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human sera

Received April 8, 2011, accepted June 24, 2011; published online July 22, 2011

Masao lwamori’*, Akihiro Sakai’,
Norihito Minamimoto', Yuriko lwamori’,
Kyoko Tanaka?, Daisuke Aoki?,

Shigeki Adachi® and Taisei Nomura®

'Department of Biochemistry, Faculty of Science and Technology,
Kinki University, 3-4-1 Kowakae, Higashiosaka, Osaka 577-8502,
2Department of Obstetrics and Gynecology, School of Medicine,
Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582
and *Animal Models of Human Diseases, National Institute of
Biomedical Innovation, 7-6-8 Asagi-Saito, Ibaraki, Osaka 567-0085,
Japan

*Masao Iwamori, Department of Biochemistry, Faculty of Science
and Technology, Kinki University, 3-4-1 Kowakae, Higashiosaka,

Osaka 577-8502, Japan. Tel: +81 6 6721 2332, Fax: +81 6 6723 6721,
email: iwamori@life.kindai.ac.jp

Anti-Lactobacillus johnsonii (LJ) antisera generated by
immunization of rabbits with LJ reacted with glycero-
glycolipids in LJ, i.e. dihexaosyl diacylglycerol
(DH-DG), trihexaosyl DG (TH-DG) and tetrahexaosyl
DG (TetH-DG), whose reactivities with antisera
increased proportionally with longer carbohydrate
chains of glycolipids. Structural analyses of glycolipids
from LJ revealed that DH-DG was Galal-
2Glca1-3DG, and TH-DG and TetH-DG were novel
derivatives of it with «-Gal at the non-reducing termin-
al, i.e. Gala1-6Galal-2Glca1-3'DG and Galal-6Galal-
6Galal-2Glcal-3'DG, respectively. DH-DG was com-
monly present in several lactobacilli examined, but
TetH-DG was restricted to LJ, L. intestinalis and
L. reuteri, while the TH-DGs from L. casei were
Glc1-6Galal-2Glea1-3DG and an esterified derivative
of it, Glc1-6Galal-2Gle(6-fatty acid)al-3'DG, as re-
ported in the literature. Anti-LJ antisera reacted with
TH-DG and esterified TH-DG from L. casei to lesser
extents, but not at all with gentibiosyl DG from
Staphylococcus epidermidis or kojibiosyl DG from
Streptococcus salivalis or sphingoglycolipids containing
a-Gal residues. The major molecular species of glyco-
lipids obtained from lactobacilli were 11-octadecenoic
and 11,12-methylene-octadecanoic  acids-containing
ones. Also, human IgM antibodies against TH-DG
and TetH-DG from LJ were detected in human sera,
with various antibody titres, indicating that an immune
reaction to symbiotic lactobacilli occurs against their
glycolipid antigens, TH-DG and TetH-DG.

Keywords: antigenic determinants/carbohydrate
structure/glycoglycerolipids/Gram-positive bacteria/
human antibodies.

Abbreviations: CL, cardiolipin; DG, diacyl glycerol;
Gal, galactose; Gle, glucose; GalU, galacturonic acid;
GlcU, glucuronic acid; Man, mannose; PG,
phosphatidylglycerol; MH-DG, monohexaosyl
diacylglycerols; DH-DG, dihexaosyl diacylglycerols;
TH-DG, trihexaosyl diacylglycerols; TetH-DG,
tetrahexaosyl diacylglycerols; TEA, triethanolamine;
TMS, trimethylsilyl.

Gg4Cer in the murine digestive tract has been revealed
to be selectively distributed in the small intestine,
where it provides a receptor structure for the forma-
tion of bacterial flora including symbiotic bacteria, e.g.
Lactobacillus johnsonii (L)), in the intestinal epithelia
(1). During the course of exploration of the receptor
function of epithelial glycolipids, we prepared anti-
Lactobacillus antisera by immunization of rabbits
with a murine intestinal Lactobacillus, LY, and found
that the antisera contained anti-Gg,Cer antibodies due
to the presence of a Gg4Cer-mimicking structure in the
protein, but not the lipid fraction of LJ, suggesting that
an epitope structure common to both lactobacilli and
the host is used for evading immunological surveillance
by the host for symbiosis (Z, 2). The major antigens,
other than the Gg,-mimicking structure, recognized by
anti-LJ antisera were glycolipids, which were present
in equivalent amounts to those of phospholipids in LJ
(1, 2). In the case of Gram-positive bacteria, the cell
wall is constructed from peptidoglycan and teichoic
acids, which are essential for the bacteria to adapt to
severe circumstances, including as to temperature, pH,
ionic strength, superoxide, and attack by enzymes and
immunocytes (3). Teichoic acids, whose major struc-
ture is poly-1,5-ribitol phosphate, poly-1,3-glycerol
phosphate, poly-1,2-glycerolphosphate, or poly-
trihexaosylphosphate, are anchored on glyceroglycoli-
pids as lipoteichoic acid in the cytoplasmic membrane
(4). For instance, the structures of lipoteichoic acid
in the cell wall of Streptococcus species have been
characterized as poly-1,3-glycerol phosphate-6Glcal-
2Gleal-3" diacylglycerol and poly(6Galal-6Galal-
3" ,Galo1-2" glycerol-1”-phosphate)-6Glcal-2Gle

(6-fatty acid)al-3'diacylglycerol (5, 6). In general,
dihexaosyl diacylglycerols (DH-DGs) are the major
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