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Abstract

Acquired pure red cell aplasia (PRCA) is an autoimmune disease

characterized by poor red blood cell formation. In no instance has 

the molecular target of the autoimmunity been identified. In one 

case, a unique antibody, binding to a membrane protein of 130 kDa

(P130) has been shown on immunoblots of mouse erythroleukemia (MEL)

cells and other erythroid progenitor cells. Because P130 may be

important in red cell development, the cloning and sequencing of its

cDNA is of interest.

Initially, I reproduced the detection of this protein with 

patient antisera using an indirect immunoblotting technique and

enhanced chemiluminescence (ECL) detection. Experimenting with a

variety of conditions, I found that pl30 could best be visualized on

autoradiograms using 1:50 dilution of the patient’s plasma to blocking 

buffer and by performing three ten-minute washings at 30°C between the

additions of each subsequent antibody. I began the molecular cloning 

of the pl30 cDNA by plating on a Clontech MEL cDNA expression library 

(using the phage lambda gtll expression vector) on E. coli strain

Y1090. Nitrocellulose lifts of the plates were made, and these were

screened with the patient’s antibody using the same conditions 

described above. Several positive plaques were identified,

potentially indicating the desired fusion protein. These plaques

remain to be screened repeatedly to obtain the purified protein.
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Introduction and Literature Review

In an autoimmune disease, the body produces antibodies against 

its own tissues (13). The cause may be genetic predisposition and/or 

prior damage to the tissue, perhaps by a viral infection which had 

stimulated the body to produce antibodies against the infected cells

(13).

Acquired primary pure red cell aplasia (PRCA) is an autoimmune

disease characterized by poor red blood cell formation

(erythropoiesis) (9). Fawcett (6) describes normal erythropoiesis, in

which some of the pleuripotential stem cells, called colony-forming

units (CFUs), become irreversibly committed to producing erythrocytes. 

Those CFUs which become committed are known as unipotential stem 

cells. When stimulated by the hormone erythropoietin, the 

unipotential stem cells differentiate into proerythroblasts, which 

contain large nuclei and two or more nucleoli. Proerythroblasts 

undergo divisions to become erythroblasts. Erythroblasts have smaller 

nuclei, lack nucleoli, and can synthesize hemoglobin. Next, nuclei 

become smaller and eccentrically located, resulting in normoblasts.

Finally, nuclei are extruded to form the biconcave disc,

characteristic of the young erythrocyte, or reticulocyte.

PRCA was the first human disease discovered which exhibited

immune injury to the bone marrow (9). Indeed, the PRCA victim

experiences severe anemia, a reticulocyte count under 1 percent, and a 

mature erythroblast count under 0.5 percent in the marrow (9). 

Nonetheless, marrow cells remain normal, as do blood leukocyte and

platelet counts (9).
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PRCA is often found to be associated with immunoglobulins or T 

cells that inhibit marrow erythropoiesis, and although marrow 

erythroblasts are absent in the PRCA victim, unipotential stem cells 

(erythroid progenitor cells) are, interestingly, frequently present 

(9). In fact, 60 percent of PRCA marrow cells have normal numbers of 

assayable erythroid progenitor cells when assayed in semisolid media 

(9), a trait which made my research possible.

Because PRCA sera have been shown to contain IgG that inhibits 

the development but not the formation of the patient’s erythroid 

progenitor cells (9), studies of the nature of this inhibition are of 

interest to a researcher of erythropoiesis; the specific autoantigen 

remains to be identified in any case (8). Hence, investigators at 

the University of Minnesota have studied the serum of an episodic PRCA 

patient, finding what they believe to be the autoantigen in this 

patient’s case (8). Cell membranes from various erythroleukemia cell 

lines, mature red blood cells, platelets, and control nonerythroid 

cell lines were analyzed by Western blots using patient and control 

human sera and detection with 125I Staphylococcus, protein A (8). The 

patient’s sera, but not the control sera, detected a 130 kDa protein 

species on the immature erythroid lines only (8). A minor band of 107 

kDa, thought to be a degradation product of pl30, was also detected 

(8). pl30 antibody titer correlates with the activity of the disease, 

but does remain detectable during disease remission; the autoantibody 

to pl30 is proposed to be the cause of pathogenicity in this 

particular PRCA patient (8,14). In sum, it is hoped that the 

molecular characterization of pl30 and other PRCA autoantigens will 

yield valuable new information regarding erythropoiesis (14).
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My own investigation into the nature of pl30 consisted of two 

parts. The purpose of the first portion of my experiment (described 

in Part I of this paper) was to elucidate the conditions necessary to 

detect pl30 on immunoblots so that its cDNA could then be cloned using 

the same immunoblotting methods to detect the fusion protein. In the

second portion of my experiment (described in Part II), I attempted to 

clone the cDNA for this protein using E. coli strain Y1090 as 

recipient cells and phage lambda gtll as a vector.

Materials and Methods--Part I

The overall procedure used for Part I of this experiment is

outlined in Table 1. This general method of immunoblotting, or more 

commonly, "Western Blotting," is widely used in laboratories to detect

specific proteins (7).

Preparation of Mouse Erythroleukemia (MEL) Cell Cultures

In preparing my antigen sample according to Harlow and Lane (7), 

I suspended approximately 1 mL of MEL cells which had been stored in

liquid nitrogen in a flask containing 1.4 mL penicillin/streptomycin

(antibiotics to prevent infection by bacteria), 7.0 mL fetal bovine

serum (FBS--commonly used in cell culture to provide nutrients,

hormones, detoxifiers, and buffers), and 61.6 mL RPMI 1640 media

solution containing 42 pL of .01 M /3-mercaptoethanol. The flask was 

then incubated at 37°C in 5Z C02. Such levels of C02 provide a 

metabolic stimulant so that cells can adequately recover from
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Table Is An Overview of Immunoblotting

1. Preparation of Antigen Sample

2. Resolution of sample by gel electrophoresis

3. Transfer of separated polypeptides to a nitrocellulose membrane

support

4. Blockage of nonspecific binding sites on the membrane

5. Addition of the antibody

6. Detection of the specific antigen

(Table modified from Harlow and Lane (7)).
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freezing. After several days, cells were stained and viewed under a 

light microscope; dead cells took up the stain, and in this way, I 

could visually inspect the success of the cell growth.

MEL cells were chosen as the source for my antigen sample because 

they contain the immature erythroid progenitor cells where pl30 can be

found.

Preparation of MEL Cell Extracts

My next step was to ready the MEL cells I had cultured for use in

an electrophoresis gel, as described by Harlow and Lane (7). To do 

this, I first placed the cultures in a centrifuge to form pellets 

which could be stored for later use in a freezer or lysed on ice for 

10 min in 1 mL of the following solution:

200 pL 50X Protease Inhibition Solution

10 pL lOOmM Phenylmethylsulfonyl Fluoride (PMSF)

10 pL Diisopropyl Fluorophosphate (DFP)

10 pL Triton X-100 (a detergent)

5 pL 50 mM Tris(hydroxyl)aminomethane (pH 8)

15 pL 150 mM NaCl

(solution diluted to 10 mL with distilled water)

The lysed MELs were then microcentrifuged at 10,000g for 10 min, and 

the supernatant was removed and placed in tubes 1:1 with treatment

buffer. The tubes were then boiled for five min, after which time the

cell extracts could either be stored frozen or electrophoresed.
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Sodium Dodecyl Sulfate-Polyacrylamide Gel Electophoresis (SDS-PAGE)

I ran the MEL cells on a 10Z polyacrylamide electrophoresis gel 

according to (5). The purpose of the gel was to separate the proteins 

present in the MEL cells. This gel utilized a discontinuous buffer 

system; the two buffers were of different composition and pH so as to 

create a voltage and pH gradient. The lower layer, or "resolving

gel," possessed a smaller pore size and a higher buffer concentration 

and pH. The upper layer, or "stacking gel," had larger pores 

(nonrestrictive) and contained an ion whose electrophoretic mobility 

was greater than that of the proteins; conversely, the tank buffer had 

an ion whose mobility was less than that of the proteins (5).

Using a Hoefer electrophoresis unit, the lower layer of the gel

was poured to a height of 10.75 cm using this resolving gel recipe:

20 mL 15Z acrylamide + 0.8X Bis

15 mL resolving buffer (1.5M Tris-Cl pH 8.8)

24 mL water

0.3 mL ammonium persulfate

0.6 mL 10Z sodium dodecyl sulfate (SDS-a detergent for

denaturing)

20 pL Temed

This layer was then topped with butanol and allowed to dry.

Next, the upper layer ("stacking gel") was poured to a height of

14.75 cm on the electrophoresis unit. This layer consisted ofthe

following components:
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2.66 mL 15Z acrylamide + 0.8Z Bis

5.0 mL stacking buffer (0.5M Tris-Cl pH 6.8)

12.2 mL water

0.1 mL ammonium persulfate

0.2 mL 10Z SDS

10 pL Temed

A "comb" was then placed in the top of the gel to form wells. Once 

the gel had dried, the wells were filled with running buffer (20 mL

10Z SDS, 28.8 g glycine, 6 g Tris base, diluted to 2 L with water).

Samples, including a molecular weight marker for reference, were then

added to the wells (10). I used 10 pL of a Sigma biotinylated SDS 

molecular weight marker in the first lane of the gel, followed by 100-

200 pL of MEL extracts in the subsequent lanes. Running buffer was

added to the electrophoresis tank and a power source was set to 40 mA. 

Once the extracts had run to the bottom of the gel, the power was shut

off. The result was a line of separated proteins derived from the MEL

extracts (see Fig. 1).

Semi-Dry Electrophoretic Transfer to Nitrocellulose Support

Following the protocol given by Harlow and Lane (7), my next task

was to elute the polypeptides I had separated onto a sheet of

nitrocellulose cut to the same size as the gel. The gel and the

nitrocellulose were soaked in distilled water. Meanwhile, I cut six

pieces of gel blotting paper to the same size and soaked them in a 

buffer containing 10 percent glycine methyl alcohol with SDS. On the 

bottom plate of a blotting apparatus, I placed three layers of this
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Weight Extracts
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Fig. 1: Representation of Typical Electrophoretic Gel. Proteins
are separated from a cell abstract according to their 
molecular weights.
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paper, followed by the nitrocellulose membrane, the gel, and the other 

three layers of paper. After removing all air bubbles, I placed the 

cathode on top and connected the electrodes, running the power source 

for one hr at 170-200 mA. After the nitrocellulose had dried, I could 

then perform the next step.

Blockage of Nonspecific Membrane Binding Sites/Addition of Antibody

I eliminated any further reactions on the nitrocellulose by 

soaking it for one hr in "Blotto." This contained 40 g of nonfat 

dried milk along with a buffered salt solution (5 mL 2M Tris pH 7.5 + 

15 mL NaCl) diluted to 500 mL with water (7).

After three 10-min washings in "Western Buffer" (Tris-buffered 

Saline: 2.42 g 20 mM Tris pH 7.6 + 8 g NaCl + 3.8 mL 1M HC1 diluted

to 1000 mL with water) at 37°C, the membrane was soaked in the PRCA 

patient’s serum and Blotto. During this time, the patient’s unique 

antibody would bind to pl30; in this way, the antibody could serve as 

a probe for pl30 (7).

Likewise, a wildtype control serum was used on a separate 

membrane. This control serum could come from any human being other 

than the patient, since the patient’s serum is presumably the only 

serum containing the antibody of interest. The purpose of the control 

was to show that antibody binding to pl30 would not occur with normal

serum. With the exception of the serum used, the control membrane was

treated in the same way as the PRCA membrane from this step on.

Between each of the following steps, both membranes were washed three

times for 10 min each in Western Buffer.
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Labelling of the Autoantibody

In order to visualize the pl30 that the patient’s autoantibody 

has bound to, a Labelled Avidin Biotin (LAB) Complex was 

formedaccording to Pierce’s protocol (3). Fig. 2 illustrates the 

basis of this method. First, a secondary antibody raised in a species 

other than that of the first but which is specific to the Ig class of 

the first is added. I used Pierce Chemical’s goat anti-human IgG 

conjugated with biotin (IgG is a monomer and represents 75 percent of 

the total serum immunoglobulins). Biotin is a 244 d vitamin in tissue 

and blood which can be conjugated to antibodies without affecting 

their affinity to antigen (7). When the membrane is soaked in this 

secondary antibody + Blotto, it will bind with the first (PRCA) 

antibody.

Then, a label must be placed on the secondary antibody to detect 

the primary antibody-antigen complex on the nitrocellulose membrane 

(7). I used Pierce’s avidin horseradish peroxidase. The horseradish

peroxidase serves as the label which can be detected on

autoradiograms, which will be discussed in the next section. Avidin

is a glycoprotein found in egg-whites and tissues of birds, reptiles, 

and amphibians (7). It is very soluble in water and salt solutions,

and is stable over a wide range of pH and temperatures (7). Chemical 

modification has little or no effect on its activity, so it is useful 

as a detection reagent and means of protein purification (7). Biotin

binds to one of three lysine residues in each subunit which are 

adjacent to tryptophan in avidin’s tertiary structure (3). This 

biotin to avidin binding affinity is the strongest noncovalent linkage
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Antibody

2 Antibody

enzyme=
(horseradish

peroxidase)

Fig. 2: LAB (Labelled Avidin-Biotin) Assay Complex modified from
Pierce’s catalog (4).pa
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known (Ka=1015M_1) and is one million times stronger than the antibody- 

antigen complex itself (3). The bond formation is rapid, and once 

formed, the bond is unaffected by extremes of pH, organic solvents, or 

other denaturing agents (3).

There are several advantages to this technique. First, each 

primary antibody does not have to be individually labelled (often the 

conjugation of label to a primary antibody alters its affinity for 

antigen) (3). Second, sensitivity is high: in an indirect method, 

there can be multiple binding of secondary antibodies to a single

primary antibody (3).

Enhanced Chemiluminescence (ECL) Detection

As I have already mentioned, the secondary antibody is conjugated 

to horseradish peroxidase for its detection by ECL on autoradiograms.

Such enzymatic labels are cheap, nonhazardous, and can be used for 

permanent staining (2). ECL is a light-emitting, non-radioactive 

method for detection of immobilized specific antigens, conjugated 

directly or indirectly (as in this case) with horseradish peroxidase-

labelled antibodies (see again Fig. 2). Note also that the

biotinylated molecular weight markers can be visualized in the same

way (Fig. 3). The horseradish peroxidase catalyzes the oxidation of 

luminol (a cyclic diacylhydrazide) to an excited state in the presence

of hydrogen peroxide. As this occurs, light is emitted, resulting in 

an exposed area on autoradiograph film corresponding to the antigen 

(or molecular weight marker) (2). The reaction is shown in Fig. 4.

I used the Amersham Corporation’s protocol in carrying out the
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-Phosphorylase b 97,400 
-catalase 58,100 
- alcohol dehydrogenase 39,800 
-carbonic anhydrase 29,000 
-trypsin inhibitor 20,100 
-lysozyme 14,300

enzyme=
(horseradish

peroxidase)

Fig. 3: Sigma Molecular Weight Marker Visualization modified from
Sigma’s bulletin (1).
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Fig. 4: Enhanced Chemiluminescence (ECL) Detection modified from
Amersham (2).
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detection (2). I soaked the nitrocellulose 1:1 with Amersham’s ECL

detection reagent and Western Buffer. In a film holder, I first 

placed a sheet of filter paper, followed by the nitrocellulose, a 

sheet of Saran Wrap, and finally the Kodak autoradiogram film. The 

holder was closed for up to several minutes, the film removed, placed 

in a cartridge, and soaked in developer for 1.5 min, rinsed for 30

sec, soaked in fixer for 30 sec, and rinsed again. After 10 min in a

film dryer, the autoradiogram could be viewed.

Results--Part I

Each time I ran the experiment, the control results were as 

expected: no antibody binding to pl30 was found. Fig. 5 shows a

typical control autoradiogram.

With the PRCA patient’s serum, I had to repeatedly alter experimental

conditions in order to obtain the desired result: a strong band

corresponding to pl30 (and its 107 kd dimer) with as little background and 

nonspecific binding as possible. Fig. 6 shows one of my early

attempts in which I diluted the patient’s serum 1:100 with Blotto.

pl30 occurs as a strong band, yet there is too much background. The 

molecular weight markers do not appear at all; the markers I was using 

were most likely too old, and new ones were subsequently ordered.

In Fig. 7, I had once again used the 1:100 dilution, but

increased the time of my intermediate washings in Western Buffer

(between the additions of each detection reagent) in hopes of reducing

the background. The result was a reduced background but also a

reduced pl30 band.
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Next, I used the same vigorous washing procedures but reduced the 

dilution to 1:10. The results are shown in Fig. 8. pl30 is 

sufficiently dark; however, the amount of nonspecific membrane 

binding is extremely high.

Finally, as shown in Fig. 9, I obtained the results I was looking 

for. I had used a 1:50 dilution and the same washing conditions.

pl30 appears as a distinct dimer, the molecular weight markers are

finally visible, and the background is very minimal.
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Fig. 5s Control Serum Immunoblotting. The results show no 
antibody binding to pl30.
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Fig. 6: PRCA serum (It 100 dilution) immunoblotting. The results
show pl30 and its 107 kD dimer but a high background.
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Fig. 7: PRCA serum (1:100 dilution) immunoblotting. The results
show weak pl30 binding and reduced background.
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Fig. 8: PRCA serum (Is 10 dilution) immunoblotting. The results 
show excessive nonspecific binding.
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Fig. 9s PRCA serum (Is50 dilution) immunoblotting. The results 
show proper binding and low background.
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Materials and Methods--Part II

With these results regarding the 1:50 dilution and washing 

conditions necessary for adequate visualization of pl30, I was ready 

to begin Part II of my research: pl30 cDNA cloning.

Preparation of NZYM Agar Plates

Using protocol given by Sambrook et al. (12), in a 2-L flask, I 

added 1 L of NZYM medium pH 7.5 to 15 g of agar. NZYM medium consists

of 10 g NZ-amine (caseinhydrosylate-Type A), 5 g NaCl, 5 g yeast 

extract, and 2 g MgSO4. This solution was then autoclaved for 30 min 

and cooled to below 65°C. Ampicillin was added in a concentration of

50 pg/mL media, and plates were poured, inverted, and incubated 

overnight at 37°C.

Preparation of E. coli Strain Y1090 for Titering

A toothpick-tip of E. coli strain Y1090 was then spun overnight 

at 37°C in 50 mL NZYM medium with 100 pL ampicillin and 500 pL 

maltose. The ampicillin prevents wildtype E. coli from the air from 

infecting the culture; strain Y1090 is not prevented from growing 

because it possesses an amp-resistance gene (12). E. coli to be 

infected by phage lambda should be grown in maltose because lambda 

absorbs to receptors in the outer membrane of E. coli that are

normally used to transport maltose into the cell; synthesis of these

receptors is induced by maltose (12).

The following day, I diluted this E. coli to log phase growth,
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beginning with a dilution of 1:10 (£. coli:NZYM/amp). This was spun 

and frequently checked until the OD600 was equal to 0.6-0.7. Once 

this OD was reached, I centrifuged the cells at 3000 rpm for 10 min 

and then resuspended the resultant pellet in 20 mL of lOmM MgSO4. The 

purpose of the MgSO4 is to make the cells competent; magnesium ions 

facilitate absorption of phage to maltose receptors so that 

transformation (internalization of the phage) can occur (12).

Preparation of Clontech MEL cDNA Expression Library

An MEL cDNA expression library was purchased from Clontech. The

library consists of cDNA (which has been formed from mRNA and there

fore lacks intron sequences) that has been added into a bacteriophage 

(11). The phage serves as a vector by which the DNA is carried to

bacteria. Such libraries contain a collection of recombinants from

which a desired clone (pl30 in this case) can be drawn via expression

screening (immunological in this case) (11).

In this Clontech library, phage lambda gtll serves as the

expression vector (it is also known as an "insertion vector" because

it has a single target site for insertion of foreign DNA) (11).

Lambda gtll carries the E. coli LacZ gene (53 base pairs upstream of 

the translational termination codon) which has a unique EcoRl site in 

the /3-galactosidase coding region (11). The cDNA (up to 7.2

kilobases) is inserted by linkers into the EcoRl site, /3-gal is 

inactivated, and hybrid (fusion) proteins are expressed if the cloned 

sequence is in-frame with LacZ (12). The fusion proteins have amino 

termini consisting of /3-galactosidase sequences and carboxyl termini
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consisting of foreign sequences that can be detected with antibodies 

(immunological screening) (12).

Library Titering

I titered the library in order to obtain the proper dilution to

plate with the E. coli to be transformed. Ideally, one would want

50,000 plaques/mL. First, I prepared a "working stock" by adding 1 mL

of SM media and one drop of chloroform (inhibits bacterial growth) to 

10 pL of library (phage). SM media contains lOmL of 5M NaCl, 4 mL of 

1M MgSO4, 12.5 mL of 2M Tris (pH 7.5), and 2.5 mL of 2Z gelatin,

diluted to 500 mL with water.

I performed six serial dilutions of the working stock as follows. 

To 10 pL of working stock, I added 90 pL of SM media to form a 10"3 

dilution. Likewise, I added 10 pL of the 10'3 dilution to 90 pL of SM 

media to form the 10'4 dilution, and so on.

Next, in each of seven 15-mL tubes, I added 0.1 mL of the E. coli

Y1090 cells already prepared to 10 pL of each dilution. These tubes 

were incubated for 20 min in a 37°C bath without spinning.

While the tubes were incubating, I prepared a top agarose solu

tion by combining 7.2 g agarose and 500 mL NZYM media and cooling this 

to 50°C. After the 20 min had elapsed, I added 4 mL of the top aga

rose to each tube, mixed, and then poured the plates. The plates were

inverted and incubated at 37°C overnight.

The following day, the number of phage plaques on each plate of 

the varying dilutions were counted and a titer could then be calculat

ed to determine the number of plaques/ml of E. coli cells. This
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concentration should decrease by a factor of 10 for each successive

dilution.

Screening of Lambda gtll Libraries

Next, I added 300 yL of E. coli cells lysed with chloroform plus

100 pL of phage of the dilution determined by the titer to give

approximately 50,000 plaques/mL to each of a number of 15-mL tubes.

The purpose was to infect the bacteria with phage. These tubes were

then incubated at 37°C for 20 min without shaking. After this time 

had elapsed, I added top agarose with ampicillin (amp) to the tubes 

and quickly poured them onto plates, which were subsequently inverted

and incubated overnight at 42°C.

Besides having the amp-resistance gene, strain Y1090 is also 

useful because it is deficient in the Ion protease. This deficiency

increases the stability of recombinant fusion proteins since proteases

digest proteins (11). Also advantageous is the plasmid pMC9 that

codes for the lac repressor gene (cl). This gene has a temperature-

sensitive mutation so that at 37°C, the infecting phage grows by

lysogeny (11). This differs from the typical lytic cycle and leads to 

integration of viral DNA into the genome of the bacterial host (11).

The DNA is then transmitted to progeny bacteria like any other

chromosomal gene. However, at 42°C, the repressor is inhibited so

that transcription resumes and the lytic cycle is followed (11).

Lysis of the host cell requires lambda proteins R and S. The S” 

mutation delays lysis so that assembly of progeny particles can occur 

for an extended time period (the accumulated intracellular particles
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are liberated by lysing the infected cell with chloroform) (Fig. 10) 

(12). In sum, Y1090’s production of the lac repressor ensures that no 

expression of the cloned sequences takes place until an inducer is 

presented to the infected cells (11).

Transfer of Plaques to Nitrocellulose Filters

Using the methods of Sambrook et al., nitrocellulose filters cut

to the shape of the plates were soaked in lOmM isopropylthio-/3-D- 

galactoside (IPTG--the inducer), dried, and subsequently placed on the 

42°C plates so that the fusion genome could be expressed and an 

imprint of the induced fusion protein could be absorbed onto the

nitrocellulose (12). Corresponding marks were made on the filters and

agar so that the two could be matched up once again after filter

screening with antibodies. Plates with filters were incubated four hr 

at 37°C, lids were removed, and the plates were incubated for another

20 min. Finally, filters were removed and placed in a large volume of

Western Buffer.
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Fig. 10: Lambda gtll’s Temperature-Sensitive Mutation modified from
Old and Primrose (11).
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Immunoscreening of Plaques

The nitrocellulose could now be screened with antibodies against 

the protein of interest (pl30). I used the exact conditions for 

screening which I had found to be optimal in the first part of my 

experiment (1:50 Blotto:PRCA serum with autoantibody) and followed the

same protocol as outlined in Materials and Methods—Part I. Upon 

developing these filters using the ECL technique, any phage plaque

imprints which had reacted with the antibody appeared on

autoradiograms as solid dark circles (rather than clear circles).

These dark circles therefore corresponded to E. coli that had taken up 

the desired pl30 DNA (12).

Post-Primary Screening

Once a positive signal is identified in the manner described

above, the corresponding plaque on the agar plate can be picked and 

placed in 1 mL of SM buffer (+ 1 drop chloroform). 100 pL of the

phage was then combined with 300 pL E. coli, incubated 20 min at 37°C,

combined with top agarose, and poured onto plates once again for a

secondary immunoscreening process (12).

By the quaternary screening, the protein’s cDNA is expected to be 

pure; therefore, every plaque imprint should react positively at this 

point. Once this occurs, the protein is considered to be purified and

can consequently be sequenced and studied in detail (12).
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Results--Part II

The results of my titer were as follows: 500 plaques grew on the 

10 4 plate, indicating 5.0 X 108 plaques/mL. Therefore, I assumed that

£ my original working stock was 5.0 X 1010 plaques/mL.

Using this information, I decided to plate using the 10'4 and 10"5

library dilutions. The 10'5 plates yielded an optimum number of 

plaques, so I immunoblotted these and got one positive signal, indi

cating a possible recombinant. This autoradiogram is shown in Fig.

11.

Next, I removed this plaque from the agar plate and proceeded to 

do a secondary screening. The results are shown in Fig. 12; again, 

only one plaque appeared positive.

Discussion and Conclusions

My research proved successful in yielding the conditions

necessary for optimal detection of protein pl30 using immunoblotting

techniques. Previously, the protein had been detected only by

radiolabelling methods.

Much work remains, however, in the cloning of pl30 cDNA. I had 

adequate time only to begin immunoscreening for clones. I did 

identify one positive plaque imprint at the primary screening level,

• potentially indicating the desired fusion protein; this plaque was

replated for secondary immunoscreening. Yet, this did not result in 

an increased number of positive plaques, as would have been expected 

if the bacterium had indeed taken up the phage cDNA. Hence, further 

attempts at fusion and screening will be necessary for the cloning of
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Fig. 11: Primary Immunoscreening of 10 5 Library Dilution (potential
positive signal is circled).
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Fig. 12s Secondary Immunoscreening (IO'5) of positive plug (obtained 
from plate shown in Fig. 11.
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pl30 cDNA.

Once the cDNA for pl30 is successfully cloned, it can easily be

sequenced. Amino acid sequences with known functions can be

identified, providing information regarding the overall functioning of 

the protein itself and its possible role in erythropoiesis.
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