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Problem Statement

Currently, a strain of Synechocystis sp. PCC6803 that has been 

genetically modified to deactivate photosystem II (PSII) is being used in 

conjunction with a synthetic system to create a more efficient means of 

performing photosynthesis. In Microbial Electro-Photosynthesis (MEPS), 

Synechocystis receives electrons from an efficient electrochemical 

system instead of splitting water through PSII. Yet, growth of this 

organism prior to use in MEPS requires an organic electron donor. The 

current use of glucose as the primary carbon source for culturing the 

Synechocystis mutant promotes glycogen storage, whose electrons 

dominate over the preferred MEPS electrons in photosystem I. To 

account for this glycogen storage, the Synechocystis must essentially be 

starved prior to experimentation, putting the cells on a fine line between 

ideal starvation and cell death.

Figure 1: The Synechocystis mutant used in MEPS lacks PSII, ΔpsbB1

Materials and Methodology

Results and Discussion

Culturing and Sample Preparation

The Synechocystis mutant was grown under 20 µmol photons m–2 s–1 

light in BG11 medium with 5 mM glucose and added to fresh medium 

every three days. After nine days the cells were spun down and diluted 

until they reached an optical density of approximately 1.5 A. The cells 

were split into duplicate samples containing 5mM glucose, 12 mM 

pyruvate, 15 mM acetate, or no carbon source. Half of the samples were 

cultured in the dark and the rest at 20 µmol photons m–2 s–1. The optical 

density and chlorophyll counts of the cells was tested after a three-day 

period (Table 1).

Figure 2: Synechocystis

samples grown on various 

carbon sources ready for 

JTS testing 

Joliot-Type Spectroscopy 

Each sample was tested in a Joliot-Type 

Spectrometer (JTS) to measure the 

oxidation and reduction abilities of the 

P700 molecule of photosystem I (PSI). 

The samples were exposed to a five 

second pulse of 940 µmol photons m–

2 s–1 light to propagate oxidation, then 

left in the dark to re-reduce. Each 

sample was tested with duroquinone

mediator to measure relative oxidation, 

ascorbic acid to measure reduction, and 

DBMIB inhibitor to measure total 

oxidation. 

Table 1: Whole cell and chlorophyll counts of Synechocystis samples grown 

under various conditions after three days

While pyruvate was hypothesized to best support cell maintenance while 

minimizing glycogen storage, Table 1 shows that the cells grown with 

acetate and glucose in light most ideally maintained cell health. Cells grown 

in light also promote a higher chlorophyll (an indicator of P700 count) to 

whole cell ratio, which is ideal for MEPS.  

Figure 4 shows that the Synechocystis grown on glucose and acetate in 

light had the largest difference between reduction and 100% oxidation. This 

difference indicates that there is a reduction in or lack of an alternative 

source of electrons, usually from glycogen, that will compete with the 

preferred electrons supplied to the Synechocystis in MEPS. Along with the 

results of Table 1, it can be cautiously concluded that these culturing 

conditions promoted both cell health and mitigated glycogen storage. More 

information about glycogen storage can be deduced from the re-reduction 

curve in Figure 3, as a steeper curve indicates a faster rate of reduction, 

and therefore less electrons to reduce.

Figure 3: Sample JTS output for acetate in light sample

Figure 4: Percentage reduction relative to 100% oxidation of Synechocystis

samples grown under various conditions after three days 

Current results are focused on the “photon saturation” portion of Figure 3. 

When the light turns on, photons excite PSI, initiating the reduction of 

NADP+ to NADPH. Figure 4 uses the difference between these portions of 

the reduction curve and the inhibited curve, which represents 100% 

oxidation, to compare the rates of reduction and oxidation in the P700.    

Future Work
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Further trials of this experiment are to be conducted to confirm current 

results. It is suspected that the DBMIB inhibitor used in these experiments 

was ineffective, as previous experiments showed a larger gap between 

reduction and total oxidation. Also, further investigation into the live:dead

ratio of these samples using flow cytometry is planned.  
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