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and acetone, ware used for protein conjugation. Riggs (8) reported
that the fluorescein isothiocyanate salt was superior because the
labelled product obtained with this reagent was more stable <than
" the protein laballed with isocyanate.: Besides, fluorescein iso-
-thiocyanate is. more.soluble than the corresponding isocyanate,

-'-4-*-"-"*"""“""‘Mlhllmlwllm; ,

. Othsr fluorochromes, particularly, lisaminerhodamine B 2CQ
% (6), have been used, but fluorescein isothiocyanate continues to

- be the preferred compound for labelling, due to the fact that this
. dye _has been found to be appropiate for ultraviolet radiations

. because the eye is very sensitive to the fluorescent color emit-
“ted, and also because of the fact that the yellowish-green color
‘emitted is very rarely found as autofluorescence in normal tis-
SuUes?A :

, Papers explaining how antibodies were labellaed with Ferritin,
_an iron compound containing protein (7), have been published re -

cently. This procedure has been used in electron microscopy to ce-

termine the localization of the antibody/antigen. Other materials

of great electron density, which have been used, are mercury and

~ lead salts.

However, for ordinary purposes, the fiuorescein isothiocy-
anate mathod is considered to be the most adequate because the
- antibody remains physically ané chemically unaltered. Also, by
this method the reactions of antigen/antibody may be localized
with great precision and in a relatively simple manner.

Tﬁn Optical System

Microscopy using fluorescent light is more complicated th.n
microscopy based on ordinary white light because the mechanical
and optical alignments are harder to obtain when the image is rel-
atively diffused.
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1. Microscope

, A simple microscope may be used. Achromatic objectives are
suitable, although a clearer image may Dbe obtained with apochroma-
tic lenses or fluorite lenses. A dark. field condenser is indispen-

a _ sable because flucrescence may be detected easier on a dark back-

} | ground. Besides, fluorescence is more intense with a dark field
condenser. However, a translucent fisld condenser is useful in

, setting the field. The use of a monocular or binocular microscope

: is a question of personal preference. However, it should be re -

f . - memberaed, that a binocular microscope ‘loses almost 40 per cent ol
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the light intqnlity.
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2. Light Source and Filters

The use i a high~pressure ridrcury vapor lamp within a
guartz chamber is preferred because it produvees a high emission
ci{ energy in the ultravicliet and blue Dbands of the spectrum.

The brightness of fluorescence is low in comparison with
the light of excitation. In order that fluorescence is not atten~
ucted, the light of excitation must be eliminated. Therefore, a
primary filter is placed 'etween the lamp and the sbject, stopping
any undesirable wavelength, thus allowing the passage of only
those waves exciting fluorescence, that is, radiation of 3601 and
4934 (green-blue). '

A seconuary filter (a darrier filter) is placed between
the object and the observer, to see only the wavelengths charac-
teristic of fluorescein, and alsoc to protect the sight of the ob-
server, Many investigators utilize:

a) a blue~violet light of excitation Letween 400 and usga
with a secondary filter distinctly vellow;

b) a combination of ultraviolet and blue-violet light of
excitation between 3sCuand 4504 and a secondary filter distinctly
yellew; ,
or .

¢) an ultraviolet Ligat of cxcitation between 35Qxand usgﬂ,
which is more frequently utilized with FA virus.

Fig. 1 is a representation of the oprical system.?*)

A critical factor for obtaining a satisfactory visibility
of fluorescence is the proper alignment of the optical system and
of the illumination system. When the Reichert system is used, it
is convenicnt to proceed in the fellowing manner:

a) Open the lamp chamber and put the mercury lamp in its
place. To mount the Reichert apparatus, an Osram HBO 200, Ll is
used. It is important to examine the cables of the transformer
and to handle the mercury lamp with care, as not to leave traces
of grease from finger prints because grease is burned and imbibes
in the glass diminishing the efficiency of the lamp. Close the
lamp chamber.

b) Place all the small handles of the filter holders in
a vertical position and remove the manual screws from the upper
nart of the filter chamber. Raise the frame and move the handles,
ana mark them with 5940 (dark violet) or with 5970 ( blue-vioclet).

¢) Connect the three-pronged plug of the lamp to c¢he trans-
“swomer, which, in turn, has been connected to the labor~<-ory cir-
cuit. Light the lamp and let pass 15 minutes to reach r::1 intensity.

L “f: ALl figures appended at end of article.
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When the lamp is shut off, allow 30 minutes befcre lighting
it again.

d) Reduce the light intensity by closing the shutter of
the lamp casing. Place a piece of white paper on the light aper-
ture located on the base of tine microscope. The image of the e-
lectrodes must appear on the white paper. Focus it clearly by
means ©of the convergent lenses (the handle is ci the front part

- of tha lamp casing)., Tuse the truc image of the electrcdes with
the image of the same on the mirror, adjusting the screws cen-
tering the lamp in the upper part of ths lamp casing. AS soon as
-~ the two images coincide, tighten the screws in position. Then ad-
just the mirror so that the beam of light passes vertically through
the center of the light aperture of the microscope base.

e) Place the centering device (a metal disk adjusted on

" the mirror) in position. This metal disk has a small hole in the
center above the aperture of the exit of the light. Adjust the
adapter of the microscope in such a manner that the light beam
penetrates through the center at the buse of the condenser,

f) Raise the condenser as much as possible. After fixing
the centering device of the condenser, center the condenser by
means of screws located at both sides. Place in position the low
power objective (10x).

g) Place a drop of immersion oil ("Cargille" non-drying
immersion ©il, type A, of very low fluorescence) on the condenser,
avoiding air bubbles. Place the microscope slide on the platform
and center the specimen over the condenser lenses. Moye the con-
denser up and down meanwhile the light shutter is opened and
closed, A circular and very fluorescent area :nust appear in the 3
center of the dark field. H

h) Put a drop of oil on the specimen and change the low
power objective to the oil immersion objective (40x). Focus and
adjust the diaphraem until a good contrast is obtained.

i) Loosen the mirror clamp and adjust it with respect to
the center of the circular fluorescent area. Adjust the condenser
to obtain a clearer image and a maximum light intensity.
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Labelling Procedure .

Integral serum or precipitated globulinsg may be utilized.
We prefer the latter for two reasons: first because the ure of
isothiocyanate is found to be more economical, and second, be -
cause it tends to decrease the non-srecific spots.

To obtain goed globulin prec:rations several methods may
te utilized, such as the methanol-acctate precipitation of Dubert
(s), the half saturation with ammor ... sulfate or the fractiona-
ving method of D.E.A.E. (7). We .tilisz <-e ammonium sulfate meth-
c. because it is simple and very sati.factory results are obtained.
I.. short, this method ~onsists of adding a volume of a ~c¢id sat-

-

trated solution of amminium sulfate to an aqual volume of serum.
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¢ addition is carried out slowly and with constant stirring

the mixture while it is in an ice bath., A magnetic stirrer may
used to obtain good results. Continue stirring the mixture for
minutes. Then the precipitate is placed into a Spinco centri-
ge at 10,000 revolutions per second for 15 minutes. The super-
tant liquid is removed. The precipitate 2X is washed with cold
per cent ammonium sulfate solution, and centrifuged in the

inco centrifuge after each washing. Dissolve the precipitate in
& minimum of cold, distilled water. Dialyze the dissolved globu-
lin at 0° C with a 0.85 per cent NaCl solution exchanging frequent-
iy the saline solution. The dialysis is carried.out until sulfate
15 no longer detected in the dialyzate by means of Ball,. The pro-
tein conten. is determined by the Biuret reaction. The globulin
sqigtgon may be stored in the frozen state until the time when it
wi e used. : ’ ' ‘ B
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~Labelling Globulin with Fluorescein Isothibcyanagg.

Fluorescein isothiocyanate is added, according to the pro-
tein content at a ratio of 1:20, or, 1 part of isothiocyanate per
20 parts of protein., It has been reported that the rabies anti-
7lobulin can be satisfactorily conjugated in a ratio between 1l:40
and 1:80. We do not know that this has been determined for other
gystems, although in experiments performed with anti-mice serum
of rabbits, we conjugated the globulin in the ratio .l:40, and
satisfactory results were obtained in: the indirect experiment.
Cenerally, the protein concentration, is adjusted to 2 per cent
5y diluting with 85 per cent NaCl solution, and adding 0.5 M
carbonate=bicarbonate solution of pH 9 (10 per cent of the total
volume) as stabilizer. An example of the calculations follows:

To_labél 5 milliliter of 3.4 per cent globulin solution
3.4 gram per cent =.34% milligram per milliter.

To obtain a 2 per cent protein.solution, it is necessary
to adjust the volume to 8.5 milliliter. However, because 10 per
cent of the total volume must act as a carbonate-bicarbonate- sta-
bilizer, 0.425 milliliter of 0.5 M NaHCO, and 0.425 milliliter
of 0.5 M Na,Cl; are added. Saline solution (2.8 milliliter) is
zdded to the 5 milliliter of 3.4 per cent protein solution con-
taining 0.85 milliliter of stabilizer. In this way, a total vol-
une of 8.5 milliliter of 2 per:cent protein solution at a pH 9 ‘
is obtained. To achieve an optimum of labelling, 8.5 milligram™
of fluorescein isotiocyanate is also added in a proportion of 'l
nilligram of isothiocyanate per each 20 milligram of protein. To
calculate The amount of fluorescein isothiocyanate which must be
adced to - z per cent proteinic-solution, the following egquation
can de usedu: : . : : L :
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(total velume in milliliter)x(total milligram of pro-
tein)x0.05 = milligram of fluorescein icothioccyanate which
must be used.

(In the above-mentioned case, this would amount to
8.5%20x0.05 s 8,5 milligram),

. For this percentage of protein, with 0.05 milligram of
isothiocyanate zor milligram of protein, a simple rule of practice

consists in adding 1 milligram of Iisothiocyanate per milliliter

of a 2 per cent globulin solution at pH 9.0. It is convenient to
adjust the pH of the solution to 9.0 since at this pH the isothioc-
.cyanate is more soluble and attaches itself more easily to the
protein. Coons (10) states that fluorescein isothiocyanate reacts
with the lysine residues of the protein molecule. The globulin
and the isothiocyanate are mixed overnight in the regrigerator by

_a magnetic stirrer. Then, the mixture is dialyzed with frequent

changes of PBS (saline solution at a 7.2 pH, stabilized with 0,01X
phosphate solution) at low temperature, until the dialyzatc is
free ¢f fluorescein. This may be observed by placing a sample un-
dey the microscope. If a graeenish-ycilow cclor is observed, the

. dialysis is continued until the solution stops emitting the char-

acteristic fluorescence of fluorescain J(greenish-yellow or grecen
apple color). At this point, it is acvisable to determine the ra-

-tio fluoresce;n/protein (11). The id:=al conijugate has a ratic be-
‘tween 10 x 10°® and 20 x 10°* . Howaver, it ic wise to state herc

that a conjugate may still be satisfactory even if it does not
fall between these limits. This can only be cetermined by testing
the conjugate with homologous and heterclogous antigens.The ratio
fluorescein/protein indicates only the efficiency of the conjuga-
tion. One of the preatestproblems in the technique of fluorescent
ant;bodzes, particularly in virology is the non-specifiic colora-
tion of tissue cells. Many procedures have been described to eli-
minate this problem. The first one consists in the absorption of
the conjugate with tissue powder dried in acetone. According to
tnis method, for each milliliter of conjugate 100 milligram of
tissue powder prepared from monkey liver or any suitable crgan is
used. The powder is introduced into a plastic tube with several
milliliter of PBS, and is thoroughly mixed so that the powder be-~
cores fairly moist, Then the mixture is centrifuged in the Spince
anparatus at 15,000 revolutions per ninute, for 15 minutes. 1he
supernatant llquld is carafully taken :ut aad the conjugate is

aaded to tne sedimented tissue; this s completely mixed and placed

in the refrigerator for 1 hour, shak’ng it frequently. Afterwards
the mixturc is centrifuged in the scie manner as it was done be-
fore. Tha supernatant liquid represents the absorbed conjugate.
rizvoe it is necessary to repeat this operation. When tissuve cul-
ture systems are used, such as those employed ian the field of
virology, it has been advantageous to add 0,5 milliliter moist
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cempact volume of non-infected tissue culture to absorbd tae con-

o -

¢ wm’e3e ...otner method consists in the usage of Dowex 2-X4 (- 3a
-~ _chloride form, mesh 20-50). According to this method, an e-
Cuel volume of Dowex and conjugate are mixed in a wide-mouth
container and placed in the refrigerator for an hour; where the
-Mture 1ls frequently stirred. The material is then:centrifuged
¢nc the supernatant liquid is taken out. It can be dialyzed with
P.b.S. or may be tested as it is. A

. /A third method of elimination of non-specific spots con-
L-ots 1n passing the conjugate through diethylaminoethyl cellu-
cce (D.E.A.E.). The gradient effluents, from an increasing so-

.
v v

tui chloride molarity, are collected and tested to determine
o2& specifiecity (12). It may be possible to concentrate the ef-
--ucnts. The usage of Carbowax constitutes a satisfactory method
oI concentration.(13). | :

rf 3

3 Perhaps ‘it will be necessary to combine the described

notnods to eliminate the non-specific coloration. This can on-
-y be determined by testing the particular‘system‘under‘study.

Sctaining Methods

1. Direct Method

In this method, the antibody which has been first conju=-
zcted with fluorescein isothiocyanate is put in direct contact
with the antigen, mixing them on the surface ¢f the slide, or
— as in viriology —— by direct application tc the cover glass
with Leighton tissue which has been dried in the air and fixed
in acetone. After an adequate incubation period, the slide and
The cover glass are washed with P.B.S. and afterwards with dis=-
Till water. The slide is dried in the air, mounted, and exam =-
ined. Stabilized glycerine (90 per cent glycerine and 10 per
cent P.B.S. at t¥ 7.2) or Elvanol (Elvanol 51-05, Dupont de Ne-
mours, Electrochemistry Department) may be used as mounting me-~
diz. The advantage of the Evanol method (1l%) is that it offers
a semipermanent mounting. The storage:and mailing of slides
iust not present difficulties. A representation of this reac -
tion is snown in Fig. 2. '

In the fluorescence microscope, this labelled antigen-
-antibody ccmplex has the characteristic greenish-yellow fluo-
rescences Of cource, in the case of tissue preparations, it can
only be stated =i..t this compliex represents the virus antigen,
but this docsc not imply that it is the virus particle itself.
Zccides, on. nmust be sure that this labelled antigen~-antibody
ccmplex is intracellular in the tissue system studied.



In the case that coloration already exists, it is incic-
pencable to demonstrate its specificity; this may be attained by
ectablishing the following controls:

a) Slide with non-infected tissue culture stained with the
conjugate. This must not show any coloration. If in this control
a non-spacific coloration i~ obtained, it is necessary to reauv-

sorb the conjugate.
Coloratien innibition. This is achieved, by first ap-

Piying non-conjugated homologous ferum, and, after an adequate

~- incubation period and adequate washinp applyxng the conjugated

fomologous serum. Once this is done, there must not be any colo-
ration, or if there is one, it must have been attenuated.

2. Indirect Maethod

The direct method is simpler because it consists of the
interaction of two reagents, the fluorescent antibody and the
antigen, with tha subsequent fluorescent antibody-antigen come-
plex formatzon, which proceeds i one step. 1. one must examine,
as it occurs in any sorologxcal survey, antibodies of numerous
scrums, the conjugation of each one of the serums, will be expe:
sive with respect to time as well as to materials.

This difficulty has been overcone by using a third rea-
gent: a specific antiglobulin labellec with Iluorescein., In o-
ther words, by following a modified reacticn ol the Coombs type,
in which the labelled antibody plays a double vc.e: 1) it acts
as antibody directed against the specific virus .rent and 2) it
acts as antigen of the antiglobulin.

To produce the antiglobulin, globulins of rnormal serum
of the sane species, provided by the immune serum, are precipi=-
tated. This globulxn is subcutaneously znjected 1nto another
species, in a coadjuvant, 80 milligram per injection. Four in=-
jections in iatervals of 10 to 12 days with a total of 320 mi-
lligran of protexn are administered. Fourteen days after the
last injection blood is taken from the animal, This is done in
portions irctead of at one time. The coadjuvant we use consists
of ecrcama..~c (aluminum hydroxide gel Vinthrop Laboratories,
New York v, N.YJwhich has been washed in several volumes of sa-
tine solu..on and its original volume is restored with saline so=
lution. L. accustome ourselves to test the antiglobulin serum by
doubic diifusion in gel, the Oudin type .f diff.sion, before pre-
ci~‘tation and conjugation with fluorex.:in 1sothlocyanate.

Tnis indirect method is perfornc. in two steps., After fiux-
~n2 Ihe tissue culture, the immunc homclogous serum is applied,
incubated and washed with P.B.S. Then the antiglobulin, labellec
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wih fluorcscein is applled and, after a second in

‘ cubation period
and wa oH*ngs, the slide is examined to determine thc,spec;fic co-
loration. In this case, adequate controls mus ‘80" sestiblishedﬁ

a5 follows:

a) Slide witn non-infected tissue culturc staincd with im -
rune serum and with labelled antiglobulin . '

b) Slidewith infected tissue culture, stazned w1th normal
serum and with labelled antlglobulzn.

¢) Slide with non-infected tiss ue.culture;vstazned wlth on-
ly labelled antiglobulin.

d) Slide with infected tissue culture, stazned with only
labelled antlglobulln. . . ;

None of these controls must show specxfxc flourescence.

A representatzon of the indirect colorat;on is sbown in
Fig 3.

frequently, part;cularly in s;;tems of tissue cultures, it
153 difficult to eliminate the non-specific coloration of the cells
~Z tissue cultures by the common absorption procedkres. In this
case rhodamine may be applied as countercolorant. It is possible
t0 obtain serum from a healthy calf, which has subsequently ‘been
: conjugated with rhodamire. We have observed that:a concentration
A of 1:20 of serum conjugated with rhcdamine in our ant;globulzn con-

Lo jugated with fluorescein reduces considerably the’ non-speczfxc co-
loration.

% g 3. Staininpof Complement (11)

; The ectairning of the complement is similar to. the indirect
: method with exception that the antiglobulin conjugate is directed
’ against the species which provides the complement.- In summary, if
we examine human serum for antibodies agalnst a. spec;fzc agent of
virus or rickettsias, we will apply the 1mmune seru }plus a.drop,
more or less, of serum of a healthy guinea pig’ ‘atia’patio of 1:10.
In order that the stairing be satisfcctory all the elements makzng
up the complemcnt must be present. After an adequatewlncubatlon ’
seriod and the usual washing with P.B.S., a conjugated anti-guinea
oig serum is applied. The final washing and flna<1éxam1natlon are
made in the form described for the other methods. It is essential,
in this modification, that the.system antigen-antibody studied
fixes the guinea pl? complement. Besides the already mentioned con-
trols carricd out in relation with the indirect: "thod, another
specificity test must be perfcrmed, *hat ls°" : ;
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Omission .of the compiement of gulnea pig at a ratio 1:10
in the staining procedqre. This test must not show specific colo-~"
ration. Of course, the guinea p;g serum must be tested prevzously
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the question of localization and

©o e sure thet it docs not contain antibodies homoloyous to thre
LASTen undey study. A represcntation of the staining of the con-
plement is ghown in Fig 4,

The procedure of the staininz of the complement allows onc
to obtain a much brighter fluorescence th .an the one obtained by
the usual procedures. A modification of this technique, to incrcase
fluorescence, consists in adding a drop of serum of a healthy gui-
neca pig 1:10 in the first step of the indirect procedure.

The Use of the Fluorescent Antibody Tcchnique in the Identifica-

Tion cnc Locallzation of Virus

The fluorescent antibody techniques are attempts to solve
the fate of the antigens, Nume-
rous investigatcrs have studied the infection kineties at the c.l-
lular lievel, Wuetson, using fertile eges, studied the course of
numps virus infection and xnflucnza, whereas Liu, in his study on
the influenza v;rus, used ferrets. The technique of fluorescent
antibodies, using systems of tissue cultures, has been applied ©o
the study of vaccinia (15); to epidemic hemorrhagic fever; infl
enza (17); to Newecastle's disease (18); to Sendai virus (13); und
to policmyelitis. This is only a representative list of the vincs
agents studied, In the works of Coons (1l0) and of Cherry and otncos
{21) a wide study will be found, not only of the virus agents stu=-
died, but also of the fluorescent antibody technique.

The localization of the antigen of the virus is divided in-
To three main catagorias:

ented by the polic-

17 The cytoplasrmic localization, renrc
nyelitic virus (20); 27 the nuclear loca."azl on, presented by
tne simian "foamy agent" (22); and 3) the nu Zcey and citoplasiic
iccalization, as the one observed in influensa 23).

The study of the kinetics of the virus infcction on & cul-
lular level reveals that the Ncweastle diseasce virus (18) and tiw
polionyelitis virus (24) are propapated by the extracerlular phaue,
whercas the virus of herpes simplex (25), chicken pox (2&) and

mecsles (26) are propagated from cell to cell without contaminating
hpg extracellular 1zedium,

The scquence of the development of virus antigens las beon
studlieC, wu. .ny the fluorescent antibedy technique. Thus,Loh, cnc
Ripggs «(19) Jound that in cells infected by vaccinia, the thermolc-
biZe (L) .ad the thermostatle (E) could be demonstrated four hours

aftcr in. iion, followaed by the appearance of the nucleoprotein
catigesn o wiver six hours. The hemaglutinant antigen (Ha), pro-
Guct coived from the virus-cell interaction, can be demonstrated
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i-Y citer the appearance of mature virus. A variable in this
Yo wr study 1s the multiplicity of infection. The variations
C. cuentily and quality of the influenza virus injected caused
C..-2vences, not only in the virus production, 'but also in the
~~Stocaensstry of the infection (23). '

' Finally, the application of the methods of fluorescent an-

<->0dxes to the diagnosis in the field of virology may be consi-
Gered, in the case of two virus: the influenza and the poliomye-
litis viruses.

Liu (2?7) applied the FA (fluorescent antibody) technique
to the nasal washings of patients with respiratory diseases. In
S study of 20 patients, positive results were obtained in 12 cases,
or, 71 per cent of the cases, which were diagnosed as influenza A
czses oy HI tests when convalescent serum could be obtained. At a
later cate, in another study of 21 cases, only 38 per cent was

Glagnosed as influenza B, from positive serological cases.

Hatch and others (28), in a study of 85 fecal specimens for
the determination of the presence of poliomyelitic virus, identi-
Zed 3% of them by the FA technique, in comparison with 38 deter-
m.zned by the usual identification methods (neutralization).The o-
Taecr L7 specimens were negative with the usual methods as well as
with the FA technique. It is encouraging to observe the absence
of false positive reactions.

‘o

Sciore the fluorescent antibody technique is applied In vie
rolozy as a means of diagnosis (not counting the one of the rabies),

& wide evaluation of the field is necessary.
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Figure 1. Schematic representation of the equipment for
fluorescence microscopy.

[icgend:] a) concave mirrer; b) mercwy arc 1o:p; c) cone
vergen. iences; d) iris diaphragn; e) filter cbsorving heat

S BG 22; £) filter absorbing red S BG 1l4; ¢g) excitaticn filter;
h) incandescwnt bulb; 1) mirror; J) <first surface micor LS ;
k) "eardioid" condenser; 1) slide; m) cover glass; n) objece
: tive; o) 4iris diaphragm or funnel stopper; p; deviation prisa;
‘ q) ocular; r) barrier filter.
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Figure 3

", . ngi/] &) Tirst step reaction: 1) antigen; 2) immune
v.m1 T3) AG=iS complex not ladbelled. b) Second step reaction:
T, .=iu conolex not labelled; 2) lacelled antiglebulin; 3)

L...l.ié cozplex.
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