VERIFICATION OF Kv 1.1, Kv 1.2 and Kv 1.4 (-subunit MUTANT CONSTRUCTS.
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ABSTRACT

Ion channels control neural signaling, hormone secretion, cell volume regulation, as well as salt and water flow across epithelia. These physiological functions are related with the number of cell surface channels (Hill, B. 1992). Recent studies  suggest the role of ER export signals in controlling the amount of surface potassium channels. One signal, FCYENE, has been found to increase the cell surface expression of some potassium channels(Ma, D et al. 2000). By in vitro translation, this study verifies the mutation of voltage-dependent potassium channels (Kv) Kv 1.1, Kv 1.2 and Kv 1.4 -subunits. All subunits were cloned using pGEM-T vector system; in addition, Kv 1.1 was cloned in pcDNA3. The sequence FCYENE has been added to the carboxy-terminus of the three aforementioned channels. The corresponding protein bands visualized via SDS-PAGE correlate with the expected molecular weight of each -subunit.

INTRODUCTION 

Potassium channels are found in virtually all cells.  Some of them are activated by voltage change. Kv are normally closed during the resting potential of the cell, but open upon membrane depolarization. They are also involved in the repolarization of the action potential, and thus, in the electrical excitability of nerve and muscle fibers, including cardiac muscle. Kv are constructed of pore-forming -subunits that may associate with various types of -subunits. (Ashcroft F, 2000). This present study concerns the Kv 1.1, Kv 1.2 and Kv 1.4 -subunits.

Although a majority of studies suggest that ER export is limited primarily by quality control (Rothman, J. 1987, Hurtley, S. and Helenius, A. 1989), export signals could play an important role in the concentration of secreted and membrane proteins. The putative export signal sequence, FCYENE, has been found to enhance the export of some potassium channels to the cell surface. In the case of Kv 1.2, the addition of FCYENE to the carboxy-terminus is correlated with major surface expression in transfected COS 7 cells. (Ma, D et al. 2000). 

The dynamic expression of the three wild-type channels is different, possessing the following hierarchy of expression: Kv1.4 >> Kv1.2>>Kv1.1.  Therefore, a comparison among their mutants will aid in clarification of the role of FCYENE as an export signal. In vitro translation permits analysis, via SDS-PAGE, of the core protein without any post-translational modification. This data can then be used as a point of reference for later studies, in which these channels are post-translationally modified.

MATERIALS AND METHODS

PCR mutagenesis

Antisense primers, consisting of 47 nucleotides, were designed containing an EcoR1 restriction enzyme site, in addition to the putative export signal sequence. The addition of the restriction enzyme site permits directional cloning in the pcDNA3 vector system. 

Sense primers, 28 nucleotides long, were also designed to contain restriction enzyme sites to aid in  pcDNA3 directional cloning.  The aforementioned sense primers were also utilized in pGEM-T cloning, since they were in the correct reading frame.  

Kv 1.1, Kv 1.2 and Kv1.4 wildtype cDNAs were provided by Dr. Thornhill’s lab as inserts in pcDNA3. (500 ng/L). 

The PCR parameters were as follows: 5 minutes at 95 C  for initial denaturation, then 20 cycles at 94 C for 30 seconds,  55 C for 30 seconds,  72 C for 1 minute.  A final extension of 7 minutes at 72 C was performed.  50 L reactions were prepared using 5 L 10x PCR Buffer, 1.5 mM  MgCl2, 2.5 mM dNTP, 10 pmol of each primer, 0.25 Taq polymerase and 1L of DNA template.

PCR products purification was done using Concert GIBCO PCR Purification kit according to the manufacturer’s protocol. 

Restriction enzymes
For directional cloning in pcDNA3, the plasmid was digested with BamH1 and EcoR1 restriction enzymes. The same restriction enzyme digestions were performed on the PCR product that was to be inserted. The enzymes used in the experiments decribed here, were previously determined as non-cutters for the cDNA inserted. The assay was performed following the Promega restriction enzyme protocol, using a multi-core buffer that permited greater than75% activity of both enzymes. The digested plasmid and insert were run on an 0.8% agarose gel and subsequently purified by the Rapid Gel Extraction Kit (GIBCO).

Ligation Reaction and Transformation
Six reactions were prepared following the Promega ligation protocol, each of the three mutated channels with pGEM-T and pcDNA3. Since pGEM-T vector system does not require restriction enzyme digestion, an aliquot of PCR product was directly ligated with pGEM-T.  The balance of the PCR purified product was digested by EcoR1 and BamH1 and ligated into pcDNA3. JM109 High Efficiency Competent cells were transformed using the above ligation reactions.  In order to perform mini-prep analysis, pGEM-T transformant colonies were grown on a agar plate containing ampicillin, IPTG, and X-Gal, while pcDNA3 transformant colonies were selected randomly and grown as above. Using a T7 primer, as well as a primer specific for the mutated sequence, plasmids containing the desired inserts were selected  by PCR screening.

Inoculation 

The positive colonies were grown overnight in LB media with ampicillin. The following day, plasmid DNA was purified using Concert High Purity Plasmid Purification System. (GIBCO)

In VitroTranslation.

To verify the product of the cloned genes, the TnT T7 Quick Coupled Transcription/Translation System was used. 1 g of circular plasmid containing the T7 promoter was added to an aliquot of the TnT Quick Master Mix, plus 2 L of [35S]methionine (1,000Ci /mmol at 10 mCi/ml) and incubated  for 90 min at 30 C in a 50 L reaction volume. The synthesized proteins were analyzed by SDS-PAGE and visualized by autoradiography.

RESULTS
PCR mutagenesis was performed using a cDNA template and visualized on an 0.8% agarose gel as shown in Figure 1.(Kv 1.4  is 2 kb  while Kv 1.1 and  Kv1.2  are 1.5 kb as expected).
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After PCR product purification, the concentration of each product was determined by UV spectrophotometer. 

A mini-prep analysis was performed on pGEM-T transformants to determine which colonies contained inserts. Those selected colonies were then screened by PCR to ensure proper orientation within the plasmid. Colonies with the desired insert were visualized in an 0.8% agarose gel as shown in Figure 2. All PCR screening was done using a T7 primer, as well as a primer specific for the mutated sequence. The size of the amplified fragments were as expected.
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Figure. 2 Screen PCR

   * = positive colony 
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Purified plasmid cDNA from overnight inoculations were used for in vitro translation, and the product of this reaction was run on an SDS-PAGE gel and visualized by autoradiography as shown in Figure 3. The major band of the luciferase control corresponds to a monomeric 61 kDa protein that does not require post-translational modification. The expected bands observed for the mutated Kvs correlate with their expected molecular weights. A 73 kDa band is observed for Kv1.4, and 57 kDa bands can be seen for Kv1.1 and Kv 1.2.
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In the lane containing the luciferase control, the smear  is caused by too much protein loaded on the gel.  The 61 kDa band observed in the lanes for Kv1.1(pcDNA3) and Kv1.4 are the result of leakage from the luciferase control lane. Background labeling of the 42 kDa band was anticipated, due to the use of a different [35S]-methionine,  other than Redivue. Variations in the amount of loaded protein between the luciferase control and the mutant channels would have resulted in a better picture.

DISCUSSION

PCR is applicable to a variety of analyses.   PCR amplification permits mutagenesis of cDNA templates via adjustment of the thermocycling parameters, as well as the variation of the initial concentration of the DNA template or the concentration of primers. Suggested parameters, such as a low cycle number, and high concentration of DNA template are reported to yield greater accuracy in obtaining the desired mutation. In this study, although a high cycle number was used, the results correlated with the expected size of the DNA and core proteins.

Another factor that provides some advantages, as well as disadvantages, is the use of different plasmids in mutagenesis.  An advantage of the pGEM-T system is that it does not require restriction enzyme digestion for ligation.  Also, the insertional inactivation of -galactosidase gene permits easier screening of transformants. On the other hand, to obtain the proper orientation of the insert, it is necessary to perform a secondary screen by PCR.  In contrast, the pcDNA3 

plasmid permits directional cloning.  However, since pcDNA3 lacks insertional inactivation, colonies must be chosen randomly for screening, and then confirmed by PCR. Thus, in this study, it was relatively easy and efficient  to find all the mutants in pGEM-T, while only one mutant (Kv 1.1) was recovered in pcDNA3.

Although Taq polymerase can introduce undesired mutations, the results of in vitro translation in these experiments demonstrates that mutations (e.g. insertion of a nucleotide creating a stop codon) due to the infidelity of Taq polymerase were not accidentally inserted into the sequence.  

CONCLUSIONS

The bands observed on the SDS-PAGE gel correspond to the core protein of each of these mutants. This data can then be used as a point of reference for later studies, in which these channels are post-translationally modified. These results should aid in the discovery of the role of the putative FCYENE sequence as an export signal for potassium channels
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