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ABSTRACT

This research project was designed to examine new 

possibilities for adapting two-dimensional immunoelectro- 

phoresis to clinical situations, much as has been done 

with standard one-dimensional electrophoresis over the 

past several years. The hypothesis was that by using 

a gel medium with relatively no electroendosmosis, the 

immunoglobulins would become visible for evaluation with

two-dimensional techniques.

Results show that, although more work is necessary

to refine the process, the immunoglobins do, indeed, become 

visible in two-dimensional assay procedures using this 

gel. This method shows a great deal of promise for future 

clinical acceptance of two-dimensional electrophoretic

techniques.
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INTRODUCTION AND LITERATURE REVIEW

Protein study through electrophoresis has, indeed, 

proven to be a valuable addition to the already extensive 

battery of tests used clinically to evaluate human disease 

conditions. Electrophoresis provides a relatively clear 

profile of up to 15 major proteins present in plasma, 

and varying numbers of other proteins in other body fluids. 

This technique of separating proteins based upon their 

migration through an electric field has, in fact, become 

one of the most common forms of protein testing currently

used.

The 15 or so proteins consistently identified by 

serum electrophoresis have all been extensively studied.

Most of them have been found to be clinically important 

and are the subjects of routine immunochemical tests (1). 

These proteins are particularly useful because they are 

all present in fairly high concentration in the serum 

and can be rather easily quantified through densitometric

techniques. This quantification of protein through scanning 

the density or amount of protein material present in the 

electrophoretic pattern is, however, limited to groups 

of proteins which migrate to a common region, though are

not necessarily related in clinical capacity. This quanti-
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tative examination of major groups present in the electro

phoretic pattern, together with quantitative examination 

of individual protein bands, yields an excellent overall 

evaluation of the patient's protein condition. Serum 

contains many more than just the 15 proteins referred 

to here, but they are present in amounts too small to 

be measured distinctly by present technology (1)

Much of the clarity and dependability of electrophor

etic techniques used in many clinical laboratories is 

due to the use of Agarose gel as a support medium. Agarose 

is a refined polysaccharide extracted from red seaweed 

[Rhodophvtal 1) (7). It has proven to be a very versatile

support medium for electrophoresis and other applications 

(to be discussed below). Agarose assures a high degree 

of reproducibility of results from one run to the next. 

Perhaps even more important is the clarity of results 

which permits very accurate visual interpretation for 

qualification of proteins, even with very faint protein 

bands. The gel made from Agarose is a very easy handling 

and a tough gel which can be made at concentrations as 

low as 0.1 percent through an easy process of preparation. 

Agarose gels are macroporous, allowing migration by even 

large protein molecules. In addition, the low degree 

of specific protein binding eliminates nearly all artifacts 

and background staining (7). All of these characteristics 

make Agarose gels easy for the technician to handle and

consistent in providing high quality results.
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Fig. 1 illustrates the Agarose gel electrophoresis 

pattern of normal human serum. The 15 major proteins 

identified are those most commonly used in electrophoretic 

evaluation of protein condition. Some of these are meta- 

bolically related, but only a few, such as the gamma globu

lins (immunoglobulins) share clinical significance (1).

The clinical applications of electrophoresis are 

too numerous to mention and are far beyond the scope of 

this report. There are, however, some applications which 

are vital to, and in fact, the reason for this project

to have been undertaken.

Killingsworth et al. , 1980, in their series on protein 

analysis of various body fluids, provided a core background 

which was the basis for the creation of the research project

which is to be described in this report.

In general, any inflammatory response by any tissue

to any specific damage or necrosis will be reflected in

the composition of plasma proteins. Certain disease condi

tions also manifest themselves in characteristic protein

content variations of various other body fluids as well. 

The changes seen in protein profiles follow the progression 

of the disease through subacute, acute, and chronic stages 

and can be used to identify these distinct phases (1). 

This distinction is made possible by the fact that certain 

of these characteristic plasma proteins vary in their 

concentrations according to the particular phase of inflam

mation. Of course, this is not always a clear cut distinc-
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tion as the inflammation might well be in transition, 

there may be multiple disease conditions present, and 

different proteins may represent different phases in differ

ent conditions. However, after enough experience with 

these different conditions and their reactions, the expert 

is able to gather much information about the condition 

and its present state of inflammation from the protein 

analysis.

The immunoglobulins IgG, IgA, and IgM are among the 

now familiar 15 or so normal components of blood serum 

regularly examined by electrophoresis. These molecules 

differ from others present in the pattern in that they 

migrate cathodally in the electrophoretic field rather 

than anodally along with the rest of the serum proteins. 

This seemingly backward migration is due to the electro

endosmosis of the gel medium which will be discussed in 

greater detail later in this report. This cathodal migra

tion makes the immunoglobulins quite easy to distinguish 

from the other serum proteins which makes them potentially 

useful for examination in reference to inflammatory condi

tion monitoring. In fact, the immunoglobulins are quite 

valuable as an indicator of several types o.f inflammatory

conditions.

Killingsworth et al., 1980, reported, as part of

their series on clinical proteinology, on electrophoretic

examination of patients with kidney diseases and conditions 

which show kidney overflow of various serum protein compo
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nents into the urine. In such conditions it is possible 

to characterize the particular inflammatory reaction through 

examination of serum protein condition. As their second 

case study showed, a 63-yr.-old male patient had a serum 

electrophoresis showing a marked decrease in the amount 

of gamma globulin (IgG, IgA, and IgM) present when compared 

to normal levels. The subsequent bone marrow biopsy showed 

a mild case of a classical myeloma pattern present. The 

other serum electrophoresis proteins showed a condition

of mild acute inflammation. Further immunochemical studies

revealed the myeloma to be confirmed as a monoclonal gam- 

mopathy. This condition is caused by hyperproliferation 

of a single plasma cell clone which occurs at the expense 

of other cell types. This leads to the synthesis of greater 

than normal amounts of one homogeneous immunoglobulin

or subunit. In this case, the gammopathy was of the lambda 

light chain component of the gamma globulin molecules. 

The decrease in whole gamma globulin molecules in the 

patient's serum was a direct indicator of his disease

condition (2).

Fig. 2 shows a comparison of the serum electrophoresis

patterns of normal serum and that of the lambda light 

chain disease patient (2).

In the serum electrophoresis patterns of monoclonal 

gammopathy as well as many other diseases which show fluc

tuations in immunoglobulin levels, it should be made clear 

that the pattern demonstrated by the rest of the plasma



Fig. 2. Agarose gel electrophoresis pattern comparison.
Demonstrates protein appearance of lambda light 
chain disease and that of normal serum control 
(NSC). (Killingsworth et al. , 1980; used by
permission)
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proteins is very important in the evaluation process. 

The reason for not elaborating upon that fact is simply 

that the focus of this report is directed more toward 

the gamma globulins than the rest of the plasma proteins, 

although some of these proteins are certainly valued as 

sensitive indicators of various disease conditions as

well as the gamma globulins.

Another condition which Killingsworth et al. , 1980,

described as one partially indicated by fluctuations in 

all three gamma globulins present is cirrhosis of the 

liver. The most common protein change associated with 

the cirrhotic process is an increase in IgG, IgA, and 

IgM. Increases of IgM occur less frequently than those 

of IgA, which shows the most prominent increase, or those 

of IgG (1). This increase of immunoglobulin seen in cirr

hosis is not only an indicator of liver disease, but it

distinguishes the cirrhotic condition from various other 

types of inflammatory responses seen associated with liver

disease. These other conditions manifest themselves through

variations in other plasma proteins indicating the nature

and degree of the particular inflammatory response.

Fig. 3 shows a comparison between serum protein elec

trophoresis patterns of normal serum and that of a liver 

cirrhosis patient (1).

The category of protein-losing disorders includes 

many diseases which disrupt kidney function to the point 

where certain proteins "spill" through the kidney filter



Fig. 3. Agarose gel electrophoresis pattern. Demonstrates 
pronounced increase in levels of gamma globulins 
seen in serum of a liver cirrhosis patient. NSC = 
normal serum control. (Killingsworth et al. , 
1980; used by permission)
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system, whereas others are abnormally retained. Nephrotic 

syndrome is one such condition. As a result of this condi

tion, losses of smaller molecular weight proteins occurs, 

and, as a result, hepatic synthesis of some larger molecular 

weight proteins occurs. As seen with the gamma globulins, 

IgG usually shows a decrease, whereas IgM levels are elevat

ed in relation to smaller molecular weight proteins. In 

general, this condition causes overall hypoproteinemia 

of the plasma (1).

Fig. 4 shows a comparison between serum protein elec

trophoresis patterns of normal serum and that of a patient 

with nephrotic syndrome (1).

There are many other disease conditions which can 

be, in part, identified by immunoglobulin study through 

electrophoresis. It should be clear by now that these 

particular molecules are, indeed, an important clinical 

tool to be used in the diagnosis of various disorders. 

It should also be clear that electrophoresis is an important

practical method of quantification and of qualification

of these proteins.

There is, however, another type of electrophoretic

technique which has been used to examine the nature of

immunoglobulins as associated with various diseases. Through

the study of sera from patients with various myeloma diseas

es, the positions of IgG, IgA, and IgM have been established 

in two-dimensional electrophoretic patterns (6). There

are variations of this method, but the premise is that



Fig. 4. Agarose gel electrophoresis pattern. Demonstrates 
decreased IgG, increased IgM seen in serum of 
a nephrotic syndrome patient. NSC = normal serum 
control. (Killingsworth et al., 1980; used by
permission)
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an electrophoresis is done in one direction on a particular 

sample. Following this, a second electrophoresis is done 

with the same gel and sample in a direction perpendicular 

to that of the first electrophoresis. Thus, a much greater 

separation of the constituent proteins can be achieved. 

The specific method used in connection with this report

will be described in detail in a later section. Two-dimen

sional electrophoresis, with its high resolution capability, 

has been applied to protein identification in many of 

the same cases as has electrophoresis. Some investigators 

such as Jellum and Thorsrud have also applied the technique 

to some more highly specialized testing functions. They

have used two-dimensional electrophoresis to search for 

tumor related proteins in biopsies of cancerous tissues, 

and pre-cancer sera samples. The patterns derived from 

this research may eventually carry important diagnostic 

information (6). But, despite this and other research 

efforts in this area of study, two-dimensional electrophor

esis is not yet applicable to routine analysis of serum

proteins, particularly the immunoglobulins.

There has been an effort in some laboratories to

establish this technique as a routine tool for clinical

evaluation of serum protein condition. There .is one such

laboratory at Sacred Heart Medical Center, in Spokane,

Washington, where this work was done. Their experimentation 

was done on a variation of the two-dimensional electrophor

esis technique which makes use of antigen-antibody reactions
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in order to further enhance the capabilities of clinicians 

to evaluate protein condition. In this technique, the 

first dimension electrophoresis is run in a standard Agarose 

gel. Then the second dimension electrophoresis is run 

(after turning the gel 90°) into a section of Agarose 

gel containing anti-whole human plasma anti-serum (3). 

This method allows further visual inspection and interpreta

tion of patient protein condition. This procedure is 

known as two-dimensional immunoelectrophoresis (2D-IEP).

As was mentioned earlier, a phenomenon known as elec

troendosmosis occurs as a part of every electrophoretic 

run. In this phenomenon, positively, charged ions (cations) 

will migrate cathodally once the electric field is applied 

to the electrophoresis medium. This flow of cations also 

carries associated water hydration along with it, creating 

a general flow counter to the general electrophoretic 

direction. At pH 8.6 (usually used for electrophoresis), 

most serum proteins possess an overall negative charge 

which causes them to migrate anodally in the electric 

field. The end result, separation of the proteins, is 

based upon this and the molecular weight of the proteins. 

Proteins of higher molecular weight migrate more slowly,

and proteins with higher negative charge migrate more

quickly.

The gamma globulins exhibit a net charge which is 

positive enough in relation to other serum proteins to 

place them at the furthest location cathodally of all

CARROLL COLLEGE LIBRARY. 
HELENA, MONTANA 5962.5
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the serum proteins. This is the basis for their character

istic position in the electrophoresis pattern.

In 2D-IEP, because of their cathodal position, the 

immunoglobulins are often virtually lost in the second 

dimension run. Therefore, it was the intent of this re

search project to discover a method of 2D-IEP which would 

allow observation of the immunoglobulin molecules.

It was our hypothesis that if a gel medium could 

be used which had little or no electroendosmotic effect,

that is it contained no inherent cationic entities to

create the cathodal flow, these immunoglobulin molecules 

would migrate anodally along with other serum proteins

and, thus, become visible for evaluation by 2D-IEP.

Fig. 5 shows a 2D-IEP pattern of normal serum (5).



Fig. Two-dimensional immunoelectrophoresis pattern of nor
mal serum. Circled is area gamma globulins are
lost from medium electroendosmosis (standard)
gel. (Killingsworth and Schemmel, 1983)

15



MATERIALS AND METHODS

The electroendosmosis-free gel which was used in 

this study was IsoGel, an Agarose gel medium developed 

by the Marine Colloids Division of FMC Corporation, a 

specialist in the development of Agarose media biochemical 

and immunochemical protein separation. The IsoGel shares 

all the desirable characteristics of an Agarose medium 

such as consistent reproducibility, easy gel formation 

at low percentages, good practical use in thin layers, 

all in addition to having virtually no electroendosmosis.

The first step which was necessary in this process 

of evaluation of the practical applications of IsoGel 

to the process of 2D-IEP illucidation of gamma globulins 

was to use the IsoGel in standard electrophoresis. It

was reasonable to assume that if electrophoresis in IsoGel 

showed no cathodal migration by immunoglobulin molecules, 

then there would be every reason to believe that a 2D-IEP 

using the IsoGel would be successful.

The electrophoresis was done in barbital buffer main

tained at pH 8.6. At this pH most serum proteins hold 

a net negative charge and so can be expected to migrate

anodally.

The Agarose IsoGel was prepared at 1.0% by dissolving

16
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0.05 g Agarose in 50 ml of the barbital buffer (50 ml 

is a sufficient amount for three electrophoresis gel plates 

which are 1/32 in. thick). Vertical wicks for the electro

phoresis chamber were cast from 1.5% standard medium elec

troendosmosis (ME) gel in order to maintain contact between 

the electrophoresis gel and the buffer chamber underneath. 

The gel plates were cast upon Mylar films precoated with 

an Agarose layer to provide excess adherence of the gel 

to the film as it solidifies. The Mylar was part of an 

assembly made of a bottom glass plate (Mylar film laid 

on glass precoated side up) and a top plexiglass plate; 

the two being separated by a 1/32 in. plastic shim. The 

assembly was bound by binder clamps (5/8 in. capacity) 

and the shim was open on one long side through which the 

gel solution was pipetted. The finished gel plate, once 

cooled and trimmed, was approximately 18 cm by 9 cm.

The standard electrophoresis procedure which was 

followed called for sample (serum in this case) applications 

of 4.0 ul and 1.0 ul applied through an overlay foil with 

application slits uniformly spaced. Once the sample appli

cations, along with a normal serum control and a marker 

dye (bromphenol blue) to detect length of migration, was 

dry, the run was made.

The apparatus used was the Medical Research Apparatus 

electrophoresis chamber and the safety cover with a Heath 

Schlumberger power supply. A Masterline water bath circu

lated antifreeze solution at 7°C beneath the gel cooling
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surface of the chamber in order to maintain the gel struc

ture (prevent netting by the electric current).

The electrophoretic run of about 3.0-3.5 cm from 

the point of application required a voltage of 250 V at 

a current of 100 to a maximum of 125 ma for 25-30 min. 

This separation procedure has been found, by means of 

much trial and error over the past few years of clinical 

application, to be the most ideal for visual and densito

metric evaluation of the protein patterns.

Once the electrophoresis was complete, the gel was 

soaked for 20 min in a fixative/destaining solution of 

45% methanol, 10% glacial acetic acid, and 45% distilled 

deionized water in order to fix the migrated proteins 

in place. Then the gel was washed in a tapwater bath 

for 15 min. to wash out any remaining salt solutions. 

Then 15 min. of staining in 0.25% amide black stain followed 

by sufficient destaining (in forementioned solution) to 

clear the background completed the process (4).

Once IsoGel had been established as providing expected 

results in electrophoresis (no cathodal migration by immuno

globulins), the next step was to use it in two-dimensional 

immunoelectrophoresis with the hope of finding an acceptable 

method for producing the two-dimensional separation of 

immunoglobulins.

The 2D-IEP was run using the same apparatus as the 

standard electrophoresis. However, there were some proce

dural changes which made the 2D-IEP a much different pro-
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cess.

The Agarose IsoGel was again prepared at 1% with 

0.05 g in 50 ml barbital buffer. The Agarose was heated 

to boiling on a heated stirring plate, then cooled to 

80°C under tapwater before being transferred to the gel 

plate assembly. This preparation process is also followed 

for all the standard electrophoretic runs and was used 

in the one-dimensional electrophoresis using IsoGel. For 

the 2D-IEP process, 9.9 ml of the 1% Agarose (IsoGel) 

was transferred to another flask and further cooled to 

56°C under tapwater. Immediately added to this was 1.1 ml 

of antibody (DAKO anti-whole human serum) which had been 

prewarmed to 56°C. Once mixed, the gel solution was 10% 

antibody in 1% Agarose IsoGel. This solution was trans

ferred immediately to the gel plate assembly in order 

to avoid premature gelling.

The plate assembly for the 2D-IEP process is of the 

same construction as that of the standard electrophoresis,

but is smaller at 10.6 cm square.

The plated gel was allowed to cool for about 1 hr 

under refrigeration. Meanwhile 10 ml of 1% Agarose IsoGel 

was prepared without antibody to cast a strip onto the 

gel for the first dimension electrophoresis run. The 

gel was then removed from the plate assembly and a 2.0- 

2.5 cm wide strip was cut out across the top of the gel 

which was then placed in the plate assembly. The newly- 

prepared 1% IsoGel was then cast into the top end of the



20

gel plate assembly. The assembly was then cooled under 

refrigeration again for 1 hr.

Once the gel was removed from the assembly, a 2 mm 

well was punched in the antibody free strip at about 3 mm 

from the interface with the antibody containing gel.

Fig. 6 presents a diagrammatic representation of 

the well location.

A sample volume of 2 ml was placed in the well in 

preparation for the first dimension electrophoretic run. 

The gel was placed on the cooling surface of the electro

phoresis chamber (gel side up) and migration is anodal 

so the gel with application well was situated appropriately. 

In this technique as well as in the standard electrophoresis 

procedure, double layer strips of filter paper were used 

as horizontal wicks to make a connection between the gel 

and the vertical gel wicks which make contact with the 

buffer chamber. This first step in the 2D-IEP process 

was run at 250 V and 100-125 (maximum) ma until the proteins 

had migrated 6.0-6.5 cm from the application well. A 

running time of 40-45 min. was found to be ideal for this

separation.

For the second dimension run, the horizontal wicks 

were replaced as the gel was turned so that the anodal 

migration of proteins would force them into the antibody 

containing gel. This run was made at 30 V and 17 ma for 

approximately 17 hr.

Once the electrophoretic process was complete, depro-
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teinizing, press-drying, and staining of the gel were 

done. The gel was first placed in deproteinizing buffer 

in order to wash out any excess protein which had not 

reacted to form antigen-antibody complex with the antibody 

in the gel. The deproteinizing buffer was made of sodium 

phosphate (dibasic heptahydrate 11.28 g), sodium chloride 

(48 g), sodium phosphate (monobasic 0.48 g) , and sodium 

azide (0.6 g), all diluted to 6-liters with dionized water. 

The gel was deproteinized for 20 min. Following this 

process, the gel was press-dried in order to remove excess 

antibody from the gel which would cause excess background 

staining later in the process. Because the IsoGel appeared 

to be quite fragile and, thus, prone to damage by press

drying, a considerable amount of experimentation with 

this process was necessary. The best method arrived at 

involved placing the gel on a glass plate (gel side up) 

and covering it with a double layer of wet (with depro

teinizing buffer) filter paper, then a double layer of 

dry filter paper (Whatman #10). Another glass plate covered 

this assembly and a half full 1-liter water bottle placed 

on top for weight. This step lasted 20 min, followed 

by another 20 min of press-drying. This cycle was repeated

a total of three times.

The gel was then placed in a water wash for 15 min 

to wash out excess buffer salts in the gel. Then the 

gel was dried in an oven at 60°C.

The gel was finally stained with 0.5% coomassie bril
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liant blue R for 10 min, followed by 

usual solution until any background 

The 2D-IEP completed gel was then ready

and evaluation of results.

destaining in the

stain disappears.

for interpretation



RESULTS

Under standard conditions, electrophoresis on IsoGel 

showed no cathodal migration of the immunoglobulins. Rather, 

they showed basically no migration or very slight anodal 
migration.

Fig. 7 shows this IsoGel electrophoresis run and 

the position of the immunoglobulins (5).

The results of the 2D-IEP on the IsoGel were very 

encouraging. The immunoglobulin peak, which is usually 

lost in cathodal migration, was clearly visible in the

IsoGel run.

Fig. 8 shows the IsoGel 2D-IEP as compared to the 

previously shown 2D-IEP run on the medium electroendosmosis 

gel (5). Comparison of these two results show that the 

immunoglobulin peak on the IsoGel begins in an area approxi

mately corresponding to where it is lost from view in 

the lower corner of the standard gel. Thus, it is quite 

likely that this peak not seen in the standard electrophor

esis was, indeed, that representing the immunoglobulins 

IgG, IgA, and IgM.

24



Fig. 7. Agarose gel electrophoresis showing lack of catho
dal migration of immunoglobulins on IsoGel. 
Astarisk indicates approximate point of sample 
application with cathodal area being below. (Kill
ingsworth and Schemmel, 1983)

25



Fig. 8. Two-dimensional immunoelectrophoresis patterns 
showing area of gamma globulin loss from medium 
electroendosmos (circled area on left) compared 
to reclaimed gamma globulin peak on IsoGel (astar- 
isk peak on right). (Killingsworth and Schemmel, 
1983)

26



DISCUSSION

The results achieved in this experiment are not entire

ly conclusive. The 2D-IEP run with the IsoGel did show 

a peak not seen in the control experiment with the standard 

electrophoresis on medium electroendosmosis gel. However, 

due to the limitations of time placed on this project 

which restricted extensive persuance of repeated results, 

it has not been established definitely that this result 

is, in fact, what it appears to be. However, the proximity 

of the suspected immunoglobulin peak seen on the IsoGel 

to the area on the medium electroendosmosis gel where 

the immunoglobulins are lost is a strong indication that 

this new peak is, in fact, immunoglobulin.

I believe that further testing of this result will 

prove this experimental result repeatable. It would not 

be difficult to devise the preparation of gels made of 

IsoGel which contain antibody specific for the immunoglobu

lins and to run 2D-IEP's repeatedly under these conditions 

to attempt to show that this newly discovered peak is 

that of the immunoglobulins, and not an artifact produced 

by some extraneous antibody-antigen reaction in the gel.

It would also be quite possible to achieve confirming 

results by performing the 2D-IEP (on IsoGel) on a sample

27
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of serum from a patient known to suffer from one of the 

conditions previously discussed such as cirrhosis of the 

liver which manifests itself, in part, through fluctuations 

in serum immunoglobulin levels in one-dimensional electro

phoresis. If these fluctuations were observed as changes 

in the size of the suspected immunoglobulin peak seen 

in two-dimensional immunoelectrophoresis, it would be 

quite reasonable to account this result as a confirmation 

of the immunoglobulin identity of the new peak.

Another consideration in the overall evaluation of 

the results of this project must be that of the gel condi

tion. The antibody concentration and press-drying process 

described in the procedure have been well established 

as optimum for standard *gel 2D-IEP. However, there were 

some obvious difficulties encountered in applying these

methods to the IsoGel.

The overall appearance of the IsoGel showed some 

obvious shortcomings in the procedure. The problem of 

high degree of background staining mentioned previously 

and the apparent susceptibility of the IsoGel to filter 

paper stickage during press-drying have not been completely 

reconciled. However, these technical obstacles, possible 

results of the more fragile nature of the IsoGel and due 

possibly to the absence of positively charged components 

which normally cause electroendosmosis, are certainly 

minor in light of the fact that the primary objective

was achieved.
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It is most likely that the high degree of background

staining seen in the IsoGel is due to the fact that the

antibody concentration was too high. In other words,

due to the difficulties encountered in the deproteinizing/ 

press-drying process, it was not possible to remove all 

the excess antibody in the gel. Therefore, that antibody

which did not react with antigen (serum proteins) was 

stained and showed up as background coloration. Undoubted

ly, experimentation could produce an antibody concentration 

optimum for forming appreciable antibody-antigen reaction 

peaks in the second dimension run of the 2D-IEP without

resulting in excess antibody caused background staining.

There is also a need to achieve an optimum process

of deproteinizing and press-drying of the gel. The proce

dure described in the materials and methods section earlier

should provide a very adequate base from which to develop

a procedure specific to the requirements of the IsoGel. 

Why the IsoGel is so fragile in comparison to the medium 

electroendosmosis gel is not certain. However, there 

is certainly no reason to believe that further experimenta

tion with these technical aspects will not produce an 

acceptable procedure for this part of the 2D-IEP system 

as well. As was mentioned earlier, some progress has 

already been made in this area and I expect further advance

ment to occur in this area.

There was some concern originally as to whether the 

voltages, currents, and running times applied to the process
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would be appropriate for the IsoGel as there was no previous 

reference concerning these factors. However, the values 

used in standard 2D-IEP proved to be just as applicable 

to this new process as with the standard process.



CONCLUSIONS

As was evidenced earlier in this report, the clinical 

value of electrophoretic evaluation of serum proteins, 

the immunoglobulins in particular, is unquestionable. 

This technique of examining protein condition is now well 

accepted clinically and is used as an aid in diagnostic 

as well as patient monitoring situations.

The clinical value of two-dimensional electrophoresis 

and two-dimensional immunoelectrophoresis is now beginning 

to be realized in clinical laboratories as well. As with

any new procedure introduced to a clinical situation, 

these methods will require trials over time in order to 

prove their value as has been done with standard (one-dimen

sional) electrophoresis.

This project was designed to provide some new evidence 

of the clinical value in application of the two-dimensional 

immunoelectrophoretic method of separating proteins of

serum. This technique could also easily be applied to 

usage in the study of other body fluids as have standard
• electrophoretic techniques. It is my feeling that the

results of the current project show a great deal of promise 

in this area. The results obtained were very encouraging, 

and it is highly plausible that they may eventually lead
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to not only conclusive results in the direct application 

of this technique in particular, but that the entire field 

of clinical application of 2D-IEP will be in some respect

enhanced.
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