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Summary

= In this thesis, a study on the dynamics of three types of EPS viz. NaCl-
soluble EPS, EDTA-soluble EPS and TEP was carried out at a shallow
tropical station at the Dona Paula Bay, west coast of India during 1998-
2000. During this study, factors like hydrography, nutrients, dry weight of
particulate matter, Chl a (phytoplankton), POC and bacterial abundance
were monitored to evaluate its influence on the seasonal variations of

EPS.

= The study site experienced three seasons- monsoon (June- September),
post-monsoon (October to January) and pre-monsoon (February-May).
Seasonal differences were observed in the concentrations of NaCl-soluble
and EDTA-soluble forms of EPS in both suspended particulate matter and
sinking macroaggregates. The EDTA-soluble EPS in the suspended
matter was higher during monsoon. This coincided with an increase in
suspended load, POC and nutrients but with a decreased phytoplankton
(Chl a) biomass. On the other hand, NaCl-soluble EPS in the suspended
matter was higher during post-monsoon months and coincided with higher
Chl a concentrations. Unlike the two soluble forms of EPS, TEP
concentrations at the study site remained unchanged during both

monsoon and pre-monsoon months.

= In the macroaggregate samples, NaCl-soluble EPS was higher during

monsoon and coincided with low chl a concentration. On the other hand,
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EDTA-soluble EPS was higher during pre-monsoon months and coincided
with increased POC concentrations. However, Chl a values in the

macroaggregates did not change much seasonally.

The concentrations of all the three types of EPS in the suspended matter
and macroaggregates had no correlation with changes in phytoplankton
biomass suggesting that phytoplankton was not the major source of EPS
at the sampling station. Moreover, factors like nitrate concentrations that
regulate EPS production in phytoplankton cells did not correlate with EPS

and TEP concentrations in the suspended matter.

The contribution of EPS (both NaCl and EDTA-soluble) to POC was < 5%
in both water column and sinking macroaggregate samples. Similarly,
TEP-C contribution to POC in the suspended matter was 6.9% but only

2% in the macroaggregates.

Since EPS and TEP are rich in organic carbon, their influence on the
variation of ecto-glucosidase (both a— and p-) activity and bacterial
production was also evaluated between 1999-2000. The total a-glc and -
glc activity was exceptionally high in the month of September 1999. On the
other hand, higher total a-glc and B-glc activity was also recorded during
the month of May 2000 in the macroaggregate samples. The higher
enzyme activity coincided with higher total bacterial production, Chl a and

EDTA-soluble EPS.
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= Particle associated bacteria accounted for 49% and 61% of the total
bacterial population in the suspended matter and macroaggregate
samples, respectively. Similarly, a substantial fraction of total enzyme
activity (85 to 95%) and bacterial production (75%) was associated with
particles, which had significant linear correlation (r= 0.663, p<0.01) with
EDTA-soluble EPS of the suspended matter. Such correlation highlights
the significance of particle associated bacterial population in the turnover

of EPS in the water column at the study site.

= The total bacterial production and the glucosidase activity (both a- and B-
forms) had positive linear trends with Chl a and EPS (both types) in both
suspended matter and macroaggegates. Moreover, microbial activity of
the macroaggregates showed significant correlations with Chl a and EPS
of suspended matter. This indicates that the composition of suspended
matter had a significant influence on the microbial activity in the

macroaggregates.

= TEP had no correlation with microbial activity in both suspended matter
and macroaggregate samples, suggesting that TEP was not the preferred
carbon source for bacterioplankton and probably served as a carbon sink

at the study area.

= The various aspects of microbial EPS were studied using a marine
bacterium Marinobacter sp. Growth conditions for production of EPS by

the bacterium were standardized. The EPS was isolated, partially purified
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and chemically characterized. Marinobacter EPS was richer in proteins
compared to carbohydrates and also showed the presence of substantial
amounts of residues like uronic acid and sulphates. Glucose was the
dominant monosaccharide whereas aspartate was the major amino acid in

the EPS.

EPS from Marinobacter sp. and a diatom Skeletonema costatum were
used to evaluate its ability to produce large visible macroaggregates.
Large macroaggregates (>15 mm? size) were produced at a faster rate in
presence of bacterial EPS than diatom EPS. Significant differences were
observed in the abundance (Fs= 28.07; p<0.001) and size (Fs= 9.15;
p<0.01) of aggregates produced using EPS derived from two different
sources. Interestingly, macroaggregate formation was not influenced by
abundance of TEP or Coomassie-stained particles (CSP). Moreover,
presence of killed bacteria decreased the formation of macroaggregates in
both the experiments. Thus, it was clear that EPS was essential for the
abiotic production of macroaggregates and could form particles even in the
absence of TEP. Although macroaggregate production involves collision of
particles, some organic particles- like killed bacterial cells in this study,

might depress the aggregation process.

EPS from Marinobacter sp. was used to assess its suitability as a carbon
source for heterotrophs. ™C-glucose labeled Marinobacter EPS was
coated on to sediments and fed to a benthic polychaete Nereis (Hediste)

diversicolor. At the end of the feeding period, the animals ingested 27.85
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dpm to 114.9 dpm of the labeled EPS. On an average, the absorption
efficiency of the animal was 65.6%. However, substantial amount (51%) of
the ingested EPS was respired as CO, and only 26% of the label was
retained in the tissues after depuration. From this study, it was clear that
the bacterial EPS served more as an energy source to these benthic
animals and the bacterial EPS was not efficiently incorporated into the

tissues of the animal.

Natural bacterioplankton population collected from Dona Paula Bay was
used to degrade the "*C-glucose labeled Marinobacter EPS to evaluate its
incorporation into the natural microbial population over a period of 11
days. During this experiment, the microbial cells were grown in aged
seawater supplemented with labeled Marinobacter EPS as a source of
organic carbon. A significant correlation (r=0.993, p<0.001) between the
bacterial production and the incorporation of labeled EPS was observed
during the course of the experiment. Both 14C-incorporation and bacterial
production were maximal in the first 24 h. A decline in "*C-incorporation
and bacterial production with time matched with the decline in
monosaccharide (MCHO) concentrations and higher ecto-glucosidase
activity. This suggests the utilization of MCHO by the natural marine

bacterioplankton.

Metal binding properties of the bacterial EPS were evaluated using copper
and lead as model substrates. The EPS bound both copper and lead to

varying amounts. The polymer had a better binding capacity for copper
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than lead, which might be due to differences in the ionic radii of the metal
ions, electro negativity of their complexes and accessibility of the binding
sites. The binding was greater at near neutral pH for both copper and lead
suggesting that the presence of carboxyl ions and/or CONH" groups might
be responsible for the observed binding of copper and lead to the EPS. A
substantial reduction in the amount of Cu or Pb ions bound by the EPS

was observed in presence of sodium chloride, which might be due to

competition for the binding sites between Na" ions with Cu?* and Pb*".

Although the significance of microbial EPS in the biogeochemical cycling of
carbon and food-web is well-acknowledged, the chemical characteristics,
properties, behavior and distribution of EPS may vary for several reasons. In
this regard, the following could be concluded from the research work
presented here:

i) The three forms of particulate EPS studied in a near shore
environment did not contribute substantially to the organic carbon
pool and all the forms of EPS did not always support microbial
production and enzyme activity.

i) Although bacterial EPS possessed gelling and adsorptive
properties, its ability to form particulate matter and bind metals
varied considerably.

iii) EPS derived from Marinobacter sp. served as an energy source for

heterotrophs.



References



221

References

Agis M, Unanue M, Irriberri J and Herndl GJ. 1998. Bacterial colonization and
ectoenzymatic activity in phytoplankton derived model particles. Part Il. Cleavage
and uptake of carbohydrates. Microb Ecol, 36: 66-74.

Altschul SF, Gish W, Miller W, Myers EW and Lipman DJ. 1990. Basic logical
alignment tool. J Mol Biol, 215: 403-410.

Allan GG, Lewin J and Johnson PG 1972. Marine polymers. V. Diatom
polysaccharides. Bot Mar, 15: 102-108.

Alldredge AL and Silver MW, 1988. Characteristics, dynamics and significance of

marine snow. Prog Oceanogr, 20: 41-82.

Alldredge AL and Gotschalk C. 1989. Direct observations of the mass flocculation of
diatom blooms: Characteristics, settling velocities and formation of diatom

aggregates. Deep Sea Res, 36: 159-171.

Alldredge AL and Gotschalk C. 1990. The relative contribution of marine snow of

different origins to biological processes in coastal waters. Cont Shelf Res, 10: 41-58

Alldredge AL and Jackson GA. 1995. Aggregation in marine systems. Deep Sea-
Res-Il, 42: 1-7.

Alldredge AL, Passow U and Logan BE. 1993. The abundance and significance of a
class of transparent organic particles in the ocean. Deep Sea Res-I, 40: 1131-1140.

Alldredge AL, Gotschalk C, Passow U, and Riebesell U. 1995. Mass aggregation of

diatom blooms: Insights from a mesocosm study. Deep Sea Res-Il, 42: 9-28.

Alldredge AL, Passow U and Haddock SHD. 1998. The characteristics and
transparent exopolymer particle (TEP) content of marine snow formed from thecate
dinoflagellates. J Plankton Res, 20:393—406.



222

Almeida MA, Cunha MA and Alcantara F. 2001. Physiological responses of marine
and brackish water bacterial assemblages in a tidal estuary (Ria de Aveiro, Portugal).
Aquat Microb Ecol, 25: 113-125.

Ammerman JW. 1991. Role of ecto-phosphorylases in phosphorus regeneration in
estuarine and coastal ecosystems. In Microbial enzymes in Aquatic environments,
Chrost RJ (ed), Springer-Verlag, London, pp. 165-186.

Amon RMW and Benner R. 1994. Rapid cycling of high-molecular weight dissolved

organic matter in the ocean. Nature, 369: 549-552.

Amon RMW and Benner R. 1996. Bacterial utilization of different size classes of

dissolved organic matter. Limnol Oceanogr, 41: 41-51.

Anderson TR and Ducklow HW. 2001. Microbial loop carbon cycling in ocean
environments studied using a simple steady-state model. Aquat Microb Ecol, 26: 37-
49.

Angyal SJ. 1989. Complexes of metal cations with carbohydrates in solution. Ad
Carbohydr Chem Biochem, 47:1-43.

Artolozaga |, Santamaria E, Lopez A, Ayo B, lIrriberri J. 1997. Succession of
bacterivorous protists on laboratory-made marine snow. J Plankton Res, 19:1429—
1440

Avery OT, MaCleod CM and McCarty M. 1944. Studies on the chemical nature of
the substance including transformation of pneumococcal types. Induction of

transformation by deoxyribonucleic acid fraction isolated from pneumococcus types
lll. J Exp Med, 79: 137-158.

Azam F. 1998. Microbial control of oceanic carbon flux: The plot thickens. Science,
280: 694-696.

Azam F and Cho BC. 1987. Bacterial utilization of organic matter in the sea. In: (ed)
Brock T. Ecology of microbial communities. Cambridge University Press, Cambridge,
261-281.



223

Azam F, Fenchel T, Field JG, Gray JS, Meyer-Reil LA and Thingstad F. 1983. The

ecological role of water-column microbes in the sea. Mar Ecol Prog Ser, 10: 257-263.

Azam F, Smith DC and Hollibaugh JT. 1991. The role of the microbial loop in
Antarctic pelagic ecosystems. Polar Res, 10: 239-243.

Baird BH and Thistle D 1986. Uptake of bacterial extracellular polymer by a deposit-
feeding holothurian (/sostichopus badionotus). Mar Biol, 92: 183-187.

Baldi F, Minacci A, Saliot A, Mejanelle L, Mozetic P, Turk V and Malej A. 1997. Cell
lysis and release of particulate polysaccharides in extensive marine mucilage

assessed by lipid biomarkers and molecular probes. Mar Ecol Prog Ser, 153: 45-57.

Banse K. 1977. Determining the carbon to chlorophyll a of natural phytoplankton. Mar
Biol, 41: 199-212.

Bartlett DH, Wright ME and Silverman M 1988. Variable expression of extracellular
polysaccharide in the marine bacterium Ps. atlantica is controlled by genome
rearrangement. Proc Natl Acad Sci-USA, 85: 3923-3927.

Becker K. 1996. Exopolysaccharide production and attachment strength of bacteria

and diatoms on substrates with different surface tensions. Microb Ecol, 32: 23-33.

Beech I, Zinkevich V, Hanjangsit L, Gubner R and Avci R. 2000. The effect of
Pseudomonas NCIMB 2021 Biofilm on AlISI 316 Stainless Steel. Biofouling 15:3-12.

Beech |, Hanjagist L, Kalaji M, Neal AL and Zinkevich V. 1999. Chemical and
structural characterization of exopolymers produced by Pseudomonas sp. NCIMB
2021 in continuous culture. Microbiology. 145:1491-1497

Bejan et al. 1998. Characterization of exopolymers produced by halophilic strains of

Halomonas eurihalina. J. Biotechnol, 61: 135-141.

Bell CR and Albright LJ. 1981. Attached and free-floating bacteria in the Fraser River
Estuary, British Columbia, Canada. Mar Ecol Prog Ser, 6: 317-327.



224

Benner R, Pakulski JD, McCarthy M, Hedges JI and Hatcher PG, 1992. Bulk
chemical characterization of dissolved organic matter in the ocean. Science, 255:
1561-1564.

Bergey’s Manual of Systematic Bacteriology, vol 1, 1984. Krieg NR and Holt GH
(eds), Williams and Wilkins, London.

Berger JL, Lee BH and Lacroix C. 1995. Oligosaccharides synthesis by free and
immobilized B -galactosidases from Thermus aquaticus YT-1. Biotechnol Lett, 17:
1077-1080.

Berman T, Kaplan B, Chava S, Viner Y, Sherr BF and Sherr EB. 2001. Metabolically
active bacteria in Lake Kinneret. Aquat Microb Ecol, 23: 213-224.

Berman T and Viner-Mozzini Y 2001. Abundance and characteristics of
polysaccharide and proteinaceous particles in Lake Kinneret. Aquat Microb Ecol, 24:
255-264.

Beveridge TJ and Graham LL. 1991. Surface layers of bacteria. Microbiol Rev, 55:
684-705.

Bhaskar PV, Cardozo E, Giriyan A, Garg A and Bhosle NB. 2000. Sedimentation of
Particulate Matter in the Dona Paula Bay, West Coast of India during November to
May 1995-1997. Estuaries, 23: 722-734.

Bhosle NB & Wagh AB. 1997. Amino acids in biofilm material on aluminium panels

immersed in marine waters. Biofouling, 11: 149-166.

Bhosle NB, McCarrol D, Evans L.V and Edyvean RGJ. 1993. Biofouling. Effects of
cathodic polarisation on carbohydrate metabolism in Amphora coffeaeformis, a

marine fouling diatom. Biofouling, 7: 171-185.

Bhosle NB, Sawant SS, Garg A and Wagh AB. 1995. Isolation and partial chemical
analysis of exopolysaccharides from the marine fouling diatom Navicula subinflata.
Bot. Mar. 38: 103-110.



225

Bhosle NB, Sawant SS, Garg A, Wagh AB and Evans LV. 1996. Chemical
characterization of exopolysaccharides from the marine fouling diatom Amphora

coffeaeformis. Biofouling, 10: 301-307.

Biddanda B. 1985. Microbial synthesis of macroparticulate matter. Mar Ecol Prog
Ser, 20: 241-251.

Biddanda BA. 1988. Microbial aggregation and degradation of phytoplankton-derived

detritus in seawater. 2. Microbial metabolism.

Biddanda BA and Pomeroy LR. 1988. Microbial aggregation and degradation of
phytoplankton-derived detritus in seawater. 1. Microbial succession.
Mar Ecol Prog Ser, 42: 79-88.

Biddanda B and Benner R. 1997. Major contribution from mesopelagic plankton to

heterotrophic metabolism in the upper ocean. Deep Sea Res-|, 44: 2069-2085.

Billen G and Fontigny A 1987. Dynamics of a Phaeocystis -dominated spring bloom
in Belgian coastal waters. 2. Bacterioplankton dynamics. Mar Ecol Prog Ser, 37: 249-
257.

Bitton G and Freihoffer V. 1978. Influence of extracellular polysaccharides on the

toxicity copper and cadmium towards Klebsiella aerogenes. Microb Ecol, 4: 119-125.

Blumenkrantz N and Asboe G. 1973 New method for quantitative determination of
uronic acid. Anal Biochem, 54:484-489.

Bode A, Barquero S, Varela M, Braun J G and De-Armas D. 2001. Pelagic bacteria
and phytoplankton in oceanic waters near the Canary Islands in summer. Mar Ecol
Prog Ser, 209: 1-17.

Borch NH and Kirchmann DL. 1997. Concentration and composition of dissolved
combined neutral sugars (polysaccharides) in seawater determined by HPLC-PAD.
Mar Chem, 57: 85-95.

Brachvogel T, Schweitzer B and Simon M. 2001. Dynamics and bacterial colonization

of microaggregates in a large mesotrophic lake. Aquat Microb Ecol, 26: 23-35.



226

Bremer PJ and Loutit MW 1986. Bacterial polysaccharide as a vehicle for entry of Cr
(1) to a food chain. Mar Environ Res, 20: 235-248.

Bridge TAM, White C and Gadd GM. 1999. Extracellular metal binding activity of the
sulphate-reducing bacterium Desulfococcus multivorans. Microbiology, 145: 2987-
2995.

Brophy JE and Carlson DJ. 1989. Production of biologically refractory dissolved

organic carbon by natural seawater microbial populations.

Brown MJ and Lester JN. 1979. Metal removal in activated sludge: the role of

bacterial extracellular polymers. Water Res, 13: 817-837.

Brown MJ and Lester JN. 1982a. Role of bacterial extracellular polymers in metal
uptake in pure bacterial culture and activated sludge-I. Effects of metal concentration.
Wat Res, 16: 1539-1558.

Brown MJ and Lester JN. 1982b. Role of bacterial extracellular polymers in metal
uptake in pure bacterial culture and activated sludge. Il. Effects of mean cell retention
time. Wat Res, 16: 1549-1560.

Buffle J, Wilkinson KJ, Stoll S, Fillela M and Zhang J. 1998. A generalized description
of aquatic colloidal interactions: The three colloidal component approach. Environ Sci
Technol, 32:2887-2899.

Burney CM. 1986. Bacterial utilization of total in situ derived carbohydrate in offshore

waters. Limnol. Oceanogr. 31:427-431.

Burney CM, Johnson KM, Lavoie DM and Sieburth J McN. 1979. Dissolved
carbohydrates and microbial ATP in north Atlantic: concentrations and interactions.
Deep-Sea Res.-| 26: 1267-1290.

Burns RG. 1989. Microbial and enzymatic activities in soil biofilms. In Structure and
functions of biofilms, Characklis WG and Wilderer PA (eds). Wiley, Chichester, pp.
333-349.



227

Byrom D. 1991. Biomaterials (Byrom D ed.), pp. 263-283. Macmillan Press.

Cabaniss SE, Shuman MS and Collins BJ. 1984. Metal-organic binding: a
comparison of models. In Natural waters, Kramer CJM and Duinker JC (eds.),
pp:165-179.

Cadieux JE, Kuzio J, Milazzo FH and Kropinski AM. 1983. Spontaneous release of

liopolysaccharide by Pseudomonas aeruginosa. J Bacteriol, 155: 817-825.

Cammen LM 1980. The significance of microbial carbon in the nutrition of the deposit

feeding polychaete Nereis succinea. Mar Biol, 61: 9-20.

Carlsson J. 1967. Dental plaque as a source of salivary gland streptococci. Odont
Rev, 18: 173-180.

Carlson CA and Ducklow HW. 1996. Growth of bacterioplankton and consumption of
dissolved organic carbon in the Sargasso Sea. Aquat Microb Ecol, 10: 69-85.
Cauwet G. 1978. Organic chemistry of sea water particulates concepts and

developments. Oceanol Acta, 1: 99-105.

Chandramohan P, Jayakumar S, Sanil Kumar V and llangovan D. 1998. Fine particle

deposition at Vainguinim tourist beach. J Coastal Res, 14: 1074-1081.

Characklis WG and Cooksey KE. 1983. Biofilms and microbial biofouling. Adv Appl
Microbiol, 29: 93-138.

Characklis WG and Escher AR 1988. Microfouling in initial events. In Marine
Biodeterioration: Advanced techniques applicable to the Indian Ocean, Thompson
MF, Sarojini R and Nagabushanam R (eds), Oxford & IBH, New Delhi, pp. 249-260.

Chen J-H, Lion LW, Ghiorse WC and Shuler ML. 1995. Mobilization of adsorbed
cadmium and lead in aquifer material by bacterial extracellular polymers. Wat Res,
29: 421-430.

Chen S and Eisma D. 1995. Fractal geometry of in situ flocs in estuarine and coastal
environments. Neth J Sea Res, 32: 173-183.



228

Chester IR and Murray RGE. 1978. Protein-lipid-lipopolysaccharide association in the

superficial layer of Spirillum serpens cell walls. J Bacteriol, 133: 932-941.

Chin WC, Orellana MV and Verdugo P. 1998. Spontaneous assembly of marine
dissolved organic matter into polymer gels. Nature, 391: 568-572.

Cho BC. 1991. Bacterial biomass and production in the water column over two

central North Pacific seamounts. J Oceanol Soc Korea, 26: 255-261.

Cho BC and Azam F. 1988. Major role of bacteria in biogeochemical fluxes in the
ocean's interior. Nature, 332: 441-443.

Cho BC and Azam F 1990. Biogeochemical significance of bacterial biomass in the
ocean's euphotic zone. Mar Ecol Prog Ser, 63: 253-259.

Christensen BE. 1989. The role of extracellular polysaccharides in biofilms. J
Biotechnol, 10: 181-202.

Christian JR and Karl DM. 1995. Measuring bacterial ectoenzyme activities in marine
waters using mercuric chloride as a preservative and a control. Mar Ecol Prog Ser,
123: 217-224.

Chrost RJ. 1989. Characterization and significance of beta -glucosidase activity in
lake water. Limnol Oceanogr, 34: 660-672.

Chrost RJ. 1990. Significance of bacterial ectoenzymes in aquatic environments. In
The dynamics and use of lacustrine ecosystems. limavirta V. & Jones RI. (eds), 243-
244: 61-70.

Chrost RJ 1991. Environmental control of the synthesis and activity of aquatic
microbial ectoenzymes. In Microbial enzymes in Aquatic environments, Chrost RJ

(ed). Springer-Verlag, London, pp. 29-59.

Chrost R H and Faust M A 1983. Organic carbon release by phytoplankton: lIts

composition and utilization by bacterioplankton. J Plankton Res, 5: 471-493.



229

Coffin RB. 1989. Bacterial uptake of dissolved free and combined amino acids in

estuarine waters. Limnol Oceanogr, 34: 531-542.

Conan P, Turley C, Stutt E, Pujo-Pay M and Van-Wambeke F. 1999. Relationship
between phytoplankton efficiency and the proportion of bacterial production to
primary production in the Mediterranean Sea. Aquat Microb Ecol, 17: 131-144.

Cooksey KE. 1981. Requirement for calcium in adhesion of a fouling diatom to glass.
Appl Environ Microbiol, 41: 1378-1382.

Corpe WA. 1964. Factors influencing growth and polysaccharide formation by strains

of Chromobacterium violaceum. J Bacteriol, 88: 1433.

Corpe WA. 1970. An acid polysaccharide produced by primary film forming bacteria.
Develop Ind Microbiol, 11: 402-412.

Corpe WA. 1975. Metal-binding properties of surface materials from marine bacteria.
Dev Ind Microbiol, 249-255.

Corpe  WA. 1980. Microbial surface components involved in adsorption of
microorganisms onto surfaces. In Adsorption of microorganisms to surfaces, Bitton G
& Marshall KC (eds). John Wiley & Sons, New York, pp. 105-144.,

Costa PFE, Narciso L and da-Fonseca LC. 2000. Growth, survival and fatty acid
profile of Nereis diversicolor (O. F. Muller, 1776) fed on six different diets.
Bull Mar Sci, 67: 337-343.

Costerton JW. 1984. Mechanisms of microbial adhesion to surfaces. Direct
ultrastructural examination of adherent bacterial populations in natural and
pathogenic ecosystems. In Current Perspectives in Microbial Ecology, Proc. 3™ Intl
Symp Microbial Ecol, Klug MJ and Reddy CA (eds), pp. 115-123.

Costerton JW, Geesey GG and Cheng KJ. 1978. How bacteria stick? Sci Am, 238:
86-95.

Costerton JW, Irvin RT and Cheng KJ. 1981. The bacterial glycocalyx in nature and
disease. Ann Rev Microbiol, 35: 299-324.



230

Costerton JW, Lappin-Scott HM and Cheng KJ. 1992. Glycocalyx, bacterial: In
Encyclopedia of microbiology, Lederberg J (ed), 2, Academic press, San Diego, pp.
311-317.

Covert JS and Moran MA. 2001. Molecular characterization of estuarine bacterial
communities that use high- and low-molecular weight fractions of dissolved organic
carbon. Aquat Microb Ecol, 25: 127-139.

Cowen JP. 1992. Morphological study of marine bacterial capsules: Implications for
marine aggregates. Mar Biol, 114: 85-95.

Cowen JP and Silver MW 1984. The association of iron and manganese with

bacteria on marine macroparticulate material. Science, 224: 1340-1342.

Cowen JP and Bruland KW. 1985. Metal deposits associated with bacteria:
implications for Fe and Mn marine biogeochemistry. Deep Sea Res-I, 32A: 253-272.

Cowen JP, Massoth G and Winn CD. 1985. Bacterial scavenging of Mn and Fe in
mid- to far-field plumes of hydrothermal vent origin. 7th-International Symposium on

Environmental Biogeochemistry, pp. 30.

Cowen JP, Massoth GJ and Baker ET. 1986. Bacterial scavenging of Mn and Fe in a
mid- to far-field hydrothermal particle plume. Nature, 322: 169-171.

Crocker KM and Passow U. 1995. Differential aggregation of diatoms. Mar Ecol Prog
Ser, 117: 249-257.

Crump BC and Baross JA. 2000. Characterization of the bacterially-active particle
fraction in the Columbia River estuary. Mar Ecol Prog Ser. 2000. 206: 13-22.

Cunha MA, Almeida MA and Alcantara F. 2000 Patterns of ectoenzymatic and
heterotrophic bacterial activities along a salinity gradient in a shallow tidal estuary.
Mar Ecol Prog Ser, 204: 1-12.



231

Czaka DR, Lion LW, Shuler ML and Ghiorse WC. 1997. Evaluation of the utility of
bacterial extracellular polymers for treatment of metal-contaminated soils: polymer
persistence, mobility and the influence of lead. Wat Res, 31: 2827-2839.

Dam HG and Drapeau DT. 1995. Coagulation efficiency, organic-matter glues and
the dynamics of particles during a phytoplankton bloom in a mesocosm study. Deep
Sea Res- 1l, 42: 111-123.

Daniel GF, Chamberlain AHL and Jones EGB. 1980. Ultrastructural observations on

the fouling diatom Amphora. Helgol Meeresunters, 34: 123-149.

Davidson IW. 1978. Production of polysaccharide by Xanthomonas campestris in
continuous culture. FEBS Lett, 3: 347.

DeSouza MJDB. 2000. Studies on particle associated bacteria in the tropical

estuarine system. PhD thesis, Goa University.

De Souza AM & Sutherland IW. 1974. Exopolysaccharide and storage polymer
production in Enterobacter aerogenes type 8 strains. J Appl Bacteriol, 76: 463-468.

De Phillipis R and Vincenzinni M. 1998. Exocellular polysaccharides from

cyanobacterial and their possible applications. FEMS Microbiol Rev, 22: 151-175.

Decho AW. 1990. Microbial exopolymer secretions in ocean environments: Their
role(s) in food webs and marine processes. Oceanogr Mar Biol Annu Rev, ed.
Barnes M, 28, pp. 73-153.

Decho AW. 2000. Microbial biofilms in intertidal systems: an overview. Cont Shelf
Res, 20: 1257-1273.

Decho AW and Moriarty DJW. 1990. Bacterial exopolymer utilization by a
harpacticoid copepod: A methodology and results. Limnol Oceanogr, 35: 1039-1049.

Decho AW and Lopez GR. 1993. Exopolymer microenvironments of microbial flora:
Multiple and interactive effects on trophic relationships. Limnol Oceanogr, 38: 1633-
1645.



232

Decho AW and Herndl GJ. 1995. Microbial activities and the transformations of

organic matter within mucilaginous material. Sci. Total Environ. 165: 33-42.

Deighton MA, Borland R and Capstick JA. 1996. Virulence of Staphylococcus
epidermidis in a mouse model: significance of extracellular slime. Epidemiol Infect,
117: 267-280.

Deming JW. 1985. Bacterial growth in deep-sea sediment trap and boxcore samples.
Mar Ecol Prog Ser, 25: 305-312.

Descy JP, Leporcq B, Viroux L, Francois C, Servais P. 2002. Phytoplankton
production, exudation and bacterial reassimilation in the River Meuse (Belgium). J
Plankton Res, 24: 161-166.

Deuser WG, Ross EH and Anderson RF. 1981. Seasonality in the supply of sediment
to the deep Sargasso Sea and implications for rapid transfer of matter to the deep
ocean. Deep Sea Res, 28: 495-505.

Devassy VP and Goes JI. 1988. Phytoplankton community structure in a tropical
estuarine complex (central west coast of India). Estuar. Coast. Shelf Sci. 27: 671-
685.

Devassy VP and Goes JI. 1989. Seasonal patterns of phytoplankton biomass and
productivity in a tropical estuarine complex (west coast of India). Proc Indian Acad
Sci Plant Sci, 99: 485-501.

Dilling L and Alldredge AL 2000. Fragmentation of marine snow by swimming
macrozooplankton: a new process impacting carbon cycling in the sea. Deep-Sea
Res. 147: 1227-1245.

Dodgson KS and Price 1963. Determination of inorganic sulphate in studies on the
enzymatic and non-enzymatic hydrolysis of carbohydrates. J Exp Mar Biol Ecol, 9:
137-144.

Dong D, Nelson YM, Lion LW, Shuler ML and Ghiorse WM. 2000. Adsorption of Pb

and Cd onto metal oxides and organic material in natural surface coatings as



233

determined by selective extractions: new evidence for the importance of Mn and Fe
oxides. Wat Res, 34: 427-436.

Doénmez G and Aksu Z. 2001. Bioaccumulation of copper (II) and nickel (II) by the
non-adapted and adapted growing Candida sp. Wat Res, 35: 1425-1434.

Druffel ERM, Williams PM, Bauer JE and Ertel JR. 1992. Cycling of dissolved and
particulate organic matter in the open ocean. J Geophys Res- C-Oceans, 97, 15,639-
15,650.

Dubois, M.K, Gilles, K.A, Hamilton, J.K, Rebers, P.A. and Smith, F. (1956) A
colorimetric method for the determination of sugar and related substances. Anal.
Chem. 28, 350-356.

Ducklow H and Mitchell R. 1979. Bacterial ppopulations and adaptations in the
mucus layers on living corals. Limnol Oceanogr, 24: 715-725.

Duddridge JE and Wainwright M. 1982. Enzyme activity measurements as a means
of assessing a river sediment's capacity to degrade organic pollutants. Environ Tech
Letts, 2: 75-80.

Dugan PR and Pickrum HM. 1972. Removal of mineral ions from microbially
produced polymers. Proc 27" Ind Waste Conf, Purdue Univ Engng Ext Ser No 141,
1019-1038.

Duguid JP. 1951. The demonstration of bacterial capsules and slime. J Pathol
Bacteriol, 63: 673-685.

Duguid JP and Wilkinson JF. 1953. The influence of cultural conditions on

polysaccharide production by Aerobacter aerogenes. J Gen Microbiol, 9: 174.

Eberlein K, Leal MT, Hammer KD and Hickel W. 1985. Dissolved organic substances
during a Phaeocystis pouchetii bloom in the German Bight (North Sea). Mar Biol, 89,
311-316.

Eisma D. 1993 Suspended matter in the aquatic environment. Springer-Verlag, New
York.



234

Engel A (2000) The role of transparent exopolymer particles (TEP) in the increase in
apparent particle stickiness (a) during the decline of a diatom bloom. J Plankton Res
22: 485-497.

Engel A. 2002. Direct relationship between CO, uptake and transparent exopolymer

particles production in natural phytoplankton. J Plankton Res, 24, 49-53.

Engel A, Schartau M (1999) Influence of transparent exopolymer particles (TEP) on

sinking velocity of Nitzschia closterium aggregates. Mar Ecol Prog Ser 182: 69-76

Eppley RW and Sloan PR. 1965. J Fish Res Bd Can, 22: 1083-1097.

Fajon C, Cauwet G, Lebaron P, Terzic S, Ahel M, Alenka M, Mozetic P and Turk V.
1999. The accumulation and release of polysaccharides by planktonic cells and the
subsequent bacterial response during a controlled experiment. FEMS Microbiology
Ecology, 29: 351-363.

Falkowski PG, Biscaye PE and Sancetta C. 1994. The lateral flux of biogenic
particles from the eastern North American continental margin to the North Atlantic
Ocean. Deep Sea Res-ll, 41: 583-601.

Fenchel T. 1982. Ecology of heterotrophic microflagellates. 2. Bioenergetics and
growth. Mar Ecol Prog Ser, 8: 225-231.

Ferris FG, Schultize S, Witten TC, Fyfe WS and Beveridge TJ. 1989. Metal
interactions with microbial biofilms in acidic and neutral pH environments. Appl
Environ Microbiol, 55: 1249-1257.

Filisetti-cozzi TM and Nicholas CC. 1991. Measurement of uronic acid without

interference from neutral sugars. Anal Chem, 197: 157-162.

Fletcher M. 1980. Adherence of marine microorganisms to smooth surfaces. In
Bacterial Adherence, Beachey EH (ed.), Chapman & Hill, London, pp. 347-374.

Fletcher M, Lessmann JM and Loeb GI. 1991. Bacterial surface adhesives and

biofilm matrix polymers of marine and freshwater bacteria. In Proceedings of a



235

conference on Bioadhesion- A physico-chemical approach to biological adhesion in
dentistry, medicine and industry, Bosch JJ. (ed.), 4: 129-140.

Ford T and Mitchell R. 1990. The ecology of microbial corrosion. In Adv Microb Ecol,
11: pp. 231-261.

Ford TE, Walch M and Mitchell R. 1986. Corrosion of metals by thermophillic

microorganisms. Corrosion/86, Paper no. 123, NACE publications, Texas.

Ford TE, Maki JS and Mitchell R. 1987. The role of metal-binding bacterial
exopolymers in corrosion processes. Corrosion/87, Paper no. 380, NACE

publications, California.

Foreman CM, Franchini P and Sinsabaugh RL. 1998. The trophic dynamics of
riverine bacterioplankton: Relationships among substrate availability, ectoenzyme

kinetics, and growth. Limnol Oceanogr, 43: 1344-1352.

Fowler SW and Knauer GA. 1986. Role of large particles in the transport of elements
and organic compounds through the oceanic water column. Prog Oceanogr, 16, 147-
194.

Friedman BA and Dugal PR. 1968. Concentration and accumulation of metallic ions

by bacterium Zoogloea. Dev Ind Microbiol, 9: 381-388.

Friedrich U, Schallenberg M and Holliger C. 1999. Pelagic bacteria-particle
interactions and community-specific growth rates in four lakes along a trophic
gradient. Microb Ecol, 37: 49-61.

Fuhrman J. 1992. Bacterioplankton roles in cycling of organic matter: the microbial
food web. In Primary productivity and biogeochemical cycles in the sea, Falkowski
PG and Woodhead AD (eds). Plenum press, pp. 361-383.

Fuhrman J and Azam F. 1982. Thymidine Incorporation as a Measure of
Heterotrophic Bacterioplankton Production in Marine Surface Waters: Evaluation and
Field Results. Mar Biol, 66: 109-120.



236

Fuhrman JA, Sleeter ThD, Carlson CA and Proctor LM. 1989. Dominance of bacterial
biomass in the Sargasso Sea and its ecological implications. Mar Ecol Prog Ser, 57:
207-217.

Gadd GM. 1992. Metals and microorganisms: A problem of definition. FEMS
Microbiol Lett, 100: 197-204.

Garcia CM, Prieto L, Vargas M, Echevarria F, Garcia-Lafuente J, Ruiz J and Rubin
JP. 2002. Hydrodynamics and the spatial distribution of plankton and TEP in the Gulf
of Cadiz (SW Iberian Peninsula). J Plankton Res, 24: 817-833.

Garrison DL, Gowing MM, Hughes MP, Campbell L, Caron DA, Dennett MR,
Shalapyonok A, Olson RJ, Landry MR, Brown SL, Liu HB, Azam F, Steward GF,
Ducklow HW and Smith DC. 2000. Microbial food web structure in the Arabian Sea: a
US JGOFS study. Deep Sea Res-Il, 47: 1387-1422.

Gauns M 2000. Role of microzooplankton in the food chain dynamics of some

tropical marine environments. PhD thesis, Goa University.

Gauthier MJ, Lafay B, Christen R, Fernandez L, Acquaviva M, Bonin P and Bertrand
JC. 1992. Marinobacter hydrocarbonoclasticus gen. nov., sp. nov., a new, extremely
halotolerant, hydrocarbon-degrading marine bacterium. Int J Syst Bacteriol, 42: 568-
576.

Geddie JL and Sutherland IW. 1993. Uptake of metals by bacterial polysaccharides.
J Appl Bacter, 14: 467-472.

Geesey GG and Jang L. 1990. Extracellular polymers for metal binding. In Microbial
Mineral Recovery, Brierley C and Ehrlich H (eds.), McGraw-Hill, NY, pp:223-249.

Geesey GG, Jang L, Jolley JG, Hankins MR, Ilwaoka T and Griffiths PR. 1988.
Binding of metal ions by extracellular polymers of biofilm bacteria. In Water and
Wastewater Microbiology, Jenkins D and Olson BH. (eds), 20: 161-165.

Gerhardt P, Murray RGE, Costilow RN, Nester EW, Wood WA, Krieg NR and Phillips
BG. 1981. Manual of methods in general Bacteriology. Am Soc Microbiol,

Washington.



237

Gerritsen J and Bradley SW. 1987. Electrophoretic mobility of natural particles and

cultured organisms in freshwaters. Limnol Oceanogr, 32: 1049-1058.

Gibbs RJ 1983. Effect of natural organic coatings on the coagulation of particles.
Environ Sci Technol 17: 237-240.

Gloaguen W, Morvan H and Hoffmann L. 1995. Released and capsular
polysaccharides of Oscillatoriaceae (Cyanophyceae, Cyanobacteria). Arch Hydrobiol
Suppl. 109: 53-69

Gonzalez JM, Iriberri J, Egea L and Barcina I. 1990. Differential rates of digestion of
bacteria by natural assemblages of estuarine flagellates and ciliates. Appl Environ
Microbiol, 56: 583-589.

Goldman JC. 1984. Conceptual role for microaggregates in pelagic waters.

Symposium on Detritus Dynamics in Aquatic Ecosystems, 35: 462-476.

Gomes do-RH, Pant A, Goes JI and Parulekar AH. 1991. Heterotrophic utilization of
extracellular products of phytoplankton in a tropical estuary. J Plankton Res, 13: 487-
498.

Goto N, Kawamura T, Mitamura O and Terai H. 1999. Importance of extracellular
organic carbon production in the total primary production by tidal-flat diatoms in
comparison to phytoplankton. Mar Ecol Prog Ser, 190: 289-295.

Goto N, Mitamura O and Terai H. 2001. Biodegradation of photosynthetically
produced extracellular organic carbon from intertidal benthic algae. J Exp Mar Biol
Ecol, 257: 73-86.

Gotschalk CC and Alldredge AL. 1989. Enhanced primary production and nutrient

regeneration within aggregated marine diatoms. Mar Biol, 103: 119-129.

Goutx M, Acquaviva M and Bertrand JC. 1990. Cellular and extracellular
carbohydrates and lipids from marine bacteria during growth on soluble substrates
and hydrocarbons. Mar Ecol Prog Ser, 61: 291-296.



238

Grossart HP. 1999. Interactions between marine bacteria and axenic diatoms
(Cylindrotheca fusiformis, Nitzschia laevis, and Thalassiosira weissflogii) incubated

under various conditions in the lab. Aquat Microb Ecol 19: 1-11.

Grossart HP and Simon M. 1998. Bacterial colonization microbial decompositon of

limnetic organic aggregates (lake snow). Aquat Microb Ecol, 15: 127-140.

Grossart HP and Ploug H. 2000. Bacterial production and growth efficiencies: Direct

measurements on riverine aggregates. Limnol Oceanogr, 45: 436-445.

Grossart HP, Simon M and Logan BE.1997. Formation of macroscopic organic
aggregates (lake snow) in a large lake: The significance of transparent exopolymer

particles, phytoplankton, and zooplankton. Limnol Oceanogr, 42: 1651-1659.

Grossart HP, Berman T, Simon M and Pohlmann K. 1998. Occurrence and microbial
dynamics of macroscopic organic aggregates (lake snow) in Lake Kinneret, Israel, in
fall. Aquat Microb Ecol 14:59-67

Guezennec J, Pignet P, Lijour Y, Gentric E, Ratiskol J and Colliec-Jouault S. 1998.
Sulfation and depolymerization of a bacterial exopolysaccharides of hydrothermal

origin. Carbohy Polymers, 37: 19-24.

Guibal E, Roulph C and Cloirec PL. 1992. Uranium biosorption by a filamentous
fungus Mucor miehei: pH effect on mechanisms and performances of uptake. Wat
Res, 26: 1139-1145.

Guillard RRL and Wangersky PJ. 1958. The production of extracellular

carbohydrates by some marine flagellates. Limnol Oceanogr, 3: 449-454.

Hama T and Yanagi K. 2001. Production and neutral aldose composition of dissolved
carbohydrates excrete by natural marine phytoplankton populations. Limnol
Oceanogr, 46: 1945-1955.

Hamamoto T, Kaneda M, Kudo T and Horikoshi K. 1995. Characterization of a
protease from psychrophilic Vibrio sp. strain 5709. J Mar Biotechnol, 2: 219-222.



239

Hansen JLS, Kigrboe T, Alldredge AL (1996) Marine snow derived from abandoned
larvacean houses: sinking rates, particle content and mechanisms of aggregate
formation. Mar Ecol Prog Ser 141:205-215

Harada T. 1977. In Microbial Extracellular Polysaccharides, Sandford PA and
Laksin A. (eds), Am Chem Soc, Washington, pp. 265-283.

Harper MA. 1976. Migration rhythm of the benthic diatom Pinnularia viridis on pond
silt. NZJ Mar Freshwater Res, 10: 381-384.

Harvey RW. 1981. Lead-bacterial interactions in an estuarine salt marsh micro-layer.
PhD Thesis, Stanford University, Stanford, pp. 161.

Harvey RW and Luoma SN. 1984. The role of bacterial exopolymers and suspended
bacteria in the nutrition of the deposit feeding clam, Macoma balthica. J Mar Res,
42:957.

Harvey RW and Luoma SN. 1985. Effects of adherent bacteria and bacterial
extracellular polymers upon assimilation by Macoma balthica of sediment bound Cd,
Zn and Ag. Mar Ecol Prog Ser, 22:281.

Haug A and Smidsrod O. 1970. Selectivity of some anionic polymers for divalent
metal ions. Acta Chem Scand, 240:843.

Haumann L. 1989. Algal blooms. In Water pollution research report, 10, Barth H and
Nielsen A (eds), Commission of the European communities, Luxembourg, 9-19.

Heiskanen AS, Olesen M and Wassmann P (eds.), Seasonal dynamics of planktonic

ecosystems and sedimentation in coastal Nordic waters. p:81-105

Heissenberger A and Herndl GJ. 1994. Formation of high molecular weight material

by free-living marine bacteria. Mar Ecol Prog Ser, 111: 129-135.

Heissenberger A, Leppard GG and Herndl GJ. 1996. Ultrastructure of marine snow.

2. Microbiological considerations. Mar Ecol Prog Ser, 135: 299-308.



240

Hellebust JA. 1965. Excretion of some organic compounds by marine phytoplankton.
Limnol Oceanogr, 10: 192-206.

Hellebust JA and Terborgh J. 1967. Effects of environmental conditions on the rate of
photosynthesis and some photosynthetic enzymes in Dunaliella tertiolecta Butcher.
Limnol Oceanogr, 12: 559-567.

Henriques-Vieira and Myklestad S 1986. Production of extracellular carbohydrate in
cultures of Ankistrodesmus densus Kors. (Chlorophyceae). J Plankton Res, 8: 985-
994.

Herndl GJ. 1991. Microbial biomass dynamics along a trophic gradient at the Atlantic
barrier reef off Belize (Central America). P.S.Z.N.-I Mar Ecol, 12: 41-51.

Herndl GJ. 1992. Marine snow in the Northern Adriatic Sea: Possible causes and

consequences for a shallow ecosystem. Mar Microb Food-Webs, 6: 149-172.

Herndl GJ. 1995. Microbial dynamics in marine snow. In Seasonal Dynamics of
Planktonic Ecosystems and Sedimentation in Coastal Nordic Waters, Floderus S,
Heiskanen AS, Olesen M and Wassmann P (eds.), 81-105.

Herndl GJ and Peduzzi P 1988. The ecology of amorphous aggregations (marine
snow) in the northern Adriatic Sea. 1. General considerations. P.S.Z.N.-I Mar Ecol, 9:
79-90.

Hoagland KD, Rosowski JR, Gretz MR and Roemer SC. 1993. Diatom extracellular
polymeric substances: Function, fine structure, chemistry, and physiology. J Phycol,
29: 537-566.

Hong Y, Smith WO Jr and White AM. 1997. Studies on transparent exopolymer
particles (TEP) produced in the Ross Sea (Antarctica) and by Phaeocystis antarctica
(Prymnesiophyceae). J Phycol, 33: 368-376.

Honjo S. 1982. Seasonality and interaction of biogenic and lithogenic particulate flux
at the Panama Basin. Science-Wash, 218: 883-884.



241

Honjo S, Doherty KW, Agrawal YC and Asper V. 1984. Direct optical assessment of
large amorphous aggregates (marine snow) in the deep ocean. Deep Sea Res-I, 31:
67-76.

Hoppe HG. 1983. Significance of exoenzymatic activities in the ecology of brackish
water: measurements by means of methylumbelliferyl-substrates. Mar Ecol Prog Ser,
11: 299-308.

Hoppe HG, Ducklow H and Karrasch B. 1993. Evidence for dependency of bacterial
growth on enzymatic hydrolysis of particulate organic matter in the mesopelagic
ocean. Mar Ecol Prog Ser, 93: 277-283.

Hung C-C, Tang D, Warnken KW and Santschi PH. 2001. Distributions of
carbohydrates, including uronic acids, in estuarine waters of Galveston bay. Mar
Chem, 73: 305-318.

Ittekkot V, Brockmann U, Michaelis W and Degen ET. 1981. Dissolved free and
combined carbohydrates during a phytoplankton bloom in the northern North Sea.
Mar Ecol Prog Ser, 4: 299-305.

Iriberri J, Unanue M, Ayo B, Barcina | and Egea L. 1990. Attached and free-living
dividing bacteria in two aquatic systems. Lett Appl Microbiol, 11: 87-89.

Iriberri J and Unanue M, Ayo B, Barcina | and Egea L. 1990. Bacterial production and
growth rate estimation from *H-thymidine incorporation for attached and free-living

bacteria in aquatic systems. Appl Environ Microbiol,. 56: 483-487.

Jackson CR, Foreman CM and Sinsabaugh RL. 1994. Microbial enzyme activities as
indicators of organic matter processing rates in a Lake Erie coastal wetland.
Freshwat Biol, 34: 329-342.

Jackson GA, Maffione R, Costello DK, Alldredge AL, Logan BE, Dam HG (1997)
Particle size spectra between 1 ym and 1 cm at Monterey Bay determined using
multiple instruments. Deep-Sea Res | 44:1739-1767

Jackson GA (1990) A model of the formation of the marine algal flocs by physical
coagulation processes. Deep-Sea Res 37:1197-1211



242

Jackson GA 1990. A model of the formation of marine algal flocs by physical

coagulation processes. Deep Sea Res-I, 37: 1197-1211.

Jacobsen A. 2000. New aspects of bloom dynamics of Phaeocystis pouchetii

(Haptophyta) in Norwegian waters. PhD Thesis, University of Bergen Norway.

Jahn A and Nielsen PH. 1998. Cell biomass and exopolymer composition in sewer
biofilms. Wat Sci Tech, 37: 17-24.

Jahn A, Griebe T and Nielsen PH. 1999. Composition of Pseudomonas putida

biofilms: accumulation of protein in biofilm matrix. Biofouling, 14: 49-57.

Jalali K and Baldwin SA. 2000. The role of sulphate reducing bacteria in copper

removal from aqueous sulphate solutions. Wat Res, 34: 797-806.

Janse |. 2000. Production and microbial breakdown of Phaeocystis polysaccharides.
PhD Thesis, Rijks Univesiteit, Groningen, (The Netherlands).

Janse |, Rijssel M van, Ottema A and Gottschal JC. 1999. Microbial breakdown of

Phaeocystis mucopolysaccharides. Limnol Oceanogr. 44: 1447-57.

Jeanes A. 1977. In Microbial Extracellular Polysaccharides, Sandford PA and Laksin
A. (eds), Am Chem Soc, Washington, pp. 284-298.

JGOFS protocol 1994. In Protocols for the Joint Global Ocean Flux Study (JGOFS).
Core Measurements, Manual and Guides 29, UNESCO, Scientific Committee on

Oceanic Research, Intergovernmental Oceanographic Commission, pp. 170.

Johnson BD, Kranck K and Muschenheim DK 1994. Physicochemical factors in
particle aggregation. In The biology of particles in aquatic systems, Wotton RS (ed).
Lewis Publications, Boca-Raton, FL, p. 75-96.

Johnson BD and Kepkay PE. 1992. Colloid transport and bacterial utilization of
oceanic DOC. Deep Sea Res-l, 39: 855-869.



243

Jorgensen NOG, Kroer N, Coffin RB and Hoch MP. 1999. Relation between bacterial
nitrogen metabolism and growth efficiency in an estuarine and in an open-water
ecosystem. Aquat Microb Ecol, 18: 247-261.

Jorris and Vandamme 1993. Microbiol Eur, 27-29.

Juniper SK. 1987. Deposit-feeding ecology of Amphibola crenata. 1l. Contribution of
microbial carbon to Amphibola’s carbon requirements. N Z J Mar Freshwater Res,
21: 247-251.

Jurgens K and Glide H. 1994. The potential importance of grazing-resistant bacteria

in planktonic systems. Mar Ecol Prog Ser, 112: 169-188.

Kaltenbock, E. and Herndl, G.J., 1992. Ecology of amorphous aggregations (marine
snow) in the northern Adriatic Sea: IV Dissolved nutrients and the autotrophic

community associated with marine snow. Mar. Ecol. Prog. Ser. 87, 147-159.

Kaplan D, Christiaen D and Arad S. 1988. Binding of heavy metals by algal
polysaccharides, In Algal Biotechnology. Stadler T, Karamanos Y, Mollion J, Morvan
H, Verdus MC, Christiaen D. (eds.) 179-188.

Karl DM. 1987. Bacterial production at deep-sea hydrothermal vents and cold seeps:
Evidence for chemosynthetic primary production. Ecology of Microbial Communities,
Fletcher M, Gray TRG and Jones JG (eds), 41: 319-360.

Karner M and Herndl GJ. 1992. Extracellular enzymatic activity and secondary
production in free-living and marine snow associated bacteria. Mar Biol, 113: 341-
347.

Karner M and Rassoulzadegan F. 1995. Extracellular enzyme activity: Indications for

high short-term variability in a coastal marine ecosystem. Microb Ecol, 30: 143-156.

Kennedy AFD and Sutherland IW. 1987. Analysis of bacterial exopolysaccharides.
Biotechnol Appl Biochem, 9: 12-19.

Kepkay PE. 1994. Particle aggregation and the biological reactivity of colloids. Mar
Ecol Prog Ser, 109: 293-304.



244

Kepkay P. 2000. Colloids and the ocean carbon cycle. In Wangersky P. (ed.) The
Handbook of Environmental Chemistry, 5: Berlin; Springer-Verlag.

Kepkay PE, Niven SEH and Milligan TG. 1993. Low molecular weight and colloidal
DOC production during a phytoplankton bloom. Mar Ecol Prog Ser, 100: 233-244.

Kepkay PE, Niven SEH and Jellet JF. 1997. Colloidal organic carbon and
phytoplantkon speciation during a coastal bloom. J Plankton Res, 19: 369-389.

Khandeparker RDS and Bhosle NB. 2001. Extracellular polymeric substances of the

marine fouling diatom Amphora rostrata Wm. Sm. Biofouling, 17: 117-127.

Kihn JC, Mestdagh MM and Rouxhet PG. 1987. ESR study of copper (ll) and

protoplasts of Saccharomyces cervisiae. Can J Microbiol, 33:777.

Kigrboe T. 2001 Formation and fate of marine snow : small-scale processes with

large-scale implications. Sci Mar (Suppl. 2), 65: 57-71.

Kigrboe, T. and Hansen, J.L.S., 1993. Phytoplankton aggregate formation:
observations of patterns and mechanisms of cell sticking and the significance of

exopolymeric material. J. Plankton Res. 15, 993-1018.

Kigrboe T, Andersen KP, Dam HG (1990) Coagulation efficiency and aggregate
formation in marine phytoplankton. Mar Ecol Prog Ser 107:235-245.

Kigrboe T, Lundsgaard C, Olesen M and Hansen JLS. 1994. Aggregation and
sedimentation processes during a spring phytoplankton bloom: a field experiment to
test coagulation theory. J Mar Res, 52: 297-323.

Kirchman DL and Ducklow HW. 1987. Trophic dynamics of particle- bound bacteria
in aquatic ecosystems: a review. In: Moriarty DJW, Pullin RSV (eds) Detritus and

microbial ecology in aquaculture. ICLARM conference proceedings, 14:54-82.

Kirchman DL and Hoch MP. 1988. Bacterial production in the Delaware Bay estuary
estimated from thymidine and leucine incorporation rates. Mar Ecol Prog Ser, 45:
169-178.



245

Kirchman DL, Meon B, Ducklow HW, Carlson CA, Hansell DA and Steward GF.
2001. Glucose fluxes and concentrations of dissolved combined neutral sugars
(polysaccharides) in the Ross Sea and Polar Front Zone, Antarctica. Deep Sea Res-
I, 48: 4179-4197.

Krembs C and Engel A. 2001. Abundance and variability of microorganisms and
transparent exopolymer particles across the ice-water interface of melting first-year
sea ice in the Laptev Sea (Arctic). Mar Biol, 138: 173-185.

Laane RWPM. 1983. Characteristics of the organic matter in the Wadden Sea. The
Role of Organic Matter in the Wadden Sea. Proceedings of the Fourth International
Conference, Wadden Sea, Texel, The Netherlands, Laane, RWPM, Wolff WJ (eds.)
23-39.

Lalli CM and Parsons TR. 1997. Biological Oceanography: An Introduction. The

Open University Set Book, Butterworth-Heinemann Publications, Oxford.

Lampitt RS, Hillier WR and Challenor PG. 1993. Seasonal and diel variation in the
open ocean concentration of marine snow aggregates. Lampitt RS, Hillier WR and
Challenor PG. Nature, 362: 737-739.

Lampitt RS, Noji T, v Bodungen B (1990) What happens to zooplankton fecal pellets?
Mar Biol 104:15-23

Lamed R, Setter E and Bayer EA. 1983. Characterization of a cellulose binding,
cellulase containing complex in Closterium thermocellum. J Bacteriol, 156: 828-836.

Lancelot C and Billen G. 1984. Activity of heterotrophic bacteria and its coupling to
primary production during the spring phytoplankton bloom in the Southern Bight of
the North Sea. Limnol Oceanogr, 29: 721-730

Lebaron P, Bauda P, Lett MC, Duval-Iflah Y, Simonet P, Jacq E, Frank N, Roux B,
Baleux B, Faurie G, Hubert JC, Normand P, Prieur D, Schmitt S and Block JC. 1997.
Recombinant plasmid mobilization between E coli strains in seven sterile
mesocosms. Can J Microbiol, 43: 534-540.



246

Leppard GG, Massalsi A and Lean DRS. 1977. Electron opaque fibers in lakes: their
demonstration, their biological derivation and their potential significance in the

redistribution of cations. Protoplasma, 92: 289-309.

Lewin JC. 1956. Extracellular polysaccharides of green algae. Can J Microbiol, 2:
665-672.

Lindroth P and Mopper K. 1979. High performance liquid chromatographic
determination of sub picomole amounts of amino acids by precolumn fluorescence
derivatization with o-pthaldialdehyde. Anal. Chem. 51: 1667-1674.

Loaéc M, Olier R and Guezennec J. 1997. Uptake of lead, cadmium and zinc by a

novel bacterial exopolysaccharide. Wat Res, 31: 1171-1179.

Loaéc M, Olier R and Guezennec J. 1998. Chelating properties of bacterial

polysaccharides from deep-sea hydrothermal vents. Carbohy. Polymers, 35: 65-70.

Logan BE, Passow U, Alldredge AL, Grossart HP and Simon M. Rapid formation and
sedimentation of large aggregates is predictable from coagulation rates (half-lives) of

transparent exopolymer particles (TEP). Deep Sea Res-Il, 42: 230-214.

Logan BE and Hunt JR. 1987. Advantages to microbes of growth in permeable

aggregates in marine systems. Limnol Oceanogr, 32: 1034-1048.

Logan BE and Alldredge AL. 1989. Potential for increased nutrient uptake by
flocculating diatoms. Mar Biol, 101: 443-450.

Logan BE and Wilkinson DB. 1990. Fractal geometry of marine snow and other

biological aggregates. Limnol Oceanogr, 35: 130-136.

Long R and Azam F 1996. Abundant protein-containing particles in the sea. Aquat
Microb Ecol, 10: 213-221.

Lopez FA, Perez C, Sainz E and Alonso M. 1995. Adsorption of lead on blast furnace
sludge. J Chem Tech Biotechnol, 62: 200-206.



247

Lores EM and Pennock JR. 1998. The effect of salinity on binding of Cd, Cr, Cu and
Zn to dissolved organic matter. Chemosphere, 37: 861-874.

Luoma SN and Davis JA. 1983. Requirements for modeling trace metal partitioning in
oxidized estuarine sediments. Symposium on Marine Chemistry, Halifax, N.S.
(Canada), 3 Jun 1981.

Macleod FA, Guiot SR and Costerton JW. 1995. Electron microscopic examination of
the extracellular polymeric substances in anaerobic granular biofilms. World J
Microbiol Biotechnol, 11: 481-485.

Majumdar |, D’Souza F and Bhosle NB. 1999. Microbial exopolysaccharides: effect

on corrosion and partial chemical characterization. J Indian Inst Sci, 79: 539-550.

Maki JS 1999. The influence of marine microbes on biofouling. In Recent Advances
in Marine Biotechnology, Fingerman M, Nagabushanam R and Thompson M-F, 3:
pp. 147.

Mann CJ and Wetzel RG. 1998. Loading and utilization of dissolved organic carbon
from emergent macrophytes. Aquat Bot, 53: 61-72.
Mar Ecol Prog Ser, 25: 305-312.

Mari X. 1999. Carbon content and C:N ratio of transparent exopolymer particles
(TEP) produced by bubbling exudates of diatoms. Mar Ecol Prog Ser 183:59-71.

Mari X and Kigrboe T. 1996. Abundance, size distribution and bacterial colonization
of transparent exopolymeric particles (TEP) during spring in the Kattegat. J Plankton
Res, 18: 969-986.

Mari X and Burd A. 1998. Seasonal size spectra of transparent exopolymer particles
(TEP) in a coastal sea and comparison with those predicted using coagulation
theory. Mar Ecol Prog Ser 163:63—76

Marshall KC, Stout R and Mitchell R. 1971. Mechanism of initial events in the

sorption of marine bacteria to surfaces. J Gen Microbiol, 68: 337-348.



248

Marteinsson VT, Birrien JL, Kristjansson JK and Prieur D. 1995. First isolation of
thermophilic aerobic non-sporulating heterotrophic bacteria from deep-sea
hydrothermal vents. FEMS Microbiol Ecol, 18: 163-174.

Martin JP. 1971. Decomposition and binding action of polysaccharides in soil. Soil
Biol Biochem, 3: 33-41.

Martin JP, Ervin JO and Richards SJ. 1972. Decomposition and binding action in soil
of some mannose-containing microbial polysaccharides and their Fe, Al, Zn and Cu
complexes. Soil Sci, 113: 322-327.

Martin JH, Knauer GA, Karl DM and Broenkow WW. 1987 Carbon cycling in the
Northeast Pacific. Deep Sea Res, 34: 267-285.

McCave IN. 1984. Size spectra and aggregation of suspended particles in the deep
ocean. Deep Sea Res, 31: 329-352.

McKee MP, Ward JE, Mike LM and MacDonald BA. 2000. Release of
mucopolysaccharides by bivalved molluscs and their contribution to the production of
transparent exopolymer particles (TEP) in near shore waters. J Shellfish Res, 19: p.
664

Medlin LK, Crawford RM and Anderson RA. 1986. Histochemical and ultrastructure
evidence for the function of labiate process in the movement of centric diatoms. Br
Phycol J, 21: 297-301.

Mehta SK, Singh A and Gaur JP 2002. Kinetics of adsorption and uptake of Cu®" by
Chilorella vulgaris: Influence of pH, temperature, culture age, and cations. J Environ
Sci Health, Pt-A: Toxic; Hazard Subst Environ Eng, A37: 399-414.

Meyer-Reil LA. 1981. Enzymatic decomposition of proteins and carbohydrates in
marine sediments: Methodology and field observations during spring. In Lower
organisms and their role in the food-web. Rheinheimer G, Fluegel H, Lenz J and
Zeitschel B. (eds) [fM-Kiel, Germany, pp. 311-317.



249

Meziane T and Thorin S. 1998. Spatial analysis of macrozoobenthic community
structure in Mont Saint Michel Bay, France. Technical report on the

Macroinvertebrate Food-web, European Salt Marshes Modelling Project.

Middelboe M and Sendergaard M. 1993. Bacterioplankton growth yield: Seasonal
variations and coupling to substrate lability and beta -glucosidase activity. Appl
Environ Microbiol, 59: 3916-3921.

Mittleman MW and Geesey GG. 1985. Copper binding characteristics of exopolymers

from a freshwater-sediment bacterium. Appl Environ Microbiol, 49: 846-851.

Mopper, K., Zhou, J., Sri Ramana, K., Passow, U., Dam, H.G. and Drapeau, D.T.,
1995. The role of surface active carbohydrates in the flocculation of a diatom bloom

in a mesocosm. Deep Sea-Res. 11 42, 47-74.

Moreira Turcq PF and Martin JM. 1998. Characterisation of fine particles by flow

cytometry in estuarine and coastal Arctic waters. J Mar Res 39: 217-226.

Moss B. 1977. Adaptations of epipelic and episammic diatoms freshwater algae.
Oecologia, 28: 103-108.

Moriarty DJW. 1982. Feeding of Holothuria atra and Stichopus chloronotus on
bacteria, organic carbon and organic nitrogen in sediments of the Great Barrier Reef.
Aust J Mar Freshwat Res, 33: 255-263.

Mullen MD, Wolf DC, Beveridge TJ and Bailey GW. 1992. Sorption of heavy metals
by the soil fungi Aspergillus niger and Mucor rouxii. Soil Biol and Biochem, 24: 129-
135.

Mdller-Niklas G, Schuster S and Herndl GJ. 1994. Organic content and bacterial
metabolism in amorphous aggregations of the northern Adriatic Sea. Limnol
Oceanogr, 39: 58-68.

Munster U. 1991. Extracellular enzyme activity in eutrophic and polyhumic lakes. In
Microbial enzymes in aquatic environments, Chrost RJ (ed), Springer-Verlag, New
York, p. 8-46.



250

Murlidharan V, Rinker KD, Hirsh IS, Bouwer EJ and Kelly RM. 1997. Hydrogen
transfer between methanogens and fermentative heterotrophs in hyperthermophilic

cocultures. Biotechnol Bioeng, 56: 268-278.

Myklestad SM. 1974. Production of carbohydrates by marine planktonic diatoms. I.
Comparison of nine different species in culture. J Exp Mar Biol Ecol, 15: 261-274.

Myklestad SM. 1977. Production of carbohydrates by marine planktonic diatoms. Il.
Influence of the N/P ratio in the growth medium on the assimilation ratio, growth rate,
and production of cellular and extracellular carbohydrates by Chaetoceros affinis var.
willei (Gran) Hustedt and Skeletonema costatum (Grev.) Cleve. J Exp Mar Biol Ecol,
29: 161-179.

Myklestad SM. 1995. Release of extracellular products by phytoplankton with special
emphasis on polysaccharides. Sci Tot Environ 165: 155-164.

Mykelstad SM. 2000. Dissolved organic carbon from phytoplankton. In Marine
Chemistry, Wangersky PJ (ed), 5: pp. 111-148.

Myklestad SM and Haug A. 1972. Production of carbohydrates by the marine diatom
Chaetoceros affinis var. willei (Gran) Hustedt. Il. Preliminary investigation of the

extracellular polysaccharide. J Exp Mar Biol Ecol, 9: 137-144.

Myklestad SM, Holm-Hansen O, Vaarum KM and Volcani BE. 1989. Rate of release
of extracellular amino acids and carbohydrates from the marine diatom Chaetoceros
affinis. J Plankton Res, 11: 763-773.

Myklestad SM, Skangy E and Hestmann S. 1997. A sensitive and rapid method for
analysis of dissolved mono- and polysaccharides in seawater. Mar Chem, 56: 279-
286.

Naqvi SWA, Jayakumar DA, Narvekar PV, Naik H, Sarma VVSS, D'Souza W,
Joseph S and George MD. 2000. Increased marine production of N,O due to

intensifying anoxia on the Indian continental shelf. Nature, 408: 346-349.



251

Nausch M, Pollehne F and Kerstan E. 1998. Extracellular enzyme activities in
relation to hydrodynamics in the Pomeranian Bight (Southern Baltic Sea). Microb
Ecol, 36: 251-258.

Nealson NH. 1983. The microbial manganese cycle. In Microbial Geochemistry:
Studies in Microbiology, Vol 3, Krumbein WE (ed), Blackwell Sci Publ, Oxford, UK,
pp. 191-221.

Nelson YM, Lion LW, Ghiorse WC and Shuler ML. 1999. Lead binding to metal
oxides and organic phases of natural aquatic biofilms. Limnol Oceanogr, 44: 1715-
1729.

Nguyen BH, Denner EBM, Dang TCH, Wanner G and Stan-lotter H. 1999.
Marinobacter aquaeolei sp. nov., a halophilic bacterium isolated from a Vietnamese
oil-producing well. Int J Syst Bacteriol, 49: 367-375.

Nicolaus B, Panico A, Lama L, Romano |, Manca MC, Giulio AD and Gambacorta A.
1999. Chemical composition and production of exopolysaccharides from
representative members of heterocystous and non-heterocystous cyanobacteria.
Phytochemistry, 52: 639-647.

Nielsen PH, Jahn A and Palmgren R. 1997. Conceptual model for production and

composition of exopolymers in biofilms. Wat Sci Tech, 36: 11-19.

Niven SEH, Kepkay PE and Boraie A. 1995. Colloidal organic carbon and colloidal
24Th dynamics during a coastal phytoplankton bloom. Deep Sea Res-ll, 42: 257-
273.

Norval M and Sutherland IW. 1969. A group of Klebsiella mutants showing
temperature-dependent polysaccharide synthesis. J Gen Microbiol, 57: 369-377.

O’'Melia CR. 1987. Particle-particle interactions . In: Aquatic surface chemistry,
Stumm W (ed). Wiley Interscience, New York, p. 385-403.

O'Melia CR and Tiller CL. 1993. Physicochemical aggregation and deposition in

aquatic environments. In Environmental patrticles, vol. 2, Buffle J and van Leeuwen



252

HP (eds). International Union of Pure and Applied Chemistry, Environmental

Analytical and Physical Chemistry Series. Lewis Publishers, Ann Arbor, p. 353-358.

Obernosterer | and Herndl GJ. 1995. Phytoplankton  extracellular release  and
bacterial growth: Dependence on the inorganic N:P ratio. Mar Ecol Prog Ser, 116:
247-257.

Ogawa H and Ogura N. 1992. Comparison of two methods for measuring dissolved

organic carbon in seawater. Nature, 356: 696-698.

Osborn MJ. 1963. Studies on the gram-negative cell wall, I. Evidence for the role of
2-keto-3-deoxy octonate in the lipopolysaccharides of Salmonella typhimurium. Proc
Natl Acad Sci, USA, 50: 499-506.

Osborn MJ, Gander JE, Parisi E and Carson J. 1972. Mechanisms of assembly of
outer membrane of Salmonella typhimurium. solation and characterization of outer
membranes. J Biol Chem, 247: 3962-3972.

Paerl HW. 1974. Bacterial uptake of dissolved organic matter in relation to detrital

aggregation in marine and freshwater systems. Limnol Oceanogr 17: 966—972.

Parsons TR, Maita Y and Lalli CM. 1984. A manual of chemical and biological

methods for seawater analysis. Oxford-UK, Pergamon Press, pp. 187.

Pasqueir C, Marty N, Dournes JL, Chabanon G and Pipy B. 1997. Implication of
neutral polysaccharides associated to alginate in inhibition of macrophage response
to Pseudomonas aeruginosa. FEMS Microbiol Lett, 147: 195-202.

Passow U 2000. Formation of transparent exopolymer particles, TEP, from dissolved
precursor material. Mar Ecol Prog Ser, 192: 1-11.

Passow U. 2002. Transparent exopolymer particles (TEP) in aquatic environments.
Prog Oceanogr, 55: 287-333.

Passow U and Alldredge AL. 1994. Distribution, size and bacterial colonization of
transparent exopolymer particles (TEP) in the ocean. Mar Ecol Prog Ser, 113: 185—
198.



253

Passow U and Alldredge AL. 1995a. Aggregation of a diatom bloom in a mesocosm:

The role of transparent exopolymer particles (TEP). Deep Sea Res-Il, 42: 99-109.

Passow U and Alldredge AL 1995b. A dye-binding assay fort the spectrophotmetric
measurement of transparent exopolymer particles (TEP). Limnol Oceanogr, 40:
1326-1335.

Passow U, Alldredge AL and Logan BE. 1994. The role of particulate carbohydrate

exudates in the flocculation of diatom blooms. Limnol. Oceanogr, 41: 335-357.

Passow U, Kozlowski W and Vernet M. 1995. Temporal variability of transparent
exopolymer particles in Arthur Harbor during the 1994-1995 growth season. Antarct-
J-US, 30: 265-266.

Passow U, Shipe RF, Murray A, Pak DK, Brzezinski MA and Alldredge AL. 2001. The
origin of transparent exopolymer particles (TEP) and their role in the sedimentation of
particulate matter. Cont Shelf Res, 21: 327-346.

Patrick FM and Loutit M. 1976. Passage of metals in effluents, through bacteria to
higher organisms. Water Res, 10: 333-335.

Pavlova K and Grigorova D. 1999. Production and properties of exopolysaccharide
by Rhodotorula acheniorum MC. Food Res Intl, 32: 473-477.

Peduzzi P and Herndl GJ 1988. Zooplankton activity fueling the microbial loop:
Differential growth response of bacteria from oligotrophic and eutrophic waters.
Limnol Oceanogr, 37: 1087-1092.

Peduzzi P and Herndl GJ. 1992. Zooplankton activity fueling the microbial loop:
Differential growth response of bacteria from oligotrophic and eutrophic waters.
Limnol Oceanogr, 37: 1087-1092.

Pengerud B, Skjoldal EF and Thingstad F. 1987. The reciprocal interaction between
degradation of glucose and ecosystem structure. Studies in mixed chemostat
cultures of marine bacteria, algae and bacterivorous nanoflagellates. Mar Ecol Prog
Ser, 35: 111-117.



254

Penna A, Berluti S, Penna N and Magnani M.1999. Influence of nutrient ratios on the
in vitro extracellular polysaccharide production by marine diatoms from the Adriatic
Sea. J Plankton Res, 21: 1681-1690.

Pfetzing J, Stengel DB, Cuffe MM, Savage AV and Guiry MD. 2000. Effects of
Temperature and Prolonged Emersion on Photosynthesis, Carbohydrate Content
and Growth of the Brown Intertidal Alga Pelvetia canaliculata. Bot Mar, 43: 399-407.

Pickett-Heaps J, Hill DRA and Blaze KL. 1991. Active gliding motility in an araphid
marine diatom Ardissonea (formerly Synedra) crystalline. J Phycol, 27: 718-725.

Plante CJ. 2000. Role of bacterial exopolymeric capsules in protection from deposit-
feeder digestion. Aquat Microb Ecol, 21: 211-219.

Pomeroy LR. 1974. The ocean's food web, a changing paradigm. Bioscience. 24:
499-504.

Pomeroy LR and Deibel D. 1980. Aggregation of organic matter by pelagic tunicates.
Limnol Oceanogr 25:643—652.

Powell D. 1979. Structure, solution properties and biological interactions of some
microbial extracellular polysaccharides. In Polysaccharides and Polysaccharases,
Berkeley RCW et al (eds), Academic Press, New York, pp. 117-160.

Prieto L, Sommer F, Stibor H and Koeve W. 2001. Effects of Planktonic Copepods
on Transparent Exopolymeric Particles (TEP) Abundance and Size Spectra. J
Plankton Res, 23: 515-525.

Putter A. 1909. Die Erndhrung der Wassertiere und der Stoffhaushalt der Gewdésser.

Fischer, Jena, pp. 168.

Qasim SZ and SenGupta R. 1981. Environmental characteristics of the Mandovi-

Zuari estuarine system in Goa. Estuar Coastal Shelf Sci, 13: 557-578.



255

Quigley MS, Santschi PH, Hung CC, Guo L and Honeyman BD. 2002. Importance of
acid polysaccharides for ?*Th complexation to marine organic matter. Mar Chem, 76:
27-45.

Ram ASP, Nair S and Chandramohan D. 2002. Bacterial growth efficiency in the
tropical estuarine and coastal waters of Goa, southwest coast of India. Microb Ecol,
45: 88-96.

Ramaiah N, Raghukumar C, Sheelu G and Chandramohan D. 1996. Bacterial
abundance, communities and heterotrophic activities in the coastal waters off Tamil
Nadu. Ind J Mar Sci, 25: 234-239.

Ramaiah N, Sarma V.V.S.S, Gauns M, DileepKumar M, Madhupratap M. 1999.
Abundance and relationship of bacteria with transparent exopolymer particles during
the 1996 summer monsoon in the Arabian Sea. Proc Indian Acad Sci Earth Planet
Sci, 109: 443-451.

Ramaiah N, Yoshikawa T and Furuya K. 2001. Temporal variations in transparent
exopolymer particles (TEP) associated with a diatom spring bloom in a subarctic ria
in Japan. Mar Ecol Prog Ser, 212: 79-88.

Rath J, Schiller C and Herndl GJ. 1993. Ectoenzymatic activity and bacterial
dynamics along a trophic gradient in the Caribbean Sea. Mar Ecol Prog Ser, 102: 89-
96.

Raymond PA and Bauer JE. 2000. Bacterial consumption of DOC during transport
through a temperate estuary. Aquat Microb Ecol, 22: 1-12.

Raymont JEG. 1980. Plankton and productivity in the oceans. Vol. 1: Phytoplankton.
Pergamon Press, Oxford.

Rees DA. 1976. Polysaccharide gels. Chem. Ind. (London). 16: 630-636.
Riebesell U, Reigstad M, Wassmann P, Noji T and Passow U. 1995. On the trophic

fate of Phaeocystis pouchettii (Hariot): VI Significance of Phaeocystis-derived mucus
for vertical flux. Netherland J Sea Res, 33: 193-203.



256

Riebesell U. 1991. Particle aggregation during a diatom bloom. 2. Biological aspects.
Mar Ecol Prog Ser, 69:281-291.

Riisgard 1991. Suspension feeding in the polychaete Nereis diversicolor. Mar Ecol
Prog Ser, 70: 29-37.

Roanne TM and Pepper IL. 2000. Microorganisms and Metal Pollutants. In
Environmental Microbiology, Maier RM, Pepper IL and Gerba CP (eds.), Academic

Press, San Diego.

Roberts IS. 1996. The biochemistry and genetics of capsular polysaccharide
production in bacteria. Ann Rev Microbiol, 50: 285-315.

Rogers S| and Lockwood SJ. 1990. Observations on coastal fish fauna during a
spring bloom of Phaeocystis pouchetti in the eastern Irish Sea. J Mar Biol Ass UK,
70: 249-253.

Roland F and Cole JJ. 1999. Regulation of bacterial growth efficiency in a large
turbid estuary. Aquat Microb Ecol, 20: 31-38.

Rosen MW and Cornford NE. 1971. Fluid friction of fish slimes. Nature, 234: 49-51.

Rougeaux H, Pichon R, Kervarec N, Raguenes GHC and Guezennec JG. 1996.
Novel bacterial exopolysaccharides from deep-sea hydrothermal vents. Carbohy
Polymers, 31: 237-242.

Rougeaux H, Guezennec M, Che LM, Payri C, Deslandes E and Guezennec J.
Microbial Communities and Exopolysaccharides from Polynesian Mats. Mar
Biotechnol, 3: 181-187.

Rubinovitz C, Gutnik DL & Rosenberg E. 1982. Emulsan production by Acinetobacter

calcoaceticus in presence of chloramphenicol. J Bacteriol, 152: 126-132.

Rudd T, Sterritt RM and Lester JN. 1984. Formation and conditional stability
constants of complexes formed between heavy metals and bacterial extracellular
polymers. Wat Res, 18: 379-384.



257

Sambrook J, Fritsch EF and Maniatis T. 1989. Molecular cloning: A laboratory
manual. Cold Spring Harbour Laboratory Press, Cold Spring Harbour, NY, USA.

Sand W and Gehrke T 1997. Analysis and function of the EPS from the strong
acidophile Thiobacillus ferrooxidans. In Microbial Extracellular Polymeric Substances:
Characterization, Structure and Function, Wingender J, Neu TR and Flemming HC

(eds.), Springer.

Schlekat CE, Decho AW and Chandler GT. 1999. Dietary assimilation of cadmium
associated with bacterial exopolymer sediment coatings by the estuarine amphipod
Leptocheirus plumulosus: effects of Cd concentration and salinity. Mar Ecol Prog
Ser, 183: 205-216.

Schlekat CE, Decho AW and Chandler GT. 1998. Sorption of cadmium to bacterial
extracellular polymeric sediment coatings under estuarine conditions. Environ Toxicol
Chem, 17: 1867-1874.

Schuster S and Herndl GJ. 1995. Formation and significance of transparent
exopolymeric particles in the northern Adriatic Sea. Mar Ecol Prog Ser, 124: 227-
236.

Selck H, Decho AW and Forbes VE. 1999. Effects of chronic metal exposure and
sediment organic matter on digestive absorption efficiency of cadmium by the
deposit-feeding polychaete Capitella species |. Environ Toxicol Chem. 18: 1289-
1297.

Sell AF and Overbeck J. 1992. Exudates: Phytoplankton-bacterioplankton

interactions in Plusssee. J Plankton Res, 14: 1199-1215.

Shanks AL, Edmondson EW (1989) Laboratory-made artificial marine snow: a
biological model of the real thing. Mar Biol 101:463—470

Sharp JH. 1973. Total organic carbon in seawater- comparison of measurements

using persulfate oxidation and high temperature combustion. Mar Chem, 1: 211-229.

Sherr EB. 1998. Direct use of high molecular weight polysaccharides by
heterotrophic flagellates. Nature, 335: 348-351.



258

Shiah Fuh-Kwo and Ducklow HW. 1994. Temperature regulation of heterotrophic
bacterioplankton abundance, production, and specific growth rate in Chesapeake
Bay. Limnol Oceanogr, 39: 1243-1258.

Sieburth J McN, Willis PJ, Johnson KM, Burney CM, Lavoie DM, Hinga KR, Caron
DA, French FW, Johnson PA and Davis PG. 1976. Dissolved organic matter and
heterotrophic microneuston in the surface micro layers of the north Atlantic. Science,
194: 1415-1418.

Silver MW, Shanks AL and Trent JD. 1978. Marine snow: microplankton habitat and

source of small scale patchiness in pelagic populations. Science, 201:371-373.

Silver MW, Coale SL, Pilskaln CH and Steinberg DR. 1998. Giant aggregates:
importance as microbial centers and agents of material flux in the mesopelagic zone.
Limnol Oceanogr, 43: 498-507

Silver MW and Alldredge AL, 1981. Bathypelagic Marine Snow: Deep-Sea Algal and
Detrital Community. J Mar Res, 39: 501-530.

Simon M, Alldredge AL and Azam F. 1990. Bacterial carbon dynamics on marine
snow. Mar Ecol Prog Ser, 65: 205-211.

Simon M, Grossart H P, Schweitzer B and Ploug H. 2002. Microbial ecology of

organic macroaggregates in aquatic systems. Aquat Microb Ecol, 28: 175-211.

Singh N, Asthana RK, Kayastha AM, Pandey S, Chaudhary AK and Singh SP. 1999.
Thiol and exopolysaccharide production in a cyanobacterium under heavy metal

stress. Process Biochem, 35: 63-68.

Slaveykova VI and Wilkinson KJ. 2002. physicochemical aspects of lead
bioaccumulation by Chlorella vulgaris. Envrion Sci Tech, 36: 969-975.

Smestad B, Haug A and Myklestad S. 1981. Structural studies of extracellular
polysaccharides produced by the marine diatoms Chaetoceros affinis and

Chaetoceros curvisetus. Proc Int Seaweed Symp, 8: 617-623.



259

Smetacek V. 1985. Role of sinking in diatom life-history cycles: Ecological,

evolutionary and geological significance. Mar Biol, 84: 239-251.

Smidsrod O. 1974. molecular basis of some physical properties of alginate in the gel
state. Faraday Discuss Chem Soc, 37: 263-274.

Smith DC, Simon M, Alldredge AL and Azam F. 1992. Intense hydrolytic enzyme
activity on marine aggregates and implications for rapid particle dissolution. Nature,
359: 139-142.

Smith DC, Steward GF, Long RA and Azam F 1995. Bacterial mediation of carbon
fluxes during a diatom bloom in a mesocosm. Deep Sea Res-ll, 42: 75-97.

Smith DJ and Underwood GJC. 1998. Exopolymer production by intertidal epipelic
diatoms. Limnol Oceanogr, 43: 1578-1591.

Smith DJ and Underwood GJC. 2000. The production of extracellular carbohydrates
by estuarine benthic diatoms: The effects of growth phase and light and dark
treatment. J Phycol, 36: 321-333.

Somville M. 1984. Measurement and study of substrate specificity of exoglucosidase

activity in eutrophic water. Appl Environ Microbiol, 48: 1181-1185.

Sonak S. 1998. Studies on marine fouling bacteria. Ph. D. Thesis, Goa University.

Sondergaard M, Hansen B and Markager S. 1985. Dynamics of dissolved organic

carbon lability in a eutrophic lake. Limnol Oceanogr, 40: 46-54.

Staats N, de Winder B, Stal LJ and Mur LR. 1999. Isolation and characterization of
extracellular polysaccharides from the epipelic diatoms Cylindrotheca closterium and

Navicula salinarum. Eur J Phycol, 34: 161-169.

Stachowitsch M, Fanuko N and Richter M. 1990. Mucus aggregates in the Adriatic
Sea: An overview of stages and occurrences. P.S.Z.N.-I: Mar Ecol, 11: 327-350.



260

Stein JL. 1984. Subtidal gastropods consume sulphur-oxidizing bacteria: evidence

from coastal hydrothermal vents. Science, 223: 696-698.

Stoderegger K and Herndl GJ. 1998. Production of exopolymer particles by marine
bacterioplankton under contrasting turbulence conditions. Mar. Ecol. Prog. Ser. 189:
9-16.

Stolzenbach KD (1993) Scavenging of small particles by fast sinking porous
aggregates. Deep Sea Res | 40:359-369

Strickland JDH and Parsons T. 1975. A manual of sea-water analysis. Fisheries Res.
Board Can., Bulletin no. 125.

Striquer-Soares F and Chevolot L. 1996. Particulate and dissolved carbohydrates
and proteins in Lobo Reservoir (Sao Paulo State, Brazil): Relationships with

phytoplankton.

Strom SL, Benner R, Ziegler S and Dagg MJ. 1997. Planktonic grazers are a
potentially important source of marine dissolved organic carbon. Limnol Oceanogr,
42: 1364-1374.

Stumm W, Sigg L and Sulzberger B. 1994. The role of coordination at the surface of
aquatic particles. In Chemical and biological regulation of aquatic ecosystems, Buffle
J and de Vitre RR (eds). Lewis Publishers, Boca Raton, Fl, pp. 43-88.

Stumm W, Sigg L, Sulzberger B (1994) The role of coordination at the surface of
aquatic particles. In: Buffle J, de Vitre RR (ed) Chemical and biological regulation of

aquatic ecosystems. Lewis Publishers, Boca Raton, FL, p 43-88

Sutherland IW. 1972. Bacterial exopolysaccharides. Adv Microbiol Physiol, 8: 143-
213.

Sutherland IW. 1977. Microbial exopolysaccharide synthesis. In Extracellular
Microbial Polysaccharides, Sanford PA and Laskin A, Am Chem Soc, Washington,
pp. 40-57.



261

Sutherland IW. 1979. Microbial exopolysaccharides: control of synthesis ad
acylation. In Microbial Polysaccharides and Polysaccharases, Berkeley RCW et al
(eds), Ellis Horwood Limited, Chichester, pp. 329-338.

Sutherland IW. 1983. Microbial polysaccharides- their role in microbial adhesion in
aqueous systems. Crit Rev Microbiol, 39: 173-200.

Sutherland IW. 1998. Novel and established applications of microbial

exopolysaccharides. TIBTech, 16: 41-46.

Sutherland IW. 2001. Microbial polysaccharides from Gram-negative bacteria. Intl
Dairy Journal, 11: 663-674.

Suzuki N, Kato K (1953) Studies on suspended materials. Marine snow in the sea. |.

Sources of marine snow. Bull Fac Fish Hokkaido Univ 4: 132—135.

Swezyk U, Holmstroem C, Wrangstadh M, Samuelsson MO, Maki JS and Kjelleberg
S. 1991. Relevance of the exopolysaccharide of marine Pseudomonas sp. strain S9
for the attachment of Ciona intestinalis larvae. Mar Ecol Prog Ser, 75: 259-265.

Tago Y and Aida K. 1977. Exocellular mucopolysaccharide closely related to

bacterial floc formation. Appl Environ Microbiol, 34: 308-314.

Takeda M, Koizumi JI, Yabe K and Adachi K. 1998. Thermostable Poly(3-
hydroxybutyrate) Depolymerase of a Thermophilic Strain of Leptothrix sp. Isolated
from a Hot Spring. J Ferment Bioeng, 85: 375-380.

Tanaka N and Asakawa A. 1988. Allelopathic effect of mucilage released from a
brown alga Sargassum horneri on marine diatoms. Nippon-Suisan-Gakkaishi-Bull,
Jap Soc Sci Fish. 54: 1711-1714.

Thingstad F and Billen G. 1994. Microbial degradation of Phaeocystis material in the
water column. J Mar Syst, 5: 55-65.

Thomas JP. 1971. Release of dissolved organic matter from natural population of

marine plankton algae. Mar Biol, 11: 311- 323.



262

Tobin JM and Roux JC. 1998. Mucor biosorbent for chromium removal from tanning
effluent. Wat Res, 32:1407-1416.

Tranvik LJ. 1993. Microbial transformation of labile dissolved organic matter into
humic-like matter in seawater. FEMS Microbiol Ecol, 12: 177-183.

Turakhia, M. H., Cooksey, K. E. & Characklis, W. G., 1983. Influence of calcium
specific chelant on biofilm removal. App. Environ. Microbiol. 46: 1236-1238.

Turley CM and Stutt ED. 2000. Depth-related cell-specific bacterial leucine
incorporation rates on particles and its biogeochemical significance in the Northwest
Mediterranean. Limnol Oceanogr, 45: 419-425.

Tye R, Jepsen R and Lick W. 1996. Effects of colloids, flocculation, particle size, and
organic matter on the adsorption of hexachlorobenzene to sediments. Environ
Toxicol Chem, 15: 643-651.

Unanue M, Azua |, Arrieta JM, Labirua-lturburu A, Egea L and Irriberri J. 1998a.
Bacterial colonization and ectoenzymatic in phytoplankton-derived model particles.
Cleavage of peptides and uptake of amino acids. Microb Ecol 35: 136-146.

Unanue MA, Azua |, Arrieta JM, Herndl GJ, Iriberri J. 1998b. Laboratory-made
particles as a useful approach to analyse microbial processes in marine
macroaggregates. FEMS Microbiol Ecol, 26: 325-334.

Underhill PA. 1981. Steady state growth rate effects on the photosynthetic carbon
budget and chemical composition of a marine diatom. PhD Thesis, University of

Delaware.

Underwood, G.J.C., Paterson, D.M. and Parkes, R.J., 1995. The measurement of
microbial carbohydrate exopolymers from intertidal sediments. Limnol. Oceanogr. 40,
1243-1253.

Usui, Y., Yoshida, K. & San Clemente, C. L., 1981. Hydroxyproline- rich protein in the

capsule of a strain of staphylococcus aureus. Can. J. Microbiol., 46:1236-1238.



263

Vaarum KM and Myklestad S. 1984. Effects of light, salinity and nutrient limitation on
the production of p-1,3,D-glucan and exo-D-glucanase activity in Skeletonema
costatum (Grev.) Cleve. J Exp Mar Biol Ecol, 83: 13-25.

Vandevivere P and Kirchman DL. 1993. Attachment stimulates exopolysaccharide
synthesis by a bacterium. Appl Environ Microbiol, 59: 3280-3286.

Vedel A and Riisgard HU. 1993. Filter-feeding in the polychaete Nereis diversicolor:
Growth and bioenergetics. Mar Ecol Prog Ser, 100: 145-152.

Venugopal B and Luckey TD. 1978. Metal toxicity in mammals, vol. 2. In Chemical

toxicity of metals and metalloids, Plenum press NY.

Vethamony P and Kumar A. 1997. Studies on directional waves off Mormugao Port.
National Institute of Oceanography, Technical Report (NIO/SP-17/97), Dona Paula,
India.

Volesky B and May-Phillips HA. 1995. Biosorption of heavy metals by

Saccharomyces cerevisiae. Appl Microbiol Biotechnol, 42: 797-806.

Vrba J, Nedoma J, Simek K and Seda J. 1992. Microbial decomposition of polymer
organic matter related to plankton development in a reservoir: Activity of a- and p-
glucosidase, and B-N-acetylglucosaminidase and uptake of N-acetylglucosamine.
Arch Hydrobiol, 126: 193-2111.

Wafar S, Untawale AG and Wafar M. 1997. Litter fall and energy flux in a mangrove
ecosystem. Estuar Coastal Shelf Sci, 44: 111-124.

Waite A, Gallager S and Dam HG. 1997. New measurements of phytoplankton
aggregation in a flocculator using videography and image analysis. Mar Ecol Prog
Ser, 155: 77-88.

Wakatsuki T, Imahara H, Kitamura T and Tanaka H. 1979. On the absorption of
copper into yeast cell. Agric Biol Chem, 43: 1687-1692.



264

Wallen DG and Geen GH. 1971. Light quality in relation to growth, photosynthetic
rates and carbon metabolism in two species of marine plankton algae. Mar Biol, 10:
34-43.

Walsh JJ, Rowe GT, Iverson RL and McRoy CP. 1981. Biological export of shelf
carbon is a sink of the global CO, cycle. Nature, 291: 196-201.

Wang Y, Chen Y, Lavin C and Gretz M. 2000. Extracellular matrix assembly in
diatoms (Bacillariophyceae). V. Ultrastructure of Achnanthes Iongipes and
Cymnbella cistula as revealed by high-pressure freezing/freeze substitution and cryo-

field emission scanning electron microscopy. J Phycol, 36: 367-378.

Weaver DT and Hicks RE 1995. Biodegradation of Azotobacter vinelandii
exopolymer by Lake Superior microbes. Limnol Oceanogr, 40: 1035-1041.

Wefer G. 1989. Particle flux in the ocean: effects of episodic production. In
Productivity of the oceans: Present and past, Berger WH, Smetacek V and Wefer G
(eds.), John Wiley & Sons, pp. 139-154.

Wells ML and Goldberg ED. 1992. Marine submicron particles. Mar Chem, 40: 5-18.

Weiss M and Simon M. 1999. Consumption of labile dissolved organic matter by
limnetic bacterioplankton: The relative significance of amino acids and
carbohydrates. Aquat Microb Ecol, 17: 1-12.

Whitfield C. 1988. Bacterial extracellular polysaccharides. Can J Microbiol, 34: 415-
420.

White DC and Findlay RH. 1988. Biochemical markers for measurement of predation
effects on the biomass, community structure, nutritional status, and metabolic activity
of microbial biofilms. Hydrobiologia, 159: 119-132.

Williams AG and Wimpenny JWT. 1977. Exopolysaccharide production by
Pseudomonas NCIB 11264 grown in batch culture. J Gen Microbiol, 102: 13-21.

Williams AG and Wimpenny JWT. 1978. Exopolysaccharide production by

Pseudomonas NCIB 11264 grown in continuous culture. J Gen Microbiol, 104: 47-57.



265

Williams PJLeB, Berman T and Holm-Hansen O. 1972. Nature, 236: 91-92.

Williamson P and Holligan PM. 1990. Ocean productivity and climate change. Trends
Ecol Evol, 5: 299-303.

Wingender J, Neu TR and Flemming HC. 1999. In Microbial extracellular polymeric

substances- characterization, structure and function. Springer publishers.

Winn CD and Karl DM. 1987. Microorganisms associated with hydrothermal vents
and their effluent plumes. 1987-AAAS-Annual Meeting: 153" National Meeting,
Chicago, Abstracts of papers, Klein-Helmuth BC and Savold D (eds), p. 22.

Worm J and Sgndergaard M. 1998. Alcian Blue-stained particles in a eutrophic lake.
J Plankton Res, 20: 179-186.

Wustman BA, Gretz MR and Hoagland KD. 1997. Extracellular matrix assembly in
diatoms (Bacillariophyceae). Plant Physiol 113: 1054-1069.

Zhou J, Mopper K and Passow U. 1998. The role of surface-active carbohydrates in
the formation of transparent exopolymer particles by bubble adsorption of seawater.
Limnol Oceanogr 43: 1860-1871.



