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Perspectives on two-component systems
involved in regulation of secondary metabolism in
Streptomyces

LU Yin-Hua JIANG Wei-Hong

(CAS Key Laboratory of Synthetic Biology, Institute of Plant Physiology and Ecology, Shanghai Institutes

for Biological Sciences, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract: Streptomyces is characterized by its strong ability to produce an impressive array of
secondary metabolites with important biological activities, such as antibiotics, anti-tumor
drugs and immunosuppressors widely used clinically. In streptomycetes, the biosynthesis of
secondary metabolites is under strict, multilevel regulation involving pathway-specific, plei-
otropic as well as global regulators. Inactivation or overexpression of some important regula-
tory genes could greatly influence the production of secondary metabolites, implying that a
better understanding how regulatory genes function in secondary metabolism will have great
potential application values. Among them, two-component system (TCS) as the signal trans-
duction system in bacteria has been the research focus in the past few years. Increasing evi-
dences demonstrate that TCS plays a global regulatory role during secondary metabolic proc-
esses in Streptomyces. This review summarizes the research progress of TCS, including typical
TCS, orphan histidine kinases (HKs) and response regulators (RRs), involved in the regulation
of secondary metabolism in the model strain of Streptomyces, Streptomyces coelicolor. The
functional identification and the mechanistic characterization of these TCS have provided a
valuable theoretical basis for the directed genetic engineering to improve the yield of impor-
tant secondary metabolites in industrial streptomycetes.

Keywords: Streptomyces, Secondary metabolism, Two-component system, Regulatory
mechanism
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5o e R ARG RAEMIRENL ., T NIME
T I AEA W U B IS5 AT LA A AT BT b B
S EYIRIRI RS 2R 28, (HRFE 57
PR AL SR PLH A A ] S8, HpaE A
JORC T TR A 2 A, A A A ) v 3K 3 A 7 ) — o
w3 B B L h 2 A,
WRYEI R L — PRI AN, Sl o 22 28/
SRR O = R R R A 2 =R
FE S . R PRE MRS, SRR AR

20 /7 2 4t (Two-component  system, TCS), &3
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FAETRE Y h, RMEEENESET AR
gl R AN B Ak 2B B R, IR
Mttt BiEEPY . w8
F5 70 R WA L Bk Gt =4 14 2 4 i)
&, WEFERIRENET AP Biofilm) A
1A B (Quorum  sensing) %5 HUG AH 56 1 #2771
AT LAY TCS I UIReE 55 T ANt T iRz 454~
T WS R, TCS #IR T4, SRG &I
PRIKSF- 5 8% T 34 B 28 /0 B0ty 4 o A B A
FBErp, W SR, EEEL o
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A TCS fAEfyfiiE 1+,

IR TCS AU, BRI
(Histidine kinase, HK)#1 2 #4225 H (Response
regulator, RR)(IX] 1), £%4 HK WESHEEH, T2
M 3 NIIRESE AR, RIE 580 3k (Sensing
domain). {5 5% %I (Transmitter domain)#l ATP
fifi i, (ATPase domain)!'®; M {5 JE daf — i
ST REAE, 5 MRS RIECR ¢, X 75
HBA®ENZENE, 25F50% -3 55
e WA PR M, Bl A SRR VE A,
KR AT ATP LR y mAEBRIRIE M 2 A &
PRSP RYLH 2R (His) 5k A b (12585 E HK H B
R AC BT 05 1Y), DA TR S S S e A A 20 B
2215 55 ATP Bill2 ATP 456 X, B
A N, Gl F A G2 UAFIXRSFRIFSIRE . RR
S TAIMIBT N, TR Mg HK ARG
7o 5 HK A, RR 7EABEFILL LA PR,
B N A Asp 5RFE 5 B ORSF 05 5 832 3
(Receiver domain) LA S C i 1Y 25 W 45 44
(Effector domain) P #/32H BY o FEHEA 55153
i, HK A5 Bzt — B 2SN AR S,
RI5 | RAF S B Bt s, fii ATP f S
5T AL SR B AR A A AR A, ATP il Jk )
HK AR AL s (MR IR AL S, DT &
H SBR[ N ; [RIEE, ATP ki B84

Stimulus

|

Periplasmic  Transmitter
sensing domain domain

ATPase domain

# 5 HK ) RR 454 M (Docking surface),
MR LAZE & RR, JE¥ m REm R S M % 7% 2
RR {55008 - i BEIR T A7 s (R A BRIk L),
fii RR AT 305 BRI RS, DT80 2o 4% Ui
H B 356 P A% 2 35 R 8 77 240 B Ak 07 P s (1]
Do 74k, #EHE RS, HK #l RR 19 — Rkl
AR BT IIRE T LTE 1Y . RR YRR fhoK
V-3 B HK G PR RIS, 7R N 4545
T2 Lk RO 95 1 £ R bR 2 ) s 21

HERE R o — 2RI A A, RA
52 IR 28 o34k JRL I B i R B Uk AR e
REfs 7 A A 2 B A W M r R A = 4,
W EF) T Z N RS R UE 2 D
R RER IR AT . PRgeit, Ml Yk R
B RARPUAE R P AL 60%2& H B 5 0 r= 25 1,
" A Y R R 1S 2 rh T Ak 1 S LA
R R IR PR = AR A Az B 2 )2 IR
JURs IR, AR IR R R . 2R AR
PEEREIS BFAE WoR, — S Ja 3 R A d5 Ok
BT Rk AT DA K b 52 ) Y A W ) A2 )
B, HR s X T R T R A R 4 A
J AL AW B B R B . 1B
FHESEFRERN TCS —HIEKRFEMHFR W E
M, HORMZ PSR SE, AR A R TR IR AR
W R T R A R R R VR

Receiver  Effector
domain domain

HK [ H @ —N_GI

F_G2] (DB  |RR
[

™1 TM2 (P}

% ¢
Response

B 1 ABWESRFZHESESERE
Fig. 1 Scheme of the signal transduction of typical two-component system (TCS)
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FAT, XF e R TCS 25 Risiny
Sy F IR B R AR R R —— K W
7 i (Streptomyces coelicolor)d 52 MY . 1% fiE
PEAE LG T i R 4T R (RED) R 44T %
(ACT) ., W H % & Mmy) . 4548 09 t 4= %
(CDA)U K ¥ o (0,2 yCPK 2578 N A B 1R 9
R =1 . AL LR B EL T 2002 4R E 5E 52,
A B AT o, HIEEN AR KRS E
S A LY, AR RS, H
THAEE FEFH TCS gt EE N, U 84 4~ HK
PLJ 80 A~ RR A, 5 7RSI Z) 2%,
Hrf 67 4~ HK 5 RR DEECAL X, 763 R4 i
JE MAAR A A, RGN TCS, HAY R R IRaT
[ HK (17 45)FTRR (13491, 20t Z4E0F58, ©
SAEREORERTEE T —RINEAHEREY)
REIY TCS FXF Hor PR T T IR A B i
Br, WESE TCS 25 TH#%HF/EK LT AW
B, AR R BARE . AL EE . BB
J DA % 0 i R s e e SO B W 1 D, AR
SCE A TCS, fdFEAl TCS DL IRAT
HK Il RR, £ 5858 W&k G AR o+ )8 0
St R, B A SO IS AR BE S T — 25 IR
RGN} T8 85 P P IR AR A 56 TCS 1A
MR IELN N

1 HAH S & Si(Typical TCS)

HAi, EREOHSRCA 10 2 5K%
RIS L TCS B E (R 1), i,
AT E A ARG LEIR R 4 X TCS,
£ §F AbsA1/A2 . PhoR/P . AfsQ1/Q2 L)L K
DraR-K, H:H' AbsA1/A2 F1 PhoR/P NIt ARG
R R R, T AfsQ1/Q2 A IE T H ¥
A A&, DraR-K X404k 2R G i H A W 4%
TIRE, XI ACT W& BUTEE AL DI RE, Tt
yCPK LA} RED WIHAT 454 H
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1.1 AbsA1/A2 (SCO3225/3226)

AbsA1/A2 ZRSFE T CDA BYAEW & g
FERFENHS, H1% TCS AT CDA B A H14 hk
A IRE, W HES 5540 3 FhE Mt
42 ACT. RED 5 Mmy & 4223,
AbsAl 5 HE L MM HK {UFE N 35A 2
LSRR, B AE N 56 F1 C i Al REX A7 7E 15
JEEIX, N SiA 4 DT 29-162 i & H R 2 1)),
C Ui 1 41~(467-489 1 & FEMR), FimH(F 5
R AL ] BE #4224 . AbsA2 S NarL K 5,
H C sl v 45 #4) 38 (Effector domain) & A —>
DNA 45 & 45/ (HTH). absA1/A2 J&[H Y gk
A LS4 5 2 3 4E 2 (ACT, RED, CDA L
Mmy) (938 & 724 . IRABFGEIE B, 8RR 1L i
AbsA2 T DL E GG TiRA R 5 5L
actll-ORF4 ., redZ F1 cdaR #4331 X 3k, 1718
RSk O S D) BE,  HE T S A R BT AR R A
o fHXTT AbsA2 HAKH DNA 256 751 i A
WA, BT T absA1/A2 By ] Y5 3 A
(aveR1/R2)e %5 Z L i) T M 45 D fig, L 2 ]
DA B 44 B 25 1 P B R 3.1-3.4 50,

AL SR SE, AbsAl ELAT IG5 i 1R T
WG, 1EHXTZ e B IR LY AbsA2
KRG AbsA2 (AbsA2~P)®), 4 AbsAl &
A G LR 1 27 (U0 H202A)E0 i AbsA 1 IS
PEZ PN, S8 AbsA2 Ab T iE Mk R AEwERR 1L
IRZS, ABEXT actll-ORF4 . redZ il cdaR [y 5%
FEAE R VE L, AR B A Rt e AR
FR, MRG0 L253A) I E AbsAl BB G T
PERF, AbsA2~P HRZAb T /K, FrELlifiliz
R SRR R e 3Rk, SEBIUAERN
HRZRH . XSGR A ARG R, 7E AbsAl A%
SEIETE T, AbsA2 kIR 1L 5 W s 1k
FIREORFEE — R B A P, MM K 5 a5k 2
W R PUAE R G AL T — A BB KE TifE
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F1 REBESETEMNSSRRREHFEWNES RG(TCS)—mk

Table 1 Two-component systems (TCSs) known to be involved in the regulation of secondary metabolism in S. coelicolor

FF9  TCS &
No. TCS name

FE N G 5

Gene No. (SCO)

ke

Function

oy HL

Molecular mechanism

SCHR
Ref.

L TCS  Typical TCS
1  AbsAl/A2 SC03225/3226

2 PhoR/P SC04229/4230

3 AfsQ1/Q2 SC04907/4906

4 DraR/K SC03063/3062

5 CutR/S SCO5862/5863

6 OsaA/B SCO5748/5749

7  EcrAl/A2 SCO2518/2517
8 RapAl/A2 SCO05403/5404

9 SCO5784/5785

10 SC00203/0204
11 AbrAl/A2 SCO1744/1745

#7. HK Orphan HK
12 OhkA SCO1596

RISEER ;T CDA ZEW)& iEEE
FEME; X} ACT, RED LA & CDA 1
A A TSR S T AR
s AR EERE T S56t
ARG BT ShiAER G
PG AR FA7ERE AR

T 15 W BE A R ) Y AR B R
MM, 25 ACT. RED.
CDA DU yCPK 4R i IR

TE S A AU MM BEFR 38 |, 340
ACT =AM [FEHIH RED DL J
yCPK & 5 AfsQ1/Q2 Hp[a]
¥ ACT WIAEWG . BRHsER
) draR-K [RIVESEE R R & 2L Y
2 S AEEVER

NEER AP — M ER TCS;
Xif KW A R AR E RS T ACT
A B B R 1

OsaA NZET HK, AlRES 5155
MGG I, 559538 i P 1A
A K EEA 10% KE
25 mmol/L KCl 54T, 7l
# ACT F1 RED &,

255 RED & U IE 4%

1EEE ACT DL K yCPK 45K

%} ACT 7l RED M4 9 & A 7 1E
IR ACT 4R

fif$E ACT, RED L& CDA H4k:
Y&

F 5 FhE FIR AR =9 ACT,
RED, CDA, yCPK D) K f2k ik
Hi4: & Albaflavenone B4 415 L

BEBRIL I AbsA2 454 T actll-ORF4,
redZ LK cdaR FJe a1 DX ey il 22 5
Bk, R SRR AR R A AR
PhoP 5 AfsR #4454 afsS (K5 3+
X3, PHi8 AfSR X afsS f%% SEIis 1
FH, MM ACT, RED FE %,
AfsQ1 5 actll-ORF4, redD LA} cdaR
M 3 IR A G, WOs SRR, A
T 1 8 78 A6 B BT A= 28 1 & B ikt
yCPK A IE AT AR AfQL/Q2 B
WG yCPK AW5 i5EH cpkA/D B
EZ

DraR AJLL Y actll-ORF4 5 cpkO Hi/E
SR E, 255X 2 FagierE
S O 7 3 TR O B AL SRR X
RED M4 AR ZE R, vl 6e
SRR HER A

BL 5 A B

HIL i A~ B

AL ¥ A B
AL ¥ A B
AL i A B

AL ¥ A B
LA ¥ A B

R % E#| 5 OhkA VEEC I RR, H AT
LIRS 5 R B E 0 S F
ML 5

[21-23,
25]

[26-28]

[42-43]

[44]

[45]

[46]

[47]

(48]
[49]

[50]
[51]

[52]

(F548)
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f3Z. RR  Orphan RR

(Zi3R)

13 RedZ SCO5881 ADIEN A TTA %657, # HXF RED A& MG E 53]
PR F bldA 19 B st AR R HEIRE S AR R R
Leu-tRNA; S RED AW A IEFLE redD HFE 5ok SLHL
W RS A

14 GInR SC0O4159 At RARBEE N 25 UM ARTE . #E GlnR b [54-55]
AR Bk AR 4 Jm 4 E A NEHES S AR SR

BT 11 B S 30
15 SCO3818 TR ACT WG AL LB TCS AL i A B [50]

SC00203/0204 1638 X A5 5 1%
5, HK SCO00203 ] D) # i 1k

SCO0204 LL } SCO3818

HEHr5k TCS  Other special TCS

16  AbrC1/C2/ SC04596/4597/
C3 4598

&4 24> HK AbrC1 #l AbrC2; 1E LK M A, 46, 24> HK 254 [51]
4% ACT, RED L & CDA & i, 2 5851k RR AbrC3 H R A H11E

F5 R, AbsAl 1l fE 32 211 T B FR S
PE, fH AbsA2 4bFAETE M 1Y R RRILIRAS .
1.2 PhoR/P (SC04229/4230)

PhoR/P Ay 5 85 I Hh A H1 1 4 Jry P 1 45
KT, Z5RFACH im0 . SN
A AT 4 JRy R 4 820728 Martin 5256 %8 X
K5 OBER R ARTIRE PhoR/P YA TR ALH
AT TIRAMISE, %% T PhoP BLELI$E (WL SL
RAEFERD pho regulon), oA 21 E BT
WAL, 4045 phoA FT phoD (Z s B 11 i
R M) . pstSABC Fl pitH2 (Jmfsiiihiz 255,
phoU (ZitH % iz 1845 8 1)L & phoR/phoP H
490 R AV Y PhoP 38 4 45 480 L K B 8
X I PHO box it Ho I (R JEF 745 L% . 4R
#i& PHO box AHX T JH 35 7—10. 35 XA B A
], PhoP 47 1F f A JH ¥ LhAE; Wi F-35
Xl H iR, PhoP (A4S & S EIHISE RNA
RAEWMIER, RPN, B PHO
box fii T—10 X fffifr, M| PhoP ¥ Hih RNA R4H
Fi 454 1 Road-block, PH 11 8 3 [H] () % 521271,
PhoR/P A1~ 3 I 45 AL il 75 5 % FG BH 1 % BF 14 7

http://journals.im.ac.cn/wswxtbcn

A, EES SRR, N 7ESUR
R B A AR R S O M R T AR PO
Ak, I Ew S, X% TCS Wfrs b —uk
KIF, fRZ8Fx A PhoR/BPY,

PhoR/P % 4 %3 T IR A A 7 4 170 78 2 1)
fig. AR (BEE W M, PhoR/P 25 ACT HI
RED A ¥y & L my i dd 45, (B HAE LT 5
AbsA1/A2 #SXAJF], PhoP X} ACT Hl RED Ay
PR R SR EREE EEN T,
1 actl1-ORF4 L) & redZ/D ()5 h+ X I8 A AE
PHO box, #E /i BH s S50 iESE PhoP ANRE HiX
2G5 G o B Y )2, PhoP 7]
PL5 oA 2 A A 56 1Y 4 R o OE 4 BT
AfSR #5dt, segrthh s & T ILFE I afsS 1y
Ja s T IX IR, BHI AfsR X%t afsS B4 SEis, ok
AP afsS Ay%E eIk, LIXPLA R AWK
FEPE283) ) AfsR & ACT F RED 4 5L 1E 7
R T, AfsS h o FEJRIHE ¥, J& AfSR 1Y T iE
EBILR 2z —, XF actll-ORF4 Fil redD £ 1F 845
IRERY, A, HEI AfsR AIREE I B EEOE
afsS By%% 5%, JEmife sk actll-ORF4 #il redD %%
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SR ACT Fl RED A& . BHI, XFF
afsS s FIRFEHLHI M ATE R . T AGR/S LLJ
PhoR/P 7E 4 %5 W J& ) iz A7 16, A LA it
PhoR/P /i BT A TR G R = AL T 7 5 25 T
Y ESERY . Y94, PhoP M BE B #2525 RNA
KA o HT rpozZ BYFEAJH$E, M rpoZ #)
B R AT DL S BRI 55 & T ' ACT F1 RED 1Y
AR E TR, R, PhoR/P X4 E 1Y i
AR AT REHS 43 rpoz A Ay,

i, Allenby %:0P%5@ i ChIP on chip Fi A
X} PhoP 1Y Regulon #E47 T B R A BN, M
FATAZH PhoR/P XF THiA: A WA IR #2422 L
ZHT MBS, AT R BOR, BT H
iR afsS JLH Y 5 LIS, PhoP 348 1T DL F #2
i bldA. cdaR DL} schA FHEH ARG
SR A E A, bIdA JE K g A5 25 B Pl
BIFAT 00 T TTA B9 (RNA (Z52-tRNA)CT,
PhoP 7 445 bIdA FY %% Sl fifi H 3% SRk T (FH
afsS v F) A B K F LR redz LU
actll-ORF4 321k . schA AfE 50T v- T MR
A RIER, %G5 TS 56 R(ACT.
RED DI} yCPK)HIA M FERY ), W] PhoP
FIREIE T ScOR/A AL ] 42252 A ik S 414 31
(R LE M4 . cdaR iy CDA & B i AR S e
=LA, K PhoP 25 T CDAPIAER AN
fEss . [Fn, AREME, 76 ChIP &4/
DNA 1, 3 M T yCPK A ¥4 LA cpkB Fl
cpkC (Zifid R A B, PKS)NHE, K57~ PhoP
X ¥ yCPK AR A 5% i 1 RE 2 22 45 45
REEAVERIMEE R, 74N, BFoE IR, atrA g
PhoP HY# 5. 22—, HT atrA & actll-ORF4 f#) I
TR s L K 22— b—HESE PhoP AT figi i
Z R AR AL b A R A
1.3 AfsQ1-Q2 (SC0O4907/4906)

AfsQ1/Q2 By ) BE f 7 & 76 AR A 4 2 A

(Streptomyces lividans) 8 % %€ 1), afsQ1/Q2 3
PRI 70 A0 8 8 A P ) 2 3Rk T DA B 4 A
Z ACT M1 RED VUM A TR, B2,
X RO T P afsQ1/Q2 AT R, IEE
SEEMIEA A, SO bl E i A,
AERI I, EH MR FANEXNF L TCS HH
Bl 28 AR R T AT 2 AR O ok B ik A R B, 24
afsQL/Q2 RARMKKE =T & A = Wk A AR il
(75 mmol/L) i HEA 1 57 L (MM) LI}, ACT,
RED il CDA 1Y/~ a AR T 9, Mk 52
AfsQ1/Q2 HHSEPUAER G U IEFERRA, H
H R REE R A 0, B9k &
M, AfsQ1/Q2 = 5 Wik sigQ it A (B 4P
afsQ1/Q2 & [N, % 5% Jy A 5, PR (6] B
349 bp) WYk, Ak, AREEMZE, sigQ Mk
R afsQ1/Q2 Z8 78 K 5 42 AH Jiz 1ih) 3 B AR
fk, £ A ACT, RED %54k 4RIk i
Az EINR afsQ1/Q2/sigQ A Bk Js W H Bl
afsQ1/Q2 ZE7AF (A —FE R F A kst FHUR
afsQ1/Q2 5 sigQ :[mZ SR & iR,
Hir sigQ Xt afsQ1/Q2 Ay TN REML H FEHL/EH, M
MR B R I T A R & e F—14
FR7KF- o X T sigQ 4l = 545t AfsQ1/Q2
(DB 1) 4 F-HLE I FE i — 2D 5
TATEFE— X AfsQ1/Q2 &5 R AR
AR DL AT TIRAMF ST . 453 R, AfsQl
Al DL B 4454 T actll-ORF4 ., redZ. cdaR DA K&
SigQ M)A B+ X &, 17 4% s BuG Thfe, kW
AfsQ1/Q2 25 ACT. RED LA K. CDA & i)
PR H R R R R E AN R0, B
T AfsQl DNA 454137 15 1 —EUF 51 (Consensus
sequence), A—~[E]BF 6 bp AY 5 bp 1E M EE ¥
51| (5'-GTnAC-ng-GTnAC-3"), % 4% 4F 1 15 1 #%
7EF redZ. cdaR VA K sigQ FIJE sh T Xk, {H
actll-ORF4 1 I i sk =2 L )7 51, 1w
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AfsQl LB AFTE—E MRS, e T
AfsQl H 4255 P15 a4 ¥ 3 X 4 #F (Regulon),
KB AfsQ1 AT LA 345 A T cpkAID FJE A ] B
X, fiEiH cpkA (dhis—Ff I A PKS M7.55)F1 cpkD
(Gt —Fh 43U 2R )RV 5%, TR AfsQ1/Q2 7]
B2 500G yCPK B A . R HTIESL,
£ 75 mmol/L B &I MM K% I,
afsQ1/Q2 B4 2 AR A yCPK 7= it S il R [+,
i BEAEM, AfsQ1/Q2 X T yCPK & W IR 1E
FH T e 2 B R 2R W s b 2 DR B S 1) 245
H AR T @A S 3L opko,
Kl AfsQ1 IFAfiE cpkO B RS 31 T IX W45 4,
1.4 DraR-K (SC0O3063/3062)

DraR-K J2& 7£ K i {0 5% 85 B Hh 5B #5485 1
— Xt 2 5P R A N2 S AR R R WA o R
Gi Y, X IR ST 2 28 T AR R S I
draR-K Wik 25 5% draR, drak B2k 58 28 R 1F &
FHEEFEEE (1 R2YE 5 MS)HoK Hh 3L i i 3
RIS R, A BRI, YRGS TU T & Fh
R AR MM R, 23 ACT 77 & KR
JEW/D, T RED 7o 41 B 3 42 w5 1y Fe 24k ;
Ak, MEFETFEHRAT 75 mmol/L A& RN
MM B}, ZEAR KRS IR B B 2 yCPK
W, XL LR W], DraR-K LA S
AR RIR MM &0 T ABE, 2540
e R A LR 25 5 AR o 3 — 5T iR, DraR-K
XI ACT 5 yCPK A= ¥4 By 1E S 454 2
actll-ORF4 LA & cpkO H AN S0, R
DraR-K Xf RED =& B 52 Wl F1 3 ARG T ik 42
S redD/Z . IR UK HRE 4 R TR A
TEH TCS A bl R A ) 25 7,

KMEHR, EESAARAERN MM L,
DraR-K XJ ACT A:¥)& WA A R B IR P A =X
TE S B E BN MM |, DraR-K %f ACT 2E#)
A R SR, draR-K B Jc 5 actlI-ORF4
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R SE L, ACT P T i i 1
i MAEDB RN AR MM |, DraR-K
59— W I RGE AfsQ1/Q2 — ik Rl % ACT
HIAEM)E L. i3 DNA footprinting *5 A & T
DraR 1) DNA 2550, 73500 T actll-ORF4 F
kasO J& 8l I B AH N 4% AR LR 7 s () - 124 &
—98 nt 1 ZE-23 nt AYIX K, HEX L4551
AT TR T-10 5-35 KN B EE R
A, SEmx AR R G BT R
FETheE, 546, BT RED 5 ACT fEfedk[FAY
ARATAR, B, HEM ACT & R S 8w
PRI A] B8 RED A:496 1_b TH9 it R 7

4 d14% %5 7 NRRL-8165 1 draR-K [a]J5 3 A
draR-Ksav (SAV_3480/3481) At it 2 7] L S 2 i
R EARRERG, MEERNEZAT
R, X PRt DraR-K - FHHAE R G
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