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SUMMARY

I. Title: Biological Improvement of Radiation Resistance

I1. Objective

To investigate the mechanism of gene action related to the radiation
resistance in microorganisms could be essentially helpful for the
development of radiation protectants and hormetic effects of low dose
radiation, Radiation mutants of eukaryotes and prokaryotes were
induced by gamma-ray radiation and observed their characteristics
physiologically and genetically. In addition, by the transformation
experiments, genetic expression characteristics of radiation-resistant
mutants were evaluated basically for the promising development of

radiation protectants,

111, Scope and Contents

1. Isclation of radiation-resistant microorganisms (prokayotes and
eukaryotes).

2. Induction of radiation-resistant and functionally improved mutants
by gamma-ray radiation.,

3. Cloning and analysis of the radiation resistance related genes.

4, Analysis of the expressed proteins of the radiation resistant

related genes.

IV. Results
1. DNA sequence changes by gamma-ray radiation
@ Concentration of small fragments of plasmids were increased
dose-dependently by gamma-ray radiation.
@ Changes of the restriction enzyme sites on plasmid were

specifically induced by gamma-ray radiation



2.

3.

@ 1t suggests that point mutation(s) is(are) induced sequence-
specifically by gamma-ray,

Radiation resistance mutants from prokaryote induced by gamma-ray

radiation,

(D Bacteria (YS1) isclation from the extreme environments (hot
spring).

® Radiation resistant mutant (Y67, Do value: 911 Gy) and
sensitive mutant (Y25, Dio: 340 Gy) were induced by gamma-ray
radiation from YSI.

Radiation resistance mutants from Pleurotus ostreatus (eukaryote)

induced by gamma-ray radiation

D P07, radiation resistant (D value: 750 Gy), was induced from
PO1(Dio: 625 Gy).

@ Isclation #18 (540 bp) DNA fragment related to radiation

resistance of P0O7.

V. Further Applications

1.

It is expected that the new radiation-resistant eukaryote and
prokarycte would deserve to get strain patent and that the cloned
base sequences be submitted to Genebank and useful for the further
related researches,

It is possible tc develop a bioreactor that can produce large
scale of radiation-resistant compounds by the new vector
development technelogy.

Basic technologies of this study such as radiation mutation
technology, genetic engineering, etc, could play a leading role of

the promising radiation application,

—iv_
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H1E ME

AEL YaldA o] A dFE 2 FLES Fd A3 dax ¢
o] mj-¢- Fo3ith. 53] FERYC] AL fle FeuEldME YA E o
3 oflUA] o] uwig At ayolx EFsia 4xHe AHE &
HaPd ] o cit 2 st WP o8& vivfste Hielrt s3u)
3] ol AAelth ulelr AtAAPdRCThE "WARE A8k Wapbd uHo
ti3fA obFd ANz flol Azt AW/ /7t o]&S FE F A
A "o uf-g- ulgk3sivial sl ol & flal WAMAYY A {AR
 HEsl O 54& Ieista, ol Hds §F PAIARY dA

ALY o] && 7HeA she A7t &F"rh

5~

3

le,

o 71&8 WAHAAPAGo BT AFTF YA HFFHo| oM Ayt
of H&E7 fsirxE IYHE(eukaryote)o] thE AF7F ol

Gikis

P AAR gabdel wel kEFe] Sl BASIA EEI=: BEA

wel/FRste Aol W2 ool 7 wiEe, WAkd ® /A

7Y E o8 AFARLY] YARIARY Aol & B &

FrAzE W A=t i3t 77 ey,

4z

il

'3

o AzsAE BAH JAT AF Ade] ofy nEWAALY
(high dose radiation theraphy) W -F2}2(gene theraphy) H.R
otbdo] WAstE A AgeY] FElE ZE A gA =2
HEe 2E4F AP A7 A ol2xen), HadFdEC]l A
gol BAA HolA ol AEI JgFRLsE o3 AFols] ul
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o LEZL AR AF AAYAAFY FIIE YAPd Yol (radiation

protection) ti2 A

; 2EFY I &8 AR A sPAVdl AdAHA YA 9=
7Fs7dol AaLEa 917l wfgel |2 A3t I T ZAF WARARE
Aol thgt oY/ R dF7F 284,

PAPARY] FARFEC TRt H43e] ISUA|7 A Ha
P TS B3z 3 PARAAY FSAERNECl &Folunt IF Jbs
gol 917 wiEel FA € FeES L3 sopyl.

b 2] §-ol 2t o F(hormeosis) W

Fd ol A (radioprotectant) Zide] gloAl {3 7wtA L7}

hg-

bl

; AMZ Pape] Al nAE KoY AAE AP RS o
Aoz B ozt UFEe WAl e olshE ol © A of
A 4 gg. BAEAYE AR UL AT dTE YA F
AAAA ° Q. ER B A7 4302 ST Papgel
A Aol FUAY ReR A,
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M2 342 72ls7iE 2

[

1. F-2]9 7L R
7t YAbdel 2]g DNA &4 W 3]57] 2 A
{1) DNA o] &1} Ayl (double strand break, DSB) &3 7|&7d 2 -8
o Neutral filter elution BPH It : DNA elution uBPHeof ule} %Ap
A ZAPAFI DSBY A=Y APAASE 5 Kole= EAUS
(Blocher, 1990).
o Clamped homogeneous electric field (CHEF) gel electrophoresis
: pulsed field gel electrophoresis (PFGE)E Zj413%F v o2 DSB
E Br} AFI SAY 4 U= 7]=/Y (Blocher and Kunhi,
1990).
o CHEF2} asymmetric field inversion gel electrophoresis (AFIGE)Z&
o|-8%l DSBY] Az HEE JHY : CHO cellS T2 apd
ZAp AFo} dF 3B A7k A2} 3 DB xo]E FAHY £ 9=
B 7i3k(1liakis et al., 1991).
o FAYPd THAFYF(Ataxia telangiectasia) =} Wapd w7t
AMAF 1 DSB 3 E Abalo] 7 el (Blocher et al., 1991).
o Yeast?] DSB BAH%E ZF: densitometry®} Southern hybridization
Eauox 0,93x10° - 1.7x10°/Gy/bp2] DBS ¥4 #<I(Frield et
al., 1993).
o ¥4 Z3l: AXEoA DSB FAHE ZAuhH i SYBR Green 1 &

AH-S o]-g3lo] F U3t DSB F3 7Hs-3HKiltie and Ryan, 1997).



(2) Hrbd=bg W &4 A 712 d:

o E. coliofx 7]&o] ¢eld Ao DNA ¥HAAEo] DSB ¥ E7|3
#o 71524 AA] (Sargentini and Smith, 1986).

o #2338 (adaptive response)7|Z Ho] 754 A A](Seong and Kim,
1994; Zhou et al., 1994).

o AdF FAHd A= Holz] whid YA xJAHWolff et al., 1989;
Ikushima, 1992),

o WA GEET 2 Exf 7Hs/d A|A](Ikushima et al., 1996).

o pb3 Thi o] DSB QA F-9] E2] 7He’d A A](Reed et al., 1995).

o Halxe] 2]3t PKC signaling pathway &4 713 B4 e}E(Uckun
et al., 1993).

o Az Wabd AFe] ¥ AAHAZsIE EX] = A](Stecca and

Gerber, 1998).

18 M 5 B L B R P S B

o 1980Wt] 2T B2 }3}z} Hitoshi Ito(F=] UBAAFAZA
Tl A4 A2 F) el s PApdARAE MlFE(5 - 30 kGye
ZAPAEko A BE)Ql Deinococcus radicduranss Atelatefo] A w7
3 ole] WARHARNG 2 HE Sl WY A7 He] o]
I3

o AR FoME £ d3AE A3t slet #HA" AU} o)
< n] A Aeigl,

o Atgte] -9, 56y BE AFgold FIFEe F-Fo] oA HU, 9
Deinococcus radiodurans’= 30 kGy7Z}X|2] Aakjrx s FEo| 7153t

ol 9] Agto] WAPHARA} F o] F LRI ZA A (DBS, double strand



break) AL T8 DNA ZL4ES Rol 12 - U4AIT oo X%
g £ de 5¥HE zZ32 gt HLe=®E W F(recA-dependent
recombinational pathway), ©o]= FHo FF& FAIZF A E 71X
3 Qit}rH(Holliday junctions, 3 7je] 471et F=x) DNA7]- &Alg] o]
zzhd FYPog Lgste Ao A 2 ZE 5YS& A
H AL Zx}AAS SR Q= Deinococcus radiodurans® dto] W
Ade] opd ®gpo] 3t AEA diEY ZALE FHFHI 4
{Minton and Daly, 1995),

o o TR QoA AFAIAE &A4H DNACIFTZY AFE 7l

574 8 HAe¥ AZEE DNA-PK(protein kinase)®} Ku(DNA

o |

end-binding protein)®] WAPAAZe] iyt JAFHLE At S
(Weaver, 1995; Jackson, 1997).

o I dou} dRE, FFF, AFA T A4=xAY BAA AHTS
wf ABALJoA] AAAEE= hsp(heat shock protein) JFHE stress
proteino] HWARIARAPZ} Heo] L& Jhedel ATEHR QS
(Trautinger et al., 1996).

o LREE AN AMF YaAlog FEHE YUY B

T 3 (Joiner et al., 1997).

Ao Yabde] dsiME FAFA HIFl A ¢lo] BEshe Hl

o)
3

&%l Deinococcus radiodurans® ZE|7} LBA|HA o] n]EEL] H
g Aoty AEA O cf¥ WA Y {3l Z32E Ha3 H 5
itk 7Fs’8oll  th¥  ZItix|7t St Qlth(Moseler  and

Mattingly, 1971; Murray, 1992). o]¢of n}=2] DOE (The United

rioé

bt

o

States Department of Energy)?] A|{d3}oll D radiodurans?] genomic

DNA g7]A o] A3 WK White et al,, 1999). Zajul, 7]cf



of & uAA% 3Y2HN A7IME F o T FAAE YA A
F4E YA steRle Wl Uz 23t e Aol

HA7hA] bl i AMAEY 24A9 e FRsEE =
ogt NFT AT, PAUAYH FAL AW ATE wAW A,
A B Azt FETE L ARl BY AL 3 A3kl
TEshA] e ALE AN g7l Wil ThiRe A7t 27,

28] ZledRoM EE vl Zo], adaptation(F7FH-E)oll 23
APAAEE QAEY] WA FE AREE UAAEY Fige] Jte¥ 2-?- 3
2+,

dol=rt £ AFEokly, MEEHAE e I o3 mFae
antg & Zew gy,

HAMAA R JAYARE EAH0FY S W AW FAXL] Bduie}
Ho e HEFow FEUIE Ao FH A,

WA #E AR AL A8, A3 5& FI a4t
7Hx18] dFe] H 4 3.

=
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M3 R dTAYS g W B

A 12 PapAol] 2J3 DNAE I A E FolF HERAL

WAl DNAS] F7)lebArt (double-strand break, DSB)Z} whdsterdxt
(single-strand break,SSB)& -F-%=3}2](Von Sonntag et al., 1981: Galli
and Schiestl,1998) T}t DNA2] ¥W¥S XYY 4 Q= FoT BIuFER
gltH(Hutchinson, 1985). 53] o| 2|3t & 918 A2 F3pe] Axt 2o
(random breakage model, RBM)E A= 3 9lt}. Pulsed field gel
electrophoresis (PFGE)& ©]-§-3t At DNAZRAIY] &9 7|&8 deded wel
DSB2] 7% AH=kEAo] 71531A FHerKKiltie and Ryan, 1997; Blocher
et al., 1989). AM]¥+(Mirabelli et al., 1985), ® R (Friedl et al,, 1993)
2} 57 AlXE(Kraxenberger et al., 1998) SolA]l wlxpxlo] 2]3F DSB A&
A AxF ZA3slgct. ©lEo] Non-Hodgkin’s lymphoma (Hannan et al.,
1991)2} ataxia telangiectasis (Blocher et al., 1991) S| R-d3 A%
2He] A XA FAR Zdo] FUHEE S UAsH HAdrh

H[E  fabde] o3 DNA  &44F97F RBMeE A glend
pyrimidineo] purine ET} ©] &A% A3} ZHo] DNA based] FHo] uieh
Wabd #ZEzb de] Vel Ao e #th(Hutchinson, 1985). o=
Watde] &3t 7] (apurine Ei= apyrimidine, AP) &2 gr]Ex]} ¥H3}
ol DNAS] drIMde] g&EF T HAHY JHedS ARITE =3 AES
H Zleel glojd 2 &7 UEhA] o H-971 3l& 5 & ZHolth
AEA 2 DNAE 382 7]5S Uehls ©9d coding 91U =59 4
1Mol 2x T Ee3 3P o] HBEE gl B} g2
6GC& AUESF 3=l fArt. F, 6C2 ¥]&o] non-coding F-9|RrT} T}
(Schisler and Palmer, 2000). Genomic DNAY] GC B2t Fd wig} wf$ t}

-7 -



Fstod Bacillus%2] m|ARAEL 32-62%2] GCE ALl 2L} Micrococcus
&2 64-75%2] GCE ALl ¢lE Aoz ws At gFo] Fo TR gl
o] GCY %7} F8 7 keyE AR Q= AAFo|vt. WA ZApPZY |
o|7} Fol uiel ufg TR FE HolBZ WAbd ZAede 3 dle
GCo] & zlol& sy Hart givh weld 53 @714z YAl &
A7t FAE ZARE B/l gt

e

1. A% 9 ¥
2 HNE HEA o] 23t radiationo]] &3 &A€L DNA B39 7H4
Tglo]l &3] YA EelF ale] 23 DNA ol Frtete] WA
& dXFos vpebsta, olF EulE ABAUINY WAt Zale] wE
DNA 71X 9] Mg dS nlaste YARIA R do B {FAAAY o
FE 9% JIZxAEE 4t st o3t HIHoE A do] ¢33
plasmid®] Habd ZAle] W H3PYS guanineZ} cytosine @

7] o

—

Ju

e
Ho|2 A= AVAALF o|&ste] Helan| =2 WAL 23 HRY
Bo2A webstaat stect.

AM2E Plasmidi:= pGEM-7Zf(+)Z @714 d& Fig. 1-1 9 1-29} ).
o] plaamidE E coli JMI09 strain(Table 1-1)oj] =UAZl & LB+Amp uj
G o|-&3le] 37TCoA, 1642t F<t vigsiAct WGHMRE £HE F
Wizard Plus SV Minipreps DNA Purification System(Promega, USA)S o]|-&
3l plasmidE F23}191 3L Nuclease-free waterol Ho] -20Ceo] H@shd
A ApgsteTh

WAL ZARE gamma-rays AFRSIlon] WAL Co-60(2F 60,000
Ci 83, Atomic Energy of Canada, Ltd. )gt}l RAP=EE 500 Gy, 1,

1.5, 2, 4, 6, 8 kGy2. 2 3}3l5L Fricke dosimetry® ZA3t iA=L

-8 -



350 Gy/hr2} 0.36 Gy/hrojgic},

PARD AL F AVELEHTDE AJSGITE AR ARELAE Tru9
I(T"TAA), Vsp I(AT"TAAT), Msp 1(C"CGG), Hae I1II(GG"CC)&} EcoR
I(G"AATTC)ol gt} 2z} RES-8 L 10x ¥hg 2o watd X e[H plasmid
& 2ug FIIslAA 10unitd] AVEALE HIIste] Hh§-&e FaFo] 20ul
7t E| =5 3stgvh REE-Z 37TColA 1xZ2HEet A3Pstglch Hxhgk DN =
Z}& ethidium bromideZ} & 1.5% agarose geld& AF23}led TAB A8 )
o A7|PE3tATh agarose gel’dol Llehdt WabdRAle] 2%t plasmid
o] AT AFTHIAL Gel-Doc System(Bio-Rad, USA)Z} Quantity One

software(Bio-Rad)& o] &35} A5l t].



T7 Transcription Start

5... TGIAA TACGA CTCAC TATAG GGCGA ATTCiG GCCCG ACGTC GCATG CiTCCTIETA

T7 Promoter 1 J I
Apl Al Spht ol

CTCGA GGART TCRGT ACCCE GOGTT COAA TCGAT AAGET TGGAT GGG
1 JL_Jb 1 | 11 Ji }

Xho! £coRi Kpat Smal CepdS | Cist Hrdll  BwnMi

SRS Trarscription Stan

GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AAAT... ¥
I } l l l J SP5 Premoter

Sacl HatxX| =

Fig. 1-1. pGEM e -7Zf(+) Vector promoter and multiple cloning
site sequence., The sequence shown corresponds to RNA synthesized
by T7 RNA polymerase and is complementary to RNA synthesized by
SP6 RNA polymerase, The strand shown is complementary to the ssDNA

strand produced by this vector.

_10_



Xmv] 1991

ol 167 ™

Scol 1672 1] iom

Apal 14

f1om A | zo

\ o | 26

Amp! bz! | 31

st T S

POEM®.721(+) xpn1 | 53

Yeclor el sl | =

(2997bp) Cpe5i| 81

(]| &7

fiosdill | 72

Bumtil| 78

Sac) | 91

Bsxt {120

Nt | e

<o Tsre |12

Fig. 1-2. pGEM e -7Zf(+) Vector circle map and sequence reference
points.
pGEM ® -7Zf(+) Vector sequence reference points,
T7 RNA polymerase transcription initiation site 1
SP6 RNA polymerase transcription initiation site 123
T7 RNA polymerase promoter (-7 to +3) 2981
SP6 RNA polymerase promoter (-7 to +3) 121-140
multiple cloning region 10-10
lacZ start codon 162
lac operon sequences 2818-2978; 148-177
lac operator 182-98
B -lactamase (Amp") coding region 1319-2179
phage f1 region 2362-2817
binding site of pUC/M13 Forward Sequencing Primer 2938-2954

binding site of pUC/M13 Reverse Sequencing Primer 158-174

- 11 -



Table 1-1. Genotypes of the E. coli strains used in this study

Strain Genotype

F* @80dlacZ AM15, recAl, endAl, gyrA96,
DH5 ¢ thi-1, hsdR17, (ri,m’), supEdd, relAl, decR,
A(IacZYA-argF YU169

recAl, endAl, gyrA96, thi, hsdR17, (ri’, m’),
JM109 supkd4, relAl, A(lac-proAB), [F’, traD36,
proAB, laclZ AM15]

- 12 -



2. 4zt 9 23
7}, abde] )%t plasmid forme] MY

=]

Ta

ZApdEko] Z71gte] ulel plasmid?] supercoiled formo] ZrAE

fr

™, ¢k 10 kb Z712] DNA®} DSB ¥4 ZAE gtE]:= 3 kb 372 linear
form?] plasmid:= Z7}stelrt. E3H 3 kb n]gte] DNA XZEo] Mz &
AHog F7IEScHFig. 1-3, 1-4).

AEaLE AehslA] 92 plasmide THE? A7IY5 A& Uehdroh
o]+ supercoiled form, nick form H linear form 5 plasmid®] Atefjol] u}
2l | plasmid®] 3F¥ 37] Hro}p wE2AL %2 AAEGEE Kol o]
of mtel t}ekdt Z7]9 bandE UVlEldrh. £ AHIAME YIS Aels)
A ok tjZRFe HA9(Fig. 1-3. lane 1) 37§ o]A2] tlefst 3712] band
F 8 T Uk YIS ZABIE ssBrE uelhila, olEd] &3
supercoiled form®] plasmid”} 7,:}_/‘:.5]_:_. nick form F713 FALE oAtT]
drl, AAZ 500 Gyo] =& plasmid: 10 kb 27]2] nick form® 2 Figh
¥l= band7} thzZel Hl&] F7FE QoL YA ZAF AR FIlel] ulel y
dsle] E71Ee B 4 doith. =3 PaMel o) PEEE DSBe] 2]} 3
kb®] linear form plasmidE & < Qlt}l. o] 7|8 plasmid= & 4A3%F 31
702l DSB7t ALUSE Hulshy ol&E2 WAl ZAdFke] ulHsle F7H7t
e Ao Yelych 3 3 kbol3te] ZIE AW DNA ZZHE0] laned
et FHAYE AE B 5 Jdon ol vEE RAMF gEFHos
715t F8E= DNA 2748 7= Y 22 2] F7HEE A4S
Relch olF DNA 2Zh2 alddel] 213 DsBr} 3t 71 o4 BAEUSS o
n)sty Aol F71E-F TS W DSBJL plasmide] BA¥E3 2 2
oS g2 3 A2 27450 AdEHE AoR AAZAC: WA &R
Aol 2 kGy} 4 kGy Alo]ollA supercoiled formo] AL ¢lojX& FAS

5~
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B in vitrood AR RE plasmidd] A7|GSAle] HIlE o=
Wb A" 2 kGy o|3d Aoz gigtsjglch

U, gae] o8t ARas Avisle] U

Plasmid& FEcoR 1(GAATTC)S. 2 AxtshH 3t 7J2] DSBo] ¥FAgHch tj=z
2 F 23 3 kb 27|98 whHEnte] HrlgFe &5 Uelxt) o= A
BHAZ AR 2 plasnid?] TRt Ar7|gFAedl= 3l shte]
DSBo] 2]3] %t 37]2] plasmid7t © 4 USS Bl FHolrlh ¥RAML A
213t plasmid®] F-f-oll= AR Fold4F vt 27]2] plasnid®] <&
o] A3t RS HAY + &= i, AL E nick form®] plasmids
ZAHdZol 2S4S wWol dolaldirh. mehA nick forn®] plasmidZt WA
o g éi F 7 7HEE # 4 Utk s, EcoR 1 siter} gAbAde] &
3] HyEo] dxto] dojufx] dgtern| E#, EcoR 1 A7 HAEE
of W37l glo] Hxwho] o] Folx|=] ¢k Zelth. E¥F o] F band?lef 3
kb o]3}9] 2 DNA ZZES & 4 Jdded RAMIFY F7tel vlwsty
F7HE 22 3719 2750l A¥HS ¢ 4 drh olE A2 DN 2%
2 AFALZ AwslA] & tiRFEA dojzl Zel uls] Zrjet ol
Bl A o APSIA Uelsten| ol& linear form?] plasmid7t AHFhAA
of &3] ciydt =Z7|e RZtes AW wfELE AAZCE UYL= OlE
Zzte] B3 719 F7] HsiME EcoR 1% AHwsle] linear formel
plasmidg THE F 5'-endef] HA|E B¢ F, WIS A EXH =
Zte] FI7 ¥ TR SSE A Havt gl

Plasmidoll&& Trud I(TTAA) siteZ} 187 £xz|3le] DNA RZ} 182 Zo]
43t Waldo] AeH plasmids 18XZIe g Antgs gabs Hgoun}
2 kGy o] zAPARe] 3%, vizFol ul3l 2t band?®] intensity7} W3k

- 14 -



3 2 band FHOR 3ujgt INA ZZMEo] & Zo=Z yepyrlh o3t
DNA 22ZMG2 Walddel] &3] &48 F-9lolM Trug 18] Axto] dojit=] ¢
< QELE AR

Plasmido]] Vsp I1(ATTAAT) sitel: 33to] 9lew 2z} 1706 bp, 1235 bp}
55 bp2] DNA ZZto] A=l ol% 0,37]*1%% Trud 18] siteS E3U3IA
RenT o|F8 Hr|MEe] H3EIE wf= 1706 bp bandR.rl F band7}
BREEE EBsHA H3E FAY ¢ vk Yapddo] ZAM plasnid?

§ 4 kGy ZAFZOAHFE 3 kb band7t BdE o] Qe ALE Ko} 3%
2] Vsp 1 site Fof shi o] FEx tE F FEL A= AWHA]
U 2R Aq4AALL

Plasmid o) Msp I(CCGG) site:=

i

43o] glon 14748 Zzjo] LEhLt
Aol ulHsle] o[& band Apo]
ol Eu|3t bandEo] BFEH YUSE B F Yol Msp I siter} HIFHS
S & 5 Addrh 8 kby ZANES A olF band7} ] Este] 1.4
kb, 1.0 kb 2|3 650 bp®] band7} FEFGZ, AeiF L= 500 bp o] 5t
Msp 1 Axt 22459 ol ZAF T

Hae 111(GGCC) site= 13 o] glom 13718 Zzto] A2 4 crh ©f
ZZof uls] WA AEZ F 2 kGy o] E RAMIF] v|ste F-E
A bandEo] UELLITE 53] 8 kGy ZAREOIAM = of 0.9 kb2l 600 bp2]
band7} A8 3IA Uetsten] 220 bpoldte] band&-& uf-$- Huldtgct. wiet
A vabddell 23] Hae 111 siteo]] HEZF Zel® Ao 2 o AR],

Plasmid®] A% T AHelo] w2 AJIFGTSNS ¥y A2 Ko}
EcoR 1of 2JsA AxtE]z] 9= nick form?] plasmidZ} WA ZApx ke
vlFlste] FAET ool w3 }E 471x] A} AL RE nick forme]
plasmidE FuteiAnt Zapidgo] 2 kGy ol Y 7%, FAEA o4& ¥4

A Hck oAb

N
>
l
ko]
"y
2
a.
i
flo
BN
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Eol] etk ZeZ Kol A olF A3t ATl Y3t gIIAEol
e DNA H-glold H37E Q&S o 4 gtk 53] Hae I11(GGCC)2}
Msp 1(CCGG)2] A& A=, 8 kGy A e|dtollA 200 bp ©]3t] 2 DNA 2}
5o L3]8 FAdhs FAE HoFal QlojM olF DM 2ZHE wE 4 2
E gr71Adel o FHe DNA P27 HAEHE A& ¢ + ddrt 6 E
ol 2 ZZE& F43he ATIHL AAF27} plasnid Vol E1A 97
ool A &4 BV RBBME mEE ZLeE Y 4 ooy 3w
L2 53 97144¥9 &, GGCCu} CCGG2} &2 H7IMEdAM oS wiAstAl
HEE ded JHeds viA" & gloh DNAE ARSSte] Wabd Az F
€718 WHEE ZARE A3E KA purine(A%}t G)o] pyrimidine(T} C)oll
el @ EAE ZoE duA INPoTL fAR I &4 U
g Aog oAARAY & AFM EF d7IAdel FolFA A TAE
AREStEE A ol 3t WAl &3t &N BEIH e HelM §
B 3= 53 F9d 3 LE UEld 78 & ARl

E o] AH2H plasmids DNA binding resing AR&3}e] 2&3}9l7]
o phenolz} Zr2 F7]-8uflo]l 2]t plasmid®] HFH(A=Z nickz} SSB F)o]
Y dojt vl FYF Zojrh ulepd YA AL F FIGT Aol
M3} nick form3} single DSB forme] plasmidS M43 dA7AE A

Solct. 7IEL] Ao &8PH lambda bacteriophageZ} ZFE AXE2} E

—

colig v o = A¥3 Az}, ¢F 5.0 x 10'°DSB/0.01 Gy/dalton7H®] nicke]
PAHEE How gy AcHHutchison, 1985). & Ao ALgH
pGEM-7Zf(+) plasmid:= 3000 kbZ <} 2.0X10° daltono|t}. 1 ugd
DGEM-7Zf(+)X= ¢F 2.4 x10"daltono] s[5} plasmid?] DNA backbonerjol]
60007§2] nicke] A sited UL QBT o]t 1.5X10%7]¢] nicke] 3

4H sited Ad Zo|t}, welAd 1 ug®] plasmidE ARE-3te] 500 Gyl
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g ZAFE A, 5.0%10%7§8] nicke] A £ gemg ®
backbonelfo] nicko] 7= AE R#ste] RE plasmid7t E3)= o] &
+ o1& Zoith, T £ AEZAI, 8 kGyd RALeME DsBo] ¥ 77t
HAH AST Kol band7t 30%FE VEIESL nick formo] 70%F =8 K
ol A& uEhdglch metA in vitro®] Z}e]R|Rt in viveolA A g
H ¥, nicko] FAH ¥& FAHT Aol vlaf o> F k2 nickz} DSB
7} ¥4E Zolth 53], £&dolA DINAY W3t YAt FyPel A
2ol DNA £x} 918 gufu} 23 ExF7AHL Hilo] &7 o]y o
g weth B Fe8 Al f2ke BEAIENE 0WU)1E Adste A

H

oltlh. ¥AHH O0HZ]|2} DNATAHEAIL BE2MEo] 7H F23 HElaqol

fin

(r

tl B AP plasmidE Ho] & waterd] FAo] uF HEAME t}
EAR, AXE UAoE A A vlasted & o, 2 d7Fe
in virtoolAl WAbd E3}7} in vivoo AR f3hE ¢
in vivo Aol AMSE  BAubdel AWH &t LS
Hutchison(1985)2] reviewo]d = A]ZH u} it} ZZof sSBet DSBE A
Ul DNAollY &7 3171918 PFGEZ]Z]E ol &% =do] Z#=glcl. CHO cell

o] 2] ZAAzZIE R 1.2 DSB/Gy/chromosomel T &) ZTHBlocher et

xS
ﬁ
o
.3
=

al., 1989). XEZF CHL cellqQl V79 cellojr] &3t A3}, 450 Gy A
ZApo] ]3] 2.38 DSB/Mbprl ¥AA®o] XE H} QltHKraxenberger et
al,, 1998). walA 1 ug? plasmidZ} d & bpx ¢F 3.6X10M7 ol o]
3.6X10%bpo] 22 500 Gyo] WARMel )3 A 8.5X10%702) DSB7} BFAE
4= gith 1 ug?] plasnid?] 2} £ 1.2X10"7/Jo| 22 plasmidd 6,0X10°
789 DB 471 Hlgolth wehd £ AfelM d2 A MEuelA
B2 Azt AL {ARR & Roles ALE oAALL

olg|3t Azt AL Yatddel 23t DSBY F A RIS} ISB I EHS
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ZAlsHe Wyos EY + gtk &, AEAE 3&3)9] plasmidd} 3

ZAFSLaL plasmid®] HEE FFsHe westa AUt Wy
o2 AHAH £ 9ot 53, §F dr1ddA Y] ENGYE AFY 0] in
vitro ¥R AMEE £ Qe A& E2 2R AEHTL g&o] YA
FZARE AR competent celld] transfer@ o= 53 [z}l Wil
of 23t HIE A $= glof AriMde] oE g8 FAREL AE
U BEE B4 A3 A=E FIY + o RUS ol8H £ S o
2 mighdch
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A2 A QYA P4 AR A ©A

1. A= 9 3y
7t AR AR

AL}
I,
rO
(g
2
X
4
%
r U
oY,
o
o,
2,
i
e
4
32

o] =t defoll A

desel Wasl Ay P} dHold B R AA4E Asiao,
AR AREAAG ABANA 22t R 3 APl 4E
(surface, E%)2 F%(10-20cm, middle), 315(30cm ©]3}, deep)?] EF
o AEHUch EY, JAIM 25xsh 18ve] AA4T 2+stolnh

2% 471 % F71U wEE A8l o 5o B3 HUBUe| A3
of sy BRI EabE AFSKATH 20009 19 26-278, B HE
AL AN GRAH ARE TAS sol Fd FAL U, GFA
4 Amsl Ay 4Re ARYA ALAA (Table 2-DolA 27] Rel
3 xF& MAst AE(surface, FEF)Z} FZ(10-20cm, middle), I3
(30cm ©]3}, deep)?] EFE AR steUch

228 BHo] RAHE ¥ W4E AT AN §4T7Y e
Aol §ATRL G Yol £ WS A4sigct

YAz £V B 2m Aol Ay 83
olstel EUNRE 7t UY Bye) ARE olgajgct,
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Table 2-1. Sampling sites for the microbial isolation

Period

Sampling site Address Cultivar
(year)

Green house 1 ChungNam Dangjin Jagae-Ri 8 Lettuce

Green house 2 ChungNam Dangjin Sulwhang-Ri 3 Red pepper

Green house 3 ChungNam Dangjin Seojung-Ri 4 Cucumber

Green house 4 ChungNam Dangjin Kumchun-Ri 5 Tomato
Reclaimed land 1 ChungNam Dangjin 2 Paddy
Reclaimed land 2 ChungNam Dangjin 1 Paddy

Solar evaporation pond ChungNam Buan 5 -

Hot-spring Taejon Yusung - -




v AdAgez] 2¢2 48y 4 I35 =X 5%

AR AL 2 EQU dFEH AE % TS L9BEE S
st A7 1239 o2 =% 63 TS TEE okt Zol 44
ol 2ZZutE YV (IC)2t FEFAHZnAIFEY7|(ICP)E &3t B3}
AArh.

(1) o]232Z2rEDHY E4& 3 A= dA e

B 1goll 18 M0l FF4 10 nl-& Hrlsle] 1d%5¢ ARSIt o] F
2022 =St Az W 108 FA ©AE 33 ¥HE3le] Whatman paper
No.1oll ojzlstgith. o2E X85 0.45 m syringe filteroll =joiz}s}o]

°olF Fol2 W Fol2d ZHARE o]&siirt.

(2) S°]2(Anion) &4
Eohy So]%F F, CI, N0z, NOs, POy, S04 5, 6F2 o2& &4
tiate g slgch Bio-LC DX-300(Dionex, USA) A|A®]& o]-&sldon B4

z42 tha= Zrh

Mo

Column : IonPac AS4A-SC column{4.5 x 250mm, Dicnex) with
AS4A-SC cartridge

Mobile phase : 1.7 mM NaHCO03/1.8 mM NaCOs

Flow rate : 2.0 ml/min

Detection : conductivity (PED2)

(3) oFo]2(Cation) &4

Eohy ofol2F Li', Na', NHY, K', Mg”, Ca® &, 639 Joleg 4
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tjAre 2 stgltl, Bio-LC DX-300(Dionex, USA) A|AELS o]R3lgonm B
Z7AL &3 &

Column : IonPac CS12 (4.5 x 250 mm, Dionex) with CS12
cartledge(4.5 x 50 mm)

Mobile phase : 20 mM HCl

Flow rate : 1.0 ml/min

Detection : conductivity (PED2)

Data analysis : A1-450 on-line software

(4) 325 =

T7 2me] Ao AE F4 EYSS AgARI AN w3l F, griabgg
ol-&3te] oF 100 wsE|Al grinding 3tTl B EYAE 1gof Bito] =
HH I35 FSE8YS FU 19 5 Bt ol & 0.45um?] filter
2 Aol ICP(dionex, USA)el] F&3tdct AXFFHRe FZ4(Cr, 7n,
Cu, As, Cdz} Pb)2] =& &33tch

o}, njgEL] e

EYAR 1 go Ringer's 29 H7I5le] 194 FESg 2 filter® o
Aste] @2 oS HAMPIP L o] &l NB wi=|of FF3te] 30ToA
gstd s wjdE #3325 Eelsich

ol TFE LR, HAYAE uABES F 5= NaClo] H7IH Na
vizlof A Bt FFE EElstAdTh

A4t 7HE8 A2 CalpP0s 7t - | LufA[ol A clear zoned 33}
= AlEE ez st
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n

A4LE I3t NA RS EQTE Hrle] Ed4+E FHESINcL
30C2} 37CollAM wjSsto vjFE FFE Zelstgich

Ld4E 0.2un8] filtero] FEIE= w|EES st +HE vy
B2 NA vizlo] FFste] 50T} 30°ColA ujedstgict. v FFE Fel
stadct,

gt & 452 YA A8

AqAEAF & ol &3 WAEY WA A4S RAKCLEL 25£F 7
zt2] BalufiR]e] R/de]] @A AR 15 ml NBulx|e] 1647t F4b Hujarst
A7 AfYAE SLOE 1.5 ml effendorf tubed)] £F3 F, gamma-ray
& At 2AHAF H9l= 5 koy TR 0 - 25 kGy7lR] XARsHadch
FAbdol ZAME FFE FUIY S o83t HFstdrh cirAFo Al
2o} H|aste 2t A FhE AE HZEP(cfu)E Aesidet. 24 FF

uf, JAARPY S o]- &7 v EL] YA A5E =4}

At g AAE viEeE HRI YAl Ay ndES tige
2 YA ARE B9 A= HAES S5t AR FE3 uEEY 2
58& A =ApslaLA} st

AAax|o A wFE P ES HEY AHE 2 A3t AR o
HEE F S ZAHTL 22 nAES gl cfud F331
th A 7433 DY valueE 34Tl
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Ab A AR wgE Al R 58 =24

28 o BEY WA A3 22 A2E EviE el Foll 8]t Do
valueZ} ot YA A¥Ado] YT MAAES HA=ysiyct. A=t n g
5 AT colony Fel @ BA, I¥HBuA slelA n|EEL] e
g Gram g4, 12]Z Biolog system& o|&3le F& ERFE A=stch

2oFFY A AARAE RASELAL 2%, pH, phosphate 5%, &
A3} ghA HE 100n18] wfgeE Axste Hujgt FF 1 nl& FF
F, ZF AZPE=E 650nmof A 0.D. & &t BAFAE F3islch. pHoll ©f
3 AARCE FA3}7] sl 3, 5, 7, 9, 112] pHE 2t NBujAIE AZ3}
ol 75 FFY F, TN wigsisch. =29 B¢, 25T, 30T, 3
5C, 37C, 40T, 45C, 50C¢| 2z} FeAq AZHE=Z 650 nnd] FH=E
FA3stgen, 55C 2% PN E 1d W92 AAES SHsigct. ¥
Ao wE FF ofF= GME3 wixlol ZzZe] ElAYE glucose tiiloj
0.5%%] st ARE3IAAL, AAY EZE GME3 vix]ell 0.5%% 7t o
sttt sxol wE FFFHE F317] fste] Glu-MOPS wi] o]l
A %5 0,01 mM, 0.1 oM, 1 oM, 2 mMZ Z}Z} S5 2|3t vjx|E o]
£33t

Colony?} Fel: IAufA|of wigstAA HAFsigla 2 dd& €D
camera® 7|&3}%ic}.

FPu sl EE HAAEY P W 2548 5& BHNAIL Gran
staining& A]3¥3}alcl.

=2 #F28 T3 Gram staining ZA3} Y NaOHE o]-&3t A¥xE A
AZE EdE A3 Y 5SS 7| E3 Biolog SystemS AME-stiti.
Ea|5=5 BUGM (Biolog universal growth media)ofA] 2-33] Ar§ ujjorst

¥, AEujgde] gEst 6(+), 6(-) standard®] 3% o7} H=F A
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Sttt Multi-stepperZ o]-83[ 1504 2] Biolog plated] ZHFE3}3L 30C
v oF7| ol A wjorshAA 4x|7t Bl 24Xt B3} F Biolog readerE WS

ZRsigT) FRARS 5 A2 vlelsmololn Bastd SRt

of. uhabd Aztd nAESRE YIS o83 4% 2743 MAE §=
ARt whabd A gge] $4% u4ES NB wiRlolA ujakstglch. b
A e 2} Aol Astel wAMP zal, 9hE 2}, 282 A4
F dg 2l B ot BEe B a8 FFol gamma-rayE Ea}
F AR uPE $2 HH3le] N vjRlo] FE3l )
astach. AEZ FF colonydE GME3 ] 4vfX|(Table 2-2)o] FF3dle] A
Z o2 Halsigrh. oMe3 HawfRlolA AE3kx] Rt LAl FAE
ZFF colonyES GM63 | Aujz|o] Table 3-32} 22 dYYUS Ejst:= 11F
Fo] 4 273 nAE A uixlo] YEste] wigstach 42 74
o[gE A wzlo] ©E FE SRE BMste] ojut Gdel TR o
dg Zher] whgsigol. 49U LTS AYA2A Me3 H& wiRe] &
T FeUUL WS Az wiHo] F¢ o7 HAEE HFN 2
AE 2g 25T
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Table 2-2. Composition of GM63 minimal medium

Reagent Agent Concentration (part/1)

KoHPOy 535 g

KH2PO4 262 g

5X stock for GM63

(NH4)2S04 100 g
FeS04 2.5 mg
5X stock GM63 200 ml

IM MgSO4 1 ml

GM63 agar 40% glucose 5 ml
thiamine-HCI 1 ml

1.6% agar 16 g
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Table 2-3. Composition of diagnosis media of auxotrophs

Sol 1 Sol 2 Sol 3 Sol 4 Sol 5
Sol 6 adenosine guanine cysteine . methionine thiamine
Sol 7  histidine leucine isoleucine lysine valine
Sol 8 phenylalanine tyrosine tryptophan threonine proline
Sol 9 glutamine asparagine uracil aspartic acid arginine
Sol 10 thymine serine ~ glutamic acid DAP glycine

Sol 11 pyridoxine, nicotinic acid, biotin, pantothenate, alanine




2p, wALAS ol g3 WA Ay F, 7 ulAE AY

NB wizlof ujorst nlAE-E NA wixlo] BF tipE o&3le] AYEN F
gamma-rayS ZAPSIgIth.  FAF F FAEFHE colonyd] ZIE HlaLste]
AL AR E7 uAED e uPES AYsidch 4EE wgERe
WAt ZEAe TANIAEOS ZAl] A ARH Z, e Hels

grth.

Z. B AYE 7 L A u]gEY R 4l g =

] B E-S NB vjR]of|A] vjjoF3}e] lysis -B-Y(TE+Glucose)2} glass beadZE
Frpstedch. 3027 vortexE Sl WhEdte] delal :gcTh 12,000 rpm
o2 YA AZTAAZE AAT YL 4755} SDS-PAGES]
Afstel AE 2 v obahg ZARSHYTH olZFE WAL A A
37t BB E Fold U A& Felstgrh. ©l& PVIF membraned] &7
chefg o) N-ggh otnliedt M 2o ARR-SIATE ER, Fold wdHwhy
A& SDS-PAGESM F&3te] HPLCE ©]&3] &g Eelste] N-Uxt opn|it

 AgEde Asstdct

7}. Genomic DNAE of-&3 b A3/d A=l &Y

WA MY 72 ulAES] genomic DNAE &3l ARGttt A3t
AAZ GATC G714 4FdE& QA3 SauddI L. 8. genomic DNAS AwHsiaix o]
Z GATCHTEHE |\l cassette oligomerdll ligationd}o] blunt-end DNA RXZ}t
S e °lE& E coli UEWE, pQEY] Swaloll AQISIHSL BamHl F-
ol ARQlstgch E3, AFHA EcorIO® Anhsle] ATTETRS |
cassette oligomerS H&3lo blunt-end DNA RXZ}& ThSo] YA pQES]

Smalol 41913ttt Hindlll HAR genomic DNAS A Thste] pQER] Hindlll
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F-2lol Aedsisdrt. 84F plE ABFHE| S-S £ coli M09 FAHFH A
A3 =¥ E coli MI0IE HARY ZApste] AR o]l Fr1E =7t

EREEA]

El. cDNAE o8& WAhd A3Yd A= oA

A ABY FAF uEE total RNAE FEsto| THYR FRF9
primer& ©]-&3lo] RT-PCRE B3 cDNAE 3 43lddct vz cDNAS} Xb
°ol& & < %l DDRT-PCRE B3iA 5ol cDNA xZ}& plE Y8 HE o] 4
Jstgict. PCR 4HE-& cloning StalAl pQE WE]E Spalo s Ewhit F 5'-
ek F2lol TE A4St plE-THElE hEo| AMESIETE #48E plE
B8 E coli JMI09e] ESIYI ol59] PAMd R4 WMBHE 2AufA
WM& AHESle] AT

. piE WAAES £AT E coli MI0INA £ DNAS) utEleby ZA)
Papd Aol FARE PHE Hol: E coli MOIM wES
F&sto] SIS-PAGES] AZASHATE. WA YA wlamstel F7ie Mol

£ hgao] glom o]F Ni-NTA columng ARt Eelstglch

bl Aol FrhEE GAE Hol: MOIH QT piE WE S
Fas1e] d7lNES ARSI 2HY AIIHLE Genebanko] SHH A
A3} vjaste] A2E HHAIRI} Bt
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o ugEolA gastaal stalth. wapd
zAls EUdos 33 BAL YEAM AFste A $AlE I
BANAN AEHE nABZOA Watdel] ARRE Rol: uPES Br
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zZt 23R8 54-& Table 2-1¢] Yehfgict, AP B JolL, %
ol&3} F2% o]l22 Bk Table 2-4, -5% -60) LIERjYcTt xgE=
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B Uit Sold Az AR AR gt AdAMRA ool
£ 9 gole] HEs} uhe & Ushdz SAlo] B AT Ao
o BAATIY B F2% 24Ul B YT B 242
EEs}l Wlg BE Folth ot Hthuwmel A% Iy Ago
ERAAY o2 At Aoz, ME H2A FU5oE oW 23
Go] A3 AARA e Hjulge] HEW AU FRHTH

ARl Bl HF=o] gt AR uAEel AR BA &
L JASER Q% AT 9% W 4R AMY B @R g =
Fo] SHOT FEU ALY o §E BrssHA il nABY A
A}, E2 water potential®] W E3t ulPE Yol uje 2 o
e mAth okgd AMANGN S HED EFsts 22EHEL 1)
BB TAE WASIAU NARIALZ Zguch ol ulAES Yl

3

P BRE Ze AdANIRAA A3 nBEES THE AABH A
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e ulBEe] v PAAAYEE & 5 = HEOl grl ¥
o|2, Deinococcus radiodurans R1E& 3 megarado A& A&Eo] J7Hs3dt tix
Al WAMAA Y] FFZ2 desiccation resistance EZF ZEZ glom, o]
F AL FAAGA M2 AJE FAE 22 JE ALE od#HA gl
THBilli et al., 2000). wetd & Hd¥olA 3t dF¥H BH3 12
2] BAAN B3 FFEL YA APy #AEY 41 E AYsE
- 3§ 532 7Ivf=E oot

< 47 A5, Y], dFIIEYH 2HLEHEH &5 2

#Fe 42 1, 7, 15, 1 Frh ol WA Ae8E ZASHAAL D
%2t A dFE Table 2-70] Bovh F 24 F79 uAE Fol Al
A Ze|¥ Y514 Do kel ThE u|FEo| vlF] =olrlol(Fig. 2-1) AR
Aggol de HAER 2t o] F2 Ay A&yl
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Table 2-4. Concentration of anion in the soil of the green house

and the reclaimed lands

Sampleing site F(pm) Cl(ppm) NOz (ppm) POs(ppm) SO (ppm)
Jagae-Ri A(S) 2.02 10561 44474 31.29 489.67
Jagae-Ri A(M) 0.58 2191 4111 - 1432 4371
Jagae-Ri A(D) 078 22.46 1554 761 3.19
Jagae-Ri B 2.03 124.48 553.74 28.08 279.60
Jagae-Ri C 0.40 20.51 113.84 11.87 48.48
Sulwhang-Ri A(S) 045 46.95 276.99 91.07 68.49
Sulwhang-Ri A(M) 0.78 1561 128.01 10.21 2164
Sulwhang-Ri A(D) 091 9.80 62.04 443 11,98
Sulwhang-Ri B 0.55 35.14 21550 24.90 40.53
Sulwhang-Ri C 842 59.31 68.27 22.32 21.81
Soujung-Ri A(S) 2.06 228.11 312.37 47.87 440.60
Soujung-Ri A(M) 1.99 198.99 299.37 475 354.41
Soujung-Ri A(D) 198 120.64 183.68 47.56 240.96
Soujung-Ri B 231 123.73 119.12 43.55 309.49
Soujung-Ri C 220 152.55 150.53 39.97 455.96
Kumchung-Ri A(S) 2.56 156.76 334.28 33.63 265.96
Kumchung-Ri A(M) 0.96 4558 79.42 17.64 55.12
Kumchung-Ri A (D) 0.71 15.03 8.08 5.16 14.64
Kumchung-Ri B 1.03 16.21 14,79 15.42 174.86
Kumchung-Ri C 1.14 5%.21 52.32 13.54 224.09

Reclaimed land 1 0.75 12.50 2.28 - 6.69
Reclaimed land 2 0.56 5751 3.38 - 45.62

- ! not determined

S: surface soil, M: Depth of 10-20 c¢cm from S, D: Depth of 30 cm from S



Table 2-5. Concentration of cation in the soil of the green house

and the reclaimed lands

Sampling site Ca®*(ppm) Na'(ppm) NHs (ppm) K'(ppm) Mg“(ppm)
Jagae-Ri A(S) 342.83 4376 1564 70.16 89.35
Jagae-Ri A(M) 18.16 1690 2.86 23.00 9.30
Jagae-Ri A(D) 17.58 1974 3.28 11.36 8.95
Jagae-Ri B 280.72 40.36 8.13 50.96 96.37
Jagae-Ri C 38.15 11.19 - 6.43 1556
Sulwhang-Ri A(S) 63.88 16.16 6.26 104.45 47.14
Sulwhang-Ri A(M) 36.06 9.11 - 1613 9.67
Sulwhang-Ri A(D) 21.45 10.86 2.15 10.80 5.77
Sulwhang-Ri B 34.65 13.18 2.34 23.25 1325
Sulwhang-Ri C 2453 42.18 9.61 28.56 6.22
Soujung-Ri A(S) 177.81 20.77 20.04 226.38 86.97
Soujung-Ri A(M) 151.64 76.63 8.46 193.01 76.35
Soujung-Ri A(D) 867 56.35 7.9 14751 46.37
Soujung-Ri B 115.65 58.67 - 75.36 4751
Soujung-Ri C 191,61 77.10 - 92.16 66.69
Kumchung-Ri A(S) 158.78 109.68 - 57.89 82.43
Kumchung-Ri AQM) 18.09 3879 433 22.68 11.96
Kumchung-Ri A (D) 289 1556 542 554 1.99
Kumchung-Ri B 3362 45.48 - 14.23 17.56
Kumchung-Ri C 41.26 80.94 - 16.90 2762

Reclaimed land 1 037 - 2366 362 541 0.86
Reclaimed land 2 1.03 69.86 7.39 10.18 1.99
- ; not determined

St surface soil, M: Depth of 10-20 cm from S, D: Depth of 30 cm from S
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Table 2-6. Concentration of heavy metal on the soils from the

green house and the reclaimed lands

Sampling site Cr (ppm) Zn (ppm) Cu (ppm) As (ppm) Cd (ppm) Pb (ppm)
Jagae~Ri A(S) 122.0 94.6 44,0 517 0.20 14.9
Jagae-Ri A(M) 139.0 91.9 49,5 4,22 0.24 146
Jagae-Ri A(D) 1270 8.0 45.1 372 0.14 149
Jagae-Ri B 115.0 3.6 414 390 0.14 158
Jagae~-Ri C 118.0 84.7 435 4.15 0.17 138
Sulwhang-Ri A(S) 483 136.0 426 15.30 0.24 20.0
Sulwhang-Ri A(M) 56.5 110.0 375 15.00 0.24 236
Sulwhang-Ri A(D) 52.2 79.7 26.8 16.30 0.24 24.1
Sulwhang-Ri B 50.6 123.0 377 15.50 0.33 233
Sulwhang-Ri C 8537 1656.0 61.2 17.20 0.32 212
Soujung-Ri A(S) 36.2 114.0 217 9.87 0.28 22.1
Soujung-Ri A(M) 413 126.0 325 10.80 0.29 255
Soujung-Ri A(D) 39.2 1120 27.0 9.07 0.30 242.2
Soujung-Ri B 42.2 123.0 31.3 12.20 0.36 22.7
Soujung-Ri C 3HB7 116.0 259 10.60 0.26 250
Kumchung-Ri A(S) 334 123.0 232 8.03 0.26 281
Kumchung-Ri A(M) 373 111.0 242 793 034 294
Kumchung-Ri A (D) 271 82.7 16.0 4.96 0.19 329
Kumchung-Ri B 481 106.0 26.8 9.25 0.31 30.3
Kumchung-Ri C 22.1 1020 210 4,03 0.25 252

Reclaimed land 1 60.6 576 148 8.48 0.24 212
Reclaimed land 2 61.4 63.9 16.7 14.50 0.28 27.2
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Table 2-7. The Do values and sterilization dose of gamma-ray of

the isolated bacteria

Strain Dio value sterilized dose
HG1 0.5311 5 kGy
HG2 0.5660 6 kGy
HG3 0.5228 5 kGy
HG4 0.5311 5 kGy
HG5 0.6064 5 kGy
HG6 0.6079 5 kGy
HG7 0.7966 5 kGy
HGS8 0.6405 6 kGy
HGO 0.3807 4 kGy
HGI10 0.4968 4 kGy
HGI11 0.7942 5 kGy
HGI12 0.5750 5 kGy
HG14 0.5031 4 kGy
HG15 ' 0.4176 5 kGy
HG16 0.499% 5 kGy
H2 5 kGy
H3 2 kGy
H4 5 kGy
H5 5 kGy
H6 5 kGy
H7 4 kGy
H8 4 kGy
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Fig. 2-1 Radiation sensitivity of YS1 isolated from hot spring,
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Watd ey 2R Bt nAEF 2o HEF Y818 Dy
valueZ} 2.08 kGy2H TIE Ee| FFof vls] €53 &UTL ol& ¥AM
A3ty n|AE, YS1E tghsle 0 BAE& ZApsI4th

2xo] wE AFFALZ Fig. 2-29 ZForh FAMIFA 2FH 2=E 5
ocoldrt. Eivh, FH3] ARSI EASIGTE BTHA 46ToA 43
Ao g sl FFE B4l

3 pHe 7olden el dol Hrt & Pt dFE HIcHFia.
2-3).

ALY sxoA i mEEIA AFSLES RArHFig. 2-4).
1nM-20M2] BTt #A AL rF Tl

EtAH O 2 glucose?} sucrose?} AAto]l dutglth(Fig, 2-5). Lactose
of 2J3i= Aol AL o]Foj==] E3}sirt.

ALY FEE tryptone?} yeast extractZ} -§-8314 5L peptone2} ureat
A AstA] Rstlrh(Fig. 2-6).

BRAZAL BA] = F 244 ol gAmfgt FIF Aole]
o] FAE g 48|32 o] Foj FAFZE autolysis B Rl

Y518} ZAufR]|SA 2] colony= BAoln HFPoldx =T} e EA
ol EH|Eo| colony& TE3ATHFig. 2-7A). o] HAZELS Z7]ol& ¥
& WARstgl o} Azte] A|dde] whel SRR R YT ZAEY
Tl Colony ¥4 Z7]ol HZFH colony o= F 72 colonySo] &3
E ZAeg Hgo} AzZto] At colony e FHFZAA HAS Byt
A IR] oA colonySS Fol FEY BF ASGsHA AR AP K-
Yoz A3l

YS12] Gram’s staining A2}= Fig, 2-7Bo] B¢t} Gram (-)2 TIHE
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gon Fefe Yrirgela Fdol FEYL Fho] Byth MR Aol
B 2molygdt). HEFHOLLE Safranin®® 7] dNHE AN 23
o] gl AHRES AME dxte] AdFH chaing WED = = A
= it

YS12] Biolog system®E 713t Azl= Table 2-80] Uehjigit}
Biolog System2 95%2] FUEtALE HIISt 96 well?] platecr u|BE
& 43 AR wYgsidS o gAdgsHE shAdey Rakg
triphenyltetrazolium chloride(TTC) 2] L] AeE R A=
triphenylformazan(TPF)8] WA= E ZA 3= Systemo|t}. 95 wello] A2
frastagde ot WAZEE vjZE4 F3}E  databasedt Biolog
softmared o|&3te] 29| F3o] 7Fedith. Ys19 WGAZE databased]
A e HANE I A4S Table 2-90 Uehigich. gutgo=s fapgd.
°] 0.6 o]olojof 7t [olFom [AFEE Follal Tt # 4 gir), YSI
71Ee] G 3 v FER} FEH0l v Wl



680nm)

—

.D

O o2

0O 2 4 6 8 10 12 14 16 18 21
hour

—— 25 —A— 30 —k— 35 —— 37 —0— 40 —@— 45 ——50

Fig. 2-2. Growth curves of the radiation resistant bacterium YS1

at various temperatures.
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Fig. 2-3. Growth curves of the radiation resistant bacteria YS1

at various pH.
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Fig. 2-4. Growth curves of the radiation resistant bacterium YS1

at various phosphate concentrations.



YS1

0.D(680nm)

02 L0 5 6 7 8 9 10111213 14 1516 17

hour

—&—Glucose —@—Lactose —&—(Glycerol —#—Sucrose

Fig. 2-5. Growth curves of the radiation resistant bacterium YSI
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Fig. 2-6. Growth curves of the radiation resistant bacterium YSI

at various sole nitrogen sources.
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Fig. 2-7. Morphology of the radiation resistant bacteria Y¥YS1

isolated from the hot spring. A, Colony, B. Gram staining
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Table 2-8. The values of Biolog System test of YS1

Al A2 A3
) . (1)} (73) 1))
water a-cyclodextrin| Dextrin
B1 B2 B3
59 84 21
I-Erythntol | D-Fructose | L-Fucose3 (9 &4 @b
C2
C1 C3
- - 29 69 <121
D-Melibiose o Methl‘y D D-Psicose 29 (69) ( )
—glucoside
D2
D1 D3
. .. lcis-Aconitic] . . ) (-4) (53) 51)
Acetic acid ] Citric acid
acid
E
H (1:1r E2 E3
Py ox.y .. a —Keto 5) ®) (-11)
phenylacetic | Itaconic acid . .
. butyric acid
acid
F1 F2 F3
Bromo Succinamic | Glucuronami (31 © {1
succinic acid acid de
Gl G2 G3
L-Histidine { Hydroxy . 1) -D (34
. L-Leucine
L-proline
Hi
H2 H3
i 1
Urzz:imc Inosine Uridine (13) 87N (52)
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Table 2-8. continued
Ad A5 A6
53 3
Glycogen Tweend0 Tween80 (53) (84) (93)
B4 BS B6
98 1 47
D-Galactose | Gentiobiose | @ -D-Glucose %) (102) “n
C4 Ch5 C6
2
D-Raffinose |L-Rhamnose| D-Sorbitol (54) (62) @4)
D4 D5 D6
] . . |D-Galactonic| D-Galacturo (-8 (0) (40)
Formic acid . . .
acid lactone nic acid
E4 E5 E6
a-Keto a-Keto | DL-Lactic (-11) 67 (41)
glutaric acid| valeric acid acid
F4 5 Fe6
-2 4
Alaninamide | D-Alanine | L-Alanine -2 45) (79)
Gb
G4 . G6
L-Gmithine L—thanylala L-Profine B) -3) (31)
nine
H5
H4 H6
46
Thymidine Phen3.71 Putrescine (46) ® (12)
ethlamine




Table 2-8. continued

A7 A8 A9
N-Acetyl-D-g|N-Acetyl-D-g| Adonitol ® (50) (53)
alactosamine | lucosamine
B7 BS B9
A7 2 53
m-Inositol | a-D-Lactose| Lactulose 7 @ (63)
o1 C8 C9
92 66 81
Sucrose |D-Trehalose| Turanose ©2) (66) (1)
D7 DR D9
D-Gluconic |D-Glucosami| D-Glucuroni (18) (38) @
acid nic acid ¢ acid
E8
E7 E9
ioni -2 -3 29
Malonic acid Propllomc Quinic acid -2 (-8) @9
acid
F7 F8 F9
L-Alanyl-gl |L-Asparagin| L-Asparti 44) 87 (35)
ycine e acid
L- - Tuta G8 G9 (36) (63)
Pyrogluta| 1, o ine | L-Serine (36)
mic acid
H7 HS8 Ho
2~Amino |2,3-Butanedi (15) 25) (-19)
Glycerol
—ethanol ol
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Table 2-8. continued

Al0 All Al2
L~-Arabinose | D-Arabitol | Cellobiose @8) ® ©3)
B10 B11 B12
52
Maltose D-Mannitol | D-Mannose (68) 62) @
10 Cclu Cl12
; Methyl-pyru | Mono-methy (22) 94) (63)
Xylitol .
vate I-succinate
D10 D11 D12
o -Hydroxyb| 8 -Hydroxyb! ¥ ~Hydroxyb 13 )] 8
utyric acid) | utyric acid | utyric acid
E10 . Ell E12
D-Saccharic L .. (2 (-22) (15)
. Sebacic acid |Succinic acid
acid
F10 F11 F12
L-Glutamic | Glycyl-L-as |Glycyl-L-gla 61) (<152) ®
acid partic acid | tamic acid
Gl12
G10 Gl1
. . y —Amino (31) (35) (<114)
L-Threonine | D,L~Camitine . .
butyric acid
H10 Hil H12
D,L- @ -Glycer| Glucose-1- | Glucose-6- 109) (G1)) (49)
ol phosphate | phosphate | phosphate




Table 2-9. Classification of the YS1 based on the Biolog System.

Species SIM DIST
Vibrio metschnikov 0.34 2.63
Pasteurella lymphangitidis 0.14 292
Pasteurella volantium 0.08 311
Xanthomonas albiuncans 0.07 314
Xanthomonas campestris 0.04 3.38
Pasteurella caballi 0.02 351
Pasteurella anatis 0.01 3.76
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apdel 23t radicale] A4S At AAE Bolk A2E oAAT
2y, o3t AP V&Y WAkl 23t AR &4 At o8
o FY=E I gtk F, &Yl Yol ZALEH HO0E=}7} radical & o
A =3 o2&t radicalel]l &3 FHe ExMEo] A7|eis} Heol 3z
H wzl 2gUchs Hol FEolth weld, 2Alwilel FFE uPEL
ZI1Fel =S2HE2E2H 2358 gAwiR| Q& wiiT} radical®] ¥
d UE ZeR sictgdr WAt A golle A4S HQd Zojth
olAH, IAM|e]l FEI F At E Zabshe S Ao
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AEIE Brl W2 AR #Held £ glon, 2) YARIRAM S
53 4 9lar, 3) olu] FUSHA HFH] BT Whabd ZAMAR F
b tiRF] B¢ AEEd 3 MESI FUHE M &=
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(Fig. 2-8), vj&Ql YSlolMd &= Dy value’} 696 Gygoill, WMEZAZES
Dio valueZ} 1.008 kGy@i. ALERAFE-E Dy valueZ} 1,037 kGyZ UIE}RE
th oleidt A= AAIG Al thre] Thsolgo] AEdE RAMI
Foz tEASIAY, BEd AL H4¥E 4] U&= 3.6 yE HV|T A
GA 2ol & of WARKd ARAZol F7E usts Zolth oldt YAl
A AZEY ddLe2s A, Yapdel Uiyt wWeolsol HIEAY
(adaptation)ol 2Js] AX|Hog wizl=lAY, Ex, Ui AR AY &
Azt |37 RAEe] Krop 383 383 5dH07 2AHAS TMed
o] gtk JEER, WAMIE o]&3te] WAl Adol FAH EHH

AE 7718 + U5E AARi
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A. Only one irradiation, B. Four times
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wabde] 203t (A EARCIAE U] HsiA vhE WA =
A7 & o83t YSIof WAPAE AP AESY HAAES UEdLeR
fAz} Edolrt dEAE Helstaxl sigct, fAx EdHIE HUY
T e 8% WY 39 shils dYeTFE Adste Aotk o
TR BT gl FIEA oow ol FEY & ¢glon
&7 843 back mutationo] dojLl= =S FRIY 4 glo], A g
Aol AE MFstL §A T 4 A& /8T WoITh,

WAl 24} ¥ GET 1S1S B 300 colonyS Maste] 2 2u)x]
Ql GM63 ui=[(Table 2-2)of HF3taL wiedstodct, 2 Az}, GM63 2 Auf=]
ofA] AE3IA] Eol= 2718 colony (Y25, Y67)& ¥ 4 gArh ©iz
T2 Y813 ofF EHOIAE 11EFY d4a7F A uwiA|(Table
2-3)%} GM63 FAmiA] B LA wiR]e] FF3te] widstadrt. wiY A2HTable
2-10), Y812 F¥aFF Ad wjz] F Sol 2%} Sol 10| A gt FE 3}
R3lgdch whelad, YS12 Sol 22} Sol 108] ZEA ¢l g aFal serineo] i
g g uBEYS & F 2k v258) Y672 HAufR|ofA ME3]X]
kotz [FwiAA LA wiRlIM AE3IATE. FFeFFT APuiRME
Y25% Sol 32} Sol 8uR|oAqt MEst4rt Sol 32 Sol 82 22 Hoy
< tryprophan®] 22 Y25%& tryptophan Q7-FUE 4 gl Y67
Sol 3, Sol 5, Sol 82} Sol 9ojA gt ME3}4T). Table 2-30J4 HEo] Y67
2 arginin?} uracil XX prolineZ} tryptophano] FAJoll M7} < ol
o Mgt FEY = ASS ¢ 5 AUdrh  v259 Y679 FUAFPE AR
ARt A= FUstoTTable 2-11).

o] g2l HAHE T3l WAMIE o83t Yabd AFAG ¥S1 FFolA 4
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Abde] o8 FAFQA EEIL R EE ¢ USS A Helspyn, vE @
AlgollA] Thtd FALTFE HESIR] RSt} Y269 Y6704 A=}
8] o7t JFaTFHA F-E ofel Ak A3 FH QAzleE HE}
7t 2HHAE 7Hsdol 7] diEe] olEE Yo Ed ot e =
Ate] @pldo] otk ghefoll o] &2 Wald o] tiERFol v HUFT
ztol7h olohd Wabd AR AW AR Moz /-8 Zolth 53,
BATF AAH iR Sol 9o FESI= u[FEL pyrd FAX FQE
olAQl Ao g el glom, E colit pyrimidine 3ol #3t= &
ARLEo] gAAte] FolA glov} Bacillus subtilis?] 7ol pyr
operong FAFL glol F4 {Ax F shite] Wt M= operon F
g b ool AEY 4 @A "ok ¥S12] Fpol pyr AANE0]
operong F/A3H= o] #AFT FRE ¢loL} ol FFRTFFU Y67OIA
DNA®] AFEAQ pyrimidine?] Aol #FH3H= FAzlol]l W3t Stk
AL gapde] o Aol glelx Myl 2HEAE THsdol & A
Zicigct B8, pyrd 32 U] UTPY Hx7t A2 ddol=
2 Y672] A-$o] uracilS RTIIA|T uracil THEHI} o e Y67 A
Fe FABIR] RBIIEZE(Table 2-11) E ThE RAREOIU 7|1&0] dx]
2] 2 BAZ|ALZH DNA YA repaire] st FAXNEF)Y 2HE
4 F Azl HE7 2HHAE 7HeEE 9& Rolth

¢

o
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Table 2-10. Auxotrophs induced by gamma-ray radiation from YS1

originated from the hot spring

Strain LA GM63 Sol 1 Sol 2 Sol 3 Sol 4 Sol 5 Sol 6 Sol 7 Sol 8Sol 9 Sal 10 Sol 11

YS1 o+ + + - + + + + + + + - +
Y25 o+ - - - + - - - - + - - =
Y67 + - - - + - + - - + + - -




Table 2-11. Growth of the auxotrophs on the required

nutrients-added media

Arginin  Proline Uracil Proline
Strain Tryptophan Uracil Arginine Prolin
Fypop gime Troine Tryptophan Uracil Arginine Tryptophan

YS1 + + + + + + + +
Y25 + + +
Y67 - - - - - - + *




ul, Fapdo] g WAt AYY F7 EdHly AU

gFaT-F Y25%f Y672l F9E AHE 5 FF(Y3, Y14, Y21, Y299}
Y140) & tido® A ABY FH AFE RASIAA AR AP L
2 A A4S A 23E Fig 2-9 ~ 2-163F oIt} Do valued
H] 23t Z3}Table 2-12), Y67°] 911.4 GyZ vz el E@HolA
vl 453] Erh ©lEE AR o] AFYF3t] YA ZA F RS
o] M3Le ARt ZA}E Fig, 2-18% Table 2-13zF ottt ¥abd ulA )
FHE Y32 AL JH &L A2 Uelytoen(Fig. 2-174), Y297}
743 okt ZAMAE 250 Gy RARZES] A9 Y1400] 7h3 wmi2A] Agabsiy
oo o] Y297} 713 &ocHFig 2-17B). 22y}, 4 kGy ZAREelAE Y67
ol b wt2A gAstgon 1 o FFELS A AFE EsgchFis.
2-17C). olgl¥t Azt YA e =Ap A Xt

WA E of-83te] Ak Aol FAE EAHOIAR Y67& AEE
T 2dglen ol FFLTFOIBE AL A F8Y Zoeg uH
th EZL A AEge] ZAH EAHOIAERE Y25E AEslyen ol
tryptophan R-FFo|B2 HA] WAL AFF Az} @] uff- F-8% A
o2 7|tiHc}
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Fig. 2-9. Radiation sensitivity of YS1 irradiated

media.
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Fig. 2-10. Radiation sensitivity of the tryprophan auxotroph Y25

induced by gamma-ray radiation from YS1.
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Fig. 2-11. Radiation sensitivity of the auxotroph Y67 induced by

gamma-ray radiation from YS1,
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2-12. Radiation sensitivity of Y3

radiation from YSI1.

induced by gamma-ray
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Fig. 2-13. Radiation sensitivity of Y14 induced by gamma-ray

radiation from YSI.
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Fig. 2-14. Radiation sensitivity of Y21 induced by gamma-ray

radiation from YSI1.
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Fig. 2-15. Radiation sensitivity of Y29 induced by gamma-ray

radiation from YSI1.
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Fig. 2-16. Radiation sensitivity of Y140 induced by gamma-ray

radiation from YSI1.
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Table 2-12. Do values of the auxotrophs and mutants induced by

gaema-ray radiation

Strain Dio value (Gy)
YS1 696
Y25 340
Y67 911
Y3 567
Yi4 610
Y21 629
Y29 710
Y140 49




YS1

Y25 Y21 Y24

Y67 Y3

Y140 Y29 YS1

Fig. 2-17. Growth of colonies of the auxoxtrophs and mutants
induced by gamma-ray radiation. A, 0 Gy: B, 250 Gy: C, 4 kGy:

D, strains.
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Table 2-13. Growth areas of the auxotrophs and mutants after

gamma-ray irradiation

Area(mm®)
Strains
Control 250 Gy 4 kGy

YS1 | 236 103 30
YS1 202 113 79

Y3 295 104 21
Y14 185 79 25
Y21 174 86 25
Y25 62 56 23
Y29 34 37 25
Y67 219 110 255
Y140 240 170 29
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Fig. 2-18. Protein profiles of the radiation resistant auxotroph
by SDS-PAGE. Lane 1: YSI, lane 2: Y67, lane 3: Y25. Arrow heads:

specific protein bands. Molecular size was indicated left side.
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A 3 H AYAEL] YA AFE A °HY

1. A4z 9 3y
7 3ANEF 92w

ezlZFel Al RBWA L El8|(Pleurotus)s®] W55 (P ostreatus, P,
ostreatus o=, P, ostreatus %3, P, ostreatus {18, P, flavellatus?}
P.  sajor-caju, P. florid® P. cornucopiaed Ui L= 3lgrth
Potato-dextrose medium(Difco)E AM&3to] FAMAE(Fig. 3-1) Fgt U 4
AufeF stdch FARAS] At BxhlgdH JAAY Y7 FE
27 6 me] FElFLR FHeist AL FARA plugs FIHR][L FYe
AR wiRlo] FIleF FFsigch HEF F FIWIAE parafilnl =
B3 F 26T ujYTolA wvigstdTt gASE FeEldoE Husle o
< FAH plugE 100 m1 B 1702 JFSte] 150 rpme 2 25CHlA & v
&staict.

WAPAE o] 2EpYAMAQ] gamma-rayE ARESIH .S WARIMLE Co-60
(¥ 60,000 Ci £28F, Atomic Energy of Canada, Ltd.)gtl. Fricke

dosimetry® FA ¥ XA FFE-LE 350 Gy/hr2} 0.36 Gy/hro] Tt

ok T4 RAA ZA oW BN AYY 2T K=

LE}l2|<48] P. ostreatus, P. flavellatus®} P. sajor-cajus tjAL®
3xjoll o]27171A] WARAE TAFsl] RER FF RS RASlY &
B3 YAt AR EFE FEsignh. FATF FARE PDA v ey

BIS ¥ F A 95 FeldeR A F olE plugs PDA Bl

N
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of HEstslrh. HIF3T LAAE 2, 4 kGyd] APLE ZAPsIgich =4} F
AEF A F 4 FE2 A 5 TS Ao PDA Fuhufx|o] Al
tistgich AlLiE FFE FAAE B3] HFFH F 222 4, 521 6
kGy®] WARIE ZABHATL =4 F ALY FF BFE AYste] gahy
zlofl Al viFsigict. ol&2 FAAIE F3uf=lo] FF} F IAE 4,
62} 7 kGy2] FAME ZASH] AEFN 4FE FHEGTE HEY BE F
& PDA Fahfz|of M BFE&E FY o] iz viasigict

o

ef. <t Yapd zalef 3 ARY #AF F =

el R (P, ostreatus: Fig. 3-1)2] FAMNE gAui § F wjokdy
2} #8A dME FASHA A3 7] 0.062 mngl stainless still filter
g BIslE a718 FA 224 2L ¥, o5 1.0X10°/mlo] HES ¥
Fgof 343l rHFig. 3-2). AT FARA] ZZHE& 0 GyollA 20 kGyd] ¥
AE RABIAAL ZAH FARA Z27EE thA] s R A A 3435l
Baefzlo] =F F, 25TolA wigstHAM BAEE FARA colony(Fig,
3-3) & A3l 2AMAE AEL S Pt

whabd 2l F FE3F FAA colonyS Fuhufz|of Ak wjedt F ol
AR /g 8] HEE 2B it HebgE AR L F4of
A frele R dxbste] 42 FAAE FxhiRlel HER F YA

Aol ZA F AAseE FAEAS] HWAE Gel-Doc System(Bio-rad)?

'

=®

o

CCD camera® Y3t 3IAEA =29l Quantity One Software
(Bio-Rad)& o|&3l &F3lodckFig. 3-4). 3™ T AAY AF HI&

22} vlaste] AR Aol F7H 5§ At
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uf, Y Wabd 2A; F A5 G Ao At AYE AF =
LEle]48] P cornucopiae, P, ostreatus, P, ostreatus €%, P,
ostreatus 952} P, ostreatus &FF o| L35l T WA Rl dE
o] AMF2 WAME AL AEsidE of A A njAE=
FHFE AL AR AYE FFE RSt sinh FAEFY #
AAE FreERe= deiste] PDA F3bfR|e] FHF F 10, 100, 250, 500,
ZARE & 0.36 Gy/hrd] ZAPAZOZ 1047 ¢

ZAPBIATHE ZAMIFES 92.4 Gysit}). AL A Fol FAA S BHE

& XAl

ul, PP AP &

s,
Jo
[,
)
iy
i

=]

E3
A wiestlth. 50 wle) AAujer FAMH] 15 keye] WAL ZAIR F
tf2S EJSto] Whateman papero] oj2}ste] wix|& AASITE AAA
A2 F5% Y¥Ssta HrRrptE of&dle] FAMAE ui¥ ¥, RNeasy
Plant Mini Kit(Qiagen)& ©]-83}o] total RNAS F&3}4ictt. &3t total
RNAZHE| PolyATtract mRNA Isolation System(Promega)S ©]-83}e mRNAS
&4 Bsign.

WA ARl Qelo] HE fEA7E QA dopnuat dzen A
BhAd 7] §-ART UH R xlo] S R A7) 915} Differential
display reverse transcription-polymerase chain reaction (DDRT-PCR)&
Al A]5tgct, RT/PCR PreMix ¥E8-89(Bioneer)ef |3t mRNAS H7}3tx
polyT primerQl dT1IN primer& ¥t} 57ToA 10 minZt X s}y
mRNAS  linear form®. 2 ©RJHE TS 42CoA] 1A]2F %<t reverse

transcriptionit-8S A|33t T, 94ToA 5 min, A E[3}d reverse
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transcriptase®] /& FA|AZth S AURE 5|3l cINAE FFLZ
PCRE s3slgct, FAAE cDNA 2ulE AFE3lE e 10-mer?] arbitrary
primertt B B FF YA primerE ZHZ HIIEE WHE-RAE ETL
PCR ¥F-g-8998 94C, 30 sec, 38C, 30 sec, 72C, 30 sec® 353 uhg3t
£ 72ColA 5 minZt DNA polymerizationE 33lgth o|FA Eoi3
DDRT-PCR AHE-S TAE HAHAZFHolA 1,5% agarose gelol] A7 FE3Ig
A7 GBS viLslo] tzRF} A 23 2ol Aol7t e Dua 27}
& Basignt. of ¥+H 27hg AHEH prirerd ol83le] PRE E3] )
ZE3tgctt PR 2[FF AHEE gene clean £YL2 2 AMF3ta 34 319
t}. pGEM-T Easy Vector (Fig. 3-5, 3-6) System(Promega)S AhE-3}o]
cloningdl9 3L (Fig. 3-7) ¢o]Z white colonyo]]A] Wizard Plus SV
Minipreps Purification System(Promega) .2 plasmid3s <5 2|5ttt
Cloning ¥ DNAY 97]AQg-E& fluorescent sequencings B3] AAFI
BLAST search& 3l 7|&ol &a{x {32} 9F-& =APH4ATL

dolzl SAAZL WA ARY B SIaAA WA el
bacterial expression vectore] Este] WHA|F T, WAPH-ES XA
S of YA AYRE AFF ZAPSEALA SHITHFig. 3-7). ©ol& 9ISt ¢
21 bacterial expression vectorql pQE(Fig. 2-8, Qiagen)& Swa
1(CCC*GGG) 2.2 Awtdt & FcoR 1 adaptor (5’-AATTCGGCTCGAG-3'&
ligationd}git}., o] vector®} T-easy vectoro A EcoR 122 Axtsle 837
&l insert FAA}E ligationd}o] expression vectordZ ST} o|E
lacl® F-AZ}7} E0lQl= E coli strain JM109¢]] transferd}o] LA+Amp W]
o HFste BEF colonyg YHLE plasmidE FE31ch. F29
plasmid F¢ insertZ} Eojle pQE LHWEE dEsigr). AEd
colonyE LBramp 102 16X7F St 37TolN wlerstadrh wjers
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M09S 55E=F 4% LB+Amp vi=|e] FFSlof 0.D. 71 0.6-0.8xt0]7} =
£ A7 3-4X2 F)e) #F =7 1 st HEF IPIGE H7bstsch
IPTG 7t F, 4 At ¢t wjgshdN =¥ 8xE ¢zt =4
H SAXE WHEES At M09 0 GyollA 1 kGye] o]&& t}orgt
43k gamma-rayE ZAPSIGITE FARE LA+Amp uix]e] FHF3ted colony
forming unit (cfu)E& APt BEES FAsHATE. SFH YA A
4 ARG vlaste =" FAARE YAl ARG A oARE FHs)
gr}h. tRFE hostQl E coli JMI09 strain?} insert”Z} ¢l& pQE vector
E FAAIAT E coli MI09-geS AFR3}Y L negative TIRTOZE P
ostreatus®] mannganese peroxidase -S-HXHMNP)2] cDNAZ} E&&st= 43l

vectorE EQA|Zl E coli IMI09-mnpE AR5} T}.



Fig. 3-1. The mycelial growth pattern and the fruiting body of

Pleurotus ostreatus.
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Fig. 3-2. The fragmented mycelia of Pleurotus ostreatus were used

to induce the variants by gamma-ray radiation.
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Fig. 3-3. The survival colonies of the fragmented mycelia of
Pleurotus ostreatus after gamma-ray irradiation were used to
isolate the radiation resistant variants. Left is the

control and right is the 1.5 kGy irradiated.



i,

i aattany

Fig. 3-4. The photography of the mycelial growth of the ganma-ray
irradiated variants was used to measure the area of growth

for the comparison of the radiation sensitivity.
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F

1g.

pPGEMS-T Easy Vector

T Tranisefiption Stut

5., 1GTAA TAGGA CTCAC TATAG GOCGA ATIGH GOCCG ALQIC GOATG GTCLC GGUCG LCAIG
T ... ACATT ATGLT GAGT3 ATATC CCGCT TAACC CGGGC TGOAG CGTAC GAGSG COGGE GGTAC
T? Pramotar
Al aa ST Wzl M

GCGGL CGOGG GRATT Cmm(cbned i"“")J' AICAC TAGTG ATTC GUGGT OGCCT GCAGG TCGAC

£GLCG GLGLC CTTAAGLTA TTp‘GiTG ATCAC TTRAR COLCE GOGHA CGTCC AGCTS
I i )
e ~ [l ] = <
per acll feokl Raa) Ecad | erh Fatl Sau
SF6 Tranzeription St

CATAT GGAA GAGCT OCCAA CGOGT TGGAT GCATA GUTTG AGTAT TCTAT AGTGT CACCT AAAT. ..
GTATA COCT CTCGA GRGTT GCGCANCCTA COTAT CAAC TCATA AGMA TCACS GTGGATTTA. .
1 1 1 1 ] T

nw

i Sacl [T Pasi)

3-5. The promoter and multiple cloning sequence of
pGEM-T and pGEM-T Easy Vector. The top strand of
sequence corresponds to the RNA synthesized by T7
Polymerase. The bottom strand corresponds to the

synthesized by SP6 RNA Polymerase.
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Fig. 3-6. pGEM @ -T Easy Vector circle map and sequence reference
peints,
pGEM ® -T Easy Vector Sequence reference points:
T7 RNA Polymerase transcription initiation site 1
SP6 RNA Polymerase transcription initiation site 141
T7 RNA Polymerase promoter (-7 to +3) 2999-
SP56 RNA Polymerase promoter (-7 to +3) 139-158
multiple cloning region 10-28
lacZ start codon 180
lac operon sequences 2836-2996, 166-195
lac operator 200-216
B -lactamase coding region 1337-2197
phage fl region 2380-2835
binding site of pUC/M13 Forward Sequencing Primer 2956-2972
binding site of pUC/M13 Reverse Sequencing Primer 176-192
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Fig.

-t

EALID, plE.a,
FEEdY

3.4kh

3-8. pQE vectors for N-terminal 6xHis tag constructs. PT5:
T5 promoter, lac O: lac operator, RBS: ribosome-binding site, ATG:
start codon, 6xHis: 6xHis tag sequence, MCS: multiple cloning site
with restriction sites indicated(BamHI Sphl Sacl Kpnl Smal Xmal
Sall Pstl Hindlll), Stop Codons: stop codons in all three reading
frames, Col El1: Col El1 origin of replication, Ampicillin: ampicillin

resistance gene, lacI% lacl® repressor gene.
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2. 44 4 3%
7h 53 Al A o3 Ak ARE IF e
A2 WA S AchstAAM ZARE A= Table 3-13F . A
Z7to]] w}el P ostreatus?] Z-9L 2%} WAl RAP ¥ AFLH 3 F
2] #F EF71 4 koyold AESigen 2 #F kGyell M= AE319
th olg A& FFY HAH AFES Uz fARHAY o 4
S54& Bt ol&& LR A= 4, 5, 63 7 kGyd] WAMARE =4}
< o, 5 63} 7 kGydME BEI}= I+FE & T AL 4 keydA =
3 FF o] AEsP o o|]EELE 5 FFE S F Ydth °lE F 3
3 A BRAE] vz uls] dFo] Watew F FFIE FAL
stach ol2lgt AR Hol P ostreatus®] 7-¢ WA Rl thgt wvkg
54& o 5 dgoh 1) TP oeg Yapde 2AsHE ) v F 5 kGyoll
A BEYE FFe slHels 4 koyol e A& E7Hssich 2) 33
of AA Walde] ZAHEEA FAEHE {32 HEoz B9sta 2 #
F(P0-2C4A4A%} PO-2C4A4B)+= YAt o3t A3Ade] Foid FF2 oA
Ach 2HF o5& e E AU WAk 2d 2AE gasict 3) %
APd ZAtell R4t S1E 45 TR AEY 574 AR AZEol
izt vlE] FA3] ALEE A& Heolth. 2y, 33 A F AE
gF 2 T-5(P0-2C4A4A2} PO-2C4A4B)= 12} A | X|7]of] tiRFol u|s] FARA
A&l shgher} 23 W 3xte] WA A 47t FIidtel wrel FAA
AREC] F7HE s & Al meld o] F #5E fdFeE 3™
BARD AYE FEE AU & o2 7"t

Fl

P. flavellatus®] 79 2x}x|7]o] 6 kGyOﬂ)v]E HEF= FF
(PF-2C6A)E & < <t aav), 33 whald A} 3 o] FF= 4 kGydll

NE AEsHA Bslglth 3% ZAl ¥ YR FRE 4 FFYD o)5=2H
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B 6 35 HEY + UArk 2 F 5 keyolld 23} & 33} A} Foff A
£3t F5F(PF-2B5A5A) = WA AL 347t S71etel whel FAA] 23
o] A= B¥ES Hach EFH, 3xpA7)O] 4 kGyolq AET 5 FF
F 4 = 9] A RS AAE AT 4 ek @2 3 FF
Ql PF-2MA4A2] B9 FAA A&l A H3A dsten vzIH &
Apstgct, o|de] ZAzZ Kol P flavellatus= 1) 5 kGyo = o] 7}
Y AEF APl FUEHAL, 2) Al R Fole] wiel fF-E
AREo] AHE FFS Holul, 3) WA Alol viE] A& H3g
o] ’WAMdAE o] F7H EFE BEY 4 itk eI PF-2A4A4A%%
ZAMYE "Wosgdo] gt}

P. sajor-caju?l Z¥E §18] ¥ I AR S Hoon 23 x4}
T 6 kGyelM &3 EF71 Qe 3apA] 7]l 4 keydl M= AE5HA]
Z3tgrl. E3, 23 A7]o 5 kGyollM BEF FFE F 3xA70] AEY
TFE PS-2A5A # oldEd O FFE 3 TIMA = 4 kGyol ARt AEH

¢

PF-2B5ASATF2] A3t W 2t g

T AT AT F FEY AFE 3FRIUIL o|E2HE 5 FFE FE
4 gt Holy A2 PS-2AAFFUY o] FFE AR 4 kGyol M2
AEGAL OJEEHE 3TH Fdnlel #FF dgen, ol FAMA
AREL  uiRTel wls] WA LH(PS-2A4A4A8}  PS-2A4A4C)e}  RARRE
(PS-2A4A4B) ¥& R4Acl o2 AR 1) P sajor-cajuRHE] 4 kGy
o] BEo] 7Fe¥t FFE FHEY 5 e, 2) YA 24} HeUt &
5 AR AFE] HIEE F¥S EUS & F AU 3) WA A
g o] 83 ALSE oAARE F F-F(PS-2A4A4B2} PS-2A5A4A)E F
23 4 glgict



*+TEL 247 L
FEo vls] uf- W YFES Kol FFoln EFIA At ¢
E3Q ALY ZAE Uehidz, A YA Fodize E 4 99
t}. P. florida®] 73-%- 10 Gyd] whd b Zaloll Aagef glo] Wil
A FEzAIE g ZA2Z UElydt 0 Gy chronic2t 10 Gy chronic &A}
=28 B-F= 100 Gyolld 500 Gyo] whed ZAlZE} fARE =Y ABES
TJolge] w Al F A4 ZAIRES 1 koyd] B Al mje

P. ostreatus®] 7-¢ 2] 10 Gy Ttd Aej&= WA fouz

Byt A4 2AME P APFEL 250 Gy T AR FAFHA
2 o3t AAES RAcrh FufollA JfEE P ostreatus®] 371X] o}
FE52 Z$E RY, P ostreatuso] |3 2F WS AFEE vehiglc
53], P. ostreatus 5+ 1/33 X0 33ttt H|F P. ostreatuse] ]
3 W ARAES HolXAgt AU df Al oy FFS slol dF% 3
3= vl WSicth P oostreatus 98 F-9E T ZAbolA 10 Gy
FAPd foJEE 8 4 il EZ 0 Gyel 10 Gy Tl 2} F A%
ZAMEES RAL F 79 o) F F43] ZRAEo] wolAA YRIRT} &
HLHOGy chronic) -AF8H10Gy chronic) A4S Rt 122 €4 XA}
T 1 kGy2] ©d ZAlte] fAHE d4& Uelch. P ostreatus o §9]
ALAME P ostreatus €83} [FA8le]  0G chronic?}t 10Gy chronic
10d Folle T A} 2ol vl3f 2w9f o]de] AAES Ushfidrt P
ostreatus =52 Z-$E FI 10 Gy A FdI3E Rgon o
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Be 4 Al AR TAT B AFEE Brh

o239 Azt 1) AT A% AL Tde WAMd REA FHolA
G BR8-S Hol: P ostreatus o}FEolN OS BWsiAl uehud,
2) ABEo] ol v AT FolAE F EAdFo] 92 Gy HAFY
A& Zafel 2fsf 2318 T AL 100 GyRrt o AFE&S At BY
& Holn 3) 100 Gy o9 &l A Al ¥ AF Zaks Y A
H EE FAEFoUA 500 6y @ ZAL wiRT o ASHA BBEo] AN

UL = Hobd 100 Gyl ©Hd A F AUFT df AL Yol o3

th. =EjeluAe] WA e @ PAd AP FF

rElelw e ZAAME tALE WA 25RE ZAFSHe] Fig. 3-109)
A7E AT Dy valuek 625 GydATh BAY H3H 232 Frsr 9
sted 1 Ky - 2 kGy] abdzdo] ZAMH Ele|wAle] FARNEEE AE
¢ 235 WA 5de ARG 2 A3} Fig 3-113F go] Thed
3 4o WE ngon FHY Wol: F 1.5 koys] WAABOR &
718 PO72 WAbd A Aol thEPol wlsh E7EHASS RPTHDH value
750 Gy).

AYggzt BAY AR NS Aste] dizI WAk A
o] Z71El F3F, P072 total RNAS &3lgct o] 5 =¥ DDRT-PCR ¥Hg
of & thxZz} thE 11E7F9 bandE AEslgon, o5 F&3}d
T-vectore] ligationd}o] cloningdlglil(Fig. 3-12), ©ol&e 4r7lAd& 2

AstgchFig. 3-13). X3 §AASS bacteria UH vectoro]] cloning
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3to] E. coli JMI09¢] =4913}%THTable 3-2). W3 vector?} E¢H E
coli JM109 strains3} tiRgtol] thdt UrALHd A& ZApslo] Fig, 2-14
o] AXE ot A FFe viRF(E coli IMI09, WY vectoryt E¢]
3t £ coli JM109-qe} E, coli JIM109-qe-self)Z} negative tiRFERl E

coli  IM109-mnp®] YAt 44 FAISHSITE DDRT-PCRE B8 Aol

n

FAZE Ad U8 vector7t EUH E coli M09 FFE thFE ol&

.

Uiz FARE G2 b e S B e F 7R EFelA At
A e HEE A 4= Qelrh E coli IMI09-182] A$ iRl
als] gAd Zgidol FRStAl Zastel AR APl F71E

Bgom, E coli IM09-148] ZA$E 238 YA Aol Fristart

N

(]
SRS

fr

1=

E coli JM109-182] 7-¢- 540 bp?] F-AAI7L 4= vl o8 €714
d& Fig. 3-13o] U}ERIR, BLAST A Az} 7|2¢] &aiz|A] ¢S AVA
d& Ad FHAHunknown gene)4th o] HZINHERE A& = = of
=it dE BEA43le] stop codono] flE e A4S dPE=d ol F
BLASTZANZE Az}, Alstzt 2 W 2 2o FEA2] o33 casein kinase
2} MAP kinase?] oful=it M@z} FHuf 40%0] o] HFHE EArt o]
2|3t opnieat XY AFHLE Hol o] JFHA= P ostreatusol A
kinase?] 9E 3t H-AUALY AF-Z 3ttt A cloningd #18
AR full cDNAZ} obd ZLo= migtElu} o= B3tz JMI090] A4
LA ZLE of Yrpdel i3t ABYE F7HI71E 2AE EHdrh oeiA,
WA AE F2 AR &40 digt 35 7|3}l #FEE FIAY R
S = gighch

whaldel] Bt} mizhdt Ao s ueht IMI09-14= ¢F 2.2 kb B =9 §-A

A7t EolglE WE vector§ =Y Aoz, 1399 A FE AVIAES
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AR sIdHFig. 3-13). °] @M L& BLAST ZAXMsig et dej=|=] o2
frAzxg e o]ERFE L oluiit MER BLAST A Az} HA] o
HAA] AL ohuat Mdelgdrt. uielr, o {HA RZe] E U¥E
vectorg Al JM109-147} Abdel o g% olf+= BH3 o + fUse
L} ofnfe o] [-ARIZL YA EAte] thdt & 713} Fo S FE= F
Az 4 Ao michHr}

gk 2 cloning® #18 f-Azle} # 14 FAX RZEE o|&31o 0|59
full cDNA2} genomic DNA®] RRE FHst, olF XZe] £ ¥ vector
ERY A2 DYAS o &3t WA AYPAGo HAT olFY & 71
ZARIThE F YA ARE JlE BE AEAE HEHE ¢ USs A

2 3ichky

e

o o
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Table 3-1. The survivals and growth rates of Pleurotus species

after gamma-ray irradiation

First Second Third
Strains dose Survivals™ G(:;)::l)h dose Survivals G(roxl)h dose Survivals G(:ml)h
kGy) (kGy) m KGY)
PO0 70
PO-2A4A 35
PO-2A48 60 PO-0 70
PO-0 71 PO-2A4C 45
0 0 PO-2A4B4A 15
o 0 PO-2A 70 4 PO-2B4A 70 4 PO-2A4B4B 13
: PO-2B4B 40 5
osteatus 4 PO-28B 70 5 PO-2BAC 42 6  PO-2BAB4A 12
6  poomsA 35 7
PO-2C 58 PO-2B58 44 PO-2C4A4A 74
PO-2C4A4B 76
PO-2C4A 72
PO-2C4B 75
PO-2C5A 80
PF-0 70 PF-0 70
PF-0 70 PF-2A4A 70 o PF2AdAd 77
B 0 PE_oA 7 g PF-2A5A 65 4 PF-2A4A4B 60
- 2 5
flavellatus 5 PF-2B4A 63 PF-2B4A4A 41
4 PF-2B 65 6 PF-OBSA 48 67; PF-2B5A5A 47
PF-2C 8 PEoC4A 48 PF-2CAMA 35
PF-2C6A 73 PF-2C4MB 35
PS-0 72 PS-0 72
PS-0 72 PS-2A4A 73 PS-204A4A 44
0 PS-2A5A 70 0 PS-2A4A4B 80
5 0 PS-2A 75 4 4 PS-2A4AC 50
sajor-cail . PS-2B4A 81 5 PS-2A5A4A 70
4 PS-2B 75 6 PS-2B5A 54 6
PS-2B6A 77 7 PS-2B4A4A 58
PS-2C 75

PS—-2C5A 65
PS—2C6A 70
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Fig. 3-9. Effects of the chronic irradiation (0.36 Gy/hr) for 10

days on mycelial growth of several Pleurotus spp.

after

acute irradiation of gamma-ray were measured by growth area.



Radiation sensitivity ot P, ostreatus Linear regression of  P. ostreatus
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Fig. 3-10. The radiation sensitivity of the mycelia of Pleurotus
ostreatus. A. The survival curve of mycelia. B. The linear

regression curve of the log{N/No) values were converted from

the survival values.
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Fig. 3-11. The radiation sensitivities of the gamma-ray induced
variants were measured by the growth area of mycelium after

gamma-ray irradiation,
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Fig.
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#10-PCR
#16-PCRY
#7-PCR?
#18-PCR

3-12. A’. The agarose gel electrophoresis patterns of the
DDRT-PCR products with 4 kind of primers{(A, B, C and D). From
this gel, the differential products{indicated by arrow) were
eluted and cloned to T-easy vector and to bacterial
expression vector. B’. To confirm, the cloned inserts were

amplified by PCR from its cloning vectors,
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#2
1 TATGGATGCATCATGGCCGACAGGTTATCCACGGAGACATCAAGCCAGCGAACTTCATCA
WMHHGRAQVIHGDTII KZPANTFTITI
61 TCACCAACAACGGCCTACACCTCATCGACCTCGGGTCGTCGATTTTAGCCAAGAATCCCG
T NNGLHTLTIUDILGS SSTITULAIZKNTPA
121 CCGTTCGTGAACCTCACCCGGAGCTTCCCTACACTTCGTCCTTCGCCAGTCCACAGCGAT
VREPHPELUPYTS S SV FASZPAQRIL
181 TGTTCACCGCAGAGATCTGCTGGGTCGATGACCTCATCAGCCTCGCATACACGGCTATAT
FTAETICWVDDLTISTLAYTA ATIS
241 CCCTGTTACGCGETGGCTCCTTECCCTGEGATGAATACGACGAGCCTGATCCTTGTECAG
LLRGGSILUPWDETYTDETPTDZPTCATSD
301 ATGTTTATGCTTCCCATTTCACTAGGTTACTGTTTACCCCATCCGACCTCTGTCGCGGGC
VYASHFTRLTLT FTUPSUDLTZ CRGEGTL
361 TGCCAGCTGTCTACAGAGATTITITIGACCTGIGTCCTIGATTTGGAGCCTGACAAACAAT
PAVYRDTFLTO CVLDLTETPTDIZEKTAE QQTF
421 TTGATTATTTTACCTACATTTCCTITTTCCTAAAGTTACTCCCTCAAGATCTTTATTATT
DY FTYTISVPFVFLI KTLTLZPA QQDLYYS
481 CTGTCCCGCAGTTCACATATGTAATTCCATGGTCGGCCATGATGCATCCATA

VPQFTYVIPWSAMMEHEPIKX

Fig. 3-13. The nucleotide and putative amino acid sequences of

the cloned DDRT-PCR products.
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#3

61

121

181

241

301

361

Fig.

TGGCATCTCGAGCTCGGACTGCTCAACGACAGGCGTTCCTCAGTCTCTACTTGTATACGC
G I S SSDCSTT® GV PQSTI LILVYA
AGCTGGATCAGTCCTCTTCCAAATCATCCTTTTCCTTCTCACAGTCGTGCGGTTCGGCAT
A GSVLFQITITULVPFULTLTUVVRFEFGI
CGCTGTGCGCECTGGGTGGGGECGAATCCCTTTAGTGGAGCTAATTATGCGAGATGGTAC
A VRAGWGRTIUPLVYELTIMRDGT
CTGGGCATTCTTCGTCCTTGTCGCTATTGTTATCGCGGAGGCTGGACTGTTCGGACTTGA
WAFFVLVAIUVIAEA BASGTL F G L E
AAACCACGCACTGGCTGGGGTTCTCTATGGATGGCTGCTAACGACTTTTTCCTTCGTCGG
NHALAGVULYGWILTLTTT FS ST FVG
ATACCGTGTTCTATTGAATCTCCAGAAAGTGGTCGTACGTACGCCCCACCCCAGCACGTC
Y RVLLNLOGQEKVYVVRTZPHZPSTS

GCGCTCCTCAAACGGGTACCGCTTCTCGACAGTCCGAGCTCGAGATGCCAA

RS SNGYRVPFSTVRARTIDAZK

3-13. (continued).
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#10 (partially sequenced)

1

61

121

181

241

301

361

421

481

541

61

121

181

241

301

361

TATGCTTTTACCGCGTCAATCAAAATGCGTCGAGCGCATCCCTATCACAAGGACAAGGAC
YAFTASTII KMRRAHPYHTI KDIKT?D
AAGGACAAACAAGCAGTACACAAACCCATAGCGATACTGCTAAAAAATCTTTTCCCTCCA
KDKQAVHIKPIAITLTLI KNLYEFPTP
AAGACACAAGCGCCCATTCAGGTTTCACGGGGATTGGCGGTACAGGCTTATGTTTATCGA
K TQAPIQVSRGLAVQAYUVYHR
TTGTTTATCAAATTTGTCAACAAGCCCATATCGATATTTATTTATGTCCTACGCAAGTGG
LFIXVPFVNIKXKZPTIOSTIVFTIYUVLRIKHW
TTGAGAATAACGCCCAAACCACTGCCACCACCCAAGGCTTATCGCTATCCTTIGGTGTTTT
LRITZPIXUPLUPPPI KA AYRYUZPWCTEF
AGCCTGCCTCAAAAACAACGTAATTTTATCAAATCTATCGCTGCTTTTTTTAAATCATTG
S LPQKQRNTFII KS STIAATFTFI KT SIL
CTCAATCTAGTTTTCTCAAACGTATATTTGCGGTATAAAGTACAACAACTATGCTTGGGT
L NLVFSUNVYLRYI KVQQLTZ CTLSG
AAAACGGAAGTCAACTTTACGATGTTTGATTTTATATTGAAAAAAAATAAAAAAAATGCG
KTEVNVFTMFPFDTFTITLIEKI KNI KI KUNA
CTAGACTCAATGCATGACAAGCCATCGGGTGTGTTTAATAAACTGGTATTTTATAGCAGT
LDSMHDI KZPSGVF FNI KTLVFYSS
L. . oo
TTAATCGTGCTTGGGCTTAATTTTATTGAGTTATTGAGTCAATATGTGCAAAAAGGTATA
LIVLGLNVPFTIZELTLS SA QYVQI KTGTI
CGCTCAAAGCTTGTGCTCACGTTTGATTTGTCCATTGCTTTATTAGTTATTGCGCTATTA
RS XULVLTVPF¥FDLSTIALTLUVTIATLIL
GTGACACATTTTTITGCCGATAATAGTTCTTTTTTATACAAATTCTTGTTTGAAAAATCG
VTHFUFADNS SV FLYIXFLTFETIKS
CTGATAAAAATTGCGTTGTTGGTTTCTTTTATTCGTCAGTTATTGGTGATGGAATTTAGC
LI KXKIALTVLVSV FIURQLTULVMETFS
TTTAAGATAGTCGTTGCGCACCCTGCCCAGTTGTTTATTTTAAGTTTTTTATTIGCTTATT
F X IVVAHPAQLY FTILS SV FFLTLTLTI
TTGCTCGGCACGTTTTTGCTGATGATGCCAAATGCCACGTATGGTCATATTIGCGTTTGTT
LL6TVFULVLMMPNATYGHTIA ATFV/V
GATGCTTTATTTACTGCCACGAGTGCGGTGTGTATTACAGGTTTGGCGGTAAAAGCTT
DALFTA AT SAVCITGLAVIKA

Fig. 3-13. (continued).



#11

61

121

181

241

301

361

421

TAAGCTTGATTGCCACCACGGTACTGATTATTGCCTGTCCGTGTIGCGCTGGGGCTGGCGA
S LIATTVLTIIACPTCALGTLA AT
CGCCGATGTCGATTATTTCCGGCGTCGGGCEGGCGECTGAGT TTGGCGTGCTGETGCGEE
PMSITISGVGRAAETFGVUILVRD
ACGCTGACGCGCTGCAACGCGCCAGTACACTCGACACTGTAGTGTTCGATAAAACCGGGA
A DALQRASTLTDTVVFDI KTGT
CGCTGACTGAAGGGAAGCCGCAGGTTGTCGCAGTGAAAACATTTGCTGATGTTGATGAAG
LTEGI K®PQVVAVKTT FADUVDEA
CGCAGGCGTTGCGTCTGGCGGCGGCACTAGAGCAAGGTTCCAGCCATCCGCTGGCACGAG
Q ALRLAAALEU QGSSHPTLA ARA
CGATCCTCGATAAAGCAGGTGATATGCAGCTACCGCAGGTCAACGGTTTCCGCACATTGC
I LDKAGDMOQLPQVNGTPFIRTTLR
GCGGEECTGGECETGAGCGGTGAAGCTGAAGGTCATGCGTTATTGCTGGGCAATCAAGCTT

6 L6GVSGEAESGHALTLTLSGNU GA AZKX

3-13. (continued).
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#12 (partially sequenced)

1
61
121
181
241
301
361
421
481

61
121
181
241
301
361
421
481
541
601
661
721
781

Fig.

TTATGGATGCATCATGGCCGACCAAATTCCCAATAAGTTGGCGCCTGAGGCGCTTAAAAA
Y6 CIMADO QTIUPNI KTLA APEA ATLIKN
CACTAACTTGAAGATCATGCATAGAATCGTGTCGGTCGACGACCGCGACTCTATGGGTGG
T NLKIMHRTIUVSVDDIRIDSMGSEG
TGCCATGAATTTGGACGATATTCAGAAGCGCCACGTTACAGCGTTAGGTCAGGGACGTGC
A MNLDIDTIQI KT RHVTALGA QGTRA
CCTAGTGTACGCAGAAAAGATGGAACAGCCCTATCATCTGCAGATCATGTTCGATAAGAC
LVYAEI KMEU GQPYHLOGQIMEPFTUDIKT
CAAAGAGGTGCCACCACCGGAAACGCCTGAAGAATCAGACAACGTTGTACGCGAAGCAAT
K EVPPPETU®PEES ST DNVVREA AWM
GAAAGGCCTCAACATCGTTGCCACTTTTGACAGACATCTGGGTTGCAAATTTTGCTTACA
K 6 LNTVATT FDRMHLGT CI KT FT CTLH
TCGCTGCGATTCGCAGATACTCGATACGGCTGTTICTTIGTCGCGGACGACCCTCTATTCAG
RCDSGQIULDTA AVLVYADDTPTLTFR
GCTTGTTTATAACCGCTATCTGCTTTCGACTCTCAAAGACCTTACGCAGTTGGTGCACTT
LVYNRYLTLSTTLI XKDVLTA QLVHTF
TAGAGCGCAGATTATTCACGAAATTCAGCGTGTGATTGGTGGTCGAGCGCGAA. . . .. ..
RAQITHETIA QRUVIGS®GRA AR . . |
CCAARACGAGGCACAGCCTCTCGCTGACGAACTGGGAGTGGAAGACATCTACGATCCAATT

PNEAQPLADETLGVETDTIYDTZPTI
GCTGCAGBGACGCGGGCGACTTTTTICAACAGCGGGCAGAGATGCACCAATCGTTGAATTC
A AGRGRLYT FSTAGIRDAPTIUVETF
ACCGATGATTGCCTCGTCTTGCATCCGCCGCAGCAGCCGTATCATGAAACAGACAAAGEC
T DDCLVLHPPOQQPYHETTDIKG
GAGCGAATTTCAATCTATGCCGACGATAACGGTGTTCTGCTCGATGAATTTGGAGTTCAG
‘ERISIVYADIDNGVILTLUDETFGVQ
AAGAAGATGGGTGGTGCCCGTTTCCATGGCCATGTTCTCTACTGGATGGCTGAACAGAAG
K XKMGGARTFHGHV VILYWMAE~ QK
CCGGGAACCACAAGACACCTGATTGCTTGGTTCGATGAAAACAATCGGCCCCACAAGCTA
PG TTIRMHLTIAWTPFDENNRPHIKL
TTTGTCGAAGGCGAACCTGTGACAACAGATATGGTCTATAAGTTTCGCAACAACACTCAC
FVEGEUPVTTUDMVYZ XK FRNNTH
GATGGCGAAATATCGATTTTCCCAGAACTCGAATCTGAGTATTTGTTTTTAGTCACTCAT
DG EISTIV FPETLESETYTLTFLUVTH
TTTTATGTCACAAAAAAAGGTTACTACCGAAGTTTTATCCTTATTGGATCTCAGGATTCC

FYVTI KZ XOG6YYRSVFTILTIGS S QDS

GCGATCAGACAGGCTGCTTATGAAAGCGGTCECGATGCTCTTCCCAGTTGTTTGAGAAAT
AT RQAAYESGRDALUPSTCLTR RHIN
CGCTCTCCAGCATCTGGTGAATGGCCEGGCGTCGGTAGCTCTAGAGGGAGTATTTCGGTAT
R SPASGEWPASVALETGVT FRY
€TCCATGCTCATTATGGCATTTTCGCCAGCAGTTCCCTTCACTTATGTTGTACATCATAT
LHAHTOGTIVFASS S SULHLT CTCTS SY
CAGTATGCCACTCGCCBCCTCGATTTACTTCTAGCTGTGCTTGATAGAGTCGGCCATGAT
Q YATRRLDLTULLAVLDRVYVGHTD
GCATA

A

3-13. {continued).
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#14 (partially segunced)

1
61
121
181
241
301
361
421
481
541
601
661

61
121
181
241
301
361
421

TATGGATGCATCATGGCCGACAAGACCGGCGCGGTCGATGGCGAAGCGTACCGGAAGACG
Y G CIMADI KT GA AVDG GEA ATYTRI KT
CTGGATCGCCACGTCGTGCACGACCTGATCGTAGCCGCGCTGCAGGAAGGTCGAGTCGAT
LDRHVVHDLTIVAALA QETGTRVD
CGCGCAGAACGGCTTGAAACCTTCTGTCGCGAGGCCGGCGGCGAAGGTCACGGCATGCTG
RAERLETT FCREA AGSGETGHTGMTL
TTCGGCAATGCCGACATTGAAGGTGCGGTCGGGGAACGCTTTGCCGAAAATATCGACGCC
F G NADTIEGAVGETRTEFAEWNTITDA
GGTGCCGCCCGGCATCGCCGCGEGTGATGGCGACGATCTTGTCGTCCTTGCGCGCTTCCTT
G AARHRRGDGDIDLVVLARTEFIL
GACCAGGCTTTGGCCGAACACCGACGTATAGGACGGCGCGTTGGATTTTGCCTTIGGCCTG
DQALAEHRRTIGRRVYVGFC CLGIL
CGCGCCGGTTGCGACGTCGAACTTGGCGACGGCGTGATACTIGTCGTCGGACGCTTCGGC
RAGCDVELGDGVTIULVVGRTFSGEG
GGGCGCGTAGCCCTTGCCCTTCTGCGTGACGACGTGAACCAGGATAGGTCCGGTTGGCGC
G RVALALTLU RDIDVNAQDRSTGHWR
ATCGCGCACATTGGTCAGCACCGGCAGCAGGTGGTCGAGGTTGTGGCCGTCGATCGGCCC
I AHI 6 QHRQQVVEVYVAVDRFP
GACATAGAAGAAGCCGAGTTCTTCGAACAGCGTGCCGCCGGTAACCATGCCGCGCGCATA
DI EEAETFTFEI QR AAGNUHAARI
TTCCTCGGCGCGCAGCGCGGTCCTCGAAGAATTTCGGAAGTTTGTGCGCGAGATTTTTCA
FLGAQRGPRRTIZSEUVCARIDTFS

CAGTGGTCAGTTCGACCACGCCGAGGCCTGCGCCGAAATGGCCGCCTGTCACCGATACGG
Q W S VRPIRIRGLI ERIRDNGRL SZPTIHR
TGTCGATGGTCTCCAGCCGCAGCTCATCGGCGAACTGGCGCAACTGCTCGGGCTTATGTT
C R WS PAAAHU RIRTGA AT ARAYUV
GCGCAGCAGGTCCGGCGTCEGECECEECEGTCGAGGAGGGGAGTCTTGCTCGAATTTATCAC
A Q Q VRRRRGYEEG STI LA ARTIVYH
TTGAATATCCGCAATTATTTGGGGGCGCTCEGCCCGGCATGGAAAGATGCCCGGAAAGGT
L NIRNVYULSGA ALTGZ®PAUWI KUDA ATRIKSG
CCGAAACGGTCCCETGGCTTATACCAATTCCAAAGTCATGCCAATCCGCCGGECERTEEC
P XK RSURGLYQ@VFQSHA ANUPZPGGSG
CATAGGTCTCACGTTTTGGGCATGACCGGTGCCGGAACCGGGCGCAAAACCGCTGATTTGG
HRSHVLGMTVPEUPGA AI KU©PLTIM®W
CGCTATCGTGGTTACATCTGCGATGTCGTCCCCGCGAAGGCGGGACCTATAGCACCGAGC
RYRGYTICDVV PAIKAGZPTIW ATPS
TATCGACCCAAAAACAGATGCTCGATATC>=T+AGTAAAATCCGACCACAGGGAGCATGGA
Y RPKNIRTCS STIIXIXVI K ST DIHTRIEHG
TCCGCGCTTTCGCGGGGACGACGGCTGGGTATGTACGGTCGTCTGACCGACTTACTGAAC
S ALSRGIRRLGMYGRULTTDULTLN\N
GTCGAGCGGCTCGGTGCCGACAGCGTGACCTATCGCGTCGGTGGTGATCTTGTCGACACG
VERLSGADS SV VTYIZRVYVYGG DL VDT
GGCTTCGGCCTGGCGCAGCAGTTCTTCGCAGCGGCGCTTCAGACGCTCGCCGCGCTCATA
G F G L AQQFFAAALAGQTTLA AA ALTI
GATCGCTACCGATTCCTCGAGCGGCACCTTGCCGTCCTCGAGGCGCTTGACGATGGATTC
DRYRVPFULERUHILA AVILEA ALIUDTUDTGF
CAATTCCTCGATCGCGCGTTCGAAGCTGAGCTGCTTGACGTCCGCATGGGGAGTGTCGGC
Q F LDRAFEA AETVLIVLUDVIZ RMG SYVG
CATGATGCATCCATA

H DA S I

3-13. (continued).
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#17

61

121

181

241

301

361

421

481

b41

TGCATCATGGCCGACAAGGGCATGAACGATCTGATCGGCTCGAAGGTGCTGGGGCGTGAA
C I MADI KSGMNDLTIGSZ KV VILGTR RE
CCGGAAGCGGGAGAACAGCCGAACATCCTGCAGGACTATGCCAATACGTCCTCTGCAGGA
P EAGEQPNTILUGDYANTS SSAG
TCGATCATCGCCTTCTCCCAATATTCCGACGACCTTDCACCGGGCAGTCTCGGCGTCATC
S I I AF S QY SDDLIXUPGSTILGUVI
TGCTCCTTCGGTGCCGGCTATTCEGTCGGCAGCGTGATTGTGAGGAAGGTGTATCTTGGC
CSFGAGYSVESVIVREKVYLGSE
GGCATCAGAGCCTGTCACCACGGCGAAGACGTTGCGGCCCGATCCGTCGGAGTTCCAGTC
G I RACHUHGETDVAARSVGVUPV
AGGTATTTTTGTGTGGCCGAAGAAGCCGGGGGTTATCGTTCCCTATTCCGCGGCCTACGN
RYFCVAEEAGSGYUZ RS STELTFRGTLX
NCTGACATGCGGCAGGTTCCAACCGATTTTTACGACAGGCAAAAATTCGAGACCGAGAAG
X DMRQVPTDVFYDRQIKTFETEK
CGTGCTTACCTGGAGCAGGTGGCGAAATCCGATCCGGATTTCACCGCAGCGGGAGACGCC
R AYLEA QVAK S, DPDFTA AAGT DA
CGGCTCCACAGGCTGGATTTTGAAGCGTTCGCAAAACTATATCACGGGCCGCAGAAGCTG
RLHRLUDTFEATFA AIKTLYHG GZPA QKL
ACTAAGGAGTCGTTGGGGACGGGATCAATCGTCTACGTCGGCCATGATGCATCCATAA

TKESLGT®GSTIVYVG6G HDA AT STI

3-13. (continued).
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61
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181

241

301

361

421

481

GTATTTATGGATGCATCATGGCCGACAGGTTATCCACGGAGACATCAAGCCAGCGAACTT
YLWMHHHGRAQVIHGDTII KZPANTF
CATCATCACCAACAACGGCCTACACCTCATCGACTTCGGGTCGTCGATTTTAGCCAAGAA
I I TNNGLHLTIDYFGSSTIULATIKN
TCCCGCCGTTCGTGAACCTCACCCGGAGCTTCCCTACACTTCGTCCTTCGCCAGTCCACA
PAVREPHPELUZPYTSS SV FASZPAQ
GCGATTGTTCACCGCAGAGGTCTGCTGGGTCGATGACCTCATCAGCCTCGCATACACGGC
RLFTAEVCWVDDLTIS SLAYTA
TATATCCCTGTTACGCGGTGGCTCCTTGCCCTGGGATGAATACGACGAGCCTGATCCTTG
I1 s LLRGGSU LPWDEYUDETZPTDTEPLC
TGCAGATGTTTATGCTTCCCATTTCACTAGGTTACTGTTTACCCCATCCGACCTCTGTCG
A DVYASHFTR RLLYPFTU®PSDLTCHR
CGGGCTGCCAGCTGTCTACAGAGATTTTTTGACCTGTGTCCTTGATTTGGAGCCTGACAA
G LPAVYRD FLT CVULDTLETPTIDIK
ACAATTTGATTATTTTACCTACATTICCTTTTTCCTAAAGTTACTCCCTCAAGATCTTTA
Q FDYFTYISVPFVFLI X LLZPA QDLY

TTATTCTGTCCCGCAGTTCACATATGTAATTCCATGGTCGGCCATGATGCA

Y S VPQFTYVIUPWSAMMEIKX

Fig. 3-13. (continued).
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Fig. 3-14. The radiation sensitivities of the JM109 strains in

which DDRT-PCR products inserted.
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Table 3-2. Characteristics of the cloned DDRT-PCR products

Dyo values of transformed JM109

Insert BLAST search
. . Dy value
Strains Source size GV
(bp) Nucleotide Amino acid y
M109 - - - - 105 Gy
109~
JM2 PO7, 15 kGy 532 novel novel(F3rd) -
09_
M1 PO7, 15 kGy 411 novel novel(F2nd) -
JM109~
PO7, 15 kGy 332 unknown no correct frame -
109~
JMlO PO7, 0 Gy 1100 novel novel(F3rd) -
109~
JMH PO7, 0 Gy 416 ATPase ATPase(F3rd) -
109-
JMl 5 PO7, 0 Gy 2200 novel novel(F2nd) -
109-
JMl 3 PO7, 0 Gy 326 unknown no correct frame -
109~
JMM PO7, 15 kGy 2300 novel novel(Flst) 93 Gy
109-
JM17 PO7, 1.5 kGy 598 novel novel(Flst) -
JM109- 40% homology to
PO7, 1.5 kG 500 el ] 117 G
18 Y nov MAP kinase(F2nd) 4
JM109- P, ostreatus
- 1150 P. ostreatus MNP -
mnp MNP s
100-
™ E - - - 98 Gy
ge
109-
M - - ~ - 101 Gy
qe—self
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A48 WA APY BE AR B S

YAAE BB FHJAN B of, e Yo = FAgIneH 4
ES 7435 chtt £2t5 -whids fRAEAQA DN, 3 ARE 7
dete AEd 9 ol FAEA- 9 HIPE YUt 5o, {AE
AZ Y DNAo HE S 2Pt F, FAAY EAdNlE Ut YAk
A2, 1900dc] Xo Mullero] 23] 2t x3le|e] Eqiwold S5 dF
ol =z, HE EopolM 2 &gl iyt A9 Hago] FHH A
1007 AFE Y2 titT Bopld YA 38 A7t wds] AR
i gich AES ez A} A T 5AEL] EF 1%
Fopo] &%, b mZo uigt XE AEY AL W 1 S8, BEAY
88 JriHE FHo2 M= /& ndES Y € 2 §8& dFE0]
2 oet & 4 9rh

ol2¥t A HEF} FopolM YAl & A TiEo] 2o
B el EalFel #of o3t AES] Uo] iA] Aol ofjit Aol
f2740] o] A AAZYLE A Ul 53], Palde] 3t FEL
AL AAE FIL22 3l udEY WA A4d % FFAR 53
A7 Fol A kel HINE FAFA HFPol ALY glo] X
5}
TS Achd AEA O it YAdY f3l E2E HL3 ¥ £

E Qlties 7Fedo uigt Jlvix|7t F7ME lth(Moseler and Mattingly,

i
2.

['.l..
lo

rpy
(r

)| BEQl Deinococcus radiodurans?| &Z|7} LA HA] o] n|AE

lo

1971: Murray, 1992). o]oj] 2]=2] DOE (The United States Department of
Energy)®] A|{Q3}oll D, radiodurans®] genomic DNA g7|Ado] &3] uls

FtHWhite et al., 1999). 21}, 7o) B nx|AE 3924718 @G7]
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18 5 olwd FAx7E 3abd AP AUA st o4 A 23]
3L ol Aot IddE EStal AEA WA A3 dxle] ot
A7 dedz 3 & 7 U JdEs uS FFEa Qo
2 a7z E¥sh B AREE BolAY 3L SUXE Bol
Uiz 23tgth THE, adaptive responsed} TS WAlFQ APH F71E
futsts 7 9(Ikushima et al., 1996)%} a] AT WAl Ao
2749 P, ostreatus POTS} M BH ul BB V6T WAHE ol B3] fE
sty 3, WA o] FIH BEAHOIAE o] F FoA f=3t
gt
AYPEQ P ostreatusolA HEI DNA 2z thid Mdal MK}
F A8t domaing& AU 3L QlojA AdF2] stress proteino] AU} 51gna1-g A
@3l HEo] FASHE proteind] ¥} FFE JAZTHUckun et al.,
1993).
T e LA Felsid AFYASQ ¥812 o]
WAk A3 F7 SdHoIAQd Y678 il UEGALL] AlolE H #

% glglth. o]tk Y67 SHola H& UHH e o7} e protein Fol

[*]

£ chaperon®} Z-& stress induced protein® QIS ALZ mighdT),
Wabde] 2J3t DNA &4& F3sths A3 PHo=E AXEajgad
isotoped HA3 thymidine T& F7ISte] FAMd EA|E sl PrHIS
ZA1RE thE DNAE &35l DBSEE && F7Iste o] F£5& olF
glen FHIols DNA £ZH& Hrtlt E9stAl gAstes Wiol id=Ea vt
(Kiltie and Ryan, 1997). o]2|¥t WHES YAMd Aol F
BEHSIA ol @ 4 glen(lliakis et al., 1991), o}&e F7] HAT
L A1) gdox 383 ZHolth(Blocher and Kunhi, 1990). & oA
£ in vitrooA] plasmidE thALE HWIald el A de wE 48 A
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ol AR A} uf¢ {834 LY 4 Sk AES dsich WA
3

AR E7 AEe 22EB plasnidS EUY H WIS 2AbsA

AALE ©sH=u #EYH 4 9leele} Z|ofHct

Habd Ay FAE ARt i A7 FAAEL w3t proteino] 21§3}
ZF Qs TheFgt QlAMEo] BASHAl gt AR ezt AR 9o
Ao d7da= BSY ARE JheAYE AL AZEE= DNA-PK (protein
kinase)®} Ku(DNA end-binding protein)Z} WA= &2} W3t A=A
7 A& AR 3515 9rH(Veaver, 1995; Jackson, 1997). IEZE <otz
22 #Fe AYE of AAMolx] A E = hsp(heat shock protein) FH2
stress proteino] WAPHA| Az HFo] 9IS JHsAol AVHL U= T

(Traitinger et al., 1996) 2 7|3t uj$ EBx}a Ao = =michsict
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