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ABSTRACT 

A MICROELECTROPHORETIC AND J&CROIONOPHORSTIC TECHNIQUE 

OBJECT 

The obj»ct of this investigation was to develop a simplified,„rapid 
method for the separation of mixtures of amino acids, peptides and proteins 
as they Occur in biological products, that would be applicable to separ- 
ations of the minute amounts of material such as may ba available from small 
laboratory animals. 

RESULTS 

This objective has been achieved by the development of a mieroeloctro-^ 
phoretic and microionophoretic technique in which an electrical potential 
is npplied across the ends of strips of filter paper saturated 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 separated. The positions to which components 
have migrated are determined, in the caae of aminc acids by spraying the 
dried strips with ninhydrin and in tha case of proteins, by coagulating 
the protein in situ on the paper strips and then treating the paper 3trip. 
with a dye selective for the coagulated protein constituents but easily 
washed trots, the filter paper in zones free öf pröteifti Radioactive eon* 
stituents have been located by autoradiography of the strips. 

This method has proved suitable for the separation of complex amino 
acid mi>cture3. For example, in a. single step, lyiaine, arginine, histidine,, 
glutamic and aspartic acids have been separated from mixtures containing 

nrn/vi v*v w\      *-*» *\*% * 
J.WUU     ÖV1.WIU     »IQO      WOUll      AiQOVAVUOVOU 

into albumen and other fractions. Radioactive inorganic iodide ion has been 
separated from radioactive iodine bound by protein in thyroid proteins. 

\ 
CONCLUSIONS; 

The method described promises to have wide applicability. It has tha,. 
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 tha elaborate 
Tiselius apparatus. 
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It is recommended that the investigation be continued in an affort 
to develop the quantitative aspects of the process and to explore its 
clinical applications. 
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I.     INTRODUCTION 
"*" •If""1 III- '•  I  • I   II  I 

In performing eleetrophoretic and ionophorettic separations,, several 
investigators have, utilised an electrical potential applied across various, 
packing materials intended to stabilise migrating boundaries, by preventing 
convection currents in the electrolytes employed, Strain CÜ combined 
ionophoresis with Chromatographie adsorption in the conventional Tswett 
absorption column and mentioned utilizing columns, filled with cotton for 
this purpose. Coolidge (2) was able to separate protein constituents in 
a column packed with ground glass wool across which a potential was applied. 
Gonsden, Gordon and Martin (3) described an ionophoretic technique suitable 
for the separation of certain amino acids which was carried out in silica 
jelly slabs made up with various buffers, These investigators utilized paper 
pulp 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 
method because current densities optimum for their purpose could not be 
employed, Butler and Stephen U) have utilized asbestos fiber packed in. 
a segmßnted polystyrene plastic tubs and reported separating glycine from 
glycylglycine at pH 9,3 in this apparatus. None*of the above processes was 
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 phenoli They 
wove thins. flat... metallic electrodes into the edges of the paper which had 
first been treated with phosphate buffer solution and then dried prior to 
development with phenol. They reported that thq degree of separation of 
basic and acidic amino acids attainable by paper partition chromatogr&Bhy 
was enhanced by this expedient. Though their process is applicable vO the 
separation of minute quantities of amino acid3> it does not appear to be 
applicable to protein separations. ...__. 

o 

This report is concerned with a microionophoretic or microelectro- 
phoretic technique which has been found useful for tho separation of both 
nm-% w\r prot constituents in which an electrical nocenvial' ia 
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 
separated. The positions to which components have migrated are determined 
in the case of amino acids and peptides by spraying the dried strip with 
ninhydrin (Consden, Gordon and "Martin (6)), ind in tho case of proteins, by 
"fixing" the protein in sitAi en the paper strips by heat or by coagulation 
with chemical agents followed by treating the paper strip with a dye selec- 
tive for 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 aspects remain; %j> hs 1 Esrssfci F?*t<y\ ss?© thra^oarfilv. 

II. EXPEKDSKTaL 

In preliminary experiments, narrow (l cm*) strips of filter paper 
(about 0.16 mm. thick) were saturated with buffer solutions and the strips 
draped between tvto vessels containing the buffer solutions into which «ere 
inserted carbon rod electrodes. About the middle of the strips, a drop of 
serum or ainino acid mixture was applied and then a potential of a few hun- 
dred volts applied across the carbon rods» These experiments served to 
show that, separations could be practically effected in reasonable periods 
of time. There were, however, two disadvantages: (l) ill-defined zones 
of amino, acids or proteins were obtained because of the syphoning of the 
buffer solutions to the low point of the paper with consequent "flooding" 
in thi3 area; and (2) evaporation from the surface of the paper and temp- 
erature could not be controlled readily« 

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 
uniformity of field strength and as to diffusion of the amino acids into 
these aroas. 

o 

, This puddling of electrolytes 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 minimised by superposing at least 
three strips of filter paper which then separated the plates at the edges 
by at least about 0.5. !?a». - ^his is a satisfactory nethod for multiple strips, 
but is hot- suitable for single strips* the apparatus was further modified. 

which the electrolyte could be confined in a reproducible manner. 

The experiments on which the present report is based were carried Out 
in the apparatus of the type illustrated in Fif^ire 1. ^ho  apparatus is 
comprised of two 150 ml. glass tumblers carrying a lucite plate which seals 
"ens-ij 

_ ~ i -_. jB   an  jjivcrvou i.j""ir;uspeu  f-j..jtja 
rlll . I—X-Jl ^ 

to support the apex of the i'ilter paper strips which are draped over it. 
The ends of the strips pass into the electrolyte solution in the tumblers 
through slots in thd 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 ^ 
serve to improve the stability of this arrangement so th£t no external 
supports are required. 

A larger version of the apparatus having electrode vessels of 500 ml. 
capacity and wide enough to support seven 1 cm. strips in parallel has proved 
to be quite convenient and useful when it is desired to compare known and 
uhkho\vh substances slmltäheöüsly under identical experimental conditions. 
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*   A convenient aid for cutting uniform strips is a centimeter grid fast- 
ened to the board of an ordinary paper cutter and for which a sheet of roilli- 
meter graph paper serves admirably. 

K-K The amino acid mixture was prepared by grinding together in a mortar, 
equimolacular quantities of the 19 amino acids enumerated. 

<HH; Prepared by mixing 50 ml. of Q.2Ü. potassium acid phthalate and 43 ml, 
öf ö.2M. sodium hydroxide and diluting to'£00 ml. (The initial pH was meas- 
ured with the glass electrode and found to be 5.93. After the experiment 
was completed (120 min.)» the pH of the anode vessel was found to be 5.91 
and the cathode 6.01. 
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To ädspt the apparatus, SäPWä in, Figure, 1 for experimenis4 of long^ 
duration, the, tumbler electrode vessels; were replaced with, Ü-tubes in order 
to separate the electrode reaction zones from the paper strip ends by a 
greater distance.« Tnis. modified apparatus consisted of two U-tubes with 
one limb, of each constricted; to a diameter slightly larger than, the diameter 
of the carbon rod which it carried., The, other two limbs, of the U-tubes were 
brought out through a No., 10 rubber stopper* In. a third hole,, extending 
partly through the stopper,, was. inserted an. inverted 1—shaped glass red 
which supported the apex of the filter paper strip i, 4 short length of 2 
inch (outside; diameter) glass, t^be,^ with top closed, by another 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. ^he advantage of greater convenience. 

In all of the experiments described, filter paper strips cut from 32 cm., 
circles, of .i'hatman No,, 2 paper were used., Except where otherwise indicate^, 
atripa 1 cm., wide were employed.,* In cases where strips, longer than 32 cm, 
are. needed* shorten strips, can be spliced with about 3 mm, overlap, and 
platinum: wire staples.,, 

The use of this method is illustrated in the following experiments; 
o 

Experiment I -* Separation into five fractions, of an amino acid mixture** 
comprising 19 amino, acids; arginiae,,, lyaine, histidine, glutamic acid, 
aspartic acid, glycine, alanine, valine, leucine, is.oleucJ.ne, serine, thre- 
onine,, cystine, methionine, tyrosine, tryptophane, phenylalanine, proline, 
hydroxyprcline, Eighty ml, of potassium acid phthalater-sodium hydroxide 
buffer*"* pH 5*9 (glass, electrode) were placed in each^electrode vessel of 
the apparatus illustrated in Figure 1, <\ pencil mark (x) was made acrosa 
the middle of a 1 x 32, cm, atrip of filter paper whioh was then draped 
across the glass support rod with the ends dipping about lr cm*, below the 
surface of the buffer solution in the electrode vessels.« **he- apsx of the 
paper atrip, was. 14,5 cm., above the solution level, .'/hen in "position, the 
paper strip was saturated with buffer solution applied to the apex with a 
medicine dropper, -his served to wash from the paper »trip any traces pi 
amino acids picked up from the hands in the course of previous manipulations. 
The top tumbler was. put in place and the apparatus allowed to stand for 
nhfMit.   3^  nvt.nitf.ofi   j-.n  rtaymj-t   o.v<\oqg  'hti.f gnt\  i_a A-na.\.n  £j«e{3  the.   saseTi      About 

2© micrograms of amino0 acid mixture in the form of a dry powder was. U.en 

k 

•V 



m 

applied; to the paper strip at the reference mark. 

« potential öf 5ÖO volts direct current (supplied by a well filtered 
full wave rectifier) was applied across the carbon electrodes in series with 
a milliameter and rheostat. The current was maintained at 1.0 milliampere 
by frequent adjustment of the rheostat for a period of 120 minutes., «ran 
the paper strip was transferred to a glas3 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. zones. The paper atrip 
was dried in an oven at 90 Q.  for 5 minutes, then removed and; sprayed with 
a 0.25$ ninhydrin solution in v?ater-saturated«*butanol (#illiaias~& Kirby (7)) 
and replaced in the oven for 5 minutes. The strip showed the following 
pattern (with all measurements to the center of the spot concerned)s 
(a) toward the anale, 75 mm. from the reference mark (x) a bluish spot 
corresponding to aspartic acid;. 60. mm. from the reference mark, a lavender 
spot corresponding to glutamic acid; (b) toward the cathode, 4 ram. from the 
reference mark a dense mauve spot corresponding to the aonoamino-monocarbpxylic 
acid group; 23 ran* from the reference mark a greyish spot corresponding to 
histidine* and at 43 mm« a lavender-rose spot corresponding to arginine and 
lysine which were not 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: The 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 millilitera of disti|3M water at the apex. fh£L stein is, 
air dried ana, handled with forceps^ 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, buffer 
solution is applied with a medicine dropper below the 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, .mannss^ the 
solution is prevented from running down the filter paper as has been found 
to happen invariably if even a minute drop of solution is applied to pre- 
saturated though drained paper with a resultant, lack of ahaimna««. in *&& 
patterns obtained. When 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 tho following example: 

Experiment II - Separation of human serum: 0,01 ml, of serum was applied 
from a micro-pipette to the reference mark of a 1 cm. 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 migrate 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 %he  histidine zone merging with the arginine- 
lysine zone at about pH 5„2. 
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Electrolyte: 

Duration: 
Current: 

Paper: 
Apex Height: 

Buffer (pH 5.9 - see text) 
Potassium Acid Phthalafce- 
Sodium Hydroxide 
120 llinutes 
1.0 ma./cm. (width) 
Initial 600 Volts 
Final — nöir reccraed 
Whatman Mo. 2 
14.5 cm. 

PIG. 2  SEPARATION OF 19 AHINO ACIDS INTO 5 GROUPS 
(EXPERIMENT I) 
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(JA ?*6) was applied. 4 potential, of about 55ß volta was applied; throughi 
a rheostat for 180 minutes.» The current na& inaiatained at 0.5 nä^iampsrQa 
by fyegusat adjustment of the rheostat* At, the end of the run the strip 
was removed and; dried for1 5 minutes» Sa a$ oven at ZQ0>*v*** then iljperssst fo*" 
5 minutes in a saturated solution of mercuric cMoride in 95$ alcohol te 
whicfc. had beea added, 1 gm*/lQO/ ml* brossphenol blue, Ctetrabrojarphenolaulfpa«» 
phthalein) « "%a atrip was then removed! and. washed; for IQ' minutes in. running*, 
tap water, The strip waa theA dried* Four distinct blue zones weire visible* 
all located toward the anodal side of the reference mark:» the first,, 35 mm. 
from ike reference mark,, corresponding to albumen» the second at 25 ffl©.«-^ 
probably corresponding to alpha^ globulin| the third at lg mm*., corresponding 
to alphaa globulin and the fourth,, 6\ mm* from the reference mark* corres- 
ponding to beta globulin* A, fifth zene was located 13 mm* toaard the cathode 
corresponding to gamma globulin* The establishment of identity of; these 
protein zones is discussed later in this, report* 

Experiment HI - Separation, of a mixture, of alacdLäe>. valine., proline 
and tryptophane in the apparatus of larger dimensions» In this apparatus« 
500 ml. of 5K* acetic acid was placed in each electrolyte vessel» The apex 
height in this experiment was 11.5 cm. above the fluid level« Five paper 
strips were supported» washed down and saturated with ei ~ Vrolyte 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^r strips, one of the 
amino acids of the raxture was placed at the reference mark. A, potential of 
5#0 volts was applied across the carbon electrodes« The initial current was 
1.5 milliaraperes per 5 en. (width). After i30 minutes» the current had risen 
to 1.7 milliaraperes per 5 cm. At this tine, the strips were remov«*dA dried 
§M_sprayed with ninhydrin. Portions of the resulting strips ar* shown in 
Figure 3. 

^periment IV = Separation of a mixture of glycine.a isoifiu«; i«e,. phenyl- 
äianine IM' hydrö^Tpröline. In an es^eriment exactly analogous to Sspsriiaeni 
III, a mixture of the above amino acids was separated as illustrated in 
Figure Lt    (The faint zone on the hydroxynroline strip represents accidental 
contamination with isoleucine.) 

Exoerdment-V - Separation of glycyl^ycine from, glycyl~l~leucine in the 
apparatus of J&periments III and 33?. *"iVe strips were employed, to one öf 
which a mixture of glycylglycine and glycyl-1-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 at the 
end of two hours is illustrated in Figure 5. 

fc  This heating has been observed to result in the serum proteins being more 
deeply stained than when the strips are coagulated by mercuric chloride-ethyl 
alcohol^dye mixture alone* This is illustrated in Figure %  the barbiturate 
separation strips having been coagulated without pre-oven drying compared to 
the phosphate buffer strips "which were oven dried before treatment with the 
mercuric chloride-dye i.ixture. 
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Experiment VI - BeproducibHity of parallel runs» The reproducibility 
of this method en parallel runs is illustrate by Figure 6 which shoves 
sections of the paper strips obtained In a sicultansous run. «hen a fog micro- 
g^ixm  of er^tällifis phenyialanina cas applied to the origin of all strips« 
In this experiment^ the electrolyte was 5$« acetic acid* the initial current 
1.8 milliamperes par 6 cm. and the final current (120 minutes, later) 1«T 
njüliamperes per 6 cm. (Ordinarily, the current has been observed to increase 
during the course of the runs. Rather marked line voltage fluctuations are 
sometimes noted which perhaps explain why the final current was recorded 
lower than the initial value.) The mean position of the phenylalanine was 
found to be 58.5 mm. free» the origin with a standard deviation of £3.2? mm. 
It is evident that the reproducibility of parallel runs is of sufficient 
degree ordinarily to permit selection of "»matching pairs of acids" as, for 
example, is illustrated in Figures 3» 4» and 5« 

Sxperiment VII - Rate of migration of phenylalanine.  Figure f iilus-       Jjg 
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. %ring 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 these experiments is npt a 
linear function of time. 

Experiment VIII - Ca-aparison of aones derived from separated electro- 
phoretic components with whole serum» Figure 8 illustrates an experiment in 
which electrophoretic components separated in a Tiselius apparatus are com«*' 
 . a _..a.i.i_ i.s i «a _ -   

5#,ft 

&- & 

r1 

pareu wit« ujö HUOJ.« serum pattern irom wnxch tnese component's were derivea. 
In the electrophoretic apparatus of Moore and Whits (8), a.human serum sample 
was separated utilizing O'.IM. barbiturate buffer (pH 8.6, Lohgsworth (?).) 

_T.g»Tbg>—fcfa«  TonronrnT. JtngmMmnfcej.  .   . -_-=—— — _-^ — -.-^= 

n^? 

a. Albumen (from Zone IV"ascending limb of Tjselius cell).  
b. A mixture of albumen plus alphaj globulin (fromZoneV) . 
c. Pure gamma globulin (from Zone j descending limb).          
d. A mixture of gamma globulin plus beta globulin (from Zone II).   
e. « iS35wuurs ox gamuiaf  usts an« alpha;? globulins Xfrom Zone XXI). 

0 c 

Paper patterns of these fractions were prepared under the similar condi- 
tions enumerated in Figure 8. The results of this experiment appear to 
establish the identity of all the components except alpha^ globulin. It will 
be nqted that in Figure 8, paper patterns IV and V do not differ appreciably 
although alphai globulin is presumably present in pattern V only. The probable 
explanation is that since this component is present in such low concentration 
it is scarcely visible on the whole serum pattern; it is then not surprising 
that it is not more evident in pattern V which material was diluted in the 
course of the prior Tiselius separation^ 1 

*  This, question could probably be answered by studying a pathological serum 
such as nephrotic serum which exhibits an increased alpha component. 
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Electrolyte: 
Duration: 
Currenti 

Potential: 
Paper: 

Apex Height 

5N. Acetic Acid (pH 1.7) 
120 Minutes 
Initial l-»£ ma ./6- -cm. 
Final 1.7 ma./6 cm.(see text) 
580 Volts 
»/hatoan No, 2 
(6-1 cm. Strips in Parallel) 
11.5 cm. 

FIG. 6      RSPRODUCIBILITY OF PARALLEL RUNS „1TH PH2:YLALAnlKE 

(EXIERI13-IT VI) 
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MIGRATION QF PHENYLAMVNtNE 
v =»   rxwrt 

5,N. ACETIC   ACID 

& 

m 

k. 
WHATMAN  NO.2 

POTENTIAL,  SSG VOLTS 
CURRENT, AVERAGE 0.3- 

MA/CM (WIDTH) 
APEX  HEIGHT   11,5 CM 

%r\ fin Q4S .1 CA ».tfS<?\ 

3*5^ 

DURATION OF EXPERIMENT 
\H MSN. 

FIG.7    MIGRATION   OF PHENYLALAN1NE    (EXP.3ZIE) 
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Ux 
tyr     0AJ2iA+BStA+-ALPHA2 
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3E       GAiaA+-BSTA 

J       OAl^A "SLWULIK 

Electrolyte? 

Duration: 
uujrf en5? 
Potential: 

Papers 
Apex Heights 

Barbiturate Buffer (pH $,6) 
0P05tV Sodium Diethylbarbiturst© 
0.0I&. Diethylbarbiturie Acid 
180 Minutes 
ü.5 im »/cm*  twiuth? 
Initial 300 Volts 
Final - not recorded 
Whatntan No. 2 
13.5 cm. 

PIG, 3      COMPARISON OF SEPARATED CÜLSPCHEMTS V/ITO ;«0LS S3RWSI 
{2XPEED£2!T VIII) 
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5gtN3rfc??nt. IX - Caparison of cca^s derived ftora "fczaa? globulin" crdk 
referenes sorum with eleetrophoretic patterns».  A sirsilsr encdysis ©f a - 
sarple of cccssereial fcaaan ninrun<2 globulin" (Sqaibb) a$]2Q&z&  to ha valid» 
Figure 9 illuotratss an qlqctro^oreiie pattsT^ prepared siUiJ^ägLphQsghal^ _ 
u,i^. söaSüia chloride uuxrer \pa 7.4) in crc^rison with papar strips pro» 
pared with 0.Q5K, barbiturate buffer, pH £.6, and 0*02^. phosphate buffer 
(without cäüexk sodiun chloride)s pH 7.6. 

The component migrating most rapidly appears to bo albumsn frcsa com- 
parison with the serum patterns» Superior resulutica and cerrespaadeaea 
seems in tlds case to be found with the barbiturate buffer although a ^greater 
migration has occurred in shorter tine with the phosphate buffer* undoubtedly 
due to the greater field strength in this experiment. 

I&periment X - Comparison of human plasma and serum patterns« *iguro 10 
illustrates the patterns obtained in an experiment in which a serum and a 
heparin plasiaa derived from the same sample of human blood were separated on 
paper with barbiturate buffer. Control experiments have established thai 

/:-f heparin does not stain with bromphenoi blue under the conditions used in theso 
Vj     experiments. Therefore, the aone present near the origin of the plasm 

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 gone is due to its 
having been converted to fibrin at the point of application (origin), as 
suggested by the circular configuration and sise which has about the same 
demsnsions as the circle resulting from the applied drop of plasma (about 
0.01 ml.) at the oeginning of the. experiment, or is simply an expression of 
its low rate of diffusion and inherent electrical mobility, since in this 
pattern the point of origin fails eoineidentaliy at a point intermediate 
between the gamma and beta globulins, xt is of ooursp sell Known that the 
fibrihogen boundary falls between these same constituents in convfntionals 
eiectrophoretic patterns obtained with sodium diethylb^rbiläcäte buffet' 

 : -.  L.T..iS»ä:K&iägv4»feVt £o\^      .                —=c t=s--—=.     —' *=^— •.—— ~^~—-—=—  

Experiment XI - Separation of radioactive inorganic iodide from protein  
fr*    bouna iodine. A 330 Jn. aistar strain rat was injected intraperitoneally 

with ß? microcuries of I1^.  The animal was sacrificed 210 minutes later. 
The thyroid was removed and all possible connective tissue carefully dis- 
sected from it* "W?e3u-jk:xiig''^hyrold was ground in ä"Ten"woe0ck^tissue 
grinder together with about 10 drops of 0.9% sodium chloride solution. 
The resulting material was centrifuged and the clear supernatant fluid 
applied to the reference marks of strips of filter paper which were separated 
in 0.05M. barbiturate buffer, pH S.6, for various periods of time as illus- 
trated in Figure 11. The resulting strips were dried in ah oven for 5 min- 
utes and then autoradiographs were made of the strips with varying exposures 
indicated.*  The following points may be noted. In the experiments, a 
distinct band of radioactivity 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 paperJLn. ttoä^^ne_s_jTÄtaini^LJBI,öt5i& 
(identified 1>y its property of being coagulated and dyed) is corcpletely 
"cleared" of inorganic iodide, the residual activity being associated with 
protein and/or amino acid fractions. 

^~ The lo?,-er photograph "is included to shew detail in the protein-amino 
r.cld zones which is obscured by the longer exposure necessary to show the 
migration of ths iodide ion. 
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PKOBPHiilS EJfF^iÄj 

e BARBITÜIUIS 3*JFF£R 

<e- 

Electrolyte:" Fhosphate Buffer (pH 7.6) 
C.02K. (Sodium Thosphate Dibasic) 

(Sodium Phosphate Monobasic) 
120 Liinutee     ° c 

0.5 ma ./cm« (width) 
Initial 400 Volts= 
Final 340 Volts 
Vftxatroan Ho. 2 
(2 Strips in Parallel in 

Apparatus of Fig, 1) 
14*5 cm« 

Duration: 
Currenti 

Papers 

Apax Heights 

Barbiturate Buffer (pH S.6) 
0.051L Sodium Diethylbarbiturato 
0.01Ü. Diethylbarbituric Acid 
180 Hinutes 
0.5 np./csw (width) 
Initial 310 Volts e 

Final 22Ö Volts 
vJhatman No. 2 
(2 Strips of 5 run in Parallel in 

Apparatus of S&perircsnt IH) 
11.5 ca« 

% 

* 

°$ .*« 

FIG, 9     SEPARATION GF «IISiUHE GkQBULIII« (EXFÜÜB2IT EC) 

16 

i-«.«.' 

'J-, 1 - oe 



r  • I 

V 

Klectrolyte: 

Durations 
Current: 
Potential: 

Paper: 

Apex Height: 

Barbiturate Buffer (j>K 3.6) . 
0.05M, Sodium Diethylbarbiturate 
O.OBL Diethylbarbituric Acid 
180 Minutes 
0.5 ma./cm, (width) 
Initial 320 Volts        
mal 220 veins 
ifhatraan Wo. 2 
(2-1 era. Strips in Series in 2 Cells) 
13.5 em. 

FIG. 10      COMPARISON OF HUMAN PLASMA .-JID SERUM PMTJ&IJS 
(JSXPERIUaiT X) 

17 

1' 

0 
°    0 

O                   \ ^ 
• 1 
c •£   - 

K. _ 'U 
Ol ;*u 

6 



«;0D5 

r 

Electrolyte: 

Duration; 
Currents 
Potentiali 
PapfSr? 
Apex Heights 

Barbiturate Buffer CpH tf,6) 
O.05*!. Sodiuta Diethylbarbiturate 
O.Jli*. Diethylbarbituric Acid 
As indicated above 
0.5 ma./cm. (width) 
310 Volts (average) 
wftatraan so« 2 
13*5 cm. 

FIG. 11  AUTOaADIOGRAFHS OP THYROID SEP.I&iTlOKS 
(EXPU3D231T XI) 
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III. BJSEJSSI«"! 
mW«» W^—M*—MW» 

In the fcreJaiiqu? employed, it is tslie-ved test- th2 jr^ps-? c5«?ip pl?ys 
rarely a passive role eo a carrier of the olectroj$gtc«_Ifc g!~y to r* 

la the course of several hundred, e:q3e?iE?n.ts, no- evidence of e;f-» 
eerp&ivo phsnosens- has been noted under the experimental ccrditicm cr^toyc^, 
in wither the ease- of protein or asdno acid separations. That is to cay* 
(allowing for certain factors discussed bole.;) the components seen to fcihavo 
as they ^ould be expected to in, "free solution". Critical studies desi^n.d 
to answer this question havs not been carried out and, therefore, the pos- 
sible role of adsorption in ths process must await elucidation* For .this 
reason, it seems be3t for the titae being to regard the process as on-aof 
ionophoresis or electrophoresis rather than "electrochromatosraphy" as is 
the process described by Strain (l), or as "partition chro53tograpby with 
applied voltage" as is the process described by Haugaard and Kroner (5) * 

It will be realized that under the experimental conditions employed 
a relatively complicated equilibrium obtains which include a number, of 
simultaneously occurring processes, which include at least the following: 

a. liigration of ions due to the electrical field. 
b. diffusion. 
c. Electroendosmotic flew. 
d. Evaporation of water from the papar strip due to heating of 

the strip incidental to the current flew. 
e. Kydrodynamic equilibrium on the paper strip between capillary 

forces and gravitational forces., 
f 5 Electrical resistance ehsngas along the length of the paper strip 

principally dug tA concentration effects secondary to factor« d> «nd e. 

Sufficient data for a critical evaluation of these tsoiess are set 
available. However, seme of the more obvious relationships which appear to 
explain some Of the experimental findings will be discussed briefly. >«e 
msy esnsidsr that the field strength equation which is applied to the 
Tiselius cell is applicable as a first approximation at least to thin cress 
Sections of the paper at any given level above the electrolyte levej^at any 
gives instants -Sh^v^ sigs-aiiöK velocity is proportionai to rielä »vrwsc^h 
^ and 

X s -•**-•-'- -- 

where I - currents q - cross sectional aroa of the paper; and te0 - conduc- 
tivity of tho solution on the pap3r at the cross section under consideration» 

Limiting consideration to the case where the current is hold constant* 
the cross section of the paper is constant andj, therofore.. auot at axo given 
leifel after ©quxisbritira is established ncontaih"r a given quantity of electro« 
lyte. But, since tho amount of electrolyte contained along the length of 
the paper varies due to the hydrcdynaraic and distillation equilibria xv-ntionod, 
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V-z-  ref festive erors c-etion" of the rs?^p c*2f ^- rcgrrc^S s? irrrcrry*, 
sc the ,el<jetrolyt© level iff, ap;?rc?=>s3., e-3 SC ä^rcrrl^;. er t**c c^ir?. ic 
epppoashed, re^cliinf ite tanies: "effective crccs csi£i«itt at tit? ?—•-*• 
S^rafcre,* the fiela strength ray be cz^cctei to fc* hißtest et tl:0; qpas 
end to dspreass ee the eleetrolyte level in to-? clccftpcfe vgsaslfc 1? 

electrical rcsist^ncs and, for a given current» Kould fce esp-st-d1 to pre 
dues more heat then th3 "tetter* areas below. This fector r:aald be ex- 
pected to accentuate (or perhaps be principally rsspe.tEible for) the 
"wetness gradient55, dorn the paper. The above considerations appear to j" 
explain the lad; of linearity of migration of ioas with tic» as demonstrated     [ 
for phenylalanine in ^cperiEient ^11 (Figure 7) * 

It is for the above reasons that the apes height has* bean recorded in 
experimental data» it having been observed that reproducibility of the 
method could not always be achieved unless this factor '.sere carefully con- 
trolled, especially with protein separations, where a certain optical ''decree. 
of wetness" of the paper for a given current and buffer esesis to be oe~e«?i« 
tial for satisfactory resolution» 

Under the experimental conditions employed, due to the very Istip 
surface area-electrolyte volume ration present in the paper atrip» pronc^ncsd 
electroendosiaotic currents toward the cathode sould be anticipated« It is 
believed that this explains the apparent cigration of the gajaaa globulin 
toward the cathode as illustrated in the serum and plasma patterns (Picures 
8, 9, and 10. In conventional electrophoretic separations at pH 8.6, al& 
the serum components are known to migrate to the anode. It is believe«! ttet 
thi3 apparent* migration of the gamma globulin toward the cathode can ^® 
explained by a displacement of the entire pattern toward the cathode due to 
this pronounced elecbreendosmotic current« 

t 

M 

i 
L - »In TQ£SL of the, a,b@ve conaMerationSi, 3 plo.se correlation of the mobl^* 
]| „  ities of protein constituents äs measure^ ±h thi Xiselius apparatus with 
,JL       jthose of those, paper natterxia is net to he expected._      . __„.= ===  

It will be rioted that the barbiturate huffer employed in these experi- 
ments is 0.Ö5M, a^ eeispared with the 0.1»^. buffer ususlxy emplusrcw *n ces^ 
ventional electrophoretic studies of human sera* It has been observed 
empirically that the nore dilute buffer very much improves the degree o? 

niquo, "Thislnay be due to the fact that the concentration of the buffer 
on the paper is increased above its value in the electrode vessels due to 
evaporation fron the paper and. on the paper* thus approaches a concentrs« 
tion comparable with the optimum concentration observed in Tiselius separa- 
tions* 

VI. HtBLieQRtffHY 

1, Strain, H. K0 On the combination of electrophoretic and chr$3sat- 
©graphic adsorption methods. J:, Am. Cheia. Spc. 61, 1292, 1939. 

2. Goolidge, T. B, A simple cataphoresis apparatus. J. Biol, Chea., 
lgfr 551, 1939. 

3> 

r 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026

