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B LMY A ZEFFH0b 2 215 20— bR B Ak ML-64, X kAT 3 B W 24 v ) e pee. K5k Yl il 4
VR 5 R A G O 1K) D7 L BEAT T T8 A5 ARG IR A A ARG A5 ] 22 A 23 2882 T3 R U T A 1K 4% 2R B A A 9 A B
W5 2645 I3 B B2 168 sRNA JEFR R 46 77 207+ (G + ©) mol% 5 8 1131 7 Bl DNA-DNA J %
Gr#e K& ALY bk ML-64 T &5 22 [P B AR 77 2R 28 Al BIVE [, R B (8, RIlDG W - B RR A2 KO
FEJE A 10 =45 °C (f3& 37 C) ,pH 5[ 7.0 9.0 (f3& pH7.0) , NaCl W EJLHE K 0 -6% (W/V) (I
W0 -2%) o WK ML-64 1K) I BRI » R 5 B XK fift 18 » JOR 6 3% 1t F0 VPS246 g B o 76 APT SOCH i i 1t
LI S5 38 vh U PR AN BE A IR A AT DS o TR IO B DS AT - L2228, O I PR PP IR o -1 IR, B LR - X 2
Kiw % B (30 pg) ~Hi A # % (30 pg) HHE G(10 U) ANEUK. 16S rRNA K [K )7 41 43 #7 45 2 B, B bk ML-
64" 5 Lysinibacillus chungkukjangi 2RL327, Lysinibacillus sinduriensis BLBA"H 2= 54 K R . AHLZE 45 R
100% F199. 1% . 15 kk ML-64 5 Lysinibacillus chungkukjangi 2RL3 2" Fil Lysinibacillus massiliensis CTP108446" .
8] ) 24 A8 3R 43 5 ok 82% 11 50.9% o FE[N 41 DNA (G + C) mol% & 824 36. 8% » T bk ML-64 4 24 i 7 1R 25 #Y
H iso—Cys (55.05% ) Fil anteiso-C,;,, (20. 70% ) , B 41 5p 5 A MK7. L4540 Y 56 T R BURFAE « 5t 4% T R AE
MR KRE DM B R AR E N Lysinibacillus chunghukjangi 18 22 Fh, 3K 15 5 71 73 M 5 5 KC609752. #47 N
PE T ML-64 11 3k 5 21 45 0 O Y5 SO WS B Pk L. chunghkukjangi 77 42 T 8K 10 43 40 6 PR MR I8 2 T 5947 ) 2R 26
.
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120 ZAER H DY o AT A 3408 km®, 4
RSP 10,7 °CL AR K R 51,6 mm, AT 7
K& 9921.1 - 2863.4 mm, ¥ 3L = FE A 1007 -
1100 m™ . Ugen J] {f) 1 1% bk 75 1% V0 38 5 17 49 A 15
TR 5238, 2 NV B 55 W 45 /b, Ugen 3] 5 24 4 1%
LA A R B, 5 M O 2 R K Y R
W, SEAE T AWK R, B 5 R R
T B 50 M Ao VAR A P L L 3 i v
AR o SR S DR 97 s 4% P2 0 T 1 L
T B AE BN D) R 2% ) b AR 6 3 PR B AR S R RS . M
0 A A T B T TR A 0 U LA L O 1
Mo AT AR 20 A A7 A K A 3 P 7 o0 1
P ZCH 9 75 80 R S £ 2R A B v 4 T %
TERMHBE TR KM XkEmERY . M
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Lysinibacillus J& H 57 L5 16 >4 4 & i #f - L.

bronitoleram, L. sphaericus, L. fusiformis ©rL
. - . [10] . [11]
parviboronicapiens — , L. xylanilyticus "~ , L.
massiliensis, L. odysse, L. sinduriensis S A
macroides ™ , L. mangiferihumi[m s L. meyeri WL
contaminans"® , L. chungkukjangi u L.

el tabacifolii

manganicus L. pakistanensis"™” , L.
(Duan et al. 2014) . Lysinibacillus J& {14 F 4 B
B e, NS i, T SO R TR MR
s IR EE N o R I T A B R Sk R N e
PR B B R IR 4B R SR A 2R T O Adatype
(Lys-Asp) , TE RN A K iso-Cq, BUF anteiso—
oo WEWEERST Sy MK7 o Lysinibacillus J& (£ 1 Bk
{10 R 1 i 20 43 A5 U i 1k H il (DPG) % i 15 H- il
(PG) I flg W 2 1% e (PE) RIwE IR 26 g (L) M7
W HT AR IE LA 5% Lysinibacillus & — Y813 kK (1 £ 4
B file VR B0, BE R R X S vk B — 8
() A I S AR 595 e B A AR
ST OO A ZE R WP o B A4S B Lysinibacillus
JE& R AR AT 5 5E

| O R S IR

1.1 EHREFRE

B AR ML-64 J& )\ Ugan Ji B 57 3t T 18 i 4 A i
W 25 FF Wb 4 B kAR B . B B Rk L
xylanilyticus XDB9" ( = KCTC13423") , L. massiliensis
CIP 108446" ( = KCTC13178"), L. dyssey NBRC
100172" ( =KCTC 3961") , L. chungkukjangi ( = KCTC
2RL3 - 2") ) 1 3 1] L 25 5% 35 ) AR v o

(1) TSB Ri 773k (g/L) (M (1R 17, R — A&
2.5, KRG ANR 3, 5L 5, MR 2.5, B M
20, ZE MK 1 Lo % %5 K5 A6 I R i 40 TR & 1
W, pH A2 7.0, Z 3, I N A6 %5 K i )G
RS0 VBN T pH EAE e B KBS 4 7.3 £0. 2.

(2) R2A K3 :R2A B35 5404 [ Difco 2] .
L2 WAFBRETARS

W V& TE A R 20 ML T 2 % 18 AR 7E LB B R 2t I
37 CHHE IR 2 d Ja WMEETR T K/ AR S B8 M3 1
FRAE o JF I 3 €0 O 27 08 3ok B R 4 4 e 45 0 52 R
KA

B PERLEE K TR R S [ AR B R ik b A 7
I FER, 37 CHE IR 24 h Ja B AE KR . A5 40 T
A KAE TR b G5 T W R OR SEI I E)
P T AR A el 2 i) DY R S SRR KRR
Ly RSB e L i

I K 0.5% 1 40 T IR ) B M AR
1% 2% 3% 4% 5% 6% H17% NaCl(W/V) [f] LB
TR RE F7 B b, B IR I A B IR AR 3 AN AT
Ff,37 CH;9% 24 h J57F 600 nm Tl 5E OD i .

MR 45 0. 5% 1) 4l 1R 15 IR W) # PP AR LB
MR FRHE b, A WIAE 5.10.20.25.28.30.35.37.40.
45.50 F1 55 C N Ei 3%, B AN ELEBG JL N A 3 A1 AT
FE WL HL ARG IR AE 600 nm Rl 2 OD {H -

i 51k S2 50 ] PEG6000 (58 20 — %) J& Hi 5 4l
TR EIEL, K 0. 5% ¥ 41 18 55 57 ) A F) PEG6000
SR W E R 5.10.15.20.25.30.35 g/100 mL [fJ LB
TR S FRBE b, B W P IR MR B R A 3 A AT
FE£,37 C 9% 48 h J51E 600 nm Rl 5E OD {f -

pH 5% B 0. 5% (1) 40 18 55 75 W) #2 F 2] pH (i
Ay WIM A 5.6.7-8.9.10 11 1) LB i1k RE 5 5L, 45
ANBE B A 6 BT 3 AN AT AR, 37 CHEFE 48 h
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J5i 560 nm [l 52 OD 14 -

TR 52 1Pk RS W00 S 58 FF LB AR 5 FR A B AR K
1AM 85 =R A AE 4 9 & 47 0.25.50.75.100.150
mol /L i iR ¥y LB [ &k B5 37 5E | 37 C 922 -3 d,
W8I i S A AR B
1.3 3P4 p4sE >

API 50CH.API 20E Fl API ZYM 2 4& API i3
U FE T D HEAT ST, WU B R 1 % A A
AR bR -

AT v R A WU R DY R R Tk 1% K
TR DR AR S5 BT 5 35 Ak 14 41 B B IR 09 A AR
B EAR L AR 10 s IS B 22 0 R 5 % R
FHE ;10 — 60 s N HY IS8 B 22 8 ml 55 8 3 0 4 iR v
N 560 s LA b HH I BN BAN Je 35 S B A

T A A S O R DU <R TR B A B LB S i
BRI, 37 CH5 57 24 h 5 I — B A T80
b W 30% (it A A A L B BV A Dk B
PE,30 s JEAN AR A B .

E B S PRSI R LB KR IR AR NN 0.2%
[T R VE K > 121 °C ZE VR K 1A 20 min 5P AA H
0T B 8 Bl s A PR 1,30 C 7R 2 -5 d, Ik
B A VT & S5 T VA TR LR I e PR A, U 8% T
JE BB A2 75 B E €435 1 ()

Biolog A= L A= AL REAFE AW : E P AR I 4% B B
JI VLRI SR bk ML-64,37 C o595 2 d, HIAS A8 $k 31 4%
Pyt (IF) v, A 445 2 40 MR 9 % 1) 1 R W 5 1
W% AL 100 pL ¥ 5 0 ) Gen IO AR Ji5 % & 5 LA
TR A AR 5 7= A R B Fr ar B o P A 1R L AE W1
TGN AR 2 TC 0 e i E — BON ) 2 J5, T8
6 B ol At B ) R B R 1R AL e 0 A R S R T
558 (1) P W A FH 5 B0 DY M 44 3 iR % R B 00 J s AR
Fh. mBEALNRFEC 6. WE G, B B
AL AR B R A F AU IR Biolog H 4 i v i) 24k kA7
LR

PUAR RO A I - g LB AR B 3R 2k B AR K
1 ¥ 5 FR W)U A 70 55 95 2P B P B B 7
SR BTN 8 mm FLAR (1 [ 4 25 AR fr o 37 CRE IR
2 -3 d, MBI A0 % 2 AR A LA 0 RO
T T AE 2 R o)) 75 %% (30 pg) il % (2
pe) R R EE R (10 pg) VEHE F (30 peg) (ZEER
(30 pg) AT (5 wg) «Hi 85 % (30 ng) HEH #
(10 pg) PYFF 2 (30 pg) < ZH B % B (300 1U) . J7

WA (30 pe) A HE (15 pg) RIFEFHFH % (100
pg) K KHE % (10 pg) ~ RIBH 3= (30 pe) FIH % %
G (10 IU) »

1.4 fHpEFHDBINE

1.4.1 BERABE AL 9 #7777 : S ] Sasser (1990)
(4 753 » 3 3 A £ 35 43, A P 95 [E) MIDI (Microbial
Identification) /A @ Sherolock 4> [ Zh 40 B % %2 R 4%
XoF S T A BE AT TR AR I D R B A oy e (80 S A
BN I Rl 300 °C; (L ik A 76
3.2 -3.6;[E 4 h DEGS; AL =% h 250 C ;A
WA 170 °C; 35 W N, :30 mL/min; H, :30 mL/min;
2%/5,:400 mL/min; B FERE N 0.5 wlo

1.4.2 BRESHH™ 5K Collins 1) J7 W kAT
[ N R 7o B e =1 o R EREER 0 Oy B AN
fi B R LE A (ODS 5 um, 250 mm x 4. 6 mm) 345
20 WL, VB AH A PR R I (2:1) W IR
1. 00 mL/min, F¥E /& 40 °C,240 nm A1 270 nm % 4p
A5 W05 A4 FH 1) S Water Epower 844 5¢ 5 I 2 1 55 4
P o AR AR T 4 A AN ) ) R 4L 2 5 e ) ) oG
oo 5 b U TR PR IR RS TE AL 49 7 R 0 R D R R
1.4.3 FEABBREEGSHED T RE
Tindall 55 3 1f) 15 AH 73 2525, Al ek 0 9 J2 €0 0 AR
(gel TLC) HEAT % 5 28 N5 10 B2 B, alifb S 4153 53 # o
B h Merck 723 7] Silica gel 60 % (10 x20 cm) o
AR E A PR UK = 6512540 B AR )
A E AT VKSR - FRE c 7K =80:15:12:4. 258 )5
W BE B AR 10 — 12 em Ak HT V88055 IR 1t €5 5]
B (R R 0. 1% B & = W3, -
ZEW R F AR R A1) 5 110 °C n#4S5 -8 min, £ 4
RS R R AR .

1.5 BEBFENDHT

T ) 5 5 1) T8 A R AL 23 BT AL 46 16S rRNA JE
KRS REDH (G +C) mol% & & 1] 5& Al DNA-
DNA Z2 4850 #r .

DNA #2125 16 ) W1 °Y %5 1 J5 1% 3 7. 168
rRNA 3 [ 34 5% 40 5@ 1 51 Y 27F (57—
AGAGTTTGATCCTGGCTCAG3") F1 1492R ( 5'-
GGTTACCTTGTTACGACTT3") # 47 PCR J W &
% (50 pL) :DNA it £y 0.8 pL, 10 x PCR 2% 3 ¥k
5.0 pL, 10 mmol/L {3 P1 #1 P2 % 0.8 L, ANTP
(10 mmol/L) 4 wL, Tag DNA & i (2.5 U/laL)
0.6 wL, IR B WA /K 4 50.0 wLo PCR Sz 8 4% 1
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94 °C 5 min;94 °C 30 5,55 °C 30 5,72 C 90 5,30 4~
fEHR ;72 C 10 mine 2 M 45K 5, ML 2 -3 uwL PCR
FEIAE 1. 0% BOIEBE B b i vk R i . PCR ™7 4%
) R TREA W~ w347 16S 1DNA 58 4 K JiE
W

M7 45 B Ezbiocloud ( EzTaxon-e server) il
BLAST (http: //www. ncbi. nlm. nib. gov/blast/blast.
cgi ) L EEAT /5 #Hre H Clustal X 24T 2 )7 41 b
B R G HE A AR A Kimura 85570 00 48 57, ]
MEGA 4. 0 (Molecular Evolutionary Genetics Analysis)
QR E A (NeighborJoining) 5 2% 7> #r, Jf
oy gt R GE AL

DNA-DNA Z84Z A3 WA G + C mol% 75 5 1) ]
JE Ze AT P D Bk A ) ARG oy CICC 23 S AR B
DeLey f) 42 #5335 " Fl Mannur {9 #4028 #3557 ok

SEIR -
2 4

2.1 HSEHIE

P AR ML-64 71 TSA [H kB 775 1,37 C F 5%
48 h 5, B EAE N 2.0 = 4.0 mm [ JE, K HOGH
HOVR T LT o AE WU T W0 458 B PR A L TR 2 O
AR 77 2R 2F A0, A 22 TG R P, 2 ) 52 56 Y 7 o ol 26
GG W B % A B g sk (1) .
2.2 YHEAEAKHHE

itk ML-64 76 %4 0% .0.5% 1.0% 2. 0% -
3.0% 4.0% \5.0% 6. 0% [f) NaCl (155 75 3 | fg/k
KB iEth kR 0 -2.0% (B 2-A) . 7F LB i1k
B2 K 10.20.25.28.30.37.40.42.45 150 °C F fg
e K, AR KRN 37 C (K 2B) . 1
PEG6000 J5i & %< fF ) 5.10.15.20 1 25 g/100 mL

| pm

B 1. EEMAEES

Figure 1. Chara cteristics of strain. A: strain ML-64 on TSA
medium; B: microscopical characteristics of strain ML-64 (B,
bar 10um) ; C: cell morphology of ML-64 under the scanning

electron microscope (C, bar I wm) .

) LB ik 72 5 rp 2R K (B 2-C) , R Wb
—E MR 6 ). WPk ML-64 7% pH 435l 24 7.8
9 [EsFRE LK, G EK pH A 7. BN A2 1
il g5 W, Wk ML-64 fig 75 43 0 &% A7 025,
50 mol /LEJER ¥ LB [ 44 8% 75 3 B A Ko i B 2 o4
FER 75 mol /L B AR A fig A K
2.3 S AN

WAk ML-64 API ZYM. API 20E Fi1 X & lif§ % 7%
PRI 5 25 3 5o B bR ML-64 LA B P 5 1R il 2K
FE TG, TR Tk 0 TR I, 2% ) -AS-BIE R /K R i, o-
VFLBE TG, BV FLBE T Bl B 4 B 1T R 2R
UK AR T » JOR 8 €0, 2 R Mot 2 g UL, i A
B s Vo BEZK MR W I, VPSEI0 K B Ik o 1 Bk ML-64
FIAH G A58 20 Bk (9 V% PR VR4 45 R WL 1. 78 API
50CH S50 o R bk ML-64 FIAS 2 B 1k AN g K 192 AT o]
—MBE S . Ik g R ST NPT S Lysinibacillus )&
(1 5L B AP K APT S0CH S50 45 1 — 8. BBk ML-
64 2 Ji] Biolog % 5 R 40 A B AL AL 5, 4% S 6 W)

(A) ®B) 181 (©)
15¢
15&
12+
12+
- 09} 3
g 8 0.9
0.6} 06 L
0.3} 0.3
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50 55 60 00 5 10 15 20 25 30 35 4 0 1 2 3 4 5 6 7 8
7/°C ¢(PEG 6000)/(g/100 mL) c(NaCl)(g/100 mL)

B 2. Etx ML-64 EREZFE THEKFR
Figure 2. Effect of temperatures (A) , PEG6000 (B) and sodium concentration (C) on the growth of strain ML-64.
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] ) P B YR AT L2 S < TN I R R IS o -]
TR A Lk LR

Po AR 2 OB A W 45 5K W, Wk ML-64 Xt 2
Fid & B (30 pg) H AR E (30 pg) HHEE G(10
U) AU T R T 55 % (100 ng) AT HH R
(10 pg) 7l 5 % (30 pg) ~ PUIR 2 (30 pg) - HE %
# (10 pg) A FHE (30 ng) K KFHE (10 pg) vk
M5 2% (30 pg) MM A % (2 pg) MU

2.4 ERLEES

2.4.1 YMHBERERE S DL RE = Wk ML-
64" 3= A0 1 IR U R 25 M 2 iso—C,,., Al anteiso-
Cis.oo HEE ML-64 B L. massiliensis~ L. xylanilyticus
L. odysseyi —Ff, iso-C 5, (0% E i % (55.05%) ;
PR L. chungkukjangi '© & & & Z 1948 3 5 Wi 1%
anteiso-C 5., » 75 B Bk ML-64 1 JJ 2 55 — AN 35 15 D7
2 (20.7%) o B AR W 52 25 Rk 2 Jiios o

F 1. Bk ML-64 M ES RO EREMIFAE

Table 1. Differential characteristics of strain ML-64 and related members of the genus Lysinibacillus

Strains ML-64 L. chungkukjangi L. massiliensis L. xylanilyticus L. odysseyi
Growth in 5% NaCl + - + + +
Temperature range 10 -50 10 -45 25 -45 10 - 40 25 -42
Alkaline phosphatase + + - _ _
Esterase - - + - _
Lipid esterase + - + - -
Cystine aromatic amine enzymes - - - + _
Acid phosphatase + + + + +
Naphthol- AS - BI - phosphoric acid hydrolase + + + + +
a-galactosidase + + + - +
B-galactosidase + + + _ _
a-Glucosidase - - + + n
B-Glucosidase + + + - _
N-acetyl glucosamine —enzyme - - - + _
a-mannosidase - - + + -
BHucosidase - - + + n
Arginine double enzyme hydrolysis + - + + +
Urease + - + + +
Citrate utilization - - - + +
vp + w - + +
Gelatin + + _ + +

+ :Positive; — : Negative.

% 2. B #k ML-64 0 Lysinibacillus J& 18 5< 4% 5\ & & &Y 40 A A5 An 8%

Table 2. Cellular fatty acid contents of strain ML-64 and closely related members of the genus Lysinibacillus

Fatty acid ML-64 L. chungkukjangi L. massiliensts L. xylanilyticus L. odysseyi
is0-Cy4. 1. 44 6.9 2.86 3.38 6.77
iso—Cys.9 55.05 7.5 59.71 65. 10 31.53
anteiso-C 5., 20.70 47.3 5.84 2.78 5.58
Cy6.1 W7 alcohol 1.15 2.2 2.67 11.59 21.29
i50-C 4.9 4.24 16.3 16. 98 4.14 22.93
Cig.q wlle 1.48 1.0 0.45 1.57 3.29
Cig.0 3.70 4.5 2.44 0.41 1.29
iso— Gy, 3.61 - 5.68 2.37 2.94
anteiso-C; 5.61 11.3 2.33 0.64 1. 44
iso-C,., wlOc 0.38 - 0.34 4.86 1.24
Summed feature 0.36 - - 1. 19 0.48

2.4.2 YHRRERLE 5 B 0P IR R fE AR
e K R A% 3 A4 AN [R] 10 3 A2 0 5 A AN TR) bl S A 23
T AR SR LA Tl A R R AL A R

AT RU S N A 2 S bE e Sz A R T, B AR
ML-64 & F () BE B o B 3 28 7 (MKT), IR
Lysinibacillus & If) T At B B (1) 0P W 1§ 2R 73— 2.
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2.4.3 HBARMEAR LR 5wk ML64 1) 1%
e P G S 2 Sy — A BURE AR 156 H ol (DPG) » — AN IR
e Hwh (PG) » — /N8l 9 £ B2 e (PE) , P /> 1 18 2%
fig (PL) /b V2K R Bl SiZm b el ma
BOR R R —B (8] 3) »
2.5 RIEBUERAE

XF B Bk ML-64 [1] 16S rRNA 3L [A] PCR ¥4 7=4)
BEAT IR, 343 T 1517 bp B4 ¥ 510 B 41 $2 A2
#| GenBank X4 Fi2 vk A, 3K 15 7 5 i M 5 H
KC609752. 5 GenBank # ¥ 7 7> %1 3t 47 BLAST Lk
T, BBk ML-64 5 L. chungkukjangi~ L. sinduriensis - L.
massiliensis 1 L. odysseyi [f) 16S rRNA 3 [X] ¥ 51| A1 B4
P 3k 100% < 99. 1% ~97. 14% 97. 11% . F1 i

E—

' DPG / PL2
PE
PG
X 13
h L4

3. E¥k ML-54 g BE A EE L BV [

Figure 3. Polar lipid profiles after separation by two-dimensional TLC.
DPG,  diphosphatidylglycerol; PG,  phosphatidylglycerol;  PE,
phosphatidyl-ethanolamine; PL1-5, unidentified phospholipids; L1-4,
unidentified lipid.

massiliensis A L. odysseyi R R E R 2%V, L HE

WPk ML-64 5 L. chunghukjangi it 1% ¥5 & £ /N, UL
99% 1) F1 I HE A A T A4 3 b s R
R HE L ML-64 5 L. chungkukjangi f) 16S rRNA J&

SR L5 % VAR R R A S B R RR e 815 SR ARSIV
165 rRNA JLIK P 41 1) R Gk (LB (P 4) o AR
ML-64 L5 L. chungkukjangi L.

sindurtensis~ L.

99 ELysinibacillus sphaericus KCTC 3346(T) (AUOZ01000024)
Lysinibacillus mangiferilhumi M-GX18(T) (JF731238)
54 Lysinibacillus fusiformis NBRC 15717(T) (AB271743)
Lysinibacillus parviboronicapiens BAM-582(T) (AB300598)
86 L Tysinibacillus contaminans FSt3A(T) (KC254732)

64

54

Lysinibacillus xylanilyticus XDB(T) (FJ477040)

72 94 Lysinibacillus macroides LMG 18474(T) (AJ628749)
L Lysinibacillus boronitolerans T-10a(T) (AB199591)

6l Lysinibacillus jejuensis N2-5(T) (HQ392513)

Bacillus cecembensis PN5(T) (AM773821)

Caryophanon tenie DSM 14152(T) (AJ491303)

96
7 /.
Caryophanon latum DSM 14151(T) (Al491302)

64 | Bacillus isronensis B3W22(T) (AMCKO01000046)
100 | Sofibaciftus sitvestris HR3-23(T) (AJ006086)

Lysinibacillus odysseyi 34hs-1(T) (AF526913)
Lysinibacillus meyeri WS 4626(T) (HE577173)

94 Lysinibacillus massiliensis 440083 1(T) (AY677116)
4|jlysinibacillus manganicus Mn1-7(T) (TX993821)
08 Lysinibacillus halotolerans LAM612(T) (KF443809)
— Lysinibacillus sinduriensis BLB-1(T) (FJ169465)

82
99 @ ML-64
9\ Lysinibacillus chungkukjangi 2RL3-2(T)YIX217747)
Psychrobacillus insolitus DSM 5(T) ( AM980508)
—
0.005

B 4. BPEREZHENRF LM
Figure 4. The evolutionary history was inferred using the NeighborJoining method. The GenBank accession numbers are given in parentheses; Numbers at

branching points are bootstrap values; Bar, 0. 005 substitutions per nucleotide position; Evolutionary analyses were conducted in MEGA 4. 0.



1166

Nusratgul Anwar et al. /Acta Microbiologica Sinica (2015) 55 (9)

DR 1y 9 e B R 5 R R A o

Btk ML-64 DNA [ fi 55U B2 0 69.1 °C, #% &
T4 H B RR ML-64 19 G + C mol% & & 4 36. 8%
DNA-DNA 7§~ Ze A2 2 56 45 SRR W, Bk ML-64 15
L. chungkukjangi ~2RL32" F1 L.
CIP108446" 2 |A] () 22 <5 %y 82.0% F1 50. 9% , 1fi 5
L. xylanilyticus XDBO" 2 W] [f] 24 A2 % Ky 22.2% « %
FeAE B R, ¥k ML-64 5 L. chungkukjangi
2RL32"J& [ — A bl AR R AL 25 4y 1 O A
NI A

massiliensts

3 itig

Lysinibacillus J& ) % Fh 7 85 5 2 R 8. 1 K
ML-64 J& A\ Ugan ] Ji2 5 7% 0] 38 5] 4% AR 51 4 25 4T W
Hh o3 B U 18 A5 B I W E B . Ugan JR 57 I JE
CIT 30 I 5 126 45) WY 2 4% 23 A % B 50 » T It 41
RGBT, TE B T A IS T) M2 ) _EAH 0 B9 725 ) 1]
MAEBERGE D o Bk G, bk ML-64 4545
Y Lysinibacillus J& 1 53— S0A) R VEFF AL, 410 0 - 3 v
[ % » 2 TG T 8 55 90 I T 28 O R AT AR e 7 A 2
0L, P 22 PR W I S AR IR U AT T R 4 O3
) 5 Lysinibacillus Ja& i 36 A v B B A w5 B2 — 20
o BWEE ML-64 5 L. chungkukjangi- L. sinduriensis
L. massiliensis L. xylanilyticus 2 [f] [F] 16S rRNA # 2L
K451k 100% 99. 01% 97. 14% 97. 11% 4h
AT 15 i KRB A i K 2490k (R 3048 W) ) 1)
AR L E R ML-6 5 L. chungkukjangi UL 99 % (1) #
W R R AE W — 3 b, R ML64 5 L
chungkukjangi 1¥) 16S rRNA 3[R 5 B 45 57 R K 4 5=
o ML-64 5 L. chungkukjangi 2RI132" 2 A fg L K]
HAAT ANy 82% » iy T HETE — AFT A ) 2 A8 % B A
70% . ML-64 (¥ 3 K 4 (G + C) mol% & & N
36.8% A& T W #k L. chungkukjangi 2R132" [ (G +
C) mol% 5 & (41. 8% ) , 3X 4 B 4fs 48 7 3X WY A BT Ak
SRR TR AN R B AR B DA A R K B
ETRORI A TR PR ML-64 1 28 47 36 5 AN
[, 75 A5 25 5 1 W38 R B % 1 AN [ 9 & 1 S
Wigtt, SR A 85k 27 TR A 5+ o

Bk ML-64 5 L. chungkukjangi 1 ¢ i& 4 K IR

5~ SR R A A B AR AL S5 T T AR B T AR
=5, BRARE M ML-64 5 L. chungkukjangi £ K5
FEJG K 10 —45 °C, A L. chungkukjangi (1] % i&
PERR B 30 T, ML-64 1 3SR KR E
37 C (B 2-C) o L. chungkukjangi B35 B4 K75 H
0 -3% , BLiE SR JE K 0% 7 ML-64 1y 5534 B 71 K
JUHE 2 0 —6% » & SR 9 0 = 2% » X & (1 32
PEAT 5 R BE (3 50 o IX i A A I AN B AR T
I 017 W 20 3 R 35 R 077 12 1) 2 28 5 B 48] A T S Ik
(R 2) o JEWRR T B R A0 B X% HEE 45 K4 » E 1 1Y
9 10 1R 5 33 Hs 5 ) SR e g AR TR O B VAR
o L. chungkukjangi [f) 4 % JI§ 7 8 & anteiso —C .,
(47.3%) « isoC,., (16.3%) I
(11.3%), ML-64 15 & ¥ JIg Wi B b isoC,g,
(55.05%) 1 anteiso-C,., (20.7%) . ML-64 7F
PEG6000 J5i & Ji J 5 —25 ¢/100 mL [¥] LB ¥ #4 %
FREE PR (B 2-C) 5 g 7 R 41 43 % 4N Mt 5 3 3
PEfg B AR T BE R ML-64 H % — EHi R R 1
K . ML-64 5 L. chungkukjangi 7625 IE g i (C8)
K S B UK A GG PE R VP S I A5 B B 2= e (R
D)o FIRABEA AL RRAE b0 22 ik — P38 R 7 ML-
64 {EIL K A 45K 1 Y L. chungkukjangi 07" T 48
KRR FE 1 53 46, ML-64 & P M S N T $1# W 2=

P PR ML-64 76 2E i AE AL BRAE B 5 Lysinibacillus
JE PR TR ) — BUbE BRI 1) At B Rk
L. chungkukjangi f# 1 — & 1 2 7, H 5 L.
chungkukjangi FAT I AR o 765 11845 27k
P b, ML-64 5 L. chungkukjangi 1) 16S rRNA % [A]
J HU B 100% [ ARALLYE » S 1 75 JE L 41 (G + €)
mol% L5 1 PR 4 2 A8 A B AR 7 AR T AR B 1 AR e
T R e A AN R 82% 5 B AT AR T AN [H) B )
FAT B 70% 13X — FE o DA BEoKE 1 Bk ML-64 5& 4
L. chunghkukjangi ] 5742 5% #. Bk ML-64 ¥ 16S
rDNA J5 5131 M5 KC609752.

AN & A AR SR R AR 2V T 5 R
M) IR 858 45 AT T H Be A A7 O AE v B A R Ak b g
e o B AR A AR IR A7 A S 0] o3 4 b = fk
BHAS Kb 22 B BINAE I o d Al ok A &
PN o= S G 4 D ONHURE B S =X G

anteiso-C; ,



BRI - AR A T B B 8 I IR R 2 AR AT 1 (Lysinibacillus) ML-64 f¥]-- -« /50 £ 27 4R (2015) 55 (9)

1167

s K 4y 8 T o Wb RS TR IR B
KRR ILZEFW o W0 255 W2 50 1 %t
AR R B K Ao WA R 3 F R R
R 7K S 3 i AR 2P % BB T R R R R B £
RN B K. WA 1 25T R T T 1 A A
o IR BRITR T HZ, EEFH X
1) $5e v AT R X 20 L B 2 1 K 28 Ul b 485 0
PRI ARAH, AT O DL R R TR 2 R . X R
B B AR S OR T OB A Bk 0 2R AE R B
Forchetti %5 *" F 57 s BLF) A T- 52+ 858 1y 1) 1 3%
AR B 43 B9 10 0 8 b B ) D S A T e 5 1 o 1) ] 3%
G R . [ E A O e Rk AR
TR I v A S 0 AT G i T R i )
Y A T R T R AT S (B R . ISR B
1550 1 B bR ML-64, 45 50 79 75 B AT 5 T 22
Tt £~ T 26 5k PO A7 1 T S 0 B PR 2 S U ) B
SRR FE A 4 5 1R Rk 2 Sl O HL Sk B 5
FEL TS 57 T T o 5 A 1 R 43 5t 5T P 4
LT 1 8 %

225 3Lk

[1] Ayoupu M, Chen Y. Xylem hydraulic traits of Populus
euphratica Oliv. in extremely drought environment. Acta
Ecologica Sinica, 2012, 32 (9): 27482758. (in
Chinese)

AR T A TE B T BT, R B A AL, TR iR
B T 5 BB R B W R SRR K D0 AR 2R A AR
2012, 32(9) : 27482758.

[2] Han L, Wang HZ, Zhou ZL, Li ZJ. Population structure
and dem ography of Populus euphratica in upper and
middle reaches of Tarmi River. Acta Ecologica Sinica,
2007,27 (4) :1316-4322. (in Chinese)

i, WS, MR, FEFE. B AW B g
PR 4 5 S o . B AR, 2007, 27 (4) ¢
13164322.

[3] Yusuf K, Pulat S, Turdahun M, Hamdun M, Osman G,
Abdurehim Z, Rahman E. Phylogenetic diversity of

culturable endophytic bacteria isolated from the Populus

Ugan River. Acta

178488. (in

euphratica at the disused ancient
Microbiologica Sinica, 2011, 51 (2):
Chinese)

RARR « T3 1 WA B0 FF S 38, B AR« ik gk, 5

[4]

[5]

6]

(7]

8]

(9]

[10]

[11]

E (A « ] AR 2 5 3EJ8 VL« JR M 8, AHLRE 7 4 o Bl A #P 4A
WA, SR i & Ugen T I I8 W) 5% 77 ) 2 40 1 9
ZREYE. B A 24, 2011,51 (2) :178188.

Su LT, Song YD, Zhang ZY. Study on the spatio—
temporal variation of groundwater salt content in Xinjiang
Weigan Catchment. Acta Geographica Sinica, 2003, 58
(6) :854-860. (in Chinese)

TR HLIT SR AR 5K BP9 TR A ek R K R
I [ I 2 AR SRR AE . b BT A% 4, 2003, 58 (6) :1854-860.
FU e bk . Kiyik i by b 3 T R 55 40 R 2 A
SRR EA R BB R IR S S A e . BT R O L AR A
13,2011,

Shi JY, Chen WX, Liu AY. Advances in the study of
endophytes and their effects on control of plant diseases.
Acta Ecologica Sinica, 2006, 26 (7) : 23952401. (in
Chinese)

A MR 0 0% 08 AW N AR O R L R R R
F WU . R, 2006,26 (7) :2395-2401.
Jiang S, Cheb DJ, Tao JH, Ge M. Advances of
pharmaceutical research on plant endophytes and their
Chinese  Journal — of  Biochemical
Pharmaceutics, 2008, 29 (6) :424-426. (in Chinese)
VLB, WRARAS, M 4 4, M. RLW AR B A AR
Wy 2 R R R [ A Ak 2 4 A 755 2008, 29 (6) ¢
424-426.

metabolites.

Wen CY, Wu YH, Tian XL. Recent advances and issues
on the endophyte. Chinese Journal of Ecology, 2004, 23
(2) :8691. (in Chinese)

XA BRI MG AN R B R R R A
FER I . AEAS 7% ,2004,23 (2) :8691.

Ahmed I, Yokota A, Yamazoe A, Fujiwara T. Proposal of
Lysinibacillus boronitolerans gen. nov., sp. nov., and
transfer of Bacillus fusiformis to Lysinibacillus fusiformis
and Bacillus sphaericus to Lysinibacillus

Journal  of

comb. nov.

sphaericus  comb.  nov.. International

Systematic and Evolutionary Microbiology, 2007, 57 (5) :
11174125.

Miwa H, Ahmed I, Yokota A , Fujiwara T. Lysinibacillus
low-boron-containing

parviboronicapiens sp. mnov., a

bacterium isolated from soil. [International Journal of

Systematic and Evolutionary Microbiology, 2009, 59 (6) :
14274432.

Lee CS, Jung YT, Park S, Oh TK, Yoon JH.

Lysinibacillus xylanilyticus sp. nov., a xylan-degrading



1168

Nusratgul Anwar et al. /Acta Microbiologica Sinica (2015) 55 (9)

(2]

[13]

[14]

(5]

[16]

[17]

[18]

[19]

20]

bacterium isolated from forest humus. International Journal
of Systematic and Evolutionary Microbiology, 2010, 60
(2) : 281-286.

Jung MY, Kim JS, Paek WK, Styrak I, Park IS, Sin Y,
Paek J, Park KA, Kim H, Kim HL, Chang YH.
Description of Lysinibacillus sinduriensis sp. nov., and
transfer of Bacillus massiliensis and Bacillus odysseyi to the
genus Lysinibacillus as Lysinibacillus massiliensis comb.
nov.

and Lysinibacillus odysseyi comb. nov. with emended

description of the genus Lysinibacillus. International
Journal of Systematic and Evolutionary Microbiology,
2012, 62(10) : 23472355,

Coorevits A, Dinsdale AE, Heyrman J, Schumann P,
Van Landschoot A, Logan NA, De Vos P. Lysinibacillus
macroides sp. nov., nom. rev.. International Journal of
Systematic and Evolutionary Microbiology, 2012, 62(5) :
11214127.

Yang LL, Huang Y, Liu J, Ma L, Mo MH, Li W], Yang
FX. Lysinibacillus mangiferahumi sp.

nov., a new

bacterium producing nematicidal volatiles. Antonie van
Leeuwenhoek, 2012, 102 (1) :53-59.

Seiler H, Scherer S, Wenning M. Lysinibacillus meyeri
sp. nov. , isolated from a medical practice. International
Journal of Systematic and Evolutionary Microbiology,
2013, 63 (4) :15124518.
K Ampfer P, Martin K, SP.

Glaeser Lysinibacillus

contaminans sp. nov., isolated from surface water.
International Journal of Systematic
Microbiology, 2013, 63(9) : 3148-3153.

Kim SJ , Jang YH, Hamada M, Ahn JH, Weon HY,

Suzuki K, Whang KS, SW.

and  Evolutionary

Kwon Lysinibacillus

chungkukjangt sp. nov., isolated from chungkukjang,

Korean fermented soybean food. Journal of Microbiology,
2013, 51(3) :400-404.

Liu H, Song Y, Chen F, Zheng S, Wang G.

Lysinibacillus manganicus sp. nov., isolated from

manganese mining soil. International Journal of Systematic
and  Evolutionary ~Microbiology, 2013, 63 (10):
3568-3573.

Ahmed I, Sin Y, Paek J, Ehsan M, Hayat R, Igbal M,
Hyo Y. Description of Lysinibacillus pakistanensis.
International Journal of Agriculture and Biology, 2014,
16 (2) :445-450.

Duan YQ, He ST, Li QQ, Wang MF, Wang WY, Zhe

[21]

22]

23]

4]

25]

[26]

7]

28]

[29]

W, Cao YH, Mo MH, Zhai YL, Li WJ. Lysinibacillus
bacterium

Journal of

tabacifolii sp. mnov., a novel endophytic

isolated from Nicotiana tabacum leaves.
Microbiology, 2013, 51(3) :289-294.

Li T, Ren Y, Wei CH. Preparation of PVA-SA-PHB-AC
carrier and m-cresol by

composite biodegradation

immobilized Lysinibacillus cresolivorans.  Environmental
Science, 2013,34(7) : 2899-2905. (in Chinese)

2 AT F5 € AL Lysinibacillus cresolivorans
) PVA-SAPHB-AC 5 & 8 44 il 2% S 1) B My 1R % %
B FF % ,2013,34 (7) :2899-2905.

Ji YR, Xu XH, Yang QL, Gao Y, Liu YF, Dong Y, Shi
J, Liu Y, Guang J. Studies on isolation and degrading
characteristics of sulphide-degrading bacteria and its
mutagenic bacteria. Heilongjiang Science,2013,4 (6) :34—
36. (in Chinese) .

ELATE AT VEAE % W DR » e 1 » K1) 2 W, FEHE L 7 A X
. 0K I R AN VA PR 9 G R FG NS R A B B A E B 1
WFoE. Mgy R} ,2013,4 (6) :34-36.

Smibert RM, Krieg NR. Phenotypic characterization. In
methods for general and molecular bacteriology. American
Society For Microbiology, 1994, 32: 607-654.

Cowan ST, Steel KJ. Manual for the identification of

medical  bacteria.  London:  Cambridge

Press, 1965.

University

Lanyi, B. Classical and rapid identification methods for

medically important bacteria. Methods Microbiology,
1987, 19(1) : 1-67.
James AT, Martin ~ AJ. Gas-iquid  partition

chromatography: the separation and micro-estimation of
volatile fatty acids from formic acid to dodecanoic acid.
National Institute for Medical Research, 1952, 50 (5) :
679-690.

Moreira C, Rainey FA, Nobre MF, da Silva MT, da
Costa MS. Tepidimonas ignava gen. nov. , sp. nov. , a new
chemolithoheterotrophic and slightly thermophilic member
of the B-Proteobacteria. International Journal of Systematic
and Evolutionary Microbiology, 2000, 50 (2) : 735942.

Collins MD, Pirouz T, Goodfrllow M, Minnikin DE.
and

1977,

Distribution of menaquinones in actinomycetes

corynebacteria. Journal of General Microbiolgy,
100 (2) @ 221-230.
Tindall BJ.

Kowalchuk GA, de Bruijn FJ, Head IM, Van der Zijpp

Respiratory lipoquinones as biomarkers. //



BRI - AR A T B B 8 I IR R 2 AR AT 1 (Lysinibacillus) ML-64 f¥]-- -« /50 £ 27 4R (2015) 55 (9)

1169

[30]

[31]

[32]

33]

[34]

[35]

[36]

[37]

AJ, van Elsas JD (Eds.).
manual. 2™ ed. Holland Dordrecht:
Publisher, 2004, 2 volumes (Section 4) : 29072928.
Bligh EG, Dyer WJ. A

Molecular microbial ecology

Kluwer Academic

rapid method of total lipid

extraction and purification.  Canadian
Biochemistry Physiology, 1959, 37(8) : 911917.

Liu G, Zhai CY. A current and speedy extraction method
for bacterial chromosomal DNA from a trifle of broth.
Medical Journal of West China, 2004, 6 (16) : 111413.
(in Chinese)

XUNI, AR EIBH . —Poad IR A 2 e B 3 R b P T i B
SN T J f5 44 DNA ) J7 . T4 96 B2 4%, 2004, 6 (16) :
111413,

Huo YY, Xu XW, Wang CS, Yang JY, Wu M. Bacterial
diversity of the sediment from Cang nan Large Fishing
Bay. Acta Ecologica Sinica, 2008, 28 (10) : 5166-5172.
Gibson TJ, The Clustal X
flexible

Thompson JD, Plewni F.

windows interface: strategies  for multiple

sequence alignment aided by quality analysis tools.
Nucleic Acids Research, 1997, 24 (4) : 876-488.

Kimura M. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of

nucleotide sequences.

1980, 16(2) : 111420.

Journal of Molecular evolution,

Saitou N, Nei M. The neighbor—oining method: a new
method for reconstructing phylogenetic trees. Molecular
Biology and Evolution, 1987, 4 (4) : 406-425.

DeLley J,

Cattoir H, Reynaerts A. The quantitative

measurement of DNA hybridization from renaturation
rates. European Journal of Biochemistry, 1970, 12 (1) :
133442.

Mannur J, Doty P. Deternmation of the base composition of
thermal  denaturation

acid  from its

temperature. Journal of Molecular Biology, 1962, 5:109-118.

deoxyribonucleic

Journal  of

[38]

[39]

[40]

[41]

(42]

(43]

Mamtimin H, Yusuf K, Erkin R, Hamood B, Ismayil N,
Rozahon M, Abdurahman M, Ma Xangru, Rahman E.
Study on temporal and spatial patterns of culturable
endophytic bacteria diversity and community structure of
Populus euphratica at Tarim Rivers. Acta Ecologica
Sinica, 2014,34 (22) :6622-6639. (in Chinese)
HORE VT Z W RAKR - EH B B - 3L H
A B 4 5206 ] R B, B3 TN 2 4k e W) T S, KRR Y
FL 22 A HTFE R - B A A 2, T A Y, SR - A
G5
T G A 0 I R R R ST A AR AR, 2014,34 (22) ¢
6622-6639.

X Az R B HLOR ] v TR Ui S M B A L A st b E &
it A, 2000:164-167.

Rozahon M, Hamood B, Erkin R,

Abdurahman M, Mamtimin H, Abdukerim M, Lal R,

Ismayil N,
Rahman E. Rhizobium populi sp. mnov., an endophytic
bacterium isolated from Populus euphratica. International
Journal of Systematic and Evolutionary Microbiology,
2014,64 (9) :3215-3221.

Forchetti G, Masciarelli O, Izaguirre M, lzaguirre MJ,
Alemano S, Alvarez D, Abdala G. Endophytic bacteria
improve seedling growth of sunflower under water stress,
produce salicylic acid, and inhibit growth of pathogenic
fungi. Current Microbiology, 2010,61 (6) :485-493.
Zhang YT, Sheng JP, Ge J, Jiao YC, Wang ZR, Cheng
FS, Shen L. Isolation and identification of bacteria from
Xerophtes. Food Science, 2012, 33 (5) : 124-428. (in
Chinese)

IRV, AR M B AR B KR, F R, FELTE, BBk
SR A A A T R B R T AR I R . fr
i EF2,2012,33(5) 1124428.

% T . AN ASE TR AR L TR NS A A T AR T R L
WFFT. AR K 27 1 L 27 7 18 5T, 2006.



1170 Nusratgul Anwar et al. /Acta Microbiologica Sinica (2015) 55 (9)

Microbiological characteristics of a Lysinibacillus strain
isolated from Populous euphratica

Nusratgul Anwar, Raziya Erkin, Hormathan Mamtimin, Buayshem Hamood,

Nurimangul Ismayi, Muhtar Abdukerim, Erkin Rahman
College of Life Science and Technology, Xinjiang University, Urumqi 830046, Xinjiang Uygur Autonomous Region, China

Abstract: [Objective] The aim of this study was to identify the microbiological characteristics of a Lysinibacillus strain
isolated from storage liquid in the stems of Populus euphratica trees. [Methods] Bacterial morphology and cultivation
characteristics were studied by conventional cultivation and dyeing method. Biochemical characteristics, fatty acid
components, menaquinone, polar lipids, phylogenetic analyses of 16S rRNA, determination of (G + C) mol% content
and DNA-DNA hybridization were studied by polyphasic taxonomic approach. [Results] Strain ML-64 is Gram-positive,
endospore-forming and rod-shaped. Colonies are pale-yellow, circular and entire margin. Temperature range for growth is
between 10 and 45 °C (optimum at 37 °C) . The pH range for growth is between 6.0 and 9. 0 (optimum at 7.0) . NaCl
concentration range for growth is between 0 and 6% (optimum 3% ). Cells were positive for lipid esterase, Arginine
dihydrolase, urease and Voges—Proskauer test. No sugars were fermented in the API 50CH strips. L-Serine, Methyl
Pyruvate, a-Keto-Butyric, Acetoacetic Acid were oxidized. Resistant to polymyxin b (30 wg) , novobiocin (30 wg) ,
peillin G (10 U). 16S rRNA gene sequence demonstrated that strain ML-64 was closely related to Lysinibacillus
chungkukjangi 2R1L32T (100% ) , Lysinibacillus sinduriensis BLBT (99.1% ). DNA-DNA relatedness were 82% and
50.9% with Lysinibacillus chungkukjangi 2RL32T and Lysinibacillus massiliensis CIP108446T, respectively. The genomic
DNA G + C content of strain ML-64 was 36.8% (mol). Major fatty acids were iso-C,,., (55.05% ) and anteiso-C,;.,
(20.70% ) . The predominant menaquinone is MK-7. Based on the phenotypic phylogenetic and genotypic analyses, the
strain ML-64 is concluded to represent a new mutant strain of the Lysinibacillus chungkukjangi species, GenBank accession
number is K€C609752. [Conclusion] As an endophytic bacterium of Populus euphratica, genomic structure of the strain
ML-64 was greatly differentiated from the closest strain L. chungkukjangi, and suitably adapted to the endophytic
environment of Populus euphratica.

Keywords: genus Lysinibacillus, endophytic bacterium of Populus euphratica, polyphasic taxonomic approach
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