Letter to the Editor with regard to the paper

CHANGES IN MORPHOLOGY AND PHOSPHATE-UPTAKE PATTERNS OF

ACINETOBACTER CALCOACETICUS STRAINS
by EN Lawson and NE Tonhazy published in Water $4 6(3) 105—112, July 1980.

To those seeking to optimize plant control by attempting to.

elucidate the synergetic functioning of intracellular and ex-
tracellular phosphate removal mechanisms in activated sludge
processes, the authors’ meticulous work is of such importance
and topical interest that it merits publication of certain addi-
tional data which may have been excluded from their published
paper for the sake of brevity.

In particular, there is much interest and very little
published quantitative data relating to the capacity of bacteria
to contain phosphate intracellularly as an ordinary ‘metabolic’
requirement and as ‘excess’ stored in poly-phosphate form. For
example, observed upper limits to the PO, contents of the total
dry mass of living bacteria before and after ‘luxury uptake’,
which are of interest to observers in this field, are not specifically
stated in the paper.

Figures 3 and 4 seem to indicate that the maximum PO,
‘luxury uptake’ recorded was 109% of the dry mass of living bac-
teria; but the percentage of PO, in the dry mass of living
bacteria before the ‘luxury uptake' occurred is not evident from
Table 3.

It would be useful if the authors could confirm that PO,
accounted for no more than 10% of the dry mass of living bac-
teria prior to ‘luxury uptake’, or state such other maximum per-
centage as they may have measured prior to ‘luxury uptake’.

Publication of such additional data from the authors ex-
periments or from literature available to them, might help to
confirm or correct the impression that the maximum PO, con-
tent of living bacteria in activated sludge is unlikely to exceed
about 20% their dry mass (which includes a maximum ‘normal
metabolic’ PO, content of about 10% and a maximum ‘luxury
uptake’ volutin content of about 10% of the total dry mass of
living bacteria of which about 85% is volatile), thereby impos-
ing a limitation on the phosphate removal capability of in-
tracellular mechanisms in activated sludge treating municipal
wastewaters without addition of chemicals. Such a limitation is
not evident at Pinetown's Umbhlatuzana activated sludge plant
where wastewater total PO, concentrations in a 780 mg COD/¢
wastewater are reduced from 36 mg PO,/{ to near zero, by the
apparent predominance of natural extracellular mechanisms of
precipitation and polymer-binding of insoluble colloidal phos-
phate compounds in activated sludge.

On the basis of observation of the performance of the
aforementioned plant, it has been postulated that release of PO,
from intracellular poly-phosphate storage under anaerobic con-
ditions, as mentioned by the authors, may play a significant role
in temporarily enhancing extracellular PO, concentrations and
consequently phosphate precipitation during a conditioning
period which may be a necessary precedent to predominance of
the natural extracellular mechanisms to which the best
phosphate-removal performance of activated sludge may be at-
tributable. In this context, if the authors measured the rates of
release of phosphate under anaerobic conditions following the
‘uptake’ tests recorded by Figures 3 and 4, their observations
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and publication o’ the amounts and rates of PO, release per unit
dry mass of organisms would be a useful addition to the record
of their work.

With regar1 to extracellular precipitation, it would also
be of interest to workers in this field if the authors could express
their views on the possibility that a significant proportion of the
PO, removal, attiibuted by them to luxury uptake and intra-
cellular storage of poly-phosphate, might have been accounted
for by phosphat('s‘ extracellularly bound. For example, by
precipitation and aatural extracellular polymer-binding of sub-
colloidal size (5 to 100 nm) insoluble phosphate compounds in-
corporating soms: of the cationic constituents of their
‘phosphate-uptake medium’.

These comnients and requests for more data are made in
the belief that froin the combined findings of intracellular.lux-
ury uptake reseirch and extracellular precipitation and
polymer-colloid-bi ading research, the understanding will come
of phosphate remcval mechanisms. This is essential for the op-
timization of full :.cale operation of activated sludge processes
and more general circumveintion of suggested limitations, such
as 1 mg phosphor s removal capability per 100 mg COD ap-
plication which my be effectively restrictive only in activated
sludge processes sc controlled that extra-cellular precipitation
and binding mechz nisms can play no more than an insignificant
role by comparisoa with ‘luxury uptake’. This belief springs
from observations at Pinetown’s Umhlatuzana plant, which in-
dicate that the restiictions of the aforementioned kind may app-
ly only when insuficient concentrations of relatively insoluble
sub-colloidal phosphate compounds have been accumulated
extracellularly in the activated sludge by natural polymer-
binding.

Recent resul s indicate that favourable operating condi-
tions (such as those at Pinetown's Umhlatuzana plant where in-
tracellular uptake : nd anaerobic release may predominate dur-
ing a relatively brivf conditioning period, prior to steady state
predominance of e tracellular phosphate removal mechanisms)
may be more generally attainable in activated sludge plant of
appropriate configiration and capable of producing effluent
filtrate phosphate concentrations an order of magnitude lower
than those observed at the pilot plant, referred to by the authors
as the source of their bacteria, namely 3 to 7 mg P/{ ortho-
phosphates as recorded in the tables of H.A. Nicholls’ paper
(“Kinetics of pho:phorus transformations in aerobic and
anaerobic environments” presented in Copenhagen 19—21 June
1978 at Post Confer:nce Seminar PS1 following the 9th JAWPR
Conference in Stock holm).

MR Roberts

Stewart Sviridov and Oliver
Consulting Enginee:rs

PO Box 846
Pietermaritzburg

3200
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EN Lawson replies as follows:

From your letter it appears that you consider that extra-cellular
precipitation and binding of phosphate is as important, or even
more important than intracellular uptake and that this may be
enhanced by phosphate release by bacteria. This may very well
be true in activated sludge. We have no evidence so far that ex-
tracellular binding plays an important role in phosphate remo-
val in our system.

However, we do consider that because our system is much
simpler and more controllable than activated sludge, it is pos-
sible to get answers to questions which are unanswerable with
activated sludge. This is due to the inability to regulate in ac-
tivated sludge other factors interplaying with those under in-
vestigation. If we can determine the behaviour of the bacteria
towards various environmental factors and why they have this
behaviour, then hopefully this can be extrapolated to activated
sludge. But it is necessary to see the limitations of our system
and we see them only too clearly.

You wished to have further quantitative data on the ex-
periment described in our paper. In addition, amounts and
rates of phosphate release under anaerobic conditions was re-
quested. This can be provided by the results of a very similar ex-
periment where phosphate release under anaerobiosis was also
assessed. Materials and methods were as described and apart
from minor differences the results were also very close to those.
presented in our paper.

Acinetobacter calcoaceticus strains cultured under condi-
tions of decreased oxygen supply (air bubbled into the medium)
increased in mass after 21,5 h (converted to dry weight) as
follows:

Culture type 1

Strain SW1b
SWha
SW8a

16 mg/100 mf
10 mg/100 mf
11 mg/100 mf

SW9b 9 mg/100 m¢
and in

Strain SW1lb 27,5
SWba 36 |mg phosphate were taken up per 100 mg

SW8a 5 dry weight
SWob 42

Thus, apart from SW8a, the bacteria removed phosphate
in excess of the 20% referred to in your letter but the cells are of
course abnormally large under these conditions of growth and
have an increased fluid content. This was clear from a dry
weight comparison with bacteria showing similar turbidities
when suspended in liquid, but cultured in the presence of more
oxygen.

In the case of growth under conditions of increased oxy-
gen supply (the surface of the growth medium was continuously
disturbed by rotation at 100 r/min) the dry weight of the cell
mass obtained was as follows:

Culture type 11

Strain SW1b 84 mg/100 m{
SW5a 76 mg/100 m{
SW8a 77 mg/100 mf
SW9b 88 mg/100 mf

These are the average values of 5 sets of 200 m/{ of culture

and in

Strain SW1b 6
SW5a 6,6 | mg phosphate were taken up per 100

SW8a 6,5 mg dry weight
SW9b 5,7

Now, it might not follow that the bacteria contained ex-
actly the same amount of phosphate when placed into the non-
growth medium (to assess luxury phosphate uptake) because we
had found originally that sometimes “shock” release of
phosphate was exhibited when bacteria were placed into
another medium. Fortunately centrifugation (used for
harvesting the cells) had little effect and we believe that under
conditions of this experiment little or no phosphate was released
by the cells. The reasons for this should become clear to you
later when I refer again to shock release. Gur experiments on
shock release gave results which provided some insight on the
upper limit of phosphate content of the bacteria and excretion
of phosphate under anaerobic conditions.

Luxury phosphate uptake of the four strains after 6 h
aeration under non-growth conditions was found to be:

Culture type I

Strain SW2b 100 mg dry weight removed 26 mg phosphate
SWbha 100 mg dry weight removed 10 mg phosphate
SW8a 100 mg dry weight removed 11,5 mg phosphate
SW9b 100 mg dry weight removed 13,5 mg phosphate

Culture type II

Strain SW1b 100 mg dry weight removed 11 mg phosphate
SWb5a 100 mg dry weight removed 5 mg phosphate
SW8a 100 mg dry weight removed 4 mg phosphate
SW9b 100 mg dry weight removed 13 mg phosphate

Here clearly, as stated in our paper, the strains with
greater nutritional versatility (SW1b and SW9b) showed an in-
creased capacity for phosphate removal. It can also be seen that
under conditions of oxygen deprivation during growth more
phosphate is removed.

After aeration the bacteria were placed under anaerobic
conditions, achieved by using BOD-type bottles, completely fill-
ed with the cell suspensions.

We had found from previous investigations that most
phosphorus was released shortly after anaerobiosis was imposed
and reached a maximum after 3,5 h. In this experiment 4 h of
anaerobiosis resulted in phosphate release (again calculated to
100 mg dry weight of cells) as follows:

Culture type 1

Strain SW2b, released 4 mg phosphate
SWb5a released 3,5 mg phosphate
SW8a released 6,5 mg phosphate
SW9b released 4,5 mg phosphate

Culture type IT

Strain SW1b released 4,5 mg phosphate
SWba released 5 mg phosphate
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SW8a
SW9b  released 5 mg phosphate
It would thus appear that all strains, with the possible ex-

released 4 mg phosphate

ception of strain SW8a, released similar amounts of phosphate
under the anaerobic conditions used and that the method of
culture employed to obtain the cells did not affect that. In-
terestingly also, a comparison of phosphate uptake and release
in strains SW5a and SW8a tended to indicate that only phos-
phate accumulated under non-growth conditions was released.

Referring again to the shock excretion of phosphate men-
tioned earlier, we found that if the cells were grown in a
medium which contained phosphate far in excess of that provid-
ed in the experiment just described then “shock release” occur-
red. The only exception was strain SW9b which ncver exhibited
shock release. High amounts of phosphate were taken up but
the bacteria became voided of phosphate when they met condi-
tions of less phosphate in the environment. Cells exhibiting
“shock release” also excreted greater amounts of phosphate
under anaerobic conditions.

The following results illustrate this. Strain SW1b was us-
ed. Two types of media were employed for growth. One had a
phosphate content of 60 mg/¢ while the other had additional
phosphate in the form of 6 g NaH,PO, per litre. Unfortu-
nately no analysis of phosphate uptake during growth was
made, but results from other experiments indicate that
phosphate uptake was only slightly higher than the amount
released (if shock release occurred). After growth the cells were
harvested and placed in a non-growth medium which had a
phosphate content of 68 mg/f.

Within 15 min after start of the experiment, to determine
luxury uptake, cells grown with high phosphate had released
17,5 mg phosphate per 100 mg dry weight. After 1 h the
bacteria had removed the same amount of phosphate as was
originally released. Only an additional amount of phosphate
uptake of 3 mg was found after the usual 6 h. In the case of the
bacteria grown under conditions of low phosphate, luxury-
uptake started immediately and 25 mg per 100 mg dry weight
was removed in 5 h. More-or-less all the phosphate in the me-

dium had disappeitred in 6 h.

When put u1der anaerobiosis the bacteria which had ex-
hibited shock excre tion again released 17 mg phosphate per 100
mg dry weight. They (i.e. samples from the same batch) were
also put under an: erobiosis with the addition of metabolic in-
hibitors (sodium isdoacetate, sodium malonate and sodium
fluoride) and in all cases release dropped to approximately 4 mg
per 100 mg dry weight. In contrast the culture obtained from
growth with low phosphate only released 2 mg phosphate in the
absence of inhibitors. Thus growth in the presence of excess
phosphate resulted in a high phosphate excretion and most, if
not all, was under metabolic control of the cells.

In conclusior. it appears that the bacteria do have an up-
per limit of phosphitte uptake which is less than 20% of their dry
weight but this var es from strain to strain and can be affected
by environmental conditions during growth,’ like concentration
of oxygen (where it can be more than doubled under the right
conditions, but to the detriment of growth and, probably,
future viability) and the amount of phosphate present. Increas-
ed phosphate
mechanisms of precipitation which cannot be assessed from our

renoval might also involve extracellular

experimental data.
High amounts of phosphate release under anaerobic con-

-ditions reflect an excessive uptake of phosphate during growth,

when oxygen is not .imiting. If less phosphate is taken up during
growth than the b.acteria are capable of doing, then a high
“luxury-uptake” is induced but no phosphate is released on
anaerobiosis. The value of anaerobic release of phosphate may
therefore reside in it rectification of a phosphate imbalance in
the cell created during growth. If this is true, then if that im-
balance is not present anaerobiosis has little value.

Ellen N Lawson
Sub-Department of Microbiology
University of the Witwatersrand
Jan Smuts Ave

Johannesburg
2000
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1.

GUIDE TO AUTHORS

AIMS AND SCOPE

This journal aims at publishing original work in all

branches. of water science, technology and engineering, wz.

water resources development; industrial and municipal water

and effluent management; environmental pollution control;

hydrology and geohydrology; agricultural water science; lim-
nology; the hydrological cycle; etc.

2.
2.1

2.2

2.3

2.4

2.5

2.6

2.7

GENERAL

Papers will be accepted in English or Afrikaans.

Papers should be accompanied by an abstract. In pre-
paring abstracts, authors should be brief but not at the
expense of intelligibility. Papers written in Afrikaans
should carry an extended English summary to facilitate
information retrieval by international abstracting agen-
cies.

Specialist terms which may be unfamiliar to the wider
readership should be explained freely in the body of the
text and, if essential, in the abstract.

Review articles will normally be prepared by invitation,
but authors may submit such papers or suggestions for
consideration to the Editor. A review is an authoritative
and critical account of recent and current research or
technology in a specialized field.

The submission of a paper will be taken to indicate that
it has not, and will not, without the consent of the
Editor, be submitted for publication elsewhere.

Fifty free reprints of each paper will be provided. Any
additional copies of reprints must be ordered vith return
of proofs and will be charged for. A reprint order form
will accompany proofs.

Manuscripts should be submitted to: The Editor,
WATER SA, PO Box 824, PRETORIA 0001.

3.

3.1

3.2

3.3

3.4

SCRIPT REQUIREMENTS

An original typed script in double spacing and two
copies should be submitted. The title should be concise
and followed by the authors’ names and complete ad-
dresses. One set of original line drawings on good quality
drawing paper or glossy photoprints should be submitted.
Photographs should be on glossy and not matt paper,
enlarged sufficiently to permit clear reproduction in half-
tone. Three sets of copies should accompany each sub-
mission. All illustrations (line-drawings and photographs)
must be fully identified on the back and should be
provided with descriptive legends typed on a separate
sheet. Illustrations should be packed carefully, with
cardboard backing, to avoid damage in the post. The
appropriate positions of llustrations should be indicated
in the text.

Tables are numbered in arabic numbers (Table 1) and
should bear a short yet adequate descriptive caption,
Their appropriate positions in the text should be indicated.

The SI system (International System of units) should be
used.

References to published literature should be. quoted in
the text as follows: Smith (1978) the date of publica-
don, in parentheses, following the author’s name. All
references should also be listed together at the end of each
paper and not given as footnotes. They should be ar-
ranged in alphabetical order (first author’s surname)
with the name of the periodical abbreviated in the style
of the World List of Scientific Pertodicals (4th edn,
Butterworths, London, 1963 —1965, with supplements)
and appear as follows:

MATSON ].V. and CHARACKLIS W.G. (1976) Diffusion
into microbial aggregates. Water Research 10(10) 877
—885.

THRING M. W. (1975) Air Pollution p 132 Butterwortas,
London.




