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Abstract: Aromatic amino acids (including L-tryptophan, L-phenylalanine and L-tyrosine) and their derivatives have been
widely used in medicine, food, feed and chemical industry due to their specific physiological properties. The production of
aromatic amino acids and their derivatives by recombinant microbial fermentation is an effective way to meet the increasing

global demand. By combining metabolic engineering strategy with the developments of synthetic biology, systems biology
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and bioengineering, remarkable progress has been made in the strains modifications and improvements. However, the
metabolic pathways for the synthesis of aromatic amino acids and their derivatives are long and their regulatory mechanisms
are complicated, so it is very difficult to significantly improve the yield through simple metabolic pathway-modification.
Therefore, many relevant modification methods have emerged in recent years, providing a good reference for overcoming
the rate limit problem in the metabolic pathways. In this paper, we review and compare the recent mature technologies and
strategies applied in the synthesis of aromatic amino acids and their derivatives, including the commonly used metabolic
pathway modification strategies, such as increasing the supply of precursors, removing the feedback inhibition for key
enzymes, eliminating the repression of repressor proteins, regulating the transport system and global metabolic network, the
coupling of strain’s growth and product’s production and introducing exogenous related enzymes and so on. Various
methods of strain construction are also included, such as the high-throughput screening based on biosensors and optimization
of culture medium and culture conditions and so on. Finally, we also discuss the prospect of relevant cutting-edge
technologies such as computer design of protein, computer de novo design of enzyme, computer design of metabolic
pathway, alphafold algorithm for accurate prediction of protein structure and bifunctional enzyme, and the directed evolution

technology for screening high yield strains such as the batch and continuation of the directed evolution.
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PTS—phosphotransferase system; G6P—glucose-6-phosphate; 3PG—3-phosphoglyceric acid; PYR—pyruvic acid; ACoA—acetyl coenzyme A;

Cit—citrate; Oxa—oxalylsuccinic acid; AKG—a-ketoglutarate; OA A—oxaloacetic acid; 6PGNL—glucose 6-phosphate endolipid;

ANT—o-aminobenzoic acid; PRE—prephenic acid; PPN—phenylpyruvic acid; HPP—4-hydroxyphenylpyruvic acid

Gene: ptsGHccr—ecoding phosphotransferase; ppc—encoding PEP carboxylase; pckA—encoding PEP carboxykinase; tkt4—encoding transketolase;
aroG/F/H—encoding DAHP synthase; trpE/D—encoding ANTA synthase; tyrd/pheA—encoding CHA mutase
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Tab. 2 Factors affecting synthesis of aromatic amino acids
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Tab.3 Key enzymes in aromatic amino acid synthesis against feedback inhibition
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Tab. 4 General profile of production of aromatic amino acids and their derivatives
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L-Tyr E.coli MG1655 tyrA~ApheA . ApheL Syt 55 [50]
TR Rk Ahrt

Ft&#% E.coli d-1dh"* .hpaBC S 7.1 [72]
A

o 3 e R R TR Yeast TAL. ffl SET3p.CDC24p il ALD5p # 1t PFK1.PFK2 fll PYK1 K4X A 3l 1 ot 125 18]
A

4-FRHIR LI E.coli palpdc it 0.4 [73]
Ak

L-z©® E.coli 5I\K A Zymomonas mobilis ] tyrC«hpaBC x4 1.51 [59]
HhEE

223 HK#EHIZZHR

F18 F 5000 22 B 4wty 72 ) o) LA o0 A T R BE
MRS B NG mer. tmaB M aroP, . aroP
Al iz % L-Phe. L-Trp Al L-Tyr, 1 mtr f1 tnaB 2 %f
L-Trp B ¥ i &2 4F H "7, A B8 YddG A
WS 5T HERAERNEZEH ™. Bat ik, *t
HZRGMUENMERRSZ, aE K2 XA
AT i ok B s A G T 2K 3 (14 5 925 R B Ak 05 A iR
KL 0] I N (%635, 40 Yanofsky 25 P9 BIF 9T T AE K

R FF B R 3 AN %08 36K mers thaB~ aroP 2R3 X
L-Trp /7 I, B A 31 24 K W AT B8 72 R /K i
%R S TR AL T B IR, R SR BE A tmaB X L-Trp
) F= B 5 W i K, A & mer, TR aroP Xt
L-Trp B/ & )L P& A AT () H 2 450, HY
R 2 H A L-Phe FIl L-Tyr /A 7E 0, aroP B 2R 7G
At 22 X L-Trp MW= A2 B 225 e () B 2 4510 . X
B IS R mor FIE B, AR L-Trp 7= &
REVME MR Ry e AT RPN X mery taB R aroP %
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RIEAT bR, KIK L-Trp M R4 B & 192 it
ER, FFAE % & B L-Trp 72 & 0l 1K 2.79 g/L.
Liu &5 B i i 43 53l 75 K B AT 3 L-Trp 48 7= B PR AN
L-Phe A& 7 1 ik ik 3218 ydd G 21K, R B L-Trp 1
L-Phe (3 5 B # A W 4 5 .

224 A ERAM %

MNATE R AT B R T — AN orE i 42 R iR
WRYG ——Csr, B AEE 4 R AU R 2% ok R Y
CCM &A% B i &, T X i 5 3 B2 i it —
/NRNA 45 &8 H CsrA SRSZILHT . CsrA & H e
Iv) YR 9 A RV, 47 1) Y TS PEP JR I A PEP &
B, HiX3FEg# SRk PEP & B VIFEG, H
P 5 Fika RN &, Rtk s, BiR
csrA F [R R 6 38 s obE S A2 FOBE IR AR W) 6 RO ) Vs
PE, kS EMP 84255 B, s, DLL-Phe Jy it
AR, Tatarko 55 U7 38 i 78 K Mg FF 1 B Ak v m ok
csrAFER, FEik B RIA thed FEIR, B 208 LU i T ik
RILL-Phe /=& 7 3.4£%. Yakandawala % ™
3 BRI T csrd R esrD FEAF UL it K esrB 1A
XF KT B L-Phe 2B F= iR bR s ma, S5 R K 8, i
FIE csrB BRI S 2 L-Phe 77 & W 2 5 T csrd Al
csrD RAZ
225 WHAEKEF&EFBER

A& At — PR 1T 5 77, Al DAFF
RA PR Tk EEBE R, R KIR A & 7
mn R . SR, AR AR RN A R R R R AR AR A
SE PR AR R AE T MR RE PR R A, X 2 LA AR P
R EEE L — " R T U, —A
D0 R ) 5 WS A2 K 77 i B S 4 I AR KR Sk ok,
TR AT 15 248 M 2B A7 00 A0 A PR P, R A AR A
B— A, Wang 55 U 7E TTRE K A 1A o G g
TR R IR AW TR, HTAEKEE”
mn AR, DT UE BH FGAE (2 3 40 22 B R IR s S
FATAED A= TR A, FEAREE 1 7 Fh 20 2 2
FR BB AT AE W S AN = A7, BFE L-Trp, XN
$& i L-Trp /= 52 it TR G A1 28 3 3.

2.3 FERIERSFEKFEGE

231 A TAMERRGZEEHL
e RS R HAR R PR ZEE, b

WA BRET%, IR EARKREL
FOAERNH, e AT SR A R R
BB 5 . IR AR B A S 1 28 A0l iy Ji B
B A G R RS W R, IR I E A
B IR KT 5 1 e il 5 2 5 16 B T 8% () i H A
5, OF ZR AT AR ARRE A 5
TN AR W AR AR AR AR I — R R AY, R fg S
RSB ) R N RN S 7 N e R O AV B
R I E HmIEIEH . Ty, LYh ke
OV V2 B TR AR R Ik D7 i, T SR % &R
BRI FF B ) AR, AR A SRR T DA e
RO AT ol = HARE VAN, AR e AR
JREE R S b, 7R 55 B e A I TR PR L5OE T
Fang 2 ™ 3 1 48 57 L-Trp ZE W45 B 8%, 1%4L % 3%
W H L-Trp % S 8 maCAB I\ T ¥ 5%, &)
iy AR 1T 34 4% T P AR B L-Trp, 9 7 3658 L-Trp 48
Wigfe, 51N 7T InterSPPS K& LA A7 4 57 1R 7
X5 L-Trp RIS Z LM N s@E =), I
Gk BOR, TR B 7O AT B M Re AR
)P bk B8, MIMiE R m B AR &M H M.
Zhang %5 U7 JF T — PR TR SRR B R T TyrR
(1) L-Phe AE W15 2%, 1235 B A8 054 5 M B A i Y
(1) L-Phe, 3 L-Phe ¥R £ # A0 5 T WAL 1 3 €4
PO, ZIGAE T AR 2 T e B bR ACER 4
HTACEEAT PRI &, AT S BT A % it 72+ L-Phe
() P adE A7 S B s A b oA, AR AT R T AN
— ARG TR 45 A T 551 JE RN — A T R B AL 8 AR
PE btk 1 L-Phe &/ & 8, i5 5] 1 #2 & L-Phe
=M H M. Chen % " MK CRISPR/Cas9 {12 i3k 1)
BEE IR TRE 5 AR KRR IBE R AL IR 28 51 5 1 A Py 0T ik
(CGSS) ®EE—E, ZHECHIH T LEN
—Fh S #——DAHP & AroG. & 45 & LA
B LI A5 21 55 A R A R R ) R B Pk
232 AR AL

R S R LA K B IR g,
FFERRIE . BIR . TN DA R gEAE R K,
F5. WREHEZRAMMMEFRENSH oIk,
TR Al AR KRS IR B e i, BT A B9 = 0 &
RE IR 2= H

gk ds b5 U A3 BRI T 6 Fh AN [ B 5 X B A4 AR
Kmsem, iR ER, DL AR 9 ME— BRI,
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Tab.5 The components optimization in the medium

SR 415y i ENEEEES 2% 3k
WRUR PRpLAe R AR A CEL RS NG NN S N ) [89]
I ARESER B A RS B BERPRY A A B AR B2 REE WNH,C1.NH,NO,(NH,),S0,.NH,H,PO, [90-91]

TENLEE T pH, 4SBT MgS0,.MgCl.CaCO,.KCl.KH,PO, [92]

H 45 % B W AR N 30 g/LIF, L-Trp /= & 7]
EE R . FESRIEA b, dhoR S I T 2 R R
X TR A A KRB S R R IR R s, B DA TR By
RNAWEIE, LANHNO, N TEHLEIRRT, A2
KEMEFIRN 7 EERRK. £5F D RAHHR
(Rl 3% S 56 AN IE A8 SE G Wit R0 T A RIR I 6
BT K B L-Trp 2B 7= W AR I se ), 45 1R
B, 6 g/L i KH,PO, A2 g/L ) MgSO, NIt .

mmat (fed-batch) 1 ¢ CL& BN —Fl A2 7= 5
HIREILR AT I, I HER T Z R T K
fg TR Y N FREEREYE RIEEF,
JEA B A AR B 2 s 7= PR A ) DA K% BHL &
A 00 BEL 3 2R S TG v e e, HR SR i AR
Fr, £ ERRIE FRENS IR 2K L AR T 07 A R A
B A PR A RN . R, iR IR Re e
B b 47 o) s B Ik R A AR, BEMR R TR — IR MR
T %) B I R PR A B AR S 22 B IR R, 3 RE A B
Pl AR FFIEH A BRES o Jing 55 P J@ i fy
B R ) A NS, R AL ) ANT 35k 4
ANV fFAE (DO-stat) i % B dEEHIESE, SZHL TR
RIS AR 77 I R T T P A v 1Y) %) BB 2 L-Trp 77 &
(0.244 g/g), i KFE 80277 g/g. Bk
AN, BERPE. BEIRIEE . BEIRIE ML pH LK AR
BET7 A A 7 05 A R B ) A et B
af- AR

3 FIFEIREILMRAT A AP 5 1k

3.1 L-FRIBRRGTEVMNEDSHK

L-Phe 3 3¢ & 42 1) 2 P4 i 1% A1 L-Phe £ A 2
e AL T ATAT AN AR S W, 0k Bk
D-AHEE. D-FHNAKR. KAR. FLMh. A
R WEERE . WEERTSE, XERTAEMEEA K
RE (14 A A

Jr BRIR N T 2547k, A2 25 E R
BIRTR . AR I i B 4P S R AR R
g CHH hamS9hs) HEAIRTIRER 5 R [ Bl 4(a) 1.
Sun &5 “ T LU 2 9 BRI 1R OK T R T R R
N TR KR ARG, GIN T K A A. orientalis
) HamS, [FEmbR 1 5 @ ik ord, 23t
RBE, S-RRERM =& Ak 0.74 g/L. $4E fh XA
ZE PRI B B, HEERIK TR E S, coelicolor X 2
IR EALEE (B hmo ZwT5) F1K H Rhodotorula
graminis % 32 25 i Bk R Wt 8§ CHH dmd 965D, 15
F70.68 g/L )R- BEIZ -

R FLRRAE — & R EE b R 8 30 i) 1 £ o R AR S
T A Joit %) 4 B ANAE N 2R RO I BOW B I AR, T
DAL TE B R 2547 Mk b A AR K I R e i g 27
EFLIR AN (H ldha Pt EIER T, 2K
PRI R o] AR R FLER [ 4(b) 1. Fujita %5 ) 761
7* L-Phe K JIi #F & & Pk h 3K 1K Ok B Wickerhamia
Sfluorescens IR A BAIRIE IR B (H pprd Jmbd), 45
G REEZFAMAL, B A& D-FK LB = &k
29 g/L.

3.2 L-BaRiTEMNEYEHK

L0 SRR AE AR DG B HE A A FE R T AT AR e 2 i
AMFFTIREI 5 F A, WK R (k-3-
L) BOEMEE. BAEEOHRER ™. .
HiE WA IS R 55 . AH LT L-Phe f1 L-Tyr, L-Trp 7
BT Z, L, & L-mBRATAED
72 iR BT BT 12 G 1 £ A

MiH#E, X5k, ENPHafERs
B, BAFEENAGRNE, & nr DL AR
B f A N AE ARG R M E AR R 5
o, - RSG5 B R 5- 2Ll (TPHD) Al
ZRMAREE (TDO A M ER (K4 ].
MY T, L-B% 8K %5 H TDC 5 i 5-32 41
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0 N-Acetylserotonin

Phenyllactic acid HO

fAsM f %SNAT HN“g HO
H
NH2
OH

L-Dopa

Scmtunm Mclatonm
TYR
LdhA bpe i
Phenylpyruvate 5-Hydroxy-tryptophan PRI
Pdh TPH

TDC TYR ﬁ

O

Qﬁ* .
NH,
HO :

Pdh TnaA TAL ﬂ
Phenylpyruvate Indole
Coumarate
Ham$S Fmo
0
mandelic acid Tyrian purple HOJ\?\Q\O
O,
0 HN @
HJ 0 Br
(a) (e)

& 4 H%*%%Eﬁ%%@ﬁﬂii% IEERENEYhRe S E

Pdh—E N R RIS HamS—4-F25E Bk IR &

f; LdhA—ABRIAES; TPH—

{3 1R 5-F2 AL g, TDC—{0 5 BR i 2 15 ;

DDC— 5 & ik L-A B IR R G : ASMT— ZM#@H&O-FF%%%%; SNAT— 5 ft Bk ik N- LBt R A2 1 TnaA— (IR ;

Fmo—7% Z SN 5

TAL— RN RIEEA N : TYR—ESZ IR

Fig. 4 Full synthetic routes of several aromatic amino acid derivatives

Pdh—phenylalanine dehydrogenase; HamS—4-hydroxymandelate synthase; LdhA—lactate dehydrogenase;

TPH—tryptophan 5-hydroxylase; TDC—tryptophan decarboxylase; DDC—aromatic L-amino acid decarboxylase;

ASMT—acetyl hydroxytryptamine O-methyltransferase; SNAT—arylalkylamine N-acetyltransferase; TnaA—tryptophan enzyme;

Fmo—flavin monooxygenase; TAL—phenylalanine ammonia lyase; TYR—tyrosinase

B (T-5HD fEALZERIMIE R s Park & " Mg T
— M H KW AT BB AR, BD 2R T-SH BN R i
KA S 1) T-5H A1 4 ot H Ik 4% #2 B (GST) #r
ZEATRNG JE3RIE, HIdRIAK B Catharanthus

roseus ) TDC, Z5 R KW, ZFEHRAT A7 24 mg/L
(1 I35 2

BELLRNBE WA 2 N FAE B il s R A R
i AT, BELL AR TR YT L L e R A R
IRZZMGERE SN, Bl T HIE R E B
AP PUL-t S RO R, ke AT R

Mg SR OO AU AL, T AR RCE N F]
G MR R BE ST AL [ 4(d) ], Shpearss

FERERE ™ 2 g/L M L- (L BRI K A i Bk, 5
K H Methylophaga aminisulfidivorans ] 55 2 F. Il
Al (Hfmodmtd), kR, BT
920 mg/L BT W5 A1 5.0 mg/L 4L, %%, fEi%
l%%ﬁ%L,MAQ%gL¥%%M,E?¥%
SR A % 52T Fo I X S B 1%, 3 17 1 58 T ¢
CLHTAR 2- 32 BE 05 W (0 & R, B e O R B, BEAL
FAEATIA 223.6 mg/L M,

3.3 L-EaiRiTEMINEYEK

DL L- 1% 20 1R AT 4- 34 31k 258 D I R N AT 146 BE 5 AT
A A A EEEOHE R T ST, W
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4-FRHERIATR . 4R BERK OB 4-FRER O,
4RI OIE . 4-RIEFHR. L2108, RN
FERR . DNHEER . PFSRABE RS,

YRR, XWX REF G, ¥z
RLH T by A AR 25 S A . 7E 2R T 2R
HEE (TAL) WAL T, L-BEEER AT 0 x4t
WA [E4(e)]™, Yok " /7T —DEEREE
WAk, B 5N — AR TR RSN SE, I
B e EMP A5 R LR A ik 12 J LA B B
R R s, W SET3p. CDC24p 1 ALDSp 5 #
PFK1. PFK2 fIPYKI1 KRR E 3T, &id KB, Xt
FREEPFERR I B A8 12.5 g/L.

L-Z B —Fh B B DY R, I8 2R K
JLZE T AN BB K S A R, 2 SRR
P& (401", Mufioz 2% ™ @i 78 K
g #F B B 51 NSk B Zymomonas mobilis W3 2 4
A B CH orC i), FF F A i 3R I8 thed.
aroF"™ tyrd Ml oprC £ K, 13 3| 17 K A B e
L-fi & B2 1 ik, SO I i 3R 9K hpaBC 2R (4 tid
4-$2 I OR3-S, LB L-RE R A L-2 B
fe ek, St ki, L-ZE&0A1.51 g/L.

4 giighREs

BEE A S PR R, O7 A IRE LR LAY
ot 7/ N ) R,V Es al= o DI S A NI N A R L
AR 255 4Tk, K dR s 7 AR KF. 3k
ok, MAEMEAR. EMERY. SlAEwY
PLR AR TRE A 32 3 07 B IR AR K AT AW
PR AR T B R TTRR . AR SC M
PRBEZE AT o iR B O B I 1) S A ) L BRI
=0 iR R (o) E N 3 S S ny VAL SR JES N
PR AEAC 5 AR 7 AR B L TR T AR A R v
B . DA B IR AN B R SR LU BN AR AR
RS TT W EE T SR DT IR E SR K AT
PRI TR, N0 ERE SR S AT AN
DR R T —E MBS, EH2, BT
A b SAUIE HEMS I L 1) N AR i AR BN T
o BT DA BT I A AR 2 R 2 k. R R
1, PEP 55 B4P it 45 1 i & — A 155 il o A 2 A
B K2 FE B ARV #€ PEP AR QIS 1O 1 . 72 A 52

B AR A K AR I T B PTS & 45 LL A i 1] PPP i
12 R0 & 2 32 v PEP 1 E4P fih45 (19— AMR B 1) i
RN ERAERILIE R, W% A i
PN I B I ST O AT, 1 B A3 1 1 g A /D
Z A, R R AN TS F iR R AR R
R fife R 1) B, @ o B SR AL Ay AT P2 AR R e R A
AT DL R0 VX — ) s i 7 B R SR IR A, )
2 B Ok Z PO A R i ik Ty 50, R M R R
P 10 A ) 1 B8 O 45 B 0 i 4% DA R it =t i
AR LAAS BAR BT (1 fif e o

R JUER, FERAER KIHATE
A& RBR O LB BT, HE2EKiE
JEHE = 05 A R R R AR R A BT Xt
FL-Trp, HAF@AFREK, SHEiAEE, KW
I, SR BE — S LAk L-Trp 4277 B AR 10 7= 3R
AR M R T IR R X+ L-Tyr, HAHCA
HARMARY, SHL-Tyrib%4E & IESEH Tk
A7 ST L-Phe, HHTHBBEMEREEE S,
Fiah, CTREERTE R B RRE R L Ak AR )
H 1A E LM L-Phe (7256 . X195 B iR R SEBR AT
AWy, HEGRER L EEWRA, RETE
R ' E R E AT AR
A, BENAI K TR Bl AR G I IR 3 PR A A2 S e 05 A
ARG EY RN AN EER K. g L&
W ARIE A R =B Tz B, SR
FEHE 05 & R B R R S AT A e B B AR de H
iR IR, B¥EEEEARAENEDGE
BRI CE, R U EALE AR AR b
Wi ST i S T VR SR AR R 0T A IR R R R AR R K
SR ) S R AR D, AN, XUTh AE B A0 AR A B T
NN, BB & T B AR, o
5 3 T K AT TR B AR T B S L AT R
RPLSHIK & 12 P AR < (b an i 028 Je 1R & 16
FERLR LA (R HHE B LA, T PR AR
THHERAERMNTHR, Lee " @i £ K
BRI H 51N iR AR AR AE 1 00 0L i A 2 T
i Bt K B - 75 55 R i AU (DHQ-SDHD K #2 5
SHIK AR #f i &, M ik 2 52 = 05 B ik & 2 1R 1 7=
HMHM. TEkR, BEETENEARPREKRE,
VLTS ML N B B T2 SOsE R ) 7 2 AR T
bl 0 AlphaFold 03 vk Tl 2 (1 25 40 1) Th e S Bl
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BUERRHE T — MBS, HOSUER R T ES
Bl T A v R A% v G B Il S It e 1 ) 8, A
BN B 07 B R E AR R 0GB . AR TR
)R Ak NATT = R 2 L0 55 7 e R Tl Ak A=
FERE BN, IF HAF AN K BT R A AR T
— B BRI, TR AR A T — AR
UF )7, Yang 55 U7 R C A& W AR PR A
m s IR AR S REEEAT THE ML AT, R IEAT B
JIEVEAL, Mgt T — AN C g, s
AT T 88% Mt = # . 1E 5 & IR KR & s 1R
i, PEP I E4P & J& DAHP 13X 35 B, 3 B i 4
PEP 7EA4E I RN, A — &8 7, nT AT
R AR AN B IS R KR = PEP BIAESS, M
ik 242 = DAHP =& B . 54, FA T
LML 73 B AT i 428 AR A s 7 A1 A& — FhoB
AR o FET5 B IR A BE R A bRk A 7 T, B
1 BAR T O A IR A BRI v 7 B AR A T TR
B 3 31 0 228 A2 v 7 T R A A ) R 7 2C, lan
5E A3k, d’Oelsnitz F1 Ellington '™ & % 4Lk &
) P 3E A T] LK BT A A R B — D
AL, RS S R S HUW F R, e ]
DAAE 2 Aor I AT e 428 AH 50 2 B0l i AR K sl A 7 7
BT RAR M A, WA LGS ) B PCR AL
UMD 5 AR 55 J7 SUAE H 2k R B AT A A BE WL S
. thAh, Bryson M 5 Song 55 M R T AR P
AR FEA K Tk . Song 55 M fi I DNA &
M- F R4 (OrthoRep) #4 4 1 — Fi & 44 1 0
HE M HEA B AR TR A% 5% . Badran 55 MY U4
F 5 RE 5 AR AR 34T € a4k, AT BA43 il 78 H I
DRl A AR 2 BR] AR R AR R AR, 3 X i e 5 2 [
VAT 2 AN R R ) 22 Fh R AR 1 0] A AR K = . Bl
#FE N AR (40 CRISPR/Cas9 B A ) H
WL, CIF K AR o ik DR e a3 47 5 DR TR S0E 1)
RS B 00 B R, # n Jakogitnas & U IR R T
CasPER, Halperin %5 "™ | & T EvolvR. X 2EH]
WHEARAEGERH T FRAERM A, ik
ARG AR ETREESEE . B
L-Trp & 91, R v SHL I B Bt 8 it s 2
B AR PR AD BRI R s 0 B A% T I 0% B il i
A7 7€ a2t $ v LA A0, o i AU 1 2
DA] 5k 25 20 266 437 A K s 407 6 T R A 2 RO, B R A

MR RALR G B EER SN EK. 2R
Fog— M Al, HAEHMMEARZENST, AAR
AT IR AE AN A RORER, BB AR T
KA FCIAWIRN , RN 45 & 4EDE B
iR A A A S A SR e, T BLR
1SR BL 5 B R R S L AT AR W e 7 R B R
.
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