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Abstract: [Objective] To screen microbial strains with high production of exopolysaccharides
(EPS) and provide strain resources for the development of soil improvement agents. [Methods]
The string test with a LB-aniline blue plate was employed to qualitatively screen the strains of
plant growth-promoting rhizobacteria (PGPR) with EPS production. After fermentation with each
strain in four media, the EPS content in the fermentation liquid was determined by low
temperature alcohol precipitation and the sulfate-anthranone colorimetric method, on the basis of
which the PGPR strain with high EPS production was screened out. The fermentation conditions
of the strain screened out were optimized by orthogonal test with EPS content in fermentation
liquid as the indicator. The influence of the fermentation liquid of strain F1 on the content of
macro-aggregates in sandy loam soil was analyzed by the petri dish culture experiment. [Results]
Eight EPS-producing PGPR strains were primarily screened out, among which strain F1 had the
highest EPS production. PDA was the best medium for F1 to produce EPS, with the EPS content
of 867.54 pg/mL. Based on morphological, physiological and biochemical characteristics,
phylogenetic analysis based on 16S rRNA gene sequence, and also average nucleotide identity
analysis, F1 was identified as a strain of Bacillus megaterium. The optimal culture conditions for
F1 to produce EPS were 28 °C and 180 r/min for 24 h, under which the EPS yield reached
1 123.39 pg/mL. After F1 was incubated in sandy loam soil for 40 days, the content of
water-stable macro-aggregates with the grain diameter>0.25 mm in the soil increased by
4.44 times compared with that of the control. [Conclusion] Strain F1 with high EPS production
can promote the formation of water-stable macro-aggregates in sandy loam soil. The optimal
conditions for F1 to produce of EPS was incubation in PDA at 28 °C and 180 r/min for 24 h.
Keywords:  exopolysaccharides; Bacillus megaterium;  fermentation  conditions  for
exopolysaccharide production; soil aggregate
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Table 1 Orthogonal experimental design for
optimization of fermentation conditions of high
yield EPS strain

Number Incubation

Incubation Incubator

time (h) temperature (°C)  speed (r/min)
1 24 20 120
2 24 28 240
3 24 37 180
4 48 20 240
5 48 28 180
6 48 37 120
7 72 20 180
8 72 28 120
9 72 37 240
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1 #%7= EPS BHk7E LB-RRRIEEFE LMWEEES
Figure 1 Colony morphology of primary screening EPS producing strains on LB-aniline blue medium.

R2 VHREKEARIERES EPS T

Table 2 Exopolysaccharides yield in different media for initial screening strains (pg/mL)

Strain LB PDA NA Glucose-yeast powder
G20 50.2244.25Ccd 562.72+£2.57Ab 22.64+3.97Dde 121.49+11.93Bde

Fl 113.82+4.38Ca 867.54+12.14Aa 57.45+5.53Da 305.85+16.52Ba

G51 33.99+£2.55Cd 322.37+5.88A¢e 17.54+3.91Ce 132.02+6.24Bcde
F36 58.77+£7.04Cbc 512.28+16.44Ac 32.46+3.01Cbc 143.04+17.94Bcd
G36 73.99+6.12Cb 481.14+£14.84Ad 24.954+4.35Dcde 218.14+13.34Bb

G55 33.99+0.51Cd 328.07+7.12Ae 32.02+4.57Cbc¢ 98.25+5.17Be

F2 63.16+3.02Cbc 500.00+12.96Acd 35.53+£3.30Db 163.53+29.98B¢

G46 40.35+1.02Bcd 135.53+10.13Af 31.14+2.36Bbcd 111.40+23.06Ade

Different small letters in the same vertical column indicate that there are significant differences in the EPS content among
different strains in the same medium (P<0.05). Different capital letters in the same row indicate that there are significant
differences in the EPS content of the same strain in different medium (P<0.05).

50 pm \ 50 pm

2 Fl1EERES. FZREEMFAREBER
Figure 2 Colony morphology, Gram-staining, and spore staining result of F1. A: Colony morphology of F1.
B: Gram-staining result of F1. C: Spore staining result of F1.
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D-HEEEE . D-F =M . N-ZLME-D-24 JL A 44
L-EEHE . D-EEASBERIS K)o Rk F1 W20 5
A ELK ZE AT 1 (Bacillus megaterium), %85 K
7 94.00%.

223 HFEYFEE
YRR F1 Y 16S rRNA JEHJF 51 7E NCBI

Bl e AT HE X, 32 ) MEGA 11.0 3 {44 4t

£3 EHF1 EEE b4

REKREW . R E 3 s, Wk FL b2
MR, S5EMEEM 7 (Bacillus zanthoxyli®,

55 KX865140) . Bl [C 2 46 #F & (Bacillus
aryabhattai, % s¢5 B8W22"), H KZEAIFF
(Bacillus megaterium, &35 1AM 13418") 3%
KRB, HREIIEMEB 16S rRNA JEH 751
PEATHER S E . Ik, ¥ F1 2RERA S
16S rRNA JEE P HIF L oAl 4 i H LA
AR 20 e 90 B s B TR AR EA T ANT AT, 5 5R
Z2H F1 5 Bacillus megaterium ) ANT {8 fi 5 >

99.54% (£ 4). WL, FEHEIEE LA
ERHIE, B MR F1 K2 WE KFMFE
(Bacillus megateriumy,

Table 3 Physiological and biochemical characteristics of strain F1

Test items Results Test items Results
B-xylosidase - Cyclodextrin

L-lysine arylaminase - D-galactose

L-aspartate arylaminase + Glycogen +
Leucine arylaminase + Inositol -
Phenylalanine arylaminase + Methyl-a-D-glucopyranosidation -
L-proline arylaminase - Ellman -
B-galactosidase + Methyl-D-xyloside -
L-pyrrolidone arylaminase + Maltotriose +
a-galactosidase + D-mannitol -
Alanine arylaminase + D-mannose +
Tyrosine arylaminase + D-pinotriose -
B-N-acetylglucosaminidase + N-acetyl-D-glucosamine -
Alanine-phenylalanine-proline arylaminase - Ancient sugar +
a-mannosidase L-rhamnose -
B-glucosidase + Phosphorylcholine -
B-mannosidase - Pyruvate +
Triphenyl tetrazolium chloride - D-tagatose -
a-glucosidase + D-trehalose +
Resistant to kanamycin - Inulin -
Resistant to bambusamycin - D-glucose +
Resistant to polymyxin B D-ribose

Esculin hydrolysis + Putrescine assimilation -
6.5% sodium chloride growth +

+: Positive; — Negative.
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B3 ET 16S rRNA EEFFIME FI1 EREFEXFZHTERMRELEH

Figure 3

Phylogenetic tree based on 16S rRNA gene sequence of strain F1 and its closely related

neighbours. Numbers in parentheses are GenBank accession numbers; The bootstrap values are shown at the
node; The phylogenetic tree was constructed using the neighbor-joining method and the bootstrap value was

set to 1 000.

Fz4 F1 5EEMEUERSHEER ANI &
Table 4 ANI values between F1 and strains with
high similarity (%)

F1 Bacillus  Bacillus Bacillus
zanthoxyli aryabhattai megaterium
Fl1 100.00
Bacillus 95.69 100.00
zanthoxyli
Bacillus 95.69 98.64 100.00
aryabhattai
Bacillus 99.54  95.67 95.68 100.00
megaterium

2.3 F1 7= EPS REEEHMIL
2.3.1 KB

F1 7€ PDA VAR KGR 3 i AR K i Ze ] 4
Fi7R, 0-4 h MIERE], WA 6 h FFIR TR A
SPBUE K, ABEK ODgoo ELEHET R, MEE
14 h JFRIEAERK G, Hik, EFEEE
12-14 h A BEAARVE R0

2571

00—
0 2 4 6 8 10 12 14 16 18 20 22 24
t/h

B4 F1EKfZ

Figure 4 The growth curve of strain F1.

B EGMIL
DASE SR R] | 355 % TR RS 75 50 5 R A
%, DL Fl kKW EPS &8 Migtr, it =K
R UKFIERSIRE, 450 5. MR R
KNI E = IR X & B EPS 5 5% 1 () AL EE
KRN FEFRIS > FR AR > AR R . s

2.3.2
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K KR/, #45 F1 ¢ EPS ffEk sttt R
28 °C. 180 r/min & B% 24 h, TEIEMT, FI
KW EPS &~ 1 123.39 pg/mL.
24 F1 3 LIEFARKEIE N

Wk 6 s, Zat 40 d 555505, F1 KW
F1 EPS KSR AL L +-396>0.25 mm KFaE KA

x5 EXRAEERSTE
Table 5 Analysis table of orthogonal test results

Number Incubation Incubation Rotate  EPS content
time (h)  temperature speed  (png/mL)

(°C) (r/min)
1 24 20 120 657.83+£31.26
2 24 28 240 1097.67+£36.51
3 24 37 180 1 088.60+34.15
4 48 20 240 917.08+42.14
5 48 28 180 889.91+63.16
6 48 37 120 647.98+9.73
7 72 20 180 473.80+9.26
8 72 28 120 364.52+11.74
9 72 37 240 387.34+23.70
K, 948.033  682.903 556.777
K, 818.323  784.033 800.697
K3 408.553  707.973 817.437
Range (R) 539.48 101.13 260.66
Factor 24 28 180
optimum
level

F6 F1AEEGXHIEKIREXARKESEFLIE
ZHESENTIN

Table 6 Effect of F1 fermentation broth on contents
of hydrostable aggregate and soil polysaccharide

Treatment Content of >0.25 mm Content of soil
water stable polysaccharide
aggregate (%) (ng/g)

CK 1.79+0.43d 1.62+0.45d

PDA 3.24+0.34c¢ 5.93+0.33¢

EPS 5.20£0.24b 10.99+0.71b

F1 9.74+0.62a 18.54+5.04a

Pearson correlation 0.825%*

coefficient

Different small letters in the same column indicate that there
are significant differences for the same index among
different treatments; **: P<0.01.

<l actamicro@im.ac.cn, & 010-64807516
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