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Archaeal membrane lipids are structurally unique and are consisted of isoprenoid chains linked to glycerol with
ether bond in contrast to the ester linkage of eubacterial and eukaryotic membrane lipids. The most striking
feature of archaeal membrane lipids is the presence of macrocyclic structures as large as 36-membered rings of
methanogens.

An objective of this research is to develop synthetic methodology of these extreme macrocycles and the unique
archaeal ether lipid, which are useful for studies on physico-chemical properties as membrane lipid and to develop
new materials with intriguing properties.

For this purpose, we have succesfully synthesized archaeal 36-membered macrocyclic membrane lipids ans its
acyclic congener. Described in this report is the biophysical significance of the archaeal 36-membered macrocyclic
diether phospholipid 36MPC as a function of temperature, which was studied by measuring of membrane fluidity,
liposomal proton permeability, and liposomal thermostability in comparison with its acyclic counterpart, DPhyPC,
egg yolk lecithin eggPC, and a mixed lipid of DMPC-cholesterol (2:1). Fluorescence anisotropy measurements
indicated that the macrocyclic structure led to a decrease in the fluidity in the inter-membrane hydrophobic part
more than in the membrane surface by limiting the motional freedom of the alkyl chains. The proton permeability
was also significantly reduced by introducing a macrocyclic structure. Liposomal thermostability measurements
using 6-carboxyfluorescein (CF) suggested that 36MPC formed liposomes with greater thermal stability than these
of DPhyPC. The presence of glycolipids to the corresponding phospholipids greatly reduced the CF leakage from
liposomes. Most importantly, DMPC-cholesterol liposome showed less leakage than 36MPC at 40C . However,
by raising the temperature, this situation was completely reversed. This suggested that the cyclic structure
contributed to the formation of stable liposomes, especially at higher temperatures. These findings clearly
demonstrate that the 36-membered macrocyclic lipid membrane plays an important role for the thermophilic

archaea to adapt to extreme environments.

1. #&

FTARTOMPBIEHNLIE X > THR» S HC %M L,
G2, bbbl 2 [AETnwa] 2L
DIETH %o WAEW - Bt - M Z b3, Kool
BRI E 7 vt u— L2 TREREZ LT VIRED
AP SR BIRE BRI L > TESN T WA, Ml
PRE A GoREE b w2 LEKESTH LT, HEKE
DEY TR TITHEMICE B 2D EEZ BN TE I,
LAY, BEDEMOAFTREEIIRE S RE o7, i
SRR, B & o X9 ER, EE. EERE.
7RIS O W R BB T TR L T A I & Ay
GLENTMERO—BENFAELY, HC /MR Z2 50 5
N AUFRTH B Z LW DL o TE 2o HHIR DM
a4 vy 7L 2 4 R )t a— i — T VA L

il

Fuctional Role of Archaeal Ethereal
Phospholipids

Tadashi Eguchi

Department of Chemistry and Materials
Science, Tokyo Institute of Technology

IR o Twb (Figure 1. k&1, 2) 2, %
DOHPRTHLBMO THEN R DL LT, £ V7L /4 FH#D
KimHEA Ly 36 BERZIEK L2 KEIRT — 7 VR R E
DIFAEDZET 6N 5B 2 Wl R a2 A BRREIC IS
ORFRBPFEIC L > T, #EL TV EEZ bNTIEW
BH ZOREIIUIREIZIZ STV,

—Ji. LI FIIRFESNSL Y VIREIE. FEETERERE
BN, PRRAL FUBHL AALRERIR Y Ry —2F & L
THHEINTVWD, L Ladsh, ZEtko ¢ M m A
HY., BREAL. MAKDHELR VWA RETH D, TORE
EEO RN AR ENICR S & LY F V2R & = 2
TURELTED., T2, ARARBTRIGFAEL TWD 2
LN L TWD, IS O OBRE DL 7 K
DRFBM P TOABERELEZE 25 L. Rz EhtL
W TRE L7oRBE & IRFFT A LBEER & LTHER X
EWMEMTHLEEZONS,

ABFZETlE, WM OBRNRE, R KRBRRENRE OB
REEMHTAZIE2HME L THIRZED TV D, F2
Ty BESOFE TIPS 2 & 2% L Wil ok
BIRBE 2. &I & - ThiKe > T 85 T ehd b
P XN B PR ORI O Wl 4 OWEEE VTR
Hyoz ke L BEICHA 1. McMurry o8 L O°F
L74 YA ARSI A8 b2HE L RlEER



EHARERO T — 7 VR IR DM Lk

ICET 5 EBR LTS

R_PC, 36MPC i Ecz DPhyPC
0
/\/\/\/\/\/\/\)l\
5°
/\/\/\/K\/\/\/\)J\O\K
OPC
eggPC

OPC HO
DMPC-cholesterol (2:1)

Figure 1 Sturcture of Lipids o

8T DA% ‘/éliﬁfiﬁ‘-ﬂ]@ Methanococcus jannaschii 34§
%36 HERIFE 2 OIS L TWwW5B 3, %ﬂ%ﬁﬁ%
)i AEI AN o FEz‘: LCHRELLOT, RPEETIZFEM
HEMW STV E, FNLOEREONE 75:43 L&l
THEREETW7E L,

2 B BRBIVEE

2.1 EEBRCTHEARALULEE

Eﬁ%/l TR VIRE OB E LT OME % HETT

W7z, BEEYOT AT VENRE L OB b1 72,

ZMiJf THWZJEE X Figure 1LISR LKA DBER L7
36 HERIFE 2 B L O Z 0 RRFBAEK 1 O AFka) »
#HiEfk (DiPhyPC B LUV 36MPC) %723, F72. =
2T NVEIREIZ =7 V) OIREL ¥ F » (eggPC) RUY
SVAM -sn-7 ) ku-3-FAKa) y&aLA7H
=)V (2 :1) Oi_EEE (DMPC-cholesterol) & fi
HTHhb,

2.2 RXFEHMBEICLDZIVRY—-LOEBHES

[%8%] GUV &KLk A2 WV CRE L, 30k
BHlmgZ2700RNVA-—RA%/—1360ul (2 :1) I
(ﬁﬁﬂrb ZDHALD15uL ZHN—7 52 FIZHT T 5,

0 MRS THRAT A TIROY ¥ 7L % B 112
%Jiﬂz‘\ 50ul ORI CTHNT b0 T FTHEVF VTN
REIIR -T2 THADPLERNXY 7 VOB R LIS
X% 5. B, FOAIIIRE - ERICIDATND
HOUWE Nile Red # iV, JREZEREORGA -V %
B—Bg L7 (GhkEdk & 485nm. @6 &K 525nm) .

[#E2] 36 BB Y IEE 36 MPC O RBMEI % O 5 &
% Figure 21207, WIS 36 MPC IZHATE K R

Q
PC= $—P-O(CHg)oN*Meg

SO W e

Figure 2 Image by differential interference
contrast fluorescence optical microscopy of
36MPC (T =298 K, pH = 7.0, | = 551 nm,

Nile Red 1% mol.) . Scale bar 10n.
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Figure 3 DSC thermograms of archaeal core lipids 1 and 2,
and the kinetic parameters of phase-transition.
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Figure 4 The A isotherms of 36MPC and DiPhyPC, and
the characteristic data derived from r-A isotherms.
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Figure 6 Temperature dependence of the fluorescence anisotropy of A, DPH, B; tma-DPH incorporated in
the bilayers of the lipids; 36MPC, @ ; DPhyPC, Bl ; eggPC, A ; DMPC-cholesterol (2:1) ; 2. The con-
centrations of lipid and probe were 0.5 mM and 0.5 M, respectively.
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at 50°C ; D, at 60 C ; 36MPC, @ ; DPhyPC, A ; eggPC, ll; DMPC 3 cholesterol (2:1), A .
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Figure 8 Proton permeability of large unilamellar vesicles of the phospholipids (36MPC, DPhyPC, eggPC,
DMPC-cholesterol). Plots of fluorescence intensity of CF Ft /Fo vs. incubation time t. A, at 25°C; B, at 40C; C,
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Figure 9 Thermostability of large unilamellar vesicles of the lipids (36MPC, DPhyPC, eggPC,

DMPC-cholesterol) .

Plots of the leakage extent of CF vs. incubation time t. A, at 40C ; B, at

50°C; C, at60C; D, at 70C ; 36MPC, @ ; DPhyPC, M ; eggPC, A ; DMPC 3 cholesterol (2:1), 2.
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