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R e c e n t  a w a r e n e s s  of t he  b io log i ca l  e f f e c t s  of p o l l u t a n t s  on m i c r o - o r g a n i -  
sms has  led to  t he i r  use as i n d i c a t o r s  in b i o a s s a y  s y s t e m s  and as  b io log i -  
ca l  m o n i t o r s  of e n v i r o n m e n t a l  c o n t a m i n a t i o n  (Anderson  and Abde lghan i  

�9 J '  

1980; D r o b m k o v a  and Bac i lek  1982). 

M i c r o - o r g a n i s m s  a r e  involved  in many  bas i c  e c o l o g i c a l  p r o c e s s e s  and 
t h e r e  is a g r e a t  need  to  s c r e e n  and e v a l u a t e  p o l l u t a n t s  for  a d v e r s e  e f f e -  
c t s  on m i c r o b i a l  popu la t i ons  and on m i c r o b i a l - p l a n t  or m i c r o b i a l - a n i m a l  
i n t e r a c t i o n s  (Babich  and S t o t z k y  1978). H e a v y  m e t a l s  a r e  not  b i o d e g r a -  
dab le  and once  they  e n t e r  the  e n v i r o n m e n t ,  the  s u s c e p t i b i l i t y  of m i c r o -  
o rgan i sms  to heavy  m e t a l s  and the  b i o a c c u m u l a t i o n  of heavy  metals  b y  
m i c r o - o r g a n i s m s  a r e  e c o l o g i c a l l y  ve ry  r e l e v a n t  p h e n o m e n a  (Gadd and. 
G r i f f i t h s  1978; S t e r r i t t  and L e s t e r  1980). A n o t h e r  m i c r o b i a l  p a r a m e t e r  
of f u n d a m e n t a l  i m p o r t a n c e  is m i c r o b i a l  a d h e s i v e n e s s  as in mos t  env i ron -  
m e n t s  some  of  the  o rgan i sms  a r e  a t t a c h e d  to  s u r f a c e s .  The ro le  of 
adhes ion  in t he  f e r t i l i t y  of soi l ,  co r ro s ion ,  foul ing of i m m e r s e d  s u r f a c e s  
and m i c r o b i a l  v i ru l ence  is we l l  e s t a b l i s h e d  (Roge r s  1979). P rev ious  s t u d -  
ies  have  shown t h a t  a d h e s i v e n e s s  of m i c r o - o r g a n i s m s  is a l t e r e d  by heavy  
m e t a l s  ( B h a t t a c h e r j e e  and Saxena  1983; S u g a r m a n  1978). In th is  r e p o r t ,  
the  e f f e c t  of z inc  and c a d m i u m  on a d h e s i v e n e s s  based  on the  i n t e r a c t i o n  
b e t w e e n  the  m i c r o - o r g a n i s m  and an a n i m a l  ce l l  has been  o b s e r v e d .  At  
the  s a m e  t i m e ,  s imp le  me thods  have  been  used to  s c r e e n  for  c ha nge s  in 
g rowth  and m e t a l  u p t a k e .  

MATERIALS AND METHODS 

S t r e p t o c o c c u s  [ a e c a l i s  o b t a i n e d  f rom the  C e n t r a l  Drug R e s e a r c h  Ins t i -  
t u t e ,  Lucknow was s t o r e d  on n u t r i e n t  aga r  s l an t s  (Oxoid) a t  4~ and sub-  
c u l t u r e d  e v e r y  six weeks .  For  a d h e r e n c e  s tud ie s ,  t he  o rgan i sms  were  
grown o v e r n i g h t  a t  37~ in b ra in  h e a r t  infus ion b r o t h  (BHI Hindus tan  
Media ,  Bombay)  and BHI s u p p l e m e n t e d  wi th  c a d m i u m  ch lo r ide  50 uM or 
z inc  a c e t a t e  100/aM (E. Merk).  C u l t u r e s  w e r e  e x t e n s i v e l y  washed  over  
0.45 u pore  s ize  m e m b r a n e  f i l t e r s  w i th  i so ton i c  sa l ine  b u f f e r e d  wi th  0.05 
M Tris ( h y d r o x y m e t h y l  a m i n o m e t h a n e  f rom S igma  C h e m i c a l s  Co. ,  USA) 
a t  pH 7.4. S~spensions  o~ o r g a n i s m s  were  p r e p a r e d  over  a 100 fold r ange  
f rom 90 x 10-  to  10 x 10 v and v iab le  coun t s  p e r f o r m e d .  The bucca l  
ce l l s  of t h r e e  v o l u n t e e r s  we re  c o l l e c t e d  by swabb ing  wi th  s t e r i l e  
c o t t o n  swabs  and a d h e r e n t  ce i l s  shaken  off  in to  Tris  sa l ine .  The ce l l s  
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Figure 1. The e f fec t  of cu l ture concentrat ion on the number of bacter ia  
which adhered to 1 x 10 -bucca l  cel ls. (0) contro l  (~k) bacte-  
r ia grown in presence of 100 pM zinc (o )  bacter ia  grown in 
presence of 50 ]aM cadmium. 

were v~ashed three t imes and resuspended to give a concent ra t ion of 
1 x 10" ce l ls /ml  as determined in a haemocytometer  count ing chamber by 
count ing a minimum of 500 cells a f te r  thorough mixing to disperse any 
clumps. One ml of cells and 1 ml of bacter ia  of varying concentrat ions 
were then incubated in dupl icate in a 37~ shaking water  bath for 1 hr. 
The ce l l -bac ter ia l  mix ture was drawn into a poly carbonate syringe f i l -  
ter  holder containing a 25 mm 13 ~u pore size membrane f i l t e r  (F.P. 
0.25/1 Schleicher and Sch~'ll, Dassel, W. Germany). The specimen was 
washed wi th  200 ml of Tris buf fered saline to remove non adherent bac- 
ter ia.  The cells wi th  the adherent bacter ia  remaining on the surface o f  
the membrane were resuspended in Tris saline and the number of bacte-  
r ia adherent to the cel ls counted using viable counts. 

To inves t iga te  the e f f e c t  of cadmium and zinc on growth a t u rb ime t r i c  
method was used. The organisms were  growth in 5 ml of BHI amended 
with zinc a c e t a t e  100, 500 and 1000/aM and cadmium chlor ide  50, 250 
and 500 laM. Af te r  24 hr, the turb id i ty  was measured at  480 nm in a 
s p e c t r o p h o t o m e t e r  (Systronics 106 MKI1). Each expe r imen t  was ca r r i ed  
out a minimum of th ree  t imes  and each resul t  r ep resen t s  the mean of 
four readings.  The resul ts  were  analysed by S tudent ' s  ' t '  t e s t  as d e s c r i  

bed by Fisher  (1950). 

Bacter ia l  cul tures der ived f rom the growth studies were wel l  washed and 
dried to constant  weight  (20-25 mg). These samples were digested in a 
6:1 n i t r i c  acid perch/or ic  acid mix ture  and analysed for  z inc and cadmium 

397 



in a Perkin Elmer model 5000 atomic absorption spect rophotometer .  
Where sufficient numbers of specimens were available, the results were 
analysed by the Student ' t '  test ,  otherwise the mean of the available 
data is given. 

RESULTS AND DISCUSSION 

A range of bacterial  densities was used in the adherence experiments 
as the number of adherent bacter ia  varied with the density. The control 
organisms at first showed a rapid increase in the number of a t tached 
cells which levelled out as the a t t achment  surface became saturated.  
At low bacterial  densities the micro-organisms grown in the presence of 
100 jiM zinc showed impaired adherence compared with the control 
(Fig. 1). With increasing bacterial  density this inhibitory e f fec t  was 
overcome and at high densities zinc grown organisms exhibited enhanced 
adherence compared with the control.  

Cultures grown in the presence of 100, 500 and 1000 pM zinc exhibited 
a small but stat ist ically significant adverse e f fec t  on growth as measu- 
red by cell densities (Table 1). No de te tec tab le  increase in the zinc 

Table 1. Effec t  of cadmium and zinc on growth of S. faecalis as 
determined by absorbance 

~mol conc. OD jumol conc. OD 
zinc in BH1 cadmium in BHI 
100 1.0#• 50 1.03• 0.07" 
500 0.93• 250 0.85• 
1000 0.95+ 0.01"* 500 0.32• 0.07** 
Control 1.1#• - 
*P 40.05; **P 40.01 

content  of these organisms was observed (Table 2). Litt le information 
is available on the e f fec t  of microbial exposure to high levels of zinc. 
These findings confirm the presence of some ef fec t ive  regula tory  mecha-  
nism for zinc uptake (Failla et al. 1976). 

Table 2. Uptake of cadmium and zinc by S. faecalis 

pmol conc. Zinc nmol/mg pmol conc. Cadmium nmol/mg 
zinc in BHI dry weight cadmium in BHI dry weight 
100 6.80 50 0.8#_+0.12"* 
500 7.21 250 3.35 
1000 6.69 500 #&0 
Control 7.39• 0.81 - 0.22• 0.05 
**P ~0.01 

Although i t  is clear there is no acumulat ion of zinc by the species stu- 
died, su f f ic ien t  zinc may have attached to the microbial  surface to 
induce changes in adhesiveness. Zinc has a known a f f i n i t y  and ab i l i t y  to 
interact  with bacterial  cell walls and membranes (Beveridge & Murray 
1976; Chvapil 1973). Metals are able to influence the hydrophobic and 
hydrophilic nature of microbial ceil walls which may be related to the 
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decrease: in adhesiveness at lower bacterial  densities. Another contribu- 
tory fac tor  in this enhanced adhesiveness may be the ability of zinc to 
stabilise interactions between cell components  and other surfaces (Ou 
1973). 

The highest level of cadmium in the medium which permit ted the colle- 
ction of adequate numbers of micro-organisms for adhesion studies was 
50 jiM. In this cadmium stressed culture the curvilinear adhesion pa t t -  
ern-obtained with the control and zinc grown organisms (Figure 1) was 
lost. It was replaced by a linear pat tern  showing a steady increase in 
adhesion with increase in bacterial  density over a narrow range of lower 
cell densities which quickly reached a plateau, with no further  increase 
in adhesion at higher cell densities. This suggests adhesion had become 
non-specific.  A failure in production of adhesive polymers or proteins 
due to the direct  action of cadmium on synthesis may be related to the 
changed adhesiveness (Blundell & Wild 1969). Here the adhesion studies 
have only examined an animal cell surface,  studies using other organisms 
exposed to cadmium or zinc with P l an t  cells or inert materials  will 
indicate whether the modifications observed in adhesion represent  gene- 
ral phenomena. 

Increase in cadmium levels caused a steady decrease in growth in terms 
of turbidity (Table 1). This was accompanied by accumulat ion of cad- 
mium by the tolerant  microbial population (Table 2). Cadmium is known 
to adversely a f fec t  the growth kinetics of several bacter ia  (Babich & 
Stotzky 1978) and studies using E, coli suggested that  the extended lag 
phase was related to the period of accommodat ion required for the 
micro-organism to develop some mechanism for detoxifying cadmium 
(Mitra et al. 1975). 

Similar investigations of other pollutants utilizing the microbial parame-  
ters described here may provide useful preliminary information on their 
toxici ty for microbial populations which form a part  of all ecosystems,  
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