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B s T (45 H ZLT11) ,16S fRNA EHF A 2N B 7, ZHHKE T X FHATHE,
T bR AL R 45 A ML G B v Bk B 9 A 84.10 A1 73.84 mg - L' H A 30 °C AT 4 pH K 9.0 B
X AB R 45 By VA E R e, 3K 95.66 mg - L' WAk ZLT11 #8 it % <400 mg - L™' Pb*" <100
mg - L7 Cd™ X <40 mg - L™" Hg™ , %7 it 8. 45 8 JR B, 3 A0 B Ak ZLT11 fE AR 40 # 73
WK BB WA B R PR 4 o 5 A 106.7% . 76.6% . 49.0% F1 46.3% , Wk
ZLT11 &8 B E (R Ve KR4 4 Cd I T ey A K,

REA MBS XF WA ELRFZ, AM

Isolation and screening of a phytate phosphate-solubilizing Paenibacillus sp. and its growth-
promoting effect on rice seeding. QU Lu-lu, PENG Chang-lian, LI Shu-bin" ( College of Life
Sciences , South China Normal University, Guangzhou 510631, China).

Abstract: The phosphate-solubilizing medium plate screening and heavy metal resistance rescreen-
ing were used to isolate a phosphate-solubilizing bacterium ( coded ZLT11) from the rhizosphere of
Mikania micrantha. Results from 16S rRNA gene sequence analysis revealed that the strain ZLT11
belonged to Paenibacillus sp. The amount of phosphorus solubilized from calcium phytate and phytic
acid by the ZLTI1 was 84.10 and 73.84 mg + L', respectively. The maximum phosphate
solubilizing activity to calcium phytate (95.66 mg + L™") was at 30 °C and initial pH 9.0. The strain
ZLT11 displayed the tolerance to < 400 mg + L™ Pb **, < 100 mg - L' Cd *, and < 40
mg + L”' Hg>. With calcium phytate as phosphorus source, the inoculation strain ZLT11 treatment
increased the average root length, root number, seedling height and total biomass of rice seedlings
by 106.7%, 76.6% , 49.0% and 46.3%, respectively. The strain ZLT11 could improve rice seed-

lings growth under Cd stress.

Key words: phytate phosphate; Paenibacillus sp.; heavy metal-tolerance; rice.
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LB B T 22 (N T R TR R R

AR, TR E SR IS Y Hl " H Rl Ak
FIELD 28 G R e IR 06 7% W9 & B0, %o i 4
i HAT AR Tk 2 M O RE D AR B 2 2 R AN RE 8 (2
FEYITE B A w5 g - b i AR G W RE 5 A ) %o
4 A R ISR s T T e L A R T A2
EBERE T MR R 2z T T Aol A4 72, % T4
4 R G Y O A TR R YRR R R T
oAVt N 3 i s ) PR 7 e i SCHL R,

I iR Wl 200 1 ) IR 224 R eV AR B £
5 NAE AT AR AE YA PR - v B TR A AT 5
BB AWM E AP 3% H % ( Mikania
micrantha ) MR HHERAE Bk i — M L 2 &
I 52 S S W RE 0 1 20 R T bk, O LUK AR g 1R
PRI HAR AR, LU i R AR BT U, 45
T G - 3 i A T ) 07 R AT A SR R SRR

1 #R57EE

1.1 FEZFAEE

PR BEZH DNA 48 B0 & . DNA Ji [l i 2k
PR & B LAY TARA R A R RS | R
AL IR W T B A W E R A R A
Longgene LK200 % PCR {3, B B Rl A BR
OIS F] UV-2550 B9 H0-AT WA e G 3, H A
BBy A BR 2 | PB-10 iR & 11, {8 [# Sartorius
YNEIR
1.2 EEEFRAE

1) W IR S IR Pikovskaya " it il & A 7]
RS W52 A I R 5 2) S IR A 25 e ol
R R RS IR 2R 3) S BT R T T ] G
MS i FR
1.3 WA EE 1Y) 5 0k B 4 T A2 00 o

T TSR SR A H 3 (A=K b g Sy T M
TiBh Y5 TEA#R 23924 N, 113°25" E) M Fr T3¢, e
TC A HRAE B R T A BRI TC K R G AT
FEFHTCHEK RIS 1075, WL 100 pL #ikst
BRI SR AT 2 52 4 BIAR R 5 1 77 3 7ML, 30
CAE B3R, 8 NG T & A KR R = A 10
P HU ol P e K ) T Vs R 2R sk ), FH 2K TR 4 K
Tl TG BE OD gy =0.5 AY BB, B 3 WL TR 2
TN 52 4 WA R 5 455 5% P Al rh ok )30 CHEFR 3 d
eI B AR SRR BAR TR E, i
W A/ g EAR L = 1.5 MG NS
AR 4 CIRAFAR

PRGBS iR 4 BT 50,100,200
300 £ 500 mg - L™' ) Cd* %, 100,200,400 . 600
F11000 mg « L™/ Pb> %3 M 10,20,30 .40 F1 50
mg + L7 Hg™ W, SR FHTAR-AC 7 30 40 D e 4%
VR R IR T 4 JE T 22 BB T L K T I [
R (HAEN 6 mm) FRI T 105514 50 U A TR R 1Y) 4
= g e N O T TI = R 11O  l a it| D)  RS
L AN (R B2 1 B 4 B VAR, 30 °C TE RS 3R 2 d JE R
AL U0 A BTGB A Bl IR R i A7 . BT
BRAEFINE 4 ANEE; ES)RE Cd IH], R -
SR o T 4 o) TR R B B T B B )« TC
ZHRBE 100 mg « L7 Cd™ [958 4 R R 15 1% 77 31
M, F AR 43 SN 3wl AS R B R B 7, 30 °C
IR ISR 3 d ] SR KA BRI G Ol
1.4 kR ZLT11 16S tRNA BB 5904347

FH A0 TR 56 PR 2 2 R0 ) & PR PR Bk ZLT 11
HZH DNA, DAHE B DNA B AR, 40 5 16S
rRNA 3 K3 FH 5149 27F (5'-AGAGTTTGATCCTG-
GCTCAG-3') K 1492R ( 5'-TACGGCTACCTTGT-
TACGACTT-3") #k 457 PCR ¥4, ;W 1K & M (10
pL) : IE S 18 51445 0.2 wl, PCR Bl &I #5IR #%
(MasterMix) 5 pL,#84f7K (ddH,0) 3.6 pL,DNA £
M1 pL; P HEFRF .94 °C 5 min, 94 C 30 s,50 °C
30 5,72 °C1 min 30 5,35 PMEH,72 C 5 min, 1%
JEWHERE fise P, Uk A I = B0 Il e H A 7 4 ( ~ 1500
bp) , 3% VAR T RE A A B 28 w1 ) Ml 2 358 )
F¥ . Fif3 507 NCBI 84T BLAST [ VR P &R,
FHEFHATEL B2 RGH 17 )R KB L FoKF 1A
25 M #k NCBIL b € % @ 2 A0 (% &5 A5 B T 51,
Clustal X £ # H %5 iz F MEGA 5.05 4 {4 44 2t
Neighbor-joining & L , bootstrap 1000 ¥ A Il #4553+
X EAFE,
1.5 Ttk ZLT11 WERE S sE

MR ZLT11 T4 RE & RIS R IR g 35 97
12 h J&,8000xg &5 TR A, F K BB 4K e ik 5
UK, FE T K TR A 2 /K il i OD600 ~ 0.5 119 TR X T
i 2% R B TR B AR TR R R AR B s 5 S v
DAIANHETR 1 [R)FE 35 95 BE X /30 €180+« min™
Rig% 72 h )5 ,8000xg B5.0> 15 min, 4 FIEHOTIE
AR A TR AT (mg - LRIV E
W) = TRRR ZLT11 Br e bl s vl & iR et b
TR TS O i VTV R I SR AR B
bk AUE 4 A EE
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1.6 $EFRIREE W14 pH XFTRFE ZLT11 A K KH %
Wl (0 R i 6

ZM 1.5 T AR ZLT1 R R T A R A
WD, TN EREE (15,20,25 30,35 ,40 F
45 °C)180 r - min~' 5= ¥ £ %, W@ W AR A K &
(ODyy) S FIE W P s PEms & & . FLHI W46 pH
4 3.0.4.0.5.0.6.0,.7.0.8.0.9.0.10.0 F1 11.0 (yHE R
RS WEEE IR, S MR IRIRE J5 35 0 8 90 4 pH % PR B
ZUT1 AR BB s sz, DL bRk e 3 4
MEE,
1.7 WA T @R ZLT11 XK RS AR A2 3

1.5 JriE MR R PR ZLT1 AR, K
glizKyevk 3 e, R T KW 174 ok MS K=
il B ODgy, =~ 1.0 M9 & B W (36 W 8 298 10°
CFU « mL™") Bk 100 v £t 52 19 /K e (o b o 84K
07 ) BTN T AT R T B 1% AR
10 min, 70% AT AS T4 75 1 min, KB 8 4l K BE % S
W PHIHBE YRR~ BEAIL 53 A FE R85 TS TN 20 B AT R 5T
+ ZLT11 AbFE A AUFP 7 X0 T 35 35 P K 1
TCWEURAR bR R . TEARRRES R A i 15 37 1L
JEHRIMA A 0.2%HFRES K HE 1/4 MS JoliR: %
W AR ES + ZLT1 AR PR A5 FR M im A 2 mL
ZLT11 AW .2 mL & 0. 2% FRES 1 K 1/4 Tk
MS FiFR. BT AR T (25+1) COLREEIRH T
W& EK, WA KA 1 mL AR, 7 d
JE e MRS AR B e M, A AR 3 IR
BB ERE R 3 A IEFRIL, BRI L 30 ARk
Feih
1.8 FE4JE Cd™ Pl PRtk ZLT11 XK FE {2 A
R

ZM 1.7 ik TR I R AL TPk ZLT11
PR A5 o B I B 0 FR T BE AL 2 S % IR Cd™

1 TR ZLT11 BIEBERE ST (A A B) KGR A2 (C) M 5E

R ZH AN Cd> Wpil + ZLT11 AbFRLH o 4% 240 Fh 1200k
THFEMAKE R IEAC Lo kA K, FEXT AL,
KRN FBIMA 4 mL KIF ) 1/4 MS Ki 329 ; Cd*>
Jolp3E8 £ ) 85 35 ML D) T A TR R AR AR 174 MS B 5%
WHC Y 50 3% 100 mg » L7 BY K Cd> I ; Cd*
JiiE +ZLT11 ZEFRAH 35T M N A 2 mL ZLT11 B
B 2 mLYRJE R 50 5% 100 mg - L7 9K H Cd*
W, AR RIS T EMER,JFTF7d
Je e ARG AR 1 e B B o
1.9 Hdiaba

B A 3 m F 2% Excel 2016 843k 47, %
FH SPSS 19 3K f4F HE AT 0 57 FEAS T A6 56 F1 B R 3R
ANOVA 7 25087, Z 8 K A Dunnett #6556, iF
fERERH] MEGA 5.05 #fi A 4t

2 ERENH

2.1 Kk ZLT11 5k

SR P JINAE PR 505 1 s gl TRT A8 B 3 R 6 ) AT
BGHIPR A3 A B R 42 Bk A B G PR Y 4
B HH BB ZLTH % ok B B AR/ TR E AR
(2.65+0.13) (& 1A) . FEWN 100 mg - L™ Cd™ 1Y
A AR ES P AR b X PR ARAT SR R T BRI
WEREL (B 1B)  UEHIZ R AR TE Cd JBhE T A RE A48 4L
U RRVE T . A TR T A2 0 A 45 R s i R Ak g
fit5% 400 mg - L' Pb* 100 mg - L' Cd* Fl 40
mg - L7 Hg (B 1C) . Wbk ZLT11 BoR TR FE K
kR ) M Z E A IR KR MR BT i —
2.2 TEPBE ZLT11 16S rRNA JEHF5 4007

AR R R BBk ZLT11 168 rRNA [ 7
5] ( GenBank J¥%15 Jy MN027922) 5 NCBI #1252
FOFF R ( Paenibacillus spp.) R 50 A APE Fe i, B¢

; BN Cd meL?)
/100 200 400 600 @ .
e o o o ‘l pb” (mgL”)
\ 10 20 30 40 ‘ )
\® o @ o Hg* (mgL”)

)/

Fig.1 Detection of phosphate-solubilizing capability (A and B) and heavy metal-tolerance (C) of strain ZLT11.

A B BB R R ZLT1 FEAS B Cd> MIRE IR 55 1% 57 3 o T I 7 B B8l A and B showed the phosphate-solubilizing circle produced by the
strain ZLT11 at the calcium phytate medium plate without or with the addition of Cd**, respectively.
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100 Paenibacillus salinicaeni LAMO0A28 (NR146674)

94

51

I— Paenibacillus azotifigens NF2-4-5 (NR159222)

D, s

100

y; illus taohuash DUCC3741 (KP318488)

Paenibacillus typhae MER _34 (KT719614)

Paenibacillus typhae MER_49 (KT719628)

illus ab

ZLT11 (MN027922)
100
P

7 7 o

s MG1 (AB482199)

Paenibacillus odorifer LI-22 (KX959964)

Fig.2

Paenibacillus wynnii 95XG9 (FT174593)

85
4‘— Paenibacillus jilunlii ZHY-4 (MF101041)

2 Tk ZLT11 16S rRNA FEH 731 Neighbor-joining L
16S tTRNA genes sequence-based Neighbor-joining phylogenetic tree of strain ZLT11.

3¢ E B R E R 1000 YR 3 A 438 Numbers at each branch point indicated the percentage supported by bootstrap values based on 1000 rep-
lications; 55 N WE#EN GenBank J¥5]%5 GenBank accession numbers were shown in the parentheses.

5 99.4% , BBERAE LR VA2 00 Hr 7 2% Tk LA
100% B A7 B 9 T2 2E /0 FTF R & ( Paenibacillus) , T
# NCBI b & %8 7€ 2 By & A7 L P P 91,
MEGA 5.055fF 46 i N-J sEAER, 45 8 R, i bk
ZLT11 L 100% 2 #5835 P. abekawaensis 7 FE MG1
BT 23 3 (K 2) BB Bk ZLT11 BB i 444 P
abekawaensis kR ZLT11
2.3 K ZLT1L XARRIBEAL S W RIS R RE I E

M 1 AT AE I, B ZLT1 75 AN R S i 1 77
B BT R RE 7 B S B A [ T S, DO AR TR £
IS WERE ) e, HOUCOREIR | 75 & i P P AR IR B 1Y
B A kI SO T 80 mg - L', (HIXTA
PO At LRI A AL 5 W B VA i RE 0 B,
WY T 20 mg - L', &35S pH T FE
B 4.5 it BEHHZE BA BORR P IR AE
2.4 EEEAPILG pH X R BE ZLT11 A K FE e
JIH R

DA R ES v Wl S A R 1), W58 R B F) B pH

F1 EK ZLT11 EARBBEFERRBBEANE
Table 1  Detection of P-solubilizing capability of strain
ZLT11 in different P-containing media ( mean+SD)

TR IR bead0 ey pH
P-solubilizing medium P-solubilizing capability

(mg - L")
LR B3 77 ik 87.10+2.23 4.39+0.14
Calcium phytate medium
el 74.84+4.36 4.44+0.01
Phytic acid medium
SIBARAR S 77 4k 13.28+0.79 4.48+0.01
Lecithin medium
BEBRS HE 77 16.76+0.76 4.59+0.01
Calcium phosphate medium
BB BRHE 77 5.57+0.14 5.06=0.01
Ferric phosphate medium
B Ry G IR 0.38+0.02 4.810.02

Phosphate rook poder medium

XPTERR ZLT1 AR BERE ST 520 . AT 3 AT LA
B, AL AR S BN (15 ~ 45 C), Wk
ZUT11 ¥ifeAaA . (eI N, Bl i B 1 T e, 3
AR BERE 13 2 BUE T R R R R AR Ak R 5
HAE KR s 8 4 DL 30 °C e, 409k 0.93 F
77.83 mg «+ L', #IfH pH 4.0~ 11.0 JEH A, & bk
ZLT1 ¥ReA K A R IR pH 7.0 B, %
WERE I FERI LR pH 9.0 B Feit , L A5 F T VB i o ik
95.66 mg -+ L',
2.5 FHFRESABEIR R FEE ZLT11 XKREARHE A0
H 3 2 AT LAE ), ZLT 11 + 4 2 505 20 7K g 40 1
DU 11825 2B AR BR ) S 38 o TS AT R 85 17 A<
Fe FZ AR B X RGP AR AR B | I v R f

12 _ODsoo 11
wLl V5Bt P-solubilizing capability | 100
0.8 80
0.6 ®a
=
04 o &
0.2 £
320 -
e~ %
0 X | L L L 0 §
Qg 15 20 25 30 35 40 45 )
€., it i Temperature ('C) . 120}5
B
Lol 1 1100°g
LT A
08| ra 1% =
v . g
06l K 460 &
04| I“. 140
02| ES 120
0 Lo 0
3 4 5 6 7 8 9 10 11
¥ pH Intinal pH

B3 RIS pH X Bk ZLT11 A2 K R S BERE I 152
Fig.3 Effect of temperature and initial pH on growth and P-
solubilizing capability of strain ZLT11.
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Table 2 Growth-promoting effect of strain ZL'T11 on rice
seedling with calcium phytate as phosphorus source ( mean+
SD)

b3 K ML [ fif

Treatment Root length  Total toot ~ Seedling height ~ Biomass
(em) numbers (em) (mg)

RS 4.75+¢0.32b  7.05+0.73b  5.49+0.62b 53.85+1.93b

Calcium phytate
ZLT11+FE R4S
ZLT11+Calcium
phytate

[F A AN R T 22 7 B % (P<0.05) Different letters in the same

column meant significant difference at 0.05 level. T [A] The same below.

9.82+1.21a 12.45+0.58a 8.18+0.31a 78.80+2.92a

BT IR BT 106.7% |, 76. 6% . 49. 0% Fi
46.3% , AP R ZLT11 BE 1 1 X e AR 465 114 75 s 1
FHA S SRR 4 i i A
2.6 FHAJE CA* WA T R ZLT1 X KA R AR
RN

ME3 A, EaJE cd” fEMR A 2 Pk E
(50,100 mg - L") ¥ 0 MK i AR 7
KRR AN 50 mg « LAY Cd™ e, HAR K MR AL
Y re R E 2 A0 B2 &0 1 A D T 22.6%
22.2% 12.4%F1 7.1% ; AN 100 mg - L' Cd*
Je , AR MR B v v R A B A X R 4 40 9 S ik
BT 202% . 51.1% 18.0% F 14. 4%, 1F JH 5 ¥k
ZLT11 ZbBRA PR RE LB+, B 100 mg - L™ Cd™
HORRRC G ANtk 25 o, A I 5 ) 45 AR K AR R
B E T AUAE R EE Cd M aa 254 A K K F 4
Wi . ULHHRRAR ZLT11 RBA & = K R4 7E Cd
BT KR

£3 FELE Ca™ B TERR ZLTI XKFBL E IR £
Table 3 Growth-promoting effect of strain ZLT11 on rice
seedling under Cd** stress

b3 K L3 M i
Treatment Root length  Total toot ~ Seedling ~ Fresh weight
(cm) numbers  height (cm) (mg)

X 8 Control 2.92+0.09a 9.0£0.00a 5.82+0.19a 54.65+1.85a

50 mg - L' Cd 2.26+0.21c  7.0+0.00d 5.10+0.13¢ 50.75+1.08b
50 mg - L' Cd +ZLT11  2.90£0.29a 8.3:+0.45b 5.49+0.22b 54.60+2.59a
100 mg - L' Cd 2.33+0.19bc 4.4+0.48¢ 4.77+0.21d 46.80+2.30b

100 mg + L' Cd +ZLT11 2.41+0.22b 8.0£0.00c 5.51+0.29b 51.10+3.52¢

H AT, A BN A G AR 2 (B R 24X
MERTETCHUBE T 00 |+ ey AU 7 3 2Bl 1)
20% ~50% ,F7 46 4 e H 5 55k 80% ', AL
BRI G B2 LN BERE R +h B AR R 458 XA

e, Hh 60% ~ 80% M WL 7S W R (HE R ) S HER
S MR S B R AR s
A TR T B3 R T ) 8 A 400 T I 3 B DR ) P
PHE0  BISE s e 0 ok 2 s A T R R 3
DN fi i e R LR iR A ) Sk, A Y
ST RV AL R Wt 240 i e S AR DG IS

1S4 A Ak, Vv T R R TR Tl A Ao A T 2 AR
HTE 2 J0 KT 11 & ( Bacillus ) AR 5 M 5 J& ( Pseudo-
monas) . T 3E KT % J& ( Agrobacterium ) %5 /0K JL A
JEUT AR S R, W AN T T R ZLT1 48 168
rRNA B P91 3 A 9 20 %5 0 WS 2R AT . BT
AR TR AR AR 02 XA AL i v i AR
AT A HRIE VA4 TR 11 B RE 1 70 A [m] R Pk
ZIRA R 2SN Tao 22 N H 3R 0B H 10
PREA TS PR B ZE AT TR (B, cereus) FIF. K
ZEFUFF I (B, megatherium) , FERG IR XA LI
AUV 13.8 ~62.8 mg - L™ A &kH; TR 4512
NER B - 48 rh e A5 B 1% B R 2R TR XA R 55
(T H 68~98 mg - L™'; Ghosh 251 yf 5% 1
7N 4 ARV 4 TR DA PR M S A I k rh R ik 1) mT s e
BEMET 10 mg - L7', ARBFFEH, B AR ZLT11 X9
PR AT B e B i 14 51 95.66 mg - L7 XN IS 2
FOFF AR R WA A5 OCTE . ARSI HR ZLT11
AR = s RE 1, W 48 Pb . Cd Hg %
PR TR A A2 P 3 4R S 1 TR R O R T
AR A TR A R AR

T EFN pH S 52 M A= R AR 1y e &R
AT Iz AR AR DU R BE S LN (15~ 45 °C)
VI E KA, W) I B AR B B A B 58 Y pHL Tt
2 OB LR MRAE AR A R 8 5 — e, s
TRARE S A T A R A AL RO B AT X
SERIEGE — B0, A ST R A A B R ZLT11 76 pH
9.0 M VAR 11 fi vy o ) ] 0 T e L e LA
B AR AR A 5T B 0, a2 R B
LSRR TR AT 4 S Al IR TR K . AR R
PR ESRTE SO0 Z B A5 1 N o T Wi TE 1k B7E
SEBR A B 1 8 TR AR Al e A R it — 2D

TR KA A5 ) VAl XK A 135 3k A2
RS H AT 5 2 1Y 7K R AR B 5 w11 A 78
BN ZEHIFT R ( Bacillus spp. ) 2 3EFT 5 ( Agrobacte-
rium spp.)%m_zg] , T 28 ZE 00T T I JCAH S HiE
ABFE LK AR W), W1 2L AR T 28 28 AT A
ZLT11 WYV BEFIAE Az RO, 4551 s | BN A R 5
[FIFT 4RI AR ZLT11 J5 , KR4l i - 3R AR %K
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T S A I B R TS0 R G X 4y
B, ULBHBERR ZLT 11 RE 8 Ak %o A7 R 5 1 5 e/ FH 3
InEEFRW AR P &, A RO I 4 v Y
K,

F(Cd) —M Wy e R ES R,
BEAALBHAG ARG G AR AR 1 i e & 1 45
FE A AR Cd WA TR INE % ZLT11
(7K R &Iy B LA A A TG bR 4y 2 8 T R AE b
AAEFP L, VAW AR ZLT11 BEA 3L & i Cd XF K
A EbE . B4R 2 e A WAL A e T 4
JE 15 G L g AR A PP N B A TR Y e B Iz i n
AL AR ZFILE S Bk ZLT 1 38 /S RE A ML
KR Cd XK R 7 F A TRt — g WF
TN, R CE Y R B R B S L
SIBTE A, T BEAR 398 vh i 4 3 Pk e 7%
E5K i S T € M T w5 3 O N P47 7 O e e s g
B S E I R &, XA R Tt — 2 5R

4 & it

MABEH %4 77 85 15 21 19 2 25 fUAT B 1 Ak ZLT11
HAT R R IR MR DS 1 e 2 & Jm pilk, A
BRI A pH RS2 AT SRR AN LRE
W) St e A BR ) T K R 40 9 A, B A Ak
Cd XK RSB BT o e A T 790 il 2 T < R 7
Ge e AR sRGT B O R e, AR )R 2 AR, — 7
T ST T 32 T B A9 A A TR AR TR WL B S i
TR BT, 53— 5 00 i B AR AE e A
AR AR RN | R AR A S HLR e IR R A AT
HORFE M AT

2% 3k
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