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S litmia r y

Must of t lie w ork l of t.Iti is I alw&)i~tt( y i\tm e d. ,I (td t o
t ri 1 ng to 11Iiide I t id~ why t.he :1v i I'll Ien'I I imu I an11t o F S . f 1 xiw
2a (2-15'10), which is ant igenical I y imihenit i cal t ,o i I i 1-ut k-lt
a ren t ( M--12 .13 ) i s n eve-rI t( 1i le:;s 11 1iiii! t o piiewt rn; to ie i III k' ei nal
'p i the-1( I i uIrII. It, was found that. t Ie .St. Ir8 i . werIe df iirn ri

severalI cha itrac-ter istics of thI e e I1 witlII . F irst. , thIe( 2 4 s70 was
inuch more resi st~ant to ,;odium I aui'yl s-ui 1Fate, an ani~on i c dteg
thla n t he v irulIen t s tra in , 1424 3. I t. has it Is-o bee n -slie)n that,
the avi ruleit st rain is Four t imne as e~l e ct reiiei-'a ive , but
this was dilc(iiduit on thf1e 1)r --;(,I Ic o o f (; 1 c i inin i o . A 1)p:eI It y
th 1e el .tet.ron11e g it i vi t y hals Pi(Ieo t It( av 1.11 l-n t --t ri i n ro:- i t ant.
to other :igent s suc ci as ED'FA ;titd 1i sozym .n

Other studies have s-.hown that. t he av irid en t i itant is
de f i c i en t i n t.he unzyine , g I V co ro 1 k, in as ,Ie .TI'l i s enizy me was aihow~n
to be genet icalIly Ii nked to thet( expre-(ssi on ofI el ec f -orue' gat i vi ty.
It was thought that in Sh ige 11a, a el1wallI mutation mnay be
affect ing thme expression of' glyct.rol kinaso, hence the relation
to elect roliega tvi ty. TFh is k:i s riven more credence %%h-sn i t wa Is
demonsatrated t hat t he up l.a ke oft K rebs eye 1 e aei ds was s-;evt-rol1y
curtail ed.

Fi nal ly , work wais lwgiin 1wfbt'roi' the terun-i nat i on o~f thle
cot-, tract to i ii dI i ct e t Ililat F I110 r( --Sccit I, I-( )O msinay be u:-st I III to
detect di frcie bhvowon v i ru l ent, and I%- i ru I (-tit s tra ins of'
Shigel I a.



B: Irk',, ro r cIId

a. Zasis- GeeiC StuLd i0S Of' Vi I'll1(ii I of Sio l 4,01

The cl assi cal met hod of st udy i ng 1)art tr- i al v i iiuleiice ito
compare the propert i es of v i t-l ejiit ar id av i r-ii lent ,-t, ra i ris . The
fact that two stra ins dif fer i n v i rtil cre i s (,:s i Iy est ab I i sheid,
bu t d iscovery of the spec i f i e g;ene tic mai rker i nvol ved i s I ,!s
easily obtained.- It is neces-sary to have solie (dbservab Ic cha rac ter
distingUishing the two strains in vit ro and to be able to prove
that this is i uvarably associated with vi ru ience (Burrows ,1962).
M ic robi al geneti cs and stud ies Of hi ocILem i cal mechianisms, i .e.

studies of enzymes, metabol ic ehha rac ter , etc. , have indicated
many markers associated with vii ru knce but few,' i f a ny, have
been shown to be virulence determinants. One must bie crnsi antly
aware that if virulence i s due to many factors, an av itrulent
strain may possess all but one of tHes-e factor.- (Smrith , 1968).

The first method of distiti miislIiing vi rulent from avirulerit
strains was colonial variation (Cooper et al. , 1957; Kerekes,
1962; Schneidier and Formnal, 1963) . The spon taneoums mut ation of
the translucent colonial form of the virtml ct Sh . flc',xne(.ri 2a
strain M-42-43 to its av iru lent opaique form, strain 24-70,
occurs at a rate of I in 104 cells (Falkow e t al. , 1963).
Opaque variant 24570 is av i mulenit in I he guinea pig, does not
cause keratoncoij unc tLvit is in thle gouinfea pig eye , and i.,- not
able to penet rate HeuLa cell s.

Al though various i nvts ,t i gat rs hiave des.-cribed colonial
variants of Shigella strains whiich are( associated with a loss
of v irulIence for varioeus aiimal i ns t s, Formal et al1. (1 965 a)
have shown that the di saippe:1rnie of viruilence may dif£fer f roin
var ian t to var iant . Us i ng t hi re sponit aneouis av i iulen t mu tants
of Sh . fi exn-eri 5 s;train M90 exhibhiting the same change in
colion ial mnorphol ogy , only one- could be rt .-1orcd to vi rulence
by mat ing with Ehei r ic ch i a eel- i . Hybri ds with the colonial
morphology of M90 we.re not. virulent. Thius, in Sh . fl exneri 6,
al1t eratioens i n miore than otie gene can alteor cel on ial 1m OI-phol ogy,
but only one of thiese;- is associated with vi rulence.

The genetic homology between E. coli K12 and Sh. floxneri is
about 85%/ (Falkow and For-mal, 1969;- Baro-n et al. , 1-66 8)- Hbi d s

cover ing 50'X) of the gjflom revealed only one region located
between rhanfillose and xyl1 se genes essential for vi rul1ence in
this strain (Falkow e t al ., 1963). Subsequent invest igat ions
show that the loss of virmul1ence of some of these hybrids was
caus--ed by an inability of the bacteria to mntl tiply sufficiently
in epi thol il cells after penet~rat ion (Formal, 1965a).

-



It is also L::ible to ivc.-t rl'e v in I l n.(r to) :ill av i -l t. 1 r;1 i1

When in1aI+ h )bri( wk I. e ((_ct ed in a t oss l)I\ tV 'I .. c t'-i W - I ,..
(lifr C) mal and il ia avi riil cit imnlit ant of Sh. fl ,x it(ri 5 in:i I -
most of t ihese hld rega i ned v i rul cnce.

Kr i. -ina pi i I e and B, ron (1964 ) were ab 1e to show in Sali:ion( 1 a
abon y the exi.t:lnce of two genus; a.ssociated w i th the loss of

virulen'e. Oil iaps next to the str A marker and the otlier next
to imet B. From Lheir evidence they piroposed that each determinant
by itself would allow phenotypic express ion of pa rtial aviru]lece,
but both arte p rsi!!iably necc.ssary for the expre sion of complete
avi rlltellce. These lalckers atce generally coiiiatible with the
]ltcat ion of tie avi rulent determinant of E. coli as deterinined by
Falkow et al. (1963).

Formal et alI, ( 1971) have recently succeeded in identifying
a genetic locus on the Sh. flexneri chromosome which controls
epi thel ia 1 cel I penetration, the kcp A locus. It is located

near the pu' F locus. It would seem to be at a site quite
far away from the locus affected by the strain 24570 mutation.
E. coli K12 hybridized with the kep A + allele does not evoke

keratoconjune'tivitis; therefore other Shigella genes must be
involved in host cell penetration.

The streptomycin marker (str A) has also been a.sociated
with virulence (Petrov.skaya and ,icheva (1970a, b). Strains of
*Shigellae and salmonellae resistant to streptomycin are often
avirulent (Falkow et al., 1963; Krishnapillae and Baron, 1964).

Bi ochemi cal Stud.ies on Vi rulence of Sh i gel la

Studies on the biochemical basis for virulence of Shigella

must take into account the sequence of biological events required:
a) penetration of the intestinal epithel ial cells, b) entrance into
the l-amina propria, followed by a period of intensive bacterial
multiplication, c) destruct ion of the host cell (1Lllrec et al.
1964; Fo rmal et al . , l9()b , 1966) . The study of p'net. ra tion
has rmide use of ani iso onic pair of Shipgella fl, xiieri 2a, a
virulent strain, M-42-43, and a sponlalaii(OtiS ;virulent mutant,
24570. The latter if; one of several alt erations in Sh.flexneri
re nde+ring it unable to penetrate. For example, one can a-l-t e r-

the 0 antigen makeup of Shigella by naking hybrids with E. coli,
-,ict:Ling 101r Lilts Lija o tli:, . . -, i, .L tell 01 aIc ik. o1 i

0-8 repeat unit from E. coli will prevent Shigella flenxeri from

penotr'ating (G(mski (4 al ., 1 971). Another hvhridization at
the kcp A loctis near pur E will also prevent pienet ration (Formal
et al. - 1971). Nothing i, known about th( nat.ure of kp A
inuta.ion. It :,hall be broiight, out. in lie following that the

24570 ,I)nt alii'oi- TiJ,, tat ion occulrsi it a site (lifferent fr(in the

kcp A 0('lis and the his I ink,,d 0 ant. itgen ,;i to.
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Mo.st o F t hie eai rli er work I lin I h is I ;ibora ot-y hats l)('uf
d(.v o tead L o t r v i 11g [o 1111dkui's t anol M~IN I the av11a i 'iLntm n
(246570) vuh jo is ant ig'iiical ly iltrit ical (lalirec et al. , 1961)
to its virulent paNrent (11-4.2 43) is --sute> unabtle to
penetrate the in Lcstinal ep ithel iumn. The rt-sear('h was des i glied
to test the hypotht'sis that the av irnleiit t rain, 24a 70 , doc's
not atta'.h to the host cell becaust- of an icrvaed eltrcmegat ive
c'ha rge . 'This is usuall1y t us I. d by mn 'a .uring the rate of' upt ake
of the ('at ionle dye iiiethyl efe bilune, washing lie baA'tur'i a tr,'e
of external mnethyltune blue, anid finally -lys ing of the hacteria
with sodium lauryl. siulfatv (SLS) to release the ;nthylene blue
for nuuasu r otienlt . I t was Found thiiat. the e'xpe(r imen IIt c 1(1i~ riot
be done properly because o f the iniabhil1it y to Iy-'the av irul1 iit
strain with SIS (Corwi n at al. , 1 971.). This was conf i rmed by
rate studlies showing that the v iru lent Ml 213 is ly.vued four t imes
as rap idly as the av irulent 24570 (Co~rwi n et al ., 1973). The
condlit ions for lysi s by SIS included growth of the strains in
Lur ia broth with 5mM Ca++. The 1 ysi. s was carried out in phosphate
buf for. If Tr s bu[fuer was used instead no lysi s of el thur str'ai n
was observed by SLS . In the absence of Cafl-~, both -;tra ins were
ly ed to a much greater extent, but the 241570 was still ly.sed
more slowly. It. was il.s-o found that, the 241570 was mi)re resistant
to ysi y 1,Il' and 1 s've Thus.- the innmitation t~o av irulene
has resulted in a stabil1iz at. ion of' thme wall aja inst lys ing agents.

Re turn ing to time hypothies is of el e t romega tii lty as, an
explIanat ion for non-at t :iohren t of th le av i rn iernt inntant , Chargfe
was now tested by ricro1emtopo 's .By this tec hn ique , i t
Was rmens tratedc thiiat i n fact t.ihe 24570 was up to four t imes
more ne'gat.ive that the v i l en t M-1243 (Corwi n a rid Tal uvi,
1972). However , such a dif fert-n1Ce COUl d only be demmistrated
if the s-trains were grown in the pres ence of .5mMl Caf+ . Thus
the in mi i-eased neuga tiv it y of 24570 i s onl1y senwhenr in- rown i n
the presence of a cat ion, Th is anomaly could be u xpl mi ned by
ei thu(r of two hy~pot he.-us. The f i rs-t involves an ml tei'at ion in
the con format i orna strutcture of tile cell wall by chiel at i ug cat ions,
for example by ions such as Ca 1 4 - which bring negatively charged
compoents to the surface. When the caliu m i ons 'ar e rm'uoved by
thr, cier-triv field ()r hy VDlTA the no!--itiv 1h C' 'h)' r.
al terna Live is that c alcium ions loosen thle bo)nis of so-(me surface
sttruIre , all ow inrg the rel ease of macrom-olecules; inmt o the
mediumn ;and uncovering a more negati vel y charnged layer.
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It . Found that DTA wo I Id i re ::;i lii :r'e Ii 1.
grown in TIu r i. b t and Ca hi-,  ut S,, l id nut : f .I , .

ch : ri, under th, sse c, ndi t i n. ( Ct' r.w i rr :11 rd 'LT: I I -% ,)
Thus, the rel.ease of I ipo po ly. ;;'c har ide (1,1S) ; i , 'rt Iu I rsm
the two s trains by EDTA was tested. In fact m I(,r. :tnd
LPS wns releaeied from the vi rulent strain t han tie :t\ i iI 1 (',t .
Thus the incrcased charge of the av .'rul eit ItrIn does riot

ap ar to be explainable by the u1CO()VriIng of' a nieg:tt \ t 1 :vr
aft.r release of macroinol. ecule.s from t hie mores p r f i c i atl a V

Other studies have shown that the avi ruI(.nt runt-ant i s de f ic1(ent
in the enzyme glycerol kinase making it unable to f(rme.nt glycerol
(Kim and Corwin, 1973). This observation gave the first genetic
handle to study some of the relationships betwen the :sev%,ral
alterations in characteriistics of the avirulOnt mutant from
that of the virulent Shigella strain. It was discovered that
electrophoreticcharge always increased upon the loss of glycerol
kinase. The mutation rate to glycerol kinase negative strains
.,'as about 1 in 104, which is about the same rate as that of the
change in colonial morphology from translucent colonies to
the opaque avirulent colonies. Interestingly the ability to
penetrate was lost by only about half of the glycerol kina.se
negative strains indicating that more than one gene must be
involved.

There are two particular findings which have led to the
establishment of the fluoresecent technique use(d to di.st inguish
penetrating from non-penetrating mutants of Shigella. The
first is the interesting correlation made by Kerekes (1973)
between acid agglutination of the bacteria and their virulence.
Saline suspensions of virulent 24 hr. cultures showed agglutination
in one or more tubes of a buffer solution in the range of p11
1.6-4.9, while the majority of avirulent S-form culture either

did not agglutinate at all or agglutinated in the narrow range
of pH from 1.0-1.4. The virulent S. flexneri cultures failed
to agglutinate after washing in ethanol or cetylpyridinum
chloride. Heating (1000) caused a loss of agglutinability
in most virulent strains, while some avirulent strains )(,came
agglutinable after heat treatment. Nakamura (1967) has shown
that S. fl exneri lb virulent strains do not agglutinate and
Kerekes has explained this as being due to the inability to
maintain homogeneous colonial cultures in that strain.

T'l,, uhu r fiiiding, by Kimn and Cor iJn (lb 3), involved tire
oxidation and uptake of Krebs cycle acids such as succinate.
There is little difference in the'e parameters between the
virulent M-42-43 and avirulent 24570 strains of S. flexreri 2a,

if the cells are harvested from logarithmic growth phase and/or

if they are grown in static culture.



MWicf t 1 I I s a r t 1. rol 11 [Ii i hl t v Ik i \ -1 vl a i 
'I ~ ~ I () 115C(, Wi: t c :t,-;

of, tile av.irulerit _ ,17 [sta inl to ()x idliOsc~a (i aIII
to t rans[ -por t i t i s ire:ii t I cu1r t a iI ed. UnIId er t IoeD IC, ndi ;
t hu re i s a resulti t ;an t 3 Lto 4 f'olId d i Ff'( fee n t1 1 1 11 C'.c I , he 17 0
st rains aind the N1-142-43 , wh Iose p)el-forinance in 'I h'1.-;( cha~ r act ('r 1st
i s u nal I te(red .

C. Current work

Du r ing the past year , thle use of F 1 o r(. scent dyes to pro(be
the structure of the cell wall was begun with tHe hope of
uncovering differences beltween virulenit aind av irulerit sitra ins.
TPhe method involves tHe in t rodluct ion of small1 mol ecul es into
the membrane that have cha rac teis itc fluorescent properties
in a given env ironmen t ( Radlda and Vaiiderkooi , 1972) . il Ionruscerit
ineasureme-nt s can refle(c t the ef feet 0U i t..,- m iccurivi1roninenit onl
a particoular probe. For example, 1a nnpihln--u1fnt
(ANS) has been shown to be located at polar -non-polar interfaces
(i.e., lipid-protein, lipid-water or lipid-protein-water contacts),
while others, which have no polar groups, such ais N-phenyl-
l-naphithylainine (NPN) locate in hydrophobic interiors such as
the hydrocarbon regions of lipids (Waiggoner and Stryor 1970).
Much of our timne has been spent us;i ng NPN as the fluorescent probe.
NPN , in a hydrophobic env ironmen t, exhiibi ts an eriiss ,-ion miaximum
below 400 nm as compared to 460 min in water, and has a much
higrher quan turn yield. Thus , for MIN , upon excitat ion ait 340nm,
the manximnum emi ssion was at -166 am when the s-o tvent was sal ine,
461nm for water, 420m , for mnethaniol and 39:3 For bens ene , while
the emission peak hif ghts (in arbitrary units) were, respectively,
7.4, 11.0, 247.5 and 720.0. When equal concentrations of eellis
were exposed t~o eqlual amounts of NPN, the M-42.-43 showed a much
more rapid bind ing , as inad icat ing by the (Imi. ssion wave length
shift from 4160 to 405 nm and by the increase in peak height,
than did the 24570. At any given concentration of NPN, the
quantum yield upon binding t~o NI-4243 is higher th-an that to 2,1570,
until saturation is reached. With a given concent ration of NPN,
where the qi1an turn y iel1d di ffered by a factor of' two , we exp 1 red
the above difUferences as a function of growth coic]it i ns, ca t ion
concentrat ions, etc.

The greater and mlore rapi(IlN achieved quantum vi old foi-
NI-4243 than for 24S70 was ohs,-4orvd when the- hart en a we.(re fcrown

Lu a at itniary phaie inl the absence of Ca' witLh 0. 2X' g lo Se
in Luria broth. These probe results were correl ated with the
spontaneous release of IA1S into the test fluid. In three
determinations the NI-243 rel eased 2.2 + 0.5% of its LPS during
the course of the exper imenit whereas the av iru lent. 2,1570 s;tra inr
released 0.7 + 0.2%.

-0--



I t (II d~l> i I- 1~t po1 i1 hi t I lI 1'~; f I I S p1t eI I
N N to I I kt [':I t 1110 Ie enC s n lv it I h' l.it i k

o f N'-4243. Str1ong, doubt \%;LS (,:"t 0ii1 this i iii 1-1 1i't :1t i on
xxhIen 1.i idi iqg of MIN to rough1 11:1ut i t s or. hoI it st raIil! us ; xis F; t t (ld
Thksu imu tann t s we re i -,o I att ed by tr XIi Z- t he 1 r-a i ris i 11 t 1lie
1,iat cueOf rTLbi it anlt i.se rumii t oi t he ,;t ra:i ns . InI t hoase strIa i s
tie 0 -alnt igenls arc linablle to bind toe tile ITS cor i( v I ,I

It Wats found that NPN xvus hounld IffIuch 11ore rea,:1d i I y to t he( r-olli'h
Ml mtant than the rough 0 mutant, results similar to t hat
observed with the parent s 1.ra i ns .Thius it woul d semthat thle
0-antigen is not involved with the NPN-binding diffe r-Lnces
observed wvi th the two strains. 0tLher obse rva t ions als o con fi rm
that, although NPN can bind to purified Sh i el 1a LTS aind give
rise to an emission max inulm at 40m1m, the obserived qualntuml
yield is far less than that of the wYhole bacteria carirying
an eqluivalent amiount of LPS.

Studies were then carried out to dtetim inc the cend iti ens
necessary to produce di fferences in NPN binding by the two
strains. The differences between the Shigel la stirains wkere
o~bserved with stationary phase cells grown in Li r a br-oth wvith
0. 2%/ glucose and no added Ca .Cells harvestdf.f oa ii
phase do not show the difference. The av irtl ent cells under
these condit ions bind NPN as well as the !Ml -243 whiich is r-el atively
uinchanged by growth conditions. Tlhe pr-esence of 5mMN Call- decreas es
the hind ing of MIN to N1,2-13 so that little d if fer ,nec in MPN-bi rid ing
to the two strains occurs. Final ly', when the cells are gr-own
in high glucose concentrat ions (2%/ vs. 0. 2Vj') binding Of NPN to
both increased to such an extent that 11o dif ference between
the strains is seen. It would s;eem ther-efore that internal
binding sites for NPN exist in both stra tins, but that t ie
channels to these binding sites may vairy in the two strains Under

* certa in conditions. Treoatment of the cells wvit h FDTA or wvith
EGTA after growth in 0.2" gluicose withouit adde-d Ca il- wa;s also

*t ed While the overall quantum yield decreaised for both
stra ins, the relative values, i . , thle L,,renter ye il1( for

* MI-4243 than for 24570, were maintained.

Fortunately our recent work intl uided somie imiportan t controls~
wh ich made much of the puibl i shed in format ion on NVIN binding,
as well as, our own earl ier work, suspect. The first observation
came after the cells labeled with NPN were centrifuged and

I A 4 in froczh r'ria. Some 80' of flhp fl 1r'eec n
IOs t . NIN exhibits an enormnous jut i-ease in quantuin yield when
ente r ing a hyd rophob ic env ironmen t f rem an aqueous one.
Since this increatse was lar-gely, lost by sim-iple centri ruiat ion of
the labell1ed celit was s-pecul at ed that most of it was dule
to NPN tnt t'el ('5 loos;ely attached to tihe bacter-ia.

-7-



I t m;eirS; un. 1 ko Iv IL ' r , tII hat , I N I I d In 1 1 1. (- I ,I, t j n
bet ween N1N and the el Is wou Id b(, so e.as; il b%7 rol.-n An ,'hsr
serious f I aw in t ie NPN exper i rin tat ion was our f i ndi ng t I iat
' PN binds ubiqu itously to glas, to si I icon i zed gl as;s, ind to
plastic (e.g. s,TIon SL i f I i bars polyp ropyl(ne or p(lyarb)L, 'e
t. ubes). FL- th(' Io re , p rel al- I d 1,ci tor i a lose .!)mc of t h e.ir
bound NPN Mhen transfferred to a new glass tube. Both of these
observations are maniflestations of the great affinity of NPN
for surfraces, and cmld be verified by benzene extraction of the

bacteria as well as by benzene washing of tubes, fla.sks,
stirring bars al ter inciubation of the bacteria. All in all
these ptoperti es of NPN made aI)so lute quantitative interpretatton
of binding studies very difficult indeed. It is not, however,
necessary to discard our results inasmuch as consistent differences
between benzene extracts of virulent and avirulent cells were
obtained by identical treatment of the bacteria (Table 1).



The data i.n Table 1 irndi ate that I)TA t r-(-a !-t I of t 1: h ,t 'eri a
greatly increast-s the avail able NPN bi riding i tes iii t he v rul.ut

M-12-43 but insiginficantly aflec Ls the non-invasive 21570.
Thus, while no significant binding differ(nces between the

strains exist at pH 7.0 *.ithout EDTA treatment, M-42-43
binds significantly more NPN than 21570 after such treatment.
Since NPN is a hydrophobic probe, it is to be expected that
either the hydrophobic regions are changed in this mutation or

that these results are a reflection of the relative resistance
of 24570 to EDTA treatment. In any e-rrnt, this protocol
serves to distinguish between the two strains.

Table 1

NPN-binding to S. flexneri 2a Strains
1

Medium 2  Fluorescence3 + SEM

Strain Ca + +  + 0.1mM EDTA -EDTA

24570 109 + 27 (4)4 71 + 26 '(4)

24570 + 114 + 31 (5) 83 + 44 (5)

M-42-43 - 283 + 59 (5) 60 + 18 (5)

M-42-43 + 381 + 91 (5) 64 + 32 (5)

1. Harvested bacteria were resuspended in 0.1mM EDTA ph 7.0

for 15 minutes. They were recentrifuged ans washed once
in saline. They were then resuspended to a concentration

of 2 X 108 bacteria/ml and exposed to 0.5 ug NPN for I hr.

2. Growth medium was Luria broth + 5mM CaCI2 and included 0.2%
glucose.

3. The labelled cells were centrigued, washed, and the washed
pellet extracted with a quantity of benzene equivalent to the

initial volume of cell suspension. The fluorescence was
rqirc'd at 395 mm nftcr oxitation at 340 mm.

4. Numbers in parentheses equal the number of samples.

-9-



Neverthelo';ss we have ;ince t cn ied to ANS with ,ic lI'h the
surfface adSorption pr'obl llls ('ncotilt(-red with M'N (1o nut exit 1.
ANS has a polar sulfonate group, allow vig it to attach to
hyUrophubic-~-hydrophi lie iutetaco.. 'The initial finding1 s,
rtported 1a st year, were that ANS did not aplpear to bind to>
the bacteria to any uti Tiable exIt ct at pl 7.0. This w ,as
thouight to be attributable to the niegat ire (-la rge of the bacteria
at neutral p1i. This hypothesis, coupled with the acid at.gg I ut in-
ability studies of Kerekes (19'13) on t.ined above led us to try
our binding studies with ANS at pH 3.3 in an 0.1 M glucine-ttCI
buffer. The results are detailed in table 2. It should be
noted that, at present, the labelling detected at pH 7 with
ANS is so near the experimental error that we have pursued our
studies at pH 3.3 where the binding of ANS is much greater.
All values reported in table 2 for fluorescent intensity are at

a higher scale expansion, 9X greater than that in table 1;

this relfects 1) observation that the fluorescence of NPN in
non-polar solvents such as benzene is extremely high, 2) possible
differences in inherent quantum yield between ANS and NPN,
and perhaps 3) some absolute differences in NPN and ANS binding.
No effort has yet been made to sort out the contributions of
each of these possibilities.

At pH 3.3, cells grown overnight in static culture labelled
intensely with ANS. There was, however, very little difference
between the vi.rulent and avirulent strains. If the experiment
was carried out with bacteria obtained from cultures vigorously

aerated in Erlenmeyer flasks, the virulent strain loses about
two-thirds of its ability to bind ANS, whereas 24570 is
virtually unaffected. This is very different from our observations
on succinate oxidation in static vs. vigorously shaken cultures;

in these, 24570 lost oxidative ability whereas the M-4243
was unaffected. EDTA has a similar but less dramatic effect
on ANS binding: decreasing the ANS binding on 24570 cells at pH 3.3

to a much lesser extent than M-4243. The combination of pH 3.3,
EDTA, and vigorous shaking gave the most consistent and largest
difference between the strains, but it would seem that EDTA
may not be absolutely necessary in order to differentiate
between virulent and avirulent strains by this technique.

Using this particular fluorescent probe technique with ANS,
we have looked at. a vatiecy ul Shigeila strains vith the it-ulttL
obtained in table 3. Most of the Sh. flexneri strains appear
to follow the pattern of the M-4243-to -24570 mutation. The X-16
is a hybrid between E. coli, W1895 and the M-4243 which has

lost its ability to survive in the gut but has retained its
ability to penetrate intestinal epithelial cells. Like its

virulent parent, it binds ANS much less than the avirulent,

non-penetrating 24570.

-10-



Thle S. Johri.8(?ll ;t run in i ,; :I v Ii r~ I t It I ,IE nn f trt r ~1 0
It bind. ANS far less th rlan 2,15/i, tli.; ,: ; I111, g1,r- Ili -1 3.
Tihe 1 b st ra ins se ,n to fol low thi t ttim :.s w,] , 1,:\(e'tq
for stra in 228-10, wh ich, al thou,,h vi 'ul- e , hi ri s ANS very
poorly. However, Korekes' comnent ahoitit 1 b trairis and
agglutinability may apply to ANS binding :,.s well. Sh. flex.riori
3 strains seem to have dtp.ress-e(hd binding ehlracteri.Jtic
relative to Sh. f- 1exneri 2a strains, but t he avirultnt s;train
binds much more than the virulent strain which dosn't appear
to bind at all. The 6 ser-otype pail-siS also similar to 2a.

-111-



U2

Cu I 1 1; .(W i 1 ' / 1.'

p11 I)'L'A Iii i q Illuw:':;c.;,: t i .: /I l (C- 1 Ls

7.0 - - 30 0

7.0 -f 13 15

7.0 + - 44 17

7.0 + + 19 0

3.3 - - 602 547

3.3 - + 177 500

3.3 + - 268 429

3.3 + + 125 667

-H-
I Bcteria were grown overnight in Turia broth + 5nm Ca either

in test tubes about 3/4 full growing in static culture or in

the same media, vigorously shaking in Erlenneyer flasks-

2. Fluorescence emission was measured at 470nm with excitation
at 360nm; possible experimental error of - 20.
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AN'S --bi (I i 1w~ bv Sl i C I I a St. r:1 i W;

S : v ro sscr i o n f) ,ri r-t r,_-on _ o.,rn'-.s

2a 24570 4- 5 (4, 35, f;7

2a 114243 - 245,188,125

2a X-16 E. roli hylrid 32

2a S. Johnson - p:rvertant of 24570 + 227

lb 1125-8 + 36,411

lb 2381 0 /124 - 302,374

lb Y-52-994/8f + 41,2S

lb 238-10 - 9,50,52

3 3-50/15 - 162,102

3 J-17-B + 2

4 M-16-94-0 - 399,147,227

5 l3g!9X For.a_ 0 - 80

6 1106 Smith - 434,206,1£8

6 CCIO-60 + 37

S. dysenteriae A-1-38T 1ST inv--des, toxin + 401,375

S. dysenteriae 725-78 i.nvac'esno toxin + 1S,140

S. dysenteriae A-1-38 18 0 no invasion toxin - 417,40

S .. i_, 7.--1i1 no :,:v.toxon, no tOn -
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St il1 i of S. (1%, 1 ar i;1e s-t t i IrIs iivti j ust ho, . in ;f(Ad
i 'r, try i -s l-I t s ±.rt - iv-on Appari t t he )rodu(-t i n ,f

toxin is n:'.oci at (d with Ig(od ANS- i nd ingi hichi i h k.s d i ff r r ts
in the abi lity to ,,_net rate host cells. When tWxin is not
pr-oducud, the charact eristic groater ANS binding of the avi rUl nt
strain is ohk or-ved, but in thi s one exjeri m,.nt , t lie di ffo(.c(,co
is not as diramatic as in the S. flexneri 2a strains. Anot her
.xperi ment was per formed with simi lar re I at i ye di f fev .nc es

hut lower absolute overall binding by all strains.

T'he.se experiments appear to support the use of .ANS as a
t(ol t.o distinguish invasive from non--i n-asive strains of
Sh igel I a, but many more experiments remain to be done to establ ish
the l imitations and extensions possible with this approach.
Perhaps, even more important is the underlying alt eration
which links all these different Shigella strains, Not mentioned
before is the fact that avirulent, non-penetrating mutants can
be due to sevtral different alterations in the coll wall. We
have shown that the M4243 to 24570 mutation is associated with
a loss of glycerol kinase. The S. fiexneri 6 strains are both
glp K positive and thus represents a di-fferent mutation.
Similarly the kcp A mutation found by Formal et al (1971) also
affects the ;ibilitv of S. flexneri 2a to invade int(.stinal e.ells.

-14-
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