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The global problem of handling radioactive materials is facing limitations. Eco-friendly
bioremediation methods using microorganisms are being studied. This study was conducted to screen
cesium-resistant microbial strains. M1 strain was selected from the soil sample by enriched culture in
R2A medium containing 100 mM CsCL. In liquid medium containing above 40 mM of CsCl, the growth of
M1 was inhibited in a concentration-dependent manner. Otherwise, M1 can survive up to 80 mM CsCl in
solid medium although the growth rate was slow and colony size was small. M1 strain was genetically
identified as a strain of the genus Acinetobacter through 16S rRNA sequencing, and radiation resistance
(D1o value) of M1 was found to be 0.307 kGy. These results showed that M1 strain is highly resistant to
cesium and can grow in radiation environment. It was considered that M1 strain is useful in the field of
biological decontamination of cesium.
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1.6 2 T, FAE ] EY sl Soll A8AA & o Bt
ME dorH AlgelA 48 B¢ AR nxes
FFAIE AHAAL o= IRt PAMsEE Y] e Qs Azt ArS xdstA Hrt(3].
Hom Qs ARl e ® EAI7F HA Qe 7hedl Al Sgorly 242 AAE St 7eze oot
Rz Qs AGHE dF2 PG, Cs B PCse = 2 A, Arelerd gl A7)ekekA A9 o] el 9l
7Yz vb7t7)7) 2.1, 230904, 309 02 Ath[12]. B3, ou, o]2|g M EL TR H]go] HR o]3lely
M =2 2ot 171 A4 ©]2 (monovalent cesium gt o} o]2pA Rl @ H-E oS 4= Qlrt. o] 7
ion) 9] AJESHA o] 8 o] Fagh e £G AfrlER o 7€ WHe dHEe S55H] 9§ Holerle 7]
HAFEHL ek FoET Alge A 24 949 ZE 9o AE43 (Bioremediation) ol HRE ¥ ol &
I} GAE oL ABELCR Qs A WE 44 & diHT otk RS o83 AR THL ol
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2. M=z 5y

2.1, Alo} 3l MERY

CsCl (Sigma-Aldrich, NY, USA) A& 5 w5171
8l R2A HA]| ¥iA] (medium) & ©]-8stem 14 A&
2 th33} 2t} Proteose Peptone No.3 (Merck, Germany),
Casamino Acids (BactoTM, NJ, USA), Dextrose (Yakuri,
Kyoto, Japan), Yeast Extract (BactoTM, NJ, USA), Soluble
Starch (Junsei, Tokyo, Japan), CH;COCOONa (Sigma-
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Aldrich, NY, USA), KH,PO, (Junsei, Tokyo, Japan), MgSO.
(Sigma-Aldrich, NY, USA), Agar (BMA, ME, USA) & ©]-§5
o /372l 2 R2A B HiZ] (R2A agar plate) & <H|5t
Atk A AT APAI AT A 22 (H
FEE ASANS EYF EHOZHE 10~15cm2] ZO]
oA A=E AAFSEALH, JF Tt EGAI= 100 goll 500
mL9| 12} SF5 7Fote] A=A shal.er 37°CollA
LAY B9 HEGAIZ] & Hat S 00 mL f-2] ol FotbA
=70°CoIA Bt & Alm = ARESHGIT

2= Kim 52 ol wzh 4
Z‘lﬁ SFATH3]. Hot GAIsH = F=dArE A7
kA A2 10~15 em Z 019 Eoll &
ToFTE Y2 A=A A x3t & 100 mM CsCl (Sigma-
Aldrich, NY, USA)©| &5 R2A Auz]of] A5}
30°C, 150 rpm 2.2 157 "5 2} % (enrichment culture)
sklth Ale Aol e $H5S stz sl 4
71 Feh g e oA 15793t Feh e AR &
R2A ¥l 2] o ‘ﬂ‘qlo]i FACHE 49 (quadrant
streak method) 2.2 A§&
28 Al 234 %—?(MI)E R2A HA] B Z] ]| 74]EHHH
¥ (subculture) 3+ &, CsCl o w2 A=A
5t7] 91eiA] Nutrient liquid medium (Difco) |
10, 20, 40, 60, 80, 100 mM 52 7}t vjoFol
5?9&‘:}. I o3, ML T x

%]—9 0]'04 Optlcal Density (OD) 600 nmoﬂﬁ A
A% F CsClsk F g AlZte] o BS54 (growth
Aokt 16-18]. §HH, Al €]ofl =8 A
=43 2EEFT FUE tiet A-E =lst] 9
3l $rCL T CoCl, (Sigma-Aldrich, NY, USA) S 77} 10, 20,
40, 60, 80, 100mM 2] F= 2 8jFH-& ZH|FH & M1v5

2 A% AR 2A BAT FU PHOE AKTHL 3t

curve)=

S

2.3, 34 24 U YA M3 Hlm
WA B9lUAe) Ao BBHSE Qs Bt
Aol ol Fastr] el WA 4ol

7V w2 A2 deX Deinococcus radiodurans (ATCC
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Fig. 1. Growth curve of isolated strain (M1) incubated in nutrient liquid medium with CsCl 0, 10, 20, 40, 60, 80, and 100 mM.
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M1 59 F424 FAE 245 F150 165 rRNA F71
4183} NCBTs BlastN database @71 A1 €2 H| w245}
‘353 B7rekqiTh
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3.1. Mis Mg 9ot
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Table 1. Viable cell counts of M1 (A) and D. radiodurans (B)
incubated in nutrient agar medium with CsCl 0, 10, 20, 40, 60,
80, and 100 mM after incubation at 30°C for 48 hr

Colony forming unit (Log CFU)

CsCl
(mM) M1 D. radiodurans
0 9.36 +0.25 9.26+0.07
20 9.47+£0.13 9.24+0.12
40 9.36+0.17 ND
60 9.25+0.19 ND
80 9.13+0.27 ND
100 NDV ND
DNot Detected

TRt AlgA A 27t Q& AR 7o

E3F Kim 5 [3]9] 9ol ™2™ Bacillus 02 57
o HedTo] Alg AP/ CsCl1omM ©]5te] sImo
A Alg AAde Hole 2= UEstom, 50 % 100
mM CsCl9] 55 A 2]st3& ol 30°Cofl 4] 30417t (180
rpm) & F37F t2Ttol| Hlste] 22t 59% E 56% 437
Sl Barskqlet vl 6] FUe A2 of
Yzak B A AvtolA M1 w32 ¢ 2447 (30°C,
150 rpm) 7]5& Cscl 20 mM ©]5}2] FIof| A= Aol A
5] gaFol 3o, 40mMel A= FA7F e thv] Ay
|ALT} OF 50% A X Bacillus & -7} AV 2HE
e SAek 22U, 100 mM CsClE] 5ol A= M1 o
AIAF-go] OF 25% A2 M1 W+ Bacillus & w529 A
FE(56%)°ll Bl F-2 72 & LE ek

B} Aeket M1 w59 A& A B7H Sl 242
CsCl 20, 40, 60, 80, 100 mM 52 73t Nutrient Agar
Y] of] M1 w5 2 D. radiodurans BT SFHS =
et F 30°COllA] 24A17F 5 vieksto] AR ek
(CFU)E A5t Table 1] VFERTE. 11 A3} M1 o5
9] 7% CsCl 80mM ©]5}F2] Fro A+ &R Heh
7F CsCl 7347t 272 fARRE 9 log CFUE frAISh=
20 &2 et ool GaFol gl Ao = UEto,
CsCl 100mM FEof| A= BE0] B7FsS A o= gjly]
ATt (Table 1). o] AAHIGFE S+ BS540 2447
(Fig. 1)°l4 CsCl 40 mM ©]/d9] ‘FEollA= M1 752
Aol Adljl= At 2tol7t Sli= A= Fig. 2(A)°
Aot Zo] FEST FTEYE S0 2 ZRI5HS mf CsCl
L7t S ol met 2249 A7]= Ak AopAl= A
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Fig. 2. Comparison of cesium resistance between M1 (A) and
D. radiodurans (B) incubated in nutrient agar medium with CsCl
0, 10, 20, 40, 60, 80, and 100 mM.

o & SRIEIh wehbA, M1 = CsCl 20 mM7HA]

Ao JFo] glom 40~80 mM Atolof A= s o=
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Ao 2 Yehtont BARA A{/do] =2 D. radiodurans
of vls] Ml Aa/dol =R, Alael Aol A=
ZAog B oA Bacillus & Psuedomonas [19]12F 71 2]
SAKE QRS 4R Aow SIEe] A4l BB
AQL T TR R T8 P A0 AR E

3.2, YA X ot

o

HEALA A ebA] B2 98l M1 w5 2 D. radiodurans

Table 2. Comparison of radiation resistance between M1 and
D. radiodurans after gamma-irradiation

Strain Irradiation dose  Viable cells Do value

(kGy) (Log CFU) (kGy)
0 10.12+0.21
0.5 6.80+0.13

M1 1.0 5.29+£0.29 0.307
1.5 4.53%£0.22
2.0 3.13+0.14
0 6.11+0.27

D. radiodurans 3.420
10 3.10+0.20

M1, Acinetobacter calcoaceticus

— 01 M-1

g Fele]l Futide AR & Ba|x]of HEste] BE
24 ZTHE Table 20 UEFTE M1 #5-2] 7
2kGy7HA ZAVRo] 27kt uhet s
A5kl om, 3] HEAS FRF Dio#k2 0.307kGy=
"}E’r‘;lf‘:}. HE, AR Aol w2 A og o4 D
radiodurans®] Do < 3.42 kGy= & grel=Qct.

D. radiodurans= =E35F DNA repair systemﬂ' 7345t 5
Areh 2-g o= Qs Aol ml->- A4 10~20kGy
o3| g7 WA L& SAoME BE TS 8=
2 Dio &°] 15.0kGy ©1/3] AEE ArH[21,22]. & AT+
ol X= D. radiodurans®] -2 F 3.4kGy°| 2 SH, M1 o
F9] 7% D10 4t°] 0.3kGy= D. radiodurans©l Bl <F
1/10 FEo = g2 oz WA #ddo] oft Aoz
et e, ARhA Q1 WEARY | 7]E0] AN A
€2 1.0Gy h! o|sto]7] wiZof [14] M1 59 HFARA

NG E YA 0 Bl AR HtIN 2
A80] 15 Ao At

3.3. 16S rRNA 27|MY =AM

M1 #F59] $AH GAE 242 95 165 rRNA &7

02 Acinetobacter calcoaceticus strain ATCC 23055
- 07 Acinetobacter calcoaceticus strain DSM 30006

03 Acinetobacter calcoaceticus strain JCM 6842

04 Acinetobacter calcoaceticus strain ATCC 23055

05 Acinetobacter calcoaceticus strain CIP 81.8

06 Acinetobacter calcoaceticus strain LMG 1046

| 17 Acinetobacter tjernbergiae strain DSM 14971

L 18 Acinetobacter tjernbergiae strain DSM 14971
| 19 Acinetobacter haemolyticus strain ATCC 17906

14 Acinetobacter oleivorans strain DR1
10Acinetobacter oleivorans strain DR1
11 Acinetobacter pittii strain CIP 70.29
12 Acinetobacter pittii strain LMG 1035
08 Acinetobacter pittii strain ATCC 19004
09 Acinetobacter calcoaceticus strain NCCB 22016

0 0.004854 0.009708

I I l I

0.014562

| 20Acinetobacter haemolyticus strain DSM 6962

16 Acinetobacter nosocomialis strain RUH 2376
15 Acinetobacter seifertii strain LUH 1472

13 Acinetobacter calcoaceticus PHEA-2 strain PHEA-2

0.019416 0.02427

l |

Fig. 3. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of M1 strain.
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0OD660nm
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e 40mMM
—p 100mMmM

Fig. 4. Growth curve of Acinetobacter calcoaceticus (M1) incu-
bated in nutrient liquid medium with SrCl, (A) and CoCl, (B)
at concentrations of 0, 10, 20, 40, 60, 80, and 100 mM.
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