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SUMMARY 

Further investigation of RNA fractionation on polylysine kieselguhr (PLK) 
columns has been carried out, and the elution profiles of the various types of RNA have 
been determined. Work has also begun on the nature of the binding sites between the 
nucleic acids and polylysine in the PLK-nucleic acid complex. The preliminary results 
of this study and those of the first competitive exchange experiments are reported. 

INTRODUCTION 

Recently reported work from this laboratory1 on the fractionation of nucleic 
acid mixtures; extracted. from Bacillzcs szd~tilis strain Marburg, on polylysine k iesel- 
guhr (PLK) columns gave rise to speculation about the nature of purified RNA frac- 
tionation. When nucleic acid mixtures, prepared by a modification of MARMUR’S 

methodlv2, were fractionated on PLK’columns using linear gradients of buffered saline3 
as, the eluting agent, a composite peak was obtained with a maximum between 1.6 and 
‘1.8 M NaCl. This peak contained RNA when examined by chemical assay” but was also 
contaminated by the presence of small amounts of DNA and two peaks of protein, 
as’ described previously 1. It was thought that this RNA could be of high molecular 
weight resulting from the breakdown of polyribosomes during preparation, and this 
led us to investigate the fractionation of various types of RNA and the effect of prep- 
aration on the elution profile of these types of RNA. 

Concurrently, investigation into the mechanism of PLK fractionation and at- 
tempts to demonstrate the nature of the binding sites between nucleic acids and PLK 
columns have culminated in a new type of experiment (termed competitive exchange), 
which it is hoped in time will lead to a better understanding of PLK chromatography. 

PROCEDURES 

Strains of bacteria 
Bacilltis szcbtilis strain Marburg and Escherichia coli strain MRE 600 (ribonucle- 

ase less mutant) were used as sources of the nucleic acids. 
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Preparations of RN.4 
(a) Ribosomal RNA. This type of RNA was prepared by differential centrifu- 

gation according to the method of LERMAN et al. 6. Eight grammes (wet weight) of 
packed B. subtilis strain Marburg cells were taken up into IOO ml of RNA medium I 
(0.01 M M&l,, 0.005 M ZnSO, and 0.05 M Tris; pH 7.3) and treated with 80 mg lyso- 
zyme at 37” for 30 min. The formation of protoplasts was checked using a microscope, 
and final lysis of the cells was accomplished by freezing and thawing the suspension 
using alternately an acetone-dry ice mixture and a water bath at 37O. The cell debris 
was removed from solution by centrifugation at IZOOO r.p.m. for 30 min in the Ioo-ml 
head of an MSE High-Speed 18 centrifuge. The supernatant was then recentrifuged at 
40 ooo r.p.m. for 60 min in the 40 head of a Spinco Model L2 centrifuge to collect the 
ribosomes. The supernatant resulting was decanted off and the ribosomes were taken 
up into a small volume of RNA medium I by standing at 4” overnight. The protein was 
dissociated from the ribosomes by dilution of the suspension into several volumes of 
0.4 M NaCl containing 0.02 Al KH,PO,, pH 6.7 (ref. 6). 

(b) Ili&y poiymerised RNA. One gramme of E. coli strain MRE 600 cells (wet 
weight), harvested in the log phase of growth, were suspended in IO ml of Tris buffer 
(0.01 M pH 8.1) and 2.5 g of sucrose were added. The solution was made 0.8 rnM with 
respect to EDTA and the cell ivalls were digested using 4 mg lysozyme with shaking at 
37” for IO min. The magnesium ion concentration was then adjusted to IO mM and the 
cells were lysed by freezing overnight. To ensure complete lysis, sodium dodecyl sul- 
phate (SDS), to a final concentration of 0.5 o/p, was added and deproteinisation was 
carried out to varying degrees using equal volumes of chloroform-isoamyl alcohol after 
the method of MARMUR~. The RNA was collected by adjusting the potassiutn acetate 
concentration to 0.2 M and adding two volumes of 95 y0 ethanol. The precipitate that 
had formed after standing for 3 h at -20’ was collected by centrifugation at 3000 
r.p.m. for 20 min using an MSE major centrifuge, and dissolved in dilute saline citrate. 
This was then treated with deoxyribonuclease and 10-2 M Mg2+ for 30 min at 37”. All 
preparations were stored in concentrated form at 4”. 

PrejJaration of PLK colmwzs 
Standard PLK columns were prepared by the method devised by AYAD AND 

BLAMIRE’, and samples fractionated and monitored cas previously describedf. Sedimen- 
tation coefficients were determined in a Spinco Model E centrifuge fitted with UV 
optics, Determination was carried out at 35 ooo r.p.m. using nucleic acid solutions at an 
approximate concentration of 50 pg/ml dissolved in 0.15 M NaCl containing 0.015 M 
sodium citrate pH 7.0 and corrected for zero concentration. 

. . 

Standards 
Calf thymus DNA (Sigma Chemical Co.), ribonucleic acid “core” (BDH, Ltd.), 

yeast sRNA type XI (Sigma Chemical Co.) and highly polymerised RNA from E. co,% 
(BDH, Ltd.) were used as standards and checked against the results previously obtain- 
ed using DNA extracted froni 13. wbtilis strain Marburg by the method of MARWJR~. 

RESULTS 

Fig. I shows the results obtained when a sample of nucleic acid mixture, prepar- 
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ed as described by AYAD AND BLAMIRE~ but omitting two of the deproteinising stages, 
is fractionated on a 2.5-g PLK column in which the fractionating layer consists of 2.5 g 
kieselguhr and 2.5 mg polylysine, using a linear gradient of buffered saline (0.4-4.0 M; 
100 ml of each). 

10 20 

FRACTION NUKBER 

Fig. I. Fractionation on a 2.5-g PLK column of a nucleic acid mixture extracted from B. sublilis 
strain Marburg. 

Similar results have already been reportedl, but it is now possible to reproduce 
these ‘preparations more consistently than was previously thought. The profile is 
readily altered if insufficient care is taken during the preparative procedures to avoid 
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Fig. 2. (a) Fractionation on a 2.5-g PLK column of highly polymeriscd RNA. O.-O, standard 
(BDH, Ltd.): a--(), prepared from B. coli strain MRE 600 (see text). (b) Rx7 phagc rcplicative 
form ,RNA. 
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chemical and mechanical degradation, which can give rise to the loss of the smaller 
peaks at 1.2-1.3 M NaCl. The composition of these paeks is known from previous 
studiesl. RNA is found exclusively in the 1.0-1.1 M NaCl and the 1.2-1.3 M NaCl 
peaks, and is the major constituent of the 1.6-1.8 AJ NaCl paek. DNA comprises the 
2.0-2.2 M NaCl peak and small quantities can also be detected by assay in the I 6-1.8 
M NaCl (see AYAD AND BLAMIRE~ for further details). Indications that the RNA in the 
1.6-1.8 M NaCl peak could be of a high molecular weight were obtained when, upon 
heating these nucleic acid mixtures to zoo0 for IO min in dilute saline citrate and cooling 
rapidly, it was found that the 1.6-1.8 M peak moved from this high salt molarity and 
the material so formed eluted much closer to the 1.0-x.1 M NaCl peak, which seemed 
unaffected by this treatment. Thus it was determined to investigate the nature of this 
peak more fully. 

Fig. 2a shows the elution profiles of highly polymerised RNA from E. coli (BDH, 
Ltd.), used as a standard, and RNA extracted by method (b) (see PROCEDURES) from 
E. coli strain MRE Goo. In both cases only one peak is observed with its maximum at a 
salt molarity of 1.85-1.95 M. However, because of the method of preparation nothing 
can be deduced about the physical structure or molecular configuration of RNA mole- 
cules, and the heterogeneity of the sample is probably a major contributory factor to 
the long leading edge of the peak. The sedimentation coefficients of the fractions at the 
maxima of the peak are high, being in the range of 18.8-24 S, depending on the sample 
preparation. Thus it would appear that the original belief as to the molecular weight of 
the RNA found in this region of the profile in nucleic acid mixtures was correct. Unlike 
the nucleic acid mixture 1.6-1.8 M NaCl peak, however, no protein or DNA can be 
detected by chemical assay 8e0. 

R17 phage replicative form RNA (a gift from Dr. T. FRANKLIN), which is known 
to be double stanclardl”, elutes as shown in Fig. 2b with a maximum at 1.9 A1 NaCl. 
This is very close to the maximum observed during highly polymerised RNA frac- 
tionation, and would indicate that the secondary structure of the RNA is influencing 
the elution profile; This is similar to the effect noticed when the secondary structure of 
DNA is altered’. Consideration as to the role that secondary structure and conforma- 
tion play in the fractionation of RNA, led to the investigation of ribosomal RNA frac- 
tionation. The preparative procedures adopted in the isolation of ribosomal RNA, 
which do not involve chemical deproteinisation or excessive mechanical shear, have 
been shown to give a closer degree of integrity between molecules@ and hence less 
breakdown products which are normally associated with the other methods of prep- 
aration. 

The results are shown in Fig. 3a. Ribosomal RNA was fractionated at two dif- 
ferent concentrations and it was found that at the lower concentration (approx. 500 
pg) better resolution was obtained between the two peaks observed at 1.7 and 1.8 M 
NaCl, respectively. Two other peaks, when the higher concentration (approx. I 300 pg) 
of ribosomal RNA was fractionated, could be observed at 1.1 and 1.25 M NaCl. Sedi- 
mentation studies were carried out on fractions from all these peaks and the results 
are shown in Fig. 3b. As can be seen, the peaks at I .I and 1.25 M NaCl correspond in 
S value and NaCl molarity to sRNA as observed in the fractionation of nucleic acid 
mixtures. However the peaks at x.7 and 1.8 M NaCl have S values which correspond 
to the two units of the bacterial ribosome when they have been stripped of protein. 
They are also eluted in the region of the highly polymerised and double standard RNA. 
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This leads us to the conclusion that besides molecular weight and secondary structure 
being important principles in the fractionation of RNA, tertiary structure or con- 
formation of the molecules is also important. 

I 
10 20 

(h) 

Fig. 3. (a) Fractionation of ribosomal RNA on a 2.5-g PLK column. (b) Study of the sedimentation 
coefficients of the fractions oluted in (a). O- 0, fractions having S values of about 3,s S ; 0-e 
fractions having S values of 16 S ; l - 0, fractions having S values in the range of 23-26 S. (The 
higher S values are probably due to the incomplete dissociation of protein.) 

sRNA fractionation has also been studied, and in Fig. 4a the result of fractio- 
nating sRNA type XI from yeast can be seen. The main peak at 1.0-1.1 M NaCl is the 
same as in the previous studies, however there is a notable absence of the 1.2-1.3 M 
NaCl peak, and a significant increase in the region immediately prior to the 1.0 M NaCl 
peak and in the oligonucleotides of low molecular weight found at the beginning of each 
fractionation. This would suggest in the light of our previous findings a degree of deg- 
radation in the preparation. Fig. qb shows the elution profile obtained from a fraction- 
ation of ribonucleic acid “core” (BDH, Ltd.). This is resistant to digestion by ribonu- 
clease, and has been tested in this laboratory. Three peaks can be seen and the major 
one, although disperse, elutes between 1.0-1.3 M NaCl. This could represent double 
standard portions of RNA which are resistant to ribonucleaselO, but are of lower molec- 
ular weight than that found in the R17 phage double standard RNA, and hence elute 
earlier. 

Certain preliminary conclusions can be drawn from this work on RNA frac- 
tionation. Firstly, the method of preparation is very important. RNA molecules, 
particularly those with a high degree of tertiary structure, are very susceptable 
to degradation. Secondly, the method of PLK chromatography has been able to 
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separate all the various types of nucleic acids from one another in a quick, convenient 
manner in high yield (80-90 o/o recovery). Also, the method is a rapid way of ascertain- 
ing the purity and homogeneity of any particular preparation which in itself is a useful 
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Fig. 4. (a) sRNA type XI (Sigma Chemical Co.) elutecl from a standard 2.5-1: PLK column. (b) 
Elution profile of ribonuclcic acid ” core” (I3DH, Ltd.) known to be RNasc resistant. 

ability. Finally the indications are that definite binding sites, possibly associated with 
short regions of double standardness, exist on the nucleic acid molecules which inter- 
act specifically with the PLK and that it is the manner, number, and distribution of 
these binding sites on the nucleic acid molecule which determine its salt molarity of 
elution. 

Investigation of binding sites 

To confirm that one of the determining factors in fractionation was the arrange- 
ment of the binding sites on the nucleic acids, experiments were conducted in which 
the number and concentration of receptor sites on the PLK column were varied in a 
controlled manner. This was done in two ways. Firstly, the concentration of polylysine 
in a standard 2.5-g PLK column was varied in a linear manner whilst keeping all 
other parameters, e.g. DNA concentration, eluting buffers, etc. constant. When the 
ratio of polylysine to kieselguhr fell below I x 10-3 (w/w) it could be seen that, in the 
fractionation of DNA, the major peak at approx. 2.0 M NaCl began to broaden with 
increasing amounts of material eluting at lower salt molarities. This effect was most 
marked at the lower ratio of 0.2 and 0.4 x 10-3 (w/w). This is interpreted to mean that 
once a DNA molecule is trapped by one or more binding sites on the column the re- 
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maining sites of attachment can only be saturated if the polylysine is available in 
sufficient quantity, and that the point of release of any given nucleic acid molecule 
from.thecolumn is a function of the number of binding sites on that molecule that are 
attached to the PLK. These results would argue against the idea that it is the strength 
of the bond between the polylysine and the nucleic acid molecule that determines its 
point of elution. 

Secondly, polylysine was purchased with a mol. wt. of 175 ooo (normal polylysine 
average mol. wt. 50000) and this was used in the fractionating system. When experi- 
ments were carried out in which the polylysine/kieselguhr ratio was maintained at I 
x 10-3 (w/w) no differences could be observed from the standard runs using normal 

polylysine. Thus the presence of additional receptor sites per molecule of polylysine 
cannot raise the eluting salt molarity for any of the different types of nucleic acids so 
far tested. Once again the indication is that the binding sites on the nucleic acid mole- 
cules determine the elution patterns. 
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Fig. 5. Elution profile of a ribosomal RNA preparation after heat denaturatibn, from a 2.5-g PLIC 
column. 

Fig. 5 shows the effect of heat.denaturation on the elution profile of ribosomes. 
A ribosomal preparation was heated to 100~ in,medium I buffer for IO min and cooled 
quickly to room ,temperature. On fractionation a single rounded peak eluted in the 
region associated with highly polymerised RNA could be seen. Furthermore two small- 
er peaks at 1.1 and 1.25 M NaCl could be observed which were unaffected by the heat 
treatment. When sRNA was treated similarly no alteration in elution profile could be 
noted. 

Heat treatment is affecting the binding of RNA of high molecular weight to PLK, 
possibly by destroying ormodifying binding sites in some way. This results in a mix- 
ture of molecules with a Gaussian distribution of binding sites instead of two distinct 
species each with a definite number of binding sites. The reason why sRNA remains 
unaltered by this treatment may lie in the fact that rapid renaturation takes place on 
coolingll,, and the fact that there can only be a small number of binding sites per sRNA 
molecule. 

4 : .)I .In an attempt to isolate the binding sites of RNA and DNA molecules the follow- 
ing:procedure ,was adopted. A standard 2.5-g PLK column was prepared and loaded 
with highly polymerised RNA in the usual way. I ml of an RNase solution in 0.4 M 
NaCl buffer, was then run through the PLK-RNA complex,at a flow rate of zz drops per 
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min followed by 0.4 M NaCl buffer. The column was then washed with twice its fluid 
volume of 0.4 M NaCl buffer to remove digestion products not held on the column, 
and then the remaining material was eluted in the usual way (see Fig. 6a). As the profile 
shows, no material is eluted in the 1.6-1.9 M NaCl region of highly polymerised RNA ; 

instead the non-digested material comes in a diffuse series of peaksin the region of 0.4- 
1.4 M NaCl. Although very little can be deduced from such a profile it is clear th.at 
some material was protected from RNase digestion, and that these were probably the 
binding sites to the polylysine. The fact that they were eluted at lower salt molarities 
than the parent molecule would indicate that the enzyme had been able to attack 
regions between binding sites hence giving molecules not only of a lower molecular 
weight but also with fewer binding sites per molecule. 

Fig. 6b shows the elution profile of DNase digestion of a PLK-DNA complex. 
The method adopted was similar to that used for the PLK-RNA complex except that 
an environment of IO mM Mg2+ was required for the enzyme to act. The profile of the 
non-digested material had altered but not in the dramatic manner of the highly poly- 
merised RNA. The bulk of the DNA seemed to have been unaffected by the enzyme, 
but a certain reduction in the peak height coupled with a broad leading edge indicates 
that some parts of certain molecules were attacked and in consequence the total num-- 
ber of binding sites per molecule was reduced. 
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Fig. 6. (a) Resulting elution profile when a highly polymerised RNA-PLK complex is predigested 
with IXNase (see text). (b) Similar experiment involving DNase digestion of a DNA-PLK complex 
in a Mg’J+ environment. 

Dye-binding studies 
OLINS et aLla, working with lysine-rich histone fr and. polylysine, studied the 
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interaction of ethidium bromide with DNA in the presence and in the absence of the 
histone and polyaxnine. From his results he showed that polylysine in solution will 
prevent completely the binding of the. dye, whereas the presence of histone fI will 
onlytreduce the amount of dye bound and not affect at all the binding constant. 

Histone fI, it was deduced, is therefore binding to the DNA in a manner which 
do& not materially affect the dye binding, which probably means it is binding in the 
large grove of the DNA molecule. Polylysine on the other hand, when in solution, will 
prevent dye binding because it binds in the small grovela. It was decided to try and 
determine which of’ the above two models PLK-DNA complexes would follow. Acri- 
flavine was chosen as the dye because of its similarity in binding studies to ethidium 
bromidel4-10. Two types of experiment were carried out. Firstly, the dye was bound 
to the DNA in solution before loading onto a PLK column which had been presaturat- 
ed with the dye at IO --4 M concentration, and eluted with buffers which also contained 
10-4 M acriflavine. No difference was observed in the elution profile, with the.possible 
exception, of a slight rounding off of the peak. However, the top of the fractionating’ 
layer of the PLK column became strongly yellow for about 1.5 cm. The majority of this 
band disappeared when the DNA was eluted. It was clear that the DNA-PLK com- 
plex was still being formed in the presence of the dye, and that dye was still bound 
even after the formation of the PLK-DNA complex. 

The second type of study involved first forming the DNA-PLK complex and 
then passing 0.4 M NaCl buffer containing IO -4 M acriflavine through the column. 
These experiments showed clearly that the complex would still bind the acriflavine 
even after it had been formed. On passing the acriflavine-containing buffer over the 
complex the yellow band appeared again at the top of the fractionating layer, and the 
dye was removed from theibuffer completely, It was not until the top 1.5 cm were 
completely saturated with dye that the eluate from the column again contained acri- 
flavine. The use of a dilute acriflavine solution.in this way demonstrated conclusively 
that the PLK-DNA complex was still able to bind dye. 

Thus, of the two models shown earlier, it would appear that the PLK column 
behaves more like an artificial lysine-rich histone than a free solution of polylysine. 

Com$etitive exchange ex$eriments 
These experiments were designed to show the degree to which a nucleic acid mole- 

cule, once it was bound to PLK, was free to dissociate itself from its binding site and ex- 
change with other bound molecules on other receptor sites. A 1-g PLK column was 
prepared as described previously’ and connected to a Uvicord recording system. In 
this way the eluate from the column can be continuously monitored for UV absor- 
bance. A solution of sRNA at a concentration of 1100 yg/ml in 0.4 M buffered saline 
was first passed through the Uvicord and the position of maximum absorbance noted. 
The column was then connected to the Uvicord and the solution of sRNA passed 
through the column at a steady rate of 33 drops/min. The profile recorded on the chart 
recorder can be seen in Fig. 7s. Once the plateau value reached was the same as for 
$RNA alone the flow was halted and the column washed with 0.4 M buffered saline 
until the absorbance returned to zero. In order to check that all the available binding 
sites on the z-g column were saturated with sRNA the Ioo-pg sRNA solution was 
reconnected to the top of the column and the flow recommenced. The resulting profile 
(shown in,Fig. 7b) indicates that no more sRNA was bound, as the UV absorbance 
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returned immediately to IOO~/~ (with reference to the sRNA solution) once the fluid 
volume of the column had been passed. The column was once again washed with 0.4 
M buffered saline until the UV absorbance again returned to zero. 

Eight millilitres of a solution of calf thymus DNA (IOO ,xg/ml in 0.4 M buffer) 
were then passed through the column at a flow rate of Ig drops/min and followed by 
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‘Fig. 7. (a.) Uvicord ~tracc obtained during the saturation of receptor sites on a 1-g PLK column 
using sRNA at IOO /@ml in 0.4 M NaCl buffcr. 0 -- O-O- 0, maximum UV absorbance of 
the solution before loading; - - - -, washing of column with 0.4 M NaCl buffer hack to zero 
absorbance. (b) Uvicord trace obtained on re-running the sRNA solution through the charged 
column to test that all receptor sites were occupied. (c) Material eluted from the 1-g PLK sRNA 
charged column during the loading of DNA ( IOO &ml) at rg drops/min. (d) O---O-0, standard 
PLK fractionation of the material collected in (c) ; e-_e--e, standard PLIC fractionation of 
material eluted between fractions 14-20 in run of Pig. ye. (c) Elution profile of the 1-g PLK column 
after the loading of the DNA solution, showing the imperfectly bound DNA peak which r-e-runs on 
standard PLIi. columns as normal DNA (see Fig. 7d). 
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0.4 M buffered saline. The recorded profile is shown in Fig. 7c. The material so eluted 
was collected,and found to be 16 ml in volume. .This was then loaded and eluted in the 
usual way from a standard 2.5-g PLK column. Similarly, the material now held on the 
r-g PLK column was also eluted.with a linear gradient of phosphate-buffered saline 
in the usual. way. The’results can be seen in Figs. 7d and 7e. 

The material, which was seen to elute from the r-g column during the loading of 
the DNA, when analysed by PLK chromatography and sedimentation studies is seen 
to be the major peak of sRNA, whilst the x-g column retains a certain amount of sRN A 
but all the DNA loaded. 

Thus, under the conditions of the experiment, despite the fact that all the 
receptor sites on the PLK column were saturated with sRNA, DNA was also held, and 
sRNA was exchanged in a competitive manner. It will be seen from the profile of the 
1-g column, however, that the DNA peak is not sharp but is characteristic of DNA. 
which has not been able to bind all its binding sites to the column. If this material is 
collected, adjusted to 0.4 M NaCl and rerun on another 2.5-g PLK column under 
standard conditions, then the elution profile so obtained is undistinguishable from a 
normal DNA profile (Fig. 7d). 

This type of experiment was also carried out using highly polymerised RNA in- 
stead of DNA and a similar pattern of exchange was observed. This time the highly 
polymerised RNA held on the I-g column gave a completely normal elution profile. 
This contrasted with the pattern of DNA elution at this stage, and would indicate that 
most if not all the RNA binding sites are occupied after the exchange. 

DISCUSSION 

PLK chromatography has now been extended to RNA fractionation and the 
findings obtained so far show that it is possible to resolve different species of RNA into 
separate peaks. We have also shown that RNA fractionation depends in great part on 
the care that is taken during preparation to avoid degradation, as loss of secondary or 
tertiary structure will affect the binding of the RNA to PLK, and hence its salt molar- 
ity of elution. In this context PLK chromatography is a quick reliable method of 
ascertaining not only what type of nucleic acids are in any given sample, but it is also 
a way of determining to what degree each type of nucleic acid is homogeneous, 

The binding of nucleic acids to PLK has now been studied in several ways, and 
from the results a tentative model is proposed whereby certain regions on the nucleic 
acids (termed binding sites), because of their secondary structure and base composi- 
tion, have a particular affmity for short lengths of polylysine. The PLK column acts in 
the manner of a synthetic lysine-rich histone and traps the nucleic acids in an immobile 
complex near the top of the fractionating layer. This complex is not a static entity, but 
in 0.4 M buffer it is in a continuous state of exchange with molecules of a similar na- 
ture, When equilibrium is reached each nucleic acid molecule has a certain number of its 
binding sites fully occupied and it is a function of a number of these binding sites per 
‘molecule which ‘determined the salt molarity of elution. 

Because of this ready exchange, which is probably more dynamic in the smaller 
sRNA molecules, competition for given receptor sites on the PLK column means that 
DNA, because of its larger number of binding sites and more ordered structure, has a 
natural advantage. However, it is not able to complex all its binding sites. Highly 



RNA FRACTIONATION ON POLYLYSINIS KIESELGUHR COLUMNS 467 

polymerised RNA on the other hand, having fewer binding sites and a less ordered 
structure, will have a greater possibility of saturating all its binding sites under the con- 
ditions of exchange, These preliminary experiments open an interesting avenue of 
research into the size and distribution of the binding sites per molecule, and, coupled 
with further dye-binding studies, could reveal more about the mechanism of PLK 
chromatography. 
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