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Due to wide abuse of antibiotics both in human and livestock use, the advent and spread of multidrug resistant
(MDR) pathogens becomes a serious health problem all over the world. Since the development of new antibiotics is at a
standstill in pharmaceutical industry, the choice of therapeutic antibiotics is getting narrower. In this study, in an effort
to search new antibiotics, the antimicrobial activity of Paenibacillus DY1 isolated from Korean soil was characterized
on its growth inhibition spectrum against various health threatening MDR strains, with its stability and chemical structure.
Extracellular culture filtrate of Paenibacillus DY effectively inhibits the growth of all the tested MDR enteropathogenic
Eshcherichia coli, enterohemolytic E. coli, and enterotoxigenic E. coli strains, at a similar level to that on the nonresistant
control E. coli strains. It showed significant growth inhibition effect against the causative agents of class one legal
communicable disease, MDR Salmorella typhi, MDR Salmonella paratyphi A, food poisoning bacteria, MDR Salmonella
typhimurium, and other MDR Salmonella spp. The growth of all of 10 different MDR Shigella spp. strains and 6 different
Vibrio spp. strains tested was also inhibited. The antimicrobial activity of Paenibacillus DY 1 was well preserved after
heat treatment, and was also stable in both alkaline and acidic environment. The antimicrobial activity was partially
purified with Diaion HP20 column and TLC. By NMR study, the putative structure of the activity was postulated as an
alkane having hydroxyl groups.

Key Words: Multidrug resistant (MDR), Paenibacillus DY1, Antibiotics, Inhibition, E. cloi, Salmonella, Shigella,
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A2} 711 G A ALAS ety
Staphylococcus T7}F 19503000 B31E (Lepper, 1953) ©]

A2 AAH ez B TF Aol St vk

el M= cpAl g el tigh Bt v glglen, A
A WA A7 A3 AR SAEE PenicillinA] AR}
methicillin®] /el AHHHA methicillinoll WAE-E& 7+
FAFT A} 9] methicillin resistant Staphylococeus aurveus
(MRSA)Y7} od=ollA] B31E (Waxman ef al,, 1983) & &3
o] Az vl Yol BEEE 40~50%2) Staphy-
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lococcus aureus (SA)T methicillin U/d& E<ITH (VRSA
database, NIAID NIH USA, 2007). Vancomycine @ A|71%]
U 9 Aot A dgdT R md P g o
2 AHEE o g T EFT Slglg e St
a1 AT} (Lecercq et al., 1988; Cheong, 1997, Hiramatsu et al.,
1997; Quirk, 2002; Lee, 2006). Vancomycin®ll $+7%18] A 34l
VRSAE obA BIEA| AT 48] E%2] vancomycind]
HHS-Ex] %= SAT HILESTH (VRSA data base NIAID
NIH USA, 2007). ol A= el A 3o Aol =
o513 glrkar sht, FrejAte] Awte] glo] 7HE-E 0% A
A7F Amset £ FEeA dEoE AHEHI §lo]
2 A7 5 lek olelgh Al Fao=m S-2udlol
Hhswto] Aol 12 lﬂ“ < 7B VRSAY =¥o] oiziH
A+gko]t} (Kim et al., 2006).
134100 cephalosporin®l WA E. coli®} Kiebsiella preu-
monia (Jacoby, 1991), Enterobacter cloaceae, Citrobacter freundii
°m, fluo-

.
a9k

2

9 Serratia marcescens (Livemore, 1995)7} H.aL% 9]
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roquinolone®| WA& zte WAT= Z71stal 9o} (Bush
et al, 1995). oA BEH Shigellad ATFELS thrr}
ampicillin, streptomycin, tetracycline, chloramphenicol 52 &
A WS et (Kim, 2003). 84 U 2 kAl
4 Aol S7te ekom A s o oH9E A
o8 dSHI Yk o] o] V)& FAAT gt Wi
do] S7Fgel wel A 2g A o] Mg Aol
o Aleprire) nlg-g daska Ve vEsEE A
AFE2- 11 F<F combinatorial chemistry©} high throughputol]
gtk ey A 1537 & 8] lead structure ™
XWSV] Fepglet. olol mwet Alepidel JeAx A &

3 A A2 AAEY Bl thA FEIA =H3ioh
(Kim et al, 2006). MZ& AAFTEAE A8 913 v}
FE AT AEHI Qo FIFR}; (Koo et al, 1998), &
%o} nlo]3} (Lim et al,, 2000), E2HMA (Kim et al, 2003)
TN FHEARE o)y EH0] HuHh AdoZNE
AAFAEL S Nelaat sk mEE A& o] FujjelA
VRSAS] A4S sl WMol Rt (Lee et al,
2003; Oh et al., 2005). & A= 874 lead structureZ
2 A 2FA} Bayer Pharma Researcholl 4] A54556 complex
(Brotz-Oesterhelt et al., 2005y H.313}31 77, Merck Research
Laboratory®) A} platensimycin synthase (Wang et al., 2006)2
B sk

2 Ave sl el Be
lead structure® HFel LA} 8l 8o Ao B YR
). Paenibaillus£52] 7] &-& polymyxins, polyxin, pacnibacillin
oo FEds Wshs Zlew YA Advh vl
AE dF-9] Paenibacillus 7S UL Fekow spukslaz)
Al FuE (Suk et al., 2006), 115 (Oh et al., 2005)
T AR o AfElg oy, o}& E2b Pacnibacillus 1
o7 A28 FAEAFEE 3] 93 ATE AT vl
ok & Aol g EdolA B3 Paenibacillus
polymyxa®] <-AELE FAE Paenibacillus DY1 strain (Shin
et al, in press)e] SFES FALEIQ oM, AJRAFFEA AL
xqgi =03k EHExJo] 1:].;1]14.]/3 tﬂo -‘,_JL (q%g /\ﬂ.?,L =1}
17 BAAEH DS ARSI o238 Paenibacillus DY1
strain®] A EHELS FRH 0 GA St tFHQ) L=

o Mz FdEFoitt

=
H
g
OII

M

Paenibacillus DY1 strain®] G848 Loty 7] )&}
Table 1904 Table 4714 7)A¥ HFE AFLSAT) 2T
T2 A WA ol i Escherichia coli ATCC 25922 75

g ARgsiaith v gt e s =
(EHEC), enterotoxigenic E. coli (ETEC) % enteropathogenic
E. coli (EPECYE AME3}IT) (Table 1). THAIWA Salmonella
= Table 20 Yebd 9e) Z47] b2 Salmonella 455 A}
3193, FANA Shigella® = Table 3¢ UER 1071€]
Z}y7) v Shigella TT5 AH&-3FTY. Vibrio @5 Table 4
o Vehd 759 #58 ARESISIth

2N &3 (Disk diffusion method)

enterohemolytic E. coli

2.

oo

TSB (Trypticase soy broth 40 g/L, yeast extract 6 g/L)ol| 4] i
5 Paenibacillus DY1 strain®] 4% H-& 0.22 ym membrane
filter2 J7}A17] & oAl g gz S FHI] HA 6
mm disk filter paperoll 60 ulE Hojrd T AZAFCE AlY
of A ad ZETTF FA WA TTES MacFarland 0.5
2 g5 g3o] 242} TSA (Trypticase soy agar 40 g/L, yeast
extract 6 g/L) BIX|o] HE-& o] &3t E1F FHE3R
t} o] TSA Hixlo] & Az A7 diskE =¥ 37T
oA 18AIZF B3 Hlge F A S AR g FH3

et

3. goedel 250 ofgt eHgd

= —

Z+z+ 10°C, 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C, 90°C
! 100°CN A Paenibacillus DY strain S8 &2 0] 5o
Y- O%J,]_ono 60%- Eo]- X%z] ];‘rl & dlscoﬂ 60 HIE' x%x—]
O)& E. coli ATCC 25922 w57} =X TSA i=| e
37°CoNA 18417 Wi § ARAA ) Fge] 2
ZA3ATE AAAR] WEE Al fste] oS
Coll A ZHzZ}y 103, 20%, 308, 405, 50%, 60, 705, 804,
90+, 1003, 1102, 1208 HXA7] & TLg WEez A
FAA LY AAS FA3T-

N.erl

o tlo off Ob ¥O 42

4. FPEYO| pHOll Chet OFEN

ZF pH 582 acetate buffer= pH 3, 4, 52, phosphate
bufferZ pH 6, 7, 84, Tris-Cl buffer= pH 9, 10, 112} 4ZHE-
TlSo] ARSI Z ]'74’4 pH &5 50 WE Paenibacillus
DY1 stiain SHEAEZH0] E0f Y= A3l 50 pio} =33
F 40ToNA 6037 WXAIZ] Y5 E. coli ATCC 25922 T
F7F X" TSA WA g A AgdAge) A7Ee A3}
Rt

5.

o%

FELE 22 Y I

=0 =

Paenibacillus DY1 strain #9142 4°Coll4] 8,000 x g2 10
B 489 F, 2e g Fsko] Diaion HP-20 columm
chromatography & Eg Bla o]F qFEA o] AL ether =S

=g

E E&S 33} rotary vacuum evaporatorZ 7 553}

x2
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Table 1. Growth inhibition test of the culture filtrate of Paeni-
bacillus DY strain against multidrug resistant £. coli strains by
disc diffusion method

Table 2. Growth inhibition test of the culture filtrate of Paeni-
bacillus DY strain against multidrug resistant strains of Salmo-
nella spp. by disc diffusion method

Resistant antibiotics

Resistant antibiotics

E. coli strains (Total number of Ir}hibitioq Zone Salmon e] la spp. (Total number of II.lhlbmor{ zone
. o (Diameter in mm) strains . o (Diameter in mm)
resistant antibiotics) resistant antibiotics)
E. coli Salmonella
ATCC 25922 None 14 blockly AM, K, NA, S, TIC, TE (6) 10
EHE -36 itidli
C03 AM, CF, CIP, TIC (4) 12 S. enteritidis AM, C,NA, S, TIC (5) 9
AM, SAM, C, GM, SXT, 13492
EHEC 03-37 12
TIC, TE (7) S, typhimurium  AM, C, S, SXT, TIC, 10
EHEC 03-38 . None 14 16850 TE, AMC (8)
EHEC03-39  NA, SXT, TE (3) 13 S. yphimurium  AM, C, GM, NA, S, SXT, 1
EHEC None 12 1298 TIC, TE (8)
AM, AN, SAM, CF, CIP, S. typhimurium AN, CF, CRO, FOX, GM, 10
ETEC2-2 GM. NA. SXT, TIC (9) 12 14263 K,NA, S, TE (9)
ETEC None 11.5 AM, SAM, DF, C, FOX, 0
S. suberu GM, K, §, SXT, TIC,
ETEC 04-12 AM, SAM, CF, SXT, TIC (5) 12 TE, AMC (12)
ETECO49 (%\M’ CF, GM, SXT, 11 S. paratyphi A AM, G, S, TIC, TE (5) 9
. AM, CF, FOX, NA, TIC
ETEC 04-13 ?Il\él,(zng, CF, GM, SXT, 2 S. virchow TE, AMC (7) 10
S. typhi AM, C,NA, S, TIC, TE (6 13
EPECoo..  AM,SAM,CF,C,NA,S, s opr_ ©) .
SXT, TIC, TE, AMC (10) AM : ampicillin, C : chloramphenicol,
GM : gentamicin, S :streptomycin,
EPEC None 12 TE - tetracycline, NA : nalidixic acid,
EPEC 02-2 S, TE (2) 13 CRO : cefiriaxone, CF : cephalothin,
AM, SAM, CF, CRO, TIC, K :kanamycin, AN : amikacin,
EPEC 02-3 TE, AMC (7) 13 SXT : sulfamethoxazole/trimetoprim,
SAM : ampicillin/sulbactam, TIC : ticarcillin,
EPEC 02-6 AM, CF, TIC, TE (5) 13 FOX : cefoxitin,
AM : ampicillin, C  :chloramphenicol, AMC: amoxicillin/clavulanic acid
GM : gentamicin, S :streptomycin,
TE :tetracycline, NA : nalidixic acid,
CIP : ciprofloxacin, CRO: ceftriaxone, 1o o} Zg AZE glo]Fo e
CF : cephalothin, K  :kanamycin, FAAL 14 mmsh 7PALHE S8 AT Ald o 5
SXT : sulfamethoxazole/trimetoprim, Welld = e 47k 79 AU d=548 of

SAM: ampicillin/sulbactam,
TIC : ticarcillin, FOX: cefoxitin,
AMC: amoxicillin/clavulanic acid, AN : amikacin

ot 559 AEE thin layer chromatography (TLC, CHCly:
Methanol = 1:50)5 ¥¢+ &, FaE4do] dr £EE NMR
(Virian Mercury 300 MHz)2 F-2135}3 )

4 o

=

1.

o

o

mklll

pA1 0|

]

Paenibacillus DY1 strain®] BjoFojedo 2 A 83}l disk di-
ffusion method Aol A 47}4] 2579 Aol WS 2=
&84 o7+t EHEC 03361 7552 Al Ude
el AEd4 o+ BHEC 03-37¢0 théled 12 mme)
AN E 2T (Table 1). ©)x= S84 WAe) gl o
Z3F5F BHEC 03-383} E. coli ATCC 25922 @57} VERH A3

2t ETECOI = 11~12 mme] A S vehdl, B4
ETECY] A 11.5 mme} FARBIATE 183 2~10F
Fo FAAG) WAL ehin Rl 457 A o
43t EPECOI = 13~15 mm 7o AHGAHE HeEble
o, &<l B4 EPECY] AAA TS 12 mm} fALSH
&2 BT} (Table 1).

Paenibacillus DY strain®] B oFod ol 2 672 kA A of
AgAds e BALIT AT Salmonella typhiol
13 mm, Salmonella paratyphi A% 9 mme] AALAANE el
Wow, AFEd FAWA Samonella typhimurium 16850
D Salmonella typhimurium 12981 = 10~11 mm&] A§7< A
& vebdla, o2 SAWA Salmonella spp.l = 9~10 mm
o] AgAANE BTt (Table 2). B8}, Paenibacillus DY1
strain®] ok b o ThahAe 7R Y= 1052 Shigella
ol thell =% g Eds Belon, Ao Hge 12~14
mm®] 13 (Table 3), 652} Vibrio Wl E5F 10~14 mm®)
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Table 3. Growth inhibition test of the culture filtrate of Paeni-
bacillus DY strain against multidrug resistant strains of Shigella
spp. by disc diffusion method

Table 4. Growth inhibition test of the culture filtrate of Paeni-
bacillus DY1 strain against of Vibrio spp. by disc diffusion
method

Resistant antibiotics

. . Inhibition zone

Shigella spp. strains (Total number of . .
resistant antibiotics) (Diameter in mm)

Shigella sonnei AM, CF, CRO, GM, NA, 14
16981 S, SXT, TIC, TE (9)
gg;ge”" sonnei \A,'S, SXT, TE (4) 12
Shigella sonnei AM, CF, GM, K, NA, 14
292 S, SXT, TIC, TE (9)
Shigella sonnei AM, CF, GM, NA, 14
2497 S, SXT, TIC, TE (8)
Shigella sonnei AM, SAM, DF, FOX, 13
6087 NA, S, SXT, AMC (8)
Shigella flexneri AM, C, S, SXT, TIC, 14
15175 TE (6)
Shigella flexneri AM, SAM, C, S, SXT, 13
20760 TIC, TE (7)
Shigella flexneri AM, SAM, C, S, SXT, 13
15176 TIC, TE (7)
Shigella dysenteriae
5177 S, SXT, TE (3) 12
Shigella dysenteriae S, SXT, TE (3) 12
5178
AM : ampicillin, C  :chloramphenicol,
GM : gentamicin, S : streptomycin,
TE :tetracycline, NA : nalidixic acid,
CRO : ceftriaxone, CF : cephalothin,
K  :kanamycin, FOX: cefoxitin,
SXT : sulfamethoxazole/trimetoprim,
SAM: ampicillin/sulbactam, TIC : ticarcillin,

AMC: amoxicillin/clavulanic acid

AAAARE eI (Tabled).
2.

ol

foggol 220f ofst g

0

10CAlA 100C7HA] 10T HE 02 Zhzhe) oA &
AEAC] £ slv AAAE 60F 5 AAANT $ E
coli ATCC 25922 T57} =X % TSA BRI A oAl A2k A
el AFE FAste] 22l gk

HE koA gulsh 78498 vedon, 100TAM%
ghargle] A7)E A&7 2 Aoz YTt (data not shown).
AZAA 7T 24 mm=Z VeEbG 8&%%“3%@3 10—\%01]*1
12057kA] 108 7HH 2.2 80Tl AHXAZ &
o] A& 543 A9, 12087 A2 vl

7F 27149 90% 7 SR =T (Fig 1).
3. 2ol pHoll i e

pH3,4,5,6,7,8,9, 10, 119] Z}zte] pH &5 50 pE 3
a4 ELo] E0] v A 50 et EFS T, 40Tl

Vibrio spp. strains (]gil?r‘rtl):t‘e?rnirfz?;)
Vibrio vulnificus 14
Vibrio parahaemolyticus 18853 1
Vibrio parahaemolyticus 18854 11
Vibrio parahaemolyticus 18855 10
Vibrio parahaemolyticus 18857 1
Vibrio parahaemolyticus 19249 12
Vibrio parahaemolyticus 19342 10

3] &
(84 o
T 1

%

e
o
T

Clear Zone Diameter (mm)
3 o

iR
T

i ). 1 i i i 3 i 5 ] 5 i

0
10 20 30 40 50 60 70 B0 90 100 110 120
Minutes

Fig. 1. Thermostability of the antimicrobial activity of the cul-
ture filtrate of Paenibacillus DY 1 strain, a time course study of the
effect of heat treatment at 80°C on the growth inhibition ability
of the culture filtrate of Paenibaciltus DY strain against E. coli
ATCC 25922.

A 602-2F WHEAIZ] B, A AE 543 A7) pH 3~5

< Jebda, pH 6~8
A2HS Ve o™, pH 9~
A& T (data not

shown).

4. goggs8e 22 ¥ FH

Paenibacillus DY1 strain®] AAbsle IS EH-S 8
8171 Yated, Ml okl e MRS ¥, 4454 Diaion
HP-20 columm chromatographys}e] etherd 88 €13,
water residueol] 4] hexane, chloroform 2 ethyl acetate® =]

T FES 4 ZEES 234 o] a4 £ 20l mig
FHES FAS A etherE FE3F £8o] 71 gaEA]

o] & Ao7 e} (data not shown), ©] ethers &
S A FH] 54 mge] FAEAH=HE AT oA
2 TLCE A 33 A3} afe] FE& do| 2 F8o H&
g AR A FHNTR BEA 1 A 84S

7
YEFt) (data not shown). ©] £-3S NMR (Virian Mercury
300 MHz)= £43 23} (Fig. 2), 0.818, 0.843, 0.870, 0.885
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Fig. 2. NMR spectrum of the partially purified antimicrobial substance from the culture filtrate of Paenibacillus DY strain

ppm®| peakoll Al ©8HEA (-CHy)719F 1240, 1.308, 1.378,
1.588 ppm®] peakol| ] methyl (-CH;)71, 22} 3L 5302 ppm]
peakol| A} hydroxyl (-OH)71E zra ¢lE CH:¢} CH,7)7} o
FTOo% AZE Alkane AL9] B 7 vehgth

1
-

A

l

Paenibacillus DY1 strain®] vjofo]ol e oz oz =g 3
2 AW Bl 318 A E TS Bich (Table
1~4). "4 a4 (BHEC, ETEC, EPEC)ol thated 447
AANZAE Yo, WA 1T DB EHFQ) Salmonella typhi,
Salmonella paratyphi A, 2572 GAAA Salmonella
typhimurium 16850 X Salmonella typhimurium 12988 B3-S
AAsFom, AN 105 A Shigella 7ol T3]
B 84S BT (Table 1~3). AldA 12 d& hnl
A W GG NA] A FuEls AE Ao
o, el = SR Shigella sonneidl €8 Al ofzo
AAE L I} Shigella= 8] FF2] d3A ] AN S
Yehl SRR SellA FAA Mele] Zo] Fol x gl

il

R

ol otk 3k H|HE|Q HPFHLE AFH A4 e
ol F HHAZ AU HEFE FET). Paeniba-
cillus DY1 strain®] #WjoFol e A\&w 659 Vibrio ol &
T A A gaE BT (Table 4). ©]$F 2o Paenibo-
ciflus DY1 sirain®] #jFed e AlAE 529 vhAhgid Wt
of AWiet ~AER R I H S vEYo] Yo thA
WA iAo A gARA el AAfE S BoFirh
Paenibacillus DY1 strain BjoFo] A& o}E 73 A] o
Ay, Vibrio parahemolyticus, Yersinia enterocolitica, Salmonella
typhimurium, ETEC, EPEC, EIEC, BA1T A9E do7)
= WA EHEC, Salmonella typhi, Shigella sonnei, Shigella

Slexneri, Shigella dysenteriae, Shigella boydii, Vibrio cholerae &

1652] ol st Ae Aestitt. L2ht Saphylo-

coccus aureus ATCC 29213, Bacillus cereus, Listeria monocy-

togens®| el A= TS A3 513} (Shin et al, in

press). AR 2)3F Paenibacillus pobmyxa T57}F A8

AF8HE polyxine Staphylococcus aureus®] 37¢-2 A 8 51A]

53519 o, Bacillus cereus®] A4S SAIBIO] (Piurd et al.,
IR

1998) Paenibacillus DY10] AAralE #5242 polyxind}
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@R o2 Zle® Yeldoh

Paenibacillus%72] G- 42 polymyxinsS A4bsts Ao
=2 424 9tk Polymyxinsi= WH8HE W= detergent anti-
biotics©| ™, &4 #ElE 7= cyclic heptapeptides©] T},
Polymyxins¥= ¥A}8F0] 1,000~1,200 Da.o|™ A, B,D,E &
9] F27} A} (Gale et al, 1981). HZ A28 antimicrobial
peptide] polymyxin®] Paenibacillus polymyxa OSY-DF strain
o 25 E £8¥o] pacnibacillino] 2} FHE Q1) FAjego)
2,983 Da.Ql ©] peptide’™ THre] 1 W7o A8 A3
=8, Paenibacillus DY1 strain®] A2 sk 378422
T 2 Staphylococcus aureus®) REE A 8330 (He et al,
2007). A B2 El A el | Paenibacillus polymyxa
ANA Clostridium botulinum®) 58 Aesh= 4 pep-
tide7} MAF Q=0 123 Akl 983l T) (Girardin et al,
2002).

Paenibacillus DY1 strain®] AAAF5h= 784824 1
off gk o HgAE RolFRTh (Fig 1). 2ARO)AM Bajgt
P. polymyxa P13 w77} AAFSh= polyxin® doll ¢H48}3
t} (Piuri et al., 1998). Streptococcus salivarius subs. thermophilus
7} A3¥sk= bacteriocin®= 100 oA 308 AL o &4
o] QA3 o™ (Lee et al., 1994), Bacillus cereus?} ABAVs}
= cerein’e 90ToA 158 5 HEadS of STt
(Naclerio, 1993). Paenibacillus DY strain®] AAFS}= 3hdg
AEAL AT dZEd B4 2E &S fAE
T} (data not shown). P. pohymyxa P13 @57} A= polyxin
& ArlAE kg dZEldl e B9 Eke] (Phuri et al.,
1998), Paenibacillus DY strain®] A4kl F#EAE A7
Aol 3F Y. Bacillus cereuso| Al ABAVSH= cerein®] 7 -$-ol| =
pH 3914 12744] W& Hell A &4o) 931t} (Naclerio
et al, 1993). Paenibacillus DY1 strain®] AJAHel= 1@ E
AL AF7 A BIH Paenibacilluss 9] 1) ESo] A5}
GFEA AT T spectrumT QFBA A ZJo) 7}
UE AR e

Paenibacillus DY1 strain®] Astehs A S4E24S
2 BA% 23} (Fig 2), -CH,7), -CH;71¢}, -0H7| & 7¢
U Alkane Al EA2 F5H) o] B4 4 oA
b 2 ] Ao R Hof BxlFe] Ze A BA
42 FALY, NGV B1E Paenibacillus7} A=
peptide7| & I EHF 32 Aoz WZFHLY, peptide T
z9 Bfrolfy 23 8913 Holof & Aoz Wyt
Paenibacillus DY strain®] Al TP EEL G4
o AV HE FASA WAT Ui F Qe A& 2
85 Uehl, A2 A el oM fE FrzA
o] HAEE Ho] Folvh % FEet e #9l, Fa
datoll i f58, HHA, vkst Agel s 939

1[41.0

of

rr

ox K

9 o] A7k ojofHlof & eItk

ok
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