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ABSTRACT
& MICROELECTROFHORETIC AND MICROIONOPHORETIC TECHNIQUE

OBJECT

The object of this investigation was to develop a 31mp11fled rapid
method for thé separation of mixtures of amino acids, peptides and proteins
as they oceur in biological products, that would be applicable to. separ-

ations of the minute amounts of material such as may be available from small
laboratory animais,

RESULTS

Tris objective has been achieved by the development of a microelectro-
phoretic and microionophoretic technique in which an electrical potential
is applied adross the ends of strips of filter paper gaturated with buffer
or other electrolyte solutions. To these strips are applied, at narrowly
circumscribed intermediate areas, mixtures of amino acids, peptides, and/or
mixtures of proteins to be aeparated The positions to which components
have migrated are determined in the case of .amine acids by spraying the

dried strips with ninhydrin and in the case of proteins, by coagulatlng

‘the protein in situ on the paper strips and then treating the paper strip.

with a dye selective for the coagulated protein conatituents but easily .
washad from the fiitsr paper in zones fies of protein. Radisaétive tone
stituents have been located by autoradiography of the strips.

This method has proved suitable for the separatjon of complex amino
acid mixtures, For example, in a single step, lysine, arginine, histidine,
glutamic and aSpartic acids have been separated from mixtures containlng

.l =" %
&L ouner m’JI'.U"".LL!!C‘_!‘.‘.L‘I'.CCdI'DV..J X318 84385 8erum has bHadh TPactidha uw

irto albumen and bther fractions, Hadioactive inorganic iodide ion has been
separated from radioactive iodine bound by protein in thyroid proteins.
\

I\lr\ca Bnmim Rn RARRN TRAAE J-AR NS ool

CONGLUSIONS : ' - -

The method described promises to have wide applicability.
advantage of being rapid. It requires only very simple inexpensive appara-
tus and relatively unskilled personnel. It seems possible that eventually,
the method as applied to proteins, for example, is capable of yielding
part of the information heretofore available only with tho elaborate
Tisellus _apparatus, .

It has the,
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It is recommended that the investigation be continued in an effort

to develop the quantitative aspects of the process and to explore :Lts
clinical applications.

Submitted by: ' ‘ )
R .+ E. L, Durrum, Capt., }.C,

Approveds: /6"1 JM
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A ¥ICROFI ECTROPHORETIC AND

I. INTRODUCTICH

In performing electrophoretic and ionophoretic separations, several
investigators have utilized an electrical potential applied acresg various
packing materials intended to stabilize migrating boundaries by preventing
convection curreats in the electrolytes employed. Strain (1) combined
ionophoresig with chromatographic adsorption in the conventional Tswett
absorption colum and mentioned utilizing columns f£illed with cotion for
this purpose. Coolidge (2) was able to separate protein constituents in
8 column packed with ground glass wool. across which a potential was applied.
Consden, Uordon and Martin (3) described an ionophoretic technique suitable
for the separation of certain aminc acids which was carried out in silica
Jelly slabs made up with various buffers., These investigators utilized paper
rulp to reinforce the mechanical strength of the silica jelly slabs employed.
They also reported an experiment in which they filled their trough with
“paper powder saturated with liquids to be analyzed" but abandoned this
mothod because current densitiea optimum for their purpose could not be
employed, Butler and Stephen (4) have utilized asbestos fiber packed in
a gegmented polystyrene plastic tube and reported separating glycine from
glycylglycine at pli 9.3 in this apparatus. None of the above processes wag
adapted to the separation of small quantities of material,

Recently, Haugaard and Kroner (5) applied electrical potentials across
paper partition chromatographs during their development with pheénols Trey
wove thin, flat, metallic electrodes inte the edges of the paper which had
firat been treated with phosphaté buffer sclution and then dried prior to
development with phenol. They reported that the degree of separation of
basic and acidic amino acids attainable by paper partition chromstography
was enhanded by Vhis exjediefit. Thouph thelr procéss is applicable o the
separation of minute quantities of amino acids, it does not appear to be
applicable to protein separations, . . s oe oz

This report is concerned with a microionophoretic or microelcctro-
phoretic technigue which has been found useful for the separation of both
amino and protein eénsti iy ich &n elecirical potential is

FYREOES
AWl DO

constituents in which
applied across the ends of strips of filter paper saturated with buffer or
other electrolyte solutions to which are applied, at narrowly circumscribed
intermediate areas, mixtures of amino acids, peptides or proteins to be
geparated. The positions to which components have migrated are delermined

in the case of amine acids aad peptides by spraying the dried strip with
ninhydrin (Consden, Gordon and Martin (6)), md in the case of proteins, by
"fixing" the prectein in situ cn the paper strips by heat or by coagulaticn
with chemical agents followed by treating the paper strip with s dye selee~
tive lor the coagulated protein constituents but easily washed from the

filter paper in zones free of protein. A third method which has been employed
either alone or in combination with the above methods in cases where radio-
active constituents are concerned is that of making autoradiographs of the
dried or "fixed" strips. The practical applicability of this method appears
to be wide enough to make it desirable to report at this time, although its
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theoretical asncaota remain to be investigated nore thoroushly.
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II. EXPERTINENTAL

- e

In preliminary experiments, narrow (1 cm.) strips of filter paper
(about 0.16 mm. thick) were saturated with buffer solutions and the strips
draped bstweéen twio vessels containing the buffer solutions into which were
inserted carbon rod electrodes. About the middle of the strips, a drop of

. serum or amino acid mixture was applied and then a potential of a2 fow hun=
dred volts applied acruss the carbon rods. These experiments served to

. show that separations could be practically effected in reasorable periods
of time. There were, houwever, two disadvantages: (1) ill-defined zones P
of amino acids or proteins were obtained because of the syphoning of the
buffer solutions to the low point of the paper with consequent "floodingh
in this area; and (2) evaporatior. from the surface of the paper and temp-
erature could noct be controlled readily.

L i
&

L S

These difficulties were partially avoided by employing a glass bridge
arrangement. with a filter paper strip placed between somewhat wider plate
glass strips resting on the electrode vessels, However, during many of
the experiments, puddles of electrolyte were observed to collect irregularly
and lateral to the edges of the paper with attendant uncertainties as to o

. uniformity of field strength and as to diffusion of the amino acids into ° .i T
thése axoas. . . I
. This puddling of eleetrolytes was believed to be due to capillary .
action between the glass plates in the areas lateral to the paper strip. ~
It was observed that this effect could be minimiwed by siperposing at least
three strips of filter paper which then separated the plates at '‘the edges
by at least about 0.5 mm.. This is a satisfactory method for multiple strips,
but. is not suitable for single strips., The apparatus was furthor modified,
therefore, to pormit the use of sin e thickness sirips of [ilber paper %o

,which the electrolyte could be confined in a rcproducible manner.

Tho eXperiments on which the present report is based were carried oat
in the apparatus of the type illustrated in Figure 1. ‘he apparatus is
comprised of two 150 ml. plass tumblers carryins a lucite plate uwhich seals
tHELT LOpS and supporis an iunverted leshiapsd glass rod: ‘*“he abter serves
to support ihe apex of the filter paper strips wvhich are draped over it. o
The ends of the strips pass into the olectrolyte solution in the tumblers g
through slots in the lucite plate. Holes in the plate carry ordinary
uncored arc carbon electrodes 8 mm. in diameter. The strips are isolated
from the atmosphere by a third inverted 150 ml. tumbler. annular grooves oo
serve to improve the stability of thls arrangement so that no external

supports are required.

N A larger version of the apparatus having electrode veassols of 500 ml, Oc
P capacity and wide encugh to support seven 1 em. strips in parallel has proved . o
to be quite convenient and useful when it is desired to compare known and oa
unkndwh substances s.ruitanecusly under identical experimental conditionis. =5
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To adapt the apparatus shown in Figure 1 for experiments of long
Jurat ion the tumbler electrode vessels were replaced with U-tubes in order
to separate the electrode reaction zories from the paper strip ends by a
greater distance. This modified apparatus; consisted of two U-tubes with
one. limb. of each constricted to a diapeter slightly larger than the diameter
of the carbon rod which it ¢arried. The other two limbs of the U-tybes were
brought out through a No. 10 rubber stopper. In a third hole, extending
partly “hrough the stopper, was: inserted an :mverted 1»-shapes:1 glass rog
which supported the apex of the filter paper stryip:. A shert length of 2
inch (outside diameter) glass tube, with top closed by anothex‘ No. 10 rubber
stopper carrying a thermometer, isolated the system from the atmosphere.
Practically for the separations described here, the apparatus shown in
Figure 1 serves equally well and has the advantage of greatér convenience.

In all of the experiments descr:.bed, filter paper strips cut from 32 cm.
cir¢les of Jhatman No. 2 paper were used, Except where otherwise indicated,
strips 1 cm, wide were employed.® In cages where strips longer than 32 cm.
are needed, shorter strips can be spliced with about 3 mm. overlap and
platinum wire glaples, _

The use of this method is illustrated in the following experiments:

Zxperdment I - Separation into five fractions of an amino acid mixture¥*
conprising 19 amino acids: arginine, lysine, histidine, glutamic acid,
as?a.rtic acid, glycine, alanine, valine, leuwcine, igoleucine, serine, thre-
onine, cystme, methionine, tyrosine, tryptophane, phenylalanine, proline,
hydroxyproline., Dishty ml. of potassium acid phthalate-sodium hydroxide
buf ferie pi 5.9 (blass electrode) were placed in each electrode vessel of
the apparatus illustrated in Figure 1., 4 pencll mark (x) was made across

_the middle of a 1 x 32 cm. strip of filter paper which was then draped

across the glass support rod with the ends dipping about 1 cms below the
surface of the buffler selutien in the electrode vessels, “1° ahex of the
paper strip was lh.5 cm. above the solution level. ‘“then in povltion, the
paper stmp wes saturated with buffer solu.tion applied to the apex with a
medicine u‘:‘ap?er. This served to wash from the papcr snr.:.p any tracés of
amino acids picked wp from the hands in the course of previous ra:nipulations.
The top tumbler was put in place and the apparatus allowed to stand for

abhant. 30 minmntas tn pérmit avoass nffan tg drain from the paper; aboud

20 micrograms of amino’acid mixture in the form of a dry po«der vas tten

*® A convenient aid 1‘61' cutting uniform.strlps is a centimeter grid fast-
encd to the board of an ordinary paper cutter and for which a sheet of wmilli-
meter praph paper serves admrablv.

24 The amino acid mixture was prepared by grinding together in a mortar,
equimolecular quantities of the 19 amino acids snumerated.

a5y Y‘repared by mixing 50 ml. of 9.2, potagsium acid phthalate and 43 ml,
6T U.24. sodium hydroxide and diluting to 400 ml. (The initial pH was meas-
ured with the %lass electrode and found to be 5.93. after the experinont

was completed (120 min.), the pli of the ancde vesqel waas found to be 5. 91
and the cathode 6,01,
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B

applied to the paper strip at the reference mark.

4 potential of 600 volts direct current (supplied by a welk filtered
full wave rectifier) was applied across the carbon electrodes in serdies with

a milliameter and rheostat. The current was maintained at 1.0 mill re
by frequent adjustment of the rheostat for a period of 120 minutes. Then

the paper strip was transferred to a glass drying rack using forceps to
avoid finger marks and taking care to maintain the apex upward during dry=
ing in order to prevent excess buffer at the ends of the paper from running
back toward the apex and "smearing® the amino acid gones. The paper strip
was dried in an oven at 90 C. for 5 minutes, then removed end sprayed with

a 0.25% ninhydrin solution in water-saturated-butanol (#illiams & Kirby (7))
and replaced in the oven for 5 minutes. . The strip showed the following
patiern (with all measurements to the center of the spot concerned)s

(a) toward the ancde, 75 mm. from the reference mark (x) a bluish spot
corresponding to aspartic acid; 60 mm., from the refersnce mark, a lavender
spot corresponding to glutamic acid; (b) toward the cathode, 4 mm, from the
reference mark a dense mauve spot corresponding to the monoamino-monocarboxylic
acid group; 23 mms from the reference mark a greyish spot corresponding to
histidine* and at 43 mm. a lavender-rose spot corresponding to arginine and
lysine vhich were nct completely separated in this experiment. A photograph
of the significant. portion of this strip is shown in Figure 2,

To separate a solution rather than dry crystals, the following variation
in technique is employed: Thé paper strip to be used is draped on a glass
drying rack after the reference pencil mark is made and washed down by
directing several milliliters of distilled water at the apex. The strip is .
a¥r darjed amd, handied with forcepsy; inserted into the apparatus as described
above. Next, about 0,01 ml, of hydrolysate or protein solution, such as
blood serum, is applied to the reference mark. Then, very carefully, bufféer

golution Is applied with s medicins droppsr bolow thé apex of the strip at
equal distances from the apex on either side, permitting the buffer to flow
upward to the drop position (apex) by capillarity. In this manner; the
golution is prevented from running down the filter paper as has been foupd
to happen invariably if even a minute drop of solution is applied to pre-
saturated though drained paper with a resultant lack of sharonesa in the

. ihen this variation is used, it is not necessary to wait
more than about 10 minutes before applying the potential,

The above variation of technique is illustrated in the follbwing examples
ixperiment II - Separation of human serum: 0,01 ml, of serum was appiied

from a micro=pipette to the refersnce mark of a 1 em. paper strip as described
above. Immediately, a 0.05 molar sodium diethylbarbiturate buffer solution

¥ It has been observed that pH 5.9 gives a good separation of the histidine
from the arginine-lysine zone and the monoamino-monocarboxylic zone. As the
pH is increased, the histidine tends to migrdte at a velocity closer to the
latter group, merging with it at about pH 6.6. As the pH is decreased, the
reverse has been observed with the histidine zone merging with the arginine=-
lysine zone at about pH 5.2.
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{p2 2.6) was applied. & potential of abomt 350 volts was applied through
a rheostat, for 180 mimtes. The current was maintained at, 0.5 milliamperes
by frequent adjustment, of the rheostat. At the end of the run the strip

was removed and dried for 5 minytes in an oven at I00 C.%, UheR ImERrsek for
5 minutes in a saturated solutica of mercuric chleride in 95% alcohol to
vhich had been added ), gm./300 m}. bromphenol blue (tstrabrom-phenolsulfon
phthalein). the strip was then removed and washed for 10 mimtes in ruaning
tap water. The strip was then dried. Foyr distingt blue zoves were visible,
all lgecated towmard the anodal side of the referenge mark: the first, 35 mm.
from the reference mark, corresponding te albumen; the secend at 25 mm.,
probably corresponding to alphay globuling the third at 15 mm., corresponding
to alphas globulin and the fourth, 6 mm, from the reference mark, corres-
ponding to beta globulin, A fifth zone was located 13 mm. toward the cathode
corresponding to gamma globulin., The establishment of identity of these  °
protein zones is discussed later in this report.

<

Experiment IIT - Separation of a mixture of alarine, valine, proline
and tryptophang in the apparatus of larger dimensions. In this apparatus,

500 ml. of 5K, acstic acid &as Placed in each electrolyte vessel. The apex
height in this experiment was 1l.5 cm. above the fluid level. Five paper

strips were 'supported, washed down and saturated with el-~‘rolyte as described
above. On one strip, a few micrograms of a mixture of t .se amino acids was
placed at the reference mark (x) and on each of the oth:gx strips, one of the
amino acids of the mixture was placed at the reference mark. A potential of
580 volis was applied across the carbon electrodes. The ipitial current was
1.5 milliamperes per 5 cm. (width). After 120 minutes, the current had risen
to 1.7 milliamperes per 5 cm. At this time, the strips were removed, dried
and sprayed with ninhydrin. Fortions of the resulting strips are shown in
Figure 3. -

Experiment IV = Separation of a mixture of glycine, dscigusing, phenyl=
alanine and hydroayproline. Ii an expériment exactly anale,ous to Experiment
I1I, a mixture of the gbove amino acids was separated as illustirated in
Figure 4. (The faint zone on the hydroxyproline strip represents accidental
contamination with iscleucine.

_ Expordment. V - Separation of glyeylslycine ffom glycylel-leucine in the

apparatus of Experiments III and IV, TFive strips were employad, to one of
which a mixture of glycylglycine and glycyl-l-leucine was applied and; to each
of the remaining strips only one of these substances. Glycine and l-leucine
were added to separate strips for comparison. The separation attained st the
end of two hours is illustrated -in Figure 5.

*  'This heating has been observed to result in the serum proteins being more
deeply stained than when the strips are coagulated by mercuric chloride-etiyl
alcohol=dye mixture alone. This is illustrated in Figure 9, the barbiturate
separation strips having been cosgulated without pre-oven drying compared to
the phosphate buffer strips which were oven dried before treatment with the
mercuric chloride~dye rixture. .
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Experiment. VI - Reproducibility of paralliel Funs. The reproducibility
of this method cn parallel runs is illustrated by Figure & which shous

__sections of the _papsr strips obtained in a_sirmltanpous rum when a fom fem piero-

phenyiaienina tag appiled to ihe origin of ail atrips.
In this experimc«nt&, ths elegtrolyte was SH. acetic acid, the initial curpront
1.8 milliamperes per 6 cm. and the final current (120 minutes later) L7
milliamperes per 6 cm. (Ordinarily, the current has been ohserved to increase
during the course of the runs. Rather marked line voliage fluctuations are
somet imes noted which perhaps lain why the f£inal currept was recorded
lower than the initial value.) %16 mean positicn of the phenylalanine was
found to be 58.5 mm. from the origin with a standard deviation of #3.27 mm.

It is ev:.dent. that “the reproducibility of parallel sruns is of sufficient
degree ordinarily to permit selection of "matching pairs of acids" ag, for
example, is illustrated in Figures 35 Ly argd 5.

ent VII - Rate of migration of phenylalanine, Figure 7 illus-
trates the findings in an experiment in which the migration of phenylalanine
toward the cathode was measured as a function of time. Six strips were set
up in parallel with the apparatus previously described, the electrolyte being
5N. acetic acid. At 30 minute intervals strips were removed. Vuring the
course of the experiment under a potential of 580 volts, the current per
strip averaged 0,3 milliamperes. It is evident that the migration of this
amino acid down the paper under the conditions of uhese experiments is not a
linear function of time,

Experiment VIII - Comparison of zmones derived from separated electro-
phoretic components with whole serum, Figtu‘e 8 illustrates an experiment in
vhich electrophoret:.c components separated in a Tiselius apparatus are com-
pared with the whole serum patiern from which these components were derived.
In the electrophoretic apparatus of Moore and Vhite (8) a.hupan serum sample
was separated utilizing O.1M, barbiturate buffer (pH 8.6 Longsworth (9))

a. Albumen (from Zone IV ascending limb of Tiselius cell),
b. A mixture of aibumen plus alphaj globulin {from Zone V).

¢. Pure gamina globulin (from Zone I descending limb).

d. A mixture of gamma globulin plus beta globulin (from Zone IIL

i

&, & mixmturs of gu.uuua’ b&la and aiphag gJ.coun.ns {from Zone .L.u.).
’ Paper patterns of t°hese fractlona were prepared under the eim:.‘l.ar condi-
tions enumerated in Figure 8. The results of this experiment sppear to
establish the identity of all the components except alphaj globulin, It will

be noted that in Figure 8, paper patterns IV and V do not differ appreciably

: In'ra_..ma 'rru1 mmmmnnrgo — R [

although alphaj globulin is presumably present in pattern V only. The probable

explanat.lon is that since this component is present in such low concentraticn
it is scarcely visible on the whole serum pattern; it is then not surprising
that it ies not more evident in pattern V which material was diluted in the
course of ﬁhe prior Tiselius separation.¥ o .

¥ This question could probably be answered by studying a pathological serum
such as nephrotic serum which exhiblts an inereased alpha component,.
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5N. Acetic Acid (ptt 1.7)

Initial 1.8 ma./b cm. .
Final 1.7 ma./6 cm.(sce text)

(6-1 cm. Strips in Parallel)

REFRCDUCIBILITY OF PARALLEL RUNG ITH FHILYLALANINE

O
|
|
|
|
|
D
=7
7 Electrolyte:

Duration: 120 linutes

Current:

Potential: 580 Volts
| Paper: Wnatman No. 2
|
| ' apex Height 1.5 cm.
|
|

FIG. 6
(EXFERTLENT VI)
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Zxrordront IX - Corparizson of cones derived from Miooang glohulin® ol
afercned serwa with electrophoretic patierns, A aimiler cnclysis of o
azple of commercial huszon %Smmne globalin® {Squibd) sppeara to ko vwalid.

]

(&

ot e

JI5E. scdium chloridd Taifer \pH 7.h) in ceoparisen with paper strips pro=
pared uith Q.Q%%. barbiturate buffer, pl £.6, and 0,02. phesphate buffer
(without cdded sodium ehlopids)s pii 7.6.

The couponent migrating most rapidiy appezars to be albumzn from come
parison with the serum patterns. Superior resulution and correspondenca

seems in tiis case to %o found with the barbiturate buffer although a greator L
) 4

nigration has occurred in shorter tims with the phesphate taffer, undeubteuly -
due to the greater field strength in this experiment. E

Experiment X -~ Comparison of human plasma and serum patterns. Fipure 10
llustrates the patterns obtained in an experiment in vhich a serum and a
heparin plasma derived from the same sample of human blood were separated on
paper with barbiturate buffer. Control experiments have established that,
heparin does not stain with bromphenol blue under the conditions used in these
experiments. Therefore, the zome present near the origin of the plasma
pattern but not evident in the serum pattern may be regarded as being derived
from fibrinogen. In interpreting this pattern it is difficult to decide
with certainty whether the position of the fibrinogen zone is dug to its
having been converted to fibrin at the point of application (origin), as
suggested by the cireular configuration and size which has gbout the sams
demensions as the circle resulting from the applied drop of plasma (about
0.0 ml.) at the beginning of th experiment, or is glmply an expresgicn of
its low rate of diffuglon and inherent slectrical mobility, since in this
pattern Lthe point of origin falls coincidentally at a point intermzdiate

isure 9 1llustrates an electrophoretic pattera prepared nith 0.02 pirosphabes .l

tetween the gamme and béta globulins, It is of course well knoun that the
filrinogen boundary falls between these same constituents in conventional
electrophoretic patterns obtained with sodium diethylbarbitucsite buffer

C3

Experiment XI = Separation of radioactive inorganic iodide from protein

T

bound iodinc. A& 235'gm;£g}star strain rat was injected intraperitoneally
with 87 microcuries of I+,

The animal was sacrificed 210 minutes later.

A

The thyroid was removed and all possible connsctive tissue carefully dis-

grinder together with about 10 drops of 0,9% sodium chloride solutione

The resulting material was centrifuged and the clear Supernatant fluid
applied to the reference marks of strips of filter paper which viers separated
in 0,05M, barbiturate buffer, pH 8.6, for variocus periods of time as illus=-
trated in Figure 11. The resulting strips wore dfied in an oven foFf 5 mine
utes and then autoradiographs were made of the strips with varying exposures
indicated.,* The follosing points may be noted. In the experiments, a
distinet band of radiocactivity is visible migrating rapidly toward the anode.
This undoubtedly corresponds to inorganic iodide ion and it is seen that,

in a comparatively short time, the paper in the zonea retaining protein
{identified by its property of being coagulated and dyed) is completely
cleared” of inorganic iodide, the residual activity being aussoclated with
protein and/or amino acid fractions. , ’

o

¥ The Tover photég?aph'ia included to shos detail in the protein-anino

‘4¢;ﬂﬁ£§‘“

=

st e e T e Bt S e 7 R SN Nt S R A SR

scid zones which s obscured by the longer exposure necdssary to choz the
migretion of the iodide ion. - . }
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Electrolyl of Fhosphate Buffer (pH 7.6) Barbiturate Buffer {pH 2.6)
C.024, (Sodium Thosphate Dibasic) 0,054, Sodium Diethylbarbiturato
(Sodium Phosphate Monobasic) 0,01, Diethylbarbiturie Acid o
i Duration: 120 Minutes v 180 Mnutes . . N
: Curxent: 0.5 mao/me (Widtnh) 0.5 !!1&./051,. ("Tidth) . j .
; Initial 400 Volts. ~Initial 310 Volts SRR LA
f -Final 340 Volts Final 220 Vol%s g
Papar: Whatman Noe 2 thatman 1o, 2
: (2 Strips in Parallel in (2 Strips of 5 run in Parallel in -
; Apparatus of Fip, 1) ipparatus of Experiment ITI) e
' Apex Height: 145 cm. 11.5 cm. L
' FIG., 9 SOPARATION OF "DILMRE GLOSULIN® (EXPERINAT IX) o
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ilectrolyte: Barbiturate Buffer (pl 3.6) .
- 0,05, Sodium Diethylbarbiturate
0.01M, Diethylbarbituric acid
Durations 180 Minutes
Current: 0.5 ma./em. (width)
Potential: Initial 320 Volts

T Tinal 220 Voits
Faper: \hatman No. 2

(2-1 cm. Strips in Series in 2 Cells)
Apex Height: 13.5 em. ’

FIG. 10  COMPARISCN OF HUMAN PLASMA ND SERUM PRTTURIS

(SXPERILENT X)
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Electrolyte: Barbiturate Buffer {pH £.6) o
C,050, Sodiun Diethylbarbiturate ° oo,
0.,91¥, Diethylbarbituric Acid : ALV

Duration: As indicated above 40, ¢

Current: 0.5 ma./cm. (width) ,

Pstentialt 310 Volts (average) o !

rapari Wnatman No, 2 . ke

Apex Height: 13.5 cm. T
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FIG. 11  \UTCR'DICGRAPHS OF THYROID SZPARATIONS . y X
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In the toehnique emplored, it is balisved that the panes cheie plors
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In th? courcs of several hendred emperimenis, no evidonis of of-
corpbive phenomens has teen nobted under the caperimental cenditicns copleros,
in wither the ease of protoin or amino acid separations, That iz to cap,
(2lloing for certain facte=o discusssd bodle:) the ccponentes scam o bihave
az thsy would be expected to in "free solution”, Cpritical studies dazign:od
to answer thils question have not been carried oub and, therefors, the pop-
sible role of adsorption in thz proscss mast await elueidatior. For thiz
reéasen, it scems best for the time being to regerd the prosess as ona of
lonophoresis or electrophorcals rather than “clectroshromatography® ao is
the process deseribed by Strain (1), or as "martition chremtography irith
applied voltage" as is the process deserived by Baugaard and Kronsr (5).

It will be realized that under the experimental conditicnsz employed
a relatively complicated equilibrium obtaing which include a number of
gimlbaneously occurring processes sthich inclnde at least the follouings

a. Mipration of lons due {o the electrical field.

b, VYiffusion.

¢c. Electreosndoamotic flou. ,

d. Evaporation of water fram the paper strip due to heating of
the strip incidental to the current f{lou.

e. Hydrodynamic ejquilibrium on the paper strip betwecen capillary
forces and gravitational forces..

f. Electrieal resistance shangss along the length of the paper strip
princinally due to concentration effiects secondary 4o factors & apnd e,

Sufficient data for a critical evaluation of these fagtors are not

available, However, sane of the more obvioug relationships which appear to
explain some of the experimental findings will be discusged briefly. e
may consider that the fisld strength equation which is applied to the
Tiselius cell is applicable as a first approximation at least fo thin crcss
sections of the paper at any given level above the elcctrolyte level at any
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whore I = current; g = cross sectional arca of the paper; and k, = comduc=
tivity of the soluticn on the papar at the cross section under cengideration.

Limiting consideration to the ¢ace where the current is hold constaab,
the cross section of the pmper ia constant and, therefore, must at anv plven
Isvel aiter equiiforium Is cgtabliiohed “contain™ a given quantity of olecciro-
lyte, But, since tho amount of electrolyte contained aleng the length of
the paper varied dues o the hydredynamic amd distillation cquilibria rintliencd,
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ine Sder® apsm £33 U5 aodested; thorolcne, o Bove pore
etrical resistance ard, o> a given currend, would ko erposicd to pro- ,
dnee more hest thon the ™obisr® arcas belew. Thiz fostor uonld be i '
pzetcd to accentuate (or perhaps be principally responsible for) the »
miaynesa gradient” dovm tha papsce. The above considerabions appcar te 8
explain the lacl of linzarity of migration of icas with time o3 dozomsiratsd !
for phenylalanine in Experirmant VII (Figare 7).
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It is for the abovo reasons that the apex height has been recordsd $n
experimental data, it having been cbserved that reproducibility of the
mathod comld not always be achieved unless this facter werc carofilly cone g
trolled, espocially with jrotein separatioss where a coriain cpbimal Mdageel N
of watness" of ths paper for a given current and buffcr esens to bo ootone= |
tial for catisfactory reselution, ¢

Under the experimental conditions employed, due to the voxry large
surface arca-electrolyte volum» ration present in the papor atrip, proncanced
electroendosmotic currents touward the cathode would be anticipated. It i
believed that this explains thz apparent migrabtion of ths gommz globulin
tovard the cathode as illustrated in the serum and plasma pattorns (Ficures
g, 9, and 10, In conventionsl electrophoretic secparationa at pHd £.6, all
the secrum components are knoin to migrate to ths anode, It is bolieved that
this apparent mipgration of the gamma globulin toward the cathede can Be
explained by a displacemant of the entire pattern touard the cathode due to

this pronounced electroendosmotic current. _ I &
. In wiew of the above considerations, a ¢lose correlation of the mebile

ities of protein constitucéntd ag measureqd in ths Tiselius apparatus witly
those of these paper patterns is net to be expected. S
It will be noted that the barbiturate buffer esployed in thege arperi-
ments is O.05k. as compared with the 0.1, tuffer usualiy cmployed im oon=
ventional elsctrophoretic studies of human sera. It has been observed
empirically that the more dilute buffer very much improves the degred af

BN TN L2 e A o 2m it A 2 A e i el 2 me®l oMo 2 Alea cdesmcand  boeanbe
resoiuilish SLLAlRsbie In human BITUR AR pLaSRA JRSPLSS AR une proadhe WEORT
nique. This may be due to the fact that the concentration of the tuffer

on the papar i increased gbove its vaiue in the électrode vesaeis dus o

evaporation from the paper and, on the paper; thuz approachss a concentra- R
tion comparable with the optimum concentration observed in Tiselius separa-

tions.s =~ . :
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