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Abstract

Understanding the mechanisms behind DNA repair and meiotic

recombination in Coprinus cinereus is an integral step in furthering the

understanding of the eukaryotic cell. The proteins Rad51 and Rad50 have been 

shown to be required for these processes, so the primary objective of this study is

to learn more about Rad51 in the hopes of using it as a tool to better understand

Rad50. The Rad51 antibody was purified by means of affinity columns and a surf

blot and immunoblotting was used to identify and collect the purified antibody.

Once it was proven that the antibody recognized bacterially expressed Rad51, a 

series of protein dilutions were set up to test its sensitivity. The antibody was

then used to probe a blot of C. cinereus meiotic and mitotic proteins in order to 

investigate the presence of Rad51 in the protein extract taken from tissue cells. 

After the antibody has been proven to identify Rad51 in vitro it will become a tool 

to mark the presence of DNA double-strand breaks and be used to determine if

Rad50 is needed for DNA double-strand break initiation.
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Introduction and Background

The primary objective of this research is to further the study of meiosis

and DNA repair in Coprinus cinereus by means of protein analysis. C. cinereus is 

a basidiomycete with a naturally synchronous meiotic cycle (Anderson 1971).

This means that the cells undergoing meiosis in the mushroom are expected to be 

at the same meiotic stage at the same time (Figure 1). This characteristic makes

C. cinereus an excellent specimen for the study of meiosis in the laboratory. In 

addition to a naturally synchronous meiosis, C. cinereus makes a good model 

system for the study of meiosis because it can be grown under normal laboratory

conditions without much special equipment, its meiotic stages are easily 

identifiable and distinct (Anderson 1971), it has been thoroughly studied, and its

genome is now fully sequenced and available for analysis.

comp»t»bl«
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Figure 1. Life cycle of C. cinereus (From Anderson 1971)

1



Like most fungi, C. cinereus can undergo both an asexual and sexual life 

cycle. In the sexual cycle, C. cinereus exists as a monokaryon, a mycelium with a

single nucleus, until it is mated with another compatible monokaryon. Once 

mating takes place, the mycelium exists as a diploid dikaryon with two distinct 

nuclei that remain separate until the mycelia are induced to fruit by means of 

manipulation of temperature and light. The cells in the cap of the fruiting body 

begin meiosis once the two nuclei of the dikaryon fuse, which signals the start of 

karyogamy. The new nucleus then undergoes two meiotic divisions to produce 

four haploid basidiospores that can be shed by the fruiting body and develop into 

monokaryotic mycelia to begin the life cycle again. The spores, which can reach 

up to 108 per fruiting body, represent another benefit of using fungi as a model 

specimen. All of the spores can be recovered, which enables the researcher to 

examine all of the organism’s meiotic products, thus providing an important tool 

for the study of meiotic recombination (Paques and Haber 1999). If the 

monokaryon is not mated, it may shift into its asexual life cycle, by which the 

mycelia can produce asexual spores known as oidia. These spores can develop 

into monokaryon hyphae and perpetuate the life cycle without mating (Anderson 

1971). Both life cycles are useful for the study of C. cinereus.
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Figure 2. Meiotic progression in C. cinereus (From Celerin et al. 2000).

Meiosis lasts a total of about 18 hours from start to finish and has many 

distinct stages, which can be easily tracked microscopically. The process begins 

once the two separate nuclei fuse, signaling the start of karyogamy (Figure 2).

For the purpose of this study, the start of karyogamy (K) is defined as the point at

which 50% of the nuclei have fused. After about 6 hours (K+6) the cells enter

pachytene, which is characterized by condensed chromatin and a fully developed 

synaptonemal complex. By K+10 the synaptonemal complex has dissolved and

the chromatin has relaxed and condensed for a second time. By K+18 the cells 

have undergone a mitotic division and formed a tetrad of haploid spores (Zolan

2002). This study will examine pre-pachytene (K+3) and pachytene (K+6)

meiotic cells.

This research focuses on the mechanisms involved in the processes of

DNA double-strand break repair and meiotic recombination and its associated 

proteins. As in all organisms, in C. cinereus it appears that these processes are 

complex and require many different proteins. Examples include the Spoil
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protein, thought to initiate double-stranded breaks in DNA during meiosis 

(Celerin et al. 2000), and the Mrell/Rad50/Nbsl complex, which is known to 

have an early meiotic role (Merino et al. 2000) and is necessary for survival after 

ionizing radiation (Haber 1998). Rad51, a homolog of a more widely studied 

protein in prokaryotes known as RecA (Ogawa 1993), was emphasized in this 

study because RecA has been shown to be integral in chromosome recombination 

and DNA repair, and shows remarkable similarity to many eukaryotic proteins.

Studies performed on Saccharomyces cerevisiae show that 30% of the amino acid 

residues that make up RecA in Escherichia coli are identical to those found in 

yeast Rad51 (Ogawa 1993). Additional research has shown that Rad51 shows an 

even greater similarity to RecA homologs found in other eukaryotes (Symington 

2002). Rad51 has been sequenced in C. cinereus and, as expected, shows a similar 

composition to the many more widely understood RecA homologs; consequently

it may be inferred that it will most likely be similar in function as well (Yeager

Stassen et al. 1997).

Very little is known about how Rad51 functions specifically in C.

cinereus, but because the gene that encodes it is so highly conserved, the well- 

documented S. cerevisiae information can be tentatively correlated between

species. Rad51 has been identified as a 43 kDa protein that forms “right-handed 

helical filaments on double-stranded DNA” (Symington 2002). It is believed to

be ATP-dependent and play a broad role in homolog pairing and strand exchange 

(Sung 1994). Rad51 is known to be a necessary component for converting the

double-strand break initiation complex into a recombination intermediate that is
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necessary for the repair pathway to proceed (Paques and Haber 1999; Zolan 

2002), thus making it an important tool in the study of DNA repair as well.

The importance of studying Rad51 is apparent when viewed in 

conjunction with other C. cinereus proteins of interest. It is particularly 

significant when studied with the protein Rad50, which, along with the proteins 

Mrel 1 and Xrs2, has been found to be necessary for double-strand break initiation 

and repair in S. cerevisiae (Zolan 2002). One of the objectives of this research is 

to determine if this relationship can be carried over into C. cinereus repair and 

recent studies indicate that this particular Rad50 function is conserved. It has 

been shown that when a spoil; rad.50 double mutant is created and cultivated, the 

meiotic cells take on the phenotype of the single spoil mutant, which is 

microscopically characterized by programmed cell death (Celerin et al. 2000).

However, it has also been shown that when the double mutants are y-irradiated to

induce double-strand breaks, the meiotic cells no longer display programmed cell 

death, but appear as arrested diffuse diplotene chromosomes (K+8), which is 

characteristic of the rad50 single mutant. These data suggest that the diffuse 

diplotene arrest that rad50 mutants experience is DNA double-strand break

dependent because the phenotype appears only after y-irradiated break induction

(Acharya 2003; Celerin et al. 2000). The Rad51 antibody is expected to help 

support these ideas by acting as a DNA double-strand break marker that will

identify when breaks are occurring in rad50 mutants.

The first objective of this research was to characterize a tool, in the form 

of an antibody that could be used to flag double-strand breaks in damaged DNA.
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The second was to test the antibody and define its abilities and limits in vitro. It 

was hypothesized that Rad51 would be present in meiotic tissue and be induced 

by y-irradiation in mitotic tissue. One of the primary goals of the Zolan lab is to 

determine the specific role of Rad50 in double-strand break repair initiation and 

processing, and my research provides a means to achieve this goal. On the larger 

scale, Rad51 is being investigated as a potential component in breast and ovarian 

cancer susceptibility. It has been tightly linked to the BRCA genes, but the 

specific interactions among the group are not yet known (Levy-Lahad 2001).

The results obtained from this study indicate that bacterially expressed 

Rad51 fusion protein can be effectively purified for use in characterizing the 

antibody raised against it. Antibody obtained from rabbit serum was purified by 

means of affinity column chromatography and detected using immunoblotting 

against bacterially expressed Rad51 fusion protein. Western blot results indicate 

that the purified Rad51 antibody collected from affinity columns specifically 

recognizes bacterially expressed Rad51 and that it can detect the protein down to 

0.01 ng at a 1:100 dilution. Preliminary analysis of Rad51 in vitro using Western 

blots probed with the purified Rad51 antibody suggests that it is substantially

induced by Y-irradiation as previously suspected.

Materials and Methods

Strains and Culture Conditions- The C. cinereus wild type strain Java-6 [J6 

(Binninger et al., 1987)] was used and the crosses J6;5-4 x J6;5-5 (Valentine et 

al., 1995) were used to generate fruiting bodies. Culture conditions and fruiting
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conditions have been previously described (Zolan et al., 1988). The J6 5-4 strain 

(Valentine et al., 1995) was used to grow the oidia and the methods of Muraguchi 

(1999) were used to maintain proper growth.

Nuclear Preparations for Oidia and Mushroom Caps- The oidia were harvested 

according to (Muraguchi, 1999) and centrifuged for 3 minutes at high speed to 

pellet the spores. The supernatant was discarded and the pellet was resuspended 

in about 10 mL of YMG growth medium. The cultures were then placed on a

shaker and incubated at 37°C overnight to germinate the spores. Cultures were

divided into two aliquots and one of the tubes was irradiated with 60 krad of y-

irradiation (J.L. Shepard and Associates; model Mark I-68A). Lysing enzyme 

(Sigma® L-1412) at a concentration of 20 mg/mL and chitinase (Sigma® C-6137) 

at a concentration of 2 mg/mL were mixed using MM (1 M mannitol, 0.25 M

maleate) as a solvent. The cultures were spun for 5 minutes at high speed to 

pellet the spores and were then resuspended in equal volumes of the lysing

mixture. The cultures were incubated in a 37°C water bath for one hour. They

were then spun for 20 minutes at 20,000g to pellet the cells (50 mL Oak Ridge 

tube, Sorvall). Next, the pellet was resuspended in 10 mL of Ficoll buffer (18% 

w/v Ficoll, 10 mM Tris-HCl, 20 mM KC1, 5 mM MgCb, 3 mM DTT, 1 mM 

EDTA). Each mixture was then ground 1-3 times using a motorized dounce 

homogenizer. The mixtures were transferred back to the centrifuge tubes and 50

pL of Protease Inhibitor Cocktail Set HI (Calbiochem 539134) was added. The

tubes were spun twice for 5 minutes in the Sorvall centrifuge at 3,000g with
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transfer of the supernatant to a new tube between spins. The supernatant was then 

spun for 20 minutes at 20,000g. The pellet was separated from the supernatant 

and resuspended in 300-1000 pL of glycerol buffer (10% w/v glycerol, 10 mM

Tris-HCl, 20 mM KC1, 5 mM MgCb, 3 mM DTT, 1 mM EDTA) and 50 pL of

Protease Inhibitor Cocktail Set III. The mixture was divided into 200 pL aliquots

and stored at -80°C.

Nuclear preparation for mushroom caps was similar to that for oidia but 

differed in the following respects. The veil cells were peeled away from the 

meiotic tissue of the cap for 10-20 mushrooms. The meiotic tissue was then 

carefully separated from the stipe and placed in 10 mL of cold 1 M Sorbitol. The 

solution was then ground in a motorized dounce homogenizer 1-3 times to break 

up the tissue and lysing enzyme and chitinase were added directly to the Sorbitol

mixture. The cells were incubated in a 37°C water bath for 15 minutes and

ground 6-7 times in the dounce homogenizer. The remainder of the cap 

preparation was the same as that for the oidia. To quantify these nuclear

preparations a 10 pL sample of an appropriate dilution was mixed with 10 pL of

DAPI (4’,6-diamidino-2’-phenylindole dihydrocholoride) and counted using a

counting chamber (Hausser 3900) and fluorescence microscope (Nikon 

Microphot-FX A).

Rad51 Expression- Prior to this experiment, the rad51 gene was cloned and

inserted into pET-30 vector (Novagen), which included kanamycin resistance, a 

histidine tag, an S tag, and a T7 promoter. The plasmid was then transformed into
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BL21(DE3) Escherichia coli cells, and grown at 20°C in 300 mL of LB nutrient

broth (Sambrook 2001) with 3 pL kanamycin/mL culture added. The cultures

were grown to an optical density between 0.5 and 1.0 A, and induced to express 

rad51 via addition of 1 mM of isopropyl-b-D-thiogalactopyranicide (IPTG).

IPTG acts as an inducer and binds to the lac repressor that prevents the gene 

expression. Once the IPTG causes the repressor to detach from the lac operator 

the T7 RNA polymerase is free to bind to the promoter and produce the target 

protein, Rad51 (Novagen pET manual). The E. coli expressing Rad51 were then

grown to an optical density of 1.5 to 2.5 A and spun in a Sorvall centrifuge for 10

minutes at 5,000g. The pellet was then weighed, collected, and stored at -80° C.

Rad51 Purification and Concentration -Purification was accomplished by using 

Novagen His Bind® Nickel columns and by following the procedures in the 

Novagen His Bind® Kit manual for cell extract preparation using BugBuster™ 

Reagent and Benzonase® Nuclease and quick column purification. Fifteen 

milliliters of elution buffer was run instead of 10 and they were collected in 5

different tubes of 3 mL each. All of the washes from the nickel column

purification were collected and stored at 4°C. Each fraction collected from the

nickel column was examined using SDS-polyacrylamide gel electrophoresis

(SDS-PAGE) with protein concentration standards. The gel was then stained with

Coomassie blue to determine which fractions contained protein and the relative

amount that had been purified. Those fractions were then pooled, put into dialysis 

tubing, and covered in high molecular weight (15,000-20,000 g/mol) polyethylene
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glycol until a volume of about 5 mL was reached. This volume was then dialyzed 

against 1 L of MOPS coupling buffer (50 mM MOPS, 50 mM NaCl, 0.1 mM

EDTA, 0.1 mM EGTA, 0.1% SDS).

SME4 Expression and Purification- An antibody had been previously raised 

against the Rad51 fusion protein by Cocalico Biologicals, Inc. During their 

production, antibodies may have been made that recognize the tag portions of the 

fusion protein, so the serum was run over a column that contained a similar 

protein with the same tags. This process will eliminate any antibodies that 

recognize regions of the fusion tag, leaving only Rad51 specific antibodies. A

truncated construct of the Mrel 1 protein known as SME4 was used in this case. 

The SME4 protein was cloned into a pET vector and grown as previously

described. Isolation of the SME4 protein could not be accomplished using the 

nickel quick columns however, so an agarose purification column was constructed 

according to the Novagen His Bind® Kits Resin Chromatography section. A IX 

nickel buffer was poured over the column as a charging buffer and diluted binding 

buffer was used as a wash. Washes to elute the protein were reduced in volume to 

accommodate the slower column. Identification and concentration procedures for 

the SME4 protein were identical to those described for Rad51.

Affi-gel Column Production- Two affi-gel columns were made using the BioRad 

instructions for aqueous coupling as a guide, one with the concentrated Rad51 and 

one with concentrated SME4. BioRad Affi-gel® 15 was used (153-6051) to make
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the columns. Both ligands were suspended in MOPS and concentrated to as close 

to 1 mg/mL in concentration as possible. Modifications to the procedure include

the use of 100% ethanol and 50% ethanol as washes instead of 10 mM sodium

acetate. Also, 1 M Tris was used to block the column instead of glycine ethyl

ester or ethanolamide HC1.

Rad51 Antibody Production and Purification - Cocalico Biologicals, Inc had 

previously raised rabbit serum against the Rad51 fusion protein and five

milliliters of the serum was thawed and diluted with 5 mL of TBS (0.5 M NaCl, 

20mM TrisHCl pH 7.4). The serum was filtered using a 0.2 micron filter and a 10 

mL syringe. The diluted serum was run through the SME4 column 5 times and 

allowed to drip as slowly as the column would allow. The column was washed

with 25 mL of TBST (TBS, 0.2% TritonX-100) and TBS. One milliliter of TBS 

was loaded onto the column and collected as a blank. Then 15 mL of a low pH 

elution glycine buffer (0.15 M NaCl, 0.2 M glycine-HCl, pH 2.0) was run 1 mL at

a time and collected into 15 different tubes. The column was washed with TBS to

remove the glycine until pH indicator strips showed that the flow through was pH 

7.4. Again, 1 mL of TBS was loaded onto the column and collected as a blank 

and then 15 mL of denaturing 6M guanidine in TBS elution was run 1 mL at a

time and collected in separate tubes. Twenty-five milliliters of TBS was run

through to clean out the excess guanidine. The entire process was repeated with 

the Rad51 affi-gel column using the flow through of the antiserum from the first

column as the serum for the second. Surf blots in combination with Western blot
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analysis were used to identify the fractions containing active antibody and high 

molecular weight polyethylene glycol and dialysis were used to concentrate and 

preserve the antibody.

Western Blot Analysis- SDS-PAGE gels were run with selected oidia and meiotic 

nuclear samples as well as diluted bacterial expressed fusion protein. The gels

were run with a water coolant for two hours at 80 volts and then transferred to

nitrocellulose paper (Osmonics EP4HY00010) for two hours at 100V in SDS free 

transfer buffer (48 mM TrisBase, 390 mM glycine, 20% methanol). Once 

transferred, the acrylamide gels were stained with Coomassie blue to ensure a 

complete transfer and the blots were stained with Ponceau S Solution (Sigma® P- 

7170) to stain the protein on the blot. The blots were then rinsed with 5% acetic

acid solution to remove the Ponceau stain and then double distilled water to

remove the acetic acid. Each blot was blocked for one hour in a 5% nonfat dry 

milk IX TBST solution (100 mM Tris, 1.5 M NaCl, 1% Tween 20 (Sigma® P- 

1379), pH 8.0,10X). The block was then poured off and the blots were rinsed 

once with IX TBST. They were then incubated with a particular dilution of 

primary antibody (1:100-1:100,000) and left to shake for one hour. For certain 

trials the blots were cut in half and incubated with separate dilutions of primary 

antibody or a surf blot was used to characterize affinity column elution fractions. 

The primary antibody blot was then washed thoroughly with IX TBST 5-7 times 

for 1 minute/ wash. Next, the blots were exposed to a 1:20,000 dilution of 

secondary antibody goat anti-rabbit immunoglobulins HRP conjugated (BioRad)
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and left to shake for one hour. This secondary antibody recognizes the constant 

domain of the primary antibody and also contains a fluorescent tag that allows for 

photo-imaging of the labeled protein. They were again rinsed thoroughly in IX 

TBST 5-7 times for one minute/ wash. The blots were covered in equal amounts 

of SuperSignal® West Pico Luminol/Enhancer Solution (Pierce 1856136) and 

SuperSignal® West Pico Stable Peroxide Solution (Pierce 1856135) and allowed 

to shake for 10 minutes. Each blot was exposed to film at increasing time 

intervals and developed by an X-Omat (Kodak 2000A) per the manufacturer’s

instructions.

Results

Rad51 and SME4 production and purification: Purified Rad51 and SME4 

protein were needed to assemble antibody affinity purification columns. This was

accomplished by inducing E. coli containing ra<±5/and those containing sme4 to 

produce the respective proteins. The rad.51 and sme4 proteins produced by the 

bacteria are known as fusion proteins because they consist of the protein of 

interest along with several labels to aid in the purification and identification 

process. The protein extracts from these bacteria were then run through a nickel 

column, which binds the histidine tag attached to the fusion protein, and then 

removed from the column using a denaturing elution buffer. As a result of 

running the different fractions collected from the nickel columns on an SDS- 

PAGE gel, it was seen that the fusion proteins of interest, Rad51 and SME4, had 

been successfully isolated from the extraneous proteins extracted from the 

bacteria. It was also demonstrated by SDS-PAGE that at least half of the protein

COREITE LIBRARY 
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loaded onto the affinity columns bound to the affi-gel, making the columns useful 

for antibody purification.

Figure 3. SDS-PAGE gel showing the results of a nickel column purification. 
Lane 1, protein standard. Lane 2, BSA protein concentration standard (10 gg). 
Lane 3, unpurified bacterial protein extract. Lane 4, IX wash solution (8X=480 
mM imidazole, 4 M NaCl, 160 mM Tris-HCl pH 7.9). Lanes 5-9, different 
fractions of IX elution buffer (4X=4M imidazole, 2 M NaCl, 80 mM Tris-HCl pH 
7.9). Lane 10, bacterially expressed Rad51; amount unknown.

A significant amount of bacterial protein was successfully removed from 

the Rad51 protein sample (Figure 3). The bands in lanes 6-7 appear to be around 

52 kDa, which roughly corresponds to the size of the Rad51 fusion protein. The 

SME4 purification gel is similar, but not shown.

Rad51 antibody characterization: The antiserum containing the Rad51 

antibodies was purified through an affinity column containing the target protein.

It was eluted off the column by means of a low pH glycine buffer and followed by
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a denaturing high molarity guanidine solution. All of the elution fractions 

collected from the affinity columns were tested against bacterially expressed 

fusion protein using a surf blot to identify the different antibody elution factions. 

The resulting blots showed that the purified antibody recognizes the bacterially 

expressed Rad51 properly and that a significant amount of antibody comes off the 

column in both the glycine low pH elution and in the high molarity guanidine

elution.

Bacterially expressed Rad51, Spol 1 protein, and commercially purchased 

BSA were dotted onto nitrocellulose paper in differing dilutions to test for the 

selectivity and sensitivity of the purified antibody, and to determine if there is a 

difference in activity between the guanidine and glycine samples. This dot blot 

analysis shows that the antibody that was eluted in the low pH buffer recognizes 

the bacterially expressed protein at a much more dilute concentration then the one 

eluted in the high pH buffer (Figure 4).

Figure 4. Dot blot probed with affinity purified Rad51 antibody eluted with low 
pH glycine. Exposure time was four minutes. Antibody concentrations are a) 
1:100 and b) 1:1000. All amounts are in nanograms of protein.

15



The purified antibody that came off the column in the glycine buffer is 

highly selective for the bacterially expressed Rad51 fusion protein. The assay 

proves to be very sensitive since the 1:100 dilution recognition = 0.01 ng and the 

1:1000 = 0.1 ng (Figure 4).

Detecting Rad51 in mitotic and meiotic nuclear preparations: One of the key

advantages of having effective Rad51 antibody is that it can be used as a tool to

detect Rad51 within meiotic and irradiated mitotic tissue. A series of Western

blots were developed using the purified antibody with a variety of tissue 

preparations to try to learn more about Rad51 activity in vitro. A blot containing 

irradiated and unirradiated oidia, along with meiotic tissue from a time point of 

K+6 and 0.02 ng of bacterially expressed Rad51 was produced (Fig. 5). An 

attempt was made to load 1.6 x 10 8 nuclei into each lane, but the quantification 

varied from sample to sample. The primary antibody dilution was 1:50. The K+6 

time point was chosen for this particular blot because it was the only wild type 

nuclear preparation that had been prepared using a new protease inhibitor 

(Protease Inhibitor Cocktail set IV; Calbiochem 539136). This protease inhibitor, 

is thought to reduce the amount of protein degradation better then the old 

inhibitor. The bacterially expressed protein is to be used as a positive control to 

determine if the antibody is working properly and to help identify the protein in

the other lanes.
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Figure 5. Western blot loaded with irradiated and unirradiated oidia, meiotic 
tissue from K+6, and bacterially expressed Rad51. The blot was probed with a 
1:50 dilution of the purified Rad51 antibody. Exposure time was about 24 hours. 
Lane 1, protein size ladder. Lane 2, unirradiated oidia. Lane 3, oidia that was 
exposed to 60 krad of y-irradiation. Lane 4, K+6 meiotic tissue. Lane 5, 0.02 ng 
of bacterially expressed Rad51.

In lane three a dark band around 70 kDa appears that is much darker then 

the one found in lane two. The Rad51 fusion protein is thought to be around 50 

kDa in size, so this product appears larger then expected, but these results can be 

tentatively interpreted to mean that Rad51 is being induced in irradiated tissue 

(Figure 5). No significant banding pattern can be seen in lanes four or five.

A competition assay was run in order to verify that the band appearing on

the blot in the irradiated tissue lane is Rad51. Two identical blots were made that

contained irradiated and unirradiated oidia, K+3 meiotic tissue, and bacterially 

expressed fusion protein. One blot was incubated in Rad51 antibody as usual 

(1:50 dilution), and the other was incubated with the Rad51 antibody (1:50
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dilution) plus a large amount of bacterially expressed Rad51 to out-compete the 

protein on the blot.

Figure 6. Rad51 competition assay results. Exposure time was about 15 seconds. 
Lanes 1-5 were incubated with 1:50 dilution of the primary antibody. Lanes 6-10 
were incubated with 1:50 dilution of the primary antibody plus 0.03 ng bacterially 
expressed Rad51. Lanes 1 and 6, protein size ladder . Lanes 2 and 7, unirradiated 
oidia. Lanes 3and 8, oidia that was exposed to 60 krad of y-irradiation. Lanes 4 
and 9, K+3 meiotic tissue. Lanes 5 and 10, 0.03 ng of bacterially expressed 
Rad51. All size markers indicated are in kDa.

Unfortunately, the blots appear stained and contain a lot of background 

protein signals, but a few results can be seen. The dark band in lane four of the

normal blot corresponds to the position of the Rad51 fusion protein and the 

disappearance of this band in lane nine of the competition blot indicates that 

Rad51 has been out-competed (Figure 6). The same type of conclusion can be 

made about lane three when compared to lane eight, but it is hard to definitively 

say that the Rad51 fusion protein bands disappeared in the competition blot 

because of the dark background. The absence of the light 70 kDa band in lane 

two when compared with lane three indicates that Rad51 is still being induced by
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Y-irradiation. Once again, the bacterially expressed Rad51 (lanes five and ten)

was inconclusive.

Discussion and Conclusions

One of the primary objectives of this study was to characterize the existing 

Rad51 antibody so that it will be an effective tool in studying rad50 mutants. 

Through a series of column purifications and dilutions, this study demonstrated 

that antibody can be raised against a Rad51 fusion protein for C. cinereus and that 

it can be effectively concentrated and purified. The dot blots show that the 

antibody is highly selective for Rad51 and can detect protein in concentrations as 

low as 0.01 ng. This information is useful when determining whether the 

antibody should be used to detect Rad51 within C. cinereus tissue if the in vitro

concentration is known.

The banding pattern in Figure 5 gives preliminary evidence that Rad51 is

induced by y-irradiation, but gives little information about Rad51 in meiosis. The 

absence of banding in the meiotic lane can possibly be explained in several ways. 

The activity and concentration of Rad51 is thought to have diminished 

substantially by K+6, which would account for its absence in Figure 5. Also, 

evidence from previous blots and from Ponceau staining suggest that Rad51 is 

being degraded in the tissue samples by proteases before it can be detected on 

blots. It is also possible that the amount of Rad51 in these particular cells is too 

small for detection at a 1:50 primary antibody dilution. Further blots containing 

earlier meiotic samples made with a new protease inhibitor produced a better 

meiotic Rad51 band (as shown in Figure 6).
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The competition assay involving different C. cinereus tissue and 

bacterially expressed Rad51 tentatively verifies that the band of interest is Rad51 

and reaffirms that Rad51 is being induced during y-irradiation. The presence of a 

Rad51 band in meiotic tissue preparations indicates that earlier meiotic time 

points and the new protease inhibitor are more effective for observing Rad51 in 

vitro. More bacterially expressed protein needs to be used in order to obtain a 

stronger signal on the blots. The background staining of the blot could be 

improved by using less of the competition protein.

Ultimately, the antibody purified in this experiment will be used to 

identify Rad51 in chromosomal spreads and enable future researchers to 

determine where DNA double-strand breaks are occurring. With this information 

it may be possible to test spoil and rad50 mutants along with double mutants and 

determine whether initiation of double-stranded breaks in meiotic DNA requires 

Rad50 as has been shown in other organisms.
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