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Abstract; The abuse of antibiotics has caused increasingly serious problem of bacterial resistance, thus it is urgent
to develop new antibacterial drugs to alleviate this problem. The nanosilver composites that was synthesized from
single nanosilver can not only overcome the shortcomings of nanosilver, such as the rapid release rate of Ag™ and
unstable physicochemical property, but also reduce the bacterial resistance, which are regarded as a new kind of an-
tibacterial agents with broad application prospects. Previous studies have showed that the combination of single
nanosilver and some antibiotics could exhibit the synergistic antibacterial effect. However, little information is avail-
able on the performance and mechanism of nanosilver composites combined with antibiotics. In this paper, three
kinds of nanosilver composites with different structures were synthesized: silica-polydopamine-nanosilver (SiO,-
PD-AgNPs), nanosilver@ silica (AgNPs@ SiO,) and nanosilver(@ silica-polydopamine-nanosilver (AgNPs@ SiO, -
PD-AgNPs). Subsequently, the single toxicity of nanosilver composites to Escherichia coli (E. coli) and Bacillus
subtilis (B. subtilis) was determined. The results showed that the toxicity of AgNPs@ SiO,-PD-AgNPs to the two
kinds of bacteria were greater than that of the other two nanosilver composites. Therefore, AgNPs@ SiO,-PD-Ag-
NPs was selected as the representative to determine its combined antibacterial property with KS (kanamycin sul-
fate)/OH (oxytetracycline hydrochloride), and it was found that the combination of AgNPs@ SiO,-PD-AgNPs and
KS could display synergistic effect on E. coli. The nanosilver released by AgNPs@ SiO,-PD-AgNPs could react with
KS to form the KS-nanosilver complex, resulting in a large amount of Ag" released from nanosilver. The increase of
Ag" enhanced the permeability of cell membrane, so the amount of Ag” and KS entering the bacteria were more than
that of the antibacterial agents when acting alone, which resulted in greater antibacterial property and a synergistic
effect. This study explores the optimal combination and related mechanism of new nanosilver composite and specific
antibiotics based on the combined toxicity experiments, which will provide new insight into the development of new
antibacterial materials and give a reference for the related combination application of drugs.

Keywords: nanosilver composite; antibiotic; Escherichia coli; Bacillus subtilis; combined antibacterial property
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Hro Li SFUIA R 40K AR BT 25 5 5 41 B A i A 1 ol
R FIBE R 1 RN, AT AR A 8 A4 ) AT 25 K o) 448
R TS  , NPT BOR W 8, A p—
YRR 5 FLLe g A R IS AT LA B P R R T
ROR AHEA YUK E S B SPiAE R
PPTREPERERE AN T A IR, B4, KRR A4
BESESIAERKS BT RS R —YIRIRE S5
BHOBTR ORI HIRSHUREHLEI SO a7 X
ARSI S Y [ A

AR SO S Ao i - R M 1 ) At A A RE T
BRAE R # AR RL, I 225 R AE S HGE 19 7 s il &
3 BRI S G0 K B A 5 A RE T ) B RAE B
J5 53 0 5E 3 T AR AR S A BRI R T TR (Esche-
richia coli, E. coli) F; ¥ 2f fFT 1 ( Bacillus subtilis,
B. subtilis) [ ¥.— 3 4} AgNPs @ SiO,-PD-AgNPs
5 iR 8% 2 (kanamycin sulfate, KS)/Eh R + 5% &R
(oxytetracycline hydrochloride, OH) X 3z i i 1 —.JC
AN, ACEEAEIEA RIFPUETERE 4K
A A MPRE IHRER AT LU AR U Rl s AR ) g oK
WEEMBL SHUERNA S, I L HAIBUE M R
PR B Ry L — B R RS

1 ##57% (Materials and methods)
1.1 SEEp kR

IERERR MU LW B K (25% ~28%) oK L
FH | H S RN ER R (36% ~ 38% ) ¥4I [ [ 24 4 A1 1k
SRR BRA A (i, D, 2 ¥ b e, £
PR R | =P8 F LS H ot | 17 e 3 — LR
LB PR TR [ T hr T A LR B A A FR 2
AR, ) S R A e, Eh IR 1 R R
FRRT8E Z W H Sigma-Aldrich &2 il 5t A PR 7l
(g, P, ShEE R A pr el L L

A R AEY E coli (K-12
MG1655)F1 B. subtilis (168)14 F BioVector £}
AL, TP E),
1.2 GORRE G AR Hl 25
1.2.1 YKk 5 ALRE(SIO,) B il £

¥ 9 mL /K-S 2475 mL 258 T /K ) 1625
mL IR O BRI 2R A B 4.5 mL (9 IF&E
iR DU 2.1 5 45.5 mL A9 TG/K S BER &, H 85-1
T FEAs (R DURHR AR A BR A A, 200, T ED DA
1100 r-min™' # @ HE 20 min, 52K B, FiRF
B IR A BT ,60 s JEKE R

% 350 ~400 r-min™", SN 2 h J5 ¥R IEATE
L, 24 FVEW, DIEYI ] R I R Ve 3 Wa ,
DZF-6050 7 FL25 T4 4 (L RS 22 A2 AT BR A Al
¥, P ED) T, R BIGK SIo, BT,
1.2.2 4K @ A biE(AgNPs@SiO, )il &

02 g TSkt = HRRIEE: 96 mL 12
B KR 2.8 mL AR = FUReI A Wi
FE,IHAZE 80 °CJ5 S 30 min,, A BRI A
1 mL RS FRAR A (0.1 mol-L™")F1 0.6 mL ft HI i
(1.0 mol-L7™"), Bk 5 min 5, MR G IK R ETH
N1 mL (IERERR DY C WG, R 2 h S R e
AT, 45 LI, DIVEY 25 B Tk e s A
80 mL /19 0.1 mol-L™" FEhR/Z BER WL, 7F 80 C 5%
PETFIMEREGE 4 b J5 K AT 80, AR LN
W OTTEY) s TS 158 AgNPs@SiO, it
1.2.3 AL RE-R £ B -9 K 4R (Si0,-PD-Ag-
NPs) 1 il %

$ 50 mL 0.1 mol-L™" [y =8 H L 36 H e i ik
5147 mL 0.1 mol-L™" EFRIE A, /K E 2 2 100
mL, 5% pH=8.5 (1) = ¥ ! 3 & FE W e 5% vh s i
#4006 g 2 EER IR L1 0.05 g 1Y SiO, ki
A 30 mL =¥ R AUHE H e 2% s b, = T Ok
SepiFE A, K R e VRS, N E] 20 mL
ARSI (1.5 mg-mL ™ )W, AR R 80 C
N 30 min, AFERIEAT G, 2B IR, TIEYI
CEER YR 3 A BEAE T, 15 5 Si0,-PD-Ag-
NPs #i ¥,
1.2.4 9K @ AL RE-R L2 B -9 K 4R (Ag-
NPs@ SiO, -PD-AgNPs) il 55

# Si0,-PD-AgNPs il &1 f2 H Y Sio, B
AgNPs@ SiO, , ¥ ] [ A 1) 75 15 W & i AgNPs @
Si0,-PD-AgNPs i ¥,
1.3 BRI KR AE ik
1.3.1  ZilF IR

WARRE FR IR T M 10.0 g- L7 & 4k#h . 25.0 g-
LA 125 g L7 R pH AT E4°8 70,
W E. coli 5%, B. subtilis FMEFNF] 5 mL WRAKRE
S 78 37 CHEEAM N RS EFE(E. coli } 6 h,
B. subtilis 7 10 h)Z X 0RO 1% #Ak
SRR 10° £ TR e
1.3.2 S

FREUFFDUARE FH 1% Ak 4075 W I ) B B9,
B 1% SR BV T o8 1 S5 X 50 B8 P W B I
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A 96 fLArHr, BALIFW SRR A 200 wL, Hi
15 80 wL 55955 40 wL TAER LA M 80 wL 13
YIRS, AR B B 1 3 47,37 CF 180
r-min”' =% 55 5% (E. coli 5537 12 h, B. subtilis 5 3%
19 h), fii 1] GO1510 # £ L) GE M b1 {X (Thermo Fisher
N TRIR R, 92 D)W A2 600 nm b Y 2 A
(ODyyo)o MRHEZ ()M X 48 AT A A ) 23
Inhibition(%)=mx100% (1)
ODsoo,o
10Dy, NZ IR AETC Y FEVE N 125 11 ODy
PR P IE ;ODy, M2 AR IE Ty 1 LB
YEFIS ODgy, 2T 2408, LATU A v B 1Y) 57 %)
BORREARAR , MR AR bR, 221 7 5500 2R
50% 1] 3 Fsf % IO P D AR e 8 B0 Ay > Fe R ik
J# (concentration for 50% of maximal effect, ECy,).
EC,, e — M2 MSH, e # B s hK
i ARt s o A= W) et R/ YR bR, BC, 1H
/NN BT B AR A R S g
FEHV RN 76 A2 TR 1 EC,, W B A ok i 2 i
TR AR E G MR, AW L ] AgNPs
@Si0,-PD-AgNPs #4715 15 1 52 40) 5 M A B
(KS/OH) 1) 1R & s Wk B2, #2 i AgNPs @ SiO,-PD-
AgNPs 5 KS/OH 11 EC,, Fi il &5 " JtiR BT,
HABMAH A 11 1:5 f15:1, RIGHRH—F
PEDIE J7 1200 7 R BT G VA TR 66 F b Il
FEE - T ZR TR EC g 0 ECgpmy MTEIE AL
(toxic unit, TU)#RJE H 2K RAE IR & B M R0V 7Y 8 %
SR, TU LS E00 W) B SC LA B, 103 AT B,
TR 25 S T 2R A7 AR H Sk R A ) G
VeSS S A Al 5l DL ED UL b ) 7 TR A B
RGOV SRS IS 2z g Y, G E
IR S M B — DR ) BCy, SRIETTHY , K o —

WRE X2 130 B A 1 R 50% BE X R 6 9 )3 5
SCR—ANTEE AP S0 T A A T I R £
f TU A a028Q2).,

U= 4 G

EC50A+ECSOB (2)
L. G, G BIRA IR FR T 50% 306 B I3 A
A B % HIMREE ECy,, Ml ECyyy JEMHXFE A B 43
SE T AR I = A2 50% S0 IF e B L 24 TU<
0.8 i, FIE B & BRSO AP A ;24 0.8 <TU<1.2
B, A I 3 P00 A XY TU>1.2 B,
KA B ERON ARSI

2 R 5138 ( Results and discussion )
2.1 YOKERE SR I RAE

fifi FH ZEN3690 BURLEE 43 HT (X (Malvern 23 &,
IRIC, e E)R A M RHRLAR DL K o3 i R B AT 41
M 45435 1 s, AgNPs@ SiO, IR 553.7
nm, 5 #% 2 BN 0.725; SiO,-PD-AgNPs (1) ki 12 J2:
7436 nm, /R BN 0.547 ; AgNPs@ SiO,-PD-Ag-
NPs W RIAE/Z 974.6 nm, /3R ECH 0392, W 0L ,3
TR AR 2 5 BB RLAR RK/NHETF i . AgNPs @
Si0,-PD-AgNPs>SiO, -PD-AgNPs>AgNPs@ SiO, , H:
H1 AgNPs@ SiO,-PD-AgNPs /31 & ¥/, Hoy
R F i

4k, A Evolution 350 %4841 A] UL Y66 1
(Thermo Scientific 23 ] , IR /R BB, 32 DRI 3 Fhah
KRS A AR S AN IO 25 R E 1 (a)fF
7N, AgNPs @ SiO, Tt %8 b i, AgNPs @ SiO,-PD-
AgNPs Fll SiO,-PD-AgNPs 7E 475 nm Z2 47774 T #x
KEESI s, B A RS R I 9K R Y de R 2R 4b
WESCIEETE 420 nm 2647572 F L2845 HEI 475 nm
Ze AT AR W R KR MRS AR T e 5 2 A AR R 40

F1 HRBEESHMHHOMEMIHRE
Table 1 Particle size and polymer dispersity index of nanosilver composites
Sio, AgNPs@ SiO, Si0,-PD-AgNPs AgNPs@ SiO, -PD-AgNPs
BifE/mm
553.8 5537 743.6 974.6
Particle size/nm
431 ZR B(PDI)
0.118 0.725 0.547 0392

Polymer dispersity index (PDI)

¥ : AgNPs@ SiO, MK @ — A fbitE G 41K, Si0, -PD-AgNPs h —F AL fik-2R 2 -4 K 4 2 A KL, AgNPs@ SiO, -PD-AgNPs i 44 K 4

@ S ALRE-R 2 DGR SRR,

Note: AgNPs@ SiO, stands for nanosilver @ silica; SiO,-PD-AgNPs stands for silica-polydopamine-nanosilver; AgNPs @ SiO, -PD-AgNPs stands for

nanosilver(@ silica-polydopamine-nanosilver.
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KA K, W T AgNPs@ SiO, , 7EH I 45 #rp ) i
TR AE SRy S ) 8 D i R AR kg A K AR, K AR Bl 0 B
T Si0, Tk i FLIA H, P& A B I A 55 AR R i
W HE N L 25 A T &) 1(b) i, T FE SiO,-PD-Ag-
NPs (il g Bt v, 2 WS A BN R 2 BT
1E SiO, K MIE I — =M, B f5 3R 2 eI SR A IR
R R AR AR S5 45 7 AE R 22 UL g e A o R ok
ARG 381 5 AP Wi Wi e | JCHE DU 235 #4 4n 18] 1 (b) BT 7
AgNPs@SiO,-PD-AgNPs 254 T Hij I 2 Fh & &4 %)
R AL, SI0, N2 FI3R AR AFAE 9 K AL T, HA
A 0 e O S 254 e DA AL 2 1 3 5 A i i 4 DU
SERANTE 1(0)FTR, AN, 9 AR F KR A e A o7
FTARTEARRAR BE b e T HoRiAR | 180 W B 1 ) ot
AR J& Rl 4 A 5T 7 AgNPs @ SiO,-PD-Ag-
NPs #l SiO,-PD-AgNPs iX 2 1 &2 & 1 %, i
Si0, MHTHT g = /K, 9K S Sio, M4 & F3L
AR FELEE ST 94 P RS B B A kg
I, AgNPs@SiO,-PD-AgNPs Fll SiO,-PD-AgNPs it %

@

KEIMIRICIEE 475 nm 22 A7 )RR TG0 KHR 119 fe K 56
AN @20 nm A EA T 40585
2.2 Pk

3 M KR E S MRIXT E. coli 1 B. subtilis 1)
BRI N 2 o, SEI A A Ag-
NPs@ SiO, . SiO,-PD-AgNPs #l1 AgNPs @ SiO,-PD-
AgNPs Xf E. coli ] ECy, 435120 65.7.,90.7 #i1 48.2
mg-L™" %t B. subtilis ) EC,, 5354 466 4 560.0 FlI
161.5 mg-L™', A UL 3 Fhg kR &R 2 A
1EE M K /NIT — 2, ¥4 AgNPs @ SiO,-PD-Ag-
NPs>AgNPs@ SiO, >SiO,-PD-AgNPs,,

UEHT, O A B I B9 K AR 5 6 b R 32 2R &
YORARTN Ag" ifE A4 9 BELIBT DNA & i #1177 A 1
PR AN TR A FEA R, RIEGORERE &
HRHIT T AL EE A A1 SC B 522, L AgNPs @ SiO, A
), AT A HLBR AN 2 (a) TR, AgNPs@ SiO,
W B R 20 BR R 1T, 76 -5 20 M A ) S B b R R
Tl S FLIE RECT R (A 2(b)), PKRAR AT RE 2

OO

AgNPs@Si0,  SiO,-PD-AgNPs  AgNPs@SiO,-

PD-AgNPs
() PRI T @  UPKIRETF
AgNP core AgNP
Si0, gk KL O
Si0, microsphere Polydopamine

1 3 FPRIBE S RBLEINT MR SE (a) 5454 (b)
£ :1. AgNPs@SiO,-PD-AgNPs;2. SiO,-PD-AgNPs;3. AgNPs@SiO, ,

031 i
—_ 1
2: \ l
is 0.2f 3 |
B2 |
R 5 o1 |
X2 !
Tl e—3
0.0} !
1
200 400 600 800
1
FK/mm X
Wavelength/nm [
Fig. 1

UV-vis spectra (a) and the structure (b) of three kinds of nanosilver composites

Note: 1. AgNPs@ SiO,-PD-AgNPs; 2. SiO, -PD-AgNPs; 3. AgNPs@ SiO, .

R2 3 MAKREAHEEERKKEIRE (EC,)

Table 2 The concentration for 50% of maximal effect (EC;,) of three kinds of nanosilver composites

(mg-L")
ZiXEY
HRHLL AR Test organism
Nanosilver composites KImFFE R 2 AT PR
E. coli B. subtilis

AgNPs@SiO, 65.7 4664
Si0O, -PD-AgNPs 90.7 560.0
AgNPs@SiO, -PD-AgNPs 482 1615
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WA RE B B RMBENG , AIEACR . 5 AgNPs@SiO, 241U,
W 208 L 5% 1 S A A 2200 DT o8 40 P 38 125 1 6 AHIFE PRI SRR PERE £ 2l

HEMT M N VR, e 7R oK AR 2%
B Ag ™ KA AgT HEA RN , — 5 T
SEOHHEFEROS) =L, Ag B AL Ag,0,
1T I W 5 ot S e , 470 1) 40 B R 5 o) — 7 T Ag”
It 5 A Y (—SH) M B 2 4 AR
FR TR = S5 10048 4 T A= A 3 Bl b T Y T A
BB TE PR OF 58 o W 45 DNA fiff 32k 2 & il
REJTM 51 A DNA 1Y R fif > 10 i 20 18 Y A 4 5
BB B A AR B . Si0,-PD-AgNPs Fl Ag-
NPs@ SiO,-PD-AgNPs [ 44 K40 Fll Ag” A B il i 72
WE 2(c)ME 2(d) 7R, X T Si0,-PD-AgNPs,
SRR 78 55 AE B AN T LA 5 48 R 4 ik 1Y)
PR, HT AgNPs@SiO,-PD-AgNPs H
AT 2 PR RRA e A, BRI HE 5 1 2 R 40 K AR 5
Wik, SR 5 B 2 B i A K A 3R, ieJm Sio, B
YRR AR B BT ok . TEANKR R B i Z )5, SiO,-
PD-AgNPs F1 AgNPs@ SiO,-PD-AgNPs H i & #L il

! (a) AgNPs@SiO B wiHL i

Antibacterial mechanism 00
0%

of AgNPs@SiO

| (b) AgNPs@SiO,

, N SNZIAKBRBEIL
YORARBER HNZAREBET The outer AgNPs
AgNPs release | The outer AgNPs | release )
i release NJZ KRR
' The inner AgNPs
P ! Q — @ release
o : Q .
¢ ; & , s o

' (c) SiO,-PD-AgNPs

KRB AR E . X T AgNPs@ SiO, K5, %
TRF K 9 KR P 8 D 2 7 R I Tk PR . TG ) 7K A S 1
[T AT, A 9K AR e f% BT 2 Mg (L 2 T SiO, 1AL
TR A I B8, T SI0, R R Z
EL i B ELAT — 2 A B BRE I (5 HL 67 38 A0 40 K B T
A ERIXT /0 | S 3] Si0,-PD-AgNPs 2 1: %8 AgNPs
@Si0, /)», AgNPs@SiO,-PD-AgNPs J&7E AgNPs@
SiO, YAl b, XF ARk AT i — 2D A, AT
iF— D4R T ORI 2% I AgNPs@ SiO, -
PD-AgNPs i K, MAZIHKE |3 Fibh kT
E. coli WEEMEYI R T X B. subtilis (FEME, I E. coli
XGRS A R BURR B 2203 5 T B. subtilis,
SEEHEDIX T RE 5 2 Fh B 19 4 M BE 254445 L E. co-
11224 QIR T 0 R RE S5 R 5 Dy B, S A 20 K
B AUORER A Ag” 25 5018 3% B4 it b x5 F B.
subtilis 1t , 20 S RE I [ S0 14 JIK SR B2 2 BHLAS 40
KERFN Ag™ 3835 , 0 RN I 55

AgNPs@Si0,

0. AMIBURK

o
Cell membrane collapse
) ?[HH@W%?%(I@ ."a *. \ mem Il’l(‘ collapse

Cell contents lea o x

1 (d) AgNPs@SiO,-PD-AgNPs

2 3 TR RE SRR IR
T :ROS F/R TG M A% ; —SH KR si sk,

Fig. 2 Bacteriostatic mechanism of three nanosilver composites

Note: ROS stands for reactive oxygen species;—SH stands for hydrosulfuryl.
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2.3 BLAEEE

J T IRFAUKBE GBS E R WG PR
PERE , A5 8 1 B — 1 1 e K Y AgNPs @ SiO, -
PD-AgNPs 572 i HI it 7 25 %) KS/OH #47 —
TCHRE N W E ZICIRA WX E. coli Ml B. subtilis
FIBK A Pk, 25 € 3 i, UL, AgNPs @
SiO,-PD-AgNPs 5 KS 7E#E L 1:1 . 1:5 Fl 5:1
BSXT E. coli WIBRAEEPERN R bR, XT B. subtilis 1
B dE MO AR, T AgNPs @ SiO, -PD-AgNPs
5 OH 7EREPEL N 121 1:5 F15:1 IFXF 2 i 1 3¢
B BN B A AR

DAFEAIFFE AR KRR S H0 A 27 A BRI A
ROV AT RE R U2 B T HUE R P A 20
, IR LRI 2 (18] 3 (2)), EN1A 5 5 90K R
WA RN B RO R AR A
e, AgNPs@ SiO,-PD-AgNPs Fil KS 7£ 3 FhA[f]
R N X E. coli #RA] DAy= A B[R] &00 , 22 B —
P RIRON AN 2252 e FERE LU 52, 28 3 4 44
KA A PRI KS X E. coli BIHMAIVE FIHLER 4N
3(b)flin, AgNPs@ SiO,-PD-AgNPs & 5 B il i 44
KRR (] 2(d)), KS FIEN K ER 38 1 5 A B L K
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T3 55 40 20 P PN B B 1 BT RT DNA 43145 G T
SR B A ER I KS T g5 S TR 308 4%
VA S 0 4 T 1R A T RS, 0 T A R 40 T
AEREL E. coli LT, H L, AgNPs@ SiO,-PD-Ag-
NPs Fil KS X E. coli &3 Pp [P B &0, i B.
subtilis F2 5% [C AP B, 040 i B 55 2 (F- 34 20 ~
80 nm), NI AN 15 ~ 50 J2 3 & 4 5 i ik SR b
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Fig. 3 Combined antibacterial mechanism of AgNPs@ SiO,-PD-AgNPs and two antibiotics
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HEY ., 1B OH 59K o & A58 5 O, AR
T OH 540K i AL T, T80 Ag' W JE X4,
OH ¥RJEFEMK, — 7T, OH-9 KR E AW 2 B
2 Ag”, 5 EM ) R K ER AR L 23 X TR A R
FIFEYEVE T s 55— 7T, OH MR B Y A di b T H 5
YDA IS G, AR T X 8 1 0 G 2 1Y 5
M), AR ) 2544 B0l i O AR FHAR e X6 41 T ) 75
PERGON IS T, A AR B S X6 48 T A IR 5 B TR 80
AR
ZE b RSB 3 R AKAR 2 A BRI X L

PR TEREHATIRTE PR R B LE AT . (1)3 Fhak
RIS BRLRT A T B B — BRI /NI — B, ¥
AgNPs@ SiO,-PD-AgNPs > AgNPs @ SiO, > SiO, -PD-
AgNPs, ILAh, E. coli Xt 4N K& A b1k} fi sk g
F & T B. subtilis, (2) AgNPs @ SiO,-PD-AgNPs 5
KS 7EREMELL R 151 1:5 A1 5:1 WX E. coli HlE A
REPERLR A ], Xt B. subtilis BYBEATEVERUN A
i, i AgNPs @ SiO,-PD-AgNPs 5 OH %f 2 F [ 1Y
BRA TR PE RN ¥ R A i, (3) AgNPs @ SiO,-PD-Ag-
NPs 5 KS PrRZN 7= A= 1 = 22 J5 R ] R R —
BEEE ML KS-GKER 5 W) 5 B0 A 1A AN
) Ag' F1KS FHEE F B0 9 40 18 7704 B 35 4 34
XA TR A TR A EEEVE | ZR I IR R4 R AL
I, R, AT LA AgNPs@ SiO,-PD-AgNPs 1 KS
W FH 23 X6 55 22 TG B M B A 48 S 1 P TR B T M g
T LA, AR A R B SE Bz F v, T DR et J2 2540
AN AAR S B BRI 5 A 2 RN e 8 A T PR
A AN SRR & AEACH RN A R A AE
FHF 522 [CIE B s BL A 7R R A et — 2
PRGN 2% PG PP T U B8 7™ AE B4 DI [R) B T 800 1Y
YPORRE SR S AERA G, IR AT A
R R i TN S e R EATE b
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