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W EAAREANRNEHRDLEZ S HE —WKTUZ IS4 (exopolysaccharide, EPS) #9BEEHHE 4k, 33t
Z EPS Mt iy K 2. Ak, BIHEFLMNE. 16S rDNA 7 5|5 #4= Neighbor-joining k) 3 & 4% & H w3t
SHM T EPS B EHHIT S LK E, AL E, #H Sephadex G-100 % j& &, 7% 4 3t PFY49 & EPS (PFY49-
EPS) #t4FnSHAeshil, @i et TR it X HEFTHAERR T BMEF AT L2 Mttt ki, &
R BT, ZEAKNEH LB HI8EEEE (Sporidiobolus pararoseus) , ¥4 %% PFY49, NCBI GenBank & &5 7
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Identification, Structural Characterization of Exopolysaccharide from
Sporidiobolus pararoseus PFY49

ZANG Chuangang', LIU Zhenyan®", ZHU Wei’, ZHU Jinfeng’, CHEN Xiaoting’, PEI Fangyi’

(1.0Office of Academic Research, Qiqihar Medical University, Qigihar 161006, China;
2.School of Public Health, Qigihar Medical University, Qigihar 161006, China)

Abstract: This study aimed to isolate a yeast strain capable of producing exopolysaccharide (EPS) from vineyard soil. The
isolated EPS-producing yeast was identified through morphological observation and phylogenetic analysis based on 16S
rDNA sequencing using the Neighbor-joining method. On this basis, EPS produced by PFY49 (PFY49-EPS) was separated
and purified by Sephadex G-100 gel column, and its structure was characterized by Fourier transform infrared spectroscopy,
X-ray diffraction spectroscopy and atomic force microscopy. The results showed that the strain was Sporidiobolus
pararoseus, named PFY49, with NCBI GenBank accession number MW784627.1. In addition, the weight average
molecular weight of PFY49-EPS was 3.63x10° Da, mainly composed of polysaccharides such as mannose, glucuronic acid,
glucose, galactose, and fucose. It was an O-glycosidic linked a-, - pyranose without a triple helix structure and mainly
existed in a disordered amorphous structure. Scanning electron microscopy and atomic force microscopy revealed that the
surface of PFY49-EPS was relatively rough and uneven, covered with small holes and films, forming sharp or spike-like
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structures in aqueous solutions. This study reveals the structural characteristics of PFY49-EPS, providing a theoretical basis

for the subsequent structural functional research of S. pararoseus EPS.

Key words: Sporidiobolus pararoseus; isolation and identification; exopolysaccharides; composition; structure
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IR W) M &b 2285 (exopolysaccharide, EPS) A
— AP E AR AR ), G LRI A e sZ AN R 2%
FARNE WA E P A2 e, BRI ARS8 52 Ui
HU2, HAEY, & T EPS MR EEE P EFLR
TR P, TR R TR T AR W M A 2R SR A D, AR
S, R 2 AITFIT 2 B, AR TR (ANFLIR B ) BEAS
7 EPS, MR R L H 45 42 EPS BYRE J11%. 1tk
A, BEREH EPS i HAA AR JCEEFISZ) T AT 5T
Hh o SR IR A, PRIHTE A . R 25 RNARO b 254013l
HAT RPN HETEDT . R0, H RGO TRk ™
EPS RYIIFY 2R P HERRIIT L . 732 NS . &

AR RS B 5T A5 1, T R R B DR
EPS 544 SRAEWF 5T AL T 18 28 B B, R 512 XT S
pararoseus EPS [R&5H | P Ba A FHVE I i R 3847
WAMSE, [AlET EPS M4 142 43 T HAR R OG5 ) 2
fill, Kk, 158 S. pararoseus EPS FYZE5F X T B A H:
R B EE R X .

AWFFEARAE , AR IR B 2 7 A2 1 EPS 4544
AN[F], Chen 4501 38 a5 X P B AR LT 43 25 19 15 PRI
FERUEAT = EPS SL56, &L 15 Bl EPS 22 1] (19 1800
ZEM B IIE AR . Kim 2200 M 5 A AR 22 71
Pseudozyma sp. SY16 HHREEL EPS HP-ZL0E . HEE
BEAH SR A B, BoA R4y zlieiase . sh,
Ghada %5 2! )\ Rhodotorula Glutinins 73 B 4 1k 1)
EPS HHH &0 . 75 %00 F BT hr g vk 4 sk, B boid
I . PUEALAPTIR TR M. BTIIRTSE R S parar-
oseus PFY49 4= 721 EPS &—F ¥ % EPS, ELG 1R
BRI L RIS FLARTE . BUERE T, [Eli 2R
RUFmpcE I PERIARS MR RR S &8 1, AT
HZ RIS b 58, R, 245~ 1k, H EPS 1Y
LEARIE M R BEITSY, DRk, ASEFSEUH — R EA &
7 EPS BB A BHATE R (4 5 PFY49), SRIE
BT 16S tDNA JF A 5387 45 7 1% TR RRUE T
Y£5E, X PFY49-EPS $2HL ., alifk, JF 58 454, LA
WiShJ54E PFY49-EPS W45 H4- DI He ¢ R P2 AR .
1 #RERFE
1.1 #HRI5LER

1 KRR (S50 PFY49)  43ES H 5735 /R
Hb DX A2 bl 398, TR T 55 IR IR B2 ARG
HhuCs; T ARE . BRPRER . BRIREE . EALES . BiIRE
PP EAEN RERVTRAG T HARA R A F]; Bk E
Y. EJEOM dbe RIEE ARG R ITIEA T
BCA fH A & dbat ComWin AW+ AL
FRAAF]; FERBEEERE G-100  _FHFIRMH =R A R

IS H] D-HFEEETR  RIESE CAEYER G BRAT AN
[7] 43 ¥ &5 0% 5 SR AR ME &L . BABEARMESY  Sigma-
Aldrich; S R0RAH % BT IR S ik al, oA
ST Hh AR BR A4 AT FR A R A3 43T
SZBS Tk A2 3055 2xTaq PCR Mastermix (KT201-
02) . 4H s 3 K2 DNA 2B 57 & (DP302) | 50
TAE Buffer(RT204) . Agarose LE B{JE#H (RT101) .
GeneRed #Z g 4t %} (RT211) 6xDNA Hi, ¥k Loading
(BufferRT201-01) . DL 2000 DNA Marker (MD114-
01). DL 15000 DNA Marker(MD110-01) R4
B A PR Fl ;5 PER-IE H My R 25 1% (yeast extract
peptone dextrose, YPD) W 1A 1% 3% 3k . W12 329
10.00 g/L, Z5 % 20.00 g/L, #7505 20.00 g/L; F=kF
BrFedk. S 4b8N 0.60 g/L, FiZ5PE 17.50 g/L, BRAREE
1.80 g/L, #il2 %k 2.00 g/L, BEIR & 41 0.24 g/L, &
1b55 0.28 g/L. K iR —Fp G dl B F i R 287K
BRI, 115 °C KB 25 mins
Milli-Q #4li/k{¥ & Millipore 2\ Fl; LDZF-

S0L Ky g/ E]; 5804R R R4
¥R ES U HL . 22331 Hamburg 525 3 250 HL
Eppendorf 2\ Fl; FE28 pH 11, AL204 B FR¥  Fi
MR R 2R CXB1 O B EE BHA
Olympus 2\ ); LC-18N-50D %% T44HL. DHP-9162
FEVEIREEIRAN iR R4 | UHS300
LeHNaT WA EEREET. SUS010 FH# T iMsE H
X Hitachi 2 7]; Spectrum 1 {8 B 2R 2T AN 1S

2 [#H PerkinElmer 2\ &) ; LC-20AT 1= 50 AR (A5
1  HZA Shimadzu 2\ 75 iD3 BEFR{Y 35 [FE Mole-
cular Devices 2\ 7] ; D8 Advance X 4R 8HY  1&
[E Bruker 2\ #]; Ntegra Prima T J7 W iss  RP
Hf NT-MDT 2AH] .
1.2 XWFHE
1.2.1 JPHIANZBEEF ST WANIEE SR
Liu &8 Jrik, & 58, Kk PFY49 2R T YPD ¥
i3 dn, 28 °C 5537 3 do KGR AU PR AR Hi
5%(v/v) BeFh i Fp & RS R AL b, BR R L
210 r/min. 28 °C ¥53% 6 d.,
1.2.2 = asb 2R 2
1.2.2.1 JEFS2EUMES  SHEERSES ik, Bubm
PRAA, (i FH B IR E5 22 vhi TRk, B0 J WA 44 5
25 2.5% B RE S5, 43 A 10%. 30%. 50%.
70%. 90% Kl 100% 1 L EEHEAT K, Tk Js mi4s,
i FHH B T AR S HOEAS .
1.2.2.2 JPRIANZBERAN S F A E SR
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DNA 4381857 & 2 B PFY49 iYL M 20 DNA, =
H# Abdelnasser 4519 i, 514 (27F, 5'-AGAG
TTTGATCMTGGCTCAG-3'; 1492R, 5-GGTTACCT
TGTTACGACTT-3") X} 16S rDNA ZE [ BEATH 184 .
PCR F BeR FHEER FL UK A T 43 0T, HH F T A= 4%
ARAGRRAE] CPEIG SR alifb 005, iS4t
##22 T H.(basic local alignment search tool, BLAST)
5 25 F E R AW R AF B .0 (national center for
biotechnology information, NCBI) ##g JZE 17 L%,
K JH Neighbor-joining VA EEMR R G AL TR,
1.2.3 PFY49-EPS Wy f14lift  PFY49-EPS %Y
PEBCRNali Ak 3L T AT 2> i pg s 1 B A mE
W 8 R S D HILES L (4 °C, 12000 1/min,
10 min), WA VS, IF i A 3 AR 5000
ZEE(95%), T 4 °C #+E 24 h J&, 12000 r/min &.0»
10 min, A 50 mL 258 F/KIFMARUTIE, A Z .
M) ML Z AW I A 50 mL =40 2.2 (10%) i 45 11,
KRR FE 10 h, 4 °C. 12000 r/min Z5.0> 10 min =55
HEH o EIEWPRRRINA 3 ASARE S B B
(95%), 4 °C.. 12000 r/min B5.[> 10 min, RGP AHZ
BEEE T 100 mL KB Fo/KkH, BET@EIrET 4 C &
Hr 2 d, BT ELFLAE N 8~12 kDa, H¢J5 , 11 JH Sep-
hadex G-100 BE % 4E (1.6 cm>50 em) A 0.2 mL/
min By R SEA T alifb A 0, WAL 20, fr 2y
PFY49-EPS, £ 50 °C FHef47ER, W UR T, 7.
1.2.4 Z5FFRAE

1.2.4.1 Ab2#EsrE 53R AR - R k0 (Fij
ZEPRE AR ) | TR - R A 2 U (AT I 1 S s
A« SR - B e PP (B R B Sk i ) Fil BCA 2R
FFR & (LA IS AR AR UHESD) 4381 PFY 49-
EPS " SR BRI | R BRI S L. LA
R (y=22.361x+0.0051, R?>=0.9991) . MR (y=
0.0154x+0.0044, R*=0.9992) | #fi fE 4 (y=0.0021x+
0.0022, R*=0.9992) FN 2k Il & FH & 1 (y=0.8448x+
0.052, R°=0.9968) & fa Mtk At i, W OGAE R A AL,
FESTARMERIZR BT R . B— 2 W BEY PFY49-EPS
VR DA TRTRE 14 D s R AT 2 , R4S HAE P 1 490,
530. 360 Fil 562 nm AbAYISGAE, BT bRuE T2 El)H
Jr R PFY49-EPS H A KR . BEIER | AR 3L A1 A0
AT S A, e B4 A 55 .

1.2.42 4SrFREME SRHBERE S OETEP(Gel
Permeation Chromatography, GPC)lj = PFY49-EPS
43 ¥-HE, lid4% Shodex SB-806HQ #3:(13 um, 300 mmx
8.0 mm) , B ] PFY49-EPS( 0.2 mg/mL) % W& JH
0.2 mol/L AHAREMLA 0.5 mL/ min JEZRBENT

1.2.4.3 FBEZA ST SR Sun £5PY Il Bai 451
B 5T 52 4l Ak S5 B9 PRY49-EPS PAREZH . FREX
2 mg PFY49-EPS & THR/AKMHH, A 1 mL Ehig-
FA (2 mol/L)IEWE, & THHvAER (80 °C)JZh 16 h.

SN S5 AR, A FH AR ASCRS 7K i 45 TR R 1R - ek 1,
FHAIA 1 mL =38R (2 mol/L)F 120 °C W 1 h,
JEEH A PR HIR . MK/ NI 500 pL
NaOH (0.3 mol/L), fiEAFE S SE 2%, A 500 pL
-3 F S-St l- FR 7§5£(0.5 mol/L), FF RS M
MEIRFTIEHR, EANEEY) - 8345) . B 200 pL IRGK
T EP &, BAEEFLA 70 C/KIBE R4 30 min.
P52 0 S AR SR ECHY, AL 100 pL HC1(0.3 mol/L)
IR N FEH), SN 700 pL CH,CL,, {5 LA FI7K
FATE . F EP EHEIRIE S 90 s, BELESEEIRA, B
Lo JHTESTERE N )Z20A VU T4, T 1 mL 7
TESTARHIIBGR) R (/K AH, P 0.22 pm 19 BERRE g,
W J& >R FH 155 500 AH (6,33 (high performance liquid
chromatography, HPLC) Z 43171 7K AH 5 BEp# 20 ik .
e FH A 2583 (glucose, Gle) . H 228 (mannose, Man) .
222 bE (galactose, Gal) . fZEHE (rhamnose monohy-
drate, Rha) . K ## (xylose, Xyl) . & ¥ B ( fucose,
Fuc) . Bl $37 1 ¥ ( arabinose, Ara) . # %4 #¥ FE iR
(glucuronic acid, GlcA) Fl12- ZLHHE IR ( galacturonic
acid, GalA)9 FREAME/E X BR . (O35% 5544 (O3S 4E:
5C,s-PAQ #E (4.6 ID*250 mm) ; i sh 4 : JH & )i -
KH,PO, ZZ##(0.1 mol/L, pH7.0)(19.2:80.8); AFH
Li: 1.0 mL/min; KM : 245 nm; AH:3&: 25 °C; #f
AR 10 pul.

1.2.4.4 #4h-n1] Bt i% (ultraviolet-visible spectro-
scopy, UV-Vis) FI{# B i 48 $e 21 5 5% 3% ( fourier
transform infrared, FT-IR) 43 #71 5% T A9 PFY49-
EPS WHAEZE 8K i, AR B2 1 mg/mL, 7EIS
A 190~400 nm i ] A 10 5% 58 AR SOOGS0, 8%
7R PEY49-EPS(0.5 mg)5 KBr(100 mg)iR~], J&
Jags B 30, SRS LA GRS E 400~4000 cm™
PR 1B 6528

1.2.4.5 HEAKEES ST =80 Zhang 2P 197k, @
iof p-TH 43 S N A PEY 49-EPS 14 O-HH 4 . [A]
5.0 mL NaBH,-NaOH(1 mol/L) % # " /il A 10 mg
PEY49-EPS % Tk, 45 °C 2% 24 h, 3144 75 Bl A
190~400 nm, LIFH[FIHJEAE NaOH 1) PFY49-EPS
VEXTHE

1.2.4.6 MR BELEFIM E A8k MR 2T 3 0
PFY49-EPS J& 75 HAG = RIRHELSF >, #% 2.0 mL
PFY49-EPS %% (1 mg/mL) 5 2.0 mL R 521 5 K
(80 umol/L) R4, 3B NaOH 7 (1 mol/L)fin A%
IRA W, {4 NaOH fy¥& & >y 0~0.5 mol/L, & FH i
AR H AR RIS 1 (A0 » ST FL R 400~
800 nm. LIAE PFY49-EPS /K FINI SR LT IR S
WA EXT R .

1.2.4.7 5 E MR =88 Krishnamurthy 255 1§
Tk, R X SHERATIHM Y (X-ray diffraction, XRD) %7
PFY49-EPS #4743 4T, T 5 4540k : K 40 kv, &
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it 150 mA, FIHTE R 20 & 5°~80°, SRAEATE 0.02°,
1.2.4.8 A4 H + 2 7% 5% (scanning electron micro-
scope, SEM) 434 fdi F§ SEM %f PFY49-EPS
AT T AHBY, BUE B PFY49-EPS FE 5 & T FE
nh 1, TS RS [ J5 A T 4, 7E 5 KVHELE X H:
T TIER
1.2.4.9 J&F J1 & 14 %% (atomic force microscopy,
AFM)4FHT 28 Chen 2502 )7 #:, ¥ PFY49-EPS
JHEB F/REFER 10 pg/mL, 1 0.22 pm JERE, H7E
=R L, =R, it AFM 7E R =l g
PFY49-EPS/3r T .
1.3 BRI

FIT A SERER ST AT =R, SR LA BB AR UE
253K, SPSS HA:(25.0 AAS) XA 44T, Gt
SR IT 2Z 8T (ANOVA), P<0.05 A G922
5F(7), P<0.01 HfFBESI2ZF ), P<0.001
AR EWSIT#25 C7), R Origin 2024
64Bit T2 E
2 GREHH
2.1 &tk PFY49 BU&E

TR PFY49 MIEASULE 1A FIE 1B, HE 1 A
0, ARSI AEERCR . SR DNA 4385350 R I
PERR DNA, $ 074558 5 BLAST 5 NCBI A i
HIBAEZEIE T EEXT, Heiid Neighbor-joining PAAEL 5
Gk EW, KILERE PFY49 5 S. pararoseus CZ410-1
(GenBank &5 F1755245.1) BIARLUE N 99.64%,
TERH S P 7 R R R T 1 SR 2 0 & (] 1C), FHIt,
PRIR PFY49 8% 45 72 Shy 35 05 21 40 D 46 1% £ (Sporidi-
obolus pararoseus), fii%4 -~ Sporidiobolus pararoseus
PFY49(S. pararoseus PFY49), H: 16S rDNA #5413k

MW959734.1 Sporobolomyces ruberrimus K77
99 |- MK050407.1

GMCC2.568

MKO050410.1
100 |MW959719.1:1-1001 Sporobolomyces roseus K32
KT807881.1 Rhodosporidium paludigeman PUPY-06
AB193175.1 RhodotorulapacificaSY-246

AY188375.1 Sporic 1183

MKO050403.1 Rhodosporidiobolus jianfalingensis CGMCC2.3531
" MN006774.1 i WUT159
) MW959739.1 Sporobolomyces roseus K92
99 IMN006697.1 Sporobolomyces roseus WUT61

GMCC2.5620

AY188376.1 ruberrimus E-028.3b

MWO959721.1Sporobolom
100 || KYS58347.1 Sporobolom
2 MNO006819.1 Sporol us WUT182

Bl 1 Bkk PFY49 IEZS (A 1 B) KEET 168 tDNA 741
HEMRZEEW(C)
Fig.1 Morphology of strain PFY49 (A and B) and phylogenetic
tree based on 16S rDNA gene sequence (C)

JF % B £ A NCBI GenBank, & %5 5 MW78
4627.1,

2.2 PFY49-EPS ZE#g3R{F

2.2.1 4=y 43T PEY49-EPS [ BUbE | WH IS
fig . 25 0 AR R 3 A o B 43531 91.86%20.10%
7.89%+0.12%. 0.07%+0.02% F1 0.18%+0.02%, 5
Liu 25 5T 25 AR . BbAh, Seyfi 850°) Ay
BH, BEANER (5 2 A A EAE PR K& 227 2, PFY49-
EPS A2 A F A IS i IR 20U (N-ZR0H) sl U
T (O-ZRHH), W FFZLM L f-TH RS — 50T
222 SFEKPHEHAN R GPC R&EMET
PFY49-EPS M4 T Bt . 4531 PFY49-EPS 1Y
H 5T = (weight-average molecular weight, Mw) |
#1543 & (number-average molecular weight, Mn)
FZ 5 EC R B (Mw/Mn) 435124 3.63%10° Da., 3.52x
10° Da 1 1.03( & 2A) . ik HPLC ¥ R43H7 T
PFY49-EPS A B8 B 2H #li, 4n ¥l 2B Fir 7k, PFY49-
EPS N Z: £ 0, 1 Man. GlcA. Glc. Gal il Fuc 41
1%, BE SR 2H B LA A 19.06:1:3.05:9.41:2.07, Poli
LB B HRAE T IV AR, B Man. Gle 1 Gal 44K,
1) Sporobolomyces salmonicolor AL, rEA ) EPS EE
JRLESA 1:0.1:0.08, HHUEAT UL, (A RS | 3535
KN FIE IR 44 FXT EPS MRS A T35 .

A 59

1A 390770
0 'ﬁ\“%/\
iy
7] m

10 12 14 16 18

M N {EL (mV)

0 2 4 6 8

HJ ] (min)

2.5%10° A
2.0x10° A
1.5%10° 1

1.0x10° 1

MR (mV)

5.0x10° 1
0_

9 1011121314151617 181920212223 242526
Fif ] (min)
K12 PFY49-EPS 73 T HIYBERGS 2 (5K (A) & PFY49-
EPS FUA ) 80O (35 14 (B)
Fig.2 GPC of PFY49-EPS molecular weight (A) and HPLC
of PFY49-EPS monosaccharides composition (B)

2.2.3 UV-Vis fl FT-IR 47 #7 PFY49-EPS /1 UV-
Vis JGIEANE 3A B, Hiam KR IIETE 190 nm AL,
AR, TEBEE 280 nm A1 260 nm &b, VA BH 5 I I
I, 2B PFY49-EPS AR FINER 19 & 13 AIk, Ui
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A PFY49-EPS HYZEAVBUR BT, FASA &85 1 o ay,
FZWR . FT-IR Z&iH51 400~4000 cm™' /7 PFY49-EPS
FEAE B e B 9 — B 43 A7 7 1P an® 3B Ao,
PFY49-EPS 7E 3405 cm ' AbAF #2558 W Mo lds, 33X & /A
O-H F N-H fh4a e sh =10, FILBPZSIHAG 19%F
AIE, T S SRR TR IIARAER) . #F 2932 cm™!
A FRENHELFG Y C-H P 3h, #8537 8] & 5y
TG TRA C-H? 29 1652 cm™ AbEIAIE S 2,
TR KA SR, e Ah, 7E 1417 em ™ 4RI IR T i T2
WL G/KEH C=0 K4 TAEXFRMZaIEs) . SRR
A5 PR B A TR R U, UL PFY49-EPS A C=0
BEHEHIPT, 7 1652 cm™' ABXEL RN EE C=0 HifhiR
SHIEEIERS D 1074 cm ' A WIS, R PFY 49-
EPS "5 nk el A B AEAEN Y, [RIET, ZE810 em™' A
877 em ' Ab YL I I4 FE B PFY49-EPS i[RIt &4
a-F1 B-BETT . 4% L FTIR, PFY49-EPS EUf a-RlL IR
1 B-NHLIEAE, 13X -5 2B B 45 R —2k

A
0.4 1

2
¥
& 0.2

0 L T T T T —

200 250 300 350 400
A (nm)
80 A

1074

I
3
3
ES

4000 3600 3200 2800 2400 2000 1600 1200 800 400
WAL (em™)
K13 PFY49-EPS [ 55h-1] WG /34r (A)
MLLAMEIE 341 (B)
Fig.3 UV-Vis spectra (A) and FT-IR spectra (B)
of PFY49-EPS

2.2.4 B-THBEIIN . KIISRLT356F1 XRD T 4h 5145
7 PFY49-EPS 1 B-1H BR 45 R a0 &l 4A i, JH
B-TH BN R Wb i 34 407 =X, 1 S ALENTS
W, O-FHIT 25 5y Wi 24, B HH AN A& L1, 7F
240 nm &b H BURFAE BB, T N-BE R AR X R
WS AT AR, 8] 4A B RAE 240 nm ARSI £ 4%
fIF W2 Wi e, 2 B PFY49-EPS W E7E O-BE 17 8, 1%
L-THBRZ N PSS RS Liu 28019 fUBFsT 4 R —3. Wi
SR n] DUFNEAT = MZE S5 0 2 BEE & (W)
SRLL-EPS), 4n¥l 4B Frow, B4 S A AL AN W (0~

0.5 mol/L) ¥ B iy i, MIZRZL-PFY49-EPS HY A,
BEAK, AT BH LT R RS, % BR4H A, (JC PFY49-
EPS RIS LTI O WA 2RI, X ebgh Rk
HA, PFY49-EPS 45N & = IR ESh 14 . WFoE 3R,
ARZMEATE G TE AL = BB LS AT, 3 5 Bl B4y
Pras Al —3. il XRD EliE, #8958 PFY49-
EPS fUgE 4t . FER 4C Fid3 T PFY49-EPS M
5°~80°H} ) XRD K%, B/ FE 15°~25°(20) [iix
BT — A Ar g 0ge, HgEIE R &L, U PFY49-EPS =
L) TP AR SAAETE . XRD 45 %0, PFY49-EPS
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