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W, 4 7 HI& I KBEZE (Ailuropoda melanoleuca) T4 THE v (IFN-y) BEIEA IR IE | B
(PBCA) K3k, AWHFURIHE AT ELEA, G T EARREM IFN-y 2217, SR)5LLPBCA b
BUMRL, RINFLR AR T KBTI v HOKRIER (IFNy-PBCA-NS), 555 5 B 4 K e
& # A/Panda/Sichuan/01/2011 (HIN1) R/ (Mus musculus) 8, 3 i 7 B A T4
YW TE T IFNY-PBCA-NS 253k, £ RENW], KRR IFN-y IS E 2> 74009 33.5 ku, JFrifil#
f)K BE A IFNy-PBCA-NS MU %L, Fif% 7 50 ~ 200 nm Z [, B 0.55, KN4, Ak 56.7%,
W E 0.86%. FEE FVES PR ZSRIE T, IFNy-PBCA-NS 21/ LI ZE fr i K3 B2 = T IFN-y
41 (P<0.058{P<0.01), Z/~ IFNy-PBCA-NS 7/ AN A B IFIMZR PR EEEM, nohiE—0
WEFU & K REA 2 IR A ki 3t 5 % .

R KRES: TRy REENIEIRIE Tl K3k

FESKS: S858.9  ICERFRINFG: A XESHS: 0250-3263 (2017) 02-314-08

Preparation and Evaluation of Recombinant Interferon-gamma
Nanosphere Loaded in Polybutylcyanoacrylate in Giant Panda
(Ailuropoda melanoleuca)

YANG Sha-Sha™® XU zhi-Wen® WANG Cheng-Dong® LI Cai-Wu® ZHU Ling”
ZHOU Yuan-Cheng® LI Xin-Qiong® WEN An-Xiang”" LI De-Sheng®”

@ College of Life Sciences, Sichuan Agricultural University, Ya'an 625014; 2 Animal Biotechnology Center of Sichuan Agricultural University,

Ya'an 625014; 3 China Conservation and Research Center for the Giant Panda, Ya'an 625000, China

Abstract: To prepare and investigate the recombinant Interferon-gamma (IFN-y) nanosphere loaded in

EETE NI FHRIE (No. 2012JQ0037);

* WIAEH, E-mail: 2960657740@qg.com; 1050133153@qg.com:;

E—EENA Wbib, Lo, WA SR BSOS E-mail: 158335174@dqg.com.
Wk FW: 2016-06-17, f&[5]AIY: 2016-12-08  DOI: 10.13859/j.¢jz.201702015



2 3 Wbt FALUKREA IFN-y JREIE ISR IE T MR K ER K fl 4 5 VR0 <315

polybutylcyanoacrylate (PBCA) in Giant Panda (Ailuropoda melanoleuca), we firstly obtained the

recombinant IFN-y protein through prokaryotic protein expression technology, and then, by choosing PBCA

as the drug delivery material, prepared the INF-y PBCA nanosphere (IFNy-PBCA-NS) using an emulsion

polymerization method. Further more, the Kunming Mice (Mus musculus), which were infected with giant

panda influenza virus A/Panda/Sichuan/01/2011 (H1N1), were used as models to test the efficacy of

IFNy-PBCA-NS compared to that of IFNy after intragastric administration and subcutaneous injection of

drugs. The results demonstrated that the molecular weight of INF-y protein was about 33.5 ku, and the

IFNy-PBCA-NS was globular in appearance, with uniform particle size. The diameters ranged from 50 to 200

nm, the span was 0.55, the encapsulation efficiency of the particles was 56.7% and the drug loading was

0.86%. Moreover, the prolonged life rate of mice in the IFNy-PBCA-NS group was significantly higher than

that of the IFNy group in both intragastric administration and subcutaneous injection approaches (P < 0.05 or

P <0.01). In summary, IFNy-PBCA-NS showed better sustained release and antiviral activity in mice, which

could provide references for further research on the preparation of the Giant Panda peptide drug

microparticles.
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T % y Cinterferon-gamma, IFN-y) A
PowtE. PUMIBEIER (PMIETESE 20060, B
RTHE y (IFN-y) 75 S PSR TS S50
JY TN Tz ABAEAR N ATEE P22 R
VIR FEAS, b BRI T HAE R iZ Y
H (Zlotnik et al. 2000). &4 T4k E 2 R4
REORI R IR ) Il SN2 Wi o 3%
73+ BRI E M, ATIE B SR R
A FERICR (Yang et al. 2011). ZREIEN
MR I 1 e (polybutylcyanoacrylate, PBCA)
BAT RUF R AR R o] BEAR I, TC S5 Ji
PE, PR ki kL (Gao et al.
2015). KfES (Ailuropoda melanoleuca) J2&H
FR AR Az, HT IR KEA RS
(VRIS 0 AR AR TE o AN S50 108 SR S N TR
IETHE (PBCA) A&k, RHIFULE G LS
#HEMA KRB TIR v BFIEEWEIRIE T BB
KER CInterferon-gamma-polybutylcyanoacrylate-
nanospheres, IFNy-PBCA-NS), LI hit—3
AIF 5 1 2% K AR 22 K2R 25 ) ok $R 41 2 % ¢
o

1 MRETE

1.1 KREEH IFN-y JEEHRAK B RIALA
#

AHIEFT A K REAG M 3 e v R K g
AT 0 2 S e b A1, KRB IFN-y
SRR IR BRI SRR S 2 K RESE (2009) (1)
Jrike
1.1.1 KEEXE cDNA BERRFIZRER S U9
15, FwkE A e sy 253 (bt Solarbio 4 w])
I3 B K BEA AP LR EL 40 ;1 000 r/min 5.0
AT K REAR 41 M2, RNAiso plus (TaKaRa
N\ DFEEUA i S RNA, PrimeScript RT Reagent
(TaKaRa A 7)) 4 i5 RNA 458 cDNA, -
20°CIRAE%H
112 IFN-y TEEEMAKME 2% NCBI L
KA (Bl : DQA450843) FHilT s 4l ()
IFN-y BEB87 %1, A DNASTAR #ffdeit T

R IFN-y JEIRI ) 1 X514 PUP2 L3514
P1:5-GGATCC GAATTC GGC TAT TAC TGT
CAG GCC-3', N34 P2: 5-GTC GAC TTA
TTT CGATGC TCT GCG GCC TCG-3"), 1k |\
NI 5 % S IR S E N DTS BamH 1
A sal T BEUIAL R, 5140 g e T AW TR
KRR EBRAF A . LA PLP2 K514, KEE
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MR ZH cDNA SRR, 4T PCR 414 . #%#
DNA R & (TaKaRa 22D B 4tifk
PCR /%), ¥ =45 pMDI9-T Simple
Vector # & (TaKaRa 2w ) HE#:, g
IFNy-pMDIO-T Jitki. B 5K IFNy-pMDIO-T Jit
i Kk % DHS5a B2 541 (TaKaRa
AT, IR EEAL S ) DHS o J8S2 2540 i 1) 5]
WESHRATHTHE (100 pgml) [ LB
(Luria-Bertani, LB) [HZ&EFAH, B EE
BT PCR %52, JHB PR RVEY K595, FIH
JRL 3 BCIR 77 & COMEGA A ) ) i 4l
IFNy-pMDIO-T Jitkii, - 20°CIRA74% M.

% 4 R IFNy-pMDIO-T il 4% # 1A
pET32a (+) 435 BamH [ (TaKaRa 22 #])
FlSal T (TaKaRa A]) BEATXWEGY], 43
[ SC & H AH TRDRG P R i () INF-y v B i
PET32a (+) iUk, ¥4 )5 4k K B DHSa,
WH, PRECR RS UEAT PCR %5E, FHMER Y
KEEFR, EEWRINY CEEAET A TREA
M55 A B A, BI¥E kL 44 4 IFNy-pET32a
(+),

1.1.3 KRBM IFN-y BERRRE 4 HEA
JFURE IFNy-pET32a (+) #: 4k KA i B ik BL21
(DE3) JE&=2841M. M & W58 %0 LB &
FERETHEBHYE TR, BamH T A1 Sal T ZE4T X0
Pl % o€, B PE W Ok it 44 4 Rosetta
(DE3)-pET32-IFNy. ¥ Rosetta (DE3)-pET32-
IFNy WM T 52N %% (50 mg/L) 1) LB
Rigedk, 37°C 180 r/imin #E3% 5555, £ Asoonm
Zi%%1) 0.6 I i A 0.3 mmol/L 53 4 FE-p-D-i AL
e mg s FLOBE ¥ C 1sopropyl-beta-D-
thiogalactopyranoside, IPTG) %% 10 h. R
205 H pH 7.4 PBS P 3 I, LL 400 W i 7
Pk, 6000 r/min 2.0 20 min, EX_EiE Al
Ni FE2lib 5 His AR EA s (P&
5. 2009). Kalifb s RIS AT
Tk B R OB R NS BE e RO W K
(SDS-PAGE, 15%#H5ERHE ) o 5 E1 4 SR Ak 9 &
1% (PVDF i), THE™ His b5 8 v ik

(Sigma 2~ dl) h—Pi, BRI E Y
(horseradish peroxidase, HRP) Fric i-FHt il
1gG (Sigma A #]) k- HiHEAT Western-blot
Mo it )G R RERN IFN-y E41&E R &
14X (Smart Spec™ Plus, 5[5 BIO-RAD A #])
ie3% 280 nm 1 260 nm KR IDGIE, TF
SEORRER IFN-y IRJE, BREAWRE (g/L) = (145
x Aggo = 0.74 %< Ayg) x Wik 4. 7% Pfeffer
2 (1998) 515 VSV-WISH R 4ei 5E 4lifk
Ja IR RER IFN-y A B g T, Hrh AR
JRETAEANNEL C(WISHD HH DY )14 YK 24 B ) A 4)
BAR A RE, AKBPED KRR (VSV) IWH
VAN E A% o A9 B R 710 K R
IFN-y, %+, - 20°CHELEH .

1.2 KA&H IFNy-PBCA-NS f4 %

X H LM R A %A & KR
IFNy-PBCA-NS, il &4 F7E 10°C LA R TR
i K 23 g KEEM IFN-y Fi1 0.250 3 g JHI% V1
188 (poloxamer 188, _Fifgfb 2=l A B2 7))
Y5150 ml a4tk , 700 r/min )4k 5 min,
B 0.01 mol/L #hH1 pH 4 4.0, RJEHIVE
S ZZ IS NN 0.301 4 g FIENIAGIR IE T g 4k
(polybutylcyanoacrylate, BCA, JbtxtFEJREFIE
T8 R ), 700 rimin f 1 BiRE 2 h,
0.1 mol/L NaOH #7145 pH % 5.5, 700 r/min
ARELHE 2 he FHBER B2 PIRIATT pH 2
7.3, HALEAEN 0.8 pum [TISLIERIT JEAS 2K
FEA TFNy-PBCA-NS AT i o S5 Jeokeid
VEJS B RHORY50) CRERE 6 ka/L A
Nacl 0.5 kg/L), VAEHH 2 ml 4325 F i pofi b,
BRI

H ISM-5900LV 4414 v 1~ Wl S B WL £ 44
PN ARRIFIZE NI N VS &7 =1 PO [ 5/ /N WA )
KRR35, B5 = (Dgp - D1g) / Dsgs Dio~
Dso £l Dgo 73 Al K A FERL AR B AR A (DL 2R
BN PAER . CURLAR B AR bR 22431 S 7 il
28) MM T BAUIR 10%. 50%H1 90%4k FIH
2. IEA, K K RSl TFNy-PBCA-NS.PBCA-NS.
KRER IFN-y A1y Vb1 188 (Poloxamer 188)
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AR SO R, #H0.005g, 435
RALBIRY K 0.15 g il 7, H ALPHAFT-IR #4{i
HLIH-2T A6 1 AL I 8 400 ~ 4 000 /em S LA
M 3k 4 BRI ZL A3, R HaE i %,
BT INF-y 2 75 8
1.3 Kf&M IFNy-PBCA-NS [ R E A
1.31 BHBMHEHENE M50 ml KREM
IFNy-PBCA-NS JR AR BT i, 12 000 r/min 5
> 5min, ¥ iERES . R D iE g
o B EIEWTUE S OCREA IFN-y. Rl
= 100% (Cy-Cyp) / Cy, #iZymE = 100% (Cy
-Cp) [ Wy, KH, Cp#ZiE (mg), Cpi&
iEB P AR EEZE (mg), Wi & BCA A
= (mg).
1.32 Z¥WE LI DMEM KiF#3t (K[
GIBCO A +]) H7% MDCK s (3=[E Gibco
ANFED BRECA, BN 200 pl KRER B
# A/Panda/Sichuan/01/2011 (HIN1) (JY)Il4
WK 2SI E YA ORI, 37T CHT L h.
FERARWL PR ER I 1 UIL 55 255
HRBEAWW (EHE GIBCO w]) 2 mg/L
TPCK-Trypsin (3£ GIBCO A#]) JLIMLiEH
W HE R 5 ml. 37°C. 5% CO, fHIR IS I7,
H WS40 s 251500 3 d S5 WSCAE S | AR 40 i s A
(PP EEI, AR B AR K o A e Bk 0.1, 0.014
0.001 £ 0.000 1 PYAMIKRJERRRE . 42 M8 iREr 7
B AR T PO S A W B S A 2R 0 2
(IACUC) XAl 2k, K 25 HAk
12~ 16 g W/ (Mus musculus) FfiHL>
5 A, ZEERRIE S 43 50 0 BE BRI 0.1,
0.01. 0.001 11 0.000 1 FfikE L #:K 100 pl
SR, WA T RN RS
HE 1 (median lethal dose, LDsg) . 2224 l0ogpso
= Xm -1 (ZP-05), Hr Xp A KFE A
EXTHAE, | AR PR AL R B, P O
HEPrer- % (RANEERR), SP ASHTY)
HET A

¥ 80 H 14 ~ 18 g B WI/INRBENL 7 i H
2l Cintragastric administration, ig) 1% R4

2] (subcutaneous injection, sc) 2 /M K41,
AN K2 e 8075 52 24 i AN ) 4 Ol B K e A
IFNy-PBCA-NS 41 . K fE #fi IFN-y 41 Al
PBCA-NS XJ 2, b5 DLVEG AR BE Eh7K by 2% k)
WAL DA 5 i P B0 SR FE KRR It s 25
A/Panda/Sichuan/01/2011 (HIN1) i & & 4t
ANER TN S R TR R4 25 25 0.02 ml/g,
FER 2 s B2 NESIR414525 0.015 milg, K
R 1R LRLFIRHS A LAY by /s SRR ) =
T, S ER 3K, Wl L. L
A K& (rates of lengthening mice life, R)
F52 K RES IFNy-PBCA-NS HIZEREE, R=[ (T
- C)/C] %100%, L, R /M A mr 2K 2%,
T RGBT YIEAEREL, C KR4
BIEAE R
1.4 SERHEEAE

AHF5T R K REA IFNy-PBCA-NS 253500 &
A B Hls 4 SPSS 200 &t b, M
One-way-ANOVA fi; %6 - 41 4 11 22 ¢ o %
PE, S RAFAME + frvEZ (Mean £SD)
FoR, P<0.05b KRR, P<0.01 &KR%E

Y ATE N
2 HZRE545

2.1 KEEBM \FN-y SEREBAERER 5444
AV A 1R K B IFN-y 1) K /N2y 450 bp,
W2 2 I K BB IFN-y 241 5 GenBank
CUA TR RERS IFN-y CBFfi'S: DQ450843)
FERA L, DURC Ik 99%, 5 T 45 KA FH .
B KHEAN IFN-y 4] FURL IFNy-pET32a (+) #%
b K AT B Bk BL21(DE3) &3z A4 i, 37°C
180 r/min $RGEEFE, K5 T BRI IR AT
SDS-PAGE HiJk (Kl 1), 55 pET-32a (+) 4L
AR, 7E 37 ku 2k BT IR S 41 8 (1 4k iy
(K] 1a). HLIKJEHE4T Western-blot Foill, 45 5%
1E2 33.5 ku &b HH B 7 B B 2%t , 55 FRLUK 4 R
Wier (K 1b) o 8 A2tk JaHlFE, £ SDS-PAGE
HLbK, [FIFEFEZ) 33.5 ku b B4k, 4ifb i E
HEEFARTIA 90%LL | (K 1), MR E
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Fig. 1 Analysis of IFN-y protein by SDS-PAGE (a). Western blot (b) and purification (c)
a: 1. 2. pET32a(+)Z#Ak, 3. 4. BALKAEM TILZ; b: 1. pET32-IFNy Kk ¥ c: L1 difbi KEEA THE y (FN-y) A, 2.8

ik K RERE TP y (IFN=-y) RE: M. &[T Marker.

a: lane 1 and 2. pET32a(+) vector, lane 3 and 4. Giant panda IFN-y protein; b: lane 1. Giant panda IFN-y protein; c: lane 1. Purification of IFN-y

protein, lane 2. Unpurified IFN-y protein; lane M. Protein Marker.

PG 2 B I BE, 3% 280 nm il 260 nm
KRR, AR R A S A 3
KM T E v BEAWEN 046 glL. K
VSV-WISH Z %l e B4 THERIGEN 3.2 x
10° U/mg.

2.2 KEEJE IFNy-PBCA-NS )& 45 %

FT 1S4 K Rk 42 4E 50 ~ 200 nm 2 [A],
K%K 130 nm oty, “VFHRife 123 nm, #5FE
1055, FEMESRL. K/NYE (E2). N
X IERE i 5 BCA FLALE FTIR 3 B v (g F
P, o WAL TR e 3 400/cm Ak

“-NH,” . 3 300/cm 4] “=NH” | 2 750/cm
AbfE) “-CH,-7 A1 1 752/cm Abif) “C=0" , ¥)
AU KRERE T v (IFN-y) RV IR IR IR
IETHE (PBCA) JEMEAY), TIZECOHE
B (E 3.

2.3 KEEXE IFNy-PBCA-NS &1

2.3.1 KHEE¥ IFNy-PBCA-NS [R5 R FE;
HE DR S RO RARER, OGRS
AFR, gl abRUEZe (B 4D, BETR:

B 2 KEEM IFNy-PBCA-NS [ HE B RIS

Fig. 2 Scanning electron microscope (SEM)

photograph of interferon-gamma
polybutylcyanoacrylate nanosphere
(IFNy-PBCA-NS)

Y =0.004 X - 0.003, R*=0.9987, JHth X %R
PSR TR EE, Y R AE i 595 nm (IR
P33 EIEH U B K REAN IFN-y 25 0.199 mg.

i i 2 A5 45 11 K REJH TFNy-PBCA-NS 11
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Fig. 3 Infrared spectroscopy of IFN-y, interferon-gamma polybutylcyanoacrylate nanosphere (IFNy-PBCA-NS),
polybutylcyanoacrylate nanosphere (PBCA-NS) and Poloxamer 188
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Fig. 4 The standard curve of protein

Al AR AES R (ug) b 3 KIRAERAME. Bovine serum albumi (BSA) (ug) represents the average value of three tests.

fER A 56.7%, 2N 0.86%. TSR BE S TFNy-PBCA-NS 41/ LI A i ZE K
2.3.3 KEEM IFNy-PBCA-NS WIZHZRL ¢ F  HMRE & T S RREA IFN-y 41 (P <
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0.01), #E'H KREM IFNy-PBCA-NS 41/Mi 4= ( polypropylene oxide , PPO ) 41 J

i R 2 2 i THE KRR IFN-y 4 (P <
0.05); 1M 7E Bz I ¥ 5 A 4 R) K RE A
IFNy-PBCA-NS At KFE IR #FEZER (P >
0.05). {7 K HESH IFNy-PBCA-NS 251 Tk
REJ IFN-y (& 5).

3 iR

WS, R LA IR A1 T % BT 2R A e
5 PG PBCA 4Kkr, )5t pH {EH4 3 I
AL R R, R Ph R IR
45 2003, #ARFALE 2008). ANSZEGK AL S
PG GE, fEA i pH 6.0 ~ 7.0, 4%
1 P S 451 N il £ IFNy-PBCA-NS, HH K
FE P HARFE T IFN-y I35
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ik, HAPSEME, KL (Chenetal. 2015).
ASZBG % Poloxamer 188 15 MFasE 7], BCA
12K & i Poloxamer 188 J /j( Moloughney et al.
2012), REMEAE IR A SN Hh A LA 7R RIRR g 7] 1)
EH

K7 2% DATS-PBCA-NP 1 5 % 4 92.87%,
WP 185M% (fRELSE 2006); A2 HE
PTX-PBCA-NP fuif# ) 95.71%. #H &N
0.80% [t K% 2010) . A 525 il % 1)
IFNy-PBCA-NS %% 56.7%, # 2w N
0.86%, AHLLIN &, WHE ML B, X
AR T RIAME IR ST MR

24 2009), [Al7f] IFNy-PBCA-NS [l £ T 28
kA .
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Fig. 5 Rates of lengthening life of mice
SRS £ MEEROR, n=3; * RRP<0.05; *+ £/RP<0.0L.

Results were shown as Mean +SD, n = 3; * means P < 0.05; #* means P < 0.01.
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