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Abstract

Many halophilic archaea produce a characteristic Cas-Cao isoprenoidal diether as a lipid-core portion of their body.
This compound has a possibility for the biomarker to indicate a hypersaline environment. However, there have been
a few experiments were performed for this compound in natural samples. In the present study, analytical methods
of isoprenoidal lipid-core produced by an “ordinal” halophilic archaea Natrinema pallidum were established by
ESI-MS and GC-MS. Furthermore, the compositional change for the Cas-Czo diether and Cao-Cao diether (archaeol),
which simultaneously produced by the microorganism, was investigated. In higher temperature and higher salt
concentration, C»s-Ca diether tends to produce more than lower temperature and concentration. This may be

adaptation to extreme environment of this microorganism.
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BALEWNS A v 7L /A FEEPIEEAAET 5K
i), AFRENSE L RAHICONTHAR
fL&Wofs, HABILEWE L RO D
BENL L D L) ICELL, BIRTHEEL L

FEIZffE > T 5 (De Rosa et al. 1980, Gliozzi et al.
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Fig. 1. Structure of C2-C20 and Cao-Cos diether lipid core
of archaea
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O R G 2 5 AP ER S 2T 5
72012, W OPDEBFENTT, £ ONREWD
LA % MiEt 4 5 FER % W L7z, ATl
ZF DKM L LT Cos-Co B % i 2 2 195
WM 2 kR R L, EBERMC X DIRES
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ERLDBENA T AT LTEY, Bk
WZHEMET, 2 BDD Cos-Coo JRE DEE 5T AR
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721% 45 g (15% NaCl) , Casamino acid 2.25 g, yeast
extract 3.0 g, sodium citrate 0.9 g, potassium chloride
0.6 g, Magnesium sulfate heptahydrate 6.0 g, water
300 ml, pH 7.4) 12C7 HH 37C & L € 42C CTH;
L, 0o BE (3,000g %30 min) (2 THE L 72,
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® # B K% Bligh-Dyer %12 T (25% NaCl-MeOH-
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O— M2 L, CHCL g% 5 REhm ks
& BT, 3% HCI-MeOH 10 ml % fiil 2. 2 FE[H],
80T 12 CThM#k, 5l &#t& 7 M NaOH 5 ml % Jjll 2
T 8BNS E L 720 B O NN E 2 7LEW
M E20REWEEL) BT VAT VAT LI
C hexane, hexane-ethyl acetate (10:1) , hexane-ethyl
acetate (2:1) TH5%L hexane-ethyl acetate (10:1) VA
Hor & 45720 VI & T T BR V7272 1.0~1.5 mg
DIFEREW 21572 B 3#EE s o< b7 T
7 1 — (Wako-gel, hexane-ethyl acetate (10:1) |ZC
R, 3% V¥ 77 ¥ ER-EtOH F IR
4, INELL CTHfL, Rf0.62) THERRL 72,

3.9 W

ZUkHE F 9 ESI-MS (Applied Biosystems Mariner)
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3ml) ISR, FOS5Sul %y YRS ST
(2 ul/min) infusion3& A | ESI-MS (Negative Mode)
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72 (Nozzle temp. 140, Nozzle potential 90 V, Spray
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+ CU) A & > 23R L, He i & g s ¢ il
R ECd % (Cole and Zhu 1999, Cech 2001,
Murae et al. 2002) .
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B GC-MS DI T oY) Th o7z (KAb=E
300C , 71 7 4 180° %> 5 3C/min (2T 320C ¥ TH
L, €0#%320C2HMF, MS A v 9 —7 2 — 2R
260C , 777 213 GL 1 > Z Inert Cap 5 (OV-5
FH4) 0.4 um df, 025 mm 1. D. X 30m, ¥ v 1) 7 #
2 100 kPa, 4= & 50 ml/min, 7 5 A i 1 ml/
min) .
WEHEREYRORRY O 7 IV 3 — )Vl 5 o
Co-Coo DTNV T— ) (O TMSAULIR) &7 —F F+—
VR Fady7—54— 0 (W d FeEii
Co DT IVIa—)V) OHFFTIE, 7—F 4 — Vi
BbH T ERE Q05U E) 7ux b5 7 4 —
B, OB FREIFEL RN EERLT
WLEENS V. AEBTHHEFE D25 m F v
FUA T LTHNEIT, T—FF— itk d
GC-MS 78T & fiffe L, & 0 &1 Cos-Coo IEH
TMS {LAED T & ET L 72,

4. %% =

4.1. ESI-MS (2 & % Cos-Cn IEE DD HT

Fig. 212 37C, 25% NaCl (s#% O35 7 —
X 7RG TOMKGBREONRE 2 7 @ ESI-
MS 5 HikE R % k9o ESI-MS 12 & B Do et
o WA IHREOWE O 5HT 121, EhRek
ZEDID DT DBIEACE W~ OFHEMRAL & i
B &% TR LB 5 LD 2o0)
B3 2o FFICHRE IR (25 ) — L k)
WZAEO 7 ORIV AR A2 & THAL A
v LS 5 D BEICHE SN TwAh, R
3T Tl infusion 43HF TR 0.2 pg/ml F2 5 D i
DFEKF 10l FBEFF > TONIESHTRETSH -
720 HWIERLFHEE LTI L CEBETIE 2 W
L DD, ESI-MS ¥ A T 2 & 5 fHBE MS &
EH L TW2DT, KEEEEZF - T ALEWD
WitwA e LTEllsns 2 b HWwE L,
A DOREEDS IR ICHRETH B &\ ) Rl H
%o

REELOWIEIZB W TIL Co-Co IFE, TbbH
T=FF =5 TAF LTS M+Cl)-

—-125-



PR

Int. 3 687.6
. culture A
- pH 74
" water 300 ml
. casamino acid 2.25 g
yeast extract 3.0g 757.7
* Kal 069
- MgSO4 - 6H20 6.0 g
NaCl 759
] (25 % w/v)
37 °C, 7 days
w = LW s i,
Int. =
. culture 687.6 B
same as A
= NaCl 45¢g
N (15 % w/v)
"‘ 757.7
e - L N m_Lwﬂ
nt. 687.6
. Culture 1577
same as A
42 °C, 7 days c
. —. M.h MLL%
600 700 800

m/z
Fig. 2. ESI-MS spectra of the lipid core of Natrinema
pallidum for several incubation conditions. A:
37C, 25% NaCl (normal), B: 37C, 15% NaCl

(salt depleted), C: 42°C, 25% NaCl.

4% 2 TdhbH m/z 687.64175 (Caled. 687.64220 for
Cu3Hss03Cl) & Cos-Coo JRE D75 F A F V IZHH Y §
5 M+Cl) A F > T b m/z757.72026 (Calcd.
757.72045 for CssHosO3Cl) 2SRRI ZELA T & 72,
OTRE TR BT 5 a2 13/ & < (Table
1), Bl& LT, 37C . 25% NaCl 5238 T atEHIC
KL, m/z687.6 % 100 & L7-M:D m/z 757.7 DK
IXEEAE LD, 2 W EICR L, SHOBEDHT
70.32+£3.78, 71.61 =223 TH -7z, LD FEED
HTdH 5 Cao-Cao JEEH & Cas-Coo fEE DIFEFEIL D
fE AT &0 ) TR ZF O HINZH - 72507 i
ThbEVZDL, FTHEBRTITA Y T— 3
EBE T, ﬁ&ﬁ@%t# S ThH o7

FN AR AT R A B T FEIC B 1T 2 EARFE 2 v
TREREREZ 2 D &, BClL & TCl OF R AR
WEAET B O THTA F ¥ FIBN L LR35
o= HR LA LS, HEZDD
DD, KFEFEAR BRI TOERILE
WO AGEEZ EEICRET 5 2 L IER R
%T@é ZOMAELATOMEIHL 0D, fE

B O 75 H D Cas-Cao IFE & Cao-Coo JEE D EIE
RIS ONTT A HEEELT D, &) WO
Bz Ed 52 LT,

42 BEEZMHICL D, BERSDEIL

NAF < —h—L L TDHCos-Cao fIRE IO WV
T, BiBEE I > TEDL S FIHESET —F 75
Cos-CofFEZHEAR L TWEDNE W) Z & DH

I bbb, ERETORESEMGELT
#&MTﬁéwc 25% NaCl CTOIRE a7 D455
WG R, S, TNEIEIREE 15% F T4
PR % 5C ST 725122\ T, Ca-Cao HH
& Cos-Coo IR DAL % Ll L 72 (Fig. 2)o 7%
WC;thﬁ%E%B%;LT§ﬁMﬁEE
HENRE SN H o725, 10%I12T 5 L AFIHE
BULIXLIEA SN, FiBlED 2 EERDH R Lo
770 FEH % Table 1 |78, MWHEFED 25% NaCl
BEE T Coo-Co IRE (1) DA A > m/2 687.6 (M
+Cl)" & Cos-Co JBE (2) DA F > m/2757.7 DL
cilm)ﬁm32t37&]00:716+22(ﬁ%§1[jﬁ
E2[®) THo 7z (Fig. 2A) O L, g
% 15 % F T TIF72384 Tl 100 : 41.04+0.48, 100
:38.71+0.78 (B 1Ml H & 2[H0©) T T2H94
L7- (Fig.2B), —HimEx ME 2 L) mwv 42°
THFET 2 L ZOHAT100:94.87+2.51 & (1F1F1:]
B XD 2h L 72 (Fig. 2C) 0 = DFFHED
5 N. pallidum |23\ TlE, ik T Cos-Co JRE D
B S 2 3IN L, IREREE CTld Cos-Coo IRE 2SI
T2, S0z T % 5 HEOEMOFEANT
1, BV USRI E T Cos-Coo JRE AN 5
EVIHFER TR,

4.3. GC-MS (ZH (T3 Cs-Co IEEDEE)

Hik L 72 & 9 12 Teixidor & 75 Cas-Cao JE'E @ TMS
1b1% D 5T 5% il L T\ 4 2% (Teixidor and
Grimalt 1992, Teixidor er al. 1993), & & 547 A <
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Table 1. The ratio of C20-C20 and C20-Cas diether lipid core at several incubation conditions. Intensitiy
of ion peak at m/z 687.6 was settled at 100. Analyses were performed for 5 times for each run
(incubation) and experimental errors were calculated.

Int. of ion peak at m/z 687.6
(for compound 1)

Int. of ion peak at m/z 757.7
(for compound 2)

Conditions
37C, 25% NaCl Run 1
Run 2
37C, 15% NaCl Run 1
Run 2
42C, 25% NaCl Run 1

100 70.32£3.78
100 71.61+2.23
100 41.04+0.48
100 38.71+3.78
100 94.87£2.51

7 MIVIT —FF =)V & I L CAREEHTH 5 7%
EORMENH o 720 4, HEOGHTEITo 7
BEOTDOARY M L% Fig. 3 127”36 Cos-Co fig
B D TMS 1R 1E Coo-Cao JEEIZ K B2 ) v
PREFRE 2 7R L 72 (Fig. 3A) 0 ARZGAF T Cao-Coo it
B TMS 1L1R 7% 64.9 53, Cos-Co I 'E @ TMS 1L AK
7 89.7 i T STz T BIA—5 T Cas, Cas,
Cs0, C32, Cs4, Cs6, Cas Hydrocarbon = #EW B % ) %2 L
TBY, ZNENOREEFRIE, 302, 35.1, 39.8,
442,483,525, 519 53 CTholze 7IT7 AV M
F & Teixidor DR H D L FTH2% ) | m/z 600
DFICBWTIRAKDEE L 2 AV E— 7 m/z
482128 - 7= (Fig. 3C) o 4L Co-Coo IEE (7 —
FF— V) TOm/z412 (M- CxHsOCH;3)*) 12
X6 L (Fig.3B), TN k) CHo $ThbbagTm
T70 (=CsHw) KEVWLDTHLEEZDND,
FOMT 57 A > MiEm/z 200 Pl Tl 278, 369,
26 D3 ONPHETH D, TIN5 Co-Co IRE &
Cos-Coo JEE THal T - 720 Teixidor 5 OHFZE &
FIRELS, IS IZFINFI CoHas', (CaoHaiO + Si
(CH3)s —H)*,  M—CxoH4OH)* TH b & Ebh b,
Z LT Cs-Cxo HE‘E EL ’C%%"iﬂ’]“(, LD +ﬁ\
BHREEZ S Ob DX T D hh ol TITTRL
TS Ay TF—=YarAF rOEROTFENE
Fig. 4 |28 L7z THUE C2HLn—F VE D TO
Yr (a,b) Tl&, L AT I 7 A b F vhidk
WLELE N, FNENDA & ¥ DRI S e
W—7, C3 LT —7)Vid C-O #EE D HALIHT I
BTELT, 6 BEREBRKELZLL N AF VY
WEOWA LA HEITL (¢), TAA VY T L /A
R L T—T VAT LT RWNY X FIL Y
WEERFD30ODT T T ALY M AFUHNEDL, &
BIZINEN 28D TG T AL M F U HELD

bDEEZDHE Cos-Coo FRENZHFA 2 A 4 28
BT EPERET X %, Teixidor & & Cos-Cao iR
BOCs AV TV /A RPBT)tu—)bC317l2
A LMERDVRENTWE AT IERRD T,
FEEIT C2ITHEE L TWwh, D ORABIZIE
Cos-Coo RN 70 ¥ — 7 DD EIZZT S
NTwpEEbi, ZIUIERORMBEL Y EL
LHEN D LN\ WU IARFEEBRDM R
£0 m/z 482 HIARALEWIRH O 2 5 & b
%o

—73, GC 73p#7 T D&M Teixidor & D5
WCbHDHEHIZ, BHEDOH T LB WT Co-ColiF
BRT 3R BETON TELYATYH Cs-Co flf
BOMEIE 5 Tldk AR sz, Fig.
3A DY — 71X N. pallidum O & E RN TOIE
BB DD DTH Y A Co-Coo JEE & Cos-Coo JE
BIZFI3: 2 TRONDIET7D, Cus-Co JRE DS
EBREL AL ONTLE) (=27 HET
131 ZHUTESIMS OFERARY TH D &
WV DI TV N pallidum @ Cao-Cao EE &
Cos-Coo fEEIR AT EIZEADEL AR b LT
FTAFT P EBRITLIENTRETHD, 612
DL X EEEESFNTHEONL REREYH O
FHRE 2 7 15 O ik, ESI-MS 4T O 412 [
F£ T Ca0-Coo JEE & Cos-Co JEEDO WA BB L # 3:
2 CT& - 7z (Yamauchi et al., 2000), ZiLix7 —F
F = VAT & A U4t CTld Cos-Coo JERE X R T
LCLE)WREEDLD Y, Zofbelr o+ s
72912 GC G455 (GALER RN 2 H 1T 5
%8 e by AVENSHLEBEbNDL, L
L, REBREHFIZBNTY, bLT7T—FF—1D
1/3 FEE D Cos-Coo IR B SFAE 3 ALITHR L 25 7] R
THhHibEEDbN, 74—V FRETRLEWZE R
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Fig. 3. GC and GC-MS spectra of the trimethylsilyl (TMS) ether of

C20-C20 and C20-Cos diether lipid core. A: GC profile (with a part of

chromatographic chart of hydrocarbon standards (upper)), B: Mass

spectrum of Ca-Czo diether lipid core-OTMS, C: Mass spectrum of
Ca5-Cao diether lipid core-OTMS.

B\ (7 —F 4 — v TMS AL it 30 40 a#ise 3 5 5k, pH ZLO B % & o s
PIE) W %2> T, m/z 482 (Cas-Coo FRE KL PVEEEDbNS, UL, RFEBRTRAEY, £
B9) & m/z426 (7 —F 4 — )& Cos-Co JREM S OFORENZ—HWHRICBNTIE, EARSEMNT
CHRENY) A IR IR T AUIRRIL T & B ek b Cos-Coo BH I EESIN D, @7]@ pH %% 2 %
MHbHIEERLTVA, &, IBREEET, BRI L R DSPTT, X

s = ) Cos-Coo JEEDEI G D\ & é\néﬂ?’wﬁ D}
- PR T —F T OIS THICEZ N D, I

PR 7 —F TIEEEREREICILIILIE  EET—-FT7ONA F Y RAIIBIT2E50%E A1

oo, BREEPIC—BaICAETE. L:Eﬁ LTWwb, KRHMTHDH, TMS {LAED GC 734 DRI I3 HEDS
Cos-Coo [RE DENEDEALT 5 & v ) I, o HLHHO0, EHEBEEREORE L L CHEM
BHETIZE D 250, L OERM, 405 T = XTI EN % Cs-Co IR EZ PV LIER LT
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)\/\/l\/\/l\/\)\Jr/ miz 278
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Fig. 4. Proposed fragmentation of the trimethylsilyl (TMS)
ether of C20-C20 and C20-Czs diether lipid core.
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