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Abstract

The dynamics of aquatic systems are known to fatélithe formation of aggregates of nutrient-ricntipulate matter
which provide suitable substrate for microbial ¢otation. Although bacteria-aggregate associatftan result in the
degradation of Particulate Organic Matter (POM)aiquatic systems, little is known about their cdmition to the
production of methyl iodide (Ci), an environmentally important biogas that hapadential impact on atmospheric
chemistry. This study investigated the role of mial communities in the production of gHand its facilitation by
particle aggregation in the Tamar estuary in thetlSdVest of England. Macroaggregates were genertuexigh a
laboratory simulated aggregation process. Assedsofeacterial abundance, production and elevatattentration of
CHsl indicated that microbial activity in the experimal setups resulted in the production of ;CH\ statistical test of
significance between aggregated and non-aggregsdtighs also indicated that the presence of bakctagagregates
significantly enhanced C#Hproduction by about 32% of the concentrationiladited to microbial activity. This suggests
that estuarine systems are potentially ideal enwirents for microbially-mediated GHoroduction.

Keywords: Macroaggregates, Microbial Assemblage, Methyl ledRtoduction, Estuarine System, Tamar Estuary
1. Introduction

Particle aggregates are a combination of predortiinan of dead algae (Ittekkot, 1996). Formation of
Particulate Organic Matter (POM) in the form of macroaggregates also occurs through the excretfon o
marine/estuarine snow (floccules of dead algae)faedal faecal materials by meso-grazers (lttekkot, 196&gterial
pellets that are obtained mainly from planktonigamisms  and algal production of mucus that facilitate adbres
and activities (Alldredge & Silver, 1988) and areiehed (Biddanda & Pomeroy, 1988) and chemically through
in nutrients, especially inorganic phosphorus aitidbgen ionic attraction between particles. The process of
(Shanks & Edmondson, 1989 and Simon et al, 2002).aggregation, therefore, provides a mechanism for
Particle aggregates are ubiquitous in the marinetransferring organic material from the dissolveatestinto
environment (Turley, 1992), lakes (Grossart & Simon the particulate state (Burd & Jackson, 2009).
1993), rivers (Bockelmann et al, 2000) and estearin Macroaggregation, however, begins with the fornmatd
environment (Eisma et al, 1980 and Eisma, 1986). adhesive mucus matrices from pico- and microaggesga

that act as nuclei for adsorption onto other conepts)
The formation of these macroaggregates in the aguat such as faecal pellets (Turley, 1992). Particutateerials
environment is facilitated by the coupling of battysical from the estuarine environment that are constituted
processes, such as surface mixing (Kumar et all)200 aggregates are chiefly composed of either dethtosight
water circulation through tidal forcing and rivéscharges  in by rivers or amorphous aggregations of suspended
and biological processes that involve the self-aggtion sediments (Zhang et al, 2007).

Available online atvww.scientific-journals.co.uk 75




N.K. Asare et al/ Journal of Environment (2012)|.\04, Issue 03, pp. 75-83 ISSN 2049-8373

Dense microbial assemblages of which bacteriaTokarczyk, 1993) as well as the main source to land
form a major part have been found to inhabit (Nightingale, 2003).

nutrient-rich macroaggregates (Artolozaga et alp230

In the aquatic environment, bacterial communities The present study, therefore. Investigates: 1)rthe of
become associated with aggregates during formatiormicrobial community in the production of GH (an
of the latter. Aggregates provide  suitable environmentally important methyl halide) in estoari
microenvironment for microbially mediated transfation environment through their association with
of POM (Tranvik & Seiburth, 1989) into Dissolved macroaggregates and 2) how the process of aggvegati
Organic Matter (DOM) with the aid of extracellular influences the rate of microbially-mediated 4H
enzymes (Cho & Azam, 1988) whilst biogases are production in the estuarine environment.

formed as by-products. This is a form of reminegtion

through decomposition (Caron et al, 1982) in 2 Materialsand M ethods

the aquatic environment, thus making the microbial

community in aquatic environments an important grou 2 1. Description of the Study Site

the cycling of nutrients (Delong & Karl, 2005).

The Tamar estuary is located in South-West Eng(a6d
Following attachment to aggregates, bacteria remain26' 35.30"N, -4° 12' 25.42"W) (Figure 1). It is kmo to
active and can increase their population densityexhibit a strong Turbidity Maximum Zone (TMZ)
(Kaltenbdck & Herndl, 1992) and begin the enzymatic (Grabemann et al, 1997) in its upper reaches during
breakdown of POM (Delille & Razouls, 1994). summer (Uncles & Stephens, 1993) and in the middle
During the process of degradation, most of thereaches during winter due to increased river diggha
aggregates could be consumed by the associate(iTattersall et al, 2003). This estuary also expers
bacterial assemblage within 2-3 days (Pomeroy et alhighly dynamic changes physically, chemically and
1984). Therefore, in the estuarine environment, thepiologically during the transition from the freshem to
association of microbial assemblages and aggregatethe marine environment (Uncles & Lewis, 2001). The
is important in the conversion of POM into Tamar estuary, therefore, represents a suitablearise
DOM through extracellular enzyme activity (Smith af system for the study of environmentally important

1992). processes.

Although there are extensive discussions in therdttre L ey N

concerning the role of microbial assemblages in the P wﬁi,';j L {
% = -

conversion of POM into DOM in the aquatic enviromne -
(e.g. Karner & Herndl, 1992 and Smith et al, 1992y A g 3 o2

few reports are found which directly link microbyal e, J J e
mediated degradation of aggregates to the producifo Fmouth ) Sampling
ecologically important biogases such as methyl deali River Tamar (7 7 o Si'te 9
(CH3X), especially in estuarine systems. For example, Qg "fh‘ 7 River Tawy
there have been reports of significantsCptoduction by a I o
photosynthetic bacterium from the marine environtrien 5, ’
a laboratory culture (Smythe-Wright et al, 2006 and .:"-\;-' -z >
Brownell et al, 2010). p I e

e f Dy
CHal (the halocarbon to be investigated in this stuidy) Q{ Frver Lynher® —~ S, PLYMOUTH
considered one of the main iodine carriers fromatyaatic ) = 8
environment to the atmosphere (Heumann et al, Ho8l7 ' S . S ._f ,},‘
Moore & Tokarczyk, 1993). The production and U A S
consumption of CHl in the environment, therefore, serve o Kilometer 4 A .
an important and integral part of the iodine cy€lekl has . Mile 3 ____Plymouth;
also been reported to have the potential to affeciower B e L

stratospheric ozone (Solomon et al, 1994).;IChhs a

global annual ocean to atmosphere flux rate of Betw  Figure 1. Map of the Tamar Estuary Showing the Sampling Site
0.9-2.5 x 16 mol y* (i.e.128-355 Gg y*) (Moore &

Groszko, 1999). This makes it one of the major anust 2.2, Water Sampling and Treatment

dominant of all iodide compounds responsible foe th

delivery of iodine into the atmosphere from aquatic Surface water samples were taken from the TMZ ef th
environments (Heumanret al, 1987 and Moore & Tamar estuary for two laboratory-simulated experitae
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using a stainless steel bucket. The samples weredsin a replicates on low profile electric rollers (Stoyadlet at a
10-litre glass reagent bottle (Pyrex) with a glasspper  speed of 30 revolutions per minute (rpm). Replisdte
(avoiding any headspace) at the prevailing watersample sets C and D were placed on a bench torgréhe
temperature during time of sampling and transpaditetie formation of macroaggregates. Water samples ofcatpk
laboratory. from all subsets were used to analyse for 3ICH
concentration, bacterial production and enumeratioer
2.3. Experimental Design for the Laboratory Simulated the 14 days period.
Aggregation
2.3.2. Experiment 2
Two experiments were conducted in the laboratory to
facilitate the formation of macroaggregates. Theraach The second experiment was carried out over 8 days
taken in both experiments was adapted from Shanks &using similar procedure as in Experiment 1. This

Edmondson (1989). experiment was carried out to ascertain the passfiect
of light on the rate of CH production in an estuarine
2.3.1. Experiment 1 system. However, sample sets A, B, C and D for this

experiment were all aggregated at the prevailmgitu
The experiment was carried out in a culture cabimeter temperature of 1PC. Simulated aggregation of sample
controlled physical conditions (i.e. at the prewajlin situ sets A and B were carried out under continuousdsicent
temperature of 17C and no illumination over a 14 days illumination whilst sets C and D were kept undenstant
period) to assess the role of aggregation in miatiyb darkness in the culture cabinet. The following detions
mediated CH production. Four sets of samples labelled were used in the experiments to describe the vsriou
A, B, C and D were used for the experiment (A anftbB  conditions applied; aggregated samples (Rolled),
simulated aggregation, C and D as controls - fon-no unaggregated samples (Unrolled), non-antibiotically
aggregation). Each set contained 8 subsets of sampl treated samplegLive), antibiotically treated samples
(with 3 replicates for every subset) analysed daifférent (Dead), illuminated samples (Light) and non-illuatied
days within the 14 days period (See Table 1 foaitit samples (Dark).

Table 1. Four Simulated Aggregation and Non-Aggregation Sample Sets (A, B, C and D) for Experiment 1, Each With 8 Subsets (3 Replicates
for Every Subset)

Aqggregated Non-Aggregated
Days of Analysis
Set One(Live) Set Two (Dead) Set Three(Live) Set Four (Dead)
0 Al Bl C1 D1
2 A2 B2 c2 D2
4 A3 B3 C3 D3
6 Ad B4 Cc4 D4
8 A5 B5 C5 D5
10 A6 B6 C6 D6
12 A7 B7 Cc7 D7
14 A8 B8 Cc8 D8

Live — Samples with no Antibiotic Treatment
Dead — Samples Treated with Antibiotic Solution

All replicates of sample sets B and D were treatét 1 2.4. CH3l Concentration Analysis

ml of antibiotic solution (antimycotic cocktail)pmprising

of penicillin G (10000 units n), streptomycin sulphate Replicate water samples were analysed for dissaBied

(10 mg mt"), and amphotericin B (25 ug Mlto prevent  concentration using gas chromatographic (GC) method
microbial growth and activity in these control sdesp described by Krysell & Nightingale (1994). This inedl
Glass reagent bottles (30 ml capacity) were filléth the involves the stripping of dissolved gases which tren
water samples and sealed (avoiding any headspaite in trapped through cryogenic focusing before injedted a
process) for all replicates. Simulated aggregatioas GC unit for separation and detection (electron wapt
carried out for sample sets A and B by placing all detector was used in this analysis).
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2.5. Bacterial Production and Enumeration

In order to establish a possible link between tiredase in
bacterial activity and CHl production in the experimental
media, there was the need to estimate the spécititerial
activity (a ratio of leucine incorporation to cellimbers).
To achieve this, bacterial protein synthesis anghdbnce
were also investigated.

Bacterial protein synthesis experiment was cardetiby
incubating water samples from the replicate reabetites
(3 replicates per subset) with radiolabelled leecifihe
method used in this analysis was used to estinhateate
of incorporation of radiolabelled leucine into baxcl
protein as described by Smith & Azam (1992). Insthi
method, 5 pl of L-[4, 5H] leucine (specific activity of
around 5 TBq mmai stored at 4C), was added to 1.7 mL
of the water sample to achieve a final sample aunaton
of 20 nmol ! and incubated for 1 hour. After incubation,
bacterial activity was terminated by the additidn36 pl
of 100% trichloroacetic acid (TCA). Bacterial priotevas
then extracted and the incorporatéd-leucine counted
with a scintillation counter (Wallac Winspectrall1.

Enumeration of bacterial abundance in water sampées
conducted following the technique of analytical wilo
cytometry (AFC) described by Shapiro (1995). Ptior
counting, samples were ultra-sonicated to disirtegr

concentration difference of 1.16 pmol*lwas observed
between Live-Unrolled and Dead-Unrolled samplesndur
day 12 of the experiment (Figure 3a).

A conducted ANOVA revealed that there was statdijc
significant  difference between all treatments of
Experiment 1 (with p-values of < 0.0001). A further
comparison of the change in CH3I concentration betw
Live-Rolled and Dead-Rolled, Live-Rolled and Live-
Unrolled, Live-Unrolled and Dead-Unrolled over tuetire
study period also indicated a statistically sigrafit
difference (p < 0.05) between all respective dats.s
There was, however, no statistical difference betwe
Dead-Rolled and Dead-Unrolled over the same study
period (p = 0.50).

From Experiment 2, changes in gHoncentration over
the study period exhibited a significant differefedween
Live-Light and Dead-Light as well as between Livark
and Dead-Dark (both witlp-values of < 0.05). The
estimated rates of GHincrease in the experimental media
were 0.38 + 0.23 pmol td* and 0.37 + 0.16 pmol1d*
for non-illuminated aggregated samples (Live-Daakd
illuminated samples (Live-Light) respectively. Frahese
estimates, the elevation of @Hconcentration in the
presence of light is statistically indistinguishabp =
0.724) from concentration in the dark. The DeadhLignd
Dead-Dark data sets also had no significant diffege

aggregates present and SYBR Green | added. Theocheth between themp(= 0.927).

of SYBR Green | application is also explained byridat
al (1997).

3. Results and Discussion
3.1. CH3l Concentration in Experimental Media

The results from the two experiments carried outhis
study clearly show that there were changes insICH
concentration in the experimental media which pdake
Day 8 and 6 for Experiment 1 and 2 respectivelgyFé 2
a-b). The Live-Rolled samples of Experiment 1 reeor
the highest mean concentration of 6.26 + 0.17 phibl
whilst Live-Light samples of Experiment 2 had thghest
of 5.26 + 0.26 pmol L.

Between the two aggregated sets of treatments
Experiment 1 (Live-Rolled and Dead-Rolled samplés,
highest cumulative concentration difference of 1pédol
L™ of CHsl was recorded on day 8 (Figure 3&his result
was identical to that of Experiment 2 (Figure 3ljen the
highest cumulative concentration difference of 1pgbol

3.2. Bacterial Production and Abundance

Based on the protein synthesis incubation, a maxihta
leucine incorporation rate (peak protein synthesi€70 +
90 pmol *h™ and 420 + 50 pmol th™ were recorded for
Live-Rolled and Live-Unrolled samples respectively
during Experiment 1. From these results, an eséthat
difference of 250 pmol L h (student's t-testp < 0.01),
representing about 37.3% of the total productivitigs
observed between the two sample sets on Day 8ef th
experiment when peak GHelevation was observed. This
may represent the rate at which aggregate-attduvhetdria
contributed to the overall bacterial activity in eth
experimental media.

irEnumeration of bacterial abundance from Experiment

showed maximum mean cell counts of 1.14 + 0.14 % 10
cells L' and 0.34 + 0.03 x f@ells L* for Live-Rolled and
Live-Unrolled respectively. Between aggregated aod-
aggregated treatments, an estimated difference 78 ®
10° cells L'* was recorded. This result coincided with the

L™ was recorded between Live-Light and Dead-Light period of highest bacterial activity (with respéztieucine

samples on Day 6 of the experiment. With Experinieas
reference, the average elevation of;Cébncentration for
the entire study period was estimated at 0.42 2 @i@ol
L? d% However, another highly elevated ¢H
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incorporation) and highest GHconcentration on Day 8 of
the experiment. This suggests that the recordegase in

the overall bacterial activities at those periodsyrhe as a
result of an increase in bacterial abundance. The
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population of aggregate-attached bacteria was atguino insignificant correlations for both aggregated (©.¥77)
constitute approximately 37% of the total recorded and non-aggregated (p = 0.884) samples. The redtip
bacterial abundance from all aggregated samplesr the between bacterial abundance and slCHoncentration
14-day period of the experiment, the mean bacterialhowever became explicit when bacterial specifiéviizs
abundance for the Live-Rolleshmples (a representative of based on protein synthesis were used in the ctimela
the estuarine environment) was estimated at 0.682 x analyses. From these analyses there were stdtistica

10° cells L. significant linear relationships between bactespécific
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Figure 2 (a & b). Changes in the Mean CHs;l Concentration in (a) Experiment 1: Aggregated and Non-Aggregated Samples and (b)
Experiment 2: [lluminated and Non-Illuminated Samples
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Figure 3 (a & b). Cumulative CHsl Concentration Difference (pmol L™) in (a) Aggregated and Non-Aggregated Samples and (b) Illuminated
and Non-llluminated Samples

A test of significant correlation through Pearson’s activity and the recorded GHconcentration for both the
correlation analyses was carried out to ascerth® t aggregated (p < 0.05; Figure 4a) and non-aggredated

relationship between bacterial abundance andsl CH 0.001; Figure 4b) samples. However, the relatignsias

concentration. These analyses vyielded statisticallypositive only for the aggregated samples.
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Figure 4 (a & b). Relationships Between CH3l Concentrations and Bacterial Specific Activity Over the Study Period in (a) Live-Rolled, (b)
Live-Unrolled Samples

3.3. Microbially-Mediated CH3l Production consuming CHI) in the same sample; 2) the same

microbial community switching between productiondan
Bacterial association with macroaggregates in teatc consumption depending on changes in physical, ata&mi
environment untii now has never been linked to theand biological conditions in the media at any giyemiod
production of halocarbons in general and 3CHn and 3) grazing (Zubkov et al, 2000) by heterotrophi
particular. The present study has shown such amanoplankton associated with aggregates (Caronl,et a
association to be a source of aquatic;ICHhis deduction  1982) on CHI producing bacteria at periods when
is based on the comparison between antibioticatigted ~ bacterial abundance and growth are at their thidsho
and non-treated aggregated samples through lalograto
simulations. However, from further studies, it is likely thaethemoval

of CHsl observed in this study could be attributed to the
With an estimated CjHl elevation rate of 0.42 + 0.09 pmol presence of other microbial assemblages who consume
L™ d*, microbially-mediated production in the estuarine CHsl (Asare, 2007) in addition to those producingsCid
water samples may be responsible. This productiom a the experimental media. Other studies (e.g. Vanatll,
result of microbial activity is further enhanced Hkiye 1999 and McDonald et al, 2002) have confirmed that,
association of microbial communities with macro- certain  members of the microbial community
aggregates present in the experimental media. &hidts (methylotrophic bacteria) are indeed capable ofliaikig
also revealed that microbially-mediated Lidroductions  methyl halides (including C§H). This could imply that all
peaked on Day 8 and 6 for the two experimentsthe observed concentrations of £Liffom this study could
respectively after which there were no further émeents.  only represent the net concentrations between W t
This could be attributed to substrate limitation time different microbial processes of production and
experimental media (Ploug et al, 2002) beyond theconsumption within the experimental media wherety t
observed days since microbial assemblages are leapib absence of macroaggregates in non-aggregated setups
consuming the aggregates to which they are asedciat translated into a relatively reduced rate of micathp-
with within a short period (Pomeroy et al, 1984). mediated CH production. It may also, therefore, suggest

that there could be a higher rate of {kemoval by other
Since elevated CH concentration from this study has Pprocesses than production by microbial communityhia
been attributed to microbial activity, the outcomea  experimental media with littte or no aggregates aks
regression analyses between bacterial specifigigcind ~ 2007) leading to a decline in net g@toncentration with
CHsl concentration exhibited significant correlations, increasing bacterial activity (Figure 4b).
which were positive and negative for aggregated reortd
aggregated samples respectively. This observatomddc  On average, microbial activity from this study eltad
be due to 1) the presence of two different groups o CHsl concentration by about 22% (aggregated) and 15%
microbial communities (one group producing anddtieer (non-aggregated) of the total recoverable 3ICH
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