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INFLUENCE OF NITRITE ON THE ULTRASTRUCTURE OF STREPTOCOCCUS FAECALIS
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The ;_,;;J:te Plays a major role in the microbiological safety of cured meat proaucts.
. ibacterial effect of nitrite is a well known fact. Enterococci, considered as
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Bgyy "2ge Dicroorganisms of cured meats, are very resistant to nitrite./Castellani,(3)/.
%‘ls 8p 8l.(2) state that nitrite does not inhibit the aerobic growth of Streptococ-
ig (‘)' and Yarbrough (10) considers Streptococcus faecalis and Streptococcus lac-
Demeablzmlglza extremely resistant to nitrite and concludes that they are even im-

0. it,
h‘ite }0 now there is no satisfactory explanation of the molecular mechanisms of ni-
nitl.ltory action on microorganisms. Data are lacking, as well, on the influen-
Tlte on the ultrastructure of microorganisms.

The
fag, i:im of this study is to follow the ultrastructural 'shanges in Streptococcus
q Tagy ) Cultivated in the presence of nitrite and the role of nitrite in thermal
ation injury of these microorganisms.
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S, ~ Streptococcus faecalis 54-D, obtained from Bulgarian Type Culture Collec-
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\{ho nitp}ate—count broth, with an addition /after the sterilisation of the medium/
Tite concentrations - 50 and 100 ppm.
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& 1:eatment - at 70°C for 5 min.
mln’ ion =

4y 3 The sediment, obtained by centrfuging the broth culture at 2000 g for
qiated ogos‘lspended in tubes with 2 ml of veronalacetate buffer. The tubes are irra-
Ay, Co - source » With a dose rate of 2,4 kGy/h and a temperature during irra-
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R tron . O The dose applied is 1 kGy.
erz &3 mi°1‘°~sco ic_technigue - Kellenberger-Ryter's preparation technique(5) is
e“f‘aing cs é*flxaflon Tor g h at room temperature; dehydration by alcohols with in-
Al 01011 of on entrations; embedding in dureupan by the method of Fluka with a modifi-
Pton Taxy, Contrasting - by the Raynolds' method. The observations are made on

%UL'I'S CM electron microscope, photographs are taken at 100 kV.
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oy The
A‘tllt“rg‘;}trastmcture of stationary phase cells of Streptococcus faecalis /18-h broth
u.“l'l .d CUltivated in nitrite-free medium /control samples/ is characterized by:
103'°Dh111§f1n9d three-layer cell wall is observed, comprised of two darker layers
£y electlc/ = outer and inner, enclosing a wider, homogenous osmiophobic space with
thy Neg /Fir°n‘0ptical density. The outer layer of the cell wall is smooth and sharply
g W&%J- a/. The cytoplasmic membrane is usually attached to the inner layer of
D&rt Lty be 1l and it is difficult to distinguish it. The cytoplasm is of uniform gra-
“hql of thecause of the uniform distribution of ribosomes./Fig.1- a,b/. In the central
tingd ./ piells, as a lighter area, is situated the DNA-carrying organelle i.e the
qnseiShed 18.1- b/. Because of its low electron-optical density it is clearly dis-
i“» DNA\%. he nucleoid has a fibrillar-granullar structure, which is presented by
il“"lgi.b“te lbf‘eS, forming a network with a linear arrangement and chromatinic granules,
L %l aub““)ng them, which possess a high osmiophility. In some of the cells, the
thl'pe Stance is distributed in several zones - a bigger one, and others - smal-
!‘Q (] I‘SQd .
o QQME oyl » /PFig.1 - a/.

i %pl ahaf}"&ting S.faecalis in nitrite-containing medium / with 50 and 100 ppm/ the-

g s 8mj, 5°8 to be noticed in the thin sections. A complex, highly developed intra-

‘m"be %Eed 1membrane system /mesosomes/ is to be seen. When nitrite concentration is
thg.n Oneo Ppm/, mesosomes are to be seen in each of the cells and their number is
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1@1’1 There are even cells, the cytoplasma of which is occupied with mesoso-
151’1 rent gtructure. The mesosomes are either concentric, round-shaped membranes
1 :eol‘ have a tubular structure of shorter and longer tubes, situated in paral-

» Or resemble myelin figures with membranes, deposed oneover the other,
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& / v s s pp— . % : ‘trite‘free
ig.1/a,b,c/. Ultrathin sections of cells of S.faecalis , cultivated in ni
medium /control/; x 190 000.
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Fig.1. Ultrathin sections of cells of S.faecalis, cultivated in nltrlte‘con
medium: d/. 100 ppm; x 100 000 . e,£/.400 ppm; x €4 -:007.
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forming many layers. In cells, cultivated in the presence of 50 ppm, pit”
7
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nucleoid is observed with its typical fibrillar-granular structure./ Fig-z’a{gne
are no nucleoid areas observed in cells, cultivated in the presence of the g mes
rite concentration /100 ppm/. The whole space is occupied with ribosomes &% 28
of different structure/Fig.1- e,f/. s i 5r%ﬁ
In some of the cells, cultivated in the presence of 100 ppm of nitrite, i1 smbraﬂevd;

g0n%

a destruction, disintegration and disruption of cell wall and cytoplasmiC mg /Fig'
observed. In these places the flowing out of cytoplasmic content is observes: 169
fig.2-¢ /. ‘ 23097

The exact biochemical functions and physioloegical importance of bacterlat msometlw
are still unclear. There are contradictory ideas about their functional I° ohsemﬁgﬁ
investigators state that they have no importance for cells' survival and +© megoﬁo
they cannot perform any vital function. Just the opposite - others conSldert (4)1: 53
as organelles with a specific and necessary biochemical activity./Greepwal %iqitlcz
The influence of nitrite on some enzymatic systems and the metabolitiC ?is the ;gf
of bacteria has been investigated. Rowe et al.(%) state that nitrite inhibi aé

a
tive transport, oxygen consumption and oxydative phosphorylation in Pseudomggectrg&r
nosa. It is possible that nitrite affects these processes on the level O of 2 0k,

transfer in cell membranes. Yarbrough et al.(10) observe a strong inhibitloﬁ ijs & 1%
lase in E.coli.Ps.aeruginosa and S.lactis. Meijer et al.(6) state that thertion//erﬂ].
lapse in proton driving force in Ps.denitrificans as a result of nitrite *‘cﬂltar‘?“reseﬂ
B“M of nitrite at pH=7.0/, which is a driving force for ATP-synthesis and ¢F "ig P
ound processes. The existance of increased proton permeability, when nltrlbranw e 4
makes us to believe that nitrite has a direct effect on the cyto lasmic mgm bﬂttﬂa
The nitrite input level in our investigation /50 and 100 ppm/ is not hl e and A
ultrastructural changes in S.faecalis show that this exogenic factor correc on 0
the cells' activity according to the varying conditions of the medium. tionﬂ ﬂp&'
Appearance of complex membrane structures is observed after different aC% oeﬂ
cells of Gram-negative bacteria, in which such structures are difficult 10 eat®
for example when applying disinfectants, irradiation / Allison, (1)/; heat
/Weigand et al.,(9§/ etc. ing Ples
The phenomena observed allow us to consider mesosomes as “flags, informlllg, 0¥t
abnormal state of the membrane"/Greenwalt,(4)/ and, consequently, of the ?ffereﬂt
vated in the presence of a substance with an inhibitory action towards 41
teria i.e. the sodium nitrite. jerite
It is of interest to know whether there is an interaction between the 1




2, Ultrathin sections of cells of S.faecalis, cultivated in nitrite-containing
Medium: a,b/. 50 ppm, x 128 000. ¢/.400 ppm, x 100 000.
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’?8.2 U e fl
&.ltl‘athin sections of cells of S.faecalis, cultivated in nitrite-containing me-
lum /50 ppm/ and combination treatment applied:d,e/ x 100 800.f/x 128 000.

n?t\ysical factors applied - heat treatment and irradiation, and what is the role
en - in thermal and radiation damage of the cells.
Ang ix-n 8pplying combined treatment to the cells of S.faecalis, i.e. heat treatment
Tadiation with a dose of 1 kGy, changes in the structure of cell wall are ob-
i1 A very high degree of destruction y disintegration and disruption of cell
?'f/. S Observed, which is accompanied by flowing out of cytoplasmic content/fig. 2-
Q% Pa Similar effect is in the cells of S.faecalis, cultivated in the presence of
r“l‘ing Of nitrite./fig.1-d/. It is possible, that the changes occurring in the cells,
‘Qtorstﬁeli‘ growth in nitrite-containing medium, enhance the action of the physical
Co, Pplied.
dl!u‘p‘?t areas in the cytoplasm are observed, where no separate ribosomes can be
theae chlﬂhed. All the ribosomes form a uniform, structureless mass./fig.2-d,e, /.
S top, €ES are due to the action of the high temperature applied, which causes
Mtiv:Mation of the proteins. Similar compact areas are observed in S.faecalis,
o In t €d in a medium with 100 ppm of nitrite and applying heat treatment.
Y0y 2Reg e combination treatment the irradiation dose applied/1 kGy/ does not cause
Yigy 2 Which can be attributed to the action of the rays. A synergistic inter-
by S Observed only between nitrite and heat treatment.
wp b th°b8ervations are confirmed by the findings of Greenberg et al/4a/, who state
! dea:re is a synergystic effect of heat treatment and 0,01% of nitrite on the thery
‘ The *TUction of S.faecium / heat treatment applied at 70°C for 40 min/.
4.‘ toliutl‘a.atructural changes, observed in Streptococcus faecalis, allow us to make
3, ey o¥ing conclusions:
{h?leturc"ltivating the test-microorganisms in nitrite-containing medium the ultra-
%fﬂeyte Of these organisms undergoes changes. The appearance of highly developed
\y 187" 5ODlasmic membrane system / mesosomes / is connected with the adaptation of
i Shavi our and metabolism according to the varying conditions of the medium.

ST
i,:‘tneg:esenee of nitrite in the cultivating medium enhances the action of heat
! the O S.faecalis. It may be concluded that there is a synergistic effect bet-
8ction of nitrite and the applied heat treatment.
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