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Isolation, identification, and algicidal characterization of Bacillus
velezensis 1.2
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Abstract: [Objective] To isolate and screen the algicidal strains from samples of a eutrophic water
body and study their algicidal characteristics and mode against Microcystis aeruginosa, thus
providing a theoretical basis for the biological control of cyanobacterial bloom. [Methods] Strain
identification was performed through morphological observation, physiological and biochemical
tests, 16S rRNA gene sequence analysis, whole-genome sequencing, and average nucleotide
identity (ANI) analysis. The algicidal effects under different inoculation amounts, bacterial growth
phases, and initial algal densities were investigated. The algicidal mode was clarified by comparing
the algicidal efficiency of cell-free filtrate and cell resuspension of the strain. The morphology of
algal cells was explored by means of scanning electron microscopy (SEM). In addition, changes in
physiological characteristics of algal cells were investigated through three-dimensional excitation-
emission matrix (3D-EEM) fluorescence spectroscopy. GC-MS was employed to identify the major
algicidal substances after n-hexane extraction. [Results] A highly efficient algicidal strain L2 was
obtained and identified as Bacillus velezensis (CGMCC No. 38496, GenBank accession No.
PP693440). At an inoculation amount of 10%, the strain achieved the algal inhibition rate of
89.35% against M. aeruginosa after seven days. The algal inhibition rates of the cell-free filtrate
and fermentation broth of L2 were 90.51% and 91.75% after seven days, respectively. While the
algal inhibition rate of the cell suspension was only 15.10%. This phenomenon indicated that L.2
indirectly inactivated M. aeruginosa by secreting extracellular active substances. The major
algicidal substances secreted by strain L2 were identified as fatty amides and cyclic dipeptides.
Algal cells exhibited shrinkage and surface roughening, with significantly decreased
phycobiliprotein content during the algicidal process. In addition, the composition of extracellular
organic matter shifted from protein-like substances to humic-like substances. [Conclusion] B.
velezensis L2 exhibits high algicidal activity against M. aeruginosa. Algal cells are inactivated
primarily through the indirect mode of extracellular substance secretion, which cause damage to the
morphology of algae cells and inhibit the activity of the photosynthetic system. The strain L2
exhibits good potential for the biological control of cyanobacterial bloom.

Keywords: Microcystis aeruginosa; isolation and identification; Bacillus velezensis; algicidal
mode; algicidal characterization
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T8 BB . oA GREER L REEH])
B A=Wy OK AR S ) 45 0 k0, (H X 2 Ty i A
SEPr A WL A A A A . R TS B A
ATRFEEAMEAR AT B

Tl 2B Wy A e e A Y P ke A B R
WA W2 IR B2 dh R, Hop
A% 410 1) 3% B 2AS PR 480 380 A T A S P A PR ARl
PRI, NS A AR A

B 1 5 T SN P 58 00 AT 4 32 060 . Y A
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ToB BG-11 R g3 3207, e iR IR 724 &
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HE/12 h SR, IR JEROE N (25+1) °C, & H E
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PR S R 35 24 h AT ERRE 5
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AFAAEIE . 16S rRNA FERINF . 54
7y K- 25 %% 48 TR — U1 (average nucleotide
identity, ANDZMT o SR L B AR /R 28
A (h EDA BRA AP AR S IE . A=
RS G R B e | L2505
TR P LR (V-P)SE 50 LA K SR AL SRS 6. 168
rRNA J R PP S 5g A oA - PRI Hi V5 $
A ¥k DNA, F H 2k W@ H 519 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") Hl 1492R (5'-
GGTTACCTTGTTACGACTT-3") 4T PCR ¥4 .
PCR 434t A= T A TR () e A7 FRA Rl 58
A, PCR WK % (20 uL): 10xEx Taq Buffer
2.0 uL, Ex Tag (5 U/uL) 0.2 uL, dNTP Mixture
(2.5mmol/L) 1.6 uL, . F##514(10 pmol/L)
% 1puL, DNA 0.5 uL, ddH,0 13.7 uL, PCR 2
WS 95 °CHAEYE 5 min; 95 °CZEYE 30 s,
56 °CiRk 30's, 72 °CHEAf1 90 s, 325 MEIR;
72 °C & FE fifi 10 min, W JF &5 R F AL =
Nucleotide BLAST %% ¥ J% (https://blast. ncbi. nlm.
nih. gov/Blast. cgi) #f 17 7 1 [a] I 14 L %, >R
Ilumina NovaSeq 6000 - &5 5¢ i, 4= & K £ ] )7 .
HE—2, SR FastANI v1.33 & H bk L2 S5
RERAY ANI M, LA ANI {H=95% 15 h 4 Fh 7
SE . FIFH MEGA 11 84 8 B Rk R 50
KEW, b, B RN e
WS, IF R kR AR 4
14 ®MEERBSERIEEZNEREE
TEE 3 2 B PR 2R S 6 T R 3 v i) ] -4
55 (DK EHR L2 #FP 2 100 mL LB B3 323,
30 °C. 150 r/min 3535 12 h BEXPECAEKM, 2059
DIRFAT L 0.1% . 1% F 10% B9 32 1 2 5 0
(ODggo=0.5) 5557, & XA s (2)5 ) ks
F% 4 h GENI) . 12 h GFEUE KL 20 h (&
EBD W, DMAFSM R 10% W 5 3
(ODggo=0.5) 1575, & B XTI (3)HU
KR, DMARFEL 10% B S0 h i
B 9 N 5.4x10° cells/mL  (ODggo=0.5).
8.4x10° cells/mL (ODggp=0.8). 1.0x10" cells/mL
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Sy RSCEE IR AREY . B 0.22 pm
Rt (polyethersulfone, PES)JE i 11 #1 45 To 41
MouEw . FEIARUTIEY 2 PBS (0.1 mol/L, pH 7.0)
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1.5.3 SEZMEBERNE
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APC) } 3 1. % H (phycoerythrin, PE) 3 24 434
o B REFR BXTBUAE R R AR L2 R DA
I3 10% 122 1] k42 o 28 T 35 %) ) S e
WL (ODgso=0.5) 1 4115 5% . @ BTHL 5 mL #EW
fE 4°C. 5000 r/min Z5.0> 10 min, 75 LG,
JA 5 mL PBS ZZ 0¥ (0.1 mol/L, pH 7.0)
B, FE-20 °C/25 °C N URRAIEIA 3 ¥k, VKRS
R SRR (R 300 W, TAE S s/]BE 10 s)
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T WA WIAE 565, 620 F1 650 nm I K F I 5E WL
eI, AR (2)-(5)HE PC. APC. PE Al
PB ¥ .

ODg0—0.7 x ODgso

PC (mg/L)= g )
APC(ngﬂJ—OD“O_gézXODQO 3)
PE(mgLFfH%“—28%5;—134xAPC B
PB (mg/L)=PE+PC+APC (5)

1.54 RESRE

1 45 35 40 A B AP HL4Y) (extracellular organic
matter, EOM) 1% & 5 41 5328 fb SO BB AR L2 7
SR YRR, ERTEC S mL B, 4 °C.
4 500 r/min 5.0 10 min, WA EIHFKZ 0.22 um
PES JEME 1 815 2] EOM RRill . —4Eo e
AW R I AR BT FRA RSB0 E J -
% I K (excitation wavelength, Ex) 210-460 nm,
K5 K (emission wavelength, Em) 250-550 nm,
PesgwrfE 3.5 nm, A 5 nm,

1.6 BEFEUHMIRETEE

W 600 mL JEAIMIIEIR , 28 45 °CUl e
ZER WG 2 100 mL, Bl S ANASERBUE C bedik
VAR HL 12 h, TRAA RS RO A B W R L2
A, FEERER 3 WEEIFTA A, &
T 40 ° C N BEE 28 e, & HAS VTR T
AR AIREF MY T o o A (3% - BT 3 (gas
chromatography-mass spectrometry, GC-MS) B¢ H
A LR R (T ED A FR 2 w113 A s e T 1 )
Ay, %R HP-5MS HLAS 7 30 mx250 pmx

0.25 pm, FHEFEFRE N : 50 °CLRHF 2 min,
Pl 5 °C/min T+ ZE 300 °C, 1HIRAFF 8 min;
PERE FHEEE 300 °C, #FFfiE 1 pl; R FH
% (electron ionization, EI)& ¥ i 70 eV, MS &+
5 230 °C, HHHVEH m/z 35-550,
1.7 Zitoth

FRAE LR e 3 A EE, BRd R
ISP EEEPRE2E R R . R SPSS 26.0 #f:iF
P2, Ea R R T 22 081 h Y Tukey
ZE K N | 225, PR AR R
BEFR 10 R 41 0] 22 5535 3 W 2 (P<0.05). R H
Origin 2021 3458 I A SEB B R 22 14

2 BEREQN

21 EHRIL2AINESLEEER

NE S FEAK IR B KR, it w4 W
LIRS 13 B AR TR, HEEESR
fERZE UL 1, PRI TR V5 T LB 535 3 h o
F5, PERD BTSSR R R R R D, AR
WK, L1, L2, K6. K7 4 ¥R AL FRLH )
PETRH U 2 AL PR

1 7 TR R 5 % Tk 4 e A R UE AT RO
SEEnE 1 s, AR B EERCR 0 L.
L2, K6. K7 HkH A 1 BRI SERUR AR B
PR L2, 7d3E0TIK8(89.3543.22)%,

PIRE L2 IS RIRE 0, ANiEH, G AM
W), FE U . WA R, B
BoRERZEFR, Wi, THE, Kxug
0.5 pmx1.5 um (& 2A), SEHAELEE, H
PR L2 A8 22 [QYL (A 5250 5 0 AU T A i S B 25 21
PR TE, FRELT SIS S 2 P SR (V-P) SE IR 45
TR . 28 16S TRNA JE R T 1) K 4 35 R 243
JEor M, A5 2R AT B iR B DL S BT 2 AT R
(Bacillus velezensis) MM IR 99.55%, Btk L2
) 16S rRNA & K751 5 NCBI %4 2 21 #
TSR ET IR A E R L BN, 4
BN 2C FizR . ANI M2 2, Bkk L2
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=1 MR EE R SHHE

Table 1

Morphological characteristics of initially screened bacterial colony

Colony name Color Size Shape Transparency Moisture ~ Margin Other characteristics
L1 Black Large  Irregular Opaque Dry Irregular Few spores
L2 Light yellow Small  Circular Opaque Moist Irregular -
L3 Light yellow Small  Circular Opaque Moist Irregular -
L4 Milky white Large  Irregular Opaque Dry Irregular Folded in the center
L5 White Large  Irregular Opaque Dry Irregular -
L6 Brown Large  Irregular Opaque Dry Irregular Abundant spores
K1 Light red Small  Circular Opaque Moist Regular -
K2 Brown Large  Irregular Opaque Dry Irregular -
K3 Light yellow Large  Circular Transparent Moist Regular -
K4 Light yellow Small  Circular Opaque Moist Regular -
K5 Light yellow Large  Irregular Opaque Moist Irregular -
K6 White Large  Circular Opaque Dry Regular Few spores
K7 White Small  Circular Opaque Dry Regular Depressed in the center
A B 100
3.5} —=— Control group Y L1 E5 L2 4 K6 EE K7
30L —® L1 —4—L2 . a
"l —v—K6——K7 S 80f
251 ) o
L S un P
320F 5 H REA
=t = 60 o N
g 15p 2 il
Zop - v
= L B 40 7 N
O 46l = a 7 NEH
0.6 = i H NEH
I = ghi ZilNEZE
0.4 20 5 7 o NEH
I = g 7 NEH
2 ZEIN=7:
02r 2 7 N
0'0 I 1 1 1 1 1 1 1 1 0 é H éii éii
0 1 2 3 4 5 6 7 1 2 3 4 5 6 7
t/d t/d

Bl EiFEREEIEM R RREA)RANERB)EL

Figure 1
re-screened strains.

Y Bacillus velezensis NRRL B-41580 F5 E 1 k1Y
ANIfH N 99.16%. Zid FIRSER, HWibk L2 %
& R DL ST ZE 0T B (Bacillus velezensis), HA
45 & CGMCC No. 38496, GenBank % 3¢ 5
N PP693440., VUSRI ZFAAT I L2 (LA R R« H
B L2y KR i 2B iR, 0-5 h &b T3
W, 5-16 h A FREUER, 16-20 h i AFE
W, TR R AT R, SRR S
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Changes of chlorophyll-a concentration (A) and algicidal efficiency (B) during the algicidal process of

— W RE L2 5535 12 h (ODgy=0.8, 3.5x10° CFU/mL)
IS TR VRO RV B 50

22 DIEERZMMARE L2 A EMEME

IESE a2
221 EEREX DG FHETE L2 i3%H
RE9Z0m

PR L2 5597 2080 KM 5 ar e
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um  EHT=10.00 kV Signal A=InLens Date: 30 Apr 2024 ’
WD=6.2mm  Mag=50.00 KX Time: 13:25:25 ﬁ 0 2 4 6 8 tl/g 12 14 16 18 20
C Bacillus velezensis strain 3726 (MT538583)

Bacillus amyloliquefaciens strain S1-8 (PP125658)

Bacillus velezensis strain B9 (OR056169)

Bacillus velezensis strain TB6 (OR668607)

Bacillus subtilis strain 2612G6 (KF831377)

Bacillus velezensis strain GN-P-3 (PV256151)

Bacillus amyloliquefaciens strain JS (HM055608)

Bacillus velezensis strain A22 (OP435755)

17 Bacillus siamensis strain B19 (PQ814013)
Bacillus altitudinis strain Bac232 (PQ813966)

Bacillus sp. DYJL-H (HQ317199)

Bacillus subtilis strain SY-1 (OR091483)

Bacillus sp. CZB11 (KF482862)

52 Bacillus velezensis strain B17 (PQ814011)

Bacillus velezensis strain MEPP0216 (PQ451706)
Bacillus amyloliquefaciens strain YB-63 (PP758185)

Bacillus siamensis strain 11057 (OP984780)

Bacillus subtilis strain HS4 (GU323376)
46 | Bacillus subtilis strain Y5 (0Q832549)

— Bacillus amyloliquefaciens strain VITPMJ1 (MT823142)
Bacillus velezensis strain G-CTC-1 (PQ461243)

0.001 0

A Bacillus sp. L2 (PP693440)

E2 EHL2AEBEERSA) £KZ%B)FMAZELBEMNC)
Figure 2 The morphology by scanning electron microscope (SEM) (A), growth curve (B), and phylogenetic tree

(C) of strain L2. 47, 52, and 46 represent bootstrap values; 0.001 0 represents genetic distance scale bar; Red

triangle represents target strain L2 (PP693440).
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BRI, SR 2SI v FATR 0 10% M4
i, RIREEERRM, A Y
SR AR L2 BV MR

222 AREEKEKEAX DEEFRTE L2
B EBRAF

e w bR L2 r B EEn . X8t Kb
e e S sk s bt 7%, 455 nE 3B
JrR, XPECAER A TRIRR L2 V8 Hmm py ds, #
Tl 1 d 5 EDFEBL(21.344.73) % BN B3, 7 d 41
RN K(89.69+0.37)% ;3 I 1 K A 10 1 Bl
VAR FH AR X2, (H 7 d 3R R
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Figure 3  Effect of inoculation amount (A), different growth phases of strain L2 (B), and initial algal density (C)

on the algicidal activity.
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Figure 4 Changes in algicidal efficiency by different components of Bacillus velezensis L2 culture (A) and cell-

free filtrates at different growth phases (B) during the algicidal process.
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Figure 5 Microcystis aeruginosa morphology in control group (A —C) and treatment group (D —F) under
scanning electron microscope during the algicidal process.

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



5116

LIU Kun et al. | Acta Microbiologica Sinica, 2026, 66(10)

R rc
80 rEgarc
Y )PE
60 |- EEEH PB

PB inhibition efficiency/%

t/d

Ele AEidizPREERIFIRTILER
Figure 6 The
phycobiliprotein (PB) during the algicidal process.

inhibition  efficiency  of
WO RGEA AT
2.6 WERSYFESHR

BEAN A SN LI (EOM) & i Bl e S AR I
RHRsE T e s S L, AfE—ERE EH
L 5z e 56 40 L ) A ROIRAS o AR ST aE e = 4E¢
JEIETE B B R L2 ¥ e A v 00 7= W e A
b, S5RK 7 FiR. BOM B = 4E5O 0GR
PR AR P AT R 53 5 AN DK, 235

450F Control 450
400 400

§3so §350
5300 %300
250 250

Em/nm Em/nm

AP LL  AIADEDD  ASADRLL A ODDDS AP
Em/nm

N5 A AR S AR . BRI (X T A
), 28& HERAH KRR IS (KT, 28
Pk S /0 S i LA B ] s T A 4 R = 0 2 o
(XIRIV), 258 AT WL REE K P R 2 AR a8
RO V)R, sz v, X IR 4] 5o
X IR T . IR I A 26 e A X 4 55, LR
AT AR LB Bk B . X R S R R
IV [X %¢ ' B s AT i, 122 IX 3 o 5 i A= 0
IEH ARG shAR DG, 2 I S 40 i 77 14 22 15 R 0
FErp A KORS B, MK, 52H )k, ¢
B 2H IV X P S B Bl 5 35 BT ) 8 K 28 M el 59
AR 26 2868 3 TR A BILA) st /K Pk R 25 M 54
JE )V X500 B ek i, S0 0 & A9
IVIX ] VX R ke, RPESAE R L2 1F
F R 40 S /b, 1 1 St R
AN I N A HLY R B, % R R B
BT R S AN LRSS IR
2.7 WEEMMIREE

BRI AR L2 TG 20 i 308 T 26 1F B 46 U T e
GC-MS 734, #55:mEk 2 o, Y sln £
BLNGPE ) LG AR D e 2 AR R,
AR 5 231 26.28% Fi1 23.84%, Hidr b ok
FAEA YR 9- /NI TERE . 5 EE o (20.80+

1.0M
I8 75105

Em/nm Em/nm

450

£350,

2300

|
AOOADESL  LAOADEDL AR AR  AOADD DL

Em/nm Em/nm

E7 mEIEPRARBNEINILEEN

Em/nm

nm Em/nm

Figure 7 Changes in EOM content of algal cells during the algicidal process.
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Table 2 Gas chromatography-mass spectrometry (GC-MS) analysis results
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