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Our Laboratory

Lab. theme
~Bacterial community structure™

2 doctor, 4 Master and 5 Bachelor students

4 main projects
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What’s Microbial Fuel Cell?

A microbial fuel cell (MFC) is a device that converts chemical
energy to the electrical energy by the catalytic reactions of
microorganisms.

SO oo @

_ Anaerobic = ‘i Electricity produce
Organics  degradation(oxidize) '

Features

Electricity production

MFC can perform simultaneously waste water treatment and electricity production.




Principle of MFC
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The anode and cathode chambers are separated by a proton exchange membrane,
and two electrodes are connected with wire and an external resistor.

The bacteria grows on the anode, oxidizing organic matter and
releasing electrons to the anode as electron acceptor and protons to the solution.

The cathode is aerated to provide dissolved oxygen for the reactions of
electrons, protons and oxygen

By these reactions, current is produced.



History of MFC

1911 Discover principle of MFC (potter, M.C)

1999 Mediator-less MFC (Kim, B.H et al)
Directly electricity transfer (Kim, B.H et al)

2002 read the genome of Shewanella oneidensis MR-1  (Heidelberg, J.F et al)
2003 “ Geobacter sulferreducens PCA (Methe, B.A et al)

2004 Air-cathode MFC (Liu, H. et al)
2005 nanowire produce (Gorby, Y.A et al)

x1,000,000!
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For this 10 years,
MFC power increased 1,000,000 times.
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Several types of MFCs

Air-cathode MFC
Paddy field MFC Stack MFC

Air-cathode MFC
Single-chamber MFC was first reported in the year 2002.
There is no necessity for Cathode chamber and aeration, and it can be low-cost.

Paddy field MFC

This MFC uses sediment as anode chamber and water as cathode chamber.
if there is a paddy field and simple equipment,
supply of clean energy can be expected all over the world.

Stack MFC
This MFC aims for high power generation by combining a few MFCs.



T
Problems
e?:.%
MFC is a very excellent system for energy supply. °°:3;f.:§g:
g

there are many problems which should be solved.

However, In order to put it in practical use, UASB reactor J

At present, the energy and treatment amount obtained by MFCs

is too small as compared to anaerobic treatment processes, such as
methane fermentation.

/ present target \

output 0.1~1,000 W m3 l Stable 1,000 W m™
freatment 0.1~10 kg-CODm3d? 10~20 kg-CODm3d"?

amount

\cost $5,300 per kW $1,000 per kW /




In our laboratory,

We have three MFC projects.
any area of research is studied from a viewpoint of microbial community structure.

MFC projecﬁ

For practical use




Dynamics of bacterial community
And
Properties of electricity generation

Background

For waste water treatment, complex microbes and
organic matter are present in waste water.

under the these unstable conditions

How is the property of electricity generation?
&
How do bacterial community adapt to MFC?

=

Using domestic garbage as electron donor (organics),
We analyzed the relationship between
bacterial community and properties of electricity generation.




Material and Method  Pomestic garbage Record voltage
every 5 minutes
% (Outer resistance 10 Q) | PC

We constructed continuous MFC system s — AN I Data
using domestic garbage. P \PJ MFC logger

-Garbage is obtained from the canteen. Open circuit)

"Garbage is degraded in Energy bottle o, Control [—

and transferred to MFC. s:g/; Energy Bottle (1 L)
" (organic waste:40 g — 60 g)
Wastewater
Continuous MFC system

- Anode Chamber : 36 mL

* Inoculum source : Rice paddy soil (0.4 g)

7y T
A

- Anode : 5 x 5 x 5 mm carbon graphite
(130 pieces)

- External residence : 10 Q

- Solution of degraded organic waste
was continuously fed (0.25d"to 1.0 d)

- Cathode surface Area : 16 cm? (4 X4 cm)

MFC constitution MFC image

Anode Image

Electrochemical Analysis : Voltage measurement
Biological Analyses: Clone library Analysis , PCR-DGGE Analysis




Electrochemical Analysis

% 200
é 150 ’
5 100 .
é | *
S 50
k=
g 0 o O oo
5 0 50 100

Incubation time(day)

*Internal resistance decreased by microbe accumulation.
*Furthermore, open circuit voltage and maximum power density increased.

Incubation time Open circuit voltage Current density Maximum power density Internal resistance
(day) mV mA m2anode mW m™ Q) -
27 /160 4 120 ) 2274 | M
34 500 44 4920 370
69 300 138 5320 163
105 475 63 6690 200
167 466 198 6880 140 N4
182 \__504 218 7440 112 )

The MFC performance developed during experiment.



Clone Library Analysis
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* In order to understand differences of microbial ecology
due to property of electricity generation,
clone library analysis was conducted at day 34 and 168.



Clone Library Analysis

Day 34
Low current density

Day168

High current density

Treponema
Acidaminococcus

Microvirgula Geobacter

Anaeroarcus
Anaerofilum
Delftia

Geothrix

Selenomonas

Delftia

Alcaligenes -
Clostridium

Azospirillum

Undifined bacteria

Energy bottle

Day 34 Day168
Low current density High current density

Acetobacterium
Geobacter Geobacter
Selenomonas

Acidovorax
Comamonas
Geothrix
Megasphaera

MFC-anode

“In Energy bottle, microbial ecology was complex.

Day 34
Low current density

Clostridium

Undfne’

Day168
High current density

Ottowia

Clostridium

Megasphaera

Acidaminococcus
Geobacter
Pseudoxanthobacter

Xanthobacter

ndifined bacteria

Control-anode

*On the MFC anode, Geobacter sp. a known exoelectrogen was detected at day 34.
“In addition, Although Energy bottle solution was transferred to the MFC,
Geobacter sp. became more dominant species at day 168.

*On the other hand, exoelectrogen did not become dominant on the Control anode.

Our MFC was able to construct the microbial ecology for
effective electricity production.




Conclusion

* MFC performances developed during this experiment.

Despite the supplyment of complex microbes, exoelectrogens ( Geobacter sp.)
were selectively accumulated and dominated on the MFC anode.

We have succeeded in building an efficient MFC
under unstable condition using domestic garbage.

However...

“ It took long time (20 days) for producing electricity.

- Maximum power density was low (7.4 W m3 ) compare to
practical use (1,000 W m3) .

Must study more about microbial community structure for
effective electricity generation.




Thank you for your attention



Effect of proton exchange membrane and
inoculum on the power generation and bacterial
community in MFC

\ Shizuoka Univ. KEI Suzuki
N



MFC : Microbial Fuel Cell

Next-generation system of electricity production that can produce electricity

directly from biomass energy

<anode chamber>

proton exchange
membrane

{cathode>

Suitable control of
microbial ecology

4

4 )
Evaluation of power

generation due to
differences in inoculums.

organic

microbial

Carbon paper
supported with Pt

anode O,

electrode

Reduction of internal
resistance

N

Development of new
proton exchange

H,O

- J

membrane

Air-cathode MFC

We investigate that power generation of MFC have to do with the
difference proton exchange membrane and the inoculums.



Design of MFC

MFC No. inoculum membrane
MFC1 Sediment of lake (0.4 g0  organic acid SMEA
MFC2 Sediment of lake (0.4 g) organic acid Nafion 117
MFC3 - organic acid Nafion 117

Control Sediment of lake (0.4 g) organic acid Nafion 117

SMEA Nafion 117

W

= As control condition an open-—
circuit control was also set up.

= Anode chamber : 36 mL

=130 pieces of the 125 mm? anode
electrodes were included.

- External resistance : 10 Q2

$4800 10.0kV 8.5mm x200 SE(M) s;éoowoow‘sm{ ( 200um -Cathode : 40 sz Carbon paper
supported with Pt(0.5 mg cm™2).




Design of MFC

Microbial Fuel Cell system using organic waste

Organic waste decomposition tank —
“Energy Bottle” MFC 1 [ PC
1L o _I B Data
A |®_ logger
MFC 2
3\ \.\ 5\ ! W]
L I l
| > | MECs A /EE\
| I
— 7 : . MFC control —
NaHCO, | [ ﬁ ~—
buff :
urer-— Organic '\ ~
I waste | Waste
' i—.e.—.- (glassbeads"cotton) collector

Bottle.

*Hydraulic retention time : 24 h

- Voltage was measured every 5 minutes

When voltage is low, we filled with 20 g of raw garbage in the Energy




Result I : Monitoring of current density

12.5
A Sediments were added
§ 10.0 MFC1 and 2 i
o |
=
> 25
>
C
S 5.0
)
| o
g
3 2.5
. v
60
Incubation time [day]
Incubation MFC1 MFG2 MFG3
day VooV hwlAl P Wm®] R [Q] Voo M hx[Al P Wm™] R [Q1 Voo M Lia[Al Pryy W™ Ry [Q]
day3 059 0.0002 0.73 2900 057 0.0003 081 3600 ND ND ND ND
day79 051 00013 283 560 ND ND ND ND ND ND ND ND
day127 058 0.0005 150 950 050 0.0007 253 300 048 0.0006 241 300
day163 ND ND ND ND 042 0.0006 1.86 630 0.44 0.0003 097 930
\

Confirmed the reduction ‘
of internal resistance

The result suggested that
exoelectrogens were enriched
on the anode.




Result II : 16S rRNA gene clone library analysis (day168)

MFC1 Energy Bottle

Anaerovibrio bukinabensis

X.agilis
4% 2%

Bosea sp.
14%

Psychrosinus fermentas
6%

) X.agilis
Firmicutes bavtg Anolvti 2 other 11%
0,
12% nolyuc Biofilm 45% Acidaminococcus
culture 7%
Selenomonas lacticifex
0
Betaproteobacterium Acidovorax 4%
2% _ Devosia 5%
i 5%
Alphaproteobacteriuni Shinella sp, o

These results were suggested that
1) MFC has a strong bias for microbial communities, and

2) there is a interactive relationship between bacterial

= Althg
Gircuit\. communities of analytlc culture and biofilm.

was different from the anode eIectrode biofilm.

" |In

cidaminococcus
. 5%
Acidovorax

5%

N—

M FC3 Stenotrophomonas humi " Geo

(. In all the MFCs,it has been confirmed that the microbial
community succession and different microbial community
structure of biofilm and analytic culture were different from each

\ other (W|th exception of MFCl)




Result IV : MDS analysis based on DGGE analysis

:MFC1

:MFC2
® : MFC3
@ :Energy Bottle
@ : Control

It was confirmed that the unique microbial community structures
had developed corresponding to the membrane properties.




Conclusion

*The properties of electricity generation were almost similar
in all MFCs, suggested that SMEA is as equal as Nafion117.

However, bacterial communities structures were different
from each other.

*The flexibility of bacterial communities was important for
generating electricity from MFC.



Thank you for your attention



Effect of external resistance
on total properties of MFC

@ Shizuoka University
\\\ Yutaka Kato



Why external resistance important?

* |t has been reported that external resistance

affects the electron transfer mechanism from
microbes to anode.

‘ Fig. Schematic representation
o of electron transfer by exoelectrogen

Exoclectrogen “ X Med., Med, from cells to anode

| (A)Direct electron transfer
(B)Electronically conducting nanowires
(C)Mediated electron transfer

€ Using two different external resistances (10Q: LR, 1kQ: HR),
how affect electron transfer mechanism of the exoelectrogen and
what makes a difference in the power generation properties.



<anode chamber>

microbe

N

Material and Method

{cathode>

Carbon paper

mediator suppoted with Pt

Lactate

H,O

g e

Proton (:Nafion117)

Experimental conditions

» Anode : carbon graphite (area:40 cm?)

- Cathode : Carbon paper suppoted with Pt (0.5 mg Pt cm-2)

- Inocuration : sediment from Sanaru Lake (0.49)

- Supplemented with 20 mM lactate

- External resistor : 10Q ( LR ) and 1kQ ( HR) each MFCs
There were anaearobic in anode chamber.



Result - Current density -

LR :10Q

0 50 100 150 200 250 300 350 400
Incubation time(day)

Current density (mY m2)
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o

0 50 100 150 200 250 300 350 400
Incubation time(day)

« The increase of current density observed at around 150 days at 2200 mA
m-~ and 85 mA m~ in LR-MFC and HR-MFCs, respectively.

@ To investigate their properties of both MFCs, (1)Electrochemical
and (2)Microbial community structure analyses were conducted.




(1)Electrochemistry analysis(i) - Chrono Potentiometry -

V vs SHE [mV]

LR-MFC HR-MFC
-300 -300
200 -200
_ P — —
-100 ‘\ E -100 /
_ % 0
< A
% A
100 \’/ > 100\? ko2 o
o ° = O o ©
0 L LN S L
200 o2 200 5o °
e R A 00
300 ' ' ' ' ! 300
0 200 400 600 800 1000 0 200 400 600 800 1000 1200
2
| [mA m~] ¢Day0 MDaylS6 | [MA m?2]

A Day367 @ Day400

Both MFCs improved better power generation capacity than
initial condition.
Performance of HR-MFC was better than that of LR-MFC.




Conclusion

During the high current density in LR-MFC,

direct and mediated electron transfer mechanisms
occurred.

After the current density decreased, electron transfer
mechanism was only the direct electron transfer.

Electron transfer in HR-MFC was only direct electron
transfer at initial culture.

Recently, HR-MFC use nanowires mechanisms, too.

HR-MFC had direct and nanowires electron transfer
mechanism was better performance than LR-MFC.



Thank you for your attention!
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Shizuoka Univ.

(O Masanori KURAHASHI,
Yuto KUDO, and Hiroyuki FUTAMATA



Background

&
Objective
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Lake Sanaru is a brackish lake and
also a representative eutrophicated
lake in Japan.

’

"14
W
7

¢ ol i =W
R | s o g
Nitrate (NOy), nitrite (NO,") =4 1=
. LA
and ammonium(NH,*) cause
eutrophic environments.

F 4

= =
=

’ -‘ Ve N EONE
We have been studying about
nitrogen cycle of microorganisms for _

\ :. 4 C
P e _ clean up the water environment.
;f‘KyGeShi»h"éRive;[“l NN oer & Al YL o e I, N AP

.~
>
’ P
! A S,




Nitrogen cycle

o

Fixation

N,O

Anaerobic
ammonium
oxidation

Denitrification

Organic matter

anaerobic condition

"
I

Mineralization NH4+ ‘ NOZ_ : NO3_

Nitrification

aerobic condition

The nitrogen cycle is the process by which nitrogen is converted to

its various chemical forms.

Nitrification and denitrification are important processes in the

nitrogen cycle.

These processes are carried out by microbes.



Denitrification process
NO3-toxic
e 46" = -39 KJ/mol

e A6% = -73 KI/mol

NZO toxic (greenhouse effect gas)

e —A6" = -82 KI/mol
nosZ—~—" N,

Non-toxic

Denitrification is an alternative respiratory process in which nitrogen oxides
such as NO;"and NO, are used as electron acceptors and reduced to N,O and N,
gases under oxygen-limiting conditions.

we analyzed the nitrite reductase gene(nirS) and nitrous oxide reductase gene
(nosZ) .

This time, | give a presentation on nosZ which performs the last step
(detoxification) of denitrification.



Result

&
Discussion



Measurement of bacterial population  [maerobicheterotrophic bacteria

B anaerobic heterotrophic bacteria
M denitrifying bacteria (MPN)
ammonia-oxidizing bacteria

M nitrite-oxidizing bacteria
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Bacterial population
[(cfu or MPN)/(g soil or ml)]
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Upper site Down site

The population densities of denitrifying/nitrifying bacteria were highest-
density in surface layer of sediment at both upper and down sites.

It was suggested that the surface layer of sediment was the most
important role in nitrogen cycle of Lake Sanaru.
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sampling date

The copy numbers were almost stable at approximately 107 copies g soil with
the upper and down sites.

This result suggest that the potential for nitrous oxide reduction is
maintained through the all time.
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The copy numbers were decreased greatly after around -8cm in depth of the
vertical direction.

This result shown that the surface layer of sediment was important
environment for expression of nosZ gene (complete denitrification).



Functional Analysis of nosZ gene

DNA extraction

DNA extraction from sediment of DNA extraction
from enrichment culture Lake Sanaru from isolated
by 0.36 mM NO, -N ‘ denitrifying bacterium

\ Amplification of nosZ /
gene by PCR

Clone library analysis

¥

Functional analysis
by phylogenetic tree



I Wolinella succinogenes
| 576 Low07 I
— LowO1
NosZ ' !
\ 148 Dechloromonas aromatica
———---#1-- UO?—------‘
- 1000 " Low25 ~
/ L 3 clones \
528 3 clones
1000 — Brachymonas denitrificans \
. L 27

It was shown high diversity and suggested that this
1000 genotype contributed mainly to nitrous oxide
reduction in these sediments.
_-_ OWptothrix cholodnii
We succeeded to make an enrichment culture
of the practical denitrifying bacteria in Lake Sanaru.

1-20 D g
Al Al ol ol ol ol o o o T e
17 clones
0.05 ‘ 22 clones |
substitution/site | 929 | Lowi5 31 clones |
998 — Ec.17 I
Up : environmental sample : 886 Fl;lc.Zg docil
P yental samp I 1000 Uncultured bacteriam, o I
of upper site origin clone M Hahella chejuensis
. 543 Low02 |
Low : environmental sample I 1-26 ,
. .. Rhodobacter sphaeroides
of down site origin clone ]| 716 Up08 |
) . 510" 999 691 Uncultured bacterium
Ec. : enrichment culture \ 904 575 Up07 |
.. p
Sample origin clone \ 964 Uncultured bacterium /
I . |Solated Stra|n DNA aam == - JgL - e . - —IJO‘N—O5 ——————— -




Conclusion

Future Plan



% It was suggested that the potential for reduction of
nitrous oxide is maintained through the all time,
and that the nitrous oxide reduction exhibits in the
surface layer of sediment.

% A genotype of nosZ had a main role although the gene
showed high diversity, suggesting that the sediment
environment enable to exhibit denitrifying activities
corresponding to N-concentration.

= |’'m going to isolate the dominant denitrifying
bacteria and analyze it genetically and
physiologically .



Characterization of nitrifying
bacterial community in lake Sanaru

oYUTO KUDO
MASANORI KURAHASHI HIROYUKI FUTAMATA
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Lake Sanaru is a brackish lake and
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also a representative eutrophied lake , ,#Opper site
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Nitrogen cycle

o

N,O
Fixation
Anaerobic I
ammonium
- - D . .ﬁ .
oxidation NO enitrification

ahaerobic condition

Organic matter I

Mineralization NH4+ ‘ NOZ_ : NO3_

Nitrification

aerobic condition

The nitrogen cycle is the process by which nitrogen is converted
to its various chemical forms.

Nitrification and denitrification are important processes in the
nitrogen cycle.

These processes are carried out by microbes.



Nutritional type ot autotrophic bacteria

Nitrifying bacteria are one of the autorophic bacteria and nitrification

has 2 step reactions NH,*-»NO," and NO, ->NO;".
Co,

NH,*. NO," i

egrow under the 0, carbon

aerobic condition Electronic assimilation
= ATP —> system

. . . transmission q

use inorganic system an

compounds as straight

electron donor and synthetic

oxygen as electron pathway

Living body

AG,’ of NH,*and NO," -oxidation are low level. material
’ (Organic
matter )

Since the obtained energy is very low, the yield of bacteria
is very low.




Kinetic analysis for nitrification

006 In upper site, all values are larger than

S 0,05 down site. lation
E’ ' = NU, -N uxiagauon Y E U, CIV WA Jation
3004 ne 2 Eoo4

@ \ | 098mMg150|Ih1 E-E © V,.x: 0.016 mM glsoil ht
:&;00? ] P :00? I(_ 0.4 mM (5.6 nhnm)

<

{ *This result suggested that these nitritying

:

3 communities (the upper and down sites)

2 were different from each other.

60
A

*Nitrifying activity was extremely inhibited

with low concentration.

‘ K, :1.03 mM (14.42 ppm) ‘ K,S ,2‘; mM(‘3*OJ8v ;I;;.),




Chemostat culture of the nitrifying bacteria
using the Lake Sanaru sediment

Methods of measurement HEPES medium (pH 7.5)

(NH,*-N:720 mM)

® NH,*-N —
indophenol blue method

The chemostat culture
Sanaru lake sediment :10 g
HEPES medium 41

= 150 — 120 — 100 — 80 — 65—50 days
2 Final condition :43 days

ONO N.NO,-N m

HPLC




Monitoring of nitrogen concentrations in
the chemostat culture
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Change of the nitrogen state density in

consecutive accumulation culture
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Conclusion

® Kinetic analyses showed that the upper site
adapts highly-concentrated level, while the
down site adapts low level.

j> This result suggested that spatial function
was different in lake sanaru.

® [nterestingly, the chemostat culture exhibits
both nitrifying and denitryfing activities
(anammox ?).

j> We try to isolate these bacteria and analyze

genetically and physiologically in future.
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Mechanism of efficient reductive dechlorination

for chlorinated ethenes

Shizuoka University
Hiroyuki Morioka



Recalcitrant contaminants/
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Dechlorination of chlorinated ethenes

Electron acceptor

@ “Dehalococcoides”
Cl

Electron donner

organochlorine respiration

CI\C:C/C|2H&;C|C|\C_ /CI ZUC|® /CI ZUC|®\ @ZUC| @ @
o o @ @_ @ @ @

PCE TCE DCEs VC Ethene



Construction of dechlorinating enrichment cultures

Lake Sanaru

7234567 89§11 23456789

Lake Sanaru the sediment as inoculum,
the cultures were constructed.

- =
1st LS culture



Result Dechlorination properties of the LS culture

30 5

s methane
TCE
% ethene 4
c
2 3
g 35
7y} >
0 Q0
@ 3
5 2 =
©
Q
©
i 1
o
O
0

30
Incubation time(day)

TCE was quickly dechorinated to ethene which was an end-product
in approximately 25 days.

40 90



2. Analysis of Dehalococcoides sp. in LS culture

Dehalogenimonas lykanthroporepellens BL-DC-9

h/ Dehalococcoides sp.GT

Copies mLt
o Q9
o —_

10°
{ Dehalococcoides sp.VS
108
0 10 20 30 40 50
Incubation time(day) Dehalococcoides sp. 16S rRNA
Dehalococcoides sp. copies number clone analysis

- Dehalococcoides sp. copies number increased with dechlorination.
— |t assumed that dechlorination in the LS culture depend on
Dehalococcoides sp.

- There were Dehalococcoides sp. GT and Dehalococcoides sp. VS can
dechlorinate TCE, cDCE, tDCE and VC in the LS culture.



Conclusion

- Constructed to the enrichment cultures which can completely

dechlorinate from TCE (trichloroethene) to ethene.

- The dechlorination in the LS culture depend on

Dehalococcoides sp. VS and Dehalococcoides sp. GT.

Future

- Attempt to isolate microbes which related to dechlorination

In the enrichment culture.

- Analyze of microbial community structure in the LS.



¥ Thank you for listening ‘e



