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Genome-wide prediction of interferon family members of tree
shrew and their molecular characteristics analysis
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Academy of Sciences, Kunming 650223, China; 5. State Key laboratory of Genetic Resources and Evolution, Kunming
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Abstract: Interferons (IFNs) represent proteins with antiviral activities that are secreted from cells in response to a
variety of stimuli. In addition to antiviral, antibacterial and anti-parasitic host-defense functions they are now also
recognized as crucial regulators of cell proliferation, differentiation, survival and death as well as activators of specialized
cell functions particularly in the immune system and play important roles in infectious and inflammatory diseases,
autoimmunity and cancer. Tree shrews (Tupaia belangeri) were found to be susceptible to several human viruses and
therefore are widely regarded as good models for analyzing mechanism of human diseases. In this report, we have
forecasted the interferon family members of tree shrew from its genome mainly using the methods like Blast (whole
genome shotgun sequence) and gene prediction. Our data show that tree shrew interferon system includes: type I IFN: a
(five subtypes), B, o, , €, §; type II IFN: v; type III IFN: A1, A2/3. Furthermore, the predicted structures of o and A have
similar character with those of other mammals. However, there are some differences in cysteine position and
N-glycosylation numbers between human and Tree shrew IFNs. These results provide fundamental basis for further
molecular cloning and function analysis of tree shrew IFNs in future.
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T4t & (interferon, IFN)RYIE H Isaacs &
Lindenmann(1957) A 5005 5 1PN G i A LA —
RYEBAFE M “EE 7. HAE 1980 4F,
Taniguchi et al(1980a; 1980b) & & 5% T~ A IFN-o Al
IFN-B 4> K ¢cDNA, Ht, IFN 7T i ) — 2%
AP . ILCUER, IFN b 2 B K%, e 1% i
AAE T AN T, 2 MR AR B “fakfs
57 RS W R . TFN AE AT B
RISl 2, HAAyomas. pubie. g
i 5L N e B 1 A5 22 TEAE I (Ank et al, 2006;
Brand et al, 2005; Kotenko et al, 2003; Osterlund et al,
2005). HAGHFER A1 etk M s ARy e 1 45
KR, APRE IFN 2308 3 FP2E 7 (Kotenko et al, 2003;
Samarajiwa et al, 2009). 17! IFN {35 9 A~ 7Y, R
o By &y Ky Tv oy & vy 8 ITAY IFN {F IFN-y
1 f; 1T L IFN (1 IFN-A1 (IL-29) . IFN-A2 (IL-28A)
F1 TFN-A3 (IL-28B) 4 it «

P (tree shrew, Tupaia belangeri), JANE
BUFA Bl(Cao et al, 2003), fEHELIE R 5 R K35
YA eI (Novacek, 1992; Waddell et al, 2001).
Walter et al(1996)ilF 55 T Fe[H 224 FLAE 80 4RI A
(Su et al, 1987), FHIHF i JH- 41 i £ 44 A S0 2 Rk G
N CEF 595 (HBV) , 2 A R n] 4 Sy #5284 50 4)
M VAW R SR B BUR AL, (I, H A B
i) TN SR (T 7 1) e 2 FOIR A o T IR B IFN 5¢
G FEAS B 53 Je FLo) 1 SR - DI RESC &R, a2 RGEWT
FUIFN 75 LR 58 S50 5 M K G R b e s 1)
RERIHTHE . PRIL, AWTST LA H AT CH IR 42 5L
B Ay A, 0 R PR FTINR o R A AR
T INEE T, AR TEN SROGIJEA ) J Fl 751 &5
FRFAEBEAT T &R G0 M, Ak — 20 4 TR A A i
IFN F) Ty BEFH G5 1 5 WL 57 B9 72 LAl
1 #RA®
11 HEEEEKR S IFN £F

B B 4 38 P 41 7 41 (BioProject  Accession:
PRINA13971) HU 9 NCBI #4fs i . X — 741 i 56 [H
W A - JBR 4 BE T 1) 1 4% 4J 5T It (Broad  Institute of
MIT and Harvard) T 2006 fEAAR, iRl 2 %
(http://www.ncbi.nlm.nih.gov/nuccore/108744176) .
MULZH R C e B PF TIFN ZEPIICE GenBank
Bl e, NG00 0

I A9 IFN: A a: NM_024013, NM_000605, NM_
021068, NM_002169-73, NM_021002, NM_021057,
NM_027866-67, NM_004681, NM_006900, NM
021268, NM_002175, NM_036676; p: NM_002176;
e NM _176891; x: NM_020124; o: NM_002177,
/N a: NM_010502-05, NM_206871, NM_0083343,
NM_010507,NM_008333,NM_177361,M_177347 ;
B: NM _010510; &: NM_177348; {: NM_197889; «:
NM 199157, Kl a: NM_001014786, NM_233152;
B: NM_019127; %% a: NM_ 214393, NM_001130219,
NM_001166319, NM_001164860, NM_001164848-
49, NM_001195377, NM_001166310, NM_0011130246,
NM_ 001164843, NM_ 001166318, NM_001164855,
NM 001195375 ; B: NM 001003923 ; &: NM_
001002832; &: NM_001105310; «: NM_001164857;
o: NM_ 001130238 /> a: NM_001017411, NM_
174085, NM_001172040-41; B: NM_174350; 1:
NM 001245936 ; ®: NM 174351, 5 a: NM_
001114537- 38, NM_001099441; B: NM_001099440;
o: NM_001083595 . i NM_001006654 .
NM_205427.

II A IFN: A NM 000619 ; 2% NM_
001193665; /ML NM_213948; Al NM_008337;
¥ NM_1388802 ; 4+ NM_ 174086 ; b NM_
001081949; =~ NM_001009803; % NM_001009873;
R NM_ 001003174

I A IFN: A NM _172138-40; /Ml NM_
001024673, NM_177396; i IF HQ201955-56; 3%
EF587763; JI\If FJ581033-36.

1.2 EEN

L3Rl 4 5 DR R85 R TEN Gt 51k
Fonlk, SR 43N 41{E 2 BLAST(Altschul et al,
1990) K H -+ K F BP 41t i) T & BLASTZ
(Schwartz et al, 2000, 2003) #4774 LXK
GENSCAN(Burge & Karlin, 1998)Till 4 4%} 44 it
IFN S5 (1) 0] GE B O3 JEAT TN o 12 5 DR Pl 7 25 1)
LA A R S R ] SRR, RN S5 T N SR ARSI
DL A iS5 5 ik 4 % 651 . TATA HE. M8 55
poly-A Z5AF EFI AL .

1.3 SFHHED

735K HH DNAMAN (http://www.lynnon.com/)

BLASTP(Altschul et al, 1990)#/1 t_coffee (Notredame
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et al, 2000)%f #% M M 2 B R P | AT 70 b e N5 7-
Hb 7 DR A R B U IR S B Fancy GENE
v1.4 (http://host13.bioinfo3.ifom-ieo-campus.it/fancyg
ene/) f it . H U S IR HIAEZ SignalP 3.0
A (http://www.cbs.dtu.dk/services/SignalP/) Fiijll .
5T = YR S5 R R B A 3 B A . Discovery
studio (Accelrys Software: Discovery Studio 3.1) Fll
PyMOL (http://www.pymol.org/) 5¢ i »

2 HR5HE

21 ERAHHFERESRE

FRVE AT ST R () PRI A Hls A AT 2 4578 i
R, AR PE L EE R 41741, Ensembl 04 4 7015
B 7 e TFN-L 2 % 25 K (ENSTBET0000005887)
(http://asia.ensembl.org/Tupaia_belangeri/Gene/Sum
mary?g=ENSTBEG00000005902;r=scaffold 115883:
37536-39087;t=ENSTBET00000005887). [FIH}, Fox
et al(2009) T 15 1 9 45 44 By TEN TIT AL LA CRLAAR P
IR AAm). 2011 4 10 H, Lindblad-Toh et al (2011)
% 2 1578 o R MR N LR D 29 ANFTFLshY)
AT ZWR A EE A A, A DT ELEh
W2 ht e R 35 32 2L A 1K) DNA (BL 5 31 P R R
Jeff AP RIS RETCIE . Her AL
FEE) Y, AT I o YR 55 G A KR DRI IR A
W BB, FRATAF b Bl O BT o 1 15 3044 i
IFN-12/3 )42 cDNA 741 (R k) o IXEEG5IRK
B, DA BB SR R A il 0t — DA A
RIENBOE T HeAl . B2, AR iR
e 27 B 1P 5 PR AL e P 0 (Genome Sequencing
Center (GSC) at Washington University (WashU) of
Medicine) M| 3£ 1) 6 ff (BioProject Accession:
PRINA20273) (£ % 3&) Meh BBt B W] 3h B it 53¢
MER) 70 1578 o5 R W R I A (55 5 3%) HEAT TFN
FEPHZ NI AIE o
2.2 B9 1B IFN BYE AR BN E

PATE SR 1Y IFN SRR SR A B AT
TTEMAN G HRERW], FEBA 9 BT AL IFN
o, WA ROV A o By ey ks oy B
1 6 FHEER PP (R 1) o P, TFN-o 55 5 > (al |
02, o4, a9, 022) WA, iy 8. & [ a22 47 2~5 5%
FRERI S8 CAAFE— IR, EIFRKRHL
Cv v 2 03, a5-8. al0-17. a20-21 AN P4, M

X1 HIReE H, SN IEN R, 259
R 22 O, Mk — D3R, LR R N )
BWIFPHEAT TFN BT 1 25 ) 5K

A HE— SO R TFN-al 53 E )P IFN-al
Z S, AT IFN-al B2 RT3 T T
ZPHNL(E 1)e 5 N(Homo sapiens) 7N R(Mus
muculus)~ K5 (Rattus norvegicus) “F-(Bos taurus)-
Hy(Equus caballus)FV¥%(Sus scrofa)IFN-o1 AH[E],
Wi IFN-o1 JEPE A g fidh 24 AN 2SR M5 S ik, KW
H R 7 W . A3 Zou et al (2007)4RIE, 1
RUTFN /] LU A3 2 AR R AN 4 AR
PIANER . Z A LRI dT B, SRS AL /N
KB~ JEK TFN-al ¥R T)JE&. MW, iz 5
EEX ¥ TEN-al C ARt HAT— MR ) CAWE %
I, RUIRED S e EL s 1AL IFN [ SEARRE
—H, HIE, PR IFN-al 155 4 P R B
5NN KA TIFN-al A BT AR, B
Ay BENL NS REUIIEE 2 Ao o & b
AE MR  IXEEHA 20 (R B P
AP INEARAIE . ZFA1 5 TFN-al {XF 3 St
(K 1), 5Bt A X 2 il (channel catfish) 41 [A]
(Robertsen, 2006), $&7~x IFN-al 7& 2 PRk E %
FAFEZE R . RN, RS 2 R A T S OO T 1
TIBELGE N IFN-al S AITIEE: AR
LR Z AN HA Z IR B e 0t IEN [ 45 449— T fig
AAREREEH . XSEAE— DT,

eIt —22 H Dsicovery Studio X # i [
IFN-al BEAT T Sk, el FH R AR O S 36 5
(1) N IFN-a1 =#4E45#J(PDB ID: 1RH2), #R 5#E T
HE ) — 3N 87%. K] 2 KB, MEIFIA IFN-al
A SR, TR 5 A o BRE(ABCDE), R
SR IR ANMLN T (KRFE(Conklin, 2004;
Karpusas et al, 1997). Uzé et al (1994, 1995)H57 %
W, WEHestMILE T8 IFN 5524445 4 vp BAg dese 1k
PEM. Jorh, 25 1 055 3 MEHE(Aa. CalRhg)2 5
I 4 IFN %Z4A 1 (interferon alpha receptor 1, IFNAR1)
g & A0 R 2 4 N IETE(Da 152 5E) . AB BRJiE A1 DE
R ) (R A ) 5 T8 TFN 5244 2 (interferon
o receptor 2, IFNAR2)EEE 07 mio R, HRAEILA
B HIME ORI, TATIRATHESD, W6 1 4L IFN
FOARNY 2 55 52 A 25 5 1) D 3 N A Y X3k 45 4y
By el se4h, 5\ IFN-al AHLL, #4§ IFN-al
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%1 NCBI /LA 1 2 IFN K FUN43 2 894480 1 2 IFN
Tab.1 Type I IFNs of several species in NCBI and predicted type I IFNs of Tupaia belangeri
A NS PN b 4 5 b % P
Homo sapiens ~ Mus musculus  Rattus norvegicus ~ Sus scrofa  Bos taurus — Equus caballus ~ Felis catus ~ Gallus gallus ~ Tupaia belangeri

al + + + + + + 1
o2 + + + + + 1
a3 + + -?
o4 + + + + 1
as + + + -?
a6 + + 2
a7 + + + + -7
a8 + + + 9
a9 + + 1
al0 + + -?
all PG + + -?
al2 PG + -?
al3 + + + -?
al4 + + -?
als + -?
al6 + + -?
al7 + + -?
a20 PG -?
a2l + -?
022 PG 5
Bl + + + + + + 1
5 + 2
€ + + + 2
¢ + -9
K + + + 1
v -?
T + -?
® + + + 1

+: YR E %M IEN; PG:
HUEEEA e NS 71 E R

I RN LR A DB B A7 7E . SRR & IEN—— +: &3 1% IFN;

2

AHE A L ZIER .  Bfi: FAI

+ shows that the animal has this subtype of IFNs; PG indicates that the gene exists in the form of pesudogene. In the case of tree shrew, -? indicates that the

encoding gene is uncertain and the number indicates the quantity of encoding sequences.

W AT AN N OISR 55, 45 OBk 2 B 1 i
() F B (Lis & Sharon, 1993), W i o5 1k
Wi IFN-al 5HZ K455 08D) .
2.3 1§81 2 IFN RYE A R RS 2 47

e R Mk, BRATHIA B S A T
HOIFN AEE LA R TEN-y 40, AHALE 2> 50k
68%F1 63%. ZHEWF IFN-y WFERZitly, JRn]
HEH, IXPH BT 51 3 0K BASED TFN-y 155 1
L 4 NN T.

IR, AR, 2 AN

Yo

FB, 36 82 MR, ARRETII A2 84 e
FERR I Gt P41 o X AR 0 W AT PR ZH 7 21 ) S B
PERIATERENE, (B ZIEIR 1 [R5 P A b o5 2 4y
Mrigos GR 2), BRABERSN, NS5 AHL
FEfcrm, IBET 68%. X5 R T HED IFN-y
(AEAE, TR oA FRATT e TFN-y IR Sk —
WD RE T IR T L B2 .
2.4 HES I B IFN AYEE A BAN4FIE 23 47

E 2003 4 &30 1T Y IFN LIk (Kotenko et al,
2003; Sheppard et al, 2003),7E A+ 7N Wi
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*k Dok ok oo, . LRk Rk ok, DoLon Rk kD kok skekk %k k%
Tupaia belangeri TFN-a 1 MALPVSALLALVVLCSSPACSLGCDLPLSHG--KWEIFTLLAQMERISILSCLKDRTHFGFPQIL 63
Homo sapiens IFN-a 1 MASPFALLMVLVVLSCKSSCSLGCDLPETHSLDNRRTLMLLAQMSRISPSSCLMDRHDFGFPQEE 65
Mus musculus IFN-a 1 MARLCAFLMVLAVLSYWPTCSLGCDLPQTHNLRNKRALTLLVQMRRLSPLSCLKDRKDFGFPQEK 65

Rattus norvegicus IFN—a 1 MARLCAFLMSLVVVSYWSACCLGCDLPHTHNLRNKRVFTLLAQMRRLSPVSCLKDRKYFGFPLEK 65
Bos taurus IFN-a 1 MAPAWSFLLSLLLLSCNAICSLGCHLPHTHSLANRRVLMLLQQLRRVSPSSCLQDRNDFEFLQEA 65
Equus caballus  IFN-a 1 MALPVSLLMALVVLSCHSSCSLGCDLPHTHSLGNTRVLMLLGQMRRISPFSCLKDRNDFGFPQEV 65
Sus scrofa IFN-a 1 MAPTSAFLTALVLLSCNATYSLGCDLPQTHSLAHTRALRLLAQMRRISPFSCLDHRRDFGFPQEA 65

3 X s koo ok LTk ockronnokr koL nor Rk L kokik o kr kroni
Tupaia belangeri IFN-a 1 VGGHQVDRTQATAAIHETLQQIFILFSTRGSSVARNETLLEKFLQELHQRLDGLETFLGKEKEVE 128
Homo sapiens IFN-a 1 FDGNQFQKAPATSVLHELIQQIFNLFTTKDSSAAWDEDLLDKFLTELYQQLNDLEACVMQEERVG 130
Mus musculus IFN-a 1 VDAQQTKKAQATPVLSELTQQILNTFTSKDSSAAWNTTLLDSFCNDLHQQLNDLQGCLMQQVGVQ 130

Rattus norvegicus IFN-a 1 VDGQQIQKAQATPVLHELTQQILSLFTSKESSTAWDATLLDSFONDLQQQLSGLQACLMQQVGVQ 130

Bos taurus IFN-a 1 LGGSQLQKAQATSVLHEVTQHTFQLFSTEGSPATWDKSLLDKLRAALDQQLTDLQACLTQEEGLR 130
Equus caballus  IFN-a 1 FDGNQFRKPQAISAVHETIQQIFHLFSTDGSSAAWDESLLDKLYTGLYQQLTELEACLSQEVGVE 130
Sus scrofa IFN-a 1l LC-GNQVQKAQAMALVHEMLQQTFQLFSTEGSAAAWDESLLHQFBTGLDQQLRDLE QEAGLE 130

k. oL ckkk: o kkokoookk ko ok ckkekkokr ok ok *
Tupaia belangeri IFN-a 1 PSPPGSE.\'PRLAVKSYFQRISLYLKEKKYSR@IVRVEVRR@LLII.\E'LSGKLRKS—GRH 189
Homo sapiens IFN-a 1 ETPLMNADSILAVKKYFRRITLYLTEKKYSPCAWEVVRAEIMRSLSLSTNLQERLRR—-KE 189
Mus musculus IFN-a 1 EFPLTQEDALLAVRKYFHRITVYLREKKHSPCAWEVVRAEVWRALSSSANVLGRLRE-—EK 189
Rattus norvegicus TFN-a 1 ESPLTQEDSLLAVREYFHRITVYLRENKHSPLAWEVVKAEVWRALSSSANLMGRLREERNES 192
Cl

Bos taurus IFN-a 1 GAPLLKEDSSLAVRKYFHRLTLYLQEKRHSPCAWEVVRAEVMRAFSSSTNLQESFRR——-KD 189
Equus caballus ~ IFN-a 1 ETPLMNEDSLLAVRRYFQRIALYLQEKKYSPLAWEIVRAEIMRSFSSSTNLPQ——————— S 184
Sus scrofa IFN-a 1 GTPLLEEDSILAVRKYFHRLTLYLQEKSYSPCAWEIVRAEVMRAFSSSRN-——————————- L 181

BRI AL B KRB B Dy 0 IFN-al ZIEIR 2 1731 Lt
Fig.1 Alignment of amino acid sequences of tree shrew IFN-o1 with those from other mammals
o MRS, “7 FC BEERZ MR RERT . NRIZHY: F90FEs; ThE: CRRtERR; M CAWE 2.
Identical amino acids among all sequences are indicted by asterisks; those amino acids with high or low similarity are indicated by a colon or a
period, respectively. The putative signal peptide sequences predicted by SignalP are underlined. Cysteines are boxed. C-terminal conserved motif
CAWE is circled.

@) Cys162

B2 A7) B8 (F7) IFN-al 23 185 11 R = 4 &5 Hy L g
Fig.2 Comparison between the IFN-al protein three-dimensional structures of human (left) and tree shrew (right)
ABCDE )y 5 /> o S2HE M ILPTACAL B BEFE Sy “PEIEEIR: WM. B 1M1 DE 3 =M S OHS: N RO, NoRi
M C-ARIAEE P IR N 3Rl C 3.
ABCDE show the five helices and their positions; red regions represent the cysteine; blue regions represent AB loop and DE loop; purple regions

indicate the N- glycosylation site. The N- and C- termini are also shown in the figure.

sekdololol ik ok kel ook ko Dbk Dok
Tupaia belangeri TFN-y MKYTSYTLAFLLSIILGSSSCYCQAPFMKEVQNLKNYF 38

Homo sapiens ~ IFN-y MKYTSYILAFQLCIVLGSLGCYCQDPYVKEAENLKKYFNAGHSDVADNGTLFLGILKNWKEESDRKIM 68

®_ K deokRkk dok
Tupaia belangeri IFN-y VNDVQVQRKAIYEL 52
Homo sapiens  IFN-y QSQIVSFYFKLFKNFKDDQSIQKSVETIKEDMNVKFFNSNKKKRDDFEKLTNYSVTDLNVQRKATHEL 136

Codek kok oo skl
Tupaia belangeri IFN-y LNVMIDLTPKSNQKKRKRSQMLFRGRRASR 82
Homo sapiens  IFN-y IQVMAELSPAAKTGKRKRSQMLFRGRRASQ 166

& 3 BRI A IFN-y J7 30 Lt
Fig.3 Amino acid sequence alignment of tree shrew and human IFN-y
H R 1(Notes are the same as those in Fig. 1).
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&2 #hE) IFN-y EREBK T EHEMEE St
Tab.2 Percentage of amino acid sequence similarity of IFN-y between Homo sapiens, Chimpanzee, Sus scrofa, Mus musculus,
Rattus norvegicus, Bos taurus, Equus caballus, Ovis aries, Felis catus, Canis lupus and Tupaia belangeri

%% =T AT AP (Amino acids identity)

P A BARE NG PN . 5 o -
Tuvai b4 I I b
upaia Homo Pan Mus Rattus . Equus L .
. . : Sus scrofa  Bos taurus Ovis aries  Felis catus
belangeri sapiens troglodytes  musculus  norvegicus caballus
N Homo sapiens 68
R
HAEIE Pan 60 99
troglodytes
N Mus musculus 53 41 40
il
KB Rattus 43 39 37 83
norvegicus
$ Sus scrofa 58 60 59 45 44
- Bos taurus 71 62 62 44 45 78
Yy Equus caballus 66 62 66 46 44 71 77
=F Ovis aries 71 62 63 44 44 79 96 79
Wi Felis catus 66 64 63 44 42 71 74 79 75

i S, A2y S IRIE (R 3), (H%
YIRIAR P (RS R o S A% . N5 3 A T Y
IFN SR, 4053024 TFN-A1 (IL-29)  IFN-A2 (IL-28A)
HAITFN-A3 (IL-28B), EAL T 19 S 4tk /NREE 7
SR L HAT 2 A T AY TFN 2 368 (IFN-A2.
IFN-A3) Al 1 AMEFL (IFN-A1) (Lasfar et al, 2006).
Wi T A RS TFN-AL R IFN-A2, 155 A [RIJR )
IFN-A3 AEEED . e4b, WlE TFN-AL JERRIE 2
W& FKIE 4 kb, 5 AFIILARIE FL 3P0t B X 35
1.1 kb [KJ¥ 7 748 K(Zhou et al, 2011). {HAFER
B2, MWAE 1A T AL IFN AR ig 3L, 7T 7

S YLt 4K (Karpala et al, 2008), 1 /NEENIA 4 A4
(IFN-A1. IFN-A2. IFN-A3 Al IFN-AS) 45 % gm s 3 X
T AN —MEIEP (IFN-M) (Qi et al, 2010). [Fit,
Z IR Z WP EAE RGN TFN-As SER 45 14
B D REXT 78 23 BEAAA & T 24 TFN FL A o 225

AT A I, FERE AL KA 2 &7
5N TFN-As BB m e, b, 1 %5815
A M LR 1 BRSSPI A K amigHE, 5 A
IFN-A2 Al IFN-A3 ¥ 54 82% 1 7 HIAHMIYE, R,
P4 o TFN-A2/3, 4 SL T &5 AT 2o 585
bp M3 PR 5 5 60 1) 7 o

%3 BRISEAL A% I 2 IFN K UM Fr #5446 1 2 IFN
Tab.3 Type III IFNs of several species which have been cloned and those predicted type III IFNs in Tupai belangeri

x R Bl i s T
Homo sapiens Mus musculus Pteropid bat Chicken Amphibians Tupaia belangeri
A(IL-29) + PG + +
A2(IL-28A) + + + + 2/37*
A3(IL-28B) + + PG + 2/37*
pY) PG
AS +

HREFER 1 *: BEIYTHIA RS IFN-A2 8¢ IFN-A3,

Notes are the same as those in Tab. 1. Asterisks (*) indicates that the predicted sequence is either IFN-A2 or IFN-A3.

BAER iR, AL IFN 5 1AL IFN A 1
AN BT IR 5 BT, et S S TFN-AL
IFN-A3) 8 6 A 4h W+ (IFN-A2) ¥4 Ji (Uz¢ &
Monneron, 2007). FJH] Fancy GENE v1.4(Rambaldi
& Ciccarelli, 2009), FeATHIE 74 IFN-12/3 5 A
IFN-As W& F-4h B R E (8 4), ol

IFN-A & 5 MR 4 AN S a5, B
IFN UL AVRRAE, HH N &4 RTINS A
IFN-A2 JEA—F.

PLA IFN-A2/3 454 (PDB ID: 3HHC) Ay #AR (i
WL HIA 51— S0 82%), H Discovery
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