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identification, and assessment of growth-promoting effect on
Sesbania cannabina under salt stress

LI Siming', YU Xiao', PENG Zhiwei', JING Haiqing', LIU Shenkun’, WANG Yinchu®, YIN Xuebin',
JI Chunli', REN Chenggang’, XUE Jin’ai"", CUI Hongli'"**'

1 College of Agriculture, Shanxi Agricultural University, Taigu, Shanxi, China

2 Yantai Agricultural Technology Extension Center, Yantai, Shandong, China

3 Key Laboratory of Coastal Biology and Biological Resource Utilization, Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences, Yantai, Shandong, China

4 Academician Workstation of Agricultural High-tech Industrial Area of the Yellow River Delta, National Center of

Technology Innovation for Comprehensive Utilization of Saline-alkali Land, Dongying, Shandong, China

Abstract: [Objective] To isolate and screen the salt-tolerant strains with good plant growth-
promoting effect from the saline-alkali soil of the Yellow River Delta, thus providing strain
resources for the efficient cultivation of crops in saline-alkali soil. [Methods] Bacillus strains were
isolated by the dilution coating method, and the strains with good plant growth-promoting effects
were further selected by the seed soaking test. The growth-promoting characteristics of the selected
strains were measured, and the growth-promoting effects of the strains on Sesbania cannabina
under salt stress was evaluated by pot experiments. The strain with the strongest plant growth-
promoting effect was identified based on morphological characteristics, physiological and
biochemical characteristics, and molecular biological evidence. Through the whole genome
sequence analysis, the genes related to the plant growth-promoting function were discovered.
[Results] A total of 60 Bacillus strains were isolated, from which strains M4, M5, B5, L3, and Q17
were screened out by the seed soaking test. These strains showed robust plant growth-promoting
properties, being capable of solubilizing inorganic phosphorus, solubilizing potassium, and
producing inole-3-acetic acid. The pot experiment results showed that under normal culture
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conditions and under low salt stress (NaCl concentration of 100 mmol/L), inoculation with Bacillus
increased the plant height, maximum leaf area, stem dry weight, and root dry weight of S§.
cannabina seedlings (P<0.05). Under high salt stress (NaCl concentration of 200 mmol/L), the
fresh and dry weights of stem and leaves of S. cannabina seedlings were increased by inoculation
with five strains of Bacillus (P<0.05). In addition, inoculation with Bacillus enhanced the activities
of catalase, superoxide dismutase, and peroxidase while reducing the content of malondialdehyde
in the leaves of S. cannabina seedlings (P<0.05). Strain M4 with the strongest plant growth-
promoting effect was identified as Bacillus thuringiensis. [Conclusion] All the five isolates have
various plant growth-promoting properties, being capable of promoting the growth of S. cannabina
seedlings under salt stress and alleviating the inhibitory effect of salt on the seedlings. Strain M4
with the robust plant growth-promoting effect is identified as B. thuringiensis, and it has the
potential to be developed as plant growth-promoting bacterial fertilizer for saline-alkali soil.

Keywords: plant growth-promoting bacteria; Bacillus; Sesbania cannabina; salt tolerance; plant
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61.19%; fF 200 mmol/L i T, M4 CMC Rl AR I8 3 b A K 9 78 28 W SR 21 e {0,
BRAL B 4 2 KRR KB BRI BB T U5, SRS BS R L3 A4 S Bt B T B
71.28% F1 59.46%., VLI 2 DRV A B AE R e 1. BLAk,
2.2 AHEFEATERESMEEINE  WESRR, S PRERIYEA IAA RS,
M R R AR R L SRS W eI BRI Q17 IAA P~ Al ik 12.61 mg/L
Tk S BRAR A ORI B B R A bk, (PR EERIREY 100 mg/L).
XML TR, SRng 2. i 23 DRGFRAEERENE T EE
S AEM AR B R e 1, ATEE KRR
HA QL7 Wbk A AT, Sk 230 IEMBEEE S KA
M4, M5. BS fil Q17 [ 4 M EibkAEHS7E Ashby o 0TI TR T35 40 T b UM B 2B RO
TR FRIE FAE K, RVEAERES ., £ BACERATEERR 15 d S K S mE 1
£ FHATEER NG T ST L

Table 1 Effects of Bacillus strains on Sesbania cannabina seed germination under salt stress

NaCl it v RAHR KR ERS (SN
NacCl stress concentration (mmol/L)  Impregnated strain Germination rate (%) Bud length (cm) Root length (cm)
0 H,O 60.0 2.85+0.56b 2.19+0.38b
M4 80.0 5.30+0.94a 3.53+0.67a
M5 83.0 5.34+0.97a 3.46+0.58a
B5 70.0 5.10+0.95a 3.19+0.48a
L3 70.0 5.09+0.67a 3.29+0.56a
Q17 70.0 4.94+0.64a 3.49+0.58a
200 H,0 50.0 1.95+0.36¢ 0.74+0.14d
M4 70.0 3.34+0.60a 1.18+0.20b
M5 73.0 3.19+0.56ab 1.12+0.16b
B5 67.0 2.94+0.54ab 1.43+0.24a
L3 60.0 2.78+0.50b 0.97+0.18¢
Q17 67.0 3.18+0.55ab 1.35+0.26a

Bl PR ER, R —Tehn A RN EP<0.05E R BE, n=3.
The data were mean+SE, and different letters of the same index indicated significant difference at P<0.05, n=3.
Fx2 AHRFEMTEERIRENEETEMN

Table 2  Evaluation of growth promoting function of five strains of Bacillus

7S AL oL fige ¥ S E 1 FEIAARE VAT 4 £ 1 Ty

Strain number Phosphate Phosphorus Potassium Nitrogen IAA production  Cellulose
solubilizing hydrolysis fixation capacity (mg/L) degrading ability

M4 - + + + 7.46+0.34b -

M5 - + + + 6.64+0.16¢ -

B5 - + + + 4.75+0.21d +

L3 - + + - 1.33+£0.21e

Q17 + + + + 12.61+0.56a -

+: M MIIRE; - WRETCULThRE ;. BURE T IESARER, W8 AR F IR AEP<0.05E R B E, =5
+: Strain has this function; —: Strain does not have this function. The data were mean+SE. Different letters of the same index indicate

significant difference at P<0.05, n=5.
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H,O Bacterial strain

CK N100N200

CK N100 N200;

M4

M5

B5

L3

Q17

El1l ARERZEMIE TEMSHKFAFEXHESE
ERESHERERH. CK: T MiE;
N100: S ALANHEE 100 mmol/L; N200: Z fkahik
J£200 mmol/L

Figure 1  Analysis on the growth promotion effect
of five strains of Bacillus inoculated with different
salt stress on Sesbania cannabina seedlings. CK:
No salt stress; N100: Sodium chloride concentration
100 mmol/L; N200: Sodium chloride concentration

200 mmol/L.

FiR o TERIEFPZEAAT I AUIENL T, Fi%E NaCl
W BB N, AR R R A A TR
WG, HE R Al ) e B S

2515 A R H S A A KR A S 5
23w, SXFRAAAE, A RS X
HAH IR . R RS E R R
AR A AR EE A AR ROR . 7E IO a8 2544
T, A M4, M5, BS, L3, Q17 iX 5 Nk

IR EWE , RGN T 19.25%, Kk
FEINT 20.77%, F BT FE M4 X HE LT Y
R e AR ATt 25 4 AR R (P<0.05)0 A
M4 1 BS Wbk A, KBS KESBINInT
18.06% F1 10.42%, e K 0 1a #4351 484 i 1
33.34% 1 21.05%, EKHIEX 2 DR EERM T
KA EE R TR, {8 40 1 5 i BR(P<0.05)

24 NaCl i ¥ B35 %] 100 mmol/L B, 5
XEREALAIEL, A 5 A ZERATH I B S ,
MEmEEInT 2076%, WEK&EEHENT
20.28%, FHHTEER M8 T AE W 35 S A P 0 Bk
AR (P<0.05). [AIET, S5 5RAIIMA ST N
M4 [RERE , Hbk S S ToE T X RA14)
MRS TR EZES, WA M4 FEREEE E 4
THERER S XHE RO . BEAh, MK 5tk
ZRAOFT IR B RS, S Y e R TR O
HE L I 25 1A N (P<0.05), fie =340 36.29%, 4
NaCl rBa e )5 53] 200 mmol/L B, M4 AR
PR FE R T 8 A5 BT BRI T 24.60% A 4
T M4 F QLT MR EW G, %1 ks o )
WANT 22.87% F1 18.79%, M43 534 fm 1
19.64% F1 18.45%, B35 2% 1 £hMria X Ha P i)
IR (P<0.05). A M4 R ERRG, B3
HEINT Al B A R A AR B R R K T AR ((P<
0.05), 23T 21.77% #1 103.70%.

ZE LTk, 45k M4, M5, BS. L3,
Q17 WY PRI REFEA A R B 1 4 vy H 45 40 1 7
HE T RIESESE, Hrh M4 Btk rIHE AL
REARE.

232 EMEKRBESREIENF0

TESE A A A L S S 80P 5, Xt
AN TR) B AR AE AN [R] 58 8 A B R H & 4 0 AR
T TINE, W 4 PR, AT,
] 25 A 5 A BEAR 0 B B T A BE W 3 1 =
W ZEAT | REEE . ZEFFTEAME T E
(P<0.05), FrpZSfTff SR =N 1 31.28%. 4
NaCl 38 ¥ £ 35 %) 100 mmol/L B, A M4,
M5, BS BRI B AR REAS W B 1 N4 i i 25 AT

http://journals.im.ac.cn/actamicrocn



2928

LI Siming et al. | Acta Microbiologica Sinica, 2025, 65(7)

*3  AEEME TEMSKF TR EEIERSS BRI

Table 3  Effects of inoculation of five strains of Bacillus on morphological parameters of Sesbania cannabina

seedlings under different salt stress

b3 P LSS RAARE = NG TN
Treatment  Plant height (cm) Root length (cm) Longest shoot length (cm) Maximum leaf area (cm?)
H,0-CK 14.96+0.84¢ 13.58+1.00¢c 8.64+0.29¢ 0.57+0.08b
H,0-M4 17.84+0.83a 16.40+1.36a 10.20+0.72a 0.76+0.07a
H,0-M5 17.12+0.50ab 15.16+0.72b 9.20+0.58bc 0.69+0.10a
H,0-B5 17.20+0.47ab 14.86+0.62b 9.54+0.67ab 0.68+0.09a
H,0O-L3 16.72+1.13b 14.48+0.54bc 9.10+0.82bc 0.70+0.10a
H,0-Q17 16.22+0.59b 14.34+0.92bc 9.22+0.42bc 0.71+0.06a
N100-CK  12.04+0.71c 11.24+1.11b 6.54+0.11c 0.47+0.05b
N100-M4 14.54+0.51a 13.52+1.23a 7.82+0.63a 0.64+0.03a
N100-M5 13.70+0.33ab 13.08+0.73a 7.02+0.63bc 0.64+0.08a
N100-B5 13.30+0.96b 12.52+1.28ab 7.16£0.55ab 0.62+0.06a
N100-L3 13.94+0.36ab 12.74+0.84a 7.34+0.58bc 0.60+0.07a
N100-Q17  13.86+0.57ab 12.96+0.69a 6.98+0.55bc 0.62+0.09a
N200-CK  11.28+0.79b 10.08+0.51b 5.88+0.71b 0.27+0.04b
N200-M4 13.86+0.30a 12.06+0.66a 7.16+0.72a 0.55+0.09a
N200-M5 12.80+1.58ab 11.92+1.16a 6.24+0.82b 0.53+0.07a
N200-B5 12.26+0.77ab 11.82+0.54a 6.14+0.29b 0.51+0.05a
N200-L3 13.18+1.29a 11.22+0.99ab 6.20+0.29b 0.52+0.05a
N200-Q17  13.40+1.64a 11.94+1.24a 6.68+0.50ab 0.52+0.07a

Bl R AR R, A8 AR AR TR R IEP<0.05 225 235, n=5

The data were mean+SE. Different letters of the same index indicate significant difference at P<0.05, n=5.

fief AR i o (P<0.05). Rt BE TSR 2B,
A S BREFMIFF R R B S, R T
H 3 4 1 B 25 FF F 5 AR + & (P<0.05). 4
NaCl JiE i B2 f7 200 mmol/L, A ZEHIAT B
B AEN W E R A R BT R
2T B AR T 5(P<0.05), H 22 Bt
WRZH B KR N 92.13%, T B KR
H90.57%, &I £ ZEAAT 1R 110 1A B T 2 RE
ARG R X R R SR A i T AR
Hirp M4 FERRIBCRIE N2 .
24 AMKFHAMENHBSEHAFRS
RS R RN
AWFRME T AR IEE W E T, S
AL ZE AT R ) I e 3 R A AL R
PH(CAT {54 . SOD 54 . POD i#if#)LL &2 MDA
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Table 4 Effects of inoculation of five strains of Bacillus on biomass accumulation and growth response of

Sesbania cannabina seedlings under different salt stress

Qb3 Hb b e M AR Hb T R e NS
Treatment Fresh weight on the Dry weight on the Fresh weight Dry weight underground
ground (g) ground (g) underground (g) (2)

H,0-CK  2.44+0.20c 0.35+0.04¢ 0.70+0.07¢ 0.10+0.01c
H,O0-M4  3.20+0.22a 0.68+0.04a 1.24+0.10a 0.23+0.02a
H,O-M5  2.79+0.14bc 0.51+0.03b 0.91+0.11b 0.20+0.02b
H,0-B5 2.91+0.15ab 0.524+0.02b 1.00+0.08b 0.18+0.03b
H,0-L3 2.80+0.27b 0.454+0.04b 0.95+0.12b 0.17+0.02b
H,0-Q17  2.73+0.13bc 0.50+0.07b 0.95+0.13b 0.19+0.02b
N100-CK  1.86+0.13¢c 0.26+0.03d 0.64+0.03¢ 0.09+0.01¢c
N100-M4  2.37+0.09a 0.56+0.05a 0.97+0.04a 0.18+0.02a
N100-M5  2.11+0.11b 0.48+0.05b 0.89+0.05ab 0.16+0.03ab
N100-B5  2.10+0.19b 0.39+0.03¢ 0.86+0.07b 0.14+0.02b
N100-L3  2.07+0.04bc 0.42+0.04bc 0.80+0.04b 0.15£0.01ab
N100-Q17 2.03+0.08bc 0.42+0.05bc 0.87+0.08ab 0.14+0.02b
N200-CK  1.34+0.04c 0.19+0.03¢ 0.51+0.03¢ 0.07+0.01¢
N200-M4  1.90+0.14a 0.37+0.02a 0.74+0.07a 0.13+0.02a
N200-M5  1.73+0.13b 0.284+0.01b 0.68+0.03ab 0.10+0.02b
N200-B5  1.84+0.06ab 0.254+0.03b 0.61+0.05b 0.11+0.02ab
N200-L3  1.76+0.06ab 0.27+0.04b 0.66+0.06ab 0.10+0.01b
N200-Q17 1.70+0.05b 0.30+0.01b 0.63+0.06b 0.11+0.01ab

Bl A PR HEAEDR, A — 38R A A P RN TEP<0.0522 5+ 35, n=5.

The data were mean+SE. Different letters of the same index indicate significant difference at P<0.05, n=5.

200 mmol/L NaCl e 4b#F, CAT & M55
JNT 32.64% F1 64.81%. %8 5 BRZEAUFF S
M CAT i P34 i 3 42 55 (P<0.05) . &l 2C iy
/K, SOD BERIH IR A A M2, EhWhia i e
&P SOD itESTHm . 25 R s, 100 mmol/L
NaCl #38 F1 200 mmol/L NaCl 36 4b 38 20 % I
Jop 31 b B 0 e SOD I 43l 3G T
16.27% F1 33.58%. JCERJMART, R S B2
FEOE ¥ 2 48w 1 W i B SOD I 1 (P<
0.05). 7E 100 mmol/L NaCl frifi #1 200 mmol/L
NaCl i~ , A 2E 84T B 5 1 /b SOD
Pk & 45 5 (P<0.05), POD fE{R 1 FiY) Zfiih
R8T B AR AR, R R S A e

FYIMK . WA 2D P, RS BREFRAH
Ji, WA POD JE PR I 35 18 5 (P<0.05). 7
200 mmol/L NaCl Wl 2, A 6] ZEfL T
AW S R POD P f s 56.22%.
25 BEHkM4REBENRBIER DX
KE
2.5.1 E#k M4 IS FHHE

TRk M4 78 LB [BEI/REE 5L BHEFR 24 h JR
PATIEAEMEE, VAR . W AEH
NG, BREE, FRRESSEER, M4KE
MREAFRIR, R/ R(2.5-3.5) umx(0.7-0.8) pm.
G 48 h 5, ZFMOMTR IR B RS, 4gefm
JEHREIEE, HREIEAE 3),
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CAT{&{E; C: SODIfitE; D: PODIEE. [l —F84M AR 7 H2RP<0.05, n=5HA7 B 525

Figure 2 Effect of inoculation of five Bacillus strains under different salt stress on antioxidant oxidase activity
in leaves of Sesbania cannabina seedlings. A: MDA content; B: CAT activity; C: SOD activity; D: POD activity.

Different letters of the same index indicate significant difference at P<0.05, n=5.

10 pm 3.0kV 9.0 mm x20.0 k 1/9/2025

E3 EHRMAGFRLE RIEBEERS S E. A: BTROEN RO T, #OrRhE R,
B: ERMARE B

Figure 3 Morphological characteristics of spore staining and scanning electron microscopy of strain M4. A:
Spore staining photos (purple is the spores, blue is the nutrients); B: Scanning electron microscope image of

strain M4.
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252 E#k M4 IRZLKE R

Wk M4 5 95 = 4 2 KT B8 (Bacillus
thuringiensis) ATCC 107927 Fl 45 ¥ 2 16 #T B
(Bacillus toyonensis) BCT-7112" i ¢ 51 A1 AL % B¢
B, YIET 99%, HET 16S rRNA JE R 2 i)
KR ARG LHMML) Ew, Hik M4 5 B
thuringiensis ATCC 10792" R1E —4~4 % (K

4A). HE—L AR H R G L H WA R M4
Y B. thuringiensis ATCC 10792" BAE—Nr % 1
(&l 4B), FHHREFE M4 A] BEN B. thuringiensis,
J&F Bacillus cereus .
253 Eik M4 REITSEKRE ANI A
dDDH £ R HEL 21

Fitk M4 5 B. thuringiensis ATCC 10792" )

Bacillus sp. M4 (PQ113765)

_{Bacillus thuringiensis ATCC 10792T (ACNF01000156)
66'Bacillus toyonensis BCT-7112T (CP006863)

- Bacillus luti TD41T (MACI01000041)

90— Bacillus cereus ATCC 14579 (AE016877)

73| 58, Bacillus paranthracis Mn5"T (MACE01000012)

80 q—{ Bacillus paramycoides NH24A2" (MAOI01000012)
Bacillus tropicus N24" (MACG01000025)

Bacillus fungorum 17-SMS-01T (MG601116)

Bacillus mycoides DSM 2048™ (ACMU01000002)

Bacillus gaemokensis KCTC 13318T (LTAQO01000012)

Mangrovibacillus cuniculi RIDC41" (MT146882)

Bacillus gaemokensis KCTC 13318T (NZ_LTAQ00000000.1)
Bacillus mycoides DSM 2048 (NZ_CMO000742.1)

Bacillus hominis BML-BC059T (NZ_BOQD00000000.1)
Bacillus paramycoides NH24A2" (NZ, MAOI00000000.1)
Bacillus toyonensis BCT-7112T (NC_022781.1)

Bacillus cereus ATCC 14579" (NZ_CP138336.1)

Bacillus sp. M4 (JBLFEW000000000)

Boacillus thuringiensis ATCC 10792 (NZ_CMO000753.1)
Bacillus uti TD41T (NZ_MACI00000000.1)

Bacillus wiedmannii FSL W8-0169T (NZ_1.OBC00000000.1)
Bacillus sanguinis BML-BC004T (NZ_BOQB00000000.1)

] (g?(szcillus paranthracis Mn5" (NZ_MACE00000000.1)
Bacillus tropicus N24T (NZ_MACG00000000.1)

Bacillus fungorum 17-SMS-01T (NZ_NWUWO00000000.1)

Mangrovibacillus cuniculi RIDC41T (NZ_CP049742.1)

A 94

0.005

0.2

El4 BEHRM4ET16S rRNAEREFIIR SRR EFIIENRGLEWN. A: JET16S IRNALEK FIIH
IR ARRRGE L BN B: ST AR SEEN ALK PO R BRRGE K BEW . GenBank &%
PREERE SN 43301 55 F R A FE{E (bootstrap value)Z# 7~ 1 000K B & A H 43 kb .

Figure 4 Phylogenetic tree of strain M4 was constructed based on 16S rRNA gene sequence and whole genome
sequence. A: Maximum likelihood phylogenetic tree based on 16S rRNA gene sequence; B: Maximum likelihood
phylogenetic tree constructed based on the whole bacterial genome gene sequence. The GenBank accession
number is indicated in parentheses; The bootstrap value on a branch node represents the percentage of 1 000

repetitions.
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ANI {H M 96.49%, dDDH {4 72.8%, ¥J&T
X 43 9 i AL BR {H (ANI: 95.00% — 96.00%;
dDDH: 70.0%). -5 H: fib & # A9 ANI b {H 7F
83.86%-91.92% i), dDDH H/EA 20.2%-43.9%
ZIRI(F 5), HAFE M4 B T8 =4 2 Ak .
254 BEFk M4 BVEIBE EHER &R FA
FAFIE

PR M4 1A AR AR S e 45 R R HOoR R
ICPHMETE , BA R AL . fismR 64 J5 A JE A
IKARAESS, V-P IS BIYE, JoiEAIH] D-AkE
L-B[RLAFBE AN D- T EEBEAE IR . AR M4 REGS
FE 4% NaCl ‘Al FAERK, ZEm T Lk
SYEBCAR I, DT AL 6 2 R M4 R BLAT i
LR AR A R

FARE M4 2 SE A SEARRRE DL R 6,
HK/NK 63 Mb, G+C &l 34.6%, HIKIAE
RIZ 415 141 4 contigs, 36 516 PEH . SRA
antiSMASH & J7 #lil B #% M4 2R b &5 F
8 MR YA = W L N (% 7). Ak, CAZy
G HE A (1) 3R A Bl TR 0 g %o 3 5 3
Pk M4 2R AT E A 124 > CAZy KK
, B IE AL R i (glycosytransferases, GTs) %X
W%, N AT A B K R B (glycoside
hydrolases, GHs)J: K ECh 37 4>, HoA 5L R 4k i
mE s fizs .

w5 MARHIEEFEREIANIFADDH £ E 4H 18 )
ot

Table 5 ANI and dDDH genomic similarity analysis
of M4 and its related strains

Strains ANI (%) dDDH (%)
Bacillus thuringiensis ATCC 107927 96.49 72.8
Bacillus toyonensis BCT-7112" 91.85 439
Bacillus paranthracis Mn5" 91.66 42.0
Bacillus paramycoides NH24A2" 89.57 34.1
Bacillus tropicus N24T 91.85 43.6
Bacillus luti TD41" 91.46 414

Bacillus sanguinis BML-BC004" 91.74 423
Bacillus wiedmannii FSL W8-0169"  91.79 43.8
Bacillus fungorum 17-SMS-017 91.92 41.9
Bacillus hominis BML-BC059" 91.15 35.8
Bacillus mycoides DSM 2048" 90.00 36.7
Bacillus gaemokensis KCTC 133187 85.85 24.7
Mangrovibacillus cuniculi R1IDC417 83.86 20.2

6 EHKMALEEHEARFHE
Table 6 The genome features of strain M4

Genomic features Results
Accession number PRINA1216383
Size (Mb) 6.3

Number of contigs 141

G+C content (%) 34.6

Number of genes 6516

N50 (bp) 172 712

N90 (bp) 27395

R7T EHRMAEERE A FORERG = EE RO TN SIEE S

Table 7 Prediction and functional analysis of secondary metabolite gene clusters in the whole genome of strain M4

Compound Synthetase type Size (kb)
Bacillibactin NRPS 46.1
Molybdenum cofactor Terpene 21.9
Zwittermicin A Lanthipeptide-class-ii, NRPS, T1PKS 107.2
Fengycin Betalactone 25.2
Petrobactin Siderophore 13.7
Thurincin H Ladderane, sactipeptide 355
Bacillicn CER074 RiPP-like 8.6
Anabaenopeptin NZ857/nostamide A NRPS 1.7

>4 actamicro@im.ac.cn, 7 010-64807516



FRE SF | BUEYSAR, 2025, 65(7)

2933

47

40 - 37

W
(e
T T

21

Number of genes
[\®]
S

10

—_
(e}

T T T
=)

1

O 1 1  — — |

GHs GTs  PLs CEs
CAZy class

AAs CBMs

El5 EHMIERETZBANCAZYREEREH
2. GHs: WHHK#M; GTs: WEIEFALNE; Pls:
WA ; CEs: BOKALE YNNG ; AAs: Hillh
s CBMs: BRAKILEWEE G,

Figure 5 The number of genes of the CAZy family
contained in the strain M4 genome. GHs: Glycoside
hydrolase; GTs:
Polysaccharide lyase; CEs: Carbohydrate esterase;

Glycosyltransferase; PLs:

AAs: Auxiliary activity; CBMs: Carb binding module.
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A e 2 ER e 1
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—, BABE RGN, 7F -84
BSRGETP REE ZFARIIEE, NIRIHEE 2]
T RE A B PEDO), ZE AT B RR S 00 v 1 A
TENMRETAETFZ A @M, i IAA. &
R gk KEmE . BABURIE ER LS
Y, DARCEAT I BERR SR 3 v A A e P 5
—MEHRENEAFERMAE. 5EFIEL
FHEE, fFRsRH: . STy, XS e iTEA
7 ARy AR, Zou ZEMUR A $E 1
A B ZE JE AT T (Bacillus subtilis)TE L0 2514 F B
AAeiE A =R KM S i e, I RE
M A R AE R B . AHELZ T, R
18 R HEFRURS K ZE 0T 3 (Bacillus inaquosorum) .,
B4 AT (B. thuringiensis) M & H 2840
FFH (Bacillus proteolyticus) ¥ 2242 iAWy . M
Ko WAERE. AR S ®FCEEMESAEK
GUESRLIE Y ST L S (Y E N E =
R R

F AR AR T 36 ) A £ AR RIOR S AR R T AR N
M4, ZRGKF . BN ANI H1 dDDH H
BT LA SR B AR IE S8, BAH TR =
4 ZFHUFT I (B. thuringiensis). BEAE M4 194 FEK
WP ILEAT 124 4~ CAZy FFEIEN, Hoopist
' % i (glycosytransferases, GTs) 3 i fx &, A
47 1~ GTs ZVATE BRI AT IREY), b
BT, BBIT . MR MR NG W) K A bl A
b S RS T BE A VR T 4 I 04 A A e A
AR E A . TERE P AR A A K K R AR
fisrh, GTs fEALAHE R SN & —Fh L5 81
R, AR N ARG R 280, T 0
Wik . K. TFERSE SEAE R A o &2
S BB A, Gharabli ZESIRF 5 F ] GTs
Al LB AR ) 43 Wb ) I A AR Y, At S5
AR ISR, WNMEHFEY AR, 54
W, BIPR M4 [ PR 4 P4 7 8 MRt
W= FE A 7, Hi bacillibactin Fl petrobactin
REAE T B 2R FUAT AR IR T R ol B )
MERE TR NS ALY RGEPUESFENLR], X st
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AT ST B TA] = A N ER B 4 R F 60 #
EAT R AR, Hhg5 8 M4, M5, BS. L3
Q17 WY ZEAIAT A R AR BN B 4 = Sk e
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PIRE S . MR B RBCRRKE . R
ZEMEF M TE . MEEE M T EY R EERS. W
BF, 42 28 AT TR R AR R 08 I 3 AR b
MDA i, Jfi#E# S CAT. SOD F1 POD i
Pho Horp, M4 BRSO B B3, AR
T NaCl [P % 5 4 i B K sE R, B3
LR T AR A EE . 2 %E, FRE M4 R
B. thuringiensis. A FEHH 5P B, Wk
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