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Preliminary communication

Spin-labeling of polysaccharides by esterification using 3-chloroformyl-2,2,5,5-
tetramethylpyrroline-1-oxide*
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Investigations of the paramagnetic resonances of synthetic, organic free-radicals
covalently bound to biomolecules have clearly demonstrated that the use of spin labels is an
invaluable asset in studying the conformational alterations and mobility of macromolecules,
and an aid in elucidating the structure and function of biological membranes. In contrast to
the many available reagents for the spin-labeling of lipids and proteins, though, there is a
general lack of spin-labeling reagents suitable for carbohydrates. Only recently has this void
been filled by methods developed for the spin-labeling of such compounds as sialic acid resi-
dues on glycoproteins®?, agarose?, cotton fibers®S, and a- and S-glycosides®. We report
herein a facile procedure for the introduction of covalently bound spin-labels onto dextrans,
amylose, xylan, mannan, locust-bean gum, and guar gum vig an ester linkage by use of 3-
chloroformyl-2,2 5 5-tetramethylpyrroline-1-oxide (1).
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Reagent 1(94% yield) in benzene was prepared by treating 3-carboxy-2,2,5,5-tetra-
methyl-3-pyrroline-1-oxide (2,0.11 g, 0.59 mmol; Eastman Kodak Co.. Rochester, New York
14650) 1n dry benzene (2.1 mL) and dry pyridine (60 uL) with thionyl chioride (54 uL,
0.70 mmol) under a nitrogen atmosphere in a 3.0-mL reaction vial. as previously described "
Polysaccharides to be labeled were first dried in vacuo for 4 h and at 50°, then dissolved 1n
dry dimethyl sulfoxide (20--30 mL) under nitrogen in a two-necked, round-bottom flask
equipped with a rubber septum and an overhead stirrer. Into this solution was slowly added,
with moderate stirring, the carbamon reagent [30 mL of dry dimethylsulfoxide and 0.28 mL
of 1.2mM sodium methylsulfinylmethanide (dimsy! sodium)] ®. Following this addition, the
polysaccharide solution was stirred for 1 h at room temperature, and then the solution of 1
in benzene was slowly injected (2.0 min) into the stirred polysaccharide solution. After
continued stirring at room temperature for 20 min, the entire reaction nuxiure was exhaus-
tively dialyzed against running water tor 48 h. In order to remove a small amount of ad-
sorbed spin label, the samples were dialyzed against 30% ethanol (3 ¥ 1 L. 8 h euch), over-
night against distilled water at 55°, and finally lyophilized.

For most studies, 2.0 g of polysaccharide was utilized for each experiment. Only
0.5 geach of locust bean and guar gums were used because of their solubility and very high
viscosity in dimethyl sulfoxide,

Methyl 8-D-glucopyranoside (2.0 g) was similarly treated, except that instead of be-
ing dialyzed, the reaction mixture in dimethyl sulfoxide was poured nto benzene (400 mL)
stirred for 1 h at room temperature, and then stored for 10 h at 4°. The hensene—dimethyl ’
sulfoxide supernatant solution was removed from the resultant, vellow glycoside syrup and
discarded. The syrup was washed several times with cold benzene. dried. and tinally sub-
jected to t.l.c. on Silica gel G developed with 8:10:1 (v/v) l-butanol--acetone —water.
Methyl g-D-glucopyranoside and the mixed 1somers of methyl 8-D-glucopyranoside mono-
substituted with the nitroxide spin-label (3) exhibited Ry 0.6 and 0.9, respectively.

Anal. Calc. for CygHNOg: C, 5333, H,7.22,0, 35.55: N, 388, Found: C,52.58;
H,6.93.:0,34.62,N, 3.56.

Electron-paramagnetic resonance (e.p.r.) spectra of representative spin-labeled com-
pounds in aqueous solution are shown in Fig. 1. Fig. 1 A 1s the e.p.r. absorption-derivative
spectrum of the free radical 2 at room temperature. The three sharp lines produced by
nitrogen hyperfine-interaction are typical of a free nitroxide radical rapidly tumbling in
solution. Also shown are the e.p.r. spectra of aqueous solutions of dextran (A, av. 10 500),
amylose, xylan, and locust-bean gum derivatives (Fig. 1 B—1E, respectively). These spectra
are characteristic of covalently bound, and more motionally restricted, mtroxide radicals'®.
In Table I are presented the values of motional-correlation times (7). which were calculated,
assuming isotropic motion, by a method previously described!?.

Significance of the determined correlation times will not be discussed at this time,
but it should be noted that these times are considerably shorter than those reported for
spin-labeled proteins of comparable molecular weight'?. This illustrates the greater degree
of motional freedom generally associated with polysaccharide molecules. It is noteworthy
that the increase in 7 value from the free spin-label to the labeled methyl g-D-gluco-
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Fig. 1. E.p.1. spectra of spin-labeled compounds. Absorption-derivative spectra were recorded at room
temperature for an aqueous solution in a quartz sample-cell with a Varian model V4502 X-band
spectrometer, at a modulation frequency of 100 kHz, a power level of 1 mW, and a modulation ampli-
tude of 0.4 G: (A) Free-radical spectrum of 3-carboxy-2,2,5,5-tetramethylpyrroline-1-oxide (2) in water;
(B) dextran of M; av. 10 500 (5§ mg/mL of water); (C) amylose (10 mg/mL of water); (D) xylan

{5 mg/mL of water); and (E) locust bean gum (5 mg/mL of water).

TABLEI

CORRELATION VALUES (r) FOR POLYSACCHARIDES AND METHYL -D-GLUCOPYRANOSIDE
HAVING 3-FORMYL-2,2,5,5-TETRAMETHYLPYRROLINE-{-OXIDE RESIDUES

Compound 7 (ns)?

Derivative of:

methyl g-D-glucopyranoside (3) 0.10
dextran (M, av. 10 500) 0.55
dextran (M; av. 40 000) 0.88
dextran (M; av. 70 000) 1.00
dextran (M; av. 151 000) 1.08
dextran (M, av. 250 000) 1.15
amylose 1.23
xylan 1.88
mannan 1.30
locust bean gum 1.06
guar gum 1.12

3-Carboxy-2,2,5,5-tertramethylpyrroline-1-oxide (2) 0.025

2Error +5%.
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pyranoside by a factor of four 1s consistent with the Stokes- Einstern expression for 4
tumbling molecule, 1n which the correlation time is proportional to the cube of the tadius
ot the equivalent hard sphere. It is also noteworthy that a molecular-weighr dependence 15
observed for the correlation times of the spin-labeled dextrans.

Absolute proportions of spm-labeling residues were detcrmined by companson of
the e.p.r. signals of spin-labeled samples with those of standard solutions of 2, and o was
tound that the average bindmg etficiency of 1 with the polysaccharide sumples wus 107
This corresponds to ~1 nitroxide spin-label residue per 200 carbohvdrate-mononier umts.
In paralle] experiments where the proportion of reagent I was varicd. it wa- established that,
at this proportion of labeling residue, no contribution to Hnewidths from spin exchange ot
dipole- dipole interaction hetween spins could be observed. A decrease e laheling ef(i-
ciency was observed with polysacchande solutions in dunethy ! sultoxide of mereasing
VISCOSItY.

In summary, a facile procedure for the introductuon ot a covalentlyv hound spin
label into polysaccharides 1s described. Since the attachment ot the nittoxnde spin-label
vig an ester linkage with hydroxyl groups along the polysaccharide molecude, 1t is not neces-
sary to chemically modity the sample tor the binding of the spin lubel priot to formation
ot the derivative. In addition, this method permits the preparation ot gram quantities ot
polysaccharide derivatives and requires only dialvsis for puritication of the sample. Lastly,
this procedure may also be apphed for the hinding of spm labels to methyvi ulveosides.
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