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Screening and Identification of Lactobacillus Animalis
Strain and Its Inhibitory Protein Characteristics
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Abstract: A bacteriocin-like substance producing strain T12 was screened from 212 lactic acid bacteria iso-
lated from intestine of healthy pigs by paper disk test and was identified as Lactobacillus. The supernatant of
T12 exhibited strong inhibitory activity against the gram-positive bacteria, including Micrococcus lysodeik-
ticus, Staphylococcus aureus, Bacillus subtilis and Bacillus cereus. A strong activity was also observed
against the gram-negative bacteria and some eumycete, such as Escherichia coli, Salmonella typhimurium
and Fusarium graminearum. Through detection of its appearance, physiological and biochemical character-
istics and 16S rDNA gene sequence homology analysis, it was identified as Lactobacillus animalis. Elimi-
nated the organic acids and hydrogen peroxide the fermented production exhibited strong inhibitory activity
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against indicat bacterias still; the inhibitory activity was totally lost after treatment with protease; The bacte-
riocin-like substance was heat-stable even at the autoclaving temperature (121°C for 20 min) and was active
over a wide pH range (3.5~5.5). The protein nature and restricted spectrum of the substance points to its be-
ing bacteriocin-like substance.

Keywords: Pig intestinal tract, Lactobacillus animalis, Bacteriocin-like substance, Identification, Charac-

terization
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, 121 FEZRAMETRRE: (E. coli),
. ; (S. typhimurium)
, , 122 FEZKMEMHETRE: (S. au-
, : reus), (M. lysodeikticus),
(12] (B. subtilis), (B. cereus)
123 EHE: (Aspergillus flavus),
, (F. graminearum), (Gibberella fujikuroi),
(Aspergillus oryzae), (Saccharomyces
(341 cerevisiae)
: : 1.3 HFIFMEHE
, 1.3.1 ifF: (Amersco )
, (Sigma ) K(Sigma );
pH [5.6] (TIANprep MiNi Plasmid Kit); E. coli DH5x
, (Tiangen );
, 132 fEFE: MRS 81,
, [8]; LB [9]
, 14 SHAE
141 HBEEF:
[ 7 , 10—10’
, 107'~10"° 0.1 mL
MRS , 30°C 48 h,
MRS , ,
, 4°C
, 142 HEHNE:
16S rDNA (CFU/mL)
, 143 MERE: ,
, : 10° CFU/mL, 100 pL
’ 200 pL , 3 h,
36°C 16 h,
1 eS8 144 HKBRFHEZE: ;
1.1 ##y (10 mg/mL), 30°C
1h,
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145 EABLIE: 1 mg/mL , 212 ,
pH pH  ( K
pH 7.6, pH  7.0), 37°C 60 , 1
1h pH pH 4.5, , T12
T12 ( 1,
15 BEHHIEE
15.1 FASFNEIEE LIFE: ) : T12
[8]
1.5.2 HEEHADNARE: 22 B T2 FiFlEYI R E
[0l DNA 221 BRINEIVER AOHERR: T12
1.5.3 16S rDNARJPCRY¥ #%: PCR (50 pL): : :
10xPCR , 5.0 pL; Mg®(5 mmol/L), 3.0 pL;
dNTP( 2.5 mmol/L), 4.0 pL; (10 pmol/L) : 24 h
2.0 puL; Taq DNA 0.5 pL; DNA 2.0 pL; ) pH 45
33.5uL : 94°C 4 min; 94°C 1 min, ; 1 , PH
45°C 1.5 min, 72°C 2 min, 26 : 72°C 10 min; 45 . PpH
4°C PCR 1% 4.5 ,
154 Y RESFEIINE: PCR
pMD18-T , E. coli DH5cx, '
(Invitrogen) (M. lysodeikticus) (S.
155 RIS HM R GBI NCBI  aureus) (E. coli !
Blast : GenBank Ti2 , ,
. Clustal X 1.83 2 , ,
, MEGA 3.1 ,
N-J [11,12]
2 4EHE ,
GRS 2.2.3 EERRHN: :
2.1 BHKIFIE T12 K
MRS , 2 ,

1 T2 mHkx 3 MiERE R HI(ER

Fig. 1 Results of antibacterial from supernatant of T12 with three indicators
11 ;2 ;3 ya ; b: MRS .
Note: 1: E. coli; 2: S. aureus; 3: M. lysodeikticus; a: Untreated supernatant; b: MRS liquid medium control.
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Table 1 Results of antibacterial by supernatant

without acid
(mm)
Average diameter of inhibition zone (mm)
Sample
M. lysodeikticus S. aureus E. coli
The supernatant 22.10 20.00 21.50
fluid femented by ’ ' ’
T12 2
pH 45 Fig. 2 Results of antibacterial from supernatant after
pH 4.5 of the su- 17.00 13.50 13.33 treatment with protease
pernatant CA ; B: ;L ;2
pH 45 ;3 K;4:T12
pH 4.5 of the lactic _ _ _ Note: A: E. coli; B: S. aureus; 1: Trypsase; 2: Caroid; 3: Protease K;
" acid 4: Supernatant of T12.
pH 45 K
pH 4.5 of the hy- = = =
drochloric acid , T12
Note: —: No inhibition. '
T12
%2 SEASHAEENNELRLER 2.3 ik T12 MEMREIES
Table 2 Results of antibacteria_l after treatment with 2.3.1 =k T12 fHIR /™ IEEM: T12
hydrogen peroxidase .
20 min,
. A .(mm) , (S. aureus)
Average diameter of inhibition zone (mm) .
(E. coli) : 3 :
Sample
P » . T12
M. lysodeikticus S. aureus .
E. coli , 121°C
Control 22.00 21.85 22.10 20 min , T12
supernatant reated 20 2000 2125 232 A pH {AX T12 HIRREIMEE A RM:
with catalase T12 1 mol/L NaOH 1 mol/L HCI
pH 35 40 45 50 55 6.0 6.5
(%) 455 3.89 3.85 7.0, pH ,
Percentage of
activity decrease 3 4 ,T12

3

Table 3 Effects of various temperatures on inhibition activity of fermented production

S. aureus E. coli
(°C)
Temperature (°C) (mm) (%) (mm) (%)
Average diameter of inhibition Percentage of activity decrease Average diameter of inhibi-  Percentage of activity
zone (mm) (%) tion zone (mm) decrease (%)

45 21.67 2.39 22.70 1.73

60 21.50 3.15 22.45 2.81

80 21.43 3.47 22.10 4.33

100 21.37 3.74 21.85 5.41

121 21.00 5.41 21.40 7.36

Control 22.20 0.00 23.10 0.00
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Table 4 Effects of various pH on inhibitory activity of fermented production

E. coli M. lysodeikticus
pH (mm) (%) (mm) (%)
pH value Average diameter of inhibi- Percentage of activity Average diameter of inhibi- Percentage of activity
tion zone (mm) decrease (%) tion zone (mm) decrease (%)
21.50 0.00 27.75 0.00
Control
pH 3.5 21.33 0.79 26.50 4.50
pH 4.0 15.83 26.37 24.83 10.52
pH 4.5 13.33 38.00 18.10 34.77
pH 5.0 - 100.00 11.67 57.95
pH 5.5 - 100.00 10.66 61.59
pH 6.0 - 100.00 - 100.00
pH 6.5 - 100.00 - 100.00
pH 7.0 - 100.00 - 100.00
Note: —: No inhibition.
pH *5 T2 EKARE~YINEIZREER
. Table 5 Inhibitory spectrum of the products from T12
ipH=45 pH ) fermented production
, ;pH5.0
(mm)
! Test organism Average diameter of Control
57.95%; pH 5.5 inhibition zone (mm)
61.59%; pH=6.0 o 18.10 22.00
M. lysodeikticus
T12
13.50 20.00
, pH S. aureus
3.5~5.5 , T12 B. subtilis 15.00 23.00
pH , E. coli 13.33 21.50
PH S. typhimurium 14.67 20.00
233 BgmoEgEtE: 3 T12 P
; pH pH B. cereus 13.50 e
1 mg/mL K _ 12.78 21.00
37°C 1h H H 45 F. graminearum
' P P o A. flavus - -
) 3 G. fujikuroi - -
) 3 A. oryzae - -
, S. cerevisiae - -
2.3.4 Tk T12 BRI E L Note: —: No inhibition.
24 BEWEE
: Ti12 , 241 EBEHFE: :
pH ' [l [}
3 5 , T12 1 mm~2 mm

242 HIBHEL4EE:

© FERFERMEMHARTATIKSHIEST http://journals. im. ac. en

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



1006 wehGEHR 2009, Vol.36, No.7

, , H,S, pH 4.5 15°C , , 1.5 kb T12
(Lactobacillus) MR , V-P 16S rDNA (FJ167349) GenBank
16S rDNA , T12
, 16S rDNA (98%~
6 100%), Lactobacillus animalis ATCC 35046
2.4.3 16S rDNA FF3I4#: T12 16S rRNA 99% 16S
DNA , 16S rDNA PCR rDNA T12
. 3 T12
Lactobacillus animalis ATCC 35046
| Saccharide or alcohol Results
Glucose + J 16S
Fructose + rDNA , T12
Sucrose + Lactobacillus animalis 16S rDNA
D- D-Galactose + 99%, (23]
Lactose * T12 (L. animalis)
Maltose +
Sorbose - 3 Wi
Rhamnose =
Arabinose = )
Ribose - [l
Xylose = T12
Trehalose - , , pHA45
Sorbitol = (M. lysodeikticus) (S.
ueiiod - aureus) (E. coli)
Mannitol A : pH 5.5 (M. lysodeikticus)
L+ y = .
Note: +: Positive; —: Negative. '
T12

Lactobacillus animalis ATCC 35046 (M58807)
Lactobacillus murinus ASF361 (AF157049)
Lactobacillus murinus ATCC 35020 (M58826)
Lactobacillus ruminis DSM 204037 (M58828)
_lj Lactobacillus equi YIT 04557 (AB048833)
Lactobacillus agilis DSM 205097 (M58803)
[ Lactobacillus acidipiscis FS 60-17 (AB023836)
L Lactobacillus cypricasei LMK 3T (AJ251560)
Lactobacillus nagelii NRIC 0559 (AB162131)
Lactobacillus mali DSM 204447 (M58824)
Lactobacillus satsumensis NRIC 0604" (AB154519)
Lactobacillus plantarum WCSF1(D79210)
Lactobacillus casei ATCC 344 (M23928)
Lactobacillus acidophilus ATCC 4356 (M58802)

—_
0.02

3 E#k T12 EF 16SrRNA ZEEFFIE N-JZRHKLBERE
Fig. 3 Neighbour-joining tree showing the phylogenetic position of strain T12 and representatives of some other
related taxa bsed on 16S rRNA sequences
Note: Bar: 0.02 substitutions per nucleotide position.
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