University of Rhode Island

DigitalCommons@URI

Open Access Master's Theses

1983

Some Aspects of the Effects of Heavy Metal Pollution on Microbal
Sediment Populations

Steven Arcidiacono
University of Rhode Island

Follow this and additional works at: https://digitalcommons.uri.edu/theses
Terms of Use
All rights reserved under copyright.

Recommended Citation

Arcidiacono, Steven, "Some Aspects of the Effects of Heavy Metal Pollution on Microbal Sediment
Populations” (1983). Open Access Master's Theses. Paper 1381.
https://digitalcommons.uri.edu/theses/1381

This Thesis is brought to you by the University of Rhode Island. It has been accepted for inclusion in Open Access
Master's Theses by an authorized administrator of DigitalCommons@URI. For more information, please contact
digitalcommons-group@uri.edu. For permission to reuse copyrighted content, contact the author directly.


https://digitalcommons.uri.edu/
https://digitalcommons.uri.edu/theses
https://digitalcommons.uri.edu/theses?utm_source=digitalcommons.uri.edu%2Ftheses%2F1381&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.uri.edu/theses/1381?utm_source=digitalcommons.uri.edu%2Ftheses%2F1381&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons-group@uri.edu




MASTER OF SCIENCE THESIS
OF

STEVEN ARCIDIACONO

APPROVED:

Thesis Committee

Ma jor Professor

DEAN OF THE GRADUATE SCHOOL

UNIVERSITY OF RHODE ISLAND

1983






the control, and resulted in the selection of metal resistant
predominant colony types. A cross tolerance study of
predominant colony types demonstrated that Pb alone was not
inhibitory, but that the metal mixture was toxiec. Colony
types selected by the metal mixture or Pb were generally
homogeneous.

Plasmid screening of selected sediment isolates
Flavobacterium PWX2 and Aeromonas PWXT7 was accomplished via
agarose gel electrophoresis to determine the relationship of
plasmids to metal and/or multiple metal resistance.
Flavobacterium PWX2, resistant to each metal (Hg, Cd, Pb, Sn,
Zn) contained at least five plasmids; the plasmid pattern did
not vary when the isolate was grown in each metal. Aeromonas
PWXT contained two or more plasmids, but yielded two distinct
plasmid profiles: two plasmids were present when grown in Hg,
while only one (the larger of the two found with Hg) was
present when the isolate was grown in the presence of Pb or

Sn.
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Table 11. Growth response of the predominant colony type
when exposed to a variety of pollution conditions
to determine if growth can occur in an unfamiliar
environment, series 1.

4.28-83

From control sediment to:

ISB TSB + META I E TSB + EQ
1 + - +(d)
2 + - +(d)
3 - - +(d)
i + - +(d)
5 + - +(d)

Predominant colony type: H

From metal mixture polluted sediment to:

ISB TSB + METAL MIXTURE ISB + Pb
+

1 + +(d)
2 + + +(d)
3 + + +(d)
y + + +(d)
5 + + +(d)
Predominant colony type: H
From lead polluted sediment to:
ISB TSB + METAL MIXTURE B + Pb
1 + - +
2 + - +
3 + - +
4 + + +
5 + - +

Predominant colony type: N

%
(d)-delayed growth
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Table 12. Growth response of predominant colonhy types when
exposed to a variety of pollution conditions to
determine if growth can occur in an unfamiliar
environment.

From control sediment to:

ISB ISB + METAL MIXTURE ISB + Pb
+ -

1 +
2 + - +
3 + - +
4 + - +
5 + - +

Predominant colony type: H

From metal mixture polluted sediment to:
TSB TSB + METAL MIXTURE TSB + Pb
+

1 + +
2 + + +
3 + + +
4 + + +
5 + + +

Predominant colony type: A

From lead polluted sediment to:
TSB TSB + METAL MIXTURE ISB + Pb
+ -

MW -
+ o+ o+
1
+ 4+ 4+ + +

-+ -
Predominant colony type: N
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whereas none of the other isolates show this capability.
With the exception of isolate 4, the presence of lead alone
does not appear to select for resistance to all the metals

present in the mixture.

PRESENCE OF PLASMIDS IN PAWTUXET RIVER
SELECTED ISOLATES

Plasmids have been shown to confer resistance to several
different heavy metals. Hg and Cd tolerance are known to be
encoded by plasmids in environmental and clinical isolates,
while plasmid mediated lead resistance has been demonstrated
in certain clinical isolates. No plasmid resistance
mechanisms have been shown for Sn or Zn, although a mechanism
has been suggested linking increased Zn tolerance to gene
products found in Cd resistant isolates. Environmental
isolates were screened for plasmids to investigate if
resistance to Pb, Sn, and/or Zn is possibly plasmid mediated.
The role of plasmids in multiple metal resistance is also
important and was investigated.

Agarose gel electrophoresis was used to screen
Flavobacterium PWX2 and Aeromonas PWX7 for the presence of
Plasmids, and the molecular weights were determined by using
the fragments of lambda DNA-Hind III digest which are of
known molecular weights {(Figure 7). Flavobacterium PWX2 is
resistant to the metals Hg, €d, Pb, Sn, and Zn, and contains

five or more plasmids ranging in molecular weight from
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Fig, T. Log molecular weight versus log relative mobility of
W-DNA Hind III digest. Mobility of fragment one
arbitrarily set equal to 10.
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8.71x106 to 43.65x106 daltons (Figure 8, Table 12). One or
more of these plasmids may act to confer resistance to one or
more metals in the mixture. There appeared to be no differ-~
ence in the plasmid patterns when the organism was grown in
TSB + each metal at 50 ug/ml, and TSB + metal mixture.
Aeromonas PWX7 ultimately lost its resistance to Cd and
Zn at 50 ug/ml, but remained resistant to 50 ug/ml each of
Hg, Pb, and Sn. After the loss of Cd and Zn resistance this
isolate contained two different plasmid patterns depending on
which metal it was grown (Figure 9, Table 12). When grown in
TSB + 50 ug/ml Hg, two plasmids were present at molecular
weights of 12.58x106 and 19.49x106 daltons. When the
organism was grown in TSB amended with 50 ug/ml of Pb or Sn,
only the larger plasmid of 19.49x106 molecular weight was
present. This data suggests that the large plasmid may

indeed encode for multiple metal resistance.
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Table 13. Size and molecular weight of plasmid DNA isolated

from Flavobagterium PWX2 and Aeromonas PWX7.
Molecular weight (daltons) Kilobase (kb)
Flavobacterium PWX2 6
1 u3.65x106 29.10
2 31.62x106 21.08
3 12.58x10, 8.39
'} 9.55x106 6.37
5 8.71x10 5.80

A1l plasmids are present when the organism is grown in TSB
amended with Hg, Cd, Pb, Sn, and/or Zn is present.

Aeromnonas PWXT7. 6
1 19.49x106 12.99
2 12.58x10 8.39

Plasmids 1 and 2 are present in Pb or Sn amended TSB.
Plasmid 2 only present in Hg amended TS3SB,

82



Fig. 8. Agarose gel =electophoresis of plasmid DNA from
Flavobacteriupm PWX2. The organism was grown in TSB
amended with 50 ug/g of: (A) Hg, (B) <¢€d, (C) Pb,
(D) Sn, and (E) Zn. Lane (F) is purified A-DNA
Hind III digest standard.
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'ig. 9. Agarose gel electophoresis of plasmid DNA from
Aeromonas PWXT. The organism was grown in TSB
amended with 50 ug/g of: (A) Hg, (B) ¢€d, (C) Pb,
(D) Sn, and (E) Zn. Lane (F) is purified A-DNA
Hind III digest standard.
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CONCLUSIONS

1. Sediment populations are more likely to be resistant to
metals present in high concentrations in the sediment from
which they were isolated than to metals absent or present
only in low amounts. Pb, Sn, and Zn were found at high
concentrations in Pawtuxet River sediment and were found only
at best moderately inhibitory. Hg and Cd, present at low
levels in the sediment, were found highly toxic.

2. The temperature of incubation only affected the
inhibitory effects of Sn and Zn. Zn was more inhibitory at
ambient temperature incubation regardless of Eh values, while
Sn showed increased inhibition at ambient temperature only
under positive Eh values.,

3. Selected sediment isolates were more tolerant to Pb,
Sn, and Zn than Hg or Cd when grown on a solid medium (TSA).
Resistance levels were further elevated for each metal when
the isolates were grown in a liquid medium (TSB).

4y, Exposure of an unpolluted sediment population to Pb or
a metal mixture results in an initial depression of
population levels. Recovery becomes equivalent to or greater
than control levels indicating that a large segment of the
population acquires resistances to Pb and the mixture of
metals respectively. The metal mixture and Pb leads to
selection of particular colony types, which become

predominant. Selection is more rapid and defined than in the
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control.

5. Selection appears to be generally homogeneous. Pb
alone as a selective agent is not in itself toxic, as
isolates from control sediments exhibited growth in a lead
amended medium. Exposure of an isolate to lead, with one
exception, does not confer resistance to the metal mixture.
6. Isolate Flavobacterium PWX2 is resistant to the metal
mixture, and contains at least five plasmids, one or more of
which may encode for metal resistance. Aeromonas PWXT has
two or more plasmids, and exhibits different plasmid patterns
depending in which metal it has been grown. Both plasmids
are present when the isolate is grown in Hg, while only one

is present when grown in either Sn or Pb.
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Appendix A:

Biochemical test reults used in identifying
Flavobacterium PWX2 and Aeromonas PWXT7.

ORGANISM IDENTIFICATION

ISOLATE Flavobacterium Aeromonas
PWX2 PWXT
BIOCHEMICAL
TESTS
Fermentaion of: *
Glucose + + (d)
Fructose +g +
Sucrose + (w,d) - (d)
Mannose - -
Lactose - -
Rhamnose - -
Dulcitol ~x -
Mannitol + (w) -
Xylose - -
Inulin - -
Inositol - -
Maltose + +y
Cellabiose - + (w,d)
Catalase + (w) +
Oxidase + +
Citrate (24 hr.) - -
(48 hr.) + -
MR - -
VP - -
TSI (24 hr.) K/K/~- K/K/-
(48 hr.) K/K/- A/A/-
Motility - +
Mucate + -
Urease - -
Amylase - -
Gelatinase - : +
BTB facultative facultative
Arginine #
dehydrolase + (d) +
Ornithine
decarboxylase - +
Lysine
decarboxylase + +
Nitrate reduction +(gas) -
Casein hydrolysis - +5
Bile Esculin + + (4)

NaCl
3%
6.5%
15%
20%

+ +
+ +

91



pH

3 + +

5 + +

7 + +

9 + + (w)
Phenol

0.1% - -

0.3¢% - -
Pigment production

15°¢ - -

20°c - -

»
(d)-delayed growth
(w)-weak growth

MORPHOLOGY

PWX2 Gram negative rod; (approximately 2.28x3.0 u)
PWX7 Gram negative rod, (approximately 1.5x2.28 u)
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