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1. HBFEER

BEDEYDEBTER VLD REEICL £ < DAL L. NS IR A Y
(extremophiles) & X iEh 2, 72 & 2 13, PR IRIR D BRI H (112 A B3 2 15 8 - BT
%%\7»%Uﬁ@v~§ﬁﬁ$ﬁ?éﬂTWﬁU%%\Mﬁ@%ﬁ%ﬁ?hﬁ@ﬁ%\
P72 SR % SF OIS T . SR DS R B S SR I 7 EXEMLN TG
(1o B FRLAEY) 3B 2 BT C O MBI 2 IREF L. 2 5 10858+ 2 = & 25 &5,
PRI DB 2 BT T AEBTE LR ERBMOIDIE, 20§ 5 BB T 14
WRET DREHZE LD EThr, 72k 217, S BLTR R SR DT B DNA #2808 32 13 Sk
TR D IR < B OES  EWEOREDS VI DNASTE I K 72 Polymerase
Chain Reaction (PCR) IZJEH &N TWa, X512 PCR DELIZ. TR D b D
PR BER OB L BRI nE % DT 7 BRI AE D DB BIE T C L BT 2
D 1TDIIHED S Z DREIEIE L 72 ER % b D2 L Th 27, INLDBEFx a— )
¥ % DNADHEE, E 510, ZOREEBRIT DL S 2 BREL LT LD & ) R T
EREICHEFE SN TV AT L ALHS 2 IC S T RV TP BRI IR 0 3 Lo St
T T3, DNADBIBEEFIEAR LA IZHEZ Y . DNAICE T NS BEERITEPNTLE
7 o LA L, EBICIIFARECIFREEIR 0L S 2 BET T THICERT A &
WTE 5,

LHFFE 7L — 7T RIREEE T I BT B A O B (S SRR | Lk % 4 =Y
REED T I AR TE, T0—BE LTHD TEVIEIRERE 4 51 2 = AT
MR (Halobacterium) O & AZIERAMERHEREIC DV CTiREt L7, PSR PEA B 1 8 oD 5
SR (NaCl) 12X b, KB (02:05M), HE (05-25M). B (2.5-52 M) 12448
EN% (3)o Halobacterium salinarium R BRI 1B L, SIREOE 2 MM IcE
L BIREDEBIEICL 244~ LEBER M LAICK LTS (Table 1), 53 4
AYERTAVY ML G VREIEHBPINCIZIZR L CTH B F Yy A FrEH)
VAAT L DRESHIBLONE &MU TUIE L TB Y MRS ) & 54 F ¥R SM
ICHET D (4)o H. salinarium D b 5 1D DEIE . KK 13 HaiH 45 ICEBT 5720
KEHED O DM VEINEEZ T TVWBZ ETh D, EIMRIIRBAEDNAICE ) 3 UV
AT =2 5130, FEMICHE A OFEIRE % 554 X ¥ DNA MEEX525 (1,5, ¥
VI VYT A = R E MR ODNASE M I R A Tt o b PHLNT W5,
L72%%> T\ H. salinarium DAL &5 e B ENLIEIBIERFICHET % DNA 8
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EREICED LD BB Y5 2 5 ERERE T ICERT 2 MEN OBEIEHRMERFIE
REHSHICT B ETHRO THRKECEIETH 5, ARETIE, DD L) 2BA»0 H
salinarium @ DNA BB R T3 A & 2 D5 FHEIC OV TIREN L 72,

Table 1 Concentrations of specific ions in medium and H. salinarium cells (4).

Tons Medium (M) Cell (M)
Na* 3.30 0.80
K* 0.05 5.30
Mg? 0.13 0.12
Cr 3.30 3.30

2 . HWIEHE
2.1. HEfFE

H. salinarium B & O E. coli Bfr 13 # N2 1 complex medium (CM) 3 & Uf Luria Bertani
(LB) E&Hyrh 377 THEE L 72 (6)o M4 O DNARBGR T I 2 EFHRET]RD 72012,
B L7 Bo i oMl % ) > EREE R (67 mM., pH6.8) (8 L (H. salinarium O
1413 20% NaCl % % & 1CURIN) o SBELK I, ©Co v- BRERAT, IV 24T > 720
Zn#% CM (H. salinarivm) @ 5 \MEILB (E. coliBjr) 77— 7L — MIHEREL, 37CTA
v¥an—hgpoo=—HEFHL 7

2.2. DNA SUIWTIT T AIRDHE

DNA SUEIHF 1S 5 3EOR BT, FAHIIRDNA (40 pgiml), NaCl ¥ 7212 KCI (2 M)
et ) VEBETE (10 mM, pH7.0) 129Co v- L% FSH L TIRES L 7zo MRATEFH, &
WA kB Btask. it (DNA ZESEEIND) B L U7 v UM (DNA —EHINT) KT
0.7% 7 70 — ABAIKENC & ) 50 L7z (1) MARICT T 23 FpDELLY (10 pg/ml) %
V- HREBET L. type 14> 5 type INDIR{LE ICHEO X —EHEUIME RO 70, HEHZ0.8%
YET AT — ABAIKENIC L D HBEL. FASIY AT A2 IV Ctype IBL UM EER L 720

23. ¥V IVVFAT—HRIET AEOHE

5 A3 ¥pDEL19 (10 pg/ml). U ¥ & (10mM,pH7.0), KCl 2M) %&UFAE
WA IS ~ 7 (254nm) THETL7z. BHBUER. R0 (pDEL19 DNA 50 ng)
AT4LY FXZ L7 —EV (6ng) &37CT305MA VFa—1 L, EIMURHICE



DALY I VYA T — BT SV REALI, T4V FX 7 LT —¥ VLEE
DtypeIBLU I 77 A3 FDNA DEEI 2.2 & FRICAT- 726

24. CDANY MV

it Bt EA TR B D H. salinarium % £ L. Marmur 212 & ) Z2fB A DNA 2 HH U 72, Hh
mbt%@%DNA%Ka(MJSM)%EUU/&%ﬁﬁ(memH1Mchﬁu
ZIRTCD ANRY Fva il Lz,

3. MRBIUER

3.1. DNA $#BRFZ35 5 H. salinarium D4

Fig. 112 y-#. @EILKE. BN T % H. salinarium BFAERE, BN 7)) v
N VRIBEEKRB LUE coli B DEFERBE LY TT, Hvzwiho DNA BERF
Kﬂbf%\ﬂmemm(ﬁE%-ﬁﬁﬁ)MEmthKR*%wmﬁ%ﬁLtoi
FFERMFR & D 37% EFHRE 52 5#E (D,) ZHM L Table2 TR L7z ZOFREREDS
v- . BERIEKEE, AR LT H. sa]manum 13 E. coli B/t 120X, BFHAE#ET 4-20 1%,
NG T AN VRAIBEERT 24 BEMEIB N EDH O 0 & 572, E. coli B/r 2F
WHE DE. colithDH T b IR HEIMRICH WIHEE b OMTH L L2 EET A L H
salinarium”’Si& 4 DIRFEDNABEER FITH LEWIETME %2 L OMEYM TH B Z L 25hh
B o y-HERETH B VL EERILKFRLIE L /- TiE. OB W KO X Vs Vb v
HFEA L. DNA ST RIERIBG 2 F/H T 5. S0, TNLDOEEIRRE & 2 ) A
FEAFEZ B Z LD HONT WA, 72, BIRIC L 5 EELZDNABBIRE) IV V54
*~—=THH, INHMEEOEREE 2L EPHELMIENTWSE, L2AS> T, H.
salinarium {3 v #RPL BRI T I U I SHIRT P IE A BB ORELZ IR T A 2 Li1c X
DLELVERIMRISOT L TIIEY IV VA2 —DERZHCZ EICE VLS LT
WBHEEZbNB, FEENZ T FNNRY VRBERKTIE., BEDOH RS HA
B\, TDOZ &G, H salinarium 12817 5 DNABBOHEICIZD %R LY N7 5 F
W) YHEED o TWAZ EIFHLNTH LN TIVFINVRN) ViZHaF ) 4 RRDE
BRETH Y. PURILHI D B VIZRSHRRIA & L CHEFA L. DNA 1845 D 4 5 % #0345
8,9 L»L. NI FTIFNARY) VRIEEREKRTD., E coliBr ICHRBWRMEZRT S
Eb, N T)FNR) VPG LR WERERIE DT T A 2 EATRE SN,

3.2. DNA SHUIRT IS 3 A3E OB ERN R

31DFER LY . H salinarium \IRBRILIEH 2 7R $N7 7)) A X)) Y DI, y-18
LEERLKEIC X 5 IR RGO E L ET A RIEDFAET 5 L FHEENS E
coli & H. salinarium % W T 5 &, N7 T U F VXY OIS, $HE TITHREBAICED T
BVIREDIE (KC) DHIET S I LD TH S (Table 1) £ 2 T y- i@ Lk



Table 2 Doses required to reduce viability of H. salinarium and E. coli B/t to-37% (D,,) for

y-rays, hydrogen peroxide and ultraviolet light.

Agents E. coli B/t H. salinarium H. salinarium
(wild type) (bacterioruberin mutant)

vRay(Gy) 92 393 (4.3)* 176 (1.9)

H,0, (mM) 22 47 (21.4) 20.5 (9.3)

UV (J/m?) 10.0 212 (21.2) 41 (4.1)

* Values in parentheses are relative to E. coli B/r
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Fig. 1 Survival curves of E. coli B/r and wild type and bacterioruberin-deficient mutant of

H. salinarium for y-rays, hydrogen peroxide and ultraviolet light.
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RO DNAEG IS 5 HIREDKCIOREXH L 22T A HH T, 2MKCIFAET - 3
FFE T TDNA % v #ii84T L. DNASHEIMT 2 F8IE & L C KCl DB ARG L 720 v #ER
57 L7 DNA DT 778 — ABXURE) DT OfER (Fig. 2A) . DNA “EEHYIITIE KCl D
IS X DD L, DNADFEDETAME S iz, REEIC, TAA VT To—2E
SUKB)DFERD O, —EHYIM S KCLORIMZ L D iEd$ 5 2 L2RE N7z (Fig. 2B),

A (Neutral Gel) B (Alkaline Gel)

KCl — + KCl - +

o8

Q Q SO
Dose Gy) o & £8P & 88§ Dose (Gy) o588

Fig. 2 Agarose gel analysis of double and single strand breaks.
A: neutral agarose gel electrophoresis for double strand break analysis
B: alkaline agarose gel electrophoresis for single strand break analysis

KCl DSHEIMTBIER) R % T ERICTAR B 72812, 75 23 FDNA % F W C R 72 BT
EEREAT 0720 BRIKD T 7 A3 FDNAZ, 1 DOSYIMTIC L ) 3 ¥k A — 3 ¥ 2% super
coil kR (type I) #*5 nicked circular KR (type II) 1ZZE1L 3 %, typel & type I DNA %
THUO—RAESKICL ) THMEET A LICED., 75 A3 FDNA A U 7= 84 %
EFETAHIEDNETH S, KAFFETIE, 7T A3 & LTpDELLY (4.8kb) Z ., F
M) T AAFEN )T LA F Y DRER BT 5 729IZKC1d 5\ IE NaCl % 70 L 7=
RCHRE%IT o720 - HRERET L7z pDEL19 D 7 0 — X BRIKENFE R % Fig. 3A IIR ¥
type IDNA DE G 13, RETRE & & I L7, £ O RITEERIMN, NaCl, KCl
TRECE%Z o7 (Fig.3B)o Fig. 3BIRT 70y M b, TIAI RHZDFY12D
HEIMAE Z B8 (D,) 13 1.1 Gy GEEZRIM). 104Gy (NaCl). 49.6Gy (KCl) T
D, I L73E B W EHEIBTEHIZI R % b D 2 AR &Nz (Table3), 61, WmIIL
72KCl & NaCl DEFEIEE U TH 512H 2202 b 5§, KCLiZ NaCl I H~H 5 f DRh sh &
ZR L7z MR 7 b A F Y IE—BIICEIE R ATBEEEICES L TWw 525, H.
salinarium TIZAEBRR 2 LREMEXD ) T, BENROBWA ) VLA F V2 AF I
ELTRRBEICERT 52 LITL ) XD R)RAIHIM 2 86 L T 2 T aeEr D %,
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Fig. 3 Effects of salts on the strand breaks of pDEL19 DNA induced by y-rays.
A: agarose gel analysis of strand breaks

B: plots of type I fraction vs. irradiation dose

Table 3 Doses required for generation of one single strand break or pyrimidine
dimer on average per pDEL19 plasmid DNA (D,,).

Agents Control NaCl KCl
v-Ray (Gy) 1.1 104 49.6
UV (Jfm?) 21.3 ND* 35.9

*Not determined
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33. ¥ IVUIAT—AERIT BEOREL) R ~

H. salinarium DM F L CHOHER R L2 26, BRDERO L 25 ¥ 3
VT A= ERIST LT AL ORI EEEREE D o> TWATREMMNS 5. KClide Ko
FUNTTVAMTE BB ZEHE L7z (3.2), IS, KCAPEMNMFRIZL YY) I VY
A<=z BET HTEREICOVTHRE L7z, ZOHKT, pDELI9 7J 2 I KDNA
Z KCIFET - FEFETTERIE 254nm) BE L, ER LAY IV V¥4 v —%%E
BELZDNAFIZE Y IV FAI—HERLTOTITAI FDOIAYARA— 3 Vidtype
IDFETHB, L L, KV IV VI Ak BEMICRHT 2T47 7 — JHkOL >
FX7 VT —EVTRET L L, AL THEIMAIEZ ), TV kA —aup
type 12> 5 type I ICZALT 5 (10, 11), '

IR E RS L TV R WDNAZTALY FX 7 L7 —EVES Y Fax— 1 LTDtype
ONDZAITHEZ 572000 7225, BRETL 72 DNA Tid type TNDZALSZD b, FDE
EHRAHRE & & b ITHMML 7z (Fig.4)o L2 L, BEHRE IS 5 type IO KA R E ATKCI
DEIMZEVETLZZ 05 KCUTEIMRICE A E ) I VU ¥4 v — R %2 HEHIT 2
TEHL LR o7, BEREISHT 2 type IO RO 7O Y b2 b, T5Z3I K
)L TE IV YT —0 1 DERT 5#& (D,) iX. KCHEZIT 21.35/m2,
KCIFFE T T359)/m? L %572 (Table 3), ZDRERIZ, KCIDFEICL Y EY I VU4
AT —DEREVPHFEFITHHEINALZ L EZRLTWS, L2d > T, H salinarium O
FAPNICRIREEICHET AKCUT,  FOE I IVT Uh VI L B8OEHER Y T2 ¢ (32).
BHMICE ) IV A< —ERSIHIL, 4 O DNAGEWRFI5 2%
wmsEgsrBbns,

A (Control)

Dose (J/m?) 0 5 10 15 30

Endo V

Type II—>

Type I —
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Dose (J/m?) 0 5 10 15 30

Endo V

Type I[—>

Typel —>

Fig. 4 Quantitation of pyrimidine dimers formed in pDEL19 plasmid DNA upon
UV-irradiation in the (A) absence and (B) presence of KCl.
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34, DNAIVEAA—Ta v
EEEOEDHFA T TIE, DNADI Y FX =3 /#LaODB?““#B cﬂ‘""?f%% D
2R B LD H D (12)0 b L. H. salinarium OFBAIZIFET 2 ®iRE D KC1 D
2 s (K DNA OEDSEE OB RN LT 5 2 EhHNE, TAREECIEAMO
259Xy AL L E FEFIY VT IHNMIHTT B RIBEREY IV ¥ 54 < =R
TRy RS B % 2 T H. salinarium & ) HEEER L 725 {E DNA @ 0.1-
35MKCIEAE FICBIF 5 CDARY PV EiflsE L7z (Fig. 5)o WIE LR RBEFF TIICD
27 MVIZKE B EALIFERS HNT, 265nm ICIED T v b v E— 7| 240-245nm AT TS
BHay F v E¥—2 2R BEIDNA O CDARY F VMR LNTZ (12)0 & D
B, - B X UESEIR AT TR b N7z KCI DR A RGIHIB) R IE DNA D 3 ¥/ 8 X —
SavBALICHEL W L ERBE L TwWA, L7225 T, H. salinarium OFIfZPIIZ BV
T b YA KDNAD I ¥ 5k A — 3 3 Y ZALICHE T 5 DNARBERE DRI DO F T IS EMR
TE5bDETFEEINS,

7500

A KCI (M)

5000 -

2500

[6] (deg cm?*/dmol)

-2500

-5000 T T T T
220 240 260 280 300 320

Wavelength (nm)

Fig. 5 CD spectra of H. salinarium chromosomal DNA in the presence of KCl
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4. SHBOEHE _ . E

RIFFEDFER, & BRI H. salinarium ORINBPIC S EE ICHAET 2 KCL 25, Hiht
PR, BERLIKTR. AR CICH¥ T 5 DNA BEESAE 2 5% L, AHE O % 1) L &
TN ZEATRENTZ, 2D XD %53 FHE IR M TH 1) Sz &Y
DEETHEMEEL L CERB &5,

AT BIEERE EEICHERE L T 2o DR 4 RN 5 o AFFZE CTHE &
DS SN SRR 2 EAR F DR (R C BV CEE R B B2 LT &
ZxoNb, —J5, BENEDNABBOBEIOWTIEI T TISBEEITR SN0
HT (13,14), BEAEY B L TEMEY IS BWICHFET 25 - X2 LA F FREE
A H. salinarium IS FFFET A0 E 9 b, E 51T, NS OBEREICES T 2=
DNADHEAEADBRBRET CED L) IO TV B L RSB LI LT W ¢ NE
B 5
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Molecular Mechanisms of DNA Damage Protection in Halobacterium

salinarium, an Extremely Halophilic Bacterium
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Faculty of Science and 'Radioisotope Center, Hiroshima University

Summary

Halobacterium salinarium is an extremely halophilic archaebacterium that is commonly
found in strbng natural salines such as salt lakes and salt farms. The adaptation to high-salt
environments is athieved by raising the intracellular salt concentration. Therefore, this
bacterium contains 5.3 M K* and 3.3 M CI' in cells. This bacterium also need to deal with
intensive ultraviolet (UV) light and possibly other DNA damaging agents due to it habitat.

In the present study, the sensitivity of H. salinarium to y-rays, hydrogen peroxide and
UV light was examined whether or not this bacterium has protection mechanism against
environmental DNA damaging agents. H. salinarium was 4 to 20 times more resistant to the
agents than E. coli B/r. The mutant defective in bacterioruberin, an antioxidant carotenoid
associated with the cell membrane, also exhibited higher resistances (2-4 times) than E. coli B/,
suggesting that H. salinarium cells contained multiple DNA protection mechanisms which were
dependent on and independent of bacterioruberin. To elucidate the latter mechanism and
possible roles of the concentrated intracellular salts, DNA was irradiated by y-rays and UV light
in the absence and presence of KCl in vitro. Quantitation of DNA strand breaks (y-rays) and
pyrimidine dimers (UV) by agarose gel electrophoresis revealed that formation of these lethal
DNA lesions was suppressed by concentrated KCl. These results suggest that KCI present in
H. salinarium cells protects DNA from environmental DNA damaging agents, thereby

increasing the resistance to these agents.
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