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H 0.5%% B4 . 1.0%8Ezy, REZHREHFARBE 37°C. 3%EFE. pH6.0, LM T B-#5
A B & F) 7T £ 2] (5.640+0.085) U/mL. (456 ]) i@ i 4K B 200 5 4547 &= Be b iX 3o #4 2 7
Bacillus rugosus A78.1 4% R &9 /= p-H] £ 42 B 48 ) B AR KAL S RMF @9, HZBREL
BENSM. BHRASWKRBEAY . I fo R BAURK AR5 AR R A,

*%2i7: HE A4 H; Bacillusrugosus; B-# #H¥EHH; £ LRM; XEMKA

Screening, whole genome analysis, and fermentation condition
optimization of a B-glucosidase-producing endophyte from
Glycyrrhiza uralensis Fisch

KONG Xiaoshuangl, HUANG Xinxinl, DONG Yinghongz, HOU Min*l, Marhaba Ahmatl,
HOU Xinqiangl, CUI Weidong*1

1 Xinjiang Laboratory of Special Environmental Microbiology, Institute of Applied Microbiology, Xinjiang
Academy of Agricultural Sciences, Urumqi 830091, Xinjiang, China
2 College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumgqi 830052, Xinjiang, China

Abstract: [Background] Bacillus rugosus A78.1 isolated from the fibrous roots of healthy
Glycyrrhiza uralensis Fisch. has high B-glucosidase activity. [Objective] To investigate the
genetic information of the isolate for enzyme production and provide data support for the further
research and industrial application of the strain. [Methods] A B-glucosidase-producing Bacillus
strain was screened by the medium supplemented with esculin. NanoPore PromethION and
Illumina NovaSeq were used for genome sequencing and assembly, and the potential
B-glucosidase genes of the strain were predicted by gene prediction and functional annotation. In
addition, the effects of carbon source, nitrogen source, inoculum amount, temperature, and initial
pH on the enzyme-producing activity of the strain were investigated with B-glucosidase activity as
an indicator. [Results] A strain capable of producing B-glucosidase was isolated from the fibrous
roots of G. uralensis. It was identified as a strain of Bacillus by morphological observation,
physiological and biochemical tests and named B. rugosus A78.1. The genome of this strain was
4 146 938 bp in length, with the G+C content of 43.86%, encoding 4 255 genes. In the genome,
192 carbohydrate-active enzyme genes were annotated, including 10 B-glucosidase genes
belonging to the GH1 and GH3 families. A total of 2 896, 4 019, and 3 657 genes were annotated
in GO (gene ontology), KEGG (Kyoto encyclopedia of genes and genomes), and COG (clusters
of orthologous groups of proteins), respectively. The genome sequencing data were submitted to
NCBI and obtained the GenBank accession No. CP096590. For the production of B-glucosidase,
the strain should be fermented with 0.5% glucose as the carbon source, 1.0% yeast extract as the
nitrogen source at 37 °C and pH 6.0 with the inoculum amount of 3%. Under these conditions, the
activity of B-glucosidase produced by this strain reached (5.640+0.085) U/mL. [Conclusion] We
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confirmed the excellent B-glucosidase-producing ability of B. rugosus A78.1 and the potential of

this strain in carbohydrate metabolism by whole genome sequencing and fermentation condition

optimization for enzyme production. The findings provide a basis for the research and application

of this strain in biochemical and food fields such as cellulose degradation and glycoside hydrolysis.
Keywords: endophyte of Glycyrrhiza uralensis Fisch; Bacillus rugosus; B-glucosidase; whole

genome; optimization of fermentation conditions

P-4 4 B [ (B-glucosidase, EC3.2.1.21)4&
YERMGR)—F, PR p-HAME KGN, ©
FE 8 7K ifp Je R B8 7 A ik 5 W 2k It~ AT 1) %) 4
L AR R A FNAR N P TC I, SR AT YR R A
Wi P LG AU B AR I AT A 1Y
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HEAERNAMIEY Z —, HGIIRT™
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FINAER R R, BSOZRMRIEA . gk
FROEAN 3 AR W 2l 55y ph i T S o itk
— A FR R Bl S R R A 5 AR AN, XA
PR AL AT Y, IR XX bR AT 2

IR K HE %2 (gene ontology, GO)., FAFIEE S
F R 21 H B4 45 B0 2 (Kyoto encyclopedia of
genes and genomes, KEGG), HR/KALG )15 P
B P& JE (carbohydrate-active enzymes database,
CAZy) Fil [A] J7 FE [A #% (clusters of orthologous
groups of proteins, COG)H f*) 3y GE Jt [A 1 B 43
Bro [RIEF XS BRI AR A - 2 0 Y Ot 0 A R A 7
RSO0, TEdR At B~ 2 T R Ak 114 [+
B, RIS SRR DI REREVE L N R B Y
TRABFE B E BF# R

R

1.1 #R
1.1.1 #&

B I SRR LD H R T 2021 4R RKEE
K HF R AR X, iCE R LS 4 cCRAF
T RS e v R TR
1.1.2 ERE

B IR N7 FR 5 (nutrient broth, NB)Z% 3
BRL1TTHC A

L EARE IR A (g/L): A 10.0,
By 3.0, & ks 3.0, EMFE 1.0, MR
0.5, BUigky 20.0, ZEMK 1.0,

LA R SR AR (g/L) A A 20.0, HE R
10.0, BEfR 48 5.0, BRFREE0.4, ZEIH/K 1.0,
1.1.3  FERFIFNEE

L AR R, IR AR
B BFRBUIE (nutrient agar, NA)RG IR, &
A ARABR A ; TIANamp Bacteria
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DNA Kit, RHAEAFHAE)ERAF; B-H
AT G S (), TR AR I H AR
FRH]

SRR, AR I SR A A BR A A 5
fitghrf, PCR X, oM HRHEAARRAF; ik
1%, Bio-Rad AHl; E.0HL, R ETFAY)
IR A BR A ] BERRUR RS, i3t
YIRHTAE RS F] 5 NanoDrop One 81 424Mrt
FEET, FEERCHREHE (P E) A R A
1.2 HEREREN B4

BUBT B 1 SRR 20 H R AR, Se Aok
KT, VIR 5-6 em MI/NBE, HEATRTEY
FEALHE . BDRJCRK M 3 IR, 1E T5% P
12 3 min, JCEE/KMYE 1 ming S%IK EER AT
WIZUL S min, JCE/KHYE 1 min; F 75%2 B
PEVE30s, TCRKFYE 1 min, £ BURE
— IR TCHKPEEIE 100 puL, AT NA AR,
M3 ANEE A XTI, 35°CHFE1-3d, A LHE
VoA R N R B H B R N BRI

B SEH IR, KRR B H B AR A
FTCHEFTHALEIN, B S5 30  f F JE R K
WRFEFE 2 000, 6 000 F1 18 000 f%5 /5 A T
10% NA Big 36, 78 96 FLANMES 24 b 35 °C
BigE 1-3 dM, PRECK H ) B TRFE NA P i
SRR RAF AL B
1.3 7 B-EEEEMAEENIFE

B~ 7] 6 B T PN A AT 1) O 3 R - A
I, BRIl - 4 K A AR
1) 6,7- —FFE KRB o 5808 7 R
ARSI, BRI DB R D AR B
A, BaifbE N AERER LR L
- R FE 5 FAE 37 °CH5 9% 24-36 h J5 g%
B AR, TR R 2R B Y S SR AR T BT
FIWHZ BRRRE ™ B- A4 TR

1.4 HEEKIRE. EFk 16S rRNA £[F
£ EEFEENF

Z I (AR % F0) s CF an
PR ARG TN ) UOIXF B A A A ) TR R
PEA AR A A A

PRIBCAiA I 0 AR bR B TR VR A T E SR
Wk FREET, 37°C, 180 r/min FEPRRESE 18 he
4°C, 5000 r/min Z5.0> 5 min J5EUTREE A, #%
H& TIANamp Bacteria DNA Kit #2/F A0 B2 BUH
FNAE ) DNA, K] 16S rRNA KA
514 27F (5'-AGAGTTTGATCMTGGCT CAG-3")
1 1492R (5-TACGGYTACCTTGTACG ACTT-3")
AT, PCR AR ZR (25 ul): Bitlk DNA
(10 ng/pL) 1.0 pL, 2xTag PCR Master Mix
125 pL, IE. E5#(10 pmol/L)4 1 pL,
ddH,0 #ME 25 uL. PCR W4 4: 95 °C 3 min;
95 °C 30 s, 55 °C 30's, 72 °C 90 s, 30 M
5 72 °C 5 mino RA 1.5%0 5 N8 M e I HL 7k
HEFT PCR 44 ke 05, HIELARH A 1 500 bp
LA A T A TR (R R A BR A
AN Y o A TR AR P 45 5R7E EzBioCloud 440
(https://eztaxon-e.ezbiocloud.net) {54 2 ik ¥
GIFEAT FEXE o R AHABLRE &8 B AR Y 40 R 23,
KH MEGA 7.0 #1284 (neighbor-joining
method) MG RGE A B, B 43 125 T PR 10 ) i
rRER

% H TIANamp Bacteria DNA Kit #EETIE
RIATERZ] DNA. T 1%0 B NE MR HL Tk Al
TR I ERE TGN DNA R Sh (e Al
DNA FEH G IS, T Kkis i 2 RHA AR
IRAME BB BRA Rl A T4 B D
1.5 EREABASSH

fdi 1 Unicycler %k 4 (https:/github.com/
rrwick/Unicycler)! 75 18 bk — A0+ =084 k£ 7
SR A AS, B kS B F o6, JFdA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FLEER F | —Hk/~= p-ABEEBEERNEENFE. £ERASTR~EBMK 283

By (o Kk 4 . 8 it GeneMarkS!" & {4
(http://topaz.gatech.edu/GeneMark/) X J& [K ZH A9
Yt FL R EA T ; i# 1) RepeatMasker K4
TTRUEE R AN T, R Ep B H A2 7 41 A 4R
T.H (tandem repeats finder, TRF)#r#k DNA J¥ %)
R ECE Z ¥ 4] i) tRNAscan-SE |
rRNAmmer 455X (RNA 5 rRNA #4770
Wi sSRNA 1 561E Rfam B 2 HE4T LU RE,
$4 Fl cmsearch F2 78 /2 i 210 sSRNA .
1.6 EEBEINEEER

FIfl BLASTp. Diamond J¥41 Fxf T Ho¥f
T R 9 85 11 57 81 #E gene ontology (GO).

Kyoto encyclopedia of genes and genomes
(KEGG) . COG . carbohydrate-active enzymes

database (CAZy)%¥ds e BT HLXT, RIS RE
TERAS B o BT 0T bk A 2285 35 IR 4] 3 401 45 44 %
BN TEE S, i Circos FRIF4 I 3ER 41
WIE Bl
1.7 B-BEEFEE B BN E

g TR R i TR R i T 7 il ity 1 7
37 °C. 180 r/min F&IRH5FE 36 h, % 6 h HL—iK
FED TR R ODgoo JF 22 I AE KM 2K

¥4 6 h TS IR KB 4 °C. 8 000xg
B0 10 min, FISWRBAHIEEWR . F2 08 -2
W ) 6 (B Y ) B 45 00 2 T A 1) i A
B- 8] A W I TG, il i 4

B~ 26 W T B PO G E 2 X AE 37 °CRAMF
T, BAMEITEAE 1 nmol A IR R A
TSR L ASERE RN U,
1.8 7 p-BEEEEMIL

W TRIAR AN [R) S5 4 0 S B i 77 g S it 35
FRIE, WUBTRIAFN L Q% M . 2% H R
29%EERE . 2% H EEEEAN 2% AN IR TETERY) . BRUEER
HNEE(0.5%. 1.0%. 1.5%. 2.0%F1 2.5%). A
%4 WE . 1%E AR, 1%EEHR R

1%RERER . 1%IR R 1% KR . AR 7
(0.5% . 1.0%. 3.0%. 5.0%FH1 7.0%). $E#h&
(1% . 3%. 5%. 7% 9%). HEQ27. 32.
37, 42 fl 47 °C)fkLLA pH (3.0, 4.5, 6.0, 7.5
90X R RRIEAT R IR 3%, I By
B~ ] 2 M T ) T L OB R 1 il AR AR
itk

2 BER54

21 F~P-EEREEHMEKNS S

FIH-EMF S ER SN B O, 5
[ R e N O B N v B o | Rl e R O
b, 1 PR, SR BB I SR A
AR hR R, B I B MR AR - A 0 T
i, 4o h A78.1,
22 EHHREEL

PR B T RRAE NA SE B b 5L i A
o AT AT R8I 30 2 AN B DU ) 150 1 9
(B 2A); 3E LT 5% QYL o R % B i Ry BH A
POIRAF (B 2B); #1205 WA fIAT R &
FH 16S rRNA KL 1 % AR 44 7 & 4
7E, PCR W) BRI 2 1500 bp (&1 2C).

1 EHHEEEEFREDITER AT8.1 /7~ 3-H%E
PEE B

Figure 1  Analysis of strain A78.1 producing
B-glucosidase in esculin solid medium.
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bp M

A78.1

> 2 000
» 1500

J 1 000

- ﬁ M b 750
] ¥ ﬁ 500
/

250
100

B2 E#k AT8.1 NEEFEESA), EZREAEB)EMBLEC)
(R RAEEC 1 000x, JH8%). C: PCR =Bl HEE A HL vk Kl (M :
#1 DNA #34 ; Bt 2y 1 500 bp)

Figure 2 The colony morphology (A) and Gram staining (B) and species identification results (C) of strain
A78.1. A: Colonial morphology. B: Gram staining microscopy (1 000%, oil bath). C: Electrophoresis of PCR
products (M: 100 bp ladder DNA molecular weight Marker; A78.1: Target DNA amplification fragment about

A: HKIER. B: 2[R AR K

100 bp 4% DNA 4> F&briity; A78.1:

1 500 bp).

FIRE A78.1 1Y 14 WA= BEA=fh 060 45 5 L%
1. R 1 AJAL, Rk A78.1 22 RPN =2
1, PEfMEHRL . 10% NaCl B K | JER KA .
LT Rni . V-P s . Wik . Lt ir i
0TI PR R A it S 0, 35 5 R, T a2 £
PE, [RIBSTREAR A78.1 Fdil R 37.0 °C, fxid
pH{E 7.0-8.0 Z[a],

B 45 2 AE EzBioCloud H 5 [6] ZF AT
Em&ﬁ-%ﬁ Fext, Z5RaE 3 fis, &

i Pk A78.1 5 Bacillus rugosus SPB7
(mmmwwmmMWﬁ—‘%“iL 2
PUBR R A 1 SR 22 O R AL . idb, S5 BES
WEEEFAE A AR SE S a0 B L e W 00 B MR
%44 Bacillus rugosus A78.1,
2.3 EHREAEBRASH

% NanoPore PromethION “F 4 #1 Illumina
NovaSeq PE150 VS HZEA AP H A, X &
PR AT8.1 YL A TIN Y . Rtk A78.1 45k

R 1 EK A7T8.1 FEIBELIERETE

Table 1 Identification of physiological and
biochemical indicators of strain A78.1
i H Ttems

2755 Results

B Y4 Gram stain +
0] +
Whether to produce budding spores or not

12/l Contact enzymes +
& IR Optimum temperature (°C) 37.0

H%i& pH Optimum pH
10% NaCl +
TER KM Starch hydrolysis +
FH 34k 2 W Methyl red reaction +
V-P 5 V-P test +
W i1k Gelatin liquefaction +
LM A +

Esculin sesquihydrate color development
reaction

7 Ifil P4 Hemolysis -
fili iR £h 14 JF Nitrate reduction +

+o PEYERONE; - BAYESN

+: Positive reaction; —: Negative reaction.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FLEER F | —Hk/~= p-ABEEBEERNEENFE. £ERASTR~EBMK 285

0.020

3 E#k A78.1 &T 16S rRNA EEFFHEMNRZ L B W

Escherichia coli ATCC 11775T (X80725.1)

S WNFS N GenBank & 5555 43 S Ak

720K bootstrap MYSCHER; AR RZIEE 0.020 F£IR 791 #4053 30 2% 55
Figure 3 Phylogenetic tree of strain A78.1 based on 16S rRNA gene sequences. GenBank accession number.
are set in parentheses; The branch number indicates the bootstrap support rate; Scale 0.020 represents sequence

evolutionary branching differences.

K /INK 4 146 938 bp, G+C i h 43.86%.
T gt B[R 4 2554, T AL DR ) K B
13 696 324 bp, b IR F - E A 869 bp,
Yy DX B 7 S 89.13%. T 21 Hk
EEE S 301 4>, REKELFH] 78 1~ &A
tRNA H:[X 87 4>, 5S rRNA. 16S rRNA Fil 23S
rRNA JEH 10 4>, Btk A78.1 FEDEZH I P45 4hs
42 E NCBI, GenBank %554 CP096590,
PR A78.1 ZEDRIAH [ WL E 4,
24 ERFEEETRE
24.1 GO BIBEFR

Bacillus rugosus A78.1 #1345 2 896 M HE[H

TE GO B FEFAT IR, 4R IE 5, RS
53R 43 F I BE (molecular function) . 4 g 21

77 (cellular  component) F1 A= ¥ 13 72 (biological
process) R4y, S FUIRE . dRML A A
Yt RS S 10, 13 125 DIIRESr . TE4Y
T INRE . 3% T RE 2 M AL IS T (catalytic
activity) fl14% 4 (binding), 471 A7t 38.54% Fll
32.03%. TEANMIAL > h, BT AE I A0 M I 4y
(cell part) R4 (cell), 735 d kb 26.67%. £
AR, SRR A SRR A Y R
¥ (regulation of biological process). fXifflF2
(metabolic process) . iE fi (localization) . & i
% 37 (establishment of localization) . #il Jifd i< 72
process) A 4= ¥ ## 17 (biological
Oy B dE 12.48% . 39.95% .

14.81%. 14.12%. 39.25%71 13.93%,

(cellular

regulation) ,
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4 Btk A78.1 HEE A EL
FE R B R 0 o3 A

P fre SR S R DN ZH e B B A B, ISR EI N 23 351 3 7 G 22 [R5 D) g

Figure 4 Genomic map of the strain A78.1. The outermost circle of the picture is the position coordinates of
the genome sequence, showing the distribution of annotation results for coding gene and functional genes from

outside to inside.

242 KEGG 5 COG ##EET#

XHAERR A78.1 #) KEGG 1RMHR 42 3L N £ 7
TR, AR 6 s, RS 4 019 gl
KEGG fUBHE B pSE R, i ZERALEY 94.45%,
oy RN RIE. RYIIRERAEEREAT 236 14
4 fu i T (cellular processes)AH i i3 Pl F

R 3.71%; HEE(E B AL P (environmental
information processing)H i [H 5 DA (& 36 PR 41
B 7.36%; isfE{5 B AL B (genetic information
processing)AH I B LA 5 BE LAY 4.35%; A
¥ (human  diseases)AH S i FE A 7 56 R 21
1) 2.04%; L (metabolism)HH 56 8 & JE A i gt
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Figure 5 GO functional gene annotation classification of the strain A78.1.

HE) 42.51%, Horp 4 BRHE Y K (global and
overview maps)if [ 3 K Z7E AT (metabolism)
AHOCGE % i 2, HOROE kK 46 S W A
(carbohydrate metabolism)if #% 5t K ¥k, 4351 78
£ 3 (metabolism) #H 5¢ i i &5 e 16.70% Fil
6.72%. "W Z %5 (organismal systems)AH 51 i
B G2 1.01%.

PR A78.1 JE DR 2R v B 0 8 1 T A AR
COG Bl e Lu X oA, To0 AR 5G 2 11 4 3 [
Dhee, FERZRME 7R, HERE3 6571
COG HifigdEA, 4rh 2425, HApIERFRFREE
& 1) =2 5 2 5§ 5k (transcription) 1) 5 RE
FH 318 A, IR FL iz FAL I (amino acid
transport and metabolism)IJEEFE[H 313 4>, A7k

1k & Wy % iz FAR 5] (carbohydrate transport and
metabolism)INEEFLIA 304 4, 4355 HERREE
) 8.70% . 8.56%F! 8.31%.
24.3 CAZy BiREE IR

IR bR A78.1 I F RS S CAZy 5L
Pl X, R RER 192 kKL S YIBER K T
FEB L 5K 8 i, e REE] 2 AR
fiff(auxiliary activities, AA)JER . 50 MAKILA
Y4k 4 4 (carbohydrate-binding modules,
CBM). 16 ~HilisME (carbohydrate esterases, CE)
A | 77 WK # B (glycoside hydrolases, GH)
LA | 40 PMHERALFL B (glycosyl transferases, GT)
FLRAN 7 AL BiZ# B (polysaccharide lyases, PL)
FH . AT ML KF- B Bacillus rugosus
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Figure 9 Effect of fermentation time on the growth
and enzyme production of the strain A78.1.
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Figure 10 B-glucosidase activity and enzyme production optimization of strain A78.1. A: Carbon sources. B:

Glucose addition amount. C: Nitrogen source. D: Yeast extract addition amount. E: Inoculation amount. F:
Temperature. G: pH.
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