
FEMS Microbiology Letters 60 (1989) 193-196 193 
Published by Elsevier 

FEM 03628 

Copper uptake by free and immobilized cyanobacterium 

S.P. Singh, S.K. Verma,  R.K.  Singh and  P.K.  P an d ey  

Centre of Advanced Study m Botany, Banaras Hmdu Umverstty, Varanasz, India 

Received 9 January 1989 
Accepted 21 March 1989 

Key words: Cyanobacterium; Heavy metal; Copper; Immobilization; Uptake 

1. SUMMARY 

Copper uptake in free and immobilized cells of 
the cyanobacterium Nostoc calctcola has been ex- 
amined. The immobilized cells invariably main- 
tained a higher profile of Cu intake rate (12.7 
nmol mg-1 protein rain-1) over the free cells (6.0 
nmol mg -1 protein rain- l ) .  The total Cu uptake 
in immobilized cells was almost two and a half- 
times more than their free cell counterpart under 
identical experimental conditions. Also, the im- 
mobilized cells showed a stronger positive correla- 
tion between Cu adsorption and uptake. The re- 
sults have been discussed in terms of improved 
metabolic efficiency of immobilized cells. 

2. I N T R O D U C T I O N  

While there are many demonstrations that free 
cyanobacterial cells take up heavy metals involv- 
ing a rapid imtial reaction (adsorption), followed 
by the slower metabolism-dependent metal intake 
[1-4], no direct comparisons of free-living and 
immobilized cells have been reported in this re- 
gard. Immobilization of cyanobacteria improved 
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functional longevity and higher yields of nitrogen 
fixation, hydrogen evolution and ammonia pro- 
duction [5-7], and the observed efficiency has led 
to b~oreactor concept for exploiting such photo- 
synthetic prokaryotes for generation of NH~- bio- 
fertilizers [8]. Recent advances in the area of im- 
mobilized photosynthetic microorganisms have 
been reviewed quite extensively [9]. 

The present study deals with a comparison of 
Cu-intake by the immobilized and free-cells of the 
dlazotrophic cyanobacterium Nostoc calcwola. 

3. MATERIALS AND METHODS 

Nostoc calctcola, a local isolate was grown in 
Allen and Arnon's combined mtrogen-free medium 
[10] with A 6 t r a c e  elements (devoid of Cu). The 
cultures were maintained in culture room at 24 + 
1°C, illuminated with cool daylight fluorescent 
tubes (14.4 W m -2) for 16:8  h as light-dark 
regime. 

3.1. Cell lmmobthzatton 

The exponential phase cyanobacterial cells (400 
/~g protein ml -a) obtained by centrifugatlon and 
repeated washings, were suspended in 5% (w/v)  
solution of alginlc acid (Sodium salt, Fluka) pre- 
pared in the growth medium as above. The mix- 
ture was pumped out dropwlse into 0.2 M CaC12 
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solution aseptically in a Laminar-flow cabinet. 
The beads thus formed, containing cyanobacterial 
cells to a tune of 55 /~g protein bead -1, were 
subsequently harvested, washed several times with 
sterile tripple glass distilled water and resus- 
pended in a 20 ml volume of growth medium 
contained in a 250 ml cotton-stoppered culture 
flask. The monolayer of beads spread over the 
bot tom of the flask was light-incubated for Cu-up- 
take measurements. 

Likewise, a free cell suspension of the cyano- 
bacterium (400/~g protein ml -1)  was also exposed 
to Cu. Both sets were subjected to constant, gentle 
shaking during Cu exposure (0-180 mln). 

3.2. Cu-uptake 
The saturating Cu concentration (40 /xM) as 

determined previously for the same orgamsm [11] 
was also applied here to compare Cu uptake by 
immobilized and free cells. 

The free cells (after centrifugatlon) as well as 
beads recovered simultaneously at different time 
intervals of Cu exposure (initial 5, and subsequent 
10 mm) were suspended in aqueous EDTA (10 
/tM; disodium salt, BDH, U.K.) to account for the 
EDTA-washable metal fraction (adsorption). Cu 
depleted from the medium, for both the sets, was 
estimated in a Perkin-Elmer AAS 2380 atomic 
absorption spectophotometer at 324.7 nm. Cellu- 
lar Cu intake has been expressed as the difference 
of Cu adsorption and the amount  of the metal 
depleted from the uptake medium in which the 
free cells or beads remained suspended during Cu 
exposure. 

3.3. Esttmanon of protein 
Protein was estimated by the method of Lowry 

et al. [12] modified by Herbert  et al. [13] using 
lysozyme (Sigma, U.S.A.) as standard. 

3 4. Stattstwal analysts 
A correlation between Cu-intake and adsorp- 

tion was calculated by using the equation 

~ X .  ~ Y -  ~ X .  Y / N  

where X = Cu uptake, Y = Cu adsorption and N 
is number  of samples. 

4. RESULTS A N D  DISCUSSION 

The initial rapid binding of cations to the nega- 
tively charged groups on the cell surface followed 
by their energy-dependent transport  across the cell 
membrane has been reported in yeast and 
eukaryotic algae [14-16]. Similar observations also 
exist for cyanobactena revolving cations such as 
Zn [17], Cu and Pb [2], Cd, Cu and Zn [1], Cd [3], 
Cu [18], A1 [19] and N1 [4]. These investigations 
have revealed the crucial role of light in regulating 
metal intake in such photosynthetic prokaryotes 
as the dark incubated cells did not show metal 
bloaccumulation with a few exceptions [18-19]. A 
comparison of Cu adsorption and uptake by the 
free- and immobilized cyanobacterlum at similar 
light lrradiance indicates the greater efficiency of 
immobilized cells (Fig. la ,  b). Cu-uptake kinetics 
in free N. calctcola cells exposed to saturating Cu 
concentration (40 /~M) showed a curvilinear in- 
crease in metal uptake at talmng a maximum of 
96.69 nmol Cu mg -1 protein within 60 min (Fig. 
la). The faster metal uptake rate for the first 5 
rmn, however, was not mamtained,  dechning al- 
most 3.7-fold (1.61 nmol Cu mg-a  protein min -1) 
at 60 m m  of metal exposure. A negligible dif- 
ference in Cu-intake values at 50 or 60 mln of 
metal exposure suggests that the saturation oc- 
curred before 1 h. 

Similar saturating Cu concentration (40 /xM), 
when adopted to assess metal uptake by immobi-  
lized N calctcola cells, reflected an initial increase 
in the rate to 12.7 nmol Cu mg -1 protein mln 1, 
thus corresponding to a 2-fold increase over the 
free cells. Also, the immobilized cells accumulated 
2 and a half-times more Cu (242.15 nmol mg -1 
protein) over that by free cells dunng 1 h. A 
comparison of Cu uptake and adsorption pattern 
in the immobilized and free cells (Fig. 2a, b) 
shows that these events had a positive correlation 
with each other for both the treatment condiuons. 
A stronger correlation as observed for immobi- 
lized cells ( r =  0.99, df 5, p < 1%) compared to 
suspension cultures (r  = 0.98, df 5, p < 1%) indl- 
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Fig. 1. (a) Time-course  pattern o f  Cu uptake  m free 
(© ©) and lmmobt l i zed  (@ @) cells o f  N calcwola 
exposed to 40 / tM Cu (saturating concentrat ion) .  (b) Rate  of  
Cu a d s o r p t i o n  m free ( O - - © )  and l m m o b d l z e d  
(O o )  cyanobactena l  cells at different intervals of  metal -  

exposure  

195 

cates the overall efficiency of the former over the 
latter. Since the energy-dependent metal intake in 
cyanobacteria, to a larger extent, depends on pho- 
tosynthetically generated energy [3,20], the rela- 
tively higher Cu uptake in immobilized cells could 
be attributed to their enhanced photosynthetic 
activity as reported earlier [8,21]. Analogous re- 
ports are also available on Botryococcus braumt as 
the immobilized cells showed higher net ©2-evolu- 
tion compared to free-living cells [22]. Immobi- 
lized technique has been successfully applied to 
achieve sustained hydrogen production in marine 
photosynthetic bacteria [23] and cyanobactena 
[24]. Similarly, high rates of hydrogen production 
by immobilized Chromatium cells led to the 
suggestion that energy production and removal of 
sulphide pollution could be simultaneously 
achieved through immobilization [25]. 

The apparent superiority of immobilized cells 
of N. calctcola in Cu intake over the free cells 
suggests that such a system could be successfully 
applied to scavenge heavy metals in repeated cycles 
without loss of cells. 
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Fig. 2. (a) Regress ion between Cu in t ake  and adsorpUon for l m m o b l h z e d  N calctcola cells exposed to Cu (40 # M )  for different 
t imes; X = Cu  uptake  and }7 = Cu adsorbed .  (b) Regress ion between cellular Cu re t ake  and adsorpt ion for free cy a no ba c tena l  cells 

under  conchuons  as m 2a, X = Cu uptake  and Y = Cu adsorbed.  

D
ow

nloaded from
 https://academ

ic.oup.com
/fem

sle/article/60/2/193/484295 by guest on 23 April 2024



196 

ties. S K V  a n d  R K S  a c k n o w l e d g e  t he  f i n a n c i a l  

a s s i s t a n c e  f r o m  C.S . I .R .  a n d  P K P ,  t h e  U n i v e r s i t y  

G r a n t s  C o m m i s s i o n ,  N e w  De lh i .  

R E F E R E N C E S  

[1] Les, A. and Walker, R.W. (1984) Water Air Sod Pollut 
23, 129-139. 

[2] Schecher, W D. and Dnscoll, C.T. (1985) Water A~r Soil 
Pollut. 24, 85-101. 

[3] Smgh, S.P. and Yadava, V (1985) J. Gen. Appl. Micro- 
biol. 31, 39-48. 

[4] Campbell, P.M and Smith, G D (1986) Arch. Blochem. 
Blophys. 244, 470-477 

[5] Vincenzlm, M., Ballom, W., Mannelh, D. and Florenzano, 
G. (1981) Expenentm 37, 710-712 

[6] Brouers, M. and Hall, D.O. (1985) m Energy from Blo- 
mass (Palz, W,  Coombs, J. and Hall, D.O, eds.), pp 
387-392 

[7] Brouers, M. and Hall, D.O (1986) J Bmtechnol 3, 
307-321 

[8] Kerby, N W., Musgrave, S.C., Rowell, P., Shestakov, S V 
and Stewart, W.D P (1986) Appl Microblol. Blotechnol 
24, 42-46 

[9] Papageorglou, G C (1987) Photosyntheuca 21,367-383. 
[10] Allen, M.B. and Arnon, D.I. (1955) Plant Physlol 30, 

366-372. 
[11] Smgh, S P and Verma, S.K (1988) J. Indmn Bot Soc 67, 

74-77 
[12] Lowry, O H,  Rosebrough, N J ,  Farr, A L and Randall, 

R.J. (1951) J Biol. Chem 193, 265-275 

[131 Herbert, D ,  Phipps, P J  and Strange, RE.  (1971) m 
Methods m Mxcroblology V B (Noms, J R and Rabbons, 
D W,  eds ), Academac Press, London and New York, pp 
209-344. 

[14] Noms, P.R and Kelly, D P (1977) J Gen Mlcroblol. 99, 
317-324 

[15] Glpps, J.F and Coller, B.AW (1980) Aus J Mar 
Freshwater Res. 31, 747-755. 

[16] Khummongkol, D., Canterford, G.S. and Fryer, C (1982) 
Blotechnol. Bloeng. XXIV, 2643-2660 

[17] Shehata, F H A and Whltton, B A (1982) Br Phycol. J 
17, 5-12. 

[18] Smgh, D.P (1985) J. Gen. Appl. Mlcroblol. 31,277-284 
[19] Pettersson, A., H~illbom, L and Bergman, B (1986) J 

Gen Mlcroblol 132, 1771-1774. 
[20] Smgh, C B and Smgh, S.P (1987) J. Plant Physiol. 129, 

49-58 
[21] Affolter, D and Hall, D O (1986) Photobxochem Photo- 

b~ophys 11, 193-201 
[22] Bmlhez, C,  Largeau, C,  Berkaloff, C and Casadevel, E 

(1986) Appl Mlcroblol Technol. 23, 361-366 
[23] Matsunaga, T and Mltsm, A. (1982) in Proc 4th Syrup. 

Blotechnology in Energy Production and Conservation, 
Gathnburg Tennessee (May 11-14, 1982) pp 32 

[24] Mltsm, A ,  Rosner, D ,  Kunazawa, S, Barclela, S, Ptnhps, 
E,  Ramchandran, S, Takahashl, A and Rachard, J. (1985) 
m Proc 22nd Space Congress (Halse, F W, ed), Con- 
avera/Counol  of Technical Sooetxes, pp 11 7-11 14 

[25] Ikemoto, H and Mltsm, A (1984) m Advances m Photo- 
synthetic Research Vol. II (Sybesma Martmus N~jhoff, C,  
ed ) Dr W Junk Pubhshers, The Hague, pp. 779-782 

D
ow

nloaded from
 https://academ

ic.oup.com
/fem

sle/article/60/2/193/484295 by guest on 23 April 2024


