Polyphosphate accumulation by bacteria isolated from
activated sludge

M Sidat, F Bux* and HC Kasan
Centre for Water and Wastewater Research, Technikon Natal, PO Box 953, Durban 4000, South Africa

Abstract

Biological phosphorus removal is an acknowledged phenomenon applied to reduce phosphorus concentrations in wastewaters.
Under aerobic conditions some heterotrophic organisms store polyphosphate intracellularly which serves as a phosphorus and
energy source during periods of phosphorus starvation. The objective of this study was to investigate polyphosphateaccumulati

by all bacteria isolated from the aerobic zone of a nutrient removal plant. Polyphosphate organisms were isolated on casitone
glycerol yeast agar. Procedures for phosphate uptake studies included exposure of each monoculture to anaerobic environments
for 2 h followed by aeration for 5 h. Extracellular orthophosphate concentrations were determined after aeration using a Merck
SQ118 spectrophotometer. Identification was conducted using various biochemical tests, APl 20E andc@&t&bacter
calcoaceticuvar. lwoffi, Aeromonasydrophila,gram-positives anBseudomonaspp. were among the predominant phosphate
removers. Neisser staining confirmed that the organisms had stored polyphosphate intracellularly. Findings confirm that
Acinetobactercalcoaceticussar. Iwoffi is the predominant micro-organisms involved in enhanced phosphorus uptake.

Introduction Acinetobacteispp. are normally present in activated sludge,
but in the minority due to the low growth ratécinetobacter
Biological phosphorus removal from wastewater is based on tbheganisms prefer VFAs, especially acetate, as a growth substrate
enrichment of activated sludge with phosphate-accumulatinghich are present or can be produced from wastewaters in an
organisms (PAOs). To achieve a phosphorus-removing bacteraitivated sludge system. This is achieved by incorporating an
population in an activated sludge system, exposure of sludgeaonaerobic zone, mostly at the beginning of the aeration tank,
alternating anaerobic and aerobic (or anoxic) conditions is neshere the return sludge meets the incoming wastewater
essary (Bdrjanovic et all997). Under anaerobic conditions, P-(Starkenburg et gl 1993).
removing bacteria convert volatile fatty acids (VFAs) synthe- Controversy surrounds the notion tiatinetobacterspp. is
sised in the zone by fermenters to polyhydroxybutyrate (PHBhe predominant micro-organism involved in enhanced phospho-
which is stored intracellularly. Under aerobic conditions, storedis uptake. Using respiratory quinone profiles some researchers
PHB is used to generate cell growth, poly-P synthesis aridund no correlation between the numberAofnetobacterspp.
glycogen formation and maintenance, resulting in the uptake afid the extent of phosphorus removal (Cloete and Steyn 1988).
phosphate (Bdrjanovic et al., 1997). Other researchers reported thatinetobacterspp. were pre-
The dominant bacteria in the activated sludge system aleminant when enumerated using the analytical profile index
aerobic heterotrophs that degrade and eventually mineraliseethod. For example, Hart and Melmed (1982) estimated
organic compounds present in wastewater to carbon dioxide aAdinetobactespp. at 56% to 66% of the total population, Buchan
water. It is the small size of bacteria and their resultant larg@983) reported 48% to 66%, Lotter (1985) 56% to 66%, Lotter
surface area to volume ratio which makes them efficient in ternasxd Murphy (1985) ca. 60% to 70% and Kerdachi and Healey
of nutrient and catabolic exchange (Gray, 1989). Heterotroph{t987) 73%. However, it was shown tiatinetobactespp, as
bacterial populations remain relatively stable throughout thdetected by the biomarker diaminopropane, was the dominant
plant with various environments in the three zones allowingrganism only in wastewater plants with low organic loading
different bacteria to dominate in terms of metabolic activitfAuling et al., 1991). Using oligonucleotide probes specific for
(Loétter and Murphy, 1985). Acinetobacterspp, it was found that the genus formed less than
Several early studies have shown that the removal and reled€86 of the total bacterial population (Wagredr al, 1994).
of phosphorus within a sludge are the results of the dominanceRrobing techniques, compared to plating techniques, do not
a single genus of bacteria known/asnetobactesspp. and more overestimateAcinetobacterspp. populations (Wagner et al.,
specifically a single specie#cinetobacter calcoaceticusvas 1994). Nutrient-rich medium favours growth of gamma-subclass
implicated (Buchan 1980, 1983; Horan, 1991; Starkenburg, et ghroteobacteria (e.g. enterobacteria) and selects against beta-
1993). Acinetobactespp. are able to accumulate more phosphataubclass proteobacteria (Wagner et93). This is mainly due
than is required for cell synthesis; the so-caliexury phos- to the selectivity of media and culture conditions (Wagner.et al
phate uptake 1994). In addition té\cinetobactespp., the Gram-positives are
also able to accumulate polyphosphate (Loétter and Murphy,
1985). Bacteria likePseudomonaspp, Aerobacterspp,
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TABLE 1
PHOSPHATE ACCUMULATING CAPACITY SHOWNBY BACTERIAL
MONOCULTURES ISOLATED FROM THE AEROBIC ZONE
Organism Phosphorus Viable Phosphorus
uptake 2 count uptake
(mg-£%) CFU-m¢t per cell

(mg-cell %)
Pseudomonas fluorescens 20.6 6.0x16 3.43x10"
Staphylococcus aureus 5.6 4.8x16 1.16x10
Enterobacter agglomerans 6.0 1.12x10 5.35x10"
Micrococcusspp. 104 3.7x16 2.81x10%
Staphylococcuspp. 4.4 7.9x10 5.56x10
Pseudomonas testesteroni 13.3 8.4x16 1.58x10
Staphylococcus epidermidis 104 6.0x16 1.73x10
Bacillus cereus 13.7 4.3x10 3.18x10"
Pseudomonas acidovorans 8.9 8.9x106 1.00x10"
Aeromonas hydrophila 8.6 5.2x10 1.65x10'°
Pseudomonas mendocina 19.6 4.6x10 4.26x10"
Pseudomonas putrefaciens 3.3 5.5x10 6.00x10%
Alcaligenes denitrificans 13.8 3.2x160 4.31x10%
Moraxella spp. 7.1 6.0x10 1.18x10
Moraxella phenylpyruvica 15.8 7.4x160 2.13x10"
Streptococcuspp. 5.2 3.2x10 1.62x10
Acinetobacter calcoaceticugar. lwoffi 18.4 1.0x16 1.84x10'°
ATCC 17.6 7.04x10 2.50x10%
CONTROL - - -
Key:
ATCC Acinetobacter calcoaceticusr. lwoffi obtained from ATCC No0.23055
a [P uptake (mg¥]=[P uninoculated control (mgy]-[P sample (md%)]
b [P uptake (m@¥)]=[P uptake (md#)] / [CFU/m¢ after incubation x 1000]
CONTROL - Uninoculated sterilised ML media

1994). Phosphate uptake has also been reported for oth@ccur in greater numbers and are more metabolically active than
organisms such aszotobacter vinelandifTsai et al 1979) and in the anaerobic zone (Létter and Murphy, 1985). Sludge was
the fungusNeurospora crasséCramer et aJ 1980). stored at 4°C during transit and processed immediately.
Bosch (1992) reported that under conditions of increased
nutrient availability, phosphate removal increased, possibly d@ulture media used for phosphate (PO  *) uptake
to the resultant increase in biomass and not due to an enhansedlies
phosphate-accumulating ability of individual cells. Experimen-
tal evidence has favoured the relationship of biological phosphéaiixed liquor samples from the anaerobic zone were allowed to
uptake to initial biomass concentration, growth stage and bactettle for 2 h and centrifuged at 3 480 g for 20 min. Supernatant
rial species (Momba and Cloete, 1996). It has been reported thats filtered using Whatman No. 1 filter paper to remove biomass
Acinetobacterspp. are responsible for the removal of only 34%s well as other suspended solids, and'5gpdium acetate, 0.5
phosphorus from activated sludge systems (Cloete and Stegd;' MgSO,.7H,0 and 0.18 g¢* KNO, were added to the filtrate.
1988). Filtrate was diluted with distilled water to render a final phos-
The objective of this research was to investigate polyphosphathate concentration of 38 ni§- pH was adjusted to 7 with 2 N
accumulation by all bacteria isolated from the aerobic zone ofHCI before autoclaving at 121°C for 15 min (Bosch and Cloete,

biological nutrient removal (BNR) plant. 1993).
Materials and methods Isolation of mixed liquor (ML) bacteria
Sampling Serial dilutions (18to 10°) of the ML sample were prepared.

Dilutions (0.1 nd) were aseptically plated on casitone glycerol
Sludge was obtained from a full-scale Johannesburg type BNRast-extract agar (CGYA). Plates were incubated at 22°C for
system. Sludge was collected from the aerobic zone of the systérd. Bacterial colonies were differentiated on the basis of colony
in a sterile ¥ Schott bottle containing glass beads which werenorphology and pigmentation. Colonies were subcultured on
used to enhance break-up of flocs. The rationale for sampli@GYA plates and re-incubated at 22°C for 5 d until monocultures
from the aerobic zone was due to the fact that poly-P organismere obtained.
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Figure 1

Predominance of
gram-negative
poly-P genera
isolated from the
aerobic zone
Pseudomonas spp. (58.00%

Figure 2
Predominance
of gram- Staphylococcus spp. (40.00%)
positive poly-
P genera
isolated from
the aerobic

zone
Micrococcus
subjected to phosphate uptake studies of which only 24 showed
Phosphate uptake studies using mixed liquor ability to accumulate PP Fourteen isolates were gram-negative
bacteria while the other 10 were gram-positive and therefore formed 58%

and 42% respectively of total poly-P population isolated from the
Inoculum was prepared by inoculating 1@ af nutrient broth sludge sample. Lotter (1985) reported that afteinetobacter
with a colony from each monoculture and incubated at 22°C fepp. it was the gram-positives followedPgeudomonaspp. that
24 h. One minoculum was serially diluted and plated ontodominated the aerobic zone of a BNR plant. During this study
nutrient agar to obtain a viable cell count. Plates were incubatgthm-positives anéPseudomonaspp. formed 50% of the total
at 22°C for 24 h. Four frinoculum was aseptically transferred number of monocultures obtained and therefore proved to be the
to 96 m of ML media-containing flasks (initial orthophosphatedominant organisms in the sludge sample obtained from the
conc. was known). Flasks were sealed and incubated anaeratgrobic zone. During the present study, subsequent examination
cally at 22°C for 2 h (on a shaker at 80 r-#inFlasks were then of cultures isolated such as the gram-positiRseudomonas
aerated for 5 h by placing on a shaker at 120 r* {flin 22°C), pH spp., Acinetobacter calcoaceticugar Iwoffi, Klebsiella spp,
noted (7.5) and 10 dmedium was extracted and filtered throughAeromonasspp, Moraxella spp, Alcaligenesspp. and
0.22 um filters to determine orthophosphate concentration usiigterobacterspp. showed that these bacteria were capable of
Merck SQ118 method number P (VM) 14842 (Bosch and Cloetphosphorus accumulation as polyphosphate. These results con-
1993). A pH of 7.8 of the supernatant after aerobiosis would hafiemed those of previous workers ( Lotter and Murphy, 1985;
determined that phosphorus had precipitated as either calciumka@&vanaugh and Randall, 1994).
magnesium salts, which could erroneously account for the Results of PQuptake studies conducted on the monocultures
decrease in phosphorus concentration in the isolate. Neiss&wd ATCC culture oAcin2etobactecalcoaceticuvar.lwoffi are
stains were performed to confirm phosphate accumulation. Adhown in Table 1. The table lists 17 of the 24 isolates that
poly-P organisms were identified using biochemical tests, ARiccumulated phosphate. This was due to the fact that only the
20E and 20NE. Phosphate uptake studies were also conductedhigimest phosphate accumulators were of interest and taken into
an American Type Culture Collection (ATCC) culture ofaccount. The remaining 7 isolates were regarded as low phos-
Acinetobacter calcoaceticugar. lwoffi. The ATCC culture phate accumulators since they accumulated less th&nni®

served as a standard for phosphate uptake studies. PO?-cell*. Total PG uptake per cell (mg POcell?) indicated
the highest and the lowest PGaccumulators from the group
Results and discussion (Table 1).Acinetobacter calcoaceticasdAeromonagydrophila

were found to be the highest P@ccumulators. Although the two
Isolation and identification of poly-P organisms assisted inrganisms were present in the minority i.e. both isolated only
understanding the contribution of each isolate t¢g-P@noval once, they accumulated 1.84 x'1@nd 1.65 x 1@ mg PG -celt*
from waste waters. Using conventional plating techniques, 3@spectively. Pseudomonasnendocina, Pseudomonas fluore-
monocultures were initially isolated from the mixed liquor,scensand Pseudomonas putrefacieascumulated 4.26 x 1§
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3.43 x 10" and 6.00 x 10 mg PG -celf* respectively, and were these findings these researchers also concluded that EBPR did not
also classified as high phosphate accumulators. always depend on the presencedofnetobacterspp.

Results illustrated in Fig. 1 indicate the highesfRGcumu- The low Acinetobacterspp. count during this study implied
lators (gram-negatives) together with their predominance (in %hat organisms other thakcinetobactercoexisted in order for
The results reveal that amongst the gram-negafsesidomonas phosphate removal to occur. Phosphate-accumulating ability of
spp were the predominant organisms and formed 58% of tHeseudomonaspp., Aeromonasspp., Moraxella spp., gram-
gram-negative organisms isolatellloraxellaspp formed 14%, positives ,Enterobacterspp. and other isolates showed that
Acinetobactersp 7%, Aeromonasspp., Alcaligenesspp. and organisms besideAcinetobacterspp. are capable of absorbing
Enterobacterspp. each constituted 7% of the total gram-negativerthophosphate and accumulating it as polyphosphate.
population. All these organisms showed the propensity to
accumulate P® but the highest was shown Hcinetobacter Conclusions
calcoaceticuandAeromonas hydrophilaThese results did not
only substantiate findings by Cloete (1997) who repofteide-  Although Acinetobacterspp. were present in extremely low
tobacter spp. as having a higher potential to accumulate polyxumbers, their capacity to accumulate polyphosphate intra-
phosphate when compared to the other poly-P organisms, leeflularly was the highest amongst all the isolates. Their esti-
also support work by Suresh et @985) who reported the genus mated low predominance in the sample could be due to the fact
Pseudomonodacede be highly active in phosphate uptake andhat the studies were conducted on a laboratory scale. It can also
release. These results correlate with the findings of Brodisch abd concluded that besidésinetobacterspp., other organisms
Joyner (1983) who not only reported the predominandgsefi- such as gram-positive®seudomonaspp., Aeromonasspp.,
domonasspp. (16.5%) but also the presencéAefomonasspp. Moraxella spp.,Enterobacterspp were capable of luxury phos-
(19.5%) andAcinetobacter/Moraxellapp. (5.5%) in the aerobic phate uptake.Acinetobacter calcoaceticugar. Iwoffi together
zone of the laboratory-scale activated sludge system. During twith Aeromonashydrophila, gram-positives (namelyBacillus
present study the population BSeudomonaspp. was reported cereus)and Pseudomonaspp. were regarded as the highest
to be 58% and\cinetobacter/Moraxell#o be 7 and 14%. These phosphate accumulators during the present study. Future re-
high percentages could be due to subjecting the sludge to a sherch will focus on the application of rRNA gene probe technol-
period of anaerobiosis (i.e. 2 h) which disallowed the completegy for the characterisation of bacteria responsible for
depletion of nutrients in the cell and thus caused the cells to dgnlyphosphate uptake in activated sludge.

Lotter (1985) reported gram-negative organisms to be the
dominant organisms in the activated sludge system. Resuhsknowledgments
illustrated in Fig. 2 indicate the predominance of gram-positives
in the sludge, found to be 42% of the total poly-P populatiomhe authors wish to thank the Water Research Commission of
These results support work by Brodisch and Joyner (1983) wiSwuth Africa for financial support. Special acknowledgement is
reported the predominance of gram-positive organisms througfiven to the Centre for Water and Wastewater Research for
out their laboratory-scale activated sludge system. They reporteviding facilities for the laboratory work.
the gram-positive population to be 34.5% in the aerobic zone.
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