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Abstract:

heterologous gene expression platforms and to evaluate their expression efficiencies. Here we constructed three integrative

For metabolic engineering of cyanobacteria, there is an urgent need to construct a group of efficient

vectors, the pKW1188-derived pFQI9F, pFQIR and pFQ20, for integration of heterologous genes into the genome of the
model cyanobacteria strain Synechocystis sp. strain PCC6803. The pFQ16, an RSF1010-derived broad host range shuttle
vector, was constructed for conjugative transfer of genes to various cyanobacteria strains. All the four platforms constructed
here applied the rbc (encodes Ribulose-1, 5-bisphosphate carboxylase/oxygenase) and the rbc terminator to promote and
terminate the gene transcription. Besides, a “Shine-Dalgarno -AUG” fusion translation strategy was used to keep the high
protein translation efficiency. Using lacZ as a reporter gene, the expression efficiency of pFQ20 was evaluated and showed
a strong B-galactosidase expression (109 Miller). Furthermore, the platform pFQ20 was used to express the E. coli tesA’
gene and showed significant protein bands through the Western Blot test. The expression platforms constructed in this study
offer useful molecular tools for metabolic engineering of cyanobacteria in the future.

Keywords: cyanobacteria, Synechocystis sp. PCC 6803, expression vectors, 3-Galactosidase, thioesterase
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SE R BN BRI AR, 1L T SR A B AN B Ao
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PCC6803, T4 & M E FE M E T
G, WRREFRZREEAY R E AR -7

RICHEFLER (PLA) FiRZRERL IR, W5 o
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fEMIBE PCCO803 Hh 1 AR SE R ik A4 4y
R B A BTN ZE R AR, T LU H AR
e H B A A v B IR S A
AN AN N T 0k . LI A 2R mT LUK
H R ) B AR o R A X
AR R A, ks RRRE, WL
v IR 3 TR AR A RS T SRR TR 2
DA DU 38 2o 32 5 B B e A AN R 400 L o 4 )
HEAT A RN, HE DB UL, BRAEZS
RN I R FRIB LS

H i & 44 248 8l 778 8 240 5 Hh 45 21 5
FH, 40 Susan S. Golden 5255 %= 7E R K i PCCT7942
HMEEER RIS i 1766 &% 1 D1 &
S psbA2 1145 57 PpsbA2L) % IPTG 75 Sk
T Prc®, FEAENEE PCC6803 Hh5 £ 1
(R34 PpsbA2 U141 i 5% G j 5l 1
PpetE> L KB s i S 8 Y4 [l
Huang 25 PADEYEHE FFEA gfp s LR 251
PEAL T 4l R A S 31 Ptre A1 Ptac 7642 e
PCC6803 H I FRRR Bush, 1,5- Wi
Fi B 4a AL (RuBisCO) 2 W 41 1 1A A 3= 4 iy ]
wWrER, WIHEHR T Proc g0 E—1 58
BT O 2 M INE R Bk PCC6301227 | 11 17
B PCCT120P8 R 5 Bk 3 PCC7942 b B o 1 FH -
SR T 7E4E M35 PCC6803 FP i ] rbe 5 3h 13
SN U IRE AU — B, 2011 4, Liu 20
KFFE PNAS BYSCEEH5EfE T rbel JEPA i
206 bp 7 BeAF A sh 3R IA W ERE Ch FatB2,
FR, MAZKE RS 72k (SD232) Jf
WA I FRIB RIS B - P 2R AE R
i - PpsbA2 i )3 35 A [ 3 Rl 11 58 25 ik
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(SD243) WA LA A B H 071, %45 51 3
£ i1 PCC6803 rbel FiiF 206 bp Y Fr B A fE
EH RAEIR h FIIThRE . P IAR S FE A A
PCC6803 HELHT se AR FE Y rbe JE 3+, &
G or HAME L R 2R, IF L TR s
W AN B T AT % i Bh oo

FEAEMIEE PCC6803 1, RuBisCO Y4tk
rbcL. rbcX Fil rbeS HRERTE[R]— MR F I,
H Rl —AN i sh Tl %k (81 1), Amichay 2585
HEWrH rbcl 37 250 bp BY XA rbe #HH0 T
Je T ool 8 0 AUT ) AT A TE rbel
iE-15~-10 XA 254 SD P4, I HAE iR

RIS 3 60 bp 4b & BLHT AL I-10 X F1-35
XAF4 .

FERGAT R IEFE LA, SD JP41 L K 6] b
J¥%51 (SD-AUG) Xf &N BiE A EE W, &
705 (1] 5 471 11 Bl 5 5 R A A5 A 5 1 i e 3k
R R A BEAAEE ) SD-AUG BIHE 25 [ kL5
Wi 1052 1178 W5 40 b v A #8356, U0 Takeshima
A2 B PR PCC6301 Hh R Ik AN
ALY AL B, UERH hSOD Ay b i 16 b &
SD-AUG [AIB@AE K1 8 % PG . Deng 7 5
BK#EE PCC7942 Ik N R IR I 2 I 1L 5] pdc B,
4% T rbeLS J3 8T 5 9 SD-AUG, ¥ pdc %
HYJEsFAWR ATG 7RG FRIE, 45 RiE
8] PDC F A g Tk 2 fif. MERKLS
B S adh B, SR G adh 3L H S0
31 bp 1Y SD J¥41, HAEFIFR AN EEAANAE
IR, (5 405 5 B SD-AUG J7 41 A F
T AR DRI A 1 A R P Rk

B SR A AT DL R e si AR S R R Y
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FIRFCR, FEWEHE R Z N, U0 Takeshima
261 IR ER I PCC6301 T ik A ALY
fEREFE R hSOD A i rbc Ji& s+, Al 78 hSOD
FENTFHIA rbe L IEF4, Deng &P R
BR¥E PCC7942 rhHIEKFKIA pde A1 adh F4~5EA
i N 7E TR T R UM T B 193 adh H A
23 5718

o A 255 A B A A T LR SR IR TR
B A0 JAE AR S 7 R B i 3 2o S EC
Ji B F RV SR T AR S A R R A o0
4, IR ARG RIR RN, ASCEIIE T AL
TEAEMIEE PCC6803 HhERitik AL R i) — 21
FRAREGR BTG, IR T LI 2k
WA P RIBMERFS TG, JEHE lacz
ety B E 13RI F- 5 pFQ20 MIRIXRE, L
BN 1Z 3235 5 I FH 2235 K FF B8 6 G e i
tesA’,

1 MRET %
1.1 iRF

LRAEHOR B-D-2LFLAL M (ONPG) It A
Sigma-Aldrich 23w (E), HAfk2 0 |
Merck 2~ F] (f8[E) 3 Amresco 2y F] (£[H).Taq
DNA 545 i F1 FR il ¥4 N D) H Fermentas 23 7]
(n&K) 5i# TaKaRa A (HA), FHT4F7%
BERAF & H Omega 2~ F] (32[E) o TaKaRa
v H) (HA), DNA 517 Sangon 23] (1 L
) G . DNA 7 THricl A TaKaRa (HA).
1.2 5% PCC6803 HytEFF

WARTE 30 C 41T b AT & 2ot B
(30 uE/(m*s)), ZR75KE Syn-FQ20 %} I itk

Syn-HB1567 7£ &4 10 mg/L AL ) BG11 Hiks
I o FITFINAE B-2FFUM 17 0 15 P (Y BE MR AE R i o
20 mL 9 50 mL = TR IR IG5, #5530
AN 140 r/min. T SDS-PAGE } Western
blotting MYBAK, TERALRH 300 mL #Y 500 mL
A B AR R

1.3 B FERRER SR TR AV

B3R 1. DRI PCC6803 KK 2H
DNA m#itk, LA P1/P2 #1 P3/P4 K51 4%, PCR
PR EHEE /39028 0.3 kb A1 0.2 kb 19 1 BL, X
A Bl A VERE# K pMD18-T (TaKaRa, H7A),
43 A58 Bk pFQI1 Al pFQ2.

L Xba I #1 Sal T Bt okcsoks pFQ1, [ali
0.3 kb B ¥4 [FIRELL Xba I 1 Sal I B#) pQL4,
FH T4 RPN R Boid A2 pQL4 HU BT 3
QUPPTRE, Zad k% e, 5310 pFQS.
[FREITE:, L Sma [-Sac I i) pFQ2, i [alik
0.2 kb (1 Fr Beddi ABIEED) pFQS Hr, £ k53
T JFkL pFQ6.

A Hind TI#0 Sac I figH) pFQ6 VI [nl i35
Q-Prbc-Trbe (2.5 kb) Fr B, FIH T4 RAEHENE
JE 48 A JFORL pKW1188SL! g EcoR T 745, J5 #
Z M EcoR I PIFF I #h Vb3, R 7519
PCR % B R BRI A W, IEM FEFEAr 440
pFQOF, 2 [ #i A 11 5 B 4 iy 24 1 pFQIR (K] 2).
A, B AMEJS R Q-Prbc-Trbe 1 A 2842 FkE
pRLS9EH gy Hind M7 5, 7 % E 5153
FERFIRF5 pFQI6 (K 1),

lacz KPR JZ AR AT E. coli BL21 (DE3)
FEIZH DNA St , FIHSIHI%) lacZ-1/laczZ-2
Pryamik, ¥R Bdd AR pUCH9 kL, 15
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FJokr pQL12; LASEMIHEE PCC6803 JE[H 4] DNA
oA, K P5/P6 S5 X AT PCR 474,
Ff) 1.3 kb A PrbcL H E&; JEFJ Xba I 1 Sma | Pﬁﬁ
Yl pQL12, B[ lacZ 3L A A B, 4 A F| pFQOF
H, 1532 RFORCE ] Sal 1 # Xba [ B#Y), 3 HfH
FEREY) ProcL, FH Sal T #1 Xba I £ 45, ¥ Prbc
B 1.3 kb 119 Prbel, 752K pFQ20 (K 1),
LK IAFT T DHSa 4] DNA SR, F
JH QLtesA-1/QLtesA-2 5|4y, ¥ 35155 0.56 kb
i) tesA’>3% 51 F Nde 1 1 Xho T i) 5 4 A3
pET21b, 83|k pQLS; LA pQLS Jyksiti, #
H tesA-1/tesA-3 A5H), B EH A his-tag
() B tesA’-histag 4 A2 pMDI8-T, 1535
i pFQ4. FIH Xba I F1 Sma I Y] pFQ4, [mli

x1 KARPFEAARSY
Table 1 Primers used in this study

tesA’-histag I8 A F] pFQ20 AYAH R &, 1551 %

IR ITRL pFQ25 . AT Ak S 14 26 2od it U1) 2
FEUIE . #4335 Bk #% Williams F1 Zang 251737
Bk 0 )5 Ak S L PCC6803 Ji, A &4
5 mg/L fEWLE 210 BG11 Biig F- i e #6141,
4315 B B i 35 2R AE R Syn-FQ20 Al Syn-FQ25,
5 7AF PR v By A Uk TR 2% 35 T 1R 24 o R DR 4
PCR il PASGIE

1.4 ERE%E PCC6803 m p-F FL¥EEERE N
EHE
HTF Miller®™F1 Gao Z5P2HR I I A
sl o BUERXSEH (OD730 75 1.2~1.5 Z[A]) K
BFRWGHAT O E , A ODos Si— %N
o FHC 1S mL BRI AR B O S

Primer Sequence (5'-3") Purpose of primer
Pl GCGTCGACTCACCATTTGGACAAAACATCAGG Forward primer for Prbc
P2 GCTCTAGACATCTAGGTCAGTCCTCCATAAACATT Reverse primer for Prbc
P3 CCCCCGGGGTTACAGTTTTGGCAATTAC Forward primer for Trbc
P4 CGAGCTCTTCCCCACTTAGATAAAAAATCCG Reverse primer for Trbc
P5 CCTCTAGACATCTAGGTCAGTCCTCCATAAACATT Forward primer for PrbcL
P6 CCGTCGACCCTTTACCCGCTTACTGCGTCC Reverse primer for PrbcL
QLtesA-1 ACATATGGCGGACACGTTATTGATTCTGG Forward primer for tesA’
QLtesA-2 CCTCGAGTGAGTCATGATTTACTAAAGGCTGC Reverse primer for tesA’
tesA-1 GCTCTAGAGCGGACACGTTATTGATTCTGG Forward primer for tesA’-histag
tesA-3 CCCCCGGGTCAGTGGTGGTGGTGGTGGTG Reverse primer for tesA’-histag
lacZ-1 GCTCTAGAACCATGATTACGGATTCACTGG Forward primer for lacZ
lacZ-2 TCCCGGGTTACTTCTGACACCAAACCAACTG Reverse primer for lacZ
lacZ-4 TTACTTCTGACACCAAACCAACTGGTAATGGTAGCGACC  Reverse primer for detection of promoter
0-260 GCTCACAGCCAAACTATCAGGTCAAG Forward primer for detection of promoter
0168-2 TTCCAGGCCACATTGTTGTC Reverse primer to detect the target gene

http://journals.im.ac.cn/cjben
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A 1 mL 19 Z Buffer (60 mmol/L Na,HPOy,,

40 mmol/L NaH,PO4, 10 mmol/L KC1, 1 mmol/L
MgSO4, 40 mmol/L B-#iJE W) Fa, MK
A 50 pL 8 0.1% SDS. 50 pL &5 1 min
40 Z4A% , FEANA 200 uL ONPG (4 g/L) 4%
& 30 ‘C/ 20 min, JIIA 500 pL A9 1 mol/L
Na,COs Z 1B . BT 12 000 r/min #5.0>
2 min F AR SR TTIES) T2, 1.2 mL
W AE ODazg, VAN 7 BEAN LY S W AE A
25 H X MR A 20 Miller=1  000x0Dyy /
(1.5 mLx20 minxOD730) T15 B 2P FUME T BEHE Pk

1.5 ZEHENLEL (Western blotting) M E 5P
BRERMERIE

200 mL 198 BB RE TR MRS O A , T 10 mL
40 mmol/L Tris-Cl (pH 8.0) HE AN, fnAZK
W 1 mmol/L &5 I B i 78] PMSF . £ 7KK i
AR, AR 30 s [A]F% 30 s~1 min, A
ROEFE I 5 min, BESS, 5 000xg 5.0 30 min
ERRANMIRE . 19BN R E AR Z0d SDS-PAGE

ctpA/l 284 bp 277bp

rbeL rbeX rbeS

Fl Western blotting £l . Western blotting 2K ]
PVDF £ (Roche, ), FIH 6xHis-trZEiREl
pric HREE T, e 2l s R e i (3o &
(Amresco, ZEE) 1AM,

2 EREMM

2.1 HERETHHEESRIT

AR IEFAFE KN rbe JAh THIHET 4
A5 B0k pFQIYF . pFQIR., pFQIL6 (& 1) LK
pFQ20 (& 2), JfidkefE 7 Hrp—AF & H] lacZ i
I TS pHB1567 RUKENTEE2ES. H
TRIIE rbe J5 31 XF AN I RIRRCR, A5
KT —FhEERL S NG, DLORSTF rbe B 3510
WAL 07 5, SD J7 51 LA K SD J¥41F1 ATG )
[ f@ 741 (SD-AUG). i1t PCR 3@l T rbe J& 3
T, AU T rbcl (9 ATG, FH1E ATG FiiFH A—
A~ Xba I A7 s fHEAR IR L R, A3 H 5L
5 rbel B9 ATG K EI7 s5 7 51— e il 2R3k
(K 1) fEpEFRIRINESLR B, Tt

3'-UTR

— - - -

P1 :-> "—: P2

1 1 ]

1 PL > 4 p
P6 > L €S Lo

1 N — 1 ]

! Sal ] === ATGT():;)A?A Sma 1 \queml Sac |

! Prbc/280bp ! a Trbc/200 bp

1 |

—' ATGTCTAGA

Sal 1 PrbcL/1 307 bp Xba |

1 rbc BEIFREEFIIREREE
Fig. 1 Cloning of rbc promoter and terminator from the Synechocystis rbc operon. Prbc: the 280 bp rbc promoter;
PrbcL: the 1 307 bp rbc promoter; Trbe: rbc terminator in Synechocystis; ATG: start codon; Xba I, Sal I, SacI, Smal:

the enzyme restriction sites flanked the promoter and terminator fragments. The PCR primers are shown in the figure.
Prbc and PrbcL were cloned with the start codon of rbcL and carrying an Xba I restriction site downstream ATG.

cjb@im.ac.cn
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slrQ0]168N

O89104]s

2 ARIGERFRIE B EE

Sal 1 Prbc Xba'l

Fig. 2 Maps of the constructed gene expression plasmids. (A) pFQ9F: The direction of the expression cassette is
forward to sIr0168. The target gene fragment (without ATG) can be inserted to the Xba I -Sma I site between the
promoter and the terminator. The Sal I -Xba [ site can be used for promoter replacement. slr0168N: the N terminal of

slr0168; slr0168C: the C terminal of sIr0168; Ap": ampicillin resistance gene; Q: Expression cassette for spectinomycin

resistance gene; ori: replicon. (B) pFQI9R: the direction of the expression cassette is reverse to that of pFQ9F. (C)

pFQI16: the shuttle vector that was designed for conjugative transfer of the expression cassette into other cyanobacteria

strains.

I vErE HEE R Be (NS RIS F), ¥
ARG Sh F AL AP ZE . FEF R rbeS
L FS TR 200 bp B9 R B M AMNEIE R 3
KTTIFRYZ 1R E 51 Trbe, FELERIsm s T B f7
M (E .

2.2 M PCC6803 IMNEERERIEFEAKRIE
B- FLHEEEGEE 7H M E R RIEHEXT Lt

AR CBEFE T L pFQ20 ki A, Al lacz
WERE L T pHB1567 USRS TEZ S
lacZ 5 Ry — Rl 15 JE A, HAT NS M A= 1 4 L 1
A KA, CAfEEAE SRz . 5 HAL
Wi, Wz R Mo uE A L, B-
FFUBTTEEL) ONPG A IRHI#EA T i s, Rt
A LA S ke L 20 A 20 A D 1 3 DR DL R G
R SFHRME ST, e HAT 6 R of
XA ERMEE . Hitk, ARCEH lacZ 1E
L DIRAI BAl EF- &5 pFQ20 Y R IBRK
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(B 3), SEELAS A ATV BRI Y 58 A8 bk
Syn-LY2" W BHIE XS IR, LIRS &4 PpetE J5 50
FHI lacZ $i45 FE K 1 2825 bk Syn-HB 15672
BHPEXTRE . 7E Syn-HB1567 ., 45 75 S RE
11 PpetE 7£ BGI1 B3 (B T E N
316 nmol/L) X3 FIK ) B-2F FLBH T B 06 M A
71.5 Miller, 5EMELRAME., SZHIK,
Syn-FQ20 B Ff v 1y B- 2 L OWH 1 Tl IS N
109 Miller, 5XJI&J5 8+ PpetE?#iH, PrbclL
JE BT RIRBCRE Y 52.5% ., AN AR KORZS
Miller {EA3 —E RS2, PRIHCAR 5256 rp R HT X4
ARIAR AL (OD7so 7 1.2~1.5 Z [A]) #EATHHE
PR E, Bt Miller {EHAK T ER (0D >
1.5) 2 il A5 g B v
2.3 fEREE PCC6803 FKik K AT & FiB5 Al
SR TG 6 12 2 K R X AR R 1R s
i, ASCUL pFQ20 A Rk, sakERik Tk A
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>
os}

120

100

N&9 104758
P x®
S S

[\
(=)
T

The B-galactosidase activity
(Miller)
D
(=]

(=}

Syn-L Y2 Syn-1567 Syn-FQ20

Strains

B3 pFQ20 RALHMTEE (A) KEMME PCC6803 RIHRH A p-F FLHEH BT IE(B)

Fig. 3 Structure of pFQ20 (A) and the B-galactosidase activity in Syn-FQ20 (B). (A) the lacZ gene was inserted into
the pFQ20 using PrbcL as the promoter. (B) Syn-LY2 was used as a negative control, harboring the Q fragment in
slr0168 locus; Syn-HB1567 was used as the positive control applying the copper-induced promoter of PpetE and the
lacZ reporter gene. Syn-FQ20 was the mutant strain that transformed by pFQ20.

A B Ckpa M 1 ) 3 4 s
bp
s
4000 -
3 000 ) »
) 2 000 46— . —
S 30 S
2 0
L0 25—
400 :
200 17—

4 pFQ25 % (A)-PCR #&ill Syn-FQ25 XL #kIERE B! (B) LK Western blotting (C) #il XA+ HE s
fis A FEEE AT PCC6803 R #k B R

Fig. 4 Map of pFQ25 (A) and PCR analysis of the genotype of Syn-FQ25 (B) and Western blotting (C) analysis of
E. coli TesA’ expression in Syn-FQ25. (B) M: DNA marker (200 bp DNA Ladder); 1: blank control (PCR without DNA
template); 2: negative control (genomic DNA of wild type Synechocystis was used as template for PCR); 3: PCR
product using the genomic DNA of Syn-FQ25 as a template, the same primers of slr0168-3 and tesA-1 were used in
1-3; (C) M: protein marker; 2: the negative control of Syn-LY2; 3: positive control using a purified his-tagged enzyme;
4-6: triplicate samples of strain Syn-FQ?25.

KIGATF GBS EL P tesA’P53% ) HAEH MR PCC6803, 3F|2¢748kk Syn-FQ25, ZEAEMRLH
FEWMA T —> 6xHis-tag Fr%s LIIB i A 157 RE MG %t SDS-PAGE (MJEHN 12%)
BXF MR SRR R L Western blotting #:ill, 4558 /8 7E 20 kDa 4bA4A

Kk BT AL pFQ25 (K 4) F& Ak 4 M LA (B 4). tesA’-histag KJE K 576 bp, H

cjb@im.ac.cn
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bR 5 6 M EMRIRS (6xHis-tag) JFTE
N B A TP EEERR (Xba | 25 %h%), &t
191 DM EER, Ol 4r+fh 21.7 kDa, Lk,
T R Al Ak 15 2 B (5 W00 A B RN A
£, DLIIZ AT B XN B A R R Y Rk
ReR, nHTESEMEE PCC6803 HkiksMNEE
Mo
3 %

ARSCHET R KEE /Y rbe Jsh TR T 44
AT DU TN PCC6803 Kl H A4 Fk,
Hrb pFQ20 FIKFTRCR A lacZ i 5L A L T
Y5 pHBI1567 (URSTE 225, TR sk
TR THMER) tesA'. 45N, pFQ20 X
R EREZERE 109 Miller, [ER Western
blotting KM E] T TesA’HH (4 45 . SCHkIRE
rbel 3 T4 FiF 250 bp XIREY, A Scry iy
rbc i3 3hF (0.3 kb 1 1.3 kb) 0 1 I F KL
T TCHE, AT LATE 15 40 A v s sk 2Rk A IR Sk
(3568 B 87790 . 40, Tan 2275 Metabolic
Engineering Z% I & & 1) 5 40 A1 G AR T 1 2
i 1 H (R 0 58 SR FH A R AR SR A P R K- 15
Horp, pFQIR # HI ok 3 3k 5 1k i it g 5 K]
far_jojoba, 8 MilE " & ~(9.7+2.7) pg/(L-OD73),
pFQ20 #iH T HR IR IL LAl A RILEE A
accBCDA & [H , FH i i k& 5~ & & = %
(161.6£10.3)ug/(L-OD730). LA PpetE AJri shFUKk s
AHIRIFE R A B ™ oA (5.31.2) pg/(L-ODy3),
JG 7 48 7 i 4 2 %1 (114.9+13.7) pg/(L-OD730) 2,
BT AR B 1 22 A5 Bk PR A 105 0 114
PR R BN, Gao 25UV LT pFQ20 £k
5 RIA TN EBR I RS PDC LUK £ Wi Sl
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ADH 7EE i PCC6803 % & il £ 1 . 51l
Gao Z¢H ] pFQ20 -5 M X EME CoA H
liE Slr1609" > AT MiF=FAIF 5T 3 B S IE 1 Hixt
e Wi e = sz e o [RAE, ) e SRR TR
pFQl6 HA I Fak o, NHIEMEKRZ
[0 FH 2 PR ST A AZRR AR, BRI T A 7 e 8
At P 5 200 TRT PRI o AR S A A HL At 5 400 BT PR o
REHE— A RCRIN A2 - (0B 2845 1% T8 I I o 240 e ]
DIFIFH 40 S U5 4 Ptre &% Ptac & s+, Bt
EEHUEE PCCO803 I it i) Ji 3y 78 HoAth 5 21 147 v
IO BEAT L

4 G

AR SC 3 SR 3 S B KR 2 1y 81 DL R
o FH B R R 5 SR, DR R 3l 11 SD P81 & SD
ST Z B R E fE P8 (SD-AUG), Mt
TR A R I R B o AT R
I5 - B 7 S DR TR At 0 o8 5 2R R 0
SR EAT A A, SO BRI SR R 3k
SR S 7 S A TR R R R E R R A R R
T R%.

Bugt: AP B AT KA A WEFR PR 8F A
R BZESNRR R ARFRRALE pHB1567 i
¥, AFBHE!
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