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INTRODUCTION

Due to the increased interest in electrophoresis as a clinical
tool for diagnosis, it seems evident that an attempt should be made to
obtain equipment for use in the small hospital.

The cost of commercially produced equipment prohibits the use
of the electrophoretic procedure in the small hospital unless some
method employing the basic theories can be found at lower cost. This
paper attempfs to show how a small hospital will have the essentials
for this procedure at a cost of one-tenth of the commercially produced
equipment. The completed electrophoretic patterns mgy then be sent to a
larger hospital which may have an "Analytrol" or some other densitometer
for obtaining the percentage of the serum albumin and globulins. The
graphs can then be interpreted and sent back to the small hospital for
diagnosis.

During the summer of 1956 the writer observed the equipment in
use at the Naval Medical Hospital, Bethesda, Maryland. The results of
the equipment there were compared to the results of this present
investigation. The separation obtained at Hays corresponded so closely
to that at the Naval Hospiteal, that the results of this investigation
may be considered valid.

The present investigation was conducted at the St. Anthony
Hospital at Hays, Kansas. It was designed to check the relative
accuracy of an improvised instrument with an expensive commercial
model, and to verify the use of such an instrumert as a diagnostic

tool.



HISTORY OF ELECTROPHORESIS

The movement of particles in an electric field, known as electro-
phoresis, is today one of the most important analytical tools available
to the clinical laboratory. It may surprise many, in view of the fact
that electrophoresis has only recently become popular, that this phenomenon
of particle mobility in an electric field was observed as early as the
beginning of the nineteenth century. The initial observation which
eventually led to the development of electrophoresis as we know it today
was made in 1800 by Nicholson and Carlisle when they noted that water de-
composed under electiical stimulation. Shortly after this, in 1802,
Cruickshank observed that metallic chlorides decomposed with the deposition
of metals on the cathode., A similar experiment carried out by Hisinger and
Berzelius in 180k, showed that neutral salts decomposed, liberating acids
at one electrode and metals at the other. Davy, in 1807, used this technic
for isolating sodium and potassium. Reuss, in 1808, the acknowledged
founder of electrophoresis, found that water became positively charged
when in contact with powdered quartz amd clay, and, therefore, that a direct
electric current could forcibly transport the charged water molecules
through a porous quartz or clay diaphragm toward the negative pole.

However, of the various methods available for the study of the
electrophoresis of proteins, the moving-boundary method has been most
successful until the most recent "zone" and "continuous" electrophoresis.
In 1886, Lodge used the moving-boundary method for the study of transference
numbers, a technic brought to a high degree of perfection in 1932 by
Longsworth and MacInnes. The first moving-boundary studies with proteins

by Picton and Linder, in 1892, stimulated further work on proteins, in



the course of which Hardy, 1899, Pauli and Landsteiner, 1908,
Michaelis, 1909, and others observed that the direction and rate

of travel were a function of the hydrogen ion concentration. A
mumber of experimental difficulties were encountered by the early
workers, and these difficulties and the prospective usefulness of
the method were discussed by Tiselius in 1930. Thorell, in 193k,
succeeded in isolating the yellow respiratory enzyme of Warburg and
Chrisian by ﬁse of an electrophoresis cell which could be divided
into a number of sections by sliding ebony plates. In 1937, Tiselius
described the apparatus that he had developed at the University of
Uppsala which made it possible to make precise measurements on purified
proteins and naturally occuring mixtures such as plasma.

The first report on the use of paper electrophoresis appears to
be that of Konig, which appeared in Portugese in 1937. It is interesting
to note that this report antedates the modern work on paper chromato-
graphy, which can be considered to have started with the work of Martin
and Synge in 1945. In 1939 another paper appeared by Konig in collabora-
tion with von Klobusitsky, in which paper electrophoresis was used for
separation of a yellow pigment from a snake venom, its first use for
protein mixtures. This work attracted little attention, however,
perhaps because Konig's observations were temporarily eclipsed by the
work of Tiselius with the moving-boundary method, which also appeared
in 1937. In any case, it seems certain that the subsequent rediscovery

of the method was influenced to a large extent by experience with paper



chromatography, as well as the silica gel ionophoresis of Consden,
Gordon, and Martin. From 1947 to 1949 a number of laboratories
independently developed methods of electrophoresis on paper which are
widely employed without significant modification today.

Frankel (45) in 1955 reports there have appeared over 300 papers
involving paper electrophoresis. Of these about fifty deal with various
forms of electrophoresis. Fortunately, all of the types of apparatus
which have been described fall into three basic categories as follows:
(1) closed strip (evaporation prevented); (2) semi-closed (evaporation
permitted); (3) open strip which includes the horizontal and hanging

strip variations.



GExahAL PrINCIPLES ul' PaPuk sblal i kOPHOUNZSTS

tlectrophoresis is the migration of chargea particles in an electric
fields The rate of nigration depends upon the marnitude of the charse upon
the particles, the viscosity of the medium, the voltage of tne electric
field and other factors. The particle charse is affectea oy pH ano ¢,
the electrolytes and their concentretion in the suspending medium.

#11 proteins are amphoteric: that is, they contsin raaicels waich
dissociate to cive positive ana nerative ions (e.r. =CLO™ ana Ni} +).
The relstive and absolute munbers of positive and nerative ions deter.uire
the sisn and marnitude ol" the char~e on the surlace of +ute nolecale or
orotein-containins verticle. The cnarce is ner-ative when nerative ions
predominzte. A nesatively charged nrriicle micrales toward tne positive
electrode in an electric field. 1 such a suspension ic rniede more acia,
adaitionel wasic racicals dissociete and their positive charges reauce the
net negative cherce on the protein. At s certain re~ction known ss the
isoelectric point the vrotein is maximally ionized, althouch ne;ative
charges are equal. The particle does not migrate in either direction in
an electric field, but may precipitate out of solution. The ieoelectric
point oif one protein usually differs from that of another.

~elow the isoelectric point tne vearticles poscess a net positive
charge and migrete toward the necative vole of its electrophoretic cedll.
Tavle I illustrates the electrop:.oretic mouility ana iscelectric points
of the frour principal orot in fractions ol a normal serum. A comoarison
of distritution of serum proteins in normal and patho.enic conditions is

snown in Iigure 1.
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The classical' apparatus for electrophoresis was devised by
Tiselius and consists of a glass U-tube composed of cells with parallel
walls of optical glass connected through columns of liquid to the
negative and positive electrodes. The ability to get a picture of the
separated protein fractions is based on the fact that there is a
refractive index difference between the bBuffer solvent and the protein
solution. Gronwall (L4T7), in order to remove the convection currents
and stabllize the moving boundary separation, has performed the
electrophoresis of protein mixtures and amino acids in packed cotton,
glass wool, asbestos, silica gel and agar.

The principle of paper electrophoresis is essentially the same
except that the migration occurs along a filter paper which has been
moistened with a buffer solution and placed between two electrodes.
This filter paper is placed in a wet chamber to eliminate evaporation
from the paper.

The actual methods used vary somewhat but are all basically the
same. For example, the sample to be tested is applied to a strip of
filter paper which has been moistened with the electrolyte buffer.

The ends of this paper are connected through reservoirs of electrolyte,
usually also covered by heavy paper wicks, to the electrodes which
consist mainly of platinum wire. In most methods these strips are
supported in an inverted V. The sample is applied to the vertex of the
V and allowed a short while to be ebsorbed. In some methods the sample

is applied before moistening the filter paper, in others the paper is



7

dipped into the electrolyte first. The circuit is then completed
and voltage is applied for 6 to 16 hours depending upon the
magnitude of the current or applied voltage.

The buffer may consist of varying amounts of diethyl barbituric
acid and sodium diethyl barbiturate or veronal. After electrophoresis
the prescribed length of time the papers are dried in ovens varying
from 120-140 degrees Centigrade. They should not receive the direct
radiation and should be out of drafts. The papers are dried for
about 30 minutes to insure the coagulation of the protein, then placed
in a stain for about six hours. The dye is made up of bromophenol blue,
zinc sulphate, and 5% acetic acid. The papers are then rinsed twice in
5% acetic acid, placed in a fixative consisting of sodium acetate and 5%
acetic acid, and finally dried. The amount of dye which is bound is an
index of the amount of protein in different parts of the paper. By
cutting the paper and removing the dye and then colorimetrically
determining the dye, a curve similar to the curve plotted in the
Helassical? Tiselius method is obtained by plotting the dye concentra-
tion against the distence traveled. The dye can also be photometrically
determined without elutian.

Gronwall (L47) worked with the processes which occur during the
electrophoresis when ions and charged protein molecules migrate.
Diffusion occurs, heat is generated which increases evaporation from
the surface, and a hydrodynamic equilibrium is formed between the
capillary force and the force of gravity in the minute pores of the

paper. For best results a constant migration must take place thus



necessitating a constant concentration and composition of the
electrolyte which is altered by evaporation and the reaction at the
electrodes. In order to keep all the deterrent forces at a minirmmum,
a barbital buffer of pH 8.6 to 8.8, of ionic strength of 0.05, using
a 35 cm. strip of filter paper and a potential gradient of about
7-10 volts long cm., must be used to get a complete separation of
0.005 to 0.03 ml of serum in about 5 hours. Gronwall also recommends
not only bromphenol blue, but also #zocarmine S and Amidoblack 10B.
Tn most methods the dye is eluted with precisely measured amounts of
dilute NaOH, The methods vary depending upon whether the paper is cut
in 5 mm strips, or whether the entire segment of a single protein is
cut.

Muich work has been done checking the accuracy of this method
against the "classical" method of Tiselius. Levin and Oberholzer (63)
found that after delineating the protein fractions on paper, a micro=-
Kjeldahl method of determining the protein nitrogen gave better
comparisons than the dye eluting method used by most. This is due to
the fact that albumin has a greater binding capacity for the bromphenol
blue than for the gamma globulin, They found that 1.3 was a sufficient
correction factor for the gamma portion. This would not zpply to all
fractions and is also specific to the time and concentration of the
dye because of differential rates of adsorption. They also feel that the
curve made by the dye elution method is difficult and not very accurate
because of the job of measuring the 5 mm strips of paper, the number of

solutions on which the dye must be determined, and the extreme difficulty
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of analyzing the curve once it is made. Ievin and Oberholzer ran a
test to find out if the fractions were being correctly defined at the
lowest point of concentration between the fractions. In one set the
dye was eluted in 5 mm strips and micro-Kjeldahls were done on another
sete The latter was discovered to be as accurate in the method of
compiling and analyzing the curve as the Tiselius method. Comparison
of the two methods showed that the albumin fraction agrees quite well,
but the gamm;-globulin, showed several differences over 6%. The
greatest difference (over 10%) was shown on a patient with multiple
myeloma. However, the gamme-globulin, being an end fraction like
albumin, should be expected to agree. The discrepancy mgy come because
of extra absorption at the point of application. Methods done on
nephrotic serum showed difficulty in separating the alpha=2 and beta-
globulin fractions partly due to the large amount of lipids. They also do
not agree too well on the determination of pyperglobulinemia, possibly be-
cause of the dye elution method giving a measure of the protein part of
the protein-lipid-carbohydrate complex. In comparing salt fractionation
and paper methods, it was found that the two methods correlated well
except in the case of nephrosis and in the alpha-2 and beta fractions.
In salt fractionation most of the globulin appears in the beta fraction,
in the paper the globulin is meainly in the alpha-8 fraction.

Harwicke (L48), in a paper covering different determinations made
to check the accuracy of paper electrophoresis against the "classical"

Tiselius, says that the quantitative accuracy is found to be plus or
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minus 65 of the total protein oresent. He feels thet this rethoa may
be quartitatively more accurate in the analysis of patholo:ical sers
conteining high proportions of lipid or carbohydrate tha: ary processs
used up to now.

raper electrophoresis cen zlso be used ror spicel tiaic. refore
use, it is concentrated vy dislysis in a cellophane var ayainst a ccn-
centrated solution of dextran. About aire ml. of spinal fluic or normal
protein content cer. be coicentrated to aboit 0.2 ml. after enproximately
2L nours of dialysis in a cold room. After bei co centreted spival
fluid will show a vpzper natlern similar to :ormal serum. Grorwzll (47)
worked out e methoda for the staining oi serum=-bou~a Fat after the re=ilar
period of electrophoresis. after stairin« with ¢ hail saturated dSuda:n
black in 50» ethyl alcohol, the fat will sppear as blue~black spots
situated in the :lobulin fractions., 5lyco- ar. mucoorotein 1oy ve
steined c©y e moaificetion of tne dotchkiss metnod, usiin periodic acid

. «ae protels

for the oxidation oi" wolyvsaccharices <o poly eldeh;ceg
polysaccharides will e pear on lhe paper with o rec violet colcr.

Paper electrophoresis is also .ery useful i.. seperatii:; anc
analyzing abrnormal hemo.rlovins. tpret (82) siawes tnat raalic: o.d
his ascsociates aiscovered trat the sick.in ol rea cells is agsoclctea
with an acnormal hemo. locin of altered electrep.oretic .ocility. Later
Itano and others found a second type havin ' an electrophoretic nouviiity
different from normal and sickle hemorlouvins. Wwhen this secona type is
combined with normal bloed, target cells are seen 1 peripherel blood

smears althouszh there is na cliaical evicence of cisease., This is
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designated as Hemoglobin C, Itano also found another hemoglobin which
has mobility of the same magnitude as sickle, but is more soluble and
is not capable of causing the erythrocyte to sickle. It is also true
that adult and fetal hemoglobins differ in their electrophoretic
mobility.

In order to prepare bloods for electrophoresis the cells must
first be hemolysed. Spaet (82) used oxalated blood, washed the cells
three times with normal saline, hemolysed the packed cells by freezing,
then thawing. He then diluted the resulting solution with five volumes
of veronal buffer (pH 8.6) and finally centrifuged an hour at 20,000
rpm. Another method washes the cells with 0.9% NaCl, adds an equal volume
of distilled water to the packed cells, iising normal hemoglobin as a
control., Spaet showed that normal hemoglobin travels farthest, sickle
intermediate, and hemoglobin C the least. Motulsky, Milton and Durrum
(66) showed this to be true and in addition they showed that fetal hemo-
globin is between normal and sickle types.

Motulsky, Milton and Durrum (66) state that paper electrophoresis
may be used for life span determinations of the erythrocytes in some of
the hereditary hemoglobinopathies. The decay of normal adult hemoglobin
from transfused normal cells may be followed in patients with hemozygous
C red cells by following the disappearance on papers Conversely,
homozygous hemoglobin S or homozygous hemoglobin C could be given to a
recipient with homozygous hemoglobin A cells and the disappearance curve

of the abnormal fractions followed.



APPLICATIONS OF PAPER ELECTROPHORESIS
Clinical Applications

At the present time the best complete work regarding paper
electrophoresis and its clinical applications is the book A Mamual

of Paper Chromatogrephy and Electrophoresis by Richard J. Block et. al.

(1) which contains considerable theory and includes the different methods
in current use. Instructions for making the apparatus for various types
of separation are in detail. He includes problems in mobilities,
diffusion, separations amd their changes due to temperature, concentra-
tions of the buffer, and changes in current. A good comparison with
different buffers is shown in Figure 8. When the paper strips are made
transiicent, the comparison to the dry strip regarding transmitted

light is given in Figure 9. A problem in ion migration regarding the

L% trailing error due to albumin tail is shown graphically in Figure
10. A thinner paper will decrease the error.

The theony of ionography is considered extensively by Hugh J.
McDonald (3), who also includes general methods and types of apparatus.
The location and identification of separated fractions by using differ-
ent buffers is stressed, indicating how this can be used in industry.

The statement is proposed by William B, . artman (4), that electro-
phoresis promises to become a useful means of differentiating ascites
due to tumors and that from other causes. Another contribution of
electrophoresis is the positive differentiation of obstructive jaundice
from familial nonhemolytic janndice with kernicterus is indicated by

Wartmen (B).
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W. S. Adams (7) gives a good procedure on plasma cell tumors
(multiple myeloma) using Tisileus technic showing that beta-globulin
predominantly increases. The electrophoretic pattern may increase
through all of the globulins.

Comparing the results of paper electrophoresis to Tisileus'
method in multiple myeloma, H. O. Conn (8), indicates that results
compare satisfactorily and are clinically more practical using paper
strips.

Abnormal serum and urine proteins in a number of cases of
miltiple myeloma are compared by Osserman (9), and display identical
mobility.

Serum lipoproteins studies by Ackerman (10), show definite
patterns as illustrated in Figure 1l. The lipoprotein pattern of
normal values is compared to hypertensive cardiovascular disease, and
hyperthyroidism. Both cholesterol and phospholipid values are given.

Serum electrophoretic studies on patients with familial primary
systemic amyloidosis were made by Block (11). Serum findings on 5
related patients shows the presence of a typical peak between the
alpha=2 and beta globulins which has been labeled alpha-2 prime.

Random fluctuations in the levels of glpha-l, alpha-2 and beta-
globulins were seen in the serum of 3 patients with Rheumatoid arthritis
during treatment with cortisone. The favorable clinicegl response to
cortisone were not accompanied by a return to nermal values for the alphé

of beta glogulins as reported by Hess (12).



U
lLecrcylotuli nemia and other paraproteins appear to be pro-
duced by a variety of disease states. Primary macroglobulinemia
{(waldenstrom) a pears to be a distinct entity with mulviple nematolo:ic
and related clinic abnormalities. The basic defect of Primary macro=
~lobulinemia apoears to be a disturbancs or the reticuloendot-elial
system with abnormul production of hi -h wolecular weizht slovalin.
lhe condition resembles myeloma but Jim (13) reports that it is pro-
bably a sepérate alsease,

Serum electroohoretic waelrsis in hemochromatocis sno diacetes

s

esistant to insulin is stndisc ty Noeni - (Lh). Corporicons :1e :ade
between virrhosis of liwver, acute lepetitis, liver ingalrment -al obier
liver concitiurs. Koeni: (1) obs=rvzs tast both nemochromaiosis and
diabetes return to normal arter troavment witu AcT A,

Jaantitative inalycis of oyed filte pover eslectrophoresis of
humen serum has been facilitated b7 recent aavances in inetruenta-
tion states mackay (15). ieproaucitiiity of co mercizl instru.ects oave
been compareca and evaluated. The stain amido-black for 1uU niinuieci, then
decolorized with methanol-scetic acid washes is compared to tae vromphe:ol
blue technic.

The electrophoretic study o’ tue blood serum froa lyimpho -renmulomatous
patients by Eottino (16) incicates thot Howuskkin's disease dozs have a
pattern different from olner diseases.
ithe study of virus hepatitis indicates @ drop of albumin without

laboratory or clinical =vidence of jaun:ice., In awcition, itherc is a
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severe drop of alpha-l and alpha=-2 in cases with severe icterus. A
marked rise of gammia-zlobulin (less than in psrtial cirrhosis) ap-
peared. ‘nis elevation did not occur in casezs witiiout jeundice,
states Satoskai (17).

The siultanecus fractionin - of serum =nd urine proteins, oroves
useful in the ditferentisl dia:nosis of proteinvria in cases of multiple
myelomas with bence-Jones urinery protein, oSlstev (18) Zurther incicates
the relative concentrstions ol urinary prostelis depend on taeir melwcular
size und was a oerent in various ¢ nditions. the hith mnolecul-r weio ht
serum livpoproteine were not deteztacle in vne urine.

Flasna transfucions -wnc treatient w tia corticotrooin 1s discussed

1 -

clezrance

,‘A
=
]
o
"
o

m
i
@
e
=

Sticklz» (20), witn resultent evidence of
of albumin #nd alpha-1-7looulin -urin - aderstoas pnase clter Tals incuced
diuresis. Therefore tne neparotic syndro:.. 1l ht be explainza orn tie
basis of increased clomeruvlar permeac.ility to proteins ol lower
molecular weirht. Aiter adsinistration of corticotlropin, thic de-
cressed clearance values ceem to su-“cst o ccere:iua lomerular
permeability.

Comparstive studies in quantitative filter psper electrophoresis
by walsh (21) agreed closely. Thres alfferentsera vere used ana taree
different stains for each serum was carried out. Lypes of uves uere
conpared and the pH of the wash solution at 3 or less wes expla ned.

The elution of paper strips in sections and sucsequent determination by
means of a spectrophotometer is the method preferreu Ly walsh Jor  reater

accuracy. dJowcver, he states tne results should be read as per cent of

dye distribution.
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wnitman (22), lauds the method of Tisileus as the method of
choice in his study of portal cirrhosis. le compares the plasma, scra and
sscitic fluid of patients with acute conditions. lhe serum alvumin is

decreased with the beta ana ‘amma <7lobulins increased in cirrhosise.

A sood technic by Lurrun (23), is included in his article
"ipid Detection in Paper Electrophoresis'. Whe stalns are ncv and
show irprovement.

The concept or protein ourity using electrophoresis as &

criterion is discucsed b7 less (2L). HAs more sensitive Tesus are

@

applied as aveilacle the concept of protein purity will be reviced.
A protein may te purs for one operation snd lrpure for another.

Usine the pH -radiznt, hoch (21) shows the sharpness o itneé
electrophoretic banog can .e increased at tae expense ol the extent of
the electrophoretic pattern. This incresce of pH rracient is nserul
for snalysis of very dilute solutions.

T, Larson (26), uses a new approach to tre study of the nature
of the circulating thyroid hormone as well as obher trscer sutslances
in MLocalization ou Protein-pound - auiosctive Lodine uy Jiltor foper
_lectrophorasis.”

Ly adding 5 to 15 percent +lyccrol or ethylene ‘1vcol or other
low molecnlsor weirht substances to the bu fer, the voor pressure of ihe
buffer is lowerea wita recpect to ster and thms con nadataln € hicher
itemperature for & lonrer neriod with riniotua loss of solution. cionald

(27) elso stabes the evaporation from the paper of the uiffer solution



is caused by the heat generated by the electrical current.

An inexpensive stain for paper electrophoresis is given by
Rideout (28). This stain is Light Green S. E., which is cheaper as
well as adequate, and has less trailing than the commonly used
Bromophenol Blue. The technic included was by W. Grassman.

The horizontal strip method described by Antonini (32) is a
typical method, but uses the stain Naphthalene Black. The paper was then
made tra.nsﬁarent by dipping in paraffin and alpha-bromonaphthalene,

The readings were made in a colorimet;r with an attachment for strips.

A review of electrophoretic patterns of various diseases was
made by Antonini (33), which included liver diseases, nephrosis,
inflammatory diseases, tuberculosis, malignant lymphogranulomas, blood
diseases, myelomas, and endocrine, kidney, amd cardiovascular diseases.

The correlation between the cholesterol content and the material
extractable from beta=-globulin in normal and diabetic serum is discussed
by Bowen (38). Lipid extraction of serum before electrophoretic analysis
caused a reduction of the area of the beta-plobulin peak and an increase
in the alpha-2.

Baker (35) states that hydrolytic enzymes can be identified
and separated. The four hydrolytic enzymes normally found in human
serum are: Ali-esterase, psewdo-chélesterinase, alkaline phosphatase,
and amylase,

Benhamou (36) comments on staining of the protein-bound polysaccharide
of serum by oxidation with periodic acid following use of toluidine blue.
In this study further oxidation with bromine water gives clear bands for

the aldehyde groups.
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Pulmonary silicosis is the prol.lem of poselli (37). The alpha-
~lobulins were normal in almost a2ll oif simple silicosis, but above
normal in cases of silicosis with infection. The ramma-ic-lo.ulin was
above normal in almost all cases and definitely patholosical in
75% of the cases.

The patholozical scra of known cancer patients were consiucred
by toyland_(39) ¢nd were shown to heve si-nificant increases in aipha-1
and &lpha-2--lobulins. %The zlbumin conteat and the A4/G ratio were
lowered.

Investization of tre serum as a leens of evaluatin: the so-called
colloidal lability test is reported by aspani (42). An increasc in the
alpha-globulin fraction is accompanied Ly an increage in the sedimentation
rate, a positive wunderly rcection accordine to weltmann & shift of tie
coasulation band to the left. A characueristic of &n ‘ncrease in beta-
yobulin is a positive ilchacan reaction and & shoitenin of the weltaen
reaction; the Taksta azna Hanrer tests have some significance. Jasracter-
istics of an increase of gamma--lobulin ie a pesitive mercuric chloride
test and Wunderly reaction and a prolon-abion of the aeltmann test.
Fisher (LL) discusses t e clinical enplication and limitations ot paper
chromatorraplyy «nd paper electropnoresis.

slectrophoresis and its a plication to clinical cnemdstry is
discussed by s'rankel (L5). Irankel iives & oou report on tne history
of electropnoresis, Conditions incicating use oi this new clinic tool

and differentizl staining technics ere detailed.



A simple metnoc for cortinuous electrophoresis is ~iven by
Hobart (L9) which differs frorm the elsborete plastic ead han in-
strip appsratus. une Zoot of 2 .m. $il er wirec 1s coiled invo the
required shape and first cleansd Zor « few secoads in corncentrated
nitric acid ond washe¢ with aistilled water., oilver wire s lhen placed
as the anode in an electrolytic cell with the olztimm cathoue in 64
hydrochloric acid and a cuvrant of 2U milliamperes iswassea for L nours.

A comparison of electrophoretic patterns and clinical findins in
myocardial infarct, by H. Kaufman (52) compare to orevious fincinrs. 4n
incresse in the elvha-~lobulin fraction wss alwsys se=n, due to an
increase of the alpha=-? fraction lestin- for wbout = month, = transitor;
increase of the alpha-l-.loculin, and tne ap.earance in some cascs of a
~lobulin with a mobiiity between &lpha=2-znd beta- -lobulin. The rice
in alpha-slobulins wes due to an increage 'n the -iyconroteias wiich
seemed to perellol the observed -~lycemia. rhe chen.-es in the ~loonlins
mav be an expression of the ~eneralized stress responce.

clood conor electropuoretic patterns return to noriel r. zbont
sixty deys states iicllner (‘3). “he serum protein cuucentration are
higher in the more freguent bloou donorc. 1he protein co posivion
shows no consistant chanje.

A short time zone-electropihoresis has been developed by Kiess (5h).
The time is 3.5 hours (350V) and the guantit:tive cdeterminztions by elution
of dve and readins intensity of different portions at 595 u. results

compare well witl the movin; boundary enu are aore {avoraule than chemical

fractioning.
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Clinical use of a new method of electrophoresis in liver
diseases is reported .y fnedel (56). He uses Amidoschwarz 102 as
the dye, end uses a mixture of liguid petrolatum sna elphabrormephthalene
to make the strips transoarent. This strip is unow placed betwecn two
cless slides anc the optical density is determined for the cifferent
fractions.

Abnormal protein patterns in disease is ciscucced bty ruhns (57).
ne does not consider zon~ clectrophoresis as ceins sensitive enou~h
for = quantitative deteriination for serwi protein fract.onation,

A practical a.oaratus can be made ior continuous elsclirophoresis,
and is shown by Kulick (57 ). UTne oreszration of the =pparatus and tenks
using 3 inch plexizlass i'or the hanfin~ -~apcr asceroly is shouwn.

nlood protzins anc antibiotics travel indepundently ir veper
electrophoresis and is studied by Kuvzi (59).

Lenke (62) reports that ACIH improves the serum electrophoretic
pattern after this induced diuresis for nephrocis patients. Datz ere
~iven for 3 infants witnh lipid nephrosis snc one woman Wil . chronic
~lomerulonephritis.

Paper electrophoresis as a guantitative metlhou, meacarin tne
alpha- ani beta-lipoorotein cholesterol, le reported oy Lan an (01).

See Mirures 11 end 12 for protein and phospholipid natt.orns @nc cuaises,

Electrophoresis and ionophoresis on vaper is stucled o Loos (oi).
lhis is a comprehensive summary and aiscussion ol literzturc on the
principle of ion mipration. He studi-s blooi serums, amino=-acids,

sucars, ctce
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“eterman (68) sliows the electrophoretic pattern returns to
normal after surcically rc:movin: neopleslic conditions. Patients
with pastric ulcer exniuvit hypoorotein aue to decrease oi aluwsiin,
other constituents bein: normal. Patients witn ceitric cencer snow
a marked decrease in albumin; alpha=-glouvulin anc tiorino,en are above

normal while beta and vea.ma-rlobulins are normel,

An acid protein present in the plasma is reportea vy fFeterman
(69). blectrophoretic snalysis of human plasma and serur is acetic
acid-chloride buffer at L.0 revezls the presence o- aa acid prowein

. o - - 5 2 .
component witn a mobility of minus 2.7.. ™2 cm /volt/second. ine
plasma of patisnts with <astric cencer or cancer of the lun. conteln
this material in ¢reater anounts than ifound in normal petieuts or non-

neovlastic patients. Hich values harse also oceen fomd La ¢ few css:s

(¢

of lympathic leakemia ana 2 cases of oc “kin's diceussc,

Another stucy oy Peterman (70) oi o ‘kins aisease, caronic
myelo.enous leukemia, and lymohosarcoma, reveeled no characteristic
pattern.

Instrumenta. requireaents Jor tlie oh to.etry of s=zruil eloctro-

[

phorozramns are discussed vy retzold (72), usin the treanspsrenc; ethod
for the stained filter paper strips.

mlectroohoresis of huma: plood serum oy Fortillo (73) was carried
out to obtain standard values to which pstholo:ical scrums could be
compared. Anweiler microelectrophoresis epperatus wac used. wittle or
no difference was observed between nale and female sera, results were
aloumin 624, ¢lpha=1 L.5%, alpha=2 ©.5%, beta 10.5% and ;arme -lobulin

15.24
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Fesults obtained with a compact :n¢ simple electrophoresis
apparatus wacs discussed by heiner (75).

Comparative studie:r of the beta disturbance of electrophoretic
pattens in discase is reported oy louth (77). iesults or L1tud
aeterminations heve been compared and tavulated.

Schneider (79) uses elution of cap.r ctrips to oittain the
protein fractions anc coes o on tac assumption that these I'ractious
may be analyzged further ror researcn velus. rriancioles and asethocs
are describec for a 3.5 hour procedure.

The results ol elcctrophoresis in serum nrotelin chsn es in the
condition of Trichinosis perallel the results oi" the Taksta reaction
reports ochonzen (80)., The gamma- lobulin incre:nses at tne c.ovensz of
aloumin anc other lobulins,

The Seminar by charpe and uohme (1) includes a siiple inexpensive
electrophoretic apperatuc. Yechnic is “iven ¢na theory is cirmlitfizsc.
Tnis also includes a rapid stainin:, technic. A satifactory separation of
protein can be mcae in as little as 3 hours, dcpendin;” on t.e volts, e
applied. Visual observation of the serum mi ration is proviced £ aucin:

a small amount of bromophencl blue to the serum »rior toe the deterrineauion.

A jethoa for determinin- esterificc fatty acin wih zoie =2lcctrobnoresis
is described wuy Thomseit (63). woerum lipias congist chiefly o the tri-
lycerices (neutral fatJ, cholesterol (frec an: esterilicd), wiu pavsphgsicus,
The 2realer part of the lipid mstericl € ens to le cou-tinea wita serun

protein, formin;' substances referrev to as alpna and bela-Llipcurotelns.
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A simple method of analyzing paper strips in paper electro-
phoresis is discussed by Van Os (88). Valuable tips are given regarding
technic of handling the electrophorograms.

Adaptation of paper electrophoresis for general clinical work by
Verschure (90) gives the method for hanging strip electrophoresis.
Reading on the strips is done on the Beckman spectrophotometer at wave
length 480 mu.

Micréelectrophoresis study on paper by Vitte (91) reports that
except for the sharp increase in gamma-giobulins, the proteins of cancer
patients are not notably modified. In acute trachoma patients and in
cicatricial states of trachoma, the albumin was decreased and the
gamma=-globulin was increased in the serum.

Control of the staining procedure after €lectrophoresis but
before stains by using 0.02 cc. of 0.05% of aqueous polyethylenimine or
"polymine" is applied to the paper strips at the side, prior to Sudan
Black or Naphthalene Black 12B for lipids and lipoproteins. This polymine
cannot be eluted from cellulose strips and therefore must be read
directly. This technic, reports Wunderly (92), corrects the error of
removing an excess of stain in the washes as other technics use.

Yamanaka (93) reports a study of protein fractions in the serum
of trachoma patients. In the acute and cicatricial stages of trachoma,

albumin was decreased and the gamma-globulin was increased.



IMMUNOLOGICAL APPLICATION

Chemical analysis reveals no uniform difference between antibogy
globulins and normal globulin. The association of particular radicals
with the antibody function has been suggested in specific cases, but
has not been confirmed for all antibodies. The distribution bases of
amino acids in normal and immune globulin is essentially the same, so
the alkaline property of the immune globulin mgy be associated with
free amino groups. These, if properly oriented, can react with carboxyl
radicals of antigens or haptenes.

Molecules of immune globulin possess at least two kinds of
serologic specificity. One kind of specificity is peculiar to immune
globulin and is shown by the reaction with homologous antigen. It
depends upon antibody groups or radicals, which are probably few in
number. The other type of specificity is common to both immune and
normal globulins as species proteins.

Antibody globulin molecules seem to possess specific reactive
groups present in normal globulin molecules of the same species as well
as the radicals upon which their antibody function (antitoxin) depends.
An antibody may be pictured as a globulin slightly modified in the
process of manufacture to possess a few sites capable of combining
especifically with certain characteristic chemical configuration of the
antigen (1).

A method of absorbing and drying antibodies on paper disks was
developed by Adams (30) for serological work. It eliminated many of
the problems, such as bacterological spoilage, chemi.cal denaturation

and breaking of glass vials, associated with handling serum samples.
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The antibody is eluted when the disk is immersed in a dilution of
¥irus: and could be detected by snoculation of the mixture into
embryonated egg.

Electrophoretic examination by Anderson (31 )shows that horse
diphtheria~-antitoxic plasma have different proportions of alpha, beta,
and gamma-globulins and different distribution of antitoxin. These
changes of composition are at least partly due to conversion of one
component into another.

A method for dividing the electrophoretic pattern of serum into
17 components is described by Berry (3L). The procedure is based on
the assumption that each component is symmetrical about its axis and
has a fixed relative mobility wvalue.

The basis of virulence in Pasturella pestis has been described

by Burrows (4O). Virulent strains of P. pestis can be differentiated
from protective avirulent strains of P. pestis by phagocytic tests in
vitro .

Electrophoretic pattern of serum infected with Salmonella typhosa

is compared to normal serum by Cagli (L1). Total protein values are

unchanged, but diminution of albumin and parallel increase of gramma -

globulin is evident. The modification disappears in about 60 days.
Antigenic identity of hyperglobulinemic serum components with

proteins of normal serum has been developed by Deutsch (43). A series

of hyperglobulinemic components of human sera were reported and character-

ized in terms of their electrophoretic mobility.
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Transport and binding in serum, as investigated by paper
electrophoresis and radioactive indicators is discussed by Horst
(50). Radioactive indicators seem to be selective in their binding
with different fractions of serum. This may prove to be mother
method of positive identification and separation.

An investigation on antibodies by the use of partition chromato-
graphy was done by Humphrey (51). The antibodies of gamme- globulin were
taken from ¥abbits at different stages of immunization with various anti-
gens. The findings suggest that different cells, capable of producing
slightly different globulins, may predominate in antibody production
according to the route of injection and duration of the antigenic
stimlus.

Electrophoretic studies in expermentel rabbit syphilis was des-
cribed by Kiimmel (55). Isolation of the specific reagen from the gamma -
globulin was not complete, even though the rise and fall of serum tites
was exactly parallel to increase and decrease of gamma globulin,

Detection of reactions of the type of antigen-antibody combin-
ation was discussed by Lang (60). Interactions of proteins can be
qualitatively analyzed by zone electrophoresis. For example, a radio-
actively labeled antigen may be allowed to migrate past the antibody.

Immuno-electrophoretic analysis of blood serum is explained by
Martin (65). Immune-electrophoresis combines electrophoresis and an
immuino-chemical precipitate in a jellified medium. The mixture of

antigens and antibodies after diffusion shows a number of lines of
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precipitation which indicates the albumin is not homogeneous, and the
gamma-globulins are a group of proteins of different mobility although
antigenically similar.

Mieller-Eberhard (67) discusses the carbohydrates of gamma=-globulin
and myeloma proteins. Gamma-globulin by zone electrophoresis revealed
mltiple components of different mean mobilities, but containing similar
amounts of carbohydrates. Gamma-globulin isolated directly from normal
serum by zone electrophoresis showed a heavy component in addition to the
usual 7-8 material. The heavy component concentrated by preparative
ultra centrifugation was found to be considerably richer in carbohydrate
than the rest of the gamma=globulin.

Quantitative complement fixation for estimation of antigens was
validated by comparison with electrophoretic determination of serum
albumin by Peterokofsky (71). The comparison was applied to the
determination of heat labile alpha-2-glycoprotein (HLGP) in normal ard
pathogenic sera and in plasma fractions bbtained by cold ethanol
techniques. HLGP is markedly elevated in nephrosis.

Comparison of electrophoretic mobility of human and dog hemo-
globins by Reich (74) was the same as the mobility of beta=globulin of
their respective sera. The combination of hemoglobin with alpha-2-
globulin in human and gog serum showed a linear relationship to the &lpha-
2-globulin level of the serum.

Schmidt (78) compared serological examinations of electrophoretically

separated serum components with cardiolipin antigen and an #incomplete"



28
cardiolipin antigen. The question of possibly more than one antipoidal
antibody or "region" with which the two antigens magy react was discussed.

Observation of a fast-moving protein in avian malarisl serum was
made by Schinazi (29). These findings clearly depict the elaboration
of a lipoprotein in the serym of pigeons infected with Plasmodium
relictum whose electrophoretic mobility is greater than that Qf
albumin, The substance seems to be correlated with the erythroblastosis
produced by the infection. The similar observations reported for
phenylhydrazine poisoning in pigeons would indicate that this phenomenon
is a host reaction to pathological distuwrbances, erythropoietic or
hepatic in nature, or both, which may be occasioned by either parasitic
invasion or drug administration. Additional studies are in progress.

A study of paper electrophoresis of a purified specific antibody
has been made by Telcmen (82). Rabbit antiserum against azo=-globin of
beef serum was prepared and the antibody precipitated from the antiserum
with a homologous antigen. The antibody was separated from the complex
with sodium chloride solution and 0.1 normal hydrochloric acid. Paper
electrophoresis was applied at pH 8.8 and Ph 4.0. The strips were
stained in a bromophenol blue solution. Pure antibody showed a single
homologous peak at both acid and alkaline pH, corresponding at alkaline
pH to the peak of serum gamma-globulin.

Thompson (8L) showed the serum pattern of African infants in
Uganda. The serum protein patterns of African babies change after the

first month which may be due to malaria infections or to low protein
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diets. American and European infants begin to change after one year
to the dissimiliarity which is marked in adults.

Antibody and gamma-globulin formation in vitro in hemopoietic
organs has been discussed by Thornbecke (85). Gamma=-globulin regener-
ation is slower than that of other serum proteins. Antigens seem to be
a better stimulant to gamma-globulin production than blood plasma.
Plasma cells and gamma-globulin are absent prior to birth. Production
of plasma cells and gamma-globulin are normal in response to antigens.
There is no evidence of so-called "normal! gamma-globulin, therefore, all
gamma-globulins may be antibodies.

The distribution of polio antibodies in serum proteins is
discussed by Timaskeff (86). A monkey and a human polie-immune serum
were fractionated by electrophoretic-convection method. In the case of
the monkey serum, the activity was concentrated principally in the
slow-migratory beta-globulin component. In the human, the activities
against two strains of polio were present in differmnt components of the
gamma-globulin. See (Figures 6 and 7) for consecutive comparative
gamma-globulin changes of polio patient.

Vannier (87) showed separation of antibodies in syphilitic
rabbit sera by electrophoretic convection. The results show pro-
gressive increase in the mobility of the gamma=-globulin isolated at
successively lower pH's. No detectable differences in the mobilities of
the beta=-globulins were found., A comparison of the serological and the
electrophoretic data indicated that the Wasserman reagen was concentrated

in the slow gamma-globulin component end Treponema pallidum immobilizing
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antibody was concentrated in the fast gamma-globulin component. No

evidence was found for the concentration of Treponema pallidum agglutin-

ating activity in any of the fractions, which mgy be a refdection of the
importance of more than one antibody in the agglutination reaction.
Paper electrophoresis and its application to the study of the
proteinogram in various pathological states is discussed by Van Os
(89). Studies were made on blood serum, urine, ascitic, pleural and
cerebrospinai fluids using the method of Grassman and Hannmig (C.A. LS,
6680g). For thirty-four normal serums, the protein fractions were
compared to serum from fifteen Congo Negroes. Serum from the Negroes
had low albumin (L5%) and high gamma-globulin (32%) levels as compared
with the white subjects. Specific changes are bbserved in the serum
protein distribution were observed in recurrent fever, laeshmaniasis
infarct of the heart, cirrhosis of the liver, lipoid nephrosis and

nyelomas.



EXPERIMENTAL
Bquipment and Materials

Two sets of electrophoretic equipment were used in making
the separations. A commercial apparatus, and a home-made device were
each used and a comparison of the effectiveness of resolution of
the fractions and the relative cost of the process were made. The
commercial apparatus is referred to as 1, while the home-made equip-
ment is la.
1. Spinco Model R.
Durrum-type electrophoresis cell.
Duostat power supply.
Analytrol Scanner and Integrator.
la. "Impro'.
Durrum-type electrophoresis cell (plastic bread box).
Heath-kit power supply.
Analytrol Scanner and Integrator.
Buffers
Buffers for Proteins

Barbital Buffer, pH 8.6, ionic strength - 0.05 (short
run experiments 3 to 7 hours).

1.8} gram barbital (diethylbarbiturie acid)
10.30 gram sodium barbital

per liter 1000.

FORSYTH LIBRARY
FORT HAYS KANSAS STATE CU/LEGE
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Barbital Buffer, pH 8.6, ionic strength 0.075 (longer run
experiments 10 to 18 hour).

2.76 grams barbital (diethylbarbituric acid)
15.45 grams sodium barbital
per liter 1000.

Borate buffer, pH 8.6
8.8 grams sodium borate
L.65 grams boric acid
per liter 1000.

Borate buffer, pH 9.0
7.63 grams sodium borate
0.62 grams boric acid.
per liter 1000,

Phosphate buffer, pH 7.4
0.6 grams monosodium phosphate monohydrate
2.2 gram disodium phosphate, anhydrous
per liter 1000.

Buffer for fibrinogen
Phosphate buffer at pH 9.2
Buffer for Amino acids

Pthalate buffer, pH 5.9
5.10 gram potassium acid phthalate
0.86 gram sodium hydroxide
per liter 1000.
This buffer is useful in amino acid work because it permits
separation of aspartic acid, glutamic acid, monoaminocarbocylic

acid as a group, histidine, arginine and lysine.
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Buffer for Peptides

Acetic acid solution from N/L to 5N was used.
Buffers for Sugar Derivatives
Borate buffer, pH 10 magy be used, however using the
Barbital-Borate combination for simultaneous separation
of proteins, sugar derivatives and lipoproteins is more
practical in clinical use,
Buffer for Lipoproteins
Barbital~Borate compination, pH 8.6, lonic strength 0.075
Buffer for Hemoglobins
Barbital buffer, pH 8.6, ionic strength 0.05.
Stains for Proteins
Bromophenol blue (16 hours)
0.1 gram bromophenol blue
50 grams zinc sulphate
50 ml. glacial acetic acid
per liter 1000.
Amidoschwartz 10B (Naphthalene Blue Black 12B,
Pontacyl Blue Black SX and Buffalo
Black NBR or equivalent).
Saturated solution in methyl alcohol with 1% acetic acid
Dye 10 minutes,
Wash in methyl alcohol with 10% acetic acid until back-
ground is pale blue. Air dry. Elute if desired with

3-5% phenol in 10% acetic acid.
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Azocarmine G (dye 10 mimutes to 3 hours)
Saturated solution in 50% methyl alcohol with 10% acetic acid
Dye 10 minutes
Wash 5 minutes in methyl alcohol, 5 minutes in 10% acetic acid.
Stains for Lipid
0il Red O (national Aniline)
60% alcohol saturated with dye for 16 hours at room
temperature and filtered.
Stain overnight; rinse briefly in water to remove some
background, and air dry.
0il Blue N can be used similarly, but with a lj hour
staining period,.
Sudan Black.
Wash solutions for proteins, 2% acetic acid; 3 rinses of 5 minute
duration.
Fixing solution for proteins, 2% sodium acetate in 10% acetic acid;
2 minutes.
Dyeing and washing trays.
Paper wicks, for use in Durrum type cell to obviate dependent drops
of electrolyte.
Paper strips (Whatman #3 MM).

Staining racks.



Procecure

A characterictic seperactica for paper electrovhorcetic analyeis

of serum proteins is as Irollows:

l.

2e

Obtain serum anu store in ref "i-erator until rzedy to use.
Place labeled strips in the currum type cell am allow to
moisten with the electrolyte, by capsilary action. To save
time, the strips may be moistened witn a picette.
Turn on current to O mil.iamceres for 1. minutes atter strips
have become moistened.
Using striver (turn off current) place 10 lambdc of seruw
on strips at the avex.
Allow 15 minutes to reach equilibrium.
lurn on current to the aesired -illiarperare enc nove the
time

22,5 milliamperes for 6 tc 7 ours

6 to € milliampores for 1o hours
After desired tirie turn oi'f current anc olace rack of stripe
on top snelf of oven (whicn has ceen oreheated). JdCTu. Uo not
allow more than o0 seconds rronr time current is turned offt
until strips are placed in the oven at 113 to 120 cegrees
Centiyrade. misration of the protein fractions will result;
another reason for miyration of the protein fractions is the
amount or time the strips reamain in the inverted V pocition

after the current is turnea off, especially if no wick has

been used at the reservoir end of the strips.



8. Dry strips for approximately 30 minutes.
9. Stain strips.
10. Partially dry, bring out blue color with ammonium hydroxide

vapor.

11. Dry completely.

The strips obtained were evaluated for optical density by the use
of the "Analytrol", an instrument produced by the Spinco diwvision of
Beckman Instruments, Inc. The "Analytrol" is a double cell photometer
in which light transmitted through the stained strip via a narrow
slit is registered by a photo cell; the same light passes through
another aperture to fall upon the second balancing photocell, which is
partially occluded by a rotating cam. A Servo motor drives the cam so
as to vary the second photocell aperture and bring the light intensity
difference on the two photocells to zero. DMNovements of the cam are
transmitted to a recording pen, which traces the pattern. Optical
densities of dyed protein on a paper strip as measured by light absorp-
tion photometers obey Beer's Law only within a narrow range of protein
concentration; however, this source of error has been obviated by
incorporating optical density corrections directly into the "Analytrol"
cam.

Potential gra&ient, ionic strength of buffers and period of
separation were experimentally varied in order to become familiar with

the results. Optimum separation of serum samples with the Spinco Model R
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was found to be 17.5 milliampers, a buffer of 0,05 ionic strength,
separation for a period of 7 hours. Optimm separation of serum
samples with the "Impro" Durrum type cell and Heath-kit power supply was
found to be at 14.5 milliamperes, buffer of 0.05 ionic strength,
separation for a period of 7 hours.

The influence of pH of the buffer on mobility of the migrant is
very marked. At pH values of the buffer above the isoglectric
point the movement is toward the positive end of the paper strip.

This will btear a net negative charge. At pH values of the buffer below
the isoelectric point of the ampholyte, the movement is toward the
negative end of the peper strip; the net charge is positive

If all other factors are fixed - time, current or voltage, the
velocity of the electromigration of a migrant can be altered greatly
by varying the ionic strength of the buffer solution. The mobility
increases with lower ionic strength buffers.

Temperature influences the mobility of the migrant. The mobility
increases with higher temperatures. The temperature is greater with
higher eurrent. The original experiments with zone electrophoresis
were with closed strip, sandwich type apparatus, in which temperature
had to be regulated carefully. MNore recent experiments allow some
evaporation of the electrolyte, but use a sealed type cell to maintain
a relatively constant vapor pressure.

A series of experiments was performed on 149 different

serum samples, over a period of 10 months. After a battery of
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chemical determinations had been requested on a seriously ill patient,
results were tabulated in an endeavor to identify an illness with a
definite electrophoretic pattern. A table of illnesses showing changes
in globulin fractions of the serum protein has been compiled and are
shown in Table II.

A comparison of the results from the two sets of equipments is
shown in Figures 2, 3, and L, showing varied periods and magnitude
of applied Qoltage.

Experimental results on a patient with thrombocytic thrombocytopenic
pupura run at different periods during reatment is shown in Figure 5.

An undiagnosed case of myeloma was discovered that did not give
characteristic bone changes in pelvis or skull X-rgys. Several months
later this patient expired and anamtopsy revealed a large myeloma on
the spine that did not delineate well on X-rays. The difference in this
pattern is a very high increase of gamma-globulin, whereas in multiple
myeloma the increase seems to be in the beta-l or beta-2-globulin
fraction. See Figure 5.

An electrophoretic study was requested on a patient with a
condition suspected of being poliomyelitis of unknown virus type.
Serum samples were examined at 3 periods during the first part of
the illness as shown in Figures 6 and 7. These serum samples show
a rise in the total globulins, but no outstanding features. Both

sets of equipment were used,
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Table I. Electrophoretic Mobility and Isoelectric
Points of the Four Principal Protein

Fractions of a Normal Serum

Mobility in cm@/volt/sec x 10°

pH
Alpha- Beta- Gamma~=
Albumin Globulin Globulin Globulin

6.02 =l.60 -3.34 -2,55 0,01
8.03 -7.15 -6316 -4.20 -1.51
Isoelec=-
iErdlc L.64 5.06 5.12 6.0
Point pH




TABLE II.

GLOBULIN FRACTIONS

ALPHA 1

ALPHA 2

BETA Gamma
Normal Zodl 9.1 13.9 15.9
Increase Decrease Ihcrease Decrease - Increase Decrease Increase
Portal Tt Portal
ALl -——— ———— ———— Cirrhosis ———— ———- Cirrhosis
Obstructive
2 ———= -—== -—— Jaundice ———— ————
Biljiary Biliary
3 | Cirrhosis e -—— ———— ——— ——— Cirrhosis
Nephrotic (1) Nephrotic (1) Nephrotic (1) Nephotic (1)
ly | Syndrome Syndrome Syndrome Syndrome
Nephrotic (2) Nephrotic (2)
5 —~==(2) Syndrome Syndrome --=-£2)
Multiple Multiple Multiple
6 | Myeloma (1) Vyeloma (1) lMyeloma (1)
Staphylo-
T | coccus
Infection ——=a e m——-
8 -—— ——— ——— Lymphoma ——— Lymphoma Lymphoma (+)
Pulmonary
9 ———= ———— ———- ———— -—-= ———- Abscess
Eecurrent Pulmonary
MOl e —— Infection e = o e
Tiberculosis
12 e et B et -—— ———— — Adenitis
Bronchial
2 ——= | ====- e et -—— —— Asthma
Rheumatic Rheumatic
i1 e T e s=En Pericarditis —— Pericarditis (4)
Rheumatic Rheumatic
1k L ——r ——— Pericarditis ———- Pericarditis
Scarlet
15 | Fever — Scarlet Fever ———— ——— e S

(CONTINUED O

THE NEXT PAGE

on



TABLE II. GLOBULIN FHACITLIQUNS (Continued)
TS ALPHA 1 d ALPHA 2 EETA GAMMA
Normal
3.1 13.9 15.9
= ; -
Increase decrease Increase Decrease Increase Decrease Increase Decrease
Infectious Infectious Infectious
16 —_— Hepatitis —— Hepatitus —— — Hepatitus
(Severe (Severe Case) (severe cask)
case) not occur
in cases
without
Jjaundice
(1) L.E.Iupus
17 | Erythematosig ———— ———— ———= ———= -——— -———
Polyarteri- Polyarteritis | Polyarter-
16N (2N ==== tis Nodosa | ---- ———— _—— Nodosa itis Nodosa
(0) (78%)
Accurmala-
19 tion of
Lipoprotein
Multiple
20 _—— | e _——— | mmeee ] e ———— Myeloma(2) ———
Increase in
21 | Malignancy,
Acute Febrile
Diseases In-
flammatory &
Infectious
(a) Rheumatic
Fever a.
T = e Li}a%?-%sftrom
r
(b)Eheumatoid B 2
23 | Arthritis
2l Reaction to
Immunization
Procedure c

™
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ALPIA 1 ; BLFUA 2 PRTA Giodih
“lormal 3.1 ! 9.1 13.9 15,9
t— } ——
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ATPHA 1 ALPHA 2 BETA GAMMA REMARKS
N Normal 3.1, ! 9.1 I so 15.9 h
Increase Decrease Increase Decrease Increase Decreasel Increase Decrease
Infectious
36A | —-—-- —— e e -— —— Mononucledsis =--
Infectious
36B — —— _— Mononucleosis ---- - —— e
(Infrequent)
Cardiac Cardiac
37 - —— —— ——— Failure —— Failure -—
Hypo Protein-
28 _— —_—— _—— — -——— - —_—— emia (in
children)
Pneumonia Pneumonia
39 | 1L or 2 1L @il
(Confined) (confined
Malignant
Hypertension
Lo Decreased
Albumin
Tuberculosils
L1 |Tuberculosis ALPHA 1 or 2 —— —— —_—— ————
Tuberculosis fuberculosis
L2 ——— —— ———— - ( Terminal Terminal)
Hyperthyrodilsm
L3 perthyrodisn lAlpha 1 or
Hypothyradd Hypothyroid
Ll _— (1 or 2) _—— (1 or 2) Hypothyroid =--- ——— -
Lobar Lobar Lobar Lobar
L5 | Pneumonia — Pneumonia —— Pneumonia _— Pneumonia -—
Iympho Gran- Lympho Gran- Lympho Gran- Iympho Grant- Decrease
L6 | uloma (1) uloma (1) uloma (1) uloma (1) Albumin
(Hodgkins) (Hodgkins) (Hodgkins ) (Hodgkins)
Hodgkins
L7 (2%

(Contimued on next paée)
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GLOBULIN FRACTIONS (Continued)

ALPHA 1 ALPHA 2 BETA GAMMA
Normal ol 9.1 13.9 15.9
i) ! [} L3 1
Increase Decrease Increase Decrease Increase Decrease Increase
Diabetes
L8 —— ——— —— ———— Acidosis —— —
(P
Sarcoidosis Barcoidosi
Lo (Lung Disease (Lung Disease)
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Flg I Graphic Representation of some typical g
Electrophoresis Patterns '
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’ Comparison of Commercial Equipment
Flg. 2 and "Impro! T
1 J——-—
Spinco
14
18 hours
- S MA.
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139 ‘ 139
7 hours 7 hours
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Comparison of Commercial Equipment and "Impro"

Fig3 | '
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Comparison of Commercial Equipment and "“Impro"
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Comparison of Commercial Equipment and "Impro*

Fig.5  impro
Thrombocytic
Thrombocytopenic

Pupura
16 hours

75 M.A.

Impro
Normal
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Thrombocytic
Thrombocytopenic
Pupura

16 hours
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Myeloma - single, large
12 hours

IOM.A.




50

Clinical Changes During Treatment on "Impro"
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Clinical Changes During Treatment on Commercial Equipment
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Fig. 8 ‘
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Liloprotein Changes Showing Phospholipid Cholesterol Levels
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Phospholipid and Glycoprotein Level for
Multiple Myeloma Patient

Fig. 12

Phospholipid
Glycoprotein ~------

Multiple Myeloma Patient
.075 ionic strength

16 hours

5 MA.

Phospholipid stain - Hematoxin

from: B.A. Sachs, Scan. Jour. Lab. and Clin. Invest.,

Vol.7, 3, 277, 1955




In the past, paper electrophoresis hes been nainly a tool of
reseerch. Low it is beconinz e very popular diacnostic tool. It is
a practical metnod ovecause ol the many ceterminations which can ve
made, the small amount of specimen needed, the many speci.iens whica
caen ve run simltaneously, the simplicity of procedure, its ready
availarility , end its promise to make the anaslysis oi colored and
turoid solutions eacier.

Of specizl interest ic tne applicalion of electrophoresic
with verious equipment to increuse the sensitivity o sevarations.
Continuous flow electrophoresis secris Lo ve .he answer to ourificeation
of many substances which include enzymes, hormonoeg, ane men:
prarrnaceuticsl preparatione for redicine anc iroustry.

bpecific protein cuan-cs uvemcasireatec by electreoproresis include

Alpumin alterations -- Hyvoeliuwninermia in nephrosis,
cirrhosis, malnutrition, malirnaacy,
nemorrhase, burns, zn: eacute rnalerial
PETCX i,

Slobulin alterations- Jamma--lotulin increase in melicnancy,
and acute felrile ciseases, _aflammatory
and infecticus conditions.

Jeta--ilobulin increase in infectious anid
inflammetory diseases and in association
wita accumuletion of liproproteias in
blood,.

'he res.lts of homemade eqiipment which consisted of a plastic

bread box and ridge-pole type of Durrum cell with current aosclied frouw
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a Heath-kit power supuly compared favoracly in every wav to a
commercially produced equioment. 'The coumercial equipment wes
more convenient but .torc than ten times as expensive. One consider-
ation of a small hospital is the cost of egiinment and whether this
cequipment will be oroauctive. Anotier considzretion of tie newer
hotnitels and the younyer odhrsicans is to heve the best e rivient
wnich science hac to offer in ordsr to ~ive thne best service of
nocarn medicine. wue Lo this consideration for better nmericine, the
smn2ll 10spitel can now heve the Facilitizs for elecirophoretic
aetorminatione of hu .an serum and plasma at a reasonatle coit.
Ire ecctual expense for cgnivment used for the aivvsratus was less
then 60, _uffer solutions, wash solutions, pivetbes and anilicators
incrzase the initial cost to anoroximately 100,

In this investi~ation experiment:l evidence wac ovteine. inat
naper electronhorecis is a valuable tocl for <iammosic end taat

:

e lirment can be deviseu wnich is within .he wuscet of a cnall

s

hosoital.



1.

2.

57

SELECTED BIBLIOGRAPHY
BOOKS

Block, Richard J., Emmet L. Durrum, and Gunter Zweig.
A Manual of Paper Chromatography and Electrophoresis
New York: Academic Press Inc., publishers, 1955,

Carpenter, Philip L., Immunology and Serology Philadelphia
and London: W. B. Saunders Company, publishers, 1956.

McDonald, Hugh J., Iono%ragg. Chicago: The Year Book
Publishers, Inc., 1955.

BOOKS: PARTS OF SERIES

Wartman, William B., The Year Book of Fathology and Clinical
Pathology, 1954-1955 Series. Chicagot The Year Book
Publishers, 1955.

. The Year Book of Pathology and Clinical Pathology,
1955-1956 Series. Chicago: The Year Book Publishers,
1956,

. The Year Book of Pathology and Clinical Pathology,
1956-1957 Series. Chicago: The Year Book Publishers,
1957,

PERIODICALS

The American Journal of Medicine:

-

(.

8.

9.

Adams, W. S., E. L. Alling, and J. S. Lawrence Roberts, New York.
"Multiple Myeloma - Its Clinical and Laboratory Diagnosis
with Emphasis on Electrophoretic Abnormalities." 632, 1hls
161, 19L9.

Conn, H. 0. and G. Klatakins, Yale University. "Filter Paper
Electrophesis of Serum in Multiple Myeloma." 1616, 822-32,

1954.

Osserman, Elliot F., Dolnr P. Lawler, New York. #Abnormal
Serum and Urine Proteins in Thirty-five Cases of Multiple
Myeloma as Studied by Paper Electrophoresis.” 1:81233

162-76, 1955.



The

10.

11.

12.

L33

L.

15-

16«

iy

18.

19.

20.

58

Journal of Laboratory and Clinical Medicine:

Ackerman, P. G., G. Toro, and W. B. Kountz, St. Louis. "Zone
Electrophoresis in the Study of Serum Lipoprotein.!" Lhzly,
517-30, 195L.

Block, Walter D., et. al. "Serum Electrophoresis Studies in
Patients with Familial Primary Systemic Amyloidosis."
L7:3, 357-63, 1956.

Hess, E. L., Asyascia Cobure, and Edward F. Rosenbert, Northwest
University Medical School, Chicago. MElectrophoresis Studies
on the Serum of Rheumatoid Arthritis Patients Treated with
Cortisone." 38:l, 526-32, 1951.

Jim, Robert T. S., Ruth C. Sternkamp, St Louis,Mo. "Macroglobinemia
and other Paraproteins." L7:l, 5L0-59, 1956.

Koeniz, Virgil L., R. W. Weiner, and Raymond Sowinska. "Serum
Electrophoresis Analysis in Hemochromatsis and Diabetes
Resistant to Insulim.,! N47:6, June, 1946.

Mackey, Jan R., M. D. #Quantitative Filter Paper Electrophoresis
of Serum: Automatic Scamming and Integration of the Dye
Stained Strip." L47:1, 164-68, 1956.

Tottino, Antonio, Diane Suchoff, and Kurt G. Stern. P"Electro-
phoresis Study of the Blood Serum from Lymphogranulomatious
Patients." 33:5, 625-32, May, 19h3.

Satoskai, R. S., R. A. Lewis, and B. B. Gaito, Bombay, India.
"Electrophoretic Studies of the Plasma Proteins in Virus
Hepatitis." Ll:3, 3L9-52, 195L.

Slater, Robert J. and Henry G, Kimkel, New York. WFilter
Paper Electrophoresis in Special Reference to Urinary and
Serum Proteins." Ll:l, 619-31, 1952.

Spaet, Theodore H. "Identification of Abnormal Hemoglobins by
Means of Paper Electrophoresis." L1:161-165, 1953.

Stickler, Guuar B. et. al., Rochester, Minnesota. "The Effect
of Plasma Transfusions and Treatment with Corticotropin on

Electrophoretic Patterns of Serum and Urine of Children
with the Nephrotic Syndrome." L7:3, 392-402, 1956.



59

The Journal of Laboratory and Clinical Medicine: (contimed)

21. Walsh, John R. Fred L. Hunoller, and Artmur L. Dunn.
"Comparative Studies in Quantitative Filter Paper
Electrophoresis." U6:5, 772-780, 1955,

22, Whitman, John F., H. R. Rossmiller and William W. Feloon.
"Protein Alterations in Portal Cirrhosis as Determined
by Electrophoresis." 35:2, February, 1950.

Science

23. Durrum, E. L. "Lipid Detection in Paper Electrophoresis.!
116:418-30, October 17, 1952.

2. Hess, E. L. MElectrophoresis a Criterion of Purity of
Proteins." 113:709-12, June 22, 1951.

25. Hock, H., and G. H. Bar. M"Paper Electrophoresis with
Superimposed pH Gradient." 122:23, August 5, 1955.

26, Larson, F., et. al. "Localization of Protein Bound Radio-
active Iodine by Filter Paper Electrophoresis." 115
626=T, June 6, 1952.

27. McDonald, Hugh J. "Preventions of Evaporation in Horizontal
Strip Inonography." 121:403-L, March 18, 1955.

28. Rideout, Lenora A., and Robert W, Prichard. "Inexpensive
Stains for Paper Electrophoresis." 121:373, March 11, 1955.

29. ©Schinazi, Lewis P. "Observations on a Fast Moving Protein in

Avian Malarial Serum." 125: 695-96, April, 1957.

Single Listings

30.

31.

Yo

33.

Adams, Eugene and R. P. Hanson (Dept. Vet. Sci. U. Wisconsin,
Madison). "A Procedure for Absorbing Virus Neutralizing
Antibodies on paper disks," Jour. Bact. 72€L4):572. 1956.

Anderson, C. G. (The South African Inst. Med. Res., Johannesburg.)
"The Distribution of Diphtheria Antitoxin in Pepsin Digested
Horse Antiserum." Biochem. Journal 59 {1): L7-52, 1955.

Antonini, F. M., and G. Pivan,(University of Florence.) "Improved
Technic for Electrophoresis on Paper.," DBuel. Soc. Ital. Biol.
Sper. 28:1885-6, 1952.

"Clinical Applications of Electrophoresis on Paper."
Recenti Progr. Med. 14:258-82, 1953,




3k.

69

Berry, Edward R. and Alfred Chamutin (U. of Virginia, Charlotsville).
"Detailed Elecrophoretic Analysis of Sera of Healthy Young Men."
Jour. Chem.Invest. 3L(10): 1513-1519. 1955.

35. Baker, R. W. R., and O. Pellegrino. "The Separation and Detection of

39.

Lo.

).I.lo

L2,

L3.

Serum Enzymes by Paper Electrophoresis." The Scandianivian
Jouﬁnal of Clinical and Laboratory Investigation. 6(2): 9l;-101,
1954,

Benhamon, Edward, et. al. "Micro Electrophoresis on Paper with
Toluidine Blue, and Its Practical Applications." LaPresse
Medicale 62931:651, 195).

Boselli, A. and G. Della Porter. "Notes on Dysproteinemic
Symtomatology, Particularly on the Electrophoresis Findings
in Pulmonary Silicosis." Med. Lavoro. L2:326+36, 1951.

Bowen, T. J. "An Electrophoretic Estimation of the Correlation
Between the Cholesterol Content and the Material Extractable
from =-Globulin in Normal Diabetic Serum.!" British Journal
of Experimental Pathology. 32:70=6, 1951.

Boyland, E., L. O. Buller and B. E. Conwagy. "Electrophoretic
Behavior of Normal and Pathological Human Sera in Relation
to the Pelarographic Serum Test for Cancer." British Journal
of Cancer., 5:235-43, 1951.

Burrows, T. W. and G. A. Bacon (Microbriol. Res. Establishment.
Mininty Supply, Porton, Wilts, England). "The Basis of
Virulence in Pasturella Pestis: The Development of Resistance
to Phagocytosis in Vitra." Brit. Jour. Exptl. Partial.

37 (3):286-289, 1956.

Cogli and M. Mancia (Univ. of Rome). "The Electrophoretic Pattern
of Normal Rabbit Serum and that Infected with Salmonella
Tylioca." Boll. ist. Sieroterap Milan. 33:366-T7kL, 195L.

Caspani, R, "Electrophoretic Investigation of the Serum as
a Means of Evaluating the So-called Colloidal Lability
Test." Arch. Sci. Med. 9L4:41-96, 1952.

Deutsch, H. F., Jane I. Morton and C. H. Kratochvil (Univ.
Wisconsin, Madison) "Ahtigenic Identity of Hyperglobulinemic
Serum Compenents with Proteins of Normal Serum. dJour. Biol.
Chem. 222 (1): 39-51 Illus. 1956.



Lh.
L5.
Lé.
L7.

L8.

Lg.
50.
51.
52.
53.

5h.

55.

61

Fisher, Ben. "Paper Chromotography and Paper Electrophoresis."
Technical Bulletin of the Registry of Medical Technologists.
26(3):57-6L, March, 1956,

Frankel, Sam. WElectrophoresis and Its Application to €linical
Chemistry." The Laboratory Digest, 19(3): 9-12. September,
1955.

Grabar, Pierre and Curtis A, Williams, Jr. (Inst. Pasteur, Paris)
"Immino-Electropheretic Method of #nalysis of Mixtures of
Antigenic Substances." Biochem. et Biophysics. Acta 17 (1):
67-Th, 1955.

Gronwall, A. "On Paper Electrophoresis in the Clinical Laboratory."

Harwick J. "The Estimation of Serum Protein by Electrophoresis on
Filter Paper."” Biochem Jour.57:166=171, 195L.

Hobart, Margaret H., and Charles F. L. Rose. MSimple Method for
the Continuous Electrophoresis of Serum Proteins."
Journal of Clinical Pathology. 8(L)s 338-3L0, 1955.

Horst, Wolfgang. (Univ. Hamburg. Epperdorf, Ger.) "Transport and
Binding in Serum, as Investigated by Paper Electrophoresis and
Radioactive Indicators.” Klin. Wochschr 323 961-8, 195L.

Humphrey, J. Ho and R. R. Porter (Nat'l Inst. Med. Res. Mill Eill,
London) "An Investigation on Rabbit Antibodies by the Hse of
Partition Chromatography.! Brocheus. Jour. 62 (7): 93-99.
1956.

Kaufman, H. and N. Majerus. “Electroghoretic Results in Myocardial
Infarct." Ann. Biol. Clin. (Paris) 12:153-67, 195.L.

Keller, W., and K, Heindl. M"Investigation of Total Proteins and
Electrophoresis of Serum of Blood Donor." Arztl. worhschr.

9:155-7.

Kiess, Mathew A., Robert F, Koenig, and Clifford R. Myre,
"Development of a Simplified Filter Paper Electrophoresis
with a Study of Human Serum Proteins." Minnesota Medicine.
37(10):707=1kL, October, 1954,

Kiimmel, Joachins (Univ. Kiel, Germ.) "Electrophoretic Studies in
Experimental Rabbit Syphilis." Arstl. Wochschr. 10358-61,
1955.




56.

ST7.

58.

59.

60.

6lL.

62,

63.

6l.

65.

66.

67.

68.

62

Knedel, M. "Clinical Use of New Method of Electrophoresis in
Liver Diseases." Med. Monatsschr. 5:707-9, 1951,

Kuhns, William J, "Abnormal Protein Patterns in Disease."
American Practitioner. 6(8):1157-61, August, 1955.

Kulick, Charles G. M"Continuous Electrophoresis." Medical
Technicians Bulletin. 7(2): 53, 1956,

Kutzim, He "Blood Proteins and Anti-Biotics in Paper
Electrophoresis." Klin. Wochschr. 30:852, 1952,

Lang, Norbert (Unit. Machig. A. D. Lahn, Ger.) "Detection of
Reactions of the Type of Antibody Combinations." Klin.
Wochesch. 33:29-30,1955.

Langen, Thomas A,, E. L. Durram, and William P, Jenks. "Paper
Electrophoresis as a Guantitative Method; Measurenents of
Alpha and Beta Lipo Protein Cholesterol." The Journal
of Clinical Investigations. 3L4(8): 1427-36, 1955.

Lenke, Sidney E., and Henry M, Berger. "Abrupt Improvement
of Serum Electrophoretic Pattem in Nephrosis after
Adrenocorticotropic Hormone (ACTH) Induced Diuresis,"
Proceedings of the Society of Lxperimental Biological
Medicine. 78:366-9, 1951.

Levin B, and V. Oberholzer, "Paper Electrophoresis of Serum
Protein," Am. J. Clin. Path. 23:205-216, 1953.

Loos, R, "Electrophoresis and Ionophoresis on Paper."
Medidel. Vlaam. Chem. Ver. 14:135-56, 1952,

Martin, E. et. &al. "Immuno-electrophoretic Analysis of Blood

Serum," ~Bull. Schneiz. Akad. Med.Wiss, 10:143-8, 195L.

Motulsky, S. G., H. P. Milton and E. G. Durrum. W"Paper
Electrophoresis of Abnormal Hemoglobin and Its Clinical
Applications." Blood, 9:897, 195L.

Maller-Eberhard, H. J. and Henry G. Kunkel (Rochefeller Inst.
Med, Res. N.Y.C.) "Carbohydrate of Gamma-globulin and
Myeloma Proteins." Jour. Exptl. Med, 10L4(2): 263-269,
1956.

Petermain, Mary L. and Katherine R. Hogness. "Electrophoretic
Studies on the Plasma and Serum Proteins of Patients with
Neoplastic Disease." Cancer, 1(1):100-3, May, 19L8.



Tk

=1
—~1
.

78.

80.

63

Petermain, Mary L. and Katherine R. Hogness. "an Acid Protein
Present in the Plasma." Cancer, 1(1):104-7, May, 19L8.

Petermain, Mary L., David S. Karnofsky, and Katherine R. Hogness.
WElectrophoretic Studies on the Plasma and Serum of Patients
with Neoplastic Disease." Cancer 1(1):107-9, May, 19L8.

Peterokofsky, Alan, Lawrence Levine and Ray K. Brown. (Div,
Labs. Research. New York State Dept. Health, Albany)
"Quantitative Estimations of Antipens by Complement Fixation.
Studies on the Heat-Labile Alpha~2 Glycoproteins." Jour.
Immnol. 76(3):236-242, 1956. -

Petzold, F. A. and A, Kofes. W"Photometry of Stained Filter Paper
St;ips by the Transparency Method." Klin.Wochschr. 32:504-7,
1954,

Portillo, R. N. and R. Ortega. YElectrophoresis of Human
Blood Serum.! Anales Real Acad. Farm. 19:327-3lL, 1953.

Reich, Magda (Univ. Melbourne) "The Interactions of Hemoglobin
with Serum Proteins as Shown by Electrophoresis. Changes Ob-
served in Nephritic Children and Dogs." Australian Jour. Exptl.
Biol.& Med. Sci. 34(2):151-156, 1956.

Reiner, Miriam, 4nd Kurt O. Stern. "Electrophoretic Studies on
Normal and Pathological Human Serums." Intern. Congr. Biochem.,
Abstrs. of Communs. lst. Congr., Cambridge, Engl. 168-9, 19L9.
of C.A.L2:82Li1h; L5, 103k g.

Routh, J. I., and W. D. Paul. "Comparative Studies of the Beta-
Disturbence on Electrophoretic Patterns in Disease.™ Proceedings
of the Society of Experimental Biological Medicine. 79:633-36,
1952,

Schmidt, Henning and Aksel Birch-Anderson (Statens Sernminstit.,
Copenhagen) "Serological Examinations of Electrophoretically
Separated Serum Components with Cardiolipen Antigen and an
incomple cardiolipion antigen." Acka Path. et Microbiol. Scand.

39(1):L7-56, 1956.

Schneider, G. and Ch. Wunderly. "Paper Electrophoresis as a
Rapid Method for the Clinical Chemical Laboratory." Schweiz.
Med. Wochsch. 82:445-9, 1952 (In German).

Schwonzen, Th, "Serum Protein Changes in Trichinosis." Xlin.
Wochschr. 29:1612-15, 1951.



81.

82.

83.

8l

85.

86.

88.

89.

90.

9l.

92.

93.

6l
Bharpe and Dohme. "Filter Paper Electrophoresis." Seminar.
Pp. 20-23, Spring, 1953.

Tekmen, Shevket and Ayten Ugur (Univ. Instanbul, Turkey) "Paper
Electrophoresis of a Purified Specific Antibody." Nature
175, 594, 1955.

Thomsett, Sidney L., and Wm. Stennant. "A Method for Determining
Esterified Fatty Acid with Zone Electrophoresis of Serum Proteins.”
Technical Bulletin 26:9, 1956.

Thompson, M. D. "The Serum Frotein Pattern of African Infants in
Uganda." Trans. Roy. Soc. Trop. Med. and Hyg. 50(1):77-81, 1956.

Thornbecke, G. Jo and F. J. Kenning. "Antibody and Gamma-globulin
Formation in vitro in Hemopoietic Organs." Jour. Inf. Dis.

98(2):157-171, 1956.

Timaskeff, Serge N. (Sterling Chem Lsb. Yale Univ. New Haven, Conn.)
The Distribution of Polio Antibodies in Serum Protein." Proc. Nat'l

Acad. Sci. L5(5):228-23L, 1956.

Vannier, wilton H. (Univ. North Carolina, Chapel Hill) "Separation
of Antibodies in Syphilitic Rabbit Sera by Electrophoretic
Convection." Pro. Soc. Exptl. Biol. & Med. 91(3)3:51L-17, 1956.

Van Os, C.A.J. "Single Method of Analyzing Paper Strips in Filter Paper
Electrophoresis." Biochem. et biophysics. Acta. 9:111-~12, 1952.

Van Ros, G. and M. van Sande (Inst. Trop. Mdd., Avers. Belg.) "Paper
Electrophoresis and its Application to the Study of the Proteinogram
in various Pathological States." Ann. Soc. Roy. Sci. Med. et Nat.
Bruxelles. 7:153=22L, 195L.

Verschure, J.C.M., and J.A. Boom. "Adaptation of Paper Electrophoresis
for General Clinical Work." Nederland Tijdaschript voor Geneeskunde.
98(37)22607~13, September 11, 195L.

Vitte, G., P. Blanquett, and E. Boussemart. "Applications of Micra=
electrophoresis on Paper to the Study of Cancerous Serums," Bull.
Soc. Pharm. Boxdeaux. 70:205, 1952.

Wunderly, Ch. "Paper Electrophoresis Methods and Results." Chimia
(Switzerland) 7:1L5-60, 1953.

Yamanaka, Goji and Kan Nakanishi. "A Study of Protein Fractions in
the Serum of Trachoma Patients by Means of Electrophoresis."
Acta. Sec. Ophthalmol. (Japan) 56:257-8, Am. J. Ophthalmol,
3531056, 1952.



	Some Practical Applications of Paper Electrophoresis.
	Recommended Citation

	fhsufltc_mcdougalwilliam_p0a
	fhsufltc_mcdougalwilliam_p001
	fhsufltc_mcdougalwilliam_p002
	fhsufltc_mcdougalwilliam_p003
	fhsufltc_mcdougalwilliam_p004
	fhsufltc_mcdougalwilliam_p005
	fhsufltc_mcdougalwilliam_p006
	fhsufltc_mcdougalwilliam_p007
	fhsufltc_mcdougalwilliam_p008
	fhsufltc_mcdougalwilliam_p009
	fhsufltc_mcdougalwilliam_p010
	fhsufltc_mcdougalwilliam_p011
	fhsufltc_mcdougalwilliam_p012
	fhsufltc_mcdougalwilliam_p013
	fhsufltc_mcdougalwilliam_p014
	fhsufltc_mcdougalwilliam_p015
	fhsufltc_mcdougalwilliam_p016
	fhsufltc_mcdougalwilliam_p017
	fhsufltc_mcdougalwilliam_p018
	fhsufltc_mcdougalwilliam_p019
	fhsufltc_mcdougalwilliam_p020
	fhsufltc_mcdougalwilliam_p021
	fhsufltc_mcdougalwilliam_p022
	fhsufltc_mcdougalwilliam_p023
	fhsufltc_mcdougalwilliam_p024
	fhsufltc_mcdougalwilliam_p025
	fhsufltc_mcdougalwilliam_p026
	fhsufltc_mcdougalwilliam_p027
	fhsufltc_mcdougalwilliam_p028
	fhsufltc_mcdougalwilliam_p029
	fhsufltc_mcdougalwilliam_p030
	fhsufltc_mcdougalwilliam_p031
	fhsufltc_mcdougalwilliam_p032
	fhsufltc_mcdougalwilliam_p033
	fhsufltc_mcdougalwilliam_p034
	fhsufltc_mcdougalwilliam_p035
	fhsufltc_mcdougalwilliam_p036
	fhsufltc_mcdougalwilliam_p037
	fhsufltc_mcdougalwilliam_p038
	fhsufltc_mcdougalwilliam_p039
	fhsufltc_mcdougalwilliam_p040
	fhsufltc_mcdougalwilliam_p041
	fhsufltc_mcdougalwilliam_p042
	fhsufltc_mcdougalwilliam_p043
	fhsufltc_mcdougalwilliam_p044
	fhsufltc_mcdougalwilliam_p045
	fhsufltc_mcdougalwilliam_p046
	fhsufltc_mcdougalwilliam_p047
	fhsufltc_mcdougalwilliam_p048
	fhsufltc_mcdougalwilliam_p049
	fhsufltc_mcdougalwilliam_p050
	fhsufltc_mcdougalwilliam_p051
	fhsufltc_mcdougalwilliam_p052
	fhsufltc_mcdougalwilliam_p053
	fhsufltc_mcdougalwilliam_p054
	fhsufltc_mcdougalwilliam_p055
	fhsufltc_mcdougalwilliam_p056
	fhsufltc_mcdougalwilliam_p057
	fhsufltc_mcdougalwilliam_p058
	fhsufltc_mcdougalwilliam_p059
	fhsufltc_mcdougalwilliam_p060
	fhsufltc_mcdougalwilliam_p061
	fhsufltc_mcdougalwilliam_p062
	fhsufltc_mcdougalwilliam_p063
	fhsufltc_mcdougalwilliam_p064

