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{FREA AR £k M18 psrA RTRRAYME R H X
MIR-1-FRBE FNFR B 4R B = & B AT IR

IER #T FHF A5F FER
(LMK ERPhEEAR YR WUEMRIE R TS50 1 200240)

B OE: [86] BERE M18 & —ARiLR oT & i a-1-A B (PCA) ik % 4@ & (Pl
AP E A AADARIFAL A 0 . PsrA H 4 TetR Rk RAEREF. A THR PsrA
3t PCA 5 PIt £ & Mm% A, A MI8 B R A+ 73 psrA KA., [7ik] @L R R
FAHA, MERKRE T KB psrA 9K T F+k M18psrA. )AL K Z4b. lacZ
RE AR AR SAT F 8, BiE PsTA AT A Z A Ik B a9 42 4E A L4 % 1 PPM #= KMB
BARAY, oA AR M8 Ao R XA M18psrA #9 PCA 5 PIt 2, REXHA MK
M18psrA ¢ PCA 52 % T Plt 2R E A3, AFAR Fke) 10-15 45, 2 B &40,
lacZ R4 2 B Gk A A7, #t—F4E8 T psrA E84% PCA ¢ phz2 A A B 58, 7845 Plt
o mAE %, [445] PsrA R 3| Hifdx4iud & PCA 5 Plt 69 A 44 K.

X BEEH AR M18, pstA, %a-1-5 8, RESEE

Construction of Pseudomonas sp. M18 psrA mutant and its
regulation on PCA and PIt biosynthesis
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Abstract: [Objective] The rhizobacterium Pseudomonas sp. M18 can produce two antibiotics,
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phenazine-1-carboxylic acid (PCA) and pyoluteorin (PIt). PsrA belongs to the TetR family
bacterial transcription regulator. To investigate the effect of PsrA on the PCA and PIt biosyn-
thesis, the psrA gene was amplified from M18 strain genome. [Methods] The psrA mutant
(M18psrA) was constructed through gene replacement of psrA by gentamicin resistance cas-
sette and homologous recombination. Gene complement experiment and lacZ gene fusion
report analysis further identified whether PsrA regulates the expression of antibiotics
biosynthesis gene clusters. [Results] PCA and PIt production was respectively assayed in PPM
and KMB media. PCA production of psrA mutant was significantly lower than that of its
parent strain M18. However, PIt production of M18psrA was obviously increased 10—15 times
as much as that of M18 strain. Gene complement experiment and lacZ gene fusion report
analysis further confirmed that PsrA strongly up-regulated PCA biosynthesis and
down-regulated Pt biosynthesis. [Conclusion] PsrA regulates distinctively on the PCA and PIt

2012, Vol.39, No.3

biosynthesis.

Keywords: Pseudomonas sp. M18, PsrA, Phenazine-1-carboxylic acid, Pyoluteorin

20 TR 2 T o e TR Rk ) 9 s ol P 1
AR S 2R AR o IG5 R A R R
TFHE PR T, TetR Z5 a2 A B R4 e
R EAREZ —, TetR FEEEEN £
SN g JIR A 3 R F R 375 8 1 e I D)
DA 1 Bt S BHLAD -, 5 i 4t B i K P b2k &=
S R AR E AN B WRSE R, TetR %
K SRS F PstA Al LIAE A RpoS HFE S
TR G W s F P PsrA AT LU
exsCEBA Rk s I IE JE#E 11 BL4ih R GT ) %
KB T RsmA Fl AefR (4% st 37 5|
PsrA [ a4, PsrA ] LA 2 K S5 NS 5 R 5
ST, MHIRRNIRR B AL fadBAS HEHTF 1
Ja BT I, B 12 R 0 kB, TRl
KB RRAE 540 77T LASE R4S & PstA B 1
WA PsrA 305 rpoS il exsC 3k (1 32341,
TESEH R PCL1391 , 2T PsrA X W}
W& - 1- R 195 i (PCN) & B A 181 425 A 3 49 i
PhzI/PhzR FHFHEIR ARG IEWIE PCN & LA
FERYZEIR, i PsrA AT LA N-2 It 22 28R
PN (C6-HSL) A4 1t 1M 45 PCN A4 1L,
PsrA R H P AR B P B A R, ok
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A BRI R bR M8 RE [ 7 A IR -1
FR(PCA) FITE B 4 2 (P PR AR RO, AL
EEXT PsrA X M18 Fakk R LA R A iy s I
5T, 25, PsrA IEJETE PCA B, it
JETE PIt A Al

1R

1.1 #l

111 EMFFRL AU wR . TR
HARW W 1,

1.1.2 EFEMEREREH: LB HEFHRE(9/L):
FH R 10, FEREEE) 5, NaCl 10, pH 7.0; PPM
Bk (g/L): H A 22, #i%iHE 20, KNO;5, pH
7.5; KMB 55755 (g/L): A M 20, Hih 15 mL,
MgSO, 0.732, K,HPO, 0.514, pH 7.5; [&l{A&L% 3%
FETFHMIEAE 15 9. RFMIE M18 K F B it
AR (mg/L): KRR (Gm) 40, HMER
(Sp) 100, PYIFZE(Tc) 120, KIHFTHE LB Kidk
s R AR (mg/L): BRREZE(Gm) 10, PUIRE
(Tc) 10, E. coli 7£ 37 °C }5 3%, R FE 28 °C.
200 r/min JRFH 7% .
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Table 1  Strains and plasmids

Materials Genotype and relevant characteristics Source
E. coli
SM10 thi-1 thr leu tonA lacY supE recA::RP4-2-Tc::Mu Km' This lab
DH5a supE44 AlacU169(®80 lacZAM15) hsdR17 recAl endAl gyrA96 thi-1 relAl This lab
Pseudomonas sp. M18
M18 Rhizosphere isolate, PIt" PCA* Sp’ This lab
M18psrA ApsrA:Gm', Sp' Gm' This study
Plasmids
pME6032 pVS1-p15A E. coli-Pseudomonas shuttle vector, lacl®-Ptac expression vector, T¢"  This lab
pUCGm Source of Gm" cassette, Gm' This lab
pPEX18Tc Gene replacement vector with MCS from pUC18, oriT* sacB*, Tc' This lab
g pPEX18Tc containing a 818 bp EcoR I-Pst | upstream fragment and a 849 bp Pst .
PEAIGIAEE I -Hind III downstream fragment flanking the psrA gene, Tc' Uil Sinay
pEXTc- pflpf2-Gm’ ApsrA:: Gm' in pEX18Tc-pfipf2, T¢" Gm' This study
A 702 bp EcoR I -Xho [ fragment containing the entire psrA ORF was cloned .
pOEpsrA into pME6032, Tc' This study
A translational phz1-'lacZ fusion containing a 692 bp of the 5"UTR and the first .
A 9 codons of phzA1 in pMEG015, Tc" Vs [£12
A translational phz2'-'lacZ fusion containing a 544 bp of the 5" UTR and the first .
ek 9 codons of phzA2 in pMEG015, Tc" s [ele
OMEAZ A translational pltLA'-lacZ fusion containing a fragment covering from —353 to This lab

+367 bp of the pltL TSS in pMEG015, Tc'

Note: r: Antibiotics-resistant; Km: Kanamycin; Gm: Gentamicin; Sp: Spectinomycin. Tc: Tetracycline.

1.1.3 EERFIFE: HHEE KOD RATHHA
H Toyobo AF]; #FhFRHITENYIEE . DNA Taq
R4 . T4 DNA %3 . DNA Marker 114 | MBI
73], DNA B REIGAFI & H Axygen 2AF]; 5T
R R A TaKaRa 355 & miniBEST plasmid
purification kit Ver 2.0, & [H 41 il 41357 &
X-Gal. IPTG. $iEZ= M A [ Sangon 3], &
FEE HPLC (Y5 G1328B). Mk il C18
5 (4.6 mm i, d. x 150 mm, 5 pm)i [ ZeHEE
NG
1.2 3|49%0 PCR &Rz
AT G ORI A R R M18 (1 3L A
HIFH AT, psrA FiiEF B PCR 514: P1:
5'-ACGCGAATTCTCAAGCCTTCGATGATC-3'

(EcoR 1), P2: 5'-CAATCTGCAGCTCCGCCTGA
CAAACAC-3' (Pst I ). psrA it A Bt PCR 514:

P3: 5'-ATTGCTGCAGAGAGCGGCATCGACGA
T-3' (Pst 1), P4: 5'-CGATAAGCTTATTTCCTCGA

GACTGCG-3' (Hind III), 4% psrA i ik Bk
(POEpsrA) AR HAI514): Pol: 5'-GCGGTAGCG

GAATTCATGGCCCAGTCGGAAACC-3" (EcoR
[), Po2: 5'-TTACATGCGCTCGAGTCAGGCCTT

GGCGGGCGT-3' (Xho I ),

PCR W AZ (25 pL): 10xKOD iF2% ik
2.5 uL, dNTPs (2.5 mmol/L) 2.5 pL, 514515159
24 1.5 ul, ik DNA (10 ng/pL) 1.0 uL, KOD fiff
(5 U/uL) 0.25 pL, ddH,0 17.25 plL,PCR J i £ 14

95 °C 5 min; 94 °C 305s,55°C—65°C30s, 72 °C
1-3 min, 30 MG 72 °C 10 min.,

http://journals.im.ac.cn/wswxtbcn
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1.3 psrA BEE Kk _ETiHH B A5 &N F

DNA FBelalfie . Brkiihde . Y. BEE
Z: MR () U B A T8, MG A2
T2 BSCHR[9], DNA P Z T4 R I R RHE ik
A BRA T,
1.4 psrA EERT

KA . WEEZRAE ., [R5
Tt AT R 2 ARt
1.5 PCA5PItF==lE

PCA 5 Plt & J5 2342 BOCHR[9-10] .
B 12 h Be—kE, BAwR R ik 3 47
f7RE, E PCA . Plt 7= & M4l i 4 K % %
(ODeoo)o M 37 FEAZ SLH 2-3 K
1.6 B-FFAEEHEFERNZE

B->F UMY il 135 P 198 0 e BB 225 SR T
AR, AR 3 AEE, L
SEHG 2-3 K

2 GiR

2.1 M18psrA EITHRAYHIE
T HESE M18 FHkk T psrA JERNHAE RS

BRI AR, AR R K& RZPidE b B
(Gm") B e psrA FE K A 5 3k R A R AR Bk
M18psrA, N 1A 7w, LUEFA7 M18 BFERY
FEPR A Rk, I PL/P2 F1 P3/PA XT3
3G psrA FEP E . RUER/N R 818 bp (pfl)F
849 bp (pf2)i1 2 B, 435SR EcoR T /Pst T .
Pst I /Hind NI THEY], 548 EcoR 1 /Hind TIIf{
VIR RS TR F A 204k pEX18Te H41, 453
PEXTc-plp2 AL, FIH Pst [ fiFH] puCGm
kL, [ECR/INR 825 bp Y PR KB Pk HEL,
i AF] pEXTc-pflpf2 Fkifl) Pst I {5, K15
Gm" B AR psrA I A 1R SN 4] R pEXTe-
pflpf2-Gm', Jf4:4k % E. coli SM10, ¥ HAE Jy it
TRTA, M18 BPA: BT REAE R 32 (TR, 28 [ AH I
R, ki pEXTe-pflpf2-Gm # A M18
WG, ARETEY R H W], TR
pfl-Gm'-pf2 K Bt 532 1A B M18 Jefafk I psrA 3k
PR 118 4 it ) 05 910 A R EE 2 . FH Gm Al Te
PrAER T M T . 78 Te A bAE
KAMAE Gm WA= K A AR 7 e B 2L 4 AR XL
A, B psrA JER 2848 Bk M18psrA it i %€

200 bp

A ? \Gé %Qé 4 60\ %
& AN $ N
1 | P bp VN E S
< lexa (615 bp) |— psra (702 bpl)/ | nagZ(984bp) > —
EcoR IE ;PSI [ Pst 1 E Hind 111
' P1 i + P3 | 5y
5'4» H p— 13
pEX18Tc7§L (818 bp) (848 bp) 77— PEX18Tc
P2/ \ P4
| Gm(825bp) >

1 Gm"int R ERE# psrA 2 E AIIE EE(A) R KLk M18psrA B PCR %7 (B)
Fig. 1 Physical map for the replacement of psrA by Gm" resistant cassette (A) and confirmation of
the psrA mutant M18psrA by PCR (B)
1 M18psrA: A5 Rk PCR HB%; Control: pExTc-pflpf2 Jfiki PCR Fr B, M18: B4 BUEtk PCR Fr Bk,
Note: M18psrA: PCR amplifying fragment of M18psrA genome; Control: PCR fragment of pExTc-pflpf2; M18: PCR fragment of M18.

http://journals.im.ac.cn/wswxtbcn
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R R ZH DNA 1R, FIFH PL A1 P4
14T PCR JFIFIRIE(E 1B). RASHRRY
PCR ¥4 Bt LB A= M18 TRARAYY 18 Be K
192 bp.
2.2 psrA EEXIMAEZREME KRR
2.2.1 PsrAIEiE# PCA & B: M18 Fll M18psrA
FET PPM Ki 3R %EHr, 78 28 °C. 200 r/min &
ViR B 12 h i— ke, @5 iUs, H
HPLC 7 & PCA MM 45 R ANl 2A s, %
MNREES RS, S5 A BB L, M18psrA
ZALEARIY PCA = W& TR, 78 24 h I,
M 18 T #k 1 7= 4 37 mg/L, 1 28 A5 #k M18psrA
Y 7r= & 24 mg/L 2247, M\ 36 h & 72 h, M18 FlI
M18psrA K= iR T Rk s, BFA TP R A
25 mg/L iy, MIZRAERRAN R 2 mg/L . 45 53R
PsrA Xt PCA HJ45 A7 7E 2 1 IE 454 H o
M psrA PR A 98 728 50 T ik 1 2B 4 T 1 I 1Y)
S

H psrA )i 635 5k pOEpSrA 43 ili4 4k &=
PP A BRI ZEAR B AR, LAZS IR pME6032 1B
SR 2B E #E Y pOEpsrA B8 pME6032
M18 5 M18psrA ¥k PCA F= &, 25 H K 3A
7, psrA JER AT LIfEE PCA 15 . TE psrA
AR 1 FE kAR psrA KK, PCA FoiE a4
FIEF Az RUKF- o 7Y AR R AR 58 psrA FEA,
[ AL 2 PCA =5 (B B Ty o 25 3t — 2Pt
BT PsrA X} PCA & B IETHIE/EH
2.2.2  PsrA $iiBE PIt AR Plt S5 B R 43
W) — BTG R E R A R, A ROR
FE A PIA SR IES FRZH B R 1 ST psrA
FEF X PIt A= 96 BUF52, M18 5 M18psrA B
FRLL KMB A5 373E, F 28 °C. 200 r/min $#£IK

PG, AR, FIH MR CBEHEE, 8t
HPLC il Plt ¥ iz . Z5 R an&l 2B Fir, psrA 2
PR ) 2870 T 350 PIt 7™ o I 3 TH g, 2 M18 B A Al
FRRIY 10-15 1%, FHH psrA JERXF Pt & W A
WEMN IR . 1E KMB K535, psrA 3
PR 1) 2 70 Xof A A AR T A 77 A6 W I s o i
KX EANELS, #E—PUEW] 17 M18 ik, psrA
FERIXT PIt B9LE WG A7 7R B0 1 B R P A
(& 3B).
2.3 psrA E[E X 34A4E phz ZEEFEFA plt £
ESp: e

R F IR M18 1 phzl (phzA1-G1)5 phz2
(phzA2—G2) J [F 4% ) 4t B o 47 22 1] [) Y5 P 3k )
97%Lh I, M4 A LR gt X HAT 58 4 R (A
AIRTHRRIT 1 . KA phz ZEFE S lacZ fi 2
B B RS BB pMPIL 1 pMP2L 4351155 A
M18 F1 M18psrA FFkH, Wl B->1FLbH T B
PE, 455 EoR, phzl-1acZ flG Bk pMP1L 7657
A M18 55875 Rk M18pstA iy p-2F R i
TS mEEAAE (8 4A); SR, M18 Btk
phz2’-lacZ Fl& okl pMP2L fir ik iy
= T M18psrA S5 bR, 29425 100 miller units
(K 4B), 5 psrA LA FE3E i s phz2
SRR RIS R PCA AR, X phzl £
7 A B S ) B

¥ plt KL 5% (pItLABCDEFG) 5 lacZ 454t
K pltL'-lacZ #HIERLG BUR. pMEAZ 5354 A
I AR U TR AR AT M18psrA RASBARE, MESS A £k
B UBEH RS 1 o QnIEl 4C PR, psrA FE [ 1) 58
AR FE pltL-TacZ Fibk B E e, MEFA AL M18
PRI LA A5 AT o X —45 3R, PsrA X Plt &
LR B B T HIVE
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296 R XK 2012, Vol.39, No.3
A (In PPM media)
a0 T 7 10
—o—MIg
35 |
—&— M18psrA 13
36 \ =
) ¢ _ T - e z
2 25 T ® L < 3
i Tl 1° 8
g 20 L =
E /\ -
=]
215 ¢ —A—A_A 14z
g p=87625°5" :
= 10} A — Q
AT \
5+ | \ 1
0 r T T T T T
1 N 1 N 1 N 1 N 1 0
0 20 40 60 80 100
1 (h)
B (In KMB media)
1 18
400 - _@—Mi18 /}+
—A— M18pstA %\ N L 115
320 | W
) 112 ~
) & $
S| f .6~ ~6-& | &
g ééé 19 &
:
g 160 © ‘ =
= % {16 &
80 /
S et
0 f o 7 ' ‘ ‘
1 1 1 1 1 0
0 20 40 60 80 100

t(h)

2 {REAEE M18 F1 M18psrA B HkAY PCA (A)s PIt (B)& B (SRR ) K 41 B A 1€ # 2% (35 DR )
Fig.2 PCA (A), Plt (B) production (solid symbols), and cell growth (open symbols) of the wild-type

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

M18 strain and the psrA mutant
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A
50 - T

‘' g 7

30

20

PCA production (mg/L)

10 +

0 s

M\%?

M\%QS(PJQ
B 350
300 | T

200 r

150

Plt production (mg/L)

100

-

50—/ / I /}

3 A
st g0

3 psrA EEME FRiLX PCA 5 Pit =2RIF00
Fig. 3 Influence of the psrA overexpression on PCA and PIt production
T 5 psrA S 3R FTRL pOEpSrA m %5 BTk pME6032 (B A= BRI TR bk M18 FIZE25 4k M18psrA, 1£ PPM (A)F1 KMB (B)}55%
e & W% 60 h J5 19 PCA F1 PIt = 1.

Note: PCA & PIt production of the wild-type M18 strain or the psrA mutant M18psrA strain harboring the psrA overexpression plas-
mid pOEpsrA or the empty vector pMEG032 as the control, after 60 h of growth in PPM (A) and KMB (B) broth.
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3 it

WFTE AN TR TetR FGHe S 1A 1 PsrA Xt
IR R M18 HLA RS AR, KA BY
TIRA T R T R AR R ik A, ()
I hg Ay S e 7 PO A R T R B Al AR S
SBEFE T PsrA Xﬂ‘ﬂ/\ﬂé’ﬁ-l-iﬁi’ﬁﬁﬁﬁ%éﬁfﬁﬁii%

RAET psrA FEASHE, HOFFE AL psrA Xf
PCA & W EA IEJHFAER, WXt PIt & s EATH)
HIVER o ZEP B AN 5 lacZ fil &4l 3 4h

HE—PUESE T psrA X PCA 5 Plt A= ¥4 B X 51
PEYE . PsrA FE 2@ IE RS phz2 FEK AR
IREFET PCA BIERL, WX phzl #9\F 13k
WA R, PsrA Sl X} PIt A9 & R\ T

A I HRE PR ek A R AE F o alad [R R 2 F RIS PIt B9E . BRIA WY R,
A 100 B
_e-MI8/pMPIL 330 ' _g MI8/pMP2L T
90 T _a MI18psrA/pMPIL 300 | —A— M18psrA/pMP2L
42 P P @ T _ /?
§ 80 ¢ T 270 t ] i .
8 (]
s 07 % 240 | :
3 60 g 210
§ 50 | S 180 |
S @
40 r 150 |
30 1 1 1 1 1 1 1 120
12 14 16 18 20 22 24 12 14 16 18 20 22 24
£ () ()
C
. [-®MI8/pMEAZ
2000 *
—A— M18psrA/pMEAZ
2 1800 /\
ﬁ -
=
o san
< 10UU
S _
2 1400 | 2 1 \\A
5 . 4
S .
~n 1200 ./ ?\.
1000

1 (h)

B4 psrA X PCA 5 Plt £ )& MERFKIEHF N
Fig. 4 Effect of psrA on PCA and PIt biosynthetic gene expression

H: pMPIL (phzl-1acZ), pMP2L (phz2™-lacZ)F1 pMEAZ (pltL’-lacZ) &% mb -4 ok 72 57 A BB bk M18 A28 25Kk M18psrA

1 - FUBHH MG M RAE OL.

Note: B-galactosidase activities, which resulting from the phzl’-lacZ, phz2-'lacZ and pltL’-lacZ translational fusion on pMP1L,
pPMP2L and pMEAZ, were determined in the wild-type M18 strain and the psrA mutant M18psrA.
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PsrA X} 2] Sigma [AF RpoS HA #4 s IEJH ¥
P, MRATLLRT ISR B4 R, TEMR M
PPk M18 1, rpoS 545 T30 PCA A U HE &
55 PIt A B 2 R R ST, PsrA &5 id
rpoS [ REPIFMHTA R A, A FFFit—
5T

5

(1]

(2]

(3]

[4]

(5]

(6]

% 3 M

Ramos JL, Martinez-Bueno M, Molina-Henares AJ,
et al. The TetR family of transcriptional repres-
sors[J]. Microbiology and Molecular Biology Re-
views, 2005, 69(2): 326—356.

Kojic M, Venturi V. Regulation of rpoS gene ex-
pression in Pseudomonas: involvement of a TetR
family regulator[J]. Journal of Bacteriology, 2001,
183(12): 3712-3720.

Shen DK, Filopon D, Kuhn L, et al. PsrA is a posi-
tive transcriptional regulator of the type Il secre-
tion system in Pseudomonas aeruginosa[J].
Infection and Immunity, 2006, 74(2): 1121-1129.
Chatterjee A, Cui YY, Hasegawa H, et al. PsrA, the
Pseudomonas sigma regulator, controls regulators
of epiphytic fitness, quorum-sensing signals, and
plant interactions in Pseudomonas syringae pv. to-
mato strain DC3000[J]. Applied and Environmental
Microbiology, 2007, 73(11): 3684—3694.

Kang Y, Nguyen DT, Son MS, et al. The Pseudo-
monas aeruginosa PsrA responds to long-chain
fatty acid signals to regulate the fadBA5/-oxidation
operon[J]. Microbiology, 2008, 154(6): 1584—1598.
Kang Y, Lunin VV, Skarina T, et al. The long-chain

(7]

(8]

(9]

[10]

[11]

[12]

fatty acid sensor, PsrA, modulates the expression of
rpoS and the type 111 secretion exsCEBA operon in
Pseudomonas aeruginosa[J]. Mol Microbiol, 2009,
73(1): 120-136.

Chin-A-Woeng TFC, van den Broek D, Lugtenberg
BJJ, et al. The Pseudomonas chlororaphis PCL1391
sigma regulator PsrA represses the production of the
antifungal metabolite phenazine-1-carboxamide[J].
Molecular Plant-Microbe Interactions, 2005, 18(3):
244-253.

Lu JS, Huang XQ, Li K, et al. LysR family tran-
scriptional regulator PgsR as repressor of pyolute-
orin biosynthesis and activator of phenazine-
1-carboxylic acid biosynthesis in Pseudomonas sp.
M18[J]. Journal of Biotechnology, 2009, 143(1): 1-9.
Huang XQ, Yan A, Zhang XH, et al. Identification
and characterization of a putative ABC transporter
PItHIJKN required for pyoluteorin production in
Pseudomonas sp. M18[J]. Gene, 2006, 376(1):
68-78.

Huang XQ, Zhu DH, Ge YH, et al. Identification
and characterization of pltZ, a gene involved in the
repression of pyoluteorin biosynthesis in Pseudo-
monas sp. M18[J]. FEMS Microbiology Letters,
2004, 232(2): 197-202.

Sambrook J, Fritsch EF, Maniatis T. 43 ¥ 78 (& S0 K

BrE[M]. &L, BEM, S59% % 3 . JbaEt:
Bl H sk, 2002.

Ge YH, Pei DL, Li WW, et al. Insertional mutation
of the rpoS gene contributes to alteration in bio-
synthesis of antifungal agents in Pseudomonas sp.
M18][J]. Biological Control, 2006, 39(2): 186—192.

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



