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Abstract

Polyhydroxyalkanoates (PHAs) can be produced by microorganisms and are a biodegradable alter-
native to fossil-fuel based plastics. Currently, the focus is on reducing production costs by exploring
alternative substrates for PHAs production, and on producing copolymers which are less brittle than
monomers. Accordingly, this study used a substrate consisting of wastewater from waste-glycerol
fermentation, supplemented with different amounts of acetic and propionic acids. These substrates
were used to feed mixed microbial communities enriched from activated sludge in a sequencing
batch reactor. A reactor supplemented with 2 mL of acetic acid produced 227.8 mg/L of a homo-
polymer of hydroxybutyrate (3HB); 4 mL of acetic acid produced 279.8 mg/L 3HB; whereas 4 mL of
propionic acid produced 673.0 mg/L of a copolymer of 3HB and 3HV (hydroxyvalerate). Ribosomal
Intergenic Spacer Analysis (RISA) was used to show the differences between the communities cre-
ated in the reactors. Thauera species predominated in biomass that produced 3HB; Paracoccus
denitrificans in the biomass that produced 3HB-co-3HV. Because P. denitrificans produced the more
desirable copolymer, it may be advantageous to promote its growth in PHAs-producing reactors by
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adding propionate.
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Introduction

The group of polyesters known as polyhydroxyalka-
noates (PHAs) are an interesting alternative to fossil-fuel
based plastics, because they are biodegradable and can be
produced from renewable resources. PHAs have been in-
dustrially produced by pure bacterial cultures of either wild
forms or recombinant strains. Recently, there has been a
great interest in examining potential alternative processes
for PHAs production with the aim of decreasing polymer
production costs. Therefore, mixed microbial communities
(MMC) and by-products from agroindustry have been in-
tensively tested for production of these biopolymers.

To lower the final price of polymers, complex waste
could be used, for example, fermented sugar cane molasses,
palm oil mill effluents, industrial wastewaters, and brewery
wastewater (Serafim et al., 2008). Besides these substrates,
crude glycerol generated as a by-product during biodiesel

production has acquired importance during the last years,
as reviewed by da Silva et al. (2009). This substrate will
probably be widely available in the future because the pro-
duction of biodiesel in Europe is still increasing. Glycerol
can be converted into PHAs more effectively if it is be sup-
plied in the form of volatile fatty acids (VFAs). The type of
VFAs used as the substrate changes the monomer composi-
tion of PHAs. The most commonly used substrate for PHASs
production is acetic acid, which bacteria use to synthesize
polyhydroxybutyrate (PHB). However, because the me-
chanical properties of PHB are not ideal, other VFAs have
been tested for the production of more applicable co-
polymers. Among them, propionate, butyrate, and valerate
were successfully used to produce co-polymers possessing
different monomers (Lemos et al., 2006). Unfortunately,
the function of particular microorganisms in the synthesis
of specific monomers and co-polymers is still undiscov-
ered.

Send correspondence to S. Ciesielski. Department of Environmental Biotechnology, University of Warmia and Mazury in Olsztyn, Sloneczna 45G,

10-718 Olsztyn, Poland. E-mail: slavem@uwm.edu.pl.



396

In addition, the composition of the mixed microbial
communities tested for production of these biopolymers is
also still unknown. These communities are able to perform
specific intra- and extracellular reactions, and are selected
by the operational conditions imposed on the biological
systems (Dias et al., 2006). Knowledge of these microor-
ganisms that are involved in this process is important for a
better understanding of the mechanisms of PHAs produc-
tion. Recently, molecular techniques, which are based
mainly on the analysis of the 16S gene, have been found to
be useful in the study of microorganisms creating mixed
communities in both natural and semi-natural environ-
ments (Otawa et al., 2006). The most known and widely ap-
plied fingerprinting techniques are denaturing gradient gel
electrophoresis (DGGE) (Muyzer ef al., 1993), terminal re-
striction fragment length polymorphism (TRFLP) (Osborn
et al., 2000), and ribosomal intergenic spacer analysis
(RISA) (11). DGGE relies on melting-point variation in a
variable portion of a target gene, usually coding for 16S
rRNA. In TRFLP, 16S rRNA gene is amplified by PCR
with a 5° fluorescent primer, and amplicons are digested us-
ing restriction enzymes, resulting in terminal restriction
fragments of distinctive lengths. However, in spite of the
usefulness of these two techniques, the sequence of the 16S
rRNA gene is often not divergent enough to distinguish
species of the same genus. On the other hand, the fragment
located between genes coding for 16S rRNA and 23S
rRNA, known as a ribosomal intergenic spacer (RIS), has a
highly variable length (Giirtler and Stanisich, 1996). The
RIS can be amplified by PCR using general primers com-
plementary to the flanking genes coding for 16S and 23S
rRNA. In contrast to rRNA coding sequences, the RIS is
under minimal selective pressure during evolution and
therefore this genome fragment is less conserved. Accord-
ing to Leblond-Bourget et al. (1996), the evolutionary rate
of the RIS is assumed to be 10 times greater than the evolu-
tionary rate of the 16S rRNA gene. RISs have been shown
to vary significantly in both the sequence and size of gen-
era, species, strains, and even between different ribosomal
operons within a single bacterium (Giirtler and Stanisich,
1996). Ribosomal intergenic spacer analysis (RISA) has
been successfully used to analyze a complex bacterial com-
munity involved in polyhydroxyalkanoates production
(Ciesielski et al., 2009).

The main goals of this work were to analyze changes
in bacterial communities in three independent processes,
and to examine how adding volatile fatty acids influences
PHAs synthesis.

Methods

VFAs generation and PHAs production

Batch experiments for VFAs production were con-
ducted under anaerobic thermophilic conditions (39 °C) in
three independent reactors; each reactor had a working vol-
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ume of 3 L. The reactors differed in the amount of waste
glycerol (Experiment A - 12.5 g/L; B - 25.0 g/L; C -
50.0 g/L). Waste glycerol was purchased from Biodiesel
Manufacturing Plant (Biopaliwa S.A., Poland) and con-
tained from 80% to 85% of glycerin. The ash concentration
did not exceeded 7%, matter organic non-glycerine
(M.O.N.G) concentration was less than 2%, and methanol
was below 0.5%. 150 mL excess sludge from a wastewater
treatment plant (Olsztyn, Northern Poland) was added to
each reactor to facilitate waste glycerol conversion into
VFAs. After fermentation, the mixture collected from each
reactor was centrifuged at RCF = 8 693 for 10 min and the
supernatant was diluted 1:2 with sterile water. One liter of
fermented liquids were supplemented with 2 mL (Experi-
ment A) and 4 mL (Experiment B) of acetic acid, and with
4 mL of propionic acid (Experiment C). The values of
Chemical Oxygen Demand, and the concentrations of am-
monia and total nitrogen were analyzed three times
(Table 1). PHAs were produced in sequencing batch reac-
tors (SBR) with a working volume of 5 L at a temperature
of 22 °C. The reactor was inoculated with activated sludge
from a wastewater treatment plant (Olsztyn, Northern Po-
land). The pH was maintained at 7.0 by adding NaOH
1 mol/L and HCI 1 mol/L, and oxygen was supplied by an
air compressor to keep the dissolved oxygen (DO) at at
90%. The SBR was operated with a cycle of 24 h, each cy-
cle consisted of a filling (0.25 h), aerobic (23.5 h) and set-
tling phase (0.25 h). The cycle began with the addition of
0.5 L of the production culture medium, and the same vol-
ume of effluent was removed at the end the settling period.
The process of PHAs production was run for 62 d, 139 d
and 71 d for Experiments A, B and C, respectively.

Polyhydroxyalkanoates analysis

Biomass samples (50 mL) taken from SBR were cen-
trifuged immediately and the supernatant was decanted.
Samples were then lyophilized for 24 h in a freeze drying
unit (LYOVAC GT2, STERIS GmbH, Germany). PHAs
polymers were extracted by shaking the freeze-dried cells
in chloroform at 50 °C for 3 h. The mixture was filtered
through No. 1 Whatman filter paper by simple filtration.
The PHAs dissolved in 2 mL of chloroform were precipi-
tated with 10 volumes of a 70% solution of chilled metha-
nol and then allowed to evaporate for at least 2 d at room
temperature. Then, PHAs were suspended in 2 mL of chlo-
roform and 2 mL of acidified methanol containing 3% v/v
H,SO,. Next, the tubes with the suspension were placed in a
100 °C oven for 20 h to esterify the PHAs. 3- hydroxyacyl
methyl esters were detected by gas chromatography using a
previously described method (Braunegg et al., 1978; Co-
meau et al., 1988). The GC (Varian 3800, Varian, Inc. Cor-
porate Headquarters, U.S.A.) was operated with a Varian
FactorFour VF-5 ms column (length: 30 m; internal diame-
ter: 0.25 mm; film thickness: 0.25 um), a split injection ra-
tio of 1:15, and helium as the carrier gas (1.0 mL/min). The
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flame ionization detector (FID) temperature was 300 °C
with the injection port temperature at 250 °C. Initial col-
umn temperature was kept constant for 1 min at 80 °C, then
increased at 10 °C/min to 120 °C, further increased at 45
°C/min to 270 °C, which was held for 3 min. Total time
amounted to 11.33 min. 3HB and 3HV were calibrated with
a standard poly(3-hydroxybutyric acid-co-3-hydroxy-
valeric acid) (140 g/L of 3HV) of natural origin (Sigma-
Aldrich; Ref. Nr403121), to which the same procedure had
been applied as to the reactor samples.

The 3HB and 3HV contents were determined by com-
parison with the peak-areas of the methyl-3-hydroxybuty-
rate, methyl-3-hydroxyvalerate derived from the standard.
The peak-areas of each sample were measured 5 times, and
the extreme values were omitted by the application of the
Dixon test. Based on mean values, the concentrations of
3HB and 3HV were calculated as follows: the methyl ester
concentration in the standard was multiplied by the mean
area of the corresponding peaks; the product was then di-
vided by the peak-area in the standard.

DNA extraction

DNA was directly extracted as follows: 0.02 g of bio-
mass sample were washed in a sodium phosphate buffer
(0.1 mol/L; pH 8.0), pelleted by centrifugation, suspended
in a proteinase K buffer (100 mmol/L Tris-HCI; 10 mmol/L
EDTA; pH 8.0) and incubated at 55 °C in the presence of
sodium dodecyl sulphate, proteinase K and lysozyme. In
order to improve the process of cell wall lysis, the samples
were sonicated for 1 min. DNA was purified using a phe-
nol/chloroform/isoamyl alcohol (25/24/1, v/v/v) solution,
and precipitated with 2 volumes of ethanol (96%) and
0.1 volume of sodium acetate (pH 5.2). The pellet was
washed with 70% ethanol, dried and re-suspended in
100 puL of TRIS/EDTA (10 mmol/L Tris-HCI, 1 mmol/L
EDTA, pH 7.5).

Polymerase chain reaction

The Intergenic Sequence Region was amplified using
primer pair (S-D-Bact-1522--S-20: 5’-TGCGGCTGGAT
CCCCTCCTT-3 and L-D-Bact-132-0-A-18:
5’-CCGGGTTTCCCCATTCGG-3") published by Nor-
mand et al. (1996). PCR was performed in an Eppendorf®
Mastercycler Gradient (Eppendorf, Germany). The mix-
tures used for PCR amplification contained 50 ng of ex-
tracted DNA, 0.5 umol/L of each primer, 100 pmol/L of
deoxynucleoside triphosphate (Promega, Winsconsin,
USA), 2 units of Pfu DNA polymerase (DNA Gdansk, Po-
land), 5 pL reaction buffer (500 mmol/L KCI, pH 8.5; Tri-
ton X-100), 1.5 mmol/L MgCl,, to which sterile water was
added for a final volume of 50 pL. The temperature pro-
gram for DNA amplification was as follows: 94 °C for
5 min; 35 cycles of denaturation at 94 °C for 30 s, annealing
at 43 °C for 1 min, extension at 72 °C for 1 min and a single
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final elongation at 72 °C for 10 min. The PCR amplicons of
PHA were checked by resolving on 1.5% agarose gels
stained with ethidium bromide.

Polyacrylamide electrophoresis

After successful DNA amplification, the PCR prod-
ucts were separated in 5% polyacrylamide gel (29:1 acryl-
amide:bisacrylamide). Electrophoresis was carried out at
80 V for 100 min in 1x TBE buffer (89 mmol/L Tris base,
89 mmol/L Boric acid, 2 mmol/L EDTA; pH 8.0). The size
of PCR products was estimated using a molecular weight
marker (100 bp Ladder, Promega, USA). The gel was
stained with SybrGold (Invitrogen) and viewed with an ul-
traviolet transilluminator and recorded with a CCD camera
(Gel Logic 200, Eastman Kodak Company, USA). Bands
were detected automatically from the digital images of the
gel using KODAK 1D 3.6 Image Analysis Software (East-
man Kodak Company, USA).

DNA sequencing and analysis

The dominant bands excised from the polyacrylamide
gel and DNA fragments were washed and directly
reamplified with the same primer. Sequencing reactions
were carried out with an ABI 373 Automated DNA Se-
quencer (PE Applied Biosystems, Foster City, CA, USA).
DNA was sequenced by the commercial company
GENOMED (Warsaw, Poland). All reactions were run fol-
lowing the manufacturer’s protocols. The GenBank data-
base was searched with the BLAST program (Altschul et
al., 1997). Sequences were aligned using the ClustalW pro-
gram (Thompson et al., 1994). The sequences were depos-
ited in GenBank under accession numbers from JF729203
to JF729213.

Profile banding analysis

The RISA patterns were converted to a binary matrix,
using presence-absence data. A pairwise similarity of the
banding patterns of the different samples was calculated us-
ing Nei-Li distance (Nei and Li, 1979). UPGMA cluster
analysis was conducted with DGGEstat software (Erik van
Hannen; the Netherlands Institute of Ecology).

Results

Biopolymers were obtained in all three experiments.
The highest PHAs amount, 673.0 mg/L, was noticed in Ex-
periment C. In Experiments A and B, much smaller
amounts of PHAs were obtained: 227.8 mg/L and
279.8 mg/L, respectively. Maximum PHA concentrations,
measured in dry cell weight, were similar in all fermenta-
tions: 30.7%, 34.2%, and 30.0% in Experiments A, B, and
C, respectively. In the first two experiments, only poly-
hydroxybutyrate was detected, whereas in Experiment C, a
co-polymer was detected that contained 72% hydroxy-
valerate.
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To evaluate the effect of the treatment on the diversity
of uncultured microorganisms, the total DNA obtained at
each sampling time was analyzed by PCR amplified ribo-
somal intergenic spacer analysis. Electrophoretic separa-
tion of the amplicons from each sample resulted in a
distinct RISA pattern. In the electrophoregrams presented
in Figure 1, bands ranging between 200 base pairs (bp) and
1500 bp were considered. For all the analyzed fermenta-
tions, the banding pattern showed some differences in band
number and intensity.

Experiment A

The patterns from Experiment A were very rich in the
beginning of the process and were composed of more than
25 bands (Figure 1A). This started to change after 8§ d, at
which time the biodiversity decreased and one major band
appeared (GP1-5). From the 29" day until the 41*' day,
some bands became larger and more intense (e.g. GP1-6
and GP1-7). After that the biodiversity decreased again and
the microbial structure was stable until the end of fermenta-
tion. In order to determine relationships between the micro-
bial communities over time, similarities were calculated on
the basis of the absence or presence of bands. Cluster analy-
sis showed a shift in the composition of the bacterial com-
munity in Experiment A (Figure 2A). The five strongest
bands were excised from the gel and sequenced. The length
of analyzed sequences ranged from 279 bp to 416 bp. Nu-
cleotide sequences were compared to the GenBank data-
base using BLASTN (Table 1). Three of them (GP1-3,
GP1-6, and GP1-7) showed a high similarity to previously
analyzed DNA sequences. The bands designed as GP1-5
and GP1-12 occupied the same position on the gel, al-
though they differ in nucleotide composition. Both were
identified as Thauera sp. MZ1T with low coverage/identity
values (Table 2).

Experiment B

Sample 0, taken from the inoculum, differs signifi-
cantly from the samples taken in the next days. The micro-
bial community was stable from the 5" day until the 33"
day of fermentation. On the 33™ day, many bands lost in-
tensity or disappeared. The strong bands, designated as
GP2-10, GP2-11, and GP2-12, survived and were present
in the community until the 101* day of the process. There
were distinct changes in the community composition on the
113™ day, and from this time the high-intensity GP2-1 band
was observed (Figure 1B). Changes in bacterial composi-
tion, obtained with the genetic distance method between
neighboring samples, are presented in Figure 2B. Clus-
tering analysis showed three main groups; the first one
comprised inoculum and samples taken at day 5 and day 13;
the second, samples from the 33" to the 101%" day; and the
third, the rest of the samples. Four bands were excised and
sequenced from the gel showing microbial fingerprints
from Experiment B. The two bands that were most intense
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from the 33" to the 101*" day (GP2-10 and GP2-11) were
most similar to Thauera sp. MZ1T, although the nucleotide
composition of these two bands was slightly different. The
DNA sequence of band GP2-1 was also similar to Thauera
sp. MZ1T, although its amplicon was longer than those of
the GP2-10 and GP2-11 bands. The remaining bands,
GP2-3 and GP212, were most similar to Bacillus cereus
HY-1 and Prochlorothrix scandica NIVA-8/90, respec-
tively (Table 2).

Experiment C

Similar to the previously described fermentations,
sample 0, from the inoculum, had many bands of different
lengths. After just one day, the microbial structure changed
rapidly and at least two distinct bands appeared in the pro-
file. Small changes were noted from the 15" to the 68" day,
then the intensity of all the bands decreased on the 71% day.
One distinct band, described as GP3-1, was present
throughout the whole experiment (Figure 1C). Cluster anal-
ysis showed the trend of progressive community transition
(Figure 2C). The dominant band (GP3-1) was excised and
its nucleotide composition was determined. The taxon cor-
responding to this band showed high similarity to
Paracoccus denitrificans PD1222 (Table 2).

Discussion

One critical factor in the development of a competi-
tive process for PHAs production using the MMC approach
is the selection of organisms with a high storage capacity.
Therefore, it is necessary to track the microbial population
changes during the process. In terms of microbial popula-
tion dynamics, limited information is available about the
organisms that accumulate PHAs and the process by which
they synthesize them (Lemos ef al., 2008). Initial informa-
tion about microorganisms that synthesize PHAs has been
provided by Dionisi ef al. (Dionisi et al., 2005; Dionisi et
al.,2006). The authors used denaturant gradient gel electro-
phoresis (DGGE) to discover that the most important or-
ganisms selected under the applied conditions belonged to
the Betaproteobacteria (Thauera, Alcaligenes,
Comamonas,  Achromobacter), but also several
Alphaproteobacteria (Xantobacter, Curtobacterium) and
Gammaproteobacteria (Kluyvera, Pseudomonas,
Acinetobacter) were present. Among them, the Thauera
genus was the most common. In the work of Lemos et al.
(2008), the application of a cell sorting RT-PCR approach
allowed for identification of four genera of bacteria
(Amaricoccus, Azoarcus, Thauera and Paraccoccus) that
were abundant in MMC under aerobic dynamic feeding.
Villano et al. (2010) described the composition of the bac-
terial structure in biomass enriched from activated sludge,
where Betaproteobacteria were predominant. Recently
Jiang et al. (2011) discovered that in an enriched mixed
community the predominant bacterial species were
Plasticicumulans acidivorans and Thauera selenatis.
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Figure 1 - The banding profiles of ribosomal intergenic spacers from Experiments A, B, and C. The number above each lane shows the sampling day, 0 -
inoculum, M - molecular weight marker (100 bp Ladder Marker, Promega, Wisconsin, USA).

The substrate composition may have a direct influ-  ars, the sugars must first be transformed into volatile fatty
ence on the microbial community structure of the biomass,  acids (VFAs) by anaerobic fermentation. Because this step
which subsequently affects the PHA producing capacity.  needs additional energy, most studies are performed using
To produce PHAs from waste materials composed of sug-  organic acids. Acetate is a commonly used feedstock,
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Figure 2 - Neighbor-joining trees representing genetic similarity of the microbial community profiles characterized in Experiments A, B, C. The numbers
indicate the sampling day, 0 - inoculum. Bootstrap values are given at nodes.

Table 1 - The characteristics of fermented liquid used for PHAs production.

Characteristic Unit Experiment

A B C
Chemical Oxygen Demand, O, mg /L 2351 (£ 518) 4421 (£ 640) 5016 (+ 858)
Ammonia concentration, N-NHy mg /L 205 (+21) 169 (+27) 125 (£ 25)
Total Nitrogen concentration, Nt mg /L 253 (+19) 202 (+24) 161.7 (£31)

which is converted into a homopolymer in the form of
polyhydroxybutyrate. To incorporate different monomer
units, other organic acids such as propionate have been
tested (Lemos et al., 2006). A mixture of acetate and propi-
onate could allow the synthesis of a co-polymer of polyhy-
droxybutyrate (3HB) and polyhydroxyvalerate (3HV)
(Dionisi et al., 2001). According to the results presented
here, in a mixed microbial community fed with acetate, the
dominant bacteria belonged to the Thauera sp. These bacte-
ria were noticed in both fermentations where the amount of
acetic acid was higher (Experiments A and B). Paracoccus
denitrificans was detected instead of Thauera sp. in Experi-
ment C, where the level of acetic acid was much lower and
propionic acid was much higher. In this experiment, On the
basis of these findings, we can conclude that acetate could
be easily utilized by bacteria belonging to Thauera species,
whereas P. denitrificans is responsible for PHAs synthesis
in the presence of propionate. This conclusion is supported
by the observations of other authors. Similar results were
described in a report by Lemos et al. (2008), who showed
that in microbial communities fed with acetate, the predom-
inant bacteria belonged to the Thauera sp., independent of
the Solids Retention Time (SRT) and Organic Loading Rate
(OLR). When propionate was used as a carbon source, this
microorganism was present in a lesser amount. Thauera sp.
was also the dominant bacterium when MMC were fed with
lactate and acetate (Jiang et al., 2011).

The use of RISA made it possible to track the devel-
opment of bacterial populations from the very beginning.
This allowed us to determine the succession and stability of
bacterial communities throughout the process. The finger-
prints we obtained, when submitted to a detailed single-
band analysis, allowed us to determine when PHAs produc-
ers appeared in the biomass. In Experiment A, Thauera sp.
increased their cell numbers on the 10™ day of operation,
whereas in Experiment B, it was on the 33" day. In Experi-
ment C, P. denitrificans was detected on the 15" day. The
most interesting changes in the bacterial community were
observed in Experiment B, which was monitored for 139
days. After 100 days, the most intense bands, GP-10 and
GP2-11, were replaced by another taxon, also from the
Thauera genus (GP2-1), which then predominated. This
phenomena is difficult to explain, because none of the fer-
mentation conditions changed at that time. This could have
resulted from the fact that numerous different strains from
this genus were present in the activated sludge and the en-
riched MMC. There were at least five different taxons of
Thauera in Experiment A. The richness of the bacterial
community structure that was detected with RISA suggests
that it is more sensitive than DGGE and could be an excel-
lent tool for detailed monitoring of bacterial community
changes.

To sum up, a mixed microbial community fed on a
substrate of organic acids supplemented with acetate syn-
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Table 2 - Characteristics of the DNA sequences obtained from excised RISA bands.

Length of analyzed DNA sequence  Estimated length of RIS amplicon (bp)

Coverage/identity

Closest relative/Accession number

Band name/accession number

GP1-3 (JF729203)
GP1-5 (JF729204)
GP1-6 (JF729205)

399 bp of RIS 490
585

100/100
70/86

uncultured Nitrosomonas (GQ330299)

284 bp of RIS
150 bp of RIS + 129 bp of 23S rRNA

Thauera sp. MZ1T (CP001281)

150

100/82

Uncultured Gemmatimonadaceae bacterium

gene
179 bp of RIS + 129 bp of 23S rRNA

(HQ212581)
Uncultured Actinobacterium clone BAL3SP-450-1

180

100/87

GP1-7 (JF729206)

gene
416 of RIS

526 of RIS
115 bp of RIS + 131 bp of 23S rRNA

(HM124463)
Thauera sp. MZ1T (CP001281)

Thauera sp. MZ1T (CP001281)
Bacillus cereus strain HY-1 (EU915686)

594
690
200

47/86
100/91

GP1-12 (JE729207)
GP2-1 (JF729208)
GP2-3 (JF729209)

99/100

gene
526 of RIS
535 of RIS
359 of RIS
614 of RIS

670
526
504
715

100/91

Thauera sp. MZ1T (CP001281)
Thauera sp. MZ1T (CP001281)
Prochlorothrix scandica NIVA-8/90 (HQ316170)

GP2-10 (JF729210)
GP2-11 (JF729211)
GP2-12 (JF729212)
GP3-1 (JF729213)

100/87

94/85
97/97

Paracoccus denitrificans PD1222 (CP000490)

401

thesized a homopolymer of hydroxybutyrate; a community
fed on organic acids with propionate synthesized a copoly-
mer of 3HB and 3HV. Ribosomal Intergenic Spacer Analy-
sis allowed us to describe the bacterial succession process.
Detailed analysis of the dominant DNA bands showed the
predominant bacterial taxons responsible for PHAs synthe-
sis and accumulation: Thauera sp. in the reactor supple-
mented with acetate, and Paracoccus denitrificans in the
reactor with propionate. As the 3HB-co-3HV is more flexi-
ble, the promotion of P. denitrificans growth should be fur-
ther investigated.
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