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SUMMARY

The use of foamed polyurethane sponge as a supporting medium in electrophoresis
has been investigated. Segments of sponge were cut to fill horizontal and vertical celis
which are described. The use of the described apparatus is recommended because of
the case of recovery of a preduct free from contamination and because of the latitude
afforded in investigating migration through heterogencous pathways. Thus, these celis
were used in studies on zone electrophoresis and isoclectric migration employing
serum, albumin and preparations of human prostatic acid phosphatase. The appli-
cability of the segmental sponge system to electrophioretic studies requiring either once
or simultaneously sesotal gradients such as density, pH andror ionic strength has
been demonstrated.

INTRODUCTION

Preliminary efforts to isolate human prostatic acid phosphatase by electrophoresis
with starch gel as the supporting medium gave a preduct heavily contaminated with

* Present address: 1677 Beacon Strect, Breokline 46, Mass,, U.S.A,
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68 H. M. DAVIDSON vor. 34 (1950)

soluble starch and protein. In an attempt to avoid such contamination it was decided
to investigate the possihility of substituting an inert flexible plastic foam for the
starch gel. Besides avoiding the introduction of extraneous matter, the spongy matrix
offered the additional advantage of permitting electrophoresis in a segmental system.
Such a system composed of a series of contiguous segments of sponge could be used
to study migration st only within a medium of uniform composition but also along
a pathway of heterogeneous composition, With a ccll so constructed, it should be
possible to study without difficulty the influence of variables like pH, ionic strength
and density separately or simultancously. The fact that an uncontaminated praoduct
might be casily recovered by squeezing out the contents of each segment separately
opened these attractive possibilitics to investigation. Accordingly experiments have
been done to expiere these possibilities and the results which demonstrate the
potentialitics of polyurethane foam in such investigations are reported in detail.
Preliminary reports of this work have appeared?!2,

MATERIALS AND METHODS
Polvuretiiane foam
The plastic foam used in these experiments was preferably of the smallest pore
size stocked by the National Foam and Rubber Co., Boston, Mass. Rectangular
segments could be cut by hand most conveniently from the dry plastic with a Stadie

blade. Disks of foam were stamped out of sheeting by the Palais Die Cut-Outs
Company, Boston, Mass.

Harizontal cell

- Several different horizontal cells were employed. The standard cell (IFig. 1, A) was
made from five strips of 0.318 e thick Plexiglass of the following dimensions: one
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tig. 1. Horizontal cells.
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voL. 34 (1959) ELECTROPHORESIS IN SEGMENTAL SYSTEMS g

piece 30.4 © 5.08 cm, two pieces 304 - 1.27 cm, and two picces 5.08 - 1.27 e,
The above picees were cemented together with Plexiglass Cement (I'ransplastics Co.
of Boston} to form a trough measuring 3o.4 cmlong - 3.33 cm wide - 1.27 cm high.
The two small pieces on the end were attached 0.2 cm above the level of the base
of the trough so as to accommedate a loop of filter paper (Whatman 3). The wet
paper served as a bridge to the buffer in a 230-ml beaker containing a silver chloride
electrode (Perkin-Elmer). In addition to the electrode cach buffer vessel contained
20 ml of a solution of 27, sodinm chloride in water swhich was Inyered bencath
200 ml of baffer solution. Some experiments were made using a cell with a trough
40 cm long < g.05 cm wide - 1.z7 cm high (Fig. 1, ). The latter cell was of one
piece withrits electrode vessels. The end sections of sponge were cut in the shape of
the letter L, one end of which dipped into the buffer solution of the electrode vessels,
thus replacing the filter paper bridges. For work with micro amounts of protein,
a horizontal ceil (Fig. 1, B) with a trough measuring 30.4 cm - 0.3 cm - 1.0 cm
was also constructed*.

The individual segments of sponge were filled by holding them below the surface
of the liguid and repeatedly squeezing them to remoyve as much trapped air as possible.
When a number of segments were to be filled with the same buffer, it was more
convenient to put them into a beaker of bufier solution and heat the mixture to
boiling. After the air had been driven out by this means, the.sections of sponge readily
filled with liquid on cooling. In assembling the ccll. first the paper brnidges wetted
with buffer solution were looped over the end pivces and then the central section was
built up by filling the trough with the loaded segments of flexible polvurethane foam.
The segment containing the solution of protein was generally added last after tem-
perature equilibrium had heen reached.

Next, the horizontal cell was placed on a test tube rack in the refrigerator,
the bridges of filter paper were dipped inte the buffer vessels, and the central scction
holding the sponges was coverad with a piece of glass. Leads from an external constant
voltage power supply (Heathkit Co. or Research Specialties Co.) were clipped to the
silver chloride electrodes and the temperature of the refrigerator was kept at 3°.

To empty the horizontal cell at the end of the run the individual sponges were
lifted out with a spatula and slid into a syringe. The contents of the sponge were then
squeezed out into a numbered graduated conical centrifuge tube. The last trace of
the contents could be removed by rinsing the section with fresh sohition. A small
amount of debris torn from the sponge readily settled on centrifngation.

Vertical cell

The vertical apparatus (Fig. 2) consisted first of a 250 ml Erlenmeyer flask which
served as one electrode vessel. The flask was fitted with a two-holed rubber stopper
in one hole of which was a silver chloride electrode sealed with Pyscal Cement
{Macalaster). The second hole contained a glass tube topped by the inner connection
of a standard taper ground glass joint (size 2y 26H). The inner connection had been
fitted originally with a perforated plate. The central portion of this plate had been
cut out with a vibrating tool to leave only an inner run which served to support the
column of sponges,

* The micro cell was used by . S, 'errex i of our luboratory in the purification of urinaryv
A ) I3 K
B-glucuroniduse of mouse,
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Assembly of the cell was begun first with the lower electrode vessel.
Thus, buffer solution was put into the Erlenmeyer flask so that with the
stopper in place liquid was just forced upward into the glass tube. Then
zo ml uf 129 NaCl were introduced through the joint with a long needle
reaching to the bottom of the flask. If the level of liquid now did not
cover the sponge supporting rim, after the contents had been cooled to
5°, additional buffer solution was added as required.

Next, a glass column 23 cm long with a matching 29/26 standard
taper joint was placed securely on the inner piece and then filled with
disks of sponge containing liquid of the desired composition. The
column of buffer extending from the interior of the flask to the top of

vessel and the sponges.

Certain precautions had to bc observed in assembling and disas-
sembling the column of sponges in the vertical cell. Because the vertical
cell is basically only a column of liquid, it was necessary to add additional
liquid after inserting each disk of sponge in order to raise the level of
liguid in the column to the upper edge of the disk. The additional liquid
was needed to compensate for the space not filled by the sponge and its
contents as well as for whatever lignid was lost from the sponge as it

- brushed against the inner wall of the glass column during insertion, In
\.crfi‘féfc'e"_ this connection, it was also necessary to wipe off the inner wall occasionally

in order not to contaminate succeeding sections that were to be placed
higher up in the cell. At the end of the run the contents of each disk were collected
separatelv. Most of the liquid from each section was expressed within the column ¢x
sifie so that the segment of sponge was moderately dry before withdrawal. This pro-
cedure was adopted to avoid losses that always occurred when a liquid-laden section
touched the inner wall oi the glass column as the sponge was being withdrawn. The
expressed liquid remaining in the column was aspirated by a syringe fitted with a
long needle and was added to whatever residual liquid could be squeezed from the
withdrawn segment. A convenient tool used both in setting up and taking down the
column was a piece of glass tubing 50 cm long, one end of which was closed off as a
small sharp hook for manipulating the disks while the other held a wad of absorbent
paper for drying the inside wall of the column.

After the requisitc number of sponges had been inserted, the rest of the column
was filled with buffer solution. At this point in the procedure the apparatus was placed
in the refrigerator and clamped to a ring stand for support. A second Erlenmeyer flask
containing buffer and salt solutions and a silver chloride electrode was placed
adjacent to the top of the column and supported on a second stand. The hridge
between the liquid at the top of the column and that in the upper electrode was
established by simultancously drawing buffer solution into two arms of a2 U-tube from
the coiumn on one side and irom the flask on the other. When the intersection of the
U-tube bad filed with buffer solution and the bridge was formed, the third arm was
clamped shut thus holding the Bquid bridge in place.

Experimental material

Studies were carried cut with pooled human serum, bovine crystalline albumin
Refercnces p. 78.
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{Armour) and preparations of huma;n prostatic phosphatase at various levels of purity.
The better preparations containing phosphatase -were 50 to 100 times more active
per mg than the initial extract of prostate gland from which they had been isolated?,
Solutions of proteins were dialyzed against the appropriate buffer solution for at least
18 h before electrophoresis,

The buffer solutions listed below were used in the experiments with serum. The
composition of the buffer solutions used in other experiments is given most con-
veniently in the description of the relevant experiment.

Veronal-sodinm citrate, 0.1 tonic strength, pH 8.7

One liter of bufier solution contained 12.37 g of sodium barbital, 1.47 g of sodium
citrate-2 H,0 and 0.521 g of citric acid- £ H,0 and water. This buffer was employed
for the standard boundary electrophoresis (Figs, ¢ and 10).

Tris-cétrate, 0.1 ionic strength, pH 8.5

One 1 contained 30.33g tris-(hydroxymethyl)-aminomethane, 3.5g citric
acid-1 H,0 and water®. This buffer diluted 3 parts to 7 of water was employed in the
sponge electrophoresis of serum (I'ig. 3). Protein was determined turbidimetrically by
the method of Kunitz? and acid phosphatase by the phenol liberated from phenyl
phosphate under conditions deseribed elsewhere?,

Horizontal zonc electrophoresis of serum

The distribution of protein from pooled hurnan serum at the end of a run lasting

21.5 h is shown in Fig. 3. The voltage was gradually lowered during the first 10 h of the

run in order to maintain a current of 7 mA. For ihis reason, the strength of the field

is expressed in terms of the V-h unit which amounted to about 5800 in this case, The
~ current rose to 50 mA by the end of the run, probably because of diffusion of salt into
. the cell proper from the electrode vessels.

The protein jattern swas reminiscent of the one generally seen with normal

- human serum in bovndary electrophoresis. Although no proteins migrated into the
" electrode vessels some moved onto the anodic filter paper bridge and accounted for
- the peak in advance of the major one.
' Other experiments on the migration of serum in the horizontal cell indicated that
 the distribution of protein was determined by a combination of influences. For
© instance, under the same conditions as those obtaining in the experiment of Fig. 3 more
- protein could be retaincd near the cathodic side simply by disturbing the salt layer in
- the cathodic vessel and thus hastening diffusion of salt into the cell. The resulting
" increase in conductivity tended to retard migration of the protein in that vicinity.

Similar efiects could be induced at the other end of the cell by stirring up the salt
- solution in the anodic vesscl.
: In addition peaking of protein has been obscrved under other circumstances.
. When two contiguous segments of sponge were of differ<nt porosities and neither was
o completely filled, lignid was drawn by capillary action into the segment with the
greater porosity {smaller pores). Although two such contiguous segments may have
* contained selutions at the same concentration of protein, more protein was foundin the
. mations used in this paper are Tris for tris(hydroxymethyl)-aminomethane aind SA
- for specific activity (units of acid phosphatase activity/mg of pratein),
“:References p. 78,
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Fig. 3. Horizontal zone clectrophoresis of  Fig, 3. Distribution of serum protein after
pooled human serum. goo mg of proteinin 5ml  electrophoresis on  moist sponge. 4 ml of
of serum dialyzed against o.03 ionic strength serum were placed in a segment at 5.9-6.5 cm
Tris~citrate, pH 5.8, were placed in a section  from the anodic end of the haorizontal cell.
of sponge 5cm from the cathodic edge of the  The rest of the sponges were moistened with
cell, The rest of the sponges contained 0.03 v.083- Tris-citrate, pH 8.8. 300 V were
ionic strength Tris—citrate butfer. Total fields, applied for 45 b at 2 mA,

5800 V-h. Each fraction represents a segment

i cm in width.

segment with the smaller pores because it held the greater volume of liquid. This
phenomenon would sometimes account for the peaks and depressions observed in a
plot of total protein per spoinge against mg of protein/cm and could be avoided by
using sponge of uniform capillarity throughout the length of the cell. However, it is
conceivable that the principle of this phenomenon may be used to introduce liquid
constrictions into the cell without having to change the shape of the horizontal
apparatus.

An additional feature that had to be taken into account especially in the electro-
phoresis of undiluted serum was the movement of material simply becausc of differences
in density of solutions in contiguous segments. By using sucrose to equalize the
density of the buffer solution with that of serum it was possible to decrease the
spreading of densge solutions of protein often observed in aged sponge. In this con-
nection, better control of spreading appeared possible in a vertical column stabilized
by a density gradient, vide infra.

Diffusion from the starting segment of dense solutions of protein began imme-
diately in old sponge. Such movement without the application of an electric field
scemed to be inhibited in new or unused polyurethane foarmn probably because of the
hydrophobic finish on the surface of the material. Microscopic observations have
shown that after repeated use, the plastic material contained fewer cell facings and
fewer residual, unfoamed particles of polyurethane than fresh foam. Also with
reference to diffusion it was observed in electropheresis of serum on new sponge that
had been moistened but not filled with buffer that even after 45 h at 2 mA the spread
of serum was minimal and protein remained in two sharp peaks close to the origin
(Fig. 4). This shows that the protein would not move as a resuit of diffusion in unfilled
SpPOnges.

References p. 78,
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Zone electrophoresis of acid phosphatase across a pH gradient

Migration horizontally along a pathway in which the concentration of hydrogen
ion of the liquid varied from section to section was carried out using a preparation
containing acid phosphatase (Fig. 3). The sections were filled with acetate buffers
ranging from pH 4.0 to pH 6.0 but all 0.03 3 in sodium acetate. Besides the pH
gradient there was therefore, a second gradient of acetate concentration at the start
of the run. The enzyme at the beginning was placed at pH 4.4 close to the region of
maximum concentration of acetate which was at pH 4.0, The current was allowed
to flow in the direction of increasing pH and decreasing concentration of acetate. Most
of the protein migrated aiong with the activity away from the starting point at pH 4.4
but material found at high acétate concentration and at pH 4.15 was observed to have
more than twice the initial specific activity (units/mg). It was also noted that the pH
decreased across the gradient during the course of the run. Although the pH did not
fall below 4.0 at any point, the range of the gradient narrowed during the run and at
the end of expcriment extended only from pH 4.0 to pH 5.2 within a region of the cell
now occupied by protein. About 85%, of the original activity was recovered.

As a consequence of finding that the protein richest in enzyme was located in
the vicinity of high acetate concentration at pI ¢.15, the electrophoretic separation
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Fig. 5. Zone electrophoresis of a prepa-  Fig. 6. A preparation of human prostatic acid phos-

ration containing prostatic acid phos-  phatase with 13.3 mg of protein at 1300 unitsimg of
phatase across a pH gradient made  protein was placed in a 0.5 cm wide section of sponge 1t
with acctate buffer solutions. 3.7 ml cm from the anode. Sponges from o to ra cm and from
with z20 mg of protein at 310 units/mg 31 to 4o cm contained a.o2 Af acetate butfer solution
at pH 4.4 were placed at g.5-10 em  at pH 4.13. All other sponges contained 0.2 M acetate
from the cathodic end. 160 V' were ap-  lLuffer at pH 4.15. ooV at an initial current of 2.2 mA
plied for 18 h with current rising from  were applied for 17 h. TFinal current was 4.0 mA. The
8 to 16 mA. shaded area indicates the specific activity (SA).
. References p. 78.
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of enzyme in such a buffer solution was next attempted. A preparation with 15I0
units/mg of protein served as starting material for this experiment. The sponges were
filled with an acetic acid-sodium acetate buffer which was prepared by bringing a
mixture of 10 ml of 3 37 sodium acetate and 140 ml of M acetic acid to 1 1 with water.
Although here, also, much of the activity moved ahead with the non-enzymic
protein, a fraction was recovered containing protein with a specific activity of 5000,
a level of purity hitherto unequaled (Fig. 6). 839, of the activity was recovered,

Isoelectric conventration of protein in the horizontal cell, (Fig. 7)

The principle underlying separation in a combined pH and potential gradient is
that when the current flows in the direction of increasing pH, proteins within the field
migrate to and remain at the pH corresponding to their respective isoelectric points,

-8
R ]
e 30 pH
o —7
™~
&
X —16
°
k.
[«%
o 20 ds
E
—H4
=43
101
—~2
-11
O O
0 1 !
20 24
+ Distance {cm) -—

Fig. 7. Isoelectric concentration of albumin. Bovine crystalline albumin at 6.5 mg/cm (shased area)
was placed at the start over a pH ranpge of 3-8, The solid line shows the distribution of albumin
after 2 h at 250V, 20-25 mA, The broken line shows the pIl at the end of the run.

This technique has been applied by TisE11Us% and by KoLIN® for the separation of
mixtures in frecsolution and by HocH AND BarRgr? and by McDoOxALD AND WILLIAMSON®
in filter paper.

In order to test this princinle in the horizontal sponge apparaius experiments
were done with albumin. Thus in a typical experiment approximately 100 mg of
crystalline bovine plasma albumin (Armour) in 25 ml were dialyzed overnight at 5°
against distilled water. Fifteen 2-ml poriions containing 7.12 mg of albumin were each
mixed with 1 ml of a combination of two buffer solutions of Kovnin (B and C) so as to
obtain solutions of 3 mt of albumin over a range of pH from 4 to 8. Solution B
contained 300 ml 0.z N HCI, 60 mi H;0 and 100 ml of Solution A per liter, Solution A
consisted of 19.43 g sodium acetate-3 H,O and 29.43 g sodium barbital in water in a
final volume of 1 1. Solution C was prepared by mixing 8oo ml of Solution A with
200 mi of Solution B,

References p. 78,
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The ancode electrode vessel contained zooml of B and 2o mi of a solution of
2% NaCl in water; the cathode, zoo ml of A and zo ml of 129, XNaCl solution.
Sponge segments of the first 14 cm of the cell on the anodic side contained Solution B.
Segments of 0.5 cm from 14 cm to 2I cm were each filled with the albumin-containing
solutions arranged in order of increasing pH. The remainder of the cell on the cathodic
side was filled with se;mantz containing Solution C. In such a system, the albumin
moved froimn both sides of the pH range to peak at a position 17.8 cm from the anode.
The pH of the solution at the position of the peak of protein was 4.4 (Fig. 7).

A similar experiment was carried out with the center section containing buffered
solutions of a preparation of human prostatic acid phosphatase assaying r730 units/mg
of protein (Fig. 8). Under the conditions of this experiment employing the samc
bufiers as in the previous experiment the protein and the activity were distributed in
two major peaks. Protein of the highest specitic activity {twice that of the starting
material) was not associated with these two peaks.
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Fig. 8. Isoclectric fractionation of human prostatic proteins in veronal-acetate—-HC! bufiers,

Protein was placed in the segments from 2 to 18 em, 200 V' were applied for 5 h. Tn the upper

graphs the solid line shows the distribution of units: the dotted line, the specific activity. In

the lower graphs, the solid line shows the distribution of protein; the dotted line, the final pH.
Some protein was lost in an insoluble precipitate that concentrated at 16 cm.

Vertical zone electrophoresis of serum

With the vertical apparatus (Iig. z) particular attention had to be paid to
differences in density that exist at the start or that might develop owing to the
concentrating of a component during the course of *he run. Therefore, care had to be
taken to set up the column in such a manner not only that solutions of lesser density
were placed above denser ones, but that the gradient was maintained throughout the
run. Because the design of the apparatus permitted placement of the test material
anywhere in the column, the protein may be so placed as to migrate upwards through
a negative or downwards through a positive density gradient, The subject of density
gradient electrophoresis in free solution has been explored in detail elsewhere?2%,

Fig. g shows the distribution of protein from pooled human serum which was
placed near the bottom of the column and allowed to migrate upwards in the direction
of decreasing density. In addition to the density gradient the ionic strength increased
. References p. 78.



70 . M. DAVIDSON vor, 34 (1959)

in the same direction so that the protein moved up through a region of increasing
conductivity. The effect of employing a gradient of ionic strength which increased in
the direction of migration was to retard the advance of the fastest components. At
the end of the experiment, boundary patterns werc obtained on the material isolated
from the starting point and from the forward edge of the migration. The difference in
the patterns indicated that true electrophoretic separation had occurred.
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Fig. 9. Upward migration of serum in the vertical cell through gradients of ionic strength and
density. Segment Noo 23 originally contained 0.75 ml of pooled serum that had been dialy ted
against 0.03-2 vercnal-citrate at pH S.7. Applied voltage was from 365 to goo\V for 30h
{15.000 V-h}: the current, 15-1¢ m.\. Boundary patterns are shown for pooled human serum
{bntkom) and for the contents of segments No, 23 (middle) and No. 8 (top) at the end of the run.
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Ifig. 10, lsuclectric fractionation of human serum in gradients of pH and density. iXstribution of

protein is indicated at the start by the shaded area and at end by the solid cireles, Open circles

indicate initial pil; dotted line eguals final pH. Bouwadary patterns are given for the contents of
segments No. 25 (lower) and 24 (upper).
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Isosiectric concentration and fractionation of serim proteins in the vertical cell

In the experiment shown in Tig. 10, a steeper density gradicnt was used in order
to accommodate the high protein concentration expected at the point wherc the
serum albumin might accumulate. The pH range of the buffers and their composition
in this experiment were the same as had been used in previous horizontal isoelectric
concentration experiments, vide sipra, except that the huffer solutions here contained
varying amounts of sucrose. Protein precipitated in the region where it was expected
to and actually did concentrate. This precipitate dissolved casily upon addition of a
few ml of 0.9% NaCl Boundary clectrophotesis patterns even of tha adjacent fractions,
25 and 24, showed differences. No sponge contained protein corresponding to the
serum gammae globulin fraction. It was suspected that the gamma globulin must have

moved out of the cell into the cathodic clectrodes vessel, which, in fact, was found to
contain a substantial amount of protein,

DISCUSSION

These investigations were undertaken in an effort to avoid contamination that
resulted from the use of starch gel as a supporting mediwm in the purification of
enzymes by zone electrophoresis. Extracts of the gel alone gave a positive reaction
in the Lowry®? determination of protein as well as a positive iodine test for starch.
The substitution of a supporting medium made of polyurethane foam eliminated the
problem of contamination of the product with starch and foreign protein and at the
same time introduced certain other advantages inherent in the properties of the plastic
material especially when arranged in segments.

One major advantage stemming from the use of pre-cut segments of flexible
foam is the ease of recovery of each fraction at the end of the run. In addition once
a set of sponges had been cut to fit a cell, the set could be used repeatedly. The most
- atiractive feature of working with this materiai, however, was the latitude it afforded
in designing cells that varied in composition from section to section. Accordingly, it
was possible to carry out electrophoretic experiments not only in the conventional
manner in a medium of constant buffer composition throughout the cell but also in
cells in which, for instance, the pH, ionie strength and density were varied at will

along the path of expected migration. It thus became possible to apply the segmental
" cell to the study of the electrophoretic behavior of mixtures of proteins when subjected
to the influence of one or more gradients of these three types.

The sponge system was especially useful for performing experiments based on the
technique of iscelectric fractionation which requires a pH gradient. The rather
considerable concentration of protein which occurs as a consequence of the iscclectric
technique is an attractive feature where the objective is simply onc of concentrating
- dilute protein solution.

From these experiments it is recommended that when dense solutions are
investigated ciectrophoretically in the sponge system, the zones should be stabilized
by employing a density gradient. This was done conveniently in the vertical cell. This
objective is met also by the apparatus of SvEnsox!l. It should be pointed out that
the problem of droplets that form during zone electrophoresis in a sucrose density
o gradient (BR.KKE1®) was not encountered in the sponge system,

: The merits of foamed polymers other than the polvurethanes available to us
o References p. 78.
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have not been explored here. Besides the wide variety of polyurethane foams, there
are other materials such as polyether and rubber which might offer unique advantages
in electrophoretic studics especially in view of the possibility of synthesizing them to
conform to the special requirements of electrophoresis investigations. MIiTCHELL AND
HERrzZENBERG!® have reported on the use of foam rubber in zone clectrophoresis and
very recently WiLrs'* has reported on the purification of hog pancreatic lipase using
zonc electrophoresis on a flexible plastic foam,

Tt should be noted that electrophoresis through a supporting medium of plastic
foam involving migration through the holes of a lattice is quite different from electro-
phoresis through a medium of packed particles (e.g., starch granules). The sorption
effects so pronounced in the latter process which may or may not assist the resolution
of the components in the mixture should be minimal in an essentially open system.
Tt is conceivable, however, that with a sponge matrix of the appropriate chemical
composition bencficial sorption effects may be reintroduced into the system without
sacrificing other desirable ones stemming from the peculiar features of the sponge
material in electrophoresis.

TFFinally it would appcar that the scgmental sponge system would offer some
additional advantage should the investigation require the use of multiple gradients or
especially one or morc regions of marked discontinuity of composition within a density
gradient. In this regard it is not unlikely that one might incorporate adsorhients or ion
exchange materials within one of the segments of sponge of the column if such an
inclusion promised to promote the isclation of a desired product.
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