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OB [(HF) Ah 2R AT RE Y RA TR, EERAEREHORERLMAEN L
W AL R R 2Tk . [ B 491 BFR £ AT (Paenarthrobacter sp.) AMU7 & 1 F) B R
KEEFAET B3 S A B RST B AR MAT AN, A R S AR R A TR, 7 R T AAE
BERDWE HLEFAT Y BREAFERL AV EMR AMUT, @3E 16S RNA AR FFI0H. F
A A BAKRIE ST, EAR AMUT #4758 KA TR BRI AEIZ B AMUT, 55|
AR R Ao B A R 45 R R R AR AT % R 4 B A R R AL SR G 4
KB i LR AE O 18 1R BB BAT IS B MR T R B HEAT B RORME, FIBTE AR AMUT
REVERGMRREREEALE., [£X] Bt AMUT %7 4 £ ¥ 4F # (Paenarthrobacter sp.)
AMUT. AR EAEABRG R BT, KRTATE AMUT LB &R m s Ko B ERIFARE, £
1.74 em A k5 24 h AREEWF B 4SO RIEAABALE Sk 25 N b, MARRE T L RMR
SR, KTATE AMUT 69 B3 5% b RO 4F AR A RIK T it o) R AR, 7R AT 4
A KB RP R, ARKIRFH RO GETEBINEERET W ZHBRY, FALASHKAK
WM, ZEDERNRARRETHEEEG. [ER] £FHE AMUT B4 5E 4%
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Sand fixation properties of Paenarthrobacter sp. under different
carbon source fermentation conditions

WEI Haozhuo™', MA Jiaxing”!, LIU Jun?, LIU Ao', CUI Can', LI Jingquan™'

1 School of Ecology and Environment, Inner Mongolia University, Hohhot 010020, Inner Mongolia, China
2 Inner Mongolia Chenwei Environmental Protection Technology Limited Company, Hohhot 010020,
Inner Mongolia, China

Abstract: [Background] Biological soil crusts play a crucial role in windbreak and sand
fixation, and oligotrophic microorganisms adaptive to nutrient-poor conditions are the main
contributors to crust formation in deserts. [Objective] To investigate the sand-fixing function of
Paenarthrobacter sp. AMU?7 cultured with different carbon sources and analyze its
exopolysaccharides, thus providing elite microbial resources for ecological management of
deserts. [Methods] The oligotrophic sand-fixing strain AMU7, isolated and screened from the
moss crust sample of Mu Us Sandy Land, was identified by 16S rRNA gene sequencing,
morphological observation, and physiological and biochemical tests. Strain AMU7 was cultured
in the media with different carbon sources. The crust thickness and pressure-bearing capacity
were measured with a vernier caliper and a pressure gauge, respectively, to evaluate the effect of
strain AMU7 in promoting crust formation. The exopolysaccharides in fermentation broth
samples under different treatments were measured by the phenol-sulfuric acid method and the
sand-fixing effects were determined, on the basis of which the types and location of the
sand-fixing substances produced by strain AMU7 were determined. [Results] Strain AMU7 was
identified as Paenarthrobacter sp. AMU7. With glucose as the carbon source, strain AMU7
formed stable crusts with the thickness consistently exceeding 1.74 cm. The 24 h pressure-bearing
capacity of the crusts produced by the fermentation broth of strain AMU7 was stably over 25 N
higher than that by the glucose synthetic medium (control), which indicated that strain AMU?7
significantly enhanced the compressive strength of the crust. The sand-fixing substances of
Paenarthrobacter sp. AMU7 were not secondary metabolites secreted in large quantities during
the stable growth phase, but exopolysaccharides produced in the extracellular mucous layer
formed during the rapid proliferation and growth of bacterial cells. Moreover, the content of
exopolysaccharides was higher in the mucous layer during the early logarithmic growth phase.
[Conclusion] Paenarthrobacter sp. AMU7 has an efficient sand-fixing capability, demonstrating
significant application potential in the ecological management of deserts.

Keywords: biological soil crusts; actinomycetes; sand-fixing function; carbon source;
exopolysaccharides

DL RIE TR, B TREMEGTRERE I, BRI AR ER,
OB 2 NE T X R SR RIDTE S & H . BRE 2019 TR E S AL L i AUV AE
FIRAAE RS IR VWY RGIMEN, b w2 E - HE R 26.81%F1 17.58%,
E v B Ak H R AR A T BV u A L DU 2 v AR v 4 Ak B A2
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PR, e RURUR Ry 32 A b AL o5 7 Ak 8
AR LA b AR AR VDAL AR BE A IR S
Uil EAT A RV L A B R vb f e
AL SR AL TR . MR LAY
ZHEMEIRAE AR 2 A A2 AR, SR VD IR UK
EIISESPINE Y, 313 SRS Sy S Ut AT
BT AR B B 2 B T A AR e DR ) 253 (]

A= Py 2 1 VD BB BRAL 27 [ Vb BOR B
AT LB R G A 52 k8, R A9
LR AT 2 Wl A R A K 1V R e A T
hZ— ISEAER, WHTEE R BUEE IR UG D
MITETEEA 2 F: (1) BEEYI IR Z R,
F A 2 o3 s B Vb 4 vh i 22 0 55 W oAl F
45 B LA i L ESTR I BE 1Y (2) Bk
Ynids i R ESULIE ), 77 IR AR W2 T HE AL IR R
3 A% A - S BORE ] FE RSBk 1R 85 190 9 A AR [ 1
SV SRR G W02 [ VD BB B4 53 B 2 )
S B R R AR ) B A T TR AU A A P [ D BR
H AT A E R S X, F R A A DL
HAT 5 i 52 1 B9 A= 40 1 00 B RERE AT V0 1A
EBLLUE(SI- R

TR XA A R G A ) A B Ry o
30%, CJREJRE T A1 20 W 25 45 Bz e 1 BT Ok
PPAL S B PERED) . A 22 WE A D 4 e i AR 2R
) EE A, AR UE B R AR E
PEUOL HETE AT TR Z LU Yy AR £
SRS AT IE R RIS, (AR LA A g 28 ul
WA E, AR [ VD A N H R
SRR HRh N TR K 3 4R T I AY E
BEECFN 11 47 BRI 1S B R A 22 1 5 8 /K-
ARt FARCAE W 1 7R B G VD AL B
T2 A AT RS [ VD SRS, B AR BEIE L AR 1
5 BV PR I PR A R BT A o YR T
TS B WIS B o Zhao S IEBFANEAT 6 4
JTRY PR i, 25 Rk M ™ i st =

Bl T AR R L B ZF 46 4T 79 (Bacillus tequilensis)
CGMCC 17603 5 5 145 K2 8 %00 7 Kl &
ZH T RIS WA, UL REM BRI
PN, FeTiaPEE T AR TR &5
T 2 ISR A TR U

A S N 22 M (exopolysaccharides,
EPS) Fll i§ Z #i (lipopolysaccharide, LPS)/2& 1 3
SO [B] A < RE 45 700, BESFIANTE . ELIEER AT L
4 R EPSIO g g LPS M E T
FG B AT A 2 B RS St b v e 76 22 2 7
F ST 249 T i 41 # ] (Cyanobacteriota)
A% R AP B P R S, e R A B
TSN, T 2 FC PH P TR A0 2 T S A B 45 T
R SRS B B W VR TR AR R 0 2z e
— B BH P A i 1w AR R EPS 28,
T H DR hy IR 22 e 2] R A A 2 B A 1
FAROL, 7E 20 e 50 EA0A BF2= SR ) + 1
Ry, HA WA EPS RERSA s fe it 1
S BRI 2Y. Cheng 212204 2 MRy A 1
B EPS B PRUS I3 g rh, il i e B
TGN . K408 M EPS IR S AR AL B4
15 H X 2 ARAN P R L= A2 1 EPS RBAS I 25 1R
IKERME R B RARRIE . 43 88 B U IAEDY)
- A R I BB SR AN T Y [ VD LR S A v 7
PRSI A EPS b, IANAAT B 22 1A (R
SREFERVE R, B RGBSR b 4y
B AR LT 800k B 3845 R, an iy 2 s oo i v
J& (Sphingomonas) . Z£ fFF 14 J& (Bacillus) . %%
f61)& (Botrytis) . HhFE I JE (Massilia) . £ /K BR A
J& (Salinicoccus) &, S 5 45 7% B I 6 i 46 4y
W EPS MR AW, 43 3] T Zhas vk fn
PRAKAE RS20 A9 38 o 2 I i e 7 0T
AN TR Al 5 DL B AS TR) o0 B A B S A B R
AMU7 (AL 53 B RIS 2 & i, Xt
FLR FEE5VE FR 0 208 L5y HEA T HT
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A P 0 A R BN 37 3 R A B
i, BRIAEE SR B = T R U A AT
B —REERWMAEY), BRI HIR MR BE Ak I8 1
ALK, HABUR . tEh . e R B
I ZEE FRBI A R BV RRE, BT LS i
1% G A ) [T VD AL A S5 e A 3% PRIHE L [ 7
BORAFF Al i

TR VD R —Fh 2 . IR D AL B
REET B HEDY T35 55 B Y e i 4E
Wy 4k K % VR R A IS8 IR 25 HL AN B
TN HM RS, EFEFBMENHE
(Paenarthrobacter sp.) () & V0 fff 5 4 18 12
A EZ , HAjE X Paenarthrobacter sp.
OM7 [ [E Vb PEREHEAT T WF5ECY . Rl e A A=
KB FRIL L E bR EPS ZACH ™= M & ilis
FRB | ARG IR ST T E SR W A AN [ e U
KRBT B Thae2E 5, VX LUS BV
PRIGE VD N A AR R B X, I B AR
TR PR AL R A [ B AR I

RS

1.1 #&

B S R AT RS IR R PO F Rk
AT BRI HORE EHELS K Z(0-1.5 cm)
TIEREAL, BEBOR BLZRA Y 3 Bkt B ]
AHFE 1015 mo FERS“ WA HL(0.5 mx0.5 m)X] ff
RHUFE 3 IRIASTIR G o SRA M LI S AR AR
PRIRARORAEAT RS2 00 2, DLEAT VD BRI AR 1 2
BRI
1.2 EERFIFNEE

A4 DNA $#BOLH &, B e S m ety
= 25 B A PR 22 7l 5 Ex Taq, TaKaRa 23 1] ; PCR
PRSIy, AT AEY TR DA R L
P 178K T B, B E T DAERAT IR W] 5 %L
FRIEP I, ATE =R HARAHE; L4

AL UL, AT Bl AR A PR AR
"]; PCR 1Y, Bio-Rad AF]; i T m ik,
Hitachi A7) ; EEFR{YL, BioTek A+,
1.3 EFHE

m RS R | FE SR IR A S IO
[37]0CH]; LB Kig7 32 BOCHR[38BL K] ; Johl
EBEFR AL (g/L): (NH4)2S04 2.0, NaH,PO,4 0.5,
K,HPO, 0.5, MgS0O4-7H,0 0.2, CaCl,-2H,0 0.1,
pH 7.2; AWEG A FRIE: 300 g/L A9 AKERRR T
121 °CK 14 20 min J& , #2 1:30 A Z K R TEHL
IR AL, ARHE 9.68 g/L; WAIEG UG IR
%k 600 g/L 1 HZBE R T 121 °CKTAE 20 min
Jo, ¥ 130 INABUK T CHLER SR SR L rh, Ak
JE 19.35 g/L. FCifil ARG FREAT, % 100 mL
WAREEFRILPINA 1.6 g BUAE R
1.4 E¥ AMU7 99 S4iL i ik

U1 g BHELS B2 AE SN A S 9 mL K1 0.5%
NaCl W, Fem R A5 R BRI A e By 107!
() - 39 B W | mL BRI RN — 33
9 mL K 0.5% NaCl % RS, R Rk 7
FEEERRE, BU 1072, 107, 107" =AM URBERA
TEw R — 5 8 FR 5 Al A7, 30 °ClE
TSR IR 3 do BREETEIE SRR 1Y A
W, Sk e R T e, frrE
W B SR ZE R I 8 3 0 5 T 4 Bz W SRR I
NIRRT UE VD P fe, IFAESEE IR G I AL
AR B e S B 52 55 T A AE e T -
1.5 BEHREIKREZANE

P a4k 5 00 e T 301 ] A R
W, % 3% A i g -V 42 o B P B K T
B A 5 18 5 75 56 0 A 2 0 PG % R (o A
TN 2/5 HIRF) R, 30 °C |, 150 r/min P37 1557
FiFE 12 h BURE, AN 6O RE T 2 A
ODgoo fH, FAHALPIE 3 NEE, Ll ODsoo N
PNARAR | B[R] R R AR AR, 22 R R ) A A £
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1.6 EHRHERE
1.6.1 DTFEYNFERE

K FH 4 T 2[5 25 DNA $2BUR 77 & 3 BUA bk
& DNA, DIH PCR BIARBEF 4T 16S rRNA
JEHFEA) S 27F (5-AGAGTTTGATCCT
GGCTCAG-3")#l 1492R (5'-GGTTACCTTGTTA
CGACTT-3")#47 PCR. PCR JZ WA ZF: 10xExX
Taq buffer 2.0 uL, 5 U/uL ExTaq 0.2 puL, 2.5 mmol/L
dNTP Mix 1.6 pL, 10 pmol/L 5|#J 27F 1 uL,
10 pmol/L 5[4 1492R 1 pL, 13 ng/pL #4 DNA
0.5 uL, #M7E ddH,0 % 20 pL, PCR S %44
95 °C 5min; 95°C30s, 56°C30s, 72°C90s,
25 MEFR; 72 °C 10 min, PCR =¥ 4 5% a1l
Je i EEH YA R BTN o K DEEEIT Y 16S
rRNA JE[H 54158 58 2 NCBI, 7£ NCBI Fds
JEH EEXT AT, il MEGA 11.0 g2 E72:
(neighbor-joining method) {4 £ R G & F W -
1.6.2 TASHFME

KRR AMU7 233l Taik—% . LB
FISEEFRERREFRIL, 30 CE B R R, fERSR
B FERRTETRAR KN Bt S B B S O
LA T B IR R TR A
1.6.3 SIBELIFE

MRPEARF RS E 1 CH LR R R E
T ) POV iy A 38 A ARSI T v X B AR A T A
ALY RE
1.7 E¥ AMU7 BED4F S

WG RN —F TP RE, WD IRBU R VD HE )
—, WE 4 AN WA SRR
TR AT YR N AHE G B 7 5 e I AT TR (i e 40 ) DA
2 BRI 1 TG T 45 75 SLAL BRZH Of B A, A2
MR E 3 NEE . IR E 4 H ik e
Y x2S AN IR . KR AMUT FPF03% 3%
FEA AT AR E] 2 Fl A 0 BRI 7 2k
H1, 30 °C, 150 r/min YR 595 . MRIEAIR K4

Kok, MG REs 77 5 R 9 0 VR 1 AR s
6] 43 5 H 24, 36 160 hy ABHA L 55 5
R T DR VR 1 0 RS (1] 43 331 15 3 A 36,60 196 ho
W = R R0 PR B R 20 mL B FHEAR
W, BRSSO HRE b i VD e
XA SR R R . RN ARE
WEEAF T AT E VRS, & 10, 20 F1 30 d
X3 AT OSSR G O, A T4 R R
JE RN A SZ FESE 2 o WIE R4S B i ELAR Dy W)
EPRERE 5 AN MU U R RO 45 f R
FRBCT MR IR S5 B AN RIS AL I 4 A7k
2 JIME
1.8 E#k AMU7 F=ZRash S HEYF M

Hil# AMUT FFi, % 3% A 2
ARG RS IR BL AN A S L R e, T
30 °C. 150 t/min 55F THRGH R . MABES K
BigRdt, B IR A 36 h AREUAE W ; X A b
G, KRR SR 2 24 h BHREUAR . BE
Je o i TR TR VA AL B 0 A o P LA 2 W
o AR R BB 0N 2 MEFE, ey
BT 50 mL B0 B0 ALTE 4 °C .8 000 r/min
B0 20 min, B EWEWRGELE 0.22 um BYAH G IE
B 08, il B A . S — R A B,
B 022 pm JEREHEITRE, AT EET U
FEdh . BANHBEE 3 EE.

3B S mL B0 PR AR SR R A
ain T 50 mL B0 L I 4 AR 95% 21,
BT 4 CoRFE AT R UTIE . WL UTTE
ROVAATE 7 000 r/min B Z544F F &0 10 min, 7
R UIE, ] 95% L EEVES 3 R, Bk
%J5 7000 r/min 2.0 10 min, a3 B, Fr
AR UTVE BRI A 75 ML A Z2 W5 5t o PR 19 - e 125
SEMAN R S, DU AR bR, R
PRuErn S o W R TTYE Y 2R R K s e, B
2 mL JiSh Z KT TR r B IS A,
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A 6% A WHA W 1 mL, FEIA 5 mL ¥k ARERIE ST,
100 °C/K MR 10 min B4, FKSH E=ER,
WL 200 uL F 490 nm i K A0 o AR H:
WG . RS AR E L, RSN 2

B A TR 4 1) O 2o B R O N B 2 B R
dn AT RV, BATREIN 20 mL i PEAE ST
SURMGE P AR YD IAT, LAt 0 45 22 TG 1R 855 7R 2
Xt RE L 10 d BEEIFiC SR BB B oL, T
EH 1.7, AN ERRE 3 A EL
1.9 BIESH

K 344 SPSS Statistics 25.0. Excel 2021
X ECHE 24 7 R R Ty 225041, Al Duncan 0647
ZH HE(P<0.05); PALEE Z R t K56 L
25 R Origin2022 #HATHI KK

2 ZREHM

2.1 FHik AMUT WL ELER
2.1.1 Ekk AMUT B 7S4E(E

T 2 R U AT AR £k vk — 3 B ik
93] 17 BRI St [ — 5 K5 IR XT REAR

E, & TR R FERTE VD S A 2 R HAA S R A i bt
FESREERIRE ST, Ho bk AMU7 B3 FRECR T
If. Wtk AMUT J& TEEEFRBMAY, B
T8 A BB IR BE =2 B EREE  FEE TR R E AR
P W B IR RAF P A AR, HAEAS R Fh 28 [
RIS ISR WA 1 s 78 3 FliE SR
AT, WERES R, SRR
ANE )2, 76 [R5 ARG IR 2 E % R o
o, Mg, REEEEERIE, h%855; 7
LB [P v R, RNiE . fRE,
GRS RSB TR F RV WA, S
B, BHBDE, M5BT, Wik AMUT7 Z52%
RO 5 A EE , SOWEE R A B o P4
R T, SRS B R A K T
Fk AMU7 247K, K 1.1-3.1 pm, 58 0.5-0.7 pm,
2 L A1 R R 2 AL (K 2)
2.1.2 H¥k AMUT HEBECEEER
AR IR ZE RN 1, FERRIEA AL
b, ZHAES R D-# AT . D-AME. D-2f
FLBE | L-RAHR N L-41 22 ; AR 4-24 5%
TR, LAEAMR . L-RBPH -2 2R .

1 BE# AMU7 E£REMEEFEF EEER

C: FEEFRIEIAREFRAE
Figure 1

438 A AR SRR SR B: LB AR RE

Colony morphology of strain AMU7 on different types of solid cultures medium. A: Gause’s

synthetic solid medium; B: LB solid medium; C: Oligotrophic solid medium.
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2 B AMUT ESR—S1EFEPNEHEE
FEMREG

Figure 2 The scanning electron microscopic result
of the strain AMU7.

F 1 HHk AMU7 £ LIFE

Table 1 Physiological and biochemical characteristics
of the strain AMU7

FEFR Item 251 Result
2 fih i Catalase +

BH 5 ik Gelatin liquefaction -

fif R £h 14 J5t Nitrate reduction -

TERY K f# Starch hydrolysis +

AL Oxidase -

D-H % B Glucose +

D- A D-xylose +

D-2f-ZLH D-galactose +

4-F TR 4-aminobutyrate -

L-15 &R L-arginine _

L-FZ=HE L-rhamnose _

L-F AR L-isoleucine -
L- K45 R L-asparagine

L-ZHl &R L-histidine

F FE4T Methyl red -
o B - B

+: Positive; —: Negative.

2.1.3 H¥k AMUT 2 FEMFELEELER
il PCR Y445 Wik AMU7 11 16S rRNA

FEFFHI(1 405 bp), 1L ZE NCBI RIGE RS

PP528764, {37411 GenBank F1 EzBioCloud

B PR AT LU I R Gk F (A 3). A
RUPE Fe X 85 S /R B dR AMU7 548 43 325 4T
T (P. aurescens) NBRC 12136 AH{UIE X ] 99.72%
SEA TRMRIE S A B A AR PRI 2 25 5, W
Y5 AT AT I (Paenarthrobacter sp.) AMU7 .,
2.2 Etk AMU7 EAREIEFREFRHEK
i

WRIEA R A P A K AR Bk R FHRE i,
MR SCHR 40141 18 , 3% 55 5 v AS [R] Bl P % T A6
EPS 7 it A4 B AR {0 A 25 B 2552 M o AAOHE |
AN B BRI AMUT S TR R W, I
XA A K A EPS pE b A TN AE o

PR AMU7 7E LA hy B — e 5t 1) 5 1 335
7 o T A AR K B o T A R — i T
FRHE(E 4) o TELAAKE g B — B 5 ) 5 Fi0 0% 73 ik
Hr, M 96 h IR AT E A KM ; 144 h 1Y ODeoo
IE N 1.045, K55 5 192 h #E AT WK 4A) .,
FHCZT , FE LR B R h i i & s R
HE AMU7 PR FEHAK. A 60 h FF iR i
AFEA K ; 72 h 1) ODgoo ¥IME M 0.403, 5
K 84 h i AT HA(Kl 4B).
2.3 EH#k AMU7 EARRIFREEKEG
THIREDH R

HHEAT I K A B A 5 5 25 1 %) BE 4 A B 52
WA EIC . BT IR AN f%
W ELAG B, A5k B 2 A (7 2 T O e
FRIWREMS B VD, ok TRBLEIE th AMU7
PRV R 1 VD RCR R IT TR B 45 Bz 1) <7k
27, B0 2H (T4 TR ) 45 Rz 1 He 18 k2 o
WEZH 25 B (R TR >, B4 T X B AT 199
Hh A S R A 1 R O S R AR AMUT 1 [ 7D
1.

WK 5 Feos, FEXEUCE AR @ v e
B RRE S RIE R, RS AX AR S A
— R SRR LS B Y e DAACHE Ry B U 1 YA K
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| Strain AMU7 (PP528764)

Paenarthrobacter aurescens NBRC 12136" (BJMD01000050)

98 Paenarthrobacter nitroguajacolicus G2-1" (AJ512504)

Paenarthrobacter ilicis DSM 20138" (X83407)

yiPaenarthrobacter ureafaciens DSM 20126" (X80744)

-

————Arthrobacter ramosus CCM 1646" (AM039435)

93 ————Arthrobacter bambusae GM 18" (KF150696)

99

Arthrobacter gyeryongensis DCY 727 (JX141781)

Arthrobacter ginsengisoli DCY 817 (KF212463)

Arthrobacter silviterrae DSM 27180" (KY608092)

0.01

3 E#k AMUT7 REESEXERET 16S rRNA EEMARZELEN 40 U EUE RIS bootstrap {H ;
5 NEUE N GenBank %5% 55 #3R 0.01 fURFHI R BEIL2E 57

Figure 3 Phylogenetic tree based on 16S rRNA gene sequences showing the relationship between strain
AMUT7 and the related species. Numbers at branch nodes present bootstrap value; Numbers in parentheses are

GenBank accession numbers; The scale bar 0.01 represents sequence variance.

L

12 24 36 48 60 72 84 96 108 120
Time (h)

OOI/l
12 24 36 48 60 72 96 120144 168192216240

Time (h)
4 EF AMU7 BYER#IZE A 7EDURBE OV BRIEAY IE IR 25 b Be A6 DL %0 W Bk R B9 %5 5%

s

Figure 4 Growth curves of strain AMU?7. A: In culture medium using xylose as carbon source; B: In culture

medium using glucose as carbon source.
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5 Ef AMU7 AARESBIEFEPEFRLBANRALRIR A SEMEM; B: NER

AMU7 5254

Figure 5 Effect of strain AMU7 on promoting crusting in fermentation broth in xylose synthetic media. A:

Blank control group; B: AMU?7 experimental group.

M P AMU7 4= B 5 B T3, (H4h R i)
RIEZHE R TR, 36, 60, 96 h KIEH
W 45 B W I BE AR ORFFTE 1.71 em DA |,
W10 d JE45 R R BRI =, B R 2.25 em.
36 h KFFRINE 10, 20, 30d )5, TEM4s K
AREZRFFRE , 30 d BF2ZERE K, i85 7.92 N,
Jitifin 60 h & WER A 30 KT R A4 i &
ZEW R T 10 RFNER 20 K K250 5.58 N
96 h KR WAE 10, 20, 30 d (Y45 R IE2ZA
smmkEas, &RMEN 2.25 N (K 6).

WK 7 Feos, TR ARG s IR
Ab B K RS AR AMUT B, SE5R
HYDTEATREL KIE R, RIE 23 (0 B2 25
A —E NS Y. AT AR, LA
AT R BRIV A R AMUT AR W5t B
B TR, (B8R R E 2= H 2T RS
(K 8). 24, 36, 60 h % [ 1 W T T AL 45 iz 1 5
AR E, WTE 1.74 em KA b, 24 h KA
WAE 10 d 45 R EZ Rk, 58] 31.75 N;
20 d M1 30 d BIZE R AREZE 5 25.92 N Al
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Figure 6 Sand fixation effect of strain AMU7 on
xylose fermentation broth. Different lowercase
significant differences
treatments at different times after the application of

bacterial liquid to the same fermentation broth
(P<0.05).
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Figure 7 Effect of strain AMU?7 on promoting crusting in fermentation broth in glucose synthetic media. A:

Blank control group; B: AMU?7 experimental group.

[ 24 h crust thickness
[136 h crust thickness
[ 60 h crust thickness
B 24 h crust pressure differential

3.5 X136 h crust pressure differential 40 Z
60 h crust pressure differential Jaw =
L 33 =
3.0 a >
5}
—_ [
g 25 b =
3 N E g
@ a =
é 2.0 5 a ) g
: \ ;
S 1.0 \ 2
\ =
[o3
05 N £
N ¢
0.0 =
20
Time (d)

8 EHkAMUT EHEREA BB FELEER
RS ES

Figure 8 Sand fixation effect of strain AMU7 on
glucose fermentation broth.
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Figure 9 Exopolysaccharide concentration in the
filtrate of strain AMU7 under different centrifugation
and fermentation carbon source conditions.
Different lowercase letters indicate significant
differences in the same fermentation broth between
different treatments.
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