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ABSTRACT

CONTINUCUS ELECTROPHORESIS AND ICNOPHORESIS
ON FILTER PAFER

9BJRCT

It was the object of this investigation to 1mprove the continuous
electrophoresls method which has recently been reported by Svensson and
Bratisten in order to make it more convenient. and generally applicable to
separatlons of minute amounts of biological materials and to make it mpre
ea31ly controllable,

This objective has been achieved by modifying the method of Svensson
and Brattsten in light of experience obtained in the investigation entitled,
M4 Mjcroelectrophoretic and Microionophoretic Technique,™ (Project No.
6-64~12-06, Sub-project MDFRL 06-(18)) and ths investigation entitled,.
WTywo-Dimensional Microelectrophoresis and Microionophoresis,™ (Progect No.
6~64-12-06, Sub-Project MDFRL 06-(38)). Filter paper curtains have been
sgbstltuted for the lucite box packed with QlaSb powdeér utilized by Svensson

anghBrattgtgn,_ Cgpillary forces have been utlllzed t0 obtain even constant

feed of both background electrolyte and the(materlal belng separated.

- This dpparduus , in common with the & apparatus dsveioped by SVehR335h
and Brattsten permits application of an electrical field at right angles

to the flow of fluid downward by gravitatlonal forces. The application of
the electrical 1ield causeés deéviation of charged components passing down

the papér to a degree depending upon their rate of flow down the paper
curtain and their lateral moblllty under the :conditions of separation (pH
jonic strength and magnitude of applied electrical field, etc.). A serrated
bottom edge of the paper affords "drip points,* permittlng the collectlon

of various fractlons.

The course of separation can be followed by any suitable means of
analysis of the fractions collected. Sometimés a conven:ent method of
locating fractions which cortain desired components is to remove the filter
paper curtain after the run and treat. it by some means to follow the paths
through which the ions have migrated (for example, in the case of amino
acids, by spraying with ninhydrin).

CONGLUSIONS

The method here reported affords sharp separations and as a result
of the simplifications permitted by utilizing capillary forces for feeding
has proved to be couvenient and eagily operated even by unskilled personnel
with minimum attention.
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found that many types of chargpd substances, 1ncluding amine 301d3,‘peptldé;,
serum protelns, and inorganic ions may be easily ueparated.
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CONTENUOUS ERECTROPHORESIS AND LONOPHORESIS .
O FILTER PAPER '

I. IKTRODUGTION

Svensson and Brattsten (1) have recently reported a methoed for carry-
ing out electrophoresis continuvously. Their apparatus comsisted of a lucite
box packed with glass powder as an anticonvegtion agent. A4t the lateral
edges of the boxX, vertical filter paper diaphragms separated the glass pov-
dér from electrode compartments in such a manner that an electrical poten-
tial could be applied at right angles to the domnward fiow of £luid which
was admitted continuously along the top of the glass powder through 24
individually controlled glass tubes. The mixture comprising ienic species
of different mobility which was to be separated, was continuwously fed through
a single tube at some intermediate position at the top. Thus, as the fluid
flowed down the box through the glass powder; ions were deviated from their
initial herizontal position more or less laterally at some constant angle,
depending upon their particular mobility under the conditions of the ex-
periment.

 Twenty-eight collecting tubes, distributed in a horigontal line along
the bottom of the box permitted various fractions to be withdrawn. The
method was shown to be suitable for the separation of a variety of charged
substances. : N °

-¥:i% METHOD AND APPARATUS
/ T Py <

Although this method is admirable in its ingenuity, as a2 practical

NG R sSpesiaa gy iSaw S N A
mattexr it demands very careful. adjustment and constant attention in order to
obtain satisfactory separations. It is the purpose of this report to des-
cribe simplifications and modifications of this techniqus which substantially
increase the utility of the method and parmit separations to be performed
without constant attention.
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Svensson and Brattsten (1) recognizéd that filter paper might be useful
for developing a smaller gcale preparative apparatus according to their
principles and suggested in light of the present author's demonstration that

such an apparatus could be mage by clamping filter paper sheets between
glass plates. Strain {4) has lrecently made an apparatus according to this
principle with which he has syccessfully separated various inorganic ions.

ment~ "were carried out in filter papers hanging over the edge of a con-
tainer," but they abandoned this procedure "baecause of difficulties with
evaporatipn and because greater capacity was desired." The fact that
experience in this laboratory had showh that sometimes sharper separations

can be obtained on paper hanging freely in a vapor spacé than on paper which
is supported on one or both sildes by glass strips prompted a reinvestigation
of this type operation, There\follows a description of an apparatus in
which separations according to This principle have been carried out success-
- adl lyr )
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Elgpge~iclllu§tx&tes the basic principle of the method. A4 filter

: paper shesh i3 shown bapging from the edge of 2n elsctrolyte reserveir,
The sheet is cut in such 2 mapner that its lower edge affords tabs which
dip into the electiolyte vessels (a detailed diagram of the sheets used in

. _ thess expariments is shown in Figure 2). Between the alectrolyte tabs, the
e@gp xs s@rratei to affovd "drig»901nxsqm AL some 9031t10n at the tqp or
erwl@al cu&s an& opg hgrlngxal cux to free the top and bendmng_thp.tab
forward. The mixture to be separated is eogtinupusly fed to this tab by
meapns; of a filter paper wick. Generally the wick is made of the same
filter paper as the filter paper curtain. Background electrolyte contins-
wously "siphons™ into the paper from the electrolyte reserveir and passes
down the paper. Alonggulth it passes the mixture being separated (in the
absence of an applied electrical potential as 2 narrow band). If an
electrical potential is applied across the filter paper cwitain, the
various mobility spscies are deviated toward the anode or the cathode as
the case may be in accordance with their itherent mobility relatiopship&.

Figure 1 shows the separation of a hypothptlcal mixturs comprising
four distinct mobility species desigpated I, II, III, and IV, It is
evident, that the experimental @rranggmgnx shown nermits collection of the
separated materials from the various "drip points.* Of course, it is
necessary, in order to obtain thlmnm,resulta with this method, to maintain
a steady state, that is, it is important to feed electrolyte at a constant.
rate and the mixture being separated at a constant rate, to maintain the

- electrical field constant and to maintain the tempgrgtuge reasonably con-

stant. To afford this, it is necesgsary 46 add certain relIncmpnts to the

basic principle illustrated in Figure 1.

‘These Includs provisxons for the mainbenance of the £uid levels in
the electrolyte reservoir and electrode vessels. Tn; is conveniently
. ._ _ accompkishéd by providing overflow tubes in these vessels and by continu-
i ously feeding the background electrolyte to the electrolyte reservoir at
a rate slightly in excess of that rate at which it is "5_1.phczx_1_ed.'~' out by the
_ filter paper curtain. It is convenient from a mechanical point of view to
permit the excess electrolytc in the reservoir to overflow “and pass by

gravity doWn to one of the electrode vessels.

A second major consideration requires that the rate of evaporation
on the paper curtain which is augmented by heating incidental to the flow
of electric current be controlled in such a manner that a steady state
with respect to this factor be maintained also. )
This has been effected by isolating the filter paper curtain from
the atmosphere by a cover made of lucite. The cover is designed with a
tpeaked roof" so that any condensed electrolyte will not drip from the
| cover onto the paper but will flow dcwn the walls of the cover. An added -
refinement has been the provision of gutters on the inside of the cover
to lead any condensate into the electrode vessels from which it can over-
nflow. By taking these precautions, no difficulty is experienced in obtain=
ing an over-all steady state (equilibrium) even when distillation from the
paper takes place at a rap;d rate. ’
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.rinsing., It 3s a simple V trough through one 31e of which a 5/8% hole has

. In general, however, it is best to choose operating conditions which
will result dn low distillation or evaporation rates except wben volatile

glectrolyte systems are employed., (For example; agueous solubions of
acetic a01d.)

[~
?

Figure 3 consists of photographs. of different views of the cell which °
has been developed for continuous paper electrophoresis and which permits
two filter paper sheets: to be run simultaneously. The various parts are
labeled in Figure 3B. The cell is made of 1/L" and 1/8" Lucite cemented
with "H-94 cement" and consists of L separate parts. These comprise a base
and lateral wall section A, a removable electrolyte trough B, a removable

shelf €, and an enclosing cover D. The base section is made to contain

electrode vessels E and E' which are integral parts thereof. Each electrode
vessel is. provided with overflow tubes P and B in order to maintain a con=
stant level therein. Electrolyte overflon is collected in beakers G and G'.
Platinum foil electrodés H_and H' are shown in the electrode vessels. The
platinum wire electrode lead is admitted to the electrode vessel through-

a small hole above the electrolyte level through the lateral wall of the
base section. The electrode vessels are separated by a base plate carrying
2 parallel rows of 5/8" holés. These provide a place of exit for the "drip
points" (in a more recent model cell, this construction has been somewhat
simplified by replacing these holes with 2 parallel narrow slots) A ‘
special Lucite test tube rack is: shown carrying 14 test tubes in appropriate {
relationship to the 14 "drip point" exit holes. The lateral walls are
further supported by a bracing member 1 and carry cleata for the suppont

~of the _electrolyte tnougn, s

The elecbrolyte trough B has bcen made removable for ¢envénience iif

been dritled to garry bhe bent glass ovérflow tube & which is admitted to
the trough through a rubber stopper. The overflow tube maintains a con-

- sbant_Yevel in the trough by virtue of the conditlon that electrolyte is

fed at a rate siightly in excess of ﬂhe rate at which it is Msiphoned® from
the trough by the filter paper. The electrolyte is fed to the trough through
an adjustable tubing clamp from an overhead siphon bottle (not shown) through
a 90° glass jet K carried by a rubber stopper passing through a hole in the
lateral wall of the base section. The overflow electrolyte passes downward
to electrode vessel E.

A narrow Lucite shelf C is provided for support of the vessel (e.g.,
watch glass, etc.) containing matérial to be separated and rests on the
end sections of the electrolyte trough, 4 hole is driiled in one end of
the shelf to permit direct entry of the electrolyte to the trough from the
Jet Kn

The cell is completed by a cover section which carries a Upeaked =

roof" so that any condensate will flow down the walls and will not drip onto
the paper. Gutters M and M' which are made of small strips of Lucite ce-
mented on the inside of the cover D lead any condensate laterally into the
electrode vessels, thus preventing collection of condensate on the bottom
base plate where it might dilute the varlous fractions being collected. ’
The cover is so designed that it can be removed without disconnecting the
electrode wires or electrolyté supply tube. This is convenient since it
permits photographs to be made diréctly of the paper during the course of
separation (e.g., see Figure ).




The apparatus is placed on a leveling table N which permits the
edges of the trouch to be luveled so that flow of electrolviae ie uniform

along the entire width of the paper.

III. EXPERIMENTAL

The following experiments were all carried out in cells of the type
illustrated in Figure 3 and the filter paper sheets were all cut exactly
as indicated in Figure 2. The other experimental conditions are enumer-—
ated in the wvarious experiments.

Experiment 1: Figure 4 is & photograph taken durlng the course of
a separation of a commercial preparation of acid fuchsin (Coleman and Bell).
The acid fichsin was dlssolved in N/L acetic acid to result in a concen-
tration of 4 mg./ml. This solution was fed by a 1 mm. wide filter paper
wick to a tah located 10 cm., from the cathode edge of a sheet of S & S 598
filter paper. The background electrolyte was N/4 acetic acid. A potential
of 800 Volts was applied across the platinum foil electrodes. After about
1 hour, a steady state had been established and a current of 4 milliamperes
was observed to flow coristantly throughout the remainder of the experiment.
After the potential had been applied for 2C hours, the cover of the cell
was removed and the photograph (Figure 4) was taken. When the sheet was.
inspected under visible llght 7 distinct gzones corresponding to various
mobility species present in the acid fuchsin are evident. (Acid fuchsin
is Known to be a mixture of polysulfonic acids of pararosaniline.) The
z0nes were distributed as followsi component 1 migrating into the cathode
compartment; component 2 belng withdrawn from drip points 2 and 33 com=
ponent 3 belng withdrawn from drip point 7; component 4 being withdrawn
from drip point 8; component 5 being withdrawn from drip points 10 and 11;
component 6 being withdrawn from drip peoints 13 and X3 component. 7 mlg“at~
ing into the anode compartment. The sheet was removed from the apparatus
and dried in the oven at 130°C, for 10 minutes, supported on a glass.
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drying rack., Inspection of the dried sheet under an ultraviclet lamp .
showed the presence of 3 additional fluorescent zones. The first of these
was of blue fluorescente and located lateral to component 1 and accompanied
it into the cathode Vessel, The second zone was of yellowish fluorescence .
and was located medial to component 1 and also accompanied it into the
cathode vessel. The third zone was of a more marked degree of blue fluor-
escence and was withdrawn from drip points 5 and 6. .

Although the various mobility species were not further identified,
this experiment clearly showed that at least 10 distinct mobility species
are present and perhaps some of these fractions could be further resolved
under other experimental conditions.

The dye acid fuchsin has proved to be very useful as a test sub-
stance during the developmental phases of the present technique because
most of the individual mobility species. are not adsorbed on fllter paper
in acid electrolyte SOLutlons.

Because considerable difficulty was encountered in previous investi~
gations (2, 3) when attempts were made to separate ions which are strongly
adsorbed on filter paper it was thought worthwhile to investigate whether
strong adsorption would interfere with the present tzachnique. The following




experiment was carried out with acridine orange to test the applicability
of the method in the case of strongly adsorbed ions.

Experimént 2: Figure 5 is a photograph of a curtain resultlng from
a separation of a commercial preparation of acridine orange \purchased
from Eimer and Amend, N.Y.C.). The acridine orange was dissolved in N/A
acetic acid to result in a concentration of appraximately 1 mg.ml. ’ ’

A,

The dye solution was fed by a 1 mm. wide filtexr paper wick to a tab
located & mm. from the arode edge of a sheet of S & S 598 filter paper.
The background electrolyte was N/ aceti¢ acid. A potential of 1,000 volts
was applied across the platinum electrodes. After a steady state had been X
established, a current of 6.6 milliamperes was observed to flow constantly
throughout the remainder of the experiment. The photograph was taken :
after the current had been applied for 96 hours. i 3
This preparation of acridine orange was observed to. contain a non-
fluorescent red impurity which was even more strongly adsorbed than was
the acridine orange. During the course of the experiment, a period of
almost 2 hours was required for thé acridine orange zone to extend down
to the bottom of the paper (drip points 6 and 7), However, during this
period, the red impurity had progressed only about one-~third of the way
down the sheet. At the end of 96 hours, the red impurity was just begin-
ing to redch drip points 5 and 6. The significance of this experiment
will be discussed hereinafter. ﬁ

Experlment 3: A test mixture comprising 9 amino ac¢ids in equimolec-
ular proportions (arginine, glycine, alanine, valine, serine, threonine, s
phenylalanlne, proline and aspartic acid) was prepared by dissolving them
in distilled water with the aid of a few drops of ammonium hydroxide to
result in a concentration of 0.04M. éach: This mikbure was fed by a- X M. E
wide filter paper wick to a tab located 3 cm. from the anode edge of a
sheét of Whatman No. 3 MM filter paper. The background electrolyte was. .
1 N. acetic acid. A potential of 900 volts was applied across the platinum
foil electrodes. After about two hours a steéady State had been established
and a current of 8 milliamperes. was observed to flow. Fractions were
collected from various drip points for a period of approx1mately 16 hours
after which time the filter paper curtain was removed, dried in an oven
and sprayed with ninhydrin to develop color in the usual manner,

Figure 6 is a photograph of the resulting sheet.° Examination of
collected fractions after concerntration by the technique of unidimensional
paper ionophoresis as described by the author (2) established that the
material migrating into the cathode vessel was arginine. The material
collected from drip point 3 and 4 consisted of glycine with traces of
alanine vhile the material removed from drip points 5 and 6 consisted of
alanine with traces of glycine. Although direct visual inspection of the
ninhydrin-developed sheet showed more distinct zoning in the areas feeding
drip points 7-11 than is evident in the photograph, more pronounced over-—
lapping of the remaining components was observed in this section although
neither glycine nor alanine was detected in thege zones, The material
collected from drip peint 7 consisted of valine, serine and threonine
while the fraction collected irom drip point 8 contained principally




threonine and phenylalanine with lesser amounts of serine and proline.
The fraction collected from drlp p01nt 9 consisted of phenylalanlne and
}'..‘:“‘1"":‘; "’l'i:;}.—e the fraction collscisd frea z....}'} ri‘)f:':.t Rio Lvuoa.o':‘avu" o33

proline and aspartic acid. The fraction collscted from drip point 11
cogsisted of aspartic acid with only traces of proline.

Experiment 4: This experiment illustrates the,separation of a
serum protein mixture. When a normal human serum sample is separated by
this method the zones corresponding to albumin and gamma globulin are most
prominent (beceuse of their greater concentration) on the resulting pat-
terns prepared by thé ccagulation and dyeing technique described by the
author (2). Because it was considered desirable to illustrate that Serum
protein fractiens of intérmediate mobility are separated as well as the
fractions of the extreémes of the mobility range of serum protelns, a test
mixture containing more than the normal concentration of these inter-
mediate components was prepared by mixing 1 ml. of each of two abnormal
serum samples and adding 1/2 ml. of a commercial preparation of human
"immune globulin." This mixture was dialyzed against 500 ml. barbiturate
buffer pH 8.58 (0.025 M. in sodium diethyl barbiturate and 0,005 M. in
diethyl barbituric acid) for 48 hours at 1°C, Same coprecipitation of
proteins occurred during dialysis, therefore, the mixture was centrifuged
and the ‘supérnatant taken as the test mixture for separation in thé follow-
ing manner:

This mixture was fed by a 1 mm., wide filter paper wick to a %ap
located in the center of a sheet of Whatman No. 2 filter paper. The com-
p031tlon of the background electrolyte was the same as used for dialysis

glycerol to increase its viscosity. A potential of 600 volts was applied
across the platinum foil electrodes and after two hours when a steady
state had bsen achieved; a current of 3.7 milliamperes was observed Lo
flow. After 6 hours the sheet was removed, dried in the oven and dyed
with bromphenol blue by the author's methed (2).

Figure 7 is a photograph of the significant portion of the result-
ing sheet. Inspection of this figure reveasls four distinct colored. zones.

An examination of the fractions collected at the drip points (after con-
centration by partially lyophilizing these fractions? by unidinensional
paper elsctrophoresis by the author's method (2) showed that the fractions
collected at drip points 6 and 7 consisted of gamma globulin. Drip point
8 gave a mixture of beta with traces of gamma globulin., Drip point G
provided a mixture of beta and alpha,globulins. Drip point 10 provided a
mixture of alpha, and alphal globulins and albumin., Drip point 11 yielded
a mixture of alphaj globulin and -albumin.

“i{V. DISCUSSION

Svensson and Brattsten (1) have given a theoretical treatment for
gseparations in sgystems without evaporation and with uniformly distributed
electrical fields. Theoretical treatment of the present system is made
more complex by two conditions which are present. These are: :

1. The electrical field distribution is not uniform owing to the
configiration of the paper curtains. (It increases in strength as the
bottom of the paper curtain is approached.) -
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2. The electrolyte concantration (except in the special. case of
azeotropic mlxtures) is continuously increased as the bottom edge of the
papsr cursaisn iy apyxaqu1ua a5 § Teswit of u&ou*;@qh;on. & Séﬁéﬁda“y
factor is the uneven distribution of eXectrolyte on the ¢urbtain as a
result of factors 1 and 2. In view of these difficulties, no rigorous
theoretical treatment will be attempted. However, certain remarks with

regard to practical aspects of the method are in order.

In general, allowing for the consideratlons mentioned above,
the position on the filter paper curtain of a given ion at any instant
will be the resultant of its rate of flow down the sheet due to gravi-
tatlonal and capillary forces and its lateral deviation due to its charge
in the eledtrical field (mobility). Thus, in selecting proper experimental
conditions to effect a proposed separation it is necessary to consider the
subordlnate factors which determirie these two basic factorse

With regard to selecting the optmmnm field intensities for a
given separation, several points must be taken into consideration.
In general, for a given flow rate down the paper curtain, the higher the
field intensities the better the resolution attainable, for a given set
of experimental conditions. However, since heating is incidental to the
passage of current, when separating labile substances (for example, protein
mixtures) it may be desirable to employ low currents in order to permit

separations to be effected at low temperature at some sacrifice of resolu-
tion.

The present method when compared to the method developed by
Svensson and Brattsten (1) or by Strain (L) which are adapted to utilize
conduction for cooling suffers them the disadvantage that thé only pro-
cesses available for cooling the filter paper curtain are radiation, con-
vection, and evaporative cooling. However, the convenience of this method
and the fact that it appears to afford higher degrees of resolution than

qva+nmq in whiash tha nnpnr 1e ennnnrrnn BA Bha or hoth sides nv A mlﬁqq or

plastlc sheet cooled by an 1ntermedlate immiscible hydrocarbon phase
(see footnote™ ) warrants its use in the separation of even labile mix~

+urss if mroper mrecautions are smplovad Lo nravent ovarheatiné . ODf oconram
WAL DS by rJL VH\I‘ H& W WU VLAWVALYT QL W \lluy VJ\-I\A y - —— NNy

for separations of stable materials the problem of cooling is of little
practical importance under ordinary experimental conditions.

These heating effects mentioned above may be particularly
troublesome where non-volatile background electrolytes are employed.
¥lhen currents are too high, distillation may become too rapid and the ‘water
from the electrolyte may be evaporated so rapidly that the downward rate
of flow is not sufficient to "wash the paper free'" of the resulting con-
centrated electrolyte and in extreme cases electrolyte solids even may be
deposited, thus destroying the necessary steady state. Nevertheless, under,
certain circumstances, it may be desirable to operate at currents just
short of those causing deposition of solids since, thereby, more concen-
trated fractions are delivered from the "drip points." In other words, if
materials being separated arg stable the maximum permissible current is
that value which is just short of that resulting in deposition of solids.
Under these conditions, it is possible to maintain a steady state and use-
ful separations can be effected.
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In cases of separations where volatile background electrolytes
are employed; generally higher currents may be tolerated providing com-
ponents of the mixture being separated do not deposit as solids (and of
course are §table).®

°

* An intefesting phefomanon; which sometimes has besn observed in these
experimcnts, is a tendency for some électrolyte~paper systems when used
in the cell described, to "automatically® adjust the eléctrical current
flow to some fixed value.

This first was observed when a background electrolyte consisting of
1. N, acetic acid in 10 per cent ethylene glycol was studied as a medium
for the separation of amino acid mixtures on S & S 598 paper. It was .
observed tha# when a potential of 1400 volts was applled that the initial
current flow was approxlmately 8 MA.; however, very quickly the current
fell to about 2 MA.and remained constant at this value. It was then
determined empirically, by simply changing the applied potential, that there
existed a maximum current of 4.2 MA. which could be steadily maintained;

this current flowad when & potential of 80U volis wds &pplisd; At potan-

tials abovs or below this value the maximum current which could be steadily
maintained fell to lower wvalues.

The explanation for this phenomenon is probably as follows: At a high
potential the initial high current results in considerable heating with
rapid distillation of the volatile slectrolyte from the paper (particularly
in the zone between the electrolyte and the base of the paper when the
paper is cut as shown in Figure 2). A8 a result of this loss of electroly%e,
the electrical resistance on the paper increases and less currént can flow
with less heating and less distillation, ete. Since electrokyte is con-
tlnuously being "siphoned" into ths zone from above, a dynamic equilibrium
is established which determines and holds the current constant for a given
set of experimental conditions. o

Th is obvious that this principle could bé'easily adapted.to provide
a 51mpl¢ method for automatically conurolllng electrical currents within
cengeiti ‘ranges.
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The current which flows for a given electrolyte is directly
proportional to ‘the applied voltage. However, this may not be a linear
function in view of the factors considered above. 4s a practical matter,
it has been found desirable io operate the appanatug daseribed at constant

RS SSLSe

'voltage,¥*®

Since electrolytés of low ionic strength permit higher intensity
electrical fields to be applied with’relatively low current flow, it is
often desirable to operate at minimum permissible electrolyte concentrations
(as dictated by other factors such as prevention of the precipitation of
proteins, required pH, etc.). For the same reason it is desirable to avoid .
attempting to separateé mixtures which are too concentrated. For example, L
although in unidimensional separations on paper (2,3), it is not necessary
to dialyze serum proteins, better resolution of protein mixtures is attained
in bhe present method when the mixture being separated is dialyzed against
the relatively dilute barbiturate buffer prior to separation.

Several methods are available for regulating rate of flow down
the paper. Many types of filter paper are available in various degrees of
porosity and thickness and in general thick coarse papers afford more rapid
flow {and poorér resolution) than thinner more compact papérs. However,
flow of background electrolyte down the paper may be controlled to some
degree by adjusting the fluid level in the electrolyte reservoir with .
respect to the height of the upper edge of the sheet. Also, when it it ’
desired to feed electrolyte to the paper at a rate less than the maximum
for a given paper, it is possible to serrate the upper edge dipping into
the electrolyte reservoir so that the flow is regulated by the depth to
which the tips are immersed in the electrolyte. Sométimes a ussful modifi-
cation for locally controlling the Tlow rate down the paper is to apply
added thicknesses of filter paper to the paper curtain where they adhere ’
by capillaty forces as shown in Figure 1 by the dotted lines in areas (4).
This permits grsater ¥olume and rate of flow of electrolyte down the edges
of thé paper curtain than in the center. Thus, a rapidly migrating com-
ponent. which might otherwise migrate into one of the electrode compartments .
would, thereby, be caused to deviate into. one of the lateral drip points. |
Also, this modification may permit higher currents to be employed .since the
local resistance at the electrode tabs is, thersby, reduced. The point of

highest electrical resistance in the system is of course at that part of the
paper between the fluid level in the electrolyte vessels and the base of the
sheet. The lower dotted lines in Figure 1 encompass these areas (B) in which

El

#* Consden, Gordon and Martin (Biochem. J. 40: 33 (1946)) have pointed out
the desirability of utilizing well-filtered full wave rectified alternating
current because it permits a greater field strength with less heating than

a half wave rectified potential source. In this laboratory full wave
rectified power supplies are fed from constant voltage regulators of either
the saturable reactor type (e.g. General Electric Co. Voltage Stabilizer,
Cat. No. 69 G 852) or the electronic type (e.j, Sorensen & Co. Model 1000 8),
both of which have proved to be satisfactory.




it is sometimes desirable to add an extra thickness of filter paper when
high currents are caused to flow since, thereby, local heating can be
reduced.

Another experimental variable which has been utilized to advan-
tage under some circumstances is the addition of an inert material to
the background electrolyte in order to increase its viscosity for the dual
purpose of reducing flow rate down the paper curtain and augmenting the
anti-convection properties of the filter paper curtain. For example,
both glycerol (see experiment 4) and propylene glycol have been success-

- fully utilized in protein separations to reduce the flow rate down the

paper curtain, These two substances have been found to be practically
without effect upon the pH of many electrolyte systems in concengrations
of the order of 10 to 20 per cent .3tk

Another advantage when utilizing thése substances is that the
vapor pressure of the electrolyte is reduced and, therefore, a given
curfent results in less distillation frem the filter papér curtain.

Factors which are more directly concerned with the amount of
material which may be separated under a given set of circumstances in
a given interval include the feed rate which is conveniently controlled
by altering the width of the filter paper wick, The maximum permissible
rate of course depends upon the degree of resolution sought and the thick=
ness of the .paper as well as the dimensions of the apparatus. There exists
no theoretical reason why apparatuses of larger siZe could not be built
which, Jdnder proper operating copditions, would of course give improved

iy IO B L. B (ear e B
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¥ Abramson, H. &. (Science 110: 716 (1949)) has used glycerol in
electrophoréetic separations of proteins &t room temperatureé.

#k Separations have been carried out in a cell similar in principle to
that described herein but which was adaptéd to handle curtains of Tiiter
paper as large as 60 x 60 cm., The curtains were cut in this apparatus to
provide 34 drip points, ' ‘

>

Preliminary tests were carried out in another apparatus built accord—
ing to the principle described herein but adapted to utilize an immiscible
hydrocarbon phase (heptane) as a cooling and sealing medium about the filter
paper curtain in a manner .analogous to that developed by Prof. A: Tiselius -
and D, Campbell (personal communication) for cooling filter paper strips
during electrophoresis. (See also Cremer & Tiselius, Biochem. Zeit.

320: 273 (1950)). .

Preliminary results have been disappointing because of the observed
tendency for applied test mixtures to spread at the paper electrolyt?n
hydrocarbon interface with comparatively poor resolubtion. It is belleYed
that this phenomenon perhaps explains why our results with paper curtains
supported by glass or plastic sheets gave relatively unfavorable degrees
of resolution, It is possible that the employment of surface active agents
will correct these difficulties. Further evaluation of this methed is in
progress.
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ation which permits separation to occur, is. tie condition that the adsorbed

Experiment 2 indicated that the method is alse applicable to the
separation of materials which are strongly adsorbed by fMlter paper. It
is believed that the underlying mechanism peculiar tc this type of Qper-

ions are continuously fed te the paper and thus gradually "saturate® a
path down which subsequently passing ions can praceed at such a rate as °
they are applled (after the entire path has become daturated). Of course
this process is visualized as a dynamic equilibrium situation and the
fundamental consideration governing it is the adsorption equilibrium
between locally bound and unbound ions and is dependent upon well-known
relationships. It is worth noting that under these circumstances an
impurity present in even very minute concentration, if it were strongly
bound, would build up a relatively large reservoir of bound ions on the
filter paper before the entire path became saturated and thereafter would
deliver to the drip point concerned excess ions at thé rélatively low
rate determined by its initial cdéncentration.

and

V.
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In this special case it might be desirable to cut up the sheet
and remove the reservoir (migration’ path) of adsorbed ion from the sheet.
separate it from the paper by some independent means.

CONCLUSIONS

The method here reported affords sharp separations and as a result of
simplifications permitted by utilizing capillary forces for feeding
proved to be convenient and easily operated even by unskllled person—
with minimum attention.

It therefore promises to have w1de appllcablllty, since it ‘has been

found that many types of charged substances, including amino acids,
peptides, serum proteins and inorganic ions may be casily separated.

VI.

RECOMMENDATIONS
None.
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FIG. L, EXPERIMENT 1
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