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Research progress in synthesis of astaxanthin by microbial fermentation
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Abstract: Astaxanthin is a value-added terpene with strong antioxidant activity as well as other physiological
functions, such as anti-cancer, enhancing immunity, eye protection, and cardio-cerebrovascular protection. Natural
astaxanthin mainly comes from algae and aquatic crustaceans such as lobster shell. Astaxanthin presents with
stereoisomerism and geometric isomerism, which have different biological activities and applications. Currently,
astaxanthin in the market is obtained primarily through natural extraction from Haematococcus pluvialis or
Xanthophyllomyces dendrorhous and chemical synthesis as well. While H. pluvialis has a long growth cycle and high

light demand, leading to low biomass productivity and extraction rate for high production cost of astaxanthin, X.
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dendrorhous has a low astaxanthin yield and is easy to degenerate, making them challenging for the large-scale
commercial production. The chemical synthesis of astaxanthin involves multiple reactions with complicated processes,
producing mixed isomers and various byproducts, which consequently compromises its antioxidant capacity. Moreover,
the assimilation and utilization of chemically synthesized astaxanthin in vivo is poor compared to its natural product,
making it not suitable for being used by human being. With the continuous development of synthetic biology, microbial
fermentation has been developed as an effective way for the commercial production of astaxanthin to better meet
consumer demand. At present, astaxanthin-producing microorganisms include bacteria, fungi, and algae. This review
introduces astaxanthin’s structure, properties, production methods, and processes for its extraction and purification,
with an emphasis on natural and engineered biosynthetic pathways. The latest progress in the production of astaxanthin
by different microorganisms such as H. pluvialis, Yarrowia lipolytica and Escherichia coli is summarized, along with
strategies for increasing astaxanthin production through genetic engineering and fermentation process optimization.
Future metabolic engineering strategies are proposed, such as over-expression of astaxanthin synthesis genes,
promoters with higher substitution intensity, subcellular localization, metabolic pathway optimization, etc, to increase

astaxanthin yield for wide usage in food, medical, cosmetic and feed industries.
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7% VU BE 4- % 2 18 £ (methylerythritol phosphate,
MEP) &1t
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Fig. 3 Metabolic pathways for astaxanthin synthesis by microorganisms
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I B (R. benthica ) VA S IR 211 BF (R. glutinis)
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Table 1 Progress in astaxanthin production by X. dendrorhous

e - L S, i B
L7 TR o W R R it

X. dendrorhous  Hi%if%  EFAEE 27.05mg/L  30L KEEGE  [37]
X. dendrorhous ~ H%EFE  EACE 85.02mg/L  SLEMEE  [38]
X. dendrorhous T R IERE BFAER 48.9 mg/L AMtANELEEE [39]
X. dendrorhous  FEFE LR 9.7mglg  13LKEERE [40]
X. dendrorhous  Hi%EWE B 67.9 mg/L A HLAMELKEE [41]
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U, JE LR B AR pH R S, 40k TR RE ) A
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FIT LA B 3t 8 i A6 ) I 8 A 2 12 iR O 7 5
WA AR B, Bk s 5 ™ Lk RgRER
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RIS NI A BTN S RO A G R, JER
R EE LA TIRE KRR R
IO AT A B R AR IR A, AR E R B
19.2%; #B 2= BN w2 3 G AR, R
RGN 30.3%. ik AR U & b, dni Rk
2 W OR I T R DA R 410 R T R A AR R A
MR . CWEHIEE A I & &, R mEE R & g
FrEENE 2.3 0, I REIRE RN E R [
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BE DA RAR ARt R 3R AR R R R AU i
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Table 2 Progress in astaxanthin production by S. cerevisiae

R IR AR WRIE/ & RN SER
S. cerevisiae WA RIEARFRIEN crew Fl ertZ, B AR R (1 )8 3 T 81 mg/L SL R TG [45]
S. cerevisiae TERE 1) P R SR A O I TR 1 9 AR A A B R Y i R R 235 mg/L SL R TG [46]
S. cerevisiae TEIE 3G R R A A DS BRL, SP creW R ereZ I3 IR 446.4 mg/L 5L K [47]

S. cerevisiae

HERE  HRRE BT RIE W, SR ) TR ez

464.09 mg/L [48]
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RIERARIEE Z A H], DHRmIFE RT
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fil HE HB ICEE BE & H Al Al 2 N )72
(A H R EE BE 2 —, JE e A A HE IR BE AR 7 1 IR
HREZNETE (35,3'S) WAL, 5H HERERR %
BEFHEE, A N5 HE QR BF B A 2 FposiRs i A2 AL A0 AR
WAL . &R SR R AR, AR N —Fh i
AR, RN A A A R AR R O R
HH 9 B A R B Al Bl AU I8 2 A
—RBESEE, RN RETIA 7%, XH
HR A LR« BERR AT A Tl AR 7= ) 248
AT A, R NRER I RE AT ULE UK pHAE
AV = B I8 R A R AR, JF B rT BLFIH £ Fi
Wi EEBEAMBKERY), Wk, Bk i
XK. IR, UL AE KRB BR A 4%, AT
ELFIAB XM NAEK, BRI TN A T

S B SR 3ONAR MR HR QR BE = 5 25 1 ol i e

AN TR SR 5 BRI 75 R A B3 DR A AR 2 5% i fie i
HES [ P BE A 0F 5 28 77 &2 1) S % . Kildegaard
S5 VAE —BRmr” B-HE I 3R AR IR IS DRI B Ak ik
filt B, RIAEKBEREKE (Paracoccus sp. N81106)
HlertW KR HZ W (P, ananatis) 1) crtZ, A XA
KA 8 DU AT Ak, 193] 1 3.5 mg/g DCW
(54.6 mg/L) MENT R 75— TUEFERIE 3 X AN [H
KR crtW M ocreZ, 8 H R B W AE 40 Bk B 1
HpCrtW I HpCrtZ ¥5 4k B-#H 35 N 2 NIFE R 095 1
ik . JE I X RIAD-RIDD 8 ik 6 A 26 35 PR 3k 47
B A 2% ), RIS 38 048 DA R 20 5, 7 AR
SR TR RS, EA MR R IREERER AR &R
wIA3.3 g/L, 2ies A IEfERAEY A+ & R
H 2= M =K.

FEAUCAE P v 2B 77 v B I ARG 27 i A O 4%
F B K 2 2 {80 FH 40 R SR AE D S R 25 2% 0, R
il 1 JER 40 1) o 2 DA R AR A A 22 BEL A 4 i ot
Hbn b &Y A . B A% 240 i 40 B 248 1 X
AT I — R g T Mo BB . B, 5
FPREE I R IR E RGOSR AT A S
A A B, AN T B-FHE N R IR E &R
k= A NN TE A P ~T U E I S N e Sl TR % NI R A
R, AR E R RS 1414, RN R B
AR 858 mg/L IR & .

INE RS —MIRE s RAEY, Hagm
KM S BUEY R BERAK . aad in A A5 b AE BT
DA 2E 0 75 2R IV A O B7 1 S AR BT B, AR
WINEFE KA 7F5 & .. Yuzbasheva 25 "V i i R B4k
TR IR AR P A oG S Il R Rl 5 RO, M T — K
R 27 5 587.3 mg/L (1 H 4 fi# i HIS DI B B
PR, FERIMMESZMEN T, IFER7E R

R3ANRUR R B UR 7 2Rk
Table 3 Progress in astaxanthin production by Y. lipolytica

Bk IR i S WS REER SR
Y lipolytica  Hi%INE FIEAFIAIRE A crew B ereZ , 390K B 5L R 4 1% 54.6mg/L 96 RILIRKEFE  [59]
Y. lipolytica  i&IKE € AT R 0 4H i 25 858 mg/L 3L K B [60]
Y lipolytica  JEBE  IONAMEINA  BEHE T RE IS 4R kA B L (R 973.4 mg/L 3L R I [61]
Y lipolytica  FIEINE 1K 15 WY Az L0 BREE 10 DG H A [N, 3 Jod o A 2 2z , 4 n i o 4 DL 33 gL SRANRERE [62]
Y. lipolytica  i&IFE RIEK A EM & RBACM IERER, 5] creX FEH 3.46 mg/L PRI R % [63]
Y. lipolytica A RIS A FRIE I crew F creZ 99 mg/L PR R 1% [64]
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3 973.4 mg/L. HEHEAL AR AT DL 3538 iR = 1
KV, T i AR R BE L AR e MR AR
Vg PR T WRaE S T I I TE A AR HR EQRE R R Rk
K H B M4 BACKIRIAL bR 45 I-B-30-4- i S i
(HBFD) K% b3 -B-3F 4-Bi &M (CBFD) %
B, FER T — MR RIE IR S R A Rk, IR
R RIS T 3.46 mg/L. fEBLERL E, @I ERIAK
H 322 W (P ananatis ATCC 19321) 1) T K #%
RHEEALEY (CrxX) BE[R, RRINA T A AL UF
BRAOMER, Hr-RE8 147 mg/L, Z2ig5N
1EFR I8 FI A AR R AR R s e
224 Ik dewk

TR, Sl S gemEBE 2 T R~
VIR G . AHET HAbE i EE, HAA LT L
AR Ty o W v 4 I B R DUdE o B e =
TR A A A Ty — e M o U R RET
M, RETE25~52 °CHMRE T RmE "™ HAENHM
B3 Al AR B PR A 5 I, 55 R T RR AR b LA 8
oy EE 7

HAar, TR TEFRE, Srlinsgi
RO A IR S A0 i & IR 5 2=, H & e &
REZNLE (35,3 M. i, MiERE
T8 7E B v i v o R R R AR T 3R R VR G R
PRAT, SCHL TR RS IR R . AR R
[ /9 25 L BRIV 8 Hpehyb F bke i R4 31 5 5 37 74
BT REI R RIZE b, RIS DU, IR1S 4 bk
MUG T . N TE— B E &, X Hpchyb 5K ik
177 RRA, VLR A B AT iz R AT
5 IR (IR A, BARSEI T8 S LR EERET A K
9972 ng/g DCW N F 3. Hoh—Hif e, @il fE
FAKE % S8 8 30 AR R R4, L8k
A K S A RS s — 2 i s A
B R R AT AL, IR R RIS F
56.8 mg/L '™ BN ¢ 1 T T v 4 B B A
JE 340 B A P R R AR E R D, (R
RS, R R EEG IR E R AL TR
ARk #.
225 HAbEEH

B bk ST TAR R REAL, G — LE R IE A
XD WA IR R BERE, IR LLERE . M
CLEERESE o RN BEAE D — P o i B 40 EE B

FEHTAEB-THE ME. A B 7 A i ik
RGP INE KRB AR RG-31, FJa B
R, TFERGEET 741 png/mL. WL
P RS Mg EARAFE I — PR 20 M i B, AR
UF R S, AR LMIRE ROV EM R Y R
— R IR N R BT R 4 BE R bR S8, Il
IS EAS SRS B AR STS, Il it K ARk,
N 2 & nIA 520 pg/g.

2.3 #HE

BT 4w & R B R BB, R E A
AR R R PR R, MRS
PR 75 2 A 0 A R b o RV R 22 B A TR )
HROEETACT 2k L ERE, Hild £ M
Gl NA IR 2R BIAR DGR R B, ] AR K H 2
FAFE R & FRAHL T ZEMER, FIH
YW RS G R IR R, KRR fRIAL S5 82 1)
R TZ ., UHEE KRR, e s
e, Ji{EEEHU AN R R Bk, I A R
REEEPINE R, 7 LLKIE RN &R B~
FAS, X ARSR ) Tl A A 7= A B
23.1 XATH

KT B2 — Mo 22 IR . et DR 4 R
BRI R R, MOARMCRE, HrFidtfe ik
i T HE s, CBCN M TR G A 5 1) i
FEEEL— EIEN—MIERAE bR ERK,
RE % 18 1 MEP & 12 & Rk 2846 & 1) 1 15 44 1PP A1
DMAPP. fEHfAER RIGHE T, HAANRE® A&
J% FPP 5 BB, JX B R] LUK TPP AT DMAPP #E 47
it N, AL GPP A FPP, {HikZ K FPP (LA
AN RMEE S PR s I ) K A B 51N AR
PR 2 & OB, e B 5 S K A 1w
FHINE R, HERMINGRZ AR (35,39
Y . R AN KT 77 UR S 2= 1o i .

I R & g e b S R i e, N
MR RE T LEERM T g, Jeong 25 7
FIH K H FEw# (Kocuria gwangallensis) MEP i&
B dxs« ispC~ ispD~ ispE. ispF- ispG+ ispH Fll
idi VAR R A BN CIE R (et crtEN crtYB.
crtW crtZ) AE R i gE AT 3L 320K DL indr &
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Ra  Kpht g R

Table 4 Progress in astaxanthin production by E. coli

B R LI S W REER S50
E.coli  BEBMNy  RILFEIBHEEE Apepnd 1 ApcpnB 890 pg/g RE R 1 [74]
E.coli  EERHNy RIAMEPIEFREILH 5 MVABFILELIE 1100 pg/g RE R [75]
E.coli  WEREly RIAEFR GBI ICEHEERNS MVA R RIL 1200 pg/g PRI R % [76]
E.coli %M idy-Red F AL HACKEIR T 35 BUS A% (156 R B8 5 SR A v G e f o 1.4 mg/g FEMR % [77]
E. coli RERE  RIEAEIE L crtW N ertZ , V-1 A O B R 10 T 1 7.4 mg/g PRI R [78]
E. coli M RIEARFRIRI creW R crez, 83T 58 % 92 ¢ i 3 [ 5.18 mg/g RE R 1% [79]
E.coli  F%NE RIENFRIEN creW F crtZ, FIEA R 5 E 1 E 30T 43 mg/g PRI R % [80]
E. coli  WEBRKy  MIBRIEA LS4k RO DG BE [N, 3 57 6L BUR URL B AR IE R 56 11.92 mg/g Eaaliyoal [81]
E. coli a6 ertw AT BENLIEAR , 383 Cre-loxP P47 34 i1 2 [R5 DAL 5.88 mg/g TL R I i [82]
E. coli Tl B0 e YB BIFE DUEL, PR R T IR IA K P 6.17 mg/g SL R TG [20]
E. coli Hah GRS I RIR I creZ b ik B A [ JEC A7) i U 1) BSR4 T BB 5 R P 11.5 mg/g SL R [83]

RE TR XME A AR R R & AR A R ) AR
KIGHF B REAE & B 1100 pg/g DCW IR E R . K5
K & R biB. ispA B idi 3E R X IPP.
DMAPP. FPP [ & e AN Al b, 5l T KIG AT
A L B IX e HT AR A Re s 2 H B AR, ek
ULIAER T 3R A AT, P DA B 5 3R AR
Rk Lee 55 U FEIE WP MR 5 R G HUER (ertl ertE.
crtYB crtW. crtZ) WK g At # bl R I8 DB
ispA F idi, % TRERIIA A %1200 pg/g DCW
VIR 2R o 0 226 AN [F) SRR B creW Bl ertZ MR 72 $2
THFE R BWER TR —. fl, &HE"
T8 I PR [R SR VR creW F ertZ, NN SR H R
Mo (Brevundimonas sp. SD212) ] crtW 13K HiZ
W) ertZ 2B S R R4 G . W
crtW Ml ertZ ) RIBTEME G, W T —HREEAHE
R AE R LA RIS IC K R # ASTA-1, 7EA
WINESFNRHE T, EHRKRS RIS &R 5K
TAE N R B 96.6%, H & &Ik 7.4 mg/g DCW.,
M 5% 76 R A5 70 ik 9 NS R SR IR 1K ereZ i erew,
IF o0 R H T N B B- A N E I TR K AT
W, HIFE RS 214 049~8.07 mg/L. B,
FIFARAC I R0 ortZ 5 entw AT LG, i
—BH N TS R AR, MRS RSB T
127.6%. Z=Ii45 ™ il it ik B GadE & 374 K
FF B8 R I8 5k H W AR £1 BRI 11 Hp CHY 25 [RU R R | 3§
K AK#E (Chlamydomonas) [P CrBKT3:H, % T
FER R AEDS A K 24.16 mg/LUFH 3, Lh R 4R 1 bR IE
Iy 405 . mLRI N, A E R ER RS

Koo, < REEZWIEE RN ERAS E.

0 5% B 5 DR ) 8 DLER — MR THIN T R
BRI R . BEMARMN . B, £
B, BN et YB P DUBCH BRI A R AL
IS, [R] E  TTERA T RIE, AR R
SRR EERAETN, IFE R EIEF]1.18 g/L ™.
2% 5w St e 34T BE AL 98 DL i 3
B-tHE MR NINE RANENE, FH# I Cre-loxP
() TTIEIG N crtW R creZ (1) 45 DLEL, W — PR
FEURE BRI B, R T AR R B
075 2 7 EIA #1088 g/L . gk R HIkA
5 [REI BB (Paracoccus sp. PC1) [ ertZ MK H
2 ) ertZ 33235 ] LR = R 2 DA AT AR R AR
RE, BAWEELAWAE VN PAcrtZ F1—A4>
P8 JUEU) PCertZ T2 K AT B i #k, 423d 70 h i)
BRI, RS R RIA ] 1.82 g/L.

UbAh, R I 4R R T BOR IR TR E
E AW BRI NTTBENES E/a = [N = B e i
Hbr. #lln, @ ERIEINERABIER (ol
crtE~ crtYB- crtW. crtZ) WK B Rk
18 % K ApcpnA F1 ApcpnB,  fix % 12 T BE % 4= 77
890 pg/g DCW IR H 2 . Lemuth 28 "7 # g T
F— BRI R AT, 85 y-Red B4 AR K
R 2R ARG BOE AR 1) R R AR e B B KA B
et pirp, fizad g AR RIFE R . RA
HEM S RIL 1.4 mg/g DCW ™, BT & MHA
A R I T R 2 1 v K M A TR S 3 B ) AL
WHE . MR ERA . BEAHCREER, 7Tke
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B BRI, MG micE RN R A
A R HE 4 L P 1 R AR S PR 2 TR AR A
ANSAET, AT 5 BCAH M A A% o DT Okt 5 2 A S 38
FH G HE R BB 4% 38 i 40 i 4 3% PR UK, Ik SR B
AL E M S R R T RS, 4 SRR
S RAAA, EEEKCE G T S, B DO
7 P RUR TR ) L ANR IR RGE, AR IR PR
KA ER 5 2= & 252 5 2 11.92 mg/g DCW.
BeAb, Tl e A S ms AT DL SRR T AR K AT B
HIRE R~ & Blan, S e R K
1R A7 FR 250 B-HH S b 22 2 XD %L PhCCD1
SEAL BN F A0 5, R B AR AL AR IR B AR AL
BRAMR L, 2% CrtW Ml CrtZ #id GlpF & A fib
GEAL BRI A 5, W R =
T 215.4%.

232 3B

B ERE (Paracoccus sp.) & —MUf5E . ==
BN R T I R SR I e DS R (LY R SRS
BHEE N Z, AR O TR ER B A R R AR AR
SCIRAR D 0 RAREEH B N B H DL E M ALAT
15, NFBYRHFHRBAR, 0 “Z-miah” 2
P H AR 2 A B P i, Honda
S U DURIER O IS B 40 M, 7R IR S K & A4F R
CHKRIm#AZ AL b, WA LLR, R RR
JE DI KARFE NS FHERE RE XD b
=, RIENNRIE M TR ams, “Z-5mi”
PR BT, &), 18T 30 min B I 5K
AEER, TEMGIEAE N RBEMBAIFER, RET “Z-5H
Ptk Eef 50% LL_E R 2 .

TR IR IR A 9 UL R RS R S
ORI IR s R BN SO . ERFRE DR
0 = B2 W v 1) A4 w3 s AR R B 38 R AR
INUR 2 & OB 0040 1 (IR MR . PR
% . NADPH. ATP fl2-% % — ) LA2TFci
B s e, AT HE M ERE R R . WifE DRIk
RN JEC B 48 i A= P R T RN, 3@ i I IS mmol/L
(13 BER 5 AT 1 mmol/L FIBRER W&k, 7 LA$E & Crt
Bl s M, (RO T 3R B & 177 pg/L 1 F
3750 pg/L . EARAHR H & & IR E R 5 B A
P BEAH LU= BRI, (HIX N J5 22 0 TR B Ak 1) 1
e Sk TR 3V k= St B 7S vl o

233 Htbmi

RE M A 7= IR 75 R A4 A A b, HoP B A
XU, BT 2 2 K B E R A . B
HELLAR, WIFLER 7 KA B (Mycobacterium lacticola)
FHFF B (Bevibacterium) WHST] LA P HF 5 & o
HALR 7 XA RAE R R ik EA =R F &,
EEFRGFRE FIFAEINE R, MEHEAER
MEAK, KSR, WEEWEMNH3 gL, IF
H 2o ENEK.

R bRk, KIGHT 2 B Al W b A P2 ar
) EEAR R A 40 P

3 UMERMENLZ

WRH RN, D e AR A v R B
R AW LR AR AR5 R B
FHACT AT, 58 SR A0 e B ) 40 i B 1 49 L Sk
AN G WE, Gy PP BRI R T ARK B TR A A
SEEHR 75 3R ) 41 B E A T 4 I R B AR T

1 GE (K BE AL 30 7 70 R A W BE L ALk
BgvESE U7 Wy ER AL B OTVE A HUMORRE .
TR MR I AR 2 IS5 o LA A 45 A i o, ol
I HUBERE FF R 0 M B 2, TR T4 A ) A
R o (UM T BE 2 51 & & o A B IR
F L, AT I T 2R 38 B 8 HO BRI s 7S B R
EBT] DA RO B v T ) A B, {ELIE O R
1 P 5 B A B AR IS 8] AR 39 0, 7 A= 1) 56 S8 AR 1
HHEEELZ, WnSEIRE RORIE TR, Jf
H B 27— g e s 35 9 Y I SR iR &6
B T 5 O 2% S35 i B IR B AT R AR U 9%
SEGRAEFIML, AR - H B
RV, W YTHOR . mIEgYE . KKK A
REEE, 7 EIEE, ™ iUt

o2 T B RAE A MU A UE . R AL B
% THERIIESE . UR R NIREIER R,
DAL e AT L 771 110 32 5% 22585 8 BN 75 3 A2 15 ATV DA
BRI . i, RS P LR LBRAE N
AHUER, AW AELLBRE P RIS R, RA&H
RN 98.51%. HIAA A WL IR B 7 & A5
AR, EARZAERFZHAN ARG R, ATh
XN AR AE o R R AL BV A BE 4 B
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KRR, AT BE 2 18 O R 3 A
Wiy 3 22 6 PR 853 AT B [R5 B o 2 I BRAR
N MRV T K SUHE T A LI R PE I 77, B
N6 W AR R, e DR v A A
AR A I RE O B S 0 R R IE R K Y
Mg o, R S AR DA S IE LB . BERE BN
SEA MRS R .

eI ST U 75 3R B AT 20 PHIRAT . RERE/DN . A
I 4 S D s B AN BURT AR vy 2t Al B 4 0 B
R 1 PR FORE T R, T EL AT A o) 4R I )
P, TR Lk B A 5 A A AR 1 T DRl i
R B 75 2 LT At D5 VA SRS IO HR 5 3R E nAa
E o AN, B SROHE Al e G K AP A B B v B B 2R
B, T DL S MR T SR Y AR Bk T E
RHE KRN, IR A R, R
W T RERAR & R A, S kAR, BIIFA
3T RSN 7 2 SR IAL B

IR &2 AR PR, IR KR
FRAEZAT, ZRFPHNARIEINTRKEAN
RN, fEHREGAMLRE S . BIER (FREO
SEM T Z o2 H AT Tolk A7 BN SRE P B2
o TR AR IR A AR BRI TR
AFNEFRERAR M — DT A 5, H PR3
WEE, EERE R PTRATE TR R

4 RAEEREE

M IR R AR BE 2 M e i 25 U
ST, TS R T ER R G SRR R
Hil, fed Bk RirsE RAeE K L8k,
H i T2 5 AR E R R R, 5 & X e
R BN AR A EOBORE ™ R . SR T B A
[ AR BE 5 R 3R IR R T 2R S A RE R A T B Y
oK. P, A R A R ROV
AT A E P SRt T AR I . B R T
JRWE . 5 TAKER. KEBRAMELULAE
R R A i DB A TSR0 R, R R R T
TIR AL M . Horh, 20k R EERERE W R AR A
WRF R, R, W] BLR A 2 Rk IR s A e
HR R B B A B 0 LA i A B DL K =R
fEAARE R, BEVS R B pH AL R M2 B IS T

A R P BB AL PR AR AT AE L R DR R AR TR AR ML
FRIE A o % R R R B B v i v 4
BERE WS s, B IE 2 10 B R B R 1 15
Tk

BEE G RCEY Y. B LR, ARG TR
REETREPOE R, W2 MEY b ER#E
ERAET I EZR. HEREINEFRNEYERD
S T E KR, EAIEE R

F—, R RARETINE RMAEY, W
BRTERE, WA BRERRAAE T B KRk
P . ARSI, N T RRRA S, 4
J& BRI 8 7 ) B R A R 7 T PR R B RN O
B FARAL |, DR mE s BRI RA .

B, mTINERA MR SR TR, Fit
AR TR oS R AE K A . R
PQMEBE BRI I BF S AR AR AE P~ AR5 1 . %)
I, AT G R SR A 2 A R 2R
M (E4): OXF MVA R 42 017 00tk s
WHAE I tHMG ({E N 3 B0 500 N2 2L R # ik
& MVA B2 I e L R, e mT LA 2Bl 1k 5
SRR, NI INEEHE PR E; @F#
ANE SR FE ) JE B, H e AT KA T i AL DL T
PE, WIfEB-THE MR EBPER S, 58530
T P DR IHARSS 3 20 T 5 & 5 = 1 AR AR HE IR B
-SRI E Y GG N O R R (14 I
B, R EECDROAREER, 104 ot YB I L
BN E] 4 e, B-HAEY MERSEM M T
76% "y @18 AN R I T B A K, R O
SR AT U R, R AR hE E, DAk
PRI =R ©E AL T A A B4 f 38
PREINE RS E, KAS MR R TE
SRR, 2 PRAR AN A Bl P, I RN
FETD, WG REHEE 3 AU S AR E AL T 0 40 M 25
o, AT DL AR 2R AL, R T DAY K 28 A B
I 2R TE 4 PN 1 i A7 2 TR, k2 K A B Fr i
RN 3 R = X NN 7% YR 7 NN U WA A 1. =2
BAMEFMYEIAEE, o RS N RNE R
BRI 264 © R B S AR A0 AL 2 B AR 2 i
BROAEFAMEFER7 =M, Flw, FHFFREFA
A PRI R A E B &L . pHAE L AL, R
A
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