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Mechanism of metal ion biosorption by fungal biomass
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Alkali extracted mycelial biomass from Aspergillus niger, referred to as Biosorb, was found to sequester metal
jons (Cd%', Cu?t, Zn**, Ni** and Co®™") efficiently both from dilute and concentrated solutions upto 10% of
its weight (w/w). Sequestration of metal ions from a mixture was also efficient but with attendant antagonisms.
The kinetics of metal binding by Biosorb indicated that it is a rapid process and about 70-80% of the metal is
removed from solution in 5 min followed by a slower rate. The mechanism of metal binding is shown to be due
to exchange of calcium and magnesium ions of the Biosorb during which equimolar concentrations of both the
jons were released into the medium. Following this an efficient procedure for the regeneration and reuse of Biosorb
was standardized by washing the biosorbent with calcium and magnesium solution (0.1 m). Biosorbents prepared
from Neurospora, Fusarium and Penicillium also exhibited similar mechanisms for metal ion binding, though they
had a lower meial binding capacity when compared with Biosorb. Chemical modification of carboxylic acid
functional groups of the Biosorb resulted in loss of 90% of metal binding capacity which could not be restored
even on regeneration. The significance of this finding on the metal sequestration mechanisms of microbial biosorbents

is discussed.
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Introduction

Microorganisms have a pronounced ability to bind and
accumulate a variety of metal ions (Venkateswerlu &
Sivarama Sastry 1979, Subramanyam et al. 1983, Maruthi
Mohan & Sivarama Sastry 1983, 1984, Marutht Mohan
et al. 1984, Kumar ei al. 1992). Some investigators have
examined the utility of dried, non-living microorganisms for
the removal of metal ions from aqueous solutions (Shumate
er al. 1978, 1981, Tsezos & Volesky 1981, Nakajima et al.
1682, Galun et al. 1983a, Volesky 1987, Kuyucak & Voleskey
1989a). Microbial biomass has been sought to be used in its
natural state’ or modified, eg. by alkali treatment, to
improve biosorption capacity (Gadd 1988, Brierlcy 1990).
Although the chitin and chitosan of fungi have been
considered as likely metal sequestering components of fungal
cell walls (Muzzarelli ¢t al. 1980), many other structural
components have been implicated as well (Beveridge &
Murray 1980, Muraleedharan & Venkobachar 1990).

In the context of the perception that cheap and efficient
means of removal of metal 1ons from waters polluted by the
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discharge of industrial effluents is an urgent necessily,
increasing cmphasis is being laid on the harnessing of
microbial biomass to this end. However, in most cases, no
selectivity or even marked specificity for certain toxic ions
is discernible especially during removal of metal ions from
dilute solutions; neither are the mechanisms of metal ion
sorption unequivocally cstablished (Beveridge 1978, Doyle
et al. 1980, Tsezos & Volesky 1981, Kurek er al. 1982, Galun
et al. 1983a,b, Tobin ef al. 1984, Azab et al. 1990).

In the present study, we examine divalent metal ion
binding characteristics of fungal biosorbents, extracted and
processed from Newrospora crasse, Fusarium oxysporum,
Penicillivm spp. and Aspergillus niger. Also, it will be shown
that the mechanism of metal binding by the biosorbent
derived from A. aiger is, primarily, by exchange of divalent
ions with resident Ca’* and Mg?* of mycclial biomass.
Examination of IR specira and metal sorptive ability
following chemical modification of the biosorbent with a
water soluble carbodiimide and ethylene diamine has, for
the first time, established carboxylic groupings as the major
determinants of metal binding by processed biomass.

From a technological point of view, the biosorbent
developed herein will be shown to possess the advantage of
ease of regeneration (with Ca®*/Mg?" solutions) and with
near total regain of metal sorptive capacity permitting rcuse
for effective sequestration of metal ions from dilute solutions.
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Materials and methods
Fungal strains and media

N. vrassa (FGSC # 4200), F. oxpsporum (FGSC # 6710
obtained from Fungal Genetics Stock Centre (Kansas City,
KS), a Peniciflium strain isolated from soil, and 4 lab isolate
of A. niger were grown and maintained on a basal medium
containing (g 100 mi™!): glucose, 5; ammonium nitrate, (.2;
ammonium tartrate. 0.1; KH,PO,, 03; NaCl, 001,
CaCl,, 0.01; MgS80,, 0.05. Trace elements included were
(1ig 100ml~ ") Zn, 20; Mn, 20; Fe, 10; Cu, 8; Mo 2. Biotin
was added to a final concentration of (.5 g 100 mi~'. The
organisms were maintained by weekly subcultures on 2%
agar slants, and generally grown for 72 h at 30°C in 1 | flasks
containing 500 ml medium at 100rpm. in a Lablinc
Environmental shaker. The growth conditions were
essentially the same as described by Kumar ez al. (1992).

Preparation of biosorbenis

The mycelia were harvested by filtration through cheese
cloth, washed with distilled water and processed by
treatment with 5% KOH at 100°C for 15 min. After
alkali trcatment, the biomass was washed extensively with
water to neutral pH and stored in 0.1% sodium azide at
4°C until further use. Typically Sg fresh weight of
biosorbents was found to yield about 1 g dry weight.

Meral ion analysis

Biomass was acid digested (Sivarama Sastry er al. 1962), and
its Ca?"* and Mg?>* contents were determined by atomic
absorption spectrophotometry (AAS; Perkin Ehmer Model
2380). In sorption experiments, the bound metal ions of
biosorbents were in most cases eluted (desorbed) with 0.1 N
HCIl and their concentrations determined by AAS. In all
cases. metal lon uptake was invariably examined with
solutions made up in distilled water and at 28°C. Metal ion
uptake was quantitated either by desorption of metal ions
following termination of uptake or by analysis of a
centrifuged supernatant free of biosorbent. The mass
balance, compared with the original metal ions in the loading
solution, was closed in all experiments. Sodium and
potassium contents were analyzed by flame photometry in
acid digests (or eluates) as required.

Dretermination of sorptive characteristics of biosorbents

To determine the sorptive characteristics of different
biosorbents, the procedures described below were adopted
and metal uptake invariably expressed on the basis of either
fresh or dry weight as indicated.

The bicsorbents (2 g cach derived frem 4. niger, N. crassa,
Fusarium and  Penicillium) were suspended in 30 mm
solutions of Cu?* with constant shaking at 100 r.p.m. at
room temperature. After | h of incubation, the leftover Cu?*
and the released Ca?* and Mg?* were analyzed by AAS.

In the cxperiments concerned with the kinetics of metal
ion uptake by the A. #iger biosorbent designaled hercin as
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Biosorb; 2 g Biosorb was suspended in a 100 ml conical flask
containing 25 ml of the ¢chosen metal ion solution (10 mm).
The contents of the flask were stirred at 100 r.p.m. to ensure
equilibration, aliquots removed at different time mtervals
and the metal ion content remaining was analyzed by AAS.

In some experiments Biosorb (2 g) was tied inlo a cheese
cloth bag and dipped into a beaker containing 300 ml of
10 ug Cd** ml™! solution, The solution was magnetically
stirred and altquots were removed at different mtervals of
time to check for the remaval of Cd®* by Biosorb.

Regencrartion of Biosorb

To regenerate Biosorb, following metal ion sequestration,
several protocols were examined. The first of these involved
allowing Biosorb (2 g) to adsorb Cd?~ from 25 ml solution
(10 mm) for 30 min. The bound metal 1on was desorbed with
0.1 N HCI, and the Biosorb washed again and resuspended
i 5% KOH for 30 min at room temperature. Biosorb was
then washed to neutrality and Cd?* binding ability was
re-examined. This procedure was repeated for five cycles.

Following the finding that metal ion sorption by Biosorb
was by exchange of Ca®* and Mg?* of the sorbent (see
Results) a Ca®*/Mg?*-based regeneration procedure was
evolved. In the second method, which was finally adopted,
Biosorb (2 g) was allowed to bind Cd?* from 25 ml selution
(10 mm) for 3¢ min. The metal ion was then desorbed with
0.1 N HCI at room temperature and the Biosorb washed
exhaustively with deionized water. It was then resuspended
in a solutton containing 0.1 m CaCl, and 0.1 m MgSO,
{100 ml, 15 min), the Biosorb was filtered, washed thoroughly
with water and its ability to bind Cd?" examined again.
This cycle was also repeated five times.

Idemtification of carboxyl groups involved in metal sorption

As metal ion binding was found to be due to the exchange
of resident Ca®* and Mg?* of the bioserbent, the groups
involved were considered to be, most likely, carboxyls. Thus
an experiment was designed to modify the carboxylic
group(s) with a water soluble carbodiimide and ethylene
diaming as described by Beveridge & Murray (1980). An
aqueous suspension of 1g Biosorb was taken in 10 ml
containing 0.5m ethylenediamine and 0.2m 1-2thyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride {Sigma,
Chemical Co., St. Louis). The reaction mixture was
continuously stirred for 6h at 22°C at a pH of 4.75. After
the reaction, Biosorb was washed extensively with water and
then FTIR spectra were recorded to determine the extent
of ~COOH modification. Binding capacity for Cu®” after
such modification was subsequently analyzed.

Results

Metal sorption capacity of Biosorb

The potential sorption capacity of Biosorb was first studied
by allowing Biosorb (2 g) to take up metal ions from 50 mw



solutions of Cu?*, Cd?*,Co?*,#n*" and Ni* " for 1 h. The
sorption capacity of Biosorb is secn to be as follows (imgg ™
dry weight of Biosorb): Cu?”, 108; Cd**, 93; Zn*", 67,
Co?*. 53 and Ni* 7, 41 (Table 1). The most striking feature
that emerges from the data (Table 1) is that Biosorb efficiently
sequesters the highly toxic cations of cadmium and copper
to the extent of  and 11%, respectively {on a dry weight
basis). When such sorption is effected from a mixture
containing a plurality of the ions (from 25 mwm solution), the
binding characteristics for diferent ions is seen to be in the
order Cu>Zn>Cd>Co=Ni. In the latter kind of
experiment, it may be noted that, although binding of
individual jons is somewhat lower {20- 30% of that from a

Table I. Metal binding characteristics of Biosorb

Metal ion bound {mgg™"' dry weight)

Metal 1an individual metal ion* from mixture®
Copper 108.3 3835
Cadmium 92.8 18.10
Zinge 670 20.60
Cobalt 534 17.50
Nickel 41.0 1760

Biosorb (2 g) was suspended in *solutions of individual metal ions (20 ml of
S0mM) or "in a misture (20ml) containing all five ions at individual
concentrations of 25 mM. After incubation for |'h wilh shaking (100 r.p.m.}
at 28 . the Biosarb was washed with distilled water and the bound metals
were eluted with 20 ml of 0.1 N HCl for 5 min, Mectal ion conccntrations were
determined hy AAS. The values shown are averages (n = 3) wilh SD between
S and 10%,
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Figure 1.  Kinetics of metal ion adsorption by Biosorb. Biosorb
(2 g fresh weight) was suspended {with shaking, 100 r.p.m.) in 25 ml
of [0mmMm solution of each metal jon in separate fasks.
Aliquots  were withdrawn at  different time intervals and
mietal fons leftover determined by AAS. The individual values
represent means  derived from three separate experiments,
each involving duplicate samples (SD between 5 and 10%,).
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Figure 2. Concentration of cadmium from dilute solution
by Biosorb. Biosorb (2g fresh weight) was tied in a cheese
cloth bag, dipped in a beaker containing 500ml of 10 pgml™!
Cd>* and the contents were magnetically stirred. Aliquots
were withdrawn at different time intervals {0 check for the
removal of cadmium by Biosorb. The individual values represent
meuns derived from three separate experiments, each involving
duplicate samples (SD hetween 5 and 10%).

solution containing each ion separately), the overall uptake
of toral metal ions comes out to be 11% (on dry weight
hasis); diminished binding 18 a consequence of ion
antagonism during sequestration.

Metal sequestration by Riosorb

To compare the kinetics of sorption of different metal ions,
Biosorb (2 g) was suspended separately in 10 mm metal ion
solutions and ion sequestration was followed as a function
of time. The results (Figure 1) show that the kinetics of metal
uptake are essentially similar in all cases and that at these
concentrations, maximal uptake is attained around 35 min.
Cu’* and Zn?* were most cfficiently removed {upto 90%)
while 50-70% removal was obtained for Cd?*, Co’* and
Ni?'. The order of efficiency for metals was again as
indicated earlier.

One prime requirement in a biosorbent is that it should
possess the ability to bind and remove metal ions effectively
from a dilute environment. This aspect was therefore
examined by a different procedure. Biosorb (2 g) was placed
in a cheese cloth bag and dipped into 300 ml Cd?* solution
(10 pgml ™ 1), kept stirred as indicated and the time course
of Cd” uplake was followed. The data, graphically depicted
in Figure 2, demonstrate that Biosorb can effectively
sequester upto 60% Cd?™ in the first S min; this is followed
by a phase of slower sorption which eventually goes upto
more than 90% by 60 min.
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Mechanism of metal ion sorption

During the course of studies conducted herein, it was noted
that binding of metal ions to Biosorb resulted in release of
Ca?” and Mg?"* into the medium, suggesting the operation
of an exchange mechanism. Consequently, Biosorb (2 g) was
suspended in 50mm Cd2* (20 ml). Binding of Cd?* as well
as the concomitant release of Ca?* and Mg?* was studied.
The results (Figure 3) show that the binding of Cd** by
Biosorb at various lime points is accompanied by a
stoichiometric release of Ca2™ plus Mg2* ions at each time
point of Cd** sorption.

Similar data were obtained with other fungal biosorbents,
for Cu®* binding, and this is also accompanied by an
equimolar release of Ca?* and Mg?* put together (Table 2).

2+
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350
P 2+
300 Cuz’} released
~ [ 3] m¢
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200
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M2+

100
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o
=4 N
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Figure 3. Release of Ca?* and Mg?* following Cd2* binding by
Biosorb. Biosorb (2 g fresh weight} was suspended (with shaking,
100 r.p.m.) in 20ml Cd?* solution (! mmol) and incubated at 28°C.
Aliquots were withdrawn at different time intervals and unbound
Cd?* remaining as well as Ca?* and Mg? ™ release were analyzed
by AAS. The individual values represent means derived from two
separate experiments, each involving duplicate samples (SD between
5 and 10%).

Table 2. Copper binding and release of Ca?* and Mg?* by
biosorbents

Qrganism pmol of Cu?* umol released
bound g !
fresh weight ~ Ca?*  Mg?* (Ca?* +Mg?")
biosorbents
Aspergillus 308.7 146.0 155.8 3018
Pencillium 2357 826 1634 2460
Fusarium 154.1 428 90.4 1332
Neurospora  133.0 71.5 58.0 1355

Biosorbents (2 g fresh weight) were suspended in 20 mi of 50 mM Cu?®* solution
and incubated at 28°C with shaking at 100r.p.m. for 60 min. Cu®* bound
and ions relessed were analyzed by AAS. The values shown arc avcrages
(n =3} with SD between 5 and 10%.
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In further studies, Biosorb (1 g) was either acid digested
or extracted with 0.1 N HC], and contents of Ca®', Mg**,
Na* and K* were quantitated in digests and eluates. The
results obtained are shown in Table 3. They indicate that
Biosorb conlains substantial amounts of Ca®* and Mg?~,
and somewhat lesser quantities of Na™ but K~ was not
detected. Furthermore, all metal ions present in Biosorb are
totally acid extractable and their content is fully adequate
to account for an exchange mechanism of metal ion sorption
by Biosorb,

Regeneration of Biosorb

Since Biosorb was obtained by alkali treatment of fungal
biomass, it was inittally thought that regeneration could be

00 0.IM MgSO0,

-
0.1M CaCly
.

50

2+ -
Cd binding (% initial )

0 1 1 1 | 1
0 1 2 3 b 5

Regeneration {No.of cycles)

Figure 4. Regeneration of Biosorb. Following Cd?* binding from
25ml Cd?* solution (10 mM) for 30 min. The bound ions were
desarbed with 0.1 N HCI and reused after regeneration as
indicated (see Materials and mcthods). Typical results are

shown from at least three separate experiments (SD between
5 and 10%).

Table 3. Metal ion contents of Biosorb

Treatment Metal ions present

of Biosorb mg g~ ! fresh weight of Biosorb
Caz + Mg1+ Nﬂ + K +

Acid elution® 9.95 434 1.20 ND

Acid digestion® 10.47 436 ND

ND, not detected.

“Biosorb (1 g) was treated with 10mi of 0.1 N HCI and metal ions eluted
were estimated.

® Biosorb (1 g) was digested with acid mixture (Sastry er af. 1962) and ions
in the digest were estimated.

Ca’* and Mg®* were estimated by AAS and Na* and K* by fame
photometry. The values shown are averages (n=73} with SD between 5 and
10%.



effected by alkali after stripping Biosorb of adsorbed metal
ions with acid. However, after such a cycle, the regenerated
sorbent had a significantly lower sorptive capacity.

Following the findings that metal ion sorption was by
exchange of Ca’' and Mg?’, it was thought that
regeneration could be achieved by simply resuspending
Biosorb {denuded of its absorbed metal ions) in Ca®*/Mg?*
solutions, so that its Ca®? ~/Mg? ™ contents could be restored,
The optimal procedure found (described in Materials and
methods) involves the use of 0.1 M CaCl,+0.1m MgSO,
and was found to be remarkabty efficient. The effect of several
cycles of regeneration according to both procedures is
represented in Figure 4. It was found subsequently that
regeneration was repeatable over several cycles with
retention of around 85% of the original sorptive capacity
of Biosorb.

Effect of modification of carboxylic group of the Biasorb

A water soluble carbodiimide and ethylenediamine were
utilized to modily carboxyl groupings of Biosorb. The
reactions involved are indicated in Figure 5.

A comparison of the IR spectra of Biosorb before
and after carboditmide and ethylenediamine treatment
(Figure 6) reveals the nature of the chemical modification(s)
effeeted. The strongly enhanced absorption at 3400 cm ™!

o

Wwall

Carbodiimide

CO0OH + RN=C(=NRy ——=

Metal ion binding by fungal biosorbents

(—NH stretching) is a reflection of the replacement of carboxyl
by amide (—CO-NH) groupings. The moderate intensity
band at 1600 cm ™' is also, very likely, due to -NH deforming
(due to reaction of ethylenediamine) or NH. In place of
the carboxyl absorption (at 1661 cm ™ ') there is a band in
the region 1632 1647 em ™" assignable to the carboxyl of the
amide groupings.

Taken together, the spectral changes observed show that
a major fraction of the carboxyl groups of Biosorb have
been modified as per the reaction scheme of Figure 5. Thus,

Table 4. Effect of carboxyl group modification on biosorption

Treatment Cu?* binding % Control
{mg g~ ! Biosorb)

Control 104.0 100

Carbodiimide® 11.5 11

Regenerated® 5 438

Biasorb (2 g), control and modified forms were suspended in 20 ml of 50 mM
solutions of Cu?* for 1 h as in Table 1.

* Carboxylic acid group modified (see Materials and methods),

¥ After onc cvele of usc of Biosorb (carhodiimide treated) it was regenerated
by Ca®* and Mg”* and reused. The vulues shown are averages (n = 3) with SD
between 5 and 1094,

0
N
H 2 57
No—¢

“NHR,

NﬁR
/ 1

NH CHy CHyNH,

0
V4

\

277

NH CHy CHy NH3
_I..
RyNH — CO— NHR

Figure 5. Schematic representation of madification of carboxylic groups by carbodiimide reaction.
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Figure 6. IR spectra of Biosorb.

the decrease in metal sorptive ability correlates quite
satisfactorily with the elimination of carboxyl groupings as
metal binding sites, following chemical modification
(Table 4).

Discussion

Biosorption of metal ions is currenlly of great interest as a
possibly convenient method for the scavenging of metal ions
from aqueous environments ceaselessly being polluted today.
As Volesky (1986) has emphasized, although the selective
retentive ability of microbial biomass for metal ions in
aqueous solution has been known for decades, the fact that
dead microbial cells can do the same is a comparatively
recent discovery. The use of killed cells also has the
added advantage of not introducing viable microbial
contamination.

In recent years a number of bacterial, algal and fungal
biosorbents have been studied from the above standpoint.
Rhizopus arrhizus has been employed to concentrate
uranium from solutions at pH 4 (Tsezos & Volesky 1981).
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Zhou & Kiff (1991) have used R. arrhizus fungal biomass
for copper sequestration at pH7. Kuyucak & Volesky
{1989b) have found that the scaweed Ascophyvilum nodosiom
removes cobalt ions at pH 4.5. indeed. a large number of
such studies have been conducted at acidic pH. In most
cases, although impressive metal ion removal has been
reported, little selectivity for metals has been observed.
Furthermore, the underlying mechanisms of metal sorption
remain unclear.

The present study has explored the removal of the metal
ions Cd?*, Cu?™. Co?*, Ni*™ and Zn?* from dilute as well
as concentrated aqueous solutions by the sorbent elected,
Biosorb. This sorbent, derived by alkali treatment of mycelia
of A. niger, exhibits several novel fcatures in metal
sequestration al neutral pH, an important consideration in
the removal of toxic ions from natural waters.

Firstly, at appropriate concentrations. Biosorb posscsses
the ability to accumulate upto around 9% of its dry weight
of the extremely toxic Cd*™ and about 11% of Cu?*.
Although maximal affinity is found for Cu?™ and Cd**,
Zn®', Co*' and Ni** are also sequestered to fairly high
levels. Consequently, in batch operation, Biosorb can
efficiently abstract Cd®* from even dilute solutions
{l0ppm.). Mctal sorption by Biosorb is in the order
Cu>Cd>2Zn>Co>Ni

In this context, it is interesting that Falla & Block (1993)
have found that the high-affinity binding sites of isolated
envelopes of Pseudomonas fluorescens for divalent metal ions
exhibit the order Zn>Cd > Ni>Cu,

Secondly, an interesting feature is a reciprocal antagonism
between a mixture of different (like) metal ions displayed by
Biosorb. Although not spectfically examined herein, our
results suggest that there are reciprocal antagonisms
displayed for binding to Biosorb without affecting the toral
metal binding capacity. Such antagonisms between divalent
metal ions arc nol uncommon during ion uptake by living
microbial cells {Venkateswerlu & Sastry 1970, 1979, Maruthi
Mohan ez al. 1984, Maruthi Mohan & Sastry 1984, Srinivasa
Rao ef al. 1984) but in the case of the dead biomass herein,
the competitive interaction assumes a special significance in
that it is intimately associated with the mechanism of
biosorption.

Binding of Cd* " (as also Cu®") by Biosorb is associated
with a stoichiometric release of Ca®* plus Mg?*. Analysis
reveals that Biosorb has a significantly high content of these
two ions. It is clear, therefore, that metal ion sequestration
by Biosorb involves an cxchange of residenr Ca? " plus Mg®*
for ions abstracted from solution.

To our knowledge this is the first example of such a
straightforward ion exchange mechanism. Kuyucak &
Volesky (1989b) had also noted a relationship between Co®*
uptake and Ca®' release with the algal biomass of
A. nodosum. However, this situation, though analogous to
an extent, is quite different from that obtained with Biosorb
for three reasons: firstly, it involves Co®* and not Cd?' or
Cu’”; secondly, uptake/release of Co*' occurs optimally
between pH 2 and 3; thirdly, Ca?" and H™ ions are both
involved and, for reasons not clear, the relationship, in any



case, has been stated not to hold for the first biesorption
cyele

In microorganisms, in general, and in fungt, in particular,
the exact nature of the groups responsible for metal binding
as well as the operative mechanism are unclear. The fungal
cell wall is a complex structure {Tsezos 1983) conlaining
chitin microfibrils embedded in an amorphous layer of
protems and polysaccharides, such as mannans, glucans and
galactans. Of these, chitin has attracted much attention. The
increase in metal sorptive capacity on alkali treatment of
fungal biomass has been linked with the deacetylation of
chitin (o chitosan. Also, recently, Miyoshi et al. (1992) have
shown that copper binding by chitosans is probably also
related to their higher order structures since fungal chitosans
bind copper better than chitosans from crusiaceans. In this
context, it should be remembered that alkalt extraction of
fungul biomass can causc additional changes such as protein
removal, for example, whose effects on the “higher order
structure’ of cell wall constituents are not well understood.

However, chitin/chitosan are not necessarily the sole
candidates for metal ion binding sites in fungal biomass.
The metal sorption capacity of R. arrhizus ts considerably
more than that explicable on the basts of its ¢hitin content
(Tsezos 1983). Also, on alkali extraction of the fungal biomass
from Ganodernia lucidivm (Muraleedharan & Venkobachar
19901, although the chitin content was found to have
doubled, there was no parallel enhancement in ils copper
binding ability nor was copper sorption diminished on
leaching out all its chitin.

Thus, 1t 15 necessary to examine the roles of functional
groups of cell surface constituents other than chitin/chitosan
to understand metal sorption characteristics of fungal
denived biosorbents. Studies with Bacillus subtilis (Beveridge
& Murray 1980) and A. avdoswm suggest that carboxyl
groups of cell surface polymers may be important in metal
binding. In A. nodosum wherein also (as already mentioned)
a calciwm—cobalt exchange takes place during cobalt
binding, the carboxyl groups, especially of mannuronic acid
residues, are thought to be involved in metal binding: in
B. subrifis as well the carboxyl groups ol glutamic acid
residues of cell wall peptidoglycan have been implicated.

However, in none of these instances has an unequivocal
identilication of carboxylic groupings as the primary sites
of metal binding been possible. In the present study, apart
from the characteristics of metal sorption which strongly
implicate carboxyls, definite evidence has been adduced to
support this hypothesis.

Firstly. reaction with carbodiimide—ethylencdiamine has
been shown Lo alter carboxyl groupings as evidenced by
chunges in the IR spectral characteristics of chemically
modilied Biosorh.

Secondiy. following such modification, the metal sorptive
capacity 1s irretrievably fost; as expected, this cannot be
restored by calcium and magnesium ion dependent
regeneration,

Thus the data obtained are consistent with the dominant,
if not nearty exclusive, role of cell surface carboxyl groups
in metal ion binding by Biesorb. They also constitute the

Meral ion binding hy fungal biosorbents

first example wherein a straightforward exchange with
resident calcium and magnesium ions constitutes the sole
mechanism of biosorption. Further studies (in progress)
would be needed to pinpoint the exact nature of the
molecules and the residues which contribute the carboxyl
groups in question. In any case. it is clear that this feature
of Biosorb is responsible for its efficient metal binding
charactenistics, as well as for the ease with which this
biosorbent can be regenerated under mild conditions that
ensure retention of its sorptive capacity over multiple cycles
of use. Similar features of Biosorb for binding silver tons
with some characteristic differences were also observed
(unpublished).
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