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Pseudomonas aeruginosa (P. aeruginosa), Escherichia coli (E. col)) and Staphylococcus aureus (S.
aureus) are typical opportunistic pathogens. Moreover, these bacteria are known to possess
multidrug-resistant (MDR) properties. This study investigates the antimicrobial activity of six

fermented products, which have varying efficacies against £. aeruginosa, E. coli, and S. aureus. To
identify novel candidate genes, differential expression analysis was performed using an annealing
control primer. In the disk diffusion method, Fig vinegar (FV) and Diospyros kaki Thunb vinegar (DTV)
showed the greatest increase in inhibition compared to other fermented products, whereas
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fermented Korean traditional nature herb (FKTNH) had no antibacterial effect. This study identified
down-regulation of Escherichia coli O157:H7 ompl/gene for outer membrane protein W, whereas
gene for synthetic construct Lao1 gene for L—amino acid oxidase were up—regulated in £. co/itreated
with 5% FV. Consuming fermented vinegar helps prevent bacterial infections. Especially, FV and DTV
are potentially useful alternative natural products for multidrug resistance. Furthermore, both are

expected to be used as effective natural antimicrobial agents, such as disinfectants.

Copyright © 2022 The Korean Society for Clinical Laboratory Science.
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S8 Ficus carica L)= ot2H/dY] BuHiao] &51=
AEZA FURlAE 2 A oY, A, g8t AlF
A FolA AfulE star ek Fak= 7714, Ao, EaH)
&, Zgo] SHoP A8HEA, HH] ZiA, o izl 5ol b
HoE G} Q= A0 IEA 9loH(4, 5] FHEHjS= vl
5 AT HIGHAA S5 EESI0] okl o] Fo R 2 ALE
ol & Av= 7t BEES 7 AAX(FERR), S8R
AR)E E27|% oiitt. FEHEiSol= AR A=, flvonoid
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Kzo] F25jo] g, vlel 44, omsiol sk s olck
3L A JeHo6l. 287K Capsicum annuum L.)= S5k

o) Sl e BRHE ROl shatebie S e kiR
51 ascorbic acid, tocopherol, flavonoid, carotinoid &
o] F+sto] 2], eI BAoletar 7). T Diospyros
kaki Ly2-52 7%, %3, Q5 obxlo} Alelol] 222 A
Tl IHoloH8]. 2 A B A S E U, T
A HIAR= E2 7ol &3tk e 2 Yioll= wlsd ste
9l epicatechin, epigallocatechin, gallic acid, catechin,
catechin gallate©] E=55} o], AE3 2k o,
Ay}, WiE AL F4] A 52 A5l ASEAHI, 101.

9jo] 2310 et 2280] 1] cieret AT} g2
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1. theho 3

Mo o R

Pseudomonas aeruginosa (ATCC 27853), Escherichia
coli (ATCC 25922)%} Staphylococcus aureus (ATCC
25923)E AR89} Tryptic soy brotholl H& & AR&-5}o]
A vli9F7](Nuaire, Nu—5700 Plymouth, USA)°ilA]
37°CZ 18~24AIXt vl 51k

2. AIEHHX]

S 24 a4 tryptic soy agar (TSA)2F mueller-
hinton agar (MHA)E 121C 1587t 714571 B+ (Han
Yang Scientific Equipment Co., Ltd, Seoul, Korea)s}o]
AFg3I%CE

3. g
oSk g A(fermented fig, FF), T8} 41&(fig vinegar,
FV), 88 AM(fermented morel cabbage, FMC), T+
ey Afermented paprika, FP), 9Fa212(Diospyros
kaki thumb vinegar, DTV), EZ%24a A (fermented
Korean traditional nature herb, FKTNH)2] & 6714 &t
oMo 2|0 & EZ0kEZ =2 5lo]|A] A|ldto} ARSI T}

O 1 -0 o0
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4. DA st £

CLSI 7lo|=211 M07-A10 [11]°] wet chidd=+5 MHAO]
Ad $+3-37°C 817 |(Nuaire, Nu-5700, Plymouth, USA)O]
A 184 B vl o & TAZ=S: F51o] mueller hinton
broth 2 mLo] @EAIA densicheck BXA|(bioMerieux,
Marcy |'Btoile, France)2 0.5 McFarland 242 27 51
t}. o] 7= MHAC] ExE W80 & T =A] E5519th

2170l gk g oS W% 6 mm T AT F0]o] 30 uL¥ B
S F 3AIE S FRA = O = F 330 A AxRE T
235 MHAY B TAC = 253tk

=& FatA| H]ATE= tobramycin} gentamycin (Becton
dickinson, Sensi-DISC, USA) 10 ug& AR&stL AHAA
37°C ¥i%7](Nuaire, Nu-5700, Plymouth, USA)ollA 184]
2+ vieFeteilct. HiF & tAA 3919 JAI A (mm)=
caliperE o|-&sto] S7gst0] oA AR5 Tstol
t}. ole} T2 AP 33| HhESlo] HWalgkS EEoI9ith

5. QRIS XI0| 2

5% Feftal 27t 23R 712 JgHNA]olA] T
Al, &= T AR e _%]EH*‘E YA
T, wid 18~20A1H4 21 L7t AlchufFst et 5
Sk 27} 23R 712G SR oA Alcheiget chidstoll o
S -FRARPEE 2ol & FASIGITE ZHe] tirdtoll A RNAS:
= 7]E(B10neer Daejeon, Korea)E -85} total RNAS

FZ5I31. o]ojA F=E3FRNAE 3 g 52 F61°] reaction
buffer, 2mM dNTPs, dT-ACP1, RNase inhibitor (Bioneer)
12]37 MMLV reverse transcriptase (Bioneer)2} 42°C 90
E7HAES A1A 134202 DNAZ $HAJsI3ith 1% 50 ng
cDNA®} 10 uM dT-ACP2E 1 pL3okal, 10 uM arbitrary
ACP primer®} 2X direct master mix (Komabiotech)S
94°C 1, 50°C 3%, 72°C 187+ Al35t0] 22H4 0 &2 cDNAS
oAt SHAAARESS 94°C 40%, 65°C40%, 72°C
4925 40% HHESHal, 72°CollA] 58Xt 21 g st

2% agarose geloA 50VE 7087+ 47195 & green star
nucleic acid staining solution©.2 G 3 -8 AR O] 2}

0]& Hol]=M=%5 gel document system (Kodak, EL logic
100 Image System, Japan) 2.2 51Tt

AL HERIo|E Hol= HiEofA i DNAE F+&51¢]
T-blunt PCR cloning kit (Solgent)& ol&slo] E24 &
plasmidE $&5}9] BioneerAlol| sequencings 25t
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. G714 E47 AFsA Bl GenBank (NIH, MD,

1. OAZT S0 oSt ettt 2HE

YA Shibof| ot 7 e H o) fite] Table 13} 20]
A 2715 HerigIth. 1 SollA Falahalzet tha4]
O] FtEI}L 7P R4k A 02 Ve o, ESokR
BAE FFaL 7P ninlsieitt. Folt A2 Het =
BollAl 23.23 mm, HPolA 22.02 mm, EEGStolA
19.91 mm9| Z7|= AAIHE FoI5it ez = 55
ol 21.99 mm, Wd=tollA 19.30 mm, ZEE=FHolA
19.55 mm9] 712 AAhE F/Jstic(Figures 1—3).

o Bt oA A2 o) o ) e 2 =S el i R i
= 7= tobramycin®} H| w61 o] ths?t BxtE H itk
tEo] HAR] A== CLSI 7l =81 M100-S31 [12]
of| wjzt gl

W §<3t Pabsol] TEE= pH3S B2 E Ht
73 AV pH2E S == AN FRA 20} e vl
St AT}, FRAZ = bl TRAER| G2 v Rz
= 19.36 mm&] AAHE B/35HH Gentamycindt3-35hH=
s HYtHFigure 4).
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H 7|2 R|o] AfuiF ot Tt Annealing control
primers 7[%kC.2 DDRT-PCR (differential display reverse
transcription-polymerase chain reaction)& -85 £
219 meto| HPA 0 2 [RAAPId o] Alo|E EAISHIT 11
A3} Figure 52 o] S0 Zlsl7]o] weh £olZ 0 & Wdo]
BasAY, S7Ieke RS 2= 5 ATk

Folt AxE Aoto] 2197 AciEidet tiRfollAl
Escherichia coli O157:H7 ompWgene for outer membrane
protein W --A%}9] &2 OFsHA| 71451 01, synthetic
construct Zaol gene for L-amino acid oxidase, complete

cds AR} HHL 2715199 cHTable 2).

Figure 1. Antimicrobial inhibition zone of six kinds of fermented
products against £, aeruginosa determined by disk diffusion method.
Abbreviations: C, Control (10 ug tobramycin); FF, Fermented Fig; FV,
Fig vinegar, FMC, Fermented Morel Cabbage; FP, Fermented Paprika;
D1V, Diospyros kaki Thunb vinegar; FKTNH, Fermented Korean traditional
nature herb.

Table 1. Antimicrobial activity of 90 uL of six kinds of fermented products determined by disk diffusion method

Inhibition zone (mm)

Bacteria
C FF FV FMC FP DTV FKTNH
S. aureus 26.10+£3.98 12.71+£4.58 19.91+£1.14 13.09+2.61 13.67+1.59 19.55+2.04 ND
P. aeruginosa 22.24+1.67 13.92+1.34 23.23+2.07 15.69+1.90 12.87+2.53 21.99+3.73 15.36+£2.19
E. coli 25.51+2.31 ND 22.06+1.93 ND ND 19.30+0.26 ND

Abbreviations: C, Control (10 ug tobramycin); FF, Fermented Fig; FV, Fig vinegar; FMC, Fermented Morel Cabbage; FP, Fermented Paprika;
DTV, Diospyros kaki Thunb vinegar; FKTNH, Fermented Korean traditional nature herb; ND, not detected.

Table 2. Sequence similarities of differentially expressed genes

Clone Identity genebank Accession No. Identity (%)
ACP20-1 (U) Escherichia coli O157:H7 ompW gene for outer membrane protein W AB287438 98.25
ACP20-2 (F) Synthetic construct Lao7 gene for L-amino acid oxidase, complete cds LC556326 96.34

Abbreviations: ACP, Annealing Control Primer; U, Untreated; F, treated with 5% FV.
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Figure 2. Antimicrobial inhibition zone of six kinds of fermented
products against £. coli determined by disk diffusion method.
Abbreviations: See Figure 1.

Figure 3. Antimicrobial inhibition zone of six kinds of fermented
products against S. aureus determined by disk diffusion method.
Abbreviations: See Figure 1.
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S It o= tid T AgollA Hol & 4= Sl Al
oot 1Eu A A Ay, E 23l S5+ A4F= <Isf Shiga
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Figure 4. Antimicrobial inhibition zone of Fig vinegar (FV) and brewing
vinegar (BV) against £. coli determined by disk diffusion method.
Abbreviations: C, Control (10 pg gentamycin); V1, 30 uL BV; V2, 60
ul BV; V3, 90 uL BV: FV1, 30 uL FV; FV2, 60 ul FV; FV3, 90 uL FV.
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-(— 1100bp
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Figure 5. Differentially expressed genes of £. coli and E. coli
treated with 5% FV.
Abbreviations: U, Untreated; F, treated with 5% FV; L,100 bp DNA ladder.
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7 BRI AL YRaTp} /Ky vjojskict

6742 2 o) FollA] 71 ol Bake wel Ralr 27}
Ao AP F3kS mlAl=A] ksl S8l S5 &
ANS HFoI%S wf golA AHAR FFE I = U=+t
Al oS o= FA4 Q1 o] ¥islkE yasiairt. 1
A3} Escherichia coli O157:H7 OmpW gene for outer
membrane protein W 41| @do] T4 A4S
OmpW THHE-2 Afl2] eufctuld] F A9/d poring] 444
= 70 2 At AR slioh Al Hoshs g gt
tH19, 20]. 182 E3kA]27F OmpW Tl J o] 7F
4:0f| FES 1, olof| wh} tird=to] At 28-S Wdlioh= @
AL F2AA RS 7F S JES RS ViR A
2 3204 qlck Wiz, Folahlag Aol Aiere:
=toll A synthetic construct Zaol gene for L-amino
acid oxidase, complete cds 4A9] -2 Z7161ATt
Laol 2 MZAM R, 5 7=, 59, 94034 At 2
2 1o} X8 IgoflA =2 A= Tl Eo|tH21]. 17 E
2 B2} ool s, A 52 §Estel gt
£ I9ohs 2o AT 4 Utk

S22 RISt Ascherichia coli O157:H7 OmpW
gene for outer membrane protein W&2] 742} synthetic
construct Zao! gene for L-amino acid oxidase, complete
cds AR T S71of| TR AR 71HS S E48 =
g7} Qle Ao g AlnE) gio] Haies /X g
HZ ol-gslo] tiaia HIRSH U Y 5 o=
SER 717 Bt Alhulgsh £ 4 HolE wrEeo =4 9
A WS T FAREO] gt 2171 Q= A2 tiAAl=
M 27 X151 sfi R iS S8 4= S A0 & 7|Hhgi.

O OF

o 5

=51 Pseudomonas aeruginosa), W Bscherichia
coli) B XS Staphylococcus aureus)y 713174 Ew0|
t}. E3} o5 Al tHAIWAI(Multiple-Drug Resistance,
MDR) Alete] 2d4-& 7= Ao 2 IHA S}, s+, g
o, EEUo] it oeket 852 Al 67HK] Ea o] St
S A6l HRAS S o ool 744
W HoE dojul=3] Lot 7| 5f| annealing control
primers ARSI FAAPTE £A4E 9g6litt. gAash
APHE Eol FofahA] 2o thehAl 27} thE ' o] H]sf
A} 2717} 7V A v, ESorRdad

fol 19,

rir
ol

[o R ULN
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7} QURAEE. tPtol] 5% TR 2 E A Esto] 2147 o
AeliFote] Escherichia coli 0157:H7 OmpW gene for
outer membrane protein W %A} @do] 7HASHH,
Synthetic construct Zao! gene for L-amino acid oxidase,
complete cds AP0 S7IgkE ERISIGIH

20l SO B3] TofTAlES HAfohs AL 2] 4
of a4 EAfeE ol ool Hols 2 v, HeksiA 71
A 5= 2 2uoh, Yo7t AU Adtol] thet AR 2 A4
= §-85H 2 4= 715 71T
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