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UPTAKE OF METAL IONS BY PHOTOTROPHIC BACTERIUM
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ABSTRACT

The phototrophic bactenum (PTB) Rhodospirillum sp. was found to extract a variety of
metal 1ons. Nearly 80% of cadmium, 60% of nickel and 100% of lead were absorbed. Older

cells were able to remove these metals faster.

INTRODUCTION

N addition to their usefulness in metal extraction

from ores'™, microbes have proved to be ex-
cellent tools for recovering accumulated metals from
solutions®>®. These procedures may have overlapp-
ing functions. The use of microbial cells as biosorb-
ents for heavy metals offers a potential alternative to
the existing methods for decontamination or recovery
or both of heavy metals from a variety of industrial
process streams”!%, Microbes are useful in extract-
ing metals from seawater also'’. In the present work,
we describe the removal of lead (Pb), nickel (IN1)
and cadmium (Cd) ions from solutions by a photo-
trophic bacterium (PTB) Rhodospinllum sp. iso-
lated from the shoot apex of water hyacinth'?. Pre-
liminary results were reported earlier'>*4,

MATERIALS AND METHODS

Cultures of Rhodospirillum sp. were maintained
on a medium described by Kobayashi et al.

For the metal uptake studies, experiments were
carried out in 30 ml screw-cap bottles completely filled
to maintain anaerobicity. Metal ions (Ph:25-75 ppm;
Cd:15-30 ppm; Ni:15-30 ppm and Hg 1-5 ppm)
were added to the medium individually and sterilized.
Ten-day-old cultures were inoculated at 1% level
(O.D. 0.30), controls were maintained without addi-
tion of any metal ions. All the tubes were incubated
at 25°C and iilumination was provided from
3 X 100 W 1ncandescent lamps (3000 lux at the
vessel surface} for 8 hr a day with occasional shaking.
After 10 days of incubation, the growth was measured
at 665 nm In a Systronic 106 spectrophotometer.
The cells were centnifuged, washed, dnied, weighed
and digested. The digested cells, culture filtrate and
washing were analysed for metals by using an atomic
absorption spectrophotometer!®,

To test the ability of older cells in the uptake of
metals, cells grown in control medium for 10 days
were centrifuged, washed and reintroduced into

tubes containing the metals and further incubated
for 3 days under conditions as mentioned above.
After incubation, the cells were centrifuged, washed,
dried, weighed, digested and tested for the metals.
In each study, 10 tubes were kept for each metal at
various levels as mentioned and the experiments were
repeated 6 times.

RESULTS

The uptake of various metals is given in table 1.
Hg even at 1 ppm level was toxic to the bacteria. Pb
promoted the growth of bacteria as shown by
increased biomass at 25, 50 and 75 ppm. Nearly
100% of the Pb added was taken up when added at
25 and 50 ppm levels initially. Only 42% of the
added Pb was taken up by the cells at 75 ppm level.

Ni promoted the growth to an insignificant level
and nearly 60% was taken by the cells. Cd did not
enhance the growth of the bacteria but nearly 80%
uptake of the added Cd was observed. Above
30 ppm levels Cd and Ni were lethal to the bacteria.

Table } Absorption of various metals by Rhodospirillum
sp.

Levels of
metal (ppm)
Mectals Dry biomass absorbed in %%
added (mg’l of  filtratc washing abyorption
(ppm) culture cells by cells
Control 133.0 - - -
Lcad 235 625.0 N.D ND 248 100.0)
S0 768.0 N.D N.D 4938 104).6
73 750.0 16.0 N.D 28.0 42.0
Nickel 135 340.0 1.5 N.D 105 70.0
23 495.0) 3.3 3.0 187 74 Q
30 253.8 3.3 4 256 85.3
Cadmium 15 A70.0 0.7 1.4 130 Bo.6
25 330.0 N.D 37 21.3 5y 2
) 348.0 0Y 1.4 263 87 &

N.D: Not detectable.
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Table 2 Ahaorprion of pictaly by 10-day-old Eells @ the end
of 72 hr afier tramsfer from control culture
Dry biomass  Levels of

Mcetals (mg 1 of culturc) metals Yo

added in cells  absorption

{ppm} Initial  Final  (ppm) by cells

[.cad S0 3364 350.4 43.(} 90).0)
7y 3004 3138 64.0 85.3
K 3606 381.2 72.0 72.0

Nickel 15 199.6 2062 [4.5 96.6
0 2873 296.4 25.1 83.6

Another significant observation (table 2) was that
when a large biomass of older cells was introduced
into the media containing these metal ions, the cell
took up Pb and Ni at higher levels than when grown
entirely on the mediem containing respective ions,
80% of Nt and 90% Pb were taken up in 72 hr at
50 ppm level but the uptake declined at higher
levels. The older cells were not able to take up Cd.

DISCUSSION

Though the utilization of PTB for H, production'’
and in waste-water treatment!* =" is well known, this
is 1he first report on the capacity of PTB to uptake
heavy metals. This study shows that by using solar
energy, it 1s possible to clean up industrial water and
recover metals, while.a valuable fuel can also be
produced,

Since there are many potential ligands including
carboxylate, amine, phosphate, hydroxyl, sulphyd-
ryl and other functional groups?’™® on the cell
membrane, most cells have a negative charge.
These may be the possible sites of uptake of metals,
which can attract positively-charged metal ions.
These electrostatic forces and other undefined cell
surface mechanisms for metal accumulation, are
fast, reversible and useful, even if the cells are
quiescent or dead. This may be one reason why the

absorption of metal ions was more in older cells.
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ANNOUNCEMENT

INDIAN NATIONAL SCIENCE ACADEMY, BAHADUR SHAH ZAFAR MARG, NEW DELHI 110 002

The Indian Nattonal Science Academy invites ap-
plications from scientists for partial financial assist-
ance to participate in some important International
Conferences abroad during the year 1988-89. Scien-
tists interested to avail of financial support from the
Academy for participation in International Confer-
ences to be held during the year 1988-89 are
requested to apply iIn the prescribed proforma. The
proforma 1s available from the Office of the Execu-
tive Secretary, Indian National Science Academy,
Bahadur Shah Zafar Marg, New Delhi 110 002.

The scheme 1s operated under three different
categortes viz. : (1) For International Conferences
sponsored by the International Council of Scientific
Unions (ICSU) and its affiliated bodies (1CSU
Conferences); (2) For International Conferences
sponsored by other agencies (Non-ICSU Confer-
ences); (3) For applicants who are interested in
partial travel assistance only, for participation in any
International Conferences abroad. The applicants
must be below 35 years of age. This is categorized as
INSA-COSTED Travel Grant.

Category I: Scientist who has been 1nvited to
deliver a plenary lecture/preside over a session of a
scientific conference or whose paper has been
accepted for presentation, and who will also be
provided maintenance allowance during his/her stay
abroad and partial travel expenses by some agency,
will be given preference over others. INSA'’s finan-
cial support, in case of selection 1s limited to a

consideration by a Committee of the Academy
during the year.

Category 2: Scientist who has been invited to
deliver a plenary lecture/preside over a session or
whose paper has been accepted for presentation and
who will also be provided maintenance allowance
durning his/her stay abroad and partial travel ex-
penses by some agency, will be given preference
over others. INSA’s financial support in case of
selection i1s imited to a maximum of Rs. 5,000/-
only. Applications for category 2 should be received
in the Academy for consideration three months
prior to the date of commencement of the Confer-
ence.

Category 3: Under this category the scientist who

is interested to avail partial travel assistance only,
for participation in any International Conference
and 1s also below 35 years of age may send his/her
formal request on a prescnibed application form
atleast three months prior to the date of commence-
ment of the Conference. The applicant should fulfill
the following eligibility criteria before sending his/
her application:
(a) His/her age should be below 35 years on the
date of commencement of the Conference; (b) He/
she should hold a Doctorate degree; (¢) His/her
paper should have been accepted for presentation;
(d) His/her local hospitality and partial travel ex-
penses has to be borne by the organizers or some
other agency.

maximum of 50% International travel, 50% mainte-
nance allowance for the duration of the conference
and registration fee, wherever necessary. The pre-
scribed application form duly completed should be
despatched latest by 31st January each year for

Candidates selected will be supported partially for
their travel cost, jointly by INSA and COSTED
(Committee on Science and Technology in Develop-
ing Countries). The applications will be screened
once a quarter during the year.



