METHODS
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Paper electophoresls for separating serum proteins has become widely used. It is very ime-consuming w
the electrophorograms by eluring the dye from the cut-up paper sirlp, Densliometers have heen dese
cribed for rapid electophorogram scanning, but they are at present difficult to obtain,

We used an EKP-4m electrocardiograph, modified as little as possible so {t could stll be used for it mala
job,  scan the elecrophorograms, The additional devices could be partally produced from apparatus to hand,
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Fig. 1. A general view of the EKP-4m elecwocardiograph
plus the aguitional devices,

1) Photomultiplier or photocell; 2) light source; 3) control
arc; 4) spool carrier with the electrophorogram sufp moun-
ted on it; 5) tension roller; €) drive roller (drive from a
synchronous motor plus reduction gear); 7) plate supply; 8)
stepdown transformer; 9) stand,

Flynn and Mayo's [2] and Gurvich's {1] methods were used for serum protein elecwophoresis, The saips
were prepared from filter paper,

An advantage of this method is that it is relatively simple, No sensitive reflecting galvanometers (elec-
temeters) requiring special Jocations are used, so the apparatus can be rapidly moved sbout and set up,

Figure 1 gives a general view of the electrocardiograph plus additional devices,

When the additional devices are being set up care must be taken not to use 2 beam over 0.5 mm n width
and length 3-4 mm less than that of the sulp from the light-source,

1014



The photocell current {3 projorticnal to the light luiemity When the suip (s drawn between the light
sourcs and photocell & light beam of valatle intensity I3 produced, The photocell curzent changes are amplified
s2d tanumitied to the elecocatdlograph salvanometer and recorded on the fikm,
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Fiy. 2, Basle clicuitof the EKP-4m adapted for scanning electophiorograms: Finst and

second varlants (3 2od b respectively). 1) Drive roller; 2) tension roller; 3) sporl car-

rlier with the suip mounted on ity L light source, K condenser lems, D dlaphragts, The
other parts are explained in the text,

The electocardlograph kad all the uniws required for recording the photocell current, We tested two
varlann, one with & FEU-1 photemuldplier and the other with a STsV-4 plrtocell.

s Transiteraizd from Russiza, Mo explanatca glven In text,
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In the flrst the Switch Sy (Fig, 2a) was fitted w the top panel of the EKP-4m; this enabled one 1o connect
the top end of Ry, elther as normally in the EKP-4m w 10 the posidve side on the FEU-1, In the latter case Ry
is the photocell load, whick smoplie: the voltage to be amplified to the grid of the amplifier tube Ty (50-244),
A 10,000 u F capacitor wiis connectea acivoss Ryy to eliminate 50 cycle line-frequency interference and pulsatons
Jue v the low thermal inertia of the lamp filam=ng,

The plate battery vollage of the EKP-4m had to be raised 0 120 v,

In the second varfant two stages of the EKP-4m, amplifier had to be used, The pdsidve side of the STsV-4
was counected to the right-hand grid {n T,(S0-243). A BAS-60 battery was installed in the EKP-4m with a
0.3 M Q variable resistor (Ry) together with a muitibank switch to cut in this circuit, which is more compiex than
that of the first variant (Fig. 2b). This mustibank switch does the following operations; cuts out Cy (Sy), cuts in
the 0,3 Mg varlable resistance (Ryy( in parallel with Cy(S,), and connects the BAS-60 battery to Ry (S, and Sg).
The check switch must be set at 0 and the gain switch on the 10th gain positon, 1, e., hard right,
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Fig. 4. Electrophorograms from serum proteins of two rabbits with different immue
nides,
The curves taken on the EKP-4m are shown at the twp,

When electrophorograms are being scanned the end of one is fixed to the beginning of the next, A strip
comprised of 15-20 such electrophorograms is then wound inwo a speol (Fig. 1, 4). The front end of the strip
(which is an exura piece of paper, and not the first elecwopherogram) is inserted into the conwrol are and gripped
between the drive (€) and tension (5) roilers; the apparatus and light source (2) are then switched on,

When the fist variant {5 used the indicator spot on the EKP-4m should be adjusted 1o the lower part of ins
range (using the corrector) with a white section of the first electrophotogram under the light source; then the
most deeply stained part is placed under the source, 2nd the indicater spot should pass to the other extreme posi-
don. The indicator spot can be set to this position by adjusiing the light source intensity (theostat, transformer),
This operation should be repeated twice,

Having thus set the white and blue levels the recording wili occupy the full width of the film,

When the second variant is used the indicator spot should be set at the center of {ts range and the muld-
bank switch (Sy, Sy, S4 and $5) set to record elecwophorograms,

Since the indicator spot does then not appear in its former place it should be returned to the proper posi-
don by adjusting Ry, The white ievel will then be at'the top of the scale and the blue at the bottom, The
white and blue levels are then set,

Then, fn both varlants, the film-drive mechanism in the elecuocardiograph is switched on as well as the
synchronous motor (6) which drives the electophorograms. When all the elécuophorograms have passed before
the photomnultiplier (1) the electrocardiograph and synchronous motor are switched 5ff and the film removed
from the cassette and developed,
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VWith the developed image mounted on transparent squared paper the area corresponding to each proteln
fraction Is determined and the percentage relations calculated (see Fig, 3), The total amount of protein belng
known (from refractometry) the absolute protein fraction contents In the serum can be determined when the
time variations of the protein fractions are being studied in a glven case,

Chromatograis etc, can be scanned In the same way,

Thus this method amounts to counting the arcas of the proteln fractions, sliice the thine taken to get the
graphic record is practically the same whether one or many electrophorograms are made up Into the strip,

The results obtained with the electrocardlograph were checked by eluting the dye and -photomctéring the
solutions on an FEK-M, the following results (Table) being obtained,

) ' ptbu- la-Glol 6 Gid y-glo-
Method Type of Measur, mcn ibu"n "bulin guun
- -—-—--—-! - PR - - —' - e ne - o e
Area 83 1] 13 45H
o fnimsliesl s
Optical density 030G 0,15210,15510.224
Elution - - - e
L 408 170141731 5.0
- -t - - - - LN
Arca 322 4 16 | 108 | 140
EKP-4m e oAb b
o ‘ ol bl
} Optical density o4 10187 0,109 0,141
Elutien i ~ . R SR,
‘ " 47,81 21,71 13.3117.2

The data show that the maximum discrepancy was 2.5-2.8%, and we cannot for certain say which method
was responsible for these small differences,

Using a PS-381 exit coliimator we established the concentration limit beyond which the linear rato
between the dye admrbed by the protein and light absorption was not obeyed, The linear ratic held up 1o 2
mg protein per cm?® of paper. So w= used lesser amousits (less than 0,5 mg per cm?), so there was no danger of
the Beer-Lambert law not being obeyed, But the method can also be used with large amounts of protefn. It was
shown that the extinction and protein concenration were lincarly related up to 128 mg/cmt, In this case the
record shouid be profected cnto semilog paper uslug a magnifler,

with our method the relation between the protein fractions can be determined quantitatively within 5-8
hours of taking the blood for a large serles of serum specimens, since only three hours is r2quired o get a good
separation of the-protein {ractions on the paper under our conditions,

since elecuocardiographs are widely used in most medical and sclentific institutions this method could
find extensive applicaton In clinlcal practice,
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SUMMARY

Two methods of preparing electropherograms with the elecnocardiograph EKP-4m are described, They
depend on.the type of apparatus  at hand, the photomultiplier FEU-1, or the photocell - STsV-4, Additional
devices can be mounted from commion laboratory equipment, Results are comparable with electrophiorograms
prepated by other methods, but the rapidity of preparing whole serles of clectrophorograms with unbroken
graphle reproduction makes this method preferable, If protein coucentrations of more than 2 mg/cm? are used
the record should be projected with 2 photemagnifler on semtlog paper,
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