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Abstract: Monoterpenoids constitute a significant subclass of terpenoids, known for their volatility and strong
aromatic properties. These compounds are extensively employed across multiple sectors, including pharmaceuticals,
foods, flavors, cosmetics, agriculture, and energy, due to their diverse pharmacological and biological activities.
Currently, monoterpenoids are primarily sourced from plant extracts or chemical synthesis. However, low yield and

high cost associated with plant extracts as well as low purity and high energy consumption with chemical synthesis

Wi REA: 2024-06-27 {EEIHER: 2024-08-23

BEeWME: ERESFAITL (2021YFC2101000)

SIRAY: B, BXE. BEAamEiEXaYmRitREl]. alEMS, 2025, 6(2): 357-372

Citation: GAO Qi, XIAO Wenhai. Advances in the biosynthesis of monoterpenes by yeast[J]. Synthetic Biology Journal, 2025, 6(2): 357-372




358 BRENE H6B

cannot address the growing demand. As a result, the heterologous synthesis of monoterpenoids using microorganisms
presents an alternative pathway that is efficient, sustainable, and eco-friendly. Yeasts show promise as hosts for
monoterpenoid biosynthesis due to their fast growth, inherent mevalonate (MVA) pathway, and robust post-
translational modification systems. Currently, the industrial production of the artemisinin precursor artemisinic acid and
the sesquiterpene farnesene has been achieved using Saccharomyces cerevisiae. Advances in synthetic biology have
enabled the construction of microbial cell factories for monoterpenoid synthesis. However, challenges remain in scaling
up production due to limited precursor availability and monoterpene cytotoxicity. This review first introduces the
foundational pathways of monoterpenoid biosynthesis in yeast, followed by discussion on engineering strategies and
advancements in yeast-mediated monoterpenoid synthesis, which include enhancing the supply and utilization of acetyl
coenzyme A and geranyl pyrophosphate (GPP), regulating and modifying key enzymes such as GPP synthase and
monoterpene synthase, optimizing subcellular organelle localization and compartmentalization of MVA pathway genes
and monoterpenoid synthases, and implementing exocytosis and tolerance engineering to mitigate monoterpene
cytotoxicity. Future directions and strategies to overcome bottlenecks in microbial synthesis are explored to guide

research in yeast synthesis of monoterpenoids.
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Fig. 1 Biosynthetic pathway of monoterpenes in yeast
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Table 1 Current status on yeast synthesis of monoterpenoids
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Fig. 2 Engineering strategies for the synthesis of monoterpenoids in yeast
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GPP 5 1) 32 B

Fischer %% ¥ 5t ERG20 {J K197 £i7 s #E 1T % /4
AR, K ILK197G/A/L/C/S/T/R/D/E/N 578 4K 1] LA
AN EE ., AR . Igneass D7
I8 6 ERG20 [F] 5 £ A58 o0 A, & B 3 Bl i
F96. A99. N127 &I A7 s #1 FPP £ By 14 H.
AN 220 GPP & R, Bl JE 5 AT — R A1 E A
RAZ, R HEAE ERG20™" M ERG20™" |, ¥4 ¥
FEE RS T 321 %M 5.57 % . X ERG20 34T
FOOW I N127W MU FEAR f5, Aol = & 36 0 21 10.32
% o Zhang 5 ™ 1E 26 R0 A 40 i i o [ B SR A
FO6W FII N127W 41 5 ] ERG20 = B SR A8 g, i
JERERE PSR E) 2.69 mg/L,  HLN R T R
2 fi5 . Jiang %5 V7l i 3 5% 05 ERG20 5 FO6W Fil
N127W XURAEMG, A B (0 FE 52 i 1 34%.
322 BiEAEAIEIRSE REiAE

07 35 B 3 1) S U R S W O B v K D et R

K, SR G ) R AA R O R T B AR .
H T C & K& 1 F & 8GR D42 48 JF 72 9% B
Y R ThRIL, WA SR AEE AR T
FEEE A TR AR . Jiang 25 B 75 BRI B2 £ b
FAk T 9 A [F) A8 P SR U5 1) A - BE 5 B (geraniol
synthases, GES), KILKFH 6KV K] CrGES ™
A P I A

K 2 B D SR VR R 55 5 B N i 1 R AR as ik
P T4 Bl e 0 22 A, R B 9 i 7E 10k B bR 5
B Ja Fo e 18 K U0 3 — 20 T8 i R B i g 7 (R R
REGH H A B = 3 Bk AR L s IR L], N RKugf iz
JOK 1 7 75 7] e & S W B (1) 35 P, 3 — 2D R i B
A . WOE IS 5 IR oT DAFE — 8 R B4R
o T P S R SRR S 1 HLB b R 2 . Zhao
L U RIA B S (Valeriana officinalis)
Fe VR A A R (tVoGE), R ILE M EE R 7 &
4K VoGES = &M 3 fif . i @ A &
X T B BRI R LB, Jiang 55 B R
BLTI A 2 18 K U5 1 2 i B & B CrGES 15 5 Ik
45K, 1E CrGES B N ¥y 1) 4 AN A [R] A7 B 3 AT AUk
(S14. L128. S43 Ml S52), & Pl S43 4b # 5 1
CrGES B 5 7y 4 = F 8 5 Bl 1) — e 45 My faoe 138
e H R H Ay I A - 77 B (191.61 mg/L), 72
RARETH R 4.45 1% . Denby &5 ') 2 B 1o 7 45
(Mentha citrata) KI5 1] 75 ¥ B2 & & 8§ 75 67 17
(t67TMcLIS) #iH 5 HiEEf i, 5 Mg = 214 2
16 mg/L.

I B IR AR EAE e, T — B
JUR S 422 17 A0 PR S B AT B A, AT DAY 98I ) B
T8 L v T PR RS 4 A R R 9k /> JER 0 1 T
12 linker 1 B AN 2R 1 IRT RIS 7 ) 2 5 ) ik 5 il
AL PR S8 2 . Wang 25 7 3l i 75 GSG
linker 140, & T 5N linker K Bl & &
4 CS(cineole synthase)-P450,, , XLEh& & AELE
FEKT L ARG AE R LR S
7 5. Jiang 5 U7 I A 2 PR & B2 K GSG 43 B
1E 8] A1 J [ 3% $2 t43CrGES 5 Erg20™, R 48 XF
t43CrGES Hl Erg20™ 32 [H] H3.1a7 7340 11 70 B DA S Jk T
L S/ R BeTE, 7R IR RS B E 143 CrGES-
ERG20™ I 3ty | 221K ERG20™ 81 7 —An $2 I, f#
PR R R T T 30%, 1A F)523.96 mg/L. Deng
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2 U 3 AN AS RN K BE 103 32 KK Actinidia arguta
IR 5 WA B (4aLS1) S5 FPPSEHA, K
ML (GGGGS),fit & 5 M E A B SWAH TRk
PR AN i S O R I P B S 1 69.7%.  Zhao 55
R I tVoGES-GGGS-ERG20™" () fil & 5 A Ak 45 7
BEr= st m T 1765, S Inlfld DL R 9 o B
) linker 7= f 0 W B AR Ak HE 2 47 AT BE A .

L& E A, &S nT DL 3% S 4
i 2 N0, Pdb A FEEGZ AR S PR, R
Bl )RR BE, YD R R o IX — RS AR
60T B 1 &5 R SR G AR TR A AR, AT L@ B
WA TR SR b A R A g — D Ak B
FI S SRR IA RGP . Tiang 25 B 4% SH3 (K
H /B Crk () SH3 £5 480 . GBD CK LA 484k
Hr Rk - B R 1l B A7 27 5 AE B F1 1) GTPase 45 & 45 1)
) MPDZ CRH/NR a-& B A1 PDZ 4584 38)
PR R 2R, fH GSG k¥ SH3. GBD.
PDZ [FBCAAR 7 1) 5 il A 8 1 tCrGES-ERG20™ Y
CrIS. IDIN f C Rupi b2, 1 HEAS [ i 0 A4 4
)5 KILSF1 (SH3,PDZ,GBD,) &tk A AL A L]
H, HEFENERE T 21%155]655.20 mg/L.
Zhou %5 U F| F FE Ik #5725 RIAD #1RIDD LA 1 & 2 )
b 22 Tt & bR e Ak 2H 3% O A T A R R R 1R
t670McLIS™ P> F1 ERG20™™N™, {13 75 f i
EiEE T4 42%.

3.3 X=E{IRE

AT PR R A KB PR A s 2 A A 7 40 L Jo
AR B PR A R AR P R A i R AR A
M EH b, MHZRAR, A YBEA . NN
5 30 4 it 25 DAL B 2R 7 B BIE T 52 BIBOR B )
Kk AN & A SCEAT 7 5 0 AL
& B A M A . B IR TSR, R
A o A A BB AR I AE S B e i S AP
ARG TR BB AC I3 i, W] L3R 58 /2 1 LTt
Gl Ao ZORAR T LML B A S R LA T
AL 20~30 £ U W B 4H 2 X = AL R DR
Kb B R B il AP R P R R A 5
AT DLKE B TR AN A TR T L A0 L PR AT R
B RWIEIE, e A R, JEE AL

I/ 6 4 i R BT B P R RE, fE—E
P2 BE b mT DAY A 2 v 8] P M BB 0 T 3 1 B
LS e N S g R R O SR VA AN E5 7 A LN
Ak S A YD B A4, PN R T SR ) 4 B TR
KR B RRE G B, EAEE ™. FAS
B U5 Bt s MR U AR AR T A R R
W 3K B S s T B G R AL A W A R T
171,

Kong % "1 MVA & 12 My B8 & BUS 12
(1 Bl 8 O 2 2R i AA rb, DT T A A5 045 1) 4 L5 R
LKA R A BOELE, FBJE T H 1097.43 mg/L 4
= 3] 1586 mg/Lo Jia 5 " N AR b 8 IR A2 M &
filg (134SabS1) 43 7l 52 A B A [7] 41 & (1) 00T 41 i 2%
t (CP/CM/PM/CC/MM) , & BIL7E 41 Jfd J53 A 28 ki
bRl Rk, AR M B s iR T T 1.53 4%,
1M 5 76 b 2 Al b 4k 22 78 0 040 4 B 4k b 5l N
t34SabS1 iz H 7= B A BT N B, Rtk G 3 I 40 e 2
E LR LG A Bl A2 B 1) . Kampranis [ BA & T0 %
B3 E AL W BG4 6T GPP BT — & I PR AE
T 3 7 R P BRI A AR AR 5] N MVA B 4%
FHCHE . ERG20™™™ 155 £ B KAL) 2 BRLAE A &
e, BT LAk G g B P AR B BRI TR
Xf T M BT A ms 2B &8, d A AR
SE LS I B E 77 R LU 4l M R R e R N T
15~125 1%, TEPESANRL- R ZHT, B
F5.5 g/L (&M EEF1 2.6 /L 1) D-FFEEH U

B W R IR PEX30-32 (4 tid it E 4k ¥ g
WA KA T R ATG36 (4ahdid S Ly
WA IR B2 A 11 5 e B N 22 i o T DA SR AS KR4
e B ) A I R T B I A Y A,
X 2 A T A2 AT G — e Pk 7 2o ik, a4 2
P AR T I8 B AN ST 7 i oA PR AR I e, AR RS
LA 25 %o T 1 670 T 32 ) DA K% 4 88 R B SR R T
FZ PR .

3.4 EfEEESH

K2 HCR G AE M B s, A
B 70 3¢ B 3 7 AR B MR AL T B8 AR JLAN J7 10
OB R s e g5, SRRt .
Parveen %5 " F a-JR ) W 18 BRI B2 BF, R FH S 20
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57V R I TR T B AE PR M V8 T B I A A D%
FEPR W2 R, DLkt AT DA DN B R R P R
A B 8 AR T RR R OCERE . @4H
B 25} 52 245455 W 52 2 £ K . Brennan %5
RIIAE A6 M I 4 R R R A AR AR A, 2 XS
2 B R B2 g A DG T PR BBURR P 1G4 4%, U0 B 40 P B
ghiy 2 B P E AN, Rk R sk 0 R R IS A
i BE 5T HEME AR G B ZE A A . (O B 2 B R 4 g
IS 1S ROS 7 A2 538 B 1) ()~ 7, T A 75
ROS AW &, BB AEYE. B, EH
Jii % . Bakkali 56 " WFFC R I, AR ELGE RS
Ak R BRI BEAA N AR R T AN R 2R A B ROS.
(@) 1 51 4 Jifa 1 W% 77 5 e R B AR . Uribe 55 ™ &
L, B-UR N B AR 2R 2 H ) DL 49 B Bk S E R A1)
P IF 241 P P TE R PR, o A AR R o 1 2R AN
PRSI Ia, P0G b A4 JEE 1) 5 2 3 T 52
ATP 7742 o 24 il i 31— 8 o 2 I ] /g 235 4 i
FEAE R A BB IET, ISR R s R &)
F1%) 29 6 5 1 A ) LR v 20 A 7 TR PR (1) E T 1)

NEMREAREAL SR P AR E T, R
FH HL 87 5 RKCH) J7 3 D9 SRk 9T A R B4R J 00 72 )
HEAT IR AT A B, A OUAT DL FE AR 48 B 9 s 8 =
T A0 AW R g, tBnT LA 25 1k B AR =
i, Mmtgmr== " W HAPEFRIA T =k,
T VIR S5 A BE . BT 455 . LiusE ™1 DR =
PR I B 55 72 PR IO A B 3% R 4, A i
17 EE R . AHIX P SRERE SCRT  B IR,
H AT 703 1 = 40 PR B i 52 P K T VA R A
B /D B 55 A P ik 1 A0 HE TRR A v R
0 0T Bl PR 52 1 TR
34.1 HPHETAR

ShHE TR IEANHERE (FEREHEEE) B
Al IR BT 3h kA #E o AR gr A, kb
M A TR R, AR A Y 5 A &
R EE .. R ES S KRB RS
AcrAB-TolC, Z RS ¥ LA =4 BE &
H (AcrA). MERIZEE (AcrB) AN EIETE &
H (TolC), AT LLKEAHM N HIWE . BoA: 2= A H A
20 oy FEAME R R R B p Y TERE R A
WEA KR RRARIMEE S, KGN 7
Hia RIS B R A a1 . Wang & 7 7E R

B BE b 3 R Rk 7 5 (Grosmannia clavigera)
KR Z R0t #) (PDR) #iz8 # 1 GcABC-G1, 3
DL ATP /K fife A e S R AR E (4)-3- 8845 . D-F745 4
B-TE I I 4NFE . Demissie 25 ™ 22 A 3 A B K VE 1)
Z 25t 25 (MDR) %! ABC #% iz % 1 LaABCBI,
W5 T BRI BE (i 52 1% . Chang 45 ™) 7 i
W =2 o 3 R O RNA - $0 A0 8 RIUTER K T 1 ABC
WK % G 3£ [Kl PPABCG1 fil PPABCG2, &K I & I
B ()RR JBUCA BTk /b, O T B A B v R YR R
Z AN 18 B 2 3 A HE ) — A 0K
W& . Rafiei 55 i 31K ok B K 56 b7 B 1) 2 20
W) is B A 5 RFNVREER (VIAbeGla) #5481
PR P % REGS B-IR M P . BRR AR Y TERIAIG I
4 I t34SabS1 1y 5 fili 5 U8 R & 4 HEE A
GcABCGL, M &#tm 1 1.04 5.

CECIDANE S % o o S [P 1, = S S
ABC ¥ 12 B A G B & {2 =4 /v i« Hu
SR T Z MR N TR ABC #1251 (PdrSp.
Pdr10p. Pdr15p. Ste6p. Yorlp. Pdr18p. Pdrllp.
Auslp. Pdr3p Al Tpolp) K VP 1l X I BF 41 i 4
D-F7 8 I S as I s e, R I R A 7% 38 44 PdrSp Al
Pdr15p 7] LA 42 & 41 B X D-Fr &5 I 1 i 52 /g 0 .
Gerke 55 7 i I AE BR VP 8% B 80 5 1) Bull 2 A
(%t a-Arrestin-Like Adaptor & 1) & M B 11 7~ &
PER T 63%. (H I LL BLRE ] el Ak b S A
MEEE A GBI E an s, Fik, J®
KL R AU RETR R R PR PERE, B RS
S B Vi 1 P AR R
342 @I

54 HETEAR, 2 TR RZ HiRA
ST B B R s A, T A L T T R 4
BEAT BOE B9 B R B GO0 B 2 .
& 45 1) S 56 %5 34K (adaptive laboratory evolution,
ALE) ReW7E— a1 (Rl KpH. &
SHEE B AR Tk B AR R AL, R
AL 4H B B BRI T 52 1% . Brennan 55 1
FHAS TR PS8 A7 A% I o RS 1 BF R AT 94K, 223 200
RTFEAIE TR B T 6 MRAT IR i 52 14 2 35 1w 1Y
PRAR, e 6 DR A 4 0 P R R Teb3p 2R R AR R
A5, B 5 A (Teb3p ™™ & (1 5 e Th B
R OO KA IS BTS2 PR v 7 9%, IR HA R
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FHR T MO L FE B- IR A A0 R AE B Atk
B R 52 1 . L% P @I A0 0 ALE g, 13
BT BRI A2 1 /L 76 I 1 NG I D% B A Ak
HAT B B T 52%. (7 I i 5 s 4 2 4y
BRI T 8 Ak g 5 DK A B8l 42 v A A S P B 5o
Fr A 0 RO 52, 38 3 TR A 2 R0 A0 i 5 I 1) o B
PEAIHT, I BR TR A X 2% e R A P 5 B A L
filo 25545 ) FASIRIIAR B 1 5 A o T VY P R A7
&SP, %15 B PR R 52 P A R AR
W AR R EN T AT, RIS RIS
YBRO74W™™,  YBRI172C*"°,  YHRO007C%**,
YMR275CT 4 AN BRI RAE, it — Pt 1 HX
75 RN 52 VR B A T FAEF

H AT 5 & AT 4 R AL T 2 i 55 B K 2 1w 4
6 PR P T S P, L ERLE X6T AH R  AE EE E  EL
ML 10 R AT, L SR 5 A7) 8K 2 IR 1) s = 1
MEER K. Kk, FaimR s Egni s
P B L AT AN T SR EORE F I8 (1) S s DA 2 w5 4 i
(LG R 52 12, AT 8 o R 2 i o

3.5 EHfthREg

i UL w FH SEmS A, B AT AR 2 W] LLSE R
PR R T, ek b B PR 1 AN R 55 4K B
(1) R 12 . Zhao 55 Vil IS mi bk Z B OYE2 Al
LIRS ATF L, 80/0 & I ) & 58 B RN R & I
FRIFAL, AR = B liee 7 L7 1.6 .
Amiri 55 U7 H1 2 B BRADH ) MET3 8 8 7 & e i
1% AU ERGO I RAR B F, TTHM N &l E
PO () 0, R Y I B 5 A% B IR AR 3R S IA B
78 ng/L, SEXTHRBERRII2 M52 . B BEAN 0 Bis &
RS TR e B 2 00 A SRR N, 7E$E = MVA
B AR AR GHE 5 R 2 I R N A R AN R
T 5% T A0 M P ) SR O R ST A, R ok 1 40
P B AR O TSP A TT DATE — 58 FR S B O B 1
G H TSR 2 Rl 1 ¥ BE 5T NADPH 1)
A, il Z4EE S (MnDHI1 Al MnDH2) . %
b -6-BER ARG (ZWF) . TR A7 e i
(IDP) . BEIWR 1 i A B (UGA2) FI43 = IR it
Al (GDH) % ™, Kong%F " i i /¢ FiR 8 i 1
w204 Tl R TR BE 0 1R A DGR K ZWFT . GNDI

TALI F1 TKLI ¥ 1 NADPH 4 % JF # i% GDH1 Al
GDH2 J# /> NADPH )78 #&, 45 #7111 5= &
889.54 mg/L ¥ i1 1097.43 mg/L.

W& A& BIE 55 A0 5 3l 1 % 0 oo AR A B EOE
FFHRAR RN, )3 3 L2 4k 8 AR R
MR . Li % ™ 76 BRI 9% B S 30 T ERG7 &
# ERG20 W RAR A 21, )5 RIEK L ObGES 5
OYE2, ffi & > B ) /= & $& & 1 4450%. Zhao
8 U LT Upe2 A 3 10 22 A [ R s L, 7E
MR BB T — A RGRE F A E
W AR I S A IS R, LA S 48 P 27 A ]
K P I PR A% o tCrGES 1F P, IS, 1Z B AR
MEE =R T 39.6%. MjE#E— 07 30T P
R S A O NI TR A& Tl A ST s
(SRE), RILIEAJE T Prrgasunes WIE B R, A2
JEUE T B F P, I 1.8 45, HARAL S 1 I i 7
P T 25.5%, 1£%]667.2 mg/L.

oAb 355 77 e 2 JE B PR A RN O I I R o
VAR A BRIV B o B 5 2 p AN R R SR B
1] 14 e 80U XS B AR A AS IR RIS TR, 2 0 46 % B
WP B, A A KR A S 2 B, &
1) B 8 B T DR B A R s Y. Wed
2 DRI B I (WCO) 1 N B JR 7 i 5 B 1S
P B A Rl Dt S EL T G A 33.8 mg/L i B 1Y o- TR
1, RTCEYIRFE BRAN B IR A 7= s R0 & ) 28
SE T SR TSN A BB U AE — 8 FE P AT DL gk
FLE A A, Cheng 55 M 2 B4 fift AR HIS I % B DL H
WONPIH R IE A7 TR Al BB R I, A7 s 1)
FE R T DA A Y IR R R R, AR R
Pk B B KAB 165.3 mg/L. & 4K 4 )8 B IR E
REMS AR MBS, Zhang %5 U BT T E AR PR
IS [F) 94 BE 1 Mg™ %o} 75 R B 7 B IR e ), 24 7 8%
FEIEPEIN 10 mmol/L Mg i, SRl P~ B4t 1
27%.

4 REiHRER

AR, BEE G RED R E K, A
ARFMAEYEEZMAR T FRAfERamas
WA TAR KB o EAS [R5l A 10 IR 4 F B 7
A E W& R, BRI AR N TR B A
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HAEWNRONS, BRE S RFNEELS, &F
E BB R R, RENE ORISR
Vs, HAMMESEA T XS0 B 7
TR R RS 1 B A1, BOR B 2 1) AR O By T
52 5 1A A 5 T 52 A O 2B 7 B SR A 5
AN A AR BRI RE . H R 22 e B

ASCERIR T BRI £ B SR AL S T
FEAL SRS, A A TREM & A S H 7%,
LG4 AT R S RSB A & GPP IR, G B
1 S A A2 L X A TR R E ad Ah HE R A
52 P T SR O fiAE o ) A T R ) AR v T B
B RS K . AR, ORT L SR A S I
WA A=A TR B, PR RZAT HZR
BTG BT, R Tl A A7 2 1 ie
ROKEEE . AR GPP it 45 AN 2 5 Bl DL A 1) 4R
T I 40 25 A2 AT BB R S A B W v AR
WA R E IS S P N TR
BRI & R R RE 1, R AT A BLR JULANJ7
[T} ESIRIIVIE

@ H i 0 A0 R P E R LR R,
I T S 2 3 ) B AR AL AN B .
i i % B AT B SR A2 1 BE A R A O
WAMRS AT IR, SERNAY. BAH%.
AR 2L 27 88 J7 92008 JE A8 4 i R A R AT 0 M, A
111 3R AT vt 7 B il ELT 52 4 9 1) AR 1A o [ IR L
WIF 0 Bl SR A 5 WO A I BF P 5 BR[O A7 A e J
B, PR R 5 1 B 20 R 3 C 1 e 7 M s d 1 A
fre 2t Bk AhE, IR A AR R T, (R R A
OEIER =3

@ H Hirx s 5 B 1 SuE R, Rk AT LS
TS AU B B T B0 SR X L A R AT B
P B B R BT RS AT R B, R E
RSB AR X 28 AT 04, XS b s
R 38 A2 AT S0E UL AR A, AT 3 5
R B R

GFK M &R g, EANBERYE K
W S A BT 2 A I AR AE E s AR e &, A EIH
B P= DI e A P o 0 Voigt VA2 N 3 i 7E iR
W BB PR T — A IR A DY /N 3 1 AR I
BEZ, DK DY A S B i 11 38 o R K R IE I AL
X 07 R A K R, DL R SEBLAE W) 45 B

Z AT AR H], A SEEL A T R A B A

@R A Fig R IS REBE . #0G (IR 22 B B &5 vy 77
T R ) AR A R B A P B 52 BBk R 2 (1 5T
H R T JL B UL 0 e e, R DR SRk T R0
CRISPR/Cas9 55 JE R g # H RANE 5235, W LA
AR A GE R FEH AR EF RmEA R,
o J LN RV TR, v R E T S A R A
B PR T 15 32 41 M

B2, MEEVEREE. EAR LELUE
Fe AR T RE S5 5 T IR ABE T, R & Y%
FRBARFF MR T A R,
AW gE /NS T A AE P2 TR R S, A= 46 1 B
ISP N EIES TS &g L (S Ay

2 % X W
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