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Screening of mouse-lung adapted strain from clinical influenza B viruses
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of Respiratory Diseases, Department of Clinical Virology, Institute of Respiratory Diseases, First Affiliated Hospital, Guangzhou Medical
University, Guangzhou, Guangdong Province, 510120, China)

[ Abstract | Objective  To screen a stable mouse-lung adapted strain of influenza B virus isolated from
clinical obtained strains in recent years. Methods  The influenza B viruses were isolated from clinical patients
with influenza B virus only. A mouse-adapted variant of influenza B virus was obtained by 7 sequential mouse-
lung passages (inoculated with mannan) and was subsequently cloned by 2 sequential plaque purifications in
MDCK cells. Mouse-adapted virus was then confirmed by infection in mice and sequencing for its molecular
features. Results A stain of mouse-adapted influenza B virus was isolated from 5 clinical strains, and able to
infect and kill mice without mannan. Sequencing indicated that there were 2 mutations in hemagglutinin
(N212Y and E361K), and 1 in neuraminidase ( S339F). Hemagglutinin E361K was identified as cleavage
site. Conclusion A mouse-adapted influenza B virus is obtained from adaptation of clinical viruses in mouse,
and it might be as a tool for mouse infected model.

[ Key words | influenza B virus; mouse infected model; mouse adaptation

Supported by the Project of Shijiazhuang Yiling Pharmaceutical. Co., Ltd (2012), the “Twelfth Five-year Plan” of National Key Technology R&D Program
(2012BAI05BO1 ) , the Producing and Academic Cooperation Project of Science and Technology Innovation Platform of Guangdong Provincial Department of
Science and Technology (2010B091000018) , the Project of Guangdong Engineering and Technology Research and Development Center of Guangdong Provincial
Department of Science and Technology (2010B080100027) , the Major Science and Technology Special Project of “Twelfth Five-year Plan” of National Key New

Drug Innovation(20137X09304102) , and the National Natural Science Foundation of China ( U1201227). Corresponding author; Yang Zifeng, Tel: 86-20-
34282274 ,E-mail ; E-mail; jeffyah@ 163. com

TBRREAE T (2 N 3 A IIE AL, Hoh P 2B S TRl B e 1 A, T LA R B R B 1Y
PR B AT T I R RA, SR IR e e i O BFSEv% 5 T W Aok a1, 2
TR AR LG , SRR B MR RAT R RO AR @RI B A A 2
YRR BR B RN TR R — D EE T A,
[EQWA] ARIELMZ G AIA MR (012) F T EMEE T 2 T RO 75 ST R S A R g A R K

FEFHRI012BAI0SBOL) s A FHE TR B0 SRR e gz 1 Eq 34) Lp vha o|e 9 960 o FELE o g5 2
41 (2010809100018 ) ;A4 FHE FFALEES A TREH AT *‘Efn*ulj\ﬁ ’”‘T/J\Eﬂ*%%@ﬁﬁjiﬁ TL iz
SOF LI H (2010B080100027) 3 1~ 1 [ wokwizs  FRANTRAE 8 HL L AR A B Ay , 38 G i AR L 5L 50
O TR (20132X09304102) s [ [ 4884742 (U1201227) S T A B IR 2R S8 B R 7 3 AT
[BETEE] BT, i (020)34282274, E-mail s jeffyah@ 163. com R L N YN b

[fR5%HER]  hitp://www. cnki. net/kems/detail/51. 1095. R. 20131220. 1114. 016. . » s . o o .
html(2013-12-20) RETE/N BB A2 &2 4, 0 =& £ B IR 7 o




% 36 B 5 M = EE K ¥ ¥ M
J Third Mil Med Univ

2014 23 H 15 H

Vol. 36, No. 5
Mar. 15 2014 447

I, ST T/ R A TR 8 [ 5 1 1/
AL A o R RE A 7/ RURR A Y Py e 7 2l
o 9 B 0 2 2 AU /I B, LA g BE & R /Y fi
1 A AR A 7R B P R R I R
TR AR AT /N R R R 2 T LA A
WO 23 BT (4 7 2, T2 B PR O 5 119 1 R A P A
1 B0 o

AR, £ A0 IO B 5009 1 L R 0 o
M8, ARG SR RAL o AWIFEIRGE Z BN RE B/ Lee/
40 AT I /IN BB R T I, (EL 7 50 e B 2 T B 7 RE
/0 B BB T R A SR A, 1T ELAS AT OO, A2
AR MRS AR o O T RE S R
BETE/IN U A A2 A, A A S AT 5 T e T8 T e 75
AR R A TR AR A R A B A R
B, AR AT/ BRI R G I S BE Do A SR
) 5 B B R, © 48 IV A T R AE AT SR TR
ok, AR A BN REE T B DR RBR 1
NEBR T B RAGE , (ERBIN I, B e, X LA™ 3 B o
BT 1 LB T UM 5 i WFFE, AN BB T4
PEVA AT RIBESE A B A G 83/ TG v 25 4
W o

N T I RTHRESN RE I 254 B AT SRR ST,
(SN PRy i Ay NI R i D P B N IS b e S
TR Z RS E H M) 8 S P A TR BT, AR T 52 A
S A RN TR S B P S B AR A — PR BEAE AN 7 24T
U B ) A AF P R TR/ ROF EOE M Rk, HF 90 242
IE MR R AT TR R 25 AR IR . EE L ARG
FIRT LI G952 410 ) 50 0 AP PR e R 25 A 7. 2 R Wt g
TG T T 15 S O O RERANY , SR S 4. (HEE
Xt BUIE B, TERRAE T TR BT, LR
AR GRAL 7 HE A AR IR AR, 5 Bk — 28 T JRE I
P B LN T RE DT THT B o

1 M5

.1 %

H#E R M (Mannan) , ) H Sigma( St Louis, Miss, USA) ,ffi
FHRTH G, FH Minimum Essential Medium ( MEM ) 5 i Sl ¢
J 50 mg/mlL, i FHI 505 REBGE & , AW 10 mg/mL,

1.2 @pe

Y45 41 g 2 ( madin-darby canine kidney, MDCK) , i H H [

BB e R T 52 AL . AN 68 1 4 10%
G4 I (FBS) (1) MEM K;374E,37 C 5% CO, Fhlg Pl 7%
1.3 wm#

LIV IBIR BEARERR B/ Lee/40, Il H American Type Culture
Collection (ATCC, Manassas, Va, USA) . | JN#B[X 5 Bk 2B
IR G IR 43 B Mk (44543 591 2 2009-39 ,2012-02,2012-04
2012-05 . B/ Guangzhou/GIRDO08/09 , 3 43 74 bk A 2 ¥ 1 1%) ,

e 1 PR B ] 2 R s S 36 8 I PR B o 9 7 T-MDCK 4
T 355 37 R ) 2 K 20 20 Rk e e B (50% tissue culture infective
dose, TCIDy, ), F 554 34°C 5% CO, 1. 5 pg/mL TPCK i
(Sigma /v #]) JC FBS ) MEM 15532 ~3 d,
L4 ERAFARES B

B 2009 — 2013 45" JH Ui JkE 5 1 S K, T 3 mL
IBREE SR A (MEM, 8 % 100 U/mL, #8453 100 pg/mL) i
DL, LIS TR IR (MEM, & % 100 U/mL, 5% R
100 pg/mL, TPCK B 3. 0 pe/mlL) 1: 1R 4, B0 F MDCK 44
M 1,3 000 t/min B0 1 h,34 °C 5% CO, 8RS 2 ~3 d, i
119 96E B PCR A4 9 6 % % (D3 Ultra DFA Respiratory
Virus Screening & ID Kit, Diagnostic Hybrids, Inc. ), Pj%ETT
535 WA PE A AR A IO A, ARE PR P B IR & R B 77
FRIBRAS A T BRUIMT I 0, S 56, B 73 s R AR 22 P A% o
1.5 ZhipiE ki

4 JE]i% SPF 25 BALB/c MEPE/INL, I8 H 2R 48 B2 S 56 50 )
TG LYFATIIE & - SCXK(14)2008-0002 ] , Iy Ji5 52 4 % 4] 5% 48 h
JEHHTEES , TR S R LA 4 TR A, 100 L/ i
SR SRR /N, SR 3 d 5 Mot E B , DA 3 S 4 b
TN BB S BT 20 B I st
IS % , I F MDCK 2 if 1 i TCIDs, , i TAAY K £ 7Y 37 Js
BEPRAR [ PRAF
1.6 =pEshit

F MDCK 4l b 10 £ R 50 B B 100 55,37 CBH 1 ~
2 h g, B oS RS 95 35 (MEM, DEAE 0. 01% , TPCK % i
1.25 pg/mL, BifigHE 0. 8% , H & % 100 U/mL, 5% % 100 U/mL)
34 °C 5% COREEHEFR 2 ~3 do [l B — T R #E RE S 4,
B ERBRAE TR AT — RS TS B, X Al Al J5 5 ik AT 0 A
L7V
L7 RS

—ZI 10 F5H B 1Y £ 1Y i Je% BRIt 3 1 i i VAR U B G
4 JAl#E BALB/c /ML (50wl ) 0 5 33 I B Ak 1 2 0O %2
(LDgy ) , USG5 6 K 114 fili 2H 23 A0s J R 7 , W25 21 25 1
A
1.8 B35 547

Xof 3 O AR R B AR R L TR 41, ) MIEG A 4 %o R R s
5 GenBank b 7, B3 B0 B2 4C Z$ 4k ( B/Lee/40 B/ Ulaanbaatar/
1128/2012 ) #47 L4047

2 HR

2.1 JRAFE ik

BEIARAERE B/ Lee/40 F1 5 AR £ B 35 8% 75 6 IR 43 15
BRI H 52 B R /N L, G rp 2012202 ,2012-04 . B/ Guang-
zhou/GIRDO08/09 A AER YL /) KL, B/Lee/40 ,2009-39 . 2012-05 7]
BUNRAR L T B, 02 2 4 B H 2B I B B
(R D), FEEREN T, TR B/ Lee/40 1 2009-39 5 7E
TR BT el RN R AR R E 1A, 58 2 ROOT 1R
ANBEFE B A 3 ) 52012-05 /] 78 Ut e e B4, 45 3 40
S VA H B TEH R T A S5O RSO v A= 4 M 4 2975 v R e A 4
MmN (22 2) o 7E 2012-05 (&S M B R, 58 5 ARG



%36 BHE S W
448 20144E3 A 15 H

o= FE B OR %
J Thid Mil Med Univ

Vol. 36, No. 5
Mar. 15 2014

WA F NG EE 3 RIDBSET: (55 5.6 fAarasEo 1 K,
JH GRS A 58 7 BT 4 3 3 HOH 6 R
B o PRIHZS b 0 SE 5, LAEE 7 A BUI 23 25 B #Ek (mouse-
adapted 2012-05,MA1205 ) gWF5E %14 , #4725 BEAG AL J5 /N LA
AR B R L BE T o
F1 ZERRRERMIEEMGIE
RGO SvEsth MRESURTRRIE

= = gy

R oy g mh OpTaDg)
B/ Lee/40 + 4.7 + + 3.5
B/ Guangzhou/ GIRDO8 + 4.7 - — _
2009-39 + 3.5 + + 3.0
2012-02 + 3.5 - - _
2012-04 + 4.2 - — _
2012-05 + 3.7 + + 3.8

BEBEHIRATNDRABI;a: HERBEL RFRREHF AR
AR B E 10 mg/mLsh - TR R B R AR 5% ¢ + T RR
MR 20%

R2 ZHRBBRETRSHBRMEMIRIMARKS
& E (1g TCIDs, )

- A H I H g
TREA B/Lee/40 £ 2009-39 £ 2012-05 £k B/Lee/40 F 200939 f  2012-05
1 3.5 3.0 3.8 NT NT Nt
2 , - 3.5 - - -

3 - - 3.5 NT NT 35
4 NT NT 5.0 NT NT 4.5
5 NT NT 5.0 NT NT 3.0
6 NT NT 6.2 NT NT 6.0
7 NT NT 6.0 NT NT 6.3

— & B R E R NT & A MK

2.2 HARFEEE
228 BEAAL 5 138 N bk MA1205 8% 3/ B, 45 58 R

MAI1205 JC it A o H 8 2R Bk & 2 58 % g e /N B, OF B0E
(F£3) . BYLS 6 d iy BUIOI R S, il i) J3 A7 Ok 0 4
FIMLLLAN NS 385 B (A R RAR By A TG S8 A 4 i 2
WY 1) g g B ] B 48 (18 1)

#3 ZERB MALS HEELNRENE 15 d HERHTE

e A

(1 TCID,) iR R FAERY B SETmEN(d)
4.0 + 0/8 4.9+0.6
4.0 - 0/8 6.6+0.9
3.0 - 0/8 8.1+0.4
2.0 - 0/8 9.6+0.7
1.0 - 8/8 -

0.1 - 8/8 -

A B F MA1205 9 s KA 4% ;B B ) R 28 2%
B1 RERZERRE MAL20S mS/NRMALKEZNE (HE x40)

2.3 ARESH

LT B/Ulaanbaatar/1128/2012 £k FE 504, &0 7 ACHY
FRUIT RS , 3 bk MA1205 55 B 4 fk 2012-05 b3, HA H A )7
GNP R IEAE 43500 N212Y 1 E361K, NA Az —A~
ZEAAR i, S339F (& 2) , oAy J PR BRU A B i JE v R AR 3R, 3
Nk AR e B, R HA 588 i N212Y il NA 578 7 1
S339F 7E55 6 A4 i B, 1 HA 2278 55 E361K 783 M 1Y 55 7 14
L,

HA? 209 210 211 [212] 213 214 - 358 359 360 361 363
BlLee/d0 H s DEMK T L|L xR G
BfUlaanbaatar/1128/2012 H S D LN E T L|L xR G
2012-05 H s DEE T L | L KER G
MA1205 H|s|D BT L|IL|K R G
NA 336 337 338 [330] 341 342
B/Lee/40 P C E G D
2012-05 P C E G D
MA1205 P C E G D

a: § 7 I 5 3% B/Ulaanbaatar/1128/2012 ( B/Lee/40 % 178 4%yt 3L
RATHR Y —ANRIEBRAL)
2 ZERBFRSERSERRERTMSA

3 g

ATIEFE H R 0 H AT/ INER I £ 7R 8% 2
P, AR A B s R S 8 7 e T R Y & A Ik Je%
TR AR/ B, I BRUI 23 B o R AR
ik B R I AT S AR, A SR S5 R DG STk
s 7Tl ] A= A P e it e A 2R R 3 AT/ B
A R LA SR R B R P R H R R S
BEIRIBE A AL /N BR, FF AR AT — Bk T B N &
BRI o 5 AR SCRRIR A (1) B /N BRI 2 Rt ek
SRR G, ASBIFSEIE VA5 3] 1 £ 78 3 B 7 AN 7 B
1 245 Wy By 5 R AT /0N BRI B 8 R mT sk g /s B 3
Bl HOR IR FE R TR T AR S, A A I B 7
TATZETT B TR AR R VR 25 B SR X G A
RS o i EEMRAE R I B B 5 0 L DR S TR R
PSS FRBEL T IR

2RI 7 34T, 2Pk BRSSP A MR AR L, B
JEIVRAT 3 AN s W58 AR, 433 2 1l 58 25 (HA) (1)
N212Y \E361K F1# £ % FR iff (NA) [ S339F, HA 114
212 (i BEFR N T2 AR S5 A 5B 190 BRTHEFN 220 P ff
i, BARZA A S 5856 2R T RE  (H 4 i
18 HA 202 ~221 A3 5 02 W A [ A S0 05 0 1) B B 4T
JECPEA 1 T L2 AR, B AT R T 0 DU A7 a5 1 2
ART] BE 4 52 M L 3 A HA ) 32 1A 114 35 A0 A e
PET B BT RE N S8 A8 IR R W AGE 1, R,
N212Y FEARX I B (1) 5% W I ANB 28 , 77 IR A A . R
5 B/Lee/40 #k HA (1) )5 5] L X, E361K 245 {3 55y
HAL F1 HA2 (230 5 o 28t BUMIE N , 207 5 A
FIR (Glu, E) 58745 Jy i 2 fR (Lys, K) , 2B W0 v &t X
Lys 5% 310 2 1 i 35 2 R A 2R 3 il 22 2 TR R
I, FLr R AR B 1 I AR W Ao A ) iZ R



536 455 5 M
2014 4£3 H 15 A

CEE NI S
J Third  Mil

Vol. 36, No. 5

Med Univ Mar. 15 2014 449

MR , 42 R R A RS % 22 T S 4R g,
Bors SRR AR /E T Lys F/80RS 48R (Arg, R)
FRIE, B, Lys 583 Glu 5% 55 85 5 o 25 11 24
HATIRA K DFFE s, Fe 5 % & i 2 HA Y
UL 1 BOTFSE , AR BOR I Y 8 ViR 7 A0\ 25
A R 7 HA A AL 5 — B — A~ Arg BRI, T
U TE & TR HA B S 2 Arg FI Lys 5%
B (15 HA ZURiG bt fe g dew A s,
{H MA1205 S 80k HA 9 E361K 5878 & 75 K 5 T 4275
TR IIBOR X — I RE , BT E IR AT SORIA

NA B3yl 2 7K i W VR IR, 68 7005 75 M s 4
i FE TR H 25 R B O 40 . NA 1 L R T 91
A TG TG R A s RIS A, R RO 1Y)
BFSEH, NA 45 339 {7 IR SR S0 T vk X ™
RAG AL 1P 2R BB 75 10 NA 25 Sk, fH—
SRS 5 RV 1T 8 05 Y S B RR AR A 7 9] | 3
A—F, W H B R (Cys, C) O E, 4R
1714 B0 R 7 b 4R A 5
I, FRATAT B AR A, MA120S 1 S339F %748 % AR 7
NA (T JEEAR 56 1 X 38R, {F32% 58 25 % 3 kb0 JB 1 2 5
A A AR, SRS 0

T o 42 S G 1) 2 R0 3 s 78 /)N B A 7, 40
BRI/ R, IR TE 25 I B T Bk
I BB I AR SR R R AIBE T B TS B
FEFBE S 8 B 7, (H A BB /D Ble BF22 4 Thijs
Kuiken {14 [ B\ 3T X 7 S 75 B5 it 15408 10 F 5, 76
— B R FT (PRI 24 35 BARIE h 8 R0 7 15
JE AR LA E R R S 15 EROM AR s
22 1) FR R LA T (b R ] ) s 25 A O PR
Ho TR R AL T A8 T 6 1 B o
LR TR R E MR A A T2 72 A 4 50 2 75 RE 3 1o T
(IR T, 2438 T RN 1 SR IR B R A
R ATREME L BE 2 B . T 2 TR R TR I,
G FAR, REIE N HT DRI B RAS AR, R, TR AT TAH
15, PGP & AT bk T, T2 5 R B RS 1 /N U
AR N2 R RO 2 . ASBIFSE I 1 B0 25 4k 1E 2
UTAET N DRI AT 2 T w5 WA 31 23 B RO R, L
AR BRSO 7 b A B 78 O 2878 3R X AT R AR
WIS I S AR A5 2 R0 e 25 BRUTE 345 17 Ak 14— DAL

SE k-

[1] Hoffmann E, Mahmood K, Yang C F, et al. Greenberg, and George
Kemble, Rescue of influenza B virus from eight plasmids[J]. Proc
Natl Acad Sci U S A, 2002, 99(17) . 11411 - 11416.

[2] WHO. Influenza Laboratory Surveillance Information [ EB/OL ].
[2013-10-20]. http: //gamapserver. who. int/ gareports/ Default. aspx?
ReportNo =6, 2013.

[3] Barnard D L. Animal models for the study of influenza pathogenesis

and therapy[ J]. Antiviral Res, 2009, 82(2); A110 - A122.

[4] Bouvier N M, Lowen A C. Animal Models for Influenza Virus Patho-
genesis and Transmission[ J]. Viruses, 2010, 2(8): 1530 — 1563.

[5] Ibricevic A, Pekosz A, Walter M J, et al. Influenza virus receptor spe-
cificity and cell tropism in mouse and human airway epithelial cells
[J]. J Virol, 2006, 80(15) . 7469 - 7480.

[6] NingZY, Luo MY, Qi W B, et al. Detection of expression of influ-
enza virus receptors in tissues of BALB/c¢ mice by histochemistry[ J].
Vet Res Commun, 2009, 33(8) : 895 —903.

[7] Shinya K, Ebina M, Yamada S, et al. Avian flu; influenza virus re-
ceptors in the human airway[ J]. Nature, 2006, 440 (7083) : 435 —
436.

[8] Brown E G. Increased virulence of a mouse-adapted variant of influenza
A/FM/1/47 virus is controlled by mutations in genome segments 4, 5,
7, and 8[J]. J Virol, 1990, 64(9) . 4523 -4533.

[9] Kawaoka Y. Equine H7N7 influenza A viruses are highly pathogenic in
mice without adaptation; potential use as an animal model[ J]. J Vir-
ol, 1991, 65(7) : 3891 —3894.

[10] Hai R, Mart nez-Sobrido L, Fraser K A, et al. Influenza B virus

NSl -truncated mutants; live-attenuated vaccine approach[ J]. J Vir-
ol, 2008, 82(21) : 10580 - 10590.

[11] Smee D F, Wandersee M K, Wong M H, et al. Treatment of mannan-en-
hanced influenza B virus infections in mice with oseltamivir, ribavirin and
viramidine[ J ]. Antivir Chem Chemother, 2004, 15(5) : 261 —268.

[12] Lai C, Struckhoff J J, Schneider J, et al. Mice lacking the ISG15 E1
enzyme UbEIL demonstrate increased susceptibility to both mouse-a-
dapted and non-mouse-adapted influenza B virus infection[ J]. J Vir-
ol, 2009, 83(2): 1147 —1151.

[13] Reading P C, Morey L. S, Crouch E C, et al. Collectin-mediated an-
tiviral host defense of the lung: evidence from influenza virus infection
of mice[ J]. J Virol, 1997, 71(11) . 8204 - 8212.

[14] Hahn Y S, Braciale V L, Braciale T J. Presentation of viral antigen to
class I major histocompatibility complex-restricted cytotoxic T lympho-
cyte. Recognition of an immunodominant influenza hemagglutinin site
by cytotoxic T lymphocyte is independent of the position of the site in
the hemagglutinin translation product[J]. J Exp Med, 1991, 174
(3): 733 -736.

[15] Gamblin S J, Skehel J J. Influenza hemagglutinin and neuraminidase
membrane glycoproteins[ J]. J J Biol Chem, 2010, 285(37) ; 28403
—28409.

[16] Walker J A, Kawaoka Y. Importance of conserved amino acids at the
cleavage site of the haemagglutinin of a virulent avian influenza A vi-
rus[ J]. J Gen Virol, 1993, 74(Pt2): 311 -314.

[17] Perdue M L, Garcia M, Senne D, et al. Virulence-associated se-
quence duplication at the hemagglutinin cleavage site of avian influen-
za viruses[ J|. Virus Res, 1997, 49(2): 173 - 186.

[18] Colman P M, Varghese J] N, Laver W G. Structure of the catalytic
and antigenic sites in influenza virus neuraminidase [ J]. Nature,
1983, 303(5912) : 41 —44.

[19] Varghese J N, Laver W G, Colman P M. Structure of the influenza vi-
rus glycoprotein antigen neuraminidase at 2.9 A resolution[ J]. Na-
ture, 1983, 303(5912) ; 35 —40.

[20] Kuiken T, Holmes EC, McCauley J, et al. Host species barriers to
influenza virus infections[ J]. Science, 2006, 312 (5772) : 394 -
397.

(Ur#5:2013-10-25 ;& [6] :2013-11-29)

(%#  XRIRAE)



