KOREAN J. FOOD SCI. TECHNOL. Vol. 52, No. 1, pp. 109~112 (2020)

https://doi.org/10.9721/KJFST.2020.52.1.109

AR E

KOREAN JOURNAL OF
SR A S RIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

- [=X=) = I
SiE2|ObX|e] drAEH SES flet XY Lot
l:_l_ll-j}_%]_] . oledyg? . lgl_']-%_’;l*

Yhdea AEY st Addstm AEgsts

Safety evaluation of bacteriophages for application as sanitizers
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Abstract To evaluate the safety of bacteriophages for application of sanitizer, endotoxin content and cell cytotoxicity of
two Escherichia coli and four Staphylococcus aureus phages were determined. Endotoxin ratio was determined by the
Limulus amebocyte lysate (LAL) assay as a test for representative biological endotoxin content. The average endotoxin
average content of the 9 log PFU/mL lysate was 18.6 EU/mL and that of the 10 log PFU/mL lysate was 5.9 EU/mL,
suggesting that the phage lysate was not suitable for clinical applications, but suitable for food pathogen control
applications. To confirm the cell cytotoxicity of the phage lysates, MTT assay was performed using Raw 264.7 cells
treated with 9 log PFU/mL phages. Results of the assay indicated that the phage lysates did not significantly decrease the
cell viability (p>0.05). These results indicated that bacteriophages would be suitable as a food safety sanitizer.
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FHT JggtH o sitta dERl A Fe &ML &
7F8laL tkBang 5, 2011). AXFHEL 2] A] JUdio &
Ho] doju}r] wjFo AWk o FAE kA ¥ FH 5,
olo| wet AFE WA o] B2 AEFOE EFHI U
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Ho]7] wiel] AFEoF Wuk ofug} okl A= fg}xgxﬂ

PAAZA FE503 Jch(Endersen 5, 2017; Kim 5, 2015). 2
A= AN = Listeria monocytogenes, Escherichia coli, Shi-
gella spp}t Salmonella enterica 59 255 Aldg Aofstr] 9
st BB QX & AlFsket] &8etal J oM (Moye T, 2018),
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12410P2} S, aureus RN42202 EMB agar (Difco Laboratory,
Detroit, MI, USA)9} Baired-Parker agar (Difco Laboratory)ell £
A EEEle] 37°CelA 24417F v B F=ks FHaE 10mM
9] CaCLe] #7F8 Luria Bertani broth (LBC, Difco Laboratory)
SmLoll HEsted 37°ColA] 24417 v gFatadh wSE #5
100 uLet 2 AFHNM B{5F E coli IA 253 S aureus



110 =2 E8ke]x] A 52 WA 1 & (2020)

A 4%L I1x SM buffer (10mM MgSO, 100mM NaCl,
0.01% gelatin, 50mM Tris-HCL, pH 7.5)°] 1071 3]4] 3}
100 uLE LBC soft agar (0.15% agar)°l Z}Z} plaque assayS
3 5 2447759 viSE A THLeeS} Park, 2015). ¥l 5 ¥
9] F23} F%L LBC broth (10mM CaCl, 37} % 2M NaCl
o] A7k 20% Zjolld#lZ]Z (polyethylene glycol, PEG 8000,
Georgia Chem., Georgia, GA, USA)2 ©]£3l] Sambrook 5ol <]
Sk Hlvo F3le] 473) 51 tH(SambrookS} Russell, 2001).
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vele) @) golel] EAlske Sa BES AREA] 9
A LAL chromogenic endotoxin quantitation kit (Pierce Bio-
technology, Waltham, MA, USA)E AME-3I3It}. E coli O111:B4
E Az:AIA AAgE &3] Hit TR 59 1 EUmL &
&9 goAE wE F, &2 FHste] 0.5, 025, 0.125 EU/mLe]
ETFEE UEY B3I34S TESH 9-10 log PFUML 52
o] #A] g 100 pLet LAL Al¢F 50 uLE 37°CelA 108:7F bl
et 5 37°CollA 71ed] E rhA Z1”AIF 100 e 7k
37°ColA 6% B3 HldBiaL 25% OoMIEARY 50 uls Hrlsted wk

MZE HiF ¥ HE2|OX| S| ME=Y LWt

el Qx| godlo] NEEAFE BRI sl Fe 24
AZQ1 Raw 264.7 AEE ARESFILH, AlZEnFel] a3t ny
A 2 AJFO Z inactivated fetal bovine serum (FBS, Gibco, NY,
USA), 1% penicillin-streptomycin, trypsin-EDTA (Gibco), Dul-
beco’s Modified Eagle’s Medium (DMEM, Gibco)S A3t
A E Bl 5% o|2kslekA(CO,) 71227t EAEHE 37°C vl
oM Fedsion, AP RE NEE 80-90% el E
T2 Asks W At sjgsith Raw 2647 AIE 1x10* cells/
wellZ 96 well platedll BE3L 37°C, 5% CO, Wig7]olA 204]
ZF ol%F ¥ 1x SM bufferol] E]4¥ 9 log PFU/mLS| ve|2] .5t
Al &M Aeleted 247170 WA Z T

g & 2 mgmLel 3-4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2(4-sulfophenyl)-2H-tetrazolium (MTT; Sigma-Ald-
rich, St. Louis, MO, USA) &5 A2|gk & 37°ColA 2717t &
et Attt §4-& AAS AL 72t wellell dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO, USA)ZS Ag]slx £33
EAE o83t 560 nmolX FHEE St YESS WE
&2 AL tH(Lehti 5, 2017).

SH X2

AY Ai= 33 REAE AAE 53 EFUAE
Efilon, Azt tig FAEAS SPSS 25.0 (Statical
Package for Social, SPSS Inc., Chicago, IL, USA) AZE|o]E
o]g-3le] UAufx] FEAHEA (one-way ANOVA)S.Z 94 7173

< Al THp<0.05).
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4 ATHCooper 5, 2014; Lug} Koe-
eris, 2011). webA] BHEIE| QA& wjA G A] T2 2 FEA]
ZE o Yo EAT F U= WSS FHS AL &
AFAoA H{3IL U= E coli phage 253 S, aureus phage
4%% 9-10 log PFUmML 7] 52, 5317 5, 4=3H4
WEAATH(LAL assay)s Y38l SH=E WS5a FHEU/MmML)
2 WA AFE Table 19] HEPHSITE 9 log PFUML F%
o] w2l QA A EEL Hit 18.6 EUmMLS W5Art HE
AL, olHTh F=7t 108 =2 10 log PFUmML &2 HHE g
QA ABEME Ha 59 EUmLS WEart HAEEoH,
9 log PFU/mML €43} 10 log PFU/MLS] &A7+e] =4 3
o] frogt FF2 AolE e ATHp<0.05). ETEdA=F
o ogt 3R] HA-L, ot Fol A (multivalent cation pre-
cipitation) 0. 24| Ex}e] A7 wEtA] A== G280 AHH
£ WHo|tKBranston 5, 2012). ¥ AgoA ALEH IAELS
Caudovirales =0l &3l IXEZ, Fo] W54l LPSH
teichoic acid2T} Hlw2 & @yl 37)5 7IAAL s FAo=
A ATHAksyuk®} Rossmann, 2011; Mangoni %, 2008; Nau-
mova 5, 2001). Wb HAEEE o] o] sl mt
Wi o] Had A Zejdgage gl g8 277 &
A EL FFHIL 277t F2 diFEY UEAEL 5o
GAE] W] Ao o dETh

o

AESH YELAEHS AE -] oF 025 EUmLE vl
$ 27 wiel FIT) wol IA] U5 AEYHOE Wol o]
45 WY 5 shuol™, Branston 520152 ¢ A¥3 U
Ao g2 x| FHHS HAAIElY AETHE UEsAAHES 53
e S 2AE A3 88%2] WEA 3 gaayds &
ogon Aery x| tal 23] AL JAL AAF A3 I

Table 1. Results of quantitatvie endotoxin tests by LAL (limulus amebocyte lysate) assay

Endotoxin Level (EU/mL)

Sample name Host Strains
9 log PFU/mL 10 log PFU/mL
vB_EcoM-ECP26 19.22+1.17 8.4442.33% Escherichia coli
vB_EcoM-ECP32 17.41+1.58 7.28+7.55" Escherichia coli
vB_SauS-SAP17 14.84+2.21 4.16+0.24* Staphylococcus aureus
vB_SauS-SAP33 21.27+1.89 5.26+1.22% Staphylococcus aureus
vB_SauS-SAP87 23.36+0.98 6.47+1.14* Staphylococcus aureus
vB_SauS-SAP89 15.5443.31 3.81£0.19* Staphylococcus aureus

1x SM buffer

1.326+0.12°

The values shown are means+SD of triplication experiment. a; Means in 9 log PFU/mL sample and 10 log PFU/mL sample followed by are
significantly different at p<0.05 by one-way ANOVA test. b; Means in 1x SM buffer and six phage samples followed by are significantly different

at p<0.05 by one-way ANOVA test.
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Fig. 1 Effect of bacteriophage lysate on viability of Raw 264.7 cells. (A): After pre-treatment of cells with 9 log PFU/mL Escherichia coli
phages. (B): After pre-treatmnet of cells with 9 log PFU/mL Staphylococcus aureus phages. Each bar is the mean+SD for triplication
experiment. ¥*p>0.05 versus the phage pre-treatment groups. **p<0.05 versus the control and phage pre-treatment groups.
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