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1. Introduction

Specific inhibitors are very useful tools for the
study of complex biochemical processes like oxidative
phosphorylation or photosynthetic phosphorylation.
Phlorizin [1] and Dio-9 [2] are well known inhibitors

of energy transfer reactions in photophosphorylation.

Peptide alkaloids are a recently recognized group
of polyamide plant bases composed largely of simple
amino acids [3]. Very little is known about their bio-
logical or pharmacological properties [4].

The present paper describes the effect on photosyn-

thetic phosphorylation of two new peptide alkaloids,
discarines A and B obtained from Discaria longispina
[5], a rhamnaceous Argentinian plant known to be
used in folk medicine. One of these peptide alkaloids,
discarine B, is shown to be a specific inhibitor of
energy transfer in spinach chloroplasts while discarine
A behaves as a mixed-type inhibitor.

2. Experimental

Chloroplasts were isolated from freshly collected
spinach leaves as described by Nobel [6]. The isolation
medium was 250 mM sucrose, 20 mM N-tris(hydroxy-
methyl)-methyl-2-amino ethanesulphonic acid)-NaOH
buffer (pH: 7.8) and 3 mM MgCl,.

Photophosphorylation and electron transport from
water to ferricyanide were determined as described by
Vallejos [7]. Ferrocyanide formation was determined
as described by Avron and Shavit [8].

Total chlorophyll was determined as described by
Whatley and Arnon [9].
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Peptide alkaloids (bases or furmarate salts) solu-
tions were freshly prepared in dimethylsulphoxide.
The fumarate and the solvent were without effect at
the concentrations used (less than 2% for the solvent).

3. Results and discussion

Fig. 1 shows the titration curves of the inhibitory
effect of discarines A and B on non-cyclic photophos-
phorylation associated with ferricyanide reduction in
spinach chloroplasts. Discarine B was the most effec-
tive inhibitor.

Cyclic photophosphorylation catalyzed by phen-
azine methosulphate was also inhibited by the peptide
alkaloids (fig. 2). Cyclic and non-cyclic photophos-
phorylation were equally sensitive to the inhibition by
these peptide alkaloids, The 5, values for discarine B,
and discarine A were 55 and 230 uM, respectively.

The described inhibition of photophosphorylation
may be explained by an effect of the alkaloids on
either the electron transport or the energy transfer
reactions. Fig. 3A shows that 125 uM discarine B in-
hibited oxygen evolution by illuminated chloroplasts
in the presence of ferricyanide, ADP and P;. The in-
hibition was totally reversed by 10 mM methylamine,
a known uncoupler of photophosphorylation (see
fig. 3C). There was also some inhibition (29%) of
oxygen evolution by discarine B in the absence of
ADP and P; (fig. 3B) but it was also reversed by
methylamine. Similar effects were observed with
250 uM discarine A (fig. 3D and E). Other uncouplers
like NH,Cl (fig. 3D and F) were also able to reverse
the inhibition of oxygen evolution by the peptide
alkaloids.
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Fig. 1. Effect of discarines A and B on non-cyclic photophos-
phorylation in spinach chloroplasts. ATP synthesis in control
tubes was 42 umoles/mg chlorophyll per hr. (c—0—0) Dis-
carine B; (o—o——=) discarine A.

According to the definition of Izawa and Good
[10] a typical energy transfer inhibitor should not in-
hibit photosynthetic electron transport in the presence
of an uncoupler. That is exactly the case with discarine
B (fig. 4). Within the range of concentration that com-
pletely inhibited cyclic and non-cyclic photophosphor-
ylation, discarine B did not affect the photosynthetic
reduction of ferricyanide in the presence of methyl-
amine or in the absence of ADP and P; (fig. 4) where-
as it inhibited the increased rate of ferricyanide reduic-
tion due to the addition of ADP and P;.

Discarine A up to 250 uM behaved like discarine B
(fig. 5) but at higher concentrations it drastically in-
hibited electron transport even in the presence of un-
couplers,

The structures of discarines A and B are known
[5]. They are isomers that differ in the positions of a
B-indolylmethyl and a sec-butyl groups.

Frangulanine, a closely related compound obtained
also from Discaria longispina (5], was found to inhibit
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Fig. 2. Effect of discarines A and B on cyclic photophos-
phorylation catalyzed by phenazine methosulphate in spinach
chloroplasts. Experimental conditions were as described in

the text, ATP synthesis in control tubes was 231 gmoles/mg
chlorophyll per hr. (c—0—o0) Discarine B; (o—5—0) discarine A.

photophosphorylation like discarine A, but inhibition
of uncoupled electron transport was observed above
500 uM frangulanine, a concentration that inhibited
nearly 90% of non-cyclic photophosphorylation.

In conclusion the results described here show that
discarine B is a typical energy transfer inhibitor in
photophosphorylation. The partial inhibition of oxygen
evolution in the absence of ADP and P; (fig. 3B) is
similar to the inhibition by Dio-9 [2] and both may
be explained by endogenous ADP generation (see
(11]).

On the other hand discarine A is a mixed-type in-
hibitor behaving like an energy transfer inhibitor at
low concentrations and like an electron transport in-
hibitor at higher concentrations.

The described effects of these peptide alkaloids
may have some bearing on their biological properties
in line with the proposed role of alelochemical agents
[7,12].



Volume 33, number 2

Methylamine 10mM

Chloropl. Light on Chloropl. Light on

1 min.

!

NH"CI 2mM

Discarine A
250 )JM

P
(I Pl

Chloropl. Light on Chloropl. Light on

FEBS LETTERS

Discarine A

July 1973

Methylamine 10 mM

Discarine B Methylamine 10mM
125 M
+ADP
+P;
Chloropl. Light on
E F

!

NHLCl ZmM

t

NHl’Cl 2mM
250 }.IM

| l

Chioropl.  Light on

Fig. 3. Effect of discarines A and B on oxygen evolution in spinach chloroplasts. Oxygen generation was measured with a Teflon-
covered Clark oxygen electrode in a Gilson Oxygraph. The reaction medium (1.65 ml) was 250 mM sucrose, 25 mM N-tris(hy-
droxymethyl)methyl-2-aminomethanesulphonic acid-NaOH buffer (pH: 7.8), 3 mM MgCl, and 1.2 mM K3Fe(CN)g. The reaction
vessel was thermostatically controlled at 250°C and illuminated with 2 reflector flood lamps of 150 W each. Chlorpl., chloroplasts
(40 ug of chlorophyll) when added ADP was 2 mM; Pj, potassium phosphate 2 mM.
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Fig. 4. Effect of discarine B on electron transport from water
to ferricyanide in spinach chloroplasts. Experimental condi-
tions were as described in the text and in the legend to fig. 3.
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