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It can be concluded from this study that the 281 bp
Mbol-digested genomic DNA segment can be used as an
RFLP marker to distinguish the closely related ecoraces
of tropical tasar silk-producing insect A. mylitta D.
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Improved culture-based approaches efficiently compli-
ment the limitations encountered in molecular methods
to delineate the diversity and functions of uncultured
organisms. The present study endeavours to reduce
the anomaly between total counts (TC) and retrievable
plate counts as colony forming units (CFU). Retrieva-
bility was improved by decreasing nutrient concentra-
tion in the culture medium. Maximum retrievability of
10" CFU mi™ was obtained on 0.1% nutrient strength
(100% corresponds to 8 g™ nutrient broth with 1.5%
agar-agar) with samples from the Bay of Bengal off-
shore and coastal waters. However, in the Arabian
Sea, retrievability was maximum (10° CFU ml™) on 33
and 100% nutrient strength. By varying the nutrient
concentration, retrievability could be enhanced to 24%
of TC in the estuaries, 3-14% in coastal waters and 5%
in offshore waters. Bacteria from relatively more dy-
namic estuarine systems seemed less resilient com-
pared to the coastal and offshore populations, as they
were best retrieved (10° CFU mI™) only on 1% nutrient
strength.

Keywords: Bacterial retrievability, coastal and offshore
waters, colony forming units, estuaries, nutrient strength.

MANY decades ago it was realized that nutrient concen-
tration in the commonly used media is several fold higher
than that present in the environment™™. For oligotrophic
environments, plate counts on nutrient-poor media are
several fold higher than those obtained on conventional
media®®. In the last decade, a number of molecular techniques
have been employed to assess the bacterial diversity inde-
pendent of cultural methods. Estimates on data compiled
for culturability indicate that in sea water and unpolluted
estuarine water, percentage culturability can reach up to
0.1 and 3% of total counts (TC) respectively, whereas
from activated sludge® it can go up to 15. However, studies
generally reveal that 99% or more of the bacterial diversity
remains uncultured and unexplored’.

Given that the molecular approach can only tell us about
the existence and potential functions of microorganisms, it
is of utmost importance to be able to retrieve, cultivate and
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maintain the ecologicaly diverse uncultured forms®. There-
fore, the culture-based approach could prove to be better, if
successful®. Attempts with extinction dilution techniques
to culture the uncultured forms'® have yielded a high retrieva-
bility of 2-60%, but here an effort has been made with
decreasing strength of nutrients in the media and varying
periods of incubation. The present work is an attempt to
maximize retrieval of bacteriafrom oceanic, coastal aswell as
estuarine sea water in the form of Colony Forming Units
(CFU) by smulating oligotrophic to eutrophic conditions of
growth. Since the estuaries, coastal seas and offshore re-
gions represent contrasting regimes, the retrievability data
could reflect the availability of Dissolved Organic Carbon
(DOC) and perhapsits relative dynamicsin the environment.

The marine, coastal and estuarine water samples were
collected from the following areas:

(i) Arabian Sea coastal waters (15°200N and 72°17¢) —
Cruise SK172 on ORV Sagar Kanya.

(ii) Bay of Benga offshore waters (12°580N and

80°35¢) — Cruise SK145B on ORV Sagar Kanya.

Bay of Bengal coastal waters (13°00dN and 80°25€) —

Cruise SK145B on ORV Sagar Kanya.

Zuari estuary (Goa) (15°10¢-15°30¢N and 74°25@).

(iii)
(iv)

All the samples were collected using Niskin's water
sampler attached to a CTD rosette. The sub-samples were
collected into sterile containers through pre-rinsed tygon
tubing and analysed on-board within 1-2 h. The water col-
umn up to 2000 m was sampled at predetermined intervals
for location 1, whereas only surface waters were analysed
from locations 2 to 4.

Estuarine samples were subjected to three-fold dilution
(10, 107 and 107 using 50% aged, autoclaved coastal sea
water and pre-filtered to remove large suspended materials.
Coastal and offshore samples were plated directly without
diluting. The inoculum size for plating the estuarine samples
was restricted to 50 m whereas for coastal and offshore
samples it was 100 m. The samples were surface-plated
on nutrient agar prepared in 50% sea water of 0, 0.1, 1,
10, 25, 33, 50 and 100% nutrient strength (100% corre-
sponds to 8 g I™* nutrient broth (NB) with 1.5% agar-agar
(A) from Himedia Laboratories Pvt Ltd, Mumbai, India.
Henceforth, the various strengths would be represented as
‘%NB + A’. The plates were incubated at room temperature
and CFU were counted at intervals of 24 h. Un-inoculated
sterile nutrient plates were used as controls for extraneous
contamination during incubation.

Samples for total bacterial abundance were fixed using
buffered formalin (0.4% final concentration) and stored in
refrigerator (4°C) till further analysis. Bacteria were estimated
using the Acridine Orange Direct Count (AODC) method™.
The filters were mounted onto a glass slide and viewed
under a BHF-342 epifluoresence microscope.

In the estuaries, maximum retrievability of 10° CFU ml™
was on 1% NB + A (Figure 1). This was followed by 10
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and then 0.1%, whereas in 0, 33 and 50% NB + A, CFU
was of the order of 10° mI™. Though there is high varia-
tion of DOC and nutrients in the estuaries' which could
induce nutritional flexibility, it was observed that lower
nutrient strengths yielded higher retrievability. There was
a difference of two orders between higher and lower nutrient
strengths. This may be due to the heavy organic flux from
the estuary into the adjoining coastal waters, reducing the
residual time for degradation of organic carbon. A short
residential time can be accounted by the large seasonal
influx of freshwater into the estuary, with unchanged tidal
amplitude over large distances™. Cumulative increase in
numbers on 1% NB + A showed a steady increase from
day 1 to 12, that later stabilized. Similarly, the increase
stabilized after 5 days on 10 and 0.1%. Though the nutrient
requirements are low, estuarine bacteria appear to have a
short lag phase compared to coastal and offshore waters.
In coastal waters of the Bay of Bengal, the maximum
retrievability (10* CFU ml™) was on 0.1% NB + A (Fig-
ure 2). The next best was on 1% NB + A with no differencein
order. Cumulative growth stabilized at the end of five days
in nutrient strengths was greater than 10%. It was clear that
though the lower strengths showed reduced growth at the
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Figure 1. Percentages refer to ‘%NB + A’. Retrievability on 33 and
10% was of the same order as 50%, while 0.1 and 0% showed retri-
evability of the same order as 1%.
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Figure 2. Percentages refer to ‘%NB + A’. Retrievability on 50, 10, 1
and 0% was of the same order as 33%.
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Figure 3. Percentages refer to ‘%NB + A’. Depth-wise retrievability
pattern in the Arabian Sea. Incubation period: 7 days.

initial period (3—7 days), the cumulative increase exceeded
the higher strengths, which showed active increase only
up to aperiod of five days. In general, maximum retrievability
needed an incubation period of 21 days. In the coastal
Arabian Sea, 100% NB + A recorded the maximum CFU
(10 mlI™) at a depth range of 0-150 m (Figure 3). In the
depth ranges 250-1000 m and 1200-1800 m, 1 and 33%
showed retrievability maxima (10° CFU ml™) respec-
tively. Higher yield in higher strengths could reflect the
nutrient status of the sampled location. The Arabian Sea
is known to be highly productive®*®, with restricted cir-
culation™®” and concomitant high oxygen consumption rates
at the surface. The oxygen consumption rates (~400 Tgly)
were about four times higher than in the Bay of Bengal®.
This is because the organic matter entering the Bay of
Bengal from the rivers is adsorbed onto mineral particles
and therefore made less available to the microbes. Perhaps
the occurrence of a well-stratified oxygen minimum zone'’
is aso responsible for lower retrievability from these layers.
On the whole, the retrievability in coastal waters was
lower by one to three orders (10°™*) compared to the estu-
ary (10°).

Comparing the retrievability pattern in coastal waters
of the Arabian Sea and Bay of Bengal, it might be possible
to assess the potential bioavailability of organic carbon in
these waters. In the Arabian Sea, intense remineralization
of organic matter takes place predominantly in the surface
layers, due to a high heterotrophic carbon demand (1203 Tg
C yrH)*. This is because of the occurrence of a well-
sratified oxygen minimum zone (OMZ), which leads to pres-
ervation of organic carbon in these layers®. Hence the pre-
vailing organic loading supports increased retrievability at
higher nutrient strengths in these waters.

The retrievability maximum (10* CFU ml™) in the Bay
of Bengd offshore waters was on 0.1%, and not much affected
by varying the nutrient strength (Figure 4). By lowering
the strength from 50 to 0.1%, CFU retrievability improved
by an order from 10° to 10*. The offshore sample did not
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Figure 4. Percentages refer to ‘%NB + A’. Retrievability on 33, 10,
and 0% was of the same order as 50%, whereas that on 1% was of the
same order as 0.1%.

show any marked difference from the Bay of Bengal
coastal sample, perhaps suggesting that there is little decrease
in availability of DOC from the coastal to the offshore
region in the Bay of Bengal.

The foregoing studies demonstrated that the nutritional
flexibility of bacteria was more enhanced in oligotrophic
conditions. The retrievability of bacteria from estuarine
sources is not uniformly high across a range of carbon
concentrations, as might have been expected from the dyna-
mic nature of the estuary. This could be because of the es-
tuarine diurnal cycles that provide the right concentrations
required for a particular group. On the other hand, in the
unchanging oligotrophic marine environment, the supply
of nutrients could be sporadic and adaptation of the microbes
instantaneous’. This could be the reason for enhanced re-
trievability of microbes on varied nutrient strengths from
oligotrophic offshore waters.

Hence regardless of the sample type, nutrient levels could
be reduced and incubation prolonged to maximize retrievabil -
ity of slow growers, as enhanced nutrients induce meta-
bolic imbalance resulting in cell death®. Up to 50-fold
decrease in media strength could bring about over 100-fold
increase in retrievability (Figure 1). By varying the nutrient
levels, retrievability could be enhanced to 24% of total
counts in the estuaries, 0.1-13% in coastal waters and 5%
in the offshore waters (Table 1). Repeated sampling in these
locations as well as in new regimes will give us a more
definite understanding of the retrievability patterns in these
regions and help us elucidate the subtle links between
available DOC pools and retrieval characteristics. Detailed
phenotypic analyses of fast and slow growers would throw
light on their physiological differences and help enhance
their retrievability further.

Thus our study indicates that retrievability of bacteria
from estuarine sources is not uniformly high across a
range of carbon concentrations, as might have been ex-
pected from the dynamic nature of the estuary. This sug-
gests that estuarine bacteria are nutritionally less resilient
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Table1l. Percentage retrievability of bacteria
Medium strength used Altered medium strength used
Strength of Retrievable Per cent Strength of Retrieval Per cent
Station TC (mli™) medium (%) counts (ml™)  retrievable  medium (%) counts(ml™)  retrievable
Estuary 297 10° 33 137 10° 0.0045 1 7.02° 10° 24.21
Bay of Bengal coastal 327 10° 33 46" 10° 1.4375 0.1 4327 10* 13.50
Arabian Sea coastal (0-150 m) 347 10° 33 217 10° 0.0618 100.0 498" 10° 0.15
Arabian Sea coastal (250-1000 m) 537 10° 33 6.4° 10 0.0121 1.0 1.82° 10° 0.34
Arabian Sea coastal (1200-1800m)  2.2° 10° 33 527 10 0.2364 10.0 6.16 " 10° 2.80
Bay of Bengal offshore 3.0 10° 33 6.4" 10° 2.1333 0.10 16" 10 5.33
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