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The L-amino acid oxidase from Anacystis nidulans is inhibited by cations as well as anions. The 
inhibition by cations has been previously described (E. K. Pistorius, Eur. J. Biochem. 135, 
217—222 [1983]). We have shown that the order of effectiveness was >  M2+ >  M+, when e.g. 
La3+, Ca2+ and K+ were compared. However, in the concentration range where the monovalent 
cations inhibited, the inhibition was not entirely due to the cation, but an influence of the anion 
could also be observed. When monovalent anions were compared as the corresponding sodium 
salts, the order of effectiveness was SCN~ >  N 0 3_ >  CL, Br >  I~ >  F ' >  HCOO” >  
CH,COO . The inhibition of the L-amino acid oxidase activity by the various salts was strongly 
influenced by the pH of the reaction mixture. It could be shown that the inhibition by cations 
increased in the alkaline pH region, while the inhibition by anions increased in the acidic pH 
region.

Our previous results have also shown that a functional relationship might exist between L-amino 
acid oxidase activity and photosynthetic 0 2 evolution (E. K. Pistorius and H. Voss, Eur. J. 
Biochem. 126, 203—209 [1982]). Since the water-splitting complex of photosystem II is affected by 
a number of anions, although only Cl- and Br" lead to activation of 0 2 evolution, we investigated 
whether a correlation could be obtained between the anion effect on the L-amino acid oxidase and 
on photosynthetic 0 2 evolution. The results show that those anions which have a higher affinity 
for the enzyme than CL or Br", are especially effective in causing inactivation of the 0 2 evolu­
tion. Moreover, we show that L-arginine which is a substrate of the L-amino acid oxidase, and Cl- 
have antagonistic effects on the L-amino acid oxidase reaction and on photosynthetic 0 2 evolu­
tion. We suggest that this flavoprotein with L-amino acid oxidase activity is modified by Ca:+ and 
CL in such a way that it can now interact with Mn2* and catalyze the water-splitting reaction of 
photosystem II.

Introduction

Much knowledge has recently been accumulated 
about the polypeptide composition of the photo­
synthetic 0 2 evolving system [1—3]. Especially three 
polypeptides of approximately 33, 24 and 16 kDa 
which have been shown to be localized at the inner 
thylakoid surface in plant chloroplasts have received 
much attention [1, 4 —8]. It has been shown that 
these three peptides can readily be removed by vari­
ous washing procedures and that removal of these 
peptides will lead to loss of the 0 2 evolving capacity. 
These three peptides have a structural rather than a 
catalytic role and possibly shield the water-splitting 
complex from other reductants than water. It has 
been shown that the 33 kDa peptide is essential for
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preserving Mn in the 0 2 evolving system but that it 
can partially be replaced by high C P concentrations, 
and it has also been reported that Ca2- and Cl- could 
be substituted for the 24 and 16 kDa peptides 
[8—13], These results suggest that the required cofac­
tors for the water-splitting reaction (M n’+, Ca2+ and 
Cl- ) are bound to one (or possibly two) of the intrin­
sic proteins, but that the protein(s) will loose its 
cofactors readily in the absence of the smaller pep­
tides. After removal of these peptides the concentra­
tion of Cl- and Ca2+ required for optimal 0 2 evolu­
tion is much increased as though these peptides cause 
an increase in the affinity of the intrinsic protein(s) 
for its cofactors [11, 12]. Nakatani [14] has suggested 
that minimally two Mn atoms are required for photo­
synthetic 0 2 evolution and in addition Cl- and C a +.

It has been suggested that photosystem II of blue- 
green algae is essentially similar to that of chloro­
plasts [15]. Since blue-green algae have a more loose­
ly organized photosynthetic membrane [16], some of 
the smaller peptides may be lost more readily during
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preparation, and the requirement for Ca2" (and pos­
sibly for C P ) can be seen more easily [17]. We have 
shown that photosynthetically active particles of 
Anacystis nidulans contain a flavoprotein with l - 

amino acid oxidase activity [18], and we have sug­
gested that this protein might be a component of 
the water-splitting-complex of photosystem II in
A . nidulans. In other words, this flavoprotein might 
have a dual role: acting as an L-amino acid oxidase in 
the absence of cations and being part of the water- 
splitting center in the presence of certain cations 
(Mn2* and Ca2+). Because of the demonstrated im­
portance of C P for the water-splitting complex of 
chloroplasts, it should be expected that the isolated 
flavoprotein o f A . nidulans is also affected by Cl- .

Materials and Methods

Anacystis nidulans (Synechococcus leopoliensis) 
B 1402-1 was obtained from the Sammlung von 
Algenkulturen, Universität Göttingen. The growth 
of cells was the same as reported previously [18], and 
the French press particles were also prepared as de­
scribed previously (particles A of [18]). 0 2 uptake 
and 0 2 evolution were measured with a Gilson Oxy- 
graph [18]. The composition of the reaction mixtures 
for both assays is given in the legends to the tables 
and figures.

The L-amino acid oxidase from A . nidulans was 
purified as described previously [19]. We have used 
side fractions of the last column of the purification, 
and these had specific activities of 12 to 36 ^.mol 0 2 
taken up x mg protein-1 x  min-1 (with L-arginine as 
substrate, in air, in absence of catalase at 20 °C). The 
enzyme was dialyzed against 0.02 m  H epes-NaO H , 
PH 7, before use.

NH4+ determination: After 15 min reaction time 
in the oxygraph the reaction was stopped by adding 
H2S 0 4 (300 (amol H 2S 0 4 were added to 1.5 ml of the 
reaction mixture). The sample was centrifuged and 
in an aliquot of the supernatant which was neutral­
ized with NaOH, N H 4* was determined enzymati­
cally by measuring the decrease of the absorbance of 
NADPH  in the presence of excess a-ketoglutarate 
and glutamate dehydrogenase [20], When ferri­
cyanide was present in the reaction mixture, sodium  
ascorbate (10 fimol) was added to the reaction mix­
ture for the NH 4* test to destroy excess ferricyanide.

In previous publications we have always used l - 

arginine-HCl which was adjusted with NaOH to the

pH of the reaction mixture. In this paper we used l - 

arginine (free base) which was adjusted to the pH of 
the reaction mixture either with HC1 (L-Arg-HCl) or 
with a solution of Hepes (L-Arg-Hepes), e.g. a solu­
tion of 0.1 m  L-Arg (free base) contained at pH 7 to
7.2 in addition 0.09 m  HC1 or 0.3 m  Hepes, respec­
tively.

Results and Discussion

Inhibition by various anions and cations o f  L-arginine 
oxidation catalyzed by the purified  L-amino acid 
oxidase

We had previously shown that the oxidative 
deamination of L-arginine catalyzed by the purified 
L-amino acid oxidase of A . nidulans was inhibited by 
various cations and that the order of effectiveness 
was M3+ >  M2- >  M~, when e.g. L a’+, Ca2- and K~ 
were compared [18]. The divalent cations could 
roughly be divided into two groups: the alkali earth 
metals with lower affinity for the enzyme and the 
transition metals, like e.g. Mn2+ and Zn2+, with high­
er affinity for the enzyme [19]. The experiments 
which we show here, indicated that in the higher 
concentration range where the monovalent cations 
inhibited, the anion as well as the cation contributed 
to the inhibition of L-arginine oxidation.

In all our previously published experiments, L-ar- 
ginine-HCl (L-Arg-HCl) was used as substrate. 
When we realized that anions, such as Cl~, also had 
an effect on the activity of the enzyme, we started to 
use L-arginine (free base) adjusted with Hepes to the 
pH of the reaction mixture (L-Arg-Hepes).

The results of the present studies are necessarily 
complex. Table I shows the relative effectiveness as 
inhibitors of chloride and acetate with a variety of 
counter ions. The data is given in the form of the salt 
concentration required for 50% inhibition. The table 
shows that a substantial difference between chloride 
and acetate could not be demonstrated with the di- 
and trivalent cations which are effective inhibitors 
themselves at low concentrations, but with the 
monovalent cations which inhibited only at higher 
concentrations, the chloride was about two to three 
times as inhibitory as the acetate. A comparison of 
the effect of various anions added as the correspond­
ing sodium salts is given in Table II. If the halogen 
ions were compared at pH 7, the order of effective­
ness was Cl- , Br- >  I- >  F- . N 0 3-  was more effec­
tive than Cl- , and SCN- was most effective. Formate



Table I. Inhibition of L-amino acid oxidase by various salts: 
Comparison of mono-, di- and trivalent cations as the cor­
responding chloride or acetate.
Oxidative deamination of L-Arg (measured as 0 2 uptake) 
catalyzed by the purified L-amino acid oxidase from
A. nidulans was measured as described under Materials 
and Methods. The 0 2 uptake was 34 |.imol 0 ; taken up x 
mg protein 1 x min 1 in the absence of added salts. The 
reaction mixture contained in a total volume of 1.85 ml: 
54 mM Hepes-NaOH, pH 7, 16 mM L-Arg-Hepes, pH 7, 
L-amino acid oxidase (2.7 ^g protein), and the salts as 
indicated.

808

Additions 50% Inhibition at
[ m M ]

NaCl 102
Na(OOCCH3) 270
KC1 149
K(OOCCH3) 384
n h 4ci 89
NH4(OOCCH3) 233
(CH,)4NC1 84
(CH3)4N(OOCCH3) 153
CaCl-, 1.6
Ca(OOCCH3)2 2.0
MnCl2 0.16
Mn(OOCCH3)2 0.17
Zn Cl, 0.14
Zn(OOCCH3)2 0.14
LaCl, 0.11
La(OOCCH3)3 0.14

Table II. Inhibition of L-amino acid oxidase by various 
salts: Comparison of the effect of anions.
Conditions as for Table I.

Additions 50% Inhibition at 
[M]

NaSCN 0.02
NaNO, 0.05
NaCl 0.10
NaBr 0.10
Nal 0.13
NaF 0.24
Na(OOCH) 0.23
Na(OOCCH3) 0.27
Na.SO, 0.14

and acetate were approximately equivalent to F- . It 
should be pointed out that both anions which were 
more inhibitory than C P , contained a nitrogen atom.

The pH profile of the L-amino acid oxidase activity 
is given in Fig. 1, together with the pH profile of the 
photosynthetic 0 2 evolution in Anacystis particles
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p H

Fig. 1. pH profile of the oxidative deamination of L-ar- 
ginine catalyzed by the purified L-amino acid oxidase and 
pH profile of photosynthetic 0 2 evolution in presence of 
CaCl2 catalyzed by Anacystis particles.
Oxidative deamination of L-Arg (measured as 0 2 uptake)
( • ------• ------• ------• )  and photosynthetic 0 2 evolution
(O—O— O) were measured as described unter Materials 
and Methods. For the oxidative deamination reaction of l -  

Arg, the reaction mixture contained in a total volume of
1.85 ml: 54 mM buffer, 16 mM L-Arg, and L-amino acid oxi­
dase (2.7 |.ig protein). For the photosynthetic 0 2 evolution, 
the reaction mixture contained in a total volume of 1.85 ml: 
54 mM buffer, 5 mM potassium ferricyanide, 54 mM CaCl2, 
and Anacystis particles containing 34 jig chlorophyll. As 
buffers were used: Mes-NaOH for pH 5.5 to 6.5, Hepes- 
NaOH for pH 7.0 and 7.5 and Tricine-NaOH for pH 8.0 to 
9.0. L-Arg was adjusted to the corresponding pH values 
with Mes (pH 5.5 to 6.5) or with Hepes (pH 7.0 to 9.0).

supplemented with CaCl2 (discussed later). Fig. 2 
shows the inhibition of the L-amino acid oxidase by a 
selected variety of salts, as a function of pH. In gen­
eral, both cation and anion were inhibitory, and the 
cation inhibition predominated in the alkaline pH 
range, whereas the anion inhibition was more promi­
nent in the acidic pH region. The measurements with 
CaCl2 and MnCl2 in Fig. 2D  give an impression of 
the involvement of an ionizable group with a pK of 
approximately 7. This suggests a direct interaction of 
the cation with an ionizable group on the enzyme, 
since the substrate, L-arginine, has no pK at this 
point.
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pH pH

Fig. 2. pH profile of the inhibition of the l - 
amino acid oxidase activity by various salts. 
Oxidative deamination of L-Arg (measured 
as 0 2 uptake) was measured as described 
under Materials and Methods. The reaction 
mixture contained in a total volume of
1.85 ml: 54 mM buffer, 16 mM L-Arg, l - 

amino acid oxidase (2.7 pig protein), and the 
salts as indicated. The buffers used were the 
same as in Fig. 1, and L-Arg was also ad­
justed to the corresponding pH valued as in 
Fig. 1. When CaCl2 and MnCl2 were tested, 
Hepps-NaOH was used instead of Tricine- 
NaOH, since Tricine binds polyvalent ca­
tions.

Effect o f  anions on photosynthetic 0 2 evolution

The early work of Warburg and Lüttgens [21] indi­
cated that maximal rates of electron transport in 
chloroplasts could only be attained if chloride ions 
were available. Stimulatory effects with added Br~ 
and N 0 3_ have also been observed [21—23], H ow­
ever, Sinclair [24] has recently reported that anions 
such as N 0 3_, CH3COO~ or S 0 42~ would replace 
functional CL and cause an inhibition of photo­
synthetic 0 2 evolution. Nakatani [13] has shown that 
only CL and Br~ can activate 0 2 evolution, while no 
activation was achieved with anions such as NO ,", 
H C 0 3_ or S 0 42~. The flavoprotein with L-amino acid 
oxidase activity which we believe to be part of 
the water-splitting-complex of photosystem II in
A . nidulans, is inhibited by all of these anions (as 
shown in Table II). Since CL (or Br”) is specifically 
required for activation of the 0 2 evolution, it might

be expected that those anions which have a higher 
inhibitory effect and therefore a higher affinity for 
the enzyme than Cl- should be most inhibitory for 0 2 
evolution, presumably by replacing CL.

The experiments here reported have been done 
with French press particles of A. nidulans as de­
scribed previously [18]. These particles were pre­
pared in the presence of CaCl2 but then suspended in 
buffer without CaCl2. The particles still contain suffi­
cient Mn2+, but only residual amounts of Ca2+ and 
CL. They require addition of CaCl2 to the reaction 
mixture for optimal 0 2 evolution activity. NaCl at 
high concentrations can also lead to stimulation of 
the 0 2 evolution activity, but Ca2+ is required to ob­
tain maximal activity (see also [13]). Flowever, high 
concentrations of CaCL become inhibitory (Fig. 3). 
The pH profile for the 0 2 evolution in the presence 
of CaCL is given in Fig. 1.
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Fig. 3. Stimulation of photosynthetic O; evolution in 
Anacystis particles by CaCl2 or NaCl. Photosynthetic 0 2 
evolution was measured as described under Materials and 
Methods. The reaction mixture contained in a total volume 
of 1.85 ml: 54 mM Hepes-NaOH, pH 7, 5 mM potassium 
ferricyanide, Anacystis particles containing 34 jxg
chlorophyll, and CaCl2 ( • ---------• --------- • )  or NaCl
(O—O—O) as indicated in the Fig.

T i m e  (min)

Fig. 4. Stimulation of photosynthetic 0 2 evolution in 
Anacystis particles by CaCl2 or CaBr2. Photosynthetic 0 2 
evolution was measured as described under Materials and 
Methods. The reaction mixture contained in a total volume 
of 1.85 ml: 54 m M  Hepes-NaOH, pH 7, 5 m M  potassium 
ferricyanide, Anacystis particles containing 23 (.ig 
chlorophyll, and 54 m M  CaCl2 or 54 m M  CaBr2 was added 
when indicated.

When no CaCl2 was added to the Anacystis parti­
cles, the 0 2 evolution was very small (Fig. 4). Acti­
vation could be obtained with CaCl2 or CaBr2. Both 
anions are very similar in Pauling radii (1.81 and 
1.95 Ä , respectively) and have practically identical 
inhibitory effects on the L-amino acid oxidase activity 
(see Table II). All other tested anions (except Cl- 
and Br- ) inhibited photosynthetic 0 2 evolution. 
Fig. 5 shows the effect of adding sodium salts of vari­
ous anions to the 0 2 evolving Anacystis preparation 
which had been activated by CaCl2. We used NaCl as 
a control for a possible effect of N a+ in replacing 
Ca2+. As can be seen in Fig. 5, NaCl (the same was 
true for NaBr, not shown) had only a very minor 
effect in reducing the 0 2 evolution in the presence of 
CaCl2. Therefore the inhibition which was observed 
with the other sodium salts (Na(OOCCH3), N a N 0 3 
and NaSCN), could entirely be attributed to the cor­
responding anions. The effect of increasing concen­
trations of N a N 0 3 is shown in Fig. 6 . In general, it

T im e  (m in )

Fig. 5. Influence of various anions on photosynthetic 0 2 
evolution in Anacystis particles in presence of CaCl2. 
Photosynthetic 0 2 evolution was measured as described 
under Materials and Methods. The reaction mixture con­
tained in a total volume of 1.85 ml: 54 m M  Hepes-NaOH. 
pH 7, 5 mM potassium ferricyanide, 54 mM CaCl2, and 
Anacystis particles containing 31 ng chlorophyll. In addi­
tion were added: 54 m M  NaCl, 54 m M  Na(OOCCH3), 
54 m.M NaNO,. or 11 m M  NaSCN, when indicated.
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T i m e  ( min)

Fig. 6. Influence of increasing N aN 03 concentrations on 
photosynthetic 0 2 evolution in Anacystis particles in 
presence of CaCl2.
Conditions were the same as in Fig. 5. In addition to 54 mM 
CaCl2 were added:
A: no further addition; B: 11 mM N aN 03; C: 54 mM 
N aN 03 and D: 108 m M N aN 03.

can be said that except for CP and Br~ which have a 
clear and rather specific stimulatory effect on the 
photosynthetic 0 2 evolution, the other anions tested 
were inhibitory for 0 2 evolution as well as for l -  

amino acid oxidase activity.

Relationship between the effect o f  L-arginine and  
chloride on the oxidative deamination reaction and on 
photosynthetic 0 2 evolution

W e have been puzzled about the fact that we did 
not see an inhibition of the photosynthetic 0 2 evolu­
tion by substrates of the L-amino acid oxidase, like 
e.g. L-arginine. Since L-arginine and C a2+ are partly  
com petitive in the oxidative deam ination  reaction 
[19], it would — on the o ther hand — be expected 
tha t the photosynthetic 0 2 evolution is inhibited by 
L-arginine at very low concentrations of C a2"̂ if this 
flavoprotein with L-amino acid oxidase activity is ac­
tually part of the w ater-splitting com plex. H ow ever, 
this could norm ally not be observed [18], although 
there was a small effect of arginine on photosynthetic

0 2 evolution under flash light illumination [25]. 
Since we had always used L-arginine-HCl as sub­
strate in our previous experiments, we can now attri­
bute the absence of an L-arginine effect to the pres­
ence of C P in the added L-arginine solution. CF  
would inhibit the oxidative deamination of L-arginine 
but would stimulate photosynthetic 0 2 evolution. 
This becomes even more complicated, since cationic 
amino acids could assist in Cl- binding through 
Coulombic interactions and thereby increase the CP  
concentration at the water oxydation site. This has 
recently been discussed by Andersson et al. [12] who 
suggested that one of the functions of the 23 kDa 
peptide which has a high percentage of basic amino 
acids, might be that those basic amino acids in the 
peptide help to concentrate CP at the reaction 
center.

The antagonistic effects of L-arginine and CP on 
the oxidative deamination reaction and on photo­
synthetic 0 2 evolution in Anacystis French press par­
ticles are shown in Table III. The oxidative deamina­
tion is measured as NH 4+ production from L-ar­
ginine. These experiments were done with Anacystis  
particles in the light with ferricyanide as electron ac­
ceptor and in the absence of added CaCl2.

The results show that addition of L-arginine re­
sulted in N H 4+ production which was higher with l -  

arginine-Hepes than with L-arginine-HCl as expected  
because of the inhibitory effect of added C P on the

Table III. Effect of amino acids on photosynthetic 0 2 
evolution and NH4+ production catalyzed by Anacystis par­
ticles in the light and presence of ferricyanide.
Oxidative deamination of L-Arg (measured as NH4+ pro­
duction) and photosynthetic 0 2 evolution were measured 
as described under Materials and Methods. The reaction 
mixture contained in a total volume of 1.85 ml: 54 mM 
Hepes-NaOH, pH 7, 5 mM potassium ferricyanide, Anacys­
tis particles containing 75 (xg chlorophyll, and the various 
amino acids (49 m M )  as indicated. The reaction time was 
15 min. The conditions used were not optimal for photo­
synthesis, since larger amounts of particles were necessary 
to get adequate NH4+ determinations.

Additions O-. Evolution NH4+ Production
jamol x mg chlorophyll 1 x h 1

None 8.5 0
L-Arg-Hepes 2.7 22.1
L-Arg-HCl 8.7 17.4
D-Arg-Hepes 13.0 0
D-Arg-HCl 15.6 0
L-Ala 7.1 0
L-Citrulline 7.7 0
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L-amino acid oxidase activity. However, the 0 2 
evolution was not at all reduced in the presence of l -  

arginine-HCl compared to the 0 2 evolved in the ab­
sence of L-arginine-HCl (compare line 1 with line 3 
of Table III). This indicated that the 0 2 uptake (due 
to the oxidative deamination reaction) was balanced 
by the increase in 0 2 evolution (due to the added 
C P ). The table also shows that L-arginine-Hepes 
caused a reduction of the net amount of 0 2 evolved, 
though the effect was not as large as the maximum  
that could be calculated from the N H 4* value. The 
stoichiometry of the oxidative deamination reaction 
is 1 nmol NH 4+ formed per 0.5 jamol 0 2 taken up, 
since the particles contained catalase-like activity. 
D-arginine had a stimulatory effect on 0 2 evolution  
though it gave no NH4*, since it is not a substrate for 
the enzyme (but an inhibitor of L-arginine oxida­
tion). The stimulatory effect of D-arginine can be 
explained by the assistence of basic amino acids in 
C P binding (see above). Dublicate experiments 
showed some fluctuation in the 0 2 values because of 
the inaccuracy of the measurements of low levels of

Table IV. Antagonistic effect of CaCl2 and NaCl on photo­
synthetic 0 2 evolution and NH4+ production catalyzed by 
Anacystis particles in the light and presence of ferricyanide. 
Oxidative deamination of L-Arg (measured as NH4+ pro­
duction) and photosynthetic 0 2 evolution were measured 
as described under Material and Methods. The reaction 
mixture contained in a total volume of 1.85 ml: 54 mM  
Hepes-NaOH, pH 7, 49 mM L-Arg-Hepes, pH 7, 5 mM 
potassium ferricyanide, Anacystis particles containing 
68 |ig chlorophyll, and CaCl2 or NaCl as indicated. The 
reaction time was 15 min. The conditions were not optimal 
for photosynthesis, since larger amounts of particles were 
necessary to get adequate NH4+ determinations.

Additions 0 2 Evolution NH4+ Production
[imol x mg chlorophyll-1 x h -1

None 0 46.1
0.5 mM CaCl, 1.4 46.1
1 mM CaCU 2.6 49.1
3 mM CaCl, 14.6 17.3
5 mM CaCl, 26.6 2.9

11 mM CaCl-> 26.1 0
27 mM CaCU 31.1 0
54 mM CaCl2 35.4 0
11 mM NaCl 1.7 46.5
27 mM NaCl 4.1 46.5
54 mM NaCl 8.2 31.6

108 mM NaCl 21.5 11.9
162 mM NaCl 23.9 1.6
270 mM NaCl 25.1 0
411 mM NaCl 25.3 0

0 2 uptake or evolution, but the results shown are 
typical results of many experiments.

Since the C P concentration cannot be increased 
without also increasing the cation concentration, the 
antagonistic effects of various salts on the two reac­
tions (oxidative deamination and photosynthetic 0 2 
evolution) are always the sum of the anion and cation 
effect (especially when monovalent ions, such as 
NaCl, were used). Table IV shows the response of 
the photosynthetic 0 2 evolution to increasing 
amounts of CaCl2 and NaCl and the decrease in 
NH4+ production from L-arginine that accompanied 
the addition of the activating ions. Clearly, when the 
0 2 evolution was fully activated, the L-amino acid 
oxidase activity disappeared.

Conclusions

The data presented in this paper represent an ex­
tension of our previous studies, all of which suggest 
that a flavoprotein with L-amino acid oxidase activity 
found in A . nidulans has many of the properties 
which one would expect o f one of the proteins in the 
water-splitting complex of photosystem II in A. nidu­
lans [18, 26]. It is our opinion that this flavoprotein is 
modified by C P and Ca2* in such a way that it can 
now interact with Mn2* and catalyze the water-split- 
ting reaction of photosystem II. However, it is un­
clear at the present time what the chemical nature of 
this modification is. The results of the experiments 
presented here show that the flavoprotein is not only 
modified by cations as previously reported [18, 19] 
but also by anions. The amino acid oxidase activity is 
suppressed by all tested cations and anions while 
only specific ions (Mn2+, Ca2* and C P ) will lead to 
activation of the photosynthetic 0 2 evolution. As 
shown here, these ions can fairly easily be removed 
by the other ions (see also [18]), especially by those 
ions for which the flavoprotein has a higher affinity 
than for Ca2~ or C P . This is in good agreement with 
results recently reported on photosystem II of plants. 
Those experiments seem to indicate that the water- 
splitting complex has a fairly weak affinity for its 
required cofactors and that several smaller peptides 
help to concentrate or stabilize those ions at the wa­
ter-splitting center [8]. An involvement of both nega­
tively charged and positively charged groups in main­
taining the functional integrity of the site of water 
oxidation has also been suggested by Johnson et al.
[27].
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So far our evidence for the involvement of the 
flavoprotein with L-amino acid oxidase activity in 
photosynthetic 0 2 evolution is only indirect and is 
mainly based on the mirror image effect of certain 
ions on the two activities: oxidative deamination of 
certain L-amino acids and photosynthetic 0 2 evolu­
tion. Both activities have been shown to be present 
in thylakoid preparations of A. nidulans [18]. R e­
cently Satoh et al. [3] have isolated a highly purified 
photosystem II complex from Synechococcus sp. and 
named this complex the “water-plastoquinone ox- 
idoreductase” in analogy to the “NADH-ubiquinone 
oxidoreductase” in the mitochondrial respiratory

chain. We eventually hope to isolate an equally high­
ly purified photosystem II complex from A. nidulans 
and to show that such a complex still contains the 
L-amino acid oxidase activity. This would then imply 
that such a complex contains flavin.
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