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Effect of Lectin-Induced Agglutination

on Carbon-13 Nuclear Magnetic Resonance Line Width
in Sonicated Phospholipid /Glycolipid Vesicles

Sir:

Sonication of aqueous dispersions of phosphatidylcholine
results in the formation of small spherical unilamellar vesicles
~250 A in diameter.! Structural similarities and differences
between these sonicated vesicles and unsonicated multilamellar
liposomes are of biological interest because these systems can
serve as models of natural membranes with widely different
radii of curvature.? Sonication of phosphatidylcholine dis-
persions causes narrowing of NMR resonance peaks assigned
to the protons and carbons of phosphatidylcholine,3-!2 and the
reasons for this have been debated. Some have argued that the
line narrowing is due to increased disorder in the packing of
the phospholipid molecules in the sonicated vesicles relative
to that in unsonicated dispersions.3-6 Others believe that the
observed decrease in line width is not related to any structural
difference between phospholipids in sonicated vesicles and in
unsonicated dispersions, but is related to motional narrowing
resulting from the faster tumbling rate of the small sonicated
vesicles.””® Chan et al.* and Horwitz et al.5 attempted to
eliminate tumbling as an agent of motional narrowing by
showing that the 'H NMR line widths of the phospholipid
protons in sonicated vesicles are independent of solution vis-
cosity. This interpretation has been questioned, however, be-
cause of the possibility that hydration layers at the vesicle
surface could render vesicle tumbling insensitive to bulk so-
lution viscosity.?

Since a variety of other physical techniques such as dila-
tometry,? differential scanning calorimetry,!314 electron spin
resonance,!S and fluorescence depolarization!3 have shown
differences in the physical properties of sonicated and unson-
icated phospholipid dispersions, it is of interest to determine
whether the NMR spectral differences between sonicated and
unsonicated dispersions are due, in fact, to a difference in
tumbling rate or to real differences in phospholipid motion and
packing. To answer this question, we have prepared phos-
pholipid/glycolipid vesicles which can be quantitatively
agglutinated by a plant lectin (carbohydrate-binding protein).
These vesicle-lectin aggregates are large visible precipitates
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Figure 1. '3C NMR spectra of '3C-PC/LC mixtures obtained at 27 °C
using a Bruker HX-270 Fourier transform spectrometer operating at 67.9
MHz with 3 W of decoupling power: (a) unsonicated 1*C-PC/LC (10:1,
m/m) dispersion (7000 accumulations); (b) sonicated '3C-PC/LC (10:1,
m/m) vesicles (1000 accumulations); (c) lectin-agglutinated sonicated
13C-PC/LC (10:1 m/m) vesicles (1500 accumulations). 8 K data points
and a recycle time of 0.8 s were used to obtain the spectra.

whose tumbling rate is similar to that of unsonicated disper-
sions. Using tri[ N-methyl-'3C]choline labeled phosphati-
dylcholine (13C-PC),!6:17 we studied the effect of lectin-in-
duced agglutination on the line width of the [N-methyl-
13Cjcholine resonance of the sonicated vesicles.

An unsonicated dispersion of '*C-PC/LC (10:1, mol/mol)
exhibits the 13C NMR spectrum shown in Figure la at 27 °C.
The single N-methyl carbon resonance is broad (Av, /2 = 86
Hz) and asymmetric, indicative of restricted anisotropic mo-
tion of the phosphatidylcholine polar head group. This spec-
trum has the same line width and spectral appearance as that
of unsonicated '*C-PC alone. Sonicated vesicles of '3C-PC/LC
(10:1, mol/mol), on the other hand, exhibit a single sharp
resonance (Av|;; = 14 Hz), as shown in Figure 1b. This line
width is slightly larger than that observed for !3C-PC vesicles
(Avy;2 =12 Hz).

Addition of 400 ul of a solution of R. communis lectin2?
(4.88 mg/mL) to 1.2 mL of the clear sonicated '3C-PC/LC
(10:1, m/m) vesicle solution (3 umol of 13C-PC/mL) results
in the formation of a flocculent white precipitate. The '3C
NMR spectrum of the redispersed lectin-vesicle aggregate,
shown in Figure lc, is similar to that of the unagglutinated
13C-PC/LC vesicles (Figure 1b) although the line width for
the aggregate is slightly larger (Av);; = 16 Hz). To ensure that
the 13C-PC/LC vesicles were quantitatively agglutinated by
the quantity of lectin added, the agglutination was repeated
under exactly the same conditions, using sonicated “C-PC/LC
(10:1, mol/mol). After addition of lectin, the suspension was
centrifuged at 12 000 X g for 20 min at 4 °C, resulting in
sedimentation of >97% of the radioactive '4C-PC, and thus
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verifying quantitative agglutination. Addition of 4 umol of
lactose, which competes with the vesicles for the lectin, resulted
in complete dissolution of the lectin-vesicle precipitate, giving
rise to the resuspension of single unilamellar vesicles. Electron
microscopy of the deagglutinated vesicle suspension showed
only small particles, verifying that extensive vesicle fusion had
not occurred.

The observation that the line width of the N-methyl carbon
resonance is insensitive to lectin-induced vesicle agglutination
is strong evidence that the tumbling of phospholipid vesicles
is not the major mechanism for the line narrowing observed
upon sonication of phosholipid dispersions. Preliminary ex-
periments with the !3C label in the acyl chain of phospholipid
give similar results, Having eliminated tumbling as a signifi-
cant factor, we conclude that the line narrowing observed in
NMR spectra of sonicated vesicles is most likely due to in-
creased structural disorder in the packing of the phospholipids,
relative to unsonicated dispersions. The increased disorder in
the packing of the phospholipid should also be reflected in an
increased lateral diffusion rate in the plane of the bilayer.
Recent work has suggested that such an increase in lateral
diffusion rate may occur in sonicated vesicles.2?
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Six-Membered Cyclic Diacyl Peroxide
Fragmentations. Thermal Decomposition of
meso- and dl-2,3-Dimethylsuccinoyl Peroxides
Sir:

Predictive criteria for those thermal reactions of high energy
species which provide electronically excited states of product
molecules are still not completely understood. The thermal
decompositions of 1,2-dioxetanes which afford electronically
excited n,7* states of carbonyl products are well known.! Ef-
forts to study the thermal generation of electronically excited
«,7* states of aromatics and simple alkenes have been ham-
pered owing to the lack of suitable high energy precursors.
Recent important work by Schuster? suggests that the thermal
decomposition of a presumed six-membered cyclic diacyl
peroxide intermediate is an efficient chemiluminescent process
and provides a method for the direct chemical formation of
aromatic hydrocarbon «,7* electronically excited states. This
raises the question whether succinoyl peroxides on thermal
decomposition would afford electronically excited states of
simple alkenes. The mechanism of the decomposition of six-
membered cyclic diacyl peroxides is not known and only a few
examples of any six-membered cyclic diacyl peroxides exist
in the literature.3

We report the syntheses and thermal decomposition of
meso- and dl-2,3-dimethylsuccinoy! peroxides (1 and 2, re-
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spectively). These initial findings provide the first stereo-
chemical study of six-membered cyclic diacyl peroxide thermal
fragmentations. The data presented here are consistent with
a common intermediate(s) but do not require the generation
of electronically excited states of the 2-butene products.
Successive treatment of 98% isomerically pure meso-2,3-
dimethylsuccinic acid (3),45 mp 209-210 °C, with phosphorus
pentachloride and sodium peroxide, afforded a white crys-
talline solid whose NMR and IR spectra (vc—o 1812 (m),
1783 (s) cm™!) were consistent with structure 1. The isomeric
purity of 1 was determined by treatment of the peroxide with
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