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NOTE

Structure of GL-1a, A Major Neutral Glycolipid,
from Sulfolobus acidocaldarius N-8
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Examination was made to determine the structure of a major neutral glycolipid  (GL-la) from Sul-

folobus acidocaldarius N-8. NMR indicated GL-la to have a structure in which a glucose is linked via a 

glycosidic bond at the ƒÀ-position to the ring of calditol, 2-hydroxymethy1-1-(2,3- dihydroxypropoxy)-

2,3,4,5- cyclopentanetetraol, in calditoglycerocaldarchaeol (caldityl-glyceryl-dialkyl- tetraether core

lipid).

1 Introduction

More than 70 % of the lipids in Sulfolob-
ales , thermoacidophilic archaebacteria, are
composed of the lipids in which a polar
group is linked with calditoglycerocaldar-
chaeol (CGCOH, caldityl-glyceryl-dialkyl-
tetraether core lipid) possessing the charac-
teristic polyol called calditol. The CGCOH
is a tetraether-type core lipid in which two
C40, 16,16' -biphytanyl diols, are bonded
through ether linkages with one calditol and
one glycerol1),2). In a previous paper we re-
ported that the structure of calditol is 2-
hydroxymethy1-1- ( 2 , 3-dihydroxypropoxy ) -
2 93 , 4 , 5-cyclopentanetetrao13)

  In this paper, we clarified the bonding
sites of the hydrocarbon chains to the
calditol of CGCOH and the structure of the
major neutral glycolipid (GL-la) of Sul-
folobus acidocaldarius N-8 in which one
hexose is linked with one CGCOH. 

2 Experiments 

2.1 Chemicals. 
Chloroform and methanol were of reagent

grade and were freshly distilled before use.

Other organic and inorganic reagents, of the

highest analytical grade commercially

available, were used without further purifi-

cation.

2.2 Growth of the bacterium and the

preparation of lipids.
S. acidocaldarius N-8, extremely ther-

moacidophili6 archaebacterium isolated

from the acidic hot spring of Noboribetsu in

Japan was grown at pH 2.5, 75•Ž, and the

lipids were prepared as previously de-

scribed3). Total lipids were fractionated on

a DEAE-Sephadex A-25 column (30 mm ×

20 cm) into neutral lipids and acidic  lipids.

From the neutral fraction, GL-la was puri-

fied by TLC. CGCOH was prepared from

the methanolysis products of the GL-la.

The diglycerocaldarchaeol (diglyceryl- di-

alkyl- tetraether core lipid) was prepared

from D-glucosyl (ƒÀ1-3)-D-galactosyl (ƒÀ1-1)

diglycerocaldarchaeol by methanolysis.

Acetylation of the core lipids and GL-la

were carried out with a mixture of acetic

anhydride/pyridine (2: 1, vol/vol) at 60℃

for 12 h.
2.3 Analytical instruments

 Spectra of fast atom bombardment mass 
(FAB-MS) were obtained using a JMS
DX-300 (JEOL) in the positive mode with aCorresponding author : Akihiko SUGAI
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matrix of 3-nitrobenzyl alcohol.  1H and 13C 

NMR spectra were obtained using a JNM- A 

500 (JEOL) at 500 Mz and 75 Mz in CDC13, 

respectively. Chemical shifts were given in 

ppm relative to tetramethylsilane (TMS) as 
internal standard. Gas-liguid chromatogra-

phy (GLC) was performed using a Hitachi 
163 gas chromatograph equipped with 3 % 

OV-101 (3 mm x 2 m) at 180°C for the tri-

methylsilylated sugars, and with 2 % Dexsil 

300 GC (3 mm x 1 m) at increasing tempera-

ture from 100•Ž to 300°C at a rate of 15°C / 

min for the hydrocarbons.

3 Results and Discussion 

After methanolysis of GL-la, CGCOH 
was detected as a core lipid by TLC. C40 iso-
pranoid chains of the CGCOH prepared 
from GL-la were investigated by GLC since 
it has been known that the biphytanyl 
chains contain from zero to four cyclopen-
tane rings 4)'''6) and the cyclization in the

chains is sensitive to the growth tempera-

ture4) . In this CGCOH, the results of GLC 

analysis of the isopranoid chains showed 

that the bicyclic type of biphytanyl chain 

was the major component (68 % overall), 

and tricyclic type was 28.4 %, and acyclic, 

monocyclic and tetracyclic were minor, re-

spectively, 0.3 %, 1.0 % and 2.3 %. The val-

ue of the average cyclizations for the biphy-

tanyl chains calculated according to the for-

mula [ (% monocyclic+2x•~ % bicyclic+3 •~ % 

tricyclic+4 •~ % tetracyclic) •~ 10-2] was 2.31, 

which showed more extensive cyclization 

than other lipids (the average cyclizations of 

the biphytanyl chains prepared from the to-

tal lipids is 2.16). The chemical shift of 

acetylated CGCOH is shown in Table- 1. 

The assignment of each chemical shift was 

investigated by double quantum filter corre-

lated spectroscopy, rotating frame Over-

hauser enhancement spectroscopy, homonu-

clear Hartman-Harn spectroscopy, and 1H-

Table- 1 13C NMR chemial shifts and 1H NMR chemical shifts for acetylated
calditoglycerocaldarchaeol (Ac-CGCOH) and acetylated GL-la (Ac-
GL-la) 

The Chemical shifts are in CDC13. Values are given in ppm downfield from TMS 
as internal standard.
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detected multiple quantum coherence. Also, 
the assignment of C-4, C-5 and C-6 of CG-
COH was determined in comparison with 
the shift of the acetylated diglycerocaldar-
chaeol. When the chemical shifts in CDC13 
of the calditol portion of acetylated CGCOH 
were compared with the chemical shifts of 
acetylated calditol in  DMSO3), the C-2 and 
C-3 chemical shifts of the glycerol-like por-
tion of calditol in CGCOH were significantly 
shifted to downfield for the shifts of acety-
lated calditol. Also, H-2 and H-3 showed a 
significant shift upfield. From these results, 
it was elucidated that the binding position 
of the hydrocarbon chain exists in C-2 and 
C-3. 

It was confirmed by GLC that the con-
stituent sugar of GL-1a is glucose and the 
molar ratio to CGCOH is 1 : 1. From the 
analysis of its constituents, the structure of 
GL-la appears as glucopyranosyl-CGCOH. 
To examine the binding position of glucose 
for CGCOH, chemical shifts of the acetylat-
ed GL-la and acetylated CGCOH were com-
pared as shown in Table-1. The results 
showed that the C-4' of the calditol part of 
the GL-la was significantly shifted down-
field by about 6 ppm and 1-1-4' upfield by 
about 1 ppm for the CGCOH. Furthermore, 
a strong NOE signal was observed at the 
H-4' of the cyclopentane ring of calditol and 
the H-1" of glucose. From the fact that a 
shift value of C-1" of glucose was 100.5 

ppm, it became evident that GL-la is a gly-

colipid in which the C-1" part of glucose is 

linked with the C-4' of the calditol of CG-

COH by a glycosidic bond. The configura-

tion at the anomeric centre of glucose was 

inferred to be ƒÀ on the basis of the value of 

the e/H-1 H-2" (7.6 Hz). In GL-la, there 

have existed numerous molecular species 

which sorted according to the difference in 

the number of cyclopentane rings in hydro-

carbon chains constituting their lipid cores, 

and these postulated molecular formula is 

1609.3•`4625.4 C 98H 176•`192 O16 . Measuring 

the positive FAB-MS spectrum of GL-la, 

many molecular ion peaks were obtained 

showing 1618 (M+1) as its main peak. From 

analytical results of hydrocarbon chains 

mentioned and the main molecular ion peak 

of GL-la, we found that the structure of 

main molecular species of GL-la is same 

one as shown in Fig.-1. Since GL-la is 

comprised of CGCOH, the structure is more 

stable form than the glycolipids consisted of 

diglycerocaldarchaeol. 

(Received July 31, 1995)
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Fig.- 1 Proposed structure of GL-la and  caldito-

glycerocaldarchaeol.
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Sulfolobus acidocaldarius N-8の 主 要 中 性 糖 脂 質
GL-1aの 構 造 に つ い て 調 べ た。 GL-1aは, caldito-

glycerocaldarchaeol(カ ル ジ チル グ リセ リル ダ イ ア ル
キ ル テ トラ エ ー テ ル脂 質 骨 格)中 のcalditol, 2-ヒ ドロ
キ シ メ チ ル-1-(2,3-ジ ヒ ドロ キ シ プ ロ ポキ シ)-2,3,4,5-
シ ク ロペ ンタ ンテ トラオ ール,の リン グ部分 に グ ル コ ー
スが β位 で グ リ コ シ ド結 合 した もの で あ る こ とが NMR
に よ って 明 らか に な っ た。 　 　 (連 絡 者:須 貝 昭彦)
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