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SUMMARY 

The elution parameters of large enzymes, viruses, ribosomes and other “supra- 
molecular” structures are studied using the preparative TSK G5000 PW type column. 
The pigmented protein, chlorocruorin, isolated from the sea worm Potamilh iepto- 
chaeta, was found to serve as an excellent high-molecular-weight marker for size 
exclusion liquid chromatography. This is due to its high degree of molecular stability 
and a molecular weight, found to be 2.9 - lo6 by sedimentation velocity analysis, 
which is located in a zone formed between viruses and enzymes that is largely devoid 
of macromolecular markers. Calibration constants for this chromatography column 
are found for both molecular weight and molecular radii. The data found for hydro- 
dynamic molecular radii are further extended to non-globular, swollen macromole- 
cules, such as polysaccharides, using dextran fractions sized by alcohol precipitation. 

INTRODUCTION 

The rapid and gentle purification of large macromolecules, such as viruses, 
ribosomes and polysaccharides, is of great concern to many workers in the bio- 
physical sciences. The traditional use of Sepharose-type support materials has long 
been the method of choice for the fractionation of high-molecular-weight macromol- 
ecules; however, the low flow-rates used to prevent compression of the chromato- 
graphy beads lead to very high column residence times which are undesirable for 
purification of hydrolase-sensitive molecules. 

In a previous study we described’ the elution behavior of 26 standard proteins 
and peptides on TSK G3000 SW columns and developed a new method for treating 
size exclusion chromatography (SEC) data. This method appears to give a more 
linear relationship between elution volumes and molecular size than do other meth- 
ods currently in use. However, the rather low molecular-weight fractionation range of 
this TSK G3000 SW column limited the study to proteins of molecular weight less 
than 325,000. The TSK G5000 PW packing is reported by the manufacturer to have a 
higher molecular-weight fractionation range which has not been precisely defined. 

This laboratory is engaged in the purification of bacterial ribosomes, proteins, 
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charide of solution conformation specific to the a-( 1,4) bond. It is therefore unlikely 
that the molecular-weight calibration given in eqn. 4 will strictly apply to highly 
varied polysaccharides. 

It is worthwhile to compare radii calculated from the experimental light-scat- 
tering data of Senti et d-24, using the relationship R = 0.66 @s43, with those found 
from experimental elution data. Here, experimental radii of the dextran fractions is 
found using the elution parameter, Frv,, from dextran chromatography, and applying 
it to eqn. 4. These values are shown in Table II. The agreement between these sets of 
data is quite good for the two lower-molecular-weight dextran fractions. The predic- 
tion of a somewhat lower molecular weight from elution data for the 500,000 molec- 
ular-weight fraction when compared to Senti’s data is due in part to an error intro- 
duced in taking the elution time at maximum ordinate with this highly asymmetric 
elution profile (Fig. 4)_ 

TABLE II 

CALCULATED AND EXPERIMENTAL RADII FOR DEXTRAN 

Rfrom TSKPW (A) R = 0.66 M=i3 l/i)* 

hi” = 9700 36 34 
dir, = 70,000 61 SO 
hfv = 500,000 100 186 

* From Semi’*. 

An interesting anomaly in the study of virus elution was the very early elution 
of TMV (Fig. I). The application of the elution function plot (&.fij)1’3 KS_ Fey, (Fig. 2) 
clearly showed that the three smaller viruses and SWC marked the void volume and 
the TMV eluted early. The void volume molecular-weight cutoff of 1.4 - lo6 was 
further substantiated by the failure of the G5000 PW to resolve 30s from 50s ribo- 
somes, which correspond approximately to molecular weights of 1.2 - lo6 and 
2.0 - 106, respectively_ It seems likely that the cause is external size exclusion of these 
very large rods whose length (0.3 m) is substantial compared with the interstitial 
spaces between the spherical packing beads of ca. 9 pm radius. Work directed toward 
a quantitative test of this hypothesis is in progress”. 
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