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Diversity and growth promotion of endophytic diazotrophic
bacteriaisolated from Bryophyllum pinnatum
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Abstract: [Background] Endophytic diazotrophic bacteria can colonize within plants to provide nutrients
for plants and promote plant growth through metabolism. [Objective] We studied the diversity of
endophytic diazotrophic bacteria isolated from Bryophyllum pinnatum. [Methods] Endophytes were
isolated and purified from surface sterilized plant tissues. Nitrogen-fixation ability of the isolates was
tested by acetylene reduction assay. SDS-PAGE patterns of the whole-cell protein electrophoresis and
IS-PCR DNA finger-printings were used to group these isolates. The representative strains were identified
by physiological and biochemical characteristics, and the 16S rRNA gene sequence analysis. The growth
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promotion of nitrogen fixation, secretion of auxin and ACC deaminase, siderophore production,
solubilizing phosphorus and potassium were determined. [Results] A total of 26 endophytic diazotrophic
bacteria were isolated from Bryophyllum pinnatum and classified into 5 groups, belonging to 5 species of 4
genera. All representative strains had various plant growth promoting activity. [Conclusion] Endophytes
isolated from Bryophyllum pinnatum have abundant genetic diversity and growth promoting characteristics.

Keywords: Bryophyllum pinnatum, Diazotrophic bacteria, Endophytic bacteria, Growth promotion, New species
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7% Hi1 4= 42 (Bryophyllum  pinnatum) % [ £ 5§ 4¢
b R 2 A el oA B A A 3 FH G AU 3R 3 DN ifE 7
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DN Ki3R3ERC )7 (g/L): H#EME 10.0, 2537 5.0,
NaCl 0.1, K,HPO4,-H,O 0.1, KH,PO,-H,O 0.4,
MgSO,-7H,0 0.2, CaCl,-H,0 0.02, FeCl; 0.01,
Na;M0O,-H,0 0.002, pH 7.0, [{&¥EFEIEHA
20.0 g/L Biflg, “PEHREMAMA 2.0 g/l Bifs.

King }5 7% H:M0 )7 (1 L) : 2 R 20.0 g, KoHPO,
1.725¢g, =M 150mL, MgSO47H,015g, 4
#2019, pH 7.2, WAL (50 mL): 0.5 mol/L
FeCl; 1.0 mL, A2 30.0 mL,

MSA-CAS 3555 : MK 1L
MSA JEAfiE SR 5 2 B A 50 mL B R 22 b Fi
50 mL CAS L3 TRAT . MSA JLfid 72 500 47 (g/L) :
Hi%E 4.0, E % 5.0, KCl 0.5, MgS0,-7H,0 0.5,
pH 7.0, BAFRZE siTIE )7 (100 g/mL): NaH,PO,-2H,0
0.590 5, NaHPO,-12H,0 2.427, NH,Cl 0.250,
KH,PO,-H,0 0.075, NaCl 0.125, CAS 4L it Jy
(100 g/mL): # K7 0.0653, FeCl30.0027, +/5
foe 3 = H R AL SR 0.145 6,

PKO 1532 HL 77 (g/L) : #iZGHE 10.0, (NH,),SO,4
0.5, NaCl 0.3, KCl 0.3, MgS0,-7H,0 0.1, MnSO4-H,0
0.03, FeSO,0.03, Cag(PO.),5.0, E&kkK 0.5, By
g 20.0, pH 7.0,

KRR T (g/L) . Wi 10.0, K
11 2.5, NapHPO, 0.2, MgSO,-7H,0 0.2, NaCl 0.2,
CaC0;5.0, CaSO,-7H,00.1, Eifl§ 20.0, pH 7.0,
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ONE] KPR | NEDNEE B Y, dbatN—
IERT s EE.LHL, Thermo A+l &K
WAL, EPP AT AT WLAM IR, 98 ik
A RA
1.3 BEHMIDEEK

Vo1 EAEPIZE RIS BIBT AL 4 om A4
/NBE, MR A 7% RS A 0.1% 5K 1276 5 min Fl1
3 min, RS, RETHEES, TR
WEKIEYE 7%, B 5min, BURIG—IRTERIERE
KU T LB BAREFREAE X B, DA E 18 F A
KRR RBORP . D2 R HEMOR ., 2.
H/NB 4% 250 1 om, 4331 FH G 3 0 3 el
TR RS B, K A ) 21 2R e S i o 12f
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T I 1 SR 1, R ST AR o U A 1 P Al K]
2R P ELAT [ RS PR A R RS T B, ELRARAS
4lifb Bk
1.4 BERIEMNE

K FH BRI TRk R AT TSR I . 7
10 mmx100 mm /& Hrke A 5 mL 2 BRI A S5 57
e, R DR EE R, B3R 12 h e /N
WTE ST 1710 1RFL 10% 2 B (fifi L2k i o
1%) , [AIFE S NSRS 24 h, D/NRAS A 1 mL
— MR S AR 0.5 mL SRR S EA
SP-2100 SAH A AL S A, 0 R 5 20
(TR A FRifE AR/ 508 uL/L., S
TR TAEA M E M : M 70 °C, #EFE T 120 °C,
KRR 180 °Co A H 4 : &< 30 mL/L,
AR 30mL/L, TRz 60mL/L. Fie T =i oA
AEHEMETY, B umol CoHy/(mL-h).

_ R ZETI AR < bR 0 B < U A
FRiE AR THIAR x HERE B < FF i B < B R[]

nifH [ &Y 4 11054 Zehrf (5-TGY GAY
CCNAARGCNGA-3) 1z [75]4) Zehrr (5-NDGC
CATCATYTCNCC-3), D: A. GE{ T; N: A, C,
G# T; Y: C#i T; R: A GM™. PCR Bk
Z (25 pL): 10xPCR buffer 2.5 puL, 10 mmol/L
dNTPs 0.5 uL, 5 U/uL Taq i 0.5 uL, 50 pmol/L
Zehrf 0.5 L, 50 pmol/L Zehrr 0.5 pL, ik DNA
(40 ng/pL) 0.5 L, AFE7K 20.0 pL . PCR JZ i 2544
97 °C3min; 97°C60s, 55°C50s, 72°C35s,
32 MEFR; 72°C5min,
15 RHRBIRES
151 SDSPAGE £4paEaRKkHEAL

T o 40 Y T 4 P 2 1 R s A 1 s o 4 T
k. RH DYCZ-24D W3 5 HL Pk, SR HToE
WeBERE (T )2 10%5 B, )z B%rei 1)1 1
Uk, e SRR RAES RS2 CER 8] .
152 |ISPCREAFFIESEIER A

% A Insertion sequence-based PCR (IS-PCR)#5
g Bt R
FilE I BE SR B4 7 5 DNA, 3 #5147 I3 (5'-GCTC
AGGTCAGGTGGCCTGG-3)#1T PCR #1#, PCR
SR Z (25 ul): 10xPCR buffer 2.5 pL, 10 mmol/L
dNTPs 0.5 pL, 5 U/uL Taq i 0.5 pL, 50 pmol/L J3
1.0 pL , #i4 DNA (40 ng/uL) 0.5 pL, AXZ£/K 20.0 pL
PCR JZ % 444: 95°C5min; 95°C50's, 56 °C50s,
72°C 1 min, 35 /ME#R; 72°C5min, K H M EEH
HLUKAE, 6% A8 M RS I IR BE e A T LK . FRL
NN AR T I TEAN (= i
1.6 16SrRNA EERZLBE R

16S rRNA FLHE P14 . 1E M 514 25f [5'-AACT
(GIT)AAGAGTTTGATCCTGGCTC-3Hl ) [ 5| ¥
1492r [5'-TACGG(C/T)TACCTTGTTACGACTT-3]%,
PCR W& % (25 pL): 10xPCR buffer 2.5 pL,
10 mmol/L dNTPs 0.5 uL, 5 U/uL Taq i 0.5 L,
50 pmol/L 25f 0.5 uL, 50 pumol/L 1492r 0.5 L, #x

ARA
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Hz DNA (40 ng/uL) 0.5 pL, XZ&/K 20.0 uL., PCR
4. 95°C5min; 95°C50s, 56 °C50s,
72 °C 1 min, 32M¥; 72 °C 5 min, ¥4 16S
rRNA F:X R Be 297 1500 bp, ¥ PCR ™ #yscdta
BB A YR ARA BRZS / 1T
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SRR R E R ] SalKowski H ik .
PR R R S R AP B King WA S: 7R 56K
o, 28°C, 120 r/min 5535 2 d. K ERRES IR IR
1£ 5000 r/min &.0> 3 min, BCEIHE® 1 mL hnk @
W1 mL 7EBR P EE 30 min, 7E 530 nm KR
MEWOERE, PRiEMZER F 3-1AA (3-15|bk 2 1R) b
eI

PR AEARAGIN - K TR A FD 2 MSA-CAS K
ReFedirh, 28°C, 120 rimin #8355 4535% 2 d. Wiikds
TR AR Lt | R a sk  HE .

VWIS K R R I RP 2 PKO R R34 I
28°C #3157 3d, WER R FEIE Bz B B A R

fif B . K DA RREE R 2 A A R LT
M b, 28 °C %% 3 d, HIKJE FIE S W IE ol
FHPE

ACC M B 2 SR 2,4- YR
Hefayk, ACC BaBRGMEITHE A20: ACC il (i
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EAEumOl(MG- W= e e e ©
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21 NERBERENDE
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*1 RERRENSBSRSERIEREEMYE
Tablel Origin of isolates and nitrogenase activity
[ RS

Rl I N —————
Group  StranNo.  Origin - ) CHA(mL-h))
l L061 % Stem 8.59
L062 2% Stem 7.96
L063 2 Stem e
Lo64 i Leaf (e
L065 i Leaf el
L066 i L eaf 184
I Loo1 i L eaf =
L092 it Leaf 44.07
L093 it Leaf 44.91
L094 2 Stem 42l
1 L201 % Stem 5.63
L202 % Stem 5.34
L203 % Stem 511
L204 i L eaf 5.22
L205 i L eaf 4.76
L206 it Leaf 5.30
v L461 M Leaf 28.81
L462 it Leaf A
L463 it Leaf e
L464 i Leaf cE
L465 i Leaf e
L466 £ Stem 2r.92
L467 £ Stem 28.29
v L504 2 Stem 3.51
L505 2 Stem 3.25
L506 2% Stem 3.39
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] S8t 176 R Y5 By 3.25—45.97 pmol CoHy/(mL-h),
AN [R) B R g [ SRR 0 A 25 S, O e 1) — S [T 4
it 05 T e R AR o A R FACER MR Re Y
360 bp 1Y nifH [E A H, 7E DNA 77K F 5
WE T EATRY IS AARE J1 . LO9L Fh 1 %0 B 1k i v
5% 45.97 pmol C;H4/(mL-h).
2.2 SDS-PAGE £4HB%E H KN | SPCRIEA
FHe S EE R L S

1 26 #R A A E T SDS-PAGE 44l il
PRI R0, MEF Rtk B 1 k5
— KPR — R AR VE) SDS-PAGE 44l fill 2
HL UK . N LT LAIE S, [F—ZBEmmk,
B L ke B AR — 2, TS [ A 0 TR AR 2R (1 H
VKHF LR & A [R] . SDS-PAGE 4 41 i 28 1 i TkiY
TE EIK: 26 BRI RN SASIHE, 7390 25 1 (LO61.
L062, L063, L0OB4, LO65, LO66), Z5H¥E II (L09L,
L092, L093. L094), Z&Hf 111 (L201, L202, L203,
L204, L205, L206), J5H¥f IV (L461. L462, L463,
L464. L465, L466. L467), 25#E V (L504, L505.

o
F oL EE
FFTFTSF TS

1 5EfH) SDS-PAGE £ 4paZEHE K E

L506).

L 1S-PCR 88U /M, AT LA A3 Fh
AN T A 40 TR R R L R B S R A 2 SRR R
(B 2), 7ERT 90% AL K- |, AT 4R
WRE R 5 AERBEGE 26 k), BEERSE
SDS-PAGE 4= 4fi i & 1 HL Ik — 2.
23 BEMEE
231 16SrRNA EERZ LB

& SDS-PAGE 441l it 25 11 HE Wk B 2K .
IS-PCR 5 E BTG R AR, MBI — R
FHERIEAT 16S rRNA JE[H @500 & F o0, 78
GenBank #il EzBioCloud 4 2 H L Xt FE 41, 3745
FARIPE f 5 bk . EzBioCloud % Fe v i e X 4%
RN 2 R, 16S rRNA EH R4k FHHNE 3
o 258 | 525 2R /T 14 (Paenibacillus stellifer
DSM14472" ) FEAL I Hr 99.65%; ZKHE 11 5 LG [ 4
12 (Azospirillum brasilense ATCC49958")AH b4
b 99.47%; HHE 1 52 ZEAIAT R (Paenibacillus
albidus Q4-3") MBIk e i, b 97.44%; KB IV 5

& S S S
R AR

N
N

Figurel SDS-PAGE whole-cell protein patternsof 5 kinds of group
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E 2 ISPCR s EIERARIKE
Figure2 Dendrogram of |S-PCR fingerprinting patterns

2 16SrRNA EFE iR
Table 2 Comparision result with the 16S rRNA gene
sequence

KR fRFE AR 5 ey 1) 2 D AR
Group Representive Similarity with known Similarity
strain species (%)
I L061 Paenibacillus stellifer DSM 99.65
144727
1 L091 Azospirillum brasilense 99.47
ATCC 49958"
1 L201  Paenibacillusalbidus Q4-3"  97.44
A L461 Azotobacter beijerinckii 97.82
ATCC 19360"
\% L504 Klebsiella quasipneumoniae 99.78

subsp. quasipneumoniae
01A030"

J [ [#] % 5 (Azotobacter beijerinckii ATCC19360")
ISR =y, O 97.82%; JEHFE V N v i A RN
(Klebsiella quasipneumoniae subsp. quasipneumoniae
01A030T), HHMITEN 99.78%. A4 [ bR i 432k

GRS SC, JERE NRIZERE IV Y 16S rRNA Sk
DR 315 B R B AR L AE 97%, T RE g Fhltel,

LO61
‘{: L062 Group 1
[1.064
L065
L0666 —

232 KRERAKREEBEUEE

A AT PR A AR AT 25 R I
# 3, L061. LO91 F1 L504 5 HAHMIME R = E
SR A TR A AR — B L201 A L6l
SR e 5 1) 2 260 BT A A A R M A A —
%%’1[22_23]0
24 BERREFRM

Xof 25 R AEA R B R 0 I 2E K RN P R AR AR 1
B 7 DA S S B RN AR BRASCR A T (R 4). £ 5HF
AR WA ZRAEJ), H L091 F1 L461
YA R BT ER , JFRE A A LO6Y [}
HA BTG )T, L504 R U, e1mfk
PRGN 4 PR . L504 b HoAT 431k ACC i 2 il

AEJ1, ACC iz Gk 2.86+0.36 umol/(mg-h).

Ul A 5% DT A AR v 0 0 P A T R,
ARG KA A T, 78 LUS Bl Az 77 v BAT e 1Y)
N FHAA
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77 — Acospirithin lipoferum NCIMB 118617 (£29619)
100 Azospiriltum picis IMMIB Tar-3' (AM922283)

95 | Azospirilfum brasilense ATCC 49958" (AY 150046)
LOY]
68

Azospirilhum formosense CC-Nfb-7" (GU256444)
79 — Azotobacter salinestris ATCC 49674" (AB175636)
100 Azotobacter paspali AICC 23833" (AJ308318)
95 [ Azotobacter chroococcum LAM 12666 (AB175653)
Azotohacter beiferinckii ATCC 19360' (AI308319)
99 9L 1461
Klebsiella pnevmoniae subsp. rhinoscleromarisATCC 138847 (ACZN01000038)
Klebsiella quasipnenmoniae subsp. similiprewmoniae 07A044' (CBZR010000040)
Kiehsiella guasiprewmoniae subsp, guasipnewnoniae 01 A030" (HG933296)
L 1.504
Klebsiella pneumoniae ATCC 13883' (X87276)
L201
Paenibacillus odorifer DSM 15391 (CP009428)
Paenibacillus borealis DSM 13188" (CP009285)
100 |Ls7 Paenibaciltus tuphae xj7" (IN256679)
1061
99 Paenibacilius stellifer DSM 14472 (CP009286)
Paenibacilius poltvmvxa ATCC 842" (D16276)

100

—
0.01

3 RFEFKH 16SrRNA EERG L B

Figure3 Phylogenetic dendrogram of 16SrRNA gene sequencesfor all representive strains

TE: 55 N BRI 16S rRNA JER 741 7E GenBank &5 & 5 TSR B EA, 35 miAb 45 ) (>50%) i) £ 772 Bootstrap {H ;
Bar: 1964 H MRt AL IR .

Note: The GenBank accession numbers are given in parentheses; Constructed using the Neighbor-Joining method, numbers (>50%) at
nodes are bootstrap values; Bar: 1% nucleotide substitutions.

*3 KEREWRERE WM

Table3 Thephysiological and biochemical properties of the representative strains

s itz VP Jiji U= IS TEH fi MRk FRE - Y
473 R WAL et R KA &I KK £
Representive  Methyl V.P Gelatin Catalase  Indole Starch Nitrate Ammonia Urease Cellulase

strain red reactions  liquefaction production  hydrolysis reduction  production

L061 + + - + - + - + - -
L091 — + — + + + + + + +
L201 + + = + = + = = = =
L461 + + = + = = + + = =
L504 - + - + - - + + + -

Note: +: Positive; —: Negative.

x4 ERIRERME

Table4 Growth promoting characteristics of strains

B G 5 HERR TR a3 i
Strain No. IAA (mg/L) Siderophore production Phosphorus dissolving Potassium dissolving
L061 6.98+0.01 = + +
L091 13.19+3.68 + - -
L201 1.06+0.32 = = +
L461 16.77+1.34 + = =
L504 11.52+2.74 + - +

Note: +: Positive; —: Negative.
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4 Bk LO6L 5 L504 fEERRE

Figure 4 The results of dissolving potassum for strains
L 061 and L504

Note: A: L061; B: L0O54.

3 W

H A N A5 T AR AFE P S AR 3 A= [
RACHBRZIE, Z RIEY)TE A AR N A T
FEEA R H A SCNTE FAHY T b A AR v A B R A
26 BRINA A, A SDS-PAGE 4 4ifisE [
VK 1S-PCR #fi A JF 9145 803 | % N AR T #1723
KL ZHREVE ST BT 4 26 bR TR SR 54T
Wi 16S rRNA JEH RS L T o Hr A A fb 1
Bl , R AR TR 25 RIFACR AR T 00 20 50
KU ENERAWE TR FATFEE
(Paenibacillus) . [4 % H2 # J& (Azospirillum) . [&] % &
J& (Azotobacter ) Fl 5 e 111 X B J&8 (Kl ebsiel 1) %5 A8 7]
BRIFI, ST 22 PR 00 9% 1t A4 AR v R A T R0 0 T
ZREPE R o [ R B [ PR RE R R A P
B, I HUSE T AR AR AT R
707 A RO K R ep (23 BRI . SR AR
PR B Z NP AE RS L KRG . HE . ORGSR
ARASIZE30 5 ok 6 T A AL A P A K
%, EWNA AR T PR

VAR AR AE A BP AN T R 20K L, HAE
FARBL R AT, bk m R R R G A6, M
SR B R /N, R s K i A )y . B AR
Y7 IR A N AR IR, HARTESR T
SWAERMIIBEZHE BB TP
RYEIRGNAERINREAE T HENKR, £&
) P A TR R A T A AR 1) A D L SR e B A

ARIMZES 1. WAERREY RGH o T A
2, FEEIEA RS, ARENRIE, 2
PP H AR R, M HARBR . HEPREZEAT
TR ERBE (o A O B A 2 Th R AR
P9 B AT [ I AR R kA L 7 ACC
IS . VA AR SRR T AR, AU L091
A B LA6L 1) [ Ul 6 1 1 , 43I AE K 2K g
SR o [ 2R HER TR A 1 R B 1 T RCRE 5, AR SR TR
AR B I8 P BRI 4k S U 3 e 7 [ AR
R5 F [ &R 1A 8.2 nmol CoH,/(mg protein-min),
AHIFFE (0 B 75 [ IR L091 ELAT o v 1Y) 4] 4L 1t
Pk 45.97 pmol CoHa/(mL-h), 575111 K L504
R RE SR, R . AR R BT iR
PR AR RE T, DB AT A I R T
I 1] JA L B R LB, IR L B R 6 R
e BB i S AR IR NS2 Y [ S IS 1 R
180.40 nmol CoHs/(mL-h), TAHBFSE 0 v T A IS
L504 [ U 6 3, R 3.51 umol CoHy/(mL-h).
LO6L JEZZAUFTIE, Bk AT edtih, 1A
P!, FEEUEEEE S 168 nmol CiH,/(mg protein-h).
R AR I 5D A SO R B A R
it 15 7 [8.59 pmol CoHa/(mL-h)], 43Itk K ZRE T,
LK B 5 Vs i A ORI R R AR AR A 7 e B
A — WS, L201 1 L4612 3z I3
4 i

NS A 5 A b oy S AR AR I N A o A R
W B M RE AR, IE BAETER S 0E
U5, BRI EFI . AR 2 A R 7 B A
SrEsalifb i 26 BRNZE AT, B 5 NERE, B
At ZFEN . SRR RS LT, LO06L
M L201 MR ZFEAIFT AR, LO9L My AR R g
L461 MM A H# 8, L504 MR AKmEE. L201
A LA6L A WpiFl, HA B iR bk FL A [
R PWERKR. PRRER . 77 ACC I .
b Y A Bk B S ) GA .7 o Y4 s | IV 7
AT RN IR A ES FE A
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