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Polarographic Determination of
Stability Constants and Rate
Constants of Iron Chelates

OLE K. BORGGAARD*

The Royal Danish School of Pharmacy,
Chemical Laboratory D, DK-2100
Copenhagen, Denmark

In a previous note ! the stability constants
of the di- and monoprotonated Fe(II)-
EDTA complexes (EDTA ~ ethylenedi-
amine-N,N,N’,N’-tetraacetic acid) were
calculated from oxidation experiments.
This note presents the stability constants
of the protonated Fe(II)-EDTA and
Fe(II)-CyDTA complexes (CyDTA ~ trans-
1,2-cyclohexanediamine-N,N,N’,N’-tetra-
acetic acid) and the stability constants of
Feo(III)-EDTA and Fe(III)-CyDTA ob-
tained by polarographic measurements
of the dependence of the half-wave
potential on pH in buffered aqueous
solution. The rate constants of the oxida-
tion of Fe(II)-CyDTA by hydrogen
peroxide are also given.

The reduction of Fe(III)-EDTA or
Fe(III)-CyDTA in the pH-range 1 -6 can
be written as follows:

Fe(IIT)Y ™ +2zH* + ¢ - Fe(IT)H, Y5~

where Y%~ denotes the anion of EDTA
or CyDTA and z is the number of protons
taking part in the reduction. Using the
general expressions? of the reduction
of a complexed metal ion and assuming
that the diffusion coefficients of the
different iron species are equal, the follow-
ing equation is obtained giving the de-
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pendence of the half-wave potential (E})
on the hydrogen ion concentration:

X . RT _
Ey=E,— 5 (In(1+[Y*")Kpeqmy-)

i=zj
—In(1+[Y* ] Kgeanv*™ i(zo j(.”; K;) [H]))}
where E, is the standard potential of the
Fe?t/Fert couple,® Kpeny— the stability
constant of Fe(III)-EDTA or Fe(Ill)-
CyDTA, and Kyoqnyt— the stability con-
stant 376 of Fe(II)-EDTA or Fe(1I)-CyDTA.
K; is the acid dissociation constant of a
protonated Fe(II)-EDTA or Fe(II)-CyDTA
complex. K, is 1.

The calculations were carried out by
means of a GIER computer. A program
for minimising > (Fjops— Ficac)®? as a
function of the stability constant Kypermy—
and the acid dissociation constants of the
protonated complexes was written in
GIER ALGOL 4 using the LETAGROP
procedure.?

Table 1 shows the calculated stability
constants, enthalpies, and entropies of
formation (the acid dissociation constants
of the protonated complexes have been
converted to the corresponding stability
constants). The values in brackets are the
stability constants obtained by the oxida-
tion experiments and the agreement is
seen to be good. The stability constants
of Fe(lIl)-EDTA, Fe(Ill)-CyDTA, and
monoprotonated Fe(II)-EDTA at 20°C
agree quite well with those found in the
literature.®

Table 2 shows the rate constants,
activation energy, and activation entropy
of the oxidation of Fe(II)-CyDTA by
hydrogen peroxide. The experimental con-
ditions, reaction schemes, and calculations
are identical with those previously given.!

The rate constant of the unprotonated
Fe(I1)-CyDTA complex is less than half
that of the corresponding Fe(II)-EDTA
complex. This may be due to an increased
amount of CyDTA being bound sexaden-
tately to Fe(1I).
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Table 1. The stability constants at different temperatures together with the enthalpy and entropy
of formation. Ionic strength 0.20.

Te(?:p' Kpeqy-» 1072 Kypeqnuy-x 1070 K pornyag X 107
100 56102 50 $03) by
200 28103 60 $01) (T8s 0.)
EDTA 300 1302 (2:3 i g:g) (g:éi 8:2)
40.0 0.70+ 0.04 (;:i ig:?) é:gi (1)'.;)
o ~12230.4 S oa1E008 0804
CAS/I\ g 1813 | (§3§ i) 12+4
Tecxgp' Kpempy—-x 1072 Kperpuy-x 107° Kpenmy X 1078
182 31 £05 (20303 BRI
281 14 £0.3 (0%04) aEy
CyDTA 350 0.80+0.04 (if‘é 3:2) 2{:& 357
056003 (5Eom Y
;’c’if —14.21+0.8 —0.94+0.3 —~1.1+0.9
cal‘/}’IS{O 86+ 6 39+ 3 20+ 4

Table 2. The rate constants, the activation energy, and the activation entropy of the oxidation
of Fe(I1I)— CyDTA by hydrogen peroxide at different temperatures. Ionic strength 0.20.

|

1

|
Temp. Kpeqr)y* X 1078 Epeqmuy—x 1072 kpeimnm,y X 1072
(o) M 1gec™! M™Isec™? ! M 1gec™?
18.2 3.20+ 0.05 ’ 2.1+ 0.2 1.6+ 0.8
28.1 5.104 0,08 33402 L7+ 0.9
|
35.0 7.02+ 0.05 7.1+ 0.04 1.9+ 0.9
40.0 8.96+ 0.07 7.1+ 0.7 2+2
Eact | ;
et | 8.0 +0.2 |
AS¥F ;
cal/K —-17.3+2
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It is rather peculiar that the rate
constants of the protonated Fe(II)-CyDTA
complexes — contrary to the rate constants
of the corresponding Fe(II)-EDTA com-
plexes! — are smaller than that of the
unprotonated complex. At present no
explanation can be given for this result.
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Formation of Malonate-semialde-
hyde: Nicotinamide Adenine
Dinucleotide (NAD) Oxidore-

ductase in Pseudomonas
fluorescens P-2

PEKKA MANTSALA, MARJATTA PIRTTL
KOSKI and VEIKKO NURMIKKO
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Malonate-Bemialdehyde:nicotinamide ad-
enine dinucleotide (NAD) oxidoredue-
tase (EC 1.2.1.18) catalyses the formation
of acetyl-CoA from malonate semialdehyde.
The enzyme from Pseudomonas fluorescens,
when purified about 30-fold, appeared to
be specific for malonate semialdehyde.
Both NAD and CoA were required for
maximal activity of the purified enzyme.
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In the present investigation we have
studied the formation of malonate-semi-
aldehyde:NAD oxidoreductase during the
growth of Pseudomonas fluorescens P-2.
The enzyme was formed in the presence
of p-alanine, pantothenate, isobutyr-
aldehyde, 3-hydroxybutyrate, 3-hydroxy-
isobutyrate, acetaldehyde, and acetate and
slightly in the presence of malonate semi-
aldehyde, propionaldehyde, and 3-amino-
butyrate (¥ig. 1). The enzyme activity

Enzyme activity (mU/mt of the culture)

s0 100 50 100
Turbidity (Klett-readings)

Fig. 1. The formation of malonate-semi-
aldehyde:NAD oxidoreductase on various
carbon compounds in Pseudomonas fluorescens
P-2. Enzyme actvity was determined by the
method of Hayaishi et al.

1= B-alanine, 2=pantothenate, 3=rmalonate-

semialdehyde, 4= q-alanine, 5=acetate,

6=isobutyraldehyde, 7=3-hydroxybutyrate,

8=3-hydroxyisobutyrate, = 9=acetaldehyde,

10=propionaldehyde.

The concentrations of the carbon compounds
were 10 mM.

was not found on glyoxylate, succinate; 2-
oxoglutarate, 3-oxoglutarate, malonate,
pyruvate, propanol, propionate, glycine,
N-hydroxyethyl-g-alanine, or 4-amino-3-
hydroxybutyrate. Although the various
compounds mentioned above all caused
induction of the enzyme, the real inducer
of malonate-semialdehyde:NAD oxidore-
ductase seems to be g-alanine. 3-Hydroxy-
isobutyrate and isobutyraldehyde also may
function as inducers, because the activity
curves obtained on these compounds
resembled that obtained on g-alanine,
on which activity reached a maximum at
the end of the exponential phase of growth.
On the other hand, the enzyme activities
on acetaldehyde, acetate, and some other
compounds reached their maxima during
the early logarithmic phase of growth.



