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Abstract. Piperidinoethylesters of 2-,3- and 4-alkoxysubstituted phenylcarbamic
acids ( alkoxy = methoxy — decyloxy ) inhibit photosynthetic processes in algae and
plant chloroplasts. The inhibitory activity is strongly dependent on the alkyl chain
length of the alkoxy-substituent showing a typical quasi-parabolic dependence with
maximum effect at 6 — 8 carbon atoms in the alkyl chain. The alkoxy-substitution
in position 2 decreases the inhibitory activity of a compound when compared with

"its 3- and 4-substituted analogues. ESR studies of spinach chloroplasts confirm

that the compounds studied cause destruction of PS II whereby, in the presence of
the most effective of the derivatives tested, Mn%t ions are released from the protein

complex.
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Introduction

Piperidinoethylesters of alkoxyphenylcarbamic acids (PAA) are amphiphilic com-
pounds with several biological properties connected with their effects on biological
membranes: antimicrobial activity (Mlynaréik and Cizmarik 1976); antiarrhyth-
mic activity (Kozlovsky et al.1976, 1982); local anaesthetic activity (Cizmaérik et
al.1976). PAA interact with significant components of cell membranes - lipids and
proteins - causing a perturbation of the membranes thus influencing biological func-
tions. The measure of the above mentioned inhibitory effects of PAA is strongly
dependent on the alkyl chain length of the alkoxy-substituent, partly also on its
position on the benzene ring of the molecule. Due to amphiphilic structure of PAA,
in aqueous solutions associates similar to those of surfactants can be formed (Pesdk
et al. 1977, 1980; Kopecky et al. 1978).

This paper presents the results of a study dealing with effects of piperidi-
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noethylesters of 2-, 3- and 4- alkoxyphenylcarbamic acids upon growth and chloro-
phyll synthesis in the alga Chlorella vulgaris and with their effects upon photosyn-
thesis in plant chloroplasts.

Materials and Methods

The synthesis of PAA has been described by Cizmarik and Borovansky (1975). In the
present study hydrochlorides of 2-, 3- and 4- substituted PAA derivatives with alkoxy =
methoxy — decyloxy were used.

Green algae Chlorella vulgaris were stationary cultured and their growth and chloro-
phyll content were determined according to Mitterhauszerovd et al. (1991). Minimum
algicidal concentration (MAC), i.e. minimum PAA concentration causing total inhibi-
tion of chlorophyll synthesis in algae, and PAA concentration causing its 50 % inhibition
(ICs0) were determined.

The spinach chloroplasts were prepared using the method described by Serseit et
al. (1990). The rate of oxygen evolution in spinach chloroplasts was determined spec-
trophotometrically (Specord UV VIS, Zeiss Jena, Germany) by classical Hill reaction at
constant chlorophyll concentration (30 ug/ml) using phosphate buffer (20 mmol/l; pH
7.2) containing sucrose (0.4 mol/l), MgClz (5 mmol/l) and NaCl (15 mmol/1) and 2,6-
dichlorophenolindophenol as an electron acceptor. The samples were illuminated, from a
distance of 10 ¢cm, with a halogen lamp (250 W) using water filter to eliminate warming
of the samples.

ESR measurements were carried out with an X - band operating instrument ERS
230 (ZWG, AdW Berlin, Germany). The ESR method used for the determination of
photosynthesis inhibition in plant chloroplasts in the presence of amphiphilic compounds
has been described in a previous paper (geréefl et al. 1990).

Results and Discussion

The interactions of photosynthesis inhibitors with photosynthetic centers PS I and
PS II can be detected using ESR spectra (Gribova et al.1985; Hoff 1979, 1987).
In systems containing plant chloroplasts treated with the amphiphilic molecules
studied (PAAs), signal II in ESR spectra decreases or totally disappears, whereas
signal 1 on the light shows a great increase. This can be seen with ESR spectra
obtained in the presence of piperidinoethylester of 2-heptyloxyphenylcarbamic acid
which is one of the most effective compounds of the PAA series studied (Fig.
1, line B). In addition, the most effective derivatives release Mn%* ions from
protein complex into the thylakoid membrane interior. In these cases 6 lines of fine
structure appear in ESR spectra indicating released Mn2* ions (Fig. 2, line B;
the superimposed signals I and II can be seen between lines 3 and 4 of the Mn?*
spectrum).These results confirm that the site of the inhibitory action of the studied
PAAs on the photosynthetic apparatus of spinach chloroplasts is photosystem PS
II.

Fig.3 shows the dependence of log MAC for chlorophyll synthesis in Chlorella
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Figure 1. ESR spectra of spinach chloroplasts containing 4 mg chlorophyll/ml A
untreated chloroplasts, B. chloroplasts treated with piperidinoethylester of 2-heptyl-
oxyphenylcarbamic acid (0 1 mol/l ), full line, spectra recorded 1n the dark; dashed line,
corresponding spectra at llumination. The dashed hne in spectrum B was recorded at
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Figure 2. ESR spectrum of Mn?? ions in spinach chloroplasts. A: intact chloroplasts; B:
chloroplasts treated with 0.05 mol/l piperidinoethylester of 2-heptyloxyphenylcarbamic
acid

vulgaris on the alkyl chain length for 2-,3- and 4-alkoxy-substituted derivatives of
PAAs. The Figure shows similar dependences of minimum bactericidal concentra-
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tions (MBC) for Staphylococcus aureus as determined by Cizmarik et al. (1987).
From Fig. 3 it is obvious that the inhibitory effect of PAAs in both cases is de-
pendent on the number of carbon atoms in the respective PAA alkoxy-substituent,
showing maximum activity at 6 to 8 (MAC) or 9 (MBC) carbon derivatives, re-
spectively; the activity of 2-substituted derivatives is generally lower than that of
their 3- or 4-substituted analogues. Derivatives with shorter chains of the alkoxy-
substituent (methyl — heptyl) have algicidal activity at significantly lower PAA
concentrations than required for bactericidal effect on Staphylococcus aureus. This
high inhibitory efficiency of PAA in relation to photosynthesizing organisms (algae)
can be connected with effective destruction of the photosynthesizing apparatus by
the amphiphilic molecules. The MAC value for the most effective derivative {octyl)
is 7.9 pmol/l, 1.e. 3.3 mg/l.

The decrease of the rate of oxygen evolution in spinach chloroplasts observed
in the presence of PAA (expressed as the corresponding IC5o values) is also strongly
dependent on the alkyl chain length of the alkoxy-substituent {Fig.4). The most
effective compounds in each homologous series were octyl-derivatives; similar to
previous results, the inhibitory activities of 3- and 4-substituted derivatives were
in general stronger than those of 2-substituted derivatives.

The effectiveness of photosyn'thesis inhibition in algae and plant chloroplasts,
which depends strongly on the alkyl chain length of the PAA alkoxy-substituent,
shows a typical quasi-parabolic dependence characteristic for several biological ef-
fects of amphiphilic compounds (Devinsky et al.1985, 1990). The dependence of
MAC on the PAA partition coefficient (n-octanol — phosphate buffer of pH 7.3)
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Figure 4. The dependence of
the rate of oxygen evolution in
spinach chloroplasts (expressed
in terms of log 1Cso values) upon
the alkyl chain length of PAA
alkoxy-substituent. (For sym-
bols see Fig. 3, log MAC values).

Figure 5. The dependence of
—log MAC on the logarithm of
partition coefficient P (for sym-
bols see legend to Fig. 3; filled
symbols correspond to 8 — 10 -
C derivatives; the corresponding
P values determined experimen-
tally for systems n-octanol
— phosphate buffer of pH 7.3 we-
re taken from Pesdk et al
(1980).
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is linear only for the first 7 members of all the 3 series studied (methyl-heptyl),
with the corresponding correlation coefficients ranging between 0.96 — 0.98 (see
Fig. 5). This supports the important role of hydrophobic interactions between
PAAs and the lipid parts of membranes in influencing biological function. On the
other hand, for derivatives with longer alkyl chain (octyl-decyl) not only the bio-
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logical activity but also the partition coefficient showed a certain decrease with the
increasing number of C atoms in the alkoxy-substituent (see Fig. 3, and values of
partition coefficient in Pe3dk et al. (1980)). This decrease of partition coeflicient
can be explained by self-association of PAAs with longer alkyl chains in aqueous
solution (Pesdk et al. 1980). Thus, the algicidal effect is caused by individual
PAA molecules, a decreased concentration of the monomers resulting in a lowered
inhibitory activity.

Another possible explanation for the above observations might be also the so-
called “cut - off” effect which has been discussed in detail by Balgavy et al. (1984},
Devinsky et. al. (1990) and Gallova et al. (1990), or its combination with the
self-association effect.

Generally, the inhibitory activity of 2-substituted PAA derivatives upon pho-
tosynthesis was weaker than that of their 3- or 4-substituted analogues. Framework
molecular models of the studied PAAs show that 2-substituted derivatives having
the alkoxy-substituent in close vicinity to carbamate bond can provoke a secondary
sterical effect, distortion of the benzene ring plane against that of the carbamate
group (Ciémérik et al. 1976). This leads to perturbation of molecule planarity
and is reflected also in conjugation of = bonds of benzene ring through NH up to
CO group in the molecule, thus changing electron density (charge) on the carbonyl
group, which is one of the possible binding sites of carbamate acid derivatives on
receptors or reaction centers of membranes (Ciimérik and Borovansky 1975). Prob-
ably,this secondary sterical effect is the cause of the weaker inhibitory efficiency of
2-substituted derivatives. In the case of 4-substituted derivatives, interactions be-
tween alkoxy-substituent and carbamate group are practically eliminated, and the
inhibitory activity is stronger.

Summarizing it can be concluded that PAAs interact with thylakoid mem-
branes of photosynthesizing organisms causing destruction of PS 11 with subsequent
release of Mn?*t ions. The weakest inhibitory effect determined with 2-substituted
PAA derivatives is probably connected with the sterical effect.
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