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Effects of ionizing and ultraviolet radiation on microbial mutation and

DNA damage
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Physical sterilization methods using ultraviolet radiation and
ionizing radiation such as gamma ray and electron beam are
applied in various industry fields due to disinfection effects and
economic efficiency but may also cause microbial mutation. In
this research, Salmonella enterica and Escherichia coli strains
were treated with ionizing and ultraviolet radiation and their
survival rate, mutation rate, and DNA damage were studied to
evaluate the genetic safety. The survival rate of the strains
decreased drastically as the irradiation dose of ultraviolet ray,
gamma ray, and electron beam increased, and over 90% of the
strain was exterminated at a dosage of 0.40~25.06 ml/em’,
0.11~0.22 kGy, 0.14~0.53 kGy respectively. In SOS / umu-test,
genotoxicity causing DNA damage was identified in all samples.
In Ames test, back-mutation rate increased to 3.82 x 10* and
9.84 x 10 respectively when exposed to ultraviolet ray and
gamma ray. At exposure to ultraviolet ray, gamma ray, and
electron beam with dosage of over 99.99% extinction rate of S.
enterica TA100, back-mutation rate increased 347 times, 220
times, 0.6 times respectively to the spontaneous back-mutation
rate. Rifampicin resistance mutation rate of E. coli CSH100
exposed to ultraviolet ray, gamma ray, and electron beam was
2.46 % 10°,1.66 x 10, 4.12 x 107 respectively. Therefore, gamma
radiation is effective in microorganism control from the per-
spective of disinfection and electron beam has the advantage
of sterilizing with little DNA damage and bacterial mutation.
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Tel.: +82-43-261-3261; Fax: +82-43-264-9600
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Lee et al.,2015b; Ahmed et al., 2016). o] 2]of| = ZulA o) &
A e ok, w9 Sl A B4 A 5 choke AL

Hofo A 0]-8% 11 ItiByun and Yook, 2003; McNamara
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Table 1. Irradiation dose for bacteria
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Salmonella enterica TA100 (KCTC 2054)-2 TSB/amp(+)
(Difco™ Tryptic Soy Broth, ampicillin 12 pug/ml) 8] %] o] 4], €]
Ty Al WA #5291 Escherichia coli CSH100-2 LB (trypton
10 g/L, yeast extract 5 g/L, NaCl 5 g/L) wl|X|o|| A], S. enterica
TA1535/pSK1002 (DSM 9274)*=TGA (trypton 10 g/L, NaCl
5 g/L, D-glucose 2 g/L, ampicillin 50 pg/ml) v X] o] ] A A 7]
742 W oFa}aL Y41 E-2](7,000 rpm, 15 min) o] 21 428}

sl.0.m, 10° cells/mlo] B =2 Ag] 2] 940 AErs}ict.
PN SN,
] A ol dERE Alat 2] HIEHAI90 X 150

mm, without lid)]] 2| A|7] 1 70 rppm 2. 2 W HI5}hH UVC-3
S(TUV4AW G4TS5; Z o], 150.1 mm; -4}, 253.7 nm; Philips)
£ o] gsto] 221412 A5} elTk Table 1) 9= 21 4212}

Radiation uv
Strain (mJ/em’)
S. enterica TA100 2.5,5.0,7.5
S. enterica TA1535/pSK1002 0.5, 1.0,2.0
E. coli CSH100 10, 20, 30

Gamma ray E-beam
(kGy) (kGy)
0.1,0.2,0.5 0.2,0.5,1.0
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3 log (99.96%) oA} AT S. enterica TA1535/pSK1002
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Fig. 1. The death rate of bacteria treated with UV (A), y-ray (B), and
E-beam (C). Error bar represents the standard errors of three replicates.
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7} 1.27 mJ/em’, 0.40 mJ/em’, 25.06 mJ/cm’ & E. coli 5T} S,
enterica®l] gt x| 2]o]| E}&o|Qick Fuld o] HL-S. enterica
TA100, S. enterica TA1535/pSK1002, E. coli CSH1002] Dy
value= 717+ 0.14 kGy, 0.11 kGy, 0.22 kGy 1.0 5, A x}1] 9]
738 S. enterica TA100, S. enterica TA1535/pSK1002, E. coli
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Table 2. Dy values of Salmonella enterica and E. coli by UV, gamma ray,
and electron beam

. uv Gammaray E-beam
Strain

(mJ/em’) (kGy) (kGy)
S. enterica TA100 1.27 0.14 0.24
S. enterica TA1535/pSK1002 0.40 0.11 0.14
E. coli CSH100 25.06 0.22 0.53
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Fig. 2. His + back mutation rate of Salmonella enterica TA100 treated
with UV (A), y-ray (B), and E-beam (C). Mutation rate of irradiated strains
was divided by spontaneous mutation rate. Error bar represents the
standard errors of three replicates.
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Fig. 3. Mutation (acquiring of resistance to rifampicin) rate of E. coli
CSH100 treated with UV (A), y-ray (B), and E-beam (C). Mutation rate of
irradiated strains was divided by spontaneous mutation rate. Error bar
represents the standard errors of three replicates.
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Fig. 4. Genotoxicity of UV (A), y-ray (B), and E-beam (C) measured by
SOS/umu-test. Relative toxicity was calculated from RGA (relative (3
-galactosidase activity: As7o/Asos) values of irradiated samples and background
control. Error bar represents the standard errors of three replicates.
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Trampuz et al., 2006; Yun et al., 2007; Levanduski and Jaczynski,
2008; Park ef al., 2016). S. enterica®] 739~ 73upA o tfgk
TA1003} TA1535/pSK1002 2] Dy value= 22} 0.14, 0.11 kGy
B FF9 §3% 54 ufEof| 7]l &K Salmonella 45-2]
Dy value (0.38~0.80 kGy) Xt} Wefthal Azt Trampuz
et al., 2006; Yun et al., 2007; Park et al., 2016). Shehata 5
(2011)2 a7} A APR-S- Staphylococcus aureus ol ZAF5}H
31 AEE 2 Dy value (Z+2}0.32 kGy, 1.73 kGy) & 213}
om, A ok Zhupdo] &4 S Harshgith ERL Ham
F(2017)2 S7Hg-Foll b ak AARE 2AFSHA A%7]
ol b2 F27 Mt E SR =H Fubd AR
o} B abA] A e e gRlskeith T2l 2 =2 1 kGy o519
At AR AEFol| A Salmonella enterica®?} E. coli7}
90% o] Al A 7HsstaL, Abd A ate] ol A Fubido] A
APR] 2ARR T o E A oo A b ol2t & 4= QlT.

AL2] A, ZHmbAl, RS DNA S -2 f-7 ]2kl 213 &
& FANAA 28, A2 o] 25 AP AIA o] 25 E T
AT AR 2l ol o3t 7h 285 F 3l Al W 2 Akl
k2 1) & 4= QItH(Min et al., 2003; Taghipour, 2004; Shehata
etal.,2011; Kim et al., 2013). oA} Az o] Q- S22 71
ARGl of sl AYA| EAbell AF-g-staL, AFe] A} o] 271 2] 7
- 234Rg-0] o] RS AFRIRTK Geoffrey, 2007; Jeong
and Kim, 2010; Shehata et al., 2011). A E8H4] J3Fo|gt =0
ofl A = uff AR A G 7S] oF 25%, Aol 2Jjt
FHFZT5%= & = 3L, 53] Akt Z(OH)of| &3t 1t
HAHR0] DNA 27 £4-8:9] 00%2 217 30 2 1] 5o)
Ha/doll 71 & G nAlE A o= dP A 3tk Shehata
etal.,2011;Kim et al.,2013). 18 22 DNA &AM Mo &
QAHI0|S 714 A7 arstol APEATHE A B 4 ol A
euh e S sl 7o) Wi,

Aol A = RAP AL Al ) e Ro] = Aol H AL
Ao Eio]of Hlste] W& HlE R ofubi Zo] 2l
otk S. enterica TA1009] AFE-£-0]99.99%7} ¥] = 5 mJ/cm’
O] 2494 11}+0.5 kGy o] 2kl 9 0.5 kGy o] A& of| A o] =
A EAR oS- 217 A E R ol thH| oF 3474H, 2204,
0.64] 27}t 7 © 2 Uebdth(Fig. 2). E. coli CSH100] AFE
£0]90% o) H= 1) EHHOlEE 1 kGy o] A o]
0.5 kGy 9] Zub4d 930 mi/em’ o] Ao} A Kk w2 u] & &
ZFSFATHZ1210.2, 71, 145 vl)). 18 B2 A 2R 2 ]
P AME S-S 2| H= 2ol A AEFoll Tl DNA &4 4
Lo FArolEo] 2ol 7} QIR AFe| A 7} Fhup o] H A

Hep Edwo] HAY 7sAdol wrkal & 4= lth

&3t el Al As3d AllE

WAL, 2Rl A, ARt E A2 A=A o DNAS] &4
2 0107]1, o] 23FDNAS] 441 413 ol Al DNA £-77]
Kol JsA] BTEITE DNA 442 %1 22 L DNA 3
| & Wallol= B2 ol =& = o] T3)|7} & ufj ol = error-prone
repair system©] Z+-8-3}=1], 0]& £ SOS repair system=- ©]
g5l U E R 4P o] wmu-test ©]THISO 13829, 2000; Oda
etal.,2014). S. enterica TA1535/pSK1002 2] 7 -$- DNA &4k
ol )&} umuDC E-FL-GA R} 2)0| lacZ 3-AAE &7 W3 =
o] 3-galactosidase”7} R A = 11, lactose A S THARA ] &
X 184S =751 DNA &AM =2 RGA 7Ho) Wz
Tobs1A FTHISO 13829, 2000; Oda et al., 2014). SOS/umu-
test®] A7}, 24e]A 0] A9 0.5 mi/em’ ZAMAFRE GAE
/Jo] Ja= Qo Fhubdat Ml o] - 742+ 0.1 kGy £}
02kGy o] ZAPAZRE A% o] BT 14249] 7
9-8. enterica TA1535/pSK 1002 2] uvrB -3-HAAH © &2 215}

=g ol ZsA &7 5 o2t Az T SOS/umu-test
7 RS FE Bk 913 A Al ol A A
QA AR O] 79 =2 A eFol A RGA gho] thas 7h4sst
ATk o= DNA &3 91| M| £ 0] Abd o] 7Rt Avtet A
ZhE) ], Ak 2Ake] 749 =] A A4S f1E
UA @7 S71E Qlsto] DNA E5- 7| 2fo] of 4 & Al
7} B84 3kEIch= B 1% QlK(Shehata ef al., 2011).

et 9 Eet 3] I ol A= Ak A 27t e E Al
ojof Aozt & 4= glom, 44 b/ o WA=
DNA9| &4 ZAR ol & AA| f-dsk= M o] A2zt
Agtsictal & 4= Qlok U APE RIS A7) YsiA HAk
W Aol mbd ey B AU A& 27+ = IAA
g, A PR 9 aHRpe] 84 S-S S ) A
W Aol f-8-5trhal AztEm, ohekst flsf mdES

Ao g At 23 FA o] Sl At tfgh 45 A7t

)

4

e

X~ O
- -

kA, AR 3k 22 A e AR 1 A 2] S o8-8
=% HatiH-2 et aakel Al o] st R ookt
Atdopoll Al ARGE AL QLo mAES] SOl FEs
=80l = 288k 4= Qlrk 2 Aol A= A AR E 212
A9 -8k S Hrsl7] $18lA] Salmonella enterica
S} Escherichia coli d-350]] AF&) A, b, Axp8]-8 2 ASH
Sof| &g, A E, DNA &4 AutE AT 212

-



F2|HA L RIQIMO| OJAHE SHEHOof ChH HEF - 27

o9t

A, 7HabA, A o] AR Sl et A oF5=9]
AYEEo] 5 F25] astel om, 90% ol o] ApEE= &
APAIEES 7171 0.40~25.06 m)/em’, 0.11~0.22 kGy, 0.14~0.53

kGy ©] 3t} SOS/umu-testol A= AF] A, kA, HAbdlof
L2 HE AR A DNA &4 - dsh= - s/dol &l
| AT} Ames testof| A= ALl AT} oA of| 12 Bof E.7]
Zoo]go] Z7}3.82 x 107, 9.84 x 10747 Z7}81 L) S,
enterica TA100 2] AFE-E8-0]99.99% o)A} E]= A aFo] x}o]Al,
Ao, AxpRlof A o] B FAM ol &-2 ZH7 A A& o]
£ tju) 3474), 2204}, 0.6v 27138131 T} E. coli CSH100 5=
%4%&@W?WWﬂi§WWMEW®%Mﬁ
YA Solmo] 8- 77246 x 107, 1.66 x 10°,4.12 x 107 0]
et whepa] AbEaate] ol A= FHakd A e vt n|E
Alojol] aap olet gk 4= §lom, HA}R-2 DNA &3} Al <+
SOl E A g sk AbE AR A=A o] kL A
Z}E T

LAl o

o] =H O 20143 T %
HH] A Hof| olato] A==

FEata ot

A7AUARY ] A
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