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FREERG SR, e 03 1 B HA A% LR ) R TE B
AZ16 LK s A DB R RR B Y TR bk XT 37,
FEAE A ALIKOE, I 16S rDNA J [ nifH
PR3, EA TS0 o e B R 3R S0 A 37 T S 55
(response surface methods, RSM){fifL & B2 1F,
FE R | R RIR A R A T R AT L A
FH T J5 WA 282000 52 55

1 #RAT7 sk

11 UIBRPREmREE . HibHE

BN B BRI R AR T VU VDK 2% B g 5
(16°50'32"N, 112°20'41"E). Ht 0.2 g H3EFEMT
18 mL K, Fike 1072, 10 fE AR IR A
FE B AR I R PSM A3 LR85 57 3
Hr, KiFR 6d JEiK 4 °C KRR AE -
12 ¥

LB $5F3E(g/L) : HI T RANE AL ARG 25 Wk
10, MEEFREY) 5, NaCl 25, R FREEIA 16 g
Bilg

WEPEPETE R A SR B (L) HIT AR
¥ . FeSO,7H,0 0.001, KCl 056, MgCly6H,0
4.00, NaCl 25.00, MgSO,-7H,0 4.80, K,HPO, 0.01,
Tris 0.48, #H M 4.00, FEEHEEW 2.00, Hi
2.00, pH8.10, [EfAR;FRFNNA 16.00 g HUE!,

TCENE IR (Ashby, g/L): FHT B A # R E
ffi , CaCO; 50, H &M 50, KHPO, 0.2,
MgS0,-7H,0 0.2, NaCl 5.0, CaSO, 0.1, WkiEK
0.5, £ET 05, pH 7.0,
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i R PR RS IR RE(PSM, g/L) : 1T i
P BR G 5 % , D-# %5 15.00, NH,NO35.00, CaCl,
2.00, KCI 0.50, MgS0O,-7H,0 0.50, FeSO,-7H,0
0.01, MnSO,-7H,0 0.01, HifR#N 4.00 (Frpk K ),
NaCl 25.00, pH 8.15, [E{AK;F=IL)NA 16.00 g
BUREL,

WG R R (/L) EoK K 10, A 5,
NaCl 25,
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¥k DNA, PCR¥"1# 16S rDNA. 25 uL PCR S )i
K% rTaq i 12.5 pL, Primer 1492R (5-AGA

GTTTGATCCTGGCTCAG-3)/27F (5-TACGGCTA
CCTTGTTACGACTT-3)4% 0.5uL, DNA1.0puL,

JGHE 7K 10.0 pL, BSA 0.5 uL. fififii#*5- S100 PCR
10, YN 95°C2min; 95°C15s,
56 °C 30 s, 72 °C 1.5 min, 32 MME¥; 72 °C
10 min, 16 °C. 25 uL nifH JLR P 1A £ . Ex Taqg
fitf 125 uL, Primer /R4 05uL, DNA10puL, &
7K 105 uL o JEHI IS 95°C2min, 1M
FR; 95°C45s, 55°C45s, 72°C1min, 30 PME
W; 72°C 10 min, 1MEH; 4°C, PCR Y 1™
WA T B IR ARG F FL VAR K B B R AR R

FEDR R, BRI e 45 R AE NCBI #£4T BLAST X
Foo FEFAN L SERE A MEGA 4.1 41
LRI R G A
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IGAL 24 h J5 Y9 AZ16 B, 28 °C. 180 r/min T 1%
7% 5d, XFRCONERP 1%T0HR K PSM K5 573E, £
O T ) T 1
1.6 BEMRAERMEHNE

Bris AL I AZ16 XT37 B4 3 1%3% 50
AT 100 mL R I A [ U R Y
250 mL =fafih, FF 4 h B 200 pL @
ODgo, H X 31K,

17 BEEREREFRFOGR

1.7.1 FIA pH XM EARAE R MM . Al 200 mL
pH 5. 6. 7. 8. 9 (+0.02) M L1k 1 2L [#] &
AR BT 250 mL =M, 4% 1964 R it o3 4%
Fhififk 24 hJ5 89 AZ16 FI XT37 i, 28 °C.
180 r/min T#R% 1535 48 h, 31 EE, Gens s
A 2 ODsggoo

1.7.2 WEMEMRARKKEZMW: BH 100 mL . pH
7 (+0.02) PP R B [ AR AL T 250 mL — Al
W Rl 19%75 1k 24 h 51/ AZ16 Fl XT37 B,
TEFE 180 rimin, TRLEEZ1I0 20, 24, 28, 32, 36.
40 °C MR HEFE 48, 34EE, il ODgy.
1.7.3 NaCl WEXHHKRAEKKEM: BHl pH 7
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FERNGAL 24 h (R))5 AZ16 il XT37 Wik, 31 EA,
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Table 1. The physiological and biochemical
characteristics of two strains

Characteristics AZ16 XT37
Indole production - -
Oxidases +

Amylase -
Voges-Proskauer reaction + -
Gelatin liquefaction - -
Lysopine dehydrogenase + +
Ornithine decarboxylase + +
D-glucose + +
D-mannitol - +
Maltose + +
Sucrose - +
Galactose + +
Acetamide + +
Carbamide + -

Nitrate reduction - -
Nitrate gas production - -

+: indicates that the strain reaction is positive; —: indicates that
the strain reaction is negative.
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Ftk AZ16 RERSAIH D-H400E . 2200, 2k
FUBE, ANEEFIFIEME . D-HERm:, TIEkig. 6
FIH e RIRZR , A E S, V-P RO BH
Mo TRRR XT37 REFIH D-#i4505 . HEERE. &2
B REME . CREILBE . TERY, XPREROICE R R
VAR TR 57 R 7 A 0 S T IO 2 T R % S TR IO AR i
LN RE ™ A 15 e K 1| PR Rk <o
2.2 Bk 16SrDNA RGEE T/ &% nifH DhgEE:
ASEi:

A A HAE AL S 8 A BLAST 7Rk HEX), AZ16
J& T % 3k i m (Sagittula) , -5 — ik HE 5 A Sk U8 0
Sagittula stellate E-37" AU i5 99.04%*%, XT37
J& T ZF 01 1 )& (Bacillus), 5 Bacillus aryabhattai
B8W22 FH{LLE ik 100%. #EHLS AZ16 Fl XT37
PRIFIE AR MR 16S rDNA JF 5 RS K
H A (& 1), S E SRR AZ16 1 nifH DIREILRH
JEFIH R 359 bp (&l 2), 5 [ &R 1 (Azospirillum sp.
TSH81w) 1 nifH JEFE AU K 89%.

79
96

100

0.020

100
100

AZ16
99l Sagittula stellata E-37 (AAYA01000003)
AUIJ01000020
Loktanella litorea DSM 29433 (jgi.1096519)
r Bacillus cohnii NBRC 15565 (BCUW01000190)

Bacillus paralicheniformis KI-16 (LBMNO01000156)
AM888178s TSWCSN2 (AM888178)
Bacillus flexus NBRC15715 (BCVD01000224)
Bacillus gingsheng (G19 (JX293293)

2.3 FREREM. RS A

A 50 pL ZHAIRIE1S I RFR 382.6 pV/s,
T8 5153 [5 % B8 F1 4 34.63 nmol CoHo/(mL-h).
PSM }5 2 IR 1T F% 5 d JelAs55 3= 35 i TEHL
e FE R 239.49 pg/L .
2.4 A[EFEFFED R K LN E

& 3-A FlIKl 3-B F/n AZ16 Fil XT37 ZE 41k
B RS A K R . T, XT37 (Rl e
8 h FHiRHE ALER XU, i 24 h [5iR3IF00E ,
T BE GRS 1Y P R TH0E - AZ16 1E4%Fh 10 h
ZJEHEANERITEON, [FIFETE 24 h Z JRiR3IEE .
TE LB B3, XT37 78 8 h Z Gk A Koxd 55l ,
26 h i ATRUE, SEkehi B AR A
ZESANR. AZ16 7E LB Rigedk, #2020 h Z )5 i
AXEOH, 28 h ZJEikskE ], FHniEAGET .
FHHAE LB Kigadbh i b, AZ16 et Rl
RIEFRHAIE AN, FARBIR8E 5 i Rk
o XT37 FEMFE R A KA 2 A K,

Mameliella alba DSM26384 (jgi.1048962)
Ponticoccus lacteus JL351 (DQ104407)
Mameliella atlantica L6M1-5 (1950370)
'— Maliponia aguimaris MM-10 (KT180227)
Sagittula marina FO28-2 (HQ336489)

83" Bacillus arvabhattai BEW22 (EF114313)

1. B#k 16SrDNA R4 Bt

Figure 1.

Phylogenetic tree based on 16S rDNA gene sequences of AZ16 and XT37. Numbers above branches

indicate bootstrap support (>50%) from 1000 replicates and are given in the following order: neighbor joining
parsimony. Scale represents the expected number of substitutions per site. The objective strains are in bold font.
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Figure 2. Gel-electrophoresis of nifH gene in strain
AZ16.
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BRI S BREEREE , AZ16 TEIETE (4038 1V BE 1 AT RE
W, JREEXT TR K R AnE 4-B fiR, B
PRIV TS e o 2 AR IRN F — Ik 7 TS . AZ16
1 XT37 23 5I7E 28 °C. 32 °C ik B Ki% HWE .
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Figure 3. The growth curve of two strains in different mediums. A and B showed the growth cure of AZ16 and
XT37 in seawater nitrogen fixing medium respectively; C and D represents the growth curve of AZ16 and XT37 in
LB medium respectively. *: The beginning of stationary phase.
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4. EFEHIEHRE KB
Figure 4. Effects of culture conditions on the growth of strains. A: Effects of pH on the growth of strains; B:
Effect of fermentation temperature on the growth of strains; C: Effects of inocula size on the growth of strains; D:
Effects of concentration of sodium chloride on the growth of strains.

43 LSD %t AZ16 55 XT37 S riE ity 2
M EIR, AZ16 FEH P=0.000<0.05 %%, PiFLL
B, HhEE 25%0 5 HAhEh ¥ HA B 2%
(P<0.05), HXJRtkA: KBIREAF . XT37 A
(P=0.000<0.05) 5 &% , &N 25%0 5 35%0 Z IA]
P=0.069>0.05, Jolp#& 25, H5HASAHEA
WEZEFME, H NaCl Ml 5%, SORmiE. &
SRR S AR B R IR, DR SR S
() NaCl HeFEBEE 25%0. R X Bk AL K AR
WE 4-D 7R, MEERh 5%H, AZ16 1Rk
J& ODeoo ik %! 0.855, 5 HAM A F e 25 57 3
(P<0.05), HACKREAL, Yzl 3%}, XT37
HY TR BE T 22 Sk . DRI, $26F B5%% AZ16

He KA, HERD 3%%F XT37 iR el gk
252 ANETCHLEX R KB . ARF2E
I TCHLER X AZ16 5 XT37 1R kA= K A 52 i 1 4] 5
Ji7R o Hor, ZEMATR 254 R M CaCOs )5, AZ16
(A PR 1 K 12 %5 TT RE I i PR in AL CaCO,
JG, G T RMRAE RS RS ET AR, B
FIF AZ16 K. XT37 HiEA MR IREE T 4
K, AR Y CaCOs &K T XT37 i B 4L
. R JE ) FeSO,-7H,0 REREIE AZ16 F2E K,
XT37 TEAMIEHLER RO T AE KRy, %
UL XT37 Hraife Jyok, SENGERE) . B,
A 0.2%f1) CaCOs REfE#E AZ16 A1, TMifERE
XT37 {3 F R TG S LA TR
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ODgyo=15.04013+0.2x T+3.05637x pH+0.44356%
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T?-0.19747x pH?>—0.041269% | S?

AR ENE R T AZ16 5 XT37 4 [l 4k
(R i R T ST AR BT, B 3D pl v 1 S A R A

ﬁ ’_L‘ ﬂ ] ﬂ SAINE 6. 7 PR,

" » N N *ﬂ‘:nl’ N7 N . \“E[t,‘
cijg,o L P FLE L L MRAEBRAEN , ks pH 7.49. iR (T)
‘g:\&““ o e 32,65 °C. HEfit 4.90%, AZ16 HHY ODeo

Q@

Ak E] 0.6876. VIILEEIRAM:, AL 24 h )5

& 5. ARIEHEIEHRE KK

Figure 5. Effects

t el 57 S4B 25 975 ik >
of different kinds of inorganic salts [y AZ16 1411, H57~ 48 h R IUFHATIRY) ODeoo

on the growth of strains. 0.724, W& T HI{A .
OD()UU
9.00
8.40
— 7.80
o
ks

6.00
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3.00 24.00

B 6. ML AZ16 Lk E e L E S 53 4 [E
Figure6. Contour map and response surface analysis map of AZ16 strain.
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1.0024.00

B 7. Ak XT37 F =2k E e 5 & S 4 57 4
Figure7. Contour map and response surface analysis map of XT37 strain.

T ENH AR FH, XT37 iRl LR EH
(P=0.0193<0.05):

ODgoo=—16.13695+0.94565xT+0.97933x  pH+
0.16923x 1S+0.020242 x Tx pH—3.34954E-003x Tx
|S-7.40000E-003x pH x 1S-0.018620x T°-0.11158x
pH?+4.22840E-003x |S?

AR BRI, S0 4h pH 6.82. I JE(T)
28.65 °C. #Ffiir 5%, XT37 HK Y ODeoo Il 3%
%] 1.33615, 5ZFR ODeoo 47 1.2876, H/INF HMIE
2.7 AR EEVEH LR

ARSI 16 d J5, SN LB B
TRAE, JCahstr-. BHIARYE Sk Bt i o s
WEHRE, AZ16 5 XT37 JESEPr e, FMsEs:
WM, AZ16 5 XT37 HARRES RIS N o

3 Wit

Halr, ENAb2EHGE Y RPRY PGPR
WFEAR 14 1ME . LA IE)E (Achromobacter) |
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| solation, characterization and culture optimization of
nitrogen-fixing and phosphate-solubilizing bacteria from
rhizosphere sediments of Halophila ovalis

Cong Wang™?, Juan Ling", Yanying Zhang™®, Liyun Lin"?, Siquan Zeng"?,
Weiguo Zhou*?, Xiancheng Lin*?, Hao Yin*, Junde Dong"*

! Key Laboratory of Tropical Marine Bio-resources and Ecology, South China Sea Institute of Oceanology, Chinese Academy
of Sciences, Guangzhou 510260, Guangdong Province, China

2 University of Chinese Academy of Sciences, Beijing 100049, China

® Tropical Marine Biological Research Station in Hainan, Chinese Academy of Sciences, Sanya 572000, Hainan Province, China

Abstract: [Objective] We isolated and purified a nitrogen-fixing bacterium AZ16 and a phosphate-solubilizing
bacterium XT37 from the sediment of Halophila ovalis in Xisha, China. Furthermore, we optimized their culture
conditions and explored their potential for solid microbial agents. [Methods] The strains were identified by
morphological, biochemical and molecular characteristics. The nitrogenase and phosphate solubilizing activities
were measured by acetylene reduction method and molybdenum antimony anti-coloring method. The fermentation
conditions were optimized by single factor method and response surface method. Safety of the strains was
identified by hemolysis test and acute toxicity experiment. [Results] Strain AZ16 is a gram-negative bacterium,
belonging to Sagittula stellate, producing yellow, round, sticky colonies on the selective nitrogen fixation medium.
The maximum nitrogenase activity was 34.63 nmol C,H,/(mL-h). The optimum growth conditions were as follows:
salt content 2.5%, pH 7.5, fermentation temperature 33 °C, inocula concentration 5.0%. Strain XT37 showed
closest resemblance with Bacillus sp., gram-positive bacteria, developed yellow, round, plicated in the selective
nitrogen fixation medium. And the phytase activity was 239.5 pg/L. The optimum conditions were as follows: salt
content 2.5%, pH 6.7, fermentation temperature 28 °C, inocula concentration 5.0%. Hemolysis tests and acute
toxicity experiments proved that the two strains were in the actual non-toxic level. [Conclusion] Nitrogen-fixing
bacterium AZ16 and phosphate-solubilizing bacterium XT37 can resist high salt concentration and can also survive
under alkaline condition, hence these strains have the potential for multi-functional mixed microbial agents.

Keywords: nitrogen-fixing bacteria, phosphate-solubilizing bacteria, optimization of conditions, seagrass,
microbial agents
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