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 Formation of multipolar spindles is closely linked to increased genomic 

instability and tumor progression. Centrosome hyperamplification is insufficient to 

initiate this mitotic defect, centrosome coalescence must be interrupted. Studies 

have indicated that cytoplasmic dynein is a key factor in preventing multipolarity, 

and overexpression of the NuMA protein is sufficient to mislocalize dynein from 

the spindle and abrogate the coalescence machinery. Because the mechanism 

by which NuMA can inhibit dynein is unclear, we are purifying NuMA to use in in 

vitro studies, to better understand how NuMA blocks dynein activity. Purifying 

NuMA from recombinant sources has not been successful; therefore we are 

utilizing a native source. We are using the oral cancer cell line UPCI:SCC078 as 

the source because it has nine copies of the NUMA1 gene. With modifications to 

the protocols used previously, our goal is to yield sufficient quantities of NuMA for 

biochemical analysis with purified NuMA. 
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Introduction 

According to the American Cancer Society 2012 Annual Report, almost six 

hundred thousand individuals died from cancer in the United States alone. While 

cancer-related deaths have decreased over the years, cancer is still responsible 

for the deaths of many individuals around the globe. Because of the high 

incidence of cancer cases, research is extremely important as it is the key to 

better understanding and prevention of this dreadful disease. In addition, all 

aspects of cancer need to be studied; from clinical diagnosis and treatment to 

understanding the basic biology that underlies all of the processes which lead to 

the cancerous state. Therefore, the purpose of this study is to purify a protein 

that can contribute to multipolar spindle formation during mitotic events, which is 

thought to be linked to tumor formation and progression (Saunders et al., 2000) 

Genetic instability and changes in the structure of chromosomes is an 

important feature of the study of oncogenesis as it is a characteristic found in all 

tumor cells. Some important signs of genetic instability in cancer cells include 

chromosomal loss and rearrangement, anaphase bridges, and lagging 

chromosomes (Lengauer et al., 1998). The mechanism of chromosomal 

instability involves a collection of aberrations that can occur at various stages of 

a cell’s life, some examples include erroneous attachment of kinetochores to the 

sister chromatids, and double or single stranded breaks of DNA (Ganem et al., 

2009). These genetic changes can, therefore, lead to either increased or 

diminished protein activity or can create a new gain-of-function activity for the 

altered protein (Miyagawa et al., 1998). Although the above characteristics have 

been linked to cancer, the interaction of particular cell structures and proteins 
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involved in the mitotic process that causes these chromosomal aberrations is yet 

to be discovered (Negrini et al.,2010). Additionally, in order to understand how 

tumor cells proliferate, it is important to know the identity of the structures and 

proteins involved in this process. 

The centrosome is a structure with a vital function of serving as the main 

microtubule organizing center in many cell types (Tassin et al., 1999). In mitosis, 

the nuclear membrane breaks down and the centrosome-nucleated microtubules 

can interact with the chromosomes to build the mitotic spindle (Moritz et al., 

1995). Ganem and coworkers (2009) showed that extra centrosomes increase 

the formation of merotelic attachments – when one kinetochore is attached to 

both spindle poles- between the kinetochore of the sister chromatids and the 

mitotic spindle poles that can persist through anaphase, causing it to form an 

anaphase bridge, and consequently, forming multipolar spindles after 

subsequent rounds of division (Figure 1). However, it has also been 

demonstrated that while hyperamplification of the centrosome is a major 

contributor to multipolarity it is insufficient to initiate a mitotic defect. This is due 

to the fact that mammalian cells have a mechanism by which the centrosomes 

are clustered and multipolarity is prevented (Quintyne et al., 2005). Numerous 

proteins have been implicated as essential for this process with as many as 82 

genes in mammals playing a role in centrosome clustering (Kwon et al., 

2008).Therefore, multipolarity results only when both centrosomes are 

hyperamplified and the centrosomal clustering mechanism fails at the same time 

in one cell.  Furthermore, multipolar spindle formation is often seen in cancer 

http://en.wikipedia.org/wiki/Mitosis
http://en.wikipedia.org/wiki/Microtubule
http://en.wikipedia.org/wiki/Chromosomes
http://en.wikipedia.org/wiki/Mitotic_spindle
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cells and it is thought to be a major player in tumor progression (Boveri at al., 

1914; Lengauer et al., 1998; Pihan et al., 1999; Lingle et al., 2000; D’Assoro et 

al., 2002) 

 

                      
                                              1-a 
 

1-b 
 
Figure 1: 1-a: Multipolar Caco2 and MDA-231 cells stained for pericentrin (green), 
microtubules (red), chromosomes (blue) and kinetochores (yellow). Merotelic attachments 
are shown in insets.1-b: Representative MCF-7 cells with extra centrosomes during 
prometaphase (multipolar spindle intermediate, left panel), metaphase (bipolar spindle 
with clustered centrosomes, second panel from left) and anaphase (with clustered 
centrosomes, third and fourth panels from left), stained for centrioles (green, and inset 
white), microtubules (red), chromosomes (blue) and centromeres (yellow). Arrow indicates 
a lagging chromosome caused by merotelic attachment, in which microtubules emanating 
from both poles attach to a single kinetochore (inset: microtubules, white; centromere 
red). Ganem et al., 2009 

Another key player on the prevention of multipolarity is cytoplasmic 

dynein. Dynein is a minus ended microtubule motor protein whose main function 

is to transport cargo along the microtubule (Allan et al., 2011). Research 

performed by Quintyne and coworkers (2005) has also demonstrated that dynein 

is a major component in the maintenance of the bipolar spindle in normal cells. 
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While comparing two oral cancer cell lines UPCI:SCC103 and UPCI:SCC078 

with a normal embryonic kidney fibroblasts HEK293, the lack of spindle-

associated dynein was noted in the cancer cell lines, where multipolarity was 

also observed. When expression levels of the protein NuMA was knocked down 

by siRNA treatment, more than 80% of the transfected cells had visible dynein on 

the spindles.  Similar results were observed when NuMA was overexpressed in 

noncancer cells: dynein was lost from the spindle. 

This work showed that the Nuclear Mitotic Apparatus (NuMA) protein was 

critical for this process. Much previous work has also established that NuMA is 

an important protein for mitotic progression. NuMA is a 236 KDa protein that is 

an abundant component of interphase nuclei and an essential player in mitotic 

spindle assembly and maintenance (Lydersen et al., 1980, Price et al., 1986, 

Radulescu et al., 2010). NuMA is composed of a globular head (thought to bind 

to DNA) and tail domains separated by a 1500 amino acid coiled-coil. At the C-

terminus there is a 100 amino acid stretch that binds to microtubules (Yang et al., 

1992; Haren et al., 2002).  

Because of NuMA’s localization adjacent to the spindle pole, it is essential 

that a specific concentration of NuMA be maintained in the cell as too much or 

too little of the protein can prevent normal mitotic progression.  Merdes and 

coworkers (1996) demonstrated that the NuMA-dynein-dynactin complex is an 

essential component of mitotic spindle assembly by directly testing dependence 

of mitotic spindle formation in the presence of NuMA in frog egg extracts. 

Concluding that NuMA depletion eliminates bipolar spindle assembly, yielding 



5 
 

abnormal structures with unusually long microtubules grouped around 

condensed sperm chromatin. As mentioned above, excess NuMA is sufficient to 

deplete dynein from the spindle, which led to multipolarity (Quintyne et al., 2005). 

This is of particular importance because it demonstrates the relationship of 

NuMA protein and dynein in cancer cells and their potential roles in tumor 

progression.   

Since the mechanism by which NuMA can inhibit dynein is unclear, we are 

purifying NuMA to use in in vitro studies with purified dynein, with the aim of 

better understanding when and how NuMA becomes harmful to the actions of 

dynein on microtubules and in spindle formation and maintenance. Purifying 

NuMA from recombinant sources has not been successful (D.A.Compton, 

personal communication), so we have been purifying NuMA from a native source 

by chromatography, modifying the method used in Kempf and coworkers (1994). 

We are using the oral squamous cell carcinoma line UPCI:SCC078 as a source 

to begin with more starting material: the genome of UPCI:SCC078  exhibits an 

amplicon at 11q13 (Huang et al., 2002; Reshmi et al., 2007; Martin et al., 2008) 

which contains the NUMA1 gene, leading to high levels of overexpression of the 

protein (Quintyne et al., 2005). Previously, we have encountered problems with 

purity and yield. After ion exchange and gel filtration chromatography have been 

performed, several contaminants persist, but additional rounds of 

chromatography reduce the yield to unusable amounts. Due to the high level of 

membrane, we had previously concentrated on the supernatants from lysates, 

but with modifications to our protocol are now including the NuMA-rich pellets, 
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after having disrupted the membranes. This increase in starting material is being 

used in conjunction to other modification of the original protocol, yielding 

sufficient quantities of NuMA protein for biochemical analysis with purified 

dynein. 
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Methods 

Cell Culture 

 The oral squamous cell carcinoma line, UPCI:SCC078, was obtained from 

the University of Pittsburgh Cancer Institute. The cells were incubated in an 

environment that was maintained at 37ºC, with 5% CO2 and atmospheric O2. 

They were initially cultured in 10 mL of Dulbecco’s Modified Eagle Medium 

(Sigma-Aldrich Chemical Company; Saint Louis, MO), supplemented with 10% 

Fetal Bovine Serum (Fisher BioReagents; Fair Lawn, New Jersey), Non-

Essential Amino Acids (Sigma), L-Glutamine (Sigma), and Gentamycin (MP 

Biomedicals, LLC; Solon, Ohio) in a 100mm2 tissue culture plate. Cell 

populations were typically grown to a density of 80%. To split cells, 2 mL of 

0.25% Trypsin- EDTA (MP Biomedicals) was added to the culture dish and 

allowed to incubate for 10 minutes at 37ºC. The cells were then separated to 

seed more cell cultures. These cell cultures were then incubated in 30mL of the 

same media in new, larger, 150mm2 plates. These cells were grown to a very 

high density, about 90% prior to harvesting and lysis. 

Lysis 

 Cells were harvested using 0.25% trypsin- Ethylenediaminetetraacetic 

acid (EDTA). They were collected in 15 mL conical tubes and centrifuged for 5 

minutes at 1000 RPM. The media was aspirated, washed with Phosphate-

buffered Saline (PBS) and centrifuged again. Once the cells were centrifuged, 
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the PBS was aspirated and the pellet was re-suspended in 2 mL of lysis buffer, 

consisting of 20μM bis-Tris-Propane (MP Biomedicals), 1μM EDTA, and 1μM 

DTT. A total of 100 μM of Protease inhibitors (Thermo Scientific; Rockford, IL) 

were also added to the buffer. The cells were allowed to swell on ice for 15 

minutes. The swollen cells were transferred to a Dounce homogenizer and lysed 

by 15 strokes. The sample was transferred to microfuge tubes and centrifuged 

for 25 minutes at 4ºC. The cells were then re-suspended again in lysis buffer. 

The re-suspended cells were then combined in a 15mL conical tube and 

dismembrated using a sonicator (Fisher Scientific Ultrasonic Dismembrator 

Model 150E) for 10 seconds intervals 3 times placing the conical tube in ice for 

10 seconds in between intervals. Dismembrated cells were then placed in 

microfuge tubes and centrifuged again at 4ºC for 10 minutes. The cells were then 

re-suspended one last time. 

SDS-PAGE, Coomassie Stain, and Western Blot 

Samples were examined by Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis  also known as SDS-PAGE (Laemmli, 1970) and Coomassie 

blue staining. For each electrophoresis experiment, 10% SDS polyacrylamide 

separating gel with 5% stacking gel were used and it was run for 90 minutes – 

105 minutes. Proteins were transferred from the gel to the Polyvinylidene 

Fluoride Membrane (Bio-Rad Laboratories, Hercules, CA ) for Western blot 

analysis using a Bio-Rad Trans-Blot SD Semi-Dry Electrophoretic Transfer Cell. 

For each transfer, a Polyvinylidene Fluoride (PVDF) membrane was cut to 

approximately the size of the gel. The membrane was soaked in methanol for 
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about 2 minutes. It was then transferred to the Semi-Dry transfer buffer. This 

buffer was made according to the Bio-Rad Semi-Dry transfer protocol, containing 

5.82 g of Trizma base, 2.93g of Glycine, and 200 mL of methanol, diluted to one 

liter of distilled water. The membrane was allowed to soak for another 2 minutes. 

Once piece of thick blot paper was soaked in the transfer buffer, then placed on 

the transfer plate, followed by the PVDF membrane, the polyacrylamide gel and 

another soaked piece of thick blot paper. Following the addition of every layer, 

each of the layers was rolled out to remove air bubble. A slight modification of 

Polvino et al., 1983 protocol for the transfer was performed in which the transfers 

were performed per manufacturer’s guidelines at 15V for 15 minutes and not 30 

minutes as previously mentioned. Blots were then blocked in a mixture of Tris-

Buffered Saline and Tween 20 (TBST)/2.5% milk and then treated with 10 mL of 

the primary antibody, Mouse Anti-NuMA at a dilution concentration of 1:1000 

(Calbiochem, EMD Chemicals), and TBST/2.5% milk for 1 hour in room 

temperature. Following the primary antibody, blots were washed with 1X TBST 

for 10 minutes, then probed with 10mL of secondary antibody, AntiMouse IgG 

(Promega Corporation, Madison, WI), and TBST/2.5%milk solution for 45 

minutes in room temperature at a dilution concentration of 1:5000 (Quintyne et 

al., 1999). After 3 washes with TBST for ten minutes each, the membrane was 

exposed to BCIP/NBT – Blue Liquid Substrate System for Membranes (Sigma) to 

identify the bands enriched with NuMA.   

Ion Exchange Chromatography 
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A total of approximately 4 mL of the dismembrated cells were applied to a 

DMAE-fractogel (EMD Chemical Inc.; Gibbstown, NJ) ion exchange column. 

Once the sample was loaded, it was then exposed to a NaCl gradient of 0.1M to 

1M with a flow rate of approximately 0.5 mL/minute after an initial 15 mL flow 

through was collected. After the collection of the flow through, thirty, 1mL 

fractions were collected from the column. Coomassie blue staining was 

performed to determine the presence of protein. Next, Western blots were 

performed analyzing each fraction to determine which were enriched for NuMA.  

Bradford Assay Analysis 

All 30 fractions collected by ion exchange chromatography were analyzed by Bio-

Rad protein assay reagent along with the manufacturer’s protocol to determine 

the concentration of proteins present. Three standards of 0.2, 0.5, and 0.9 

mg/mL of Bovine Serum Albumin (BSA) in water were used and samples were 

analyzed using a Bio-Rad SmartSpec 3000 Spectrophotometer at a wavelength 

of 595 nm. 

Dialysis 

Fractions enriched with NuMA were pooled and 2mL of protease inhibitor was 

added to the sample. The sample was then transferred to 10,000 Da Molecular 

weight cut off (MWCO) Snakeskin dialysis tubing (Promega; Madison WI) and 

dialyzed against lysis buffer overnight to remove small contaminants, along with 

NaCl. 
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Gel Filtration Chromatography 

Samples containing NuMA were then pooled and combined and loaded to a 

Sephacryl S-500 (GE Healthcare Bio-Sciences; Piscataway, NJ) gel filtration 

column. The flow rate was approximately 0.5mL/minute using lysis buffer to wash 

across the column. A flow through of 15 mL was collected prior to fractions. A 

total of 30 fractions of 1mL were collected off the column. Once fractions were 

collected, they were analyzed via Western blot to determine which of the 

fractions were enriched for NuMA. 
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Results 

Purifying NuMA from recombinant sources have not been successful (D. 

A. Compton, personal communication), therefore, my project has been to purify 

NuMA from a native source by chromatography. Since the yield obtained by 

Kempf and coworkers (1994) was minuscule while utilizing HeLa cells, I have 

modified their protocol. By using UPCI:SCC078 cells, in which the  NUMA1 gene 

is highly amplified and the protein overexpressed, instead of HeLa, I hope to 

increase the final yield. 

I started my project by harvesting and lysing the UPCI:SCC078 cells after 

they were allowed to grow to a high confluency. Subsequently, I separated the 

supernatant and the pellet and analyzed it using SDS-PAGE, staining gels with 

Coomassie blue stain to confirm and compare the abundance of protein in both 

samples (Figure 2) 
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                             1     2    3    4    5       6      7     8     9    10 

           

Figure 2: Supernatant and pellets were analyzed using SDS-PAGE and Coomassie blue 

stain. Lanes 3-5 contains supernatant, and lanes 7-9 contains pellets. Lane 1 contains 

Molecular Weight Standards. Lanes 2,6 and 10 are blank.. 

In addition, I performed a Western blot, using antibodies to NuMA to detect the 

presence of the protein in each sample. NuMA signals were stronger on samples 

from the pellet (Figure 3). 

                              1     2    3    4    5     6      7     8     9    10 

                                        
Figure 3: Western blot of supernatant and pellet respectively. Lane 1 contains Molecular 

Weight Standard. Lanes 2-4 are blank. Lanes 5-7 contains supernatant. Lanes 8-10 
contains the pellet. 
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Because the concentration of NuMA is a great deal higher in the pellet, in 

order to increase the yield of purified NuMA, I decided to include the pellet during 

the chromatography process. However, the excess membrane present in the 

pellet can cause complications in the chromatography process, therefore adding 

a sonication step to the protocol was a crucial part of this project. Performing 

sonication of the harvested product disrupts cell membranes and releases 

membrane-bound cellular contents, therefore, minimizing membrane interference 

during chromatography. After researching various sonication protocols, I tested 

four of them (Table 1). 

 

Sonication 
time in secs. 

Repetition 
times  

Followed by 
centrifugation 

A 10 3 Yes 

B 10 3 No 

C 10 5 Yes 

D 10 5 No 
        Table 1: Sonication protocols tested. 

 

Based on the results shown by the Western blot analysis, protocol “A” was 

implemented according to the visibility and the decrease number of membrane 

present. The harvesting protocol was then amended to include this step prior to 

any chromatography (Figure 4). 
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1     2    3     4     5      6       7      8      9    10         

                                                   
Figure 4: Western blot used to determine Sonication protocol. Lane 1 contains Molecular 

Weight Ladder. Lanes 2 and 3 contains protocol “A”. Lanes 4 and 5 contains protocol “B”. 
Lanes 6 and 7 contains protocol “C”. Lanes 8 and 9 contains protocol “D”. Lane 10 

contains the supernatant only. 

 

Once the new protocol was determined, I combined the samples of the 

sonicated whole cell lysate and applied them to a DMAE-fractogel ion exchange 

column. Once the sample was loaded, it was then exposed to a NaCl gradient of 

0.1M to 1M with a flow rate of approximately 0.5 mL/minute after an initial 30 mL 

flow through was collected. A total of approximately thirty 1mL fractions were 

collected utilizing a Bio-Rad 2110 fraction collector, as they eluted off the column. 

After the samples were collected, they were analyzed using SDS-PAGE and 

Coomassie blue stain. In order to make sure no protein was being dissipated; I 

also loaded the flow through and run-off fractions on the last lanes of the gel. As 

shown below, I was able to confirm that my flow through was appropriate, as no 

protein was found there. I was also able to confirm that the number of fraction 

collections were enough since there was a very small amount of protein present 

in the run-off fraction. (Figure 5). Based upon the presence of a high 
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concentration of large molecular weight proteins, I surmised the possible 

presence of NuMA protein in fractions 13 – 30. 

 

           1     2    3     4     5      6       7      8      9                 10  11   12   13   14     15    16   17   18   

                                  
5-a                                                                                   5-b 

          19    20    21   22   23   24   25   26    27             28   29    30   31    32       FT            RO 

                                    
5-c                5-d                                                                                                                                    

Figure 5: Ion Exchange fractions were analyzed using SDS-PAGE and Coomassie blue 

stain. 5-a: Contains fractions 1-9. 5-b: Contains fractions 10-18. 5-c: Contains fractions 19-

27. 5-d: Contains fractions 28-32, flow through, and run off samples.  

 

 

Following the Coomassie blue stain analysis, I performed Western blot 

analysis on fractions 13-30 to confirm the existence and concentration of NuMA. 
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These fractions were then utilized for this analysis as they showed an increased 

concentration of the protein of interest. As seen below, fractions 14-20 were 

enriched with NuMA. I then pooled these fractions to be further purified by gel 

filtration chromatography (Figure 6). 

       13  14  15  16  17  18  19  20  21          22  23  24  25  26  27  28  29  30 

                    

6-a                                                                                      6-b 

Figure 6: Western Blot analysis of Ion Exchange fractions 13-30. 6-a: Fractions 13-21 are 
shown. 6-b: Fraction 22-30 are shown. 

 Once Ion Exchange Chromatography was performed and fractions 13-26 

were selected for further analysis, the samples were pooled and dialyzed to 

remove NaCl and low molecular contaminants from the sample. The NuMA 

enriched sample was transferred to 10,000 Da MWCO Snakeskin dialysis tubing 

and dialyzed against lysis buffer overnight.  

Next, I recovered the dialyzed sample and applied it to the Sephacryl S-

500 gel filtration column.  A flow through of 15 mL was collected prior to obtaining 

fractions. Samples were then analyzed by SDS-PAGE and Coomassie blue stain 

(Figure 7). 
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           1    2      3    4     5       6       7     8      9               10    11   12    13   14   15    16   17   18 

                                      
7-a                                                                                7-b 

 

          19    20    21   22    23    24    25   26   27           28    29     30          FT          RO 

                                             
7-c                                                                                7-d 

Figure 7: Gel filtration fractions were analyzed using SDS-PAGE and Coomassie blue 
stain. 7-a: Contains fractions 1-9. 7-b: Contains fractions 10-18. 7-c: Contains fractions 19-

27. 7-d: Contains fractions 28-30, flow through and run off samples. 

 

To confirm the presence of NuMA, Western blot analysis was performed 

from fractions 1-18. These fractions were selected because as seen above, the 

analysis of the SDS-PAGE showed that they contained a greater concentration of 

high molecular weight proteins compared to the remaining fractions. The western 

blot analysis shows a high signal of NuMA on fractions 1-9 and the presence of 

the protein at a much lower concentration on fractions 10-18.(Figure 8). 
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          1    2     3     4     5     6     7    8     9                    10  11   12   13   14   15  16   17   18 

                       
8-a                                                                                8-b         

Figure 8: Western Blot analysis of Gel Filtration fractions 1-18. 8-a: Contains fractions 1-9. 
8-b: Contains fractions 10-18. 

 

Next, I wanted to verify if adding the sonication to the harvesting protocol 

was successful in increasing the yield of NuMA protein obtained. In order to 

accomplish that, I replicated the previously utilized protocol (Gold, 2010) and 

compared the results acquired by both means. I then analyzed the samples by 

Western blot. Western blot analysis of Ion Exchange and Gel Filtration 

chromatography showed an increase in yield as expected compared to the old 

protocol implemented (Figure 9 and Figure 10 respectively). 
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 1     2    3     4     5      6       7      8      9    10     1     2    3     4     5      6       7      8      9    10 

                                      
9-a                                                                                   9-b               

Figure 9: 9-a: Ion Exchange analysis of prior protocol using Western Blot. 9-b: Ion 
Exchange analysis of the new protocol using Western Blot analysis. 

 

 

 

 

 

         1     2    3     4     5      6       7      8      9    10     1     2    3     4     5      6       7      8      9    10 

                                                                         

       10-a                                                                       10-b                          

Figure 10: 10-a: Gel Filtration analysis of prior protocol using Western Blot. Fractions 1-9 
are shown, of which fractions 4-8 are enriched with NuMA. 10-b: Gel Filtration analysis of 

the new protocol using Western Blot. Fractions 1-9 are shown, of which fractions all 
fractions are enriched with NuMA at much higher concentration. 
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Finally, I wanted to perform a comparison assay to confirm the 

concentration of proteins in both protocols, and how much of NuMA protein I was 

able to obtain during the process. First, I performed a Bradford Assay utilizing 

three standards of 0.2, 0.5, and 0.9 mg/mL for both protocols obtained by Gel 

Filtration Chromatography. The fractions used for this analysis were from 1-20 

(Table 2).  

Bradford Assay Comparison Study 

Previous Protocol Current Protocol 

Fraction 
Number 

Protein 
Concentration 
(mg/mL) 

Fraction 
Number 

Protein 
Concentration 
(mg/mL) 

1 0.053 1 0.133 

2 0.109 2 0.125 

3 0.138 3 0.223 

4 0.136 4 0.215 

5 0.211 5 0.329 

6 0.281 6 0.339 

7 0.274 7 0.385 

8 0.276 8 0.449 

9 0.268 9 0.457 

10 0.298 10 0.409 

11 0.314 11 0.29 

12 0.274 12 0.186 

13 0.188 13 0.144 

14 0.195 14 0.109 

15 0.146 15 0.052 

 Average 
Concentration 0.210 

 Average 
Concentration 0.26 

Table 2: Bradford Assay results of the two protocols showing the                                            
concentration of proteins after Gel Filtration Chromatography. 
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Next, I chose fractions that contained approximately the same 

concentration of total protein in each protocol and performed a Western Blot 

analysis to evaluate how much of NuMA was recovered in each of those 

fractions. Because the protein concentration varied reasonably from one fraction 

to the other, the fractions chosen for this Western Blot analysis were 2,3 and 4 of 

the previous protocol and fractions 1 and 2 of current protocol. These fractions 

were chosen not only because of their similarities in concentration but also 

because NuMA is a large protein and during the Gel Filtration process, it is one 

of the first proteins that will be released from the column. Western blot analysis 

confirms that utilizing this new protocol can increase the amount of NuMA 

substantially, and eventually lead to an increase of biochemically workable 

amounts of the protein for further studies (Figure 11).                                                                                             

                           1      2     3      4      5       6        7        8       9     10      

 

Figure 11: Comparison Western Blot was performed utilizing the same 
concentration of proteins from each protocol. Three samples of the previous protocol 

were loaded into lanes 3-5. Two samples of the new protocol were loaded into lanes 8-9. 
Lanes 2,6,7,10 are blank. 
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Discussion 

NuMA protein localizes the spindle pole during mitosis and plays a vital role in 

the formation of the mitotic spindle (Lydersen et al., 1980, Price et al., 1986, 

Radulescu et al., 2010). Studies have indicated that cytoplasmic dynein is a key 

factor in preventing multipolarity, and that overexpression of NuMA protein is 

sufficient to mislocalize dynein from the spindle and abrogate the coalescence 

machinery (Quintyne et al., 2005). However, the precise mechanism of how 

NuMA and dynein interrelate is yet to be discovered. In order to further 

understand this important interaction, purification of NuMA using native sources 

is needed to obtain biochemically useful amounts for this study. The objective of 

this assignment was to modify the previous protocols (Kempf et. Al., 1994; Gold, 

2010) to achieve a better product yield after successive rounds of Ion Exchange 

and Gel Filtration chromatography techniques. 

Because the key to this project was to increase the yield of the protein of 

interest, the use of the oral cancer cell line UPCI:SCC078, which possesses an 

amplified number of copies of the NUMA1 gene, (Huang et al., 2002; Reshmi et 

al., 2007; Martin et al., 2008) and shows high levels of NuMA protein expression 

(Quintyne et al., 2005) was continued based on the previous protocol. In order to 

increase the percent yield even more, the implementation of the sonication 

protocol was essential to this project. For the reason that excess sonication can 

excessively disrupt the membranes, and actually cause damage to the protein; 

careful study of the protocol was needed. Once sonication protocol was 

analyzed, four variations were tested during harvesting (Table 1). When Western 
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Blot analysis of the four variations was performed (see Figure 3), lanes 3 and 5 

demonstrated cleaner bands and more visible bands. Therefore, protocol “A” was 

then utilized in further harvesting procedures.   

 As demonstrated previously, the use of the DMAE-fractogel for ion 

exchange, and the use Sephacryl S-500 for gel filtration separated proteins 

efficiently during the first and second round of protein purification respectively. 

Which it was also verified in this study when the high molecular weight fractions 

could be easily seen on coomassie stain analysis on figures 6 and 8; therefore, 

the use of DMAE-fractogel  and Sephacryl S-500 were continued. However, the 

drastic decrease in yield comparing the first and second rounds of 

chromatography was not seen after the implementation of the sonication 

protocol. Therefore, we can conclude that this new protocol implementation has a 

great affect on obtaining a better concentration of NuMA. 

Although I must note that the purification steps are not yet complete 

because we can still see major contaminants in our samples, the modifications of 

the previous protocol were successfully introduced in this study, as it increased 

the final yield obtained tremendously. Therefore, these modifications will be of a 

great help for future studies in order to obtain biochemically useful amounts of 

NuMA protein for further protein interaction studies. 
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