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The cultivation of the blue-green alga Anacystis nidulans 

in a manganese deficient medium leads to a decreased photo- 

synthetic activity (Richter, 1961). Photosynthesis and quino- 

ne Hill reaction are restored immediately in intact cells 

without any lag phase by adding catalytic amounts of mangane- 

se (Gerhardt, 1967). In this case the process of reactivation 

of photosynthetic activity by manganese takes place at the 

same time photosynthesis is measured. However, it has been 

shown recently that the process of reactivation and measure- 

ment of photosynthetic activity can be separated (Gerhardt, 

1967). The cells must be freezedried after incubation with 

manganese and the photosynthetic activity has to be determined 

in lyophilized cells (Gerhardt and Trebst, 1965; Gerhardt and 

Santo 1966). Application of this method has it made possible 

to examine various conditions for the restoration of photo- 

synthetic activity by manganese independent from a concomitant 

determination of photosynthetic oxygen evolution. Thus it 

could be demonstrated that the reactivation of photosynthetic 
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Figure 1. Relative action spectrum of the reactivation of 
Hill reaction by Mn-deficient lyophilized Ana- 
cystis. 

1 bmol MnC12/0.1 mg chlorophyll/ml was added to Mn-deficient 
algae. Then the algae were irradiated for 5 min with mono- 
chromatic light obtained from a Sun-Gun lamp (Sylvania) with 
interference filters (Schott and Gen., Mainz, Germany). 
White light = 100% reactivation; dark control = 0%. 
The algae were lyophilized in 5s sucrose after irradiation. 
The Hill reaction of the lyophilized algae was determined 
manometricaly. Reaction mixture (ymoles): Tris buffer pH 7.6, 
80; MgC12, 40; p-benzoquinone, 0.5; ferricyanide, 20; and 
0.2 mg chlorophyll, Total volume, 3 ml. 35000 lux; 20' C; 
N2 ; reaction time 8 min. 

activity by manganese requires light (Gerhardt, 1967; similar 

results were obtained by Cheniae and Martin, 1967). Oxygen 

or CO2 are not needed, showing that complete photosynthesis 

or respiration are not necessary for the process of reacti- 

vation by. manganese. 
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Table 1. Activity of the Hill reaction in &h-deficient lyophi- 
lized Anacystis after irradiation of intact cells 
with nearly equal intensities of light at 1680 rnp 
or 719 rn@ in the presence of manganese. 

Wave- Absorbed energy during patome 0 evolved 
length incubation with Mn 2+ after 8 min light 

Ewl before freezedrying in freezedried cells 

Dark --- 5.6 

719 1,56*103 erg/set 5.5 
680 1.27010~ erg/set 8.6 

Light absorption by the algae was 60% measured in an integra- 
ting sphere. The light source was calibrated against the ra- 
diant energy of a standard lamp (Eppley Lab., Inc., Newport, 
Rhode Island) measured with a large surface bolometer (H. Rob- 
rig, Berlin, Germany). For experimental details see Figure 1. 

This communication shall present data on the dependency of 

the reactivation of the quinone Hill reaction in manganese 

deficient Anacystis nidulans on wavelength and light inten- 

sity. 

The action spectrum of the reactivation of the quinone 

Hill reaction is given in Figure 1. It resembles essentialy 

the action spectrum of photosynthesis of blue-green algae 

(Emerson and Lewis, 1942; Haxo and Blinks, 1950). It shows a 

maximum at X 680 rnp which is the main peak of absorption of 

chlorophyll attributed to light reaction II of photosynthesis 

(for references see Witt, 1965). A second maximum atA 617 rnp 

corresponds to the main peak of absorption of phycocyanin. At 

wavelengths longer than 1680 rnp the reactivation decreases 

significantly. No reactivation can be observed beyond 1719 mp. 
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Table 2. Dependency of the reactivation of the Hill reac- 
tion by manganese in Mn-deficient Anacystis on 
light intensities and time of exposure at A680 mp. 

Absorbed energy during $ reactivation 
Exposure incubation with Mn*+ of the Hill reaction 
time before freezedrying in freezedried cells 

5 min 0.80*102 erg/set 11 

1.209lo2 23 

1.57*102 50 

2.96*10* 70 

4.25010~ 85 

25 min 1.26*102 erg/set 96 

Reactivation by white light = 1005. Light absorption by the 
algae was 60%. For experimental details see Figure 1. 

Table 3. Activity of the Hill reaction in Mn-deficient Ana- 
cystis after incubation of intact cells with manga- 
nese in the dark or light. 

Incubation with Mn*+ 
patome 0 evolved 

a) intact b) lyophilized 
cells cells 

none 3.8 4.6 

5 min in the dark 704 5.1 

5 min in white light 7.1 8.5 

Incubation with manganese: 0.15 Imoles MnC12/0.2 mg chloro- 
phyll. Algae lyophilized in 5s sucrose. Reaction mixtures 
(pmoles): a) Phosphate buffer pH 7.0, 100; p-beneoquinone, 
0.5; ferricyanide, 20; and 0.1 mg chlorophyll. b) Tris buf- 
fer pH 8.0, 80; MgC12, 40'; p-benzoquinone, 0.5; ferricyani- 
de, 20; and 0.2 mg chlorophyll. Total volume, 3 ml. 35000 
lux; 20' C; N2; reaction time 8 min. 
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Table 1 contains data on the reactivation of the quinone 

Hill reaction at two wavelengths, 1680 rnp and 719 rnk, cha- 

racteristic for the absorption of photosystem II (and I) and 

I alone. Even though the intensities of the absorbed light 

energy are nearly equal the exclusive excitation of the pho- 

tosystem I (A719 ml) does not lead to a reactivation. Exci- 

tation of photosystem II (A680 rnp) is necessary. 

Table 2 presents data on the dependency of the reactiva- 

tion on the intensity of absorbed light energy at x 680 mk. 

A good agreement between the degree of reactivation and the 

intensity of absorbed light energy can be observed. At low 

light intensities which do not reactivate the Hill reaction 

at short time of exposure the reactivation can be completed 

extending the time of irradiation. 

The necessity of light for the reactivation of photosyn- 

thetic activity is not due to a light dependent manganese up- 

take (Table 3). If Anacystis cells are preincubated with man- 

ganese in the light or in the dark and washes twice, subse- 

cuent illumination still leads in both cases to reactivated 

cells. This indicates that manganese had been taken up also 

in the dark and reactivation had occured simultaneously with 

photosynthesis. If, however, the cells are freezedried after 

preincubation with manganese the reactivation of photosynthe- 

tic activity takes place only when the algae have been prein- 

cubated with manganese in the light. So far reactivation of 

manganese deficient Anacystis by manganese in a freezedried 

preparation was not possible. 

Photophosphorylation is not necessary for the reactivation 

of the quinone Hill reaction in manganese deficient Anacystis 

by manganese (Table 4). The uncoupler of photophosphorylation 
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Table 4. Photosynthetic 02-evolution by Mn-deficient Anacy- 
stis in presence of the uncoupler undecyl-benzimi- 
dazole (UDB). 

patome 0 evolved 
without + 0.15 pmoles 
MnCl* MnC12 

Photosynthesis: 
uninhibited 
inhibited by 40~ UDB/3 ml 

Hill reaction: 
uninhibited 
inhibited by 40~ UDB/S ml 

3.1 5.0 
0.7 1 .o 

3.4 5.2 
303 5.9 

Photosynthesis: Reaction mixture: 100 kmoles phosphate buffer 
pH 7.0 and 0.1 mg chlorophyll. Total volume, 3 ml. Air-5@02; 
20' C; 35000 lux; reaction time 15 min. 
Hill reaction: Reaction mixture (kmoles): Phosphate buffer 
pH 7.0, 100; p-benzoquinone, 0.5; ferricyanide, 20; and 0.1 

mg chlorophyll. Total volume, 3 ml. 35000 lux; 20' C; N2; 
reaction time 8 min. 

undecyl-benzimidazole (Biichel, Rochling, Baedelt, Gerhardt, 

and Trebst, 1967) does not inhibit the reactivation of the 

quinone Hill reaction at concentrations sufficient to stop 

photosynthesis. 

In summary the experiments presented in this communication 

indicate the necessity of the photosystem II in order to re- 

store photosynthetic activity in manganese deficient Anacy- 

stis by manganese. Probably Mn2+ has to be oxidized in a 

light dependent process. Experiments to determine the nature 

of the oxidized manganese are in progress. 
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