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Trentlated at the '
Hational Institute of Health
Bethesda, Maryland.
From French for Dr. Sheldon Drey Int. Arch. Aljergy and Applied
' Jomunology 7 (2):103-110;
le fige.; 1”’
Une micro-methode de 1'1nnmno-elcctrophorolo
A Micro-Method of Immuno-Eleotrophoresis.
by . .
JJ. Scheldegger ‘

(University <Polyclinic of Medicine, Geneva
Dir. Prof. Eric Martin)

A scant tvo years ago a preliminary mote of Grabar and Williamg 2

appeared, dealing with immuno-electrophoretic analysis in agar medjum,
Bince that time the method has beem developed doth at the Pasteur
Jnetitute, Paris, and the Polyclinioc of Medicine, Geneva. C.A.Willjams
made it the subject of a thesis, and the pesults obtained have beep
published in various artioles.l+3-8:10/13  yq gna11 return to whay

has already been published only to illustrate the micro-method presgnted.

here, and we refer té the articles cited for all details concerning the

priginal method. _ |
Let us recail here the principle of it. Asmixture of antigens

§s separated electrophoretically in sgar gn), after which a '

¢orrespoading immune serum is allowed $o diffuse in the gel itcelf,
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' .The occurrence of an antigen with its homologous anyibody provokes

d the formation of a limear precipitate, as there are different antigens
\ in the mixture analyzed. The method permits, on the one hand, cconfipming

' 'the individuality and the homogeneity (or hetarogeneity) of electrophoretic

fractions,,and, on the other, attridbuting a definite gloctrophotot10 
mobility to the different known ant’gens. o
We quickly found that the originalmethod was too difficult and
~ 41¢ not perait undertaking research on fare material. In addition,
pfter a certain time, we found ourselves short of immune serum, .
Comscquently, it vassthe impossibility of obtalning & luffic{on\
quantity of certain antigens and the lack of antiserum that determiped
our working out this miocre~method which answvers tho evident need.
In the table below we sum up the differences presented detween
the standard method and the micro-method for an analysis of hnnaﬁ

~.oru made with the help of the same immune serum of horse.

Volume in ml, of Time
' Serua Immane serum Rlectrophorssis Dltfn:ion
Standard Mathod 0.05-0i2 0.05- 1.0 6 hrs. for 3 V/cm, . 1-10 days
Miocro-method 0,001 0.005 45 min, 6 T/c- =24 hrs.

i cen be ssentthat the reduction 1s of the order of a one hundredth.
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Equipment
A. Tank for electropherisis of the paper electrophoresis type with
horisontal bands, or better: a special tank with distamce between tb!

receptacles at the electrodes reduced. ,
]
B. Contimuocus volsage generasor, producing suffiejent holthd.‘

" (approximately 200 V).

C. Microscope slides of the current type (76/26mnm.).

D. Punch to make holes in the sgar. A very simple method

consists of inserting into a large cork stopper, about 7,gm. from ong

apother, two nol 10 ypodermic needles,the feather edge of which

has been ground down. Two ragor blades are forced into the cork
ssopper. separated by a vedge of suitadle thickness (about 1 mm).

tt is well t5 shorten the blades in a manner to obtain a cub 3 om.

ip length., Thie instrument, pressed on the agar, cuts two openings,
vhich will reeive the antigens, and & median slit destined to recelve
fmaune serum. This procedure sssures the constant arrangement
indispensable to good raproducidility. We improved the apparasus

by holding the assemblago above at the end of & level joined to a
snall board. The two needles are connected to the water suction.

pump and aspiration is effected immodiately.

-~
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Tochnique*
The gel used is 2§ of pH 8.2, and tonic strength.of .05. A
4:% agar gel s prepared in distilled water; then for use, it is

diluted while warm with an equal voiums of ¥eronal buffer of pn 8.2
‘and 1ol strength of .1. After filtration, while varm, exealy 3 ml. of

this agar is cooled for esch slide., The agar spreads regularly oa t.a slide
and is kept there while forming a meniscus oh the edges.

Ay cooling & gel s cbteined sbout 1 m. in thickness. With the

pqlp of the punch the holes are marked then, through a fine pipet,

tho small plug of agar cut out by the two needles is aspirated

by the water suction pump. The median band still remalns in place,

the two holes are filled with the antigen solutions to be inquired

into, The slides =m0: prepared are placed flat in the eloctrophoroul,
apparatus. At each end of the slides a band of filter paper assures

contact bdetwesn agar and the slectrode veiioll. A voltage of 40

.volts is applied to the end of the slides, which corresponds to aboy}

6 V/cm. Natusally we can work with a lower voltage by proportionasely
extending the time of slectrophoresis., The voltags to bs appiled

to the generator terminals depende on the dimensions of the slectrody
vossels (labyrinths, etc.) and the length of the paper bridges., To ‘
avoid too great a drop of woltage in the slectrodes, we £ill them with
more concentrated buffer (u 0.1). As scon as the serum has penetrated
into the ager, the hble is sSopped up sgaln by pouring vara agar intq it,

* YXote: Our thanks go to Miss H. Toulet, Laborayory assiefant,
for her ¥aluable ¢olladborasion.




In 45 minutes the separation is completed, The slilles are
wvithdrawn, the median band of cut out agar is sspitated, and the
cut so formed is filled with 5005 ml. of imgune seryms, on OCOBIIO,
diluted to sultable proportions. The diffusjonis very rapid, and '
at the end of half an hour the first lines are seen to appear,
After 12 hours the %nago can be considered as eomplete. |
: Recording of Images

The preparations can be photographed either by direct contact -

on paper or film or by using the slide as negative in & magnifying
apparatus, or finally by film exposure by means of an objective,
(an apparatus for small form and sise, 2k x 36 mm., lsteral illumipation
on & black background).

It seemed handy to us to proceed in the following mannaws aftey
7-8 hours of diffusion a film photograph is taken which permity losating
ocartain antigens, the preclplt;tes of which, soluble in an excess of
antigen, will disappear later on, for example albumin, After 24 houys
of diffus;on the procipitates are fixed as follows: a thick blott-r'
applied to the agar, absorbs the water with the salts and proteins ;
$n solution. The precipitated proteins remain in the agar, Agter
sompplete drying a film of agar 1s left adhering tightly to the

1
glacs 1. The precipitates, became transpatent, are marked in relief,

Yhe plates as prepared lend fhemselves well to jreservation., Thelr ‘
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opacity can be restored to the. lines at any time by molstening
them with water. Neverthelesa, it 1s preforable to make them visidle in
a positive way by staining them with:an appropriate Qyo. Protelns,
for instance, can be stained by .plunging the projaratlon. dried mnd N
remoistened as described above, for one minute in t_iolution sgtu;ntod ’
with amido black 10 B. (100mg. of dye per 100 ml. of mixed methapol-
acetic acid 9-1). Bapid washing in this solvent and drying in alp
terminate the operation, Staining Qlth azocarnine (saturated solgyjion
$n methanol containing 3% acetic acid) likewise produces beantlfn*'
preparations easier to photograph. .
' [nmuno-Eleotrophorstic Analysie of Hornal Serus
Resuwl ts and Comuentaries: |
Wehave described elesvhere® the image thet norma) human serum
glvee by th;'original nethod, Irlc. 1 represents schematically the
1ines producéd by normal antigens of humanszserum with respect to ea
jmmune serum of horse anti-human serum.
The o:dor of appearance of the lines as & function of.the time .
{o deternined by the respective concentrations and the diffusibn rates

of the antigens.(fig. 2)

i
i
'

'
\
.\
Y
.

—

F1g.1. Schematio representation of the linss obtained with normal human serua by

an laxmune serus of horse antl serum(above) and correspondsncs with clessical
plectroploresis (below}, Date June 1954.
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Pirst albumin is seen to appear, then the othor fractions at thg

same time that the albumin spreads and obliterates.

Fig. 2 Development of procipitates as a function of time. In 24 hourl -

there 1s s complete image.
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The diffusion time is extreme.y short in regard to he original
method. In many cases we have the rosult by evening whea getting the
experiment underway in the morning:Thic is only in case of a complex
mjxture, such as serunm, for which it is necessary to waif 12 houys

or morel
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A The aeffect of the concentration in antigena is illustrated by ¥ig.3,
shoving a series of dilutions. The volumes used, as well as ﬂl. sntigen-

\antibody ratios, are the following: , f

Photo, « « « v s os e | albjecidl]e gl h
Vol. antigénesmm? . + . . ] ] 1 1 1ol 1y2e ] e {160 |1/60
Vol.immunsérummm® .~ 1.2 | s | ¢ | s | 5§85 115
| Ragport « oo 01 i | s | e | us |0 irzo{ %0 |1so.

*Actually ve took 1 ma) of serum diluted i the proportion 1/2' 1/# 1/6. .
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In the particular case of the immuns serum of horse anti-human
serum which we use, (the serum of the Pasteur Institute, Paris,
was kindly put at our disposa; by Prof. Grabar, whom we vaimly\
thank), the optimun ratio is 1 amJ of husan serum.to 5 mx’ of
Ammune serum (photo "e"). It is there ve observe tha greatesi pumder
of lines. Atove fractions are found for the most partoan sxcesy
of antigens. In "d" the albumin is already no longer visible,
and the more ve go up the fewer lines remain. Below "e" there ;,
an excess of antibldy for a great number of fractions,

It is from "f" and "g" we sce dbest the rho fraction, wheras theg

"albumin approaches equivalence only in the last dilution, whery all other

lines have disappeared or almost disappeared.

Indeed, the response of the animal to immunizing injections ip .
not proportional to the amounts of antigen received, Thus the

amount of anti-aldumin is far lower than that of the anti-gAI-.? although
in the immunizing serum the aldumin represents about triple tp‘

ganma glodbuline,
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In view of the very small volume of serum used, nothing opposes
putting on both sides of the immune serum different amounte of qne
end the same mixture of antigens. Thus, we obtain for foutine analysis

tvo images which supplement one another,

Fig. 4. Routine image. Above we placed 1 nm3 of normal humap
serumn:below, the same volume of serum diluted to ons fourth,
Betwveen them we put § of immure seyum. The length of the
cut is 3 cm. The sligh. distortion which spreads toward the
middle portion 1s somnstimes produced at drying and has no
apparent effect on the form of the lines.

A nev possibility is likewise opened by this method. It 1s

no longer necessary to take blood by venipuncture. Ve can take
blocd by pricking the end of & finger end collecting it in a canjlliary

tudbe, where we can lq$¢ it coagulate, After the clot is retracted,

wve bresk the point of the capillary and let the serum rua ocut 1nto€h¢

--hole., Some rsd corpuscles that are possibly carried along do noj

hinder, This advantage permits using immupe-slectrophoretio analysis

first in pediatrics, then likewise at exparimentation in ajl smal}

animala. Summary

~ The micro-method of immuno-electrophorstic analysis shows
the following advantages over the original method:

l, Economy of immune serum.
2, Economy of time.
3. It is less curbersome,

4. A micro-drop of serum may be examined allowing 1t
to be used in pediatrics and animal experimentation.

t
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