Southern Analysis
The bands that hybridize to the DNA probe are circled in the picture. These bits of DNA contain the promoter.

The Histogram of Β-galactosidase activity shows the difference in activity when 4 different cultures are grown under different conditions.
· Culture 1 has the normal nrf promoter that is induced by anaerobic condition and nitrite and repressed by nitrate. This culture grows completely aerobically or anaerobically.

· Culture 2 also grows completely aerobically or anaerobically but has the mutant narL region which has a mutation in the nitrate/nitrite sensing region.

· Culture 3 is a "fish eye" culture where some bacteria in the colony grow anaerobically even under aerobic conditions, and has a mutant nitrite/nitrate sensing region.

· Culture 4 is also a "fish eye" culture but has a mutant narL region.
Growth conditions 1- aerobic growth.
When grown under aerobic conditions culture 1 shows very little Β-galactosidase activity because the nrf promoter that has been attached to the Β-galactosidase gene is only active under anaerobic conditions. The same is true for culture 2; the Β-galactosidase activity is very low.

The Β-galactosidase activity for cultures 3 and 4 grown aerobically is also low but it is higher than the activity observed for cultures 1 and 2, because some of the bacteria in the centre colony are growing under anaerobic conditions.
Growth conditions A- grown anaerobically with no nitrite or nitrate
The Β-galactosidase activity in all 4 cultures is increased due to the nrf promoter being activated by the anaerobic conditions under which the colonies were grown. The activity is increased even if the promoter is mutated because the mutant only affects the nitrite/nitrate sensing system.
Growth conditions B- Anaerobic growth with nitrite
The Β-galactosidase activity increases greatly in culture 1. This is because this culture contains the normal promoter which is activated when nitrite is present, which means that much more Β-galactosidase in produced by the bacteria in this culture.

Culture 2 is only partially activated by nitrite which indicates that the mutant could have a lower affinity for nitrite which means that the nrf promoter is not as greatly activated compared with the normal promoter.

Culture 3 is not activated by nitrite which indicates that the mutation could be in the nitrite sensing region of the promoter.

The activity in culture 4 does not increase because the mutant promoter cannot sense nitrite in the growth environment, and therefore production of Β-galactosidase is not induced in this culture.
Growth conditions C- Anaerobic growth with excess nitrate
The Β-galactosidase activity in culture 1 is greatly reduced when compared with the activity when grown with nitrite. The activity is also lower than when the culture is grown with neither nitrite nor nitrate present. This is because the nrf promoter is inhibited by nitrate.

Culture 2's Β-galactosidase activity is greatly increased by the presence of nitrate in the medium, and during growth some of this nitrate is reduced to nitrite. Culture 2 has a mutation that causes the promoter to be more active when nitrate is present rather that the normal promoter that is inhibited by nitrate.

Culture 3's Β-galactosidase is slightly inhibited by the presence of nitrate in the growth medium. This shows that the mutation may be in the nitrate sensing region, which lowers the inhibition effect of nitrate on the promoter.

In culture 4 the Β-galactosidase activity is not reduced by the presence of nitrate because this culture cannot sense the nitrate, so Β-galactosidase is not repressed in this culture.

To further characterize the promoter site directed mutagenesis can be used to specifically mutant certain bases within the promoter to see which bases and regions of the DNA are important in the anaerobic activation of the promoter. Site directed mutagenesis can also be used to see which bases are important in the nitrate/nitrite sensing system in the nrf pathway.
