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We began by preparing a pH gradient of standard LBB- broth at pH 
6.5, 7.5 and 8.5. These were then partitioned off to prepare a salt 
gradient of 100mM, 200mM, 300mM and 400mM for the three salts in 
question: NaCl, KCl, and LiCL. These were plated into 96-well plates. 
Each plate had it’s own designated pH. The sodium gradients were 
deposited along the Y axis, and the individual mutants were deposited 
among the X axis. Since the wells are 8 wells by 12 wells, We plated a 
doublet of both the gradient and the mutant, which provided us with 4 
of each mutant per plate. We filled columns on either side with LBB- 
broth to help prevent dehydration. 

We prepared the cultures from frozen stock. We used 6 genetic 
mutants, (nhaA, nhaB, nhaA/nhaB, nhaA/nqr, nhaB/nqr & nqr) as well 
as a Wild Type for control. The mutants were streaked onto individual 
plates and allowed to grow for 24 hours. We took a colony and 
inoculated 5mL of LBB- pH 7.5 broth + streptomycin antibiotic to 
control for isolated growth. These were allowed to grow overnight for 
24 hours. Then using spectrophotometry the cell density was 
normalized to a standard, based upon the slowest growing mutant. 
Each mutant was then plated into their designated wells. Cell density 
was then measured at time = 0 hours and time = 24 hours, then 
compared for change in growth. 

Below are the results from each plate at time = 24 hours. Each graph represents an 
individual averages for the 96 well plates per pH. For the sodium plates at pH 6.5 we can see 
that most mutants grew well compared to wild-type across the entire gradient except for the 
nqr mutants which show growth defect. At pH 7.5 growth is similar, showing signs that 
optimal growth is occurring at higher concentrations of cation. In pH 8.5 the data is skewed 
and in need of re-testing. The data shows that the optimal growth of cells in Na is around 400 
mM and that most growth is not hindered unless nqr is absent. Growth in potassium (K) plates 
shows a greater defect in relation to pH. The pH 6.5 growth shows relative stable growth 
across all mutants except the nqr mutants. At pH7.5 the growth is diminished and there is 
notable defect in all nqr mutants. Mutant strain nhaA/nhaB, shows increased growth in 
relation to the wild type. In pH 8.5 all strains are again defected in growth and there is a 
decrease in the double mutant nhaA/nhaB.
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During our trials it is clear that removal of a 
functional NQR sodium pump is detrimental to cell 
growth among all gradients of salt and pH. This is 
likely the pump which is most crucial to cell 
adaptability and survival in various environments. In a 
high pH and high sodium and high lithium 
concentrations, the nhaA/nhaB mutant also does not 
grow as well as the nhaA, nhaB or wild type strains. 
The growth seems to be more pH dependent. The loss 
of the antiporters seems to show little effect on the 
cells overall growth, possibly showing that other 
antiporters are at play in the overall homeostasis of 
the cell. The nqr pump is most definitely a 
quintessential part of the cells homeostatic 
mechanism. 

Conclusion

Currently we are looking at how addition of L-Lactate 
to the media affects growth. The hypothesis is that the 
presence of L-Lactate will re-express nqr’s activity, 
equalizing the growth among all mutants. With this 
experiment, all of the variables will remain the same, 
except for the addition of L-Lactate. 
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Vibrio cholerae is a gram-negative gammaproteobacteria, well 
known for causing the watery-diarrheal disease Cholera. V. cholerae is 
endemic to the marine and freshwater ecosystems of India and 
surrounding aquatic environments within that region. Primary 
reservoirs include brackish water and estuaries. The primary symptom 
is rapid dehydration due to watery diarrhea. It is a major public 
health concern for these regions affected as fatality rates range from 
50-70% in untreated cases (1). 

Here we investigate the adaptability and environmental survival 
range of V. cholerae by observing the roles of it’s various antiporters.  
There are 3 primary antiporters in this study: NhaA, NhaB, and NQR. 
NhaA is a sodium antiporter which exchanges intracellular sodium for 
extracellular protons at a ratio of 2H+:1Na+. The other antiporter, 
NhaB, is slightly less active than NhaA, and exchanges sodium for 
protons at a rate of 3H+:2Na+.(2)

NQR is not an antiporter, but rather an sodium translocator, using 
several subunits to directly pump sodium out of the cell. It is the 
primary tool for environmental adjustment and survival used by V. 
cholerae.(2) We want to know, what is the role of each of these 
antiporters in survival of V. cholerae in various environments, 
including a pH gradient and a cation gradient. 
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The growth relative to cation concentration for mutant nhaA in pH 7.5 is lower than the 
rest of the single mutants. The notable growth defect in relation to its loss coincides 
with previous data showing that nhaA is a prominent antiport. The loss of both mutants 
nhaA/nhaB is unique in that there seems to be other antiports that aid in result of the 
loss, resulting in a unique growth increase. The growth in lithium (Li) is across the 
board varied. The data shows that the cells do handle Li at the concentrations 
presented in varied capacities, Li being a toxic cation to the cells there is notable 
defects. The growth seen is notable and continued research is needed to descern the 
trends and possible applications of such data. In all the cations there is a growth defect 
at high pH and relative healthy growth at lower pH. All trials show that nqr is necessary 
for healthy 
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growth. The greatest trend is a pH dependent growth 
defect with varying growth defects per mutant in cation 
concentration.


