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The present study was undertaken to develop a reproducible method

for the conjugation of fluyorescein isothiocyansteo(FITC)_to_immunoe :
. g : ~ I‘A‘!' Co , .

globuling and to assess'the sensitiVity and specéficity of direct immuno-

. fluorescence staining for the rapid identification of coxsackie B viruses

in tissue culture cells. Immune sera were obtained from guinea pigs

-
! v

t immunized with coxsackie B viruses. Type-specific conjugatesto coxsackie
"B viruses were prepared by labelling immunoglobulins with FITC by a
dialysis method " The conjugates ‘had weight (ug/mg) fluorescein/protein "
jratios ranging from S.Ogto,7.l andrestimated'molar F/P ratios £rom 2.l 4
to_2.9.\pfhese conjugates were applied,directly to stain Hela cells .
"infected with'coxsackie B'viruses.. Two types of specific fluorescence i
were observed 1in homologous staining. intense perinuclear fluorescent
"mssses and pin—point foci of Q‘toplasmic fluoreepence. Homologous
staining titers of the conjugates varied from 1: ﬁo to l 160. while
heterologous staining revealed only low 1eve1s of diffuse cytoplasmic :
fluorescence at conjugate dilution 1:5. At the end—point dilution; the
conjugates possessed no heterologoua staining reactfvity but displayed
brilliant (4+) specific staining. The specificity of.the fluorescence

©

_staining was based on the following observation. Staining occurred only
4 -

~ with intracytoplasmic viral antigen homologous to uhe conjugate. No
staining was observed when conjugates were applied to uninfected HeLa

cells, and no staining was produced by applying conjugated normal serum

- .

to virus-infected cellss Furthermore, specific staining was completely

;7

inhibited by pre-treating the preparation with unconjugated immune serum

iv

Tty



- honoloééu‘“o 'the autisdn beiﬁg stainadv Sut ‘not':-' by -pfé—treatme‘nt with
‘hotc:ologoul hmune sera or normal aetum. In” the preaent study. the
diract Munofluon-cence t:eohnittui' was both aensitive and specifi,c in
1dqnt1£ying coxaa_ckie B viruaqq in tiuue cu};urq cet.la. This ;ec_hnique
shows good boteftt‘hi in itq‘appiica’hib"n o the detection of Qiral

. antigens in human or animal tiuueq.\‘

. o ‘.
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INTRODUCTION - ﬁ '

The principle of inmunofluorescence.stainingl(also known as the
fluorescent antibody technique) is based on the‘fact-that; in an antige
antibody reaction, the antibody beco%ea bound to lts homologous antigen
By labelling the antibody with a}fluoréseent dye1 which can be visualiz
by fluor~scence microscopy, the site of the antigen;antibody reaction ¢
be observed. The presence of labelled antibody then designates the
location of its homologous -antigen.

- It has been established that the antibody molecule can be
'covalently linked with fluorescent dyes without destroying its immuno-
logic specificityf Fluorochromes react with certain.chemical groups in
the protein molecule, including the amino and;carboxyl.groups at the en(
of eaeh protein chain, amino group in Zhe lyaine side-chain, or carboxy:
groups in the aspartic and élutamic\acid residues (Nairn, 1969). The
two most commonly used fluoroehromes are fluorescein.And lissamine' |
‘rhodamine B (RB 200). ‘Fluorochromes must “have a high‘fluorescence
efficiency to be suitable for preparation of conjugates. Fluorescence
\efficiency or quantum yield is defined as the ratio of_the number of
duanta emitted to the number abaorbed.; The ratio isbalways less than
one because‘there is more.quantaAof light absorbed thanhis emitted in
'the form of'fluorescenee. Ihe fluorescence =fficiency of fluoreseein

is"0.70 and that of rhodamine'B‘is 0.25 (Nairn, 1969). . The former

, 1. A fluorescent dye or fluorochrome can.be excited by light
of short wavelength (e.g. ultrdviolet) to emit visible light of longer
wavelength which cam be observed as "fluorescence" . i

’



fluorochrome is most frequently used to kabel serum because of 1ts higher
fluorescence efficiency. Furthermore, fluorescein emits a green fluores-
cence‘whioh is sufficiently different to‘be distinguiShed from the blue
autofluoreecence of animal tissue. .

Fluorescein has to be converted to a reactive form; wifthout
laffecting its fluorescent structure, which possesses chemicAdl groups
[capable ofd}orming atable covalent bonds with‘protein (Figure 1). The

introduction of fluorescein isothiocyanate (FITC) by Riggs et al (1958)
has greatly simplified fluoreecein conjugation. FITC replaced the
previously used fluorescein isocyanate as the fluorééhrome of choice by
virtue of its stability, lack of toxicityband ease in preparation. The
commercial availability of FITC of high purity has been an important
stimulus in the field of immunofluorescence.

Conjugation of.globulina with»FITC‘is a COnplex Subject. It has
been extensively reviewed by Goldman (1968) and Nairn (l§69) in their
excellentltektbooke to which constant references were made throughout”
this study. “In the following review, some details of closé’relevance to
our methodology are:presented in order‘to:elucidate the complexities
concerning the subject.

Antisera for FITC lahelling‘are prepared according to the same v
‘principles as those used in general immunological work. Virus antigens
and other kinds of antigens are purified in various ways prior to
inoculation into suitable animal hosts in order to reduce contaminant
antigens derived from the tissues in'which the virus 1is propagated. A
rather large total dosage of antigen is gradually given to the animal

host by practically any route other than orally and over a period of

Several weeks' to several months. Crude fractions or highly refifed
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NH — € — NH — (CH,), — Protein
s

Figurell , - ' -

FITC Conjugate with e€-amino Group of a Lysine Residue
- in a.Protein. : - . .
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globulin fractions are prepared from sera by different methods before
P N

FITC labelling. One of the most commonly adopted methods_to precipiate
: ilobulins from the serumdis by ammonium sulfate fractionatioh. Kaufman
_ and Cherry (1961) first pointed out that contaminstion of globulin with
Q.08 M or greater concentration of ammonium sulfate interfered uith
conjuéation'to FITC. - On.the.otber.hand, Hebert and Pittman (1965)
showed that precipitated globulins lost over 99% of their ammonium
"sulfate within 6 hours of dialysis (in a 27/32—inchbbag) against 200
volumes of.saline. ' - " . _ |

TWO methods of labelling glohulins with FITC are currently used:
, the direct method. and the dialysis method

With the direct method of labelling, the FITC solution is added
directly" to the globulin solution.. Hebert et al (1972) have described
dn detail this techniqué which is used in several laboratories.

The ‘dialysis methad was devised by Clark and Shepard (1963)
With this method,  the globulin solution is dialyzed against the FITC .
solution 8o that the dye‘diffuses through the dialysis membrane into-the
globulins. Conjugates prepared by this method exhibit considerably less
Ai nonspecific staining than conjugates prepared by the direct method,

provided that the concentration of FITC did not exceed 20 mg per gram

of protein.

“All conjugates contain buffer salts which are removed by dialysis

o

The conjugates also contain various unwsnted fluorescent components such
as impurities from the‘original fluorochrome used, hydrolyzed fluord\\'
chrome or other products formed during the conjugation reaction. These
unwanted fluorescent components are collectively called unreacted

. k i
fluorescent material ‘(UFM) . They mist be removed from the conjugates

A}



since they constitute an important source of nonspecific staining.; UFM
is best removed by gel filtration through a Sephadex G 25 or G-50 column

-

(Nairn, 1969) ' .

" McKinney et al (1964&) have ertensively studied the factors that
control. globulin labelling with FITC. They reported that conjugation of i
'rabbit immunoglobulins was accurately controlled by the amount ‘of FITC :
used. The conjugation reaction was essentially completed in 30 minutes_.
if the reaction temperature was at 25° c, the protein concentration at
» .2 SA (25 mg/ml) and if a 0.05 M phosphate buffer (pH 9.5) was used. They
indicated that conjugation at 25°C allowed much more efficient utiliza— |
tion.of‘FITC and consequently.more reproducihle reSults. However, these
workers were testing conjugatee onqbacterial smears only. They did not
‘_ therefbre discuss nonspecific étaining frequently encountered with tiesue
culture cells or'sections of animal tissue.

Immunofluorescence staining in these host syetems was inveatigdted
by Spendlove (1966) ‘he conjugated‘anti—reovirus immunoglobuline from
several animal species with varying concentrationa of FITC to determine
whether the optimal concentration of FITC to be used in conjugation was
different-for,each‘immune gserum. He had assumed that globulins of high
antibody titer could be labelled'more heavily since they could be diluted
further to eliminate nonspecific.staining. The results obtained; however,
showed that conjugation conducted ‘at the proportion of 20 mg of FITC per
‘gram of protein was. optimal for all sera. Use of FITC at higher con—'

. centrations (even at 21 mg per gram of\proteiu) would lead to excessive
nonspecific staining which kept increasing with the concentration of

the dye. To o#tain more uniform labelling and . eliminate the occurrence

of "pockets" of high FITC concentration, Spendlove devised a modification



of the direct method of 1abelling. He'adiusted\the pH to‘9,5wafter.FITC '
was mixed with the serum proteins.’v'zfn BT | |
| Staihingreactions with FITC conjugates are relatively simple to‘
'pébform. The same basic procedures are . applied whether information is
| sought on the antigen or the antibody. ’Since:the'purpose of this studyf"
o is to, identify ‘viral antigens, the methods employed to demonstrate '

ntigens are hereby described 0Unknown antigen is detected by

: indirect method of staining. ' There is° also the complement method of
.staining which is less frequently used. | |
The direct method of staini?g was devised by Coons et al (1942)
who introduced the immunofluorescence technique and was’ modified later
by Coons and Kaplan (1950). “Bpecific immunoglobulins are labelled with':

$17C and the conjugate is directly uged to stain microscopic preparations

L.

containing the homologous antigen..

. o
The inditect method of staining was introdﬁEed by Weller and

S

Coons (1954) It is a two—stage procedure in which the antigen prepara—
' tion-1is first treated with homologous antiserum and subsequently the

antigen-bound globulin is stained by means of labelled animal—species—

specific antiglobulin. . » .
)

U

The complement staining method was introduced by Goldwasser and
Shepard (1958). This method 1is based ‘on the fact that most antigen-

antibody reactions’ bind~complement. The antigen is first treated with

a mixtyre of ihactivated unhgbelled antiserum and guinea pig complement.
Thereafter, ‘a FITC—conjugated anti—guinea pig complement is applied.
The disadvantage of this method lies in the number of controls required

Ehy n“

to establish the specificity of any fluorescence produced, since any of

&
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the three reagents inv01ved may be a source of nonséecific staining. v;f

uced by Coons &t al

0

When the immunofluoreScent technique was intr

in 1942 it seemed promising to. revolutionize the dd,gnostic methods of

i

) viral diseases._ It petmits the rapid identifiqation f;specific virsl

S

antigens and requires relatively simple equipment wit‘in thé capacity

of most virus diagnostic laboratories. However, despive sucaesSful
: applications ‘to the diagnosis of influenza by Liu (1956 and of rabies
by Goldwasser and Kissling (1958), the technique has not\lived up to
eXpectation in diagnostic virology.. The recent publicatidn of d mono-l;
graph by Gardner and McQuillin (1974) should encourage its/ general use.
Our interest in the diagnosis of coxsackie B viruseL (types 1
to 6) by immunofluorescence originated from their tole as a possible
causative agent of chronic cardiac diseases (Lerner and Wilson, 1973).
Like the morphologically similar coxsackie A viruses, polioviruses and
echoviruses, coxsackie B..viruses are enteroviruses in the picornavirus
group.‘ Complete virions are 18-25 nm in diameter, being composed of a
single;stranded RNA molecule enclosed in a- naked protei?:fapsid with 32
capsomers.v Cubic symmetry of the icosahedral type has.been suggested ‘as
the structural form (Melnick and Wenner, 1969) Virus. replication
appears to take place in the cytoplasm of host cells (Levintow, 1974).
' ‘.i Immunofluorescence staining has not found wide apg%ication to the
rapid identification of enteroviruses. Buckley (1956, 1957) was one of
,the first investigators to show, by immunofluorescence, the sequence of "
'events in tissue culture after infeo‘gag with polioviruses.. She
‘described in detail the morphology of ﬁhe newly formed viral antigen at

: different-stages after.infection.



'Shaw et al'(l961) reported'the‘use of'a'direct immUnofluorescent

technique to identify certain coxsackieviruses and echoviruses.‘ Rabbit"

- antisera to. these viruses Were pooled according to the scheme of Lim

.and Benyesh—Melnick (1960) The serum pools were conjugated with FITC,
" then absorbed with rabbit brain, liver powders and monkey kidney cells .
to reduce nonspecific stai inx., With the help of rhodamine B as counter—
'stsin, a rapid although pnovisional identification of the enteroviruses -
in tissue culture was achieved. |

‘ Hatch et al (1961) and Hatch (1963) employed the direct immuno-'
fluorescent technique to identify enteroviruses, including coxsackie B
viruses in monkey kidney'cells_inoculated with.stoolispecimens. FITC o
was'conjugated to type?specific antisé&a; The conjugates were absorbed :
with monkey liver-powders‘and monkey kidney CEIls.to reduce nonspecificb
| staining Infected cultures were gtained at -an early stage of cytopathic
change.' All isolates identified by the immunofluorescent method were
_confirmed by neutralization tests and the technique was regarded as highly
vspecific. _ U H

Zalan et al (1965) applied the indirect immunofluorescent tech-
nique to identify group A coxsackieviruses propagated in primary human
amnion cell cultures. Some cross-reactions were noted between gome of
the serotypes but they could be easily differentiated from type—specific
reactions by the intensity of fluorescence. Nonspecific staining was

K7
reduced by absorption of the antisera with mouse liver powder and human

amnion~cells.
» Sommerville and Macfarlane (1964) utilized the indirect {mmuno-
y fluorescent technique to detect group B co“hckieviruses in human 1euko—

cytes and“in cells fromgcerebrospinal fluid (Sommerville,”1966).

PR AN
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Specific fl&orescence wss’reporteglﬁut the‘results awsiticonfirmstion.
Contrary to the type-specific immunofluorescence reported by
previous workers, Chaudhary and Westwood (1970) observed strong cross- -
reactions within and between the poliovirus, coxssckievirus and echo-
virus groups. . U;ing the indirect immunofluorescent technique, viruses
were grown in green monkey kidney cells and demonstrated by rabbit |
| antisera together with conjugated guines pig snti—rsbbit globulinr They
- concluded that the cross—reaCtions representedia group-specific response
as the result of shared sp Ciiicity within;the enterovirus group.

The most notemorthy report to date onbthe immunofluorescence
staining of group B coxsackieviruses was. by French and co—workers (1972)
The sensitivity and specificity of the indirect immunofluorescent tech~
‘nique were assessed Antisera=produced in monkeys and hamsters and
immune ascitic fluids from mice were tested for homologous and hetero-

' logous staining of BS-C-1 cell cultures infected with group B coxsackie—
viruses. Acetone—fixed microscopic smears were prepared from trypsinized
Iculture cells. Each smear was treated with-two—fold dilutions of immune
sera, thenlstained with a/"working dilution"vof FITC-conjugated anti-

. specfts globulin. Immune'reagentS'from these species.shoved gome hetero-
':logous snd nonspecific staining at 1ow dilutions. However, no consistent
'patterns of heterologous staining were. demonstrated It was observed that
the immune reagents could be diluted to a point where they gave no hetero—
logous reactivity, but still showed chsrscteristic homologous staining.
Using an appropriately diluted hsmster antiserum, this group of workers
reported the correct identification of 79 (932) from 85 field strains of
group B coxsackievirusesvafter one passage in BS-Crl cells, while the .

remaining strains were identified after two passages. Nevertheless, they

Iy



‘5failed to detect homologous staining in excess of nonspecific or hetero-
".logous staining iq,two human heart and brain tissues from which coxsackie-
‘.virus Bé-had been isolated. This report presented encouraging results
“in the use of indirect immunofluorescence staining for identifying group
B coxsackieviruses in tissue culture, but the technique failed in its |
application to human tissues. Moreover,vthe methodology was not suffi—
ciently standardized - No fluorescein/protein ratio of the conjugates
was mentioned nor was the "working dilution of the conjugates quanti-
ltatively explsined. More significantly, the specificity of the |
homologous staining had not been confirmed'hy antibody‘blocking tests.

The etiological role of coxsackie B viruses in-cardiac,diseases
. was extensively studied by Burch et al (1967, 1968) “They demonstrated,
by direct and indirect methods of. immunofluorescence staining, the |
"localization of coxsackie B virus antigens in human heart tissues taken

iat autopsies. In most instances, however, staining of heart tissues by

:'immunofluorescence showed positiVe results with antisera to more than one
type Of coxsackie B viruses. Their supporting evidence was not entirely
satisfactory for the lack of proper controls. | |

The ultimate goal of this investigation is to assess the role of
coxsackie B viruses in the etiology of human myoc’pdiopathy.' In anti-
~e¢ipation of. the complexities of tracing viral antigens in animal tissues
in vivo, the parameters of immunofluorescence staining must first be
-explored in vitro using an experimental host system of tissue culture
cells. The present study was therefore undertaken to develop a repro—
ducible method for the conjugation of FITC to'immunoglobulins and to
assess the.sensitivity and specificity of direct immunofluorescence

staining forbthejrapid'identification of group §,COxsackieviruses in
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* immunofluorescent technique for the detection of coxsackie B viruses in

animal tissues.



MATERIALS AND METHODS

N

1. Virus Strains

The following certified virus strains of group B coxsackieviruses

. were employed throughout this study.

Coxsackievirus Bl (Comnnecticut 5) '

Coxsackievirus‘ﬁ2“(bhio‘1) I .
Consac#ieviruszS‘(Nancy) T |
ACoxSacrievirusspé;(JﬁB) o - . e h ‘iﬁ i
%f*”";ﬁv'Av*;'°§§9§°kiefiluﬁrﬁ5'(féulk“¢f),' ) |
- CoxsackievirustBG:(Schmitt) |
‘ The‘coxsackievirus~83~str:in was obtained from Dr.. M. H.‘Hatch,
Enteric Virology Unit, National Communicable Disease Center, Atlanta,

Georgia. All the other. strains were obtained from the Research.Reference

Reagent Laboratory, National Institute of Health, Bethesda, Maryland

2. Tissue Culture Cells

Twa lines of human cells, both obtained from Flow Laboratories. E
'were'employed; The HEphZ‘cells (human epidermoid carcinomaﬁof larynx)
were used primarily for the propagation of viruses; whereas the Hela
cells (human carcinoma of cervix) wer; used for virus propagation,

-virus titration ‘and the preparation of coverslip cultures.
‘In addition, primary African green monkey kidney cells (AGMK)

.4obtained from Connaught Laboratories were used. for virus propagation,.

titration as well as neutralization tests.
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X*' The 3ruwth medium for HEpeZ and Hela cells consisted of Eagle 8
 minimal essentisl medium (MEM, with Earle s ‘salts) supplied by Flow
Laboratories ' It was supplemented with 101 fetsl bovine serum, 100 IU/ml
of.penicillin—G, 100 ug/ml of streptomycin sulfate. 15 IU/ml of mycostatin,
and was%adjusted to pH 7. 4 with 7 5% sodium bicarbonate.

Eagle 8 MEM supplemented with 21 fetal bovine serum, 0. SZ 1actal-.
.~bumin hydrolysate (Grand Island Biological Co., Inc ) d antibiotics

- was used for the growth of primary AGMK cells

For each type of cell culture, the main nance medium was equi-

valent to th) growth medium without fetal bovine erum, . l;;ijjﬂ o
| g O RN
© 4. Prqgugation of Viruses o ' -

'.»

. The viruses used for the preparation of immune sera (designsted as ilfﬁ
vaccine viruses) ‘were propagated four times in primary AGMK cells ‘and sub—'
sequently threé times in HEp—Z-cells This was-followed'by a final'passage
’in HeLa cells because at that particular time HEp~Q cells were not readily
_availablp.’ These vaccine viruses were lsbelled as’ AGMK /HEp—Z /HeLa1 '

The viruses used for the infection of coverslip cultures (deaignated;f;
» L

: 'i,as seed viruses) were propagsted four cimes in primary AGMK cells folloWed -

.};'by fout passages in HEprz cells, and-we/e 1abe11ed as AGMK /HEp 24

| Eight Roux bottles containing monolayers of culture cells were'_,f_’
.h‘routinely used for each virue passage. Prior to inoculation, the tissueilii
f”fculture growth-medium was discarded Ten ml of a virus suspension, conr

.»ttaining approximately IOSTCIDSO/O 1 ml (tissue culture inféctious dose),~
, o |
‘ were inoculated into esch bortle culture., The virus was allowed. to

-A,fadsorb to the culture cells for 60 minutes at 37 C.- After,the adsorption,.'

A i . " . I
Ny . . |
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' infected cells were incubated at 37 % and harvested when complete cell

degeneration (4+ cytopsthic effect) occurred usually after 24 to 48

hours of incubation. L %w }

The infected cultures were frozen at —70 c and thawed st room

n

temperature for three %onsecutive times. Thereaﬁter,-the content of each

Roux bottle was pooled., The pooled culture fluid was centrifuged at
0

- 8, 000 rpm for 60 minutes at 4 c in a Sorvall RC-2 centrifuge with a

. - . .
SS 34 rotor to remove Cellular debris. The virus— htaining supernatant

was treated with fluorocarbon (Genesolv—D, trifluorotrichloroethane,

Allied Chemical) according to the method Qf Hamparian et al (1958) One

_ volume of fluorocarbon waa added to two volumes of virus suspension and

’ the mixture ‘was homogenized while the treatment vessel was submerged

N

in<an'ice-bath. _The mixture was kept at 4 C overnight to allow Separa-.

S tion of the organic phase from the aqueous phase. The virus—containing

R

aqueous phase was B osequently removed and Centrifuged as described
P 0
above.. The supernatant was- decanted, poaled and assayed for viral

,,,v

‘ infectivity. The virus preparation was preserved at —70 C.

'5 Titration of Virus Infectivitz if » },‘H ',ig

The amount of infectious virus present in the fluorocarbon-‘»
treated virus Snspensions was titrated in tissue culture according to

standard methods (Schmidt, 1969) After the final pzstssage,L the vaccine ‘

“.:'virus preparations (AGMK&/HEp*23/HeLa1) were titrated in HeLa cells

becsuse other cell types were not available at ‘that time., The seed

. virus preparations (A /HEp—Z ) vere titrated in primary AGMK cells

and HeLa cells. . ;'

0
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In each titration, ten—fold.dilutionslof‘virus were prepared with
tissue culture maintenance medium. Eacb virusidilution, in 0.1 ml
amounts, was inocuiated intoAfour tubea of'cuigure cells.‘_The inoculated
cultures were incubated at 37°C and eaamined daily for cytonatbic effecE ©

‘ , .
(degeneration) over au7—day period. The 50% end—point was determined bv
calculating the'higbest virus dilution which produced cytopabhic effect
'gﬂgﬁ SOZ of the celi cultures inoculatedA(Reed and EUean,il938). Tbe
virus eiter was expressed in TCIDSO per 0.1 ml QSOZ tissue culture
' . . .
infectious dose). ) : o f’
| Attempts were-made to' titrate the viruses in suckling mice (one

day.old).‘ Viruaag}lutions were prepared as described above and 0.02 ml
of each dilution was inoculated intracerebr‘&ly into eight suckling mice

Inoculation via the intraperitoneal route: (0 04 ml per mouse) was also

attempted.' The inoculated mice were examined for mortality over g

period of 14 days. .:?

|~

6. Prebaration of Immune Sera
Female guinea pigs (age 3 to 4 mdunths, weighing 350 to 450 g) were
used as host anihals. Prior to immunization; the guinea pigs were bled )

~ for normal serum (designated as pre-immunization serum). . Each animal
. . . . . E -

r ceived seriesoof.three'injections of undiluted virus suspension
\

(dpr ~vimately 106TCID /0 1 ml) at weekly intervals via the following

routes. l 0 ml intraperitonea&&y and O 5 ml Subcutaneously (into the

»

‘interscapular brown fat). 1In ‘the fourth week, eacb'animal received

1.5 ml of a virusladjuvant-mi,xture2 intraperitoneally and 0.5 ml

2. The adjuvant was pFepared by mixing 9:volumes of:baraffin oil
with 1 volume of Arlacel A (mannide monooleate, Atlas Chemical Industries,
inc.). Equal volumes of virus suspension and the adjuvant were then com-

bined and shaken until homogenous to obtain the virus-adjuvant mixture
.

< } : : K ’ : 4.



16

'

subcutaneously. The animals were:test—bied in the sixth week. During
the seventh and eighth week, each animal was giwen booster injections
of 2.0 ml of the virus—adjuuént mixture intraperitoneally and 1.0 ml

subcutaneously

The animals were bled‘ﬁht by cardiac puncture approximately four

Jeeks after :the last‘injectianw fThe‘immune serum was separated from the

v

. clots and centrifuged\at 8,00Q rnm fot)60 minutes .at 4%¢ %n a Sorvafl
RC-2 centrifuge with a SS-34 rotor. The supernatant serum was pooled
and preseryed at -70°C untii use. "

In this manner, ianne sera td each of the coxsackie B viruses”
wete obtained. A batch of normal serum was. nrepared by bleeding out
non—immunized guinea pigs. Tnis normal (non-immune) serum was used for

S

the. preparation of a control FITC—conjugate. The pre-immunization sera,

because of their small quantity, were reserved forlperforning antibody

blocking tests..

7. Détermination of Neutralizing Antibody Titers

The level‘of neuttalizing antiﬁodies in‘each'anti—ccxsack;e B
vvvvirus immune serum obteined ffbm.guinea pigslﬁas detetmined by neutrali-
;ation test, using pr;naryvAGMK_tuse Cultutes as hoSt_system}"Neutrali—
zation‘titers were detetmined'b; the'constant virus—varying serum method;
in which\dilutions of serum were tested against a constant dose of virus..
The method of Melnick and Wenner (1969) was used ' The immune sera nete
Aebsorbed with HeLa cells which were used for. the propagation of vaccine }

viruses Immune sera before and after Hela cell absorption weréAtested

> 1in parallel to detect the effect: of anti- HeLa cell antibodies on. the ;

I3

"neutralization titer.
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Before each test, the serum was inactivated at 56°C for 30 minutes

-

to remove ndnspeéific‘inhibitors of virus infectivity. The challenge.

virus consisted of a constant dose of 100 TCIDSQ/O 1 ml of tissue

'culture-passaged seed virus (AGMK /HEp-2 ) from the respective coxsackie

B virus?strain.v Ten—fold virus dilutions and two—-fold serum dilutions

w7 W

were then prepared With‘tissue culture maintenance medium. Virus in 1 ml

‘amounts, calculated to contein'lOO TCID50 per 0.1 ml, was added to an

v»equal volume of each s€rum dilution. The mixtures were incubated at

37°C for 60 minutes, then inoculated in 0.2 ml amounts into each of four -
culture tubes per serum dilution. A back\titration of virus titer was:,
conducted using 100,d10 and 1 TCID50/0.1 ml of virus. The cultures

were incubated at 37°C and examined daiiy for seuen days to detect
cytopathic effect. The neutralization titer was determined as the
highest serum dilution which "protected" the cultures against the

challenge virus.

Attempts were also made to determine the neutralization titers of

the HeLa cell-absorbed immune sera in suckling mice (one day old) using

" a constant virus dose of 100 LD50 (lethal dose) per 0.02 ml with

increasing’ dilutions of immune serum (Melnick and Wenner, 1969). The

same prinoiple was applied and virus-serum mixtures were set up in the

same_way'as:just described. The mixtures were inoculated in 0.04 ml

amounts intraperitoneally into eight suckling mice per serum dilution.

'~The.miée were checked daily for mortality for 14 days.

8. Precipitation of Immunoglobulins with Saturated Ammonium Sulfate

A Serum fractionations were performed with saturated ammonium

sulfate (760 g per 1iter) adjusted to pH 7.0 with 1 N sodium hydroxide
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gslnha‘andeeddy, 1964). Ten ml of immune serum‘were diluted with-10 ml
of"deionized-waterﬁ .Subsequentli 20 ml of saturated ammonium sulfate
solution were addedjdropwise with‘stirringbat 4°C. The mixture was kept
at 4°C oVernight and then centrifuged at 8,000 rpm for.60 minutes at AOC
in a Sorvall RC-2 centrifuge with a SS—34 rotor. The supernftant was
discarded and the pagked globulins were dissolved inddeionizedlwater.to
a final VOlume of 10 ml. A second precipitation was performed similarly
by adding 10 ml of saturated ammonium sulfate to the dissolved globulins.
The mixture was centrifuged immediately as described above and the final
precipitate was dissolved in 0.85% sodium chloride to a final volume of
“about 5 ml. The reconstituted globulins were dialyzed, in a 3/4-1inch
kdiameter dialysis tublng, against 4 liters of 0.85% sodium chloride
(adjusted to pH 7.0) at‘4°C with four to five changes of saline over a
two-day period to remove traces of‘ammonium sulfate. The/dialysis was
considered complete when no cloudiness was observed in mixing equal

volumes of the dialyzing saline:and a saturated barium Chloride solution.

9. Determination of Protein Content by the Biuret Reaction

]

The protein in the dialyzed globulin sample was determined‘by the !
" biuret reaction. The biuret reagent Qas prepared according to Gornall

et al (1949)._ A protein standard curve was preparedlfor each‘batoht

(500 ml) of biuret reagent, using rabbit gamma globulin, fractlon 11
'(Miles Laboratories), as the standard. The'standard protein was -
dissolved in PBS, pH 7.2, at 5 different concentrations ranging from

0.3 mg/ml to 5 mg/ml. Eour milliliters of- biuret reagent were added to

1 ml of each protein solution and to 1 ml of PBS, pH 7. 2, as blank. o

The samples were incubated at room temperature for 30 minutes to develop
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-the samples were observed as described above against the blank. The

19

color. The absorbance of each sample was read in 1.0 cm cells against

the blank at 540 and 560 nm on a Beckman Model 25 spectrophotometer,
" B

the waveléngth calibpatibn and absorbance of which had been cﬁecked

prior to each determination. A linear standard curve was‘obtained'by
[

blotting absorabance at 560 nm against protein concénf;ation (mg/ml). In
measuring the protein content of a globulin solution, the sample was
diluted‘lzlo apd 1:20 with PBS, pB 7,2."Theh.0;5 ml of each dilut£;n

was mixed with 2.0 ml of biuret reagent and the s;mples were incubated

at room temperature for 30 minutes. A blank was set.uﬁ‘by addiqg 2.0 ml
of biuret reagent to OIS m1 of PBS, pH 7.2. Tﬂe abéorbahce readings of

3
3

protein content of each globulin dilution was determined in duplicate

§

and the average value was converted to milligrams of protein per ml of

tﬁe undiiuted globulin solution.

|

'10. Conjugation of 1mmunoglobulins with Fluorescein Isothiocyanate

The immunoglobulins were conjugated with crystalline fldorescein

‘iéothiocyanate (FITC, Baltimore'Biqlogical Labqrétory, Baltimore,

Maryland) by -a modification of the dialysis technique of Clark and
Shepard (1963) .
Conjugation was conducted in the proportion of 18 mg of FITC per

gram of protein. The required‘amoun; of FITC was disgolved in~0.l M

NaZHPO4

a galc&iated amount of immunoglobulin solution was diluted to a concen-—

‘and the pH was adjusted to 9.5 with 0.1 M Na3P04. Meanwhile,

tration of 2% proteia (20 mg/ml) with 0.2 M Na HPOA, then adjusted to

ia

pH 9.5 with O 1 M Na PQ& (Hebert et al, 1972).

For labelling, the FITC solution was placed in a dialysis tubing

- s

»
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(1/4-1inch inflated diameter) and submerged into the immunoglobulin
solution.' Conjugation was allowed to proceed at room temperature for

4 hours with constant stirring by a magnetic stirrer. Thereafter, the

o

conjugation procedure was discontinued by discarding the dialysis tubing
containing the dye solution. The labelled immunoglobuli s were then ”

. dialyzed in a 3/4—inch diameter dialysis tubing, against 4 liters of
0.85% sodium chloride (adjusted to approximately pH 8.5 with 1N sodium
hydroxide) at 4°C with 6 to 7 changes of saline over a 3- day period. s

After'dialysis, the conjugate was Kept at -70° c until further ‘treatment.

y

. .
11. Absorption with HeLa Cells .

The dialyzed conjugate was absorbed with Heha cells to remove
unwanted antibodies. HeLa cell monolayers grown in Roux bottles were -
dispersed with 0 25% trypsin (Difco Laboratd;ies), suspended in tissue
culture maintenance medium and packed at 1,200 rpm in a Model K Interna—
tional Centrifuge (total volume of packed cells was approximately 0 5. ml)
The cells were washed with PBS, pH 7.2, and packed in a graduated centri- ;
f?fuge tube successively for three times.. After the last packing, the '-v
cells were re—suspended in 3 ml of conjugate. Absorption of the |
conjugate with the washed cells was allowed to proceed for 30 minutes

(.\

‘at room temperature, with frequent agitations, and then at 4°C overnight.

S

The conjugate—cell mixture was centrifuged at 8,000 rpm for 60 minutes

1at 4 C in a Sorvall RC-2 centrifuge with a S5-34 rotor. The supernatant

conjugate.was preserved..

12, Sephadex G-50 Gel Filtratipn .
The conjugate was further freed of uncombined FITC by passage

through a_ Sephadex G-50 column (Zwaan and van Dam, 1961). A 12 mm o
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X 350 mm cofumn was packed.with Sephadex G-50 Fine (Pharmacia,-Sueden)
gelated in PBS, pH 7.2, at room~temperature. -A 3 ml sample‘of the
conjugate was applied to the column and eluted with PBS, pH ? 2. Tuo :
yellow—colored band were observed (with the naked eye) in the. column,
separated by a dist&nce of approximately 10 cm. The first band contained
‘the proteinndye complex ‘and no free dye; the secend‘containedvfree d&e J
only. The first colored fraction to_emergeifrom the column was,
collected;‘ :

The FITC-conjugate fraction_cg}lected-fromrthelsephadex{GﬁSO‘
celumn_was passed thrqugh a 200'nm'pure—diameter membrene:filter‘to
achieve bacterial sterilfty. Several.samplés of'tne.same eunjugate

~ purified by gel filtration were pooled and assayed for fluorescein/

protein ratio. o
. . P ) . [

The above procedures (ammonium sulfate‘precipitatien; COnjugation,
HeLa cell absorption and Sephadex gel filtration) were employed to.
prepare conjugates from type—specific immune séra to each of the coxsackie
cB viruses. For each virus type, the same batch of immune serum was used

throughout the experiments., A normal (COntrol) conjugate was also

prepared from normal (non-immune) guinea pig serum.

. . ’ v ,
13. Determination of Fluorescein/Protein Ratio

After Sephadex gelffiltratiOn, the conjugate wasecharacterized by

determining its fluorescein/protein ratio (F/P).
- - ’ . - -

A (@) Protein Determination
The total protein concentration (mg/ml) in the conjugate
was measured by the biuret method as previously described.

Absorbance was read in 1.0 cm cells at 560 nm on a Beckman, Model 25

Gl
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spectrophotometer .

(b) FITC Determination

Fluorescein isothiocyanate (FITC) was determined as protein-
bound FITC by absorbance in 1. 0 cm cells in 0.1 N sodium hydroxide
at™490 nm (wavelength of‘maximum absorption) on a Beckman Model 25

spectrophotometer.4_The reference standard for FITC determinationi

 was fluorescel acetate, FDA3; dissolved'in“o.l N sodium

hydroxide (McKinne§ et al; 1964b). A reference standard curve
was established by measuring the absorbance in 1.0 cm cells at
490 nm of FDA dissolved in 0.1 N sodium hydroxide at various
concentrations between 1 and.3 pg of FDA/ml. To measure the
amount_of protein—bound FITC, the conjugate wae appropriately

diluted with 0.1 N sodium hydroxidevand the absorbance was read

- at 490 nm against the diluent. FDA.concentration values obtained

from the standard curve were converted to protein—bound FITC

concentration by multiplying with the factor 1. 07, e.g.

FDA ug/ml x 1.07 = protein—bound FITC ug/ml. When multiplied by

: 'the dilution required to read the absorbance, the calculated

© value was the concentration of protein—bound FITC in the conjugate

in“ug/ml.

The relationship was based ‘on the followifig: For
a given spectrophotometer, the extinction coefficient
(E1.vg/ml) for FDA (0.208) divided by that for protein-

‘i’ ., bound FITC (0.195) is the constant 1.07. The use of

this factor and a standard curve prepared with FDA

.3. - Supplied, by -Eastman Kodak Co., Rochester, New York.

-
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eliminates the effect of variation in spectrophoto-
meters and relates all measurements of protein-
bound FITC to the primary reference standard FDA
(Hebert et al,®1972).

(c) Calculation of F/P Ratio
| A weight/ueight.ratio of fluorescein to protein was obtained
by dividing:the protein—bound-FITC concentration (ug/ml) by the
pfotein concentration (mg/ml), and was expressed as ug FITC per mg
protein (ug/mg). After the weight ratio was calculated, it was
. converted to an estimated molar ratio by multiplying with the

factor 0.411. The latter was derived from the expression

-3 ’ . |

160,000 x 10~ _ ¢ .1,

389

where 160,000 wae taken as the averaée molecular weight of gamma

Ed

.globulin, 389 as the molecular weight of FITC and 10_3 converts

‘mg's to ug's of FITC (Hebert et al, 1972). , -

() Storage of Conjugates
-After F/P ratio determination, the conjugates were

,dispensed in.O.S‘ml quantities and stored at —70°C until use.

, 14. ‘Pfeparation‘of.Virus-infected~Coverslip Cultures

'HeLa'celle'uere grown on glass coyérslips (8 mm x 30 mm, Corning
’Glass ﬁorks)‘in’LeightOn tubes until a full monolayet was obtained. Each
tube was inoculated with approximately 2 x 10 TCID50 of virus contained
in 0 2 ml of inoculum The virus vas allowed to adsorb to the Hela cells
at_37'C for 60 minutes. Control HeLa cells were inoculated under similar

'conditions with.O 2 ml of maintenance medium After adsorption,’each

vcoverslip was rinsed once with 2 ml of Hanks' balanced salt solution
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(HBSS), pH 7.4, to remove unadéorbed virions. One ml of maiqtenance

med fum waé then ad&ed to each tube and the cells were‘incubated at 37°C.
After approximately 12-16 ho:xrs of incubation, a 2+ to 3+ cytopathic
effect was observed (50 to 75% of the total numbér of cells showgd sign§ 
;f degeneration). During harvest,.each_coversiip‘was tinsed‘with 2 mi

of HﬁSS, pH 7.4, then removed from the tube and ;if—dried ét‘roém
temperature. The coverslips were subsequently fixed in acetone at room
. temperature fo; 10 minutes. The fixed coverslips were air—dried and
preserved aﬁ -70°C. For each'batch of coverslips prepared, an équal

number of control coverslip cultures were prepared under similar

éonditions. .

15. Direct Immunofluorescence Staining

Immediatély before being tested for specific and nonspecifié
staining, each cbnjugate'was diluted to a uniform protein concentration
of 10 mg/ml with PBS, pH 7.2. Two-fcid dilutions (starting a# i:S) of
the coﬁjugate were'then prepared-in a.1l0% suspension of :normal mouse.
brain in PBS, pH 7.2 (Lennette et al, 1975), ) S ‘

The direct method of immunofluorescence staining was employed
throughout'the experiments. Coversliés weré overlaid‘with appropriate
dilutions of the conjugate in a moiét chamber for 30 minutes. at room
temperature, then rinsed with PBS, pH 7.2. The coverslips Qere subse-
quently counterstainea for 5 minutes with gn aqueous solut;on of 0.05%
Evans blge (Fisher Scientific Co.).‘ Thé counterétainiﬁas thofoughly_
rinsed away with PBS, pH 7.2, and the covérsliﬁs were dipped in distilied--
ﬁater to remove salts. Each coverslip was drainéd of éxéess water and . -

mounted,'cell—side,down, in a drop of bdfferedvglyCe:ine on a 1 mm thick

’
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glass slide. The buffered glvcerine, pH 9.5, was prepared by‘combining
9 yolumes of glycerine with 1 volume of 0.1 M Na3P04

The preparations were examined immediately with a Zeiss binocular '
dark-field fluorescent microscopei . A high pressure mercury lamp, the
HBO 200 manufactured by the Osram Company in Munich, ‘was used to provide
ultraviolet illumination of ‘high intensity. AL Zeiss KP 500 interference
filter was used as the primary filter to- achieve separation between the
maximum absorption and emission wavelengths (495 and 520 nm respectively)‘
for.FITC_(Lewisbet al, 1973). A ‘ECondary filter, the Zeiss 50, was used.
. between the objective.and the eyeptece to permit only transmissions of
‘wavelengths above SOO nm,‘allowing theigreeplemissiOn of FITC-conjugatds
and the red emigsion of EvanS'blue'counterstain. lA non—fluorescent
immersion ‘01l (Zeiss)- was applied between the condenser and the slide'
12 Sx oculars and le 40x (dry) objectives were used for readingv>

For.each infected coverslip examined' by direct immunofluorescence
staining,'an uninfected coverslipvfrom the”same batch was stained in
parallel as avnegative control |

The degree of fluorescence staining was expressed from- l+.to 4+
‘A reading of 4+ indicated brilliant yellow—green fluorescence and 3+
indicated bright green but not brilliant fluorescence. Dull green.
fluorescence was assigned a. 2+ or 1+ reading. On this basis, ‘the highest

dilution of a conjugate which produced a 3+ or 4+ staining reaction was

_ selected as the‘end—point titer of the conjugate. Sy
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A

.16, End-point Titration of Immunofluorescence
Staining and Assessment of. Cross—reactivitx

The homologous staining titer of each anti—coxsackie B virus
-
conjugate was determined by the direct method of {mmunof luorescence
staining, using coverslip cultures infected with the sahe type of

coxsackie B virus employed to prepare the conjggate. For example, arti-

coxsackievirus Bl conjugate was used to stain coverslip cultures infected

«

“with coxsackieviruaiBI;
| The heteroloéous staining reactivities of each‘conjugate were
assessed similarly, using .coverslip cultures infected"nith the other five
'types of co#Sackie B vtruses heterologous to the conjugate..'For instance,
anti—coxsackievirus Bl conjhgste was used: to stain coverslips infected |
| nith’coxsackieviruses BZ—B6 As a positive control in each‘heterOIOgous
staining, a coverslip from the same batch being tested was stained with

the homologous conjugate (homologous to the virus type with which the
.

cells had been infected) in order to demopstrate the presence of the

specific viral antigen. For example, when antivcoxsackieyitus‘BI

conjugate was tesgted for cross—reactivity ' th coxsachievirus B4 antigen,

a positive control was. included in which coxsadkievirus B4 antigen was o
stained with.the end—point dilution of anti—coxsackievirus B4 conjugate;
- This positive'control ensured that coxsackievirus B4 antigen was ptesent

~in the infected cells and could be demonstrated with anti-coxsackievirus

Bélconjugate at its end-point dilution.

17. Blocking Tests for Specific ‘Staining

| To establish that any observed staining‘was imnunologically
specific, antibody blocking tests were performed bylthe seouence (two;step)
:method of Coons and Kaplan (1956), An undiiuted; unconj‘gated’immune

-
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.serum homologous to the antigen being stained nasﬁapplied to virus—infected L
HeLa cells. The preparations were incubated at. room temperature in a v

moist. chamber for. 60 minutes and rinsed thoroughly with PBS pH 7 2. - The

E

'rinsed preparations were drained of excess rinsing puffer and stained

for 30 minutes with dilutions 1 5 to 1: 80 of the conjugate homologous to

'I.

the antigen being stained The usual procedure of rinsing, counterlgaining

-,and mounting was followed. Inhibition of specific staining was exantined

boe e e
¢

under the fluorescence microscope.

CInc this manner, the staining specificity of each conjugate wasi R
N

‘agsessed by blocking tests using undiluted immune sera Hbmologous and
' heterologous to the antigen being stained. For each blocking test, :“
»,positive staining controls were included. Virus-infected HeLa cells were .

-

treated with normal (pre-immunization) serum and stained as described

'

above. -

. ".

'V18 Photomicrographz

Photomicrographs of immunofluorescence staining preparations were -

fi { taken sith a Zeiss. Type CS camera. Two kinds of .35-mm color slide films

| were used according ‘to the recommendation of Elliot et al (1974) Kodak*'
High Speed Ektachrome Daylight (ASA 160) and Anscdchrome SOO (ASA 500)

::'“ An exposure time of 30-60 seconds was used. Color films were processed

Ai"i_ and made into prints by commercial photo—finishers.

L 19 Formula for Preparigg Phosphate Buffered Saline e f.f: "“_ j\\\\
Phosphate buffered saline, pH 7. 2, was prepared according to the,

protocol of Dr. J. L Rigés, Viral and . Rickettsial Disease Laboratory,',_j,

= Department of Public Health, State of California.'



Phosphate Buffered Salime (PBS), pH 7.2, 0.005 M

(a)

®)

Distilled water to a fimal

Concentrated (10x) Stock Solution -

NaCl L .. 85 gm
NaZHPOA(ahhydrous) 5.65 gm-
KH'ZPO_A S 135% .

Distilled water to‘a'fihél.vqlume"of 1000 &1 .

Working Solution - PBS, pH 7.2, 0.005 M.
oA . o e

Coﬁcenﬁra;eé "Stock Soluﬁion’ . © 100 ml
3yolume of 1000 ml

>

Y
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RESULTS

1. fVirQ%~InféctiQity Titers
" :VVaCQipe virus p;eparations‘(AGMKA/Hﬁp—ZB/HeLai) showed TCID50
titers of appfdxiﬁate}y 106 per 0.1 ml when titrated in HeLa cell
'culﬁﬁres.v Titers of séed virus preparations (AGMKAkHEp—ZA) were appro-
Ximately the.same whether determined in Hela cells or in primary AGMK

o
4cells. The results of‘seed virus titration in primary AGMK cells are
ﬁsuﬁma?ized in Table f. The qaiculation of a constant virus dose of
';lOOITCIDgo/O.l ml was Sased on the titers reported in Table‘lﬁ

d§ttempts to pitraéé theuvaccine virus and seed virus preparations

in suckling mice .(one day old) failed because the animals were not

susceptible to infection. No animal infectivity titers were obtained.

E2 .
2. Neutralizing Antibody Titers

The neﬁtralizing antibody titers of the immune sera after Hela
cei}'absorption are shown in Table 2. ‘Neutralizing'antibody titers

determined before HelLa cell absorption of the immune sera were similar

.

e o ' _
to that determined after HeLa cell absorption, indicating that the
& ‘ oo
. presence of unwanted antibﬁﬂi@s had no observable effect on the results
of meutralization tests. JHowever, neutralizing antibody titers could not
be determined_in mice because the mice were not susceptible to -infection
. - . Al . . -

by the chalféngélviius.. NOrméi (non-immune) guinea pig serum and pre-

{mmunization serum were shown to have no neutralizing antibody activity.

v

29
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TABLE 1

TITERS OF SEED VIRUSES (ACMKA/HEp~2A)

FOR COVERSLIP CULTURE INOCULATION

’

TCID per 0.1 ml
Coxsackieviruses >0
(in primary AGMK cells)
Bl 10°+°
B2 106'0‘
B3 10A6'O
B 1060
BS 10%°3
. B6 106f3

i

TCID

5

0‘per 0.1 ml:

G
50% tissue culture infectious
dose per 0.1 ml

30
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TABLE 2

-

NEUTRALIZING ANTIBODY TITERS OF ANTI-COXSACKIE B VIRUS
GUINEA PIG IMMUNE SERA (AFTER Hela CELL ABSORPTION)

Imﬁﬁne Sera to Neutraliziﬁg Antibody
* Coxsackievirus ‘ Titers®
“ .

B1 10,240

B2 ‘ 5,120

B3 | | ‘5,120

B4 ‘ © 20,480

B5 20,480

-B6 ’ 20,480

a: Reciprocal of the highest dilution of immune serum
which neutralized 100 TCID 0/Ov.l>ml of the homo-
logous coxsackie B virus.
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3. Fluorescein/Protein Ratios of Conjugates

For each type of-coxsackie B virus, immune serum thained from the
same batch of guinea pigs was used throughout the entire study for pre-
paring FITC-conjugates. Since immunoglobulins were labelled in sméll
quantities, several conjugates had been pfepared from each.type—specific
immune serum. Conjugates prepared from the same immune serum exhibited
very little differencesvin fluorescein/protein ratio, whereas those pre-
pared from different antisera varied slightly in F/P. Téble 3 summarizes
the F/P ratios of cdnjugates tovééch of the coxsackie.B viruses and also
to the normal (non-immune) ée;umu The conjugadtes reportéd were those
used in the final testing. The weight /weight ratios varied from}S.O to

7.1, while the estimated molar ratios ranged from 2.1 to 2.9. Based on

the latter ratios, approximately two to three molecules of FITC were con—
jugated to each globulin molecule. Under standardized experimental

3
conditions, the degree of conjugation was shown to be relatively constant.

" The modified dialysis technique described in this étudy therefore repre-

sented a reproducible method for the conjugation of FITC to,immunogiobulins ~

.

4. Direct Immunofluorescence Staining of Virus-infected Hela Cells

Virus-infected Hela cells were stained with conjugates to each of
Q

the coxsackie B viguses Sy the direct method of immunofluorescencé‘
-staining. The intensity 'of fluorescence was expressed on a‘four?point
v
gscale. A reading of 4+ déﬁoted brilliant yellow-green fluorescence, and
3+ denoted bright green but not briiliaht-flﬁoréscence. A reading of
2+-or 1+ indicated only dull green fluorescence. Each coversiip pre—

paration was examined under at leést\lZ microscopic fields. Thevréading

assessed therefore represented the overall intensity of the fluorescence
LY . .

observed.



TABLE 3

FLUORESCEIN/PROTEIN RATIOS OF CONJUGATES

Conjugates to

Fluorescéin/Protein Ratio

" ug/mg Molar
N )

Coxsackievirus Bl 6.5 2.7
Coxsackievirus B2 6;3 2.6
Coxsackiévirusz3 5.2 2.1
Coxsackievirus B4 . 6.5 2.7
Coxsackievirus B5 7.1 2.9
CoXsackievirus B6 - 6.7 2.8
Nbfmai serum ‘-‘5.0 2.1

33
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Figures 2 to Svillustrate the appearance of coxsacklevirus BA;

| infected and uninfected Hela cells stained with anct—coxsackievirus B&
c0njugate at dilution 1:40. The brilliance of the. yellow—green fluores-
cence,demonstrated in infected cells was slightly diminished when the
original 35-mm color slides were made into prints. 'Bright 4+ staining
reactions were shown in Figures 2 to 4, which represent three different
fields from, the same microscopic preparation -Aggregates of viral n
antigen were characteristically revealed by fluorescence in the cytoplasm
and around the nucleus of infected cells: Cytoplasmic. fluorescence

- appeared mostly as pin-point granules, while perinuclear fluorescence was
made up of hea;y aggregates and sometimes diffuse masses Occasionally,
fluorescent granules were observed on top of the nucleus of infected
cells probably because of the threeedimensional structure of the cell.
Background nonspecific staining was minimal and is demonstrated in
Figure 4 which was photographed with a long exposure time to permit the
recording of the blue emission of host tissue autofluorescence along with
the specific yellog—green fluorescence, Staining of uninfected (control)
cells under similar'conditionsvrevealed no observable fluorescence
(Figure 5) exceptrfor a diffuse tinge of blue tissue autofluorescenCe

' indicating the’ presence of Hela cells.

Autofluorescence of host’ cells ‘and tissue debris can be effectively '
quenched by counterstaining‘with 0.05% aqueous Evansvblue. This dye
'fluoresces red unﬁer.ultraViOletvlight and thus.brovides a good contrast
to the specific yellou;green fluorescence'(Fry and Wilkinson, 1963)Q .

the use of Evans blue, the background can be counterstained orange—red

and the observation of specific fluorescence is greatly facilitated
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Figuré 2

»

N ~
Coxsackievirus B4-infected HelLa Cells Stained with

Anti-coxsackievirus B4 Conjugate (Dilution 1:40)

Characteristic 4+ staihing reaction showing aggregates of viral antigen‘

" in the cytoplasm and around the nucleus of infected cells. Cytoplasmic

fluorescence appeared mostly as pin-point granules, while perinuclear
‘fluorescence was made up of heavy aggregates and sometimes diffuse
masses.-jFluorescentugranules.occasionally were obsgerved on top of the
nucleus of infected cells probably because of the three-dimensional
structure of the cell. Background nongpecific stalning was minimal.

" x 250

(Phqtograph ¢ourtesy of Dr. F.L. Jackson)

Figure 3

Coxsackievirus Bﬁ—infected HeLa Cells Stained with

Anti-coxsackievirus B4 Conjugate {Dilution 1:40) -

Another field'from the same preparatidh_as 1n'Figure 2, showing 4+
staining reaction. x 250 : . . :

y t ’
(Photograph courtesy of Dr. F.L. Jackson)
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Coxsackievirus B4-infected Hela Cells Stained with
‘Anti-coxsackievirus B4 Conjugate (Dilution 1:40)

Figure*4

Another field from the same preparation as in Figure 2, photographed
with long exposure to record the blue tissue autofluorescence of
host cells as well as the specific yellow-green fluorescence of
viral antigen. x 250 :

(Photograph courtesy of Dr. F.L. Jackson)

Figure 5

Uninfected (Control) HelLa Cells Stained with Anti-
coxsackievirus B4 Conjugate (Dilution 1:40)

Negative staining reaction showing only traces of blue tissue auto-
fluorescence indicating the presence of Hela cells. x 250
- " !

b

(Photograph courtesy of Dr. F.L. Jackson) ]
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Figures 6 to 9 illustrate the effect of Evans blue on #nfected and
uninfected HeLa cells stained with the homolqgous.cocjugate. The red
color in the background was due to Evans'blue counteretaining.

In the staining of coxsackie B virus antigen with the homologous
conjugate, two types of fluorescence were characteristically observed:
intense flcorescence surrounding the ngcleue.and pin-point foci of
fluorescence throughout the cytoplasm of infected cells. The intense
pefinuclear fluorescence was sometiﬁes cbserved as aggregates of
fluorescent granules and‘sometimes as a diffuse fluorescent mass at'the
immediate perincclear area. The appearance of both cerincclear and
cytoplasmic fluorescence has already been shown in Figures 2 to 4, buf
with Evens blue counterstaining, the yellow-green fluorescence became
more outstanding. Figure 6 illustrates a 4+ homologous staining
reaccion in whicﬂ coxsackievirus B4-infected Hela cells were stained
‘Qith anti-coxsackievirus Bé conjugate at dilution 1:40 and cocnter‘
stained with Evans blue. Both the ictense perinuclear fluorescent
aggregates and pin-point cytoplasmic fluorescence were observed,
although the latter was difficult co reproduce in photomicroéraphy and
the yellow—green‘fluorescence appeared moce yellow than green when
recorded on‘color film;:. The bright fluorescence stood out in mafked
.contrast to the ;ed uninfected cells and dark cell-free background.
Uninfected (control) Heﬁa cells stained with anti-coxsackievirus B4
conjugate at dilution 1:40 a:e shown in Figure 7. The normal cells
fluoresced in red because of Evans blue counterstaining. |

A vivid illustration of the pin-point type of cycopleemic

fluorescence is given in Figure 8, which represents a A homologous

staining reaction involving coxsackievirus Bl antigeﬁ and anti-



Figure 6

Coxsackievirué B4—-infected Hela Cells Stained with
Anti-coxsackievirus B4 Conjugate (Dilution 1:40) with
Evans Blue Counterstaining

Characteristic 4+ staining reaction showing intense perinuclear

fluorescence and pin-point cytoplasmic fluorescence. The yellow—
green fluorescence contrasted strongly against the uninfected HeLa
cells (red) and cell-free background (dark). x 250

i

-

Figure 7

' Uninfected (Control) ‘HeLa Cells Stained with Anti-
coxsackilevirus B4 Conjugate (Dilution 1:40) with Evans
Blue Counterstaining

Negative staining reaction showing uninfected Hela cells
counterstained orange-red by Evans blue. x 250
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_FigureB Co o,

fCoxsackievirus Bl-infected HeLa Cells Stained with Anti-
‘coxsackievirus Bl Coniugate (Dilution 1: 40) with Evans Blue
Counterstaining o

. Characteristic 4+ homologous staining reaction showing pin—point
foci of cytoplasmic fluorescence together with a diffuse

. perinuclear fluorescent mass in the same infected HeLa cell
.(center) x 250 B

-

Figure 9 S fn i.t“ o . ol

Al

quoxsackievlrus Bl—infected Hela Cells Stained with Anti-

coxsackievirus Bl Conjugate (Dilution 1:40) with Evans Blue
Counterstaining . :

' 4+ homologous staining reaction showing intense, diffuse peri~ -
Wnuclear fluorescent masses in infected HeLa cells. X 250 '
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coxsatkievirus Bl conjugate at dilution 1:40. The fine: pin-point
fluorescent granules characteristic of homologous staining were even
fmore outstanding when viewed under the fluor?scence microscope. Peri-
nuclear fluofg;&e could also be observed in the same infected cell as
a 'diffuse fluore;c;nt'mass sgrrounding the n;cleus. The cellfffee back-
ground was counterstained orange-red with Fvans blue.

'Figure 9 illustrates another example of a 4+ homologous staining
reaction involving the same system (coxsacklevirus Bl stained with anti-
coxsackievirus Bl conjugate, dilution 1:40). Perinuclear fluorescenée
was more prominent than in Figure 8 and was observé& as an inteﬁse,
diffuse mass surrounding the nucdeus. Cytoplasmic fluoresceﬁce, however,
was less well demonstrated in this section of the coverslip, being
pepresented by a few fluores;ent granules scattered in the cytoplasm.

The nuclei of infected HeLa cells appeared red and negative, marked

occasionally with some fluorescent granules. The latter was regarded

‘as cytoplasmic fluérescence observed on top of the nucleus because of
_the three-dimensional structure of the cell. ,

The presenée of intense perinuclear fluorescence and pin—point
cytéplasmicffluoré9ceﬁé§ in‘infected cells was characteristic of homo-
logous staining,fof eaéh'of the coxsackie B viruses. Both types af
fluoresceﬂ¢e_w¢r§:the;efo;e'used.as the criteria for eyaluating specific

‘staining; I . s

-~ Staining of cbxéackié'B vifus antigen with conjugates heterologous
té the antigen was characterizéd b; a diffuse cytoplasmic fluorescence of
2+ or lower;iﬁtehuity ouserved only at high concéntrations of the con-

jugaté. KTﬁis i v o of cytoplasmic fluorescence was readily .

distinguishable s~ . - specifir - Luc-escence described above.



~ Figure 10 shows a 1+ to 2+ diffuse cytoplasmic fluorescence.demonstrated
id the staining of coxsackievirus Bl-infected HelLa cells with an;i-
coxsackievirus B2 conjugate at dilution 1:5. Perinuclear’antigenic

masses were Qaguely discernible but were not clearly outlined and appeéred

to blend into the diffuse cytoplasmig fluorescence.

.5. End- point Titration of Tmmunofluorescence Staining
and Asgesgment of Cross-reactivity

In drdér to evaluate the performanée of immunofluorescent con-
jugatééy/g;staining reaction of_}+ or 4+ was chosen as an end*poinf. The
‘highest conjugate d}lution which‘produéed this'eﬁd—poiﬁt was regarded as
the staining titer of the conjugate.

The staining sensitivity of each conjugate was assessed by deter-
miﬁing its end-point titer using Hela cells infected with the coxsackie B
virus type homologous to the cbnjugéte. Working dilgytions 1:5 to 1:640 |
of the conjugate were prepared anq'used to stain the homologous antigen.
Oﬂ the other hénd, the staining specificity of each conjugéte was
evaluatéd by-teéting.the conjhgate's ability to cross-react with hetero-~
logous coxsackie B viruses growm in Hel.a cells. Working dilutions 1:5
to  1:80 of each cﬁnjugaté were used to stain viral antigens héterologous
:to the conjugate.. In every heterologous staining, a.éositive control of
the viral antigen being stained was included. For'instance, when
coxéackievirus Bélwas te;ted for cross-reaction with anti-coXsackievirﬁs
Bl conjugate;_a positive Eon;rol‘was included in which the‘présence of

coxsackievirus B4 antigen was demonstrated by staining with the end-point

dilution‘of.anti—co*sackie?irus B4 conjugate.



Figure 10

Coxsackievirus Bl-infected HeLa Cells Stained with Anti-
. coxsackievirus B2 Conjugate (Dilution 1:5) with Evans Blue
Counterstaining

Characteristic 1+ to 2+ diffuse cytoplasmic fluorescence of
heterologous staining at high conjugate cohcentration. x 250






Tables 4 to 9 summarize the results of homologous and heterologous
staining with coﬁjuéates to each of the coxsackie B viruses. The data
‘represernt composite résults ofﬁﬁany staining tests. .Results of éndF
poin£ titration and.heterologous staining were repeﬁtedly confirmed with
different batches of coverslips and no more variation than half.a grid

on the 4 point scale was observed.

(a) Anti-coxsackievirus Bl Conjugate
_Homologous and heterologous staining results of anti-

coxsackievirus Bl conjugat; are shown in Table 4. Staining of

’ ;nfected'and uninfected HeLa cells at conjugate dilution 1:5 was
frequently accompanied by a green "hazé" in the background, which
became rapidly diminished in the hext dilution. Uninfected.
(control) cells staiqéd‘at dilution 1:5 showed a light'tinge:of’
tissue autofluorescence of * to 1+ iﬁtensity, but were c;unter;

stained brown-red to red in subsequent dilutions. Occasionally,

uninfected cells appeared brown-red and negative even when stained

at diiqtion 1:5.
Two different kinds og f1UOrescence.were observed in the

stainihg of Homologous,(Blj viral antigen with anti—co#sackie?irus
Bl conjugate: perinuciear fluorescent masses and pin-point foci
éf fine cytoplasmic fiuorescence. Both kinds of fluoresen;e were
chafacteristic of specific étaining. The conjugate had an .end-

' E§tpéint'titer of’l:&Oband was sensitive in staining its homologous‘
virai.antigen‘ Thébépécific'étaininé became better defined
towards ﬁhe end—point diiution, although the errall-staining

intensity was mqre glaring at lower dilutions. Staining‘of the

homologous antigen at the end-point dilution was characterized
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by a 4+ specific fluorescence contrasted against a negative
background where uﬁinfecéed cells were counterstained orange-red
and the intercellular matrix dérk red. Staining of the homologous
ahfigen at dilution 1:80 (next above the end-point fite;) was
: markéﬁly fédﬁced, although éharécteriatic perinuclear fluorescence
and pin-point cytoplgsmic fluérescence were still discernible.
Consequently, eﬁd—point staining of the homologous antigen was
readily diétinguishablé frém stalning at othervdilutions. With
increasing dilﬁ;ions, tbe homologous stéininé became progressively
diminished ;nd was completgl§ negative at dilution 1:6407 ‘At
this point, iﬂfected and uninfected cells alike were counterstained
o;ange;red.

A'Staining of heteroiogous antigené with anti-coxsackievirus
Bl conjugate, dilution 1:5, revealed mostly 2+ diffuse cytoplasmic
fluorégcence.which lacked the fineness of the speéific pin—poiﬁt
fluorescence. - Perinuclear fluorescence in heterologous gtaining
was not ciearly outlined and usually blended into the diffuse’
cytopl#smip:fludrescence. Occasionally, ;s infthe staining of.
‘coxsackievirus B2-infected cells, only a light tinge of diffuse
cytoplasmic fluorescencé was observed at dilutionll:S. The
diffuse'fluoréécencelrapidly disappeared at higher dilutions and
was completely absent aﬁ dilution 1:20.

Contréry to the above observations, coxsackievirus Bé4-
infected Hela cells occasionally demonstrated a limited degreé of
cfoss—reactiVitf with anti-coxsackievirus Bl conjugate. Peri-
nuclear fluorescenée gnd pin—poinﬁ cytoplasmic fluorescence of 2+

inténsity’were observed in a small number of coxsackievirus B4-



A

infected Hela cells ohly when they were stained with the highest
working concentration (dilution 1:5) of anti-coxsackievirus Bl
conjugate. Although the quality.of fluorescence resembled that
of specific‘staining, the intensity (2+)‘was‘much lower than that
of hdmologoag staining at the same dilution. Furthermore, the
majority of coxsackievirus Bé—infected HeLaAcells exhibited only
a diffuse 2+ cytoplasmic fluorescence when heterologously stainéd
with dilution 1:5 of anti-coxsackievirus Bl conjugatg. The
observation of perinuclear fluorescence and pin-point cytoplasmic
fluorescence in the heterologous system was not entirely repro-
ducible when different batchés of coverélip preparations were
tested. .Consequently, it was not possible to decide whether the
observation indicated a specific antigenic relationship between

coxéackieviruses Bl and B4.

) Based on the results of Table 4, it is evident that anti-

coxsackievirus Bl coﬁjugate was sensitive and séecific in staihing
onsackievirus Bl‘growﬁ in'HeLa cells. A liﬁited degree of hetero-
logous stailning reactivities was observed only at high concentra- .

tions (dilutions 1:5 and 1:10) of the conjugate;-at dilution 1:20,

heterologous reactivities were completely eliminated. When used

~at its end-point dilution (1:40) to identify the homologous viral

antigen, the conjugate‘was highly speéific.

(b) Anti-coxsackievirus B2 Conjugate
—7

Reéults_df“end—poiﬁt titration and assessmgnt of cross-

- reactivity for anti-coxsackievirus B2 conjugate 4re listed in

Table 5. Staining of the homologous'(BZ) antigen \showed a high

s
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end-point titer of 1:160 characterized by périnuclear and pin-
point cytoplasmic'fluorescencc. Heterologous stdininglbf the
other types of coxsackie B viruses revealed low levels of diffuse
cytoplasmic fluorescence only at high conjugaté concentrations
(dilutions 1:5 and 1:10). Heterologous staining reactivities
were rapidly eliminated by diluting the conjugate, while homo-
logous staining remained brilliant up to the end-point dilution
(1:160). When the conjugate was diluted to 1:20, it had no
heterologéus reactivity but still demonstrated 4+‘homolqgous )

. ) /
staining. Consequently, the iliElRiNe could be effectively used

at the end—point.dilutionﬂ
’ AR St
c&id

R

'Bs}fy its homologous

[2

Pl

viral antigen in Hela

(c) Anti-coxsackfevirus B3 Confug

~

Evaluation of the homoioggaykééd heterologous staining

properties of anti-coxsackievirus B3 conjugate can be seen in
' Table 6. The conjugate wasnvery sensitive and demonstrated a
highvstaining'titér (1:80) for its homologous (B3;gantigen in
Hela cellé. When usgd at the highest working concentration
(dilution 1:5) for heterologous s;aining, the conjugate showed
only a 1+ to 2+ cytoplaSmié fluorescence, exclusively of the
diffuse type, with each of the heterolaegous types of coxsackie B
viruses. Aﬁldilutién 1:20, fhe.conjugate possessed ﬁ§ hetetp—
logous staining reactivity. The conjugate at the end-point

dilution (1:80) was therefore highly specific.for the identifi-

cation of its homologous antigen in culture cells.
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(n) Antiecoxsackievitus‘né Conjugate '

Tatlev7'sncﬁs the‘results ot,homoldgous and heterologous
staining'with anti—coxsackienirus B4_conjugate. A nigh end-point
‘ titet (léSO)‘was again cbservediin theghonolegous:staining system,
characteriaeg‘by'both perinuclear and pin—psint cytoplaspic

fluorescence. On the'contraty, staining ef hetetolcgous'cOXSackief
- B viruses at the highest working concentration (dilution 1:5) of -
the conjugate revealed’ only low 1evels of diffuse cytoplasmic ‘
' fluore9cence,in infected»HeLa cells. Heterologous,staining
.reactivities were quickly eliminated by dilutingvthe conjugate
nand‘were‘cembletely aBsent‘at dilution 1”20 - As'a.'result,j ne ‘
‘conjugate at the end—point dilution (1: 805 was highly specific,

“for- detecting coxsackievirus 84 antigen i{n Hela cells.

’1e)‘-Anti—coxsackienirus BS Ceniugate'

:In_Table 8, the stalning results of anti—coxsackievirus BS
,conjugate'are tabulated. The sensitivity of the conjugate was
demonstrated by the high endfpoint titet (1:80) in hcmqsogous &
staining, whicn was characterized by perinucleat and,pin-pointn “r_
l cytoplasmic‘fluorescence. Heterologous staining reactivities .
consisted. mainly of a l+ to 2+ diffuse cytoplasmic fluorescence
detected only at high conjugate concentrations.(dilutinns,l:S and
l:lO)landlnere etfectively eliminated at dilution l:ZQ.: The
conjuggle was thus nighly specific atithe‘end—pointidilution

(1:80) for identifying its'homqlogous (BS5) antigen."
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 (f)  Anti-coxsackievirus B6 Conjugate

,Table 9 summarizes the staining results of anti-coxsackie-
virus B6 conjugate. The same general pattern of homologous-and

heterologous staining was observed as with other conjugates.

» Staining of the homologous antigen (B6) was characterized by

, perinuclear and pin—poiﬁt cytoplasmic fluorescence as well as a

high‘;nd point titer (1: 160) ﬂStaining of heterologous antigens

3
g‘lﬁ only observed at high congugate concentrations (dilutions 1:5
b F - v\‘%

and 1: lO) and consisted of low 1evels of. diffuse cytoplasﬁic

[}

. i . \1 . ., .
fluorescence. 'Héteroioﬂﬂhs staining geactivities were totally
-absent at diluﬁi@n)ifﬁb;qnd'higher dilutions. The conjugate

qould'be”effectiveligq§ed at the end-point dilution (1:160) to

identify coisaqkie&ipus B6 in HelLa cells.

’ ) ar

(g) Conjugate to Normal Serum

As$ a controlfto the specificity of the staining observed,
"a conjugate prepared from normal (non—immune)'guinea pig serum
was examined for staining reactivities with éﬁxSackie B viruses.
The results are compiled i; Tabi- J. Infected and uninfected
HelLa cells élfﬁéidemoﬁstréted‘only traces of diffuse background
fluorescepce when stained with the highest working concentration

(dilution 125) of the conjugate. 'Thé cells were completely
. e . L
negative at subsequent dilutions up to, and incluéiig 1: 80 '

ey

Positive controls of ‘the viral antigens being stained (established
» e o Cw :
by staining each antigen With‘ﬁéf homologous conjugate at the

end-point dilution) revealed characperistigA4+!£ldofescence of¥
W . .
both perinuclear and pin-point cytoplasmic types. The normal

conjugate therefore possessed no nonspecific staining reactivity

(L

P
f
;
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with coxsacklie B viruses.

(h) Summary of Staining Titers

Results from Tables 4 to 10 are condensed into Table 11
which summarizes the staining titers of the conjugaﬁes. Only

the reciprocal of each‘end~poiﬁ§ dilution 18 shown. Homologous.

e
end-point titers were printed in bold type ahd heterologous

titers in régular_print; Cécasionally, when staining at
dilution l:S‘reveaied only diffuse flqérescence of * intensity,
the titey was indicated as <5. The hoho%ggg?g tifers of the
conjugates wére quite similar mainiy because the protein
content of each.conjﬁgate was adjusted to 10 mg/ml before *
working dilutions were made. Comparing the homologous and
heterologous titers, it is evidéﬁt that each conjugate was
sensitive and specific for identifying 1its homologous antigen?
It Qas sensitive because of itg high end-point titer (1:40
to 1:160). It‘wagaspecific-becausg, at the end-point
dilution, the conjugate had no heterologous staining-
reactivity but still showed 3+ érA4+ homologous staining.
The conjugate was sensitive because of the specificity of
the_antibody. |

No coﬁsistent patterns of heterologous staining were
observed ‘with conjuéafes‘tq the various coxsackie B virus

AN T

types. 'Most-of ,the heterologous staining reactivities may

T .
e

have been duéﬁté group aﬁﬁfgens,of.coxsackie B viruses.
o

PR . .
": . ? ﬂ 1 ~e

»
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J

6. FEvaluation of Staining Specificity By Blocking Tests

The immunologic specificity of homologous staining for each anti-
coxsackie‘ﬁ virds.cénjugate was evaluated by the antibody blocking test
(sequence method) of Coons and Kaplan (i956). The test is based on the‘
principié}that,lif the observed fluérescence is udue to the specific
binding of éonjuéated immunogldbuiins-to Fﬁe-homologous éptigen, pre-
treatment. of ¢ antigen with uﬁconjugated immuhé éérum will inhibit the
specific fluorescence. On.the other hand,.blocking with normal (pre-
immunization) serum should héve no 1nhibitory.effect.

The results of blockipg tests performed with'normal serum, homo-
logoﬁs immune serqm'and heterologous immune sera to the antigen being‘
stained are summarized in Tables 12 to 17.

For eéch 2%ti—coxsackie B virus éonjugate, blocking.bf homologous
staining using the immune serum homologous to the antigén was always
complete ét the end-poinﬁﬁliter of the conj%ﬁggﬁyube£ﬁg‘ma?ked by fhg
total inhibition of fluorescence staining. gﬁgﬂﬁost iﬁsf&ﬁces; blocking
was éomplefe even at conjugate diiution 1:10. At the’highést woéking
conceﬁtratiop (d}lu;ion 1:5) of“each conjuéate, there was pérsistently a

F ‘
remarkable reduction in immunofluorescence staining due to blocking. At

-

this dilution, the intense perinuclear fluorescence and pin-point foci
~of cytoplaémic fluérescence, both characteristic of tbe staining of the
homolpgous antigen, yere’réduced to such an éxtent #hat ohly a diffuse
tinge (% to l+iintensiﬁy) of cytoplasmic~fluofescence remaiﬁéd. The
typical appearanée of specific fluorescence was lost and instead dnly a &g
faint diffuse .fluorescence remained. Pefinuclear.fldorescence, which
‘would have been brilliant if uninhibited b&»bloékiﬁg,vwas observed as a -

diffuse brown mass surrounding the nuéleus of infected cells. . However,

[N
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the reddced perinnclear fluoreSCence appeared slightly yellow when the

'color'slide was made‘into‘printsg(Figure 11). On the other hand, ‘the

5]

pinfpoint'foci of'cytoplasmic fluorescence were: completely inhibited.

When the.hloched'preparation was compared to the uninfected control cells

o S " .
treated and stained under,similar conditions (Figure 12), it was almost

completely‘negative

o
-

On the contrary, blocking’ ‘of homologous staining using immune sera
heterologous to the'antigen or using normal (pre—immunization) serum had
no inhibitory'effect on the brilliance of ssaining. Control biocking
tests performed with normal'(prerimmunization)"serpm had no effect on the
end;point titer of each conjugate, indicating that the‘staining observed

.could not be inhibited by non-immunologic reactions. Failure of the . S

A

heterologous immune sera to reduce the homoiogous staining reaction

. showed that a specific immune reaction was responsible for the staining
. ’ ~

»
observed.

The resuits of antibody blocking tests indicated thatbhomologous

u

staining by each conjugate Qas inhibited effectively only with the immune

e

»

_serum homologous to the antigen being stained and that blocking w1th

,A.

4
normal serum or heterologous {mmune  sera had no. inhibitory effect Con-
sequently, the staining observed within‘tach-homologous_system was

considered immunologically specific o ‘;‘;‘

Attempts have been made to. block the heterologous stainlng

N .
+ o Y

reactions of each conJugate by the sequence’ method, using immune serum

from which the conjugate was prepared and immune serum homolog0us to F;‘f-p
N . N \,vn‘ i e - hd
the antigen being stained The usual normal serum controi was included

t8 ensure that no inhibition of staining was due to nonspecific factors,

v

Heterologous staining reactions, characterized by a 1+ to 2+ diffuse
. . %. -
a Q



Theure 11

Biockfngﬁof ifomologous Stéiningﬁby Sequence Method
(thh Fvans Blue Counterstaining) ) .

LoxsaLklevirus Bl-!nfected HeLa cells were treated with undiluted
ant{-coxsackievirus Bl immune serum and then stained with anti-
coxsackievirus Bl con]ugate at dilution 1:5. Perlnuclear fluores~
cencd was reduced to a diffuse brown mass and cytoplasmig fluores-
‘cence was completely inhibited. x 250
3 " ‘ L :
: Y .

(%

< *
N
‘x“\)
4(/1’1‘.} . //
' . B .
& = v .
) »
Q o G,
W
. s ,
A
e . - N -
5, Y

Figure 12 ' o .
3 ; %\ _ N é@

Uninfected HeLa Cell- Control to Blocking of Homglogous - ®
Staining (with Evans Blue Counterstaining)

Unihfected (control) HeLa cells were treated wit! nti-
‘coxsackievirus Bl immune serum and then stained witi antir
coxsackievirus Bl conjugate at dilution 1:5. Traces of diffuse
tlssue autofluorescence were observed x 250 {j

S
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L of

cytoplasmic fluorescence at higﬁ conjugate concentrations (dilutioné 1:5
. 4

»
v

and 1:10), completely disappeared w&en immune serum from which the

N

conjugate was prepared or immune sdfum homolopous to the antigen was
n pa; L Jog 8

applied to the preﬁaration before immunofluorescence staining. Blocking

‘w
with normal (pre-immunization) serum did not reduce the diffuse fluores-

. Lo . . o
cence which remained vaguely discernible at high ,conjugate concqngrations.

This observatien suggested that group antigens might be responsiblc for

the heterologous staining reactivities obﬁngéd among group B coxsackie-
viruses. ' - ' .’.’ W,
» ST T
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Tha,observation that su <ling mice were not susceptible to infec-

gtcd that

ti‘on by the cowsackie B vir' s prepared in this study
the viruses had become‘ad " to propagation in tissue

finding was not surprisir necause viruses have been shown to exhibit
o ) . &

different biological properties when maintained in different hosts.

\»‘
Lehmann“Grube and Syverton €1961) reported that continuous passages in

primary human amnion cell cultures of certain coxsackie A and coxé‘fkie B

. t
viruses caused loss of virulence for newborn mice in varying degrees.

However, most of the viruses reverted to their original virulence after
' S e

-«

w 1 or 2" passages in the animal .host. These findings led the,ab Ve authors

to suggest that a gcnetle mechanlsm was operativa,resuf%ihg An v1rus

\

A4 o
e L

W populs ng in which the mdjority of the particles was qualitatively

% chang Acgording to this hypotﬁesis, the virus aq it is propagated in

-

: suckling miLe is paﬁhogenic for méte. When-{he virus is passaged con-
il .
5
tlﬁnously 1n tissuad culture, mutations occur giv1ng rise to a variant
0 .wd

with decreased mbuse,pathogenicity but increaded virulence for”Eells in

cultures This variant which is at a competitive disadvantage in mice
. . > ‘

rapidly outgrows thesdriginal {®e in culture cells.
. N ¢ ;

One‘bf the objectives of thfe sfhdy-is to develop a reproducible ¢
- ™~ .
‘ me thod for the labegb}ng of'gymunoglobulins w1th FITC. " It is obvious
. ,
from the nature ot immunofluorescence that the degree of staining

? » i

Activity depends on the degree of conJugatlon ‘However, Frommhagen ‘and

e

—\~,8pendlove (1962}hdocumented in studies of vaccinia virus-infected A.La )

’ P o
cells that overlabelling with FITC 'is the major cause of stalning

© 74

al
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Shepard ‘(1963).‘«}—8&#"@2&){1;)'5 of worl

75

nonspecificity. It is there, ofo important to 1ab01 immunoglobulins to a
. %“ , o

suftable fluotoscein/protoin ratio in order to minimize nonspecific
'staining and yet retain bright specific staining.

| The dialysis method of Clark and Shepard (1963) for FITC lahclling
has been shown to be definitely superior to the direct labelling method
for preparing conjugates with minimal nonspecific staining (Hebert et al,
1967). = The technique is baucd on the principle that, when FITC molecules
.are allowed to diffuse freely through a dialysis membrane into the
globulin solution, uni[orm labelling at a suitable F/P ratLp can be
achieved provided thaﬁ%ﬁteady stirring is malntained throughout the
process. " Clark and Shepard's dialysis method presoribeq that the
globuligégolution should be placed in a dialysis bag and dia]yzed against
lO volumes of FITC ‘solution. However, it is difficult te achieve ‘uniform
labelling hthhgs method because the globulin mo&ﬁguleé may not be

R O . h
~‘£tated inside the dialysis bqg WOn the suggestion of

»

sufficie 0 4
ll-‘ .
Dr. Morgante, a,modificatiOn of the teéhnique ﬂﬁ' bfbught about by "
“ \v. ) "

reversimg the dialysis“arrangegent, i.e., by placing ebeWFITG qolution

in the dialysis bag and dialyzing it against a steadily agitated globulin
solution. vBy-carefully contfoiling‘the ekperinental conditions“such as
‘pH, temperature, reaction time and the concentratiohs of dye and protein

ugsed, a Miformly labelled conJugate may be obtained at a reproduc1ble

W"‘ ~ .
&I

F/P ratio.
In this-study, all~immunoglobulin samples wa}e labelled)éy the
S L o
above modification Qf ClaTk and Shepard s dialysis method. ConJugatlon
W

_was c7nducted in the proportlon of 18 mg of FITC per .gram of protein on

6) as well as Clark- and
N4

;s;haveﬁpgingeq.ggtwthat a

the basis of the findings of Sﬁendlove

Y



.The weight F/P ratios (hg/mg), ranging from 5.0 to 7.1, g¢ompa

study is ingsclose agreemeng with Foon ¥

76

R
-
Sy

concentration of FITC greater than 20 mg per gram of protein would lead
to nonspecific staining. Dialysis was aliowed to proceed at room tempera—
ture at pH 9.5 the optimum pH which gives the most rapid reaction without
affecting the‘antibody prperties (McKinney et al, 1964a) Conjugation
was discontinued after 4 hours to avoid excessive ]abelling tHebert et al,
1972). Conjugmtes prepared in the aboE% manner varied only‘moderately in

their F/P ratios, as the estimated molar ratios ranged fram 2. to 2.9.

faverably

. .
in reproducibility with that of Clark and Shepard's preparations, \Qiéh“%

were in the range of 4.7 to 8.1. )

-
N

The re has been little agreement among workers im thc field of

meunofluoreqcence on the optlmal F/Pp ratio of coﬁfugates ‘ Coons and

.
v

Kaplan (1950) recommeﬁﬁed labePling immunpglobulins at a molar F/P ratio

of 1 to 2. Tht range of F/P ratio qf the conjugates prepared in our

q, d‘Kaplan s initial fecommenda~

S

tions.’ Since the performan(e of "o ~-ate relies on - 15& stalning

sensitivity\\hd specifi<it}, the conjugates prepare fﬁ this, study are

deemed satisfact y in view of theig highguE:ff" staining titer and low

b

heterologous reactivity. . -,

Various methods of measuring fluorescein/protein ratio ‘have been

, - )
described in literature. According to Beutner (1971), results of the
field trial of six commercial conjuggtesiby ten laboratories using a

variety of methods for FITC and protein assays indicated that'FfTC assays

berformed by the method of McKinney et al (l964b) and protein assays by
AN

' (.
the,bluret method (Gornall et al 1949) yielded the most reﬁroduc1ble.

1

results 1 F#p ratio determinations in this. study were performed with

3

the above mentlonedﬂprogedurES InAprotein\de‘
¥ o - : .

's&ops, absorbance
e apr=oe o=

- .

ok

~
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was read at both 540 nm and 560 nm. However, only readings at 560 nm
were used for the calculation of protein content "In conjugates. This is
because the presenoe of high conoentrations of FITC innthe protein-
biuret reaction mixture will alter readint:‘xl the wavelength setting of
540 nm used for‘tne original biuret met. .’ Sir » che reaction mixture

“gives approximately the same readings at 540 . n and 560 nm, the slight
. Ly

& shift in wavelength to. 560 nm eliminates the interference of FITC absorp-

tion with the protein—biuret value (Hebert et al l972).

}; - 2 -y 4

Weight F/P ratios in our study were convertedvtb;molar patios by
! N
multiplying witﬁ"the factor 0. 411, as sﬁggEsted by Hebert et al (1972)

a

Since %plar ratios are calculated from weight ratios ‘and the Qalculatiqn‘.

& 5, .

entails certain assumptions, the figures derived represeﬁt énly estimated
- o . B . " 4

,,g-values;n Consgquently, both weight and molar F/P ratios were reported to:

a2

lculation ofxp&}ar F/P fatios relies on the assumption that
all of the protein‘is IgG, since the calculation is based on theimolecular'

<

) .
weight of 1gG. By répOrtingwshe~molar,ratio, it is also-assUmed that the
: ° o . L] . . “ '

me'an number of FITC molecules per IgG molecule'equals the F/P ratiovof

the whole conjugate. In fact, IgG F/P ratios may not be equal to,fotal
[
‘F/P ratios, as’ most conjugates are not’ prepared from highlx purified IgG.
CH .
.Neyertheless, even for conJugates~prepared from crude ammonium\sulfate—

o

‘fraq;ionated‘immunoglobulins, the‘molar F/P ratig3still gives a reason--

»
able estimate of the actual mean numbe§ of FITC molecules per’IgG moleehﬂe

| . . 3% . .
(Beutner, 1971) _ h . .
: ‘ / ! ) .
Nonspecific staining is prohably‘the greatest technical problem

<encountered by workers in immunofluoreseence. Fluorescence staining of

microscopic preparations which is not due to specific reaction between

! RS



®

" *a. p;‘ticular antigen and its corresponding conJugated antibody is.,

M -

Aregardﬁd ﬂdha’ecific (Naifn, 1969). The occurrqgse ofvnopspccific ¢ x

A i

:t~staining interferes with the evaluation of specific staining and there-

fore must be differentiated from the !atter and as far as possible

: eliminated In this study, nonspecific staining was recognized as such
by the etaining of control (uninfected) Hela cells in parallel ‘with
Virugfinfected cells. Additional controls for nonspecific éﬂi‘ning were
established by the use of a conjugate prepared from normal (non-immune)
serum to stain HeLa cells with andbwithout virus infection. . It was by

this double control of nonspecificity that specific fluorescence in
N v 7 n’ ‘, .
excess o‘pnohspecific fluorescence could hg:assessed.
P
Methods for the elimination or reduction of nonspecific fluores-—

®

cence vary according to its source. Common sources of nonspecific

fluorescence are : (l) unreacted fluorescent material (UFM) in the con-
’z-.

"oteins,'and (3) unwanted

fhgate, (2) conjugated non-antibody se.

v

conJugated antibodies (Nairn, 1969) Eagh ctor will be\con51dered

o
individually and the corresponding methods used .in this study to remove
the nonspecificlreactibns w1l£ be discussed.

Unreacted fluorescent material present in the conjugate was

, removed by extensive dialysis, immediatelv following conjugation, against

- large volumes of OIBSA sodium chloride adJusted to approximately pH 8 5.

Dialysis alone, however, was inadequate to free- the cﬁﬁﬁugate of all
uncoqjugated EITC. Complete removal of UFM was subsequeﬁmly achieved by
gel filtration'with Sephadﬁﬁéee50 Fine (Zwaan and van Dam, 1961), By
this technique, rapid fractionation was achieved by differences in
molecular size. The amount of protein lost on the column was negligible
ﬂNonspecific staining'by conjugated non-antibody serum proteins is .

[ ]



mainly due to electrostatic forces between the tissue protein in the

specimen and the conjugated molecules Of-serum proteins which are non-
entibody in nature. At pH 7.0, the serum proteins have a net negative
charge which is increased by conjugation. The conjugate then acts as an
acid dye, staining the positively charged (basic) tissue proteins to
produce nonspecific fluorescence. Absorétron of conjugates with acetone-
dried tissue'powder has the effect of selectively re%ﬂ‘ing moiecules of
high negative charge (Curtain, 1958). Absorption.QiXh tissue homogenates
\
(Kaplan, 1958) would serve the same purpose. It is generall§ preferable
to absorbldith the tissue used for testing the conjugate. Heha cells
were used in the present study for the absorption of ' conjugates because

all viral antigens were prepared in Hela cells for immunof luorescence

stainifg. Absorpgtion of conjugates with Hela cells has thezadditional'

fi

;advantage af simu taneously removing any unwﬁnted conjugated antibbdies,

AN

'wh{ch 2onstitute al thér common source of nonspecific staining.

The presence of nOn—antibody proteins in the sérum has been' shown

\ W

[
-l

2
to be an impcrtant source of nonspecific staining. Lewis et al (TB64)

-/
and’McKinney et al (1964a) reported that' serum albu&&n binds FITC much

more rapidly thaan globulin. r'he latter group of workers further

inditated that the more rapid reaction of FITC with the albumin fraction -

wodld limit the amount of dye available-to combine with the Eamma—
globulin. The efficiency of lahe11in§“of gamﬁa:globulin,would be greatly
reduced and the F/P ratio of the gamma—élobulin'fraction would be diffi-

ctilt to céhtrol. They emphasized, therefore, the IMportance of removing

ST [}

such non—antlbody se{\\\;:zteins before conjugatlon Moreover, when

serum pro&ein\ arL noc e ly labelled with FITC, the molecuies which are‘

more heavily 'abelled acquire a higher negative charge and thereby :



‘a product of

"making up the tissue. The phenomegon is referre

P ou

become a potent source of nonspecific staining. Consequently, nonspecific
reactivity will be minimal when the conjugate consists only of specific
antibody with a low uniform deg:%e of Wdlecular labelling$‘nnirn, 1969. )

bR
Conjugates d\@éér'd from highly puriilpd 1gG are thus preﬁi%’ble to that

~,&-
3

from whoye' However, serum fractionation by a DFAgmiellu]osc Column

is a specialized procedure which cag gasult in a considerable loss of
spedific angﬁbody (Gardner'and McQuillin, 1974). Highly pufified 1gG is
therefore not frequently used for conjugatiop. In our Study, immuno-
globulins were prepared by ammonium sulfate precipitation, giving rise to
emolecular hepérogeneity containing mainly gampa—globulin and
small amounts of alpha- and beta-globulins. Alfhough these crude immuno-
globulins were labelled without elaboraté.purificatioh for 1gG fractions,
coﬁjugates q; considerably high staining specificity were obtained.

| Another important sourqe of honspecific staining is tissue auto-
fluorescence. Identlfication of virus antigen by immunofluorescence is

perfoﬁhed in susceptlble host\cells, whetheﬁ%ﬁh vitro a ) tissue~

» *‘i‘" .
culture cells or im vivo as iniinfected ani t%sue‘ sectiods. The-

4 . . v - &y

A

i . , .
- natural fluorescence of most bidlogical tissdé.is a mixture of the blue,

blue~green and green fluorescent issions of the various molecules

to as autofluorescence.

When animal tissue is exposed to ultraviolet or uliraviolet blue light

scence gbserved is

’ Q L
\ T O )
largely blue ,(Nairn, 1969). The exgent of tissue autgfluorescence varies

b

and examined by darkground microscopy, the autofluo:
oo \ . B

‘withqphe type of microscbpic preparation. Tissue cultu¥e preparations,

. " o ¢ . e
compbseg of one type of cells, emit less autiofluorescence\ than animal

& 7

tissue sectﬁbns} Nevertheless, tissue autofluorescence is\a majér
: S A : . o

N

. . . ’é&*‘ . N )
techgical handicap to reckon with§ﬁd is best quenched by bagkground



. e 9]
countérstaining with other fluorescentfdyes. The use of aqu;%us\ﬁyans

blue for counterstaining FITC immunofluorescenco was intrdﬂuced by

Nichols anéuﬂcfomy §ﬁg52) and recommended by Fry and Wilkigson (1963) .
‘ mjt«@y%
\~ However, Evans blué ould be used at low conCentrationS because the dye
RN -
haet a detergent effect (Nichols and McComb, 1962). When used at high

concentrations, Evans blue tends to remove insufficiently fixed tissue

-

from the stide and may also obscure specific fluorescence. Trial runs

in our study with and without Evans blue indicated that the 'use of Evans

8-

blue at a low oncentration of 0.05% provided.brilliant counterstaining,
with no adverse effect on the specific staining titer of the conjugates.

s In the present study, an aqueous solution of 0.05% Evans blue was

s applied for 5 minutes to coverslip preparations after immunofknq&escence

"

staining, Excess Evans blue was thoroughly removed by rinsing with PBS,

. a‘ J
pH 7.2, before mounting. When examined microscopically, HeltﬁbE&ls
. &}t
'counterstained with Evans blue emitted an orange-red fluoresctﬁte which
- . xr“‘“_.’ ',.-_ ) .

provided a marked contrast with gntigens spe&aﬁically stained'ﬁ’z

:conJugates All tissue autofluorescence ugs effectively maskewﬂz»

%lue'was thus employed in all immunofluorescence staining: in this investi-

- -

feRation. Ty
¥eia ‘ ¥ o

-2

o N A Principle factor of nonspecific staining is dye purity The 4&?%9

commercially available FITC dyés display a wide variation in, pz}ity <

i

Hebert et al (1967) havevshown that qonjugates prepared with FITC of low
X . . : ’ = > A ‘ . A ~ o
purity exhibit greater nonspecific stéi_ning for a gilven .Flﬁ%centration

. ' . 4 o L
& . - than do those labelled with dyes'of-high purity. It is there ore desiyable

X

:,J_," &)l' -
. J:?g—uSe the purest FITC available in order to obtain - congugates with mini-

'

"mum nonspecific stainingt‘ Cherry et al (1969) extensively‘evaluated
, , . wnerr ,%‘ : Ly

- . - B ,\n“'

% _codimercial FITC preparations and recbmmendedwthat 70%’FITC be accepted as

8
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the minimal purity for immunofluorescence applications. 1In our study,
FITC was purchased from Baltimore Biological Laboratory, Baltin re,
Maryland. It contains not less than 80% pure dye (R. M. McKinney,

personal communication).

The ultimate step in the elimination of nonspecific fluorescence

-

is by dilution of the conjugate. When the specific staining titer is
high, dilution of the fluorescein-protein conjugate provides an excellent
means of reducing nonspecific protein intexactidng} As a gtandard

b . .
practice in our experiments, the conjugate was first diluted to a protein

S g

concentratioﬁ of 10 mg/ml, from which two-fold dilutions were prepared

-
R

TN \
using a 10% mouse brain suspension. The highest conjugate dilution
. v
giving optimal specific staining was thereby determined.

-

Adjusting the conjugates to 10 mg/ml protein before dilution was R

y"-—l- .
A - -
Pt -

. o

necessary because éonjugates\varied slightly in their proqgia bonteﬂt. .

Without a standard protein concengration'to start with, the end-point
. . . o . d:\ ! .‘ u R
.staining titers could not have been compared. The use o#ﬁﬁtéin suspen~
N ' ,“ - ’ ) & # \‘ . . . -
“sion (homogenized in PBS, gH 7p2) for conjugate dilution was suggested ‘
' ' ' o R e an

by French et al (1972)3and strongly rgcommendéd in a recent réport by :

Lenﬁette and co-workers  (1975). A 107 beef brain suspension was used by

q .
4

, the latter group, who reported that nonspeéiffckfluofescénce digappeared
when the brain suspension was used as diluent for the conjugate. In " :

pfigciple, ﬁhe effect of the normal brain tissuéhisrtq selectively remove -

f_pfoteiﬁ molecules of high negé;iVe charge; Norma% mousé brain homogeﬁ;te |
was used in our study becguse of ;ts ¥eady avénlabilityiin our laboratory.
In é series of preliminéry tests, stadning ;eaéti&ﬁé witg‘conjugat;s dilﬁped

in PBS. (pH 7.2) and in-a 107 mouse brain suépensibn weréqédmpared. The

- = T4

results indicated that, while specifig‘gsaining titers of the conjugates-

|



P

. ) L ‘ [}
were virtually unaffected by the choice of diluent, staining of uninfected

Hela cells at dilution 1:5 without mouse—brain treatment revealed a higher
degree of background nonspecific staining. Dilution of the conjugate in

a 10% mouse brain suspension subsequently became part of our standard
- : U 4 i
A
procedure. i

a

The methodology used in the present study to prepare {mmuno-

‘ fluorescent reagents is based on the concept that immunoglobulins C

labelled by dialyzing the dye against protein for ‘relatively short
1 .
periséds of time using dyes of high purity would yield, conjugates of low
&y -e

nonspecific reactivity and high ‘Specific stining titer. From conjugation .

-to 1ts application to d%wFCt immunofluoresc@nce staining, each conJugate

e Keal @

went th;Bughﬁh Ueries of successive steps, namely daalysis, HeLa cell
»

absorption S@p?adex G-50 gel filtration,smillipore membrane frtrrﬁfIS;i
@, - \ .

F/P ratio%ﬁgtermination,,storage ‘at —70 C and dilution in a lOA mouseé ,

. »

brain suspen31on 1mmediately before use. Sephadex gel filtration was,,

T:ell absorption in order that cellular’ fragments

performed-after'H

1 id

e Sephadek G—SO columni' Subsequent filtration of

the conjugate through a %E:Iipore membrane f*ﬂfer helped to achievev

R r

bacterlal sterility, which is essential betaﬂse contamination with - d

&

ganisms would affect the. staiﬂing proporties of the . com]ugate

microo;
ratio determination, the ionjugate was stored at —70 C id small-
prevent fading of the fluorochromes due to frequent free21ng

and thawfn « No ap rec1ab1e losscin the staining titer of conJugates 1@ -
&+ p .

storage was experienced 5ln this study ‘This may be partly attributed

- to the practice of preparing conjugates in small quantities (15 ml) in

-3
each conJugation procedure

In. search for a suitable cell system to prepare coverslip cultures

o ’

’ B 4
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b,

for infection by coxsackie B viruses, severai tissu% culture types have
been tried, including‘both'primary cell cultures and passaged cell lines.

Initially, ‘primary African green monkey kidney (AGMK) cells were chosen

\

because of their high susceptibility -and their being uised in most

diagnostic,virology‘laboratories as the host®system of ‘choice for virus
isolation. However, primary AGMK culture cells supplied by Connapght

Laoratories and Flow Laboratories usually became degenerated in the

/

long transit period required ﬁor'the shipment of cells. Th@ use of
AGMK cells was-subsequently.discontinued.

i On the contrary, passaged Hella cells (human carcinoma of cervix). -

were excellent for preparing coverslip cultures by virtue of their high

su?ceptibility, consistent cytological characteristics, ready avail—
"33' * : J -t .
abilitytin the laboratory an@ JEQYe all, the production of a monolsyer

practically free of cellulaéﬁpebris Other cell lineswhad been experi~

megfed with including ‘the HEp~2 cells (human epidermoid carcinoma of

/arynx) and Vero cells (African green monke&bkidn:y), but neither could
.matc¢h the HeLa cells in the morphological characteristics of grown cell‘
gayers. HeLa cells/xne:efore became the cell of choice inxpreparing

.

3

(

coverslip cultufes ' ljv' e .[
R Y g . - . ‘

In our study using coxsackie B virus infected Hela cells, two

¢

types of specific fluorescence were observéd in homologous stain{ng

-1

S

intense perinucleariﬁﬁﬁorescent masses and pin—point cytoplasmi fluoreS* o

Vcence Homologous staining titers of the conjugates ranged from 1: 40 to

'cytoplasmic fluorescence at conjugate dilutions 1 5 and l 1

1 160 Mhile heterologous staining revealed only lpw levels o

. HéterO*‘

¢ o

!

log0us staining reactivity could therefore be eliminated b§ diluting the v

conjugate. At dilution’lazo the conjugates possessed nd detectable “2[ ot

i

diffuse B [

svl N . . . . . H

. " . ' . // . L .

N ’ . . 4 , . - ‘ P . - - . . s
. Lo ¢ ’
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heterologous staining reactivity but still displayed 4+ specific homo-

logous staining. Each conjugate could thus be effectively used at its
end-point dilution for the 1dentification of the homologous viral antigen

in Hela cells. Background nonsepcific steining was minimal, indicating

that the various methods used for its remoyal were highly 3uccessfu1.
The direct immunofluorescent technique described in this study was

therefore both sensitive and sbecific in identifying coxsackie B viruses

in tissue culture cells.

N L4 ' .
The specificity of.the fluorescence staining observed was . A

established by the following criteria: : )
N S
(1) Staining occurred only with intFacytoplasmiC viral
antigen homologous.to tne conjugate. |
(2)..No staining was observed when anti~coxsakie B virus
.conjugates were applied to uninfected HeLa cells

(3) No staining was produted by applying conjugated

normal serum to coxsackile B‘virusfinfected HelLa
R .

_\ '

4) Specific staining was completely inhibited by pre-

cellsﬂ

treating the preparations with unconjugated immune

serum homologous to the antigen being stained, but
. +

not by pre—treatment with heterologous immune sera

- or nofmal serum.

It was only by fulfilling these four conditions that any observed

fluorescence could be considered spécific.
-No consistent patterns of cross- reactivity were noted among the ‘

Y

]
coxsackie B viruses despite the presence of group antigens demonstrable

by'immunodiffusionvand complemént fixation tests (Schmidt et al, 1963 and

e



- 1965) . ~The.ina"bility to detect consistent antigenic rerationships among g

-menbers of the coxsackie B virus group is probablf due to variation in

himposes a certain'limitAtion'on the'reproducibility of fluorescence

.staining._.While.specific staining was recognized without failure, the

-

cultural characteristics of difﬁerent Batches of culture cells, which

“

detection of the intricate intettypic antigenic relationships among the

)
”

group B coxsackieviruses was presumably beyond the sensitivity and

specificity range of the immunofluorescent technique at t ife present

state of development.. ‘ .

Py

~

Perhaps the most signific&nt finding of this investigation is‘the
consistent observation of intense fguorescent-masses around the:nucleus

of infected cells. These perinuclear fluorescent masses, believed to be | « \.
aggregates of specific viral antigens were observed consistently only

in homologous staining. They remaihed clearly discernible even at,a .

fluore5cence intensity of l+ when the infected cells’ were stained with

- «
<

‘high conjugate dilutions.‘ Perinuclear'fluorescence was absent in N ‘ o

v -

uninfected cells but was occasionally obserwed in heterologous/;faining.

at - the highest working conjugate concentration (dilution 1:5) However,’

perinuclear fluorescence in heterologous staining lacked the clear—cut .
\ >
appearance ‘of thésé in homologouS'staining and‘often ‘blended into the

" ,,’

’diffuse cytoplasmic‘fluorescence; 'In blocking tests of specific staining,

‘perinuclear fluorescence was quickly reduced to an orange-red mass when

Dy

the viral antigen was. treated with its homologous immune serum bef0re

staining. All these observations indicated that perinuclear-fluorescent

A

. oo - -y . .
‘masses actudlly represent perinuclear aggregates of. gspecific viral A

antigens._bThe occurrence of both perinuclear fldorescent masses and pin-

o & T : ‘
point cytoplasmic fluorescence was therefore used as‘ the guideline for



“

'~ has rarely been reported in literature. Most immunofluorescence workers

-who studied enteroviruses grown in tissue culture have cited the observa-

ievaluating specific staining. o AR

The-sighting‘of perihuclear-fiborescence in infected culture cells

A}

tion offcytoplasmic fluorescent granules indicative of viral aggregates

in the infected oells (Buckley, 1955 French et al, 1972) The descrip-

‘ 3

' tion of perinuclear fluorescence in tissue culture system is unpre=-

. . . . o 4
‘cedented sxcept'for a brief mention in an early report; iattefn‘and Chi

. s

(1962) observed some faint perinuclear fluorescence in coxsackievirus
A9 infected monkey kidney cells, but could ot reproduce their findings.

They dismissed the validity of their-: observations because similar fluores— )

1
>

cerice of lower intensity was occasionally observed in control cells.
¢
In ‘studies of’ infected animal tissues, however, Rsbin et al (1964) have

8

demonstrsted Pe::i:;}esr fluorescence in an investigation of ‘coxsackie-

. virus B3 myocarditfs in mice. These workers noted that, in sections of
‘ damaged myocardial fibers stsined with FITC conjugate, fluore3cence was

-often intense fn the immediate perinuclear sres,’althbugh fluorescence

was also detected‘throughout the cell. When examined by electron
microscopy, numerbus virus-like particles were found densely. packed in
1 + & ’
the cytoplasm next to the nucleus where they sometimes appeared in the
) 1

J .
vicinity of nuclear.pores, This.distribution of‘particles corresponded_

,to the perinuclear localization of viral antigen‘shown by immunof luores—"

cence.‘ In addition to the denﬂ% perinulcear location, particles wé!gxﬁa'x”

distributed in clusters throughout the cytoplasm of infected cells.,
These morphological observations led. the abovelauthors to suggest thst (Jfg
the nucieus might play an active role in viral replication..qgé

Validity of the perinulcear fluorescence observed in the present

.

.



' o
study remaina yet to be conf&rmed by other techhiques. Iﬂﬂ'hofluores-

.

‘cence as a reeearch tool has certain limitationa. It needs to be

'supplemented by other techniques in order to elucidate the true nature

' A‘

and gignificance of - these perinuclear fluomcent maaaes. Electron _ -

micvoscope ‘'stiudies have proved in the past to be. ud!ful in expanding

the horizons of the immunofluorescent technique. Positive staining of

(Y

thin sections of vi?ia—infected HeLa cella will permit the visualization
)

¢~_of virus particles at. vatioua sites in_ the fnfected. cellst ﬁxamination

‘v“s N
\

of thin sections prepared at different hours? afters infection will ptovide

information about the course of infection of culture cells by coxsackie
B viru'ses. o . o

Despite the recent advance of immunoperoxidaae staining which T

challenges immunofluorescence staining al the tapid diagnostic mekhod of

“choice, the immunofluorescent techniqueAstill‘has.its place in élinical

nicgobiology. It 1s valuable as a reference techniquehto standardize‘\

-

. ‘ S . . ‘ .
new diagnostic procedures by its high specificity and sensitivity..

However, more gquantitative standardization of the immune reagents is

_necessary because reproducibility of results can only be achieved thrpughm

defined immunofluorescence staining. o .

. R . .
» N ) . K
. . " . o
. .

e



. The experimental prqcedures are briefly aumari d as. follows.

~ o ‘mnmnx'm‘concmsms_lj

sy

"y

A reproducible method for the COnjugatiou of fluorescein isothio—

h)

cyanate (FITC) to 1mmunoglobulins was developed 1n this etudy for the '

- _rapid 1dentification of coxsackie B(\\Jiruses in tissue culture cells.

: w:l.th coxsackie B viruses. Imunoglobul
3 f . . &.

p‘repared by sertn'n "fractionation with seturated‘ '

ammonium sulfdfe, felloued hy.eiteﬁelVe dialys:‘[a....b

aga'ir;et 'o'.852 s,odim"chloridf‘:u.: p,;ey. ‘il"‘fv.aces‘ “ S S
} of'aminonium 'sulf&ite. : «l" ,\ v " B

(2) FITC was conjug)\:ed to i-unoglobulins in the pro— . .‘ 0.
Portion of 18" mg ogF‘ITC per gru of pror.a.i.a-.-

-Labening was, conducted by dialyzing t‘he dye
( R , a
. solution against the 1munoglobul~in' solut:lon at ¢ -

room temperature ‘forlé hours. 'l'he solutions were L

buﬁfered-.at" pH 9 5. v( - /)
(3Q "Unreacted- fluorescent mate-rial (UFM) 1n the’ l‘ ‘4 i
LR _ conjugate was removed by dialysis %gainst 0. 8§z

sodiu;n chloride. The conjugaote was absorbed with
.~ HelLa cells and then filtered through’a Sephadex’
- 6-50 column to remove various ‘sources of non-
» .

specific staining. ' ‘ : o ) e L W

" (4) The. protein. con ent: of the conjugate was deter-—
L8 , _
minedale he biuret ‘method. * The amount of‘ -

e,
1
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pr tein—bpund FITC ‘was determined by using fluores-“
‘diacetate as a reference standard. The
“£1 orescein/protein ratio (F/P) of the conjugate

, was calculated and expressed in both weight (ug/mg)
\ -

- and estimated molsr ratios.
" The above procedures were used to prepare type-specific conjugates

to each of the coxsaokie B viruses as well as'a normar (control) con-

v &

- ,'jugate fromnnon-immune ‘Berum. The conjugates had weight F/P ratios
ranging from 5. 0 to 7.1 ‘and estimated %olar ratios from 2, 1Yo 2.9. The
"relatively ‘narrow range of F/P ratios indicated that the above procedures

represented a reproducible method for FITC conjugatioq»

- v

For application to direcv immunofluorescence staining, each
.conjugate was adjusted to 1% protein (10 mg/ml), then diluted with a 102
-mouse bfain suspension and applied to air-dried, acetone—fixed HeLa .
cells (grown on coverslips) infected with coxsackie B viruses The pre-

' parations were counterstained with»O 052 Evans blui to(reduce tissue

autofluorescence of host cells. P

/In the homologous staining of coxsackie B virus antigens, two

.,'types of specific fluorescence were observed intense perinuclear

| fjuorescent masses and pin—point foci of cytoplasmic fluorescence. Both

types of fluorescence were used as the criteria for evaludting specific'

&

staining. Homologous staining titerg of the conjugates varied frdm 1 40 M

"to 1: 160, while heterologous staining revealed only low levels of diffdse :

o Wi
_ cytoplasmic fluoresoence at conjugate dilutionfl 5 At the end—point Q%?/’Q“

.

' dilution, each conjugate possesse& 10 het rologous staining reactivity,
b

.but displayed brilliant (b+) specific stai 'ng. f‘if f\’?; .

- The specificity of the fluorescence staining was eséablished by

- - . . o s Ll “’A

e
. : R : o o X i
- B - o
" . . 3



-l . .
- . . .

the fol dying-cfitefia: SR ' ‘ .
“(l)b Staining oécurred only with intracytopiaémic viral
| antigen-ﬁomolégous,Eo the coﬁjugate. *
(2) .52 staiping was observed when conjugates were
applied to uninfected HeLgacélls. | ,
* (3) No staihingﬂwas produgéd by'aﬁplying ;onjugated o
normal serum to virus—infected‘HeLa.celle
(ﬁ) Specifici staining waa'éompletely'inhibitedhby-
pre—treating fﬁe preparationé'with unconjugaﬁed
. immune serum ﬁomologous to phe antigen being
Stained,;but'not Py pre-treatment with hetero-
“Togous immune‘sera,ér normal serum. |
In conclusion, the immuanlporescence techﬂiﬁué hevelopgd in this

study was both sensitive,édd'épecific-for the rapid identification of
) ’ . .

coxsackie B viruses in tissue culture cells. Adaptation'of this tech-

‘nique for the detection of viral'antigeﬁs in animal tissues appears

<)

highly promising. ' , } | : , .

\\ . : &
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