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Mutagen analysis by the SOS chromotest
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Summary. The rvork contains some characteristics of SOS chromotest such as:
relationship between concentration of cells and mutagen sensitivit;', inflr.rence of
incubation timo upon intensity of bacterial response, kinetic optinrization of deter-
mination of indicating enzylnes. IJndor the optimized assay conditions the nlutage-
nieities of some known agents were determined and the results \rere compa.r'cci lith
thoso obtainetl by Ames test. The mutagenic potency of ten new furvlethylenes
(amides and esters of 5-nitro-2-furylacrylic acid) w-as proved. The convenience of
the SOS chromotest, for tho mutagenio testing of nitrovin in chicken meat and
5-nitro-2-furylacrylio acid, in rvino was examined. The mutagenic activity of these
compounds in tho food-stuff samples does not differ markedly from the activity
ofpure compounds.

In ordor to test, chemical agents from the view point of their ability to induce
changes in the genetic material of cells and organisms, various models aro
used : bacteria, fungi, som?,tic mammalian cells, germ cells of higher plants
and animals and intact animt'r,l and plant organisms. The fact, that the chetlical
features of DNA are almost identical for all organisms authorizes us tci use them
for genetic analysis of any organism or its cells.

Bacteria are widely used as the indicator organisms in the test s\-sterns for'
occurrence of genetic toxins [I3]. They offer practical aclvauc'es ancl rna]- pro-
vide insights into basic mechanisms of genotoxicitl' and tireir consequences.

The preference of employing bacteria as testing orgarlisms to search for muta-
genicity ancl carcinogenity consists in t'heil title ancl er. onornical unpretentions-
ness as rvell a,s in goocl correlation to mtlurtnalian If :-l].
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Bacteria response to DNA damage by switching on the SOS system, which
promotes repair of DNA and of other cellular functions [6]. The rnost competent
study on this mechanism has been performed in E. coli. The basic structure of
the SOS system is set, of subordinate genes (SOS genes) that are repressed
urrder the normal conditions by a single repressor (lex A protein) and are de-
repressed by a second regulator (rec A protein) in response to DNA clamage.
This fact has been implicd in the construction of the so called ,,SOS chromotest"
for the detection ofmutagenic agents [4, 10, f1]. In this test system the expre-
ssion of SOS genes b-v monitoring the level of B-galactosidase in the sfi A ; : lac
Z fusion strain E. coli PQ 37 ean be easily detected. To increase the response to
certain DNA-darnaging ageuts. the strain has been made deficient in excision
repair (uvr A) and to allon'better difusion of chemical compounds inlo cells,
the lipopolysacharide (rfa) has been made also deficient.

The direct a,ssa)' consists in incubation of the tested strain r.vith agents in
rarious concentrations. After some time which is necessary for protein synthesis
f3-galactosidase activity is measured using o-nitrophenyl-B-galactoside &s
chromosubstrate. The compounds tested may exert toxic effects in certain
concentrations leading to the underestimation of induced B-galactosidase acti-
vity. To avoid this possibility, the total protein synthesis during incubation
period. has been estimated. The strain has been made constitutive for alkaline
phosphataso. This enzyme, non-inducible by DNA damaging agents, is assayed.
simultaneously with f3-galactosidase. The ratio of both activities is taken as
a measure of the spocific activity of B-galactosidase.

In the present paper we describe some biological characteristics of SOS chro-
rnotest and the possibilities of its application in tho analysis of mutagens.

Materials anil methoils

Chemicals. The structures of the studied mutagens aro shown in Tables
I and 3. Nitrofurylacrylic acid (Na salt) was obtained from Slovakofarma, I{lo-
hovec, nitroquinoline-N-oxid kindly supplied Dr. Bahna, Institut of Experi-
rnental Onkology SAV, Bratislava, nitrovin was from Chemapol Praha and
furylfuramid was a gift of Dr. T. Matsushima, fnstitut of Medical Sciences,
University of Tokyo (Japal). Alkylesters of 5-nitro-2-furylacrylic acid were
svnthesized accoriling 1,o 15] arld amides of 5-nitro-2-furylacrylic acid according
to ll2l. Enzyme substrates o-nitrophenyl-S-D-galactopyranoside (ONPG)
ancl p-nitrophenyl phosphate disoCium (PNPP), rvere purchaseC from Lachema,
Blno.
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M,i,croorganism. The strain E. coli I{-12. recombinant, PQ 37, granted by
Dr. II. Hofnung (Instituie Pasteur, Paris) has been usrrr,l. The strain has
genotype thr, leu, his-4, pyrD, thi, galE, galK (or galT), lac 1Ul69, srl-300::
TnlO (Tc'), rpoB (Rf'), rpsl, (Sm'), uvrA, rfa, trp : : nlUC-, sfiA : :Ilucl (ap,
lac). It is constitutive for alkaline phosphatase, resistant for phage C2i ancl
sensitiye for sodium deoxycholate.

lled'icr,, buffers u,ncl reacti,ott, rn'irtures. Cult'ivt,tion of baric.r'iir, prcteerr,ecl i1
Lamp meclium (l0g tryptone, 5g yeast extract anci ltlg NaC'l pel I ) sripplemcn-
tecl with ampicillin in 20 pg per ml. B-Galactosidase u'us fi;.sraveci in ..2 'i,riffer."

containing I6.lg NaTHPC]{.?HrO, 5.5g NaH.POl.Ii2O. o.;5g Ii( 1. u.t;s
l\[gSOn. 7H2O and 2.7 ml B-netcaptoethanoi (irH 7) pt'r' l. Alhalirre 1-,liosphalirse
was assayecl in ,,T buffer" ccutaining l2lg Tris-(hvdlo\\'mc1 lLr'l t-amilc'nretht,.-
ne (TRIS, pIT 8.8 adjustecl uith HCI). 'I'he next reactic)n solutic,n u:erl. Lir.,-e brerr
:0.Io/o sodium cloclecylsulphate,2 n';c,l HCI pel l. I nrol \ltr-CO. 1re-i I j nit,l
TRIS per r.

ltest Ttracechtre. Tlie fresh or-ernight culture of tlie str'ain frou i).05 ntj t,t
frazen culture added to 5 ml of the Lamp meclium rvas 50 fold diluted uitir tlie
sarne nredium anil sras gro\rrn at 37'C'with stirring in ,,L"-test, tube of iiir cr'

rliameter l3 mrn, till the vahie of Al6t' : 0.2 (2.2 X I08 cells per ml) rvas reil-
checl-. The culture v'as therL clilutecl 10 fold in tlie Lamp medium ancl the fi'ac-
tions of 0.6 nil were pipettec.l into Wassermann tubes containing the testecl
compound-s in valious concenlrations (in rolumes t0-70 pl). After tlyo houls
of incubation at 37oC t'he fractions of 0.i rnl li.ere transferred into nerv tubes
and the reactions were terminated by adding of the appropi'ia,te buffer. The
first series were used fol B-galti,ctosidase activity ancl the second orrc for tlle
assay of alkaline phospiratase actii'itv.

Enzyme a,ssaAs.13-Galactosidase u,as testecl as follorvs. To 0.1 ml of the c ultu-
re irrctrbated for two hours with the tested chemical 0.9 of Z buffer l'irs rrclclecl.

Cell membranes \\'ere disintegrated by aclcling 0.0i1 ml cl|'Lo//o soclirim clcclecr-l-

sulphate and 0.05 tnl of chlc,roforr.r. The tribes l'ere rigoroush'agitatecl fol I()
sec and the tubes \'/ere then incubated at 28'C for 10 rrin. For B-galactosicltrse
assay 0.2 ml of stock solulion (4mg per nl) of o-nitrophenr-1-B-galactosicie
(ONPG) v'as added. After approprier,te time of incubation the leaction u'irs
stopped by addition of 0.65 rnl NarCO, (1 mol per I). The intensitv of vellorvish
colour was measured against bLink a,t 420 unr. Blanli contairlerl 20 prl of 100

fold diluted climethylsulphoxicle (DliSO) a, soir-ent for testecl agents as well
as cells, which were not incubaiecl at 37'C and to s-hich the tested agents welcr
rot added.
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The assay of alkaline phosphatase was done in the sanre way as t'he B-galac-
tosidase &ssay, crcept lhahZ buffer was replaced by T buffer and as t'he substra-
te p-nitrophclylirhosphatc (PI{PP) was omplo-ved. The reaciion rvas t'ermina,-

te,l b; aCrling of 0.33 ml of 2 inol per I HCl. After 5 rnin pH of the reactioir
mixt'.rre rvas lllii.,lizcd by acl.ii;rg of 0.33 ml cf 2rnol per I ifRIS to lestore thr.r

yeilolv coLo-.rr, -vhich iirtensi'cy l\'il,s llleilsiuerl at -4?0 ilrt-r.

The posit'ir c i'rlnirol fsl arssa-, s -*'as nilr'oflti't-i'iiioltl.

I'irc pre,tt,tr,dir,trt,,lf rertl ,focrl st.tffs s:tnzple.s. llo 1{)g of cltichen rleai 5 orl of
clistlllecl. iiiiaer, r,yitrli rxklo-i il,:itl iite nti:;t'.ir',-r \\.ir,s llornog.-lrizecl iq inorttr,r ryitlr

1.rr,r:ttle.'ll,r ihis r;rL,;).iisir-':, i0 icrlrl tiilul.cil iu lnrnolil lLitrovirr irr. DMSO r','c,:r

a.J,,le,,l a,.lrl thc 'li:;tuie rt-ri: lut"Lhel rlihriecl iri- distilled r.vatcr. 10 rnmol/l
5-ni1r'o-l-,'illr-la,r,'r'lil iiciil in DIIISO wil:i i0 foill ililuteil ri'ith x'ir,c an-cl in furt-
]rer rlil ui,-, ri it'it Ii ciistiiletl r';a,t er.

'I'ite eucr,lu,tttio:t oy enl,ryme actiui,ti,es and mutugeiuicity. The enzyme acfivities
\yei'e exprcssecl in tirc ttnits definecl by 18] as follou'';.

A

I{umber of irnitr -- 1000 "4;2s
t,.v.A6oo

Ar, is the absorbt-,rce at 420 nrn of the incuba'r,ioii tnixtute, Aoo, is the absor-

bairce of the celi culture befcre the assay, t is tlio tirne of iucuba+,ion in the pre-
sence of sirllsr;raii,r (ONPG or PIdPF) iu ihe volulre -.'of cttlture in inl.

ll'he ri,"iio R of '.ire licl,ivities ol l-galactosirlarse and, qlhu,line y;itospltalctt;t

reflocts thc indtr:i,io:i of the sfiA gcne even lvheir tlte inhibil,io;r of protoin
synthesis occuris [1C, 1i].'fhis ra,tio cair be caltrrii'"ted as foll,r',rrs

{,.
.O _ -ar:o,.ir,

Ar=ur,'t,,

rvliere tu:ln.il t,, r,t'.e llLo ietr,rl,ion times f<l'tire Ii-gillactositlir,ire tr,jid a,il<aliire

phosphal;iisir &siiii'j, reillt,+ctivcly.
'lo conitaro.tiil lesulr,s ob';a,ineil iri cliiTeiurt e-xpclinerris, it is c,.rtlvcttielli,

to rrolmalize the ra.-io P"(c) ciiridirrg i-:'r iJqe r.r;li.ir itu(o) ir lioro coili,entlr.,tior
li (c)

of lirs coinpounil iestecl. The in<irrcilii,r. iL'-.ir-,:' i(.) !i the i'a-rio 
Rlrr;.';'1,': 

I.US

ilrli-rciirg poto,;.r,y (SOSrP) is ciilcu1,,',terl iloru tiie liiicrr,r I'cgir;r of closc-r'csponse

curre. Tilo S|);:lTP it; a singlo prr,la,rnet,er'which i'el,xeseit1,r; tlc irtciu':-jc,r h,cto:
per rn&sii llrti, l-,-'per uniol of cornporrnd ie;t';.I. lll), I ll.
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Rosnlts anil iliscussion

llhe introductory experiments in our work'lvere focused to tho closer charac-
teristics of the SOS chromotost. We have dealed rvith the relationships betweon
the concentration of cells in the test and their sonsitivity to mutagens, witir the
itrfluence of the time of the mutagen effect to the intensity of rnutagenic reply
and with liinetic optimization of the enzymes activities deterrnination.

At first the growth curvo of the tested strain E. coli, K-12 has been construc-
becl (time of doubling cca 75 min) and a relationship botween the absorbance of
snrrpension and the quantity of cells has been find out (n'ig. l). The relationship
bet,ween the concentration of cells and their sensitivity towards the mutagens
has boen determined appl;'ing 3-(5-nitro-2-furyl)-acr;'lio acid (N!'AA) (X'ig. 2).

I'ig. 1. Rolationship befwoen tho optical
dcnsity of suspension E. coli I(-12 and
tho amount of colls. Tho cells wero incu-
bated at 37 oC in ,,L" test tubes under
shaking. During growth A.oo was moasu-
recl donsitometrically and the onrount
of colls was eounted using Coulter C'o untcr'.

Fig. 2. Ii,'irrt,ion betweon con-
colLration of coils of l!. coli
oinployed in thc SOS chromo-
test, ancl mutagenic reslrcnse.
'I.irc rr::rid of S-nitrcfnry'lacrylic
acid in ccncentration 1.6.10-?
--- f .6.10-6mol.l-1 rvas usecl as

tlrc mribagen. Tho cells rvcl'o in
corrcentration of 108-l0e per
rnl. (Optic:rl rlensity ai 600 nm

in rango 0.f-0.8).
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Fig. 3. Relationship between
timo of inoubation of the muta-
gon with aells employed in the
SOS ohromotest and tho level
of indicating enzJrmos B-galac-
tosidase (a) and alkaline phos-
phataso (b). Tho amid of 5-
nitrofurylacrylic acid was used
as the mutagen and was ap-
plied in final concontrations
0(1), 3.2.L0-7(2), 6.4. 10-7(3),
9.6.10-7(4), 1.6.10-6(5) and

9.2. 10_6(6) .mol .l_1

5
l:n:.:nir:tilI

Fig. 4. In-fluenco of incubation time of tested enzymos tpon thoir activities. I'he
nitrofurantoin (1,6. t0-z - 1.6.10-6 mol,l-1) was used as mutagen. Tho concontrations
of nitrofurantoin: 0(o), I.6.10-?(c), 3.2.10-7(a)), 6.4.10-?(a),9.6.10-7( a), 1.6.10-6(n)
mol. l-1 for measuring of B-galactosidase activity. The alkaline phosphataso (!) r.vas

rneasured in 1.6.I0-6mol,l-1 concontration of nitrofuratoin. The enzyrne aotivities are
expressed in units of colour density of solttiou (Anro).

With increasing amount of cells the SOSIP para,rneter decreases. The optimal
cocentration of cells is 2.0-2.5. 108 per ml (^{600 : 0.2- 0.25). In further the
influence of the affecting mutagen on the activity of indicating enzymes B-galac-
tosidase and alkaline phosphatase ha,s been studied. The amid of NX'AA has
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been used. in the role of mutagen. During two hours of incubation in the pre-
sence of muta,gen the intensity of B-galactosidase synthesis has been gradually
increased. During the first hour of incubation the mutagenic response was not
sufficient enough to be significant for analysis in further experiments (Fig. 3).
Therefore as the time limit of incubation, two hours were fixed. The level of
activity of alkaline phosphatase increased as the consequence of the fulther
growbh of cells in the optimal conditions.

The plot of relation between activity of enzymes and duratiol of incubation
with substrate under the definite conditions has linear region, which enables to
compare the activity of enzyme under the fifferent concentrations of mut'agen.
Therefore we tried to find out the optimal time for testing of enzyme released
from the cells of E. coli. The cells were incubated with nitrofurantoin, which
wa,s used as positive control. Rhe results obtained from this experiment, are
presented in X'ig. 4, on the basis of which the optimal time of the incubation
of enzymes with substrate was fixed to one holu.

Tab. l. Structuro oftested compounds

Common namo Strncturo

I Furapropymidium

2 Nitrofurylacrylicacid

3 Nitroquinoline-N-oxid

4 Nitrovin

5 Furylfuramitl (Atr'-2)

,o.o,N-( )-cn:cu-coocH(cH3):\\-Z
,o.

o,N-( lcn:cn-coon\\ -///
NO"
.t.-

./\,/ \llll
\./\x./

3
zo.. ,o.o,N-( )-cH=cH-c-cH=c'H-< ;-\o
\_/// it \_.

N
I

NH
I

HN:C_511-.116'1

o.
o,N-( - )-cu:c. -./\-,' t L)\H.,

For the verification of the SOS chromotest fire chemicals with known muta,-
genic effects [7] were chosen (Table l), Nitrovin is used as ana,bolic agent for
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rlomestic anirnals, furvlfruamidc (AF 2) has been used in Japan as food preser-
vilti're, 5-nitro-2-ftrryla,crylic acicl as the rvine stabilizer, fnrapropymidium
is rircrl as the agent rvitir antischistosomt',i effcct ancl 4-nitroquinoline-N-oxiri
i.1 .r, l;-i16rvn compourt,i dcvcloping skin caucer'.

'i'rlirie 2 ct-rltrtils thc i'esults obt.aiued l;y testing 1:hc i',bc,.,'crlrenticlnecl coni-
t.rciur,.ll i,r 1,iie SOS ilu'ourote:ri ancl iu tli,: -.mes test. irurthcl wc ht,"i-e comlr,-
i'erL iirc irrriir..gc;,.ir,it;r ,..r{ trvo ironrog-cnous sclic.; of frrlvlet}rylcles (u,rniCes alL,i

.t

. 2. -\lLttagi,;rir a,rli.,'it'l' 11f;;r,111: 311,'1111r'1r,] ( L,nll)0ur(l-l
, tf'1r.. Il, sillts fr',-'n ihc ,\rrrrs iosi ircrrr olrtrririe.l irr

the -qtt'r'.i;i )irlliir,rie ll:: i\-l)ltinrtr i

Fig. 5. (ior'relation of mtttil-
geniciby ohnracteri:zctl L,1,' th''
SCS clrlouioic.sl, a.irii t,ire rrr.tri;r-
gcrric i)otcircy tl.clllnrinerl lry
t'lrr ,'rillcs tc:.l cl ihe (j!)nl-

1-.rrrrrrls rncrrbiorretL irr '-L'abic 3.

, \:rri-.r'il,rizcd irr- ii()S chromotcst oncl
,'l i,iiaigt[ r'.,il.r,rrices riltl aro valicl iirr
,:trt'l'-\ 98

irr; fit I ) r, r r ,\'r ti di Lrill
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Tab. 3. Structuro of tostod ostors and amides of 5-litr,r-2.furylecrylic acicl

No

I
o

4
5

--ccHs
-oc2rr5
-OCaI:I?
-0{trHs
--cc5rr1r

-Nt.I(iFi3-*N li c"11.,
.-)i Hca'F{5

-NHC4r{e
-NHC;I-{ir

U
i.l,r,'la

oo
,]
tsoir

JJ c

i .l

ar.; c.5
c Inrnol,

3'ig. 0. liel.r,tionship botweon intensity of mutagonic resporrse and ooncontration of tho
mutagon in the SOS chrornotest. l'he amid. of 5-nitroftLrylaerylic acid in concontration
1.6. t0-7-1.6.10-6 mol .l-1 was usod as mutagen. a-tho activityof B -galactosidase (f)
.rncl alkaline phosphatase (E) in relation to concentttrtion of mutagon. b - 

the relat,ion
of inducing factor f1 to concentration of mrrtagon.

- i--.,'
l.l -: i'r-

Fig. 7. l)o|ermiiration of mrLt:rgers ir foocl-sLuffs srr,irrples. 1 
- 11il;'61 !;1 in chiekon ureat

homogonato (€). The concontrations of rlutagen 3.2.l0-s-1.6.10-?mol .I-1. b _- nitro-
lir'.'r'lacrylic acid (NI'AA) in rvinc (Q). concentrations 3.2. 10-?-1.6. 10-6mol .l-1. Mutage-

nicitv of alone compountls (O),

*
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of mutagens in real foocl - stuffs samples. The dose response curve fr : t(n)
has linear region, the slope of which is a measure of the mutagenic activity
of the compound. 'I'his part of the curve could be described by the equation
Ir: u f bn (n is the amount' of substance). n'orrarious chemicals different
regions of linearity were found (furylethylenes : n := 3.2.I0-? - 1.6.10-6mol.
.l-r except of AX' 2, 'lvhere n : 1.6. l0-e - 1.6. l0-8mol .l-1 and nitrovin with
n : 1.6.10-8 - 1.6.10-?mol .l-1, nitrosoethylurea :n:3.2. l0-4 - 3.2.10-1
rnol .l-1, aromatic compouncls : n: 1.6.10-8- 1.6.10-7mol .l-1). Higher con-
centrations rvere found to inhibit protein synthesis (Fig. 6).

In further we also studiecl mutagenicities of heterogenous and homogenous
rnixtures of the mutagens n-hich rnay occur in the hurnan environment. Occu-
ring of mutagens in fooclstuffs is especialll dangerort-s to human health. That's
wh5' 11.s t'ried to use the SOS chromotost' for the c1e'r,ect'ion of mutagenic com-
pounds in the food-stuffs samples. We chose two examples : 5-nitro-2-furyl-
acrylic acicl in s'ine ancl nitlovin in chicken meat'. Both chemicals rvero and.

ale being nsecl currentlf in the foodstuff preservation and production (NFAA
in t'ine as antimicrobial agent and nitrovin for speeding up growth of domestic
animals). The results obtainecl from this experiment (X'ig. 7a,b) offer the possi-

trility to determinate the occurrence of these chemicals in foodstuffs samples.
Horvever, it is necessary in each new caso to verify the convenience of the SOS

chrornotost for analysis of appropriate mutagen in appropriate real sample.
ilhe SOS chromotest ditl not enable to detect t'he mutagens only qualitati-

vcly, but also macle possible to quantitate offects of mutagens which is its
main advantage among the short-term tests which aro used for determination
of mutagenicit'v.

Acknouledgements. We are deeplv grateful to Dr'. Maurico Hofnung, Institut
I'asteur, for provicling tlic bacterial strain E. coli PQ 37.
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Mutagdnna enolfze S0S chromotestom

Srlhrn

V prdci sa uvtidzajri niektor6 biologick6 charakteristiky SOS chromotestu (rztah rrreclzi
koncentrri,ciou buniek a ich citlivostou na mutag6ny, vplyv inkubadnej doby na intenzitu
baktorid,lnej odpovede, kineticktl optimalizricia stanovenia indikadnj-ch enzr'mor-). Za
optimd,lnych testovacich podmienok sa stanovili mutagenity zn6mvch zluienin a vvsiedkv
sa porovnali s ridajmi ziskanfmi pomocou testu Ames. Urdila s.r mutagdnnrr iriinnost
l0 novlich fr-rrylotyl6nov (amidov a est'erov kyseliny i-nitro-2-fLrry-lakry{or-ej ). \-r-sktiSala
sa aj vhodnost SOS chromotestu na anallizu mutag6nor- r- reiilnr-cir r-zorktlch (nitror-in
v kuracom nrd,se, kyselina 5-nitro-2-furyltr,l<rylovii vo r-ine). lltrttrstinrrrr rrl,tivit:r t\'cht,o
zlirdenin v uveden;i'ch vzorlid,ch sa vi'znamne neli5i ocl nrr,rtagenitl' sirmr'cir ltitoli.

MyrareHnr,rfi aEaJrnB xpouor:ecrorr COC

PesroMe

B pa6ore trpuBoAfircff EexoropBre 6lroilorrcecrtre xapanrepr{crtrnrr xpoMorecra COC
{otromenue Me}r(Ay Kourlerrrpaq[eft HnetoH tr lrx rryBcrBr.rrear,nocriro K MyrarenaM, B.frrrrntre
zuHy6aqnouuoro fieprroAa na l{RTerrctrBlrocrr 6axiepraJrbxoro orBera, Hlrnetnsecrag onrs-
MaJruaaqtrfi olpeAeJreutrE trEAunaropnblx (pepueuroa). B oururua;urarrpoBauur,rx yc,-roBrrrx
6r,rna onpe4eJlerra Myrarenuocrr, r{BBecrurlx coeArruenuft rr pe3yJrr,railr 6r,rnu cpaaneurr
c AaEEbrMu troflyqeEEbrMl{ c troMotqblo Auec - recra. fiaua xapar(repfornHa MyrafeHHofo
4eficrnna [ecnrrr uonux (pypnnartrrrenoB (alrngon u a(prpor 5-uiltpo-2-Sypr,rraxpil.toBoi
Hucnorrr). Er,rna rrponepera raxlr(e yMecruocrb COC xpouorecra Anfi auanuaa uyrarenor
B pearrbn-r,rx upo6ax (nutponuu B KyptrEoM uxce, 5-unrpo-2-{ypuaal;lrrJroBar fttrcJrora
a nuue). Mytarearrar aKTtrBgocrr, orrrx coeAuEenui n upnneleuur,rx upo6ax Ee orJrEqaercrr
cyrqecrBeEEr,rlr o6paaou or Myrarerrrocrtr caMrrx Beqecrn.
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