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Growth Rate and Antimicrobial Activity of Lactobacillus plantarum Reacting with Bacterial Culture Supernatant
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Department of Pharmacology, College of Pharmacy, Catholic University of Daegu, Daegu 712-702, Republic of Korea

In this study, L. plantarum, when reacting with the culture media of potential pathogenic bacteria, exhibited an increase in
growth rate and antimicrobial activity. In order to examine the characteristics and the nature of the reaction with the bacteria,
this study carried out experiments involving culturing the test bacteria in M9 minimal media. Subsequently, the supernatant was
incrassated by the decompression-drying method. Through colony forming unit assay, it was confirmed that L. plantarum had
the function of growth inhibition to various bacteria. After culturing L. plantarum with bacterial media, the growth rate of L.
plantarum was measured by absorbance (ODggp), the results showed that the growth rate (E. coli treatment group: ODggp =
0.848, S. typhimurium treatment group: ODgoo = 0.848) increased, as compared with the non-treated control group (ODggo =
0.48). In contrast, the concentrate itself did not induce the growth of L. plantarum. These results were observed as a universal
phenomenon of the Lactobacillus species. Moreover, the increase in antimicrobial activity was observed in L. plantarum, which
reacted with the culture media of E. coli and S. typhimurium, through a disc diffusion assay, and the result of growth inhibition
against various bacteria was induced. Finally, based on the analysis results of the characteristics of bacteria culture media,
which increased the growth rate of L. plantarum and antibacterial activity, the bacterial media had a tolerance for catabolic
enzymes, pH 2-8 and heat. Therefore, this substance can be said to be a small molecule which is highly stable under various
conditions.
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Lactobacillus spp. 72 M9 minimal broth(MB cell)2]
1100 5% (viv)& AE5He] 37°Co| A 36-48K7HE<E R3] 1
9F8lth. ODgoo= 19] LactobacillusE 10,000 x g, 1087+ ¥
4 Bt pellet A A & FFHE F3tct. o] A3
2 10N NaOHE o]&3}o] M9 Hj%| 2] pHE 6.8-7 Alo]2
g2t} 0.22 um filter Millipore, USA)Z 2] 9] #2 A
Astal 7 ARt BdEgitt. o] Ede] A (Dry cell
weight, DCW)= 0.5 g/l2A] ultrapure water 5 mlo] &9
HZE =52 (.1 mgmlE 24|31t} o] 2NL Lactobacillus
(spp.) M9o|z} gttt
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Aol A ODgo =19 & 10,000 x g, 1057+ YA 223}
pelletE AAT & 4S5 HE et} o] A5AL 0.22 um
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th. ¥ Y#-& Nutrient brothol] E3}e] 37°Co] A 24A]7¢
=t vj kgt & Z42Fo) F& ODggo= 0.1, 100 ulS Nutrient
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0.1 M glycine-HCl &%89, pH 4.0-6.02 0.1 M sodium
acetate ¢Z8 M, pH 6.0-8.02 0.1 M sodium phosphate
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breuvis (L. breuts), Lactobacillus delbrueckii subsp. Lactis
(L. lactis), Lactobacillus acidophilus (L. acidophilus)©|th. A
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L. plantarum M92] Fxof w2 #5823 &9l3}7]| ¢
5to] AMSH ®3A A FAF+= Escherichia coli (E. coli),
Pseudomonas aeruginosa (P. aeruginosa), Salmonella
typhimurium (S. typhimurium), Staphylococcus aureus
(S. aureus)°|tt.

Ao L% L. plantarum M99 =+ 717} 10, 25,
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Fig. 1. Antimicrobial activity of Lactobacillus spp. against E.
coli. M9: M9 only treatment, Lp: Lactobacillus plantarum M9, Lb:
Lactobacillus brevis M9, LI Lactobacillus delbrueckii subsp. lactis
M9, La: Lactobacillus acidophilus M9. CFU of Escherichia coli (E.
coli) is expressed as a relative value based on 100% of the treated
M9 only into the each sample. Data are mean + SD (Standard
Deviation) from triplicate determinations and the significant differ-
ence of means was estimated by Turkey’s multiple range test (p <
0.05).
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Fig. 2. Concentration-dependent antibacterial activity of L.
plantarum M9 against the various bacteria. CFU of bacteria is
expressed as a relative value based on 100% of the treated M9
only into the each sample. Ec: Escherichia coli, Pa: Pseudomonas
aeruginosa, St Salmonella typhimurium, Sa: Staphylococcus
aureus. Data are mean + SD from triplicate determinations and the
significant difference of means was estimated by Turkey’s multiple
range test (p <0.05).
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7+ ujek 7)12)2} vl wdted, E. coli M9 Z] 2] (0Dggo = 0.848),
S. typhimurium M9 A 2] (ODgoo= 0.85), P. aeruginosa
M9 X2 (ODgy=0.654)1}+ S. aureus M9 A+
(ODgoo=0.721) o] 25 L. plantarum® A5t yA=71=
S =359 th(Fig. 3). ¥t9 L. plantarum M9E # 2|3t A3
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2| 9okt A E 2 L. plantarumS Al BjFH-E Eo|F
O 2 RIAS AFEEE ST 2N Ao et
Fol g SHlets ALE 25T 5 . o] 2L E HiE e
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Fig. 3. Increase the growth rate of L. plantarum by bacterial
M9. Each M9 was treated to L. plantarum and the absorbance
(ODegqo) of L. plantarum was measured after 3, 6 and 12 h. M9:
M9 only treatment, Ec: Escherichia coli M9, Pa: Pseudomonas
aeruginosa M9, St: Salmonella typhimurium M9, Sa: Staphylococ-
cus aureus M9, Lp: Lactobacillus plantarum M9. The data repre-
sent average values of three independent determinations.
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Fig. 4. Increase the growth rate of the Lactobacillus spp.
through the reaction of S. typhimurium M9. M9: M9 only treat-
ment, St M9: S. typhimurium M9 treatment to the Lactobacillus
spp. Lp: Lactobacillus plantarum, Lb: Lactobacillus brevis, LI: Lac-
tobacillus delbrueckii subsp. lactis M9. La: Lactobacillus acidoph-
ilus. CFU of Lactobacillus spp. is expressed as a relative value
based on 100% of the treated M9 only into the each sample. Data
are mean + SD from triplicate determinations and the significant
difference of means was estimated by Turkey’s multiple range test
(p<0.05).

typhimurium M99 40 ugS Lactobacillus spp.°l A &3}
o] 3t B3t B Lactobacillus spp.2] CFUS & 4314
ot A@ A3, M9o] AE tx+E 100% & o, S.
typhimurium M9 A 23t L. plantarum® CFUE 503%,
L. breviss 266%, L. lactise 275%, L. acidophilus+
206%2A #F 5% S. typhimurium M9o]| &3] AA&E
7b 57V Ao® BAEHSGN, £9] L. plantarum®| F7V
o] 7H¢ & AL =E YEKth(Fig. 4).

M MOz} HE2St [, plantarume| &7 & &7}
ol AiE FHAME o, It NS

H| £33 S.
typhimurium M9< L. plantarum®] QAL =5 7147
= Aoz BEHUG(Fig. 3, 4). o] & HIF2E & A=

S. typhimurium M92] A= L. plantarum *3A57}F
oz et BAOIE 9E A 25 ) obfet

22 AgE APyt
MOt Aol AHEgt 2+ (Cont.), MIZ A3t L.
plantarum M9 (M9 + Lp), E. coli M9¥} ®r-gA|7l L.
P.

—

plantarum M9 (Ec + Lp), S. typhimurium M93} ¥H-3-A]7
L. plantarum M9 (St+Lp)2 Agd+H#2 E. coli,
aeruginosa, S. typhimurium, S. aureus®l| A gsto] Z+
o ASANG HEE Ao,

L. plantarum M9 EE A @A tigt 7424 &
A, E. coli MOZ} S. typhimurium M2} ¥FSA|7] L
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Table 1. Increase the antimicrobial activity of L. plantarum
through the stimulation of bacterial M9.

Growth inhibition zone (mm)

Condition  Sample Target strain
Ec Pa St Sa
Bacterial . O™ ) § - )
M9 M9 + Lp 13 12 14 10
Ec + Lp 19 18 22 15

+ Lp M9

St+ Lp 20 19 25 16
Antibiotics Ampicillin 18 13 16 25

Cont.: M9 only treatment, M9 + LP: L. plantarum M9 incu-
bated with 40 ug of M9 only, Ec + Lp: L. plantarum M9 incu-
bated with 40 ug of E. coli M9, St + Lp: L. plantarum M9
incubated with 40 pg of S. typhimurium M9.

Ec: Escherichia coli, Pa: Pseudomonas aeruginosa, St. Sal-
monella typhimurium, Sa: Staphylococcus aureus.

—: No inhibition.

The concentration of the M9 sample used was 25 pg/disc
and ampicillin was 5 mg/disc, respectively. The growth inhibi-
tion zone was included of size of disc paper. The data repre-
sent average values of three independent determinations.

plantarum M99 H#ZA L L. plantarum M9 ZA| 2} H|
wste] E AYsAsjgto] HEEhH(Table 1). o] A4S F
3 Alat M99] =2 L. plantarum®] 333 $t84< =
gttt A T 5= s o] 234E &8 Ald2 L
plantarum®] 4% 9 FF5HL Ao fEEDo] ¢
=& YIS, Lactobacillus= B A+t FHE2EE AAF
o 2H o] FAEHE A2 FHEY. quE 2
Aol X Al M9 Woll EAjsk= L. plantarum®| A=
E20] BHS 23 1 BAS BT,

Mzt M2l EM 2M

L. plantarum®| %3 Fd58& FE=shs Al M99
EA4E gotstr] s Eajas, pHeE Fofl Hig P
AT Agol AME Al M9 S. typhimurium©] ™,
2 AT AHEHAE TE Al Y MIE A £ 0]
=Rt (data not shown). M9x} BF2-A|71 L. plantarum
M9 (M9 + Lp), S. typhimurium M99} ¥+-3-A171 L. plantarum
M9 (St + Lp), #al& 4, pHY B 27 S. typhimurium
MO#} ¥ A7l & o] S. typhimurium M9 A 23t L.
plantarum M9 (Treated St + Lp)E &H|3}1L, o] & M9
E. colid] A2ty o84S CFUZE &3t ch(Fig. 5).

A o Zoh

A WA, N M9 &4 o] B3 A4 (an-amylase, lipase,
lysozyme, proteinase K)o A3 &=%] &2ttt M9 +
Lp (E. coli CFU: 100%) Y.t} St+Lp (E. coli CFU: 19.07%)
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Fig. 5. Characteristics of bacterial M9 as the potential growth and antimicrobial inducer for L. plantarum. Antibacterial activity
(CFU) of L. plantarum M9 was referred only against E. coli. M9 + Lp: L. plantarum M9 incubated with 40 ug of M9 only, St + Lp: L. plan-
tarum M9 induced with 40 ug of S. typhimurium M9, Treated St + Lp: L. plantarum M9 induced with 40 pg of pre- treated S. typhimurium
M9 by enzymes, pH and heat. +: The sample is added, — : The sample-free. Data are mean + SD from triplicate determinations and the
significant difference of means was estimated by Turkey’s multiple range test (p < 0.05).
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Fig. 6. Photography of cell growth inhibition in L. plantarum
M9 incubated with bacterial M9 against E. coli and S. typh-
imurium. 1: M9 control, 2: L. plantarum M9 incubated with 40 ug
of M9 only, 3: L. plantarum M9 incubated with 40 ug of E. coli M9,
4. L. plantarum M9 incubated with 40 ug of S. typhimurium M9,
5: L. plantarum M9 induced with 40 pg of heat-treated S. typh-
imurium M9. The concentration of the sample used was 25 ug/
disc, respectively. The antimicrobial activity was demonstrated by
clear zone of growth inhibition around the paper disc.
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