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ABSTRACT

A viable procedure was sought for agarose gel electro

phoresis and isoelectric focusing of human serum nroteins.
Normal control serum was obtained and comnared with a
marker through isoelectric focusing.

pi

Immunofixation of the

separated proteins was accomplished by overlaving of specific

antisera, which caused an antigen-antibody precipitant.

The

protocol was standardized using a series of trial dilutions
and can now be used in detection of serum protein deficiencies

and disorders, and immunoglobulin deficiency diagnosis. The
clinical applications of this procedure will have far

reaching effects.
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INTRODUCTION

Electrophoresis coupled with immunofixation of specific

serum proteins is a very useful clinical diagnostic techniaue
for the determination of many immunoglobulin and protein
deficiencies.

Isoelectric focusing, a method of separating

proteins on the basis of their neutral isoelectric point,

gives much higher resolution than regular clinical electro
phoresis.

This study is concerned with developing a procedure

to obtain highly defined protein bands using isoelectric

focusing, and then applying the immunofixation techniaue.

This results in a band of specific protein which may eventually
provide enough information to be used as a clinical diagnostic
technique for protein deficiencies.
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LITERATURE REVIEW

Electrophoresis is the most common form of protein
testing.

It involves the senaration of proteins through

migration in an electrical field, with subseauent staining
and analysis of the various fractions (Killingsworth et al.,

1980).

Since proteins are comprised of amino acids, thev are
canable of assuming positive or negative charges. Ionization
of carboxyl groups produces negative charges, whereas oroton-

iation of amino groups and imidazole groups results in
positive charges.

At a given pH,

there usuallv exist

positive and negative charges within a protein, except at the
pi (isoelectric point), resulting in a net charge (Fig.

1).

In an electromagnetic field, proteins migrate towards the

electrode of opposite charge at a rate proportional to the

net charge and inversely proportional to the mass of the
protein molecule.

Thus, the migration rates of the plasma

proteins differ, and on this basis some plasma protein
groups may be separated by electrophoresis (Johnson,

1983).

There are approximately 15 plasma proteins that can

be separated by electrophoresis at a pH of 8.6 (Fig. 2).
The pH is maintained at 8.6 so that all of the major proteins

migrate towards the anode.
can be separated include:

The major plasma proteins that
prealbumin, albumin,

antitrypsin, <x,acid glycoprotein,

o<.,lipoorotein,

«*^macroglobulin,

haptoglobin, £ lipoprotein, transferrin, fibrinogen, complement
factor C3, and immunoglobins IgG, IgM, and IgA.

o

Several

•

Fig. 1.
The net charge on two different proteins at
pH 9.
Each protein is composed of different amino acids
carrying different charges.
These charges are used to
separate proteins at a constant pH using electrophoresis
(LKB-Produkter AB, 1979).

3

albumin

«1 - antitrypsin
a2 - macroglobulin

haptoglobin

transferrin

fibrinogen
IgM

Fig. 2.
An agarose gel electroohoresis pattern showing
the 15 major proteins which have been isolated from the blood
serum, and the order in which they separate.
(Used with
permission from Dr. L.M. Killingsworth).
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patient serums can be seen in Figure 3.

The immunoglobulins and their corresponding antigens
can be used in the laboratory to aid in the diagnosis of

various diseases and the identification of abnormal serum

proteins.

These methods rely on the precipitin reaction to

measure and detect antigen-antibody complexes.

Under

appropriate experimental conditions, antigen-antibody
complexes precipitate.

Since antibodies contain two antigen

binding sites, when they are complexed with an antigen they
can form a cross linked mass.
of antigen to antibody,

precipitate (Fig.

Therefore at the proper ratio

the cross linked mass will enlarge and

4).

Arguembourg notes that these precipitin reactions are
the result of several attracting forces including Van der
Waals forces, hydrogen bonding, dipole interaction, electro
static interaction and the attraction between nonpolar

antigen and antibody surfaces (Millipore,

1974).

At the beginning of the antigen-antibodv reaction,
complexes between the antigens and antibodies begin to form.

This slowly forms into a soluble complex that eventually

expands into a visible precipitate.

There is usually an

optimum ratio of antigen to antibody to produce the maximum
amount of precipitate.

However, if there is an excess of

either antigen or antibody, the precipitate may begin to
dissolve (Millipore, 1974).

This precipitin reaction is the basis for many immuno

logical procedures including that of immunofixation.

In

Fig. 3.
Agarose gel electrophoresis of various human
patient serums.
Notice the separation of the individual
plasma proteins and the darkness of different bands indicating
abnormalities. A normal control serum was run on the far
left.
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Increasing Antigen

Fig. 4.
The amount of antigen-antibody complex that
precipitates with the increased addition of antigen.
The
amount of precipitate increases until it reaches a maximum
amount (maximum precipitin reaction) and then decreases with
excess antigen.
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immunofixation,

the protein-resolving power of electrophoresis

is combined with the specificity of antigen-antibody inter

action.

•

The proteins are first separated at a constant pH of

8.6 by the normal method of electrophoresis.

Then, once

the separation has occurred, antiserum is applied to the
bands and allowed to incubate.

As the antisera reach the

separated proteins, a lattice complex is formed and precipi

tates out.

Known concentrations of antisera are applied so

that only one specific precipitin reaction will occur on
each band.

All of the other proteins are then washed awav

leaving only the specific protein being tested for.

These

precipitin bands can then be used to provide qualitative

and semiquantitative information concerning the proteins in

patient serum, and can also be used to aid in the diagnosis
of several immunological dificiencies such as hvpo-gamma

globulinemias, polyclonal and monoclonal gammopathies.

An

immunofixation gel is shown in Figure 5.
Isoelectric focusing is another method of protein

separation based upon the charges of the molecules.

There is

a pH dependence of the charge on the various amino acid
residues (Saravis and Cook, 1979).

Carboxyl groups have a

net charge (sum of all positive and negative charges) of zero
at a low pH, but have a negative net charge at a high pH.

This is just the opposite with amino,

dinium groups.

imidazolium and guani-

These have a positive net charge at a low pH,

and a zero net charge at a high pH.

Edsall, cited in

(Johnson, 1983), claims the pH at which ionization of a
8

Fig. 5.
Immunofixation of a human serum sample using
anti-IgG, anti-IgM, anti-kappa chain and anti-lambda chain
antisera.
Notice there is only enough IgG and lambda chains
to facilitate a precipitin reaction.
This indicates an
IgG, lambda chain abnormality.

o

charged group occurs is affected bv its inherent nK (dis

sociation constant), other neighboring groups, the ionic

composition of the medium in which the protein is suspended

and the temperature.

Therefore, each ionizable group in a

protein has a critical pH at which there is no net positive
or negative charge.

6).

This is the isoelectric point (Fig.

Isoelectric focusing differs from conventional electro
phoresis in that instead of being carried out at a constant

pH,

separation occurs in a continous stable and linear pH

gradient (Saravis and Cook,

1979).

In the absence of a

buffer that maintains the pH at a constant level, proteins
will respond to an electrical field by separating or stacking
Each component becomes electrically

in order of the pi values.

neutral or uncharged when the system reaches a steady state
(Johnson, 1983).

In isoelectric focusing,

low-molecular

weight, carrier ampholytes are applied in an electrical
field.

These ampholytes will separate in order of their

pI

values with the most acidic ones towards the anode. The
protein sample when applied will migrate in this pH gradient

to its isoelectric point and focus there.

at its pi position,

When a protein is

it has no net charge and thus can not be

moved by the electric field.
protein zone by diffusion.

However, it may move out of the

For example, if a protein diffuses

towards the cathode, it will enter a region of greater pH
and will obtain a net negative charge.

The electric field

will then force the protein back towards the anode until it

reaches its isoelectric point.

10

This concentrating effect
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Fig. 6.
The differences in isoelectric points (pi)
of two proteins.
Protein A will migrate to where the pH is
5 whereas protein B will migrate to the position where the
pH is 8.
This is the basis of isoelectric focusing (LKBProdukter AB, 1979).
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is one of the great advantages of isoelectric focusing,
it produces sharp,

stable protein zones.

since

Also, due to this

concentrating effect, much smaller amounts of protein samples
are needed, during the sample separation,
a visible band.

in order to obtain

These samples can be applied anvwhere on the

gel since they will migrate to their isoelectric point and
focus there.

In order to get good separation of proteins, it is

important to pay special attention to the carrier ampholytes
used.

First of all,

the carrier ampholytes must have even

conductivity to maintain a constant flow of current throughout
the system to produce even field strength and to prevent
high local resistances which may result in overheating.

Ampholytes must also have a high buffering capacity to overcome

any influence that the proteins may have on the pH of the
system.

Also,

it is necessary to have many different ampho

lytes with different isoelectric points to-cover the entire

pH range that one is interested in.

Commercial ampholytes

are available in narrow or broad pH ranges (Saravis and Cook,

1979).

The degree of resolution received with isoelectric

focusing is dependent upon the steepness of the pH gradient,
the electric field strength, and the number of different

ampholytes in the isoelectric points of interest (Johnson,

1983).

Therefore, in order to separate two proteins with

similar isoelectric points,

there must be at least one

ampholyte with a pi between the two being separated, and the

12

pH range must be narrow enough so the separation can be seen.

There are many different support media used for iso
electric focusing including agarose, acrylamide and an

•

agarose-acrylamide mix.

Polyacrylamide gels are most often

used for analytical work, however, agarose gels have a much
larger pore size so are more practical for use with large

molecular weight proteins such as IgM and afjniacroglobulin

(Johnson,

1983).

This makes agarose gels ideal for work with

immunoglobulins and immunological studies. When using agarose
the final gel, after separation, can be dried and then saved
and used repeatedly in various clinical routines.

13
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METHODS AND MATERIALS

A normal control blood serum was used as a standard

for the different runs of isoelectric focusing.

A protein

mixture of known concentrations was also prepared.

This

"combo juice" was prepared bv adding lOOmg ^-globulin, 400mg

albumin and 50mg transferrin to 10ml of phosphate buffered
saline solution.

The phosphate buffered saline was prepared

by dissolving 5.69g Na2HP0^, 1.32g KH2PO4 and 5.85g NaCl in

one liter of deionized water.

The serum was diluted using

normal saline solution according to Table 7.

The antiserum

was prepared by diluting the needed antiserum with normal
saline according to Table 7.

GelBond film was used to bind the agarose used to run

the isoelectric focusing.

First of all, a clean glass plate

was wetted with a few drops of deionized water.

The GelBond

film was placed (hypdrophilic side up) on the plate, and

rolled flat using a rubber roller.
any air bubbles or excess liquid.

This was to eliminate

Any liquid remaining on

the film was removed by blotting the plate with a tissue.

Another glass plate with a 0.5mm shim attached on the longest
sides was placed on top of the glass and GelBond,
about 0.5in on each side.

leaving

The entire assembly was clipped

together with two binder clamps, one on each side, and then
placed in the oven and heated to 70°C.
The agarose gel was prepared by using IsoGel, an

agarose medium developed by the Marine Colloids Divisions
14

Table 7.
Dilution table indicating the various dilutions
needed to prepare the serum samples and the antisera for
isoelectric focusing and immunofixation of serum proteins.

SPECIFIC PROTEIN

Albumin
- 1-Antitrypsin

SAMPLE DILUTION

ANTISERUM DILUTION

X800

X4

X 20

X2

Haptoglobin

X

6

X2

«<-2 Macroglobulin

X

5

X3

Transferrin

X 20

X3

c3

X

6

X2

C4

X

3

X2

IgG

X 10

X9

IgA

X

5

X5

IgM

X

5

x2
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of the FMC Corporation in Rockland, Maine.

Sorbitol was also

included in the solution to reduce the effects of electro-

endosmosis of the gel.

Three tenths g of agarose IsoGel

and 3.6g sorbitol were measured into a 125ml Erlenmever
flask along with 27ml deionized water.

This mixture was

heated to boiling and stirred using a magnetic stirrer/hot

plate.

While the agarose solution was heating, 1.9ml

ampholine ampholyte (pH 3-10) was placed in a 50ml beaker.

The hot agarose was poured into the ampholytes and mixed
well.

A syringe was heated in the oven to 70°C.

When the plate/GelBond assembly and syringe was hot,
the syringe was filled with 30ml of the agarose-ampholyte
solution.

The plate was held at a 30° angle with the counter

top, and the hot agarose solution was allowed to run into
the plate assembly via capillary action. The gel was allowed

to harden for 30 min, then placed in the refrigerator for

another 30 min.

Once the gel was set, the assembly was

placed on the counter with the shim and glass nlate up. The
top plate was pried up and removed.

Before the serum sample was applied, the entire gel was

blotted using filter paper (Whatman #10). This is done to
remove excess fluid which could lead to short circuiting

between the electrodes.

The ends were trimmed off the gel.

Next, an overlay (sample application foil), with slits in

the center of the blotted area, was applied and sealed to the
gel by gently pressing with a dry tissue. The purpose of

16

the sample application foil is to insure that a controlled

amount of sample enters the gel uniformly. Using a micropettor,

4.0ul samples were applied in the slits.

A pi marker was run

on each plate, preferably in the center.

After the samples

had dried, the overlay was removed and washed in soapy water
and rinsed in deionized water.
The apparatus used was an LKB 2117 Multiphor electro

phoretic and isoelectric focusing chamber and safety covers
along with an LKB 2197 Electrofocusing constant power supply.
Current was applied to the gel through two platinum wires

on a plastic guide that sits over the top of the gel.
Cooling of the gel was accomplished bv an LKB Multitemp

bath circulator containing a solution of antifreeze which
maintains a temperature between 8°C and 10°C on the cooling
plate in the chamber.

A plastic isoelectric focusing guide was placed on the
cooling plate of the apparatus with a thin film of kerosene

insulating fluid in between.

It is important that there

be no air bubbles in between.

A thin layer of kerosene

was also placed on top of the guide with the agarose gel on
top of this, GelBond side down.

The cooling system flow and

temperature were checked periodically.

Two electrode strips were cut slightly shorter than the
length of the gel.

The first strip was saturated with a 0.5M

acetic acid solution prepared with 3ml acetic acid and 100ml

deionized water.

This strip was placed on the anode guide

line and pressed firmly in place.
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The second strip was

saturated with a 1M sodium hydroxide solution prepared with
4g NaOH and 100ml deionized water.

firmly in place.

This was also pressed

The cover was placed over the gel, and the

anode and cathode were attached.
covered with the safety cover.

The whole chamber was
A pressure bar was inserted

in holes of the safety lid to insure good contact between

the electrodes and the electrode strips.
To begin the focusing,

the power supply was turned on,

the voltage and current were set to maximum and the power
was set to zero.

the power knob.

Then the voltage was set to 500 by adjusting

The gel was then focused for 30 min.

After

30 min, the power should read between 16 and 19, the voltage
between 1000 and 2000 and current between 10 and 20.

The

voltage and current were checked periodically during the run.
When the run was complete, the electrode strips were removed

and discarded, and the plate removed from the chamber.

While the gel was focusing,

strins of Whatman filter

paper were cut 1cm wide and long enough to cover the banding

pattern on the gel.

applied,

One was cut for everv sample that was

including the pi marker.

When the gel had been

removed from the chamber, the strips were placed to cover the

zone known to be occupied by the protein under study, making
sure there were no air bubbles underneath.

One hundred ul

of diluted antisera were applied to the appropriate strip.
One hundred ul of fixative, prepared by adding 180ml methanol,

30g trichloroacetic acid and 90g sulfosalicylic acid to 300ml

deionized water, was applied to the strip on the pi marker.

18

Care was taken to insure that the adjacent strips containing

different antibodies do not touch.

The gel and strips were

then placed on a rack in a 45°C water bath for 1 hr.

•

The

gel was covered carefully with a reagent dish to prevent

drying.
After 1 hr, the filter paper strips were carefully

removed from the gel.

Then the gel was covered with a

piece of blotting paper which had been moistened with

deproteinizing buffer.

blotting paper,
1 kg weight.

This was followed bv a dry piece of

several paper towels, a glass nlate and a

Press drying was carried out for 10 min, the

paper towels were removed, and the blotting paper was re

moistened and removed carefully.

The gel was then placed

in a nan of deproteinizing buffer for ten minutes.

This

entire press drying process was repeated one more time, to
remove the ampholytes from the gel.

The deproteinizing

buffer was made by mixing 11.28g sodium phosphate dibasic
heptahydrate, 48.Og sodium chloride and 0.48g sodium phosphate

monobasic.

This was diluted with 6.01 of deionized water.

After the press drying,

the gel was placed in a pan of

deionized water for 5 min to wash out anv buffer salts.

The

gel was then removed from the water and dried in an oven until
completely dry.

Once dry,

a 0.2% Coomassie stain.

the gel was stained for 5 min in

Then the gel was placed in the de

stain solution until the background was clear.
solution was made up of 1500ml methanol,

The destain

500ml acetic acid

The 0.2% Coomassie stain was

and 3000ml deionized water.

19

prepared by adding 0.8g Coomassie Brilliant Blue R to 400ml
of destain solution.

After the gel was destained,
oven to dry.

it was placed back in the

Once dry, it is ready to be analyzed for its

different protein bands.

20

RESULTS AND DISCUSSION
Since the main Durpose of this project was to design
a procedure to produce a high resolution isoelectric focusing
gel,

the majority of my time was spent changing solutions and

concentrations to obtain the best gel.

After several trial

runs using many different isoelectric focusing protocols, a
final procedure for obtaining optimal isoelectric focusing
gels was completed.

This procedure and the materials and

solutions used are found in the "Methods and Materials"
section of this thesis.
Once the final gels were obtained (Fig.

containing the

pi

8), the band

marker was compared to a pi marker graph

with known isoelectric points for the known markers (Fig.

9).

The isoelectric points on the ol marker gel were then determined
and plotted on a graph against their distance from the cathode
(Fig.

10).

If the graph is linear, the migration of the

proteins and markers is complete.
Once gels with good resolution and separation of proteins

were obtained, I began working with the immunofixation pro
cedure.

The biggest problem here was determining the correct

dilutions for the samples and the antisera to get a well

defined protein band.

Once again, a system of trial and

error was used, beginning with the dilutions used in immuno-

fixation with regular agarose electrophoresis.

are recorded in Table 7.

The results

The greatest difficulty was in

finding a proper dilution for the IgG protein, but it was

finally determined at a sample dilution of 9X and an antisera
21
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Fig. 8.
Isoelectric focusing gel showing distinct
protein bands.
A normal control serum and a prepared
"combo juice" \>rere used as samples.
A pi marker was also
run on the gel and the pi of each band was determined by
comparing it with an IsoGel chart.

Cathode

Lane 1

Lane 2

Lane 3

Lane 4

Lane 5

Lane 6

+ Anode

Samples:
Lane 1:
Lane 2:
Lane 3:
Lane 4:
Lane 5:
Lane 6:

Pl

Cytochrome C.
Horse myoglobin.
p-Lactoglobulin.
Mixture of marker proteins.
Ovalbumin.
Amyloglucosidase.

Fig. 9.
IsoGel chart indicating the known pi value of
the marker, and migration distances of the known proteins.
This can be used to determine the pi values of the pi marker
run in individual gels.
(Used with permission from FMC
Corporation)
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Di value

Distance from cathode (cm)

Fig. 10.
The pi gradient set up by the ampholytes in
the agarose gel.
It is determined by measuring the distance
the pi marker traveled from the cathode and plotting it
against the known pi value for that band.
A fairly linear
graph indicates a good ampholyte gradient. This is the
gradient set up by the ampholytes in the gel in Fig. 9.
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dilution of 10X.
In deciding on the proper dilutions,

account the precipitin reaction.

I had to take into

The amount of protein

precipitate increases with increased levels of antigen, peaks

and then drops off again.

Therefore the dilution decided

upon must give the peak amount of precipitation.

If there is

an antigen excess or deficiencv the protein band will not be

solid and distinct (Fig.

11).

All of the dilutions I deter

mined give clear, precise protein bands with the exception of

the IgG band.

These bands can be seen in Figure 12.

Once the dilutions were determined, the isoelectric

point of the specific proteins was determined by comparing
it with the

pi

marker.

These results are recorded in Table 13

25

Frg. 11.
The precipitin reaction can be seen- in this
gel.
There was an antigen-antibody excess resulting in a
clear zone in the middle of the protein bands on the left.
The proper amount of precipitate was obtained in the bands
on the right, resulting in a high resolution band,
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Various bands indicating the proper:dilutions
of each of the different proteins.
These are the bands used
to prepare Table 7, and to establish the standard by which
patient serums could be compared.
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f

Table 13.
The determined pi values for the ten proteins
used in this experiment.
These values were obtained by
comparing the migration distance of the individual bands to
the known pi value of the marker dve.

SPECIFIC PROTEIN

DETERMINED pi VALUE

Albumin

4.8
4. 2

-1-Antitrypsin

Haptoglobin

4. 6

c* -2 Macroglobulin

5.2

Transferrin

5.3

C3

6.8

C

6.9

4
IgG

8.2

IgA

6.1

IgM

7.5
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CONCLUSION

The main purpose of this experiment was to develop a

method for obtaining high resolution electronhoretic gels and

apply the immunofixation technique to this to isolate
separate proteins, and this was accomplished. Much more work
is required, however, before the clinical application of this

I found a standard for each of

procedure will be feasible.

the ten proteins that were tested for, but never actually

ran patient serums.

Many runs need to be done using different

patient serum to see if variations in the banding patterns
actually do occur.

In addition, isoelectric focusing using

ampholytes of other than pH 3-10,

should also be tested.

Despite the fact that the research has not been completed,
the outlook for the final results is promising. Immunofixation

of electrophoretic gels has played a significant role in

the clinical dianosis of protein and immunoglobulin deficien

cies.

Since isoelectric focusing is a relatively easy

procedure and gives high-resolution, well-defined protein

bands,

it has great potential as a clinical procedure

when coupled with immunofixation.

Not much work has been

done with isoelectric focusing in clinics, but these new
procedures could lead to its emergence as a reliable tool
in the near future.
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