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Table 1. Physiological and biochemical characteristics

Characteristics CYO1

CY02

CY04 CYO05 CY06

2.00-2.45
0.72 -0.80

Cell length (m)
width (wm)
Growth at/with
4C
41°C
5% NaCl
Acid produced from glucose
Methyl red test
Voges—Proskauer test
Activity of
Catalase
Oxidase
Lipase
Arginine dihydrolase
Nitrate reduction
Gas production of nitrate reduction
Hydrolysis of
Starch
Gelatin
Growth on sole carbon source
Lactose
Citrate
Growth on sole nitrogen source
L-tyrosine
Production of
PHB
Indole
H,S

1.71 -
0.72 -

1.79 -3.19
0.73 -0.85

3.21
0. 84

1.70 -3.06
0.72 -0.84

1.25 -1.60
0.71 -0.81

Lo+ o+ o+
o+ o+ o+ o+
I+ o+ o+ o+

o+ o+ o+ o+
+ o+ 4+ o+ o+
o+ o+ o+ o+

+ : Positive reaction; - : Negative reaction
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(NR _074599. 1) « & 41 & ¥ Ml & P. chlororaphis
ENIB6 (JQ236624) % 5LAE Mo il i P. putida NBRC
14671  ( AB680647 ) . P. KL28
(AY324319.1) FI & 5L R 5 Ml 5§ P. putida WH3

alkylphenolia

(FJ262368) H A7 5 i AHALYE, J3 51 AH AL PE 3 KT
99% , #) | MEGA4.1 ) Kimura2-Parameter # 7%,
B (ND MEREREMWE 1 Fir.

&2 | Pseudomonas putida NBRC 14671 (AB680647.1)

CY04
67| pseudomonas plecoglossicida (EU594553.1)

Pseudomonas oryzihabitans (D84004)
Pseudomonas oryzihabitans h-13 (KC139433.1)
Pseudomonas taiwanensis BCRC 17751 (EU103629) (EU103629)

84146l Psendomonas plecoglossicida (ABO09457)

98

0.02

66

95

100

89

48
46

Pseudomonas putida (7776667)

Pseudomonas putida WH3 (F1262368.1)
99-CY06

Pseudomonas fluorescens HDY-8 (FI588702.1)
Pseudomonas fuscovaginae MAFF 301177T (AB021381)

Pseudomonas vranovensis T-26 (HQ202851.1)
Pseudomonas alkylphenolia K1.28 (AY324319.1)
96 —CY05
Pseudomonas fluorescens NBRC 14808 (AB680670.1)
Pseudomonas protegens Pf-5 (NR_074599.1)

Pseudomonas protegens CHAOT (AJ278812)

CY01

99 CY02

Pseudomonas chlororaphis ENIB6 ( 1Q236624.1)

Pseudomonas chlororaphis subsp. chlororaphis NBRC 3904 (AB680166.1)
Pseudomonas chlororaphis subsp. chlororaphis DSM 50083T (Z76673)
Pseudomonas chlororaphis subsp. aurantiaca (NCIB 10068)

Pseudomonas chlororaphis subsp. piscium JF3835 (FJ168539)
Pseudomonas chlororaphis subsp. aureofaciens DSM 6698 (AYS509898)

Azotobacter armeniacus (AB175655)

Acinetobacter baumannii (X81660)

Vibrio aerogenes (AF124055)

100 |

1. 18 #& 16S rRNA X

Figure 1. The Phylogenetic tree based on 16S rRNA gene sequences.

Escherichia coli (X80725)

HFFHERFELRE HLH

The numbers on branches indicate bootstrap values. The tree rooted was

constructed by Kimura2-Parameter model and N-J method with bootstrap values calculated from 1000 resampling. The numbers at each node that

indicate the percentage of bootstrap supporting. The numbers in the brackets followed each bacterial name are 16S rDNA sequence accession numbers

in GenBank.

5 5 % BT AR 10 L, CYO01, CY04, CY06
O 5 B X R AR P. protegens CHAOT (AJ278812)
P. oryzihabitans (D84004) P. putida (Z76667) )4
AL 25 i s 43 ) b 98. 82% 98.75% 98.40% , H 5
FRUE R ) — 228, "Il CYOL. CY04.CYO06
Sy 5 J& w Bl P. protegens P. oryzihabitans P. putida

HE — B, iy 44 4 P. protegens CYO1 . P. oryzihabitans
CY04 F1 P. putida CYO06, 3 $£45 % # ¥k 16S rRNA
K ¥ % &= GenBank, 3K 5 B & x5 40 0l A
JX082197. JX082200. JX082202; CY02 45 5 =X B #
P. DSM  50083T
(Z76673) (¥ FHALE 55 55 18 99.43% , H CYO02 # &

chlororaphis subsp. chlororaphis
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GEHEAL B b by 2% S b R SRR PR 23 2 T SR B BGHT 1) 23
B ANGE VT JE B P. chlororaphis F & % € HIAT ] T
Fh, Ay 44 4 P. chlororaphis CY02, 1% B #k 16S rRNA
JLIA ¥ AIUE GenBank 3R 4531 % 5k 5  JX082198 ;
CYO0S5 S5H5i X bk P. putida (Z76667) AHALYE %5 &
BAE R GBI T8 18 (0 70 B AN e b B % 8
B AT AT s HAHRIYE R 95.89% » /N T 97 % » #E Wl
AN B A, ML dE BLAST B 43 45 R, @ 4N
Pseudomonas sp. CY05, $2 37 1% W ki 16S rRNA £ [K
J¥ 31 55 GenBank 3R A ) £ 5% %5 04 JX082201

2.2 HYEMENE

2.2.1 HMFIMEERTEMSE: MR (GR2),
W CYOL 75 R MR 9212 - 72 h, % W) ) Be 34 7= 7
AT 0 o) B 22 B e A < 0 R 2 R VRTRITR R 2 A
BRAE R R AR = 40 5 I A0 R R B 9748 hint, HoAT stk
O VRT 280 AL 5 AFL 12 AR R At A3 X905 T 1T T 90 R 280 R
WIBE CYO02 7615 7748 hm, A 7 A2 BAT 4l il 45 3 6
T 26 BR DA IR 5 2 TR B AR A AR R A, HOR
Aty AR5 IR TR AR VS . CY04.CYO0S FI1 CYO06 %f
B AR S TR B AN A A A0 B B

2. MEHEEE K E B IR E (mm)

Table 2. The semidiameter of inhibition zone (mm)

The test bacteria CYOI 12 h CYO01 24 h

CYO1 48 h

CY01 72 h CY02 48 h CY02 72 h

Staphylococcus aureus

Bacillus subtillis

3.1833 £0.08690 6.1983 +0.07975 5.9383 £0.05289 2.1717 £0.04041 2.1050 +0. 04681
2.9867 £0.07402 4.8767 £0.04579 3.9750 £0.07634 1.6167 +0. 06080 3.7133 +0.06733

3.3417 £0. 06631
1.3567 +0. 06080

Means and standard deviation in the column according to SPSS.

2.2.2 HHEYHEREE: KRR N AT
b B AR KA B AT LUt CY02 o AT B4 1

POt R, 559877 d, 5 B 4 rb /K RS R 0 R RE T R L
2530 mm [ A H & (B 2-A) , T fE 5 CY02 59t
RSz A, AR 2 2 dmd (K 2B) , B 7715 d, X

B

HECZH v AR R i 0 1T 6 35 AN S A T T R 3
Fa (B 2-C) » SER 4L CYO2 78 7K 5 A 9k i 11 J) [
TE R HRIR 0, BB 5 0 Dt R 2R K A2 B, B AR K
WA [ s (& 2D) . CYOL. CYO04. CYOS Al

2. CY02 B#FKFEFRREREMERER
Figure 2. The antagonistic action of strain CY02 against Pyricularia oryzae. A: The colonial morphology of Pyricularia oryzae cultured 7
days without antagonistic action; B:The colonial morphology of Pyricularia oryzae cultured 7 days with antagonistic action; C:The colonial
morphology of Pyricularia oryzae cultured 15 days without antagonistic action; D:The colonial morphology of Pyricularia oryzae cultured 15
days with antagonistic action; E:The micrograph of Pyricularia oryzae spores without antagonistic action (400 x ) ; F:The micrograph of
Pyricularia oryzae spores with antagonistic action (400 x ) ; G:The micrograph of Pyricularia oryzae hyphae without antagonistic action (400

%) ; H:The micrograph of Pyricularia oryzae hyphae with antagonistic action (400 x ) .
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X 7K R i I B R AT B R I 4%, 45 SRR W k)
Y rp oy A A0 e R (B 28) , 52 Y02 5 Hi1E
G o B 7 T e (B 2F) 5 % e 20 K e R O
Jod VAT DA 22 R LE R RS B IR ) Sk D AR By AT S B
(K 2-G) , %2 CYO2 F540 ) » J 28 ok 4 » B AL » 4b
B 1A 2 b K R T 5 B AN B R, O PR BE A o g (I
2-H) .

o FCEH AT B2 A B KRS RO S A TR B A A
PDA “FHR I fig R U 2R &K, 52 CY02 F5 i1k M G
1R 7K 8 A% 98 03 VT AT 22 T 4 Bl T PDA P AR B AT 3R
DL A Kz % (B 3) 3 W /K 8 R0 0 B8 58 4% bl
CYO02 12 %y, T ¥ 0 21300 25 (1) B 2 3 AN ek 2 2R
AT M0 H. CY02 [ 9% A0 % IRF 15 7% vp 2 I e Tl
50 A e

3. ZCYR HHEMM KEREREE L BEM PDA
TR

Figure 3. The hyphae of Pyricularia oryzae antagonized by strain CY02
was transferred to PDA plate. A: The control group; B: The edge
hyphae of Pyricularia oryzae colony with antagonistic action; C: The
centre hyphae of Pyricularia oryzae colony with antagonistic action; D:
The hyphae between the edge and center of Pyricularia oryzae colony

with antagonistic action.

2.2.3 fuBhETEME: D BUR (U FR B16 40 i B R
PRI N 2% TR AN R I IR I Y R R R
24 h, M L4 T A&, CY01.CY04.CYO05 A1 CY06 Ak
BLSCH A b B16 40 g 55 X AL A Ll B e W e 2
EWTZ 4 BR TR AN B % AT/ BB 10 3R 40 i B T
CYO2 AN [ I i) 5 1 15 77 o B3 % B16 41 Jiid 2 A7 A
(7] T JSE ) 400 L 7 > B A - A5 xk AL A L (I 4
A) 5 B AT R T B TR I AR SE K BL6 1 i AR R UG B
20 2 ook /D 5 24 h R U AL PR B16 A Jif
FERRAR, BRI K A AR TE 25 (K 4-B) 148 hik

P VA L3 AR PEIK) B16 1 3 MUK U BE 4 fifd B/, K
Ay o3 WO AR IR TG » 47 B 25 BL % (1] 4-C) 572 hig
P VAL AR FELIK) B16 4R i 4 #  RGIL IR BR P 40 L
TRk &5 T AN BE WL % 1) 1E 1 PR AR IR G B 4 e (1) 4
D) .

[ 4. CYO02 FE#k A 645 7% Bt 8] £ & %+ B16 40 i3 64 52
M

Figure 4. The effect of strain CYO02 supernatant with different

culture time on B16 cells. A: B16 cells were treated with sterile
KMB broth instead of strain CY02 supernatant; B: B16 cells were
treated with strain CY02 supernatant cultured 24 h; C:B16 cells
were treated with strain CY02 supernatant cultured 48 h; D: B16

cells were treated with strain CY02 supernatant cultured 72 h.

MTT VA 45 25 70 25 bR XS/ Bl 38 (0 %8 B16
20 B R A, S5 SRR W] CY02 KR 9724 ha48 h
72 Wi W i, XF B16 41 g 2 K s 5 4 oA
62.2% \76.8% F191.5% , CY02 K W15 7272 hiig re
A AT B R I R R AR A A )
PR U R ROR AN B 5 (&L S)

3 g

WF9E 45 F 2 W, P. chlororaphis CY02 7& 1 &
JE A0 AT~ A5 T 7K R A L T AT T R 4 e T A
B ROR, R W R AT AW N R st P
chlororaphis H i O R ILA 4 AW A2, 4 51 4
P. chlororaphis subsp. chlororaphis, P. chlororaphis

subsp.  aureofaciens,  P.  chlororaphis  subsp.
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B 5. S5 BEEKRARR ST E LB Bl6 4 i A #1 &) K

Figure 5. The inhibition ratio of B16 cells treated with supernatant of isolated strains with different culture time.

aurantiaca fl P. chlororaphis subsp. Piscium, A fiff
U T 2> 2 CYO02 fE KMB B 97 3 b i 1w v% B
5 UCH P. chlororaphis % WA AR N Z R, H
FEAR S 16S rRNA JE P Jy 51 4y i (¥ 2 b B o, CY02
5 P. chlororaphis % W J& [ — 3K 25, (0 JE BT 19
0, #HEM CYO2 J§ T P. chlororaphis W 1) — Hr [
W Ffo P. protegens CYO1 7 0 il i 55 J5t 40 W1 J5 I
HA MM P. protegens ¥ H] T K ¥
ERgva, K A LUK ¥ H K 4 A P. flurescens, Alban
Ramette 55 N 5& - 70 7 AL b i) 2 53, T 2010
¥ P. protegens N P. flurescens W Xl /3 Hi 2K IF Ay
% . P. protegens BE 5 7+ M Hh P74 PUR AL & W) BE
4% W % (Pyoluteorin, PIt) 1 — 2 Bk 6] 28 = W
(2,4 diacetylphloroglucinol, P1t) , X} £ F 4 ) % It
PREAT BORE T O ik 2 S L 3 )
P W B bR A T (0 R AL C X R A R
g

P. oryzihabitans CY04 . Pseudomonas sp. CYO05
M P. putida CYO6 1E AT A& 300 A= 90 3% 1 WF 52 b
BBRAT W BB WA % E S KA R E IR,
Pseudomonas sp. CY05 5 3G = & & 1L 1 2 404
AW PR IR PR B B A BLTE Y 95.89% , /b T
97% » £ 4y i A, 7E NCBI v, BLAST 7 #r 45 2R &
7~ H 5 Pseudomonas sp. 210_17 (GQ199719) 7]
WL KT 99% [ AH AL, Pseudomonas sp.
210_17 J& Mo Ming He %5 A 73 & 2 ) B A 5 4
M P B A A% 40 T T T R A
2 U B -

2 2% SCHR

[1] Akhurst RJ. Morphological and functional dimorphism in
Xenorhabdus spp. , bacteria symbiotically associated with
the insect pathogenic nematodes Neoaplectana and
Heterorhabditis. Journal of General Microbiology, 1980,
121 (2) : 303-309.

[2] Grundmann F, Dill V, Dowling A, Thanwisai A, Bode
E, Chantratita N, Ffrench-Constant R, Bode HB.
Identification and isolation of insecticidal oxazoles from
Pseudomonas spp..  Beilstein ~ Journal of Organic
Chemistry, 2012, 8 749-752.

[3] Weller DM, Raaijmakers JM, Gardener BB, Thomashow
LS. Microbial populations responsible for specific soil
suppressiveness to plant pathogens. Annual Review of
Phytopathology, 2002, 40 (1) : 309-348.

[4] Santoyo G, Orozco-Mosqueda MDC, Govindappa M.
Mechanisms of biocontrol and plant growth-promoting
activity in soil bacterial species of Bacillus and

Biocontrol ~ Science and

Technology, 2012, 22 (8) : 855-872.

Pseudomonas: a  review.

[5] Giri K, Rai JPN. Biodegradation of endosulfan isomers in
broth culture and soil microcosm by Pseudomonas
fluorescens isolated from soil. [International Journal of
Environmental Studies, 2012, 69 (5) : 729-742.

[6] Rahman KS, Rahman TJ, McClean S, Marchant R,
Banat IM. Rhamnolipid biosurfactant production by strains
of Pseudomonas aeruginosa using low-cost raw materials.
Biotechnology Progress, 2002, 18 (6) : 1277-1281.

[7]1 Charyulu EM, Sekaran G, Rajakumar GS, Gnanamani A.

Antimicrobial activity of secondary metabolite from marine



964 Wangyue Zhang et al. /Acta Microbiologica Sinica (2013) 53 (9)
isolate, Pseudomonas sp. against Gram positive and FHH, R %, BEHg, 2R MS. R B 5 B AR cin3

[8]

(9]

[10]

[11]

[12]

(13]

(14]

[15]

[16]

[17]

Indian Journal of
Experimental Biology, 2009, 47 (12) : 964-968.
Olga VM, Nathalie W, Sawsan E, Christopher GT,

negative bacteria including MRSA.

Patricia AO. Suppression of Rhizoctonia and Pythium root
rot of wheat by new strains of Pseudomonas. Biological
Control, 2012, 62 (2) : 93-02.

Jens PL, Thomas HE, Jolanta JL, Berndt G, Margareta
H. Biological control of snow mould ( Microdochium
nivale) in winter cereals by Pseudomonas brassicacearum,
MA250. Biological Control, 2008, 53 (4) : 651-665.
George AB, Anastasia LL, Kalliopi K, Katina TK.
Biological control of three Colletotrichum lindemuthianum
races using Pseudomonas chlororaphis PCL1391 and
Pseudomonas fluorescens WCS365.

2009, 49 (2) : 139-145.

Biological Control,

Erdogan O, Benlioglu K. Biological control of Verticillium
wilt on cotton by the use of fluorescent Pseudomonas spp.
under field conditions. Biological Control, 2010, 53
(1) : 3945.

Ruffner B, Péchy-Tarr M, Ryffel F, Hoegger P, Obrist
C, Rindlishacher A, Keel C, Maurhofer M. Oral
insecticidal activity of plant-associated pseudomonads.
Environmental Microbiology, 2013,15(3) :751963.

Kim SK, Kim YC, Lee S, Kim JC, Yun MY, Kim IS.
Insecticidal — activity of rhamnolipid isolated from
Pseudomonas sp. EP-3 against green peach aphid (myzus
persicae) . Journal of Agricultural and Food Chemistry,
2010, 59 (3) : 934-938.

Lugtenberg B, Kamilova F. Plantgrowth-promoting
rhizobacteria. Annual Review of Microbiology, 2009, 63
(1) : 541-556.

Fava F, PM, Kafkewitz D.

Armenante Aerobic

degradation and dechlorination of 2-chlorophenol, 3-—

chlorophenol and 4-chlorophenol by a Pseudomonas
pickettii strain. Letters in Applied Microbiology, 1995, 21
(5) : 307312.

Yin H, Qiang J, Jia Y, Ye JS, Peng H, Qin HM, Zhang
N, He BY. Characteristics of biosurfactant produced by
Pseudomonas aeruginosa S6 isolated from oil-containing
wastewater. Process Biochemistry, 2009, 44 (3): 302-
308.
Wang G, Chen H, Bi M, Li S. Bioremediation of
chlorothalonil-contaminated soil by utilizing Pseudomonas

sp. strain CTN-3.
2012, (3) : 807-811.

Chinese Journal of Applied Ecology,
(in Chinese)

[18]

(191

(201

21]

[22]

23]

4]

5]

XA EE TG R A N AR, 2012,
(3) : 807-811.

Kim JW, Shin-Ya K, Furihata K, Hayakawa Y, Seto H.
Oximidines I and II: Novel antitumor macrolides from
Pseudomonas sp.. The Journal of Organic Chemistry,
1998, 64 (1) : 153455.

Pai LH, Batra JK, FitzGerald DJ, Willingham MC,
Pastan I. Antitumor activities of immunotoxins made of
monoclonal antibody B3 and various forms of Pseudomonas
exotoxin. Proceedings of the National Academy of Science
of the United States of Americas, 1991, 88 (8) : 3358-
3362.

Cai M, Lu D, Wang D, Fu Z, Wang J. A sarcoma-static
new species of pseudomonas, pseudomonas jinanensis sp.
nov. . Acta Microbiologica sinica, 1989, 29 (3): 155-
160. (in Chinese)

UYL, B, FOOM, MHEPE, EEE. iR A
00 A P B T T R —— DR R R TR R
A, 1989, 29 (3) : 155-160.

Yang Q, Xie Y, Zhang H, Li X. Isolation, identification
and antagonism on microorganisms and cancer cells by
libosch.

from rehmannia glutinosa

2010, (10): 14674474.

active endophytes
Microbiology China, (in
Chinese)

WiE T, WK AD, KR, el R SE RN R TR
B 5 5 MU PUIORE P SR A A, 2010,
(10) : 14674474,

RFFEE, SR, W WA R e T dbnt: B4
AL, 1999: 143.

Burr SE, Gobeli S, Kuhnert P, Goldschmidt-Clermont E,
Frey J. Pseudomonas chlororaphis subsp. piscium subsp.
nov. , isolated from freshwater fish. International Journal
of Systematic and Evolutionary Microbiology, 2010, 60
(12) : 27532757.

Peix A, Valverde A, Rivas R, Igual JM, Ramirez-Bahena
MH, Mateos PF, Santa-Regina I, Rodriguez-Barrueco C,
Martinez-Molina E,

Velazquez E. Reclassification of

Pseudomonas aurantiaca as a synonym of Pseudomonas

chlororaphis and proposal of three subspecies, P.
chlororaphis  subsp.  chlororaphis  subsp. nov., P.
chlororaphis subsp. aureofaciens subsp. nov., comb.

nov. and P. chlororaphis subsp. aurantiaca subsp. nov. ,
comb. International Journal of Systematic and

Evolutionary Microbiology, 2007, 57 (6) : 1286-1290.
Haas D, Defago G.

nov. .

Biological control of soil-borne



SR AR TIOR3 A S AR R L B 2 4R (2013) 53 (9) 965

pathogens by fluorescent pseudomonads. Nature Reviews can kill subterranean termite Odontotermes obesus by
Microbiology, 2005, 3 (4) : 307-319. inhibiting cytochrome ¢ oxidase of the termite respiratory
[26] Ramette A, Frapolli M, Fischerd.e Saux M, Gruffaz C, chain. FEMS Microbiology Letters, 2009, 300 (2) : 195-
Meyer ] M, Défago G, Sutra L, Moénne-Loccoz Y. 200.
Pseudomonas protegens sp. nov., widespread plant— [28] Li M, Wen F, Ying H, He MM, Qin XJ, Qing DY,
protecting bacteria producing the biocontrol compounds 2, Huang FD, Hui YS. A strategy to discover potential
4—diacetylphloroglucinol and pyoluteorin. Systematic and nematicidal fumigants based on toxic volatiles from
Applied Microbiology, 2011, 34 (3) : 180-188. nematicidal bacteria. African Journal of Microbiology
[27] Devi KK, Kothamasi D. Pseudomonas fluorescens CHAO Research, 2012, 6 (31) : 6106-6113.

Isolation, identification and characterization of five
Pseudomonas strains

Wangyue Zhang'®, Jian Gao’*, Chao Zhang', Youming Zhang', Shengbiao Hu',
Lanlan Li', Yunjun Sun', Xuezhi Ding', Liqiu Xia'

'State Key Laboratory Breeding Base of Microbial Molecular Biology, College of Life Science, Hunan Normal University,
Changsha 410081, China
*College of Life Science, Hunan University of Science and Technology, Xiangtan 411201, China

Abstract: [Objective] We isolated Pseudomonas strains from soil samples collected from Changsha, Hunan province,
catalogued them and studied the antimicrobial and antitumor activity. [Methods] We isolated Pseudomonas strains from
soil samples through Galleria bait method, identified and catalogued the isolated strains according to morphological
observation, physiological and biochemical characteristics and the homologous analysis of 16S rRNA sequences of
nucleotides. Antimicrobial, antagonistic fungi and antitumor activities were studied by diffusion plate assay, dual-culture
assay and cytotoxicity test respectively. [Results] We isolated 5 Pseudomonas strains from vegetable field and forest land
of Changsha suburb, catalogued and named them as Pseudomonas protegens CYO1l, Pseudomonas chlororaphis CY02,
Pseudomonas oryzihabitans CY04, Pseudomonas sp. CYO05 and Pseudomonas putida CY06 respectively. P. protegens
CYO01 and P. chlororaphis CY02 have antibacterial activity against Bacillus subtillis and Staphylococcus aureus. P.
chlororaphis CY02 has antagonistic activity against Pyricularia oryzae and anti-tumor cell activity against mouse melanoma
B16 cells. [Conclusion] The isolated P. chlororaphis CY02 has a significant effect on pathogenic bacteria, Pyricularia
oryzae and tumor cells.

Keywords: Galleria bait method, Pseudomonas, antimicrobe, anti-tumor
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