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Molecular Ecological Characterization of Wastewater Bacterial Communities in
Response to Algal Growth
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Abstract : To deal with issues from global climate changes, renewable bioenergy has become important. Algae have been regarded
as a good resource for biorefinery and bioenergy, and also have potential capability to remove nutrient and non-decompositional
pollutants for wastewater advanced treatment. Although algal-bacterial ecological interaction would be a crucially important factor in
using algae for wastewater advanced treatment and resource recovery from wastewater, very little is known about ecological interaction
between algae and bacteria in a real wastewater environment. In this study, under a real municipal wastewater condition, we cha-
racterized wastewater pollutant treatability and bacterial communities in response to growth of Ankistrodesmus gracilis SAG278-2,
which can grow in wastewater and has a high lipid contents. The growth of algal population using the wastewater was inhibited
by increase in wastewater bacteria while bacterial survival and cellular decay rate were not influenced by the algal growth. Removals
of recalcitrant organic matters and total nitrogen were improved in the presence of algal growth. According to T-RFLP and sta-
tistical analysis, algal growth affected time-course changes in bacterial community structures. The following 16S rRNA gene am-
plicon, cloning results showed that the algal growth changes in bacterial community structure, and that bacterial populations belonging
to Sediminibacterium, Sphingobacterium, Mucilaginibacter genera were identified as cooperative with the algal growth in the
wastewater.
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Table 1, Descriptions of 4 wastewater reactors

Wastewater Sludge
Reactor  Algae . (Sludge Description
(Bacteria) .
bacteria)
Algae
AW Y 5t N + Wastewater
Ww N 5L N Wastewater
Algae
AWWS Y 45L 05L + Wastewater
+ Sludge
WWS N 450 05L Wastewater
+ Sludge
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Table 2, Primer sets for PCR and gPCR for bacterial and archaeal 16 S rDNA detections

Target/Method Primer Sequence (5'-3') Amplicon length (bp) Reference
AGAGTTTGATCATGGCTCAG
Bacteria PCR 1465 17)
TACGGTTACCTTGTTACGACTT
ATGGCTGTCGTCAGCT
Bacteria gPCR 337 18)
ACGGGCGGTGTGTAC
GYGCASCAGKCGMGAAW
Archaea gPCR 450 19)
GGACTACVSGGGTATCTAAT
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Fig. 1. Algal growth in wastewater with and without additional
activated sludge (AWWS and AWW, respectively).
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Table 3, Comparision of bacterial community compositions (relative abundance, % of total clones)

Class level population AWW Ww AWWS WWS
Actinobacteria ND* 12 ND 20
Alpha-proteobacteria ND 80 ND 6.0
Beta-proteobacteria 42 52 44 26
Delta-proteobacteria 20 20 ND ND
Flavobacteria ND 80 ND 20
Gamma-proteobacteria ND 20 20 20
Sphingobacteria 56 16 54 42
Unclassified ND ND ND 20

Total 100.0 100.0 100.0 100.0

*N.D, : non detected
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Fig. 6. Time course changes of T-RFLP patterns,
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Fig. 7. 16S rRNA T-RFLP and NMS analysis results,
* Note that the second number after ‘- beside each symbol is
the corresponding sampling time for each reactor
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Table 4, Comparision of bacterial community compositions (relative abundance, % of total clones, Genus level)

Genus level population AWW Ww AWWS WWS
Achrormobacter 120 200 16.0 82
Alcaligenes 10.0 0.0 40 41
Bordetella 100 0.0 40 41
Chimaereicella 0.0 0.0 6.0 0.0
Curtobacterium 0.0 6.0 00 0.0
Flavobacterium 0.0 8.0 0.0 0.0
Leucobacter 0.0 20 0.0 102
Mucilaginibacter 10,0 0.0 120 143
Pedobacter 6.0 6.0 100 20
Propionivibrio 0.0 6.0 00 20
Fusilimonas 6.0 12,0 14,0 6.1
Sediminibacterium 220 40 20 0.0
Sphingobacterium 16.0 0.0 240 265
Others 40 240 6.0 16.3
Uncultured 40 6.0 20 6.1
Total 100.0 100.0 100.0 100.0

* Others indicate bacterial genera below 5% of portion

7hele Ae FAE o Ak o] Ak

w
F20] 8 sl A AR oA w4 leA] RS

dsl=g| Sediminibacterium <50 S35

A QA ol B8 THs A ANk ek

A A5 AesEel 4s
sieAel 9 o] 2.oulx] AAte] =] 9
AP B oz Sasgick olE Slste] A 3
o] 7Hs 3k uto] ool A Aol b orelxl
Ankistrodesmus gracilis SAG 278-2 3+
uhgelo} BaHElel sk Y $2 §7]E4(COD)3}

ol
&
=2
X

1A
Jo
o
<2
R=)
il

2(IN) A7 7-s2t deglore] w3l e] Wato] digh vhe&

A4S 2 @79 Fa A o

ol A FFL vjH o, wreleol 21 AA 2 4
5o Ao o3FL wrz] okgith

e/
N
&l
ox
o
o
1z
)
o
(o]
)
H
e}
1o
>,
™
)
rE
o
il

(¢
sl
gl

QR4 A3, 25e] gl wet
= W dte|g]ot= Sediminibacterium

A shrol A vt =72k dE 2ot Bt

gl

o &

& Aol A AREEE BAEESHH

FErg glol S0 WSkE fFtA

FoF Aol A FEBARIAE Hol= W& AN

ot 277 #AE A8 3 2

7b FFEAenR, 27 @A HA A=

Sk ol2gt kst o) 7o E 3 Alem S
g3t e B4 2FAd A

o

oxe N

-

o,

o

-

(6]

1
op
%

= =

INDN;

B AT 20094 E (I &5 AU 3
S ATAIEEO] A UL ok S ATINo. 2009-0081153).
KSEE

ks

o

1. International Energy Agency Homepage, http://www.worlde
nergyoutlook.org(2007).

2. Hossain, A., Salleh, A., Boyce, A., Chowdhury, P. and Na-
qiuddin, M., “Biodiesel Fuel Production from Algae as Re-
newable Energy,” Am. J. Biochem. Biotechnol., 4(3), 250~254
(2008).

3. Demirbas, A., “Progress and recent trends in biodiesel fuels,”
Energy Conversion and Management, 50, 14~34(2009).

4. Chisti, Y., “Biodiesel from microalgae,” Biotechnol. Adv., 25

ChEtErAEstslx| | MI33R M115 12011 112 ||



854

KR TR @
oot - Ol - WEE

10.

11.

12.

(3), 294~306(2007).

Aaronason, S. and Dubinsky, Z., “Mass production of mi-
croalgae,” Experientia, 38, 36~40(1982).

Guschina, I. and Harwood, J., “Lipids and lipid metabolism
in eukaryotic algae,” Prog. Lipid Res., 45, 160~186(2006).
Wang, L., Li, Y., Chen, P,, Min, M., Chen, Y., Zhu, J. and
Ruan, R., “Anaerobic digested dairy manure as a nutrient su-
pplement for cultivation of oil-rich green microalgae Chlorella
sp.,” Bioresour. Technol., 101, 2623~2628(2010).

Mouget, J., Dakhama, A., Lavoie, M. and Noue, J., “Algal
growth enhancement by bacteria: Is consumption of photos-
ynthetic exygen involved?,” FEMS Microbiol. Ecol., 18(1),
35~43(1995).

Munoz, R. and Guieysse, B., “Algal-bacterial processes for
the treatment of hazardous contaminants: A review,” Water
Res., 40(15), 2799~2815(2006).

oJ4E, WEF, “AA SrxAN 1XA FF 2FAY
O] BAAEL stpAE 544 24, iRt $38re] A, 32
(4), 333~340(2010).

o, “AA| sharoll A5 2F-AlRt B YLH
FAA, 27AE A4 nPEFTA4go wet A5 A
Alehstal thshd A AFSH)=2(2009).

Fuhrman, J. A., Horrigan, S. G. and Capone, D. G., “Use of
13N as tracer for bacterial and algal uptake of ammonium
from seawater,” Mar. Ecol. Prog., 45(3), 271~278(1988).

13.

14.

15.

16.

17.

18.

19.

Li, Y., Horsman, M., Wang, B., Wu, N. and Lan, C., “Ef-
fects of nitrogen sources on cell growth and lipid accumu-
lation of green alga Neochloris oleoabundans,” Biotechnol. Pro-
ducts Proc. Eng., 81, 629~636(2008).

Sartory, D. and Grobbelaar, J., “Extraction of chlorophyll a
from freshwater phytoplankton for spectrophotometric anal-
ysis,” Hydrobiol., 114(3), 177~187(1984).

Eisele, R. and Ullrich, W. R., “Effect of Glucose and CO,
on Nitrate Uptake and Coupled OH Flux in Ankistrodesmus
brauniil,” Plant Physiol., 59, 18~21(1977).

Hao, Z., Wang, Q., Zhang, X., Cao, Y. and Mark Loosdrecht,
C., “Experimental evaluation of decrease in bacterial activity
due to cell death and activity decay in activated sludge,”
Water Res., 43, 3604~3612(2009).

Suzuki, M. and Giovannoni, S., “Bias Caused by Template
Annealing in the Amplification of Mixtures of 16S rRNA
Genes by PCR,” Appl. Environ. Microbiol., 625~630 (1996).
Harms, G., Layton, A., Dionisi, H., Garrett, V., Hawakins, S.,
Robinson, K. and Sayler, G., “Real-Time PCR Quantification
of Nitrifying Bacteria in a Municipal Wastewater Treatment
Plant,” Environ. Sci. Technol., 37, 343~351(2003).

Takai, K. and Horikoshi, K., “Rapid Detection and Quantifi-
cation of Members of the Archaeal Community by Quanti-
tative PCR Using Fluorogenic Probes,” Appl. Environ. Micro-
biol., 66(11), 5066~5072(2000).

I Journal of KSEE | Vol.33, No.11 | November, 2011



