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Metals play a dual role in biological systems. In trace amounts, 
they are essential for all life forms due to their involvement in 
numerous physiological processes. In elevated concentrations, 
metals tend to act as potent inhibitors of cell growth and 
developments. The latter fact has become a major cause of concern 
due to the increased bioavailability of metals as a consequence of 
industrially induced acid rain and wastes (Huag 1984: Wright et 
al. 1980). 

Bacteria belonging to the genus Rhizobium, when resid�9 in the 
root nodules of leguminous plants, fix nitrogen and thus 
contribute very significantly to the global nitrogen budget 
(Burris 1980). Although there is a paucity of data concerning the 
effects of metal pollutants on these agronomically important 
organisms, their negative impact on the nitrogen fixing ability of 
these microbes is evident (Holding and Lowe 1971): Huang et al. 
1974). As rhizobia from roof nodules of arctic legumes have been 
demonstrated to contribute significantly to the ecological balance 
in this region (Karagatzides et al. 1985), the impact of some 
metals, found in elevated amounts in acidic surroundings (Havas 
and Hutchinson 1983), on this unique Rhizobium has been assessed. 
In this paper the ability of the microbe to tolerate abnormal 
levels of manganese and aluminum is reported and the effectiveness 
of iron in reversing cadmium toxicity is also discussed. 

HATERIALS AND METHODS 

All chemicals were reagent grade. Folin Ciocalteu's phenol 
reagent was obtained from Anachemia, serum albumin from Sigma, 
yeast extract and agar from Difco Laboratories. Root nodules of 
Oxytropis maydeiliana from Melville Peninsula near Sarcpa Lake 
(68 ~ , 33'N, 83 ~ , 19'W) Northwest Territories, Canada, were the 
source of the Rhizobium used in this study. It was maintained on 
yeast extract mannitol (Vincent 1970) containing 2% w.v agar. 
Slants were kept at 4~ and were subcultured monthly. The liquid 
medium was as described by Appanna and Preston (1987) and was 
supplemented as required with various concentrations of 
filter-sterilized (0.22 um, millipore filters) test metals. For 
growth experiments 100 ml of medium was inoculated with 0.5 ml of 
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a stationary phase control culture (unamended with test metals). 
Cells.we~e_ grown at 23~ in 250 ml conical flasks rotated at 250 
rev mln 
At appropriate time intervals, the cells from 10 ml samples of 
culture fluid were harvested by centrifugation at 16,000 x g for 
20 min at 4~ washed twice with 0.85% saline and treated with 4 
ml of 0.5M NaOH 
at 90~ for 10 min. The protein content of 100 U1 aliquots was 
estimated with Folin Ciocalteu's phenol reagent (Lowry et al. 
1952) using bovine serum albumin as a standard. 

RESULTS AND DISCUSSION 

In the control cultures, a yield of 49.6 ug protein per ml of 
culture was obtained after 1.0 day. Stationary phase was reached 
in 4 days at which time the cell yield corresponded to 500 ~g of 
protein pe~ ml of culture, when the medium was supplemented with 

z+ 
700 pM Mn , a faster growth rate was observed and stationary 
phase was reached after 3 days with a cell yield similar to that 
in the control medium. There was no major disruption in ~he 
growth pattern of the Rhizobium cultured with 440 pM Al�87 
Although a slightly longer time was required for the culture to 
attain stationary phase (5.5 days) ™ cell yield was hot 
affected. The presence of 300 uM Cr 3 in the culture medium 
considerably perturbed growth. Bacterial multiplication was 
evident only after 2.0 days of incubation (36.4 ™ of protein per 
ml of culture) and there was a marked diminution in cell yield; at 
stationary phase a 25~ decrease in protein conce ™ was 
recorded. In the presence of heavy metals like Cd , Zn and 

z+ 
Co , the Rhizobium showed a ma~kedly different r~~ponse. When 
the medium contained either Zn (20 pM) or Co (20 uM), a 
prolonged lag phase of about 5 to 6 days resulted and in both 
instances the cultures reached stationary phase after a further 4 
days. However, the cell yield was significantly diminished to 
approximately 45% compared to that in the control medium (Figure 
I). 

Ni 2+ 2+ 
When exposed to heavy metals like Zn 2+, Cd 2+, and Co , the 
arctic Rhizobium N showed m~rked different patterns of 

Il 2~ 
tolerance. In the presence of Zn (20 ~M) and Co Z+ (20 pM) this 
microbe grew with diminished cell yield after prolonged lag 
periods (Figure I). Such an adaptation may be due to the 
alteration of permeability leading to partial or total exclusion 
of these metals. After a similar lag phas~ no zinc uptake was 

z+ 
discerned (Fa la and Weinberg 1977) Cd , a cation clo~ely 
related to Zn , arrested cell growth completely when present in 
the medium at a concentration of only 20 ~M. ~,2+�99 uptake in some 
bacteria appears to occur by means of th~ Mn active transport ~+ 
system (Laddaga and Silver 1985). since Mn stimulated the growth 
of ~he arctic Rhizobium N~., it was hoped that if these two metals ~+ ~+ /~  ~+ 
(Cd and Mn ) were enterlng the cells via the same route, M~+ 
in a relatively high concentration would block the uptake of Cd , 
thereby neutralizing its toxic effect. But when the microbe was 
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grown in the presence of Cd 2§ (20 pM) and Mn 2+ (700 ~M) no 
im~.™ in cellular multiplication could be discerned. Thus 
Cd would appear to be exerting its toxic effect throu~h 
mechanism(s) other than its entry i~to cell~ via the Mn z+ 

~+ + 
transport y However, when both Cd and Fe 5 were includ ™ 
in the growth medium, a reversal of the inhibitory effect of Cd2+ 
was observed. This clearly points to an antagonism between Cd 

3+ z+ and Fe and implies that the mechanism of Cd toxicity m~~ 
involve a disruption of iron nutrition in this bacterium. Ni- 
appears tobe toxic via other mecha~ism(s), as Fe 5+ was unable to 

z+ 
reverse the inhibitory effect of Ni on th�9 Rhizob�8 The two 
trivalent metals chromium and aluminum are known to arrest 
bacterial growth in low concentrations (Davis et al. 1971): 

When Cd 2+ (20 pM) was included in the medium, cellular 
multiplication was completely arrested even afte�99 10 days of 
incubation. Howev~r, as shown in Figure 2, when Fe �87 (100 ~M) was 
present in the Cd Z+ supplemented medium, growth was detected. 
After 2 days, a protein concentration of 92 pg per ml of culture 
was recorded and cell yield at stationary phase wasd~imOStc ~- the 

wa same as in control cultures. The toxicity due fo ~+ not 
ameliorated by inclusion of Mn 2+ (700 uM) in the medium. Ni (20 
~M) also exhibited toxic properties on the microbe and completely 
abolished cellular divisions+ but in this case no improvement in 
growth was apparent when Fe �87 (100 pM) was included in the medium 
(Table I) 

Figure I 
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Figure I. Growth of arctic Rhizobium N11 in media contain~ng 
various me~~is. A - A, Control (medium unamended with test metal); 
�9 - A. Mn ~ (YO0 ~M); �9 @ , AIS+A(440 ~M); ~ - 0 , Cr 5+ (300 
I/M); x - x, CO z+ (20 vM); 0 - O, Zn z§ (20 ~M); �9 ..... ., Cd z+ (20 
.M). 
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Figure 2 Effect of Fe 3+ p Cd ~+ toxicity. �9 - O, growth of 
�9 ~~ 

arctic Rhizobium (N.~)~+in Cd (20 uM)~+O .... O, growth of arctic 
Rhizobium (N11) in ~~ (20 pM) and Fe (100 ~M). 

Table 1. Effect of various metals on growth rate and cell yield 

Additions Mean generation Cell yield 
time (hrs) (~~1of protein 

ml of culture 

No~e 11.7 500 
Mn ~+ (700 pM) 8.6 504 
~l~~ (440 ~M~ 15.9 498 
Cr2+ (300~M) 23.6 376 
Zn (20 ~M) 26.9 225 
Co 2+ (20 ~M) 25.2 228 
Cd 2+ (20 ~M), 
Fe 3+ (100 uM) 18.3 482 

The data presented in the paper illustrate the diverse responses 
elicited by the arctiq Rhizobium in the presence of different 
metallic stresses. Mn ~~ (910 pM) has been demonstrated to cause a 

an cell growth in Leptothrix discophora and decline in cell yield ~~ 
it was suggested that Fe ~ deprivation as a consequence of excess 
of manganese might be responsible for these phenomena (Adams and 
Ghiorse 1985). 
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The arctic Rhizobium N I. was able to grow in 700 ~M M~ without 
any apparent decrease i~ cell yield and, in fact, Mn seems to 
have actually stimulated growth. Similar observations bave been 
ma~~ in other rhizobia cultivated in much lower concentrations of 
Mn (Wilson and Reisenauer 1970). This metal is �8 in a 
w�8 variety of enzymes, especially catalase and superoxide 
dismutase (Williams 1982), that may have a benef�9 effect on 
growth. Munns and Keyser 1981). The apparent resistance of this 
Rhizobium to these metals requires further studies. 

In conclus�8 this report illustrates the ability of the arctic 
Rhizobium N.~ to tolerate various metals and, possibly, disparate 

I! 
detoxificatlon mechanisms may be operative. Of particular 
interest, however, is the finding that this microorganism, unlike 
other temperate and tropical rhizobia (Wilson and Reisenauer 
1970); Munns and Keyser 1981) seems to be refractory to fairly 
high concentrations of manganese and aluminum, both present in 
elevated amounts in acidic environments. It may be of 
significance to evaluate the impact of these two metals on the 
efficiency of nitrogen fixation by this arctic Rhizobium. 
Recently, we have demonstrated the elaboration of altered 
exopolysaccharides biomolecules essential to this vital process in 
rhizobia in the presence of manganese (Appanna and Preston 1987); 
Appanna 1988). 
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