REHZES 30
e T it EDZ T SSER It 2t va

TR EH
JEERFRF R EIRECED T EMEEER

Ou7EER

KNS A SN A RAESCENZFA LU ERRIIIZROIFEEN S N TS 2
ENFISNTNS, BRERT —LABLIEEROBMABBLICL D, ERNOBRES
BT HHANA S H, BEROENEERIOREREERCBNT, BATHHEED
B TEERRETH 5. A CTIHEERTOFEEOBREEE L TRY A S—
FF x>V 727 3> (Polymerase Chain Reaction : PCR) EZN—ZIZ U7 - fifE
ARSI B C & BECRE EITo 7.

o S B E
(1pFrE Bt /28 AFLF| (Insertion Sequence of Halophile : ISH) 24 %5 PCR BHEDRET

Halobacterium sp. NRC-1 D% ) AFRIZIE 12 BEED ISH WEEL TR, INSEEN
¥EfsF & LT Halobacterium sp. NRC-1, H. salinarum. Escherichia coli K-12. Deinococcus
radiodurans DYEME DNA 2571 — NI PCR 27077, £, INE TrElaRE
W2 ENTWWS ISH2, ISH3, ISH8 IZDW THETZ1To /2 & T A, ISH2FI-R1, ISH8F1-R1,
ISH2LC-RC D7 54 ¥ —1t v MIk 5 PCR THHEERENIIBEIRBO 5N Z &M 5,
IN5DTSAv—tw FEHAWE PCR IZX DIFEEORERNZBRENTE S Z &0
Mojz, 7z ISHI, ISH4, ISH6, ISHI0. ISH11 THIFEEIFEA/ZEIE N> RO
TN, BERAOBRHICBIT SENEGRTFOBEFTH S 2 L3N o .
(QMEEEERETRIIN S DTS5 1 v —ER E PCR SO

DNA BEFEIEL. EMERFICBWTRENZHOTHD ., TNUIPD2Y VN E
21— RI2BEFIBAVENE CREINTWS, BUEEERELERET S 0GG ¥
N BVIEHIE EEREYIC OIFET ABRTH D ZENE, FREY & OHBERE
D¥IE L7325, % T Halobacteriwn sp. NRC-1 2K DNA &V, XELFEI/O—Z
7L, PCR BRHNEICFIATE M E D D 2tRet Uiz, :
(3MEIEA PCR D= DIFHEE DNA R X 5 —F DR & EME S ERET _

EROBRE TITEERZY > 7NV ELUTERE PCR ITNTBZEN5E, BRBERAET
THEEET 5 Z &MV TED DNA RUAT—ERNELRS, TIT. £I RO PCR A
DNA R XA S—ENEDEREDEREE TEEZ SO ERF Uiz, TOER. 100 mM
DR T TITHBIBREINER LTz, TE, BEBRETHEET 3 DNA RU A S—EDY
O—=> 77 & PCR RIS AWB Y > T IVIERE 2 TV 5 HiEOBRET 2175 T B,
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18
BB E 0249
BB I OEARPICBIT A FEEa ¥ IR —va Yy
¥ E DO REST
L B (BRI TR ) T R B

OwtgEEB

kb AR SN SR AES TN EFA LU ISR OFERN S N Tn5 C
ERHIBIT D, E A ERICbIFERENFEL T2 ZEMRESNTND . B
sren T — AP OEEROBAE BRI D, B0 BREEZRT ZREIMR S
H. ESROERMEEBLORFERIZBNT, BAT SIFEE ORI TEE/TR
Eehs, KA 1 g 3 10-10° EOFEENEENDA, 0% < AEEFRIERE
Halobacterium J&TH5 (2). Halobacterium R c B0 OF ) A REEH LR
EBEETZIEND, HIIRETRNVEEHRT S ZENSEED, FETI, FEE
KR EleE A L, @B/ 0< hJ 57 ¢ — (Thin Layer Chromatography : TLC)
MMFCE ORI B2 E T, TORARHER I DHENE S5NTEE )., LML, INn
5 OFEIIEERFEEIIVZ, WTNHY I TIVRITH HIRERBOMIEEDFE L
FETERVWAETH Y, HETICHBICEET 2RARERIT S i, O
5B - 23T A NEN B D, B EFRNDND ENDEHRDDH S, 4R, HEYD DNA
B zEiEs R AS—EF A V73> (Polymerase Chain Reaction PCR) ¥
PRSI L. EECAEGTEOSFITBNT, BE PR A OfEEREEE UTH
NWENTETND, BICEFE THEENNERKIGE (Escherichia coli) 0157 BRPBRE
) FEOMEEICE L&y hASHIRE N, 9 TITA TNTW5, ZDEDIZ
ItR&uWEEﬁyiwﬂeDNA%%E-ﬁ&?éi&ﬁf%%ﬁ%mewT@éo
2T, ARG OHEE OREE S LT PCR EEAR—RIC L7zl - flifE
B AR B T & R BRI ET o T,

QWtFe 5k
B LT3R BICBAT SRR BE L HDEYT ) LEFINARSNTNT 3).
PCR 1 T BRI IR & & D ERELS 2 3R 5 DITE IS Halobacterium. salinarum % F
W, LFO3EBRDWTHRRETD Z&E L7z,
(1B 728 ABR% (Insertion Sequence of Halophile : ISH) 124 % PCR MHEORRES
NEXJ- Halobacterium sp. NRC-1 BkD&Y ) MEFIT—FITES &, ZDT /) LH
I 12 BB ISH BEEL T3, Zho ORFIZEMEETE LT 71 X —&8Et
L. PCR &7, PCR EEWIVET > 7). $72bB4" ) AFO ISH OFERICH Uz DNA
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B ELT, BETEIENTE, BAEDOEINCFHETES, o TINs ISH ITHE
DNz T 51 7 —%&FEREHL T PCR 21TV, IHEE OB EFRIEDRTREEE RS,
(U GBI TEIIN S O T T4 T —HRFE L PCR L&Dkt

HFREFEOREL. TOEEEHEDBERSY >NV EO—KEE. §7205 8 TES
WCHIRT 5, I CTHERRASY /N7 B OB TEFIN 54/ DNA 721 2R Bac
B9 BEFIERRT 5, TLT, TNUTEDNW=T T4 v—2&atL. PCR rfkot%lﬂ‘
ﬁ@@&&&ﬂm@%&%@d?% AWBEFNIET /) LBFINSELRbDEE Y 7
T B0, EHEESIE L TFERORE TH D I0F ) 1 RESHERD HMG-CoA
L&D 2 —tRiaTe. Sl T OBEROBRTHS 24F VBT L
RFDFFIRULI I —ENHTEND, E/-FIUEHETH DAY AHENTITE
/2 T3 F v —BHNH 5 ESNTHD., PEICRIFATESZENMMSNTNSZ En
5 (@), ﬁﬁ@&ﬁfr‘%v—ﬁm%‘*bﬁﬂﬁﬁb L D47 PCR T51 v
95, FHDERITDONTIE. FEH PCR DABEICOVWTHRE L, BAL MBS
DHEFIRIT DN T HERT 5,
(3HEIEA PCR D73 DIFHEER DNA 1R A 5 —V OBER B ELE Rt

HELNSD PCR Tld, HENFIET D54 T T DNA R AT —ENE < BENDH S
0N, TOHE. HEVERENEWEEEN N o720, EENHEEE U THIEMEEN
BN D THREEEND 5, FEEHRED DNA RUAT—ETHIL. 55—
NIVOIEIRE TO DNA EEVEENIFTE S, £ I T polAl. polBl. polC %D DNA K
RS —VEMERTE7O0—=7 L, TOEEEHRS L, BREADKAZIINS,

®ﬁﬂ: 7L‘I’“|:1
(1 B 753 ARF| (Insertion Sequence of Halophile : ISH) 1242 PCR IR EOMES

NESNLY ) MEFNC KT 12 FEEOD ISH 27T 5 (Table 1) (3),

Table 1: Insertion Sequence of Halobacterium sp. NRC-1

Insertion Sequence  Size (bp) Accesion Number
ISH1 1118 JO1725
ISH2 520 J01726
ISH3 1389 NC_002607
ISH4 1004 NC_001869
ISH6 1448 NC_002607
ISH7 3303 NC_001869
ISHS 1402 NC_001869
ISH9 938 NC_001869
ISH10 1584 NC_001869
ISH11 1063 NC_001869
ISH12 1899 NC_002607
ISH28 938 U42220

ZD>55, ISH2. ISH3. ISH8 IZDWTIE, H< MO TONTHD, HENR TS

-256-



14 16 3

AX—NPEINTNS (5), FI T BAITID 3 FED ISH I DWTRF Z1To 7,
TSI 5 THWSNTND ISH WEDEFZANZbDE, THZEND ISH
@ DNA EFIMS 5B LN 3% 20 mer DHDZEKRARIVT 1 MEICKOER L=

(Table2), —NEDT T X—%EHANTPCR Zfro/.
Table 2: Primers of PCR for ISHs

Primer Sequence

ISH2F1 5'-CATTCGTCTTTAGTTAAGAA
ISH2R1 5'-CATTCGTCTTTAGTTAAGAG
ISH3F1 5'-AGTACCTCACAAAGCATCGC
ISH3R1 5'-TCAGTACATCACAAAGCCGC
ISH8F1 5'-CATCCGTCTTITAGTTAAGCG
ISH8R1 5'-CATTCGTCTTCAGTTAAGAC

ISH2L.C* 5'-GGCTGAGATCTCTTT
ISH2RC* 5'-GTAGGGCTGAACAGT
ISH3-1C* 5'-GGTGGCCGGTTCGCG
ISH3-2C* 5'-ACCAGCTCCTTAACT
ISH8-1C* 5'-TACACTGTTTCCCTC
ISH8-2C* 5'-TGCTTGTGGATCTTT

ISH1F1 5-TGCCTTGTTTTGCCACCGAT

ISHIR1 5'-TGCCTCGTTGAATCACAAGA
ISH4F1 5'-CGCTCTTGTGGCGGAGATTG
ISH4R1 5'-CGCTCTTGGGTAGAGGATTG
ISH6F1 5'-TGGTCGTGTCGCAAAGCGGT
ISH6R1 5'-GTCGCGTCGCAAAGCGGTCT
ISH7F1 5'-GCTGATGTTGCGAAGATAGG
ISH7R1 5'-GACGTGTTGCGAAGATAGGG
ISH9F1 5'-GGCTCTGGTGAATCGCTGGA

ISHOR1 5'-GGCTCTGGTGAATCGCCAGA
ISH10F1 5'-TACGTGTTTAGCCCCAGTGA
ISHI10R1 5'-GGTACGTGTTTACCCCGAGG
ISH11F1 5-GAGGGTGTCATAGAACGAGT
ISH11R1 5'-GAGGGTGTCATAGAAGTCTT
ISH12F1 5-TATCTTGATTCAGCGAGAGA
ISH12R1 5'-AGTGACATCCTCCGCGCCGT
ISH28F1 5'-GGCTCTGGTGAATCGCTGGA
ISH28R1 5'-GGCTCTGGTGAATCGCCAGA

* Sequence from Ref. 5
PCR IX. 5> 7L— b DNA & UT Halobacterium sp. NRC-1 HE{K DNA % 0.5, 5. 50 ng.
T4 1L SIRB L 3D H D EZ T4 20 pmol § D, PCR BEE (AmpilTaq Gold :
Applied Biosystems, Foster City, CA, USA) % 25U fllX. 1.9 mM MgCl, & & DT RISHE
W (@ 20p) T, 95C. 15 D OBERIEMLDE, 95C, 30sec. 59C. 30sec, 72°C,
30 sec DY 27 )V 7% 40 [ &Y D Stk TF T 5 72, PCR EEMINE 1/5 D 6 Xloading buffer (0.25%
bromophenol blue, 0.25% xylene cyanol, 1 mM ethylenediamine tetraacetic acid, 40% sucrose) %
Mz RIS SIS /7245, 08%T HO— 27 VEBSKBITHEE. TFIvATOTA
Rye@sg, 7)) VARERE (FAS L MG B0R. BA) T2 o7 Halobacterium sp.
NRC-1 Z4a{K DNA 13, AFEE#k% Japan Collection of Microorganisms (JCM) & 0D AF,
JCM#168 Fehic & D AEERE L 7= AFEM 5. BN H. salinarum Fe4K DNA ZHiH - B
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U=BE ik Tt - FFE2 T 6).
ZOE, TNENBREEISZBOOETOTI1 37—ty MTBWTER/N D RO
HENTE (Fig. 14). /N> ROMELISH 03— TYABLBT /) LFROIE—FITR

A, DNA of Halobacterium sp. NRC-1
MN I 2 3 4 5 6

B,DNA of H. salinarum
M N 1 2 3 4 5 6

C,DNA of E. coli K-12
M N I 2

3 4 5 6

D, DNA of Deinococcus radiodurans
M N 1 2 3 4 5 6

] ] = —1 —]

Figure 1: Agarose gel electrophoreses of PCR products. M,
molecular marker (10k, 9k, 8k, 7k, 6k, 5k (intense), 4k, 3k, 2k
and 1kbps); N, no template; 1, ISH2F1-R1; 2, ISH3F1-R1; 3,
ISH8F1-R1 ; 4, ISH2LC-RC ; 5, ISH3-1C-2C ; 6 ISH8-1C-2C. ¢
the details in text.
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EAHDHDEEZH5NS, PCR TORHETH. MIERESFERFICREENTSSZ L
RS BT, T O TIHEE LS OMBE ORESR DNA 2T, PCR o Bae)
7. FNZ H. salinarum. E. coli K-12. Deinococcus radiodurans FERRDEEE. EREL.
Y DNA ZHiH - #5581 7=, PCR DFER. E. coli K-12 BEDYEIRINT > T L — kD,
[SH3FL-R1 B ISH3-1C2C &7 T4 v—t v b &L TAWHEITHER/N > R2FED
BNK(Hgnﬁobﬂb\HMWMMmumbRGl%@%Eﬁwt%é&%ﬁbf\%
@N)F®ﬁ4?ﬁ%ﬁ0\it@ﬁ@ﬂyﬁﬂ&ﬁbfmélt#B\ﬁ%tﬁ%f%
27 LN T, ETE T DE DT T FIVOTBAZED)N > RINHET 2RI RN
I EEEIC Rk T BB O TIRN T EERB L TN, EBERRMIER D. radiodurans @
i ihE N EE, BN T FIVRAS D ISH2FI-R] & ISH3-1C-2C 2T —&y
NGl 7= & =10, Halobacterium sp. NRC-1 Fegafk &Rl ZONY RdgEHENZ. <
D Z &3 Halobacterium J& & Deinococcus fé} L DAVERMROE S TRt L T TR,

= 512, AU Halobacterium J&D H. salinanuﬁ Ok EAWT, BEfE{T> TAHZ.
Halobacterium sp. NRC-1 ¥Rl BHE, DRGNS H. salinarum BIKH. halobium
LREIESEZLNTVNEIENS (D, FHRR/NT— STHEIEN Y ROV I NS TR
LT, L2 L. ISHS-1C2C TIEHgiE/N> RAFRD 517, FOMDT A <—
RMEBWTHE U XO8EIE N> RARE SNz D0, FD T FINIED THND
@T%Dt(ﬁgﬂﬂoC@CtﬁﬁH@%Eﬁ@%é&\%ﬂKi%f/A@%ﬁﬂ@
@T%ﬁEKE:ofﬁu(ﬂ%%ﬁﬁ®$ﬁ@ﬁﬁ%§ﬁtbmf)ﬁ%éhtﬂ
salinarum OFERNO S EE 25 D A THHKEN,

urwﬁﬁéiawé&%@mmtfi4v~tyb@55ﬁﬁ%ﬁ%ﬁﬁ%@%ﬁﬁ
- %0 ISH2F1-R1. ISHSFI-R1, ISH2LC-RC T#H o7z (Table 3)o T OMDOBHDH
fiiE)N > ROY A R K BHEAINFIREEE X 5,

Table 3: Amount of PCR products with each primer sets

Primer set H.sp. NRC-1 H. salinarum_E. coli K-12 D. radiodurans

ISH2F1-R1 +++ +++ +
ISH3F1-R1 ++ + + IS
ISH8F1-R1 ++ +++ - +
ISH2LC-RC +++ + - +
ISH3-1C-2C ++ +++ + 4+
ISH8-1C-2C + - - -

*The PCR products showed different size to that of Halophiles.

mMMmmmmNmn%Kﬁ&?é%@@ﬁﬂ%ﬁﬁmﬁﬁéﬁt&zamHuﬁm
BH&Iﬁﬂ&Iﬁﬂf@%ﬁ%ﬁﬁ%@ﬁyFﬁﬁﬁé?ﬁﬁiIﬁﬂ\EH&I&HZI$D8
T@%@NyFﬁ4XﬁE%®%®tiﬁb\%E%E%@Tﬁﬁm:&ﬁ%ﬁotG@.
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2), FRIE, MEREARDNA 252 7L —KMIPCR 27> THED. E. coli k-12 k% H
WERBRTIE, WITNHEBERTEEIEEED s Naho7= 2 &G, ZOHRITHIFERR
B/ iiE s B S EEIEET 2 2 ENEIEF XIS  (data not shown) .

4 5 6

7 8 9

1 2 3

Figure 2: Agarose gel electrophoreses of PCR products. M,
molecular marker (10k, 9k, 8k, 7k, 6k, 5k (intense), 4k, 3k, 2k
and 1kbps); N, no template; 1, ISH1F1-R1;2, ISH4F1-R1; 3,
ISH6F1-R1; 4, ISH7F1-R1; 5, ISH9F1-R1; 6, ISH10F1-R1; 7,
ISH11F1-R1 ;8, ISH12F1-R1 ;9, ISH28F1-R1. See the deta
text. '

(M oSS B ETRSIN S DT T4 X —R & PCR & O%E!

BEBEREHES DNA ST RENTEEZEZZITITE0., £Md. —HF T OHEEEHE
ICBREL, BEEREFRICRERENSEFELTVS, #IZ. ZOEEREE DNA BiE
DIERETSHERR T ONIND BIEMEL. Eﬁﬁ%ﬁ%&:ﬁm*ﬁﬁ?ﬁﬁ@f;%@'@%m ZIUTIHN DB
& Ny EREEE I— R T SBETIMBLWEYE CREFSN TS, DNA BEOF
THEMLAEEEEL, FRNBEETEE T 2EMTIIRNZIZNDDOTH D, INHIE
B3 E U TEEREEERETEEIND B), ZOBEEREEERRORIDAT v
TE< DNA 27V 33 S—VIHBEHEE RN S UkRT 2EEZ D BEICHT S

BB TEVY (Table4) .

Table 4: DNA-N glycosylases for oxidative base damage

Activity Archea Prokaryote Eukaryote
Oxidative purines OGG* Fpg® OGG*
Oxidative pyrimidines Endo III Endo ITI, Endo VIII. NTH¥* NEIL*

*OGG: 8-oxoguanine glycosylase, $Fpg: Fapy guanine glycosylase,
#NTH: endo III like protein, *NEIL: endo VIII like protein

ZN5® DNA Y3y S—VFiREEO—0mENS6R2 &, FhESREZRE S,
Halobacterium DSBS A HAE TIL. BYL T 4852 0GG 2BRET DN, TIUIRZE
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&0 BEKEYNGEWVETH S, 0GG IIHE O P—HAJIZIE endonuclease TT (Endo IID)
IGEWY ORI ETHY. BEEMOBLT) SAEEREERTH S Fpg LNV —T
NEED, ZOI LI 0GG &2 7O—TITHRHZETD Z&IckD. BeEEY TR, &
WS 3 72b B Halobacterium DERHSARHENAIREE /22 Z L 2EKT 5, £ 2T, 1
XNTND Halobacterium sp. NRC-1 DET ) INIr—27 T2 AN SEAUEEBEIREICH
M5 DNA 7V a3 F—YDEMEEF e Lz & 2 A, OGG. NthAl, NthA2, NthB
LD 4 BEOBETFNRNWEENE (Table 5), €I T, INSDELETD SHPBIN
IRE ST ST T — B HEERET L. PCR / O—= 2 7 %RA7z, PCR DOFMAITER1)
I 72, 85175 O0—>0 DNA BFIERE LkR, NbA2 EET 2 BEETET,
F T NthA2 BETF2ET DNA KBiH % pGEX4T1 FFiX2 4 — (Amersham Biosciences,
Piscataway, NJ, USA) \#EA L. FEHAMEE E. coli BL21 (DE3) (Novagen, Madison, W1, USA)
R TR T4 — AU, BLIIFERNTY 2N BORRERET LA, HED LA,
K AED DI ES TN, ©ORE, FEEIEEDs >R, EYRREE
TEMER B SO EREICKREE T 50 TIHRNWNEEZENDS (9), B BERdR
PR AT TS, D 3 FEOBELETITOWTIL. 1 S 2D WIIHEEIE D RZeR AR
DAS =27 0= ULESINTWRN (data not shown)s ZIUTDWTH, BfE, HEEF
DOIFFEED X D EWR Y A S —+F GeneAmp High Fidelity enzyme (Applied Biosystems, Foster
City, CA, USA) ICHLZ TRt 2fro T3, iz, BREN I &I H. salinarum FeEdk %
i 7= 8@ Halobacterium sp. NRC-1 Fefafk 2 = 158& L1388 72> T/ (data not
shown)s DT Xl 56D ISH DEIEDENE HEHOR T, WEOELHRARENNZRD
KERBDTHY, E5RDIVEFIRFTNNETH 2 ZEEZRRLTND,

Table 5: DNA-N glycosylases for oxidative base damage of
Halobacterium sp. NRC-1

Enzyme: Size (AA) Accession Number Comment

NthA1 265 AAG18952 Endonuclease I11 like protein

NthA2 227 AAG19103 Endonuclease III like protein

NthB 138 NP_279703 Endonuclease III like protein

0GG 301 AAG19622 8-oxoguanine glycosylase like protein

(3R A PCR D7z DIFHEE DNA R A 5 —F OERER LIEMER ARG ,
EBRORHETIIRAEB L OFN 2o -E8RE Y 7))V E UTEE PCR M2
LD, TIT, GEEESET THAET S Z &N TES DNA RU AT —EWE
L%, FORIOKEL T, HRO PCR A DNA R AT —ERNEDREDFRE
FTEREZHONERR L, EBRAEII)EREICTN, 57 L — hd Halobacteruim
sp. NRC-1 8K DNA 50 ng %, 751 <X —t v MIALTHROERIN RRZ <R 5
7= ISH2FI-R1 &V, REHEPIZ 0. 100, 250, 500, 1000, 2000 mM @ NaCl A3F
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FET BEMT PCR 217077, TORE, 100 mM DIFEE T TITHEIE/N> ROEEL
7= (Fig.3). ZDZ &IFATERD PCR A DNA R A T —EIHEREITH T SN <,

ZOEETIFRBICHA TE W ENDho 7=, IRTE. (2)EEREDFIET Halobacterium
sp. NRC-1 #8{K DNA £ 0. DNA RUAT—¥DrO—=>TF 275 LEbic, 427
IVEREZR T2 HEERE L Th 5,

12 34567

Figure 3: PCR products of Halobacterium  sp.
1 by ISH2F-Rl with NaCl. 1, molecular marker
without NaCl ;3,100 mM NaCl; 4,250 mM
5, 500 mM NaCl; 6, 1 M NaCl; 7, 2 M NaCl.

@E=

KL TIL, HEFROFEIE EHEE ORARFMEMC X D BIMERICSH 5 RIGEB KO
TN E AW R IRIE T SRR O mEEMR A O Z HEIC, PCR E2N—
AELT, BaaBit2frok. EBINCELD. Halobacterium sp. NRC-1 77/ /s DNA H!
\TBIE S 5 ISH OIEIE 2 S IR R BRI DS ITRE CTd 5 T &V o 7. Fiz,
W< DOMD ISH BIE T 51 v —%fAWz PCR Tld, Y TOBIEREIIRZ D HDOD,
IFEELIZND DNA THIEN RORD 517z, 2O &ML, ISH ORFHTK D, 7748
ZRERHESND ZEERLTND, ERICBWTIE ISH SNTERE L2588
FERFZ#E L. @1000 bp LA FDOYA XA TABICHIETE 5 2 & @ EFEMEMEN
B2 EMEERNRBETFTHE I E, @N\NTAF—F VBT ChliE+ TiEA
WOTEDSHI SN2 Z EEOBLEN S, DNA EEBERDO—DTHSD 0GG (8-oxoguanine
glycosylase) ZEMELTE LU THEET S Z &2 BRNICREET 20, BEREETFZ
ESOWH 25D I LG TERN 7, 2T GC EEFOREICKLD, I EBRNTE
BholbDEEZ BN, EBRITIL. BWEFAEN PCR A DNA RUAT—ED
HEEARAEIC, £ IO PCR H DNA iR U A 5 —VY OEEERSE M 2 iEt L 72s,
ARV AmpliTaq Gold 13 100 mM OHIRE T, § TIHBRETAIRN I o7z,
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Db, TRTOEEEEDSE ISH 2FEET E LT PR I X BIFRREAD
RIS, ERMETE DI EERL TS, L L. AL, EEIBER(E FTPCR
RSN R BT 5%, Mk LTI 520 EDH 5. ST, EREITHE
FTOREEED TN FETH S,

O ORE
ABECIL. IFEERAR DNA 27 27 L—h L LTHEW?= PCR 12X 0. HHREER
i%ﬁ%@%ﬁ%@ﬁmﬁf%é:t%ﬁbtob#b\%ﬁmmﬁﬂﬁéﬁﬁﬁyfw
thPGKﬁﬁﬁﬁﬁ%@i&%%ﬁ&bﬁﬁhﬁﬁ%ﬁmo%ZT\Zﬂﬁ%@ﬁﬁ
ameE L | T T 0L S REENH T 5115,
(1)E$E PCR IC BV 2 N ERHRTE OFREE
%@@M%TM\%%%@bt%éwaxK&%ﬁﬁb#ﬁofmmmo%%M\ﬁ
m%®%®‘ﬁﬁ%éﬁléﬁtﬁﬂ%%ﬁyfw&bT%MT‘Ewﬁﬁwm@ﬁ‘i
£ POREGY TV ENSHIUTRHICH R > 5 O ERE LTI 5730,
(2)k 0 ZV VRO H D PCR Feft Ofiad
it\%@M1ﬁﬁ@DNAﬁU%iwﬁéﬁﬁt—i®%ﬁfb@k%%bfmﬁmo
@@LNA%U%5~€¢\ﬁg%#%wﬁﬁtib\iD%ﬁ%ﬁ%@ﬁ%Bhéﬂ%
P EE RS TS, ThbOFHHREBSEDORETDH S,
(3)EE it DNA AU A F—1
AEFAVA= AmpliTag Gold 13 100 mM NaCl THlERE Ao Tr, T CHEEEERY
yfwthmM%%ém‘%@ﬁﬁgmmi5éDM&%U%5~€ﬁﬁgtméc:
@ﬁU%i—ﬁm‘@MDﬁﬁ%ﬁ%onéﬂﬁﬁﬁ%<\%@bm-:yﬁkﬁﬂﬁ
@%jﬁﬁ®6héoitPG{TM%ﬁK%ﬁ%W%ﬁ%@T%D‘Zh%:ﬁ@%ﬁ
BT U BESLETH S,
(an > FIVEBE R E TS B2 AR
4@&ICR&WW*@%%E%TW%%&%%XBhéO~9ﬁﬁ§ﬁﬁ>7»f%
@?éiﬁtﬁﬂ@\&mﬁéﬁmﬁEﬁUﬁwiﬁm¢b\ﬁ%ﬁ@ﬁ?ﬁ?ﬁﬁéo
%:f;D%@gmﬁﬁ%ﬁ&%ézaﬁ%gaméoitpaa&mﬁtﬁﬁﬁyiw
5. TR OZRTIE T ERET 5 HE DR DBENDD.

© S
1. Norton, C. F. and Grant, W. D., J. Gen. Microbiol., 134, 1365-1373 (1988)
0 HEES. RATEE EHEEOEMF pp. 6175 HE RS (1998)
3. Ng W.V. etal.,Proc. Natl Acad. Sci. USA, 97, 12176-12181 (2000)
4 Graham, D.E. et al, Proc. Natl. Acad. Sci. USA, 97, 3304-3308 (2000)

-263-



14 16 3

5. Ng,W.etal, Syst Appl. Microbiol., 16, 459-577 (1994)
6. Schamohammadi et al., Nucleic Acids Symp. Ser., 37, 163-164 (1997)
7. Ventosa, A. and Oren, A., Int. J. Syst. Bacteriol., 46, 347 (1996)
8. Friedberg E. et al., "DNA repair and mutagenesis", pp. 135-190, ASM Press ( 1995)
9. HEHIEEF MR, "FEMEY". pp. 216237, EHEEEHA (1979)
Ot

D. radiodurans \IFMERIET GURELRS) M oG NZI2WE, HHEER 2T Lo
& BB IR AR, T4 R BB R LR ) — T DA N
—ENITIE, AFRORTICN U, HRL 3P R— R 2L TWERE W, IR0 E %
£93,

-264-



14 16 3

Highly sensitive and easy procedure to detect contaminated halophiles in food products containing
natural salt by polymerase chain reaction

Hiroaki Terato
Department of Mathematical and Life Sciences, School of Science, Hiroshima University

Summary

Since the trade of salt has become free competition until 1997 in our country, we can eat many
kinds of domestic and imported food products made by natural salts (including itself). Most of
natural salts contain contaminated microorganisms, especially halophiles. From ancient, the reddish
color of the products has indicated contaminants, because most of halophiles contain carotenoids in
the cells. Also, specific membrane-lipids have been utilized to detect the halophiles in food materials
by thin-layer-chromatography. These conventional procedures are still reliable, however they also
require both relative large amount of the cells in the material and long time-investigation to obtain
result. In this study, I tried to establish the highly sensitive and easy procedure to detect contaminated
halophiles in food products containing natural salt based on polymerase chain reaction (PCR).

The whole genome sequence of Halobacterium sp. NRC-1 was published in 2000 (PNAS, 97,
12176-12181, 2000). The genome of this organism contains unique insertion sequences (insertion
sequence of halophile, ISH) in the genome wide. There are twelve ISHs in the genome (ISH1, ISH2,
ISH3, ISH4, ISH6, ISH7, ISHS, ISH9, ISH10, ISH11, ISH12 and ISH28). Since the three ones
(ISH2, ISH3 and ISHS8) of twelve ISHs have been well studied (Syst. Appl. Microbiol., 16, 560-568,
1994), the three was tried first for PCR. Two different primer sets were used for each ISH
amplification with the purified chromosomal DNA of Halobacterium sp. NRC-1, H. salinarum,
Escherichia coli K-12 and Deinococcus radiodurans. Between the six primer sets, ISH2F1-R1,
ISH8F1-R1 and ISH2L.C-RC showed specific amplification of only halophiles. Also , ISH1, ISH4,
ISH6, ISH10 and ISH11 were amplified from the chromosomal DNA of Halobacterium sp. NRC-1.
Thus, ISHs seem to be utilized to detect contaminated halophiles specifically. Additionally, I studied
to utilize the sequence of archael specific DNA repair enzyme for the detection, and PCR under the

high salt condition.
Table 1: Amount of PCR products with each primer set

Primer set H.sp. NRC-1 H. salinarum E. coli K-12 D. radiodurans

ISH2F1-R1 - +++ - +
ISH3F1-R1 At + + i
ISH8F1-R1 ++ +++ - +
ISH2LC-RC ++ + - +
ISH3-1C-2C ++ +++ + Aot
ISH8-1C-2C + - - -

*The PCR products showed different size to that of Halophiles.
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