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STUDIES ON THE SPsCIFICITY OF THE DETECTION OF BOUND COMFLDUNT

BY WANS OF flUORESCEIN-LABELD ANTICOLWMNT$

by

Ferdinand Muller, Gerhart Gieoe mnd Dieter Ricken

Division of Virology (Virusabtoilung) of the Institute of Hygiene
and Microbiology (Institut fur Hygiene und Microbiologie) of the
Dusseldorf Academy of Medicine (Msdisinische Akadomei Dusseldorf)

(Director: Prof. Dr. W. Rlkuth)

eoiteohr~t f. oo
147 (1961). pp 43- .

The detection of bound complement by means of fluoresoein-
labeled anticomploment has led to new findings both in the field of
immunopathology and virology. Klein and Burkholder (6) have deteoted,
by means of their published method, immune preoipitates In the gleinerula
of the rat in experimental kidney anaphylaxis. The assumption is warran-
ted that through these findings certain possibilities have been opened
up toward the clarifioation of the pathogenesis of the human nophritis
sy•drome. In the period following the above discovery Strau•s et al (14)
found in the sera of patients with myasthenia gravis a oomploment-binding
globulin fraction which reacted with the muscle tissue of the patients
and which could be represented fluoresoence-optically. Vogt and Koohen
(15) called the attention to the fact that amyloid contains complement-
binding complexe which can be made visible by means of fluorescein-
labeled anticomplement. In the rheumatically altered human heart muscle
Klein and Luner (quoted in Klein [5]) have demonstrated fluorescence-
optically the existence of a complemont-binding process on complexe
localised exclusively in the Aschoff bodies, On the basis of these
findings theoretical concepts in the sense of immune reactions regarding
the pathogenesis of myasthenia gravis, amyloldosis and rheumatic fever
seem t have an exprimental foundation. Mulor (11) was able, with the
sera/ norrheal patients, to perform a cardiolipid-complement-binding

*Study undertaken with the support of the Gorman Research Comisunity
(Deutsche Forschung•sgeoinschaft) and the German Association for the
Fight Against Infantile Paralysis (Deutsche Voreinigung our Bekaspmfg

Ld-er Kinderlaosung).
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ai-•ction in the muscle cells of bovine heart, and to detect the --

reaction fluorescence-optically by means of labeled anticomplement.
Finally Rioken (13) has shown by means of a fluorescein-labeled com-
plement-homologous antiserum that in the region of structures described
as Pneumocystis carinii in the lungs of infants with interstitial
plasma-cellular pneumonia a complement-binding process takes place when
the lung section is first treated with the serum of infants who have
survived the disease.

Usiarthe same method it was possible to prepare virus-antibody
complexes in virus-infeated monkey-kidney tissue cultures treated with
virus-homologous antibodies. By diauting the respective immune serum
it was possible to detect complement-binding antibodies in enterovirus
antisera in a titer which escapes the usual methods employed for the
detection of complement-binding antibodies (Muller and Klein, 12). As it
was possible to show, the procedure is also suitable for the typing of
freshly isolated enteroviruses. The advantages when compared with the
customary typing procedure in the virus-neutrelisation test and the
sandwioh-technique of Coons at al (1) have been recently discussed in
another article (9). A further development of the method, in which one
works with unlabeled rabbit anticomplement esou and a fluoreecein-
labeled anti-rabbit-globulin serum, was indispensable for the optimal
evaluation of anticomplement charges for the flmorescenoe-comploment-
binding reaction. This indirect method offers advantages in the detection
of complement binding to enterovirus-antibody complexes when one works
with a deficit in any part of the experimental system (8, 10).

In the following presentation we shall speak generally of "anti-
complement." This anticomplement serum is produced by the inmunisation
of rabbits with complement bound to antigen-antibody complexes (of. Klein
and Colli [77). The antibody spectrum of typical anticomplement sera is
a narrow one. It is supposedly impossible to produce in this manner
immune sera whose antibodies are directed exclusively versus the comple-
ment or its components. seentially it seems that the complement-homo-
logous antibodies exhibit higher titers than those which react with
other fractions of the guinea-pig serun. In the working up of inme
sera for fluorescein labeling a portion of the antibody is lost. 'When
the complement-homologous antibodies are present in the orginal serum
in a considerably higher titer than the coqnlement-heterologous ones,
then it is possible for a reagent specific to the complement to be
present in the fluoresceirn-labeled anticompleiant.

Already Coons at al (1) have pointed out that the indirect pro-
cess of fluorescence-serologioal antigen detection, compared with the
direct method, may be burdened with unspecific reaction outcomes. Under
certain experimental conditions reactions may take place between
the cell substrate and the fluorescein-labeled antibodies: reactions
directed not versus the antigen but versus the cell as antigen carrier.
This point of view holds true to an even greater extent for the
luorescence-serological preparation of bound -1
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coomplemont, since the tissue section or tissue culture is covered,
succession, by at least three different sere. The possibility that
there will take places, between serum constituents and the tissue st
tissue parts (nucleus, cytoplasm), bindings simulating a fixation of
complement to antigen-antibody complexes, increasee with the nuber of
sera necessary for the test. Such reactions, unspecific in the seoe of
the test, can only be recognised if one employs, contemporaneously with
the experiment, a control system corresponding to the requirements.

If an anticomplement serum regularly contained only such anti-
bodies that are directed toward the complement or its components, then
ia the case of the flurescnce-complement-binding reaction, reaction
outome, unspecific in regard to the detection of bound complement,
could occur only to the extent that they do in the case of Coons' in-
direct procedure for the detection of antigen. Recently, however, we have
had the experience that, depending on the anticomplement chaarg employed,
it is possible, in addition to a specific staining of the antigen-anti-
body-oomplement complex, for a fluorescence of the cells, particularly
of cell nuclei, to occur independently of the specific staining. The
independence of this reaction from immune aggregates could be recognised
by the fact that it took place also when the antigen-honologous antibody
Was omitted. Further, this reaction took place when chelated or de-
complemented guinea-pig serum was employed. Reactions of this type be-
tuesn the cell system " antigen carrier and components of the flauores-
oein-labeled sera impede especially the recognition of enterovirus-
antibody complexes in the monkey kidney-tissue culture; they can even
make this recognition impossible.

We have endeavored to look for and eliminate the causes of these
fluorescence reactions unspecific in regard to the complement binding
to enterovirus-antibody complexes, occurring on employment of individual
anticomplement charges. We shall report on our findings obtained in these
experiments in the present paper.

Materials and Methods

1. Antigens. The white of hens' eggs was stored as a dry prepa-
ration and placed on the microscopic slide in 7.5% gelatine (in physiolo-
gical saline solution) and air-dried.

In the same manner a culture of Bact. proteus OX 19 from agar
plates was suspended in physiological saline solution, imbedded in 7.5%
gelatine and placed on the microscopic slide.

For virus antigens in the monkey kidney-tissue cultures the fol-
lowing laboratory strains were used: Poliovirus, Type I (Mahoney) witb a
TCIn 5 of 10"*" /0.1al; Poliovirus Type II (MCF,) with a& J Do of 1O6. l
0.1 ml; Poliovirus Type III (Saukett) with a TCDP oOf 1O-.'/.l ml;

NCHO Virus, Type 9 (V 281), with a T9I•)5 of lOP.O/Oel ml; and Coxsackie
[irus, Type B 3, with a TCID5 0 of 100.O..O1 ml.
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2. Immune Sera. The anti-hons-eogg white serum (Anti-Huhnerei-7
klarserum) was obtained by the method of Klein and Celdi (7) through
immunization of rabbits .The precipitating antibody titer of this serum
amounted to 1:120,000.

In the case of the anti-Bact. proteus OX 19 serum a commercial
preparation was used having an aglutinating antibody titer of 1:800.

The sera with enterovirus antibodies were produced partly in our
laboratory through immunisation of rhesus monkeys, and partly at
Behringwerken A.G., the latter being rabbit immune sera. The neutra-
lising antibody titer at about 100-TCIDe amounted, in the case of
anti-polio-I serum (of rabbit) to 1:5007, in the case of anti-polio-II-
serum (of rabbit) to 1:1000; in the case of anti-polio-III serum (of
rabbit) to 1:100; in the case of anti-SCHO-9 serum (of monkey) to
1:1280; and in the case of anti-Coxsackie B 3 serum (of monkey) to
1:640. The determination of the neutralizing activity of the sera was
carried out in our laboratory in the usual manner (10).

3. Anticomplement Serum and Anti-Rabbit-Globulin Serum. The pre-
paration and evaluation of these sera have been described elsewhere
(7, 10). Anticomplement charge 13/14 was prepared according to imugni-
zation scheme A, charge 59/60 according to intunisation scheme B of
Klein and Colli (7)*.

4. Technique of the Fluoresoenoe-Complenent-Binding Reaction.
This as well as the preparation of tissue cultures on mioroscopic
slides has already been described (10). One may refer to this paper.
One should take care that the virus-infeoted tissue-culture cells are
protected from drying out, so that the virus is available for the expe-
riment in an active form. In every expeuiamnt a control system should be
established and used concurrently, as we have pointed out elsewhere (12).
In the tables of the present paper only one section from the control
system is entered in every case.

5. Fluorescein-Labeling of Immune Sera. For labeling, fluorescein
isothiocyanate was used. The procedure of dye coupling to the globulin
fraction of sera was carried out under the usual conditions.

6. Absorption Process. The absorption of the guinea-pig sera
used as complement donor was carried out by means of a monkey-kidney
epithelial cell homogenate at +40C over 12 hours. In some experiments
repeated short-term (30 min) absorptions were carried out at +370C.

Results

In order to understand the causes of a fluorescence reaction in-.
dependent of the complement fixation on enterovirus antibody complexes,

* wish to thank Prof. Dr. Klein for kinly placing the sera at our
Posal. -:J



lit was necessary to carry out the binding of complement or fluorescei-n
labeled anticomplement in antigen-antibody systems in which the condi-
tions were clearly visible. The antigen should be present in an in-
different basic substance against which no antibodies are visible
either in the complement or in the immune serum. In these model experi-
ments it was necessary to first clarify whether, in addition to the
complement, other factors of the guinea-pig serum also enter into binding
with antigen-antibody complexes and whether there are present in the
anticomplement serum fluorescein-labeled antibodies directed toward
these factors. Further, it was examined whether the fixation of the
antigen with 96% ethyl alcohol has any harmful influence on the fluor-
escence reaction of the antigen-antibody-complement-anticompleament complex.

For a model we first employed a hens -egg-white-anti-hens'-
egg-white complex prepared in the manner already described. As may be
seen from Table 1, this model aggregate treated with complement and
fluorescein-labeled anticomplement exhibited a strong fluorescence,
both with unfixed and with alcohol-fixed antigen. The reaction was ne-
gative when the complement or antibody was omitted. A very weak fluores-
cence took place when chelated complement, that is, one deprived of
Ca++ or Mg++ ions was used. This experiment was reproducible in the form
shown in every case, independently of the anticomplement charge employed
in the case involved.

Table 1. Preparation of a Hens'-igg-White-Anti-Hens'-Fgg-White Complement
Complex By Means of Fluorescein-Labeled Anticomplement

M nicheinander Olberschiehtet mit °lu ewab-n

Anti. 00
Antigen Hfhner- eC Anti-C'u

e r (1:20) (1:2) unfxlert , koholfixlert

__________________ (1:8) I
SObjekttr~ger mit in akt,, ++++ +++

Gelatbie eingebette- ,, 0-0
tern Hiihnemiklar ,, cheliert(v) " (+) (+)

- aktiv I 0 0

1) Miscroscopic Slide with Hens'-Egg White Imbedded in Gelatin 2) Suc-
cessively Covered with 3) rXtent of Fluorescence 4) Anti-Henst-Egg-
White Serum 5) Unfixod 6) Alcohol-Fixed 7) Active 8) Chelated. --

Key to Symbols: C' = Complement from guinea-pig serum; Anti-C' * =
Fluorescein-labeled antibody of rabbit homologous with guinea-pig comple-
ment. The intensity of the fluorescence reaction is indicated by: 4.++
(very strong fluoroscence); ++ (strong fluorescence); ++ (weaker but
clearly observable fluorescence); + (weak fluorescence); (+) (very weak
fluorescence); 0 (no fluorescence).

The same observations were obtained when a bacterial antigen
(Bact. proteus OX 19) and an antibody homologous with the latter were used,
Such an experiment is shown in Table 2. In some experiments with this
model complex a strong fluorescence effect could be observed, though

L-;;t regularly, also in those caseswhere the homologous immune serum-J
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VUs omitted. The control with cholited complement, however, regularly-
turned out negative in such mixtures. Corresponding investigations I

with agglutination reaction shoved that a part of the guinea pigs
serving as complement donprs possessed antibodies against Bact. proteus
OX 19. Thus in these oases the antigen us covered at the same time as
the complement with a homologous antibody. In this way a possible source
of error in the fluoresoemoe-complement binding reaction was discovered.
This consists in the fact that the guinea-pig ser•m used as complement
contains an antigen.h.oologous antAbody. No relationship was found to
exist between the reaction outoome and the anticomplement charge.

These model experiments make it appear probable that, when the
presence of an antigen-hhomlogous antibody can be excluded, the antigen-
antibody complex of guina-pig serm will be exclusively or at least
predominantly bound by complement and that other components of the'
guinea-pig serum play no decisive role in such oases. These eonolmitons
are justified by the observations that the reaction outcome was inde-
pendent of the anticomplineut charge (preparation scheme A or B) used
in each case, and that the controls with decomplemented guinea-pig serum
regularly turned out negative. If there were other oomponents besides
the complement which deposit on the antigen-antibody complex, then it
would be expected that this would be detected, ihen using deoomplemented
guinea-pig serum and a fluoresoain-labeled antloomplement (scheme B)
in the form of a fluorescence-reaction of the complex.

Table 2. Preparation of a Bact. fPeteoous 19-Anti-Proteus OX 19-Com-
plement Complex by moans of Fluoresoein-abaled Anticomplement

Snaeh~ander Ober uhichtet mil CI) fuoreseensbefund

Anfl-~ p, ??YK7ZT
Antigen R. proteus C' Anti-C'0

OX 9-9S- (U:20) (1:2)

rum (1:20)

ObjekttrAgermitin ,, ktiv ++++
Gelatine eingebette- ,0 -- ,,)tern Bact rtaus ,, oheliert ($ , (+) I (+)
OX1 9 &jr -9Aktiv 0 0(+)

1) Microscopic Slide with Bact. proteus OX 19 Imbedded in Gelatins. For
rest of Key, see Table 1.

The alcohol fixation of the antigen had no influence on the expe-
rimental results. We have obtained identical results already earlier in
the case of other antigen-antibody complexes (12).

Further investigations were devoted to the question as to whether
the specificity of the reaction outcome in regard to the fixation of
complement is dependent on the anticomplemont charge when the antigen-
antibody complex is located in cells which display a cytopathogenic effect
due to multiplication of virus. By way of examples two such experiments
with different anticomplement charges are shown in Table 3. Antiomplement
serum 13/14 was prepared according to inmnuniation scheme At seru m 9/qO

[jO9ording to immunisation scheme B.,
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When a polio-II-anti-polio-II complex in the monkey kidney-
tissue culture is successively covered with complement and fluorescein-
labeled anticomplement, it appears that on employment of charge 13/14
the fluorescence reaction is virus-specific, while in the case of
charge 59/60 a fluoresoonce effect may be detected also when the virus-
homologous antibody has been omitted. From the constellation of results
in the control system of the second experiment tcharge 59/60) it may be
assumed that the cause of fluorescence cannot bea virus-homologous
antibody in the complement serum. Apart from the fact that neither
complement-binding- nor neutralizing antibodies could be detected in
the guinea-pig sera employed, and also that in the case of guinea pigs
spontaneous infections with polio viruses are not known, a fluorescence
reaction was found to occur also on employment of chelated complement.
In this case a complement-binding to virus-antibody complexes is entirely
impossible. Since this virus-unspecific fluorescence effect does not take
place regularly but only in the case of certain anticomplement charges,
the assumption is Justified that, with individual anticomplement
charges, the binding of complement-independent substances present in the
guinea-pig serum to the virus-Infected cells is detected.

Table 3. Comparative Investigations For the Preparation of Polio-Il-
Anti-Polio-II-Complement Complexes in the Tissue Culture with Different
Charges of Fluorescein-Labeled Anticomplement

uiacheinander fiberachichtet raft ýFl0'uorescenxbefund
1 tObjckttrigcr rmit Auti-Potl V 3 mIt Anti-C'

Affennierenepithel- X! -Immun- C' Anti-C' - - -..
zellen, infiziert nit serum von. (1:10) (1:2) Charge 13/14 1 Charge 59,0

Affen (1:20)

Poli-Virus, Typ I1 , aktiv , . .-
(MEF1 ) o - , n.d.

-0 + .
- aktiv 0 0 -

chelier, M+ I ++++

1) Slide with Aonkey Yidney-4ithelia, Infected with 4) Anti-Polio-II
Immune Serum of I•nkey (1:20) mit = with. For rest of key, see Table 1.

If this assumption were correct then it ought to be possible
to attain the elimination of the f3uorescence-optical side effect through
the absorption of the guinea-pig serum by means of comminuted tissue-
culture cells. .xperiments in this regard did in fact lead to a weakening
though not a complete elimination of the virus-Sndependent fluorescence.

In further experiments we attempted to clarify the problem as
to whether a mixing of the fluorescein-labeled serum with an equal
volume of antibody-free human serum would produce the desired result.
In order to be able to judge the influence of the anticomplement serum on
the reaction result with certainty it was necessary to resort to the
indirect method of fluorescence-serological complement-binding detection
and at the same time allow the reaction to run its course gradually.
Such an experiment is represented in Table 4.
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J Table 4. 4perimants Aimig at the jLiiination of the Vius-Ind.pende
Fluorescence by Means of Absorption of the Complement by mnkey Kidney
Cells, and Mixing the Anti-Rabbit-Globulin Serum with an Equal Part of

Polia.-tibody-Free Human Serum
'Cjý nacheinander Obecrhichtet mit

1iit Affeckrnen. Antl-1'olo IAnti-

epitheleilen I-Immuneerum ' -A t-c ain -

ifth I i Vo in Aftew JAN b bert, U . g iobuii mernh0

Poliovinm, 0
Typ I (MAH) - - (+)

1) Slide with Monkey Kidney ipithelial Cells, Infected with 2) Suooes-
sively Covered with 3) Anti-Polio-I Immune Serum of Nonkey (1:300)
4) C' Absorbed by Monkey-Kidney Cells (1:10) 5) Anti-Rabbit-Globulin
Serum,. Human Serum V 6) Intensity of Fluorescence. For symbols, see
Table 1.

It was found that fluorescein-labeled anti-rabbit-globulin serum
treated with an equal part of human serum does not react, by itself.,
with the virus-infeoted cells. Small amounts of substances deposited
out of the antioomplement serum on the virus-infeoted cells; the de-
tectable but very weak fluorescence effect could be practically neglec-
ted. When complement previously absorbed by menkey-kidney cells es
additionally added to the cells, the virus-independent fluorescence
reaction was somewhat more pronounced though still weak. Only when anti-
serum homologous to the virus was entered in the process did a very
strong fluorescence occur, in the region of the cytoplasm of the virus-
infected cells. The nuclear area of the cells remained clear. The rest of
the control system (of. [12]) was in order.

Table 3. Investigations With Cross Reactions in the Entervir4-Antibody

System by Means of the fluorescence-Complement-Binding Reaction.

Objekttdger .Antlurum
malt A ffen- veom Kapnlnhen is) veom Afirm(

infix t Polio I 1 Polio I Polio I ECHO C BO

1:50 1:100 1:10 1:80 1:50

Polio i (+) + 0 0 0.
Polio 11 (+) + 0 0 0
Polio 1lI 0 I 0 + (+) 0

ECHO (+) ++++ 0
Cox B 3I 0 (+) 0 ++

1) Slide with Monkey Kidney Cells Infected With 2) Of Rabbit 3) Of Monkey
For rest of symbols, see Table 1.

Finally it was shown that it is possible to use for the fluores-
cence-complement-binding reaction, under the given experimental con-

Litions, also such antiocomplement charges that possess a broad antibd
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Sspectrum and which, accordingly, do not allow a differentiation betv4
complement-binding to enterovirus-antibody complexes and deposition
of complement-independent components on the cell substrate. When one
employs for the test complement previously absorbed by monkey-kidney
cells and an anticomplemont of charge 59/60 treated with an equal
part of human serum, then it is possible to carry out a type-specific
detection of enterovirus-antibody complexes in the tissue culture, as
can be seen in Table 5. These observations confirmed earlier findings
obtained with anticomplement charges which contained almost exclusively
complement-homologous antibodies.

Discussion

In connection with the fluorescence-complement-binding reaction
a new method is described having manifold applications. In this method
the detection of bound complement is carried out directly by means of
a fluorescein-labeled anticomplement. It appeared Indicated to carry
put experiments on the specificity of the procedure in. regard to the
preparation of complement. These experiments were motivated by the
observation of unspecific reaction outcomes, that is, *fluorescence

effects, in systems in which antigen-antibody complexes were not present.
Two questions stood in the foreground of interest: 1. 'llat material
present in the guinea-pig serum employed as complement deposits on
the antigen-antibody complexes and is detected by means of fluorescein-
labeled anticomplement? and 2. 'hat is the significance of the anti-
body spectrum of the anticomplement serum when the complement binding
is to be detected on antigen-antibody complexes which are present in
cytopathogenic, that is, morphologically altered cells?

In attempting to answer experimentally the first of the above two
questions, it was necessary to start out with as uncomplicated experi-
mental corditions as possible. Antigen-antibody aggregates had to be
present in a "naked" form, so that reactions of the complement- and
anticomplement .erum with accompanying substances could be ruled out with
certainty. In addition it was decided to use in these experiments,
besides anticomplement sera containing only complement-homologous anti-
bodies, also such anticomplement sera that exhibited a broad antibody
spectrum versus the different fractions of the guinea-pig serum.

Previous experiments with enterovirus-antibody complexes in the
monkey-kidney tissue culture gave rise to the assumption that individual
anticomplement charges not only contain complement-homologous antibodies
but also display a considerably broader antibody spectrum. This assumption
found a support in the investigations with immne electrophoresis (4).
This holds true especially for anticomplement charge 59/60, with which
a part of our experiments was carried out. According to the inmune-electro-
phoretic findings this charge is better denoted by the term anti-guinea-
pig serum. It nevertheless differs from the anti-guinea-pig-globulin sera
of Goldwasser and Shepard (2) by its higher complement-homologous antibody
content, as could be demonstrated by precipitation results.

9



Studies by means of the fluorescence-oomplement-binding reactiol
in model complexes (hens' -egg-white/anti-hens'-egg-whit.; Bact. proteus
OX 19/anti-Bact. proteus OX 19) showed that complement binds to the
immune aggregates after the latter have been brought together with
guinea-pig serum, and that this complement can be detected by means of
fluorescein-labeled anticomplement. The fluorescence reaction with a
complement-homologous antibody was just as clear as with an anti-guinea-
pig serum. Had there been other components instead of the complement
fixed to the antigen-antibody complexes, then the reaction with comple-
ment-homologous antiserum would have had to turn out negative. Neverthe-
less. the simultaneous occurrence of complement binding and fixation
of complement-independent substances of the guinea-pig serum cannot be
ruled out in this manner with absolute certainty. There Is, however, an
experimental indication that complement-independent substances play no
role in these antigen-antibody systems in that control tests with
decomplemented complement and anticomplement charges having a broad
antobody spectrum regularly turned out negative.

The fixation of the antigen with 96% alcohol was found to have
no importance for the fluorescence result. The experiments with the
bacterial imune aggregate showed that antigen-homologous antibodies
in the guinea-pig serum (the latter serving as complement) may lead
to errors which can be recognised by means of a careful control system.

The rest of the experiments were related to virus-infected
and correspondingly cytopathologically altered tissue-culture cells
treated successively with virus-homologous antibody, complement and
fluorescein-labeled anticomplement serum possessing different antibody
spectra. It could be shown in comparative experiments with different
antioomplement charges that on employment of some charges a fluoresoence-
optically detectable effect may occur in virus-infected cells also in
the case when the virus-homologous antibody is omitted or substituted
by a heterologous antibody. No such reaction ever occurred in non-
infected cells when the latter were covered, successively, with virus
antibody, complement and fluoreascin-labeled anticomplement. The pre-
sence of a virus-homologous antibody in the guinea-pig serum (complement)
could be ruled out. From these observations we would like to conclude
that the cytopathogenioally altered cell behaves differently toward the
guinea-pig serum than toward the intact cell. We have already mentioned
elsewhere that the virus-infected cell apparently becomes permeable to
substances, present in the guinea-pig serum, which do not belong to the
complement, deposit unspecifically on components of the nucleus and
cytoplasm, and cannot be eliminated through washings carried out at in-
tervals (9).

These virus-independent fluorescence effects in the cytopatho-
logically altered tissue-culture cells, effects which can be detected
through the control system and which occur on employment of antioomplement
sera with very broad antibody spectra, constitute an apparently un-

portable diaturbing factor. For immunological studies with highlyj
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Ipurified complement reagents it is assumed that one may use proparatlo•
having a broad antibody spectrum. One can only oonclude that the
complement-homologous antibody possesses a sufficiently high titer.
How such anticomplement charges aot in tissue sections during immuno-
histological studies carried out with antigen-antibody complexes cannot
be decided on the basis of our experiments. For the fluorescenoe-comple-
ment-binding reaction in cytopathogenically altered tissue-culture cells
one could, however, assumo the position that only such anticomplement
preparations should be employed that exhibit - in any event. according
to the fluorescein labeling - a narrow antibody spectrum, whereby the
antibodies would be l1.mted to complement homologues. As could be shown
the risk of unspecific reaction outcomes is high when -as proposed or
carried out by some authors (2, 3)- one works with anti-guinea-pig-
globulin serum and wants to obtain data regarding the binding of comple-
ment to virus antibody complexes without adequate specificity controls.

It further experiments we wanted to determine how the binding of
complement-independent material present in the guinea-pig serum to the
virus-infected monkey-kidney cells may be prevented. It was obvious to
think of an absorption of the anticomplement serum prior to the fluores-
cein labeling by means of decompleamanted guinea-pig serum. Such expe-
riments, however, must work out erroneously, since different components
of the guinea-pig serum, especially those of the P-globulin fraction.
cross-react with the complement components. Hence oomplenent-homelogous
antibodies would be precipitated by factors belonging to the complement.
One may consider, as a further possibility, the absorption of guinea-pig
serum by means of a homogenate of tissue-culture cells. ftperiments re-
lating to this method, however, showed that in this way a full suppression
of the unspecific staining of tissue-culture cells is not possible. Only
when one resorts to the addition of an equal part of antibody-free human
serum to the fluorescein-labeled antiserum does the productiin of a
fluorescence reaction independent of virus-antibody complexes fall to
take place. However, we do not have any experimental clarification of
this phenomenon which, in a similar situation, has already been confirmed
in other laboratories (4).

By using guinea-pig serum previously absorbed by means of monkey-
kidney cell homogenate as complement, and an anti-guinea-pig serm treated
with an equal part of human serum, it was possible to produce a virus-ytpe-
specific fluorescence reaction. In this way it was possible to verify and
enlarge earlier findings which have already been described and which were
obtained with complement-homologous anticomplement charges (9).

Summary

Using model complexes (hens'-egg-white/anti-hens'-egg-white; Bact.
proteus OX 19/Anti-Bact. proteus OX 19) it was first shown that, in the
case of the employment of fluorescein-labeled antieomplement in the fluor-
esoence-complement-building reaction the fixation of complement to the

Lantigen-antibody complexes is detected. Other factors of the guinea-p
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jserum. against which antibodies may exist in the anticomplement seru7--
play no role in this reaction. The fixation of the antigen with 96%
ethyl alcohol has no influence on the fluorescence effect.

In the virus-infected tissue culture with cytopathogenic effect
of the cells there takes place, in addition to a complement binding to
virus-antibody complexes, an unspecific deposition of complement-indo-
pendent components of the guinea-pig serum on nuclear- and plasma con-
ztituents of the tissue cells which cannot be eliminated by means of a
washing of the cells. The causes of this deposition detected with anti-
complement charges having a broad antibody spectrum, and which [deposition]
simulates a complepment binding to virus-antibody complexes, are discussed.

The main reason is seen to lie in the fact that anticomplement
charges of rabbits which had been strongly immunized exhibit & very
broad antibody spectrum. In order to eliminate these unspecific reaction
results it is not sufficient to absorb the complement-containing guinea-
pig serum by means of homogenates of the tissue culture. It has neverthe-
less proved to be esfeotive to treat the fluorscoin-labeled aitiserum
simultaneously with an equal part of antibody-free human serum. Under
these experimental conditions it is possible to use also anticomplement
preparations with a broad antibody spectrum for the fluorescence-sero-
logical detection of complement binding to enterovirus-antibody complexes.
The results exhibit the same type specificity s when employing anti-
complement that contains exclusively complement-homologous antibodies.

Bibliography

I Cos, A. H.: zit. nach P',,i-'rsrcIK . (.: Der Nachweis von Viren und ViruI1
ltatigencn mit Hilfs, fliore.s,.nz.markierter Antik6rper. Progr. med. Virol. 8,
79 (1961).

2 O;4)LIOVASSEfR, It. A.. Mid C. C., S i•Ri'.•.R : Statlluiag of cumauphl n,'h! s,,t moadifiefa.

t itii• iru iltuoa ,',iit mitilut)dy 1,roce<,t.urv . J. Immunol. t4O, 122 (1958).
"-1H,•r•a Y.. nid K. H t z .:h: Stuwdlir. on the eomplement-fixing antigens ot

polin *velilis. 111. Intr.,•ellular development of specific antigen. J. Imminu ol.
(im Druck).

SKLEI-'., 1'.: I'ersutnlli, c.I.. lva tilmng (11161).
K , P.1 1)M- K,,nuplhwe,,t (C() %ndi s.•:.ih W-Aktioin mit Antigcen.tiutik6rper-

Koniplexen. ZId. Bakt.. t. Alt. ()rig. (ih D)ruek) (1.6;).
Kir -N, 1'.. it. I'. IHURKIH Dii.; i: ]Eii Vcrfmihrn z,,ir iI 'r, . -,,ptiseht, n 1 )mr-

t4l It ing der Ksaman]dntlnthm, g t wnd scine A.+uw..undutig zur Iiist,..imnmuino.
Iagi~chi'n i,,ersschu,,c u der cx j.rihnwntdlh'n Nietr.,,nithil.vlaxie. I)tsch. mend.
WVs.hr. N4. 2iuol (1t-il ).

Ki.i.j.I. I'.. i. A. ("1a.I.I 1 h','rshtnitiug uid .\ usw .rt iati voin ,.Attli.Kontioll enelut".
Z. H.vg. Itiftki..,Kr. 147. 2111 (1911).

4 .N t.Iu ci. F.: I)iA.kt,.r mil idnulirekttr Naehlw.in deor Komplomebiididng nt
\io.,, Iti lik,-its.r-Kimildhxe in dcr 41;,,hi,., r. I 'oth. Micrvohiol. '23. 71"2

S Mi*.I ilt. I".; Ir l
tu luu~..tur+ si'o'l asg-itul+, r•|l .Nui'hwe'i,,i,' uls ,I ,14.nletiitl.llhl i),+lZ mils

i,,,,hl.g,-,.h- dli,,im,,is l i+t.114, M '. hMe h .h Isvi I'Entsrm i,ui',-loifski s..... Khli . \M chr.
391. l•X1 1l91_111

12



".%It 1.%~. ~ : (J1111.titatlive' l'l'• ,'. K' ilw~r (11.i direlcten tind ma~see~kiriil

lhi, ,l-.•i.t.riz-•.i.�,•i�, Nii e ip,. s ,der I(amlllphrnie'l~b,||4Iali( Ills Kntenrv irism.

Atil ikiJr!.r.-K.mnlm; •i.v. Arcl'h. go-it. ,'iimf'i lmr• . (ihn .)ruek) (INIt.
LI M'I m.IIEI, I".: 1 J•r.•l,fll.M•.nIt/Mfl~.bimanIIh mmt4'.rmlnmn'lhntm|gmll nil N.? Iliil' Ku~mIIholnlnmnlln

hilolinhltni. t im? -. A tmi. t Wki;rlmnr. Ki-t• l' xm.Z l, li~miit.. I. IOrig.(im l)rmiek 11)1l).

r'~ .i lth .ll V.. It. 11. KII'I : r I ,i-m ,nlllt.n1(i'nmb' Iunui ellh n mig der Ktimtjilh.

nmvil mntl i g i tit Vm rtIn4.nmiln. ik.trIKir.-l %piniii l p ill m der tCeu'i •htktmml~tr. IDwlannim

Illnid. n'-hri'. %1t . !21,|l;I ( t .

NI. A IuI ',. . I) :1 I.K. . ... . 11 1'. 1'. Nt. NVi. L. NII-ir

1111l K . E. I. i)a "'4-AN : I m i iit tl itii I 'MItII' dtlnim m miiinl rittiL i Cl o i t[ toI lt'le ' I jing.,

,a.,11m( 1,'1p '1mist fixi.m -rum g Iur dmll in. frlit' iw¢in in M•va•at Ih lliaL graIvi U. Ir'me. ,4W.

V, \ w.-r. A.. .. . II. (*. K '4 i 'rll •1 Ili 4t,-.roIl gi, ;he I *,mtn il(tlllllla l'll ittI f 11 li ninrem.4•Il-
mmm:arkjl'l flrmi Ankt lk-imljl"e"'iit.. Nai¢''•lviim knm• l elllt'im nl I't||llimm lii'|ir •t~lh,~ltmlIli1I

iti .\.i•m'lid. Z. Z,.Ifmrq,-h. 42. 44 ) (IN'WiI).

[Key to German titles:

(1) Coons, A.H., quoted in Poetschke, G.: Detection of Viruses and Virus
Antigens by Means of Fluorescancc-Labeled Antibodies.

(4) Klein. P: Private Communication.

(5) Klein, P: Complement (C') and its Reaction with Antigen-Antibody
Complexes (In Press).

(6) Klein, P., and P. Burkholder: Procedure for the Fluorescence-Optical
Representation of Complement Binding, and its Application to the
Histo-Immunological Study of Experimental Kidney Anaphylaxis.

(7) Klein and Colli: Preparation and Evaluation of "Anticomplement."

(8) Muller, F: Direct and Indirect Detection of Complement Binding to
Virus-Antibody Complexes in Tissue Culture.

(9) ftiller,F: Fluorescence-Serological Detection of Complement Binding as
a Virological-Diagnostic Method in &netrovirus Infections.

(10) Muller, F.: Quantitative Investigations on the Direct and Indirect
Fluorescence-Serological Detection of Complement Binding to Entero-
virus-Antibody Complexes (In Press).

(11) Muller: Fluorescence-Serological S'udies on Complement Binding to
Antigens-Antibody Complexes (In Press).

(12) ýIuller, F., and P. Klein, Fluorescence-Serological Representation of
Complement Binding to Virus-Antibody Complexes in Tissue Cultures.

(13) Ricker., D: Unpublished Results. J

13



1(1.5) Vogt, A., and H.G. Kochem: Histo-Serological Investigations wi
Fluorpscein-Labeled Anticomplement. Detection of Complement-
Binding Substances in Amyloid.]

LI

14


