



































































































































































































































The antimicrobial activity of cell free supernatant was monitored during growth of the producer
(isolate NA 1) to ascertain if production was growth phase dependent. However, no inhibitions
zones againsiM. smegmatis(LR22) were observed on TSB plates spotted with cell free
supernatant. Activity appeared to be associated with the cellular fraction. These results suggest
that the antimicrobial compound may be closely associated with the cell wall of the producer
strain. It is also possible that the activity in supernatant was below the level of detection using
the spot-on-lawn assays. Future studies may require activity assays with concentrated
supernatant. Massetolide A, an antimicrobial compound producddaydomonas fluorescens,

was shown to be produced in the early exponential growth phase (de Bruijn 2008). On the other

hand, Tjeerd et al. (2004) ha:s on of an antimicrobial compound, the

. . (I8 NIN BIN NIN BIN NI )
secondary metabolite phenazine g a—s——m— Rseydomonas chlororaphisay be

induced by a high optical density I"I”I“I”I

ental conditions (Tjeerd et al. 2004).
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Chapter 5

General conclusion
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Bacteria cultured from the surface®frugosunwere grouped into four bacterial phylased on
16S rRNA gene analysis, namely Gamma-Proteobacteria, Alpha-Proteobacteria, Firmicutes and

Bacteroidetes. Of the 41 isolates identified, 85% were Gamma-Proteobacteria (Figure 5.1).

B Gamma proteobhacteria

50, 9%

u Alpha protecbacteria

Bacteriodetes

B Firmicutes

Figure5.1: Classification ofS. rugosumbacterial isolates into various phyla based on 16S rRNA

phylogenetic analysis.

This finding was not unexpected considering that bacteria belonging to the Gamma-
Proteobacteria phylogenetic group are among the most known and readily cultivable
microorganisms from the marine environment (Fuhrman and Hagstrom 2008). Similar results
have been observed in other studies investigating bacterial associations with brown algae (Wiese
et al. 2009; Salaun et al. 2010) and the red algBelisea pulchra(Penesyan et al. 2009).
Staufenberger et al. (2008) used a culture independent approach which involved the use of
denaturing gradient gel electrophoresis and 16S rRNA gene clone libraries to investigate the
bacterial community associated with the brown algaminaria saccharina Gamma-

Proteobacteria was found to be the dominant phylum and most of the phylotypes were related to
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uncultured bacteria (Staufenberger et al. 2008). Marine bacteria in this phylogenetic group are
generally aerobic or facultative anaerobes (Fuhrman and Hagstrom 3008yosungrows in

the rocky shore environment which is abundant in oxygen due to wave action and various

photosynthetic processes. Therefore, it is not surprising that such environments are dominated by

aerobic bacteria.

Most of theS. rugosumisolates were predominantlibrio and Pseudoalteromonaspecies.

Vibrio splendiduswas the most abundant amo¥rio isolates, and other identified species
includedVibrio celticusandVibrio comitans The identification oWibrio bacteria was of major
significance as they are involved in the mineralization of organic material in the sea and for
causing disease (Reen et al. 2006). It has been demonstratéibtizaspecies are opportunistic
pathogens of diseas&brphyraandLaminariathalli (Wang et al. 2008). Thus, the existence of
Vibrio on the surface of5. rugosummight have a negative impact dhe host's health.
Pseudoalteromonaspecies are commonly found in association with higher organisms such as
marine macroalgae, and it has been suggested that this genus is a significant competitor for space
and nutrients within the marine environment (Holmstrom et al. 20@udoalteromonass

often associated with the expression of a wide range of biological activities, including anti-
bacterial, bacteriolytic, agarolytic and algicidal activities (Holmstrom and Kjelleberg 1999). It
has also been shown that members of the geésegdoalteromonashow potential to be used as
anti-fouling agents in aquaculture and for the control of toxic algal blooms (Holmstrém and
Kjelleberg 1999). SeveraPseudoalteromonadsolates have furthermore been shown to
specifically prevent the settlement of common fouling organisms (Holmstrém et al. 2002) and
the host organism may employ bacterially produced compounds for their own chemical defense
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against fouling (Holmstréom and Kjelleberg 1999). A good example of this is provided by studies
conducted witiJlva lactuca Egan et al. 2000; Holmstrom et al. 2002). This green alga does not
produce any secondary metabolites for protection against fouling organisms but has been
reported to host antifouling producifmpeudoalteromonaspecies (Lemos et al. 1985; Egan et

al. 2000). Thus, the presenceRgeudoalteromonasn the surface 0%. rugosunmight play a

significant role in defenses against fouling microorganisms in harsh intertidal environments.

Isolates from the surface &. rugosumwere dominated by Gram-negative bacteria (Gamma-
Proteobacteria, Alpha-Proteobacteria and Bacteriodetes). Several studies have reported a greater
presence of Gram-negative bacteria associatedititttidal seaweeds (Kong and Chan 1979;

Penesyan et al. 2009; Salatn et al. 2010). In the culture-independent study of Tujula et al.
(2010), it was found thatllva australis harbored a sub-population of bacteria which is
consistently present in different samples. Results were based on DGGE-based spatial (between
tidal pools) and temporal (between season) comparisons. This stable sub-population included
bacteria belonging to the phyla Alpha-Proteobactend Bacteriodetegnd these bacteria are

likely to play an important role in the function of the marine epiphytic microbial communities

associated witlJ. australis(Tujula et al. 2010).

Another culture-independent study showed tBatteriodetes are among the most abundant
bacteria associated with marine eukaryotes (Longord et al. 2007).STwogosumisolates
(NSA_8 and NSA_3) belonged to this phylum and were grouped into theHi¢asbacteria
Marine Bacteriodetes isolates are often grouped into the claBkasbacteria and
Sphingobacteria(Lydell et al. 2004). These classes are also found in freshwater, soil and
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sediments (Lydell et al. 2004). They are ubiquitous heterotrophs known for their ability to
degrade complex lignocellulosic plant materials (Lydell et al. 2004). This feature may describe
their abundance on surfaces of marine seaweeds, which can provide a constant source of
nutrients for these organismglavobacteria identified on S. rugosumcould possibly be
opportunistic algal degrading microorganisms which might be able to degrade important cell
wall components such as fucoidan, the dominant polysaccharide preSemtigosuncell walls

(Miller et al. 1996). The presence of a substrate (carbon) source that can be used by surface
associated bacteria is probably an important factor in shaping specific macroalgae-bacteria

interactions.

Three S. rugosumisolates shared low sequence identit,€8706) to their closest relatives in
GenBank. All three isolates grouped with unidentified bacterial species, and may therefore be
novel. A number of bacteria associated with other marine environments including brown algae,
marine sponges and marine sediments were among the closest relatives of phylotypes associated
with S. rugosumAs the use of universal primers combined with the conserved nature of the 16S
rRNA gene generally restricts the number of closely related species which can be resolved
(Dahllof et al. 2000), underestimation of diversity is likely. In addition, the inability to culture
the majority of the bacteria from this environment, as well as experimental limitations such as
DNA extraction efficiency and the presence of PCR inhibitors would affect the diversity
detected. Among 49 bacterial isolates, the 16S rRNA gene of eight isolates could not be
amplified. These included isolates that were highly pigmented on different growth media. The
presence of inhibitors such as pigments (Monroe et al. 2103) may adversely affected PCR
amplification.
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NumerousS. rugosumisolates produced antimicrobial compounds, most notably isolate NA 1
(Pseudomanaspecies) which was active against test stréasillus cereus Staphylococcus
epidermidis Mycobacterium smegmat{tR22), Micrococcus luteusind Pseudomonas putida
(ATCC27853). Another remarkable antimicrobial producer was the potentially novel
Sulfitobacterspecies (isolate NSA 11, 96.72% identity to closest neighbor) which displayed
significant activity againsM. smegmatisMarine macroalgae are potentially a rich source of
biologically active compounds and numerous algae associated bacteria with antimicrobial
activity have been identified by culture based methods (Boyd et al. 1999b; Burgess et al. 1999;
Kanagasabhapathy et al. 2006, 20B&esyan et al. 2009; Wiese et al. 2009). Culture based
methods have indeed been shown to deliver a high frequency of novel antimicrobials compared
to alternative technologies (Li et al. 2005; McArthur 2008; Newton 2008). Metagenomic
technologies, including sequence-driven analysis and functional screening of environmental
clone libraries, are commanding tools in natural product discovery. However, these technologies
have vyielded limited results in the discovery of novel bioactive compounds such as
antimicrobials (Schloss and Handelsman 2003; Handelsman 2005). The rates of attaining

positive bioactive-producing clones in metagenomic libraries have been shown to be close to 2 in
113 700 clones screened (Lim et al. 2005), and even as low as 1 in 730 000 (Henne et al. 2000).
possibly due to the difficulties in expressing foreign genes in a heterologous host (Penesyan et al.
2009). The increase in metagenomic data may however play an essential role in understanding
the biochemical potential of uncultured microorganisms and may lead to the improvement of
suitable cultivation strategies in the future (Handelsman 2@d{ure-based approaches remain

the most commanding resource in discovering novel bioactives of bacterial origin.
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In conclusion, analysis of the phylogenetic affiliationSofrugosurmassociated bacteria by 16S

rRNA gene analysis has extended our understanding about these microorganisms, including their
diversity and distribution, and added to a growing database of bacterial communities associated
with brown algae. Potential novel bacterial species were isolated, as well as isolates with
biotechnological potential such as producers of antimicrobial compounds active against human
pathogens. Results presented may be useful in the design of future studies investigating bacteria-
seaweed interactions, including beneficial (symbiotic) and detrimental (pathogenic) interactions.
Future work should be extended to biochemical characterization studies for the novel bacterial

species.
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