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Co.) and 200 mg of diamine 3 [prepared from trisnorsqualene
aldehyde (4)° and ethylenediamine]!® in 2 mL of ethanol at 23
°C for 12 h, filtration, and washing with 250 mL of ethanol
followed by 250 mL of distilled, deionized water. The resulting
affinity matrix 8, which was chosen because it retains both the
H bond accepting capabilities and the C(4) — C(30) hydrophobic
structure of the normal substrate 1, is the first such reagent to
function effectively in the purification of the sterol cyclase.
The purified sterol cyclase can be stored for at least 2 weeks
at 0 °C without significant loss of activity. We believe that the
way is now clear for the cloning of the gene for the yeast sterol
cyclase and for the eventual determination of its structure.!!

(9) (a) Corey, E. J; Lin, K.; Jautelat, M. J. Am. Chem. Soc. 1968, 90,
2724-2726. (b) Nadeau, R. G.; Hanzlik, R. P. Methods Enzymol. 1968, /5,
346-351.

(10) To 1.00 g of trisnorsqualenal® (4) (2.60 mmol) in 260 mL of anhyd-
rous methanol at 0 °C was added 1.56 g of ethylenediamine (26.0 mmol, 10
equiv). Concentrated hydrochloric acid (0.43 mL, 5.2 mmol) was added,
followed by 327 mg of sodium cyanoborohydride (5.2 mmol) in one portion.
After 2 hat 0 °C, the methanol was removed in vacuo, and the residue was
taken up in 200 mL of hexane and 300 mL of | M sodium bisulfate. The
hexane layer was removed, and the aqueous layer was washed with another
200-mL portion of hexane. The aqueous layer was brought to pH 13 with
solid sodium hydroxide and extracted with 3 X 200 mL of ether. The com-
bined ether fractions were washed once with brine and then dried with an-
hydrous sodium sulfate. Concentration afforded 840 mg (76%) of mono-
alkylated diamine 3: 400-MHz 'H NMR (CDCl,) 4 1.60 (s, 12 H), 1.68 (s,
3H),1.72(s,3H), 204 (m, 18 H), 207 (t,2H,J=7.1),259(t,2 H,J
=7.4),2.67(t,2H,J=58),281(t,2H,J=6.1),5.14 (m, 5 H).

(11) This research was assisted financially by a grant from the National
Institutes of Health. We are grateful to Prof. Konrad Bloch for encourage-
ment and helpful discussions and to Prof. A. lan Scott for a preprint® de-
scribing a procedure for partial purification of the sterol cyclase and the
optimal pH (6.2) for enzyme stability. We are indebted to William S. Lane
for the amino acid analysis.
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p-Deoxyribose is the only asymmetric unit of DNA. Chiral
molecules have two possible enantiomers, possibly possessing the
same chemical and physical properties, although the energy
difference between the enantiomers, particularly at a nuclear
physics level, is quite small.! The features of single-stranded
L-oligonucleotides have been reported.? However, whether the
duplex structure of a DNA composed of L-deoxyribose is also an
exact mirror image of the natural one has yet to be determined.
Thus, a conformational study was conducted on the self-com-
plementary hexanucleotide d(CGCGCG) composed of L-deoxy-
ribose.

L-Deoxycytidine was synthesized via the L-deoxyuridine de-
rivative by glycosylation® of silylated uracil with 1-chloro-2-
deoxy-3,5-di-O-toluoyl-L-erythro-pentofuranose (prepared from
L-arabinose*) and subsequent conversion to L-deoxycytidine.®
L-Deoxyguanosine$ was synthesized by direct glycosylation as

(1) (a) Thiemann, W. Naturwissenschaften 1974, 61, 476-483. (b)
Nordén, B. J. Mol. Evol, 1978, {1, 313-332.

(2) (a) Tazawa, 1.; Tazawa, S,; Stempel, L. M.; Ts'o, P, O. P. Biochemistry
1970, 9, 3499-3514. (b) Anderson, D. J.; Reischer, R. J.; Taylor, A. J.;
Wechter, W. J. Nucleosides Nucleotides 1984, 3, 499-512. (c) Fujimori, S.;
Shudo, K.; Hashimoto, Y. J. Am. Chem. Soc. 1990, {2, 7436-7438. (d)
Motvan, F.; Génu, C.; Rayner, B.; Gosselin, G.; Imbach, J.-L. Biochem.
Biophys. Res. Commun. 1990, 172, 5371-543,

(3) Aoyama, H. Bull. Chem. Soc. Jpn. 1987, 60, 2073-2077.

23 5(;)2\5\/6118, J.-C.; Bazin, H.; Chattopadhyaya, J. Tetrahedron 1987, 43,

(5) Holy, A. Collect. Czech. Chem. Commun. 1972, 37, 4072-4087.
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Figure 1. Circular dichroism spectra of p-d(CGCGCG) (solid line) and
L-d(CGCGCG) (dashed line) at 0 °C. Samples (10 Ayo/mL) were
dissolved in 10 mM sodium phosphate buffer (pH 7) containing (a) 0.1
M NaCl and (b) 4 M NaCl. Strand concentration was estimated by
absorbance values at 80 °C and a molar extinction coefficient of 51 400
L/(molicm) at 260 nm calculated for p- and L-d(CGCGCG).!?

described by Robins et al.%” L-Deoxynucleosides were protected
in the usual way, and p- and L-d(CGCGCG) were synthesized
by the 8-cyanoethylphosphoramidite method.®

On reversed-phase HPLC, the retention time of L-d(CGCGCG)
was consistent with that of the corresponding natural p-hexamer
synthesized as a control. The purity of both hexamers was more
than 95%. The enzymatic digestion of p-d(CGCGCG) with

6(6) l;obins, M. J.; Khwaja, T. A.; Robins, R. K. J. Org. Chem. 1970, 35,
636-639.

(7) Kazimierczuk, Z.; Cottam, H. B.; Revankar, H. B.; Robins, R. K. J.
Am. Chem. Soc. 1984, 106, 6379-6382,

(8) Sinha, N. D.; Biernat, J.; Koster, H. Tetrahedron Lets. 1983, 24,
5843-5846.
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Figure 2. Salt concentration dependence of the B to Z transition for
D-d(CGCGCG) (closed circles) and L-d(CGCGCG) (open circles) at 0
°C. [6] values at 295 nm were plotted for each salt concentration.
Experimental conditions were the same as those described in the caption
below Figure 1 except for NaCl concentration.
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Figure 3. Temperature dependence of CD strength of p-d(CGCGCG)
(solid line) and L-d(CGCGCG) (dashed line) under low salt conditions
(0.1 M NaCl, closed circles) at 254 nm and under high salt conditions
(4 M NaCl, open circles) at 295 nm.

nuclease P1 afforded the expected nucleotides and 5’-end deox-
ycytidine, but the L-isomer was resistant to digestion by this
enzyme under the same conditions, as expected. This result
indicates that the optical isomer of natural DNA cannot be
recognized by natural enzymes consisting of L-amino acids.
The conformational properties of DNA oligomers or polymers
containing the alternating C-G sequence have been well docu-
mented by circular dichroism (CD) spectra.® In 0.1 M NaCl
solution, the CD spectrum of the p-hexamer showed a profile of
the standard B form'? (Figure 1a, solid line). The same magnitude
but opposite sign was observed for the CD spectrum of L-d-
(CGCGCQG) (Figure 1a, dashed line). The L-oligonucleotide thus
adopts a mirror-image B form with left-handed double-helical
conformation. The inversion of the CD band at 295 nm of the
alternating C-G sequences under high salt conditions is known

(9) (a) Pohl, F. M.; Jovin, T. M. J. Mol. Biol. 1972, 67, 375-396. (b)
Pohl, F. M. Nature 1976, 260, 365-366. (c) Zacharias, W.; Larson, J. E.;
Klysik, J.; Stirdivant, S. M.; Wells, R. D. J. Biol. Chem. 1982, 257,
2775-2782. (d) Uesugi, S.; Shida, T.; Ikehara, M. Chem. Pharm. Bull. 1981,
29, 3573-3585.

(10) Saenger, W. In Principles of Nucleic Acid Structure; Springer-Ver-
lag: New York, 1984; pp 253-282.
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to be due to the conformational transition from the right-handed
B form to the left-handed Z form.!! The CD spectrum of p-d-
(CGCGCQG) showed the characteristic negative band of the Z form
at 295 nm in 4 M NaCl solution (Figure 1b, solid line), and that
of the L-isomer showed an inversion profile (Figure 1b, dashed
line). Both spectra were the same in magnitude at each wave-
length. The L-hexamer thus adopts a mirror-image Z form with
right-handed double-helical conformation.

The dynamic properties of both hexanucleotides were also
compared. Both were noted to have the same salt concentration
dependence on the B to Z conformational transition, whose
midpoint was at 2.6 M NaCl (Figure 2). The same dependency
on temperature, with opposite signs, was also noted for both
isomers within experimental error under both low and high salt
conditions (Figure 3). D- and L-DNA thus have the same type
and strength of hydrogen bonding and base-base stacking in-
teractions.

The present data clearly show both D- and L-DNA to possess
the same conformation and dynamic properties except for chirality.
The higher order structures of L-DNA are also the exact mirror
images of that of natural DNA.

(11) (a) Wang, A. H.-J.; Quigley, G. J.; Kolpak, F. J.; Crawford, J. L.;
van Boom, J. H.; van der Marel, G.; Rich, A. Narure 1979, 282, 680—686.
(b) Patel, D. J.; Kozlowski, S. A.; Nordheim, A.; Rich, A. Proc. Natl. Acad.
Sci. U.S.A. 1982, 79, 1413-1417.

(12) Fasman, G. D. Handbook of Biochemistry and Molecular Biology,
3rd ed.; CRC Press: Boca Raton, FL, 1975; Vol. 1, p 589.
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Developing a detailed understanding of supramolecular
structure-function relationships within biological membranes
represents one of the most important challenges presently facing
chemists and biologists.”> Although the lipid bilayer provides the
basic structural element for all biological membranes, its precise
lateral organization remains poorly defined. In particular, the
question of whether or not lipids organize themselves into non-
random clusters (i.¢., domains) remains enigmatic.® The fact
that natural phospholipids are rich in structural diversity could
mean that a hierarchy of domains exists and that certain of these
domains have functional importance, e.g., membrane fusion,
transport, recognition, and catalysis.>’

In this report we describe an experimental method that probes
the thermodynamic preference for one phospholipid unit to become
a covalently attached nearest neighbor of another in the bilayer
state. We define such a preference as “nearest-neighbor
recognition” (NNR). If the packing forces that govern NNR are
the same as those that govern domain formation, then a systematic
analysis of NNR should provide molecular-level insight into how
the structure and composition of phospholipids influence their
tendency to segregate within the lamellar phase. Our approach

(1) Supported by PHS Grant GM43787, awarded by the National Insti-
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(3) Gennis, R. B. Biomembranes: Molecular Structure and Function;
Springer-Verlag: New York, 1989; Chapter 4.

(4) Melchoir, D. L. Science 1986, 234, 1577; 1987, 238, 550.

(5) Jain, M. K. Nonrandom Lateral Organization in Bilayers and Biom-
embranes. Membrane Fluidity in Biology; Aloia, R. C., Ed.; Academic Press:
New York, 1983; Vol. 1, p 1.
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