An unusual form of cell division in a mutant cell line

Introduction
A mammalian tissue culture cell line was sent from a distant country and was thus subjected to X-ray exposure when going through customs. When cultivated these cells gave rise to some large multinucleate cells, which were established into a cell line in a separate culture dish. It was proposed these cells had a mutation suspected to involve the cytoskeleton that the parent cell line did not. However eventually this mutant multinucleate culture gave rise to small mononucleate cells.

As the aberent cells are multinucleate we can assume that the process of mitosis is proceeding normally as cells are growing and the genetic material is being duplicated. This leads us to assume that the cell cycle mechanism being affected by the mutation is cytokinesis. This mechanism involves the equatorial assembly of a contractile ring composed F-actin and bipolar myosin II (1), this process is modulated by many factors any of which could contain the mutation that is causing the failure of cytokineses to proceed. We must then identify at what stage is cytokinesis being affected and from here test the proteins known to be involved and look for any abnormalities, this will then allow us to identify any genetic defects.

I will first present the set of hypothesis that should be tested, then briefly outline the techniques that would be used in a flow diagram .Then discuss these tests more thoroughly and explain what each test is used for and what they will show.
Hypothesis
The mechanism of cytokinesis in the cell cycle is regulated by many proteins and genes which are involved in the assembly , position and contraction of the contractile ring .Therefore I propose three broad hypothesis involving the mechanism of cytokinesis that must first be tested , from there we can test for the presence of proteins known to be involved in specific steps of cytokinesis and identify any absence or abnormalities in them .

Is there a mutation that is preventing the formation of the contractile ring ?

In order for cytokinesis to begin in late anaphase a signal must be given and Cdk1 must be inactivated as it inhibits some proteins involved in the formation of the contractile ring, if Cdk1 is persistent the cell will arrest in anaphase (10). The central spindle, a structure composed of two antiparallel bundles of microtubules, must assemble correctly at the midzone as it signals for the assembly of the contractile ring at this position. This will not happen if there is a lack of y-tubulin (8) or the lack of the central spindling complex MLKP1/PAV/Zen4 which in the presence of Cdk1 is phosphorylated which suppresses its ability to activate microtubule bundling.

Is there a mutation causing the spatial positioning of the contractile ring formation?

For cytokenisis to be performed correctly the contractile ring must form in the equatorial region. This is regulated by the central spindle and a Rho-mediated signalling pathway.A complex of MKLP1 and MgcRacGap form a complex at the central spindle, this interacts with RhoGEF and ECT2 and causes colocilisation(1). Rho A translocates to the equatorial region when activated and proceeds to recruit the components such as myosin actin , anillin etc required for the assembly of the contractile ring (11).This activation occurs at the central spindle by RhoGEF and ECT2 (1).Any defect or mutation in these proteins will cause spatial malformation of the contractile ring.

Is there a mutation preventing the contractile ring from functioning effectively?

In the contractile ring myosin II mediates the alignment of F-actin. The constrictive force of the ring comes from mysosin !!, which is stimulated to constrict by phosphorylation which is caused by Ca2+ calmodulin activating myosin light chain kinase(Alberts ). For this process to preoceed there must be a change in the myosin regulatory light chain phosphorylation state ( modulated by ROC a protein downstream of Rho A )(10). Anillin acts as a regulator in this constriction process as it maintains active myosin in the contractile ring. (3)
Fluorescence Microscopy
This is a good place to start the investigation as the cytoskeleton components present during cytokinesis, that being the F-actin and myosin II of the contractile ring, and the microtubule bundles of central the spindle, can all be stained with separate dyes using antibodies specific for each component.

Why: this will enable us to see if the central spindle is being set up in the correct position , if at all , and if the contractile ring is present , and at the equatorial region.
Cell fractionation and SDS page –Gel Electrophoresis

Cells can be fraction in solution by using low-speed centrifugation. This will allow the isolation of the cytoskeleton cells and proteins. This can the be mixed in solution with the SDS detergent and then run on SDS-page gel and finally be stained with coomassie blue. Protein bands of the aberrant cell line and the parent cell-line can be compared.

Western Blotting

Specific proteins can be tested for by using antibody probes specific for the protein in question. This band can then be subjected to trypsin hydrolysis and subjected to MALDI-TOF analysis.

From the protein analysis carried about in the above experiments, we may have identified a protein or proteins which seem to be carrying a mutation or defect. Further tests can then be carried out to identify the gene that is encoding this defect.

DNA fragmentation ,PCR and Agrose Gel Electrophoresis

From the above experiments and the knowledge of the parent cell line genome sequence we can cut out the fragment of DNA that is to be examined using restriction nucleases. This DNA can then amplified using PCR and can then be run on the agrose gel and stained by ethidium bromide. A comparison can then be made between the bands formed by the aberrant cell line and the parent cell line and discrepancies can be identified.

Southern Blotting

Specific DNA sequences suspected of containing the mutation can be tested by using hybridizing probes

Protein Analysis
Primarily I would suggest performing fluorescence microscopy as this will allow us to clearly identify what part of the cell mechanism of cytokinesis is being affected. From there the we can the evaluate what proteins and thus what genes are involved in the process in question , and test these for any mutations.

In this initial test fluorescently tagged antibodies specific for the microtubules should be used to show if the central spindle is being formed and if it is being formed centrally. Other fluorescently tagged antibodies specific for F-actin and myosin II should be used to identify the formation and positioning of the contractile ring . The fluorescent tags must be of different colours in order to identify each structure. The results from this test will enable use to proceed to the next step of tests in which SDS page gel-electrophoresis will be used as we can identify which specific proteins we are looking for mutations in . For example if we deduce that the central spindle is not being formed (the fluorescence microscopy shows no bundling of microtubules ) we can then go on to test for the presence of Cdk1, to see if a mutation is causing its persistence or if there is a mutation in MLKP1, PAV or ZEN4 which form the central spindle complex which recruits the microtubules .

Now that we have deduced what mechanism is being affected and have a good idea of what proteins are involved we can analyse which could possibly be mutated. In order to identify this mutated protein we can use SDS page gel-elctrophoresis in which all the proteins in our fraction are treated SDS detergent which unfolds the proteins. When performing the test a weight marker, the proteins from the aberrant cell line and a control (the proteins from the parent cell line) should be used. When stained with coomasie blue we should be able to identify any discrepancies between the protein bands of the aberrant and parent cell lines. On these bands a Western blot can then be carried using specific antibody probes for any proteins we want to test for, from this we will see either a positive or negative result and thus will be able to determine if the protein is mutated .
DNA analysis
Now that the mechanism and specific proteins have been identified in carrying the mutation we can perform a DNA analysis in order to identify what gene is causing this mutation. As we know the genome sequence for the parent cell line we can identify which part of the genome we need to investigate .With this information we must first isolate the section of DNA in question by subjected it to fragmentation using restriction nucleases. This fragment must then be amplified using PCR to enable us to perform the analysis techniques. Gel electrophoresis must first be performed on the amplified DNA in order to separate it, in this test a control must again be used, this being the same amplified fragment of DNA from the parent cell line so that the bands can be compared. In order to visualise the bands it must first be stained with ethidium bromide We can now identify the bands on DNA the we need to perform a Southern blot on.This procedure uses specific hybridising probes so that we can identify wich part of the genome and thus gene is carrying the mutation.

