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Potential ferroptosis pathway in pathogenic fungi: reported
functions and future perspectives
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Abstract: Ferroptosis is a new type of programmed cell death, in which elevated level of intracellular iron
results in accumulation of lipid peroxides to a lethal level. At present, the functions and regulatory
mechanisms of ferroptosis have been widely and extensively investigated in animal (including human)
cells, but have just started and in a rather primary stage in fungal cells. In this review article, we aim to
discuss the reported biological functions of the fungal orthologs to the regulatory factors involved in
ferroptosis, including iron homeostasis, anti-oxidant systems of membrane lipids, and enzyme-catalyzed
lipid peroxidation. Overall we infer that ferroptosis may also exist in fungi and be involved in fungal
pathogenicity, therefore ferroptosis pathway would potentially be a novel target for prevention and
management of fungal diseases.
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BRIET (Ferroptosis) & — 8T 78 (1) 40 i 72 7
HET-(Programmed Cell Death, PCD)WL#i|, H 2012 4F
B RAESh A R E Rk , ZES AN b (4
TR MR B IZ IRARNSE , I RIGY T REAE S At
HE P I75 OB S s AT 2 B4 T B R
AES AN Z A, BFET-WF5T B AR SCHRGE R 7
A BRBE T B2 BB SE T Y A i A T
(Ferroptosis-Like Cell Death)iT - K AHAFE IR TT
IKFEFH B AR Pl R BARE , 435125 TR IT
25 20 it 7 P 38 A R e i 2 ) AR ER B T Y A
MIFET . MHELAEN %75 (Tobacco Mosaic Virus, TMV)
JE RS MR R A A T S AR T AR BT K e
A | i 2K R U N (Hy persensitive Response,
HR)®T, FEECTH 4NN, PR 2RI T Ar e AT
YD Re IR S, H T i A PR
SR A & R —R . TR
TE 285 R A= ) A2 ) T S A s 1T o 3 L e B
i, SRR 3 AR TR ST,
X —FRPEIC T A O ERAE T, I B o e b
IRIRAE FLT . WR RS TER S
BLIAEE H e AL TR R0 B, (BFRATA I H
MG, VE R —EE S AR st T, R
I ZRELIF EE H R E R GRE) R )2 .

FETEh AR A R, AIREgsET R H
B EEAETRE 3 AmEt s (1) MNERa S AR
12 FESEIRER 12 & H (Ferroportin, FPN)FI4%
BREE 132K 1 (Transferrin Receptor 1, TFR1), 435
PR AR, BRI TS AR 2 (Tron
Responsive Element 2, IREB2; X FRNERTIE,
Iron Regulatory Proteins, IRPs)J7 7 [ iAR4k & 1 iE
HEAHBFEEREAN mRNA BERCRSFErE,
PN PR, B2 ARSI+ 4 (Nuclear
Receptor Coactivator 4, NCOA4)HGIFFA# H Wimis
MEfEMINFEE T, IOk . (2) B

BRI RS : MG Y 4 (Glutathione
Peroxidase 4, GPX4) 5L T- #2517 1 (Ferroptosis
Suppressor Protein 1, FSP1)J& 2 24T HIEAR LA
feigde, XX 2 RGN HIE S 40 ek sE T

KA. (3) MR A L : BE%A A B (Lipoxygenase,
LOXs) A4 i (Cyclo- Oxygenase , COXs)fEfb4=
B BRRT g DT R . 42 B IR i 4 1k (Lipid
Peroxidation) ; A7t i iR I I — A% H 1R B R S AL I
(Nicotinamide  Adenine  Dinucleotide  Phosphate
Oxidase, NOXs)Wigi ™4 ROS T AR BTt 4
o FATEE iR 3 DITTHIHGN, BRIEZ Jafas i w f&)
EIGniE 1 FoR.

B TR, AR LA R (f
By e i JC B At i 2 1% 20 R A8 T SR R SE T Y
AT Had Fe RS HGE B, W RS T
B 3 N TR ) SBR[ ZEEL R AR K
oA R BUw R b B SR, el
BRICT AL AFTE R 1o A LR FAEIH A IF 1)
WREERE T, EZRAIPERERBIN, TRk
FET IR R BOm L], O35 P PR AR A SRR
PR R G A 3 FFTE LA F )9y —2e
WA AN, ENTRE AR AR I R
TR RG s P E A A A B R 5L
BR300 2 P ) TR R AT T PR TR

1 HESBSHERSA

BTG SR TR, R
B AN S EOR TR SRR OC R AR
Xof 44 P AR B A RS N AL« A4kt D st
TS Z2 R RIAE ORI MIR R, IR Sh A A P )
Pt B—Ir, BB EUE AN A A
A5 H R M P A e A D s
AL T A AT RERBRIE T LN BN AN
PR it ST E A AT 6.
11 HBEFRESHIEEH

EFEAFIFEWBEE, EREPIAE FPN K&
TFR1 M, - A4 e 5 sh P an s
gyl ek &I HE Sl BRI, EETM
JCHLIA FPN 5 TFRI1 [A]i5EE T REAF ST A

J3— M, TFR1 SZARPUGNN L5 A 2 E A
(Ferritin) %Ly 2 PP IEA AL : EEEE M SHEE
M. #4%8 A 1 (Ferritin Heavy Chain 1, FTH1)/&4%k
E T E I RE O B S G EUR P
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Figure 1 Schematic representation of regulatory pathways of ferroptosis

ARSF R A g S . 7E A IR T R
FTH1 5 TFRI1 g5, i HEMRREYZE
AR FE T 57 ER AR (Ciclopirox, CPX)#MIHH],
M R E, SR BAET AT RES SR
IR BN TE. BR T BRI FTHI, HEEEEKE
A& 1 (Siderophore Transporter 1, SIT1)thZ: 5 H#H
SR A FE OB
1.2 $EFENSATES

S 20 R A S RS TR DG I I N R AR AR
B35k 2 A8 F: IREB2/IRPs 5 NCOA4, 7&
FLEH SE AT SR> 50% ) [ 1 - $R
TL DA A MR Bk B Wl . APHES A A BLTR T e
ANAF IREB2/IRPs 4151 mRNA BHFRHCE TR E
PR . BARTE R BE R R SRR R B R B
IRP1 F1 IRP2 BEVEYE & A3 R & (Iron Response
Element, IRE)AJ4R7IEH mRNA [ EIPRECE,

P X — WAL ) 72 B LR A0 b e AR, (HAD
PR i (AN 2 Wi L 45 5 B mRNA 7%
PER, b5 SRR BB 8 R[] F IREB2/IRPs (1
P A R R . 1 b il A9 o 10 ke =
R AEL AT K 1 5 WA PR O B SR [H 72 AFTL
FII AFT2 (Activator of Ferrous Transport, AFT)“O'“] s
ME S ERE T, AFT2 7EJRfs . bt s
el fE EREEGME . 22 & 755 )7 R B2 AR
H, &R R B rsem ik

JRUERAE 2006 4, Talbot 7L CLIESE A
5 (Autophagy)Z: 5 T FEJER 1 o A 1 F 2 7 1k 5E
TR, (B LRI R IR . FRATTARF S
] W o A7 L P Ak R T R 4 R IR
FRRIET, DRI O o R T I A A
BRACT- AT REtE . (AL NCOA4 RIS B =
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Table 1 The established ferroptosis regulator with reported biological functions in pathogenic fungi

EAEES

Name of protein

A P REAY FC A ()[Rl R
Fungal (yeast) orthologs with reported
biological functions

WA IEE (S5 30HK)

Biological functions (references)

BETRRs Bz ER

Iron FPN
homeostasis
HARE AR 1
TFR1
B RIS R F 4
NCOA4
BRIV TCIFES G 2/
KI5 1 IREB2/IRPs
BRA 1B T R
AFT
BRAIA 1
SIT1
HRE A EAERA 1
FTHI1
JEEREHTAAAL AR Ak A LG 4
ARG GPX4
Anti-oxidant ARFET-IIHIZE T 1AM
systems of  JHT-IESHF
membrane  Fspl/Aif
lipids
HilE Q #H 10
CoQ10
fig itk NADPH &k
Enzyme NOXs
catalyzed
lipid
peroxidation
EZVIIE=NTs
COX-2
ReSA G
LOXs

BHA AR 5 i TCH RERT SR E
Annotated based on sequence homology;
without functional characterization
BAFPo IRl 5 i o R HiaE
Annotated based on sequence homology;
without functional characterization
RGP 5 [RlE R

No sequence homology

R R B4 Rl

No sequence homology

PRSP RE . AFT1-2; (AR : AFT2
Saccharomyces cerevisiae: AFT1-2
Candida albicans: AFT2

Bk SITI
Candida glabrata: SIT1

H @&k : FTHI
Candida albicans: FTH1

FRPmERE: GPX1-3

Saccharomyces cerevisiae: GPX1-3
BRI IEEE: ATF

TR TR : AIF

FEEERR . AIF

Saccharomyces cerevisiae: AIF
Magnaporthe oryzae: AIF

Candida albicans: AIF

BRPEERE: CoQ1-CoQ10

+HhE: CoQ

Saccharomyces cerevisiae: CoQ1-CoQ10;
Aspergillus terreus: CoQ

PRI : NOX1, NOX2-NOXR
P . WRTCTE . RS -
NOXA

BAEE: NOX2

Magnaporthe oryzae: NOX1,
NOX2-NOXR

Aspergillus nidulans, Podospora
anserina, Neurospora crassa: NOXA
Curvularia lunata: NOX2

o gilhes, MMiths . PPO
SEREZ2K% R LDS

Aspergillus nidulans, Aspergillus
fumigatus: PPO

Rhizoctonia solani: LDS

TSI : MnLOX
/NIRRT : MnLOX
Magnaporthe oryzae: MnLOX
Gaeumannomyces graminis: MnLOX

RARiE
Not reported

RARiE
Not reported

RIRIE

Not reported

RARE

Not reported

WA AR Z M8, PR R T

Response to iron deficiency and regulate iron up-take®""
TR R E A A A NA N 52 . E2ZAK . Bomik
Regulate oxidative stress tolerance, mycelial growth
and pathogenicity of pathogenic fungi'”
PR R I Som i

Regulate drug resistance and pathogenicity of
pathogenic fungi

TR R R B, JRH E%@EEW%'J I
Ciclopirox olamine #4522 —!

Regulate iron homeostasis of pathogenic fungus; one
of acting targets of the established ferroptosis
inhibitor, ciclopirox olamine (CPX)

A4 B BRI R R AL PR A 2

Regulate spore formation and anti-oxidant in yeast

R TR s [ L B AU AR TSI AL A A A 4
it i 222

Regulate redox homeostasis, cell growth and tolerance
to oxidative stress in yeast/patho%emc fungi

A S LT Al R A T

Regulate programmed cell death in pathogenic fungi
RS 2 A K RV (A P P A R T2
Regulate cell growth and respiration in yeast

AR S L P 2

Regulate drug resistance in pathogenic fungus

A5 AR T 2 L P T O RO s I s R
FRE -l eI i Bl 40
Regulate Magnaporthe oryzae appressorium formation
and pathogenicity™®; regulate recoganization of F-actin
on cellular skeleton in M. oryzae®"

PR LM LY

Regulate sexual differentiation of fungi

A BT A 1 R B SR

Regulate fungal growth, differentiation and
pathogenicity

WAEAEKEE 50T

Regulate fungal growth and conidiation

FERLI TR B2 T IS BE S 28 63k s /NFE 4ty
IR 22530 Y5 LA S AR ISR N AN LA
ALEARTE P, AR AR L R BN PRy T
HAIRE

MnLOX encoding gene was specifically expressed in
appressorium formation stage in M. oryzae, and in
hyphae of G. graminis. It displayed enzymatic activity
in catalyzing oxidation of unsaturated fatty acids, but
with no reports on its biological function
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7R ECRA A0 T B FHAS IR NCOA4 iy HiAthz
TREE 15 [ W s 6 Pk g - 2 R R o

i Lk, B EAT S s an iR IR ik s
HNHEE B 8 FPN RISz AR 8 1 TFR1, HiRHE
OB I 5 02 B (AL PT REAR R sh i i
I PR Ak 5 R S T e D L A O M LA
YRR, (ABR T ROER TR, R JC B ANk
BTG GERAET AR MHGE .

2 HWHBRIEHEARS

AR 2 MR RS : GSH-GPX4
ZY:F FSPI/AIF-CoQ Z%E, 7EHEH(uIkEE:)h
FETETTF B S A W) T RE
2.1 GSH-GPX4 iEH RS

AR . H 2R A e 2 R A LAY A IDE H ik
(Glutathione , GSH)E ST AL RGELATT DT
SR, BETEERANM P 4 1 i e AT 4R 4 Y
AL SR ST AT Ik Ak GPX
SR E ) A A ol LATHAE GSH WAR
Hrosi b gn b i A . GPX4 FEE I A
O T R Ay i B R 08 BR LA Hh A M 4 B Pl
(Reactive Oxygen Species, ROS), f#EAb]E i1l 4
PR, IiliE e AL (Lipoxygenase, LOX)
(R | B A AN AR R 4 A A A, R
GSH-GPX4 RSS2 AMERAE T A G A . FRIPI T
BEHAT 3 B GPX [ [A] %) : GPX1.GPX2 #l GPX3,
Hrh GPX2 fA1E T AL SR AZekiihrh, 25 45
B AR A, GPX3 FEHAE
LA, AR A AL o R R
B! GPX3 Blsert, iR AL R B
JERRAR, Sl B SR, B GPX3
il 2R 5 | B2 A X A R0 I 9 R S 4816 ) (Linoleic
Acid Hydroperoxide, LAOOH)AY {5 H kR
Pkt sk A F AFT1/2 SRR, BRI FRAT T4
T RN B AT BEiE I GPX3 kIkAET . FAHGE
(A REIEI B o A A PR AET X VAR . GSH-GPX4
(IERPET 75557 RSL3 5 Erastin AEURS; R

FEDRZH AR % e B 9D GPX4 AYTRIJESEIN, [RIFE
DR IR R F] BB A AN [F T GSH-GPX4 198k
FET IR E I
2.2 AIF-CoQ NS HIBERR I &1L

TES AR B A 20T T GPX4 [k
FET G 5 FSP1, VR RARZRLA%EE Q (Coenzyme
Q, CoQ, WFRAZER)PLAI RGNSy,
R JEHAEL A CoQ10 TiBH LR B AAL ™, H it
FSP1-CoQ &5 RGN 5 GSH-GPX4 VA7) 73—
SRPYTCT AR BREEERET CoQ AW G
CoQI-10 ZFa i, I HhIRPEaniane> ™, me
B 40 v RE L T AR ARG A0 T s S Y
(Apoptosis-Inducing Factor, AIF)JI| 51 Z.5h4 FSP1
BAFREYE, 1ERIRT ARG, BA LS
LR VA IR ) RE A i 2 AR O VE T R ShRERY . A BF
FARIE, AIF A SRR AR A AR A T AR 1k
FETP aifl RS BOREERANINT Hy0, SRR
S, 1M1 aifl 3 FERMA R

BB BE 2% R Muzaffar 25 4 18 %Y, B4 R
(Anacardic Acid, AA)5EAIFAREREEANAET g
YT ISR MR An . YRR |
DNA F% ff Bz 4 M B o IR 0% As Ik 22 & iR
(Phosphatidylserine, PS)/MH; (HJ&S5ERFAO4HIEH
TR, AA 75 RS T AR T bt
FAMRE G Caspase, 1M AIF /M5, 55—JiTH, AA
ALPREESRG RN ROS KPR, 28 n (A
i, #Y(Mitochondrial Membrane Potential, MMP) i} & Tt
o AA FITMHIRHRRS B 2R 7 & S TG B
B, AT EA PSRRIV E T, JEALHHE 7 S
R TEANRIE T, SRIMZARGE T, AA KEFRSEL
FEHRS TR MMP REATIASE T, S HAE R B4 A b
B R PIREAHI o F1XF RIS URBIHGE Y AA TERTR
R SRR VR I 25 5, FRATTHEI AT BEMEAE : (1)
AAWRFEARF, HITACPRREEL R AA VRSSO
0.1-0.8 mmol/L, TAbFRAHIEIG L 71 AA MR N
1-80 mmol/L, —FZ25Hid 10 1, 51EA4i A3
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AL WVFICE A AL (2) A5 MMP [IRFR] SAS
W), BEERAs: AA ACFEAY T 2025 min BH[E] B,
MMP RECFE, A AT R MMP £
HREAG; MAERER R HGE Y, MMP 7EARFE 2 h
JE TR, P C s T AA S MMP JHEH)
AHEIET o Bk T B S AREN T, L AIF 3t
PRI 75 A AT T 1 2540540 DL T H HE ¥l (Glabridin)
KPR 53K (Candida albicans)ERY, 3% 3 55
K THEA B AIF 55 PCD BYRIE , X2 PCD ¥4
FRMAMEIET- . FEFEFIEHT AIF FKESEHEEY)
BE | BT MR IR, BRSO . R
WKHIT Caspase HIZNMLPE T2,

SR EL R B Sh A T2 AFAE R . TR
BCL-2 4L T3 i 5 4006 F H A BCL-2 Kk
8¢ BCL-2 #H ¢ ) 7k 4 % [ (BCL-2  Associated
Athanogene, BAG)ZK A S M 20 AR P PESE T A4t
HEr, HAEMAB A S 2 S s AR, 6l
n, A5 Hsp70 B A EAERY BT 146 Bl AH
H X2 AIF g 519 PCD, A
B R T s A T O B i i -
— BRI ); B, ER XS PCD 541
1 HA — 2 fEE ) & & (Overlap) 8¢ & 4
(Cross-Talk) 5 BCL-2 i 7 EL IR H-5-i Gt = A XT
PR, ATF ZEETEFL A ) 2 A B s FEORAT o
ATF fENZRM AR bW AR T H A% 38 B i — Ak
B, HAAEA T2 NADH AR, Al 8t 2o fAnr
W EE S A 1T B 4L R NADH; {H ATF [
L EA IR CoQ HEIfE, iX— AIF-CoQ Hi%Afk
AR IE SRR I B AN GPX4 1A Lk sE T
Permaetls Rk, AA IR EE ALF ik E)
BT ECEE DA, 2 0 B A T S Ak
FET- T FRit— il 55— )i, MMP
THEBRAST BRI T e — P 458 AA b
PRI RE AN R NS 1 MMP T ix — 3424,
FATTHED , AA 5IE A BRI M AET - hir R IE T 5
KBRAET (Ferroptosis-Like), AA L4 R] REAE Ak
FET- 5 S R AR o £ FLDA (LG I By o L ]

ATF 55010035 HEAIIET X 3 FfikiE, A
AR, I AT B A I L PR A VR B S R
Frid X 2 OCHEHERR, P IIAX SR AIF
R ERAMAET 2T, XTF AA AbFRREACAT
IS R FE KR T BOwR BERVE AL, FRATIAA
UL VTAS R AT EL U R A AR T« 20 ML 12 (6 A e
IE), Fenle, PRIET-CARIE A KRB R =
YRR RE R IHLEIC), D AA ABBIK RS F AT fE
75 KA ERAE T TG s H R R

LT ] ELTR AIF-CoQ ARG E b R G EH
PIRG4S O T LT R RURE (Fluconazole), %
S AT 4 e HOAT R E 2o 52 e S W AR TR (Candida
glabrata) 2 f IS CoQ & IR ¥R 5 4
b, FFE LRk B i iz R GETT R M N R T
RS, DRIHRURR M BT EL TR AL A FT RESE 75
FEFZICT . SRTEH SRR IE A YIRS FUE
e A GT S PERIBILE DU AT R R R R T A G
i B gt xof %8 I (Shikonin) b FE A9 + i
(Aspergillus terreus)EE A TZH AT, A PUVE H#EAR
fif% GPX 5 CoQ % 2 MRS, ZHif &
PR ARIET R, BRI E L RS A AT BE 2
Z R E A2 FWE A PR GR 2), $R ELRAER
WETATRES S A K R B /e o T Va3 1 i
o 5 Bl R VS TR -

3 HHAERESENERES

HIEMELBRIE R AR COXs 5 LOXs, s
HEALHLN ROS j Ak [44SR 1ok S A b ) AR e
BRIEENS — 1T PR IR S8 AL i (Nicotinamide  Adenine
Dinucleotide Phosphate Oxidase, NOXs), 7EE [
BAHRBEEA, )23 5E RSN E R,
3.1 ITREEHES I S 1LEE(NOXSs)

MR KB, ROS MR E R IAER . KEH
Hopgid R 2 e w0 NADPH A AL HE(NOXs) a4
il ROS WA B AR iR B Z.OEH . TEHE T,
NOXs #i# ROS W& B A s34k . & & FiEk
Mg AR NOXA Al E i ROS i 755
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Table 2 The established anti-fungal drugs potentially targeting to ferroptosis pathway

B B E RS bR 225 3k

Anti-fungus drugs Target(s) of action References

MR Anacardic acid EER) . RS TE . AIF [24-25]
Saccharomyces cerevisiae and Magnaporthe oryzae: AIF

L H Glabridin HE&STRE : AIF [26]

Candida albicans: AIF
M Fluconazole

RCRR

JEHSERE : AMUAPRIIIRE M 5 BES A CoQ AU [56]

Candida glabrata: Synthesis of ergosterol and CoQ); iron

transport system
4L Shikonin

+ % GPX Fl CoQ

[29]

Aspergillus terreus: GPX and CoQ

REE, MR EENE LR e R
Hr, NOX1 1 NOX2 S22 Frahits 1% R s i
ARG R, A2l AT B =k
(RYATHIA GG TR, NADPH 42 Ab i i 4
A7 R R B A b P A ROS 4% Septin 47
S F-LShE AR AL SR A ok
FRZ RO, IR R AR, A
I BARE N E T NOXs Ak 4= ROS W]i7
R R A 0 A 90 g ok 4R Ak . R T R R AR AT
T FATHE, AR I I B NOXs JAHES0%
PR AL AT B A4 AH MUk FE TR .
3.2 ININEES 2 (COX-2)

AR R ANE IR SR (E S BN IR A B S, &
e L 22 AN I 7 R SR AT B AR 36 (Ui 471
PR FAR G WE NG 507 122 S shiib
Wi 2o Pk B AR O BRIN4EEE COX J24 RS
RIS E SRS EE, COX A 3 Fila] T
ZEFRI COX-1.,COX-3 filifs F/ COX-2, HiH COX-2
F MRS P AR AR R & A AN, R
FIAET RO ZR BRI ER] COX-2 HITH]
VESEDR, LGt =gk S S R TR — A Linoleate
Diol Synthase, LDS), LDS fE{b& =4 £ 5k
8-FE k1 /\E-9Z,12Z- —J# 1R (8-Hydroxyoctadeca-9Z,
12Z-Dienoic Acid, 8-HODE)*®!  ELAT ¥ ELH 1Y
AHEMICHEE MR TR RS A YT

ﬁg[36—37]

33 BEESM(LOXs)

NEE A HHLOXs)E FARM LR XN AR KK,
ST AL Z AN RN B I R 0 A8 S Y B
BRE AR AR LOXs TTIZAETET3h . Y
G L AR ¥ L7151 SN LN - = 3 1B oy
R, LOXs 7R IR ITIH M e 1 rh s 4
ERNFEE M, I Z A B W EOETE & S TE
FHIE AT 1998 4, Su BLTITEREL, /N
FARRBORYEETA Giumannomyces graminis BE53-1
—FMiEfk 18C eNiMRny SR A A, IR Har 4
4 Mn-LOX 5 2 K h ik o ¢ B LAtk 7= gy m]
RET 401 F AT R GL B A5 5- 2K , DA X AR 44
P AR AR R 5, I RT RE IR AR s IR B (R i
Fe DO W i B (A, flavus) TR A 25 9%
(Ceratocystis ulmi)* LOX #E1L =4 i Oxylipin 8%
YNSRI (19155 HIR 7 5 8ok,
T T 7E B 8 TR BB B v B2 Rk I 43 B g 4
A Mn-LOXP® s FoATHEAE T 76 BRF5 IR - 5
WrBe, AR TR A T iRy
BeR IR Mn-LOX RS S5TRE AR T
BRICT A TP AR AR

Zi LATAR, NOXs. COX-2 il LOXs fEEFH
Btk ig i E AL, MESHEMAEKET . 80N
PEEEYIAEDG ; (0 B AT AERMREIA A, B T NOXGs
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ALE A RRAE T RS R YRR ST, M
B COX2 5 LOXs 2 A RB IR H A EIET

4 BE5RE

F 2012 AEBAE T- MRS i R ESh A e i
AR AR T KRR T IYagst it
FUEHRAE, FICHISL T ORI S B BT R 1k
LG PAERRIL TR S AR G S S RERE I |
W T RIETAEZ M B T B ShRE . EAEShY)
MM Ah, BRICT- B TE M Im el ], Fn R H R (f
TEEEREWFFE A T 4 R Sh P A ik e T 4
T LR Y[R IR A R 2 R PR A S g
FEARIE , FA TN ER AL T a0 I EL T Hh A] REARAHAY
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