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AR PREFACE

TaE Ciba Foundatlon, London, is an educatxonal and
< scxentlﬁc chanty fou‘nded»hy uTrust Deed' made in 1947, Its
_distinguished - Trustees, who are wholly responsible for its

administration, are The Rt. Hon. 'Lord Adrian, O.M., F.R.S.;

' The Rt, Hon. Lord Beyeridge, K.C.B, F.B.A.; The Hon. Sn'

George Lloyd-Jacob ; and Mr. Raymdiid Needham, Q.C.

* financial support is provided by the world-wide chemical a.nd
pharmaceutical ‘firm which ‘has”its headquarters in Basle :

'Switzerland.

The Ciba Foundatlon forms aninternational centre, where

- workers active in medical ‘and chemical research are en-
couraged to meet informally to exchange ideas aund informa-
tian. It was opened by Sir Henry Dale, O.M,, F.R.S,, in June
1949,

' In the first seven years, in addition to many part- day dis-
cussions, there have been 40 international symposia, each
lasting two to four days, attended by outstanding workers
from ma,ny countries. Other symposia are planned at the ra.te "
of ﬁve or six 4 year.

mahty and intimacy of these meetmgs have

xmf&d disgussion of current and mcomplete research and

il stunulatedfliv speculatign and argument. They have also

" been the occasidn for reference to much published and tnpub-

L lished work throughout the world.  The proceedxngs are issued .

,m with on? the minimum of editing, in order to pass on

: faF wider &udience the benefits of these meetings. It is

"n, hoped that readers will not only gain information and in-

“spiration-from this report, but will also feel that they share in
these frank and friendly discussions.

It was Professor E. L. Durrum who first suggested through

- Professor E. J.,/King, that it would be helpful to have an

informal meeting of people particuiar]ly interested in the

it ’
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tec‘mmue and use of paper electrophoresis. He hoped that
discussions would lead to the emplovment of methods allow- .
ing a much better basis of cempamson between ﬁndmgs in

dlf“arcnt laboratories.

Although the programme of symposia for 1955 at the Clba‘
Foundation had already been arranged, the Director decided
to fit in an extra meeting on this subject, on an ever. more in- -
‘formal basis than usual, not only in the hope of advancing and
clarifying the technigne, but also, bv holding the symposium at
the end of July, to assist some of the members from overseas
to attend on the same journey the International Con.gress of
Biochemistry in Brussels immediately afterwards. 3 :

In the arrangement of the programme, the Director
received invaluable help from Prof. C. E. Dent, Prof. E: J.
King, Dr. D. J. R. Laurence, Prof. N. H. Martin and Prof.
~F. L. Warren, though responsibility for the inyitations to
members temamed as usual, wholly with the Director.

It was a great encouragement beforehard and at the
symposium to have Dr. A. J. P. Martin as Chairman. ‘

The publication of the proceedmgs has been delayed mainly
because they had to await their turn after those of six other
.‘.ymposw, held'at the Foundation earlier in the same year, but
it is hoped that they have not lost in value and interest in the

interval. The assistance of Mr. Rivers and Mr. John Rivers of

" I. & A. Churechill, Limited, has again been of the utmost help,
and it is a pleasure to record here the happiness of the Editors
in this contmuous workmg relatxonshlp
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GHAIRMAN’S OPENING REMARKS
A, J. P MARTIN

I saouwp like to begin by saying how grateful we all are to the -
Ciba Foundation and to Dr. Wolstenholme and his staff for
their most efficient organization. . “
I do not propose to take even my allotted time over intro-
ducing the speakers here. I gather that I have been chosen as
Chairman principally because I'have published nothing on ,
this subject and may, therefore, be held less likely to have a
bias than perhaps others. I should like to say however that I
started playing with this method in 1942, but I got rather busy\
on otker subjects and never develo ed it. I can see now ;ust
how much I missed by dropping’ thmgs too soon. .

y
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GENERAL METHODS OF PAPER ELECT RO+
PHORESIS WITH,EXAMPLES OF ITS USE IN
MEDIGAL AND BIOCHEMICAL PROBLEMS
M i
w. Gmssnu;ANN ' ;
Maa-Ptanch Imﬁtute, Regmsburg e B ey,

- TiseLivs ('1), in his classic works on electrophéféSis, ha;
shown that differences in electrophoretic moblhty'niake an
exact analysis of mlxtures of 'substances possible. According
to Tiselius, ‘protein mixturés lend themselves particularly
well to électrophoretic analysis and, among them, blood serum
" and blood plasma, when examined by this novel method,
have led to important néw findings for clinical application.

Howdver, Tiselius’s classical methods require extraordin-
~ arily complicated apparatus and outstanding experimental
skill and are, therefore, hardly practicable in the daily routine
of clinics and scientific or tecﬁmcal laboratories. Moreover, -
these methods are better suited, generally speaking, for sub-
stances with high molecular weight than for those of low -

molecular weight, and for analysis rather than for a prepara- '

'.-tive separation of complicated mixtures of substances. ¥or
this reason paper electrophoresm and sgme similar procedures ',
also employing porous supporting media as anti-convection
agents are a useful compliment to classical electrophoresis.
~ The simple and convenient procedure, the reduced amount of -

substance required, and the possibility of a simplified combina-
, tion with specific colour reactions, with biological and sero-
" logical tests and with the application of radioactive isotopes
_ are only a few of the favourable features of this method which,
though relatively new, is already widely used.

2



GENERAL METHODS OF PAPER ELECTROPHORESIS 8

Klectrophoretic separation of dyeing agents and snake
toxins on a filter strip soaked in an electrolyte solution was
first described by Konig (1987) and Klobusitzky and Konig
(1989) (2), but their work did not attract much attention.
~ Then, following up the work of Tiselius, this simple method

was further developed, 1948-1050, almost simultaneodusly
and independently of each other, by Th. Wieland and Fischer

(8), and by Turka and Enenkel (4) in Germany, and by
Durrum (5) in the U.S.A., for microseparation of proteins and
amino acids and, 1mmed1&tely afterwards, by Grassmann and
co-workers (6) and ?thers (7) into a quantitative method,
initially for serum analyses. Meanwhile about 4,000 reports
have beén published, all dealmg with the methods of pasper
ciectrophoresxs and its manifold apphcatgons in a large number
of different fields. I cannot even attempt i in‘this short. intro-
duction to give you & comprehensive report on the subjeet,
and I should iike to restrict myself to reporting on the general
development touching upon specml features or difficulties
in the various methods, and ngg you & few typical examples
of application.,

In the errangement (8) developed in our laboratory (.9ee
“Svensson, this Sy;nposmm, p. 96, Fig. 8) the filter paper strip
utilized for separation is located in a moist glass chamber with
its ends dipping into the electrolyte, a method first used in the
very s1mple mangement of Th. Wieland (9). In this form the
apparatus is in use even today.for routine analyses The
electrodes are surrounded by a.baffle system, and-the elec-
trode véssels are divided into two parts lest either dissolved or
gaseous electrolytic products should reach the strip.' In the
Durrum arrangement (5) (see Svensson, this Symposlum, P-
95, Fig. 2) the strip has been placed over a glass rod in the
. shape of an inverted V. The particular traits of this apparatus
will be deait with later on in this Symposium. In the apparatus
designed by Cremet and Tiselius (7), fihally, the filter paper
strip is covered by a glass plate, placed in a trough filled with -
toluene (see also Svensson, this Symposmm, p- 101, Flg 9).
The principle of this ?mngement is found again later in the i

(. . o ]
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various arrangements for high voltage electrophoresis; it is
an ‘easy way of removing the heat produced arid reduces to a
great extent evaporation of the electrolyte liquid from the
strip, but there are some other disadvantages. R :

Alfo, in apparatus containing a moisture-satyrated vessel,
evaporation can be reduced to a minimum provided the field
strength is kept at a moderate level (4-5 v. per cm.), the buffer

~ solutions are not too coneentrated and a relativelyJow temper-

ature is maintained. Under such conditions the nduc!j;ivity
of the strip hardly ever rises in the courge of the experiment,
and the migration velocity remains practically constant during

. tHé greater part of the electrolysis period (8). The separation

of derum under these conditions requires ‘approximately
twelve hours. When appropriate buffer systems are employed
and a field strength of 10-12 v. is maintained, satisfactory
results for serum separation may be obtained within 8—4 hours
with no special cooling devices (10). )

Some interesting details" can be seen in an apparatus
designed by McDonald (11). The strip is led over a number of,
prismatic supports, made of some porous material, which

‘deaw up liquid from the glass vessels and supply the strip.

with it at the same rate as evaporation takes place. Any
evaporated liquid is thus constantly replaced at several spots
all along the strip, and the undesirable wick flow from the

" strip ends can be greatly reduced. The other suggestion of

McDonald’s is to fill the vessel with hydrogen instead of air,
because the thermal conductivity' is approximately 13-14'

‘times greater (12).' °*

The exact determination of electrophoretic mobility in
paper electrophoresis is known to be a somewhat difficult

- problem. On the electrophoretic movement is superimposed
- the flow of liquid due to evaporation and electro-osmosis.

But there is another important factor: in contrast to electro-

phoresis in a homogeneous medium the particles do not
migrate on a linear, but on a somewhat winding, path. In
reality they haye, therefore, to travel a longer path in order to
proceed a given distance over the strip. The course of the

[
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field.lines is not linear elther, but curved, and the local ﬁeld
strength is, therefore, not réally comparable with that in
/ homogeneous medium. Kunkel and Tiselius (13) have ex-
amined the theoretical angle of the problem and they indi-
cate a way to determine the electrophoretic mobility .almost
" exactly.

There is one more pomt that should be mentioned /here.
The paths of the migrating particles are not equal in length for
each of the particlés but are statistically scattered. This
causes an additional dispersion, which results in a certain
widening or blurring of the zones being superimposed on the
pure thermodiffusion. In contrast to thermodiffusion this
dispersion is not depexfdent on the length of thé experiment '
but on the length of the mlgra.tlon path and on the properties,

; both morphological and adsorptive, of the filter paper. iy

Unstained substances, such as proteins or amino acids, must

be stained after the separation so as to enablé a quantitative
“determination- to be made. In the case of amino acids this
is done by means of ninhydrin. Proteing are stained with
anionic dyes, such as bromophenol blue or, as we suggest,
amidoschwarz. For quantitative analysis the strip (after
Cremer and Tiselius, 7) may be cut in pieces of 05 cm. width,
and the dyestuff content of each is then determined photo-
metrically after elution. A much simpler procedure, almost
umversal]y applied today, is one worked out by us; the strip
is made ‘transparent by embedding it in a’ medium ‘whose
refractive 'index is equal to that of the cellulose fibre, and
- is:moved, millimeter by mlufmeter, past an illuminated slit, 1
thereby measuring extinction by means of a photoelectric
cell. The, results obtained are almost identical with'those
obtained by Tiselius’s method. Automatic scanners have been
developed in Germany and, as far as I know, in the U.S.A.

The ' question of whether this simple method is. qua.ntx-
tatlvely exact has been widely discussed and examined from
all angles. The planimetric integration is, strictly speaking,
only permissible if there is a linear relation between the dye-
stuff density and-extinction, i.e. if Beer’s law is applicable

=\
|
\
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- mulalis mutand‘w It can be pxoved by experlment that this
condition also holds true for dyes whieh'are distributed in a

transparent foil’ (14). Nevertheless, certain other condltlons‘

~ must be'fulfilled if correct numerial values are to be achieved.

- The dye must—this can easily be shown ‘theoretically—be
absolutely homogeneously distributed over the entire width
of -the strip, the substance must be applied in an entirely
uniform line across the strip at the beginning of the experi-
ment, and it must have migrated during the electrophoresis

in an entirely linear front. Figs. 13 and 1b show the linear .
-relation between the area integral of the Gauss curves obtaqu‘,

 and the amount of albumin (14).

A quantitative companson of the numencdl Yalues estab-
lished for the various protein fractions is further dependerit
on the condition that an equal amount of dye, for example
amidoschwarz, is taken up by the various protein fractions.
. This condition is only approximately fulfilled for serum
proteins; it is, however, kanown to be better for amidoschwarz
than for any other anionic dyes (14). For all dyes the bmdmg
capacity of albumin is glightly higher than that of the various
globulins. The fact that nearly correct values are, neverthe-
less, generally obtained is due to a fortunate compensa-
tion of experimental errors. The not absolutely linear
calibration curves are an important factor in this respect
(8,,14).

As far as I can see there is an absolute need for making the

strip transparent before mieasuring in order to obtain correct

results, for on the non-iransparent strip the optical conditions
arenot clear, Beer’s law has no validity, the calibration curves
- are bent, and usually too low values are obtained for albumins
and too high values for globulins (14, 15). Other details, for
instance the drawing of the baseline, will be discussed in a
later paper.

- Conformity with the numerical ¥alues (Table I) obtained by
means of the classical method is satisfactory (8, 18, cf. 17).
The mean deviations eaused by the method itself are sur-
prisingly low (Table II) (8, 17).

]
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