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Screening of Lysobacter enzymogenes L-43 and Preliminary Identification

of the Antibacterial Substances

JIA Ziwei, LIU Yang, LIU Dandan, FENG Chengling, NING Yawei, WANG Zhixin"

(College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract: A bacterial strain exhibiting antimicrobial activity was identified in farmland soil and screened using the transparent circle and
agar diffusion methods. The strain was identified through morphological observation, physical and chemical analysis, and 16S rDNA sequence
alignment, and the antimicrobial substances produced by the strain were identified using extracellular enzyme activity assay, protease hydrolysis,
ammonium sulfate precipitation, membrane analysis, and stability analysis. The results showed that the identified strain was Lysobacter
enzymogenes L-43, which demonstrated good antibacterial activity and no hemolysis. The antibacterial substances produced by L. enzymogenes
L-43 had a broad antimicrobial spectrum and maintained a good inhibitory effect on Gram-positive bacteria. The diameter of the inhibition zone
exceeded 10 mm. The antibacterial substances had no lysozyme activity and did not contain hydrogen peroxide. They were sensitive to protease E,
protease K, pepsin, and trypsin, and the antibacterial activity recovery rate was 73.43%~79.00%. After membrane analysis, when the molecular
weight cut-off of the dialysis bag was 3 500 u and 10 000 u, the antibacterial activity recovery rates were 93.43% and 59.82%, respectively. It was
preliminarily determined that the antibacterial substances were mainly polypeptides with molecular weights between 3 500~10 000 u. The
substances showed good thermal, acid-base, metal ion, chemical reagent, and storage stability, and the antibacterial activity recovery rate was
85.66% after treatment at 121 ‘C for 30 min. The antibacterial recovery rate was higher than 80% at pH 2~10, further confirming that the
antibacterial substance was a polypeptide. In conclusion, the antibacterial substances produced by L. enzymogenes L-43 are stable peptides with a
broad antibacterial spectrum. The findings of this study provide a foundation for the development of antibacterial strains and their metabolites.
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L-22, L-42 il L-43, HXHHEREPIINELS R NE 1.
PR L-18. L-22. L-42 X15% 1 HhifRm ks A
HIVER, kR L-43 BLARXT KM AT i A SRV 1T T
BAIHIRER, ExFHAh 3 #Rf 2 IRPHPE R # 1 3&
LGN DIV E

BB M (R B R L-18. L-22.L-42 i1 L-43,
B DA T MR 5T
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1 BEFkL-18. L-22, L-42. L-43 HlfI& BB AEHKFENFE
R
Fig.1 Antimicrobial activities of the strains of L-18, L-22, L-42,

L-43 against of Staphylococcus aureus

=1 EiFEMRRIIEN
Table 1 Antimicrobial activities of there-screened strains

v eFEH KA AHAFRATE  EE érﬂﬂé’i%"i ST A kjﬁﬁ?ﬁ st B BT K E
#9471 B /mm #9371 B/mm #937H B /mm #4937 B/mm #4937 & B /mm
L-18 15.2840.24 9.8540.11 7.5040.02 16.3040.20 7.7040.02
L-22 11.4840.17 13.1040.23 7.5040.05 0 0
L-42 13.7540.32 13.3540.18 11.9040.12 17.0540.26 11.7040.13
L-43 17.4510.44 16.5540.47 17.7840.25 0 0

2.2 PR A E AT

S|

L-42 L-43
[E 2 EHRTEMERRE AR _ERYAIE
Fig.2 Hemolysis of thestrains on blood agar plates
SRR 00 2.0 S th

Pk L-18. L-22. L-42. L-43 Zp T sivk b LA b
TECE A AT o BERRAE I 25 TR b A3 L1 7 D
K2, GiREIR, FFkL-18. L-42. L-43 ANAIL, J&
TICERN p-¥i ML, ANZTURMUIAE; TR L-22 1B
TSI IR 738 Se 4B HA IR, BT p-ANA
1L, FCATARVE M ZRREE TR, 51 RAUAR P 241
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Fig.3 Hemolytic properties of the fermentation broth of the

strains
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WP AR R R IR A R, ] 3 R, IRBITEEE, WAV TR, o™ . AR S
FEME L-18. L-22. L-42 KE BRI EY & T W P2 735 3 1 Lysobacter enzymogenes LE16 B74
80%, TRk L-43 K LI VA 240N 7.13%. A RIS 2.
gie bk, EMERHEAVEITE ST, AWHT
PR R L-43 19 Rt A ik

23 WHER

231 BEHMELARAMET

5 Etk L-43 B[R BNERES
Fig.5 Micromorphology of the strain L-43 by Gram staining
PR L-43 [FZEBAAURAIE AR 2. idk L-43 [
AR AT EACE B, FTRUK RS LT R
WIS, KRR ML 4ER: W LUR AT R #h
< 2 BbK L-43 BUE IR (UHHE
Table 2 Physiological and biochemical characteristics of the

strain L-43
A ATIER:  FIRER
fleh R +
RIS +
O — Ea KR +
48 h JUT Fk A +
[ 4 Btk L-43 EEFIRRETIR ENEERS IR -
Fig.4 Colony morphology of the strain L-43 on nutrient agar KRR -
plate ATARER 2 A R +
B K L-43 7E NA SFAR_E R 7R E S 4 BIR, M.R X% -
HiIR 24 h JE TR L IUEE A €, 36 h JE v L IUeE VP ika -
4, 48 h JE VRIS DACEIE Y foLs, & T BRI RAC K +

M TEATIZE), SR R AR 1 L. PR
L-43 288 2 [RYL 5 1 RAOB A WA 5 FoR, N

E: o+, AN -, KA
232 B HsTET

Lysobacter enzymogenes 495 (NR036925.1)
-Lysobacter enzymogenes BB14 (FJ657670.1)

Lysobacter sp. (AB429072.1)
Lysobacter sp. E4 (AB429528.1)

58
Lysobacter sp. G6 ( AB429529.1)

Lysobucter enzymogenes L-43 (MT229166)
88 Lvsobacter enzymogenes (521KR445659.1 )
_| Lysobacter sp. BBCT6 (EF471216.1)

94 Lysobacter sp. C3 (AY074793.1)
Lysobacter firmicutimachus PB-6250 (KU593484.1)
Lysobacter gummosus CP72(KF040972.1)
Lysobacter antibioticus USAM 3C (NR027221.1)

% Lusobacter capsica YC5194(NR044250.1)
36 Lusobacter gummosus (KT321686.1)

95" Lysobacter gummosus KCTC 12132 (NR041005.1)

99

100

0.002 0
[E 6 EkL-43 RZKLZER
Fig.6 Phylogenetic tree of the strain L-43
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N T E EA L-43 (IFNE, 4 16S rDNA
SO, B RR L-43 (1) 16S rDNA 41Ky 1 481 bp,
P EEPR L-43 () 16S rDNA /751 445 GeneBank, 3k
RS 8 MT229166

PR R L-43 M RGUR B, H 57 B AT i 7
Pk, B DR Bk L-43 () 16S IDNA 551 577
AT AR E T RREAT EEXT, S5 R RE R L43 5
Lysobacter enzymogenes DSM2043" (AJ298291) [#][7]
PRI 99.19%, HE— Ui wkk L-43 J& T r=BgisT

B, 4y Lysobacter enzymogenes L-43.
2.4 L. enzymogenes L-43 {18 4 i &y 47 & %

FE R 5 bk GTRHIESHE 3 bk G I 4H e A1
5 MREE, HHT L. enzymogenes L-43 B4 )5 4014 1
FIISE , 45 5 I3 3. H13E 3 W], L. enzymogenes L-43
JIT = 30 T 0 o 5 24 B P M A B L R i 2k
B, NS R A B I E

R 3 L. enzymogenes L-43 FRF= B RADHNELE

Table 3 Antimicrobial spectrum of antimicrobial substances produced by L. enzymogenes L-43

FTHEA T L AR FrE B A A mm
4| EH HRE ATCC 25923 17.4540.55
$EAE 3 F04T ) ATCC 11778 14.5540.30
G A3 F 74T ATCC 6051 21.300.26
BA%mA0E A Z 4 IKE ATCC 104035 16.650.38
FREMIRE ATCC 10240 18.930.78
KMAFiE ATCC 44752 0
G@H B3 K& ATCC 14028 0
RKAABHHE ATCC 13575 0
%% % ATCC 10106 0
LRAH 2 ¥ & ATCC 16404 13.200.13
%5 ATCC 22364 0
- B £ B8 ATCC 10231 0
B )
IR 418 CICC 33374 14.1540.13

2.5 L. enzymogenes L-43 #7184 i By w1 5 5 &

251 KRB E MW T

7 BT B R AIE Ik -l a4 N/ e AT B Sl
BAOE M OHE M. B P ME PTG % 19 Lysobacter
enzymogenes LE16, HAFARTHIEAN . WRE.
TR KA L AR AR =35 Rt A ks i
Y JE B AN . 7K 5 252U Stonie XWZEHEFE
N SR bR L 7 B A9 21— MR 1S R e A
A REREPAER P~ BEEAT B CX03, [FR BARIEA
PR AR RAR. JUT N,
BAT & IERE. AR L. enzymogenes
L-43 F=BHMFIA T, PRl e o v s . @ il
5E, L. enzymogenes L-43 KM FIGTRA RA G,
HERR AN B 5 99 R G PT BE
252 &ZaBEKg

% 4 7R, L. Enzymogenes L-43 K% _FiE R
A E SRR B SRR A PR, UL R A S
AdEE. f2dEEal. §BEOl. E05 K.
FE AW E ALFESS, L. enzymogenes L-43 &1 IS

TSI A Bk, Ui L. enzymogenes L-43 Jir™

PR S B A R IS . B RSP HE,

LR AN B A A B K AP R R )5

LR N, A E IE O E R .

4 EBALIEMS L. enzymogenes L-43 K% L& RAGIIEEIEE
LLES

Table 4 Recovery rate of antimicrobial activity of fermentation

broth produced by L. enzymogenes L-43 after treatment with

enzymes
B4 AR FrE BRI %
M6 Bl 79.0042.07
B &G b 77.0542.65
Eabh K 78.7440.45
EOEEE 73.434.13
TREFE 100.009.96

253 BRBRARIIR HIENAT

7F L. enzymogenes L-43 KM% Ly P In NI
N B0%IMITRER A, F BG4 B R E,
Ul PBS HIRfEHHATIEN T /AT, 3K 5 iR, MidE
MrASHE 2758 500~3 500 u Ff, EPERCR S ET
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90%, I I TR T 3500 us 4iEHT
LB 71509 10 000 u it TP RIUACR AR 59.82%,
UM IBeE T L T, — AR ok,
I, ¥RELSE L enzymogenes L-43 KA AP
NATFBUEAE 3 500~10 000 u PAA KT 10 000 u I
Rk, Z2PURE, HE AR JYM35 PN E
A IWERHE R R RIS TR D TE MIBSENT, YH)
WHMET B T8 2 R RSP R R T2
e AR BT IV ER B, o7
N2, —FT7-8ku, —FKKT 8ku.

R 5 BAIGE L. enzymogenes | -43 KB4 L& RHHNEEMEM
Table 5 Recovery rate of antimicrobial activity of fermentation

broth produced by L. enzymogenes L-43 before and after

dialysis
EMRBE ST EN WEHFEIE%
500 98.0840.25
1000 98.3340.66
2000 95.4640.35
3500 93.434.08
10 000 59.824.87

2.6 L. enzymogenes L-43 #1H 4 i Fa 8 AR

L. Enzymogenes L-43 &% bigTREAAN RN FEALE]
Jeis HAMEVE I EICR I 7a B, L. enzymogenes
L-43 il B B i vdisse ., 40 'C~100 'C
AEFR R AR, 121 CALB SIS ERSA .
WP GE P I AT I LEL6 B R B I M R 24
100 “CALPE 30 min, HAMETEVEICRERA, ALK
SRS OB ML, #Fae R, 457
T, L. enzymogenes L-43 FIrr= 14 i i i i
K2 IR -

FRFT L. enzymogenes L-43 FITi= 45 o) BBk
fif 52 fPE 7o A%, pH {EAE 2~10 28], K LS
AN PE VRIS AE 80%LL I, Herb pH B4 9 I
PEEETY 100%, pH EEE 11 )5, TEPERCR B
NBE, pH B 12 IEE RGO 55.7%, AHELT-5E
PEIREE, L. enzymogenes L-43 =l 45 £ JE5mERIA
BITF R . 1545 5 R I AP 10 AR AT
OH23 7= A= MR Ao B e 1 Fe e P SR — 3,
R TE iRl AN ER B o A N AR A TR -

£ L. enzymogenes L-43 K343 I
Mg™. Fe*. Ca®. Mn”". Na'. K'. Cu*". zn*", Wit
S JE B TNRE RS, S5 Te. lREE SRR,
Ca®". Mn**. Na's K"\ Cu™XHipid A 8 s
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IIN Mg® . Fe™ JEHIEIETEN BHREE T 10%F0 30%7c
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Fig.7 Stability of antimicrobial substances produced by
L. enzymogenes L-43
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L. Enzymogenes L-43 & FIiGWfitfE 150 d Ni&
PEER AR ORIEAE 90%LA |, %1 180 d RIS A H BT
P&, 2304 87.32% (K 7d), KA L. enzymogenes L-43
PP B R A g 1k

113 6 fi7n, L. enzymogenes L-43 Fr =445
X &I AR RIFRIARENE, (572 Tween-20
A Tween-80 HIA I LR TR & 5 % H0 B A o i 1kad
R

% 6 L. enzymogenes L-43 HEHIRAIL XTI E M

Table 6 Chemical stability of antimicrobial substances
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