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What we usually see.
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We want to bring synthetic biology to an oceanic planet (Earth)



  



  

E. coli doesn’t work in marine environments  

Vibrio (salt tolerant, forms biofilms, etc.) could be an 
alternative marine “E. coli” for synth-bio applications. 

Vibrio includes many important pathogen species to 
both humans (e.g., cholera, V. vulnificus) and other 
species (coral, e.g., V. coralliilyticus; fish, crustaceans, 
etc.) and some genetic tools are already developed.    

Possible directions we were thinking about: 
-Biosensor, 
-Produce vaccines for marine organisms, 
-Carbon neutral protein source for fish food (Vibrio 
biofilm concentrate) in aquaculture.  
-Rich range of Vibriophage exist in sea water for novel 
promoter development...  
-Suggestions? 



  

Vibrio fischeri 
is a safe 
alternative.  

Symbiotic with 
squid.  

The source of 
lux operon 
used in e. coli. 

(Things work 
from Vibrio in 
E. coli!) 



  

V. fischeri is commercially available and safe to work with in the lab.



  

Vibrio grows on TCBS agar 
selectable media in standard 
lab conditions.  

Only rule seems to be they 
can be frozen but don't like to 
be cold.  



  

P15A isolated from E. coli.  
(Chang, A. C. Y., and S. N. Cohen. 1978. Construction and 
characterization of amplifiable multicopy DNA cloning vehicles 
derived from the P15A cryptic miniplasmid. J. Bacteriol. 
134:1141-1156.)

PES213 isolated from V. fisheri
(Dunn, A. K., M. O. Martin, and E. V. Stabb. 2005. 
Characterization of pES213, a small mobilizable plasmid 
from Vibrio fischeri. Plasmid 54:114-134.)

Both are functional in both species and derivative selectible plasmids have been 
constructed but PES213 replicates poorly in E. coli and is much more stable than 
p15A in V. fischeri.  
(Dunn, A. K., Millikan, D. S., Adin, D. M., Bose, J. L., & Stabb, E. V. (2006). New rfp-and pES213-derived 
tools for analyzing symbiotic Vibrio fischeri reveal patterns of infection and lux expression in situ. 
Applied and environmental microbiology, 72(1), 802-810.)

Chitin (marine crustaceans) induces transformation competence, just the 
dissaceride is sufficient: Chitin disaccharide (GlcNAc)

2
.

Meibom, K. L., Blokesch, M., Dolganov, N. A., Wu, C. Y., & Schoolnik, G. K. (2005). Chitin induces 
natural competence in Vibrio cholerae. Science, 310(5755), 1824-1827.
Yamamoto, S., Morita, M., Izumiya, H., & Watanabe, H. (2010). Chitin disaccharide (GlcNAc)< sub> 
2</sub> induces natural competence in Vibrio cholerae</i> through transcriptional and translational 
activation of a positive regulatory gene< i> tfoX</i>< sup> VC</sup>. Gene, 457(1), 42-49.

Can be transformed just by mixing bacteria!?!  
(Paul, J. H., Thurmond, J. M., Frischer, M. E., & Cannon, J. P. (1992). 
Intergeneric natural plasmid transformation between E. coli and a 
marine Vibrio species. Molecular ecology, 1(1), 37-46.)



  

Several people have worked with plasmids that are portable 
between Vibrio and E. coli

---bottom line what works in one has a good chance of working 
in the other!  



  

We can do all 
the manipulation 
in E. coli and 
transform V. 
fischeri with E. 
coli plasmids.  

If necessary we 
can modify and 
use Vibrio 
derived plasmids 
at the last step.  

Vibrio: 
PES213



  

Various forms of aquaculture.  
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Aquaculture is currently one of the most rapidly growing production sectors in 
Vietnam. This publication describes the concentrations of heavy metals in the farming 
environment and some aquaculture species in the Khanh Hoa Province in Vietnam. The 
concentration of total As in the sediments ranged from 0.07 to 0.64 mg/kg, whereas the 
concentration of Hg varied from <0.0005 to 0.56 mg/kg. The corresponding 
concentration span for Cd and Pb, were 0.001–0.069 and 0.016–0.078 mg/kg, 
respectively. The concentrations of As in the aquaculture organisms spanned from 0.14 
to 1.03 mg/kg. For Hg the concentrations varied from 0.1 to 0.45 mg/kg, for Cd from 0.02 
to 0.10 mg/kg and for Pb from 0.07 to 0.37 mg/kg.



  

Setting: Undergrad Genetics Teaching Lab

Goals: Teach general mol. bio. procedures.  
Our goal is to integrate student directed synthetic biology.

Relevance to Hawai'i / California and the Pacific is a plus.



  



  

A range of sensors already exist: 

Mercury http://2010.igem.org/Team:Peking/Project/Biosensor 
Lead http://parts.igem.org/Part:BBa_I721001 
Arsenic http://2006.igem.org/University_of_Edinburgh_2006 
Nitrites http://2009.igem.org/Team:Edinburgh  
Copper http://parts.igem.org/Part:BBa_I760005
Toxins found in smoke http://2011.igem.org/Team:ETH_Zurich
Iron http://2013.igem.org/Team:Evry/Biology

And a range of reporters (chromoproteins, etc.): 
http://parts.igem.org/Protein_coding_sequences/Reporters  

http://2010.igem.org/Team:Peking/Project/Biosensor
http://parts.igem.org/Part:BBa_I721001
http://2006.igem.org/University_of_Edinburgh_2006
http://2009.igem.org/Team:Edinburgh
http://parts.igem.org/Part:BBa_I760005
http://2011.igem.org/Team:ETH_Zurich
http://2013.igem.org/Team:Evry/Biology
http://parts.igem.org/Protein_coding_sequences/Reporters


  

http://2009.igem.org/Team:Cambridge 

Tools already exist to also quantify the 
concentration of the metal ion being sensed.  

http://2009.igem.org/Team:Cambridge


  

Example application: Samples of sea water can be 
added to designed Vibrio to test for the presence of 
toxic metals.  
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