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Acetone carboxylase, an inducible multimeric enzyme found in several bacteria, 

catalyzes the carboxylation of acetone to produce acetoacetate. This is an important reaction for 

the bacteria because, upon addition of coenzyme A, the acetoacetate can be converted to acetyl­

CoA, a common metabolic intermediate. Azotobacter vinelandii, one of the bacteria that 

produces acetone carboxylase, has two different genes encoding this enzyme. We knocked out 

the first of these by disrupting it with a kanamycin cassette to help us understand the function of 

the second gene. Knocking out the gene will also make possible the use of site-directed 

mutagenesis to further study the enzyme. 

Introduction 

Acetone is a toxic molecule that is synthesized both industrially for use as a solvent, and 

biologically during fermentation in bacteria or under conditions of starvation or diabetes in 

mammals. Several bacteria , including Azotobacter vinelandii, are able to utilize acetone as a 

source of carbon and energy. Acetone can be broken down in these bacteria to produce acetyl­

CoA, which is a common intermediate in several metabolic pathways . This is shown in the 

following reactions. 
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Acetone carboxylase, which catalyzes the carboxylation of acetone to form acetoacetate 

in the first step of the reaction above, is the multimeric ( a.2~ 2y2) bacterial enzyme that is the 

focus of this paper. The genome of A. vinelandii contains two acxA genes that encode the~­

subunit of acetone carboxylase. It has previously been shown that the two genes have different 

DNA sequences, but, because of the redundancy of the genetic code, the two proteins resulting 

from these genes are very similar. Because the cells need only one acetone carboxylase enzyme, 

we were interested in learning about the function of the second acx gene. To do this we decided 

to knock out the first gene by disrupting it with a kanamycin cassette. After we have been able 

to successfully knock out the gene, we will be able to follow similar procedures to perform site­

directed mutagenesis. This will give us more information about the enzyme, specifically the role 

of its metal-binding site. The results from this study will also hopefully give us more insight into 

the acetone carboxylase genes and enzymes in other bacteria. 

Results 

PCR amplification of acxA - Using the available gene sequence for A. vinelandii, we 

designed primers complimentary to each end of the acxA gene and used the polymerase chain 

reaction (PCR) to amplify the acxA gene . We then used gel electrophoresis to run the PCR 

product through an agarose gel. We observed a single major band of DNA in our gel. We 

determined that the DNA in this band was the right size to be acxA by comparing the band 

position to a DNA ladder. These results suggested that we had amplified just the acxA gene like 

we wanted to. 

Cloning of acxA in a pGMT-easy plasmid - We then cloned our PCR product by inserting 

it into a pGMT-easy plasmid. This plasmid is available already open and ready for insertion of a 



DNA sample. There is a thymine at each open end of the plasmid that facilitates insertion of the 

DNA from the PCR reaction since PCR always places an adenine, which can base pair with 

thymine, at each end of the DNA segments amplified. After the acxA gene was ligated into 

pGMT-easy, we plated cells containing this plasmid on LB media containing ampicillin. The 

pGMT-easy plasmid has a gene for ampicillin resistance so cells with this plasmid are able to 

grow in this media. After incubating the plates to allow growth, we observed blue and white 

colonies. The blue colonies resulted when the plasmid was just ligated to itself instead of 

accepting the DNA segment. The opening in pGMT-easy disrupts a lacZ gene that codes for the 

enzyme P-galactosidase. When the plasmid is ligated to itself the gene is restored and the gene 

product, P-galactosidase, catalyzes the hydrolysis of the modified sugar X-gal that is in the 

media. This results in the formation of an insoluble blue substance that gives the bacterial 

colonies their blue color. Alternatively, the plasmid can be ligated to our sample DNA segment. 

This disrupts the lacZ gene so no P-galactosidase is produced and the colonies remain white. 

We selected the white colonies because the cells in them contained the acxA gene. Cloning the 

gene in this plasmid resulted in the purification and amplification of the gene of interest. 

Insertion of a kanamycin cassette - After a thorough search of the DNA sequences of 

acxA and the pGMT-easy plasmid, we found an ApaI restriction site within the acxA gene that 

was not repeated anywhere else in the gene or plasmid. We cut the gene here with the 

appropriate restriction enzyme and inserted a kanamycin resistance cassette. This cassette 

disrupts the acxA gene, effectively knocking it out. It also allows us to select the cells that 

contain a successfully knocked out gene because the plasmid and the gene without the cassette 

lack resistance to kanamycin. Only cells whose DNA has incorporated the kanamycin cassette 

grew when plated on media containing kanamycin. 



Production of knockout A. vinelandii cells - Now that the acxA gene was knocked out, 

we needed to put the DNA back in A. vinelandii cells . We first excised the DNA and kanamycin 

cassette from the pGMT-easy plasmid. The PCR primers we designed had terminal regions 

complementary to the Sacl restriction site. As a result, our PCR products had SacI restriction 

sites flanking the acxA gene . The pGMT-easy plasmid and the acxA gene do not have any other 

SacI restriction sites so digestion with Sacl restriction enzymes separated the gene and 

kanamycin cassette from the plasmid . We then ligated the acxA with kanamycin cassette into a 

PMW91 suicide plasmid . This can be taken up by A. vinelandii competent cells. The suicide 

plasmid lacks an origin of replication so it cannot replicate on its own, but the acxA gene within 

the plasmid can associate with the homologous region of DNA in the A. vinelandii genome. This 

region is the first acxA gene. Recombination can occur to replace the original acxA gene with 

the disrupted gene . Because the two acxA genes of A. vinelandii have different DNA sequences 

and the disrupted gene is only homologous to the first gene, the disrupted gene will only replace 

this first gene. This leaves the second gene intact for further studies . 

Conclusions 

We knocked out one of the two genes that encode the enzyme acetone carboxylase in 

Azotobacter vinelandii by disrupting tit with a kanamycin resistance cassette. Reintroduction of 

this disrupted gene into A. vinelandii competent cells can result in recombination to replace the 

original, intact acxA gene with the disrupted gene. Not only will this allow us to learn about the 

purpose of having a second acxA gene, but it also opens up several other related areas of study. 

For example, acetone carboxylase contains a metal-binding site, but the purpose of binding a 

metal is not understood. It will be possible to perform site-directed mutagenesis by changing a 



single amino acid in the acxA gene instead of disrupting it with the kanamycin cassette before 

reintroducing it into the A. vinelandii cells. Causing several different mutations can lead to 

important information about which amino acid residues are important for metal binding and why 

metal binding is necessary. 

Our results will also let us gain information about enzymes in other bacteria. Several 

other bacteria have similar genes encoding acetone carboxylase. Helicobacter pylori is an 

interesting example because it has the acx gene but doesn't express it. At this time we do not 

understand this observation. It is possible that the acx gene in H. pylori is defective in some way 

that makes it unable to be expressed. Or maybe the cells simply lack the protein machinery 

necessary to express this gene. To investigate this, we could follow procedures similar to those 

described here to amplify the acx gene from H. pylori and insert it into the A. vinelandii genome 

in place of the first acx gene. A. vinelandii has all the machinery necessary to express the acx 

gene, so we could determine if the H. pylori gene can be expressed when provided with the 

machinery or if the gene is defective and still not expressed . Further work to more fully 

understand acetone carboxylase, both in A. vinelandii and in other bacteria, is currently 

underway. 



References 

Alberts, Bruce; Bray, Dennis; Hopkin, Karen; Johnson, Alexander; Lewis, Julian; Raff, Martin; 
Roberts, Keith; Walter, Peter. Essential Cell Biology, 2nd ed.; Garland Science: New 
York, 2004. 

Clark, D. D.; Ensign, S. A. Evidence for an Inducible Nucleotide -Dependent Acetone 
Carboxylase in Rhodococcus rhodochrous B276. J Bacterial. 1999, I 81, 2752-2758. 

Ensign, S. A.; Small, F. J.; Allen, J. R.; Sluis, M . K. New Roles for CO 2 in the Microbial 
Metabolism of Aliphatic Epoxides and Ketones. Arch. Microbial. 1998, I 69, 179-187. 

Nelson, David L.; Cox, Michael M. Lehninger Principles of Biochemistry, 3rd ed .; Worth 
Publishers: New York, 2000. 

Prescott, Lansing M.; Harley, John P .; Klein, Donald A. Microbiology, 5th ed.; McGraw-Hill: 
New York, 2002. 

Sluis, M. K.; Ensign, S. A. Purification and Characterization of Acetone Carboxylase from 
Xanthobacter Strain Py2. Proc. Natl. Acad. Sci. 1997, 94, 8456-8461. 

Sluis, M. K.; Larsen , R. A.; Drum, J. G.; Anderson, R.; Metcalf, W.W.; Ensign, S. A. 
Biochemical, Molecular, and Genetic Analyses of the Acetone Carboxylases from 
Xanthobacter autotrophicus Strain Py2 and Rhodobacter capsulatus Strain B 10. J 
Bacterial . 2002, I 84, 2969-2977. 

Sluis, M. K.; Small, F. J.; Allen, J. R.; Ensign, S. A. Involvement of an ATP-Dependent 
Carboxylase in a CO 2-Dependent Pathway of Acetone Metabolism by Xanthobacter 
Strain Py2 . J Bacterial. 1996, I 78, 4020-4026. 


	Genetic Analysis of Acetone Carboxylase in Azotobacter vinelandii
	Recommended Citation

	tmp.1626716137.pdf.Baz08

