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mAEEZARLEFTRAEE PR, Ehah L, b—F MBS TR A MR R TS EM TN, SHE
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Quorum sensing of microalgal-bacterial symbiosis systems in
wastewater treatment

ZHANG Zhe, ZHENG Huabao, WANG Min

(College of Environment and Resources/College of Carbon Neutrality, Zhejiang A&F University, Hangzhou 311300,

Zhejiang, China)
Abstract: The microalgal-bacterial symbiosis (MABS) system has attracted broad attention for its ability to
remove organic matter, nitrogen, phosphorus, and other pollutants from wastewater through mutualistic
interactions between algae and bacteria. It boasts such advantages as high purification efficiency, low energy
consumption, and environmental friendliness. Quorum sensing (QS), a crucial chemical communication
mechanism among microorganisms, regulates gene expression and collective behaviors via signaling molecules,
profoundly influencing the formation, structural stability, metabolic function, and environmental adaptability of
MABS. This article systematically reviews the interaction mechanisms between microalgae and bacteria,
including material exchange and signal communication. It also summarizes the existing MABS systems and
their applications in wastewater treatment. Based on this, it is further clarified how QS regulates the
development and structural integrity of biofilms, and how it coordinates the metabolic cooperation between both
parties during pollutant degradation, thereby enhancing overall performance and resilience of the system.
Finally, the prospects for targeted optimization of MABS system functions by intervening in QS signaling

pathways are discussed. The important role of QS regulation in developing efficient, stable, and intelligent
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novel wastewater treatment technologies is emphasized, which is expected to drive the field toward a more
energy-efficient, controllable, and resourceful direction. [Ch, 2 tab. 92 ref. ]
Key words: microalgal-bacterial symbiosis; microbial community; quorum sensing; signaling molecules;
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IR sh i - AN B 3L A 248 (microalgal-bacterial symbiosis, MABS) /b —Fh I Hr2i AR, 7ETTTE K
A PR A7 BN O 2 A T . A AR TG /K AL AR v FH ) 2 R B M5 R 7 (activated sludge,
CAS), -4 A RGa T AR I/ REIR AL 0 BT AE , IS SREHCE /DR = UR . 7E
PR R G, ORI A AT R, 7 A AR (COy); COy XOAT DIE R e A=
K, MIAESG F 35 AT 2 A e v Z i sr A AR M FIOCR DY, 1525 TX A [FIVE AT,
- TR A RGETCTHE MRV FE 1T, M IE GRS IR, RERFEREY 40%~60% 1Y B REFED),

TERCBE-A I E R, GCEYE i A (quorum sensing, QS) Z 5B MM EAE M. HFFE
BH . BRI AT i = BEFR IR 4T (adenosine triphosphate, ATP) & L, FFHIF MM B Y) (extracellular
polymeric substances, EPS) 735, MIMHESN UG- 41 4= P IE (microalgal-bacterial biofilm, MABB) [¥JE
B, o, N-FE IR LR 22 % R N TR (N-acyl-L homoserine lactone, AHL) 413 A HE AN ML 9872
WY, IFRE N 2 b 2 52 M S A O A s 5 A R R R ) OGS 55 o0 U KA, 58 AR il an sk e 1R
(phosphate ester, PA)., ¥ — ¥ (cyclic di-guanosine monophosphate, c¢-di-GMP) Fl13 — i 1R (cyclic
diadenosine monophosphate, c-di-AMP) tL7F iR B A EZ/EH . Hi, B TS REEE 4
B8l EYRRIY AN 2 R ) A

JUE B A WFIEIE SR A BN A T e - e AL 2R RGP A R EER, (B2 TAEDY R IR TR 4 0
£, W HP EARRN S FAERER, HAMh= 2REERBSIRAMN . LK, BA S0 55
PE-AH TR AL A R G BRI, AEAR /DA W5 3R G 4 7 AR B X e - A P e A R G i IR AL . AR SC
FEL S8 1A B TR e - A TR S A R T A% O RARAVE T, 3R G0 R O TR B AR W ROE 1 . S AR e 1k
AT BE B FRBEE N P sZ AL, IFE— 20 4 S 3 A A B, 8 4 0 Tl e - 2 TR LA R R s 5
ARARANTETT 1), DR HZ S ARAE KA B ) i 5800 S 48T

1 fg-mwAERamE

1.1 BEARE-AELERS

I O - AN T A AR G R GO - AN B S B A th B A Tz i — R R TR RS, B
KEMETEBARN TR K h USRS A K, @RS . BRI 4G T BAE R I &) 7 HOR 78 4342
fil, HE T SE BN S AL A ) B ACHe . FE S Y AL 5 AR E I (stable pond, SP) FI T #E ¥ (high-rate algae
pond, HARP). F2& I i eI 13 ok s A R SRR AR 1Y) B el AR S B0 G ) B 5 B o X B8 R e 4
e e, ZRIT a0, QTR RE | VR Sy i BB P O A W o, HLJEH
SR E IR AR AR HAT, 2R R G AR RO [ 5453 8 52 Br i AU

SR, AR YE S B e SEPRas AT A E G Z Bk . OPTTIRRE 159 5 R ket 2. AR
DA RIS AR, TIURESR S KA1, IR R G A S s IR A
WGy SRR BB SR B B SRR PO W SO A% BT G R R, H AR R ELARO
R, I TN, OWAMT R, AU 2R HMBEOCEER, MR AR T
R, SrRERAG, PEBEI IR RN, IR A PR AR CRN , FEAOCRERIT RS T5 )
LERPEREN, OGS UEUIRENE 2 . BUEER T TR AT . MANZRY W, BRI, TIEZIE
(0.020~0.051 m+h™"), &AW RS HK s G,
1.2 REE-HERATR

P e S AR GE B B LIS 1 T e 1 AR G0 P JE B AW -0 TR BORE TS T2 &R 42 (microalgal-bacterial
granular sludge, MBGS), MMUIEL: T2 FA KR, WG T AW TIRe i, M —Fa
ME ARG ZEREREE G T 8 IS PRI Ve vk AR - A i 2828 R WE LS . ORI R
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B4 o U PN BRI B DA A 4 DX 1) PN S i /DR 4 DX P i i AU B, (A5 i Ak 5 S i Ak i 2 mT 7 ] —
TORL Y IR EAT , TR 25 T 1648 T2 h B i s 0t 5o, JF B & 32T TIARCRM, QB IKREFE
TG A VR = A2 1 AR 0T A B AR 40 = REFE A A XU A=Wt AE 7= o WK 14 TR e R 7
JRIT . AR S Y, RRUEA RIS IR, SR, T -4 R A R G 4R AE R RO T IR
M. T EREINMZEN AL, HROCRIE RES), NN EEE W AR TREER . BIRATL
K N T REBF A O — B0y BRI RN, (R R 7 vk S RRIG IS sAS , iR SE bR T AR I Y 3 2 R A
.

1.3 MIEXRE-HAREERS

M - R 2R RS, IRPRGRE- AN B E W R G, 38 A e 5 A AT ] 8 AE AR R TR
BLEEFAAE PIREE, FEAL SR 2405 Yoy Oy T R B 2 LA O tE SRR AR RE 1308 . 2B MRS o3 WA 1) i
S RPN b A S A R S E SR I Z 0, RBE T A YR M A, oMM A R
AR, EIMPMFELRP T, QY ORI RE . fE Y G AR AR T B, AR ARISOR AR 17 [R] B
P E, AL SHEARE, OEfTRet . BUEEYEERRTHLRA AR, BIrZRY
R RGN RS SN R ST, IR IR E BT,

HAT, M- e RS E 25 228 AR RS S8, S0 B R Gl A W IS T
ASSARE RIS R, UniER: B A W I N 4% (rotating algal biofilm reactor, RABR) Fl| FH Al AT (i
WEEY S MK 52353, SEBLE AU A S A Py o [ ™) Be T2 30 ) 45354 X R ek 3 L
Eeuhty, HAYEA Y R IRME S BIE RS 5~10 1520, RS R G058 o LSS ALt A, BeS
G GRS R B G, SEIIE 100% 58U BI0R, JE TR H AR TF A i R <0 A= ) FE e 218 S 1 2
(membrane aerated biofilm algal reactor, MABAR) 7EAbBALfiE 5 ia 17 Aa e P T 3 i 25 2728,

SR, ORE-A TR A Y IR R G AE i AT B T —E A RR . — 5, AR IR AE K S B
AEYIENPAA X IR, FRERBUEY AR . 50— 5, K% 0.001 Pa (7K 7 5 UISE4M T4 AT
DL A Py RS T A T s A ) BRI 7, RO R AR IR R S K IR e B T FE AR KR B
TR ARARDE , TESEPR TR SR N 4ERE RO R A AE R TR 2 — A R APk K

2 BOE-ZE A RRW D R ITAE G A I A AL

2.1 RER-AREVBENREIERE

B -0 A A P P ()0 B 2 25 A W B YA RN A 3 B B . (OW TR B o 7R Tl e - 20 v A P B
BCHT IV R e FEF Y B, A A I AE /K 2 0 5 s B YRR B R Il A RS . HGA RIS, TR i o W
WIS G, B N AT BN AT (Y B G e R . AT S Y Bol i s gl . R B R AFEAL S
SCERRIAE AL IR . I B S A REAK, A S 2 K T el TR R W AN 2 Y TE L Y RS B 4G
W, RGEHANTHHE B, e e A kK ) S42= 4030, AT SE BLGUE W fE A R T
PRI EFED 2, QRGTE BB . FEAEYIRE AR By, S TR0 40 o R B B m A AR R, A
HREIEHOEK . MERE AR R, RINZ R WARR N, B 28 2R e A YRS T A
Frig IV EER S, ORI AN 2 R T s AR 0 E R SRR R s O A AR, ARk
RGN A FIEFAR B . FEIRX AR, BRI A — RO R S ME S MU R AR, Rt
P A YRR | RSN 2 R YA R SR B TR DU S O, BRI R B P, DL 2 R
PETR (G-) A f, a5 R LuxR/A BUE B R G AT IR . Luxl 8 A ST N-IEJE-L- 155 22 24018 14 IR
AR HZErFEERNREZRE WG, 715 DNA 45548 F LuxR 254, HEME 30 T i 5L
R SR, AT S BN A W TR J A DG et AR B R P AL R 450 DI B . 22 B 6 28 3 1T () Tl e A 4
WA T A A, 38 fAh 22 5 W i 9 SR A B A0 37 R 1 = 4R s I 2548 . i A B B
AR AR B R 8 A JEL B FNATLARGR B, A FEAN N BB 2 [ Ml B A T 2R m, i L RE A5 AT b HE AR 7K )
YY) S HA IR T4
22 fEFAEMNEEER

AR - R A R B A 2 O Y REVE Ak, P Al DL oA R TR A
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Alphaproteobacteria, B-ZEJE 24 Betaproteobacteria Fl y-2Z JE B4 4% Gammaproteobacteria L S 5 2 BEAFT B4 &
Sphingobacterium 55k FEISHEC ) M A 4L 53 M LAZ% 3] Chlorophyta H A% 22 4R Bl 541 it BROR 38 20
FOT ZRGEMNHAEY AR T a2z, 2B IR 25 A8 LR R ) AR ELAE 4 2 Al R R 3
R, MRS TR R UME. X SuaE 2R ERCRME ML (& 1),

®1 RNEHRESHAEHEEER

Table 1 Interaction between microalgae and bacteria in the environment

S HH) SR MERTER R TE W] T R BB

P PR WA BN PR /NRIIR Chlorella, [ WL 0
P EREROER R K HHidzotobacter ek b B [38-39]
S— SREE JE AR S Mieroensris

e ffﬁ% HARER I St b o B ey (40]

PN ot =¥ %ﬁiﬁ p A

g ERRGEE  FRGRRICEDIG BURUS N0 R Cymobacteria,

TR R AR MRAMO)] (ISHRAEE)  LKERKdococcus ]
WREGERIVE SRR R N e WO BRI, 3F

4t Lt ) Jif

A sy G SR PR AR Actinobacteria TN [42]

M SUERRCEYIE NN RO . AR R, ARk .

| ERE | W& A Staphylococcus LYWL [43]

PRI AR R, R A B RS R AN B AL R AR A B R A AR ARk Bk
AR . HBRER AR M i A K B RR TR IR ST, BeAh, /INER B S T o3 1 ) A AL v i A A A
4l TF (ammonia oxidizing bacteria, AOB) A1, MM i & 2 5 RGN AL AL HORI, BRERE S HAh, dr2f
BRI TR LA A 2 By, B ZIMLEEZE By, S CH AR RS 00t T AR,
T, RGP E AR BUEN, W E SRS R BURB Y SER R RO K
BIANAE IR EE IR R N 5, SR T 5 e 3 4 A A SO RS R R AR b B g 7= A 1Y) /N Bk
. ORZEERF AT AL A S RO s VA A B A I R TR TR S | A Wi AL G N 2515 S
T K A AR

B TR S #e sl B2 S AR W (S5 B T EAE R G BEEAEN . MUEY R AE o
SRR R 3K S5 550 F, S 5N SRz, WA RGP RIRIDCR DY, 550 F 1V HE
FLA MR () 2 PR . Bl AN LT, AR P A R SRR IR B — i B E , RIT il & e
R LR SEERIT R XFIEFES IRV, PR RS iR e MRS DR LA 2 X

3 BARRLAE T AME ARG T WA

3.1 BERBRNSESHTF

ARSI AE AR E L, IR T E MM EAE N4 . ARV S AR R 7, i A ek
oI ERe e i = RO L SAed (U E28: S d VAR B~ P B iy 3 M N (187) 3 G St 7/ NF £ 3% N S AN = K S £ N A
T T E Y R A m AR AR B, — HHIRBEIR B E, s SN NZIRGE S, o
MR A LR Rk, Ja g AR B . MISMEG 5306 . PUBRY LA LA K35 ) TR~ 3RA 55— R 51
TERPEA PG S dHRfR 500 F R B G N-BEE-L- S 2 Z RN ER BRI B VA5 5 (Pseudomonas
quinolone signal, PQs). H &i# Sk (autoinducer peptide, AIP), H&if55¥)-2 (autoinducer-2, Al-2), H
Bi5'59)-3 (autoinducer-3, Al-3). ‘EATHEA AN AR,

Hii, CHAERES T RRBN RE F L AT 4 Fp2Ea . OLuxR/ABUEE RS, F =K
PR (G-) i 32 3] LuxR/A ABUE BRGNS, JFRI N-BEJE- L1 22 20 N IR ST A e B &R
PP, N-BEBE-L- 5 22 2 TR N TR 2 © 8 I i B BER R AR 540+, BT 288 Hh 2y 42 R [m] 2 Y
(% 2)o B UM ALHE N-T BESE-L-55 22 5 R W Bk (C4-HSL, BHL). N-CUBEJE-L-55 22 % FR N i (C6-HSL,
HHL) Dl B N-3F 3 - L35 22 B MR P (C8-HSL, OHL) % . QEIKEE R4 . EMAHTH SISk ER
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VERITHE 22 [QPHETR (G), B AT LAGM AN 6] T A A 8 1945 5 40 F #EA TR TR, BLuxS/AL-2 {5
BARG. REERGIE YRR RS, BAEH T 2 IRPIVEA R, bR T 22 IR 2
Ho @AL-3 ¥ EIRR-EHE LIRRMEE RS MtEmx iz, nTaess Lo s 2 71 N 1 19 75 S AL
il LA 240 T 18 A PR

®2 NBE-L-SLEBRNEEARME-ARLEREHHIER

Table 2 Role of AHL in different MABS systems

N-BE3E-L-T5 2%

e P ! - , B2k
R AR & H AHL/EH] LS %3k
A VAR B P
C6-HSL. C8-HSL S ENischia  LABURIEE WIRSER, BT B [59]
Plasticicumulans et
RS
g PR 8
C6-HSL, C8-HSL. 3-oxo- Dotyophycus Bk
C6-HSL . 3-oxo-C8-HSL. hainanensis . Y-SR PRI AL (;ﬁfé;{dr) [60]
3-0x0-C10-HSL A I i
Prorocentrum lima
CO-HSL, CI2-HSL, /N WLAIE . RECAME (MRS WK [el-62)
3-0x0-C12-HSL
3-0x0-C8-HSL . 3-0x0-C12- o RAFIA A A A A FrERIK K
HSL /NERH(PACHB-8) Agrobacterium sp. EHP-mE A (ELR) (63

32 BARNEME-AEXERSETHNEAR

TR - 20 B A W RS AR T 1 2 AR T R o 22 TR W ) 430, T AR AR IR I, B A8 AT RO 5 i AR Y o
FW . B HIEHS Porifera &R K E Ruegeria sp. KLH11 0] /3 2 Fh N-BtIE-L-1= 22 RN EE, >S40
A5 V6 40 200 B 1) ) AR TR o AR T A LA R A o il A4 3R AR MR T G, 2 T 2 - A e
ARG, BRET, X TRAREN 5 A BOE R 2 RE T N-BEEE-L-5 22 Z RN TR 5 01
BIRPEAE T . HU S8 IESE . N-BoE - L5 22 2 MR N TR VR B2 5 A W JBE S Al 2 TR ARG, B S A2 R 1) 53k
AR YICEE . YIREE T N-BEEE-L-m 2 RN R B R e WG, PR S EninEs
HHEAE Y e s 2 R B &1, dFmiesh A YRR TE 5 DI REaRA 7, L1 &7 i 7K 7™ 5%
B A% B R A W I S st B A MR N-BE - L1 22 2 W2 N R {7 5 70 3-0x0-C14-HSL, RS T HX
N 25 0 Bad B R A AR KRR R I . 25 SR 7E 400 ng- L' (BT IR AT, 3-0x0-C14-HSL
ALBEA R A PR | 4 HOE BE Y, 38 mT S 3 4R T A 22 R SRR IR 15540 T 1 ik
o RN, AR ZRR T N-IEJE- L5 22 2008 W R 2S5 5 o0 IVE AL, XA s 0 2 45 v H At
&5 o FAEME- A i A th B IR T BRI AN 2, JCHB = 7R AN [RI A BE W8 A5 538 6 22 BAEFH Y [
WS, AL, ST AR N-BESE-L-5 22 242 N R v A2 i AE I REIE i, (R AE 2 2K AR ER B rh Y
e M LA S 5 SEBR TR R T T AN B o X FE — e R B L BRI T LA R R 2 SR 19 S PR T A 7

Bk A2 1 25 ) BT 100 15 5 30 B AN, TH0BE 5 20 TR IR B8 38 3 23 WA R R 17 5 43 S B AR JER i 0 )
(quorum quenching, QQ). ZL# Delisea pulchra 7] & W< S IGEHZEIL &Y, W) TR as 5e S PR 45 4 4
PRI -k - L5 22 2 I Y B 32 AR B 1 T S R A, DT AT R SE T A BN {5 5 A%, 10 400 A 14 .
SEYREIE R 1AL, R0 B S W 1 I Z K2 T R A AL Nk - L5 22 E R N R 1Y 43 T g
W5 SR T S s R AR AT BT, TR MR LR B T 2 AR AR B By, =
X HAE G 2 U W RER Th B IEAN R R G PRI L 5 A A B 0L %) ST % e -t T S AR R B AR 1Y
M, FEPZ K AL B R, BEOARJEN AT DA T e -2 oA AE BT B, e S O (T B, 2 1 52
V5 YRR S G A RO
3.3 BERRRRCVE T RGNS LY PR

FESE KA PR GE v, R AR BN 38 o T S 0 5 05 Y W R S AR DG R SR IR 3R 8, LR I R e 1k
BRI SRR AR AR FH 3 R R A OGR4 1 AR AT A2 SN AL R bk R % DG B il i S A
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| N-BEEE-L-m 22 Z R NERAE 5o PR . s R W] WIR NI IR B ] napd 5 narG W3Rk 7] B
C14-HSL J 3-ox0-C14-HSL 4545 5 43 F 45 5 1M A R #6838 J5 FE ) nirS F nirK 193635 5 C6-HSL .
CI12-HSL } C14-HSL % 2 flt N-Jik F&-L-155 22 Z R N R % PIAROC T 7, oAb, 7EIG M5 e Ik & P s n {5
593 F 3-0x0-C6-HSL Wit EHETHIAN LT Balis 1, A B T4 B Aeromonas IR TEAREHIAIT 5
I [CFFERRFT TR Citrobacter freundii 7 M W £F 4k 22 [l 1 1 [RIAE 057 3] N-IoE - L-155 22 28 B N BB A5 5 53 T 1Y
52U M5k A M B Pseudomonas aeruginosa W A Bl H Rhl #f 7K &% B & 45 7= 4 19 C6-HSL
5 3-0x0-C12-HSL {5 543 F, IEIA A nahR 5% S0 7 S nahH & (ks JLASE 2,3-BUMSERE), M
T3 SR X 5 A R 215 Yy R A A s U7 . BT, AHOGIAR R Z IR T At s B b iR R s, 5%
PR AL R LR E AN RAEE 2 7 o (5T 0 TESEBR AR A RO EE . SRR e Tk AR VR
JZ T P ZEAROAT ARG, X2 T A SCHLIIBEFE 10 T 2 4 i A 2 Ak

FER -G R oA R b, TR RE IS TR0 A TR RS B A BEAR BN A5 o 1, IR PR ILIR TR A B R SR
ik, e s e A R . ERE VIR R NS -L-S 2 E R R T B RNER A RS
11+ psbA Fl rbeL S5 CHEIE R RIL,, G HOGREFIHRCR, sl iS5 Wt fbbeff . EMRWRA
PRI, 1R 8] A AR AR IR N A5 5 38 R WL T o AN, BRAF I Thiobacillus W F I #E#: Bacillariophyta
WA TR AR P Wl Wk -3- U8, TR e v ) A M 43 400 SR L ) A5 G B AT
X TR AR - A A A Ry A LWL SR Ak A B E S AEWEE AR R, d b A
SRR AR 5l B s A NEAR 50 7, A SR KA BRRRE ) Ak, R s SRR B A ek
FRTFF KA i
34 BHERNIRSIMNEENM MY

YN PR RS 38 o S M B A 2 R A A IR, TR R — B ORI PR B BR I, R A BRI RS
KBS . MAZ R AAT 1S B AE W EHRHT T8 . il . Al pH S5 R 251, BRI A HE Y
B, [RIBTAERP ARG RS e RO WU SRS BRI LG 51 ATK = SR K b B R e, o3
BRI - T A W R R RS RIS e ) S BRACR . BRIATEEIRAN Z RS, BRI A 2 5 s A
YR Z EARESE N HLE . #an, 7EA FLECE Shewanella baltica "', RpoS 413 B9 BE AR BN R G 18 P
o CBRERS E AR A N B OCH L RAMARTE A T AR R 0 RN FEAR AT, B
PRI NAF 5 53 F AT PR i AR S AH DGR I, (R R R IR 4R &R Y. BOSAT T Roseobacter
FET Y N-I5E s -L-1m 22 2 PR N TR 2615 5 0 118 BB U5 S ik i 5 1 48016 ) 1B fL i (SOD) Aok 48 £k & il
(CAT), MIMZEft 25515 A, FEELEP AR, BN R 5T R A YA
BEBEAY, A Cu0'. F', Zn™, CA"HLmE, NMisgsmA YR & 4w it 52 HOF 4e ks R i h
A AR A : Co-HSL W5 Ag". Cu” k%G RN, HEGYMEHEIK TSN Ag", #t—4
Gefe 7 A R 1R FRON B, BT - R A A RGUIRAERE . SRR IR, AR AT o SRS A
AR A5 5 4 Bl 0 T 4 i R R A BN D) RE DR AR, A A B A L R 4 A R R K R B A
Y.

4 ARG EYSERT R R PR 5 TRMRE

AT, FEAEN AR K b B b ) PR P 5T 32240 TS0 i =LK R R SRR IR B, (HE BR
B IR Y TRRAL D T 7o R R R B0 $ Tl - o A R e Vs K A A RE DT T, Y AT R AW
KIrm) s — & F ARSI AS 5401, B0 in 3-oxo-C8-HSL 45 3-oxo-C12-HSL ] fit #F B AE
£, WepxHmn s E£ae ), IR E AT E & (chemical oxygen demand, COD). %(. #iny &k
RO IRl S BN Y s DI RE AR, R RS A B AR I AR R A BN B A . ot
SR o 80 pmol- L7 T2 FEAR R 73 AL-2 {55, W&o e - ok 5 e R pfae tE . Ut
Btk S R S BRASCR T, AT BRGS0, ORI A AL, R SCPR AT 5e . SR, MR
SEHEST AR E, M- RET IR 2 AL . — T, YR AR, SRR
AR BTREE e 0y 25 S S 3, G AN/ INBRBEX AU R BRSO, M3 Scenedesmus TEHEEE Tl K R 3
P EOC A 52 PEST . HETEeZ G — | e R s A 2 s o TSC 0, A S s g H e bRk o A
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KA G —Trm, EhrBR PRI E RGN Y, MR (55 AR, AR
T ME LUE R T A TR K IR R A AR S BRI R T BRI AT U R R A R, PR A
AR A 5 2 T

P, ARKRTFENE J1 T IRESEA A R GET L S U0Ak, IF BRI 4T, HEsh Rt A1k
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