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DU OFIHORESCE’CE IN INF"'Z: C.LOBIOI.MICAL RESEARCH

e AT e

.Studis of Cowoot il ds Inloaiis GOALOLOEL - I T T A Mihedd

(Studi»s a1¢ Rescarch in ﬁframorobiology)
Vol. 1i, pages Lol=L89, 1963 |

\ch r:ci;hcds ini.rcduccd into scionce are spread rupiu.xy or sl: al;
deperding upon the utility and ease of their application; in goneral,
ab the beginning it is difficult for a new method to spread and. ove.

pore difficult if the ﬁpplic tion of tiic new methed is cennected wiih

the use of relatively compliex equipment or substances which do not

cewrrenbly cexist in the laboratories, As it sprezds, however, the mothed

is improved; ecch rescarcher tries Yo irxprove it and at the same tivo to
sirplily it, to m%ke it wore accurate, kore acyossible, waich, con=
sequently, makes the method itself eesicr to spread.

T4 ic seldonm ¢ matter of a conlleicly new mathed, bub raticr, —7 7777

u.,ually, if we road in the literature i‘ t*m £ield we f:md numerous
works directed toward the same findiniz in which outlines of the now
rethod arc found. For example, thc,z\.,n the case of the trypsinizaiion
wethed which was dntreduced into the current practice of cell culbtw 2z
in 1S54 by the works of Dulbecco, Vogh and Younger; hoz-.c:.*cr, tho £isa
works in this problom wers writien L0 years previously by Rous and Junes.

In Mot of these aagpcets, 1t is very difi‘icult, ften cven 3
possibie Lo catabliist 2 sinzic paternity snd a date of origin of sora

new voox mstheds, If, ncva*t‘zvmw, we showld wish to draw uwp 4 oisth

cevificato for the methed of antibedies tazged with fluorcreont sube
stances, we would 1ist the date as 1942 and the parents z2a Aibert Corns,
the god poronts belny Berliner, Crecch and Johnes, The placo of birth ee
Harvard Universiiy; tho ciroumstances -- the stidy of the pr C3En.co of
the mcmococcal po]ys;.ccb“nda in mou..e tissucs,

L T rse i parm e A /gwx—a TGP R 2e ”,r ke 4 ,‘” .
The methed of fiuoksstent . . ¢, .:5 is'based on two L. lurond

phenor:n:., 'ohe first belonging o f.‘:u‘.:I‘.O..OuJ, that is, tho " sitetien

of the antigeneantibedy complis, ... thc sceond ptysical, thu shsnorcnon

of flucrescencd, ,
) _
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The pracipitation of the aniigen~antibody complox was lmowm ag
carly as the end of tho 19th century through the works of Kraus; the
phcnowonon of fluorescence even earlier, befora even hearing of anligens
and antibodies, in the pharmacological works of Poderius in 152k,

. Without going into detalls about the phenomenon of fluorzsce co,
w3 do montion that fluoreseenuu wliszocopy, developed by Lehmon in 113,
was rcgularly used after that daic in microbiolozy and was ussd in |91y
by Kuaiscrling to facilitate the cbservation of the Koch baceiius, 'n
the Jicld of microbiclogy, fluorescence microseopy gained wide usag . -
throuzh the works of Hagemann, Himmclweit and Hoffmann in 1537 and --as
Gevelened fully in the hands of Levaditi, uho. strdied vaccins virus.a
vitn ihis method, T T e e e

We can sce that two coumponent eleisents of the technigus exis.eds

Vg nerit of Cooms iz thal he corbined them into a single mothod, w.th
multiplo pocusibilitics fop ubilization in theoretical and applied ,
irmuwiciozy, dn microbiological and virusolegical mesearch, or in cu-ront
diagncstics through the possibilidies in this methed for following uhe
antizens introduced into the organism or of dotermining thelr place of
formaticon, ' ' :

It is not, however, a question here of a virgin field; resecreh
in tais directlon had beca nads much earlicr-with other mathods.

Thug, in 1877, Machinikov dubcrmined the proportion of tehanic
{oxing in ailferend organs by ovcerving the toxicity of the extracts
from Wneso vissues by inncculaticns' of mice; similar work srith diffcrent
taxing were nads -= a century lator -« by Bicling and Gattscholk,

A step forwsrd in the directicn of following anbisons in 4he
organism wied mado by Hawrcwitz and Breini, who irnceculitcd rabbits -sith
horse sorun tzzgoed through bonding with arson and determined the arisn
contont, of tho diffcrent orgens. Comparsd to previous mubheds, the
preogiucs was important since Ifrom that tims it was possible to follow
any antlgenic substances, not oaly toxins, through coupling them with
&rcClie -

Thic werk of Ilcidelbarpor improved the method by eoupling 2 colowred
compond Lo the protein-antipen, which made it pessible to obocrve ib
diractly in a microseope in the form of colowred granulcs, witheub having
e m3ice cucnical detorminations.

Thase metheds, however, % .1 sems major disadvant. iy anzat vhaidch
the msst ivportunt is the melificution in the specificity -. Liac urtigon,
as a -ssuly of the eoupling; scveendly, they cre ugeful caiy in roll swing
the fate of n wautizen introducc: Irom the outside and ¢o not normis the
diselssura of the ar-zaraense of an antigen in the erganiun or uas lovalizae
tion of the antigen o the cell tissus,

-



'an;n»;ﬂmxﬁxanmﬂmwg.,,_ e

Throuzh the Cocnat? method of imnunofliuveresconce, the dis c?c~ura
of tae aniigens 15 rcalized only phy ,iologically; throubh taedlr proerty
of raacting and the Lfixing of tne heuoleogous anvibedy, targed in aivence
by cu“p¢¢.g it with a flucrsscent substance, Thin tazeing has no o ifect
¢ the fungtional speeificity of ths antibodies,

Anonz the nodora tochaiques which can be uscd for folliudny nnd
localising entigens, we mention the methed of tering with radiocciive
isotopos, ~ This mathod hes a much proastor scAsitivisy whon thab of in-
mﬁno”Luorusvuﬂaa, baing able Lo chow ud substances in concenbrations of

- only 10,2 x 20 o vao minus 3rd power wicrogrem/zeam, wWaile the Torasy

is limitcd o cnly 1 microsram/gram tissue. Bven more clocely alliod
iz tho nathed of localizing antigons using ntibodiea t*~ved with ferriting,

= . P . T R N - g w

Tragmends of the tissue siudied to disclese the antigen are covered
with scerum eontzining antibodies ol the particu°~r antiwen. This nothcd
does aliow tha zntigen %o be fixed, vhile dhw exeess of unfixed antlbedies
is eliminubcd by washing, Proof o* ths unfirCﬂ-aﬁtlu:Jf rouction i3 nade
by txaminaivicn of whg preparation in uldravioist light; the presuncs of
t‘ne cabibody, which was eoupled chozd of timo with a 11aore.,cmt .;ub-
Shence, is indLV**ed by a fluerescence walch pernibs not only the re -
tica of the oxistenco of the antigen, bul also the localization of tﬁu
t

entigen in the bisscop and even in ke cell. This is the tucnni"*

sct cratlc throush w-ich Coonz 2u ya 8 zzo developed tae basis for in=-
ramofluoroscence, ‘fac mathed has now progressed in 2ll dirzebicas, both
in rezard Lo the materials whicih enier inbo reaction, conecially Loa
**~"oa fluorescent substance, and ax;a in rzzard to the zciual roosiion
itsclf. Hithoud going inbo deteils related o ths p“apcraaivn cf who
RBCEIIary M’ tordizls, we will describe br'ezlg the elsusals thal onopy
iﬁLo e roacbion, e condibions for roallzing the reactlen, and “uo

exaninavicon of the propavabicns,

After a nunbir of prelivinary tests in which ths antibodisu wozo
coupled with anthracense, Coong, in collcboratidnm with Crecch, Joln 3
and Eorliner, synlhesized a derdvative of fluorescein, isocyonske oF
f luorcecein, which s capdble of rcocting with protoina and of ¢ ning
with thon throura the pi »nyi radiculs wh¢ch forizd carba“adlc bonds with
the Jysine in tho proteic w olocule.

In uliraviclet licht the izcormabe of flucrosecin gives rn sasily
visiblo vellowish-;reenish luidine sccnee, correcronding $o the mecl aum
ohroratic sensitivily of the hwnan eye,

The icoeyante of fluvorcs.oin stiil hes the difficeity of buinr a
dificult ,rcpa ration lavelviry the usc of Lhesgen 4n ibs saseous ibate,
moin to ba taxic; ov the saus vims the substeace is siizntly unstabls,

e
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AL Uhis present tims, tho isccyaate of flucresc:in is o
be roglacad by anothor derdvative, ivobhiceranato of flucresc
was gyntihcsized by Rizzs, In eompordson with the othor doviv
gubstanca has *ho advantags of being easior $0 prepare and, of cro
value, has o gocd stabilily so that it can ba proserved for o long tlmz

0
:7

At the soma timo, tosts have beoon made uH*ng cther substonces
thon derdvaibdves of fluorescein, Gocd roesuits Lave been achieved in ths
uso of liscamin-rodaning, rovaming &nd S-dinzthyl=l-naphthalencesule

oniienarice, Aftcy the coupling of the fluorescent substance wndar
we¢1 daterained pH ond temporaturd conditions, an irporuﬂqt stoxae in the
4 a:—f'z;&“l cormui or the globuleinie frasmend of this scorun is the
elimizabzion of the residucs of the flvoresceal substanco waich renaine
unbonded ond whieh are gonerated by unnpseilie flucccocence. Insbend
of e:tonsive dialysis, lasting 6-0 cuys, wssd up %0 o, ;;w:tga ondd
groator vae is now mode of purification with the aid of «lscrblicn of
the cxlonic resins,ixlltcréng with jeilzes of the Sephadax (7o, uliich
have tha propcrty'of levbing through ihs wonded provein and no 111“:‘Lhe
colourant unfixed by ity or adsorpbica wisn active cﬁrbo“o, Thrau
these o cunc“g, periiication can bo zsecorpiisnsd wathin 1-2 hours, uxdar
cepbhmus cendidiauc, Alco, for elimination of the waspeci Y
t e bonded antibedices st be adsorbod with pouders vy dif:

mong which the mesd “*CQnantly used 4s tue ldver, and, in
Zaa Luae RATCGTS

The tcot tigoucs must be propared in such a gy that not caly 1o

dogradoblen of the e:tig:n voided, bubl aiso the mebildzeoticn ci tho

entirea in the placs waers IV is locoted, Im Lhc caso of seobicas of

orpans, ho tigsusg conzoal yight afisr thoy aroe te”ua ut ab rinus 70

degrocs or 1ord dn g carbenic snow or Ziguid prop Tac SC(b°“x*no ic

aceonnidshad in the congerled slate with spocial 3 %:u:;s 5 in a cocled
P = 3

op afbor drying the congooled tisswa. thon thoue condiiions
¢ yeallzed, 4% is pcssibla to m.‘¢ prints of nzu vcst t.uuuu, aigo
Py g

on ecoled plobes, Lz problonm 15wl cosier when woriding with scllis
cultivatad ir "1t*a in o menosbrobum, sincc gectiondinz i no Lonooy
NeCasIATY, Tho Xﬁ”**" iz made with Tiecbives which do not chouso thae
antige n;uﬁv;, and waich ascentusic the suisfluoresecnus o La@ tisoucad,

Tha bostd rsoulits have been achleved with alechols, espociclly accbonad,

Dionetion of the prosareilicn 13 mado with a standilo virsicops,
with o 17 -9 course thab 15 rich in ulbraviolet. Instoad ol o ars lamp,
aliosh o cusive use 15 made 02 Lnh pIMESEUre morewry vas.ur 1wos with
quaris. wi.od, walch avre much ec.ier %o wo, Tae Intensity of Lhouo

oo A~ PR Fa e [P S, P R
Lo ol Do uuizuﬂxcnuly gweay Uo provide a Eluorccconis nob oo ly

b
Sau:l © G clanlog bo she eye, it anso to the pﬁotab,azhic faaw, gy
&re '-uf&wuu._/ workin 2 with ic LIPS ett oon 260 and 15500 VLS.
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Toys with lansda oguals 360 microens oo nod rotained by tho optis pluato.
Uce 13 meds of clear or derkencd bass condensors, which Anoure o grouier
s.u.‘trast botuveen the fivoresceat elements and base, but » sk ronulrs,

o f;na 01;‘ or aznd, a nuch greater souwrcs of ligans. OF gwai; cimnilicones

“**e e filtere, thaw dig, the excitation filter or £i1%crs citu.i.d
twoon the lang and ""fm vderoescopa waich susd stop the roys in the f501d
:‘ 12ibility end poriid the pascize of thoe ulbraviolot voys o 2l 1ays

“ J
ab ue bcg.’u ving of tne blx.e spectrum; the cceena filber, for stopningg
13 loentod batulen the preparatica and toe eye of tho exonlr "2' o Lha
£3im ond cilows the passage of oaly Lighs In the £ield of visivility,
stopping the ullravicled rays not absorbad by the preparatic:

A% tho present Lo I-mneiluoresscencs knoirs vy v"";a*:,i.c..s, R
cc» nacted, hc'.rsvcr;. vith the same roaciicn of the an bcq ith the
"lgun'
Tha sinplccy fort and also thic nleial form o this roociica &3
icveaoped by Coons i tho direst reacilen.

Tho tosh proparalicn is coverad tvita oOV""‘&l drens of sovun
vaich ecutzing anbibclies coupled with i‘.:,u~ “"curu substancos, Azt
an incubavica Q: 30-80 minutes, tae carun ig Lakon off ond tho srigiiie
Lioa Lg 3 fhed e got cid ef the wafixed oubligens, a il Cparie
vicn iz cooudned wacer tho mierescont, Ihe piosonee ol oo onth nnd
10a decolisadicn is marked by tho .L’ua“::.:i'.c e of the antiboiics vl a)
h'va heen £izcd by 163 tho gcl"“ ' P bicns of eelic wnich do nod

e

contain wacigens and whleh © *‘*ci‘cre have not fixcd the calbivedy coupled

wata tno bogged substance remain dark.

Thiz mothed haos the ‘,dv..:rc;go of s;.:vlicity, bub reeuircs tho
aoicn os. <3 meny types of coupnied immologlical cormuns as thero
oreat types of anvigons studicd.

ivprovement of the mothed; develoncd by Coons ond Vellox, is
the indircet tcc.‘-xm.qm or sandirich technigus. The teod Drcp&:‘ag;cn io
covorced with an imnwnolesical soren “l‘.,\."z is wneoupicd, bub jncliudire &

finersscent sunctonee, In thic caco alco the andtibadics will bz Siaad
by the antigea pescondt in the prep;mu.;on. Afder washing tha
tavizodics, the poe a‘:z;bicn ic trozted with 2 new corwa viich
anvibodics divected opainust the ﬂlcs'a;:_na of thc spouies woa v
Timsh sovwa was taken. Tais seoosd © iy dn contrast o L
gerun, 15 coupled in advancs wila ‘r.ae_ A..Lucrasccn'i; substance,
w2 will givs a comexsto oxsipio.

355 W i
Yoaw el

L - — *, g A L e P ‘. -
tr. . Lo caow the herzsiie antigen in o soction 7 Lnouo,
-y - kS . . : yn s e e s,
Wo eover Uhe pro ,,.w.-x,un mmh a rbuit corun tha‘t Io ool oLl ol
- p? [V 5 S Y S LI A B M .y L e's v N . A >
.;_‘...am..:,u, ohin, alfice golbling vid of the warived ::.JK-N_M.,, DR Wt

tho propariioct Luln Ladep sorun hat 1o antizlebulinoe.y liadiasd Lren

-8 -



rabtils ond ocupled with flvuorsscert cudstance, The antibzdica of this
Sorics will reacet with tho antiherpetic antibedics == rabbit glebulins ==
and wiil be fixed by ite Thus, thore will o formad an imuncliorical
sanavich, a supsrpositicning of antibedlcs eonuceted by the two rocciionss
nerpatic mtigia -~ anbihorpobic serwn and rabbit glovuline anbipii. =w
antiglebuling rabbit aabivedy, :

Althouzn this modiricatica im tho mathcd appoars soro ccerplicalod,
in fact it represoenits 8 gimplification of 1d, sinco 4t 13 no longer nccoge
sary to propavo both the coupled coruns and equal nwhor ol andigers
wder study; it 18 only necoscory to have siimplo dmmuwnolozical sernns
whica are vncoupled propared fer a cervain cpaele and o single, uncoupled,
anti-specic, irmunolegieal zorum frem which the first ceruwr  wore nroe
perad.  Tho advonitege of dhis methed apneure obwious to us P wc think
ol vne of the poosibilities of working with this nathed, that is, “he
gisclosure of antibedies in huron cormus, Instead of coupling each of
the tost serums with the fluoresceni substince, it 4s sufficicnt to have
a single antiglobulinec, coupled, ituman scrui, :

In addition {0 this, the indircet rothed also givos bolder
reoults in respoet YO tho gpecificity and intensity of tho {iucresconco,
This is explained by the phencninen of mulidplicity in the coupling of
the aniibedics to the antigoen. ’

Tinally, @ ner medification in the nsthed has been Intrcduocd
by Golc.:ocner and Shicpard, As in the Indirect technique; Lthe propocation
is trcated with a spocific, uncoupled hwian serum thet is rdxcd Wit
fresa, norwmal guinoa pig scruwn o purificd complement. This is covnled
with thc anbtigcn=antibedy coemplex formed in the preccedlins woiebicn.
Lecaliaatlcn of the antdgen is accor »iiclad wilth an ariiglovuliing guinca
pig serun coupled with the fiuvorcscent ovisvance; wnich well show tho
place where the complemont was fixed, wog tharelfors the pizco t o ore the
antizon-antibedy roaction ook piscs., Thisc _cchndque reoduces the number
of ceouplcd seruins L0 oaly one, the anbtiglcbuline guinea piz corane
Actuslly, if in tho direet technicue coeh serum vsed hod to e cev -led
with the fluoresceat targ, whilc in Shie indircot technique it oo i coSe
sery to have ecre couplced sorw: for cosh specio for waich irmunoclon sold
serum was boing preparcd, in the Golduascor techniqus, throngh the intro-
ducticn of toc cemplemsny and, in tha £inzl instonce, the dicclesv 2 of
it, thers is no longer any importance to the specie frem which tho
first irsamolceygicsal serum Comes,

Tas pplieation of dsmmnoflucrecscinie 48 not, hewever, rest icted
only to e cloclosure of aniisenu, bub cin also be uicd Yo disnle s

antilcdico,

o e i S e § o | . L XS . - ~ raen
70 LITAMLGUES, one direcy &00 one Indircet, ©oo clso buon
oY 3 oo 0} . R U SN Iap IPEY L. . e R TN > . g
deserited Cials €ase, bu. nere the diff'vionce btolv..n thor dond .ot
bl

cCavasy only dn the medaliiy ol Lng Jiiclesurd, bud in whal is dic loaed,

uéu



actually, turou:zh the direct trc4u~axb, which censisis of covioriag
the teot proparation (1cr ex*‘~1e, & rr;nu of rauu;v up;yoﬂ) win ar anlie
gomizzleobuline rakblt sowmum coupled with the fluoressent substasca, it
will be poscible vo disclose the cells Lhst ccnt:in garmaglobuling,
regaxdlicss of thedyr immuiological sperilicliiye

Tae indircet techrddue, as in tha czoe of the discloswe of tug
andigang, involves the formmation of az Irsnnclozical sand Ashie 1T

test preoprration iu covercd with a lurer of cnbigens ualch zre howol gows
to the zut.oedlos which one desires o disecloce., The antigern will 1;
fixed Ly thoze cells aad in these ecll zmoncs in wadea the antibedy 3
pirosont., ATtor gutt.ng rid of the wiined untigen excess, Laa r~uoa:a-
tica is covered with a coupled scrum convaining antibedies Irem tha
tentdgen in the precccding loyor. In turn, these antdbedics esxro fixed by
“he antijen ol this laoylr, thus markirg whrdvgh thoir flucrescence Lo
picce of tho anbtioedics in the coil, In contrast to the divzet ncoticd,
“ha dndircet meined not enly gcﬁcrallv 1cca izes the onlibodias, ul

also dofemaines the antitedies in 1ighd of their immanoluVic:L':n ol licity
ond detormdnos the prezense of the antibodics dn relaticn Lo 4 uell welicire
tdned cefliite antigen.

Thoca ave bricfly the princliples of the technicsl modalivy of
Lurmmellucreseence, LDopending upon the geal desircd, there pave biea
deccriitod nwitreus possivilities and uislhods which have, however, lcsa

.

- dnberesy frca the siaadpoiat of 1mxundbzoloclca1 Yescarch,

Bsrorc precocding Yo discunsien of scre of the rosulis azhicvwed,
it io neccysavy to cuell on oo uvvvu*u*ly iwportant &spoot and cnz whilch
often ic no less thormy, thot is, the ;n sepretaticn of the specilicity
of fauuvraoscconce and the oliminaticon of unspecific fluoreccencas,

Tirct of 211, it rnust bo pq¢n,ﬂi out that there exicts a natuvral
flvoraesconne or autefluoresceonce of tiosues which cam be cocentuated by
certain facvors such as lixdng with coitain subsbances, including fornmol,
pi ccervution wder wnsuiteble coaditions, etes’

In gcncral, {his auboflvorozcenc: ¢f a light bluish coleur is nob
teo sticng ond con be casily differcniicted from thoe yellowichegreenish
fluorcscence of tho riuorescein, tha orange of the redamine, tho yeliiow
of the dimethylenaphthalene~sulfcnil chloride, etc. :

Much more Giivicwliy, howover, ng the cifferendicl o ond el inae
tden ol the unspuciric flmorescense prodused by the flucicow.nu subsicnco
itselrl
vhe S S kb 8

Tuc wrdnelnal cauvses of oo wnopoeilic Ilvorescence aros
-- Tho precsonce in the comiurated zovwnn of thoe fluorcacont gulbe

guance unsconceted wo Lhne wolecule of uhoe antibeus;

»
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-= tho presence in tha ceajuzated scrum of antivedies that r-oce
vwith the ccllular substratwz, even in the abscace of the aabigen Tuing
tosted;

~- 2N adsorptian of the onti c{ies cenjugated by CC.'LLu, sven in
the ebsenco ol an ix -(.mological reacLicn, wsually owing Lo elecivosisbic
forcas, ) :

Various procodures have hoon lungined for eliminciicn of ihz cawos
vhich gencrate the wncpoeific fluorescence, Thus, for ciuinniica of
the uaccupled flvorescant substance, tho soren is subjcci;s:; oo u..u.sl‘, cis
of -8 dzyc, or, using wore wodem technigues, i¢ filtul.d Wirout: o
“f*«pr...dex joily which permlts the eliminztion of the wrccizica Sunst nee
in o much shorter tima, Alco, for thic purpose senx as:;.,u roooToond
adsorgtica throvgh gctive carben, dlatoinc po mcr::g ¢ DI cﬁit»..c se
‘.:mdex : neowlo

.ty s

The eliminalion of ti ¢ hebtorolemevt ..-..::LUC’"@& SR VRS SRR R o7
tend bo be zdgorded unspecifically is Loeduntished wnoos LA .0 Yho
cenjugatbed sorumm with pouders 1: .. the Ii or or bene 1.._,--c.: Cu .o tovend
specizs of animals; a,uo, tcosts Qo tras onade on bloc»: cuns s eifie

“adsorstion points of the eeils u,v.. At s proteia, 104. s Wi, s imple
or linked albumine, and as with cisii.s o THNESGenb Swhstincs o o sthey

colour, in ordux to crestc o coatimary, Ll laveer mavthed il tau the
advenioaze of alloving a toticr oziuz -itica o the cytezreniteeiuse and an
ecasicy determinatica of thc lecaiiliolifa ¢f tae fluorcscenty zouc.

7~ ordey ©TO Tt 2ol o eonsidns (n
fluoreceoncy, any L.ullu? progeQuss involdve
ancng which aro tho Juliuings

-1

v

at :’n‘; is ¢ moller of & =7 sific
S a nwibor of ceatrols,

-- test Lo tho abscnce of flw:e:w.ﬁce in a preporaticn net
having thc teob antigen, placed in coatoc. with the serum or sorums waich
aro couplced for working;

oo

‘we tost for the oksence of Tiuo:

senc K cnee in g prenovaticn oo Luining
the tost satigen, bubt trected wilh a

OIUSeC
coupled heterospecific coru;

== $est for the inhibition ¢l Ilucvescence In 3 propuar. “lun v..hich
contiaing anvigens, bub waich io b.;s.‘uc‘. in advance with uncoupicd homo
cpeecilic serum and then T;".'l.nh cousled sorum, This to.... ctows thet by
blocking tho antigen with {uo 'f".coup icd anbibedies, tic coupled catie
bodies will no ionger be aQbls o "GuO‘b wita it,

S*rc.: the start of 1io ssimodzsllicn of the tochlie of fitnoe
fluecrescenco ond un o tho :_:.;sc nb, oxtrenuly nwmarowr .uvi3 have bLen

re2liusa in ..L ficlds of Iirlrarmderobicle;y, both in ¢_.znostic an
resesren uske For this voiien, we have prederzced to oot ouly a Jew
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aspecits, to p*csent Just cems of the veosulis achicved, ond, in g oulare,
~ thecu waich have In turn brou;nt ao new aspecets in the virus-collul.ur
ralacionship or which have raiscd .w:..i id. - problems,

Pirst of all, 1%t is necessary Sor us to try to anowvay t.r s Lhlen
Trousl.d up by the ncw mcbhed of iumunoflucresecnce in relotion Lo o hod
ressarch metnods,

With the aid o this mothed, ve can penotrate turough the L ‘t.,
imposed by the elassical wothods, derpes inbo the heort of the phens -
of infecticn and the symthesis o viruses in the celiz, Frou tLiv point
of view irmmnoflvorcseenee reprcornbs Jor ;‘-.Mc.icrcnw.‘ S .moul ¢ waab
the leetrenic mieroscope ropreconte’ for lfrauleroblon morghoiuiy.
The fubo ol tue cirus, waen it has nrosed iito the cell, ccn no Lot o
be foilounad until a new gerwreation off viruses come oud of s Cell
turcv s the cuassical immmnological means, \a::.th the aid of ..  nc-

Tlucr csc:nce, kowever, it is poooivle Lo vollow tho wiral Licsynlueio,
cven boucre the point is roacned wacra the formabion tolies placta ol the
clemntosy, complebely infected corpuseles, and much lator it is nowsible
to deteraine the pl.-we of the viral syalhesis in tae cell for the dife
fereat componcnis of the eirus, '

Taisc has bzen shom ...uec‘ally clc'r? - by tahe tests nolo by
2css8b and collaborcicers ca sorms mixed virucsess thus, in ‘Lm, caze of
the Lflu.,.b...., varainfiuenza 3 and pestes aviar vimsces, it hog booa
pocsibic to Lrdng oul the following seguonces in the syunchosis ol wha
viruscs: m.c ’*al nucleoprotein is gymihesized in the nuclous wiilin
enly I howrs from the infceticn, uidle the nemcgglutinaitien cppinrg in
the cycool"s:n of the colls no earlicr than 12 hours aftcr infeciicn,
Other wixcd viruccs, hewsver, such &t Lug urdiian or Noweastic's discase
virus, are oynthesized exclucively in the gyleplasma, |

Tho synthesis of tho wvaccinal viruses also sm{ to be owelvsively
irtracyteplasivic. Thad, Job and ng":S cuccesded in dotiermining the
guccessive appeorance of three dificzc: antigens, cc-..,pom,.xw of thils
virus, Tho £irsi to appesr, L howrs aificr infection, is the protuic
1S antigon, follousd 6 hours later by tbe eppearancs of uno NP nuclooe
[‘:.onu.c aavicsn containing ALV, c_pa, rma.gly, in 10-12 hours, the }*:;z.:z[;-
Ziuvbinating .::'.’.::Lnn. Caly afber all of thece antigers have oppeared is

t possible Lo show the infcctant virusi this is prool that they ar:
real wnd necessary comporents of the viral particle, -

in relotien to the indtinl eppearance of the fivorssccnce, Frasner

divides virvoes dndo § groups s follcugs . proup 1 walech has a sindiztiy
auclecr 2or T ization of tho ovt oo il wioch dncludcs tae uru;: W2
cunine b . _iin, Shopd porplecin, €. tvpe b adsnovirvs; lie Snd - comp

with iniiio: sweluar localizau.on which thon passes, ho::..vcr, into ho

\
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cytonlasma, including among others ihe *'i.ruues of mfluen,..a, hs"pes R
goms udcnoviruses, and foawd.ng siudian virus,

Tho 3rd grcup has the an"c,:,:;"ﬁ oroear initialJy in the cybonlasma
and then in the nucleus, &5 in the casc of moasles, polio, and, cosording
to s.. suthors, the vaccinal viruses. Croup L includes ihs viruvses whese

antizin cppears simultaneocusly in toe nuclews and in the cyboplaztia
inclm“im the cistemper virus and mouse leukemia, while group S .L.‘ch. ics
the viruses which give an exclusively cytoplasmic fluorcscence, such as
rh..n, licuicastle, Sendaym ECHO, pa:.t acosis, encephalytic viruscs,
yellow fever, e'hc. - S

This division, made on tho basis of observations made by various
authors, alco centains contradictery datz, for instance, tho inclusion .
of c¢ie virus in a nwaber of groups. :

In the interpretation of the localization of an unuiben coensiderae
tien nust be given to a number of possibilities’for ercor, includins, for
cxarng.c, tho nigretion of the antigen from cne compartmend into anolner
ab the nonent of cellular architoctonie injury through the cytopainic
cffccs or aven in the process of preparing the preparation; the posui-
bilivy thet the fluorescent zons doss nct represent the place of symthesis
ol tic ..‘..u"on, but rather its point of concentration, with the antlgen
voing foswed in anothor zone where it is in such small conceniraiion
that b is nod discloccd, or, fin2lly, as we pointed oul above, ii -:ighi
not b2 a cuestion of antigen Lformed ox nucvo from the coll, but ratucr
phagocyicd.

Censideration must also be given to the po.....’::i:‘.'y of the cppuore
ance in the c¢oll, uwadsy vha Influence of the infocted viruses, of am,.Lgenic
osvbstunces waich do nob enter into the cowposition of the virus, o5 was
pointcd out in the czse of the liewsastle virus, :

In cezrtzin czzes, thoe virus-celluler relations found could bo
studicd cnly incompictely with he blC.iaSlCGl nathods and ucny aspscts
ramained incomprohensible or contradictoe:

""'nu.. s for cxinpie, it is lzmown thab the Noweasile virus 1o fixed
by Cnrlich asciuie ceclls cnd has a cybolytic action on thcm; ..'J.xout,
rowever, bum" aule to br:.ng ouv 2 sultinlication ol the vire. in these
colls, with the Jormation of active, -7 .ciing virus or cvaen wich Limage
glubinizie propérei.c or complemealt i properties.

L 0N K I T . S - ‘\ IR 4 : . . .
. . v . ~ - e, -~ - na
Veveas L BOCL T TZONGNET DL LHLE T Ll wie «..CVJ.C"I withont v iow

Abiniie . L ;.. ic a Question of & 'cc.::.c, inthioiding action or 13
rcal inloollon Jollowsu Oy the synbtesis o o new virus,

*

I
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In %ests nade with the aid of fiuorcscent antibodies, Price and
Ginstarg showed that the shelich cells piaced in vitro in coatach wwi.h
the Noweostle virus adsorb this virua oa thelr surface, & fuct which i3
evidanced through a poripheral fluorescence of the celis; howsver, rigarde
le3s of the quantity of virus adsorbud and the conditions (of tinz and
temperature) in which thoy are incubaited, the cells do not Bhow inlrie
cellulor eytoplasmic or nuclesr fivorescencs which would indicate tha
peactrition of the virus (und thorcfore of the viral antigen) inlo t.e
intorier of the ceil or the syathosis of iv. If, however, these colls
arc iznoculated intraporiconeally in mice and then taken oud at difisrent
intervals, it is observed that after o pericd of complete disappecrance
of the fluorescence, the fluorescence reappears localized by this time
in the interior of the cell or in the cytrplazma. The fact that the
fluorescence appears after a period of nop being visible and that it
increasos with the passeze of tims indicave, without doudt, tihst this is
a question of a synthesis of viral satizsa in the eell.  Also, tie fact
that the lysogencsis of the ascitic Zhrlich cells eppears only if theso
cells are iabroduced into the peritoncunm, that is, under ihe conditions
mder waich this synthesis takes place and not in vitro, indicates that
the cybolosis is dircctly cenneectud with this synthesis and not sivh a
toxic cction. This synthesls, however, is imperfect or incomplete znd
dees rob succeed in reaching up to the Jormation of active, infectant
viras, hemzgzluiinate or complement fixer. : '

Alsc coanccied To this proviem of averted, viral symtheals, v
wust menbtion a nuwaser of studies made in the field of the problenm of
cellulnr susceptivility, vhich mony tinss i3 only appevent. Werking
with bhe notios oviar vires, Schaier chored thaet in the colls of i -
chicken cmbryo0 4% 13 possible to chcw the synbhesis of the visnl mu 10w
orotcin In the nuclevs and of the hemzggliubinate in the cytoplauma.
Afber tha avscorance of both fragments, the nucleopretein miprales fon
the nucliows inbdo the cyltoplasma and 1s included; in the vicirity of ‘he
ccllular periphcry, with tho hemepzlubtinate then being given off {ica
the ccil a3 a complote virus, *

Tn conbrasd with the cclls of the chicken endryo, the fibrobi.sbic
mice c¢tils dn the L stem are not suscepiible in respect 1o the pesies
avicr virus, since the innosulation is not followsd by Lhe formation orf
2 new virus,

With the aid of fluworoscent antibedics, however, it has bzen
anna

provon thut Uhis non-suscepbibllibty iu apgarcnl, since - as also in the
caze o the bird colliv = in thoge colls also it is possible e show the

in the evioplocmay i this case, hwuever, toc movement of the nocico-
protein foes the nucleus into the cytonlasii: does not take plaszs wad thus
there is ro Tontion of a eompluioly now Viras, creating the fai.c
3PpecTRCL v non~ouscoptibility.

R 0 ) - "o PR | b JI & K) L s . . TR S
srathonie of Lae virid nucliessrobein in ths sucleus and vne ez ivbinate
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Interesting information on the host virugesellulaor reiat~'“d 1728

also Tound in the case of infcsiions of hamster BHK 21 colls with
policnyelitis virus, with a part cr uruab cells being able to attalin
malinzal chearacteristics and preducing tumors when thcy were reinneculatod

to ihe respeciive animals, Tb*“ t***ﬂLoﬂmation occurred, nonsvbv, in
only a relatively smzll number of cclls, appeaximately 1-L%, even when
masslvo viral inncculaticns of up to 1000 UF?/cell took placc., Frasor
and“harpare, with the aid of fluorsccond antibodies of imnoculaterd ndcse
v*bga, tried to sce if there existed a relation botween the nubor” of
cells infectcd and tne cells uhich suifercsd malignancy; tacy found thab
5 heurs aftor immoculation elmost all of the cells showed a cvtontasmic
f¢Lcrasc9:cug with the nuelel rcomaining dark.  This fluore cbncc, hoveves,
diriaished ond diseppsared after 3-k cuyo, in a rats cgunl to Yl rate
ab whica the ¢slls continucd to divide. Concomuiltently,. however, &
nuclear fluorascence appeared in some colls. The authors interprst the
iniiict cytoplasmic fluorciccaes as & passive flucrescoica due to the
resence of the viral antigsa in the cybtovlasma as a fesulh of its
phuwocyt:bion, and nov its syninesisinmation, waile the disappearancs of
the rfluoreseence ic due, they claim, to ths dllution of this aantigen o3
a resulv of suc eS"i e coll division.  The true viral synthesis should
take plice only in thosc cells which show late, nuclear {luorescence, s
Thne auvthors fuocl tnau only these colls also guffer,nallﬁnanqy, a *act -
also gustained by the coinciczncs betweoen thelr frequoney and that or
celis capable of producing twiors in vive. Thesa ouUb*vuu$o“ :
from their interest in the provlem on vad o“covcnouu rol c;

150 ghou tho laeck of homczencity of ek kvhtly nuﬁv”cnuUL‘

tl{‘n:, in waiach bsoause of wae Tect vhus m,v.cwv;. it Voo {JunutL Qv &Auo all
of the cclis, only scme of then are cup ao16) of reacning the poelnt where
they can syntncu; 8 Virusede - - , '

A

o
.

Q

e dnflucnza vireces hove formed \da objecu ol WIOE0US x&c-‘aS'
with {he aid of fluorcseent anbibe: e will tront oaly & Juvoof
theoe » Clso in ccanoedioa with Ul g:z"c':;ﬁ.;::"z 2f the host virus-cell 1ia
rolatiens, espacially dn connaction wilh Lle Inporbaace of the irlile
pricity of infectica and the ni ko of v.al corpuscles whici in"ect
each n,,_. «atson‘s soudies, e oy Zioswlabing influenza visos into
coriolantoid muibrane and, wita the oio of fluorescen’y aﬁulo*”Lc“5 0lloWe=
it"' L wLosoaranes of vired x..-‘T,.L. GNS doLan 00115, have shoun ool t‘ie -

C&l.; ‘.\.- uAAU .-.(J'vu.......duu..cuug C'J. 'D.u‘B V.; .-..1:‘ oy Ce.Ll, QEDvnd ') \Ia -{.“ -‘-)

3 {7

O
£
t...
()
W
L]

x;,,*,b&uj of ths innocuizlin, o, oy with doscs Vg*y;.; oIve W,OOG
cowT o -or & »al- and oso covpatdnae For 2,000 colls, tho ol o found
tuwh Wit Tha cmall dosncs tho vival ;ti’v 31) anpsar*d oaly in Lig Srhoe

DLz noand u*Vua in tho ekl . son the lavge cdecta tha catigen
o.r ALl .?;130130~\‘W oo S r;ﬁi"fiij'in the nuslis o 0T Uhiord
soved o Luu grboplasind, Lo Ll howevey, the ol g::L;ry viral
coonseloe vould BWe brought b only with tis ald of cn clusirorn o

st Inodne periphery c“ the cells, with the ecmponunis of $he

b

VIiTUs .....CR WEDE 'unasscnbled” not bolnz able to be d--ﬁ;?”‘laali froa

‘l\;. -
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e e

. the normal eollular ceastiiuents, W g:;‘“;’:;oai; co aﬁ-'in that 21 cone .
tracy bo the cleetrenic mierescons, with oi"a aid of flt.cra.,c»m wntinodies
it is possiblo Yo dring oud non-rporpholegical antigcn elcneats,

The dists Aen and oxicionce of viruses dn the diffes- Sans,
studicd w t‘n the gid of imminofl: orc“m;nw, as provided new Gota a;:d
has succceded in dotecting virmusos within the very tissucs in whi

they exdeted in very crall guantitics, so at they could be b"ou,,m cuv
throvgh innoculaticn or other methaods, Thus, Chu and collzboratons

found that 96 hours after innocuiabion of monlays with welian virus there
28 vious present not only in tho parstil iond, bub also in the Whilte

substanco of the marres and in the L-a.h vensriewiar plats of the toain,

The wlian virus inbocuwlatod :im*f' tme amndotie cavity of the . .
CrLIyo Og_, iS then detocbed ondy o LU Clalu 0T tﬁui(-nr Uirea S ....‘:“"i"f“.‘-ic» .
and coricalantoid membrane and in the phorynclaon and per;t.mca
el tam c:.bryo. The sams distritulion is 1SS0 .ymmd in the case of
innoculavions of eggs with Influenza virus.

The process of adapbing the "t.:"'li':‘ o & new host can siuile G b
followed with the aid of immmofluorcicance; for c::;mp.:.u s Gade. - studie

the localizaiicn of ECHO 9 virus ﬂjC-de 1150 novoorn irice and . ovuoud
that iz the first passage the antizon was found caly in m.v skelc ool
masceulaiurs, wails afwr a nurbcr of passeges dt could also b2 feuni in
tho meainzes, ead thon, afiber a very izrze awwber of pw;;,w, in Lo
perivascular colls and in tho eells behind tha norvous pu.ccuchymi,

: e d :

Onia of the wedern nobhods of titre’ o : virases, v @ Luod o
wnits formod of {.uuw] under agor. as Yt L many €astu w0 i la
rcsm:c... waich do nob nateh tacue ciindtoed, in ldght »f Lo wello of
clemzntary corpuscles in the 'c;i;;., w5 buzpLasion, with “ie nulos w2

"‘.L» 2] forwcd wnits din gemercl beling mudh less then the uiber of

lcmsntary co'puuw.w. In fais ‘c;ard alzo drsamoflucreoecace 100 made
avc.llc.,blo to rosearchers a wsthcd of increaccd acecuracy cnd prec. .. e
Szendlase and Lemaobve, making a paraellcl titration of v:.ccin\;l . .'.-«:w::a
by the nutred of forming [PLAJE] vader oo e under tho wsuval cord.vi.os N

and with the alid of flucrcscent catibodi ., caowed thatb throusn ml:: '
mothod 24 vas possible to b::',szg ot 3-L wines more [PLAJE] than ihrouzh
dircet rcoding., Indsed, it wos foo . vhet widde sema [PLAJE] incroissd
up Yo visiblc c,.n;:-;naions 50 *anw Thir cowld bn counbed vith tho nohd
cye, cihers momained locclized im & very small numdor of colls, so that
ir. order 1o sce them it wis necessaxy o uwie the flucrosconce of tha .
infectel colls wnder & nicicceops. Ty tochnique, however, docs neb

.
cald LTy an exash cnesiablen ol the [PLAJE], but alho - o -»‘,r: 1
ticonvden ol Yho wiruses which co voL cause the dealh of coin .4 :she
Tersubion o [PIAJZ], tho an“_,».. wednse pecsent in the c».x.l, i .,cvc:‘r,
Lo vuisily ootn with the alid of ;‘."...z.:a::con*a antibodios,

£



In regard to bringing cub ©
that vhe reactiong of neu‘b“’ iizatic bl
rod u,:lq.z.u.'.va, the tibrations orf ‘hc serums bedng muchh l1ess in tho
ysls; u,qw ol Luzamofluciescence uh.n in that of-fisutralization of tone
p_.m..wn‘u riziiica.  On the obher hand tnro“.a‘.z fivorasconce, in addidion
Lo graater vapldivy, it is possible to bring oub soma differcace belbuce
the circulating antibodies. Thus, figgs and Browm showcd that it w

possibie o &l “fcrcnﬁzate in ch:.ldren the actively 5.1'.“eriwd uxlu-b\rJlrﬂ

i‘um ntidvodies, we mush point oud
or Timatien of the complicror

[ 4 (. W

oiad tho passively :mne*:x,tcd entibodises from disease or va atiens of
nabernal antibodies. In new born children who had an inc Cau»"‘ antlie

policayletic neutralizing titre and who did not respond to arntinelizwylsiic
vaccinabion, with the aid of fluorescont antibedies t."xrouah the indirect
mobhed db was cheim that vhere the neuitraslization method yiclded lovge
titrcu, the serums of thess chilarc:n yvielded a puch treeicor flu -/‘“c:'cr‘z.e

or ovin nene at ull, a yﬂuﬂO nonon L::icn czn be explained by the proces

¢l degreaaslen of the gz globuline anbibody passively ecouirzdy a

. %

- opretise they modifies Lho Wuculcray of The .atzucn globuline ai":rc
\,,, — e Q,‘-,,_J st g e e

that ol {ac anvlﬂvu., bJ.OQ\ﬂmao e T e R TR it R

In the nroblen of the 1icclosure of the anti‘co\.-m in 2 coll,
there e nuasrous works idn immunolegzy thiich localize the wnbdibody-
precucing celle with the ala of divectd or indirsct technigucs, using,
i..;.:;-.-..-, solublo :.n’tiux;ns es the mucmwd:.avy layer. We 8911l have nob
found w= for inshinee =- 2 work waich suoins the disclcsuro 'ox *uhc Toma=
tica of tnbi-viral ﬁntibodies using Lhe henologous virus as the intere
radiary loyer. '



