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S U M M A R Y

I. Title: Biological Improvement of Radiation Resistance

II. 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.

III. Scope and Contents

1. Isolation 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
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(3) It suggests that point mutation(s) is(are) induced sequence-

specifically by gamma-ray.

2. Radiation resistance mutants from prokaryote induced by gamma-ray

radiation.

(D Bacteria (YS1) isolation from the extreme environments (hot

spring).

© Radiation resistant mutant (Y67, Dio value: 9 H Gy) and

sensitive mutant (Y25, Dio: 340 Gy) were induced by gamma-ray

radiation from YS1.

3. Radiation resistance mutants from Pleurotus ostreatus (eukaryote)

induced by gamma-ray radiation

® P07, radiation resistant (Dio value: 750 Gy), was induced from

POl(Dio: 625 Gy).

© Isolation #18 (540 bp) DNA fragment related to radiation

resistance of P07.

V. Further Applications

1. It is expected that the new radiation-resistant eukaryote and

prokaryote would deserve to get strain patent and that the cloned

base sequences be submitted to Genebank and useful for the further

related researches.

2. It is possible to develop a bioreactor that can produce large

scale of radiation-resistant compounds by the new vector

development technology.

3. Basic technologies of this study such as radiation mutation

technology, genetic engineering, etc. could play a leading role of

the promising radiation application.
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protection) cfl«? ^ ^

7H?
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7\. W ^ l SJ# DNA ̂  £

(1) DNA ° l ^ * i ^(double strand break, DSB) ̂ ^7]^7^ «£ -§--§-:

o Neutral filter elution ^ ^ 4 ^ '• DNA elution *£^o\] tyz\

(Blocher, 1990).

o Clamped homogeneous electric field (CHEF) gel electrophoresis

: pulsed field gel electrophoresis (PFGE)# 7Jf*i*> y
o ^ ^ - S . DSB

# £J% ^is] ^ - ^ ^ ^ $ikt 7l#7H^ (Blocher and Kunhi,

1990).

o CHEFif asymmetric field inversion gel electrophoresis (AF1GE)#

= CHO

Hakis et al . , 1991).

o -n-^^^1 5r^-n- :r^^-(Ataxia telangiectasia)

^ ^ 9 - : DSB $m±s- Aov^°l H ^ ^ 1 (Blocher et a l . , 1991).

o Yeast^ DSB ^^S. ^^- densitometryi]- Southern hybridization

^H4 y
o^.a .5. 0.93xl0'9 - 1.7xlO"9/Gy/bp^ DBS ^ ^ ^ ^ ( F r i e l d et

al . , 1993).

o -S-^ ^ -^ fe ^aofl^I DSB miSL ^ - ^ ^ ^ ^m- SYBR Green I ^|

DSB <2Kg7]~^KKiltie and Ryan, 1997).
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(2)

o £ coi ioflA-j 7l^6fl <£3*1 < H ^ DNA 5 j - 4 5 l ^ # o | DSB

^ ^ 7>Vg * M (Sargentini and Smith, 1986).

o ^-§-J]^-(adaptive response)7]^ ^ H 7]-%^ 4Al(Seong and Kim,

1994; Zhou et a l . , 1994).

o * ^ e
o * U - A H I ^ ^ - ^ o | ^ ^ ^ ^ ^ A ^ A]A>(Wolff et a l . , 1989;

Ikushima, 1992).

o «o»-AHi^-§-£|^.7l4 $ 4 7}±5-s$ JftXHIkushima et a l . , 1996).

o p53 ^ m ^ o J I DSB S ] * ) - ^ § 4 7 > ^ ^ ^A)(Reed et a l . , 1995).

o ^ l ^ i 6 ] ] -21 ?> PKC signaling pathway %^g 7]^ ^^ Efi^(Uckun

et a l . , 1993).

o *!<!# ^ W 4 -̂off l̂?> ^^1^^714 $ 4 4^I(Stecca and

Gerber, 1998).

Hitoshi ( 4 ^^r

tiovAf>54^%^ 4 ^ ( 5 - 30

Deinococcus radiodurans^

, 5Gy

Deinococcus radiodurans^ 30

} 3f- oj^p.^7} 7H^A^(DBS, double strand
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break) DNA 2.°} 12 - 24*1 # oj^ofl

recombinational pathway), o ] ^

3 $In}7}(Holliday junctions, DNA71-

t fe Deinococcus radioduransS.

(Minton and Daly, 1995).

7}

] ^ DNA-PK( protein kinase)£f Ku(DNA

end-binding protein)*] ^ H l ^

(Weaver, 1995; Jackson, 1997).

4
proteino]

(Trautinger et a l . , 1996).

-fe- hsp(heat shock protein) >3h& stress

(Joiner et a l . , 1997).

fe n|
Deinococcus radiodurans$]

and

Mattingly, 1971; Murray, 1992). ojofl al^-5] DOE (The United

States Department of Energy)^] ̂ ]-tJ"̂ Hl D. radioduransS] genomic

DNA ^7]A-j<go) <&$?>) l^^nHWhite et al., 1999). H ^ m , 7 ) ^
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of! -£ *}

2.

3.

<&*}£[ 7j)'£o]
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Si

A 1 4.
y

o
uHdTr DNA5] ^ p - 7 } - ^ ^ (double-strand break, DSB)4

(single-strand break,SSB)# ^-£.^M(Von Sonntag e t a l . , 1981; Galli

and Schiestl.1998)

Sa^KHutchinson, 1985).

(random breakage model, RBM).S. ^ ^ 5 1 ^ 1 ^i^K Pulsed field gel

electrophoresis (PFGE)# o]-§-«> y\x% DNA^-^^ ^ 7}<£$\ ^ o f l tt^e}

DSB^ ^^- ^So^^g^] 7}^--s}7\] SjSftt:HKiltie and Ryan, 1997; Blocher

et a l . , 1989). 4-SHMirabelli e t a l . , 1985), JLS(Friedl et a l . , 1993)

4S(Kraxenberger et a l . , 1998) ^ 1 > H ^ - A ] - ^ « ^ ^ ? > DSB ^

^-^^1-^lt;]-. D}-!-^ Non-Hodgkin's lymphoma (Hannan et a l . ,

ataxia telangiectasis (Blocher et a l . , 1991) -§•£]

DNA

purine *Lr\ v] ^ - ^ 5 ] ^ ^ 2 f ^ ^ 1 DNA base£} ^ ^

E W f e ^ - ^ S - <y:^^t;KHutchinson, 1985).

(apurine JEfe apyrimidine, AP)

coding

GC# ^lMS.-^- x\ty$\°] ^ r > . ^-, GC«q H l # o | non-coding

(Schisler and Palmer, 2000). Genomic DNA^ GC -fci-fe ^ ^ 1 n}Bf n)fJf

- 7 -



32-62%^ GC# x]t\3. $X^\ Micrococcus

GC« } ^

radiat ion^) 5l*H ^ ^ S ) f e DNA

DNA

DNA

plasmid^] ^ H l S ^ H l ^ ^ ^ S j - ^ o ^ guanine^f cytosine

]<g^- Fig. 1-1 ^

plaamid-1- £". coi i JM109 strain(Table l-l)ofl JE^jA]f?l ^ , LB+Amp

Wizard Plus SV Minipreps DNA Purif icat ion System(Promega, USA)# o]-§-

plasmid# ^ # ^ > ^ J L Nuclease-free

gamma-ray# 4~§-^>^l^-^ iJ-*Hd^i€- Co-60(^ 60,000

Ci -§-^ , Atomic Energy of Canada, Ltd. )&c}. &.*\4\*g-g: 500 Gy, 1,

1.5, 2, 4, 6, 8 kGy^S *]-£UL Fricke dosimetryS.
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350 Gy/hr3} 0. 36 Gy/hro] #c\.

I(rTAA), Vsp KATTAAT), Msp I(CCGG), Hae III(GGACC)if EcoR

I(GAAATTC)<>l̂ i;1-. 4 ^>-§~§-64^ 10x «h§-#-f « H HJ-̂ Hl ^Bl^l plasmid

# 2ug ^7^*1-543. 10unit5l 4 t > ^ ^ S ^ 7 R H Sh§~g-^^ #Bo><:>] 20ul

71- $5m *}SJtf. « h § ^ 37TC6fl-H l4^§ -^> ^1^*]-Sic>. ^ ^ ^ 1 DNA ^

4 # ethidium bromide7l- ^ 1.5* agarose g e l # ^f§-*M TAB ^7tf-§-^i-fl

agarose gel̂ <Hf L + E } ^ ^ J - ^ ^ A J - O ] ] ^* f plasmid

^ Gel-Doc System(Bio-Rad, USA)2]- Quantity One

software(Bio-Rad)#
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T7 Transcription Start

6 r . . . TGTAA TACGA CTC/iC TATAG GGCGA ATTGG GCCCG ACGTC GCATQ CTCCT CTAGA
' 17 Promoter ' I II I I I I I

Api\ Aarll Sph\ ttnl

CTCGA GGAAT TCRGT ACCCC GGGTT COAAA TCGAT AAGCT TGGAT CCGGA

Xbal tcoRI Kpnl Sra l CjpiSI Chi H rd l l l BamHI

SP6 Trar.&ciiption Slan

GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AAAT.. . 31

| | | II | ' SP5 Prcmolsr '

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.
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17 1

A M I
Air 11
SDM
Xbsl
Xtol
fccRI
Kpnt
Suul
CspiSI
Ci i l
(fi'id III

Sacl
BUXI
tail
t s «

1
11
20
26
31
37
43
53
5£

67
72
78
91

1C0
1C9
1SJ

Fig. 1-2. pGEM e -7Zf(+) Vector circle oap 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

£-lactamase (Ampr) coding region 1319-2179

phage fl region 2362-2817

binding site of pUC/Ml3 Forward Sequencing Primer 2938-2954

binding site of pUC/Ml3 Reverse Sequencing Primer 158-174
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Table 1-1. Genotypes of the E. coli strains used in this study

Strain Genotype

F" &80dlacZAM15, recAl, endM, gyrA96,

DH5<z thJ-1, hsdR17,(rk~,mk*), supEU, relkl, deoR,

recM, endkl, gyrA96, thi, hsdR17,

JM109 supE44, relkl, A{lac-proAB), [ F \ traD36,

prom, laclqZAM15]
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2. ^ T* 3_%

7\. *y*Hl«>fl ̂  plasmid

ttj-el- plasmid^ supercoiled formal

10 kb 3.715] DNAiJ- DSB ̂  ^3fS. ̂ S f e 3 kb 3.7)5] linear

}$ir.}. 5.*];, 3 kb n)n>*) DNA

ig. 1-3, 1-4).

l^- supercoiled form, nick form ^J linear form •%• plasmid-fi] ^B|)O]| tcj-

band#

=g-f(Fig. 1-3. lane 1) 37H o]<#*\ t\<$# 3.7}$) band

SSB7f

supercoiled form£) plasmid7> ^£L$\3. nick former

>y*Jl^. 500 Gy«Hl - t # S plasmid^- 10 kb 3.7]*} nick

band7} cH^3-*lI w)S|f &7}2{$L3. *#*}& ^ 4 ^ % ^ ^ 7 ^ ) ^ U]

] ^sfl 3

linear form plasmid# # ^ &C}. o] 3.7l»] plasmidfe ^>h«l ^

VSB7} $ i ^ ^ # 5]n)^rH

, 3 kbolS}Sl 3 7 | 1 - ^)\d DNA ^ 4 # ° 1 lane

-b DNA

DNA ^ 4 ^ : ^ H d « f l ^«fl DSB7> *> 7fl

plasmid<H] ^ ^ ^ 3 . ZL :£

2 kGy^f 4 kGy 4 ° ) ° f l 4 supercoiled formo] 7]$]

- 13 -



in vitro<>M Af-f-SJ JE.S. plasmid5l

^ e o ^ 2 kGy

Plasmid-j§ fboff I(GAATTC)^5. ^ * > £ # 7H5J

3 kb

DSB ĵ *l«i| Tjf̂  S 7 l ^ plasmid7}

-r Sl-fe- y J ^ . ^ - t l l ^ i S . nick form^ plasmid

nick form^ plasmid7l-

site7f

kb o l ^ 4 £ r DNA

Z\-8: 3.7]$] S4-I-O1 ^ ^ % - i - ^ ^ SAC}. o j § 3f^. DNA

T5j4$- >«d^*}7l| M-E}^^.^ o l ^ linear formal plasmid7l-

^71 ^SHA^ fcoi? I ^ S ^ S H linear formal

plasmidl- °>s- ¥ 5 ' -

I(TTAA) site7> 187H

2 kGy o l ^ 3 2,A\#ig<i] ^-f, cjj^^^l Wlsfl 4 band5l intensity7l-

- 14 -



3. A band

DNA ^ 4 § -

DNA

Plasmidafl Vsp I(ATTAAT) sitefe 33M $UM 4 4 1706 bp, 1235 bpi}

55 bpS} DNA 2:4°1 ^ ^ h °1§ ^7)A|^^- Jru5 1^ site-§- 5^-^fJL

- 4fe 1706 bp bandit:}- a. band7f

band7>4 kGy ^

I si te

3.*}

Plasmid i|oj| Msp I(CCGG) sitefe

# ^ 41 SlSfch 8 kGy

kb, 1.0 kb D.v\3. 650 bp^ band7}

Msp I ^ ^ 2 4 § 5 1 « ° I ^^S^Stl^K

//ae III(GGCC) sitefe 13 * o ] Stl^

«]*H ^ H i ^fel-3- -f- 2 kGy O

band#o] vtB^nK ^-^1 8 kGy

band7f ^^^}7ll i - f E } ^ - ^ 220 bpo|*

Hae 111 siteofl

EcoR

°1# band

I site7|-

band7} u]iL^ ^ i g * H 1.4

500 bp

TC

fe <$ 0.9 k b ^ 600

plasmid

nick form^ plasmid7>

°HI «l«fl *W 47M

2 kGy

fe £ £ nick form*]
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$ f e DNA -?-$HH ^ ^ 7 } ^ l ^ ^ # <g ^ $X$lt}. ^} Mae

Msp I(CCGG)£j ^ e ] ^3\, 8 kGy *1 e l 3 - ^ H 200 bp °\?s\$\ 4^gr DNA

o ^ : i ^c^A-l o l ^ . DNA

DNA ^2 :7> ^ ^ 5 ] f e # #

plastnid

GGCCL4 CCGG^ ^ ^

tflcf. DNA

purine(A5f

idfe- DNA binding r e s i n #

o\] phenol^ ^ ^ -fM-g-oflofl *1*> plasmid^ ^ ^ ( ^ j S nick^f SSB

] ^ - nick form^ single DSB form^ plasmidl-

- i - 0 ! ^ . 71^5^ <=î -<Hj $m** lambda bacterioPhage7|- #<*}si ^S-Sq- £.

c o i i # t f l ^ ^ S ^ ^ * > ^ 3 ^ , « | 5 . 0 x 1012DSB/0.01 Gy/dalton7H^ nickel

^ A ^ 5 } ^ ^ - ^ - S <^^^i : f ( Hutchison, 1985). £ *1^<H1

pGEM-7Zf( + ) plasmidfe 3000 k b S <^ 2.0X106 dal ton<>l n>. 1

pGEM-7Zf( + ) ^ ^=2 .4 xl017daltono)l *Jf^*M plasniid^] DNA backbone^6))

60007flSj n i c H > § ^ s i t e # *]iA3. $1*^3. o]±. 1.5X10217f}^ nicko] ^

^ ^ s i t e # ^]Vl ^ o l t : } . n J s M l U g ^ plasmidl- ^h8"*H 500 GyS] «o>-

- 16 -



nicko]

backbonei-M nickel ^7}^ ^ ^ ^e f l^M S § Plasmid7}

f, 8 kGyS} ^Af^-oflA-jJSi DSBo] «> 7jj7>

band7} 30%^S. ^t\}&3. nick formoj 70%^S.# J£

in v i t r o ^ ^ ^ o | x | n ] - i n

, nicko] ^ ^ ^ ooK|. ^ ^ * > ^^o^l ujsH cfl^- * ) ^ 6o>d| n i c k 2 } DSB

DNA

plasmidl- ±?tf ^ ^ waterS} ^-^o} H]^- 4 S ^ 3 i f ^ uf

in virto«5flA-] «oUf^i 3l3f7l- in

in vivo

Hutchison(1985)^ review^}Ajs. * ] ^ * ! H} ^It:}. 5|̂ -<H| SSBif DSB# M\S.

PFGE7l7]# oj-g-*} ^ ^ o ] 7 ) 1 ^ 5 1 ^ ^ . CHO cell

1.2 DSB/Gy/chromosomeAS ^^ i^ tHBlocher et

a l . ( 1989). JE«> CHL cell<y V79 cel l^A] ^•^«> ^3f, 450 Gy^ « O U ^

3^X\6\] ^s] j 2.38 DSB/Mbp7f ^ ^ ^ o | 22_3_Q Uf *iuKKraxenberger et

a l . , 1998). rc|-eM 1 ug^ plasmid7l- *|ul ^ bpfe ^ 3.6X10147|dl^ ^lfe

500 Gy^ ^ f ^ i ^ l £)Sfl ^ 1 ^ 8.5X1087fi5] DSB71- ^g>g%

K 1 ug^ plasmid^ ^ - ^ j - ^ ^ 1.2X10u7lIolH5. plasmid^ 6.0X10"3

DSB7} >g7|fe

DSB

- 17 -



^ K ] ^ o ^ # ^ ^ tt|j in

vitro H^-^-S A>-§-% ^ $Ur ^ i ^ ^ ^ f

S^Ff ^ d ^ ^ S . competent cellofl
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Fig. 1-3. Effects of gama-ray radiation on the restriction

enzyne sites of the plasaid DNA in water solution.
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1.

7\. X\S.

(surface,

AA ^A#3- 3
#^(10-20cm, middle), -ar]-#-(30cm oj-erf, deep)^

2000\l 1 ^ 26-27<lL

3 ^]

(30cm

surface,

2-1WH 47) -̂

^#(10-20cm, middle),

2mm 2mm

A]SS
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Table 2-1. Sampling sites for the aicrobial isolation

Sampling site Address
Period
(year)

Cultivar

Green house 1

Green house 2

Green house 3

Green house 4

Reclaimed land 1

Reclaimed land 2

lar evaporation p

Hot-spring Taejon Yusung

ChungNam Dangjin Jagae-Ri

ChungNam Dangjin Sulwhang-Ri

ChungNam Dangjin Seojung-Ri

ChungNam Dangjin Kumchun-Ri

ChungNam Dangjin

ChungNam Dangjin

ChungNam Buan

8

3

4

5

2

1

5

Lettuce

Red pepper

Cucumber

Tomato

Paddy

Paddy

_
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4 £

(1)

18 MQ̂ l # ^ - ^ 10 # ^ ^

^ 4 # 35] Sh^ -*H Whatman paper

0.45 yum syringe f i l t e r ^ ]

(2) ^

M F", Cr , NOz', N03", PO4-, S04

K Bio-LC DX-300(DioneX) USA) >M

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

AS4A-SC car t r idge

Mobile phase : 1.7 mM NaHCOa/1.8 mM NaC03

Flow ra te : 2.0 ml/min

Detection : conductivity (PED2)

(3) <£o],

i+, Na+, NH4+, K+, Mg2+,
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Bio-LC DX-300(Dionex, USA) ^ 1 ^

Column : IonPac CS12 (4.5 x 250 nun, Dionex) with CS12

cartledge(4.5 x 50 mm)

Mobile phase : 20 mM HC1

Flow ra te : 1.0 ml/min

Detection : conductivity (PED2)

Data analysis : Al-450 on-line software

(4)

100 grinding

ICP(dionex,

Cu, As,

0.45um^ f i l t e r

r, Zn,

1 gofl Ringer's

^& CaH2P047}

NB

filters.

NaCl«>l

c lear zone-i-

Na
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4r 0.2um£| filter^

NA

4

*> 15 ml

1.5 ml effendorf tube<H]

^ 5 kGy c > ^ s o - 25

, gamma-ray

4

value
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value7l-

# ^ ^ ^ ^ - ^ ^ colony

^ Gram <&*$, H2]3. Biolog system^

5 1 ^ ^ # a i £ # SAf^}jL4 ^ r £ , pH, phosphate

' S 100mlS] «fl<^<^# 4 ^ * M ^tifl<^*> ^ ^ 1 ml

3 . 650nmo])>«.-l O.D.I- ^ - ^ ^ H ^ ^ ^ - ^ # ^ O T " . pH«Hl 4

^8**71 #n 3, 5, 7, 9, 115] pH# ^ f e NBB^ll- *ft2&

^ , 37TC<Hr-H « H ^ f ^ K € : £ ^ =3-f, 25°C, 30TC, 3

, 37°C, 40°C, 45°C, 50°C5] 4 "T-̂ oflAJ A l ^ i g s 650

GM63 wH l̂̂ l 4 4 ^ 1 1 > ^ ^ # glucose

GM63 m ^ o j 0.5%^ ^ 7 ^

^*}7] ^ * H GIU-MOPS

0.01 mM, 0.1 mM, 1 nM, 2 mMS.

Colony^ ^Bffe 3.̂ 1]B|̂ 1^1 aH6^^}^^ ^ ^ ^ 3 . H ^ ^ ^ CCD

camera^. 7]^-trf^.t:]-,

l^*H]A-| ^ ^ n ] ^ # 5 ] «gEH g| ^ r i - ^ - ^ # ^ ^ * m ^ L Gram

staining# A]^g^5ic>.

Gram staining ^2j- ^J NaOHl- °|-§-*>

• ^ # # 7l^>^S«> Biolog System^

BUGM (Biolog universal growth m e d i a ) ^ 2-33q

G( + ), G(-) standard^ ±3% o]\%7\
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Multi-stepper-i- o]-g-*H 150^ «| Biolog plated] ^ # * > 3 . 30°C

44 # 5J 244 # ^2f ^ Biolog reader^.

NB

H NA

colonyl- GM63 5)^44(Table 2-2)̂ 1

. GM63 5]^B^H14 ^ ^ * W *^fe

colonyl- GM63 3q-fcaH^M Table 3-32} ^ ^

GM63
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Table 2-2. Composition of GM63 Bininal medium

Reagent Agent Concentration (part/1)

5X stock for GM63

GM63 agar

K2HPO4

KH2PO4

(NH4)2SO4

FeSO4

5X stock GM63

1M MgSCM

40% glucose

thiamine-HCl

1.6% agar

53.5 g

26.2 g

10.0 g

2.5 mg

200 ml

1 ml

5 ml

1 ml

16 g
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Table 2-3. Coaposition of diagnosis aedia of auxotrophs

Sol 6

Sol 7

Sol 8

Sol 9

Sol 10

Sol 1

adenosine

histidine

phenylalanine

glutamine

thymine

Sol 2

guanine

leucine

tyrosine

asparagine

serine

Sol 3

cysteine

isoleucine

tryptophan

uracil

glutamic acid

Sol 4

. methionine

lysine

threonine

aspartic acid

DAP

Sol 5

thiamine

valine

proline

arginine

glycine

Sol 11 pyridoxine, nicotinic acid, biotin, pantothenate, alanine
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NB afl*M «i]6<m * l ^ i - NA nfl

gamma-ray# ^ } ^ t f . ^ # ^ ^SJ- fe colony^

NB aJMoJH B l I ^ H lysis -§-<4(TE+Glucose)2f glass bead#

30^^ : vortexl- m&3. ^ * M ^ 3 . **%&. 12,000 rpm

is.

PVDF membrane^]

HPLC

K Genoaic DNA#

^>-5 i * 1 % ^ ̂ ^ n l ^ - i - ^ genomic DNA#

GATC ^7lA-]<g^- <Jl^}*fe Sau3Al^S. genomic DNA#

GATCit^!:# ^ISd cassette oligomer^) ligation-3-}<H blunt-end DNA 3

£ coll ^ * t t , PQE^ flaaiojl ^ < y ^ ^ 3 L BamfR

£ * . *)1?>:§^ EcoRl^S.

cassette oligomer^ - ? - ^ « H blunt-end DNA

-. HindLIl &&&. genomic DNA# ^ ^ M pQE^ HlndLU
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E. coli

. coli JM109S

E>. cDNA#

IJ-^HI ^ " ^ ^ ^ # a l ^ # - ^ total RNA

primerl- ^]-§-^M RT-PCR# ^ H cDNA# ^ ^

1 ^Ife DDRT-PCR# 3§-*M ^}Z$ cDNA

. PCR -£>!•# cloning *}JL4 pQE ^ ^ # Smal^.3. ^^>*> ^ 5 '

- ^ o f l T # ^^*f«H pQE-T^B]# n>#<H Afg-dl-Sii:}. ^ - ^ ^ pQE ^

E. coli

. pQE ^ ^ ^ B | # £.<y*V JEI c o / i JM109<>f̂ 1 J £ ^ DNAS1

SDS-PAGE<HI

o | 6 1 ^ . ^ o ] § Ni-NTA column^-

pQE
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2.

Table 2-KH]

Table 2-4, -5if -6<H|

water po t en t i a l ^
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, Deinococcus radiodurans Rl-g: 3

desiccation resistance

safe

^-tf, °)

5a
tKBilH et a l . , 2000).

, 7, 15, 1

Table 2-

D10 ^

24

safe

D10

ig. 2-1)

- 33 -



Table 2-4. Concentration of anion in the soil of the green house

and the reclaimed lands

Sampleing site

Jagae-Ri A(S)

Jagae-Ri A(M)
Jagae-Ri A(D)

Jagae-Ri B
Jagae-Ri C
Sulwhang-Ri A(S)
Sulwhang-Ri A(M)
Sulwhang-Ri A(D)
Sulwhang-Ri B
Sulwhang-Ri C

Soujung-Ri ACS)
Soujung-Ri A(M)
Soujung-Ri A(D)

Soujung-Ri B
Soujung-Ri C

Kumchung-Ri A(S)
Kumchung-Ri A(M)

Kumchung-Ri A (D)
Kumchung-Ri B

Kumchung-Ri C
Reclaimed land 1
Reclaimed land 2

F~(ppm)

2.02

0.58

0.78

2.03

0.40

0.45

0.78

0.91

0.55

8.42

2.06

1.99

1.99

2.31

2.20

2.56

0.96

0.71

1.03

1.14

0.75

0.56

Cf(ppm)

105.61

21.91

22.46

124.48

20.51

46.95

15.61

9.80

35.14

59.31

228.11

198.99

120.64

123.73

152.55

156.76

45.58

15.03

16.21

55.21

12.50

57.51

NO2 (ppm)

444.74

41.11

15.54

553.74

113.84

276.99

128.01

62.04

215.50

68.27

312.37

299.37

183.68

119.12

150.53

334.28

79.42

8.08

14.79

52.32

2.28

3.38

PO4 (ppm)

31.29

14.32

7.61

28.08

11.87

91.07

10.21

4.43

24.90

22.32

47.87

4.75

47.56

43.55

39.97

33.63

17.64

5.16

15.42

13.54
-

-

SO4 (ppm)

489.67

43.71

38.19

279.60

48.48

68.49

21.64

11.98

40.53

21.81

440.60

354.41

240.96

309.49

455.96

265.96

55.12

14.64

174.86

224.09

6.69

45.62

- : not determined

S: surface soil, M: Depth of 10-20 cm from S, D: Depth of 30 cm from S
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Table 2-5. Concentration of cation in the soil of the green house

and the reclaimed lands

Sampling site

Jagae-Ri A(S)

Jagae-Ri A(M)
Jagae-Ri A(D)

Jagae-Ri B

Jagae-Ri C
Sulwhang-Ri A(S)

Sulwhang-Ri A(M)

Sulwhang-Ri A(D)
Sulwhang-Ri B
Sulwhang-Ri C

Soujung-Ri ACS)
Soujung-Ri ACM)
Soujung-Ri A(D)

Soujung-Ri B
Soujung-Ri C

Kumchung-Ri A(S)
Kumchung-Ri A(M)
Kumchung-Ri A (D)

Kumchung-Ri B

Kumchung-Ri C
Reclaimed land 1

Reclaimed land 2

Caz+(ppm)

342.83

18.16
17.58

280.72

38.15
63.88

36.06

21.45
34.65

24.53
177.81
151.64

8.67

115.65
191.61

158.78

18.09
2.89

33.62

41.26
0.37

1.03

Na+(ppm)

43.76

16.90

19.74

40.36

11.19

16.16

9.11

10.86

13.18

42.18

90.77

76.63

56.35

58.67

77.10

109.68

38.79

15.56

45.48

80.94

23.66

69.86

NH4+(ppm)

15.64

2.86

3.28

8.13

-

6.26

-

2.15

2.34

9.61

20.04

8.46

7.96

-
-

-

4.33

5.42
-

-

3.62

7.39

K+(ppm)

70.16

23.00

11.36

50.96

6.43

104.45

16.13

10.80

23.25

28.56

226.38

193.01

147.51

75.36

92.16

57.89

22.68

5.54

14.23

16.90

5.41

10.18

Mg'i+(ppm)

89.35

9.30

8.95

96.37

15.56

47.14

9.67

5.77

13.25

6.22

86.97

76.35

46.37

47.51

66.69

82.43

11.96

1.99

17.56

27.62

0.86

1.99

- ; not determined

S: 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 netal on the soils from the

green house and the reclaimed lands

Sampling site

Jagae-Ri A(S)

Jagae-Ri A(M)
Jagae-Ri A(D)

Jagae-Ri B

Jagae-Ri C
Sulwhang-Ri ACS)
Sulwhang-Ri A(M)
Sulwhang-Ri A(D)

Sulwhang-Ri B
Sulwhang-Ri C

Soujung-Ri ACS)
Soujung-Ri ACM)
Soujung-Ri ACD)
Soujung-Ri B
Soujung-Ri C

Kumchung-Ri ACS)

Kumchung-Ri A(M)
Kumchung-Ri A CD)

Kumchung-Ri B
Kumchung-Ri C

Reclaimed land 1

Reclaimed land 2

Cr (ppm)

122.0

139.0

127.0

115.0

119.0

48.3

56.5

52.2

50.6

53.7

36.2

41.3

39.2

42.2

35.7

33.4

37.3

27.1

48.1

22.1

60.6

61.4

Zn (ppm)

94.6

91.9

85.0

89.6

84.7

136.0

110.0

79.7

123.0

165.0

114.0

126.0

112.0

123.0

116.0

123.0

111.0

82.7

106.0

102.0

57.6

63.9

Cu (ppm)

44.0

49.5

45.1

41.4

43.5

42.6

37.5

26.8

37.7

61.2

27.7

32.5

27.0

31.3

25.9

23.2

24.2

16.0

26.8

21.0

14.8

16.7

As (ppm)

5.17

4.22

3.72

3.90

4.15

15.30

15.00

16.30

15.50

17.20

9.87

10.80

9.07

12.20

10.60

8.03

7.93

4.96

9.25

4.03

8.48

14.50

Cd (ppm)

0.20

0.24

0.14

0.14

0.17

0.24

0.24

0.24

0.33

0.32

0.28

0.29

0.30

0.36

0.26

0.26

0.34

0.19

0.31

0.25

0.24

0.28

Pb (ppm)

14.9

14.6

14.9

15.8

13.8

20.0

23.6

24.1

23.3

21.2

22.1

25.5

242.2

22.7

25.0

28.1

29.4

32.9

30.3

25.2

21.2

27.2
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Table 2-7. The Dio values and sterilization dose of gamma-ray of

the isolated bacteria

Strain >io value

0.5311

0.5660

0.5228

0.5311

0.6064

0.6079

0.7966

0.6405

0.3807

0.4968

0.7942

0.5750

0.5031

0.4176

0.4995

sterilized dose

5 kGy

6 kGy

5 kGy

5 kGy

5 kGy

5 kGy

5 kGy

6 kGy

4 kGy

4 kGy

5 kGy

5 kGy

4 kGy

5 kGy

5 kGy

5 kGy

2 kGy

5 kGy

5 kGy

5 kGy

4 kGy

4 kGy

HG1

HG2

HG3

HG4

HG5

HG6

HG7

HG8

HG9

HG10

HG11

HG12

HG14

HG15

HG16

H2

H3

H4

H5

H6

H7

H8
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Radiation Dose(kGy)

YS1

10 15

y = -0.479X - 03097

20

Radiation Dose(kGy)

Fig. 2-1 Radiation sensitivity of YS1 isolated froa hot spring.
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D10

value7j- 2.08

^r Fig.

2-3).

ig. 2-4).

glucoseif sucrose7]-

tryptone^f yeast extract7}

ig. 2-6).

ig. 2-5). Lactose

peptone^f ureafe

autolysis

colony^

colony# 9-$*}Sit:KFig. 2-7A). o|

Colony colony ^><Hlfe -

c o i o n y ^ o ] ) ^

colony#o]

Gram's staining ^ : z f e Fig. 2-7B<Hl JiSicK Gram (-)S.
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o.Sfe SafraninAS.

YS15] Biolog systemAS. ^7}*]; ^ ^ f e Table 2-8<H]

Biolog System^ 9 5 ^ ^ - f t ^ ^ M - l7}«> 96

triphenyl tetrazol ium chloride(TTC)^

triphenylformazan(TPF)^ t H ^ 5 . # 4^^fe SystemolrK 95

T r ^ ^ N Ĥtl: ̂ 4^-E.l- H]^L^^ ^ [^# database^ Biolog

software* ol-g-trfĉ  ^-S\ Jg-^o] 7\^vW. YSl̂ l ShS-^^H- database^!

*1 Aov^^ ^ 4 # *l^> ^ ^ # Table 2-9«HI

°1 0.6 ^ ) 8 ^ ^
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10 12 14 16 18 21

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

at various temperatures.
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YS1

7 9 11 13 15 17 20

pH 3 pH 5 pH 7 •pH 9

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

at various pH.
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YS1

E

;6
80

r
O

.D
(

12

1

0.8

0.6

0.4

02

0
0 2 3 4 5 6 7 8 9 10 11 12 13 14

hour

•0.01mM •0.1mM • 1 .OmM • 2.0mM

Fig. 2-4. Growth curves of the radiation resistant bacteriun YS1

at various phosphate concentrations.

- 43 -



YS1

-02 0 5 6 7 8 9 10 11 12 13 14 15 16 17

hour

•Glucose Lactose —*—Glycerol Sucrose

Fig. 2-5. Growth curves of the radiation resistant bacteriua YS1

at various sole carbon sources.

- 44 -



"E
co
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d

1.4

12

1

0.8

0.6

0.4

02

0

- 0 2

YS1

2 4 6 8 10 12 14 16 18

•Peptone —•—Tryptone —*—Urea —•—YE

Fig. 2-6. Growth curves of the radiation resistant bacterium YS1

at various sole nitrogen sources.
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A

B

Fig. 2-7. Morphology of the radiation resistant bacteria YS1

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

Al
water

Bl
I-Erythntol

Cl
D-Melibiose

Dl

Acetic acid

El
f> -Hydroxy
phenylacetic

acid

Fl
Bromo

succinic acid

Gl

L-Histidine

HI
Urocanic

acid

A2

a-cyclodextrin

B2
D-Fructose

C2
jS-Methly-D
-glucoside

D2
cis-Aconitic

acid

E2

Itaconic acid

F2
Succinamic

acid

G2
Hydroxy
L-proIine

H2
Inosine

A3
Dextrin

B3
L-Fucose3

C3
D-Psicose

D3
Citric acid

E3
or-Keto

butyric acid

F3
Glucuronami

de

G3
L-Leucine

H3
Uridine

(0)

(59)

(29)

(-4)

(5)

(31)

(11)

(13)

(73)

(84)

(69)

(53)

(8)

(9)

(-1)

(87)

(67)

(21)

K121)

51)

(-11)

(1)

(34)

(52)
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Table 2-8. continued

A4
Glycogen

B4

D-Galactose

C4
D-Raffinose

D4
Formic acid

E4
tf-Keto

glutaric acid

F4

Alaninamide

G4
L-Omithine

H4
Thymidine

A5
Tween40

B5
Gentiobiose

C5
L-Rhamnose

D5
D-Galactonic
acid lactone

E5
a-Keto

valeric acid

F5
D-Alanine

G5
L-Phenylala

nine

H5
Phenyl

ethlamine

A6

Tween80

B6
a -D-Glucose

C6
D-Sorbitol

D6
D-Galacturo

nic acid

E6
D,L-Lactic

acid

F6

L-Alanine

G6
L-Proline

H6
Putrescine

(53)

(98)

(54)

(-8)

(-11)

(-2)

(5)

(46)

(84)

(102)

(62)

(0)

(67)

(49)

(-3)

(8)

(93)

(47)

(34)

(40)

(41)

(79)

(31)

(12)
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Table 2-8. continued

A7
N-Acetyl-D-g
alactosamine

B7
m-Inositol

C7
Sucrose

D7

D-Gluconic
acid

E7

Malonic acid

F7
L-Alanyl-gl

ycine

G7
L-Pyrogluta

mic acid

H7
2-Amino
-ethanol

A8
N-Acetyl-D-g

lucosamine

B8
ff-D-Lactose

C8
D-Trehalose

D8
D-Glucosami

nic acid

E8
Propionic

acid

F8
L-Asparagin

e

G8

D-Serine

H8
2,3-Butanedi

ol

A9

Adonitol

B9
Lactulose

C9
Turanose

D9
D-Glucuroni

c acid

E9
Quinic acid

F9

L-Asparti
acid

G9
L-Serine

H9
Glycerol

(8)

(47)

(92)

(18)

(-2)

(44)

(36)

(15)

(50)

(2)

(66)

(38)

(-3)

(37)

(36)

(25)

(53)

(53)

(81)

(4)

(29)

(35)

(63)

(-19)
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Table 2-8. continued

A10
L-Arabinose

BIO
Maltose

CIO
Xylitol

D10
a -Hydroxyb
utyric acid)

E10
D-Saccharic

acid

F10
L-Glutamic

acid

G10
L-Threonine

H10

D,L- a -Glycer

ol phosphate

All
D-Arabitol

Bll

D-Mannitol

Cll
Methyl-pyru

vate

Dll
0 -Hydroxyb
utyric acid

Ell
Sebacic acid

Fl l
Glycyl-L-as
partic acid

Gil
D,L-Camitine

Hll

Glucose-1-
phosphate

A12

Cellobiose

B12

D-Mannose

C12
Mono-methy
1-succinate

D12
7 -Hydroxyb
utyric acid

E12

Succinic acid

F12
Glycyl-L-glu

tamic acid

G12
r-Amino

butyric acid

H12
Glucose-6-
phosphate

(28)

(68)

(22)

(13)

(2)

(61)

(31)

(109)

(9)

(52)

(94)

(9)

(-22)

«152)

(35)

(57)

(63)

(97)

(63)

(8)

(15)

(8)

K114)

(49)
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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 2.92

Pasteurella volantium 0.08 3.11

Xanthomonas albiuncans 0.07 3.14

Xanthomonas campestris 0.04 3.38

Pasteurella caballi 0.02 3.51

Pasteurella anatis 0.01 3.76
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^ * H YSI

Fig. 2-82} ^ c > . <*m

value: 2.0 kGy)o]l u]

value7l- 696

radical^ ^ # ^^ l^ fe JL3H- a.<>l-b

§ W ) U H l ] f ] g 2 § 4 > radical^

7)1 5|3. ojel*]; radical^

radical5]

^ sa^-^, 2)
. 3) °W

colony forming unit (cfu)^ ^j-ol^- ̂ ^ ^ ) ^ . s . ̂ 7\^t ̂ $X°]

NB BU^^<HI ^#«1: ^. 500

gamma-ray-1- « H " S^*>«H # >̂<-]-̂ dBo>c>] 2 kGy7}- SjS.^-
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(Fig. 2-8), t f l ^ o i YSl^lA-1^ Dio value7> 696 Gy&J&vh

Dio value7j- 1.008 kGy&JL. ^ ^ K ? - ^ Dio value7f 1.037 kGyS.

3.6

-id

(adaptation)^]
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Fig. 2-8. Radiation sensitivities at various conditions of

gamna-ray irradiation. A. Only one irradiation; B. Four times

irradiation with 500 Gy of gamma-ray; C. Continuous irradiation

with low dose of gamma-ray(158 Gy).
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YSKH1

back mutationol ^<HUfe 4 # % ^ 1 ^ ^ StM,

^ s . #*i ^ -j- safe -s-s-tt u^oi^.

?> YS1# ^ - 4 ^ 3 . 300 colony# <1^*H

GM63 ti|)^](Table 2-2H ^#^}3 - »H^*>Sdl̂ . a ^^f, GM63

7U<q colony (Y25, Y67)# ^d1!^- 41 S a ^

YS14 d I ^ # ^ ^ d ] ^ l # ll-f^-51 ^ ^ A - ? - ^ -il^ *W(Table

2-3)i|- GM63 ^ ^ 4 4 9! LA Hff̂ ofl ^ # * H wHdol*>^>. «U# ^^(Table

2-10), YSl^ <g^AJjt^ ^ ' ^ Bfl̂ l -g. sol 2̂ 1- Sol I O B I M O M ^ ^ ^ * W

: Sol 2S\ Sol 10^ •g-^ajSi ^^-^^1 serine^l rfl

*1<*] L A «D

Y25fe Sol 3if Sol 8«H^HA|^ ^^^Sa^K Sol 3 ^ Sol

^r tryprophanojS^. Y25fe tryptophan A^-^^J-i- ^

Sol 3, Sol 5, Sol 82f Sol 9<H]̂ n> ^§*}&t:K Table 2-3^1A-1 i t ^o] Y67

uracil J£fe proline^j- tryptophan^l

e 2-11).

YSI 5^ofl4 <§
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. YS15] ^^-ofl pyr
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Table 2-10. Auxotrophs induced by ganaa-ray radiation from YS1

originated fron the hot spring

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

Y S 1 + + + - + + + + + + + - +

Y 2 5 + - - - + - - - - + - - -

Y 6 7 + - - - + - + - - + + -
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Table 2-11. Growth of the auxotrophs on the required

nutrients-added media

Arginin Proline Uracil Proline
Stxain Tryptophan Uracil Arginine Proline

Tryptophan uracil Arginrne Tryptophan

YS1

Y25

Y67
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5 5r^(Y3, Y14, Y21,

Y140)#

^ 2 } ^ Fig. 2-9 ~ 2-162} ^StuK Dio value

2-12), Y67o] 911.4

Fig. 2-182}- Table 2-132]-

7V# ^ ^ r ^J9LS. ^ E > ^ ^ . ^ ( F i g . 2-17A), Y297f

250 Gy SAf^-^j ^ - f YHO^l 7 ^ w}^7\] ^^*>5Sl

Y2971- 7HJ- j?5ElT:f(Fig 2-17B). ^ 5 ^ , 4 kGy S 4 5 ^ 1 > H f e Y67

2-17C).

tryptophan -fj-g-ty-
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Table 2-12. Dio values of the auxotrophs and nut ants induced by

gauaa-ray radiation

Strain Dio value (Gy)

YS1 696

Y25 340

Y67 911

Y3 567

Y14 610

Y21 629

Y29 710

Y140 495
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B

D

YS1

Y25 Y21 Y24

Y67 Y3

Y140 Y29 YS1

Fig. 2-17. Growth of colonies of the auxoxtrophs and mutants

induced by ganma-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

gaana-ray irradiation

Strains

YS1

YS1

Y3

Y14

Y21

Y25

Y29

Y67

Y140

Control

236

202

295

185

174

62

34

219

240

AreadnmO

250 Gy

103

113

104

79

86

56

37

110

170

4 kGy

30

79

21

25

25

23

25

255

29
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2-18).
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Fig. 2-18. Protein profiles of the radiation resistant auxotroph

by SDS-PAGE. Lane 1: YS1, lane 2: Y67, lane 3: Y25. Arrow heads:

specific protein bands. Molecular size was indicated left side.
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1.

±t\Z](Pleurotus)^S>] ^Hr i i (P. ostreatus, P.

ostreatus ^-fl, P. ostreatus iiHS P. ostreatus %m, P. flavellatusfy

P. sajor-caju, P. floridty P. cornucopiae% tfl

Potato-dextrose medium(Difco)# 4-§-"5"M 5^Ml- (F ig . 3-1)

25'C ti

p l u g # 100 ml Tg- 17B-^ ^ ^ * M 150 rpm^-

l gamma-rayl- A}-g-^j-^6.x^ ^ } ^ [ ^ ^ Co-60

60,000 Ci -§-%v, Atomic Energy of Canada, Ltd. )$X^\. Fricke

dosimetryS ^-^*> S A } - * i ^ ^ g . 350 Gy/hr^f 0.36

P. ostreatus, P. flavellatusfy P. sajor-caju^

PDA BH^

p l u g # PDA
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2, 4

34*11 -£ 4

34*11

35:4 ^

PDA ^ ^ f l ^ H l Tfl

2*1-3. 4, 5if 6

4, 5,

PDA

, ostreatus; Fig. 3-1)5]

^Tll -̂3L ^ ^ o l 0.062 mm<?I stainless s t i l l f i l ter

r 3715] 54̂ 11 ^ 4 # S.̂ r V

ig. 3-2). SH*> &*}*% ^ 4 # 0 Gy6fl4 20

3-3)

^4

4

CCD cameras.

(Bio-Rad)!- o

colony(Fig.

3-4*11 colony

3-4*11-2} ^ - I " Gel-Doc System(Bio-rad)^

HS.H^<?1 Quantity One Software

. 3-4).
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P. cornucopiae, P. ostreatus, P. ostreatus Q^, P.

ostreatus <H#2} P. ostreatus

PDA ^^B^lo l l ^ # ^ 10, 100, 250, 500,

1000 Gy5] ^<a y
o W^i# S 4 * J ^ 0.36

92.4

^ j n ^ 1 0 0 ml

. 50 m l ^ oJNl«floo> 5 -4^1^1 1.5

Whateman paper^j o = | ^ H

3 . ^ > 4 y ^ # o ] * * M 3r4*81- 4 ^ ? > ^ , RNeasy

Plant Mini Kit(Qiagen)-!- o]-§-^M total RNA# ^Hktyilft. ^kQ total

PolyATtract mRNA Isolation System(Promega)# o]-g--er|-ô  mRNA#

Differential

display reverse transcription-polymerase chain reaction (DDRT-PCR)#

^A]^^: : ] - . RT/PCR PreMix «!-§--§-<S}(BioneerH ^ « 1 ^ mRNA#

polyT primertl dTUN primer^ ^ ^ t f . 57°C<HI4 10 min#

mRNA# linear form^S. °>^ r}~& 42°C^14 1^)^]; ^ - ^ reverse

transcription^-g-i- 4 ^ ? 1 :f, 94°C«>fl4 5 min, ^ e j ^ M reverse
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transcriptase^ %-$•§• ^ *

PCR# ' ^ f *}&!}. ^HgS cDNA 2ull- 4-g-*l$!LM 10-mer^ arbitrary

primer^- J £ ^ % #^-5] &$ primer# 4 4 ^7}*V *>-§--§-<*}>§• ^#&t;)-.

PCR *>-§-§-^# 94 °C, 30 sec, 38°C, 30 sec, 72°C, 30 secS 35S]

^ 72"C<H1>I 5 min# DNA polymerization^- ^^fSicK ° i ^ 4 'JM

DDRT-PCR ^ # # TAE ^ 7 B ^ ^ ^ o ] I ^ 1.5% agarose gelofl ^ 7 ] ^ - ^

$X^ DNA

primer#

PCR ^H^^- ^L>## gene clean -§-«?^.

pGEM-T Easy Vector (Fig. 3-5, 3-6) Sys tern (Promega )•#•

.(Fig. 3-7) QtfQ white colony<Hl>H Wizard Plus SV

Minipreps Purification System(Promega)JLS. plasmid# ^-^r •

Cloning =1 DNÂ  ^ 7 1 ^ ^ ^ - fluorescent sequencing^ -f-*H

BLAST search# ^ f l 7l^ofl

bacterial expression vector^]

# ttfi tio^}^ ^l*o^ <H-¥"# SA}tr>JL^ trj-^nHFig. 3-7).

•̂ 1 bacterial expression vector^! pQE(Fig. 2-8, Qiagen)!- Sma

I(CCC*GGG)^S. ^^l:*]: ^ £boi? I adaptor (5'-A477CGGCTCGAG-3'-l-

ligation^^t:]-. o] vector^)- T-easy vector<Hl-H EcoR 1^.3.

t> insert -n"^[^}# ligationtr]-°} expression vector#

lacP &&x}7\ #«H^lfe £1 coii strain JM109efl transfer^H LA+Amp

ofl ^ ^ ^ ^ ^ $ ? > colonyl- c J ^ i S plasmid#

plasmid <̂H1 insert7f ^o]$X^ pQE

colony# LB+Amp aH
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JM109#

IPTG

LB+Amp H 0.D.7]- 0.6-0.

mM7> 5|S.̂ - IPTG#

, 4

gamma-ray#

forming unit (cfu)-g-

LA+Amp tffl colony

-^ hostel E. coli JM109 strain^f insert7|- <&^ pQE vector

1 ^ } ? l E. coli JM109-qel- A]~g-^]-^ji negative tfl^?-.o_S p,

ostreatus$\ mannganese peroxidase -n-^^KMNP)^] cDNA7f

vector^ J E ^ A J ^ I E. coli JM109-mnp#
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Fig. 3-1. The mycelial growth pattern and the fruiting body of

Pleurotus ostreatus.
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Fig. 3-2. The fragmented aycelia 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 myeelia 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.
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Fig. 3-4. The photography of the aycelial growth of the gamma-ray

irradiated variants was used to Measure the area of growth

for the comparison of the radiation sensitivity.
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5'. 1G1M 7ACO* CTCAC WAQ OOOCW A17CSO OCCOO AtOTC OC«G CTCCO CGCCG CCAtO
3-. . . ACATT ATGCT S*GT3 ATATC CCGCT TAACC CGGGC TGC»G CSWC SAGSG CCGGC GGTAC

GCGGCCGCGG GMTTCGATTr/,,.,.^ . . ,_ , \ ATCAC TAGTS MTTC GC5GC CGCCT GCAGG TCGAC
CGCCGOCGCC CTTAAGOA V : t o n M " " "V lTTAGTC XV.C TWASCGCCGGCGGACGTCCAGCTG

•ILiI I' I ... I I I . . FI ,.,„ IL_J——'

CMATGGGAGAGCT OCCAAOGCGT TGGAT GCATAGOTTQAaTAI TCFA1 AGTGrCACOTAMT.. .3'
STATA CCOTCTCGAGGGTTaoGCAjKCTA CGTAT CGAACTCATAA5»TATCACA GTSSATfrA.. . 5"
I I I I I I S

Fig. 3-5. The promoter and multiple cloning sequence of the

pGEM-T and pGEM-T Easy Vector. The top strand of the

sequence corresponds to the RNA synthesized by T7 RNA

Polynerase. The bottom strand corresponds to the RNA

synthesized by SP6 RNA Polyaerase.
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Fig. 3-6. pGEM e -T Easy Vector circle aap and sequence reference

points.

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-

SP6 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

#-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. 3-7. The strategy of searching the radiation

resistant-related genes.
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Fig. 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 indicatedCBamHI Spfi. Sad Kpnl Smal Xmal

Sail PstI HindHl), Stop Codons: stop codons in all three reading

frames, Col El: Col El origin of replication, Ampicillin-' ampicillin

resistance gene, lacl0: lacf repressor gene.
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2.

g2fe Table 3-12J-

P. ostreatusS] 3-ffe 24 #441 3:4 ^

4 kGyoflA-l ^ * f £ j ^ 2 5^fe 5

4, 5, 6 ^ 7 kGyS]

, 5, 631]- 7

-f 3

-8-4

5

2)

PO-2C4A4B)^

. 3)

Ji<>ltf. 2em, 34

Al^ 24

01

P. flavellatusS!) ^-ffe 24^171^1 6 kGy<Hl̂ S.

(PF-2C6A)# # ^ $X$m. He l^ , 3 4 ^ 4 ^ ^ 4 ^ o

K 34 S 4 ^ ^^t> 5^fe 4

fe 4 kGyofl
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J2. # 5 3*}

5

PF-2A4A4A |̂ ^ - f f e

£.0} P. flavellatus^ 1) 5

. 2)

, 3)

7}

^ . S PF-2A4A4AA1-

PS-2A5A

^ 4

] ^ 4

(PS-2A4A4B)

PS-2A4A4C)^f

l ) P. sajor-caJuS.^ 4 kGy

t^, 2) #AHi SAf

JL 3)

PS-2A5A4A)
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4 ±

fe Fig. 3-94}

. P. cornucopiae*)

. P. floridaQ ^-f 10

$llfe ^ - ^ S tJ-B>}s|;C>. 0 Gy chronic^ 10 Gy chronic

100 Gŷ lA-| 500

K P. ostreatus^ >g-f ^ A ] 10 Gy

<£<*r SAH- ^*5«> ^ ^ 5 - # ^ r 250 Gy

tj- Zl o}-5\$) ̂ ^j-#^- i ^ K "̂1-11̂ 14 A*&# P. ostreatus*) 37]-^

, P. ostreatus ^•^•fe l/S^S.^] -H^H^SLt:]-. u]^- p. ostreatus^j u]

P ostreatus ^ ^ ^ ^-f^ ^ ^ 2 4 ° M 10

0 Gy^ 10

7lv>(0Gy chronic) ^-4^(1 OGy chronic)

t£<|] ^ A } ^ ^ 1 ^-4*f 6O>^.^. u}B}^u]-. P. ostreatus <^^$\

P. ostreatus - ^ ^ -H"A}*H 0G chronic^f lOGy chronic^

^<y s 4 tfl^ofl uî H 2BH o]-^5j ^ # £ - § - I 4 B M ^ U > . P.

ostreatus ^$] ^-ffe ^51^1: 10 Gy^ ^A>-a -o.o]j:2^a. ^ o j o . ^ o]
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P. osireaius

2) -«#&°] o]#^] a]sfi ^ ^ * > ^o i ]A^ # ^A>^3OI=O1 92

^lBi ^><i ^Af 100 GyJit:}

3) 100 Gy o)^<>]

-l 500 Gy

100 GyS]

Fig.

Dio valued 625 Qy&t\. «OU>^ 4 ^ ^ 5 ^ « ^ i * f 7 l 4]

kGy - 2 kGy^ ^ U ^ ^ o ) ^ . f s } ^ ^ e l ^ ^ 5 j

i v ^ 4 Fig.

7]*> P07^r ^ H i ^ l ^ ^ o ] tflaS-oB Hl*» ^ 7 > 5 l * l ^ # ^-^^HDio value

750 Gy).

total RNA# ^#*>Sit:|-. o l # S ^ ^ DDRT-PCR

- 1 1 # ^ ^ bandl- ^ l t r } ^ o

T-vector<Hl ligation^M cloning^^3.(Fig. 3-12),

ig. 3-13). ^ i * l ^ - ^ ^ f # # bacteria ^ vector^] cloning
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^ H E. coli JM109afi J£<B *}&!}( Table 3-2). ^ ^ vector7} S.<$Q E

coli JM109 s t ra in#2} c f ^ o ) ] cfl*> ^ A } ^ ^ ^ ^ # ^ } * M Fig. 2-14

2J ^ 2 f # g&i:}. 4 #-ff-5j c | ^ ( £ coii JM109, ^ ^ vector*! £ 6 J

*> £ coii JM109-qe£j- E. coli JM109-qe-self )3\ negative ^ ^ 5 - ^ 1 E.

coli JM109-mnp5| «oUf^ ^ ^ ^ ^ r ^-A|-^>5JT:>. DDRT-PCR#

vector7} 5.<y£ JP c o J i JM109

. £ coii JM109-18S1

JM109-

£1 coii JM109-18^ ^ - f 540

# Fig. 3-13^1 UB>^3., BLAST

^Hunknown gene)Sicf. °1 ^7l>H^S-?-^ ^ # ^ ^ ^ of

# ^ 4 * M stop codonol ^fe *f^^ A^^- ^ ^ ^ ^ ] o ] ^

^3f, X[i£3} $.3. T£ ZL $)S>] ^H-*)!^ <y-B]̂ l casein kinase

5} MAP kinaseSj o>n]iiA> *\<£3\ ^tfl 40»*]| olSfe -^g-^-i- i ^ K o|

el«> oj.n]ii^ A-|<g^ ^ 1 - ^ A ^ ^ ^ ^_o} oj - f r^^fe P. ostreatusd)]*\

kinase^ < ^ ^ # ^ r ^ ^ f e - 8 - ^ 4 ^ ^ l ^ S . ^ ^ ^ l ^ K ^ 4 cloning^ #18

full CDNA71- oful ^i O.

-14fe ^ 2.2 kb

vectorl- i<y*> ^ J 5 . S , 1399
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ig. 3-13). o) <*7)*\<£-§r BLAST

£. BLAST ^ * > ^ <*W <y-

vec tor# ] l f ^ ^ f l ] l ^

#18 ^-^i^}i|- # 14

full cDNÂ j- genomic DNA5] ^-S-H ^ ^ ^ } 3 . , o | § 3:4^1 ^- ^ ^ vector

7 ] 4
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Table 3-1. The survivals and growth rates of Pleurotus species

after gamiaa-ray irradiation

FlfSt
Strains dose

(kGy)

p oR 2
ostreatus 4

"• I
flavellatus

P °
. . 2

sa/or-caju .

Survivals3*

PO-0

PO-2A

PO-2B

PO-2C

PF-0

PF-2A

PF-2B

PF-2C

PS-0

PS-2A

PS-2B

PS-2C

Growth
(mm)

71

70

70

58

70

75

65

85

72

75

75

75

Second
dose
(kGy)

u
A*\

5
D

0
4
5
6

r\
U
A
4
5
c
o

Survivals

PO-0

PO-2A4A
PO-2A4B
PO-2A4C

PO-2B4A
PO2B4B
PO-2B4C
PO-2B5A
PO-2B5B

PO-2C4A
PO-2C4B
PO-2C5A

PF-0

PF-2A4A
PF-2A5A

PF-2B4A
PF-2B5A

PF-2C4A
PF-2C6A

PS-0

PS-2A4A
PS-2A5A

PS-2B4A
PS-2B5A
PS-2B6A

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

days on aycelial growth of several Pleurotus spp. after

acute irradiation of gana-ray were Measured by growth area.
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Rad ia t i on sensi t iv i ty o f P. ostre&tus

6O
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-1 -6

y = -O.0016x - 0.0535
s 0.9722

Radiation dose (<3y)

Fig. 3-10. The radiation sensitivity of the mycelia of Pleurotus

ostreatus. A. The survival curve of aycelia. 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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A'

B'

Fig. 3-12. A'. The agarose gel electrophoresis patterns of the

DDRT-PCR products with 4 kind of priaers(A, B, C and D). Froa

this gel, the differential products(indicated by arrow) were

eluted and cloned to T-easy vector and to bacterial

expression vector. B'. To confira, the cloned inserts were

asplified by PCR froa its cloning vectors.

- 96 -



#2

1 TATGGATGCATCATGGCCGACAGGTTATCCACGGAGACATCAAGCCAGCGAACTTCATCA

W M H H G R Q V I H G D I K P A N F I I

6 1 TCACCAACAACGGCCTACACCTCATCGACCTCGGGTCGTCGATTTTAGCCMGAATCCCG

T N N G L H L I D L G S S I L A K N P A

1 2 1 CCGTTCGTGAACCTCACCCGGAGCTTCCCTACACTTCGTCCTTCGCCAGTCCACAGCGAT

V R E P H P E L P Y T S S F A S P Q R L

1 8 1 TGTTCACCGCAGAGATCTGaGGGTCGATGACCTCATCAGCCTCGCATACACGGCTATAT

F T A E I C W V D D L I S L A Y T A I S

2 4 1 CCCTGTTACGCGGTGGCTCCTTGCCCTGGGATGAATACGACGAGCCTGATCCTTGTGCAG

L L R G G S L P W D E Y D E P D P C A D

3 0 1 ATGTTTATGCTTCCCATTTCACTAGGTTACTGTTTACCCCATCCGACCTCTGTCGCGGGC

V Y A S H F T R L L F T P S D L C R G L

3 6 1 TGCCAGCTGTCTACAGAGATTTTTTGACCTGTGTCCTTGATTTGGAGCCTGACAAACAAT

P A V Y R D F L T C V L D L E P D K Q F

4 2 1 TTGATTATTnACCTACAnTCCTTTTTCCTAAAGTTACTCCCTCAAGATCTTTATTATT

D Y F T Y I S F F L K L L P Q D L Y Y S

4 8 1 CTGTCCCGCAGTTCACATATGTAATTCCATGGTCGGCCATGATGCATCCATA

V P Q F T Y V I P W S A M M H P X

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

the cloned DDRT-PCR products.
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#3

1 TGGCATCTCGAGCTCGGACTGCTCAACGACAGGCGTTCCTCAGTCTCTACTTGTATACGC

G I S S S D C S T T G V P Q S L L V Y A

6 1 AGCTGGATCAGTCCTCTRCCAAATCATCCTTTTCCTTCTCACAGTCGTGCGGTTCGGCAT

A G S V L F Q I I L F L L T V V R F G I

1 2 1 CGCTGTGCGCGCTGGGTGGGGGCGAATCCCTTTAGTGGAGCTAATTATGCGAGATGGTAC

A V R A G W G R I P L V E L I M R D G T

1 8 1 CTGGGCATTCTTCGTCCTTGTCGCTATTGTTATCGCGGAGGCTGGACTGTTCGGACTTGA

W A F F V L V A I V I A E A G L F G L E

2 4 1 AAACTACGCACTGGCTGGGGTTCTCTATGGATGGCTGCTMCGACTTTTTCCTTCGTCGG

N H A L A G V L Y G W L L T T F S F V G

301 ATACX:GTGTTCTATTGMTCTCCAGAMGTGGTCGTACGTACGCCCCACCCCAGCACGTC

Y R V L L N L Q K V V V R T P H P S T S

3 6 1 GCGCTCCTCAAACGGGTACCGCTTCTCGACAGTCCGAGCTCGAGATGCCAA

R S S N G Y R F S T V R A R D A X

Fig. 3-13. (continued).
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#10 (partially sequenced)
1 TATGCnTTACCGCGTCAATCAAAATGCGTCGAGCGCATCCCTATCACAAGGACAAGGAC

Y A F T A S I K M R R A H P Y H K D K D
6 1 MGGACAMCMGCAGTACACAMCCTATAGCGATACTGCTAAAAAATCTTTTCCCTCCA

K D K Q A V H K P I A I L L K N L F P P
1 2 1 AAGACACAAGCGCCCATTCAGGTTTCACGGGGATTGGCGGTACAGGCTTATGTTTATCGA

K T Q A P I Q V S R G L A V Q A Y V Y R
1 8 1 TTGTTTATCAAATTTGTCAACAAGCCCATATCGATATTTATTTATGTCCTACGCAAGTGG

L F I K F V N K P I S I F I Y V L R K W
2 4 1 TTGAGAATMCGCn:AMCCACTGCCACCACCCAAGGCTTATCGGTATCCTTGGTGTTTT

L R I T P K P L P P P K A Y R Y P W C F
3 0 1 AGCCTGCCTCAAAMCAACGTMTTTTATCAMTCTATCGCTGCTITrTTTTAAATCATTG

S L P Q K Q R N F I K S I A A F F K S L
3 6 1 CTCMTCTAGTrTTCTCAAACGTATATTTGCGGTATAAAGTACAACAACTATGCTTGGGT

L N L V F S N V Y L R Y K V Q Q L C L G
4 2 1 AAAACGGAAGTCAACTTTACGATGTTTGATTTTATATTGAAAAAAMTAAAAAAAATGCG

K T E V N F T M F D F I L K K N K K N A
4 8 1 CTAGACTCAATGCATGACAAGCCATCGGGTGTGTTTAATAMCTGGTATTTTATAGCAGT

L D S M H D K P S G V F N K L V F Y S S
5 4 1 TTA

L
1 TTAATCGTGCTTGGGCTTAAnTTATTGAGTTATTGAGTCMTATGTGCAAAAAGGTATA

L I V L G L N F I E L L S Q Y V Q K G I
6 1 CGCTCAAAGCTTGTGCTCACGTTTGATTTGTCCATTGCTTTATTAGTTATTGCGCTATTA

R S K L V L T F D L S I A L L V I A L L
1 2 1 GTGACACATTTTTTTGCTGATAATAGTTCTTTTTTATACAAATTCTTGTTTGAAAAATCG

V T H F F A D N S S F L Y K F L F E K S
1 8 1 CTGATAAAAATTGCGTTGTTGGTTTCTTTTATTCGTCAGTTATTGGTGATGGAATTTAGC

L I K I A L L V S F I R Q L L V M E F S
2 4 1 TTTMGATAGTCGTTGO3CACCCTGCCCAGTTGTTTATTTTAAGTTTTTTATTGCTTATT

F K I V V A H P A Q L F I L S F L L L I
3 0 1 TTGCTCGGCACGTTnTGCTGATGATGCCAAATGCCACGTATGGTCATATTGCGTTTGTT

L L G T F L L M M P N A T Y G H I A F V
3 6 1 GATGCTTTATTTACTGCCACGAGTGCGGTGTGTATTACAGGTTTGGCGGTAAAAGCTT

D A L F T A T S A V C I T G L A V K A

Fig. 3-13. (continued).
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# 1 1

1 TAAGCTTGATTGCCACCACGGTACTGATTATTGCCTGTCCGTGTGCGCTGGGGCTGGCGA

S L I A T T V L I I A C P C A L G L A T

6 1 CGCCGATGTCSATTATTTCCGGraTraGGCGGGCKGCTGAGTTTGGCGTGCTGGTGCGGG

P M S I I S G V G R A A E F G V L V R D

1 2 1 ACGCTGACGCGCTGCAACGCGCCAGTACACTCGACACTGTAGTGTTCGATAAAACCGGGA

A D A L Q R A S T L D T V V F D K T G T

1 8 1 CGCTGACTGAAGGGAAGCCGCAGGTTGTCGCAGTGAAAACATTTGCTGATGTTGATGAAG

L T E G K P Q V V A V K T F A D V D E A

2 4 1 CGCAGGCGTTGCGTCTGGCGGCGGCACTAGAGCAAGGTTCCAGCCATCCGCTGGCACGAG

Q A L R L A A A L E Q G S S H P L A R A

3 0 1 CGATCCTCGATAAAGCAGGTGATATGCAGCTACCGCAGGTCMCGGTTTCCGCACATTGC

I L D K A G D M Q L P Q V N G F R T L R

3 6 1 GCGGGCTGGGCGTGAGCGGTGMGCTGAAGGTCATGCGTTATTGCTGGGCAATCAAGCTT

G L G V S G E A E G H A L L L G N Q A X

4 2 1 A

Fig. 3-13. (continued).
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#12 (partially sequenced)
1 TTATGGATGCATCATGGCCGACCAAATTCCCAATAAGTTGGCGCCTGAGGCGCTTAAAAA

Y G C I M A D Q I P N K L A P E A L K N
6 1 CACTAACTTGAAGATCATGCATAGAATCGTGTCGGTCGACGACCGCGACTCTATGGGTGG

T N L K I M H R I V S V D D R D S M G G
1 2 1 TGCCATGAATTTGGACGATATTCAGAAGCGCCACGTTACAGCGTTAGGTCAGGGACGTGC

A M N L D D I Q K R H V T A L G Q G R A
1 8 1 CCTAGTGTACGCAGAAAAGATGGAACAGCCCTATCATCTGCAGATCATGTTCGATMGAC

L V Y A E K M E Q P Y H L Q I M F D K T
2 4 1 CAAAGAGGTGCCACCACCGGAAACGCCTGMGAATCAGACAACGTTGTACGCGAAGCAAT

K E V P P P E T P E E S D N V V R E A M
3 0 1 GAMGGCCrrCMCATCGnGCCACTTTTGACAGACATCTGGGTTGCAAATTTTGCTTACA

K G L N I V A T F D R H L G C K F C L H
3 6 1 TCGCTGCGATTCGCAGATACrrraATACBGCTGnCTTGTCGCGGAC^ACCCTCTATTCAG

R C D S Q I L D T A V L V A D D P L F R
4 2 1 GCTTGTTTATMCCGCTATCTGCTTTCGACTCTCAAAGACCTTACGCAGTTGGTGCACTT

L V Y N R Y L L S T L K D L T Q L V H F
4 8 1 TAGAGCGCAGATTATTCACGAAATTCAGCGTGTGATTGGTGGTCGAGCGCGAA

R A Q I I H E I Q R V I G G R A R . . .
1 CCAAACGAGGCACAGCXRRCTCGCTGACGAACTGGGAGTGGMGACATCTACGATCCAATT

P N E A Q P L A D E L G V E D I Y D P I
6 1 GCTGCAGGACGCGGGCGACTTNTTCMCAGCGGGCAGAGATGCACCAATCGTTGAATTC

A A G R G R L F S T A G R D A P I V E F
1 2 1 ACCGATGATTGCCTCGTCTTGCATCCGCCGCAGCAGCCGTATCATGAAACAGACAAAGGC

T D D C L V L H P P Q Q P Y H E T D K G
1 8 1 GAGCGAATTTCAATCTATGCCGACGATAACGGTGTTCTGCTCGATGAATTTGGAGTTCAG

E R I S I Y A D D N G V L L D E F G V Q
2 4 1 AAGAAGATGGGTGGTGCCCGTTTCCATGGCCATGTTCTCTACTGGATGGCTGAACAGAAG

K K M G G A R F H G H V L Y W M A E Q K
3 0 1 CCGGGMCCACAAGACACCTGATTGCTTGGTTCGATGAAAACAATCGGCCCCACAAGCTA

P G T T R H L I A W F D E N N R P H K L
3 6 1 TTTGTCGAAGGCGAACCTGTGACMCAGATATGGTCTATAAGTTTCGCAACAACACTCAC

F V E G E P V T T D M V Y K F R N N T H
4 2 1 GATGGGGAAATATCGATTTTCCCAGAACTCGAATCTGAGTATTTGTTTTTAGTCACTCAT

D G E I S I F . P E L E S E Y L F L V T H
481 TTTTATGTCACAAAAAMGGTTACTACX:GAAGTTTTATCCTTATTGGATCTCAGGATTCC

F Y V T K K G Y Y R S F I L I G S Q D S
5 4 1 GRAATCAGACAGGCTGATATGAMGOSGTC^GATGCTCTTCCCAGTTGTTTGAGAAAT

A I R Q A A Y E S G R D A L P S C L R N
6 0 1 CGCTCTCCAGCATCTGGTGAATGGCCGGCGTCGGTAGCTCTAGAGGGAGTATTTCGGTAT

R S P A S G E W P A S V A L E G V F R Y
6 6 1 ETCCATGGTTCATTATGGCATTNCGCCAGCAGTTCCCTTCACTTATGNGTACATCATAT

L . H A H T G I F A S S S L H L C C T S Y
7 2 1 CAGTATGCXTACTCSA^COC^ATTTACTTCTAGCTGTGCTTGATAGAGTCGGCCATGAT

Q Y A T R R L D L L L A V L D R V G H D
781 GCATA

A

Fig. 3-13. (continued).
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#14 (partially sequnced)
1 TATGGATGCATCATGGCCGACMGACCGGCGCGGTCGATGGCGMGCGTACCGGMGACG

Y G C I M A D K T G A V D G E A Y R K T
6 1 CTGGATCGCCACGTCGTGCACGACCTGATCGTAGCCGCGCTGCAGGAAGGTCGAGTCGAT

L D R H V V H D L I V A A L Q E G R V D
1 2 1 CGCGCAGAACGGCTTGAAACCTTCTGTCGCGAGGCCGGCGGCGAAGGTCACGGCATGCTG

R A E R L E T F C R E A G G E G H G M L
1 8 1 TTO3GCMTGCCGACATTGMGGTGraGTCBGGGMCGCTTTGCD3AAAATATCGACGCC

F G N A D I E G A V G E R F A E N I D A
2 4 1 GGTGCnSCCCGGCATCGCCBCGGTGATGGCGACSATCTTGTCGTCCTTGCGCGCTTCCTT

G A A R H R R G D G D D L V V L A R F L
3 0 1 GACCAGGCTTTGGCCGAACACCGACGTATAGGACGGCGCGnGGATTTTGCCTTGGCCTG

D Q A L A E H R R I G R R V G F C L G L
3 6 1 CGOXX^GTTGCSATOTCSMCriTGGraACGGCGTGATACTTGTCGTCGGACGCTTCGGC

R A G C D V E L G D G V I L V V G R F G
4 2 1 GGGCGCGTAGCCCTTGCCCTTCTGCGTGACGACGTGAACCAGGATAGGTCCGGTTGGCGC

G R V A L A L L R D D V N Q D R S G W R
4 8 1 ATCGCGCACATTGGTCAGCACCGGCAGCAGGTGGTCGAGGTTGTGGCCGTCGATCGGCCC

I A H I G Q H R Q Q V V E V V A V D R P
5 4 1 GACATAGAAGAAGCCGAGTTCTTCGAACAGCGTGCCGCCGGTAACCATGCCGCGCGCATA

D I E E A E F F E Q R A A G N H A A R I
6 0 1 TTCCTCGGCGCGCAGCGCGGTCCTCGMGMTTTCGGMGTTTGTGCGCGAGATTTTTCA

F L G A Q R G P R R I S E V C A R D F S
6 6 1 GCGCTT

A L .
1 CAGTGGTCAGKCGACCACGCCGAGGCCTGCGCCGAAATGGCCGCCTGTCACCGATACGG

Q W S V R P R R G L R R N G R L S P I R
6 1 TGTCGATGGTCTCCAGCCGCAGCTCATCGGCGAACTGGCGCAACTGCTCGGGCTTATGTT

C R W S P A A A H R R T G A T A R A Y V
1 2 1 GCGCAGCAGGTCCGGCGTCGGCGCGGCGTCGAGGAGGGGAGTCTTGCTCGAATTTATCAC

A Q Q V R R R R G V E E G S L A R I Y H
1 8 1 TTGMTATCC^MTTATTTGGGGGCGCTCGGCCCGGCATGGAAAGATGCCCGGAAAGGT

L N I R N Y L G A L G P A W K D A R K G
2 4 1 CCGAAACGGTCCCGTGGCTTATACCMTTCCAAAGTCATGCCAATCCGCCGGGCGGTGGC

P K R S R G L Y Q F Q S H A N P P G G G
3 0 1 CATAGGTCTCARATTTTGGGCATGAC^GTGCCGGMCCGGGCGCAAMCCGCTGATTTGG

H R S H V L G M T V P E P G A K P L I W
3 6 1 ASCTATCSTGGTTACATCTGCGATGTCGTCCCCGCGAAGGCGGGACXRRATAGGACCGAGC

R Y R G Y I C D V V P A K A G P I A P S
421 TATCGACXX:AAAAACAGATGCTCGATATC*T*AGTAAAATCCGACCACAGGGAGCATGGA

Y R P K N R C S I X X V K S D H R E H G
4 8 1 TCCGCGCTTTCGCGGGGACGACGGCTGGGTATGTACGGTCGTCTGACCGACTTACTGAAC

S A L S R G R R L G M Y G R L T D L L N
5 4 1 GTRAAGCGGCTCGGTGCCGACAGCGTGACCTATCGCGTCGGTGGTGATCTTGTCGACACG

V E R L G A D S V T Y R V G G D L V D T
6 0 1 GGCTTCGGCCTGGCGCAGCAGTTCTTCGCAGCGGCGCTTCAGACGCTCGCCGCGCTCATA

G F G L A Q Q F F A A A L Q T L A A L I
6 6 1 GATC^CTAO^ANCXRRCSAGCGGCACCTTGCCGTCCTCGAGGCGCTTGACGATGGATTC

D R Y R F L E R H L A V L E A L D D G F
7 2 1 CAATTCCTCGATCGCGCGTTCGMGCTGAGCTGCTTGACGTCCGCATGGGGAGTGTCGGC

Q F L D R A F E A E L L D V R M G S V G
7 8 1 CATGATGCATCCATA

H D A S I
Fig. 3-13. (continued).

- 102 -



#17

1 TGCATCATGGCCGACAAGGGCATGAACGATCTGATCGGCTCGAAGGTGCTGGGGCGTGAA

C I M A D K G M N D L I G S K V L G R E

61 CCGGAAGCGGGAGAACAGCCGAACATCCTGCAGGACTATGCCAATACGTCCTCTGCAGGA

P E A G E Q P N I L Q D Y A N T S S A G

121 TCGATCATCGCCTTCTCCCAATATTCCGACGACCTTDCACCGGGCAGTCTCGGCGTCATC

S I I A F S Q Y S D D L X P G S L G V I

181 TGCTCCTTCGGTGCCGGCTATTCGGTCGGCAGCGTGATTGTGAGGAAGGTGTATCTTGGC

C S F G A G Y S V G S V I V R K V Y L G

241 GGCATCAGAGCCTGTCACCACGGCGAAGACGTTGCGGCCCGATCCGTCGGAGTTCCAGTC

G I R A C H H G E D V A A R S V G V P V

301 AGGTATTTTTGTGTGGCCGMGAAGCCGGGGGTTATCGTTCCCTATTCCGCGGCCTACGN

R Y F C V A E E A G G Y R S L F R G L X

361 NCTGACATGCGGCAGGTTCCAACCGATTTTTACGACAGGCAAAAATTCGAGACCGAGAAG

X D M R Q V P T D F Y D R Q K F E T E K

421 CGTGCTTACCTGGAGCAGGTGGCGAAATCCGATCCGGATTTCACCGCAGCGGGAGACGCC

R A Y L E Q V A K S D P D F T A A G D A

481 CGGCTCCACAGGCTGGATTTTGAAGCGTTCGCAAAACTATATCACGGGCCGCAGAAGCTG

R L H R L D F E A F A K L Y H G P Q K L

541 ACTAAGGAGTCGTTGGGGACGGGATCAATCGTCTACGTCGGCCATGATGCATCCATAA

T K E S L G T G S I V Y V G H D A S I

Fig. 3-13. (continued).
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#18

1 GTATTTATGGATGCATCATGGCCGACAGGTTATCCACGGAGACATCMGCCAGCGAACTT

Y L W M H H G R Q V I H G D I K P A N F

61 CATCATCACCMCAACGGCCTACACCTCATCGACTTCGGGTCGTCGATTTTAGCCAAGAA

I I T N N G L H L I D F G S S I L A K N

121 TCCCGCCGTTCGTGAACCTCACCCGGAGCTTCCCTACACTTCGTCCTTCGCCAGTCCACA

P A V R E P H P E L P Y T S S F A S P Q

181 GCGATTGTTCAGCGCAGAGGTCTGCTGGGTCGATGACCTCATCAGCCTCGCATACACGGC

R L F T A E V C W V D D L I S L A Y T A

241 TATATCCCTGTTACGCGGTGGCTCCTTGCCCTGGGATGAATACGACGAGCCTGATCCTTG

I S L L R G G S L P W D E Y D E P D P C

301 TGCAGATGTTTATGCTTCCCATTTCACTAGGTTACTGTTTACCCCATCCGACCTCTGTCG

A D V Y A S H F T R L L F T P S D L C R

361 CGGGCTGCCAGCTGTCTACAGAGATTTTTTGACCTGTGTCCTTGATTTGGAGCCTGACAA

G L P A V Y R D F L T C V L D L E P D K

421 ACAATTTGATTATTTTACCTACATTTCCTTTTTCCTAAAGTTACTCCCTCAAGATCTTTA

Q F D Y F T Y I S F F L K L L P Q D L Y

481 TTATTCTGTCCCGCAGTTCACATATGTAATTCCATGGTCGGCCATGATGCA

Y S V P Q F T Y V I P W S A M M X

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 . C h a r a c t e r i s t i c s o f the c loned DDRT-PCR products and

v a l u e s of transformed JM109

Strains

JM109

2

3

4

10

11

JM109-

Source

-

PO7, 1.5 kGy

PO7, 1.5 kGy

PO7, 1.5 kGy

PO7, 0 Gy

PO7, 0 Gy

PO7. 0 Gv

Insert
size -
(bp)

-

532

411

332

1100

416

2200

BLAST search

Nucleotide

-

novel

novel

unknown

novel

ATPase

novel

Amino acid

-

novel(F3rd)

novel(F2nd)

no correct frame

novel(F3rd)

ATPase(F3rd)

novel(F2nd)

Dio value
(Gy)

105 Gy

-

-

-

-

-

PO7, 0 Gy 326 unknown no correct frame

J M 1 ~
14

J M 1 ° 9 "
PO7, 1.5 kGy 2300 novel

PO7, 1.5 kGy 598 novel

18
PO7, 1.5 kGy 500

mnp

JM109-
qe

JM109-
qe-self

1150

novel

P. ostreatus

MNP

novel(Flst)

novel(Flst)

40% homology to

MAP kinase(F2nd)

P. ostreatus MNP

93 Gy

117 Gy

98 Gy

101 Gy
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4,

*}# - DNA, 3.2)3.

U-^Hd -§-8-

O.

Deinococcus radiodurans$\ ^

and Mattingly,

1971; Murray, 1992). o]ofl n|^-5] DOE (The United States Department of

Energy)^ ^]-?4*HI D. radioduransS] genomic DNA

^cKWhite et al., 1999). a s ^ , 7

- 107 -



3. Sl

, adaptive response^} ^

et a l . , 1996)i}

ostreatus P07ij- nl~§-^ n l ^

7. ostreatus^-H %ja«> DNA 3 : 4 ^ :

domain^ *]^]J2. Ol'H'M ^ # ^ stress proteinol7iv|- signal# ^

^ * f e 2}̂ !<H1 ^ ^ ^ f e protein£| «1 ^ ^ - S <H^^It:HUckun et al . ,

1993).

YS13]-

Y67 ^ - o ] ^ ^ ^ . ^ ^ ^ 6 o ^ ^o]7f Olfe protein

fe chaperon^]- ^^ stress induced proteinS.

I ^ t DNA £<#

isotope^ -̂*}-*V thymidine

^ 4 * 1 ; T%& DNAl-
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