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PGP-Me (1) :R'=R*=R®=CH,;, RZz R¢= Ré= 1
3-CD;,D-PGP-Me (2) : R'= CD,, R%= D, R%: CH;, R%= H, RP= CH,, R= H
7'-CD3,D-PGP-Me {3) : R'= CHy, R?= M, R% CD,, R*= D, R®= CH,, R%= H

11'-CD3,D-PGP-Me (4) : R'= CH;, R2= H, R%= CHj, R*= H, Rf= D4, R%= D
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Phosphatidylglycerophosphate methyl ester (PGP-Me, 1} is the major component of the purple membrane (PM) of
the halophytic archaea Halobacterium spp. PGP-Me has characteristic structural features represented by the
methyl-branched alkyl chains, which bind to the glycerol moiety via ether linkages in contrast to the ester
linkages of mammalian Lipids. The membrane composed of methyl-branched chain lipids is known to have unique
features such as a lack of phase transition across a wide temperature range. However, the precise structural
elements of these lipids have not yet been identified, mainly because the rapid and anisotropic movement of the
lipids has hampered their conformational analysis in the membrane. Therefore, in this study, I aimed to elucidate
the structure of methyl branch chain in the membranes by utilizing deuterium solid state NMR (:H NMR) that

can acquire the mobility and orientation information of molecules in membrane environment.

(1) Enantioselective total synthesis of PGP-Me and preparation of deuterated derivatives

I aimed to accomplish the enantioselective first total synthesis of PGP-Me (1) and established the efficient
synthetic method for selective deuterium labeling. Enantiopure methyl branching side chain could successfully
constructed via an iterative cross-coupling reaction of an enantiopure isoprene unit (=99 % ee) as a key building
block. Then, the coupling reaction with chiral diphosphoric head group led to the enantioselective total synthesis
of PGP-Me (1). Following the established method, CDs, [FPGP-Me derivatives (2, 3, 4) were successfully prepared
in a highly regio and stereo selective manner only by changing the coupling of od non-labelled and deuterated

isoprene units.

(2) Analysis of the membrane properties of methyl-branched lipid by using 2H NMR

?H NMR measurements at 0 to 60°C with 3-CDs D' PGP-Me(2} and 4',4-D»DMPC in order to investigate the
influence of methyl-branching chain to the membrane properties. As the result, PGP-Me membrane showed the
doublet peaks derived from CDs and D respectively at all measurement temperature, whereas DMPC showed the
disappearance of the doublet due to formation of the gel phase below 10°C. These results clearly reveal the
importance of methyl branching for maintaining the fluidity over a wide range of temperatures. Furthermore, 2H
NME measurements under 5.0M NaCl condition revealed that structural change from bilayer tended to occur for
DMPC membrane under such high salt concentration condition. These results clearly revealed the importance of
methyl branching chain to the characteristic membrane properties of archaeal lipid.

(3) Structural analysis of methyl-branched chain by *H NMR and molecular dynamics calculation

The 2H NMR analysis of three kinds of C.D5, D PGP-Me derivatives (2, 3, 4) and the appropriate MD calculations
revealed the unique and depth-dependent average conformational change of methyl-branched chains most likely
responsible for their characteristic membrane properties. The structural features of methyl-branched lipids
uncovered this study, which may partly account for the high temperature stability of archaeal cell membranes
and the functional conservation of membrane proteins, could help in the development of membrane materials

with high thermal performance.
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PGP-Me (1) : R'=R¥= Rf=CH,, R2=R'=Rf=H
3.-CD,, D-PGP-Me (2} : R'= CDy, R*%= D, R= CHg, R%= H, R= CHj;, R%= H
7-CD;,D-PGP-Me (3) : R'= CHy, R%= M, R CDy, R%= D, Rf= CH;, R®=H
11°-CD;,D-PGP-Me (4) : R'= CHj, R2= H, R%= CHj3, R* H, Rf= CDy, R%= D

Fig.1 Chemical structure of PGP-Me (1) and CDs,>PGP-Me derivatives (2, 3, 4)
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