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ACTION HECEAOISM OF ACTIVATING OR ANTAGONISTIC
METALLIC CATION3 IN THE OXIDATION

OF M IN THIOPROT•INS

#olloving is a trseslation of an artiole by
s Andree Goudot and Miohel Napiet, present-

ed at tbe 24 ADril 1961 seeting of the Frenah
Academy of Solenesees and pub11hs8 U the

S( ert, or the UAe-
my. of Below*$), Vol 252, 1961, p'"a 2557-

25593 %Md6 the aub~eet heading of TbeoretieChemistry1U

Activity of eation. of the transition metalk in-
the frmation of the 3--8 bond by ox!Aatlon.; it'
depends on the electronie struature of tbhoatstn
that allow* or does not allow tbh formation of a
bond by resomaaoe betwoey the aetos concerned,
thresh the Intermediars of a 34 bit. T entae
oion vas studied duriZg the *74cs laa gowt of
boterial oolnie- L -et -an.M.A;-. ouct ..

S-- bonds oeoer, in the formtion of oertain motab-
olites and espeolally of en•yme precursors (sysogene)a ter
oxidation of the sa groups or thiopreteans libe eysuooe and
Glutathlone. two moleauloe of eystolne or or glutathione
give: 21M + 02 = 6-54 + Nef. This oid~atien, ocaure ouly
very slowly In the air, bat It becomes ve rapid If the
oystolae or olutathbin. moleoule•m ae o=emint9 to oertaft
metals e oationag, whle others Inhibit the reaction. e fMod
i W 1w primarily glutathione vhoe enzymatic
,r te-41 8 0oo s-r U -fallows:

L-glutooio acid + L-eyut.In. + Slyolme + ATP --

L-61utathlone + AM 4 Pl.
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Therefore, the S-S bond takes place between the SH
groups of the oysteine residues.

1.. a Cattions. In the formation
oi a hyri zation compl x, the Slutathione Is joined to
the metallic cation by means of atoms belonging to groups
that make them strongly coordinating. These atoms are the
N of the I2 poup In lutamio acid, the N and the S in the
oystelne residue. Two molecules of glutathione (or three
of cysteine) form, w1th the metallic cation, a boxavalent
complex by 3d2' 4s 4p' Internal orbits. The neutral 02 mole-
oule no longer has anything but the 4d external orbits to
be coordinated to tbe central cation for a bond that is all
the nore unstable since the occupied orbits serve as a
oreen,.

Neevthe.less, due to their electronic structure each
of the cations of transitiot metals of a same group bas a
different action meohanism.

These action meehanisms may be: 1, active by fix-
ing 0 and permitting a resonance bond between the atom
that Ire to react, through the Intermediary of one of their
orbits; 2. merely fix 02 without Interaction between 02
and the substrates; 3. not fix Og in the complex.

The two systems may be assumed in the plane XY with
the SH groups depending on the adjacent axes X, Y in the
complex.

Mn2 + '(five 3d electrons): In the formation of a 3d2
4s 4p3 complex, after pairing 3d electrons, the fifth 3d
electron occupies orbit 3d alone, vhich it a it orbit of
the metallic cation. Itse Tration of a chelated complex
by means of strongly donor coordinating atoms inoreases the
redox potential, tending to stabilise the central oation
in its highest state of valence. It may be asumed, there-
fore, that .he metallic cation uses its fifth 3dxv electron
for a -c bho with O0 which is weakly coordinated to It.
This fifth Cy elecron resonates, therefore, betweun tbh
central oatiun ad 02. But the 3d orbit has some positive
lo'bes depending on +X and +wherexh groups are Joined.
A. bond that we shall call l~m= ~nasaWL Bay, therefore,
be eosbliabed between 0 2a~d t*o BE groups with the
aid of the 3 d xy orbit.

The oalaul2at cm of the distribution of charges with-
in the cemplex Indicates a positive charge on 8 whioh produ-
oes a rupture betVeen 3 and L. The oxidation reaction,
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therefore, is made possible. In addition, the resonance
on the two S located nn the same plane depending on +X and
+Y permits the 8-8 bond.

Fe2+ (six 3d electrons): As In the preoed•i case,
the complex has a tendency to become stabilized n its fer-
ric state. Therefbre, It may be assevnd that Fe + utilizes
Its sixth Xd electron for a bond with 02. Since this else-
tron coeuples the I Cd orbit, a bond b r, f"l Is; r÷.
duoed between 02 and the SE groups, an In the came of

Experimentally, the amount of 0 oonsumed depends
on the thloprotein eoncentration vwhn It is in excess (Mich-
sells and Barron, Il e_. Mm., ý_, 1929, p 191). There-
fore the %2 02 product of the reaction is used as follovs:
SH + ;B+ 02 = 8-8 + 2X 2 0.

Co2+ (seven 3d electrons): The seventh 3d electron
has to be raised to en antiboi rbit of the metallic
cation, In order that the Ma 48 X. Comlex My be fo'.-Md.
02 cordinaed to the central cation by a 44 external orbit
may oaptu3r this electron. Ve the have a cobaltic complex
to vwch the 0- ion Is botmd. Therefore, the complex fixes
the oxygen in & air, but there is no interaction betveen
0 and the SE goups. In fact, bere the 3djrr electron is
1ýletely displaced on 0 There is no loniwr aW rems-
&nee, therefore no oxidatfon reaction. Etpserize3tally, the
Maount of 02 ConMUMad depends on the 0o0+ eoioentration.
Since the cobaltis complex that Is formed is very stable,
there is bloeks• of the thioprotelns and of 02, wheance an
inbibition of to synthesis reaction.

N12+ (e*Iht 3d electrons): One single orbit my be
freed for a bond tbcou& an i' teiA orblt. Tborefore, thee
is no lonser any possibility for a bond vw.th the neutral 02
molecule. Koreover, since the substrate molecules give a
stable complex, tbere is inhibition of the reaction by block-
qsp of tbe substrate.

DJA Inn a I - awri. The resonance ezwrgy Is calcu-
lated int- 2G U-.ua aid 08-G-Metal iomplexes. MW com-
plex toward which tb reaction tends Is tbe z in which
the electrons occupy the lover energy levels. *• hrefore,
this is the complex tat has the lower resonance xwgy, be-
cause they both have the same number of eleotrons. f dif-
ference betwetu these resonance rgries ,ives, as an alge-
braic value, the dissociation esnry of -- S.
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1. With Fe2+: The resonance energy is lower in
the GS-SG-metal comploz. Therefore, the reaction has a
tendency tc take place toward syAthesis. The difference
between the resonanoe energies corresponding to the synthe-
sis is 62.2 kg. cal. (heat of formation of S--S is 63.8 k.
Cal. ).

2. With Co24 aed Ni2 ÷: The resoance energies are
lover In the 2GOE-meto% complex. The energy In favor of
the EH + SH dissociation is 17.6 kg. ocl. for Coz+ and 36
kg. cal. for 1i 2 +.

2. Ct _s D os the __ _ oxiae- __ome

a Cip!. .Te oxidation reaction of the sulfhAryl groups
of the thioproteins is accomplished in tissues k vivo with-
out production of H202 by the action of the oytobhrome oxi-
dais in presence of cytoobrome C (Sumner, The Eme, pp
365 n 6!4). According to the hypothbmis drawn up on the
motive role of cytoohromes in the respiratory chain (A.

oot,, Vol 251, 1960, PP 722 and 1194),
that is to say th "t cytoobrome oxidase is not only en
electron transporter but &ehso performs the O 0 + 0 dis-
sociation, the oxygen Is the utilizable for oxidations.

We have, as In the rjapiretory chain: cyt. oxidase
. e = t. oxiduese - 0 + 0 and in the pM'em•ne

of 0yt. , cyt. oxidas.e +s - 0+ + 0 + 2 cyt. C FM2÷ =
cyt. ozid"e Fe 3 + + 0- + 0 + 2 cyt. C Ne3+. Mhe oxidation
reaction, then, is ascomplished without the formation of
R202 -

The oxidation of phenyl"iamine in the cardiac smsole
In aooomplisbed In the same uwy.

a k- The activity In j of tbase cations of
the tr sIAtion metals and of these enzyues on the exponein-
tial f•owth of bacterial colonies his been the ob3eot of an
experimental stuAy (X. agaet &nd A. Go•udot, 1•. jLt.: 1.
ou aerobic baotetia; b. on anaerobic bacteria.
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