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Antimicrobial activities of actinonin against Bacillus cereus
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Hoon-Nyung Jang, and Hee Gon Jeong*
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Abstract The objective of this study was to investigate the anti-Bacillus cereus activity of actinonin. Actinonin inhibited
the growth of B. cereus in a dose dependent manner. The growth-inhibitory activity of actinonin was evaluated using a
broth micro-dilution method, and minimum inhibitory concentration (MIC) and agar disk diffusion tests. B. cereus showed high
susceptibility to actinonin in a concentration-dependent manner and MIC was determined to be 0.192 pg/mL. Additionally, 1 and
2mM actinonin induced formation of B. cereus inhibition zones. In addition, as compared to B. cereus alone, B. cereus
added with 10 uM actinonin showed a lower level of cytotoxicity in HeLa cells in vitro. Thus, this study revealed that
actinonin could be a potential source of a natural antimicrobial agent or a pharmaceutical component against B. cereus.
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3= peptide deformylase (PDF)2] A A|(inhibitor)ZA] 2H8-3}
= AoZ gHA UTHE-10). A7+ g GAExS nEZE=E
ofol] EA3l= human peptide deformylase (Homo sapiens PDF
or HsPDF)®| 7152 eAgte =y ool a3t sle Ze=
o] Lo (7,1), Aol A A Ao A% 9 Al
whiige] SulE H3S AHdsle] olEe S oA &
dAdd=d2ZA LA 3UTk6,12-13). Z2fH} actinonin
v AE et dst &3 AFE oF7EA Hlge A
, 53| Staphylococcus aureus®t L% & (pathogenic
Escherichia coli) & 9% 255+ tairs 2358 w24
< YepA] geths Bart ATh(14).

AFEe] 7340 AJHF F MR Bacillus cereuss S-273,
3714, 2% FHoE dEA Ao, WuE 718 FA6A
= AEE EAspore) FHS Fal thFst el A&
AUTH1S). 5, LEH 5L EFske A 2FolA AEFH
o] EFA S diarrheal toxindll ¢3¢t AALE 2] F S(diarrheal
foodborne illness)?} cereulidez} E2]= Fell P43 emetic toxin
o &gt TEE 455 (emetic foodborne illnessyS 2z} oF7]gkch
(16-18). SRR ©]&38t B. cereus®] /N = &8I B. cereus
off ot e ES Alofetr] gk AFe oA mEFek AA o]
ot wEbA, B dAte s 7HEA g2 A3
actinonin®] 2lFEvol] thek JwBY 54 Hetsty
B. cereusE WFoE AT-E P3| T)
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Actinonin 2 XM= % AE T2} it =

= =
Ago] HL3}7] $13F actinonin (Abcam, Cambridge, UK)
solution 5mge] £ e actinoninS DMSO (dimethyl sul-

foxide)oll =] 50 mM Fx2 solution®Z o] AMEsISith &
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Ao AFEE ES=H7F2 Bacillus cereus ATCC 273482 Luria-

Bertani (LB; Difco Inc., Detroit, MI, USA) BJX|oA] 37°Ce] &
7180 2o wjFsiath

Actinonin0l| 2|8t B. cereus MZE X =X

HA actinonin®] B. cereusdl] THEF A &3 AHE ulolslar
2} actinonin®] F71E LB AA] viR|NA Y B. cereus 34 W3}
£ ATt AUl dE B cereus’t 3= (optical density,
ODyyy o) 0.89] TH7](log-phase)°ll ©1=31& o, 90 uMe] actino-
ning F7kek APEH DMSOS A7k tlxe] 24 FHES 2
NZ Aoz A7 Bt St WS AA s

Actinonine| &ZEM £H

Actinonin®] B. cereus?l] T3t TFEFL A7IA] Wigow =
A=Atk WA, Liu 5, Kim %, Brudzynski 5(19-21)°14] #|A|
# broth micro-dilution methodE -§-83+4 actinonin®] F=ol w
£ B. cereus®ll W3 FFEAAS SF3A FEE 7 08714
et B cereus®] colony forming unit (CFU)YE S 3153 7.8
log CFU/mLE 96-well plateol] #5-3}32, 7+ wellell actinonin (0,
2, 20, 50, 100, 500, 750 uMYS H7FH H, 37°C, 200 pmoll A 8
A7t F<9F 18l %k7] (Daewon Science, Bucheon, Korea)oll A %
gl 2 & AlEE F3l PBS (phosphate-buffered saline)s
ARgsle] 1071 814 3 & LB A wiR|e] =S ol %
37°C9] incubatorol Al 18A17F WiF & FAE FJEHE Alat
colony forming unit (log CFU/mL)Z YERNRATE TS 2He %
O F B cereuse actinoninZ} 7 96-well plate®] Z} wellol] £
T 5 37°ColA 8AIZF BRF HA AT F plate®] ZF wellel]l ]
g g FAste] 107 54 F LB A wjX|o] =gsiar
1871759 37°C2] incubatoroll Al ¥l & HEHrE Al
FHA 2, National Committee for Clinical Laboratory Standards
(22)¢] Wl wWE agar disk diffusion testE A|PFToZH A7
0.8 cm®| paper disk&<S 16A7F &<t & vl © B cereus’t
=% Mueller-Hinton (Difco Inc.) AW 7™l YIXAIA Z+
paper diskE°ll actinonin (0, 0.02, 0.1, 0.2, 1, 2mM)2 3 7}3laL
18217k v et & AAI$ke] A5 S78sI5th AWMAIE, Chaieb
%, Paulo 5, Gutiérrez-Larrainzar 5(23-25)°14 ©] &% broth
micro-dilution MIC (minimum inhibitory concentration) testE ©]
43t B. cereus®l W3t actinonin®] MICE =433t 3HA
T 4 AP A2 27102 sl vigE B cereus’t &
U= 96-well plate] Z welldll 0, 0.0625, 0.125, 0.25, 0.5, 1,
2 uM9] actinoning 718 H, 37°CollA] 18A]7F E9F AR A
th 2 F 7 well?] F3X(0ODy, )2 7435 DMSO7} §F
F(0uM actinonin) B. cereus W3] SFEHT} e SPEE
7¥: B. cereus WMol F-3l= actinonin®] $EE MICE &=
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B g ARS-E FEAME HeLa MX(cervical cancer cell line)
= "AEAANE (Korean Collection for Type Cultures, Jeongeup,
Korea)ollA] Fd3te] ARSIt AE vl o2 10% FBS
(Fetal Bovine Serum; Gibco, Grand Island, NY, USA), 1% pen-
icillin-streptomycin (Gibco)?] 3 7Fg DMEM (Dulbecco’s Modi-
fied Eagles Medium; Gibco)ol ARE-E|UT}. 37°C, 5% CO, ¥l47]
oA AEZ7} cell culture flask (SPL Life Sciences, Pocheon,
Korea)®] 70-80% 7} Ahefih= 349 7HA 02 Al gshaA
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Fig. 1. Growth inhibition effect of actinonin against Bacillus
cereus. (A) Actinonin (C,,H;;N,0;) is a pseudo-tripeptide hydroxamate
inhibitor derived from L-prolinol and its n-pentyl side chain binds
hydrophobic subsite of peptide deformylase (PDF), which inhibits
the activity of PDF that removes N-formyl groups before the action
of methionine aminopeptidase (MAP) in N-terminal methionine
excision (NME) pathway from eubacteria. (B) B. cereus was
incubated at 37°C for 16 h and subcultured in 20 mL of LB broth
media until its optical density (ODyy, ,..) reached 0.8. Then, growth
of the B. cereus group and the B. cereus added with 90 uM of
actinonin group was identified by measuring their optical density
every two hours until eight hours after actinonin treatment. Results
are the means of three observations+standard deviations.

A AR Actinonindll €18+ B. cereus®] HeLa A2
gk A2 =4 A= Pak 5(26)°] Wl wE S AT
WA, 0.5% trypsin-EDTA (10X)2 T75 cell culture flask®] 80%
71 Aghd AEE Aojio] 24-well plate] 2+ wellS°] DMEM
I A 2mLA BF31e] 37°C, 5% CO, WjF71oA 16717+ &
oF wjkS At} ©]% phenol red7} $HEA] %S DMEM
(Gibco)2- 2 7} welle] A|EZ WX E v}AL, B cereussS MOI
(Multiplicity Of Infection) 2022 A3z ZFAAHTE ZAHE A
EE°] DMSO%}t 10 uM actinonin® 3 7Fste] 458wmjtt 13587}
A CytoTox96 non-radioactive cytotoxicity kit (Promega, Madi-
son, WI, USA)E ©|&3ly od AEXZHEH YO = lactate
dehydrogenase (LDH) ¥ 53% (0D, ) SF22 Zolit).

SHEN

BE A% Wie W Arsisien Aol SAEAS SAS
(Statistical Analysis System; SAS Institute Inc, Cary, NC, USA)
2738 53} one-way analysis of variance (ANOVA) W
< o] &3t p<0.05 Fo FENAN FAREMES AT

2oty g
Actinonin| MZEAXN| S}
Actinonin®] B. cereusol et AAAA A= FH= S S
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Table 1. Antimicrobial susceptibility of Bacillus cereus to
actinonin depending on the concentration of actinonin

Concentration (uM)  Shaking incubation  Stationary incubation

0" 8.16+0.028™ 8.56+0.112°

2 7.80+0.084" 7.85+0.228"

20 7.68+0.098° 7.69+0.112
50 7.60+£0.059° 7.69+0.160™
100 7.41£0.068" 7.38+0.198°
500 7.36+0.032* 6.49+0.173¢
750 7.39+0.036" 5.62+0.137°

Control: The same amount of DMSO was added to the control of each
strains.

All values are meantstandard deviation of three repeated process.
Different superscripts indicate highly significant difference (p<0.01).
Unit: Log CFU/mL

21 S} 90 uM2] actinonin®] X3$HEl LB HA|ol|A] wlj<F
cereus= DMSO7}F A 2]E vl 8lgE B cereusol Yl
F715E GA 710 |2 7R A&AD A A aHE
& 4 JAAL, 8AI7F o] Folle FE=TE OF 20% FHaxg A
2= Y ohFig. ).

Margolis 5(14) actinonin®] S. aureus, pathogenic E. coli®]
LS A AR Beial B sk 9P, Chen S(6) actinonin
ol 2| S epidermidis, Haemophilus influenza, Moraxella catarrhalis,
Neisseria gonorrheae 52| 270l A=A B3I o=
S. aureus‘} pathogenic E. coli®] peptide deformylase (PDF)2}=
92| S epidermidis, H. influenza, M. catarrhalis, N. gonorheae
5ol 7EAAL Sl= PDFY] &/do] actinonin®l 9|5l A5 H o=
Uets @4 w&Ed Ao A EHATHE,14). wEkA o] %
actinonin®] B. cereus?ll gt &+ 712 At o] B
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(A) Concentration of

actinonin 0 mM

B. cereus

0.02 mM
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cereus®] PDF$} actinonin}®] @A 1F4o] S 3ty IdEch
Actinonin sZ0| 2 B. cereust| CHgH &hF&r
Actinonin®] F=W 784S Hrishr] s AUAZ broth
micro-dilution methodS -3-&3ko] LBoA B. cereus?] 74 1Al
AIE 243tk 7.8 log CFUML 5522 LB iAol 3
%3 B. cereuss 2, 20, 50, 100, 500, 750 pM F%2] actinonin
o2 At FHEHS A3 A Table 13 2o] Vet
o} X' Z7oA 2] B cereus actinonin FE 2 uMF-E 2
A a7k FIFEAL, 20 uMolE 9F 0.12 log CFU/MLE] 7+
27 FelElem, 50 uM3F 100 pMell A= Z+2E 0.08, 0.19 log
CFUmL®] 7a7h #F = Ath(p<0.01). 2+ 100 uM ©]73<]
500 uM, 750 uMellA 9] BFEd-2 100 pMolA el a8} &

oAl a7k oS ¢ F ATk v, FX 27dAM ] B
cereuse F%= 2 uMAFE o8 TAE Hol|7] AFSIAAL 20,

50 uMell A= 0.87 log CFU/mL, 100 pMol| A= 1.18 log CFU/
mLe] 7HArt B1EIth E3] 100 uM ©]15-2] 500, 750 pMeil A
A zA3= o224 22 207, 2.94 log CFU/mLY ©] e 7+
ZFS HATH(p<0.01) (Table 1).
G448 S35 gt F WA APL=R agar disk diffu-
AAEATE 0.02, 0.1, 0.2, 1, 2mM2] actinoning §+

%f?} paper diskE B. cereus?’t =¥ Mueller-Hinton A8 X] o]
AxAZ1 & A& A3 1 mMZ 2mM  actinonin®l] &84
Ago] FAgH RS NS THFig. 2). 1, 2mM actinonin®] ]
g ZF viREelA F 132, 1.75mm 3719 JAFES FAA
71 A& BRI, JAZES 2717t w= w2t o8
Z7re As o F AT

wpR| 9O 2 broth micro-dilution MIC testE %
B. cereusol] I3 MICE SA319 o, ol5 A

=3} actinonin®]

E AT-EelA ]

0.1 mM

0.2 mM

(B) 2.0

1.5

1.0

Diameter (mm)
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Fig. 2. Growth inhibition of Bacillus cereus by actinonin treatment in agar disk diffusion test. (A) Examples of inhibition zones for
Bacillus cereus formed by actinonin in agar disk diffusion test; (B) Diameters of inhibition zones of B. cereus depending on concentration of
actinonin.; Mueller-Hinton agar plates were inoculated with 100 pL of B. cereus. Disk papers were placed on the each plate and inoculated with
different concentrations of actinonin (0, 0.02, 0.1, 0.2, 1, 2 mM). The plates were incubated at 37°C for 16 h, then inhibition zones were
determined. DMSO was added to the control group (0 mM). Double stars indicate p values <0.01 and ND indicates that inhibition zone was not

detected.
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Table 2. Minimum inhibitory concentration of various natural
antimicrobial compounds on B. cereus

Substances h;[itg/;age sﬁbgggi?gs Reference
Actinonin 0.192 ATCC 27348 This study
Gentamycin 4 ATCC 14579 23)
Erythromycin 8 ATCC 14579 24)
Thymoquinone 8 ATCC 14579 24)
Resveratrol 50 ATCC 11778 24)
Carvacrol 200 NCDO 1771 25
Thymol 400 NCDO 1771 (26)

—i- HelLa cell+B. cereustDMSO

-k - HeLa cell+B. cereus+10 uM actinonin

Released LDH activity (%)

0 45 90 135
Time (min)

Fig. 3. Determination of lactate dehydrogenase (LDH) release
from HeLa cell infected with Bacillus cereus in the presence or
absence of actinonin. The HeLa cells were infected by B. cereus at
MOI 20, and supplemented with DMSO or 10 uM of actinonin.
LDH release from the cells was determined after 45, 90, and 135 min
of the infection by measuring optical density (OD,, ,..)- The results
are means of three observations+standard deviations.

AA & B EREL B cereusol] W3 MICS} Bl ZE 319

(23-25). Chaieb 5(23)2 gentamycin, erythromycin, thymoquinone
o] MIC7} 7+ 4, 8, 8 pg/ml B}l H.3131SI T Paulo 5(24)2
AN = resveratrol2] MIC7}F 50 ugmLZE S = ST Carvac-
rol, thymol®] MIC:= ZHZ} 200, 400 ug/mL 24| Gutiérrez-Lar-
rainzar 5(25)%] Q7NN BIEAT 2t B Aol 2
WS B8 Ao]A actinonin®] MICE 0.192 ug/mL (0.5 uM)E
A 718 dFEe & HAAFEFERT W2 MIC 3ol 545
o™ o|& actinonin®] B. cereus®l] THSF st FAlo] thE A
FEE vg 5L v gitk(Table 2).

Actinonin0l| o[t B. cereuse| M= =M X3l &1}

10 uM2] actinonine MOI 202] B. cereusSt $PA| HeLa A3
Fojste] A7k WE released LDH activityS &g T2 2]
actinonin®] A|X ZA JA&S SH3IT. B cereus®t DMSO
7} A7ke diZ2olA9] released LDH activity= A7+ 733}l H]
gste] S7sle] 45%olA oF 19%, 90%elA oF 91%ES LER)
AL, 13580X HUXE Bl WHH, B cereus$} actinonin®] 3
7t AEdAe S 271 AIHE 22 Y3l released
LDH activity7} 7tA3ted Wkg AlZE 4580l= <F 4%, 908=
oF 32%, 13589l oF 65%2 YERNATHFig. 3).
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£ AFdME A7 Gl vket @i e A8
$17F 253k actinoning UIXEA 252 B. cereusol| <83
o 72N AFEgol it g gyl s AFsIATh Al ek
¥ t<=719] B cereusOll actinoning x]2]sle] A A RS
Bl3FH A, 96-well plateE ©]-€3F broth micro-dilution 3}
agar disk diffusion ™S 53l actinonin®] B. cereusol| Tt &
4ZAE A= A3}, actinonin®] F=ol HlE|E] B cereus
o] Aol AsEe AR YERTE B actinonin®] &l
w2 B cereus®] NE =4 =4 A3} actinonin®] B. cereus?] Al
54 ES Ak A Ak wWEkA, actinonin
SAdEZDEA B cereusoll 28 2EF 2GS AL AFH
W9 AAE XEAZRAM AL 2 el e Ao A
gom, Yoyt o ASEgEe Ut FE Jied '@
dgk A7t e Aoz AzEd,

L N < < 2]

Aol =

2 ATE 2013 SEUisiy Adudstked 2 RE AYS
ol =3E AFolm o] A=Yt
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