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Screening and identification of lactic acid bacteria with
excellent antibacterial properties and detection of active
substances

DU Dongxiao', ZHAO Longmei ', LI Wang', LI Yuanxiao', DING Ke', HE Wanling',

CAO Pinghua'

College of Animal Science and Technology, Henan University of Science and Technology, Luoyang 471023,
Henan, China

Abstract: [Background] Lactic acid bacteria are widely distributed in human and animals. They are
the main force to maintain the balance of gastrointestinal flora and improve immunity. In recent years,
as antibiotics are banned to be used as feed supplements for animals, the incidence of animal diseases
has been on the rise. An essential solution is to develop new feed supplements based on the
characteristics of lactic acid bacteria and their active metabolites. [Objective] To isolate and screen
lactic acid bacteria with excellent antibacterial properties from soil and to analyze and evaluate the
characteristics of their active metabolites. [Methods] Two acid-producing strains with excellent
antibacterial activity were screened with bromocresol purple plate method and Oxford cup method,
which were named H-3 and H-4, respectively. After morphological identification and 16S rRNA gene
sequencing, the growth curves and acid production of the two strains were detected, respectively. The
effective components of antibacterial substances produced by the two strains were analyzed based on
acid exclusion, protease treatment, and heat treatment. [Results] H-3 and H-4 were preliminarily
identified as Pediococcus acidilactici, which demonstrated good growth performance and acid
production capacity. The supernatant of the fermentation broth of the two strains showed obvious
inhibitory effect on Escherichia coli, Staphylococcus aureus, Salmonella choleraesuis and Shigella
flexneri. At pH 6.0, the supernatant maintained strong antibacterial activity, while at pH 7.4, the
antibacterial activity of the supernatant of H-4 disappeared. The antibacterial activity of the supernatant
treated with protease decreased or even disappeared, but the high-temperature treatment had little
influence on the activity, suggesting the existence of a protein in the antibacterial substances with
thermal stability. [Conclusion] H-3 and H-4 have broad-spectrum antibacterial activity, and in
addition to organic acids, there is also a protein in the produced antibacterial substances. The result in
this study lays a theoretical foundation for the research and development of new green feed

supplements and antibiotic alternatives.

Keywords: Pediococcus acidilactici; pediocin; broad-spectrum bacteriostasis; screening and identification
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flexneri) CMCC 51572 Y AR S50 S ARA
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MRS 33230 TR E BB IR TR AR O

PEREFRILA LT W22 OR8], EEM T iR
PR A 0 325 -
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b, 37 °cCHIRIE SR 24 h, MBS MR 2577 R
W7 07 0 1) %) 7 TR PR AR R £k 42 Fh 22 MRS [ 4K 57
B b, #1230, PR BRI IERIE S —
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B, 16 LB BARKEFR3E E i 100 L 4878 1 i &
WO IRAT IS, A E TR IR A 4F 1) LB
SEAR A H AR A 100 pL B Rk & B bR
37 °C [EIRFHE R FE 12 h, WESH s I EE .
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T8 VR RE 7 B8 A T B[] P AR AL B A
1.53 HEi&RAE 48 h By pH EZ 1L

Fe 2% R R TR AL S 0 LR TR TR P
% MRS BARRE SRS, 37 °C #i B 1557 48 he
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B1 HiEERNEERSE
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Figure 1 Colony morphology of screened strains.

A: Colony morphology; B: Acid production map of
strain.

B2 EHRAENRE

Figure 2 Bacteriostatic effect of strain.
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F1 EHRRE RN E B E1Z(em)
Table 1 Diameter of inhibition zone (cm) of
metabolites of strain

Group E. coli S. aureus  S. choleraesuis S. flexneri
H-3  2.10+£0.33 2.10+0.23  2.30+0.24 2.10+0.17
H-4 1.60+0.17 1.70+£0.12 2.40+0.29a 1.30+0.22

T oa: BEMYITIRRE S HAL 3 dmAg 8%z s
(P<0.05)

Note: a: There was significant difference
S. choleraesuis and the other three groups (£<0.05).

between

23 FHEBEEESER
231 HEEFLETHER

X H-3 WPRF H-4 kR 53004 7 55 22 IR
o, 70 S 000) TS (A 3), Hik
WRERR, BEREK/NN 0.6 um=1.0 pm, PIXER

A e

ke

3 EHMBE=REEIFEE A H-3 HK;
B: H-4 Ftk

Figure 3 Gram stain microscopic examination of
strain. A: H-3 strain; B: H-4 strain.
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H L 4 AT, BREAREE A L VK BT B R 3|
2 5 K/NZ R 1 500 bp BRI SAAHE, BF AR
16S rRNA H: P e 71y 25 R AE NCBI _EX L s
KM, 2 8E S Pediococcus acidilactici H— 3
PEIBEN T 100%, 3 P HEIE B kR Gk
BRI S, R N FLR B K .
24 FHBEEABBINESFES T
241 FEEREKMZ

H1 &1 6 FTATERRR 2B 2 S 2e g S A0,
A LIS SI A 2 A it 1 . PR A e 1
0-2 h i} H-3 BEFRAL T HERH, 04 h i H-4 Bk
AT IERTI, AR ACR I K ZE18; 2-12 h
I H-3 TERRAE TXPEUEK I, 4-12 h I H-4 T#itk
WAL FRPEOE ], AN A Kk, 433
HERE, H-3 A1 H-4 WIS T 18 h ek ARE .

bp M 1 2

3000
1 500
1 000
9200
800
700
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400
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& 4 H-3 1 H-4 E#k PCR #1& 16S rRNA E &
BUEE kB  M: DNA Marker L; 1 1 2 {RKIR K
H-3 Fil H-4 () 16S rRNA JL[H - 171

Figure 4 Electrophoretogram of 16S rRNA gene
amplified by PCR of H-3 and H-4 strains. M: DNA
Marker L; 1 and 2 are 16S rRNA gene amplification
products of H-3 and H-4, respectively.
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H3 (ON139215)

H4 (ON148518)

76| Pediococcus acidilactici strain pll (CP067392.1)

100

Pediococcus acidilactici strain PMC202 (CP080397.1)
Pediococcus acidilactici strain ZPA017 (CP015206.1)
Pediococcus acidilactici strain FDAARGOS 1007 (CP066046.1)
Pediococcus acidilactici strain ZY271 (CP082111.1)
Pediococcus acidilactici strain ZY271 (CP082111.1)

r Pediococcus claussenii strain P06 (NR 042232.1)

Pediococcus acidilactici DSM 20284 (NR 042057.1)

411138

Pediococcus acidilactici NGRI 0510Q (NR 041640.1)

141\ pediococcus parvulus strain S-182 (NR 029136.1)

- 62 |r Pediococcus damnosus strain DSM 20331 (NR 042087.1)

0.20 71

Pediococcus siamensis strain MCH3-2 (NR 041458.1)

E 5 HE#H-3FH-4ET 16S rRNA EFFINMENREAZA SR
BT IS FRORBAE; RFERBEEEE

Fi5 N AR IR H kR NCBI 751

Figure 5 Phylogenetic tree of H-3 and H-4 based on 16S rRNA gene sequence. The contents in parentheses
are NCBI accession numbers of the strain; Branch point number indicates confidence; Scale indicates

evolution distance.
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Figure 6 Strain growth curve.
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Figure 7 Antibacterial activity of fermentation

supernatant of strain H-3.
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Figure 8 Antibacterial activity of fermentation
supernatant of strain H-4.
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Figure 9 Acid production map of strain.
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RIVFLR TR 20 1 2R RETEAIR pH (HPRE T B4
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F2 EHRAHTIHRENE R EREEZ(cm)

Table 2 Diameter of inhibition zone (cm) after elimination of organic acids from metabolites of strain

Group pH value E. coli S. aureus S. choleraesuis S. flexneri
H-3 Control 2.3+£0.17 2.4+0.20a 2.9+0.09a 2.940.09a
pH 6.0 2.2+0.11 1.7+0.15 2.1+0.06b 1.7+0.20
pH 7.4 1.4+0.12a 1.5+£0.14 1.5+0.08c 1.6+0.05
H-4 Control 1.8+£0.15 1.8+0.12 2.6+£0.21a 1.74£0.20a
pH 6.0 1.1£0.15 1.1+0.15 1.240.26b 1.0+0.00b
pH 7.4 0.0+0.00a 0.0+£0.00a 0.0+0.00c 0.0+0.00c
Control  pH 6.0 of the lactic acid 0.0+£0.00 0.0+£0.00 0.0+0.00 0.0+0.00
pH 6.0 of the hydrochloric acid ~ 0.0+0.00 0.0+£0.00 0.0+£0.00 0.0+0.00

T [Fl—FLRREAR A — 35 R B RSB /NS Tk ey by o) N JF /R 22 57 12 3 (P<0.05)

Note: In the same column within the group, the significant difference of P<0.05 level is reflected in different lowercase letters.

x3 EHRAREFMARE pH TR EE EE(cm)

Table 3 Diameter of inhibition zone (cm) of metabolites under different pH

Group Indicator bacteria pH 3.0 pH 4.0 pH 5.0 pH 6.0 pH 7.0 pH 8.0

H-3 E. coli 3.0+£0.00a 2.9+0.08ab 2.6+0.09ac 2.0+£0.05d 1.54£0.08e 0.0+0.00f
S. aureus 2.940.13a 2.840.09a 2.1+0.13 1.8+0.05 1.7£0.09 0.0+£0.00b
S. choleraesuis 3.1+£0.09 2.8+£0.16 2.7+0.09 2.1+£0.08a 1.8+£0.05a 0.0+£0.00b
S. flexneri 3.140.14a 3.0+£0.08a 2.0+£0.13 1.7£0.05 1.7£0.12 0.0+0.00b

H-4 E. coli 3.0+0.08 2.9+0.09 2.3+£0.05a 1.3+£0.12b 0.0+£0.00c 0.0+£0.00c
S. aureus 3.14£0.05a 2.8+£0.05b 2.3+£0.13¢ 1.4+0.05d 0.0+0.00 0.0+0.00
S. choleraesuis 3.3+0.09 3.1+0.08 2.7+0.21 1.5+0.12b 0.0+0.00c 0.0+0.00c
S. flexneri 3.440.05a 2.940.09b 2.4+0.09¢ 1.4+0.09d 0.0+0.00 0.0+0.00

T A —FLBR R IR — 58 B R A T 8 /NG 7 B (a— D) AN [ 47 22 57 8. 35 (P<0.05)

Note: In the same line of the group, the significant difference of P<0.05 level is reflected in different lowercase letters.

x4 BEHRREFYEELERMINERE EZ(em)

Table 4 Diameter of inhibition zone (cm) after enzyme treatment of metabolites of strain

Group Sample E. coli S. aureus S. choleraesuis S. flexneri

H-3 Control 1.4£0.12a 1.5+0.14a 1.5+0.08a 1.6+0.05a
Processing 0.0+0.00b 0.0+0.00b 1.0£0.05b 1.1£0.05b

H-4 Control 0.0+0.00 0.0+£0.00 0.0+0.00 0.0+0.00
Processing 0.0+0.00 0.0+£0.00 0.0+0.00 0.0+0.00

[l FLRRRAR A — 5 R W RSB /NS 7B (a s D) AN R R 22 57 i35 (P<0.05)

Note: In the same column within the group, the significant difference of P<0.05 level is reflected in different lowercase letters.
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x5 BEHRREAFYALERINEREEZ(m)

Table 5 Diameter of inhibition zone (cm) after heat treatment of metabolites of strain

Group Time (min) E. coli S. aureus S. choleraesuis S. flexneri

H-3 0 1.3+£0.10 1.1£0.00 2.3+0.92 2.8+0.31
10 1.1£0.00 1.2+0.15 2.0+0.28 2.84+0.31
20 1.34£0.15 1.4+0.11 1.74£0.28 2.9+0.50
30 1.3+£0.07 1.5+£0.05 1.6+0.28 2.7£0.15
40 1.3+£0.26 1.4+0.31 2.1+£0.21 3.1+0.15

H-4 0 1.4£0.06 2.0+0.25 2.6+0.46 1.5+0.36
10 1.4+0.20 2.0+£0.10 2.5+0.45 1.4+0.35
20 1.54£0.15 2.1+£0.15 2.8+0.12 1.5+£0.26
30 1.6£0.20 2.0+£0.32 2.5+0.20 1.5+£0.23
40 1.4+0.26 1.940.62 2.7+0.25 1.5+0.32

3 winEE#

RZW5E R W ZLIR BRSP4 4 R 8
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PR, & BRAE— 2 (355 3R 5t (] ) Bt 25 410 B 40
FRA SR, I WA A AR BT AN
S, H R T OBR R Y Bl R FR I I B . H-3
PR AR 1) J5 35 5 77 o 1] K 350RR E 7E 2040 h 22 [,
H-4 TR ROE B 3R R BE R 24-36 ho sk &P
i X LR T AT R BRI R R B, I
K L VEWAE 20 h BHD BRI Mk Bl i K(E, 5
ARSI 5 2 R AR o 3 3 0 B A A & B
2 WRFLER B 5 2% F B B A0 2% FR B R 88
HA B S EIER, Iz R LB
PPN BT, HLA X — P 0 40 TR 2 0 404
Bawiny -z, W Es, Ko ERER
Xof L 47 LA TR A A 20 34 22 4 AT 7R A
B EIER, e E ARk, KntrE
AP T ECAT B JC B S A Rl AE R 3 e st
AT B P M R ER TR C-2-1 BTy B 40 B R X
2T 2 PG PR M B A SR BRI VR, (R fE
T4 AR 22 G T R I P S A i

R T 2T R FLER T A A E A
PN RE 1, ASHEGT NEFALEE . HERRA HLER A1
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