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INTRODUCTION

Cyanobacteria are Gram-negative, photolysis-mediated ox-
ygen evolving, cosmopolitan prokaryotes that have survived 
and flourished on earth for over two billion years with the 
creation of oxygenic environment (Sergeev et al., 2002). 
They have become recognized as an extremely rich source 
of novel, bioactive secondary metabolites with approximate-
ly 700 different natural compounds having been isolated 
and characterized (Tidgewell et al., 2010a). Some of these 
compounds have gained considerable attention due to their 
pharmaceutical and biotechnological potential (Tan, 2007). 
Marine strains of the genus Lyngbya are the most prolific 
producers of these natural products with nearly 300 com-
pounds reported from this genus (Tidgewell et al., 2010a), 
with 76% of these products attributed to the species L. ma-
juscula. The compounds isolated from L. majuscula include 
those which exhibit biological activities which may have use 
in human health including anticancer, anti-inflammatory, an-
tibacterial and anti-infective therapeutic agents (Tidgewell et 
al., 2010b). Additionally, the species have been reported to 
be potential sources for photo-protective agents such as scy-
tonemin and mycosporine-like amino acids (MAAS) which 
are known to screen-out harmful effects caused by ultraviolet 
(UV) radiation (Cockell & Knowland, 1999). Marine Lyngbya 
isolates are found pan-tropically in shallow Coral reef envi-
ronments with frequent exposure to diverse natural selection 
pressures such as desiccation during low tide and exposure 
to high fluxes of UV radiation (Gerwick et al., 2008). They are 
known to grow in close association with other cyanobacteria 
and algae, and provide an ideal substrate for a variety of het-

erotrophic bacteria (Simmons et al., 2008). Epibiotic bacteria 
in general are heterotrophic (Hempel et al., 2008; Hube et al., 
2009). These heterotrophic bacteria can be found attached 
to cyanobacterial trichomes as well as imbedded in the mu-
copolysaccharide layer surrounding the trichomes (Nausch, 
1996) of unicellular cyanobacteria (Brunberg, 1999). Many 
of the heterotrophic bacteria play an important role in nutri-
tion (Hempel et al., 2008), and defence against predators 
and biofouling (Bewley et al., 1996). However, the existence 
of epibiotic bacteria among L. majuscula collected from the 
Kenyan Coast responses towards varying levels of Ultra-vio-
lent radiations are not well understood. The aim of this study 
was to evaluate UV resistance of the epibiotic bacteria co-ex-
isting with the Kenyan marine L. majuscula.

MATERIALS AND METHODS

Experimental Layout
The bacterial strains used in this study were previous-
ly isolated from the Kenyan marine L. majuscula collected 
from four different sites along the Kenyan Coast namely 
Mida (039.99505º to 039.96600ºE) and Kilifi (039.785˚E to 
039.835˚E) in the North Coast and Shimoni (039.36565ºE to 
039.36696ºE) and Wasini (039.35906ºE to 039.35942ºE) in 
the South (Table  1).

Irradiation was done by ‘direct plate – kill’ method following 
a slight modification of Kevin and Alice (2001). Cultures for 
irradiation were grown on nutrient agar media plates and 
incubated overnight at 30ºC. A suspension of the overnight 
culture was made using sterile distilled water and serial dilu-
tions were prepared up to 10-3. The 10-3 dilutions were used 
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for preparing the plates for irradiation by spread-plating 100µl 
of this dilution onto nutrient agar petri plates. After plating, the 
plates were irradiated in a custom-built UV analysis cabinet 
(ACM 82307-Delhi (India) using the long wavelength lamp 
(365nm-UVA, intensity 11.6W cm-2). Different exposure times 
of 0, 15, 30 and 45 minutes were used, with the zero (0) min-
ute exposure time being used as control. All irradiations were 
done in the dark to avoid photo-activation and light source 
was only present during the transfer of the petri plates con-

taining the bacterial treated media into and out of the UV 
chamber. The lids of the treatment plates were also removed 
before placing the plates into the chamber to avoid shield-
ing by the lid and replaced immediately after irradiation. The 
treated plates were then incubated in the dark at 30ºC for 
24 to 48 hours before scoring the number of colonies. The 
UV dose (in W S -1 cm -2) was calculated by multiplying the 
intensity by the irradiation time (in seconds). The UV intensity 

was considered to represent the irradiance on a flat surface.
Table 1: Bacterial isolates used in the experiment

Isolate Closest relative % similarity Group Site isolated

1 79T Alcaligenes faecalis strain IAM 12369 87 β-proteobacteria Wasini

2 75W Bacillus anthracis str. Ames strain 85 Bacilli Shimoni

3 74O
Alcaligenes faecalis subsp. phenolicus 
strain J

90 β-proteobacteria Shimoni

4 85CW Bacillus aerius strain 24K 93 Bacilli Wasini

5 62M Microbacterium koreense strain JS53-2 97 Actinobacteridae Mida

6 70CW
Paenibacillus taichungensis strain BCRC 
17757

99 Bacilli Shimoni

7 70W Alcaligenes faecalis strain NBRC 13111 16S 91 β-proteobacteria Shimoni

8 72T Bacillus anthracis str. Ames strain Ames 87 Bacilli Shimoni

9 84CY Bacillus marisflavi strain TF-11 99 Bacilli Wasini

10 72CW Bacillus aerius strain 24K 96 Bacilli Shimoni

11 KO Exiguobacterium sp. AT1b strain AT1b 99 Bacilli Kilifi

12 82W Bacillus anthracis str. Ames strain Ames 88 Bacilli Wasini

Fig. 1: UV sensitivity curves for the bacterial isolates. Nt number of CFU at time t, No is number of CFU at time 0.
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RESULTS AND DISCUSSION 
The responses of the isolates towards UV exposures varied 
greatly as shown in Fig. 1. Of the tested isolates, the bacil-
li group was the most resistant to UV. All the isolates were 
gram positive.  This finding corroborates with the suggestion 
that Gram-positive bacteria are better adapted to UV stress 
because their cell walls screen out a considerable fraction of 
UV radiation (Jagger, 1985). The resistance of these isolates 
varied with site of isolation as those from Shimoni were more 
resistant, followed by Wasini, and the least were from Kili-
fi. The variation in resistance amongst the sites could have 
been contributed to other factors such as human activities 
closer to the collection site . 

The actinobacterium tested in this study (Microbacterium ko-
reense strain JS53-2 was the least resistant to the UV, which 
is in agreement with observations by Ordon˜ez et al. (2009), 
demonstrating that cell wall characteristics and G+C content 
are not the sole determinants of UV resistance. However, this 
observation was in contrast to that made by Warnecke et al. 
(2005) where the high G+C content of Actinobacteria is pro-
posed to confer protective adaptation against UV radiation by 
minimizing the formation of cyclobutane dimmers.

In the present study, beta-proteobacteria tested exhibited 
medium resistance to UV compared to the other groups.  
These finding corroborates with Ordon˜ez et al. (2009), 
where the beta-proteobacteria studied had medium 
resistance to UV-B exposure.

CONCLUSION
The results of this study have revealed that different 
epibiotic bacteria found on the surface of the Kenyan 
marine L. majuscula exhibit varied responses to UV expo-
sure. There is need to analyze and understand the different 
compounds/metabolites associated with resistance to UV 
and also the mechanisms of UV tolerance.
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