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Abstract: Viruses are conventionally known as infectious pathogens. Meanwhile, they are ordered assemblies of
biomacromolecules with proteins and nucleic acids as major components, and typically at nanoscale dimensions
ranging from tens to hundreds of nanometers. Recently, viruses have received extensive interest in multidisciplinary

studies, especially in the field of materials. From the viewpoint of materials science, viral capsids have several
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beneficial characteristics such as uniform shape and size, structural addressability, convenient modification, fast
production through biosynthesis, and good biocompatibility. These features make virus-based materials particularly useful in
many scenarios. In this review, firstly we introduce the structural characteristics of viruses and virus-based nanomaterials.
Secondly, we describe the strategies for self-assembly, biosynthesis and functionalization of virus-based nanomaterials,
including genetic engineering, chemical modifications, biomineralization and self-assembly. Thirdly, we discuss the
applications of virus-based nanomaterials in diverse fields such as biomedical imaging, biosensing, tissue engineering,
nanoreactors, microelectronics, nanophotonics, and deliveries of genes, drugs, vaccines and immunomodulators. Virus-
based nanomaterials are particularly suitable for carrying immunomodulators and vaccines because of their surface
pathogen-related molecular patterns. However, the immune response and clearance of virus-based nanomaterials are
disadvantageous for in vivo imaging and drug delivery. The development of "immune stealth" modification strategies has
shielded the immunogenicity of virus-based nanomaterials to some extent, which is conducive to improving the targeted
delivery efficiency of virus-based nanomaterials. Imaging-aided exploration of in vivo behaviors with virus-based
nanomaterials would be helpful for the design and re-design of this kind of materials to meet the requirement of clinical
applications, which depends on the development of new imaging probes and methods. In addition, the applications of virus-
based nanomaterials in the fields of tissue engineering, microelectronics, nanoreactors, and nanophotonics have specific
requirements for structure stability and dynamic control of virus-based nanomaterials. The design, manipulation, and
functionalization of virus-based nanomaterials would benefit deeper understanding of the structure and assembly of viruses,
development of rational design techniques for self-assembling protein materials and high-throughput synthetic biology

methods, paving the way for the practical applications of virus-based nanomaterials.
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Fig. 1 Schematic diagrams for virus-based nanoparticles (VNPs)

{The structure models of satellite tobacco mosaic virus (STMV), cowpea chlorotic mosaic virus

(CCMV), simian virus 40 (SV40), human papillomavirus (HPV), and P22 are obtained from

http://viperdb.scripps.edu/. The models of M13 and TMV are reproduced from references [9] and [10], respectively}
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Fig. 2 Functionalization of VNPs through different strategies, including genetic engineering,

chemical modification, mineralization, and assembly
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VNP 5 2 25 Bl 1) 5 57 1 45 5 el l (s 5 1 A8 4k
Rl ok, A UK L I AR IR
T HEHE AT BE . 2005 4, Neufeld 25 ™27 ¥ 45 il

[18, 102-103]

(B PERE IR ) B DR 5 M3 W 18 1 1 ik (R il 3R 08
THGE . %R B AE S AR A A [A) = 2k
IRIEWEIR IR S L, L7 W0t a8 2 R Wy 7 i 4
TR T HL B S A, A AT e A I R A A A R
Wi B 1 IR, AR FLAT 5 I Y W R AR AR 7 2 A
(IR D0 IR 1R 2R 8 AT A e 40 1 ) PR A

3.3 BEERABWIEX

VNP —Ef2 5 L ORE T S A0 R IR F2 A2 IR e 1k
WZ M TIBEERR . 2k DT DIREGK
FAORL A A W Y 00 5 8 40 L I A e T SR
VNP & AR IE A Pl B AT T4,
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ATTHE L VNP IR LR 25 (2R /Ny
DIRea KAk J7iH i TAEEAT 4

{55 F VNP 3332 A% 82 BRI 78 g 5 O I A
a, T RETE. Hodh— B AR R s
BRAE R A Y R R R A AR R A T
SEPLEE Rk, WIAE T7 W AR bR S5 NS
BRI OTIRTF 8 Chepatitis B virus, HBV) £
JE R A PreS1 X, AJ {8 PR B8 A7 Rt 16 22 N\ e
9 f HepG2 ™™ . B T 2 K, VNP i& AJ i i%
mRNA "5 N T #f RNA  (small interfering
RNA, siRNA) 50560 {1 5 K] 4 4 RNA-JilE 2 &
W LTSl R Y B I RNA BRI 40 i 3 0%
TEREL A AEH . JETF VNP L IRIBIE, B VE4
FIAT 2 7] 2 2% Mah 25 (1) 423k B 7,

VNP A i i 2 8 AR AT Dy e dl, (8 T8 )
REBIT 2 IR S, 5HTEME, W
I AW E VIR ) R A ik T & T AR HBAFE
P22 K 7ot B R HAH M MR L 4L 2 R B g B iR
AR A, S 302 B R K LE PR ik 98 4 il MDA-
MB-231 H 1) FR 858 e B PR B TR S v 7 /B A P Sun
5 U AE SV4A0 VNP _E 51N B Ik ik A 4 1 B B 4 i)
K BRIT K, AR N s B 586 QD, A 4 4R
AR -HR 11697 T — R B VNP &, SEIL/ R 3 ik
PRI 2 B B n) JvsdT (B3 (o ] xuE
W FLR W], VNP X ANE 2 K 2 80U A R 4 )
S, HZ T HER . 2 WS DR B A BOY R
ZUIRESIT AR, B BRI RN S 7

VNP & 0] ] T3k /Ny £ 250, 58w oo
BCH, w3 a7 BRe e, R RIER . R
1B 4% 34 B 9% 7 Chibiscus chlorotic ringspot virus,
HCRSV) [ I 49,3 5 74 44 IR A DOX L # it DOX
AL 2, 78 VNP AR A 1 R DL T VNP
L Je) R A PR BE 0, ROK G N T DOX Y 5P 5L e
O PR HL K B EE T . TMV A 36 SE 4
(phenanthriplatin) &, ¥ /)™ B = B 4 FL 9 i 9
VG ITVE AR LE T AL G b 25 i 4H  (cisplatin)  BY
RAEIENY A BT . Benhar & " £
Wi T A ML13 1 £ 3 THI 28 460 4 20 €0 60 28] BR A1 11 9t
A ER, LU TR REPEAEM . Young
& Mg oMV EAMEMRET BL & PIE N e RGR), d@
Tt AR RS P AR T AR, R e 1 A B )

FOK 4O A BRI . Shan 28 P @it 2 K T AR 7E
HBc [ 5] A\ RGD # ] ik, 7538 i fif 5% - 5 40 26 A
RGD-HBc I fin # 15| Wt ¥ %% (indocyanine green,
ICG), MM S HL USTMG Jif I8 1 B8 1) j 4% B o #4/
BN IIRIT .

VNP s 42T B A F & ME a0, 0
T S B VNP 5 gk A R R R, R
VNP 7] DL 3% D e 40 oK #4 6L . @ ik VNP 34 15 44
KAk, FEAETTULREZIIRES. BAEHEX
&1 1.3 nm Y6 #F% e AuNP, {36 B 7 Fi ik
RIYA T FIBCA BN AT g V). Zhang % ) F HBc
A5 U4 AL =%k (Fe,0,) KWk, 2Bl T Xt
/I BR 7L R 8 b R T MRT B O #1697 . VNP K
/N B TR 5 e G A 08 e s BRAT N, W]
R4 B A 75 SR A 3E 1 VNP P, AR
Jii 3 3% A2 VNP ) 5 BN 8, R TR E,
W2 EESHECwk [1, 45, 79, 148-150].

34 EHSRERATR

VP22 I e M 05 1R S R B o IR T I T
KAE T . VLP 45 0] 1 Ay 1 2 0 I 2 1y 1o
B 98 I B B0 I 9% T e 2 B T B HBV X
HPV [ VLP ", R 22 2R R TR S BT B,
VNP & 0] fE Ry i, F T 50 H A s 25 0 B i
FEREBUR . SREEVETE S TR, TR G R &
FERE 16T T, VNPAE AR R, A F)
TIPSR 5 e AP AR B R . R T HIV B
A gpal MPLIR R AL ETE AP205 W& 4k I, AT{E
JIN SRR A 7R AR TR I gp4 1 R SRR TR U R
RALIERM LRFEFUE M SR E, AR T4
BEOAF I e B OR A AR Y . IR IR A M R
(respiratory syncytial virus, RSV) [ DS-Cavl =%
R 451 5 N T 28 VNP 153-50 R =%
MR SE ST e o BN 153-50 4K Bk A B R 20
AN DS-Cavl = 5RAK, T FHUAE R L =5
i DS-Cavl =29 105 [El4 (a> JM". VNP KT
ZhmEERRPURE R T RENAE B & b5 %
O % . %% % % H [ 182 (claudinlg.2,
CLDNI18.2) fEZ FhfighmRik, EIEFHL T
() Ik =A% PR T B F b, R AEE A 1
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M P . HBe K i i€ 7x CLDN18.2, A 5 34l
M7 AR e FE R PR BB B AR O ) i e 72
(CLDNI18.2 %ik) A 1,

VNP [ 36 36§15 K, 38 AT 366 3% 2 64 it )i 5K
e 5 ML T I mRNA . MS2 435 57 51 iR 2 1% 1%
fif (prostatic acid phosphatase, PAP) -#E 7% Hll i#%
¥ (granulocyte-macrophage colony-stimulating
factor, GM-CSF) mRNA, W] i% 3 PAP §f 57 ¥ 7t
R T AN, /N BRUORT B i R B A I R A
FHER T A, R VNP B G iRy
AT Ee, FEOERE RS, XA E L RE
iR B VR ITE R - 2016 45, Steinmetz 4] A M
RN R LRI 45 iR A o

'y

DS-Cavl
trimer

foldon (+/-)

Nanoparticle
trimer

DS-Cavl-153-50A
(HEK293F)

l 2i'J><§

In vitro assembly

SRR SR AL VE S5 CPMV 258, fRER TR R
555 1) G R H AR A, A b R B A K A5 3 0 o) L
ZiHkE [E4 (o) 1. BfE, MTAKISREX
i (potato X virus, PVX) V' K AR JKAE i 955 25
(papaya mosaic virus, PapMV) "' 1 3% H H ALl
() 4 % 1 1 R Do e, B AT BB RO . VNP
RRALIT 5 e PIRIT KOG Eh e T i e
e T, AR TR G iR IT A A T VR R
B TR T T 3.

3.5 HATE

FE YR RURE L 42 ) 47 Az 6 o7 10 45 K A 5 3

DS-Cav1-153-50

27.5 nm

55 nm

() N2 VNP 153-50 L1 = A 415 %2 DS-Cavl =44 T RSV ] 119
(a) Surface trimer components of artificially designed VNP-like I53-50 capsids

displaying the DS-Cav1 trimer for the RSV vaccine!'™!

N

100 pg 100 pg
eCPMV eCPMV
day 10 day 17

| | _ Harvest lungs

100 pug
eCPMV
day 3
|
|

125 000 B16F10

| | > day2l

(b) CCMV VNP FI T/ il 3R (0 20080 i e R 080 S e i o7 Lot
(b) CPMV VNPs for the treatment of mouse melanoma lung metastases!'®!

B4 VNP RS s 577 ool

Fig.4 VNPs as vaccines and immunomodulators

[159-161]
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Jr B0 2 30O T 40 23 P AR A ORI T e i T R R
B, VNP EAGRIIFEDMHEME, CHNHT
HA TS, URFMABRMEK. H55
srf . Hodr, BRRECZZIR VNP BT B G Hb AR 400 48
A A EE B Cextracellular matrix, ECM) W TE S,
A 7 % T K ECM, Z 5 A T . WMI3
2 e A i 4 G B 2 P RGD B IK VAV,
JE 7] 41 2% J5 T B IR AT 4 S, R W s )
SR IETE . . KT U, g g
JUfE 5 F VNP [ ECM L&, TE&. M5 o
b, AT kT VNP A A ) 40 M 26 R 2R T
Y M R 74 s B Pl T R B 42 R VNP 1
ECM & # F T 0F 50 & 70k . 5 % % & 7R RGD
FIMI3 78 N 3D 4T EN I AE M P & S 38 b, FifE
N 8] 78 5 T 41 il (mesenchymal stem cell, MSC)
B S, T S MSC 1 s 4 4 R i A=
U TMV BN 2 FLEE SRR Sh &t IR, LRl
Z LB RSB DhReft, @i T VNP B A&
I AYE 5 70 TR, AN 4% 1) S 22 4 i 1)
EU RSN A A S RAVAN) A I o g
SEPVE AR B A, 0 R I A R R K A AR R
BRI . ¥ TMV-RGD % A\ B! 2 fL 1k 32 R 26 5t I
NN EBARN, FFR R I B2 5 M JF H VNP
AR B o W R A HE AR SO SR R I B AR A A
PR AT B A, A AR D AR W R e S BE R R
HA AT 1

3.6 MAKRMEE

R R R AFAE R E B RN X
(microcompartment) , 4132 Mg . £ B % FH B
X, A ZEER BRI 75, X SR IX AR E 1)
ity i e 7 PR i) 72 R 8 ) X IR, Sy RAE R
REME, ZWEK, VNPZREHWEKE
Wiy f R 2% N7 BT G B R AR . JEIRM AR E
EH (IR &R fFRAHEEAER) &3
MEAER (il ANT) %77 A% 1E VNP
P T

VNP 025 Bl 1 555 — N0 342 T 0 Bl T OR3P
HsExT I pH. G PR AR S S R AL T 32 1
ik B E (peptidase E, PepE) il %% 7 QB W ¥ »

50°C 30 min & B, A5 OR 5 100% iP5, 10 iF B
PepE ¥ % 20% 7% 14 ; QP 2% PepE H £& F1 i K &b
PH 20 hih el 80% & 1, 1 ViF 2 PepE H &5 A g K 4b
FE 10 min {XF 20% & 1L Y. P22 A% I BE R = IR
i (phosphotriesterase) LA B 4F [ # & e 14 A1
UK fREE ) D7

VNP 10356 i 1 55 — A0 35 2 7T S 6 32 BR 2
() Il A2 S N2 SREAIE R AT 7 o 3 R 2R - 1 4 2 T S
WA CCMV % — DR I AL B (horse
radish peroxidase, HRP), SZ I X ¥ il S 57 F
7T, RILCCMV 1135 ) HRP 553 B HRP (¥ 5 45
fEA—FE, X2 H T CCMV XM N K& 7= 1)
Z IR FTEC N, CCMV A2 1) B MR AR R B
RNl B (Pseudomonas antarctica lipase B, PalB)
LU Ui 2 B A BE IS, X AT RE S T VNP A
W Bk B B, BLEH T MBS TR R 2
B CfE AL I M 7Y P22 N IR SR B 1 R S
Rl T F2 A B 5] N CelB ATP A4 i 1 2= FL % B i
(galactokinase, GALK) . ADP i 4 i %] ¥ I i
(glucokinase, GLUK), S 3 Ff il £0 %E 75 P22 4
JiE o CelB 18 A4 T 1% 1 P B 7= 40 46 4 /& GALK #
GLUK W Fh il (R4, 7 P22 P Jis T# AR I 2 086
., GALK-GLUK-CelB-P22 fiff fi #% 1k 2 % K F
GLUK-CelB-P22 & CelB-P22/GLUK-P22 & &
(E15 U™, VNP LR BRRG, [ —Fh R =4 mT
DA AR R — il i) R4, DAL W) 42 & e B
R

VNP £33 1§ 1) 55 =AM 34 2 W]l i X VNP AL
R, SEPU R AN SR B Ak . 0 R A N
S A T R TR AR R, AT a2k 38 1 4 g S 1)
H o a0 MS2 38 i figf 58 1 45 36 0k o A5 £ e A 1) ik
PR ER B3 AT AL 2%, JE I o VNP 4h5e B FLIE
P A7 8 ot B A% 425 1) Il JES 20 1) N DA T B W1 g L 3
FE . £ MS2 L& &b 51 N B e far 101 1) 70 P A G A 3
N A o) A s R, 51 N T FL g 12 32 A7 P A JEG 4
T A2 2 g A2 e S 17

VNP 0 3¢ g i A7 AE VF 2 Pk, o 2 e
BT VNP FLIE X A L B4 R /N 0 A7 26 il K K &5
R, T B AL T A B L A e A H S
B R ARG RIS M R . RIRAEAE K E )
VNP. i i #3468 i 0E 3R 45 K & T2 4L VNP,
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galatose-1-phosphate

(a) P22 VNPE B T2 F BB QUK R & E

(a) Schematic diagrams for the encapsulation of an enzyme cascade within P22 VNP by genetic engineering

| P
@ " 1o |
HO O

| i

o

glucose-6-phosphate

(b) CelB. GALK. GLUK =4Ik % N 7% ik
(b) Schematic diagrams of the cascade reactions catalyzed by CelB, GALK and GLUK

Bl5 JET VNP KIARANK RS 1

Fig.5 VNP-based nanoreactors for enzymatic reactions

N Lot IR/ER 11 53 2 10 A (25 VNP, i fie J
23R A TR B I 40K B e S ML A%, AT B R R
VNP FLIE A Bl S S A (1 il i

3.7 HEBFH

VNP HEHEHRAA A, A4 3 A3 MR
P, EATREAE R X KM R (4@ A
Wy R AEE. RYPUKES) TR
W B, S IAS [P0 BRI ) B S, TR BURS  A FR
Fooft, FTHTHEEAAGESS . R kss.

2006 4F Tseng &5 17 7€ TMV 2 [ 15 1 41 44 >k
WKL (Pt nanoparticle, PINP), JF£7E 5 2 Il 2 i
PR BT B — A =W 450, R 9 oK 41 kL
REPR 40 B 1 H R A DS R, EXPPRE R

[175]

AIRAESMN, ETHFRESEAGmE ST Ko,
&4 S 4K QD ) CPMV VNP t B 5 H 2 XU Fa 2%
PR, — e R TR S R PR R (i —
AL T W) T CPMV B4 E, KX F
Z M AL IE S 1t 9 K R LA 2 HL 1 A I A R
W%, VLEALT CPMV B 4 E R EAIE R Hon e
() A2 AH BT HLAE S NI AS AR AR A ), X
FiAPRL O] FIAE 2 B 76 A7 PEEE 2 T R
Rk

I3 B TE S 3L LR R (0 0F R Hp AT R 8
Ml . Nam 255 F M13 g 444 B RR A K SR
B (Co,0) 9Kk, HEi RS ERRRA KL, ik
TR AT 22 BH 3 55 40 K 1 B} X 28 25 7wl T 2 7=
A A AL T B R B K 25 5 16 HAROM R D
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MMI3RE A (MnO) FHEH-5E (Li-0) H
h IE B BN T R AP AR U A Ah—AME S
T R LA M3 A ASAR 1) AR A L [ 1] T 2 R R
ARAE U AT R . Nam 25 U5 568 AuNP 1k 22
FMI3 R, REFHET A LS J10,) wy
1, IrO,-Au & GHK 26T B I 2 L LA (1) H 5 1
WEM AR, AN, MI3 TR R IR B TR
HURIRE T o Lee S5 U™ fE MI3 K522 (4 pVIIT N
Uity 5| N R 5k 2 L5 T HL () C o 7= A2 B K )
EARAE A5 2% 40 KA R I 1l 1Y) T8 JE 0 00 L &R
A5 ) 5 2 158

3.8 MKHKFE

V2 YRR LA T RAE e =T, Y
EATEE R B aE T i, ok 2 M T AE VR AT RE
FEAEETIPE R . 2006 4, Wang %5 " ] JE R A

9
+-

VP1

QD-VNP

9% & (turnip yellow mosaic virus, TYMV) VNP
ST R — M T I T 43 % 2 O O 4 T 1 i AR 4
M, RARALIRGEREBERE, TREXETZ
W48 1 VNP 1AL K 8% . 2011 &, Li %% LL SV40
VNP NHE S, Wi T —R/YIAKEALRQD. 4K
JE7~ AuNP [ 2L 260k (DL 2.475), e & A
AuNP 1 QD Z [H] ) Y6 22 A0 FAE FH I G4t 7B
SHG 45 B 5 R T — B3R B AuNP X QD %%t B
AR SR AU KRN, 1 % 7E VNP R 1
AuNP 2[R AE 10 55 9 2 THT 55 B8 1 FL 4R B & 200
(B 6) ™, MAERII— DTk R, WAETE
MS2 VNP A Ji# ] AuNP 5 & 1fi £ VNP 4 K [ ) 2%
Vit Sl CTES W R (8 VR ) 8 i AR .S
BTAEXRY, SuTHEMRITERN =440,
VNP 7£ 2 Ty g 44 K B4R & R B 99Kt 1 2 5
TR T P Re 8 R HE R A

s | E ﬁ discrete hybrid

E nanoarchitectures

(a) BLSV40 VNP iR iBid B 4H M HQD/Auba ks R s E
(a) Scheme for the SV40 VNP-templated construction of QD/Au hybrid nanoarchitectures

1.0F
08} —— AuNPs+QD-VINPs &
g 08
0.6 é
: 2
: :
02} 2 02}
0.0 500 600 700 g0 0

wavelength/nm

(b) SV40 VNP HEAuNPZ [ 55 2 1
BB TR SR

(b) Weak surface plasmon resonance couplings  (c) Fluorescence intensity of QD in the inner cavity of
SV40 VNPs decreases as the number of AuNPs on the
SV40 VNP surface increases

between AuNPs on the surface of SV40 VNPs

. free AuNPs=ODs
EEE AuNPs+QD-VNPs (experimental)
EZA AuNPs+QD-VNPs (theoretical)y

BEl SRl dul RN oo e
3 5 6 8 10 12
PNAC time/ns

(c) SV40 VNP A [E QD% 3656 FE
2 THL AuNP- E0 2 1 i 55

0 5 10 15 2'0 25

(d) QDI frkiSV40 VNP [l AuNP
A E LT (a~hrh AuNPRIA S o 51
H0. 1. 3, 5. 64 8, 10, 12) el

(d) Fluorescence lifetime of QDs decreases
as the number of AuNPs on the surface of
SV40 VNPs increases. The numbers of

and 12, respectively ['*7

B6 VNP TR T2t

Fig. 6 VNPs for nanophotonics studies

[187]
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AR, N T RE IR B AR T K 5 A G A Rk
ARG T AR NE . 5RAE MRS
FAL, VNP RE 68 $E (L 7 44 K K B 1) Kt ] e A .
Fetk VNP B A W8 e 0 BRPE . T H v DL e W%, AT
Y w7 A O 3 3K BE B S & . 2007 4R
Francis & "' #4 # 1 LL TMV 442K # SR B A 170 6 4l
PR KEEAMAFRBEEHEEZE, B
ILHBTE N T 9K BUE KR A5, IR I
MR £ W HOE =Rkl RZgH,
MR IT 90%. TE XK B ] 5 S0 1) B AP I [ 43
HE 9 6 LI, 187 ps N Oregon Green 488 Xif
Alexa Fluor 594 {1 R =B WHE N 36% " N T
R JUAT 2% Bl B AROL G R G ) R S5 1
Dedeo %5 " ji ik 98 A8 4 T HE 1 N i B0 C Ui
BT 9K S sloke v e H ek, RAE N FLIB I K
AR TR R ) 2 5 D R
o ReE MR, R 5] N — & HE 1 st
PR RAERVFAL X IR, 245 RFE W] TMV KRR
RGMHETRRARG ARG E SO dcE, &
IR 7E T b A 2 AR e B i A i S s X T T4
AACN TGRSR K i JE it 7 % . sh4h,
Majima %5 " DL TMV IR, LAEE (Zn) BCALRb
Whk % 1 B el 25 s b A A A RS2 AR 1 SIS R B R
R AR AN G B A 1) R B A O

4 Pk R

i LR, VNP & RN B 43 A gk
MR E L. VNP s 2 R (R3S
NS I R N R Al a1 T I e o GO
mEY . RAMAEMHEENE. 5 TERT
M= . nEL AR A R, R, [z
BRI T 5% 5 T I ik AR g oK b RE . AR SC TR A
BT VNP KT BE Ak 5w B A8 A2 W 1B 2 i
EVEYE S TR IE . IR S . A
TR, WEE KRR . KRN 8. ALK
(R ETVE £ SN/ S e e o S N A DA E I
VNP 7E A [F) 8538 B2 ) B S, Z R R K, &
TR RGO M ORI R RIS H R KW, B
1R 2 iR A5 fft ok 0 L. VNP ) I IR 4% A6 B — A
I DLk 1 Bk R fe RS A A 35 VNP ) S 9%

SRR B o VNP I G 928 51 A2 4« X T) 817,
TE S P26 7 B & A R, 1 78 VS R R R 245 )
i 3% N A AR . VNP E TH PEG &1 . AL #
MG E S “RERE” Kk, £ cREE L
BRil T VNP [ Ji v, A F T 5280 VNP $E 7]
Wik, HEBCRAEEAE, BEE KRG T B LK
BIREN R &, B8 HE R IR N M 4R R VNP 135 14
ITASMmiE, A TIES VNP &It #E3IHK
BARKIGREL . VNP EELAS TR, . 9
P NS NI B S e e B AL A D
MR et SIS IES] W) 5 AE e ) S5 A A
Bm R B R . B T S MR R IR
FRAR . H 23S A R ORE I A A T B R ) R
DR mEmEEEREDNEFERNRE, ANTX
VNP (1) $ 32 F i) it B8 06 R\ e A, &
IR N FH 0K SR AR R, K T TR EE AR
MR 2 B 5 3 A 8 = T .
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