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Fig. 5. Relative abundance of OTUs from 16S rRNA gene libraries of MFCs fed with
glucose and acetate. The sequence frequencies are grouped according to phylum or
class (a) or genus (b) (acetate, black bars; glucose, gray bars).

teria whose capacity of electricity generation were unknown
(Fig. 5b).

Relative abundances indicated that Rhodopseudomonas (32.7%),
Geobacter (15.0%), Clostridium (16.3%), and uncultured bacteria
(25.2%) form the majority of the community with glucose as a
substrate (Fig. 5b). R. palustris (32.7%, 16S rRNA gene similarity
100%) and Geobacter sulfurreducens (11.6%, 100%) were dominant
putative exoelectrogens, while a fermentative Clostridium stick-
landii (15.0%, 99.6%) also was dominant. Pseudomonas (28.9%),
Rhodopseudomonas (18.8%), Geobacter (14.1%), Comamonas (6.7%),
and uncultured bacteria (19.5%) were the majority for the acetate-
fed community (Fig. 5b). R. palustris (18.8%, 100%), G. sulfurreducens
(10.7%, 99–100%) and Pseudomonas alcaligenes (19.5%, 100%) were
dominant putative exoelectrogens. Photosynthetic R. palustris and
G. sulfurreducens dominated communities of both acetate- and
glucose-fed reactors.

3.4. Effect of light intensity on power generation by PNS bacteria

Eleven photosynthetic isolates were obtained by anaerobic iso-
lation using acetate as the electron donor and NTA-Fe as the sole
electron acceptor. Sequencing of nearly the full-length 16S rRNA
genes (∼1480 bp) indicated that these isolates were most closely

related to R. palustris (99%). Nine isolates had identical sequences
with strain RE-2, whose 16S rRNA gene has a 99% similarity with
the sequence of R. palustris DX-1. One isolate was identical with
strain DX-1 (100% similarity). Previous tests have shown that strain
DX-1 produces a stable power density of ∼450 mW/m2 (50 mM
PBS, 1000 � resistor) in small-volume MFCs with ammonia-treated
brush anodes when fed acetate (1 g/L) under dark or light (1000 lx)
conditions (Xing et al., 2008b). In contrast, less than 0.14 mW/m2

was obtained here using strain RE-2, and <1.4 × 10−5 mW/m2 was
produced using uninoculated control reactors.

Power production by strain DX-1 showed reproducible changes
to light when an MFC was operated in light–dark cycles (Fig. 6).
The power densities increased immediately (by 8–16%) when the
MFC operation was switched from dark to light of 4000 lx after the
solution in the reactor was replaced with fresh medium (Fig. 6a
and b). After initial rises in light (4000 lx), the power densities
declined gradually after 20 h, presumably due to substrate con-
sumption. In contrast, light had a reverse effect on power densities
at the end of a fed-batch cycle (voltage of <50 mV in the light,
1000 � resistor). Power production by strain RE-2 and R. sphaeroides
DSM 9484 were the same in the dark and at 1000 lx (0.14 mW/m2),
and increased to only 0.57 mW/m2 at 4000 lx (50 mM PBS, 1000 �)
with acetate. Differences in power density were not from tempera-
ture effects because temperature did not vary after light conditions
were switched. These results show that high light intensity stimu-
lated power generation of PNS photosynthetic bacteria, although R.
sphaeroides DSM 9484 produced very little power in the absence of

Fig. 6. Power densities in an MFC with an ammonia-treated brush anode using
Rhodopseudomonas palustris DX-1 alternating between light (♦, 4000 lx) and dark
(�) conditions during a single batch fed with 4 g/L acetate (30 ◦C, 50 mM PBS, 1000 �
resistor). (a) Power generation during the entire fed-batch cycle. A box frame indi-
cates the effect of light–dark cycle on the power densities at the beginning of the
batch (b).
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a Pt catalyst on the anode. Because NH4Cl in the medium was pre-
sumed to inhibit hydrogen production by nitrogenase of these PNS
bacteria (Hillmer and Gest, 1977; Rey et al., 2007), hydrogen gas was
not considered to be a mechanism for electricity generation here.

4. Discussion

Light conditions significantly influenced power generation and
also resulted in the enrichment of PNS bacteria in MFCs. There was
an 8–10% increase in the maximum power densities produced when
single-chamber air-cathode MFCs with brush anodes were illumi-
nated at 4000 lx compared to dark conditions (Fig. 1). Illumination
did not affect ohmic resistances (as measured by EIS), and there-
fore the effect of light on power generation was a biological and not
chemical effect. DGGE analyses showed that there were substantial
differences in communities of anode biofilms under dark and light
conditions, and that PNS bacteria thrived in illuminated reactors
and had an impact on community composition.

Most previous analyses of MFC community structure have been
based on two-chamber reactors, and have not purposefully exam-
ined the effect of light on community structure. In most of these
studies it has not been observed that there were photosynthetic
bacteria on the anodes. Our results show that photosynthetic micro-
bial communities must be important for power generation because
in single-chamber air-cathode MFCs the anodes were enriched with
a photosynthetic consortium and they produced more power as a
result of illumination. Moreover, many of the hundreds of MFCs
operating in our laboratory often develop a red color characteristic
of PNS photosynthetic bacteria. The reason for the development of
these bacteria in our reactors could be the highly negative electrode
potentials that produce high power densities in these air-cathode
systems, oxygen leakage which can affect redox conditions in the
reactor, and generally well lighted laboratories that enhance con-
ditions in which these bacteria are known to thrive. However, the
presence of certain bacteria in the biofilm does not mean that they
have exoelectrogenic capabilities.

The effect of light was a function of the substrate used, as it
was observed that reactors fed acetate produced more power than
those fed glucose under high light levels. While power generation
can vary for a different substrate even for the same bacterium (Xing
et al., 2008b; Zuo et al., 2008), a comparison of the microbial com-
munities based on 16S rRNA clone libraries showed that the anode
communities of reactors fed acetate were significantly different
from those fed glucose. Species richness estimators also showed
that the community from the acetate-fed reactor was slightly more
diverse than that of the glucose MFC.

A previous investigation showed that a low light intensity
(900 lx) enhanced power output compared to that obtained in the
dark. However, some investigations have shown that a high light
intensity (4000–10,000 lx) or light–dark cycles could be used to
increase cell growth and hydrogen production (Basak and Das,
2007). Voltage generation by R. palustris strains (DX-1 and RE-2) and
R. sphaeroides DSM 9484 were not substantially different between
dark and low light conditions (1000 lx). However, power output
by pure cultures of these three strains increased when MFCs were
exposed to high light levels (4000 lx). These observations suggest
that there may be light-driven power generation from PNS photo-
synthetic bacteria under high light levels. The existence of such a
mechanism for power generation needs to be further investigated.

5. Conclusions

It was shown here that light conditions can influence microbial
community structure and electrochemical performance of MFCs.
Photosynthetic microbial consortia showed distinct spatial dis-

tributions in single-chamber air-cathode MFCs, and there were
significant differences in community composition among anode
biofilms from glucose and acetate-fed reactors. Tests with a pure
culture of the PNS R. palustris and R. sphaeroides also showed
the importance of light on power generation. PNS photosynthetic
bacteria, which could be important for hydrogen production and
nitrogen fixation, therefore have additional and important roles in
illuminated MFCs.
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