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through the sheath in the absence of axoplasm. 
The sea-water inside the axon was extruded 
after the immersion period and chemical de- 
terminations made. The rate of penetration of 
ACh was much more rapid in this case; equi- 
librium was reached between 5-10 minutes. 
At the end of the experiment, the axon sheath 
was tested for leaks by means of a water solu- 
ble dye. 

I n  other experiments microscopically cleaned 
axons were immersed in 0.01 M ACh for 90 
minutes and then washed for 10 seconds. 1 
minute, and 30 minutes. in fresh aliquots of 
sea-water. The quantities of ACh determined 
in the washes were respectively: 4.4, 2.2, and 
5.7 x 10” 111. The 10 second wash was con- 
sidered as surface contamination. The 
amount of ACh in the other washes was con- 
sidered to represent a major portion of the 
ACh which had been distributed in the axon 

during the immersion period (molarities calcu- 
lated from volume of axons). 

S U ~ ~ Q Y ~ .  The penetration of acetylcholine 
into the interior of the resting Squid axon, 
which had been immersed in ACh solutions, 
was demonstrated by its appearance in the 
extruded axoplasm. The outflow of ACh from 
resting axons previously immersed in .4Ch 
solutions was also demonstrated. 
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Protein Separations a n d  Interactions on Fi l ter  Paper.* (19762) 

J. H. QUASTEL AND S. F. VAN STRATEN. 
From the Research Institute, MontreaI General Hospital, Montreal. 

Two technics are available whereby proteins 
may be caused to move on filter paper- 
chromatography and microelec trophoresis. 
The former method involves the movement of 
proteins by capillary ascent. A mixture of 
proteins diffuses from a spot into a streak by 
the action of an aqueous developing solvent 
( 1 ) .  The latter technic, based on the Tiselius 
method, makes use of the different mobilities 
of the various proteins in an electric field(2). 
A combination of these two methods, chroma- 
tography in the first dimension followed by 
electrophoresis in the second dimension, pro- 
vides a variation in the present 2-dimensional 
chromatography and makes it possible to 

* We are most grateful to the Cutter Laboratories, 
Berkeley, Calif., for gifts of proteins used in this 
work, to  the Atlas Powder Co., for gifts of surface 
active agents, and to the Sational Cancer Institute 
of Canada and to the Rockefeller Foundation for 
grants in aid. 
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study the separation and interaction of vari- 
ous proteins on filter paper. 

Whatman No. 3 MM paper has been used 
throughout. The dry purified proteins are dis- 
solved in 0.85% saline, and 0.04 ml aliquots 
are placed about 4 inches from the lower left 
hand corner of strips of filter paper approxi- 
mately 8” x 15” in size. The spots are dried 
at  room temperature, the papers formed into 
cylinders and stapled so that the edges do not 
touch, and then placed in shallow dishes con- 
taining the developing solvent. After the 
papers are thoroughly wetted by capillary 
action (about 1.5 hours), they are unstapled, 
rinsed quickly in veronal buffer solution 
(pH = 8.6), and placed in the electrophoresis 
apparatus. 

The electrophoresis apparatus consists of a 
pair of plastic troughs (Perspex) 17” x 4” x 
3%” each divided longitudinally into two 
compartments. Electrical contact between the 
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FIG. 1. Movement of proteins on filter paper at different hydrogen ion concentrations. A to G, 
-04 ml aliquots of a 3% solution of human serum allbumin (Oohn Fraction V)  ; I€ to N, .04 ml 
aliquots of a 2% solution of y globulin (Cohn Fraction 11) ; 0 to W, .04 ml aliquots of a 3% 
solution of fibrinogen (Cbhn Fraction I) .  The following developing solvents were used : 
A, H, 0, .05M potassium hydrogen phthalate pH 3 ;  B, I, P, .05M potaasium hydrogen 
phthalate pH 4.8; C, J, Q, .05M potassium hydrogen plithalate pH 5.4; D, K, R, .05M sodium 
eitrate pH 6.1; E, L, S, .05M barbitone (veronal) pH 8.6; F, M, T, .1M sucrose unbuffered 
pH approximately 7 ; G, N, W, .1M sodium potassium tartrate unbuffered pH approximately 7. 

buffer solutions in the outer and inner com- 
partments is made through small wicks pro- 
truding through holes near the upper edge of 
the dividing wall. Carbon electrodes are 
placed in the outer compartments and con- 
nected through an ammeter and voltmeter to 
a source of DC from a selenium rectifier, with 
a variablse .4C input. 

The filter paper strips are supported on a 
plastic frame fitted on to the troughs so that 
the ends of the papers dip into the buffer solu- 
tions in the two inner compartments of the 
troughs. The whole &-up is enclosed in a 
glass tank with a heavy glass lid resting on a 
rubber rim. Verona1 &buffer pH 8.6 consisting 
of 0.05 M sodium diethyl barbiturate and 
0.01 M diethyl barbituric acid is used as the 
electrophoresis buffer solution. The filter 
paper strips are placed in such a position in 
the apparatus that the protein streak is about 
3 inches from 'the surface of the liquid in the 
inner compartment of the negative electrode 
vessel. 

A potential of 130 volts is applied across the 
papers for about 18 hours, after which the 
papers are dried, and the proteins stained with 
hot aqueous solution of Solvay purple 
(0.05%) containing 0.5% sulphuric acid( 3 ) .  
After about 5 minutes the chromatograms are 
washed with warm water to remove the excess 
dye and dried. 

Eflect of developing solvents at diflerent 
hydrogen ion concentrations on movement of 
human serum albumin. The movement of 
albumin was investigated using 0.05 M phthal- 
ate buffer a t  pH 3, 4.8, 5.4, citrate buffer pH 

6.1, veronal buffer pH 8.6, 0.1 M solution 
of sucrose and sodium potassium tartrate, both 
approximately pH 7. The position of albumin 
is virtually unchanged in all these developing 
solvents. All the albumin moves from the 
point of origin except with phthalate buffer 
pH 3. In this case some albumin remains at  
the origin. 

Effect of developing solvents on movement 
of y globulin. Using the same developing 
solvents, y globulin generally migrates to a 
position just below that of albumin, and a 
considerable portion remains fixed at the 
origin in all cases. ,4t pH 3 in phthalate 
buffer, little protein moves up the paper as 
compared with that at  pH 4.8, 5.4 etc. In 
veronal buffer pH 8.6, y globulin moves to 
almost the same position as that of albumin. 
(Fig. 1, H to N ) .  

Effect of developing solvents on movement 
of  fibrinogen. In phthalate buffer pH 3 and 
4.8, fibrinogen scarcely moves at  all from the 
point of origin. At pH 5.4 there is a pro- 
nounced movement which becomes even more 
marked at  pH 6.1 in citrate buffer. At pH 8.6 
in veronal buffer, the movement is greatest, 
the fibrinogen flowing out from the point of 
application almost to the top of the paper, but 
with no well defined spot as is observed with 
albumin and y globulin. The migrations in 
sucrose and sodium potassium tartrate solu- 
tions are similar to that in citrate buffer at 
pH 6.1 (Fig. 1, 0 to W).  

Efiect of developing solvents on the move- 
ment of albumin and fibrinogen using micro- 
electrophoresis in the second dimension. In 

(Fig. 1, A to G.) 
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FIG. 2 (Top). Separation and interaction of albumin and fibrinogen on filter paper. 
A--.04 ml of a mixture containing 3y0 albumin and 3% fibrinogen chromatographed in the 
first dimension ueing phthalate buffer pH 4.8, showing the first dimensional ~ t r eak ,  and the 
reeults of electrophoresis of th i s  streak in the second dimension. B - S a m e  ae A, except chro- 
matograph carried out in the firet dimension using veronal buffer p H  8.6. 

FIG. 3 (Middle). Separation and interaction of albumin, y globulin and fibrinogen on filter 
paper. A-.04 ml of a mixture containing 3% albumin, 270 yglobulin and 3% fibrinogen 
chromatographed in the first dimension using phthalate buffer pH 4.8 showing the firet dimen- 
sional etreak and the results of electrophoreais in the second dimension. B - 6 a m e  a3 A, except 
chromatograph carried out in the firet dimenaion wing veronal buffer pH 8.6. 

FIG. 4 (Botbom). Effect of Tween 81 on movement of albumin and ?globulin using .LM 
sucroee solution in  the fir& dimension and electrophoresis in the second dimension. A-.04 ml 
aliquot of a 3% eolution of albumin containing .02 ml of Tween 81 per ml. B-.04 ml aliquot 
of a 370 solution of y globulin containing .02 ml of Tween 81 per ml. G . 0 4  ml aliquot of a 
mixture containing 3% albumin, 3% yglobulin and .02 ml of Tween 81 per ml. 

. 

phthalate buffer a t  pH 4.8 fibrinogen, in con- the two proteins are mixed and sent up the 
trast to albumin, hardly moves on the filter paper in phthalate buffer at pH 4.8, fibrino- 
paper (Fig. 1, B and P). It should be possi- gen does not move, but albumin migrates as 
ble, therefore, to separate albumin and fibrino- a more elongated band to a position below 
gen by filter paper chromatography. When its usual one. The positions of these proteins 
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are easily detected by electrophoresis (Fig. 
2A). Thus fibrinogen exerts a marked effect 
on albumin apparently without itself migrat- 
ing, i.e. some interaction seems to take place 
without sufficient combination occurring to 
be visible under the present experimental con- 
ditions. 

At pH 5.4, fibrinogen alone migrates to 
some extent, but mixed with albumin, there is 
a separation into two components; the one 
remaining fixed at  the point of origin and the 
other moving up in apparent combination with 
albumin, 

This apparent combination, or interaction, 
is complete in citrate buffer a t  pH 6.1. All 
of the fibrinogen moves up from the starting 
point. Some uncombined albumin, however, 
must also be present because the albumin 
band extends beyond the fibrinogen band. 
This same effect is observed using veronal 
buffer pH 8.6, (Fig. 2B) or solutions of 
sucrose or sodium potassium tartrate. A 
trace of fibrinogen is found at  the origin when 
tartrate is used as the developing solvent. 

Eflect of developing solvents on the move- 
ment of albumin, globulin and fibrinogen. A 
restrictive influence of fibrinogen on the move- 
ment of y globulin occurs when a mixture of 
the two are chromatographed on filter paper. 
This restriction seems to disappear when al- 
bumin is added to the mixture. At pH 4.8, all 
of the albumin travels with y globulin, the 
albumin band extending above that of y 
globulin. The fibrinogen remains at the origin 
as before (Fig. 3A) .  

At pH 6.1 in citrate buffer all the proteins 
move up on the paper. Fibrinogen and y 
globulin move together, both their bands being 
shorter than that of albumin. The phenome- 
non is observed at pH 8.6 in veronal buffer, 
(Fig. 3B) and in solutions of sucrose or 
sodium potassium tartrate. 

Thus it would appear that the presence of 
fibrinogen alters the chromatographic posi- 
tions of both albumin and of y globulin, sepa- 
rately or together, a phenomenon which would 
be explained by mutual interaction between 

the proteins. When the three are mixed, 
y globulin moves with albumin. 

Effect of Tween 81 in the movement of 
albumin and y globulin. The addition of 
surface active agents such as Tween 81 (poly- 
ethylene sorbitan monooleate) to solutions 
of albumin and y globulin appears to alter 
the rate of movement of the proteins and 
causes elongation of the first dimensional 
streak. Ompare Fig. 1 F and M with Fig. 
4, A and B).  This occurs when using the 
various buffer solutions or solutions of sucrose 
or sodium potassium tartrate as developing 
solvents. The albumin band is elongated, but 
the greater change occurs with y globulin. 
Its band extends from the point of application 
to the top of the paper, with the largest por- 
tion appearing at  the origin. When the two 
proteins are mixed and the same quantity 
of Tween 81 added, the albumin band is ex- 
tended considerably and the y globulin moves 
up with the albumin to a new position. No 
y globulin appears a t  the origin, but most of 
the y globulin still appears in the lower part 
of the first dimensional streak. 

The phenomena are consistent wisth the con- 
clusion ( 1 ) that complex formation between 
the proteins and the surface active agent oc- 
curs, as well as interaction between the pro- 
teins themselves. 

Conclusion. Using a combination of two 
technics, paper chromatography in the first 
dimension and paper microelectrophoresis in 
the second dimension, it is shown that protein 
separation may take place during capillary 
ascent of a mixture of proteins on filter paper 
and that protein interaction may also occur. 
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