
Carbohydmte Research. 53 (1977) 278-283 
GZJ Elswiie: Scientitic Publtstig Company. Amsterdam - Prmted In Belgium 

Note 

iMolecular motion in free and cross-linked dextrans 

ALAN J BEhESl A~.D JOHN T G~RIC 

Depar:nrenr of Chernrsrr_~, Unrtcrsrry of Cahfornra. 
Sanra Barbara. CahjGmia 93106 (U. S. A.) 

(Received February 76th, 1976; accepted for publlcatlon. in revlscd iorm, July I 5th. 19761 

Various commercially available preparations of cross-linked dextrans 
(Sephadeses) have been used for a number of bears as supports for the immobilization 
of proteins’ and to prepare meaia for “affinity chromatography”‘. The dcxtrans 
themselves have been covalently attached to proteins for the purposes of increasing 
protein stability or altenog the immunogenicity of the proteio3. As part of a program 
designed to study polysaccharide-enzyme conjugates spectroscopically, we have 
examined the carbon-13 n.m.r. spectra of the Pbarmacia products Devtran T10, 
T-250, and T-2000, and Sephadev G-75. The results presented here provide insight 
into the nature of molecular motions in tbese structures and define a type of baseline 
from which the dynamics of molecular motion in prorein-pol~saccharide structures 

may be measured. 

E.XPERlMEN-fAL 

Malerials. - Dextran T-m, T-250, and T-2000, and Sephadex G-75 were 
purchased from Pharmacia Fine Chemicals. Data sheets supplied with the polymers 
indicated that the first two dextrans have weight-average molecular weights of 34,XlO 
and 23 1,000, respeccGvely. The molecular weight of the T-2000 is approximately 
2 million, according to the manufacturer. Sephadex G-75 is formed by cross-linkin? 
dextran of molecular weight 70,000 with epichlorohydrin. The water content of each 
polysaccharide was determined gravicletrically by drying pre-weighed samples for 
36 h at 120”; water contents were 9.1, 5.8. 7.7, and LO?& for TAO, T-250, T-2000, 
and G-75, respectively. The heavy-metal content of the polymers is sratcd by the 
manufacturer to be less than 5 p.p.m. 

Deuterium oxide (99.80/b D) ~1% obtained from Stohler Isotope Chemicals and 
deuteriophosphoric acid was purchased from XLia Inorganics. A stock buffer solution 

consisted of 0. IM Na2HP0,-7H20 dissolved in D20 and adjusted to a pH meter- 
reading (glass electrode) of 7.80 with deuteriophosphoric acid. No corrections were 
made for the Hz0 content of the solvent. 
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Sample pwpararioti. - Samples were prepared by weighing the undried poly- 

saccbaride directly into a IO-mm n.m.r. tube and then adding the appropriate weight 

of buffer solution. By taking into account the water of hydration of the polymers, it 

was determined Lhnt the HI0 confent In each sample did nor exceed 5%. Samples 

were heated to boiling 10 speed dissolution and ensure complete solvationJ. 

Carbon-/J r1.nz.r. speBctroscop_rn. - XII carbon-l 3 spin-lattice relaxation-Limes 

were obtained +vith complere proton-noise decoupling on a Varian Associates CFT-20 

spectromszter. The sample temperature HZILS 36 _+ ID. . samples bvere not deghssed as the 

contribution to relaxation from dissolved oxygen was expected tc be insignificant 

over the range of relaxation times obser,fed’. The ISO- T -90 inversion-recover) 

me!hod was used to measure T, with 6000 to IWO0 transients collected for each T 

value. At least five r values were used In each determinarion. As a check on the 

experimental technique, the carbon 7, parameters for ~1 ?M soluLion of <ucrosc were 

determined and, when account was Laken of [he differences in sample tempera[ure, 

these were in good agreement with the literature \alues6. 

Transverse relaxation-times (T,) \\ere estimated from the \\idrh of the observed 

lines at half-maximum. A correction for Lhe instrumental broadening of the peaks 

was applied. 

The carbon-13 chernlcrrl shifts \!rre determined relative to rhe meLhyl carbon 

signal of a trace of acetone added to the buffer solution: they \\ere corrected IO a 

reference of tetramethylsilaoe by adding 30.4 p.p.m. to the observed shifts. 

Carbon-13 nuclear Overhauser effects (n.0.e.). defined as the ratios of the 

Integrated signal-intensity with prcton decoupling IO the intensity without decoupling. 

\\ere obtained with gatrd proton-decoupling’ : the sample temperature during the 

n.0.e. experiments was 33 f I’. 

b’iscosiricr. - Sample viscosities at 36.Y were obtained by us~rrg Ostwald 

viscometcrs according Lo a published procedure”. Kinetic-energy corrections Here 

applied, but no correclions for shear rate kverr made as These are eipccted to lower 

rhe measured viscosity by 2% at most’. 

RESUI I-S 

Fig. I displays representa!.ive carbon-i 3 spectra of a dextran (T-40) as well as 

the cross-linked deutrao, SephadcN G-75. Six major lines are in evidence, representIng 

the six carbon atoms of the D-;$~cose monomeric residues in each polysaccharide. 

The signals near 98 and 66 p.p.m. are readily assigned” to carbon atoms C-l and 

C-6; the remaining resonances are tematively assigned as indicated in Table 1. These 

latter assignments are based orI previous carbon-13 n.m.r. studies of oligomers of 

D-glucose ’ ’ ) and are probably the mosf prone to ambiguity as regards the assignment 

of C-S and C-5. Correspondinl! chemrcai-shifts for each polysaccharidz examined 

Here found to be similar. 

A minor resonance at about 60 p.p.m. was occasionally observed. The dextrans 

used here are mainly connecteqj by cc-D-(l-+6) linkages, but also contain a small 
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FI:! I The carhon-13 n.m.r. spccwum oi 18.59b Dextran T--IO (A). and Sephsdex G-75 tB). The 

chemical-shirt scale is gwn relative to wrame~hylsilane: the sharp signal at 30 4 p.p.m is due to the 

methyl ccrrbon of a [race amount of acetone in the samples. For each spectrum, about 50.000 Iran- 
srcnls uere nccumulared. 

TABLE I 

CARBON-i3 N.Af.R. DaT4 FOR DL-dlRAtuS AhD SEPHADES G-75 

Carbon atom 5. p p 1JJ J T, , secb 

D2 Urun T-IO De.drm T--VW 

Dti wan Sephodex 
T-_?OOO G-75 

C-l 
c-3 
C-2 

C-4 

C-5 

C-6 

Sample 

I rxosiries. 

97.8 0.063 0.056. 0.057 0.067 0.070 

73 6 0061 0.0-%7. 0.055 0.057 0.061 

71.6 0.062 0.035, 0.059 0.060 0.060 

70.3 0.060 O.M7. 0.051 0.051 0 060 

69.8 0.063 0.054. 0.052 0.060 0.061 

65.8 0.035 0.030. 0.031 0 028 0.033 

CP 16 79. 500 152 Eel 

“Chemical shill in p.p.m. downfield irom hle,Si; the shiib ior all samples were identxal within 

rt 0.2 p.p.m. ‘Estimated error, *O.Ol sec. 7he second coiumn gves rtiults ior a 3 I O/b (w/w) solution 
of dextran T-lS0; all other de’crmn solutions were 18.5”’ D (u/w). The gel sample wes 6.4% (W/H). 
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percentage (-6’5) of CL-D-( I-_‘) bonds”. The minor signal is assigned to the 

unlinked C-6 atoms; other mir:or signals are doubtless present, but are either 

unresolved from the main bands or lost in the noise. 

Spin-iatticc relaxation-times (r,) for the six major resonances in each dcvtran 

sample were determined and are recorded in Table I. Within the probable experi- 

mental error (l&20’%), the 7, values for carbon atoms 1-5 are virtually identical 

(average value SS msec) and are independent of the degree of polymerization of the 
polymer, the sample viscosity, or the presence of cross-links. The relaxation time for 

C-6 also varied little from sample to sample. and had an average value of 32 msec. 

Transverse relaxation-times (T,) averaged 53 msec for carbons l-5 and 

29 msec for carbon 6. As with the spin-lattice rela?ratlon-times. the .T2 relaxation 

parameters were essentially independent of polymer molecular weight Dr extent of 

cross-linking. 

Lastly, nuclear Overhauser enhancements were estimated for the signals in the 

Deltran T-2000 sample. Carbon atoms I-5 exhibited an enhancement factor of 
1.7 +0.3, whereas carbon-6 was enhanced by 2.0 f0.3 upon proton Irradiation. 

13clr observations regarding the virtual independence of carbon-13 relaxation- 

times on polymer size are reminiscent of a previous report by Allerhand and 

Hailstcne’ 3. These authors found that solutions of various polystyrcnes in tetm- 
chlororthylene had similar carbon-13 rela?tation-t:mes for corresponding atoms, 

when the molecular weight of the polymer ~vas greater than about 10,000. Surprisingly 

sharp ’ 'C n.m.r. lines are often observed Tot polymers’ 3-’ ‘, and this is generally 

attributed to the ability of small segments of the polymer to ewcute rapid, local 

motions that are relaLlrely independent of the overall conformation of the polymer in 

solution ’ O. 

The observation that carbon-6 in the o-glucose residue is rcla_\ed twice as 

efficiently as the other carbon atoms in the structure. ivhich have only one proton 

directly attached, suggests that the relaxation ofall carbon atoms in these polymers is 

overwhelmingly dominatsd by dipolar interactions 5 “m”. The theoretical frame- 

work provided bq Woessner may be used to relate the e\perimcntal spin-lattice and 

transWrse relaxation-times, as knell as the OLcrhauser efYect, to the details of the 

molecular motions responsible for these effects’ ‘-19. For many polymers, the motion 

of a given monomeric unit appears to be nearly isotropic and, for the backbone carbon 

atoms. the relaxation times and nuclear Overhauser effect may be described in terms 

of a single correlation time (5,) for isotropic reorientation’ 3.14*20. 

%e have applied the equations of Woessner for isotropic reorientation in an 

attempt to find a smgle value oi e, that was at once consistent with the T, , T,, and 

n.0.e. values observed in this work. It was not possible to fit this model to our data 

and, for the next level of approximation, the monomeric unit was assumed$ to 

resemble an ellipsoid of revolution undergoing anisotropic reorieotatioo’3~2’. Under 

*For a recent conslderallon oi anlsolropl 5 molecular motfon ds 11 relaei 10 carbon-l?. rpeclro3copq. 

see ref. 21. 
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this assumption, the motion is described in terms of a rotational diffusion-constant 

for motion around the symmetry axis (RI,) and a diffusion constant (RI) for molecular 
tumbling around the axes perpendicular IO the symmetry axis. 

A wide range (106-10’2 rad.sec-’ ) of values of the diffusion constants (R,, 

and R3 was searched with the goal, once again, of finding a set that would be 

consistent with the relaxation-times observed and the Overhauser enhancements. In 

mating these calculations, the carbon-hydrogen bond-length was assumed to be 

1.09 A and the angle between ihr C-H internuclear vector and the symmetry axis of 

the ellipsoid was assumed to be 90”. When RI, and R, have the values 4 x IO9 rad. 

set- ’ and 2.5 x IO* rad .sec- ‘, respectively, fairly good agreement with rhe experi- 
mental results may be obtained: with these parameters the calculated values for T,, 

T,, and the n.0.e. were 59 msec, 47 msec, and 2. I, respectively. Variations in these 

diffusion coefficients within 10% of the values mentioned did not greatly alter the 

nature of the agreement between the calculated and observed values. Our results thus 

suggest that, in the devtran polymers and in the gel, molecular motion of the glucose 

residues about the axis roughly deEned by the polymer-chain direction is about 

siutecn times easier than reorientation normal to the chain direction. 
An alternative rationalization of our results in terms of a distribution of 

correlation times for isotropic motion may also be possible” This was not attempted. 

as it would be anticipated that the distribution lunction lvould be altered considerably 

by cross-linking of the polymers or be dependent on rhe molecular weight of the 
polymer. 

Tbe number of cross-links present in Sepbadev G-75 appears to be proprietary 

information; it must be rather small as no carbon-13 n.m.r signals assignable to the 

cross-linking reagent were obse-ed. 
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