77 :12. :1:l:l 
--1,1. 'i(i7 21. 2:'iii --:J:l. '.JL.:"i 

I rJ. I tJC} 22. ~J:)G --:\ 11. 09H 

--l:l. 2.'ll 22. (j()() ·--:l2. !!72 

12. 191 21. \176 :l:L JDD 
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I. 00 9:5. 98 

I. 00 9'1. 77 

. oo q5. 112 

1. oo ns. 90 
1. ()() 9()_ l () 
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/\TO\-! 
/\TO.\! 
/\TO.\! 

/\TO.\! 
1\'J'OM 
/\TO.\! 

/\TO~! 

/\TOM 

/\TOM 

/\TOM 

1\TOM 

/\TOM 

1\lOM 

/\T0\1 
/\T0\1 

ATOM 
ATOM 
AT0\1 
/\TO\·! 
/\TOM 
/\TOM 

/\TOM 

/\TOM 
/\'l{JM 

ATOM 
AT0.\1 
ATOM 
AT0\1 
/\TO\·\ 

/\TO~! 

i\TO.\! 
/\TO\l 
/\TO\l 
/\T0.\1 

/\TOM 

/\TOM 

/\TOM 

ATOM 
ATOM 
/\TOM 

/\TO\! 
/\T0\1 
i\'J'0.11 

/\TOM 

/\TOM 

/\TOM 

/\TOM 
/\TOM 
/\TO\·! 
/\TO\l 
/\lO.\i 

/\TOM 
/\TO\·I 

26:l N GLY A 1J? 

261 CA Gl.Y A 1J? 

265 C GLY A 1J? 

26(-i 0 (;LY A 17 

267 N (,'LY A 18 

268 

~:69 

Ci\ C:LY /\ 18 

c 
270 () 

(JLY /\ 18 

CLY /\ 18 
/~71 :\' /\I.A A 1)9 

272 CA /\I./\ /\ "19 
2?:J CB Al./\ A 19 

c 
;!? s () 
276 :\ 

277 C1\ 

278 c 

Al,A i\ 19 
/\I./\ /\ 1)\) 

GLY /\ !10 

CLY A .'iO 

GLY /\ :'iO 

27lJ 0 CLY A :"iO 

280 :-\ Al.A A Gl 

281 CA ALA /\ Gl 
282 Cll /\LA A f-j 1 

28:l C /\LA A 51 

28'1 O Al./\ /\ !i l 

28fi N /\LA A il2 

286 CA i\L/\ A 82 

287 CB ALI\ A 82 
288 C ALA A :J2 

28~) 0 /\LI\ A :J2 

290 N 1\1.i\ A .'i'.l 

2'.l I Ci\ Al.1\ A :J:l 

2D2 Cll /\LA i\ G:l 
2lJ:l c /\I./\ fl :J:l 

2911 0 1\1./\ A G:l 

2~Jf} ~ I LE A :l!l 

29G Ci\ lLE A G1 
297 CB I LE /\ :)1 

298 CG2 J LI: /\ Gt! 

299 cr;1 !LE A l:i1 

:·HlO Clll l l,E /\ ii1 

:301 C JLE /\ !i1 

:l02 Cl 11.E J\ StJ 

:io:J ~ SEI< A Gil 

:10.-1 C/\ SE]( A il5 
:Jo:-; CB SI·]( /\ :)5 

:lOh OC: SEil /\ ;:;5 

:J07 C SEil A :):) 

:l08 0 SEil /\ il5 

: l l () 

:ll l 
:ll 2 
:l J :l 

V/\I. /\ 5(-J 

VAL fl :JG 
CB \I Al. A :)() 

iifi CGl Vi\I, A 

((;2 VAL A 5b 
:J]i\ c VAL A Sb 

:lJ:i 0 VJ\L A :'i(i 

--1 :J. 870 2:l. 0-10 -- :11. 75\J I. 00 9il. (l J 

--12. 72(-) 22. 778 --:JO. (i{)(i l. 00 \)G.18 

---12.128 2l.2\J8 --:J0.155 
---JJ.:ll9 20.921 ---::Hl.O?:J 

-- J :l. 125 t~O. 1b6 -- :JO. ?l-iO 

---1:i. 272 19. 02:i ---:lo. 671 

--12. 9!l:l 18. 511 --29. 279 
---12. 016 19. 01JJ --28. 61D 

-- J :3. 70:) J 7. G6li ---~'.8. 7\)(i 

---l:l. 507 17. 000 --2?.16:l 

---1:J. 219 18. 10:1 -<!b. 11/1\J 
--J1. 771 l(i.21:) --27.0h:J 

---J:J.801 l(i.85!1--2(-i.77 11 

---11.690 l!l.9JU -27.0UH 
-·I G. 81!1 I 11. J I :3 ... 2G. 7'1.7 

--JG. 195 11. 501 ·25. 116 
... 17.fi71 11.870 --·2G.:l87 

--Jfi.721 11.112 21.:l3!i 

--J(i. 21 I 11. 7fi:l --22. 992 

--l!i. 276 14. 1:38 --21. 955 

-- J 6. '121 l 6. 2:lS --22. 68G 
--- J'I. 10'.J J 6. 602 --22. 019 

---Ifi. :J01 17. 088 ---2:l. ll:i 
---15. (-).1:} 18. :il j --22. 852 

--J1.16~J 19.28(-i ---2:l.1J2!J 

1.00 SJS./12 

l. 00 ~J:). 115 
J.009!J.9fi 
I. 00 q:l. :i:i 

I. 00 9:_l. J(i 

1. 00 91J.1ij 

I,()() 91. 77 
1.00 \J0.57 
I. 00 SJO. ;)() 
j. ()() 89. 91 

J. ()(} 90. 811 

l. 00 88. l :l 
1. ()() 8h. ]!) 

l. 00 8!i. 07 
1. ()() 811. 82 
l. 00 8:l. 62 
l. {)() 81. 8:l 

l. 00 82. JO 

1.00 7q,92 

1. (){) 79. 80 
1.00 77.7D 
l. 00 76. ~)fi 

I. 00 7(1. 21 
-- lb. 96S 1 \l. o~:.7 --2:i. !JGO 1. on 75. 56 

76.89 --17. 17:l 20. 072 "'2:1. 0:37 
"21. 11 (-i 

-2:'). 080 

I. 00 

"l 7. GJO 
18. 756 

---18. 7:)7 

19.980 
--21. o:i:i 
---19. 8:l8 

--20. 92b 
--20. liOI 
--21. 60(i 

---20. 61 l 

---20. :J(i8 
---21. 161 
--22. 290 

--20. 097 
--20. 181 

--18. 79:l 
-- J 8. ()(-)5 

---20. 981 
---22. 026 
---20. 1\J!J 
--21.178 

-20. 118 
-- I q_ I hi 

20. 078 
-· 22. (iJ () 

~?.:l. :)](-) 

!8. 288 
18.677 
18. 220 
18. l 08 
J 8. 7:l8 

---2(i. fJ:l2 

21. :J7tl 

1 l-i. 90:l ---2:J. 811 

l(i. 2(i9 ---2:1. 119 

I . 00 72. 1J7 

1. 00 68. !JS 
1 . {)() 

I. 00 (i1l. \J9 

l.00 6:l.06 
l. ()() 62. J:l 

1. 00 S~J. (i8 
11J. 79:l --22.815 J.00 59.:JtJ 

11.221 --21.820 1.00 fiO.:JO 
I :l. 99:l ---21. l J 7 J. 00 59. 61 

12. f.i 18 ---2:i. :i:io 1. oo G9. oo 
17.028 ---2l.8l:l 
17.095 ---21.:127 
17.601 --21.259 
18. :J70 --20. 02:; 

18. ?SI --J \J. 519 
l 7. (-)()tJ ---]SJ. Jij:J 

19. (-)10 ---20. 217 

l~J.8:l7 ---l\J.(i~~? 

20.il02 --'l.1.127 
21. 752 --21.115 
22. :)71 --22.178 
2:l. I fi2 -- 21. 878 
2 J. b97 -- 2:l. 668 

2J.il28 --21.8911 
:~~.'.. :!U:l ~:J. :)(i? 
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1.00 57.90 
1. ()() 57. :ll 
1.0055.70 

1. (I() 5-1. 92 
1.00 G5.J:J 
1. 00 G?. ~.~O 

1. oo 5:i. 111 
l. ()() ;):]. (i8 

l. (){) so. 22 
1. ()() 50. :-i1 

1. 00 !iO. S:l 
1 . ()() fi (). il :l 

l. 00 :) I. 00 
I. 00 19. ()2 

I. 00 19. :10 
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/\TOM 
/\TOM 
/\TOM 
/\TOM 
/\TOM 
/\TOM 

/\TOM 
/\TOM 
/\TOM 
/\TOM 

/\TOM 

/\TOM 

/\ roM 
/\TOM 

/\TOM 

/\TOM 

/\TOM 
/\TOM 
/\TOM 

/\TOM 

/\TO\·! 
/\TOM 

/\TOM 

/\TOM 

/\TOM 

/\TOM 
/\TOM 
l\lOM 
l\TOM 

l\TOM 
l\TOM 

I\ lOM 
l\TUM 
l\TOM 
l\TOM 
l\TOM 
l\TOM 
l\TOM 
l\TOM 
l\TOM 
l\TOM 
/\TOM 

/\TOM 

/\TOM 
1\TOM 

l\TOM 
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--:10. 2si:i 
---:l l. 71JS 

--:l2. 12:1 

20. 68(l ""21. 4:32 
21.91() --20.54() 

20. 917 ""22 . .S:JD 
17. O:JO --·20. 481 

I ti. (i38 "'20. fi98 

1 (). li20 ·- J 9. fi~)8 

15. 1Jb5 ---18. 6'/!J 

J.S.1:3!J 17.711 
l!J. J(-j\ 16. :)02 

I G. 01 :l .. 15. tJ1J'/ 

11. :101 .. 11. :HiG 

12. D71 ""1U.1:lfi 
12. 2S6 ---!ii. :ltJ9 
12. ~)29 --11!. :l21 
12. 227 --- ] :l. 2!-j(-) 

itJ.217 -19.t\1(-) 

1:l. 5'.l1 --]9. ]()(-) 

J:l. 915 --20. tJ89 

J 2. 7'18 --(.,]. 300 

12. (-i\6 ---22. '140 

l l. 363 ... 22. 371 

10.178 ---21.:J17 

9. 7Sb .. -20. 7GO 
9. b!J8 ''"22. 816 

12. 909 ·-21. 880 
11.98'1 ---21.826 

11!. 098 --22. 119 

llJ. !JO:l --2:l. O'.JO 
1 ::J. 800 --2:l. (-i6(i 

15. 825 ---2.s. 02.0 

17. i.15 ---2:-J. 621 
18. OJO ... 25. Sfi(i 

17.:""lOS -26.21'1 
J!J. :!.79 '"22. ()(ii 

I. 00 :l9. 90 
l. ()() tJ J. 1Js 

I. 00 :l7. :J(i 

1. ()() 110. so 
1. 00 :l9. 8:l 
1. ()() 12. 1(-i 

I.004:l.1J 

I. 00 !JS. 71 

l. 00 ti CJ. b9 

I. 00 SO. l 2 
l. 00 :J2. (] 1 

1. 00 GO. (i9 
1 . {)() :i :l . ()1) 

I. 00 ;)3. 92 

I. 00 56. 7J 

1. (){) 1:i. 97 

J.00 111.98 
l. 00 15. 7b 
J. 00 18. 1!f) 

1.00.Sl.91 
I. 00 fifi. fi9 

I. 00 61. !i9 

1.00 b:l.01 
[. {)() bl. 97 

l. {)() 18. 95 

].(){) !J8.7!J 

i. oo '18. :io 
1.00 19.20 
l. ()() 119. 2J 
J.00.'iO.l:J 
J. 00 GI. 05 

J.00 G:l.G7 

I. 00 62. 77 

1.0019.71 

I :5. 902 22. 162 l. 00 !JO. 06 

Jtl. (i02 --20. 790 I. 00 18. 8S 

11.1G:l ---19.H20 1.00 '19.t\5 

1.'i. 02.G -- 18. ·151 

lG. 5:lO '"-IH. 2:37 
I. 00 !J7. 80 

1. 00 tjf). 9'! 
J6.H51 --·Jfi.8fi1 1.00 tlfi.21 

16.997 ---18.110 J.00 ljf).80 

J '.~. ~)71 .--19. (i7~J 1.00 SJ.G:l 
1.00 119.(il 

1.00 G!J.0'.l 
12.:)31 --19.f.61 

12. 212 ---19. fi8:) 

10. 7b6 --19. tJ:l9 

JO. 177 .--19. JO,~ 
10. 1:19 '"20. (il8 

9. 208 "'20. 11'.ll 

l 0. (-i51 ---21. 8~~(-i 

10. l j 5 ---22. 998 

l 0. (-j(-JG --211. i.95 

l 0. 259 ---211. 1J89 

q_ 1 Gb ---21. O:lH 
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ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
/\l0.11 

/\TO\! 
i\l()\1 

i\TO\\ 
i\TO\l 
i\T0\1 

i\TOM 
J\TOM 
i\TOM 
J\TOM 
J\TOM 
!\TOM 
!\TOM 
A TOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
!\TOM 
ATOM 
ATOM 
ATOM 
ATOM 
!\TOM 
!\TOM 
!\TOM 
!\TOM 
ATOM 
i\TOM 
i\T0\1 

i\TOM 
i\TOM 
i\T0\1 
1\TO\l 
i\T0.11 
1\TOM 

/\TOM 

1\TO\'l 
i\TOM 

1\TO\'l 
i\T0\1 

1\TO\i 
J\TO\l 
i\T0\1 

i\TO\·! 
i\T0\1 

(i:l1 OD2 i\SP i\ 95 
ll3S C 

(-i:J6 0 

b:J7 N 

i\SP i\ 95 
i\SP i\ 95 
LEU /\ D6 

b:l8 Cl\ I.EU i\ 96 

b:J9 Cll LEU i\ 96 
b10 cc; I.EL A 96 

611 Clll LFU i\ U6 

tl'J 2 CD2 LEl! 1\ tJG 
6113 C LEU i\ 96 

6'11 0 LEU i\ Slli 
fill:) N C:l.U I\ H7 

6!JG CA GIJ! A '.!7 
fill'( Cll (; 1.L: /\ \J'l 

6118 CG ()l,U /\ 97 

6119 CIJ (;[Ji J\ \J7 

GfiO 01:1 Gl,li /\ D7 
()fil 01:2 GLU /\ 97 

b52 c 
65'.l 0 
651 N 

GLU /\ 97 

GLU /\ 97 
i\I,/\ /\ 98 

G5G CA i\I,/\ /\ 98 
GfiG Cll J\L/\ J\ 98 
6Fi7 c /\I,/\ /\ 98 
6fi8 O /\LI\ /\ q8 

6fi9 N 
(-j(-j() 

CYS /\ ~J9 

99 CA CYS /\ 
66J 
()()2 

!)(i:J c 
(i(ilj 0 

Cll CYS /\ \19 
sc; CYS /\ 9D 

99 CYS /\ 
CYS i\ 

Gfifi N VAL /\ 
Cl\ VAL i\ 

Cll VAL 1\ 

v 1\1. i\ 

(jt)(i 

667 

668 CC:! 

SJSJ 
]()() 

l ()() 

JOO 
l (}() 

Gh9 CG2 VAL /\ l 00 
6?0 C VAi. i\ 100 
671 I) V l\L i\ l (}() 

/\1./\ i\ I 0 l 672 N 

67:l CA i\I./\ /\ J 0 J 

67'1 Cll 
67Fi c 
(-)7(i 0 

(i77 N 

G78 Cf\ 

679 c 
680 () 
()81 N 

b82 Cl\ 
68:l c 
681 () 

/\LI\ i\ l 0 I 

i\L/\ /\ J 0 J 

i\L/\ i\ J 0 J 

Gl.Y i\ IOt~ 

CLY i\ 10t2 
Gl.Y i\ 102 
GLY i\ JO;! 
(;LY i\ IO:l 
GLY i\ 10'.l 
GLY /\ 10:1 
(;J.y i\ 1 O:l 

b8:"i N ALA A I l I 
li8(i Cl\ /\Li\ A 111 

-:J2. 513 J l. O:l:J 25. 101 
···28. 208 I 0. 112'1 .,.22. 9b0 

l. 00 65. 80 

J. 00 62. OJ 
l. 00 6:l. 8:) -·27. :J\J(i 

··27. 8i)() 

···2(-i. 129 

··26. 2:)0 

lJ. :i:J1j ··2:\. :l1\J 
JI. bl2 .,22. '192 

J I. CJ(\8 22. '1:.l1 
1 :i. 11:17 ··22. ()(i:l 

I. 00 6:.l. '1 1l 

.. zb.2~-~8 111. 11:i1 --2:1.22:i 

J. 00 6Fi. 26 
1.0061.67 

I. 00 611. :lH 
I . 00 6:l. :l\J 
]. ()() (i2. 7'1 
1. ()() li7. q1 
1.00 68.G2 
1.00 ?0.1:3 

···2:J. 87(1 I :3. 81 G ·· 22. fi~Jl) 

·2G.2J:J 1:l.lJ"/8 211.2:1() 
·2:). (-j(i5 J 1. l Jf-j ··21. '1 1Jlj 

--2 11. :)~~(] 10. 7:J:) ··21. (i9:l 
2(i. :ioo 10. 811 --20. :i21 

···2:'i.l!S7 10.017 --19.291 1.00 ?2.G5 
-·2b. 1i88 10.075 ···18.019 1.00 71.72 
···2b. 98ii 
·-27. 2111 

··-27. 717 

--26. 9:lJ 
···2S. 1!50 
···21!. 1168 
.. 2b. :\(:i(i 

---2(1. 22:J 

··27. '1:l3 

···21. ~J(j:) 

·-2'1. 070 
···2tJ. lJ07 

·-2:1. 78() 
.. 2:J. ~J81 

--22. \JSlJ 

·2:~. tl(i;!, 

-.,21. 1178 

··22. 1J:\8 
···21. 221 
··21. :J()1j 

···20. l ()SJ 

··21.60:.l 
···20. 8?8 
·· 19. 721l 
···21.881 
··-21. ('j(j(-j 

···22. 92 11 
···21. rJ118 

-·20. :J11:i 

···20. 11 '/ 
···1\J. :J:J9 
···20. :l20 
··· 18. :l1J:) 

···I'!. 7,11 

17. ()~J7 

.. 1?. :121 

IJ.'18S ·-17.769 1.00 71.81 

1I.799 ··JU. :.111 1.00 75. fil 

12.905 ---)().036 1.00 7rJ.77 

10.95:l ··15.!Jf)J l.00 77.7:l 
8.Fi88 ···19.762 l.00 71.96 

7. 91:l ·- 19. :l90 I. 00 76. 1(:i 
8. 089 ···20. fi8G J. 00 7h. 86 

6. 7:l7 ···21. l l f5 I. 00 78. 82 
(:i.:ll-i6 --21.951 1.00 77. l:J 
{i.77S -<-21.980 l.00 81.2ii 

:).9111 <~J.8:l8 1.00 81.fiii 
7. 778 --~~2. 8fi!J 1. oo s:i. 117 
'l. 98? ··2:l. 7fi9 l. 00 8S. 1(i 
\J. :110 ··21. 517 1.00 86.!JI 
9. S11S ··2b. 007 1. 00 89. 7(i 
8. ()()() ···22. 988 l. 00 8fi. lj 7 

7.'llS ···2:l.1J:l() 1.00 87.19 
8. bG~J ···21. 8:l2 l. 00 87. (Hi 

8.718 ···21.018 l.00 88.28 
q_721 ·-l~J.810 l.00 87.71 
tJ.70'1 ···18.\J80 l.00 87.01 

11. J 18 -··20. '.l71 l. 00 87. (i8 
7.:.l:l9 ··20.'l·12 1.00 89.fiO 

n. 8~J9 ---20. ::io6 1. oo 89.16 
(i. ()fj(-) .. 19. 880 l. (}() 90. :}2 

G.:l10 ·-!~l.2~J1 l.00 9l.:l7 
il.~158 ·--18.177 l.00 90.b8 
11.:lO:'i ··20.:l~JO J.00 9~?. ll 
:l. 2~JO . .,20. 18:3 l. 00 9~.:. 02 
'1.:)72 --21.218 1.00 92.(-i(-i 
:t li72 
lj . .-j!j('i 

1. {)()fi 

11. 89:l 
ri. h6t.~ 

(i. \J:J() 

--22. :io:3 1. oo 9:1. 77 
·2:\. 1190 1. ()() 91. '.l7 

1. oo \J 11. :io 
I. (){) \,l1J. 78 

l. ()() lJtl. fi9 

--2'1. 1()7 

--2:1. :l9:J 
··21). 1172 
··2:l. ~)118 l. ()() SJtl. 1lf) 

I.()() 9'1. 32 7. :l~~G ···?2. 80'1 
··11.108 1:i.:1 11q---J7.:J(·)() 1.0090.Jl 

··11.0:12 11J.8:il ··16.699 1.0090.12 
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/\TOM 
/\TOM 

/\TOM 
/\TOM 
1\TOM 
/\TOM 
ATOM 
/\l0A1 
ATOM 
/\TOM 
ATOM 
ATOM 
ATOM 
/\TOM 

/\T0\1 

/\TO~! 

/\TOM 

l\TO~l 

/\TOM 

/\TOM 

/\TOM 
/\TOM 

/\TOM 

/\TOM 
/\TOM 
i\T0\1 

/\TO.\I 
/\TOM 

/\TOM 

/\TOM 

/\TOM 

/\TOM 

/\TOM 

/\TOM 

/\TOM 

/\T0\1 

/\T0\1 

1\TO\! 
/\TOM 

/\TOM 

/\TOM 
/\TOM 

/\TOM 
/\TOM 
i\T0\'1 

1\TO.\ol 
1\TOM 
/\TOM 

/\TOM 

/\TOM 

/\TOM 

/\TOM 

i\T0\1 

bH7 Cll !\LI\ /\ 111 

(iH8 C !\LI\ /\ I l l 

l\H~l 0 /\I./\/\ lll 

690 N Gl,Y 1\ 112 
li91 Ci\ (;[,y i\ 112 

(i92 C t;[,Y /\ 112 

li!l:l 0 (;1,y i\ 112 

691J N /\SN i\ J 1:3 

(i\J:J Cf\ /\SN /\ 11 :l 

GU(] Cll 1\SN /\ 11 :l 
(i97 Ct; /\SN I\ 11 :1 

(iq8 Olli /\SN I\ l l:l 

(iq9 Nll2 /\SN /\ l l:l 

700 (' /\SN/\ 113 

701 O /\SN/\ ll:l 

702 N /IL/\ /\ 111 

70:3 C/\ /IL/\ I\ l l 1 

701 CB /\I./\/\ 111 

70.l C /\L/\ /\ 111 

70() 0 /\I./\/\ 111 

707 N !\SP/\ 115 

708 Cf\ /\SP /\ 115 

709 CB /\SJ' /\ l J 5 

710 CG /\SP i\ 115 

711 OIJl /\SI'/\ 115 
712 01)2 /\SP/\ 11:'.i 

?l:l C /\Sl'/\11.5 
7J1J () 

715 N 

/\SP /\ 

SEil /\ 
115 
1 j () 

716 

717 

C/\ 

en 
SE!l /\ 116 

SER /\ 
71 K O(; SEii 1\ 

Sl~I\ 1\ 

Sl~I\ /\ 

71 D C 
720 () 

721 ll.E /\ 

116 
J J(-j 

J J('i 

J J(i 

117 
7t;2 Cf\ ll.E /\ 117 

72'.l (JI JLE /\ 117 

7~!.1 CGf.. IJJ: /\ 117 

72S CG! llJ~ i\ 117 

726 CDJ !LE i\ 117 
727 C ILE/\ 117 

728 O ILE/\ 117 

72\J N I.EU /\ 118 

7:10 Ci\ LEU /\ 118 

7:ll CB LEU /\ 118 

7:l2 CG Lil'/\ 118 

7'.l'.3 CDI l.1·1i i\ 118 

7:11 Cll2 IJ:U 1\ 118 

7:JEi C IJ~U /\ 118 

7:)(-; 0 LEU /\ 1J8 

7:l7 N /\I,/\ /\ 119 

7:l8 Cf\ /\I,/\ /\ l l 9 

7:l'.l Cll /\I,/\/\ ll~l 

9. flCi9 lfi. 220 16.1:18 

---Jl.7J:l 15.9tl2 

--12.111 lG. (i:"iO 

Jl.509 17.197 
--·J2.108 18.:ll2 

---JJ.712 19.Gfib 

--JO. bl'/ 19. 797 
-- 12. S90 20. 6.SO 

1?. fJ:lO 
---18. :j()(i 

--1 7. 1 :l() 

-- ] '/. 8!):3 

---17. 267 

I h. 709 

'"17. 1100 

J2.:l09 21.97!1 lh.ilf-i(l 

-- 1 J. Gfi? 22. 8-1 :l 17 _ 89:l 

--12.:lil9 2:l.OC:i9 l'.l.17'i' 

"12. 808 22. !O:l --19. 818 

12. ;}18 2-1. :J2r! ---19. i)(i9 

--- J '.{. iifil 22. fi9:l --1 (i. :l:l\J 

-- 11. b0:3 22. 722 --- ! 6. 98fi 

---1:i. :;97 z:i. 212 ---1:i. 1::J2 

---11.156 2:i. 98(i --11. -117 

--11. (}](i 21. 2:-17 ---J:l. 002 

--J1.90J 25.299 --Jfi.078 

---16.020 2fl.716 "11.859 

-·-J!\.O'.l7 2:'i.921 ---15.8fi8 

--11.101 27.197 lb.'11 1\ 

---1:3. 170 27.861 --17.0GO 

"'12.210 28.110 ---Jfl.977 
-·12.611 29.110 --15. 28:1 

---11.111 2'/.911 -·]:J.822 

--JS. S,S:l 27. 11:l --17.111 

---Hi.11li 27. 991! --17. :J9S 

--JS. 517 2b. lS1l ---18. :J:l2 

--Jb. (-i29 26. 02.S -- 19. :lOfi 

[(i.1(i'1 2-1.7,19 20.1:i2 

J :J. 2()2 21. 7()5 ---20. 87ii 

--]7.957 2:).9()1 l8.fi19 

---J8. 876 2\i. 7117 --18. 7!J8 

18. 0:1ii 
-- J 9. ~!,J1j 

--19. O:i6 

-- ~:o. 1 28 

-- !9. 08G 

---18. 727 
J 9. :)'17 

-20. 7117 

18. !'i19 
--·18. ?1:l 

--17. :191 

2Ci. 028 

211. 83~J 
2:l. (-i:)lj 

2:.l. ()80 
22. 3.'il 
21. 139 

2(). O~J:l 

2fi. :Hi:l 
26. 8:)7 

28. 09:) 

28. (i10 

17. 612 
-- j (), 809 

15. 81l:l 
---111.771 

l li. b1il 
---JG. 817 
-- J(i. 029 

-1 :'i. 7G:i 

I fi. li7b 
--- j 11. 911 

--11. 18 l 

-- J 7. 2(17 29. 082 ""I :l. 02:i 

17.H(i1 28.110 12.01:') 

... 15. 717 29. 11i9 12. 712 

-- 1 ~J. lj l q 

-<J.O. :llil 
--- 18. 917 

~:q.071 ---JS.891 

~~9. 770 --- J 3 . .12~.~ 

~:!J.0~);) ---J7.J:3:i 

1. 00 89. 81 
1. {)() 89. fi() 

l.00 90.l(i 

l. ()() 88. 111 

1.00 8\i.60 
1. ()() 8;), :)() 

], (){) 86. (-)7 

1.00 82.82 
1. ()() 79. 21 

1.00 81.82 

I. 00 8:l. 86 
l. ()() 8::J. 28 

I. 00 8:l. l :J 
1. (){) 75. (i:) 

1. ()() 71). (ij 

1. {)() 7 l. :l:l 
J. 00 liG. 2G 
J. ()() (-):'). :1:i 
J.00 til.Dl 

I. 00 60. (:lij 

1. ()() f'i8. 78 

l.00 i)'(.fi:l 

I. 00 ii8. 7(i 

I. 00 60. 80 
1. ()() :J8. 5~) 

1. 00 60. :it.: 
!. 00 .16. G9 
J. on .s:l. 98 

l. ()() :i'l. :l() 

1.00 ill.Fifi 

I.()() :;1.1i:i 

1. ()() i)2. 11:) 

l.00 h0.12 
l. ()() ·18. [)2 

I.()() 18. 20 

J.00 1J7.01 
I. 00 '1ii. gq 

1. ()() 11. (}ti 

l . ()() 11'1. 71 

I. 00 17. 8:l 
l. ()() '17. :31! 
1.00 rl7.2S 

1.00 1'7.11 

j . {)() ·16. :J:l 

].()() '1h.21 

I. 00 117. ,)(-) 
]_(){) tJ!i.29 

1. ()() 11(), (i'.l 

1. {)() 1jf). :)7 
J • {)(] :j il. 7 :l 

l. 00 -'l:l. G:l 

---19.:ilG 29.980 ---J8.115 .00 '1 11.02 

---18. 8:J!l 2\.l. 71(i -- 1 ~J. 1J8:l . 00 'Ll. :)7 
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ATO\! 
ATOM 
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1\TOM 
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1\TOM 
/\TOM 
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ATOM 
f\lOM 

ATOM 
/\TOM 
/\TOM 
/\TOM 
/\TOM 
/\TOM 
/\TOM 
/\TOM 
/\T0\1 

/\TOM 
/\TOM 

/\TOM 

/\TOM 

1\T0\1 
/\TOM 

/\T0\1 
/\TOM 
/\TOM 

/\TOM 

/\TOM 

/\TOM 
ATOM 
ATOM 
/\TOM 
ATOM 
ATOM 
/\TOM 
ATOM 
ATOM 
/\TOM 

ATOM 
/\TOM 

ATOM 
/\TOM 
ATOM 
/\TOM 
/\TOM 
/\TOM 

?!JO C /\L/\/\119 
7!JI 0 /\l,A f\ 119 

7112 N Vf\L A 120 

711:1 CA V/\I, A 120 
'11 1! Cll V/\I, /\ 120 
71IG C(;J VAL A 120 
7116 C(;2 V1\I. /\ 120 
7rJ'( C V /\I, /\ 120 

\!/\[, /\ 120 
l,YS f\ !21 71~) 

'1 !)() Cl\ l,YS /\ 121 
7ii! CB l.YS /\ 121 
7:J2 CG l,YS f\ 11.l 
7S'.l CD l.YS fl 121 
7G1J CE l,YS /\ 121 

7Sii i\Z l,YS /\ 121 

c 75(] 
7:)7 0 
'i'f"i8 :\ 

l,YS /\ 121 

121 l.YS f\ 

l.YS f\ 
7:)9 CA l.YS A 

122 

122 
J 2~: 

122 

7(-JO CB l,YS fl 

7hl CG l.YS f\ 
7(-J2 CD l.YS fl J2!. 
7(-):J CE LYS f\ 122 
7(-ilj ,l\Z l.YS /\ !22 

(' 765 
7b(i () 
7()7 ;\ 

LYS /\ 
'

'!') 

"" 
LYS A 122 
TYll A J 2:l 

7b8 CA TYll A J 2:l 
7h9 Cll lYll A 12:J 
770 CC TYll f\ I ~::l 
771 CD! TYll f\ 12:J 
772 
77:l 
771] 

775 

CE! TYll /\ 12:l 

CD2 TYll f\ 12:_1 

A I 2:l 

A 
CE2 TY!l 
CZ TYll 

77(-j Oil 

777 c 
TYll /\ I 2:l 
TYll A I 2:l 

778 0 TYll A 12:_1 
77~J N fllJE A 1211 

780 Cf\ 1'111: A 1211 
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ATOM 
ATOM 
/\TOM 

/\TOM 

/\TOM 

1\TO.\! 

/\TOM 
i\TO\! 
i\TO\! 
i\T0\1 
/\TO\·! 
/\TO\·! 

/\TO\! 
l\T0\1 

l\T0\1 

J\T0\1 

l\T0\1 
J\T0\1 

J\T0\1 

l\T0\1 

l\T0\1 

l\T0\1 

l\T0\1 
/\TO\! 
l\T0\1 

/\TO\! 
/\TOM 

/\TO\! 

1\TO.\t 
i\T0.11 
i\T0.11 
ATOM 
/\TO\! 
i\TO\! 
/\TOM 
/\TO.I-! 

/\TO.I·! 
i\TO.\I 
/\TO\! 

/\TO.\! 
/\TO\! 
i\TO\! 
/\TO.\! 

/\TOM 
i\TO.\l 
/\TO.II 

/\TOM 

/\TOM 

END 

2:l:JO 0 
2:i:i1 (} 
2:1:i2 (} 
2:1:i:1 0 
2:l:ltJ () 

2:l:lfi 0 
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2:1:i7 0 
2:l:l8 0 
2:J:l9 () 

2:l,JO 0 

2:1.11 {) 

;::1112 o 
1.:s,1:1 o 
23 1!1] 0 
2:\'tG 0 
2:l 1l6 0 
2:\47 (} 

2348 0 
2349 {} 

2:-1so o 
2:Ji'il (} 

2352 {} 
23.'i:J 0 
2:Ei4 0 

2:3fiG 0 
2:\:16 () 
2:l:i7 () 

2:lG8 O 

2:l:J9 () 
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2:lG I 0 
2:)(i2 () 
2:l(i:l () 

2:Hi4 0 
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2:31)() () 
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2:Hi8 o 
2:l69 () 
2:l70 () 

2:l7 l () 
2:l72 () 
2:r1:i o 
2:l74 () 

2:l'1!i 0 
2:J7(i () 

2:177 0 

llOH S :lCJJ 
11011 S :lOR 
11011 S :lJO 
llOH S :-11:) 

11011 s :ll 7 
11011 s :-1;::3 
11011 s :i;27 
11011 S :3:lO 
11011 s ::i:l1J 
11011 s :l:l7 
11011 s 3-'l j 

11011 s :l'l 7 
11011 s :)'18 
11011 s :;.:; l 
11011 s :lii2 
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11011 s 3(-)2 
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What is clainicd is: 

1. A crystalline rccon1binant interferon con1prising the an1ino acid sequence of SE~Q 11) NC): 

I. 

2. "fhc crystalline interferon of clain1 1, \vhcrcin the space group of this crystal is 1)3 121. 

1. ·rhc crystalline interferon of any one ofclai111s 1-2, wherein the unit eel! paran1etcrs of' the 

crystal arc a0=b~-=77.92 A, c= .. ,125.935 A, ct=0[3=0 90°, y~-~t20°, \Vith a variability of at n1ost 5°/o 

in all cell paran1eters. 

4. 'rhc crystalline interferon of any one of clain1s 1-3, vvhcrcin said crystal contains two 

n1olecules in an asyn1111etric unit. 

5. 'J'he crystalline interferon of any one of clain1s 1-4, wherein the crystal further con1prises 

covalently or non-covalently bound n1etal ions. 

6. 'f'he crystalline interferon of any one of c!ain1s 1-5, vvhcrcin said recon1binant interferon is 

encoded by the nucleotide sequence con1prising St-:Q ll) NC): 2. 

7. A con1position con1prising the crystalline interfCron of any one of clain1s 1-6. 

8. 'l'he con1position of clain1 7, wherein the con1position is a pharrnaceutical con1position. 

9. 'fhe con1position or clain1 8, further con1prises a pharn1aceutically acceptable carrier. 

I 0. A con1puter~based niethod for identifying candidate con1pound that could interact with 

recon1binant interferon, said n1ethod con1prises the steps or: 
(a) providing a three-din1ensional structure con1prising aton1ic coordinate of recon1binant 

interlCron as shown in table 7, said aton1ic coordinates optionally have a variability or 
root n1ean square deviation J!:on1 the conserved backbone aton1s (C\x) of less than 

about 0.65 A, or about 0.5 A, or about 0.35 A; and 

(b) selecting a candidate con1pound that con1prises structural features capable of 

interacting with said three-din1ensional structure or selected portion thereof, thereby 

identifying a candidate con1pound that could interact vvith said recon1binant 

intcrJ'eron. 

11. ·rhc n1cthod or clain1 10, wherein said structural features are selected rron1 the group 

consisting of antigenic sites, hydrophilic properties, surl~1ce accessibility, and structural 

n1otifs. 

12. 'J'he n1cthod of any one of clain1s J 0-11, wherein the selection of candidate con1pound in 

step (b) con1prises: 

(i) generating three-din1cnsional structures for a plurality o/'candidatc con1pounds; and 

(ii) fitting each of the three-din1cnsiona! structures of step (i) against the 
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thrce-din1cnsional structure of step (a) or selected portion thereof to find the n1ost 

energetically J~1vorable interaction, thereby identifying a candidate con1pound that 

could interact \Vith the recon1binant interlCron. 

13. 'l"he n1ethod o/' any one of clain1s 10-12, further con1priscs the steps of: 

(c) obtaining or synthesizing the candidate cornpound; and 

(J) contacting the candidate cun1pound vvith said rccon1binant interferon to detern1inc the 

ability of' the candidate con1pound to interact \Vith said rccon1binant interfCron. 

14. '!"he n1cthod of clain1 13, \\1herein the step or detcrn1ining the ability of the candidate 

con1pound to interact with said rccon1binant interf-Cron J'urther C()n1priscs n1easuring an 

activity of said recon1binant interferon when contacted v,1ith the candidate con1pound. 

15. 'rhe n1ethod or clain1 14, wherein said activity is selected fi·on1 the group consisting of 

antivirus nctivity, antitun1or activity, anti-proliferation activity, natural killer cell 

activation, and in1n1unon1odu\atory activity. 

16. 'rhc n1cthod of any one of clain1s 10-15, wherein said c<1ndidate con1pound is a ligand 

bound to said recon1binant intcrfCron or selected portion thereof. 

17. 'J'he n1ethod of clain1 16, wherein said ligand is selected f'ron1 the group consisting or 

receptor, n1odifier, agonist, antagonist, and said selected portion con1priscs one or n1orc 

an1ino acid residues of an1ino acid residues 25-33 and/or 45-52 of said recon1binant 

interlCron. 

18. crhe nicthod of c!ain1 17. wherein said selected portion con1priscs an1ino acid residues 

25-33 and/or 44-52 of said recon1lJinant intcrf'eron. 

19. A con1puter-based n1ethod for designing a n1in1etic or a recon1binant interlCron, 

con1prising the steps of: 

(a) generating thrce-din1cnsional structures for a plurality of 111in1etics; and 

(b) fitting each of the three-din1ensiona! structures of step (a) against a three-clin1ensiona! 

structure con1prising aton1ic coordinate of rccon1binant interfCron as sho\Vll in table 7 

or selected portion thereof' to /ind the best fitting n1in1ctic or said recon1binant 

interferon, said aton1ic coordinates optionally have a variability or root n1ean square 

deviation J'ron1 the conserved backbone aton1s ((:ct) of less than about 0.65 A, or 

about 0.5 ;\,or about 0.35 A. 

20. A con1puter-bascd n1cthod of' rational drug design, con1prising the steps or: 

(a) providing a three-din1ensional structure co111prising aton1ic coordinate of recon1binant 

interferon ns shown in table 7, said aton1ic coordinates optionally have a variability or 
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root n1ean square deviation fron1 the conserved backbone aton1s (C~a) of less than 

about 0.65 A, or about 0.5 A, or about 0.35 A; 

(b) providing three-din1ensional structures for a plurality of n1olccular fragn1cnts; 

(c) fitting each of the thrce-din1cnsional structures of step (b) against the 

three-din1ensional structure of step (a) or selected portion thereof; and 

(d) assen1bling the selected n1o!ccular rragn1ents into a n1o!eculc to for111 a candidate 

drug. 

21. ·rhc n1cthod or clain1 20, further con1priscs the rollovving steps: 

(e) obtaining or synthesizing the candidate drug; and 

(!) contacting the candidatl: drug vvith said rccon1binant intcrfCron to detern1ine the 

ability of' the candidate drug to interact vvith said recon1binant interferon. 

22. l"he n1ethod or any one of clain1s 10-21, wherein the selected portion of said 

tbrce-din1ensional structure con1prises aton1ic coordinates of one or n1orc an1ino acid 

residues of an1ino acid residues 25-33 and/or 45-52 of said rccon1binant interferon, said 

aton1ic coordinates optionally have a variability of root n1can square deviation fron1 the 

conserved backhonc aton1s (C:ci) or less than about 0.65 A, or about 0.5 A, or about 0.35 

A. 

23. 'rhc n1cthod of clain1 22, vvhcrcin the selected poition or said three-din1ensiona! structure 

con1prises aton1ic coordinates or an1ino acid residues 25-33 and/or 45-52 in table 7, said 

aton1ic coordinates optionally have a variability of root n1ean square deviation f'ron1 the 

conserved backbone aton1s (C'.o~.) of less than about 0.65 A, or about 0.5 A. or about 0.35 

A. 

24. A n1in1ctic of an interferon \vhich con1prises an1ino acid sequence as shown in SI~Q II) 

NO: 4 and/or SEQ ID NO: 5. 

25. 'rhe n1in1etic of clain1 24, wherein after superin1position of the (~a-backbone or the 

three-di1nensional structure or said interferon niin1etic with the (~a-backbone or the 

three-din1cnsional structure of 1r:N-<:t2b protein using the least squares 111ethod, the 

location root-n1ean~square deviation of (,'u. in the 25-33 residues of said interlCron 

n1in1etic and (_'ct in the corresponding residues or ll;'N-(J..2b protein is 3 .63A±5o/ii. 

26. 'fhc n1in1ctic of c!ain1 25, wherein in con1parison with the corresponding residues or 

Jl~'N-ct2b, the deviations or ex carbons of residues 25-33 of said 111in1etic arc 3.291 A.:15(Yo. 

4.779A:lc51Yo, 5.090A:l:5o/o, 3.588A.:l:S<Yo, 2.567 A:l:5o/o, 2.43 7 A;.l:5(X1, 3.526A:l:5(Yo, 

4.820A±5rYo and 2.756A:i-.5o/i, respectively. 

102 



27. 'fhe n1in1ctic of any one of clain1s 24-26, wherein after superin1positinn of the 

(~o.-backbonc or thrcc-din1cnsional structure or said n1in1etic and the c:11-backbone of 

three-din1ensional structure of 1r:N-0:2b protein using !he least squares n1cthod, the 

location root-n1can-square deviation o/' C:C:t in the 44-52 residues of said n1in1ctic and (~(~ 

in the corresponding residues of Jl?N-u2b protein is 2.90;\:i:So/o. 

28. ·rhe n1in1ctic of clain1 27, in con1parison 1.vith the corresponding residues of IFN-{x2b, the 

deviations of (X carbons of residues 44-52 of said n1in1ctic arc 1.6 J 4;\:t5<Vo, 1.383;\:t:S(X>, 

2. 735A:t51Xl, 2. 709A:L5~J, 5.018A:+.5(X,, 4. l 40A:t5(Yo, 3 .809;\:J:5(X1, 2. 970;\:1:5°/o. and 

0.881 A:l:5% respectively. 

29. 'f'hc n1in1etic of any one of clain1s 24-28, which is a functional 111in1ctic or a structural 

n1irnctic. 

30. 'fhc n1in1etic of any one of' clain1s 24-29, wherein said interfCron 1s recon1binant 

interferon (rSIFN-co). 

31. A con1position con1prising the n1in1etic of any one of clain1s 24-30. 

32. ·rhe con1position ofclain1 31, which is a pharn1accutica! con1position. 

33. '!'he con1position of clain1 32, further con1prises a pharn1aceutically acceptable carrier. 

34. J\ n1ethod J-()r the treatn1cnt of viral disease and/or tun1or, said 111ethod con1priscs 

adn1inistcring to the subject an effective an1ount or the crystal of any one of c!ain1s l-6, 

n1in1etic of' any one of clain1s 24-30 or con1position of any one of clain1s 7-9 and 31-33. 

35. l.Jsc or the crystal of any one of clain1s 1-6, n1in1etic of any one of clain1s 24-30 or 

con1position of any one or clain1s 7-9 and 31-33 for preparation or n1cdican1ent J'or 

treating viral diseases and/or tun1ors. 

36. '!'he n1ethod of clairn 34 or use of clain1 35, \vhcrcin said viral diseases include: hepatitis 

A, hepatitis 13, hepatitis c:, other types of hepatitis, viral infections caused by I~pstein-l1arr 

virus, hun1an in1n1unodeficicncy virus (l-l!V), !~bola virus, severe acute respiratory 

syndron1c (SAJ{S) virus, intlucnza virus, cyton1cgalovirus, herpes sin1plcx virus, or other 

types of' herpes VlrUS, papovavirus, pox Vll"US, picornavirllS, adenovirus, 

rhinovirus, hun1an '!'-cell lcukcn1ia viruses type I. hun1<:1n '!'-cell leukc111ia viruses type II, 

or hun1an ·r-ccll !cukcn1ia virus type Ill. 

37. '!'he n1cthod ofc!ain134 or use ofclain135,1.vhcrein said tun1or is cancerous. 

38. "fhc n1cthod or clain1 34 or use of clain1 35, \Vhcrein said tun1or is solid tun1or. 

39. '[he n1cthod of clain1 34 or use or clain1 35, 1.vhercin said lun1ors include: skin cancer, 

basal cell carcinon1a and n1alignant n1clanon1a, renal cell carcinon1a, liver cancer, thyroid 
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cancer, nasopharyngeal cancer, solid tun1ors, prostate cancer, ston1ach/abdon1inal cancer, 

esophageal cancer, rectal cancer, pancreatic cancer, breast cancer, ovarian cancer, 

superficial bladder cancer, hen1angion1a, epidcrn1oid cancer, cervical cancer, non-sn1all 

eel! lung cancer, sn1all cell lung cancer, glial stron1al tun1ors, !eukcn1ia, acute !eukcn1ia, 

chronic lcukcn1ia, chronic n1yelogcnous lcuken1ia, hairy cell lcukcn1ia, lyn1phadcnon1a, 

n1ultiplc n1yelon1a, polycythcn1in, J(aposi's sarcon1a. 
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