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ON SOME ELECTRONIC ASPECTS OF THE ACTION OF
CERTAIN METALLIC CATIONS ON THE GROWTH
OF AEROBIC BACTERIA

(EsC c LI) AND OF ANAEROBIC BACTERIA
SPORQGENES)

ﬁollowing is a translation of an article by
Miohel Faguet and Mme Andree Goudut of the
Pagteur Institute, presented at the 6 July
1961 meet of the Soclete Francalse de Mic-
robiologie (French Microbliology Soclety) and
publiahad ixlx'tha French-language perilodical

%n;*tg% §utogz Anrala of the

. eur ﬁl e), No 6, 1961,

pages eso-asa

The important part played by oertaln metals, princi-
pally the transition metals, in oxidation or reduotion cat-
alysis and in tle inactivation of certain enzymes led us to
study and compars their actions on the growth of aercbic
germs and anaerobic germs, which differ notably in the me-
chaniam of their oxidations.

this arjlole wo have studied the sotlon of Fet,
Mn2*, 0ot and N1°+ on tha growth of cultures of Aifferent
acrobic ( ) and snaerobio ( ) germs, and
we have & tmp ad to interpret thas r actlon by exaoining
the electronic aspect of certain reactions.

TECHNIQUE
a. For tke study of germé we used four strains
of m% (EM), BE2, @K12, EC3), culiivated on slmt
pepione agar or oight.oon hours at 37° C. and then pre-

served at +4 C. The nutrient medium, with glucose added at




the rate of 0.3%, was composed, ver 1,000 e’ of twice-
distilled water, of 13.€ g of PO,KHp, 0.5 g of XC1, 0.7 &
of SOﬁ(Naz;);_;, 0.05 g of S04Mg 7 Hog:; the pH was adjusted
to T.4. :

b. For the study of anaercbic growth, we used strain
Ro. 6053 of the Pasteur Institute volleotlon of Cl. gporo=-
$8, cultivated in & Prevot tube. The meldlum was composed
of a meat bBroth (peptlc digestion), with 1.5% peptone, 0.3%
glucose and tha pH eadjusted to 7.4,

¢ The various metals used were utilized in a sulfate
state with 7H50, dlssolved in twice=-distilled water., The
final concentratians were of the order of 0.5 X 10-Smol in a
synthetic medium (aerobe), and 0.8 X 10~J mol in e complex

medium (apaerobe).

d. Our studlea on growth were made th the ald of
our electronic microbiophotometer (Faguet bracketed
numerals refer to slmlilarly nupbered ltema in the bibliog-
Taphy appended at the e » Which gave automatlically the
mioroblan mulitipliocation curves. An electromagnetlic system
allows ths agitatlion of the cultures to be ragulated and,
in this way, their oxygenation.

e. We calcujated the action of the various cations
in the exponentlal part of the growth phase where the rela-
tion y = y,.28 1s verified; y repreaents the densitg of
the orﬂ‘burg that grew expounentially on the basis of density
Y., a2d n 18 the nunber of genersilcns. During this phage,
nd limiting faotor somes into play and the growth rate is
subjected only to the initial oondltions of the medium
(Momoad @).

In all our experiments, we started with an amount of
germs close to 5 X 100 per cm> of medium.

RESULTS

1. In an initial series on a synthetic medium with
5. %g%;, wve studied to determine if, as our previously con-
_duoted studies o thooset.ioa.l chemistiry bad predicted (Goud-
ot and Fagust ), ¥nc* acted in a synthetic medium the
zane way Fe<¥, The mlglis of the growth ourves chowed
us that Mn<* can replace Fect for the oculture of the E, ¢olil
that we studied (Figs. 1, 2, 3).




A study of the curves in Figure 1 (E. goli Mi) shows
that, in culture 1 (Fe2+), the number of divisiops per hour
(exponeptiai phase) is Q.86; it 1s 0.84 with Mnct; 0,30
with Co* and O with Ni€*. With E, coli K2 (Fig. 2), the
mmber of djvisions in the same phase is | for Fe2+ and Mn2+,
0.46 for Co<* and 0 for Ni2+, We observed that Mn2+ is at
times slightly less active than Fe2+, Moreover, es we see
from our curves, & decrsase in the oxygenation of the medium
produces a decrease Iin growth.

The presence of Co2* glows it down considerably and
Ni2+ inhibits it completely, even in the presence of & nor-
mal supply of oxygen.

Quentitd de geimes

Fig. 1. The four graphs, 1, 3, 5 and 6, represent
the growth curves of E. coll Mi, In an aerated sym-
thetic medlum contalning glucoae. Eash culture
contains, respectivaly Fe, Mn, Jo, Nl in the fomm
of their sulfate wi.ch gseven molecules of water, in
a concentration of 0.5 X 105 mol. We calculated
the speed of growth of each one of tgo oultures
the interval Ilnocluded wetween S5 X 10° germs per oa
and 10° germs per cmJ, The number of germs doubles
for Fe and Mn in 69 minutes; for Co in 158 minutes,
end for Ni, growth is zero, If the sreed of growth
in the presence of Fe and Mn is equel to unity, it
1s 0.43 for Co and 0 for Ni.

Tegendi/ ARuantite de germes = Number of gorms
verical coordinate); Heures = Hours (horizon-
tel coordinate).
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Flg. 2. Growth ourves 1, 2, 3, 4, 5, 6 of E E. coll
K2, in & synthetlt medlium with glucose and in the
presonce, respeothely, of Fa, Mn, Ni and On in a
‘connentration of 0.5 X 10°5 mol., In exponential
area D, we calenlated the growth spaed of the dif-
fornt euliures: in ihe presence of Fe (Curve 1)
or ¢f Mn (Curve 3), the number of germs of each
culture doudbles in 60 minuter; in the presence of
Co, it doubles in 112 minutes and the culture does
{ develop in the presence of Ni. If v =1 for
Fe or Mn, it ia 9,53 for Co and O for Ni. The
. ourveh marked Fep and Mnpy represent growth in the
‘presence of these metals in the same concentration,
dut withont asration.

ﬂesend :7 Indicatlons du Microblophotomstire en

= Readings of the microbiophotometer in xv
(vort.ieal soale); vertical and horizontal coord~-
inates &8 in Figure 1.
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Fig 3. (Caption and legend on follcwing page)

-4 -




Fig. 3., Growth curve of E. co%;_, C35 in s synthe-
tic medium with gluoccse. 1 and 3 represent the
growths in the presence, reapectively, of Fs and
Mn in an aerated medlum; 2 and 4, in & non-aer-
ated medium, snd 5 and 6 translate the growth in
the presence of Ni and of Co in an asrated medium
(the Pe, Mn, Co and Ni concentration always is 0.5
X 10-5 m°1)'o

[legend:/ Same scale as in Figure 2 and same coor-
dipates a8 in Figures 1 and 2.

2. We studied the astion of Ni2+ and Co2* on cult-
ures of an erobic germ; we used a stre T Cl. sporg-
genes ocultivated in specisl dishes {Faguet% p?&ced in
the electronic miercbisphetometer adjusted to 37°C. Emoh
dish contained 22 cm? of 2 complex medium, composed of &
meat broth (peptic digestlion) contalning 1.5% psptone, 0.3%
glucose and with the pH adjusted to 7.4,

A 3atudy of the growth curves (Fig., %) showed us that
the miltiplication of this germ was slightly inoreassd by
*Eh§+prosenee of Ni2+ and definitely more by the preaence of

oct,
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Flg. 4. Growth curves of (1. sporogenes in a come
plex medlum, Curve 1 = control cultwre; Curve 2
= culture in the preseance of Ni (0.8 X 10~% mol);
curge 3 = oulture in the presence ¢ Co (0.8 X 103
mol), ' .

[Yegend;7 Vertical scale as in Figure 2, horizont~
al soordlnute as Iu Flgure 1,




DISCUSSION

Aerobes and anaerobes differ notebly by the mechanism
of thelr oxldatlons. Whlle aerobes are able to use the mole~
cular oxygexn of the alr; eanaerobes accomplish their oxida-
tions with the aid of indirect chemical processes that the
presence of O, lnhibits,

Molecular oxygen must be activated in order to be
2tillzable in cultures of roblc merms. Oxidation regctions
n vivo are often enzymatic., Sut blological oxidetion reac-
tvlons; both in 3lvo and in witro, cen be asctivated or inhib-
ted by such strongly eleotrophile agents as metellic scatioms.

' The most usual reactions accomplished by aerobic bac-
teria with ths ald of 0y are:
' Transformation, for

. _OH 24 Y 5o example, of phaz(mlg
+ 0 stz + into equlnones (Cucd,
N2+ Formation of B8-S

RSH + RSH + Op =~-=RS-SR + Hy0p  bonds in the synthe-
sis of prgteins
(Fe2+, Mnc+)

In both of these oxidation reactions, certain metal~
1lic cations are active, while others are inhibitory. That
is demomstrated in the first case by an increase in synthe-
sea, vhence an mosnelersation in growth and, in the second
case, by a decrease or a suppression of the exponentilal
phase of the mioroblan multiplication.

These active metallic cations belong to the transi-
tion metals. They have non-saturated penultimete elsotronic
orbits, which allows thsr to receive pairs of bonding elec-
trons from cocrdinator atoms each one of which has a pair of
Tree electrons for bonde by coordination. Then s complex
of coordination is formed, which may be & chelated complex,
like the one obtained wlih two glutathlione moleoules,

Moreover, in order for the ocentral cation to be the
activator of the oxldation reactlon of the coordinated mole-
cule, or molecules, 1t muat be able to receive or give up
one slsotron. This electiron then is used to make the oxygen
act on the coordinated molecule, or molecules, through the
intermediary of the central metallic ocation. Thus a bond is
estgblished by resonance between the oxygen molecule and the
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coordinrated substrate molecules. A theoretical study from
the point of view of electronic chemlstry has been made
(Goudot and Faguet /3/). From the point of view of gemeral
chemiatry, that 1s demonstrated by the tranaformation of
neutral molecules into lons with contrary signs which are
then able to react within the coordinetlon complex thet 1s
then the "transition complex" or Tactivated complex" (Fig.

7).
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Figures 5 and 6: Charge transfer complext
netal subdtretes

Fig. 5. represents the inltial complex: dival-
ent cation and two subetrate molecules: 2, - 2GSH + 05.

Fig. 6. (Captlon on following page)
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Flg. 6 represents the complex after the reaction:
divalent cation and formation of the 8-8 bond: )
- G8 - 5@ + HpOp. 4An Intermedlate actlvated siate
is found between these two states: M7+ = 2GSH -

03.

R
O3l <y 33 Sy ap2
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O Croval 6e naeazn

ﬁpair of electrons 3 d o Fe2*

rere 4 palr of bonding electrons of

oottt ._,'..-.‘ - T—‘ Wwthe substrate moiscules
ey S NERE 1R

,pair of electrons 5 d of FeZ+,
L one of wnich 1s 1n common with
0, by reconsnce

(Y Jryineg svitignees

Cote 1 electron 3 d of Co2* raised to
"';'.',"mm—”ﬂ‘-f_‘b Tl ,1 t an antibeniing orbit

SR Tn Ca T Ty SR squared coordinsilon oomplex 4
SRR ILIA L everror P with the substrate molecules

A%1 QTR 7o 4o 15 10n

Fig. 7. Formation of coordination complex with the
transition &lementa

[fngend_,] a) 34d orbits; b) bonding orbits;
c) electr,; d) entibonding orbits,

In the reactics given above, there is, with the ald
of activetoyr cations, dispiacement of one electron uf thre
metallic oation on Nz, while within the complex formed with
the moiecules to be axidized, there is a displacermnt of the
mobile eleotrons ¥hioch produces a pusitive charge un the 8
sng H 1tms2 assisting in dissocliating the SH bond. Twms
Fe<* and Ma<*, by displacing an electron on Up, produce the
oxidation reaction of the SE zroups. The formation of S-B
gives back ths 2lectron Slsplaewd on the trensitory trival-
ent Jetallioc catlon. + 1s an lnhivitor, for 1t does not
fix Oz. On tbe other hlnd Co“™ produces loniration of 0Op.
It d2es not permit an tomtion between the substrate and
the aotivated oxygen but if this soctiveted oxygen is re-
icased, 1t is able %o act on the free moleculss of thiopro-
tein. This explalns why our culturea cf E. goil display a
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weak growth in ths presence of Oo2+, whereas in the pre-
sence of Ni2+ they are completely arrested,

In ths case of anaseroblc bacteria, the same cations
play #n lnverse role ln tbhe nutrient medium, in the pre-
sence of 0p, regardless of whether the molecular oxygen is
in a free state of whether it is produced at the time of
intermediary resctions. This is important, because CO2 is
often a reagent of anasroblc reactlons. Now,0s displacea
COp to fix 1ltself on the metallic cation of the complex.
Therefore, ln metadollc reactions, the agtive cations of
asrcblc syntheses become inhibitors, NS+, which does not
fix Op, but prevents 1t from acvomplishing oxidation reac-
tions, must allow the syntheses that have to be mad2 in the
absence of 0,. Therefore, it must increase the growth of
cultures of &nasroblc bacterla.

CONCLUSICNS

Our experiments show that there is agreement, in the
broad sense, between theory and results. Keverthsless, it
is necessary to take iato account the feot that a great pum-
ber of reactlions are produced simultanscusly in tbs mechan-
iem of microblan multiplication, A cation that activates a
synthesls reaotion may, at the same time, activate diesoci-
ation reactlons, The obaerved growth, then, is the result
of two opposite procegses. The more rapid ane will predomi-
pate, That 1s how Mn<* acts on an activator in the 5-3 syn-
thesis reactiona. But, on the other hand, it is active in
the diuoola&lcm of the peptidic bond. By inonuin? the
amount of Mn<* in the nutrient medium, at the zame time the
syntheais of the B8-8 bhonds and the rupture of peptidic bomdn
is accelerated in thy synthessis of the thioproteinn.

SUMNARY

¥e have sought to predict, by studying different re-
actione that are prodused during the growth of cultures of
serobic germs (J. ) an? sxserodbic geras (%1. za‘p_%?gu).
thg vay én vbhbich catlons of 4ifferent metala (Mn<+, Pecs,
Coc*, Ric¥) sct on the multiplication of these garms.

The experimental results m—wt;—o&-tbwvholo,lto
we 1n agreement with thwe dictions. In a synthetic mediua
wigh g;tuoon, Pe2+ and + favor the growth of f. .
Co2+ decreases it by SOf and NI+ innitits it completsly __ .
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{eencentrations of 0.5 X 10-5wol), while r(u'\?*' and CoZ™ )
stimulate the growth of an anaerobic germ . gpg;%ggn§§ ’
cultivated 13 & complex medlum with sluoose%oonoen retlion-
0f-08-X-10"7 mol).
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