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Relationship between interferon-o conformation and its anti-
viral activity determined by circular dichroism and flow cytometry
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Abstract: The relationship between the conformation of interferon-o (IFN-a) and its anti-viral activity were analyzed by
circular dichroism (CD) and flow cytometry (FCM) techniques. The recombinant human IFN-o (rIFN-a2b and rIFN-o2a)
were used. CD spectra from 190 nm to 240 nm indicated that two the IFN-a showed stable secondary structure at 65 °C, but
unstable when the temperature was above 65 °C, and the change was irreversible. FCM data of the anti-viral activity of
IFN-a indicated that the change of its secondary structures partly weakened its anti-viral activity. The rIFN-a2b and
rIFN-02a showed the same phenomenon. These data indicated that the conformation of IFN-a is one of the factors to
influence its anti-viral activity and the combination of CD and FCM is a good method to analyze the relationship between
the conformation of protein drugs and their biological activities in single cell level.

Keywords: circular dichroism, flow cytometry, interferon-a, conformation, antiviral activity
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Fig. 1 Circular diachroism (CD) analysis during thermal denaturation. (A) CD spectra of rIFN-a2 at 5 C, 60 C, 65 C,

70 °C, 75 °C and 80 °C, respectively. (B) CD signals of rIFN-02b at 222 nm during thermal denaturation. (C) CD spectra
of rIFN-02 at the initial 5 °C, 80 “C and the final 5 °C (F5 ‘C). (D) Secondary structure contents of rIFN-a2.
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Fig. 3 Antiviral activity of rIFN-02 on Newcastle disease virus. Percentage of GFP-positive cells after incubation with

serial diluted rIFN-a2 and then with NDV (GFP).

cjb@im.ac.cn



1656 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2015 Vol.31 No.ll

3 it

IFN 2 2l ¥y 4 Hfi 7 32 3] Bt 255 75 B e I 43
W B PUR SIS E . e AR S A R
SRS 240 L b A DG SZ AR VE T, (R 3 2 A i
BRBURREE T, Bk, AR 5
ViR EMEM . IFN-a (fF 2 AR Mo,
IFN-02b 1 IFN-a2a ¥4 165 MR FRIY, 1
A5 23 AR AN (IFN-02a G A M R,
IFN-02b J& il Z R K)o dhiRZ5H3R8, IFN-a2b
JE Zn BTN T RIRERIRE T, IFN-02a 5
IFN-02b MIZEH AR, Y& A 54> a-18E (A-E)
AN (—K =) P 1 CD gt f v,
190-240 nm B[ K CD &% H T ot & i —
RLERI75 AL, T 192 nm 9 IEIER 208 nm.
222 nm A R a-BRBELE AL A RFAE DG . AR ST
CD i g R R, TEMNRAMT, AR
SR a2 eSS

PR, T IFN-o 2R R P BRI fL 244
Pk, BEHA IFN-02b 7EFBCRATT MR E 1
220V 5 32 B £ RO S AR O, 1 A2
P, HAT, 6T IFN-o MR
HIRZHE . Johnston ZEMN R I, M4 Mg &
15 IFN-02b %R 50 1 (WW) B, o-1205EFI
B-Ir B KA BAAE, 100 CHAI 1 h
J&, IFN-a2b 1Y o-#875E & i B 50%FE K3 15%.
5 N A2 F A4 15 1Y albinterferon alfa-2b
) B R 696 1 A fk/E Al (Methionine
oxidation) BH Wik T HZS M1 25K, IF HXHE
JE (AR e s L s B GE 1 60-95 C
Z i), rIFN-02a i ZZ 45 & A 0% s 7E 5-60 °C
VB AR X AR E B ARSI s S i T

http://journals.im.ac.cn/cjben

IFN-a2b il IFN-02a 7428 il i #2 H CD i g 22 4k
ALUESE T 65 “C A A i Ho 28 (B G5 A AN T 3 AR Ak
(45 5, i H L] (TFN-a2a FI rIFN-02b HA
FmAE ke, [RIEF, PEASEAE rIFN-02a FI
rIFN-a2b Z R FHNMEN T, 715 TR
ARG PR R 1, 3K R e SR R B
M FE B E T S Ao

HHl, &F IFN-a $Uim el e &
UG TR e . fan, TFN-o 31 540 %
2K E A (IRNAR) 454 M-S Hm G
PEU72224  Hoh | IFNARI B925 607 MU I25E B
1 C )] IFNAR2 2 3 1 R 25 4
G AN, TFN-a [ C SidE45H R B PR
129, 122 {37 1 1% S R 5% kT A8 SRR B 7
TEVER R C o 112-148 fir 2 SR 7% 5L 1] fi
IFN-02c¢ % S HUR B IGME BIALA, 17 N 35 3641
S AL A RS Y Ah, AB BR L BRE C
FZE D 252 R HAE, N i 1-95 7 2 LR
(A5 SR i LR dE TG PR Bk Ak, iR
JE B R PO ST M I B R, M
fE1Y rIFN-a2b FHLHE 5 X L ) SRR PR R
P, H TFN-o0 H & DG 75 106 1 A 385 2 B
W AN SE AR R o A 2 #HEN, TFN 43 F 1990
I3 BE 5 1 T BE R B AN TG XS AN 3 A
AR, T IEN A0 RE I 1k 2
5L G, L, SIERR 7 A A s A A
WM RE ML S, SRS Z RSN
RE 7108055 B AR A5 G RS T URHE 53E B 1Y
REJ1 28, DASOE W 1 32 40 P B9 BT 2 35
ek, MR fE E M BURaEE R . R,
W58 IFN (RS S H00 5 1 M 22 R 1 A DG B
HEEE L, NDV &Y HeLa 4 H B



RS F/AAEZSEMRNARARSITTINE-o BEKSERBSEENEXE 1657

5% TFN-02 FYBEARI24 0 A S i) FH I ASE Y | 3
1 FCM $ AR X 8 B AL 4 2 Ar , i — 250
527 rIFN-02a 1 rIFN-a2b 25 i) 454 () i 28 76—
SEREE ERRAR 7 HAUR IS R, X A
(1) 85 49 %) 5028 5 Wi LT 5 05 1 1 K # 1 3R
UL T HEEEE

BT 25 23 [ 4540 5 A V)22 DI Re
A, X IAE T | st I AR ] 551
HARZERBEM . BENE SRR &
2 BB IR, HAR ST IR SR rIFN-a 14
G UL KR R A 3 e B v M R A A
Kl , BARDAHFEH LG ERDIH,
RIS G 0% AR 5 AR ) 2 T P R A OGP B A0 Y
AR WL R o CD 3 AT DA A I RS T 1Y
E TGP 2s A5k, LB AR A i £t
B R T RARIRE R PET . FCM B R BE
e AN K- B M an i vk ARk, R
ELOUL . AT 5 b S W4 i K P AR AR B L . AR
Sgwid it AT KB, AT CD #1 FCM HORFHZE
A AT DA U B TFN-a0 925 [R1 4544 -5 BT
BEVE YRR OCTE , IF HAr 4l R 5 B i — 2.
25 W ST R B 5 24 ) 1Y) 5 () 45 N 2 RE
P BEE T BB

REFERENCES

[1] Johnston MJW, Nemr K, Hefford MA. Influence of
bovine serum albumin on the secondary structure of
interferon alpha—2b as determined by far UV
circular dichroism spectropolarimetry. Biologicals,
2010, 38(2): 314-320.

[2] Pan MJ, Kalie E, Scaglione BJ, et al. Mutation of
the IFNAR-1 receptor binding site of human

type 1 IFN

2008,

IFN-02 generates competitive

antagonists. Biochemistry, 47(46):

[10]

12018-12027.

Ceaglio N, Etcheverrigaray M, Kratje R, et al.
Influence of carbohydrates on the stability and
structure of a hyperglycosylated human interferon
alpha mutein. Biochimie, 2010, 92(8): 971-978.
Chou DK, Krishnamurthy R, Manning MC, et al.
Effects of solution conditions on methionine
oxidation in albinterferon alfa-2b and the role of
oxidation in its conformation and aggregation. J
Pharm Sci, 2013, 102(2): 660—673.

Crawford TQ, Jalbert E, Ndhlovu LC, et al.
Concomitant evaluation of PMA+ionomycin-
induced kinase phosphorylation and cytokine
production in T cell subsets by flow cytometry.
Cytometry A, 2014, 85(3): 268—276.

Oritani K, Kincade PW, Zhang C, et al. Type I
interferons and limitin: a comparison of structures,
receptors, and functions. Cytokine Growth Factor
Rev, 2001, 12(4): 337-348.

Diress A, Lorbetskie B, Larocque L, et al. Study of
reduction  of

aggregation, denaturation and

interferon alpha-2 products by size-exclusion

high-performance liquid chromatography with
fluorescence detection and biological assays. J
Chromatogr A, 2010, 1217(19): 3297-3306.
Escudier B, Bellmunt J, Néqrier S, et al. Phase III
trial of bevacizumab plus interferon alfa-2a in
patients with metastatic renal cell carcinoma
(AVOREN): final analysis of overall survival. J
Clin Oncol, 2010, 28(13): 2144-2150.

Yang YF, Zhao W, Xia HM, et al. Long-term
efficacy of interferon alpha therapy on hepatitis B
viral replication in patients with chronic hepatitis
B: a meta-analysis. Antivir Res, 2010, 85(2):
361-365.

Wang YS, Youngster S, Grace M, et al. Structural
and Dbiological characterization of pegylated
recombinant interferon alpha-2b and its therapeutic

implications. Adv Drug Deliver Rev, 2002, 54(4):

cjb@im.ac.cn



1658 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2015 Vol.31 No.ll

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

547-570.

Baldwin SL, Powell TD, Sellins KS, et al. The
biological effects of five feline IFN-a subtypes. Vet
Immunol Immunopathol, 2004, 99(3/4): 153—167.
Mao LL, Si L, Chi ZH, et al. A randomized phase
IT trial of 1 month versus 1 year of adjuvant high-
dose interferon a-2b in high-risk acral melanoma
patients. Eur J Cancer, 2011, 47(10): 1498—1503.
Yang JT, Wu CC, Martinez HM. Calculation of
protein conformation from circular dichroism.
Methods Enzymol, 1986, 130: 208-269.

Sun Q, Zhao LX, Song QQ, et al. Hybrid- and
complex-type N-glycans are not essential for
Newecastle disease virus infection and fusion of host
cells. Glycobiology, 2012, 22(3): 369—378.

Pestka S, Krause CD, Walter MR. Interferons,
interferon-like cytokines,
Immunol Rev, 2004, 202(1): 8-32.

Chen J, Baig E, Fish EN. Diversity and relatedness
among the type I interferons. J Interferon Cytokine
Res, 2004, 24(12): 687—698.

Moll HP, Maier T, Zommer A, The

differential activity of interferon-a subtypes is

and their receptors.

et al.

consistent among distinct target genes and cell
types. Cytokine, 2011, 53(1): 52—59.

Watson C, Sharp JS. Conformational analysis of
therapeutic proteins by hydroxyl radical protein
footprinting. AAPS J, 2012, 14(2): 206—217.
Radhakrishnan R, Walter LJ, Hruza A, et al. Zinc
mediated dimer of human interferon-o,, revealed
by X-ray crystallography. Structure, 1996, 4(12):
1453—1463.

Li YH, Rao CM, Tao L, et al. Improved detection
of variants

in recombinant human interferon

alpha-2a products by reverse-phase
high-performance liquid chromatography on a
core-shell stationary phase. J] Pharm Biomed Anal,
2014, 88: 123—-129.

Shi XC, Rao CM, Pei DN, et al. Studies on circular

http://journals.im.ac.cn/cjben

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

dichroism (CD) spectra of recombinant human
interferon alpha 2a. Chin J Pharm Anal, 2005,
25(10): 1169—1172 (in Chinese).

HOpE, REW, T, & HAATHR -o2a
(IFN-02a) R = @35 50 8. 259 ot 4= i,
2005, 25(10): 1169—-1172.

Claudinon J, Gonnord P, Beslard E,

Palmitoylation of interferon-o. (IFN-a) receptor

et al.

subunit [FNART is required for the activation of
Statl and Stat2 by IFN-a. J Biol Chem, 2009,
284(36): 24328-24340.

Slutzki M, Jaitin DA, Yehezkel TB,

Variations in the unstructured C-terminal tail of

et al.

interferons contribute to differential receptor
binding and biological activity. J Mol Biol, 2006,
360(5): 1019—-1030.

Stark GR. How cells respond to interferons
revisited: from early history to current complexity.
Cytokine Growth Factor Rev, 2007, 18(5/6):
419-423.

Roisman LC, Jaitin DA, Baker DP, et al.
Mutational analysis of the IFNAR1 binding site on
I[FNa2
ligand-receptor binding-site. J Mol Biol, 2005,
353(2): 271-281.

Chill JH, Quadt SR, Levy R, et al. The human type

I interferon receptor: NMR structure reveals the

reveals the architecture of a weak

molecular basis of ligand binding. Structure, 2003,
11(7): 791-802.

Wang YX, Jiang CL, Lu CL, et al. Distinct domains
of IFN alpha mediate immune and analgesic effects
respectively. J Neuroimmunol, 2000, 108(1/2):
64-67.

Kontsek P, Borecky L, Kontsekova E, et al.
Mapping of two immunodominant structures on
human interferon alpha 2¢ and their role in binding
to cells. Mol immunol, 1991, 28(11): 1289-1297.
Klaus W, Gsell B, Labhardt AM, et al. The
three-dimensional

high resolution structure of



RS F/AAEZSEMRNARARSITTINE-o BEKSERBSEENEXE 1659

[30]

[31]

human interferon a-2a determined by heteronuclear
NMR spectroscopy in solution. J Mol Biol, 1997,
274(4): 661-675.

Vazquez N, Schmeisser H, Dolan MA, et al.
Structural variants of IFN o preferentially promote
antiviral ~ functions. Blood, 2011, 118(9):
2567-25717.

Du XY, Yang L, Zhou YT, et al. Analysis on the
structure and function of three IFN-a subtypes.
Chin J Dis Control Prev, 2004, 8(3): 216218 (in
Chinese).

BT, ¥, Rk, . = o- TR A
M5 IRE ST, BT 4, 2004, 8(3):
216-218.

[32]

(33]

[34]

Loseke S, Grage-Griebenow E, Wagner A, et al.
Differential expression of IFN-alpha subtypes in
human PBMC: evaluation of novel real-time PCR
assays. J Immunol Methods, 2003, 276(1/2):
207-222.

Fabian Z, Csatary CM, Szeberényi J, et al.

p53-independent endoplasmic reticulum stress-
mediated cytotoxicity of a Newcastle disease virus
strain in tumor cell lines. J Virol, 2007, 81(6):
2817-2830.

Sanchez-Felipe L, Villar E, Mufioz-Barroso 1.
Entry of Newcastle disease virus into the host cell:
role of acidic pH and endocytosis. Biochim

Biophys Acta, 2014, 1838(1 Pt B): 300-309.
(CESCTE4 RN 77)

cjb@im.ac.cn



