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SUlMMARY 

A new method of treating data from size exclusion chromatography. originally 
evaluated for native proteins, has been extended to random coil polymers using data 
from dextran and polyethylene glycol as specific examples. Columns are calibrated 
with globular proteins of known molecular weight. Multiplication by a constant 
transforms the abscissa to molecular radii. The constants in the equation r = gMz are 
then evaluated directly from the size exclusion chromatographic data and compared 
with the corresponding constants obtained from viscometry, sedimentation velocity 
and light scattering. relating Stokes radius, root mean square end-to-end distance and 
radius of gyration to molecular weight. 

INTRODUCTION 

An alternative method for treating data from size exclusion chromatography 
(SEC) has recently’ been proposed and tested with native proteins. The new treat- 
ment is based on an equation which appears to relate the parameters of elution 
volume to those of size with improved linearity when compared with other equations 
currently in use, and leads to the precise determination of two constants which cor- 
respond closely to the limiting values of molecular sizes or molecular weights for 
which resolution occurs based on the primary separation process. 

While nearly all of the experimental data’ were obtained with native proteins, 
the theory was extended to encompass the treatment of polymers having a confor- 
mation approximating that of a random coil. This was done in anticipation of SEC 
experiments we had planned with polysaccharides and other water-soluble polymers. 
At about the time the manuscript’ was submitted, a paper appeared’ from the Cen- 
tral Research Laboratory of Toyo Soda containing high quality data of the type we 
had proposed to acquire to extend our experimental verification to this class of 
macromolecules. Dr. Y. Kato very kindly made his original data available to be used 
for this purpose. Since this is the first time that this approach has been applied to 
macromolecules with extended conformations, a detailed treatment of the original 
data is presented. 
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Bailey and Koleske (ref. 11, Table 23.4). We should also point out that the equations 
we have used are based on linear polymers and dextran, which is knownI to be at 
least somewhat branched. For polyethylene glycol, on the other hand, the low molec- 
ular weight fractions are so small that the equations we have used may not apply. In 
particular, eqn. 11 is valid only for high degrees of polymerization. The SEC experi- 
ments were done at transient laboratory temperatures, probably ca. 23°C. Most of 
the hydrodynamic data were obtained at 25°C except for the sedimentation velocity 
data for polyethylene glycol, which were at 30°C. Finally, all conventional hydro- 
dynamic data were extrapolated to infinite dilution while the SEC experiments were 
done at a sample concentration suitable to the detector and an “effective concen- 
tration” that resists definition. All things considered, agreement is probably about as 
good as could be expected. 

In our earlier model for SECr4, we made use of the concept that the excluded 
volume of a macromolecule is determined by the distance between the center of a 
macromolecule and an impermeable barrier at nearest approach. For compact globu- 
lar proteins this distance is closely approximated by the Stokes radius. For long rods, 
arguments could be advanced in favor of L/2, the Stokes radius of gyration, or the 
radius of the rod. The data of Nozaki et al.” approach the fourth of these alterna- 
tives. For flexible random coil polymers it seems likely that during the size exclusion 
process, some deformation may occur within the pores of the beads. If the extent of 
deformation were to increase with molecular size, this could account for the lower 
value of the exponent of molecular weight for data from SEC. In considering the data 
in Tables IV and V we noted that this discrepancy was more serious for polyethylene 
glycol than for dextran. This concept of deformability is supported by the rather high 
shear dependence of the viscosity of polyethylene glycol”. Dextran, on the other 
hand, shows little shear dependence in viscometryr3. 
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