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ABSTRACT

The interferon-o genes from three chicken lines were cloned by a direct PCR
technique, and the effects of recombinant protein expressed in a prokaryotic
system on highly pathogenic HON2 influenza viruses were investigated. The
cloned ChIFN-o gene encoded a protein of 193 amino acids with a signal
sequence of 31 amino acids and mature peptides of 162 amino acids. Comparison
of ChIFN-a sequences, detected six amino acids substitutions at positions 50, 58,
65, 81, 181, and 183. Homology analysis indicated that ChIFN-o genes could be
subdivided into two lineages, SH-ChIFN-o and WJ-ChIFN-a. In addition, both
SH-ChIFN-o and WJ-ChIFN-a were expressed with the N-terminal 6 consecutive
histidine residues in a high-level prokaryotic expression system. Recombinant
chicken interferon-a (rChIFN-a) protein has anti-VSV activity of more than
1 x 10 U/mg. Moreover, High concentration (10,000U) of rSH-ChIFN-q
resulted in over 40% inhibition of the HON2 virus infection in chicken embryos
(Ovo), and 100% inhibition from one day-old to five day-old chickens (Vivo).
The results suggested that rChIFN-a is a potential agent against many Chicken
viral strains.
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INTRODUCTION

Interferon (IFN) plays an important role in treating viral diseases by inhibition
of virus replication and stimulation of the immune response (1). In mammals, there
are two classes of interferons, type-I and type-11 (IFN-y). For type-I it includes five
subtypes, such as a-, B-, é-, (-, and @-IFNs, which have related structures and use a
common receptor (2). During the last decade, a variety of interferon genes have been
cloned from many species, including human and avian (3,4). Especially, successful
cloning of human interferon genes have brought a significant benefit to human
health care (5).

Chicken interferon-o. (ChIFN-a) gene was first cloned in 1994 by Sekellick et al.
Since then, a number of IFN genes from birds have been described. The antiviral
activity of ChIFN-o have been studied in Marek’s disease (MDV) (6), and Rous
sarcoma virus (RSV) infections (7), Newcastle disease virus (NDV) (8), Infectious
bursal disease virus (IBDV) (9), and infectious bronchitis virus (IBV) (10). In these
studies, recombinant ChIFN-o (rChIFN-o) showed to reduce plaque number
formation of attenuated MDYV, reduce RSV-induced tumor development in
susceptible chickens, ameliorate NDV infection, suppress IBDV plaque formation,
and ameliorate IBV infection. However, little information exist about rChIFN-o
action on AlV in vitro (11).

To investigate rChIFN-o against avian viruses, in this study, three interferon-o
genes from two Chinese chicken lines (SanHuangli, SH; Wuli, WJ) and one
American line (Arbor Acres, AA) were cloned. Based on recent nomenclature for
ChIFN-a (12), SH-ChIFN-o and WJ-ChIFN-a were subdivided into two subtypes.
The SH-ChIFN-o and WJ-ChIFN-a genes were expressed using pQE30 vector in the
E. coli M15 (pREP4) system. Finally, the effects of rChIFN-a on HIN2 influenza
viruses were evaluated by in Ovo and in Vivo experiment systems.

MATERIALS AND METHODS
Chickens, Cells, and Viruses

Three chicken lines: SH-, WJ-, and AA-chickens were collected in Peking,
China. SH-chicken is a yellow broil chicken double egg-type; WI-chicken is a black
broil-type; AA-chicken is a white broil-type chicken used in the Chinese avian
industry. Specific pathogen free (SPF) chicken embryos and 1-day-old SH-chickens
were obtained from the Institute of Experimental Animals, Beijing. Chicken embryo
fibroblasts (CEF) were prepared from 9-day-old SPF chicken embryos by standard
methods. Vesicular Stomatitis Virus (VSV) and H9N2 influenza viruses were a
present from Dr. Wu Q. M. (13).
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Cloning of the ChIFN-a Genes

Genomic DNA was prepared from liver cells of SH-, WJ-, and AA-chickens
based on the method described by Sambrook et al. (14). A primer pair corresponding
to ChIFN-ala nucleotide sequences (3) was designed using Oligo 6.0 software. The
forward primer was 5-CCATGGCTGTGCCTGCAAGCC-3' (54-74nt); The reverse
primer was 5-CTAAGTGCGCGTGTTGCCTGTGAG-3 (613-636nt). PCR was
performed in a Hybaid PCR Machine with a TaKaRa PCR amplification kit
(TakaRa Biotechnology (Dalian) Co., Ltd.), and carried out with 1 ug of genomic
DNA as template in a total of 50 uL reaction volume containing 50 pmol of each
primer and 2.5 U TaKaRa ExTaq polymerase. Reactions were set at 98°C for 5min
followed by 30 cycles of 94°C for 1 min, 55°C for 1 min, 72°C for 1 min, and finally,
72°C for 10 min. PCR products were inserted into pGEM T-Easy Vector (Promega)
and the construct was named after pGEM-T/ChIFN-a. Positive clones were
screened and the recombinant plasmids were extracted with QIAprep Spin Miniprep
kit (QIAGEN) for sequencing. The nucleotide sequence was determined by ABI 377
DNA sequencer using T7 and SP6 sequence primers. Comparison of these ChIFN-o
amino acid sequences was performed using GENETYX 9.0 software (Software
Development Co., Ltd, Tokyo, Japan).

Expression of ChIFN-a Genes

We used the pQE30 plasmid to construct the expression vector. PCR was
performed to generate ChIFN-a genes lacking the signal sequence fragment using
pGEM-T/ChIFN-a as a template. The forward primer (5-TGCCATGCGCCTGC-
AACCACCTTCGCG-3') contains a Sphl restriction enzyme site and the reverse
primer (5-TCAAGCTTAGTGCGCGTGTTGCCTGTAAG-3') a Hindlll site. The
PCR product was digested with Spil and Hindl11, and then inserted into pQE30 at the
Sphl and Hindlll sites. Recombinant expression vectors pQE30/ChIFN-a were
sequenced, and transformed into E. coli strain M15(pREP4) (QIAGEN), and
expressed according to standard procedures (15).

SDS-PAGE, Western Blot, and Purification

A single colony of recombinant M15 (pREP4 plus pQE30/ChIFN-a) was
selected and inoculated to SmL of LB medium containing 25 pg/mL of kanamycin
and 100 pg/mL of ampicillin. Then cultured at 37°C with vigorous shaking until
ODggg 0.5, isopropylthiogalactose (IPTG) was added to a final concentration of
I mM to induce expression. After incubation for an additional 5h, the M15 was
harvested by centrifugation. A part of the pellets were resuspended in SDS-PAGE
loading buffer, heated at 95°C for 5 min, and loaded on a 15% SDS-PAGE gel. After
electrophoresis, the gel was stained with Coomassie Blue-R-25. The density of the
expressed protein band was quantitated by thinlayer scanner (Alpha Imager 2000
Documentation and Analysis System). Nickel-nitrilotriacetic acid (Ni-NTA) metal-
affinity chromatography was used for purification of 6 x His-rChIFN-a according
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to the manufacture’s instruction (15). Briefly, the M 15 was inoculated in a 250 mL
LB culture at 1:50 dilution. After overnight culture, IPTG was added to induce
expression as described above. The MI15 was harvested by centrifugation,
resuspended in PBS buffer, and sonicated six times by 10s with 10s pauses. The
lysate was centrifuged at 10,000 x g at 4°C for 10 min. The inclusion bodies were
dissolved in 20 mM Tris-HCI buffer with 8M urea, and purified under denaturing
condition. Finally, the recombinant protein was refolded using no urea dirasys
buffer (20 mM Tris-HCI), containing a redox pair of reduced glutathione (GSH) and
oxidized glutathione (GSSG) and phenylmethyl sulfonylfluoride (PMSF). After
SDS-PAGE, the MI15-expressing proteins was transferred onto a Nitrocellulose
membrane (Boeheringer Mannheim). The recombinant protein with 6 x His tag was
detected by QIAexpress Detection Kit according to the manual using BIO-RAD
Mini-protein II Cell electrophoresis machine system (BioRed).

Bioassay

The antiviral activity of rChIFN-oo was measured by the cytopathic-effect
inhibition assay (16). In brief, CEF was seeded in 96-well microplate at a density of
4 x 10* cells per well and cultured for 24 h. Monolayers of CEFs were stimulated
with 100 pL of twofold serial dilutions of the various rChIFN-a preparations. After
24 h of culture, the cells were challenged with 100 TCID50 of VSV per well. The
rChIFN-a titers were expressed as reciprocals of the dilutions that resulted in 50%
virus-induced cell lyses determined 32-48 h after VSV infection.

Effects on HON2 Viruses Infection

Two experiments were performed to evaluate the effects of rChIFN-o against
H9N2 viruses infection in Ovo and in Vivo.

Experiment 1: Eighty 9-days-old SPF chicken embryos were randomly divided
into eight groups as Table 2. Six groups (1-5 and 8) were injected with 0.1 mL
solution containing 100 U, 500 U, 5000 U, 10,000 U, and 100,000 U of the purified
rChIFN-a in the allantoic liquid, respectively. Two control groups (6 and 7) were
injected with 0.1 mL PBS or without injection. After 24 h, chicken embryos were
challenged with a 10° ELDs,/0.1 mL HIN2 HP isolate (A/Beijing/1/96/HON2) by
allantoic injection per embryo. At 24, 48, and 72 h postinfection, the clinical signals,
pathological change, and the rate of dead were recorded.

Experiment 2: Just one day-old chickens were grouped as Table 3. First, 1-5 and
8 groups were inoculated in nose/eyes (per 0.05mL each) with 0.1 mL solution
containing 100 U, 500 U, 5000 U, 10,000 U, and 100,000 U rChIFN-a, respectively.
Control groups were inoculated with PBS or without. After 24h, they were
challenged with 10° ELDs,/0.1 mL A/Beijing/1/96/HIN2 by eye-drop plus nasal-
drop (per 0.05mL each). The clinical signals, pathological change, and the rate of
dead were recorded until six days of age.

Student’s -test was used to evaluate the effects of rChIFN-o on HIN2 viruses.
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RESULTS
Molecular Characteristics of the ChIFN-a Genes

As shown in Fig. 1, the PCR products SH-, WJ-, and AA-ChIFN-o genes were
582 bp long covering an ORF in region 1-582 coding for 193 amino acids. The first
31 amino acid residues constitute the signal peptide. Six sets of cysteines that are
likely to form intrachain disulfide bridges within the 32, 61, 68, 129, 155, and 168
sites. The deduced ChIFN-oo amino acid sequences displayed four potential
N-glycosylation sites at amino acid positions 65-67, 71-74, 108-110, and 186-188.
The 193 amino acids with a molecular mass are 22.04, 22.20, and 22.11-kDa for three
respectively. Both SH- and WJ-ChIFN-o were designated as SH-ChIFN-o and WJ-
ChIFN-o and submitted to DDBJ/EMBL/GenBank (AB021153 and AB021154).
AA-ChIFN-a is identified with the reported Shiqi-ChIFN-a.

Multiple alignment of the SH-, WJ-, and AA-ChIFN-o. amino acid sequences
with other IFN-o amino acid sequences from DDBJ/EMBL/GenBank isolated from
birds are shown in Fig. 1. Comparison of SH-ChIFN-a, WJ-ChIFN-a, and AA-
ChIFN-a with other ChIFN-a showed that SH-ChIFN-a is 98.4% homologous with
ChIFN-a1 and ChIFN-a2, is 97.9% homologous with ChIFN-a3 (16), and 99.0%
homologous with Shqi-ChIFN-a (9), and ChIFN-a (3); WJ-ChIFN-a is 97.4%
homologous with ChIFN-al and ChIFN-22, 99.0% homologous with ChIFN-o3
(16), 97.9% homologous with Shqi-ChIFN-a (9), and ChIFN-o 1994 (3). Among
SH-ChIFN-a, WJ-ChIFN-a, turkey interferon-o0 (TkIFN-o) (17), and duck
interferon-o (DulFN-ao) (18), the homology is 50-82%. These results indicated
that Avian’s interferon could belong to a super family.

signal peptides 10. 20. 30. 40. 50. 60. 70. 80. 90.
SH- ChIFN -0 {AB021153): MAVPASPQHPRGYGILLLTLLLKALATTASA CNHLRPQDATFSHDSLOLLRDMAPTLPQLCPQHNASCSF NDT ILDTSNTROADKTTHDT
WI- ChIFN -0 (AB021154)
AR~ ChIFN -0;

ChIFN- 0l {X92476):
ChIFN-02 (X92477) :
ChIFN- 03 (X92478) :
ShigiChIFN-0:
ChIFN-a1994 {ref 5):
TKIFN-{U28140) :
DulFN- ¢ {X84764) : -PG-SA-PP-AI-SA-A-----TP*PAN-FS - SP- -LH-SA-AW- - -~ -~~~ -~

100. 110. 120. 130. 140. 150. 160. 170. 180. 190.
SH- ChIFN-a: LOHLFKILSSPSTPAHWNDSQRQSLLNRIHRYTQHLEQCLDSSDTRSRTRWPRNLHLTIKKHFSCLHTFLQDNDY SACAWEHVRLOARBWVLDIHNLT GNTRT
WI- ChIFN -0 : - --- --- e FeHe-momenn-
AA- ChIFN-0:
ChIFN- o1 :

ChIFN-02 :

ChIFN-03 :

ShigiChIFN-@:---
ChIFN-01994: ---
TkIFN- -- -
DuIFN-0:  ----- DT---------- LHTA-HD- - -QLOHHIH-- -R -FPADAA -LHR-G------S--N-Y-G-IQH--- NHT-- P- - -D-- - -E-H- CFQR- -R—RTMR*

[T L)

Figure 1. Comparison of amino acid sequences of Avian interferon-o. , identity with
SH-ChIFN-o. SH-ChIFN-o and WJ-ChIFN-ao nucleotide sequence were placed in DDBL/
EMBL/GeneBank, accession numbers are AB021153 and AB021154. ““*”°, gaps introduced for
alignment purposes. Sequence references are as follows: ChIFN-al (X92476), ChIFN-02
(X92477), and ChIFN-a3 (X92478); Shqi-ChIFN-a (9); ChIFN-a 1994 (3); TkIFN-o
(U28140); DulFN-o (X84764); underline indicate the potential N-glycosylation sites.
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Table 1. Most variations in the avian interferon proteins.

Species  Protein symbol AA substitutions in variants Accession no.  Reference

Chicken SH-ChIFN-a L50, D58, N65, R81, V181, D183 ABO021153 This article

WIJ-ChIFN-o F50, L58, Q81, F181, D183 AB021154 This article

AA-ChIFN-o F181, H183 — This article

ChIFN-ala F181, H183 U07868

ChIFN-a1b S65, F181, H183 X92476 (16)

ChIFN-alb S65, F181, H183 X92477 (16)

ChIFN-alc F50, L58, F181, H183 X92478 (16)
Turkey  TulFN-o Variations U28140 (17)
Duck DulFN-o Variations X84764 (18)

Amino acid sequence variations in all ChIFN-a are shown in Table 1. Six sites of
amino acids substitutions were found in ChIFN-a. Three substitutions appeared
between SH-ChIFN-a and ChIFN-alb at positions 65 (S to N), 181 (V to F), and
183 (D to H). Two amino acid substitutions appeared between ChIFN-old and
ChIFN-ala at position 181 (V to F) and 183 (D to H). There are five amino acids
substitutions between WJ-ChIFN-o and SH-ChIFN-a at positions 50 (L to F), 58
(PtoL), 81 (RtoQ), 181 (Fto V), and 183 (D to H). The amino acid sequences have
divaricated positions with ChIFN-a1d only at residue 181 and 183. Interestingly, the
molecular characteristics displayed by SH-ChIFN-o (AB021153) and WJ-ChIFN-«
(AB021154) could be subdivided into two subtypes of chicken Interferon alpha
based on recent nomenclature of avian interferon proteins (12).

SDS-PAGE, Western Blotting and Purification

As shown in Fig. 2, the 6 x His-tagged recombinant SH-ChIFN-o and WJ-
ChIFN-a protein were expressed in M15(pREP4) strain using the QIAexpress IV
system. The pGEM-T/ChIFN-a was digested with Sphl and Hindlll, and inserted to
pQE30 at Sphl and HindlIl sites. After the pQE30/SH- and WJ-ChIFN-a were
transformed into M 15(pREP4), the M 15-expressing system (pREP4, pQE30/SH-, or
WIJ-ChIFN-o) was constructed. The results of SDS-PAGE and Western blot
are shown in Fig. 3. A main band of gel analysis revealed the expressed protein about
21-kDa. Quantitation of the 21-kDa band with thin-layer scanning indicated that
the expressed 6 x His-rChIFN-ao represented 22.0% of total protein mass of the
M15 (Fig. 3A). A purified band appeared with an apparent MW of 21-kDa,
corresponding to the monomeric form at position about 21-kDa (Fig. 3B). Western
blot with mouse monoclonal antibody against 6 x His confirmed the 21-kDa band to
be the recombinant ChIFN-a protein (rSH-ChIFN-a or tWJ- ChlIFN-a) (Fig. 3C).

Bioassay

The anti-virus titer from five lots of rSH-ChIFN-o and rWJ-ChIFN-a
were detected by CPEsy method. The results showed that both rSH-ChIFN-o and
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(6x His) Sphl Hind TII
T5—|ATGIAGAGGATCG|CATCACCATCACCATCACIGGATCCGCATGC{ChIFN-al- -AAGCTT10

- ~~.T5 promoter/ Sph ICh":N

lac operator

"% Hind e

6xHis -~

PQE30/ChIFN-o.
3945bp

bla ori

Figure 2. Sequences of the recombinant expression vectors pQE30/SH- or WJ-ChIFN-«a
gene.

A B C
; _2_ 3% > 6 78 9 10 11 12 13
9TKD b
= b KD - H0.2 ay
43KD - 30
KD .
1 xp B -_-_--- 20KD 21 KD

- m - = KD . .
| B
L - i © =21 KD

Figure 3. Analysis of recombinant ChIFN-o with SDS-PAGE and Western blot; A: Lane 1,
the total cell lysis of M 15 strain before IPTG induction; Lane 2-5, the total cell lysis of three
M15 strains after IPTG induction; Lane 6, the molecular weight marker; B: Lane 7, the first
flow through from the Ni-affinity column; Lane 8, the second flow through from the
Ni-affinity column; Lane 9, the third flow through from the Ni-affinity column; Lane 10, the
recombinant ChIFN eluted from Ni-affinity column; Lane 11, the molecular weight marker;
C: Lane 12, Western blot analyzed the total cell lysis of M15-expressing recombinant
ChIFN-a after IPTG induction. Lane 13, Western blot analyzed the purified recombinant
ChIFN-a by the Ni-NTA metal-affinity chromatography column.

rWJ-ChIFN-o have antiviral activity of more than 1 x 10 U/mg~2.2 x 10°U/mg
(Tables 2 and 3).

Effects on HIN2 Viruses

Results of experiment 1 are shown in Table 2. In Ovo, the effect of rSH-
ChIFN-o against HON2 viruses was remarkable. After challenge, 2-5 groups injected
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with various concentrations of rChIFN-a showed 30-90% mortality up to 72h
postinfection. However, the PBS control group (group 6) showed a classical AIV
pathogenic changes (Fig. 4), and induced 100% mortality at 60h postinfection.
The results indicated that the treatment with high concentration of rSH-ChIFN-a
could be partially (40-70%) protecting against the embryo mortality. Especially, for
groups 4 and 5 which were treated with 10,000 U and 100,000 U of rSH-ChIFN-a,
the HON2 virus clinical signs of infection were inhibited for 3 days postinfection.
In contrast, the PBS control showed a higher pathogenic change, especially
hyperaemia (haemorrhage) from head to foot, and 100% mortality (Fig. 4).
Groups 4, 5 groups, and the control group (group 6), showed insignificant difference
in mortality rate.

The effects of rSH-ChIFN-o0 on HIN2 virus infection are shown in Table 3.
After challenge, 1-5 groups injected with various concentration of rChIFN-uo
showed 0-10% mortality by 72h postinfection. In contrast, the PBS control
(group 6) showed 30% mortality by 72 h, and 50% mortality by 120 h postinfection.

Table 2. The effect of rChIFN-o0 on HIN2 viruses infection in Ovo.

. In Ovo death
Treatment with

Group Number rSH-ChIFN-o* Challenged 48 h 72h Rate

1 10 100U + 10 0 10/10 (100%)
2 10 500U + 7 1 8/10 (80%)
3 10 5,000U + 7 2 9/10 (90%)
4 10 10,000 U + 0 6 6/10 (60%)
5 10 100,000 U + 0 4 4/10 (40%)
6 10 PBS + 10 0 10/10 (100%)
7 10 — — 0 0 0/10 (100%)
8 8 100,000 U — 0 0 0/8 (0%)

aThe original concentration of rSH-ChIFN-« is 2.2 x 10® U/mg.

Table 3. The effects of rSH-ChIFN-oo on HIN2 viruses infection in Vivo.

. In Vivo death
Treatment with

Groups  Number  rSH-ChIFN-o*  Challenged 48h 72h  120h Rate

1 10 100U + 0 1 0 1/10 (10%)
2 10 500U + 0 0 0 0/10 (0%)
3 10 5,000 U + 0 0 0 0/10 (0%)
4 10 10,000 U + 0 0 0 0/10 (0%)
5 10 100,000 U + 0 0 0 0/10 (0%)
6 10 PBS + 1 3 1 5/10 (50%)
7 10 — — 0 0 0 0/10 (0%)
8 8 100,000 U - 0 0 0 0/8 (0%)

aThe original concentration of rSH-ChIFN-a is 1.6 x 10® U/mg.

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRrcEL DEkkER, INc. ﬂ
270 Madison Avenue, New York, New York 10016 5



orDER ||| REPRINTS

Interferon-o. Genes Effects on Influenza Viruses 85

1 2 3 4

Figure 4. The protected effect against challenge with A/Beijing/1/96/HIN2 before treatment
by pur-rChIFN-o in Ovo. 1: Treatment without rChIFN-o, 2: Treatment with 5000 U
rChIFN-a, 3: Treatment with 10,000 U rChIFN-o, 4: Treatment with 100,000 U rChIFN-o.
(View this art in color at www.dekker.com.)

Although no death observed in 2-, 3-, 4-, and 5-groups, clinical signs were observed
from 24 to 72 h postinfection.

DISCUSSION

Poultry industry in China includes the chicken and duck, with populations of
about 50-70 billion per year. Several diseases are responsible for consistent serious
losses to the chicken industry. Viral diseases caused 8-12% losses in chicken
populations in Mainland China. To control these diseases, it is necessary to evaluate
the effects of recombinant interferon-o,/y against viral pathogens. In this study, we
cloned two subtypes ChIFN-a genes from SH- and WJ-chickens lines. In humans,
13 functional IFN-o genes are clustered on the short arm of chromosome 9, but only
eight are known to have allelic variant forms. The antiviral activity of recombinant
IFN-02b was found to be 100-fold higher than other recombinant IFN-o alleles
(5,19). In contrast, 10 IFN-o genes were estimated to exist in the chicken genome by
Southern blot analysis, but just three ChIFN-a genes were isolated from a genome
phage library (16). On the other hand, no information of ChIFN-« allelic forms or
loci has been reported.

Most of amino acid residue substitutions are observed between SH- or WJ-
ChIFN-o and other reported ChIFN-a (Table 1). For instance, five amino acid
residue substitutions appeared between the SH-ChIFN-o and Shiqi-ChIFN-a (9) at
positions 50 (L to F), 58 (P to F), 65 (S to N), 81 (R to Q), and 133 (S to R).
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Furthermore, two substitutions at positions 181 (L to F), 183 (P to F) are shown
among SH-ChIFN-a and ChIFN-as. The results suggested that the variation
of factional ChIFN-o amino acid exists among the chicken lines. Based on
recent nomenclature of avian interferon proteins, SH-ChIFN-o and WJ-ChIFN-a
could be subdivided into two subtypes (might be designated as ChIFN-ald and
ChIFN-ale).

For expression of SH- and WJ-ChIFN-a, the genes lacking the signal peptide
were inserted into pQE30 vector. The rSH- and rWJ-ChIFN-o with 6 x His tagged
were detected by Western blot method. The purified rSH-ChIFN-o has an anti-VSV
activity of more than 1.6 x 10® U/mg (Tables 2 and 3). In the start, we assumed that
like human INF-o, the antiviral activity of rChIFN-a products might vary in
different chicken lines or geographic regions. However, the bioactivity was similar,
although we first used the Ni-NTA metal-affinity chromatography to purified
rChIFN-o.

The effects of rChIFN-o against avian viral pathogens of MDV, RSV, NDV,
IBDV, and IBV have already been reported (6-10). Our results showed that
rChIFN-a has strong action on the viruses. Moreover, as an immunologic
adjuvant, rChIFN-a could enhance the protective immune responses to IBDV (20).
Our results proved that rChIFN-a could protect from HIN2 virus infection in Ovo
and in Vivo. Al is an important disease affecting the avian industry, because highly
pathogenic (HP) AIV have caused severe disease with high mortality (13,21). In
contract of HP AIV, mildly pathogenic (MP) AIV (a part of HIN2) produce also
an outbreak in developing countries, and no vaccine control was available recently.
In this study, the HIN2 was isolated in Beijing from a chicken experiencing Al
disease. The 10° mean embryo lethal dose ELDs, was 100% lethal for 9-day old
SPF chicken embryos in 72 h postinfection (13). Sekellick et al. (11) have reported
ChIFN-a action survival curves for AIV showing that 40-60% of virus were
highly sensitive to the inhibitory effects, whereas the rest were up to 100 times
less sensitive. Moreover, they suggested that IFN-resistant AIV is generated from
a random packaging event that results in virions that contain two or more
copies of RNA segment 8, the gene segment that encodes the NS1 protein of AIV.
Our data (Tables 2 and 3) address two important issues. First, in Ovo, the
protection rate rose by high concentrations rSH-ChIFN-a. Second, in Vivo, giving
rSH-ChIFN-a over 1000 U/per day chicken could be protected from the HIN2
virus challenge.

In conclusion, we cloned and expressed two subtypes of the ChIFN-a genes
from Chinese chicken lines, and it’s effects on H9N2 influenza viruses were
demonstrated in Ovo and in Vivo.
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