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Introduction: The transition from unicel-
lular to multi-cellular life was a momentous evo-
lutionary leap that has been hypothesized to have 
occurred during the Cambrian explosion [1]. Nei-
ther the conditions nor the critical variables are 
clearly understood for this shift and the transi-
tional forms are poorly represented in the fossil 
record. However, there are several putative transi-
tional forms available for study such as marine 
sponges and microbialites. Marine sponges are 
the simplest animals known, have no true tissues 
and lack muscles, nerves and internal organs. Mi-
crobialites are sedimentary structures formed by 
mineral precipitation and/or sediment accretion 
induced by microbial mat communities. One such 
example of these sedimentary structures is the 
Pavilion Lake, BC calcite microbialites [2] [Fig. 
1].  
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Figure 1:  Pavilion Lake freshwater calcite micro-
bialites 
 

These freshwater microbialites are organosedi-
mentaryformations that resemble ancient calcare-
ous structures found in the Early Cambrian reef 
belts. Further, the Pavilion Lake calcite microbial-
ites support diverse bacterial communities includ-
ing species such as Fischerella sp., Pseudoana-
baena sp. and Synechoccus sp. These bacteria 
have been shown to engage in cell-to-cell signal-

ing via quorum sensing molecules [3]. In recent 
years, tremendous progress has been made in the 
study of these quorum sensing molecules and 
their roles in bacterial communication. Cell-to-
cell bacterial communication is a catch-all term 
used to describe the chemical signals that bacteria 
use to communicate and coordinate their activities 
via either diffusion to the extracellular environ-
ment or release into the intracellular environment. 
Currently there are a wide range of recognized 
diffusible signals that act extracellularly or are 
attached to the outside membrane of the cell [3]. 
The study of the Pavilion Lake microbialites and 
their associated communities of bacteria and pos-
sible cell-to-cell communication could shed light 
on the evolution of organisms on Earth as well as 
how these transitions might occur on other plan-
ets. 

Quorum Sensing: The term quorum 
sensing is used to describe the system by which 
bacterial cells detect inducing levels of a chemical 
signal that is used to keep the bacterial population 
at a minimal level or quorum [3]. The small 
chemical signaling molecules that induce the quo-
rum are called autoinducers (AI) and are impor-
tant in such process as antibiotic production, pro-
duction of virulence factors, conjugation and 
transformation [4,5]. Quorum sensing can take 
place between bacteria of the same species as well 
as between bacteria of different species. Addi-
tionally, some bacteria unable of synthesizing 
their own signal are able to recognize the signal 
of other bacteria [6].  

  In one study, over 100 bacterial 
isolates from various marine habitats were 
screened for the presence of the bacterial cell sig-
naling autoinducer molecule acyl homoserine lac-
tone (AHL) and about 40% of these isolates con-
tained the AHL molecule [7]. The range of bacte-
rial isolates included alphaproteobacteria, gam-
maproteobacteria and gram-negative bacteria. 
Autoinducer-2 (AI-2), a furanosyl diester made 
from the reprocessing of S-adenosyl-
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homocysteine (SAH) to homocysteine, has also 
been studied as a possible interspecies communi-
cation signal [8]. S-adenosyl-homocysteine 
(SAH) can be recycled by a one-step or two-step 
process. The two-step process involves enzymatic 
conversion by the Pfs and LuxS enzymes and the 
one-step process uses SAH-hydrolase (SahH). 
The researchers studied 138 complete genomes 
for genes involved in the synthesis and detection 
of AI-2 and found them in all cases except some 
symbiots and parasites. Many Gamma-, Beta-, 
Epsilonproteobacteria and Firmicutes possessed 
the two-step Pfs-LuxS pathway while Archaea, 
Eukarya, Alphaproteobacteria, Actinobacteria and 
Cyanobacteria contained the one-step SahH 
pathway. Also, most Proteobacteria and Fir-
micutes contained the two-component sensor 
kinase protein LuxQ and the terminal response 
regulator LuxO.   

In our study, we used degenerative prim-
ers and touchdown PCR for the quorum sensing 
molecules LuxS and SahH genes in the interme-
diate depth microbialte samples from Pavilion 
Lake sites Three Poles and Willow Point. The 
LuxS gene sequence was found at 23 meters, 
while the SahH gene sequence was found in both 
samples from 23 meters and 31 meters.  
 Pavilion Lake Microbialites: The dis-
tinctive assemblage of freshwater calcite microbi-
alites at Pavilion Lake, British Columbia, Canada, 
was studied using standard microbial methods, 
morphological observations, PLFA analysis, and 
biochemical analysis to identify cell signalling 
compounds.  The complex interaction of these 
microbial cells is surely not equivalent to the col-
laboration of cells within an individual multicellu-
lar organism, where each cell has the same ge-
netic information but differential gene expression 
provides cellular specialization.  However, the 
long-term intimate co-habitation is well suited for 
intercellular chemical signalling and functional 
coordination and perhaps some level of com-
munication between microbial cells might be ex-
pected.  This increases the opportunity for some 
degree of genetic exchange over evolutionary 
time that could organize their mutual interactions 
into some type of genetic program. 

It is conceivable that a community ge-
netic structure could give rise to a multicellular 
aggregate that functions in a coordinated manner 
somewhat like a multicellular organism, much as 

the semi-autonomous cells of a sponge function 
as a quasi-multicellular organism, but with much 
more complexity. A more likely scenario, how-
ever, is that the Pavilion Lake microbialites repre-
sent a heterogeneous microbial community eco-
system that gives rise to macroorganismic super-
structures similar to stromatolites. [Fig. 2] They 
could thus be viewed as transitional between the 
colonial biological organizations represented by 
the Proterozoic stromatolites and the Paleozoic 
coral reef communities.  Pavilion Lake microbial-
ites have been generated at temperate (4-15ºC) 
temperatures and are thus more compatible to the 
formation of analogous microbialites on other 
worlds at colder temperatures, which charac-
terizes most of the other planetary bodies of our 
Solar System. 
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Figure 2: Various representations of Pavilion Lake 

microbialite morphology: A) Deep Intermediate struc-
tures (20-30m) B) Cross-section of hollow tube struc-
ture C) Shallow structure (5-10m). Photos courtesey of 
Donnie Reed and Carol Turse. 
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