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Synopsis. Chlorophyll (Chl) e and its C-10 epimer, Chl
a’, are compared for pheophytinization (demetallation)
kinetics in aqueous acetone containing HCl. For each pig-
ment the pheophytinization rate is of second order with
respect to proton, and under identical conditions Chl a’ is
pheophytinized by roughly 50% faster than Chl a, due prob-
ably to weaker Mg-N bonds in Chl a’.

Our recent pigment composition analyses on higher
plant chloroplasts, photosystem (PS) I and II particles,
and several cyanobacteria showed for the first time that
one molecule of Chl a’, or the C-10 epimer! of Chl g, is
closely associated with the PS I reaction center
(P700).%% This has prompted us to carry out detailed
~ physicochemical characterization of Chl a’ against Chl

a. In this Note we compare Chls a and a’ for the
kinetics of pheophytinization (replacement of the cen-
tral Mg?t ion with two protons), which would reflect
the Mg-N bond strength in the chlorin macrocycle.

A few works have been reported on the pheophytini-
zation of Chl derivatives. Following earlier observa-
tions by Mackinney and Joslyn,* Schanderl et al.
compared Chl a and b pheophytinization rate con-
stants in aqueous acetone at a single HCI concentra-
tion of 107* M (M=moldm™3).9 A work of Berezin et
al.® suggested indirectly that the Chl a pheophytiniza-
tion rate is of second order with respect to proton in
t-butyl alcohol containing trichloroacetic acid. The
pheophytinization kinetics of Chl a in monomolecular
films” and in heated green leaves® have been investi-
gated. However, quantitative comparison between
Chls a and a’ with regard to pheophytinization kinet-
ics has not been reported in the literature.

Experimental

Chls a and a’, with epimeric purity higher than 98%, were
prepared by means of preparative scale high-performance
liquid chromatography (HPLC) as described elsewhere.?
Chl a or Chl a’ was dissolved in an acetone/water (3/1, v/v)
mixed solvent, and the solution was introduced in a
temperature-controlled glass cell placed in a JASCO
UVIDEC-650 spectrophotometer. The absorbance change
due to the progress of pheophytinization was measured as a
function of time at 430 nm [absorption peak for Chl a(a’)] or
409 nm [absorption peak for pheophytin (Pheo) a(a’)]. The
concentration!? of Chl a(a’) in aqueous acetone was
1.0X107® M, and that of HCI was varied in a range from
3X107 to 2X1073 M. Thus the pheophytinization reaction

Chl a(a’) + nH* —**) 5 Pheo a(a’)+Mg?* 1)

can be regarded as pseudo-first-order with respect to Chl
a(a’) concentration, with k and %’ being the apparent rate
constants for Chls a and a’, respectively. The k and k’ values
were obtained by fitting the time courses of Chl a(a’) concen-
tration to the following kinetic formula:

In ([Ch1}/[Chl]o) = —k(k’)t @)

where [Chl], and [Chl]; are the concentrations of Chl a(a’) at
the onset of measurement and at time ¢, respectively.

Results and Discussion

Figure 1 illustrates the temporal evolution of the
relative concentration of Chl a(a’), observed at 430 nm,
for different H* concentrations at 25 °C. The apparent
rate constants are calculated from the slopes of the
lines and Eq. 2. Under identical conditions, the k and
k’ values thus obtained were practically the same as
those obtained by observing absorbance increase at 409
nm.

The rate constants from Fig. 1 are plotted in Fig. 2
against —log[H*]. The slope of —2.0 common for
both Chl a and Chl a’ indicates that the rate is indeed
of second order with respect to proton (n=2 in Eq. 1).
The pheophytinization rate of Chl a’ is 1.4-fold higher
than that of Chl a at a given —log[H*] value; this is in
contrast to a qualitative observation by Hynninen!!
that Chl a’ was pheophytinized much more rapidly
than Chl a. The higher tendency of Chl a’ to be pheo-
phytinized is due probably to its weaker Mg-N coordi-
nation bonds in the chlorin ring. A recent 3C NMR
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Fig. 1. Kinetic plots for the pheophytinization of

Chls a and a’ in aqueous acetone at different H+
concentrations.
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Fig. 2. Dependence of the pheophytinization rate
constant k for Chl a (O) and k’ for Chl a’ (@) on
H+* concentration.
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Fig. 3. Arrhenius plots over a temperature range

10—40°C for the pheophytinization rate constants
for Chl a (O) and Chl o’ (@).

study on Chl derivatives!'? indicates that an enhanced
steric hindrance between the bulky substituents (the
C-7 phytyl chain and C-10 methoxycarbonyl group) in
the Chl a’ molecule induces a peripheral strain, espe-
cially in rings IV and V,? which in turn influences the
conformation and stability of the whole macrocycle.

In aqueous acetone at 25 °C, though with a slightly
different acetone/water volume ratio (4/1), Schanderl
et al.¥ obtained a k value of 1.72X107* s°! at
—log[H*]=4.0. Extrapolation of our k vs. —log[H']
plotin Fig. 2 to —log[H*]=4.0 yields k=6.97X107%s"1,
The 2.5-fold difference seen between these two values
might reflect a difference in the solvent composition.!®

The temperature dependence of the pheophytiniza-
tion rates was examined in a range from 10 °C to 40 °C
at a —log[H™] value of 3.43. The Arrhenius plots in
Fig. 3 gives the activation energies of 47.4 and 40.4
kJ mol~! for Chls a and a’, respectively. The former
value compares well with a literature value® of
43.5 kJ mol~L.

Based on the results presented above, the pseudo-
first-order rate constants k(k’) for the Chl a(a’) pheo-
phytinization in aqueous acetone are expressed as
follows:

k /sT1=1.30 X 1012 [H*]2 exp(—47400[J /R T)
K /s"1=1.20 X 10! [H*]2 exp(—40400[J /R T)
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