UNCLASSIFIED

AD NUMBER

AD836171

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; JUL 1968. Other requests shall
be referred to Department of the Army,
Fort Detrick, Attn: Technical Release
Branch/TID, Frederick, MD 21701.

AUTHORITY

AMXFD 1ltr, 9 Feb 1972

THIS PAGE IS UNCLASSIFIED




AD836171

TRANSLATION NO. /JZ/
DATE: /(222¢2;/?é§§/5’

DDC AVAILABILITY NOTICE

Reproduction of this publication in whole or in part
is prohibited. However, DDC 18 authorized to
reproduce the publication for United States
Government purposes.

STATEMENT #2 UNCLASSIFIED
This document is subject to special export
controls and each transmittal to foreign
governments or foreign nationals may be made
only with prior approval of Dept. of Army, - e e
Fort Detrick, ATTN: Technical Release Branch/
TID, Frederick, Maryland 2170I
D D
TN TN ey e

- JUL 261968

DEPARTMENT OF THE ARMY 5 GBI
Fort Detrick T~CA

Prederick, Maryland ) L




3

By Jacques Oudin

Translated from: ,
Annales de I'Institut Pasteur 75:33-51 (1948)

Translated by:

A 0‘74

Rk

3>/

QUALITATIVE IMMUNb-CHEM_ICAL ANALYSIS: METHOD USING TIIE DIF ¥ USION
OF ANTIGENS INTO PRECIPITATING IMMUNE SERUM WITH GELOSE

Charles A. Meyer & Co., !nc.
Upper Nyack-on-the-nudaon
Nyack, New York '

S



S ‘ i
V

QUALITATIVE IMMUNO-CHEMICAL ANALYSIS; METHOD USING THE DIFFUSION
OF ANTIGENS INTO PRECIPITATING IMMUNE SERUM WITH GeLOSE")

(First Part)
By Jacques Oudin®**)

(Pasteur Institute. Dept. of Microbial Chemistry)

Several immuno-chemical methods are available now for the detection,
the identification, and the titration of antibodies by speciiic precipitation. But
all these methods seem to be applicable In general to simple precipitating
systems, i.e., to systems in which a single antigen meets within the immune
serum antibodies capable of precipitating with it. This is true of Ramon's |

primoflocculation method (1), ofi Dean and Webb's very similar method of
optimal proportions (2), of Heidelberger's quantitative method (3) and of the

O

more or less approximate methods of titrating the antigen or the antibodies by
diluting one or the other of the two reagents. |

Thus the clansical immﬁno—chemlcal methods have been used very rarely
for the analysis of 2 solution having a biological origin, without assistance from
chemical or physico-chemical {ractionating metheds, such as salting out. Such
a panoply of means, combining fractionation by diiferent techniques with immuno-
chemical methods, and in particular with the exhaust of antibodies has been

applied to different materials in a rather large number of investigations. Let us

*) French society of microbiology, meeting of June 3, 1948.

*#) This work was performed with the technical collaboration of Mlle.
Simone Le Lous, research assistant at C.N.R.8. The injections and blood-
lettings of hyper-immunized animal3s were pertormed by M. Marcel Chanen,
we thank them tor their cooporation. L
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mentiva in particular those of Harris and i“agle (4) on horse and human serum,
Lendall (5) on human serum, Marrack and D. Dulf (C) on horse serum, P. Grabar
and A. M. Staub (7) on carbuncle antigens, Treffers, Moore, and Heidelberger (8)
on horse serum. More rarely, other authors (for example, Ando and his
collaborators (_":}_7) have considered serum as a natural mixture oi antigens
awong which many are also glfted with the antibody function and have studied vit

by means of more strictly immuno-chemical methodsn.

Purely physical or physico-chemical methods - salting out or related
methods of precipitation by organic solvents, ultrafiltration, ultra-centrifuging,
electrophoresis - enable one to count the substances with large molecules
contained in a mixture, and often to identifly them 'by ce;tain physical or chemical
characteristics.

Immuno-chemistry must alford an analysis of the same order, differentiat-
ing substances thanks to their antigenic specificity. |

Antigenic speciflicity cannot be expresaed numerlcauy, but its character
is much more ‘personal than the criteria used in physico-chemical methods, -
Moreover, it presents a greater blological interest, as was shown by
Landsteiner's works, at least for protein molecules, since it carries so to
speak the mark oftorigln of these molecules in the organism, and that of the

place occupied among living beings by the species producing these molecules.

1) One should indicate here also the method recently develcped by Naylor(10)
about which we heard while preparing the present note, thanks to the courtesy of
its author and that of Dr. Coombs; this method combines Ramon’'s primo- :
flocculation with Dean and Webb e optimal proportions and leads by the study of
»{sochronous" curves (see Boyd [i' 1/} to the count of the antigens contained !n:

a mixture.
| e23-
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In any case, it is not certain that a purely iznmuno-chemical method of
ua.lysts could duplicate the results obtained by physico-chemical methods. It
!8 poasible that the claesiiication imposed by immuno ~chemist£~y on the sub-
=.ances of a natural mixture would not coincide exactly with the classification
of the same substances obtained by physico-chemical methods. For example
it is not impossible that two substances differentiated by electrophoresis or
salting out may have the same antigen specificity or, vice versa, an apparently
homogeneous electrophoretic or salting out fraction may contain antigens hivlng
different specmcitieaz). Cn the other hand, it is not likely that one may find
in immuno-~chemistry & muethod of separation such as accompanies the physico-
chemical methods of analysis.

Finally the physiological conditions of acidity and salinity proper to the
véry mild reagents used in immuno-chemistry seem to be well adapted to the
Iraglnty of the substances they will hélp us study.

- The goals of qualitative ﬁmmuno-chenucal ana.lysia awfu—beu{ouo\vs

- usmg antibodiea as sole reagents: IS .
‘1) Count as completely as poasible the antigens contained in a mixture;

2) Try to identify the antigens contained in a mixture of given origin,
using the homologous or heterologous specificity oi the antigens found in mix-
tures having different origins, or in products of fracuonauon. h—tkio-queotme

e . v

2) per example, Gell and Yulill (12), workmg with albumin fractions from
horse serum prepared by Kekwick (13) found by the metiicd of optimal proportions
that one of theso Iractions gave with several antisera, two zones of flocculation
while it seemed to be homogeneous whan subjected to ultra-centrifuging and electro-
phoresis. On the other hand, two substances having the same antigen specificity,
may differ in one part of théir molecule and be distinguishable by physlco-
chemical means. ,




wily use also information relating to other characteristics of antigens be-
sides their specificity, information that may be yielded by their reaction
with antibodies.

Ve ava attempted to develop a method that witl lead to the realization -
of this program (14, 15). The present work is a critical expose otﬁihis‘

method:

I. Principle of a Method oi_ Immuno-Chemical Analysis.

i. Two liquiu layers are poured into a tube, one above the other, with-
out mixing; one contains a solution of antibodies, the other the single antigen
of a simple précipitating system. We sball assurae that it will be possible
- to prevent the operation of the {orce of gravity on the precipiﬁte formed
- by the combination of the two reagents. This condition may be realized in
practice by making both layers gel, or else only the one that ia to be‘observed.
The gelid state, the nature and concentration of the gelling substance modify
the course of diffusion, but we think that their import may be regarded as
nzgligible in the following reaagning where thé quantitative aspect of the
question is not considered. '

In order to simplify and schematize the extremely complex problem
thus stated by reducing it to a better known problem, we shall assume also
that the.:eactma between the two reagents givea rise to insoluble compounds
at all the levels oi the tube whex;a. owing to diffusion, the concentrauoqs of
these compounds reach vaiues sucis that & precipitate would be formed in an

appreciable volume of the mixture containing i?.a sama reagents at the same -
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"respective concentrations®).

2. a) Wken the initial conditions required to form the precipitate in
the antibody layer are realized, the zone of precipitation will recale from

the antigen layer and will be separated from the interface by a region where

the precipitation is less dense (inhibition zene due to an excess of antigen).
b} When the initial conditions required to form the precipitate in the

antigen layer are realized, the precipitation will spread to an ever extending

layer of antigen, without any inhibition zone”.

3 Reservations would have to be made which do not afiect the qualitative
aspect of the question, and one cannot pass 80 easily {rom observations made
in the static" state on a mixture with unchanging proportions, to the oc-
currences taking place at a given level of a tube where the proportions of the

. reagents are changing constantly because the concentration of one of them in-
— cruages steadily. Thus one would have to consider perhaps the effects of the
\. ‘progressive addition of antigen, as in Danysz' phenomenon.

This simplified postulate neglects also the time of formation of the
precipitate. Unless we consider this time to be zero, it is clear that the
precipitate, first [ormed, then dissolved by an excess of antigen, will always
carry a certain time lag; the time element will never be exactly proportional
to the appreciable time in which a precipitate would be formed in 2 mixture con-
taining fixed proportions of the two reagents at the same respective coccentra-
tions that they hold at a given moment in the layer under consideration. The
time may be divided into the following successive elements: 1) the reaction
between the two reagents; 2) the aggregation of the compounds formed to give
insoluble complexes (second phase, 8pecific according to Heidelberger (16) and
Marrack (17), not specific according to Hooker and Eoyd (18). The rate of com-
pounding seems to be very great because in studying the reaction of pneumo-
coccic polyosides of type III and VIII with their homologous antibodies from horse,
Mayer and Heldelberger (19) found that the compounding was complete to within
less than 10% after less than three seconds (minimum time that they could test)..
On the other hand, it has heen observed repeatedly that a mixture antigen-anti-
body centrifuged aftsr a much longer time (several minutes, for example)
continucs to ferm a precipitate.

‘The simplifying hypothesis above must evidently be least exact during the
Zirst moments of the reaction, while a given concentration ot the dumslng
, veagent pzsses most rapidly {rom one level to another,

4) See p. 6.




</ A third eventualily intermediate between 2 und b would occur when
the precipitation takes place in the neighborhood of the interface without ap-
preciable displacement toward one or the other of the two layers.

One cannot expect to see a simultaneous ditfusion of the two reagents in
opposite directions, to see for example untibodies diffused toward the antigen
layer when the precipitation occurs in the antibody layers). In this case the
antigen will neutralize and render insoluble on the spot the molecules of anti-
bodies as soon as diffusion will carry it farther into their fayer.

It may be ioreseen that in 2 given precipitating system, the initial con-
centrations of the antibodies and the antigen will play a determining part in
the conditions necessary to realize one of the three posasibilities above. There
will be, no douht, a relai'on between the ratio of the initial éoncentratxons olv
the two reagents compatible with the third possibility ¢, and the ratio in _
which the same reagents are combined when they are equivalent under the
usual conditions of precipitation in a liquid medium.

3. In any case, a precipitating system contgining 2 single antigen can

give rise in the antibody layer only to a single zone of precipitation.

1) This will be realized avery time one uses rabbit antibodies and more
generally antibodies such that an increase in their quantity mixzed witha
constant volume of the same antigen solution does not bring about a decrease
in the amount of precipitate lormed. It {8 thus true also of horse antipolyosides,
but not of horse antitoxins. -

9) We must recognize that this does not seem to be objectively evident
since Adair (20), in his attempts to apply the theoretical 1aws of diffusion to
the indicator method (case of NaCl diffusing in a gel containing AgNO3), takes .
into account the diifusion of silver nitrate (p. 770). The fact (see later and
Fig. 3) that the density of the precipitate (see next paragraph) seems to vary
very littla or not at all, when the zone recedes {rom the interface in the course
" of time, seems to be at least a presumption in favor of accepting in practice

our viewpoint. .
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deidelberger's quantitative method enables one to eatablish the curve of the
precapitated weight of nitrogen® in function of the amounts of antigen mixed
with a constant amount of antibody. We know of no example when such a
curve evidenced more than one definite maximum in the case of an incontest-

ably unique antigen.

The maximum would remain unique if, in drawing the curve, one were

to carry in abscissa an increasing or decreasing function of the amounts of

antigen, instead of these amounts proper. EBut there is no doubt that in this

cage the concentration of the diffusing antigen is a decreasing function of the - -

diatance from the interface.

If, when the precipitation occurs in the antibody layer, the antibodiea
are not diffused in opposite direction to the antigen through the precipitation
zone, then, for the reasons stated above, the concentration of iree or
precipitated antibodies may be considered as being constant throughout the
height of their layer.

e shall call precipitatior. density the_amount of precipitation per unit
of volnmé; it may be assumed that this density is constant in a cylindrical
tube at aii points equidistant {rom the interface. A more precise definition of
this density ia that it is the derivative of the total amount of px"eclpitatlon con-
tained in the tube between the interface and a given level, taken with reapect
to the distance between this level and the interface. As in the case of the

%) The weight of the precipitate is sensibly proportional to the pre-
clpitated weight of nitrogen only in the case of holoprotein antigens; neverthe-

less, it seems legitimate to generalize the folilowing, extending it even to non-
nitrogenous antigens.

,.1..
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turves mentioned above repres enting the weight of the precipitated nitrogen,
the precipitation density will not exhibit more than one maximum when a single
antigen is involved.

I zivre than one maximum occurs, one must conclude that the system
un question is a0t simple; the number of antigens contained in one of the layers

and capable of precipitating with the autibodies contained in the other layer is

not less than the number of maxima occurring in the precipitation density curve.,

There may be more antigens than maxima: a) if the precipitationr due to one
of the antigens takes piace totally within the antigen layer, an eventuality to be
forescen under certain conditions of concentration; b) if two or more maxima

are so close together that they cannot be distinguished. For these reasons,

.. number cf observed maxima must be considered as the lower limit of the .

aumber of antigens present.

4. The possibility of a chenomenon similar to Liesegang's, where the
precipitation progresses periodfcally (or rhythmically) rather than cantinuously,
may neverilicless vitiate our coﬁclnslon.

Fhenomena of this type relatirg to the precipitation of mineral reagents,
especially in a gelled medium, have been the object of very numerous m'estip-
tions. /See for example Hedges (21), S. Veil (22), M. F. Tabouryand F. J. -
Taboury (23) /. Among the authors who have studied up to now and for different
ends, elther theoretical or applied to bacteriology, the diffusion of antigens in-
gels containing antibodies / Beckhold (24), Reiner and Kopp (25), Petrie (26),
51a and Chung (27), Kirkbride and Cohen (28), R. Brown (20), Petrie and




D. Steabben (3G), Slek (31)/, and Cuchterlony (32) in his still unpublished
worka”. most have noted the appearance of phenomena related according to
* them, to Liesegung's (24, 25, 26, 29, 30, 81). The darkness still surrounding
the mechanism of such phenomena does not enable us to foresee the conditions
necessary and sufficient {or thelr appearance in reactions of the type we are
studying. For this reason the objections aroused by these phenomena cannot
be considered any further in the theoretical part of this work; they will be
studied in the light of experimental facts (see below: causes of error, p. 22 ).
We will have to indicate also the experimentally discovered exceptions to

our theoretical conclusions.

" Let us note immediately, moreover, that it is not easy to ascertain
directly the maximum preéipitation density‘in a column of gel; for this reason
- it will be sufficient in practice to obsen-re the maximum diffused light by
lighting the precipitate obliguely on a black background (this is the type of
lighting we used for our photographs), or else the maximum absorbed light,
the precipitate being seen by transparency on a lighted background. In practice
also, the complete immune serum will be used instead of the antibodies, ana
controls will be prepared In order to reveal possible non-specific precipitations.

II. Techniques |

. We have selected agar-agar for a gel instead of gelatin, because the low
melting point of the latter makes its use {nadvisable. |

" 0. Ouchterlony 8 work (from the Statens Bakteriologiska laboratorium
of Stockholm), undertaken with bacteriological ends in mind, with techniques
different from ours, may be applied to immuno-chemical analysis as we have
defined it; we thani him for having lmparted to us spontanaously the text of his-
~ work before its pubucatlon.

'-9-" . i
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Proparation of the gel. - A xnown weight of agar -agar, cut
{ine, i3 washed several times o twice distilled water, then dissolved in twice
distilled water, and mixed with tresh rabbit serum, s0 that the serum represents
approximately 10% of a 4% solution of agar-agar; the sdlution i3 heated for
fi{teen minutes in the oven to about 1i5°. On reméving from the oven and
belore the gel has set by cooling, the solution is centsifuged at about 7,000 r.p.m,,
until 2 periectly clear liquid is decanted. Pasting with serum seems to lncrease
the limpidity of this liquid. The approximate content of dry gel in this medium,
decireased by centrifuging, i3 determined by weighing the diry residue of a gel
prepared with the same original concentration and under identical conditions,
except that serum was not added; the dry weight diifecs little {rom that of the
pasted gel. To all the decanted liquid, water and sodium chloride ire added until
the salt concentration is about 0. 85% and the dry gel content about 2. 4%.

The liquid is poured into glass tubes that are 3ealed with an open flame
and sterilized by heating twice to 100° for thirty minutes each time in an open
oven, with a {wenty-four hour interval in between.

2. Preparation of the tubes and vats of gelled immune )
serum. - We bave used in the present work a {inal gel concentration of 0. 3%
of the mixture and, in almost all cases,v a 50% concentration of total rabbit
serum. If necessary, the immune serura is brought to a concentration twice
its [inal concentration in the mixture, by dilution with fresh rabbit serum, both
sera having been carefully centrifuged. The serum is mixed ovér a bath at
46-48°% with a sﬁper(used gel solution concentrated to 0. 6% by dilution with salt e
water at 0. 85%. '
-10 -




An appropriate antiseptic in sufficlent quantity has been added beforehand
to the constituents of the mixture in order to prevent the later appearance of
any microbial cultures.; we use in general sodium éthyl-mercuro-thio-
salicylate in the conc. of 1/10,000 (Merthiolate from Eli Lilly and Co., or
Thiomersalate from B. D. H.).

This mixture is apread up to the desired height (usually 3 to 6 cm) in
tubes or in vats that have been subjected to a preliminary treatment for the
following reason: gelose does not stick to the glass like gelatin and may be
easily unm olded. Probably for this reason, when an hhmune gerum gel poured'
into the tube in direct contact with the glass, is topped with antigen solution,

especially if the latter is dense, a thin layer of antigen snlution often penetrates

' between the tube wall and the column of gel and causes there a specific precipitate.

In this case, bacause the diffusion of the antigen does not take place only through
the upper part of the column of ggl, the borderline of the precipitate, instead of
becoming ragpidly flat, assumes irreguhr 8ﬁapes; this makes it sometimes
difticult to take a reading, and in any case the appearance of the tubes is untidy.
We have remedied this inconvenience by the following empirical means: the
tubes and vats, heated to 60 or 70°, are filled with an about 1% gel solution
heated to the same temperature: they are emptied at once and plunged into a
bath at 0°; their inside surt‘aée is thus covered with a layer of gelose which is
then dried by placing the tubes in a vacuvum in the presence of sulfuric acid.
This coating shows itself by an opalescent and watered sheen which disappears
when the gelled serum i3 poured. Thanks to this précaution the aimost constant
inconvenience mentioned above, occurs rarely. |

-1t~
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The antigen solutions are then poured into the tubes and the vats con-’
taining the gelled immune serum; they are carefully stoppered; the vats are
stoppered with paraifin near its melting point, oz, preferably, with wax
softened by moderate heating and topped with 2 thin layer of canadian balm,

We shall see that the tubes and vats must be kept at a constant tempera-
ture, or at least kept from rapid temperature changes; it is desirable to' brlng
the gel and the antigen to the final temperature before placing them in contact.
This temperature was 22.5° in moat ot the present experiments. The antigen
solutions are poured into the tubes and the vats to a height of from 2 to 3 cm. .

3. Length of observation. - The length of observation rarely
exceeds eight or ten days; wheq the delay is longer, secondary parasitical
effects must take place, because we have occasionally observed inconsia@ o
and Incoherent results in tubes evolving for a much longer period of time.

4. Photography. - For eas? in photographing, we used vats with |
parallel sides on wnich light fell, illumainating sections 1.5 mm xS mm. One
of the advantages of the vats is that under appropriate lighting, the intensity of | |
images along a perpeadicular to the axis of the vat is constant, and therefore
microphotometric tracings can be made. Mioresver, the small inside tﬁlck-
ness of the vats has allowed us to diiferentiate between very close-lying
borderlines better thanlinside thicker cylindrical tubes.

The vata may be photographed by dlreét coatact with the senaitive plate,
light coming from a faraway source, or in a parallel beam; the positive of

such a picture gives dark zones of'precipuation against a light background.
But all the photographs accompanying this article have been made by lighting ' ;

-12- o ?
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the vats and tunes slanlwise azaist 2 black backgreund. Our lighting was
provided by two strings of light ‘hat could ve placed either vertically, laterally
and, as much as possible, symmetrically, at a variable distance from the
vertical intersecting the axi; of the objective and from the center of the object,
or horizontally above and below tl.is ax{s, and, in both cases, at a variable
distance from the object. This lighting, although appreciably symmetrical,

is unfortunately imperfect, because the light should be prefc rably parallel and
ahould give constaat lighting over the whole field of photography.

The pictures are in yeneral directly enlarged while being taken (1. 5x for
the photographs published in this note, unless otherwise specitied). The
published pictures are developed positives and the precigitation zones appeai'
on them in light against a black background; the microphotometric tracings, on
the contrary, are taken Irom negatives and the light absorbed by the negative is
an increasing function of the light diffused by tae precipitation zones.

In order to discuss the principles of our method ctaied above, we shall
consider now the results obta;ned when this method 1e anpliad to precipiialing
systems where the number of antigens placed in presence of antivodies with
which they react under favorable condltions, is known.

Thi3 will lead us to study succeasively simple precipitating systems,
complex preclpitating systems, and mulliple precipilating systems, that we
ahall define in their proper place. The study of complex and multiple
precipitating systeras will be reported upon in the £econd part of this note.

All our observations have bcen made with rabbit immune sera.

-13 - \




Il. Simple Precipltating Systems

A. Standard Simrle System: Chicken Cvalbuamin in Homologous Reaction

Our standard of simple precipitating systems, i.e., a precipitating
aystem in which a single antigen {(or haptene) reacts with hemologzous or
heterologous antiboiles, is crystallized chicken ovalbumin, = convenient type
of well-defined antigen, reacting with the houiclorous immune serum.

Later on we shall rapidly pass in review saveral other precipitating .
systems that are either stiple or appear to be so.

Selection of the diifusing reagent. - 1) When the ovalbumin diffuses into
a gelled medium containing antibodies (Fig. 1), the precipitating zone 8
bordered below by a very sharp line and topped by a region in which the high
antigen concentration causes the partial or total dissolution ~f the precipitate, -

2) When the aniibodics diffuse, starting from the liquid serum into a

gelled medium containing the antigen at a sufficiently low concentration (for

exarnple 3 ! of ovalbumin nity 0Zen ner

~

k]

o ol ool W D\ PRETIN
- we av. -

, Flg. 2}, the “precipitaiion
density" first grows rapldly up to 2 low elevation, then continuea to grow along
a gentler slope up to the interface.

The first of these two techniques is the more interesting one for the ends
that we are pursuing presently; indeed, in case several antigens were to react
in the same tuba, there would be in the first technique an inhibition zone that
would be invisible in the second method every tlme rabbit antibodles were used,
and this Inhibition zone woull insure with greater probability that one or more

possible zones lying close to the interface would not be masked by another zone.

-14 -
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Fig. 1 Fig. 2

Fig. 1. Reaction of chicken ovalbumin (upper, liquid layer) with homologous
rabbit immune serum (lower, gelled layer); the antigen i8 the diifusing
reagent, The microphotometric tracing (*) has been made irom the nega-
tive. The abscissas are assumed to be proportional to T = I/Io, where |
is the light transmitted at the microphotometer cell, and I, is the emitted
light. The ordinates are the distances h from the different levelc to the
interface (which corresponds to zero on the scale). The tracing has been

reduced by photography to the same scale as the picture,

Fiz. 2. Same reagents as in Fig. 1, but here the antibodics dilfuse starting
from the upper, liquid layer (pure immune serurma) into the lower, gelled

layer (chicken ovalbumia with 3 7 of nitrogen per cc of gel). Tke picture
was taken eight days after the beginning of the reaction.

For this reason we shall discuss henceforward in this memolr only the
resuits of the first method (antibodies in the gelled medium).

Principal factors influencing the course of the reaction.

1. We shall only name them here, stopping only to the extent that these
factors in{luence the qualitative agpect of the question.
The distance between the borderline and the interface increases with

time; in the general case where a gubstance contained in a coclumn of gel reacts

(*) We are grateful to Lime Guilinart ({from Mme Ramart-Lucas*
laboratory to whom we owe the microphotometric tracings presented in this
memolr,

- 15 -
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visibly with another substance diffusing in the gel, theory indicatea that tho-
distance between the interface and the level reached by the reaction is prOpor
tional to the square root of the time, when the concentration of the diﬂuslnz
substance remains constant in the solution In contact with the gel [See J.
Duclaux (33) 1I-8' although this condition is obviously not realized here as
regards antigen, we shall retain this 1aw as a aufficient indication of the in."
{luence of time on the distance from the interface to the borderline of precipita-

ton, RS R
The other prmcipal factors may be divlded mto two categoriea, depend-

ing upon whether their growth causes' ’ a) an lncrease, or b) a decrease, in

the distance covered at the samo tlme by the borderune. a) The initial con-

centration of the antigen, the concentrauon o! substancea other than the anugon

that may be m solution with it, the temperature, belong to the (irst category.

b} The concentration of antibodies, the concentr‘z;x_uon‘of a_ubotances other than

the antibodies that may be in solution with them in tho_goned layer, the con-

ceatration of agar-agar in this layer, beloag to the second categoryf "'rho ex-

periments proving the truth of this classification will be described in later -~
publications. | e
If we did not limit ourselves to a given antigen, other factors would

have to be considered, varying with the nature of the antigen: its coefnclentot
diffusion, the ratio antibodies/antigen in the precipitate formed when the two are -
equivalent {both these variablés are functions of the molecular weight of the
ﬁ'nugenm)); the more or less great solubility of the formed complexes. .. |

' We shall say nothing more about some of these variables; we shail”
retain only the time and the doncentrations ‘of the two reagents in order fo study

. 18- |
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rapidly theis influence, less upon the space covered by the borderline than

upon the precipitation density at different levels of the zone. We shall goover -~

the inlluence of temperature when we consider the sources ot error in the

countlng of antigens.

4. ELffect of time. - One may gather an 1dea oi what it is from

the three tracinga shown in F1g. 3 and from the three pictures represented in

Fig. 3. Evolution of the tracing in the course of time, in the reaction of

chicken ovalbumin with the homologous raboit immune serum. The

three tracings ars from the negatives of three vats containing the

two reagents in the same initial concentrations (ovalbumin: i. 5% mg

of nitrogen per cc; immune serum: 1/2 dilution in the gel). The re-

action has develceped for nine days (A), four days (B), one day (C).
plate I, accompanying the second part of this article. The three vats contained
the san:e anti-ovalbumin immune secum concentrate_d to 1/2 ia the gel, and
the same ovalbumia solution in the same initial concentration of 1. 58 mg of
nitrogen per ¢c; the contents of the vats were placed there one déy. four days, '
and nine days, respectively, before the photograph was made, gso thatthe - - ---
distances between ti:e borderiines and the interface would be in the approximate
ratfo of 1/2/3. _ v ]

It should be noted that in spite of the probable imperfectioa of our

lighting, the maxima of the three tracings are almost equal. This would tend
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Lo confirm the opinion that the diffusing antigen meets approximately the same

toncentration of free antibodies at all the levels of the column of gel in propor-

tion 23 the borderline reaches these levels. One could also observe both on

the graph and on the photographs, that the image seems to develop in time 28

if the distance from the interface to some ievel with a constant precipitation

density remained roughly proportional to the distance covered by the borderline.
3. Influence of the concentration. of antibodies. - We

used three different vats, and ikept the concentrations of the antibodies in the

gelled media of these vats in ihe ratio of 1 to 3. 16 to 10; the medium with the

greatest concentration of antibodies contained in ?/4 of its volume the same

-

.....

Tig. 4. Influence of the concentration of antibodies on the tracing in the re-
action of chicken ovalbumin with the homologous rabbit immune gerum. The -
concentration of antibodies varied proportionally to 1, 3.16, and 10 (A, B,

C, respectively) in the gelled layers of the three vats whose negatives were -

used the tracings. The initial antigen concentration was the same in all

three vats. The times were calculated so that the distance from the border-
line to the interface remained roughly the same in all three vats.

immune serum as above; the media of the two other vats contained in 3/4 of |
their voluxhes the same !mmune serum diluted to the proportion of 1/3. 16 and
1/10, respectively, with fresh rabbit serum. 'fhe antigen was poured into ﬂ.xo
three vats at the same concentration (1. 58 mg of ovalbumin nitrogen per cc),

but at different times, ca!culateds’ so that the &istance between the interface

%) This computation was poriormed with the help of quantitative laws
.hat will ba the object of a later publication.
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and the borderline would be about the same in all three vats at the moment
when the picture that i3 to appear in the second jart of this pap<r (plate I)
was taken,

The tracings (Fig. 4) represent moi'e precisely than does the picture
the difference between the luminosity (by sideways lighting) of ‘he specific
precipitation zone in all threé cases; the distances between the maxima of
the three tracings and the points with the same abscissa corresponding to
zero transmitted light, are vefy roughly proporticnal to the concentration
of antfbodies in tae gel (1.3/3/8.T and 1/3.16/10, respectively).

4. Influence of the initial antigen concentration. -
We placed into three different vats gelled media having the same antibody con-
centration (the same imnmune serum as before, occupying 1/2 the volume of the
gel); the initial concentrations of ovalbumin in the three vats had values propor-
tional to 1, 3.16, and 10, the most concentrated of the three solutions contain-
ing 5 mg of ovalbumin nitrogen per cc; the time (different for the three vats)
elapsed between the beginning of the reaction and the picture-taking (simultanecus
for all three vats) was calculateda) g0 that the distance separating the interface

from the borderline would be about the same for' all three vats at the moment of B

picture-taking {this picture will be reproduced on plate I to be published with
the second part of the present memoiz. ' .

It 13 apparent from the tracings (Fig. 5) that the maxima reach very
simflar helghtsg); one may ccaclude therefrom that the initial antigen

B*_ .0 imperfect light shed by two vertical, lateral, and appraximately

symmetrical strinzs explains the slight difference between the maximum in
tracing B (center vat) and the maxima A and C {symmetrical side vats) which

are almost equal. _
P
{ ' | -19 -
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¥ig. 5. Inflvence of the initial antigen concentration on the tracing in the re-
action between chiciken ovalbumin with the homologous rabbit immune serum.
The antigen concentration varied proportionally to 1, 3.16, and 10 (C, B,
and A, respectively) in the upper liquid layers of the three vats whose nega-
tives were used to make the tracings®). The concentration of antibodies in
the gel was the same for all three vats. The time has been calculated go
that the distance separating the borderline from the interface would be

roughly the same in the three vats.

concentration exerts very little or no influence on the density maxlinum of the
specific precipitation zone,
On the contrary, the slope of the tracing immediately above the maxi-

mum 1s stronger when the Initial antigen concentration is higher keeping the

same distance between the interface and the borderline, when the inmal antigen cone. =

-

grows so does also the extent of the inhibition zone at the cost of the precipita-
tion zone.

Conditions under which the specific precipitation zone appears in the gel. -

- Outside of the elfect of time, which seems to be zero on the mazl—
mum precipitation density, we shall remember the following from the four pre-
ceding paragraphs: 1) the distance covered by the borderline 1n a glveh time is
an iaverse function of the antibody concentration, and a direct function of the
initial antigen concentration; 2) the maximum dersity reached by the specific

-~




zone is a direct function of the antibody conceniration and does not seem to
vary with the initial antigen concentration.

This enables us to understand that when the two principal factors in a
given simple precipitating system (antibody ccncentfatlon within the gel, and
initial antigen concentration above the gel) vary beyond csrtain limits, there
can be no precipitation within the gel, or else it cannot be detected:

1) Whatever the initial antigen concentration, there is a value of the
antibody concentration below which the maximum density of the zone is 8o
weak that the zone is not visible. ' ,

2) As we have hinted when explaining the principle of/tli/e method, there
exists, for each concentration a of the antibodies, a minimum value go of the
initial antigen corcentration below which the precipitate does not appear in the |
gel, bat is iormed rather in tae liquid layer of antigen solution. It is likely s
that the ratio between these two values varies for different antigens in the
same direction as the ratio between the equivalent masses of the two reagents.

In practice, when the initial antigen concentrauon is sufficiently high,
the precipitation borderline, which in the beginning had the shape of the inter- .
face (meniscus), becomes rather rapidly flat and perpendicular to the axis of
ihe tube or vat (as on the photographs). When the antigen concentration assumes
on the contrary the lowest values compatible with the formation of a zone within
.th_ev» gel, then the dispiicement of the borderline as a funcuon'q_t time is almost
zero. The borderline never bevomes flat; in the middle of the meniscus, it -
remains very close to the interface and separates itself only slightly on the
circumference where it is sometimes hard to be seen. Ia such a case, and If

<21
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tlie antibody concentration s ‘sm‘hciently removed from the minimum to which

i
te o 1
we were referring above, the borderline may be made more 2asily observable 5 :

by diluting in ancther experiment the antibody concentration while the initial

~ antigen concentration remains the same.
2. The resolving power of this method cannot be specified independently L

of the nature of the antigen. In the case of ovalbum!n.. an initial concentration
of 0. 01 mg per cc is enough to make the borderline penetrate into the gel,
provided one uses an immune serum sufficiently diluted while still giving a
discernible precipitation zone. But ovalbumin is a profein with a2 low molecular
weight; the minimum detectable concentration for an antigen having a greater |
molécular weight would likely be higher, vecause the coelficient of diffusion

of the antigen and the ratio of the equivalent masses antibodies/éntigen would

(\” Yoth be lowerm).

Sources of error and their elimination. - The value of our method de-

pends on the condition that one antigen may not give rise to more thanione zone,
or more than one borderline; in other words, it should not yield more than cne
maximum of the precipitation density, unless other possible maxima., whatever -
their cause, may be characterized and reeognlzed.

1. Non-specific precipitation. -~ In spite of the physiological
conditions of acidity and salinity to which is subjected any antigen solution that
is studied, one may ndt exclude a priori the possibility of non—specl(ic
precipitation zones. A control containing fresh rabbit serum instead of immune

10) Sée Boyd and Hooker (34) for the relations between the molecular
~ welght of antigens and the ratio of equivalent masses antibodies/antigen.
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serum must help detect them. It is theoretically possible that a non-specific

~— precipitation would occur in one serum, but not in the other, because of their
different compositions, but this is very unlikely and we have never observed
thias to happen. Moreover, we have noted onLy by way of exception a non~
srecific precipilation giving rise, for example, to more than one zone in 2
simple system.

A gross source of error would be a microbial culture In a medium that
would be very favorable {o it, if it did not contain antiseptica..

2. Bands due to changes in temperature. - Ifatube
developing at a constant temperature (e. g., 22. 59) is suddenly cooled (e.g.,
placed in an icebox at 4 or 5°), a .arrow band oi less dense precipitate appears
at the level occuplied by the borderline when the temperature changed. If, on
the contrary, the tube is heated (e.g.’, from 22. 5%t0 37° in an oven), then a

" narrow band of denser precipitate will appear.

In both cases the band appears at the exact place occupied by the border-
line when the temapesature changes, and remauns there. It will be seen at the -
came level untii it is lost because of the progression of the precipitation zone,
and inhibition, even when apparently complete, does not erase it always.

V’hen the temnerature change !s only temporary (this occurs most
frequeatly when the change is accidental) as when a tube developing before and
after at 22. 5%, is cooled for 10 minutes to 4%, then a less dense band appears,
immediataly folluwed below by a denser band, and in direci coatact wiih it.
These two contizuous bands are obviously {n reverse order when they are the

recult of a temporary rise ip cemperature.
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Fhotographs of vats representing these four types of accidents will be

represented in plate I that will be published with the second part of the present

memolir,

Even when the temperature changes are far smaller thaxi the examples
given above, they may suffice to give still visible bands, especiaily when
dealing with very dense bands. |

These accidents may be avoided if sufficient precautions are taken,
either to keep the temperaturc constant within the enclosure where the tubes
are kept, or, more simply, fo make the accidental, limited temperature
variations sufficiently slow. Moreover, the particular appearance of these
bands and their {ixed position in space at all times makes them 80 'disunctivo
that provided each tube is examined more than once, they cannot be mistaken
for anything else. These non-gpecific accidents may be recognized if the
same tube is examined twice with a sufficlent time interval in between, or else,
if two tubes containing the same initial solution, but developing for a different
length of time, are examined simultaneously.

3. Liesegang's phenomenon. - We have not encountered it so
far with ovalbumin. We cannot explain its absence by the need for 2 special '
ratio between the initial concentrations of the two reagents, or for certain
absolute values of these concentrations, because, with another goal in mind, we
have varied these concentrations (in steps of 3. 16) almost to the materially
posslbie limits. Thinking that the weak concentration of agar-agar in our gels
may have been unfavorable to the development of Liesegang's phenomenon, We
have vainly attempted (in fragmentary and non-systematic tests, it1s true) to

-24 -
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wakz it appear in gels containing 2 5 agar-agar, or 1% agar-agar and 4. 1%
of gelatin (thesc latier were left to develop in the icebox).

Let us add immediately that we have not observed any Liesegang type
phenomenon with any of the precipitating systems, simple, complex, or
multiple, that we have studied, where the nun:ber of antigens was known. This
wag because, outside of the sources of error already nientioned, the number
of zones or borderlines was never larger than the number of antigens.

I Lieseganyg's ‘henomenon were to occur under the methodological
conditions adopted by us, our method of counting antigens would be invalidated
Just as it is invalidated by accidents due to teinperature variations. Licsegang's
phenomenon is characterized Ly the periodicity and the immobility of the bands
marking the successive stages-in the progress cf the precipitate, Periodicity
is likely to b2 a treacherous criterion: 1) because it may happen that several
not interrelated zones due to different ani -ens assume the appearance of
Liesegang’s phenomenon, in spite of U.~'~ wunterrupted progress; 2) because
the stacking of several connected and unconnected zcnes one above the other
may hide their perlodicity or else make it very dilficult to detect. The im-
mobility of the bands shculd on the contrary, by contrast with continuous
progression, make them easily recognizable Ly the sarmme means that the bands
due to temperature variatioas are recognized.

It seemns, moreover, that these two series of phenomena may be rather
closelj connected and it is not unlikely that they have been coniused in some

cases (see Hedgzes (21), p. 19 and 20).
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It remains to be explained why phenomena of Liesegang's type, recorded
by many authors / Sechhold (24), Reiner and Kopp (25), Petrie (26), R. Brown
29), Petrie and D. Steabben (30), Elek (31)_7 as occurring during specific
precipitation in a gelled medium, have never been observed by us up to now.
Can this divergence be due to differences in technique?

B. Cther Examples of Simple Precipitating Systems

1. Albumins from horse serum. - Two fractions made avail-
able to us by M. P. Grabar have been studied and already mentioned in an
earlier work {15); we made them react with a mixture of sera irom rabbits im-
munized with mjecfions of horse serum.

1) Fraction T5. - This fraction seems to hold a single antigen, and
behaves qualitatively like chicken ovalbumin, giving a single zone with a sharp
lower borderline.

2) Fraction L3b. - This fraction seems to hold at least two differext
antigens; it presented the appearance of a simple sys em and yielded a single
zone with a sharp lower borderline when the imimune serum with which it reacted
had been exhausted beforehand by treatment with fraction T3.

2. Duck ovalbumin in heterologous reaction. - We used
an amorphous preparation reacting with a rabbit serum that was a specific
against chicken ovalbumin,

We obtained a single zone whose appearance was qualitatively similar to
that of the homologous zone (that of chicken ovalbumin) with an equally sharp
lower borderline,

2. Somatic antigen O from "Eberthella typhosa", -
This antigen extracted from microbial bodies (strain O-901) by the method of

-28 -




Boivin, I. Mesrobeanu, and L. Mesrobeana (33) yields a zone with a blurred

lower borderline (plate I, t\; be publisned with the second part of the present
memoir). In spite of a strong antigen concent;ation the zone does not penetrate
deeply into the pel. even after a considerable tirme. This may be explained by
the large size of the antigen particles wliich his been proved [or example by
means of uitraliliration (36), and by the very low ratio antibody aitrogen/anti-

gen in the precipitate formed when the reagents are in equivalent amounts

(according to the resuits of Hornus and Grabar {37), this ratio is from 9. 17 to
0.21, instead of 3. € for the polycside).

4, Polyoside QO from

Sberthells typhosa™. - The poly-
oside obtained by acetic hydrolysis of the somatic antigen O above has never

ylelded a sharp borderline like the four preceding protein antigens, but rather

a gone without delinite lower hmit“), as may be seen on the tracing and the
~ photograph (Fig. 6).

N

11)

In order to see well the precipilation zone of the polyoside, the eye
(or the objective) must be placed inside the very acute-angled cone formed by

dilfused rays (the anzle of the cone is much more acute than with ovalbumin,

for example). This leads one to think that the particles of the precipitate formed
in the gel are smaller in this case than in the case of albuming, since the gel is
tho same in all cases. In the case of albumins, the precipitate appearing be-
tween the maximum precipitation density and the interiace seems lor the same
reason to be formed by particles whoss siz

@ decreases as the level approaches the
interface {thig could be foreseen, since the precipitate is ia process of being
lissolved in an excess of antigen).

-
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Flig. 6. Reaction of the ¢ polyoslde from E. typhosa (upper layer, initial
liquid concentration: 1 mg/cc) with an immune serum specific against
the soraatic antigen (1/2 the volume of gel). Photograph taken after

12 days.

5. Pneumococcus polycside (typec VIII). - The specific
zone of this-nolyoside is similar to that of the typhus haptene, because it also
lacks a sharp lower limit. |

The seven precipitating antigens discussed above behave identically in
one respect toward antibodies in a gelled medium; they yield a single precipita~
tion zone. The principle of our method, temporarily accepted as being the
result of a theoreucalv reasoning, is thus confirmed experimentally. The con-
ditions selected by us3 are such that the principle may be generalized. |

The behavior of the seven studied antigens dilfers in other respects,
among which we shall remember mostly the sharﬁness'or blurring of the lower
iimit of the precipitation zone, i.e., the presence or absence of a sharp border-
line, | o

1) The borderline is sharp in the case of the four antigens having a
protein nature, of animal origin,

2) The lower limit of the zone is h}urred in tha case of one complete

antigen and two haptenes having a bacterial origin and a partially or 'totany

~n
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polyosidic nature.

The antigens of the second type are products of trichloracetic extraction,

acetic hydrolysis, or bacterial autolysis. By coantrast, antigens of the first

type have been prepared by fractionating techniques using salts, techniques

that ire not likely to degrade the antigens; these antigens are supposed to have

a very definite molacular weight. We shall admit therefore a5 probable the
hypothesis ac::ox"d:ng to vhich a sharp borderline is characierlstlc ol homogeneous
Siffusing antigens, while the absence of shary borderline 15 characteristic of
polydispersion, although objectionc may be ralsed against thxs hypothesis.

This duality in the behavior of diffasing antigens carrles with it practical
consequences: supposing that several simgle systems held together in a tube
behave as if each one were alone, a small distance betweaen two sharp border-- -
lines of the “ovalbumin type™ will be 3ufficient to prove the presence of two
antigens, but if the two zones are of the "'polyoside fype" without sharp lower
lmits, the distance between their maxima necd be much lax"ger. In other words,
the method will probably be much more effective if the mixed antxge;{s whose
number is to be determined beloag to the {irst type rather thaa to thé second.
If, the two types being present, a sharp borderline tops a precipitation region
that degenerates at the bottom, the preceding observatioas permit us to con-
clude that two antigens are present, even when the maximum density of the
"'polyoside type" zcne is hidden behind the superimposed "ovalbmﬁln type" zone.

L 2 2 ‘

In the second part of this memolr we shall study to what extent the

presence of several antigens within the same solution andtheiraimnnaneous
-29- : ;



crecipitation by antibodies within the same geuéd medium {(complex and

multiple pracipitating systems) modifies the reaction with respect to what it

would be, had the same reagents formed simple systems.

We shall consider also in the light of this study the practical application

of our method to the counting and identification of antigens present in unknown

numbers in a biological liquid that reacts, lormiag a multiple precipitating

system.
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