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ABSTRACT

Chitin is a natural, ubundant, resistant aminopolysaccharide. Samples taken
from several aquatic ecosysterns indicate that chitinolytlic hacteria seem to be most
abundant in habitats with high levels of dissolved oxygen, high levels of total organic
carbon, and agitation of the waler. This correlates with the high levels of chitino-
lytic bacteria found in streams and may be due in part to soil humus in runcff. Buc-
terin identified as chitinolvtic included species of Klebsiclle, Proteus, Serratia, and
Pseudomonas. Species of Klebsiella and Proteus have not previously been recorded
as chitinolvtic.

INTRODUCTION

Chitin is a stuble, unbranched, aminopolysaccharide {Aspinall, 1970} found in
the exoskeleton of arthropods, in cell walls of fungi, in some green algae, in nema-
tode eggs, and the covering of fecal pellets of many zooplankton {Gray and Wil-
liams, 1971 and Rheinheimer, 1980). It is the second most abundant polymer in
nature; only cellulose is more abundant {Rawls, 1984).

Because of its abundance there is a potential for chitin to accumulate in both
aquatic and terrestrial svstems. The potential for accumulation is enhaneed by the
fact that the degradation of chitin is a slow process {Gray and Williams, 1971).
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top of a normal strength nutrient agar base in a sterile petri plate. Serial dilutions
wore conducted for each sample and treated in the same manner.

The plates were checked at twelve and twenly-four hours {or evidence of total
bacterial numbers as eolony forming unils (CFUY and chitinolvtic bacterial activity
(CFUs) as indicated by a zone of clearing in the chitin around the colonies. Obser-
vations for chitinolytic activity were eontinued daily {or three weeks. Numbers of
colonies for each sample were recorded from the undiluted sanple or the dilution
which gave 30 to 300 colonies per plate.

Colonies which appeared lo be chilinolvlie were streaked an chitin agar plates
to ensure chitinolyvtic activily of pure cultures. Standard tests were conducted to iden-
Uity each colony to species.

Five lentic systems, lakes and ponds, and four lolic systems. induding three streams
and a slow flowing canal were sampled. Lentic systems were sampled under two
different eonditions. First, on calm or windless days, when there were no waves and
the waler was little agitated. And second, on windy days with considerable wave
action al the surflace of the Jake and agitation via undercurrents. T'wo types of lotic
sylems were sampled. One was very slow flowing, while the second was flowing at
a maoderate rate.

RESULTS AND DISCUSSION

The bacleria in the samples which showed chitinolytic activity included three
species of the family Enterobuacteriaceae which were identified as Klebsiella ozae-
nae. Proteus inconstans, and Serratic liquefacians. No speeies from cither Klebsiella
or Protens have been previously reported to degrade chitin., Three strains of Peetdo-
monas were also distinguished.

Abundance and distribution of chitinolytic bacteria are given in Table 1. Popu-
tation levels of both tola! bacteria and chitinolvtic bacteria seem to be positively related
to the deyree of agitation of the water. The lentie systems samnpled on calm days had
low numbers of tolal bacleria and chitinolyvtic bacteria per ml of water, except for
the very shallow and rich segment of the old canal. Slightly agitated systems, the
lentic system sampled on a windy day and slow flowing lotic sytems had more total
bacteria and chilinolytic bacteria than the lentic systems sampled on calm days. The
highest populations of both total and chitinolytic bacteria were found in the moder-
ately flowing lotic svslems.

The degree of agilalion apparently affects the location of chitin and chitinolvtic
bacteria in the system. In calm waters the heavy chitin likely seltles ont of the water
column into the boltom sediments, When the water is sufficient!y agilated, the chitin
probably becomes and remnains suspended in the waler column.

High populations of chitinolytic bacteria also seemed (0 demand high levels ol
organic carbon. Tlowever, some systems which had a high level of arganic carbon
per gram of waler supporled no detectable chitinolytic bacteria. Saganashkee Slongh
had about the same suspended organic carbon per liter of water as Tampier Creek.
Saganashkee Slongh had no detectable chitinolytic bacteria while Tampier Creck sup-
ported up to 120,000 per ml of water. Thus, although high suspended organic cur-
bon may be necessary for high levels of chitinolvtic bacteria, it does not ensure a
high population of chitinolvlie bacteria. Tt appears that in addition lo high levels
of suspended organics, agitation may also help keep chitin and bacteria in suspension,
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Aerobic chilinolvtic activity is well known. Anaerobic chitinolytic activity, but
at u much slower rate, has been suggested by Warnes and Randles (1977 and 1980},
Therefore, the relationship of chitinolylic activity to the dissolved oxygen concentra-
tions was cxamined. Crooked Creek, with a dissolved oxygen concentration of 13.1
mg/ml, supported about 190,000 chitinolytic bacteria per ml of water. Those sys-
terns with little oxvgen, such as the Cal-Sag Canal, with 1.2 mg/ml, had no detectable
chitinolytic bacteria. However, a high dissolved oxygen concentration alone is not
sufficienl to support a high density of chitinolytic bacteria. Stormy, well agitated
T.ake Michigan, with a dissolved oxygen concentration of 13.7 mg/ml supported a
population of only 13 chitinolytic bacteria per ml. This probably relates to the fact
Lake Michigan was also lowest in total organic carbon per L of water.

We ulso tested our four species of chitinolytic bacteria in the Enterobacteriaceae
for chitinolytic activity under anaerobic conditions. Each of the four species was inoc-
culated on chitin agar plates as described previously. These plates were placed in
a candle jar and kept in anaerobic conditions for 21 days. No chitinolytic activity
oceurred in this time period. Although the data of Warnes and Randles (1980) indi-
cates the possibility of chitinolytic activity in anaerobic sedirents, this needs further
investigation.

Streams which were high for all three parameters, agitation. total organic car-
bon, and dissolved oxvgen, had the highest populations, This is probably due at least
in part to soil humus which is carried into streams with surface run-off. Seil humus
not only contains soil bacteria, but also decaying fungi, nematode egys. arthropod
exoskeletons, and other sources of chitin,

The pIT of the samples ranged from 7.3 to 8.7. Bacterial growth, both total and
chitinolytic, scemed to be independent of pH in this range.

SUMMARY

'The data reported in this paper suggestes a relatiouship between dissolved oxy-
gen levels, total organic carbon concentration, agitation of the water and chitino-
Iytic bacterial levels. When all three were high, high numbers of chitinolytic bacleria
were present. High total organic carbon and high dissolved oxygen levels were related
to agitation. Streams which were high for all three parameters had the highest popu-
lations. This is probably due at least in part to soil humus which is carried into strearns
with surface run-off. Soil humus not only contains scil bacteria, but also decaying
fungi. nematode eggs, arthropod exoskeletons. and other sources of chitin, Future
studies measuring actual levels of chitin and the ratio of chitin to other suspended
organics wonuld be useful.



287

LITERATURE CITED

Aspinall, 6,0, 1970, Polysapcharides. First edition. Pergamon Press Limited, New York,

Gray, T R.G. and 5.7, Williams, 1971, Soil Micro-organisms. Reprinted with minor amendinents by
Longman Group Limited, Edinburgh.

Kunetsov, 5.1, and C.H. Oppenheimer, editor. 1970. The Microflora of Lakes and lts Geochemical
Activity., University of Texas Press, Austin.

Rawls, R.[. 18984, Prospeets brighten for converting chitin wastes to valuable products. Chem. and
Engin. News, §2: 42-45,

Rheinheimer, G 1980, Aquatic Microbiology. Second edition. John Wilev & Sons Lid, New York.

Srikantaiah, M. and K.C. Mohankumar, 1980 Isolation and characterization of chitin degrading bac-
teria. Indian ]. Microbiol. 20: 216-219.

Warnes, C.E. and C.1. Bandles. 1977. Preliminary studies on chitin decomposition in Lake Erie sedi-
ments. Ohio J. Sci. 77{5): 224-230.

Warnes, C.E. and C.I. Randles. 1980. Succession in a microbial community associated with chitin in
Lake Frie sediment and water, Ohjo ], Sei. 80(6). 250255,

Table 1. List of sample sites, dissolved oxygen in mg/ml, total organic carbon (TOC)
in mg/ml, pH. coleny forming units of bacteria per milliliter (CFU) and
chitinalytic bacteria per milliliter {as CFU}).

gamplc Dissolved TOC pH CFUof  Chitinolytic
Oxvgen fmg/ml) Bacteria Bacteria
Lentic, Calm Day
Saganashkee Slough 6.5 106 7.6 2000 0
Maple Lake 10.8 71 8.4 2000 0
Canal Segment 7.8 118 7.6 10300 100
Lentic, Windy Day
Lake Michigan 13.7 35 8.3 252 13
Limestone Quarry 13.8 88 8.7 19100 100
Lotie, Little Flow
Cal-Sag Canal 1.2 78 7.3 17400 0
Lotie, Moderate
Stoney Creek 9.1 213 7.7 TNTC* 140000
Crooked Creck 13.1 144 7.9 TNTC 190000
Tampier Creck 12.1 102 8.3 TNTC 120000

*Tao Numerous To Count



