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In a recent article on paper electrophoresis
(1), Forbes and Taylor reported that al-
though the rate of electromigration of beta
lipoproteins was considerably less at 5°C
than at room temperature or at 35°C, no ef-
fect of temperature was evident in lipopro-
teins migrating with the albumin, alpha;
globulin. They also reported that rate of
movement of the main serum components was
apparently the same at different tempera-
tures. The non-uniformity of the effect of
temperature on mobilities of the substances
studied by them was in such marked contrast
to those observed in this laboratory(2,3) that
it was decided to reinvestigate the effect of
temperature on jonographic mobilities in pa-
per stabilized media for a range of substances
varying from low molecular weight materials,
such as a simple dye, to more complex sub-
stances such as plasma proteins and lipopro-
teins.

Methods and material. The Precision
Ionograph,’ which utilizes the horizontal pa-
per strip in a water-saturated atmosphere(4),
was used with Whatman No. 1 filter paper
strips (0.5 inch in width and 40-45 cm in
length) and a veronal buffer of pH 8.6 and
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ionic strength of 0.03 and 0.01. The appar-
atus permits use of 7 paper strips simul-
taneously. In nearly all cases, the runs on
each migrant were made at 4 different temper-
atures, namely 25°C, 15°C, 9°C and 4°C.
During each run the temperature was main-
tained at + 0.2°C by circulating liquid of
constant temperature through the double-
walled shell of the ionographic apparatus.
The substances whose mobilities were deter-
mined included bromphenol blue (Hartman-
Leddon Co., Philadelphia), crystalline bovine
plasma albumin (Armour Laboratories, Chi-
cago), and the following serum fractions, ob-
tained from fresh pooled human serum,
namely, albumin, alpha lipoprotein, alpha
globulin, beta lipoprotein and gamma globu-
lin. The veronal buffer having an ionic
strength of 0.01 was employed for the brom-
phenol blue and bovine plasma albumin,
while an ionic strength of 0.03 was used for
all determinations on human serum fractions.
The average time of a run was 3-4 hours, and
a potential gradient of 4-5 volts/cm was used,
maintained constant during the run. For the
runs at 25°C helium was introduced into the
water-saturated atmosphere while at lower
temperatures, the water-saturated atmosphere
alone was employed. Equilibration time, i.e.,
the time the paper strips were permitted to
stand, after wetting and with the current on,
to reach a constant value for the ratio of
“weight of buffer solution” to “weight of pa-
per” was determined for the particular paper
and buffer used, before beginning the runs.
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TABLE I. Tonographic Mobilities of 7 Different
Substances as a Function of Temperature.

Temp., Mobility, Stand. No.of

Migrant o w/see/v/iem  dev, runs

Bromphenol 25 1.21 03 4
blue 15 917 .03 1*

9 73 .01 2

4 .685 .06 2

Bovine plasma 25 884 14 3

albumin 9 688 03 2

4 553 02 2

Human serum - 25 Rb 4 3

albumin 15 599 4 1%

Y O45 04 3

4 491 .03 5

a» globulin 25 A48 .03 4
15 374 .03 1*

o 339 .03 B

+ B07 .03 4

v globulins 25 245 04 4
15 206 03 1*

9 170 .03 5

4 174 02 4

a lipoproteins 25 733 05 4
15 564 06 1*

4 D09 Kin 3

glipoproteinst 25 .225 1

15 73 1

4 132 1

* Sinee only one run was made at 15°C, the
stand. dev. was calculated by taking avg of stand.
dev. at other temperatures.

t Figures for mobility represent avg of group of
7 ionograms run simultaneously.

The ratio was constant at a value of 1.38.
after the strips were equilibrated for 30 min-
utes. It was also determined that movement
of the migrant was a linear function of time
and of the potential gradient. respectively.
under otherwise constant experimental con-
ditions. These are fundamental criteria
which must be met if mobility measurements
are to be meaningful(4,5). Movement of a
particular component, for determining its mo-
bility, was taken as the distance between for-
ward or leading edge of a given band and the
forward edge of initial narrow streak of the
material which was applied initially to the
paper strip at point of origin. The protein
fractions were stained with bromphenol blue,
while Sudan black B was used to develop
lipoprotein ionograms.

Resuits. As pointed out in an earlier pub-
lication(3), the electromigration of a charged
particle through the buffer solution saturat-
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ing the paper strip, is fundamentally a sim-
ple rate process and it would therefore be ex-
pected to increase with increasing tempera-
ture. It would moreover be expected to ex-
hibit the usual temperature dependency of
such processes(6), namely. that when the na-
tural logarithm of mobility is plotted as a
function of the reciprocal of the absolute
temperature, a straight line would result.
Mobilities of various substances studied are
listed in Table I. When these were plotted
in the manner described above. the results
were as shown in Fig. 1 and 2.

Each experiment consisted of 7 simul-
taneous runs. Figures in the mobility column
of Table T represent averages. ¢.g., for human
serum albumin; 0.725 represents the average
from 28 individual ionograms. run in 4
groups of 7. The standard deviation is based
on the number of “groups of 7 strips,” rather
than on the number of individual ionograms.
It must be borne in mind that the value for
standard deviation is accentuated by this
technic, and would be much smaller, numer-
ically, if based on the number of individual
ionograms. The reason for using the above
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ordinate scale, for water, represents logarithm of
reciprocal of coefficient of viscosity.
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FIG. 2. Effeet of temperature on ionographic mo-

bility of human plasma lipoproteins. The ordinate

scale, for water, represents logarithm of reeiprocal
of coefficient of viscosity.

procedure is that any human error, such as a
wrong voltage reading, would cause a given
group of 7 ionograms all to be in error by the
same amount.

Since the normal increase in mobility of a
migrant with increase in temperature would
parallel the increase in fluidity of water with
the same temperature increase, it would be
expected that if the ‘“logarithm of the re-
ciprocal of the coefficient of viscosity of
water” is plotted as a function of the “re-
ciprocal of the absolute temperature,’ a
straight line should be obtained. This linear-
ity is shown in Fig. 1 and 2.

In the case of the beta lipoproteins, erratic
mobility results were obtained in the earlier
experiments. In general, as a serum sample
aged, under refrigeration at 4°C, the mobility
values dropped. This confirms the observa-
tions made earlier by Gottfried et al.(7).
When, however, mobilities at 25°C, 9°C, and
4°C, were determined by running the experi-
ments simultaneously, but using 3 separate
ionographic apparatuses, the results were con-
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sistent with the behavior observed for all
other migrants.

Since the effect of temperature on mobili-
ties of all substances studied was nearly the
same, it is possible to represent temperature
dependency of a wide variety of migrants,
under otherwise constant experimental condi-
tions, by the following simple equation.

lnu=—4A
nu_—T—I—

where u = mobility of migrant in some defi-
nite system of units, In — natural logarithm,
T = temperature in degrees Kelvin, m =
slope of line, for water itself, and is the value
to be used for all other substances where the
lines parallel that of water, and A is a con-
stant which is characteristic for each migrant.
Converting to logarithms to base 10 the equa-
tion becomes:

2.303 X m

logu = 4+ 2303A

o 2.303 X m
logu= T + B

For a given migrant, then, the mobilities at
all temperatures in the range 4°C to 25°C
can be computed from a value determined at
any one temperature within this range. As
an example, consider the case of bromphenol
blue. At 25°C, the mobility was 1.21 u/sec.
per volt/cm. Insertion of the proper values
in the equation then yields:

log 1.21 = 0 | g

og L2l ="08 +

Where —980 represents the slope of the lines
shown in Fig. 1, which parallel that for water
itself, and is therefore applicable to the case
of bromphenol blue. From the equation the
constant B is determined to be 3.37. The
mobility at 4°C, then, can be computed as
follows:

-980

logu,..= 277

+ 3.37

whence u is 0.681 u/sec. per volt/cm. The
experimental value at that temperature is
listed in Table I as 0.685.
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Since it is now generally conceded that no
single electroosmotic indicator is satisfactory
for migrants of different molecular volumes, a
real doubt arises about the advisability of ap-
plying so-called correction factors unless ab-
solutely necessary in order to interpret the
results. In the experiments described here.
the ckhange in the mobility was explored as a
function of the temperature. Since the effect
of temperature on electroosmotic movement
appears to parallel that on electromigration
mobility, the application of an electroosmotic
correction would simply shift the lines. in
Fig. 1 and 2, bodily, by a small amount but
would not alter the slope or the nature of the
equation expressing the effect of temperature
on mobilities.

Summary. The effect of temperature on
velocity of electromigration through paper
stabilized electrolytes, of a variety of sub-
stances, including bromphenol blue. bovine
plasma albumin, human serum albumin and
globulin fractions and human serum lipopro-
teins, was investigated. The ionographic ap-
paratus emploved utilized horizontal paper
strips in a water saturated atmosphere. The
runs were made at temperatures from 4°C to
25°C and under constant conditions of buffer.
ionic strength, pH and potential gradient.
For all substances studied. the relationship
between the mobility and temperature can be
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represented by the equation:
log (mobility) =me1/T + B

where T is °Kelvin, B is a constant and m is
the slope of the line obtained when the
logarithm of the mobility is plotted against
the reciprocal of the absolute temperature.
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