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ACTION MECHANISM OF ACTIVATING OR ANTAGONISTIC
METALLIC CATIONS IN THE OXIDATION
OF 8K IN THIOPROTEINS

gonowins is a translation of an artiocle b{
e indree Goudot and Michel Faguet, presen
ed at ths 24 April 1961 meeting of the French
Acsdemy of Bolenceaz and pudblished in the

rrmoh-lu:f::: poriodi;al m%f%ﬁ

2. 19611 P‘G“ 255‘7'
2559, the subject heading of Theoretie
Chomlatry

Activity of sations of the transition mouli in
the formaticn of the 8--8 bomd by ox.dution.v it
depends on the eleotronie struoiure of the~oatien
that allows or does not allovw the formstion of a
bond by rescnance between the atoms oomoernmed,
thr the intermediary of a 34 orbit, 'momus-
cnlam wvas studied dur the ¢ wm
bastarial ooclonies -(I.u:gla 5

) W‘Btooheuoal

\

8 ~ 3bonda ocour, in the formation or ocsrtain ntnb-
olites and especlally of ensyms precursors g
oxidation of the GE groups of thioproteinms 11 cmm uﬂ
glutathione. Two molegules of aeyateine or of glutathiome
51“: 28H ¢ Oy = B—8 + Ho0p. This oxidaticn occurs only

ry slovly in the alr, ut it becomes ve 14 if the

opum or glutathione molesules are o inated to vertain

n o cations, while others inhibit tbe reastion. Ve find
prunrny glutathione vhose snzysatic
sls oooun .

ollows: !82*

l~glutamic acld + L-~eysteins + glyoine + ATP -—b
I~glutathione + AI® + P4.
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Therefore, the S-S bond takes place between the SH
groups of the cysteine residues,

1. Ca is Free c Cations. In the formation
of & Eithriif:a%m canplex, glutathione is joined to
the metallic cation by means of atoms belonging to groups
that make them strongly coordinsting. These atoms are the
N of the Ni» in glutamioc acid, the N and the S In the
cysteine residue. Two molecules of glutathione (or three
of cysteine) form, with the metallic cation, & hexavalent
complex by 3d2 48 4p’ intermal orbits, The neutral Op mole-
cule no longer has anyihing but the 44 externel orbits to
be coordinated to the central cation for a bopd thet is all
the more unstable since the occuplied orhita serve as a
creen.,

Nevexrtheless, due to thelr slectronice structr.;ro each
of the ocatlons of trensition metals of a same group has a
different saction mschanism,

These actlon mechanlems mey »e: 1, active by fix-
ing O, and permitting & resonanse bond bhetween the atoms
that &re to react, through the intermediary of one of thelr
orbits; 2. merely fix Op without interaction between 0
and the substrates; 3. not fix Oy in the oomplex.

The two Systems may be assumed in the plane XY with
the 85H groups depeniing on the adjacent axes X, Y in the
complex,

Mn2* (five 34 eleotrons): In the formation of a 32
4s 4p) complex, after pairing 34 electrons, the fifth 34
aslectron occuples orvit 3dp, alone, vhich is a T orbit of
the metallic cation. The tion of e chelated complex
by means of strongly donor soordinating atoms lnoresaes the
redox potential, tending to stabilize the centrel oatiom
in its highest state of valence. It may be assumed, there-
fore, that *he metallic cation uses its f£ifth 3dyy eleotron
for a 7c bo ' with Op whioh is woo.kl{ oocordinated to it.
This f£ifth - £y ol.o%ron resonates, tharefore, btetweun the
central oatiun ard « But the 3dyy orbit has some poaitive
lobuddoponding 314» ui.d +Y where {hﬂ g4 groups g ngd.
A bopd that we aball ocall E“"ﬂ!‘" BAY, refors,
be sstablished batween t)2 yﬁ& WO groups with the
aid of the ﬁxy orbit.

The caloulatian of the distribution of ¢ ¢ withe
in the oomplex indicates a positlive charge on £ which produ-
ces & rupturs between 8 and H. The oxidation reaction,
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therefore, ls made possible, In addition, the resonance
on the two S located nn the same plane depending on +X and
+Y permits the J==8 bond,

Fo2*+ (gix 3d electrons): As in the precediag case,
the complex has a tendenoy to beocome stablllized jn its fer-
ric state., Therefore, it miy be assumed that Pe<* utilizes
its sixth 34 electron for a bond ¥ith 0n. Since this eleoc-

tron occuples thw % 3d orbit, a bond is -
duced between 0> and the SH gz.-onps. nhin & case of m*’.

Experimentally, the amount of 0, consumed Adepends
on the thioprotein concentration whsn It is in excess (Mioh-
aells and Barron, J, Biol. Chem,, 83, 1929, p 191). There-
fore the Hal» product of the reaction is used as followa:
SH + 8H + 3282 = 8—5 + 2H0.

Co2+ (seven 3d electrons): The seventh 3d electron
has to be raised to an mtibgnﬁ:nﬁ grbit of the metallic
cation, in order that the 34< As Ap~ complex may be fovmed.
0, coordinated to the central oation by a 44 extermal orbit
ady capture this electron., We ther have a cobaltic complex
to vhich the oi,bion 12 bound. Therefore, the complex fixes

ths oxygen in alr, dut there is no interactlon beiveen
0, and the SH groups. In faot, here the electrem 1is
cdmpletely displaced on O0,. There is no 1 any reson=

ance, thererfore no oxidation reacticn, 2Exper1.lnnully. tha
amount of Op consumsd depends on the 0ot couocentretiem.
Since the cobaltio complex that is formed is very atadle,
there is blockage of the thicproteilns and of Op, whence an
inbibition of the synthesis reaction.

F12* (elght 74 electrons): Oue single orbit mey be
freed for a tirough an ~itermal orbit, Therefore, there
is no longer any possidbility for a bond with the neutral 02
moleoule, MNoreover, since the substrate molecules give a
stable complex, there 1s inhibltion of the reaotion by blook-
age of thw substrate,

W %n. The rescnance ensrgy is calou-~
lated in ~me and G8-8G-metal nomplexes., The com-
plex toward which tiw reaction tande la the ome 1n which

the electrons oocupy the lover epergy levals., Therefore,
this is the ocoxplex that has tha lower resonance mmergy, be-
ocause they both bhave the same nuxber of sleotroms. T dif-
fersnce betwesn these rescnance energles gives, as an alge~-
‘raic value, the dissociation energy of 8—8.
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1e With Fea"': The rescnance energy is lower in
the GS-8G-metal complex, Thersfore, the reaction has a
tendency tc take place toward synthesis. The difference
between the resonance energles corresponding to the synthe-
‘:‘; 3).: 62.2 kg, cal. (heat of formation of S-S is 63.8 kg,
o eje

2. With Co2t and Ni2*: The resonance energles are
Jower 1n the 2GSH-metal complex. The energy in favor of
the SH + SH dissociation 18 17.6 kg. cal. Tor Co2+ and 36
¥g. cal, for Ki2+,

2. Cat.gxa*a oY ge of the 01309%1;%%9 ase-Cytochrone
[} Q&p‘g. “be oxldatlion reaction o 8 sul yi groups
of the thioproteins 1= sccomplished in tissues in vivo with-
out production of HpUp by the action of the oytoghrome oxi-
dage in presence of cytochrome C (Sumner, The Engvpe, pp
365 and 614). According to the hypothesis drawn up on the
active role of oytochromes in the respiratory chain (A.
Goudot, M' Vol 251, 1960, pp 722 and 1194),
that is to say t ¢ cytoohrome oxidase 1s not omly an
eloctron transporter but also performs the O, = 0 + O dis-
sociatlon, the oxygen 1s the utilizable for %ba oxidations,

Ve have, as in the: r;aplmtory chain: cyt. oxidase
FeX* & 0, = cyt. oxidase *-0“’+0ann1nthopx2‘nmce
of oyt. 3, oyt._oxidase Pe<* - 0% 4+ 0 4+ 2_cyt, C Fed+ =
cyt. oxidase Te3* 4 0™ 4+ 0" + 2 cyt. C FeJ*., The oxidation
reaction, then, is accomplished without the formstion of

On e
Ha0p
The oxidation of phenyldiamine in the cardiasc muscle
is socomplished in the same wmy,

ept. The -.otivlty"g ¥iyoc of these cations of
the transition metals and of se enrymes on the exponen-
tial of bacterial colonies has bean the objevt of an
experimental stuly (M. FPaguet and A. Goudot, log. ¢it.): s.
on serobic baoteria; b, on anmerobic baoterias.
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