Microbiol. Biotechnol. Lett. (2022), 50(2), 211-217
http://dx.doi.org/10.48022/mbl.2204.04014

PueL

pISSN 1598-642X elSSN 2234-7305

A pH ZZI0IM XOIHAMLIESO| S B4 SHA

ST, HY 81T, K| st

=]
TELE LT e

ES
[—
-
=]

Received: April 28,2022 / Revised: May 26, 2022 / Accepted: May 31, 2022

Enhanced Antibacterial Activity of Sodium Hypochlorite under Acidic pH Condition
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Sodium hypochlorite (NaClO) is a disinfectant widely used in hospitals and food industries because of its
antimicrobial activity against not only bacteria but also fungi and virus. The antibacterial activity of
NaCloO lies in the maintenance of a stable hypochlorous acid (HClO) concentration, which is regulated by
pH of the solution. HCIO can easily penetrate bacterial cell membrane due to its chemical neutrality and
the antibacterial activity of NaClO is thought to depend on the concentration of HCIO in solution rather
than hypochlorite ions (ClO"). In this study, we investigated the antibacterial activity of NaClO according
to pH adjustment by means of time kill test and assays of Reactive Oxygen Species (ROS) and adenosine tri-
phosphate (ATP) concentration changes before and after NaClO treatment. We also investigated that the
degree of cell wall destruction through field emission scanning electron microscopy (FE-SEM). Escherichia
coli (E. coli) and Staphylococcus aureus (S. aureus) exposed to 5 ppm NaClO at pH 5 exhibited 99.9% mortality.
ROS production at pH 5 was 48% higher than that produced at pH 7. In addition, the ATP concentration in
E. coli and S. aureus exposed to pH 5 decreased by 94% and 91%, respectively. As a result of FE-SEM, it was
confirmed that the cell wall was destroyed in the bacteria by exposing to pH 5 NaClO. Taken together, our
results indicate that the antibacterial activity of 5 ppm NaClO can be improved simply by adjusting the pH.
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Gram negative®l Escherichia coli (E. coli,
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A=

N, N Diethyl-1,4 phenylenediamine sulfate (DPD), sodium
thiosulfate, sodium chloride= Daejung Chemicals &
Metals (Korea)of| A,
(DCFH-DA), glutaraldehyde, osmium tetroxide+s= Sigma-
Aldrich (USA)o]| A, BacTiter-Glo microbial cell viability
assay= Promega (USA)o| 4], yeast extract, tryptone<
BD biosciences (USA)%]| 4], agar powder+= Duksan Chemicals
(Korea)o A F+3sto] AH&-sFitH

2,7-dichlorofluorescein diacetate

AN w5 2 e =24

2 7oA A8E 275 8308 EA LA E Korean
Collection for Type Culture, KCTC)o| A £ ¥F1-2 E. coli
(KCTC 2593), S. aureus (KCTC 3881)E AM&3}9ict =
TF= -80C A& YsiLoA 50% glycerol stock FE|2
B8t 3, B H Luria Bertani broth (0.5% yeast extract,

1% NaCl, 1% tryptone with distilled water)S A}-8-3}¢
shaking incubator (SH-802F, LABOTECH, Korea)o] 4]
37C, 150 rpm A0 HjoFatg oH, 33 o4 AT ok
g A5 Aol ARESHT
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9] 3 7} = excitation: 488 nm, emission: 535 nmoj| A
st ATh23-27].

ATP A
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AHrE4 FAF A8 1] 7 (Field emission scanning electron
microscopy, FE-SEM; Jeol Ltd., JSM-6500F, Japan)S. 2
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=
pH 2 ZolgdAEF| 3+t &4

Zjol g AANIE B 9] 3FF FAL time kill testE &3
Sttt pH 5914 5 ppm®] JotgAAUEFES A5
E. coli, S. aureus 5 Tl A 99.9%9] A#2& HF oL}
pH 5 ©]9]o] ZAA E. coli= 64.5-88.8%, S. aureusol=
12.9-49.9%9] A+ Ye lth(Fig. 1, Table 1). °]&=

S. aureus

-NaCIO + NaClO

Fig. 1. Time kill test data of NaClO against E. coli (A~D) and S. aureus (E~H). Colonies were counted in following: (A, E) pH 7 controls
(without NaClO treatment), (B, F) pH 5 controls (without NaClO treatment), (C, G) pH 7 samples (with NaClO treatment for 30 min), (D,

H) pH 5 samples (with NaClO treatment for 30 min).

Table 1. Colony forming unit by time kill test after 5 ppm NaClO treatment against two strains.

E. coli

S. aureus

Colony forming unit (log CFU/ml)

Antibacterial

Colony forming unit (log CFU/ml) Antibacterial

pH Untreated NaClO activity (%) Untreated NaClO activity (%)
3 6.71+£0.21 5.82+0.18 87.12 6.80+£0.17 6.69+£0.16 22.38
4 6.88+0.14 5.93+0.12 88.78 6.81+0.13 6.75+0.13 12.90
5 7.02+0.19 3.30+0.09 99.98 6.85+0.09 3.70£0.05 99.93
6 7.26 £0.10 6.56 £ 0.09 80.05 6.87 £0.04 6.57 £0.04 49.88
7 7.39+0.10 6.82 £0.09 73.08 6.90£0.10 6.72 £0.09 33.93
8 7.38+0.08 6.93+0.07 64.52 6.86+0.18 6.76+0.18 20.57
9 6.97 £0.11 6.34+0.10 76.56 6.85+0.09 6.62 +0.09 41.12

The data are expressed as log means of three trials (mean + SD, n = 3).
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[otA AP E RO pHY| WE A4 F9 B2 7]Ast=
o2 A7 Ech E3 Gram negative ¢ E. coliof thdt
}+ &4J0] Gram positive 721 S. aureus® th © =9ttt o]
71&9 Buet A5k [17], & A4 A= HCIO7L S.
aureusEth A ¥ 9] FE L F2|Tt Fo| ¢F E. coliol ¢

A AFY & AL drick

ool vl
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Aol AANTE R o A & W2 ROS

Aot d AP E RO it o S 11| sty
DCFH-DAZ # W3 o] BA4= ROSE &¢lst¢c}t. DCFH-
DA+ MEzE-E Fasto] F YR esterase BAZEOZ
DCFH7} 5 ¢] ROS¢} BHg-3tH DCF7t o] &3S yetd
tH26]. wo] HCIOd 43t AEH A WO Abs} whof A]
2elo] v]ZA 5} o] 22FH ROSY %o] F718ttH12, 24].
S AntA o 7 F pHo|A HE&o] FAastEE pHY
< wjAsE AL AfotH AN EFO] Gl pH &) =
TS W2FLE AHESHG T wetA] T2 pH &4 9
Zpotg ALY E RO E3AAS o, A4 H ROSE 2
o vjste] duit F7tet=7E vl askith pH 3-9 =
o)A Aot ALY E RS HsHH, pH 504 2 o
H] ROS Z7}1&9] E. coli7} 52.9%, S. aureus’} 25.1%= 7}
2 =9tk (Fig. 2). THE pHo| A ROS Z71&2 E. coli7}
1.0-19.0%, S. aureus?} 0.5-7.0%%ch. wahs 2 AF A7
£ Aotd 2t EFo] pH 5 27A A29E A F
s HCIO FEHIE EA5t= Hl&o| £7] Y&, 7H B2

v of =
otk ]

E.coli
160 4 S.aureus

140 ~

120 ~

o m

Control 3 4 5 6 7 8 9
pH

ROS production (% of control)

Fig. 2. ROS generation in bacterial cells treated with NaClO.
Bacteria were pretreated for 30 min at 37 C with 5 pM 2,7-
dichlorofluorescein diacetate (DCFH-DA). And then each strain
was incubated with 5 ppm NaClO for 30 min between pH 3 to 9.
The fluorescence intensity was measured at an excitation/
emission wavelength of 488/535 nm.
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Noh AEYAE fUFE Ao ARED.

AlolPAANGERY 5 #9] ATP 5%

dobsle #& ATPE FAStER A7t Ee45 o
o ATPE A35t2L, Luminescent Cell Viability Assay
kit Ab& A g 7t S7HTH33]. 452 tHE pH 2
79| 5 ppm AotHBAFEF O] 308 =& &, 2L
Hlwsto] FAE ATP o2 Uetigich(Fig. 3). pH 59 2}
OFHRAUEFS AR A, i diH] ATP %] E.
coli= 6%, S. aureus= 9%Z AEEHSH, pH 3, 4, 6, 7,
8, 9 Aot AT EF Y Ao M= t 2T tiH] E. colid]
ATP AL 27-82%, S. aureus= 72-84% =2 ZA =
t. 2 pH 59 497} ATP A 3557} /14 Ao] 20| B
o] APEE|9iThe AR E L}

pH 5 2ZA, F FF(E. coli, S. aureus)el] Higt A+t¢
o] 99.9%% T (Table 1), ATP ZAL-E E. coli7} 94%, S.
aureus’7} 91%=2 ATP &Xo| 3+ A3 JA 71 QL2 1
o] ZrH[34]. EF, time kill test AHFE Hoh ATP =3 3ho]
o #A4 dee AL o] F7] Ao ojn| AU ATP
7t Alzdo] ot e HA & H o] ATP S4 o ¥F= "R
= Aoz AlREY. & 2 A4S 55to] pH 5 AfotF a4t
UEF goe) AL} OFE pH o} $55}9), Gram
negative #(E. coli)o] o & a7} 9L & 4 I
[17].

ATP A% A3} (Fig. 3)¢F ROS A% A7} (Fig. 2)& H| w3}
9, ROS Z7H&T ATP Za&0] AR FgFE Holuh ¥
3 A7t s A= Ut ol AAolA AHE

ol

E.coli
100+ S.aureus
©
E o - aluiay
5 E 0
-
o
X 604
= E
9
S 40+
[&]
o
&
20 1
0 . . A . . ,
Control 3 4 5 6 7 8 9

pH

Fig. 3. pH effects for ATP generation of bacteria after 30 min
treatment with 5 ppm NaClO. Bioluminescence of intracellular
ATP was evaluated by the luciferin-luciferase reagent and mea-
sured by microplate reader with advanced detection capabilities.



E. coli

- NaClO + NaClO
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S. aureus
+ NaClO

Fig. 4. Morphological changes of E. coli (A~D) and S. aureus (E~H) were observed by field emission scanning electron
microscopy after treatment with 5 ppm NacClO. (A, E) pH 7 controls (without NaClO treatment), (B, F) pH 5 controls (without NaClO
treatment), (C, G) pH 7 samples (with NaClO treatment for 30 min), (D, H) pH 5 samples (with NaClO treatment for 30 min). Red arrows

exhibit the cell wall pores.

DCFH-DA A]¢Fo] Hy0,, superoxide (‘O7) [35], singlet
oxygen ('05) [36], nitrogen dioxide (‘NOy), hydroxyl
radical (OH) [37]9} 22 ROS9} BF Hh-3-3l=t|, o] 23t
ROS7} 9] tiAFE oA BAE ol 38] B2 2 Al Rzl
ROS A4 %ol BE F7hske] =2 sl ROS A4 Hl&
o] Ao|7} 4] HEe AzH),

Aot 2LNTEF O] Al2Y uta el

E24 g+t anE &7 93l 5 ppm AopH 24
EFo| 308 7+ =EA7] #& FE-SEMS o]-§3lo #zs}
Aok 22Y =(Fig. )9} FE-SEM Z #(Fig. 49 & +=
ool e, AotABAGEFES A2 skA] & pH
59 pH 7 274 F 4379 22 BF A2 9 53
7b WEEA gdh(Fig. 4). 1L Aot 2AUEFES A
23t pH 7 2o A= Al o] ot &2 FSkA|TE pH 5
ZANAE T FF(E. coli, S. aureus) T A A EH 9
o7 BRE AT whebA pH 5 2719 ot 2AMUEE
2 79 Az wtajsty g SAE UEdS & 5 St

O OF
o =

Aot A LA EF(NaClO)y2 ¥ % 454 ofol A
2] AMEE AFAR AT, 5ol vhol 220 sz
Pt ZAgol . AtARAUERS I B2 &9

pHOJ o8 === ¢HE A ¢ HCIO 529 Ao Ut
Aobd2AHHCIONE S3tH o2 F4olnz Ao oo 4]
A AEE 4 glon Aol tES ] G BAE Ao}
A2AHE 0] 2(ClONHETHE g9 Y] HCIO FEo 9&3}2
o Az

& AFolA pH 220 & AJotg2AUEFY F+ &
d< time kill test@} 2ot G 2AUEF A A5 &4
AF&FROS) 9 ATP 5= W3tz 2AFsHITh E3 AA
2% FA QA @B (FE-SEM)E F38ho] Al =9 9| 9t
AEE EAst9tt pH 5 2A A 5 ppm AFotF AL E
F2 Escherichia coli (E. coli), Staphylococcus aureus (S.
aureus) ol tidte] 99.9%2] Ft B4 e, ROS
A2 pH 7 2T} 48% S7FSHATH E3E pH 5 27
9] ol FAAGE O &5 E. coli®} S. aureuse] ATP
=7} 247 94%9F 91% 23tk FE-SEM Z 3}, pH 5
270 =28 #9 Azdo] g A& Felstgth &
HAFANE TEMEY, pHE £2Hdk= A THCE 5 ppm F
E9 Aot 2AUEF Fat BAS FIANE & e

A AFEHTE.
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