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ECOGNITION of the specific chemical functions of the various protein com-

ponents of the plasma began in the eighteenth century. In his book, �An Ex-

perimental Inquiry into the Properties of the Blood,” published in 1771, Hewson

(fig. a) described the separation of fibrinogen from plasma.’

‘When fresh blood is received iflto a bason, and suffered to rest, in a few minutes it jellies, or coagu-

lates, and soon after separates into two parts, distinguished by the names of �rassamentum and Serum.”

It is well known, that the crassamentum consists of two parts, of which one gives it solidity, and is

by some called the fibrous part of the blood, or the gluten, but by others with more propriety termed the

coagulable lymph; and of another, which gives the red colour to the blood, and is called the red globules.

These two parts can be separated by washing the crassamentum in water, the red particles dissolving in

the water, whilst the coagulable lymph remains solid. That it is the coagulable lymph, which, by its

becoming solid, gives firmness to the crassamentum, is proved by agitating fresh blood with a stick, so as

to collect this substance on the stick, in which case the rest of the blood remains fluid5.”

‘51t ma�’ be proper to mention here, that till of late the coagulable lymph has been confounded with

the serum of the blood, which contains a substance that is likewise coagulable. But in these papers, by

the lymph, is always meant that part of the blood which jellies, or becomes solid spontaneously when

blood is received into a bason, which the coagulable matter that is dissolved in the serum does not; but

agrees more with the white of an egg, in remaining fluid when exposed to the air, and coagulating when

exposed to heat, or when mixed with ardent spirits, or some other chemical substances.”

Hewson thus recognized the water-soluble constituent of the ‘red globules,”

the fibrinogen of the “crassamentum” or clot, and the coagulable proteins, largely

the albumins, of the serum. Serum proteins, insoluble in water at a slightly acid

reaction but dissolved by salt, were recognized by Denis and Scherer in 1841.2

Over a century ago, therefore, the chief protein component of the red cells and at

least three protein components of plasma had been recognized.

We now know that the pigment of the . ‘red globules,” largely responsible for

the respiratory function of the blood, is the prosthetic group of the protein, hemo-

globin, and that the red blood cells contain in addition a large number of recently

discovered protein components, among them carbonic anhydrase, catalase, phos-

phatase, choline esterase, hypertensinase and other peptidases. In this communica-

This paper is Number 63 in the series “Studies on Plasma Proteins” from the Harvard Medical School,

Boston, Massachusetts, on products developed by the Department of Physical Chemistry from blood

collected by the American Red Cross.
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EDWIN J. COHN 473

tion we shall concern ourselves, however, with the plasma proteins and the specific

chemical reactions upon which their physiologic functions depend.

The relation of fibrinogen to the clotting of the blood was implicit in Hewson’s

discovery. Although Hewson found ways of blocking fibrin formation it remained

for Andrew Buchanan to demonstrate, in 1845, “that fibrin has not the least

tendency to deposit itself spontaneously in the form of a coagulum: that like

albumen and casein, fibrin only coagulates under the influence of suitable reagents:

and that the blood, and most other liquids of the body which appear to coagulate

spontaneously, only do so, in consequence of their containing at once fibrin and

substances capable of reacting upon it, and so occasioning coagulation.’ ‘� The

substance which Buchanan noted, by virtue of its physiologic action, was pre-

sumably thrombin. Satisfactory studies upon thrombin as a globulin, were, how-

ever, not carried out until this century.4#{176}

Meanwhile albumins and other globulins had been noted in terms of chemical

properties, often however, without these properties being associated with specific

biologic functions. The chemical studies which have continued during the last

century have yielded relatively pure preparations of albumins and demonstrated

that there were many kinds of globulins.

Molecular Dimensions of Plasma Proteins. Although there is evidence of more than

one albumin i0i5 all serum albumins which have been studied thus far, of human or

animal origin, have closely similar molecular properties; isoelectric points near

#{231}’H4.9, molecular weights near 70,000 and molecular dimensions described as ellip-

soids i�o Angstroms in length and 38 Angstroms in width. All plasma proteins

thus far investigated have diameters of this magnitude or greater. If the smallest

dimension is less, the molecule appears not to be retained in the blood stream, but

to be lost through the kidney. Among molecules of the same diameter, where loss

occurs it appears to be inversely related to the length of the molecule. This should

apply not only to rod-shaped molecules of diameters of the order of 2.0 Angstroms

or less,* 16 but also to the plasma proteins under pathologic conditions. Among

plasma proteins with roughly the same diameter, of 38 Angstroms, the �31-g1obulins

which combine and transport copper and iron, have been estimated to have a

length of i�o Angstroms, the ‘y-globulins, concerned with immunity, of 2.35

Angstroms, and fibrinogen, concerned with blood coagulation, of 700 Angstroms.’�

The viscosity of proteins depends, of course, not upon their size but upon their

asymmetry. Thus fibrinogen, the most asymmetrical of the plasma proteins has an

intrinsic viscosity six times that of albumin. Were it present in the plasma in large

amounts, instead of to but 4 per cent, it would impose considerable burden upon the

circulation. Serum albumin is far more symmetrical; a 2.5 per cent solution being

isoviscous with blood.#{176}�’ ‘#{176}

The albumins are, moreover, the most stable, the smallest and the most copious

of the plasma proteins. Present in normal plasma to just over �o per cent they are

responsible for nearly 8o per cent of the colloid osmotic pressure which regulates

the equilibrium in water and electrolytes between the plasma and the tissues, and

* Characteristic of the various suggested blood substitutes which were examined but not recommended

to the Armed Forces.
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474 INTERACTION OF PLASMA PROTEINS

thus play the major role in maintaining the volume of the blood up�n which

normal circulation depends . ‘ � ‘ 20

The molecular size and shape of proteins, once they are separated as homogenous

chemical components, may be estimated by measurements of osmotic pressure and

of viscosity. The ultracentrifuge renders it possible, however, to distinguish

proteins of different molecular dimensions even in so complex a mixture as the

plasma. The constant defining the speed of motion of a protein in the field of the

ultracentrifuge, for the development of which we are indebted to Svedberg,2’ has

revealed proteins sedimenting in plasma with four very different velocities.22-21’ 17

Those sedimenting with the smallest velocity include the albumins and certain

globulins. The other globulins which have been separated and fibrinogen sediment

with other velocities. However, ultracentrifugal analysis does not permit us to

distinguish a large number of components in the plasma.

Electrophoretic Mobilities of Plasma Proteins. Solubility studies during the nine-

teenth century indicated that there were many globulins and classified them as

euglobulin or pseudoglobulin, depending upon their insolubility or solubility, in

the absence of salt, or in concentrated salt solutions. Electrophoretic analysis,

refined by Tiselius, distinguished globulins in terms of their mobility in an electric

field and designated them a-, /3-, and ‘y-globulins.2527 Better resolution by the

optical system employed in the analysis has revealed more than one a-, more than

one /3-, and more than one ‘y-globulin. Two a-globulins, a-1 and a2-, two /3-globu-

lins, /3,- and /32-, and two -y-globulins, ‘y,- and ‘Y2-, the second one, in animals,

sometimes termed a T-globulin, are now often designated. If we include the results

of electrophoretic analyses the number of protein components of plasma recognized

by physico-chemical means has thus increased to nine or more from the three recog-

nized a century ago.

Hormones. A very large number of protein components of the plasma has been

postulated on the basis of physiologic or immunologic properties. Some of these

have been concentrated and characterized. Others, like the hormones, by definition

components of the blood, have rarely been separated from it, or even detected in it.

Immunoproteins. Immunologic studies have led to the recognition and the study of

complement and its components283#{176} and of a variety of antibodies.3’ Antibodies

have been characterized, as euglobulins and as pseudoglobulins, in terms of their

solubilities. Many, but not all, antibodies have been characterized as -y-globulins

in terms of their electrophoretic mobilities. Among ‘y-globulins some have been

described of very high molecular weight, others of molecular weights of the order

of i�6,ooo. For the most part, however, these immuno-chemical studies have not

led to the isolation of pure antibodies of which there could conceivably be as many

as the antigens which have led to the production by the body of specific antibodies.

En�’vmes. Prothrombin is presumably present in the body in but small amount

and the action of thrombin is now generally regarded as enzymatic. The presence

of a large number of other enzymes has since been demonstrated by virtue of their

specific interactions. Thus there is the proteolytic, fibrinolytic, enzyme now called

plasmin, a well-defined serum esterase, two phosphatases, a lipase, an amylase,

and a number of peptidases, among them hypertensinase. Most of these substances
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EDWIN J. COHN 475

are far better known in terms of their chemical interactions than of their molecular

properties.

Lipoproteins. Recent investigations have demonstrated the presence of different

lipoproteins in the plasma, moving in the electric field respectively with the

mobilities of a1- and $1-globulins. One of these lipoproteins is an asymmetric

molecule with a molecular weight of roughly 2.oo,ooo. Another is a large spherical

lipoprotein with a molecular weight of over a million.’7 These lipoproteins are

noteworthy both because of their physical properties and because they render

soluble such water-insoluble lipids as cholesterol, carotene and the steroids and

because the specificity of their interactions is such that one of the estrogen hor-

mones, estriol, has been found to be combined not with all, but only with one of

these lipoproteins, the large spherical /31-lipoprotein32.

Albumins. Until recently the greatest emphasis has been upon the osmotic func-

tion of the albumins in maintaining the equilibrium between water and electrolytes

in the blood and in the tissues. The development of normal human serum albumin

for use in military medicine, for the treatment of shock, burns and hypoprotein-

emia, depended upon the molecular properties of albumin. However, as Bcnn-

hold33 and later investigators34 suggested, albumins interact with a variety of

smaller molecules, notably with nonpolar anions such as aliphatic fatty acids3537

and are presumably responsible for their transport in the blood stream. Albumins

also interact with a variety of dyes33 including Evan’s blue, often used in estimating

blood volume3’� with naphthoquinones such as those developed as antimalarials39

and with a variety of other dyes.4042 Albumins also combine with a variety of

drugs, such as atabrin, neosalvarsan,33 and digitoxin,43 mercurials44 and sulfa

drugs45 .46

Crystallized Human Serum Albumins. Not all of the properties that have been

ascribed to the albumins are due to these molecules. In order to demonstrate this,

it was necessary to prepare highly purified crystallized human serum albumins.47

Human serum albumins that had been crystallized by earlier methods were

demonstrated to contain over 2. per cent of long chain fatty acid.48 The albumins

that we have crystallized, in very satisfactory yield, from alcohol-water mixtures

of defined pH and ionic strength at low temperatures also contained fatty acid, but

the amounts present were far smaller; of the order of one mole stearic or oleic acid

per mole of albumin. The fatty acid appeared to form an integral part of the crystal

structure and, in fact, crystallization appears to be greatly aided by the presence

of such amounts of fatty acid and by the addition of higher alcohols such as n-

decanol. The amounts of the alcohol that have been found useful and with which

the albumins combine range from two to ten moles per mole. Crystallized with the

aid of such reagents, albumins can be recrystallized under a variety of physical

chemical conditions and in a variety of crystal forms.

The resolution of the various albumins that crystallize together required a more

specific method of crystallization in order to yield chemical individuals. Conditions

for crystallizing horse serum albumin of constant solubility had been determined

in our laboratory before the war by McMeekin.49 This method has thus far not

been found effective for crystallizing a fraction of human serum albumin. However,
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476 INTERACTION OF PLASMA PROTEINS

a large fraction of the human serum albumins crystallized by the decanol method

has been found by W. L. Hughes, Jr., to form a relatively insoluble crystalline

mercury compound.5#{176} The albumin separated in this way appears to be a chemical

individual whose solubility behavior approximates to that of a simple chemical

substance.

Although serum albumins combine with a larger number of equivalents of

mercury the amount with the albumin in the solid phase of crystals precipitated

in this way is but one-haifa mole of mercury per mole albumin. That is to say, each

mole of mercury appears to be combined with two albumin molecules in the solid

state.” In solution, however, this complex dissociates. Albumin of double molecu-

lar weight has been detected in the ultracentrifuge and reconverted to normal size

either by the removal, or the addition of larger amounts, of mercury.

Pigment Proteins. Serum albumin had previously been reported to combine with

hematin and with bilirubin.33 Upon adequate recrystallization, the amount of both

diminish until they can no longer be readily detected spectrophotometrically.

Upon equilibrating such pure serum albumin with these substances, however,

combination can be demonstrated and quantitatively estimated. Albumin which

we have recrystallized has been studied in equilibrium with hematin” and with

bilirubin.’2 At alkaline reaction albumin combines with as much as three moles

bilirubin per mole albumin. At acid reactions, however, the bilirubin is free and

can be removed by dialysis.

Bilirubin is also a component of a true pigment protein of the blood stream,

normally present to less than a tenth of a per cent of the plasma proteins. This

bilirubin pigment protein interacts strongly and is, therefore, separated with

difficulty from the 50 per cent of albumin in plasma. It has now been separated,

however, and alone of adequately purified plasma proteins, gives the indirect van

den Bergh reaction.53 Another pigment protein responsible for a very characteristic

blue-green color does not give this reaction and although often found associated

with crude albumin preparations is a globulin concentrated in our system of

fractionation in Fraction IV-i, whereas the yellow pigment, due to bilirubin, is

concentrated in Fraction V-i.

lodoproteins. Iodine combines with essentially all proteins, entering the phenol

ring to form diiodotyrosine and also entering the imidazol ring. Albumin rich in

iodine has been prepared and crystallized by Salter from horse serum.54 In studying

the distribution of iodine in the human plasma fractions that we have separated

some has always been found with the albumin, some however, has been found in

Fraction IV-6. The further study of the iodoprotein in these fractions should reveal

more regarding the nature of the plasma molecules of which it is a part.

Metal-Combining Proteins. It has long been known that copper, iron and zinc are

combined by plasma protein. The separation of the plasma proteins into fractions

in which are concentrated the molecules responsible for specific interactions has

yielded, in Fraction TV-7, the /3,-globulin responsible for the combination and

transport of copper and iron and perhaps of zinc in the plasma. The close inter-

relation of the copper and iron in plasma had been noted in clinical studies.”’7

The combination of a component of plasma with iron was noted in connection with
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EDWIN J. COHN 477

TABLE i.-Protein Components of Human Plasma Separated and Concentrated in Divcrse Fractions

Estimated
Amount in Concen- pproxi-

Protein Component �i�a � Isoelectric Specific Chemical Interaction

Protein Point

grams

Fibrinogen 4 1-2. 5 .3 Thrombin

Non-clottable protein, insoluble at o. i� I-s

low temperature

Antihemophilic globulin5 I

Antibody -y--globulins ii

Diphtheria antibodies5 (o.oos),

Measles antibodies5

Mumps antibodies5

Streptococci antitoxin5 II 7.3 Antigens

Influenza antibodies5

Pertussis antibodies5

Typhoid H” agglutinins5

Antibody euglobulins 111-i 6.3 Antigens

Typhoid “0” agglutinins5

Isoagglutinins (0.03) Ill-i 6.3 Incompatible Red Blood cells

Anti-A, anti-B,5

Anti-Rh antibodies5

Complement components

C’s f� HI-2.t Antigen-antibody complex

C’L “� L lvt

Enzyme precursors

Prothrombin 0.3 111-2. Thromboplastin

Plasminogen 111-3 Streptokinase

Serum enzymes

Thrombin5 111-i 4.8 Fibrinogen

Plasmin5 I Proteins

Amylase5 Starch

Lipase5 Lipid

Peptidase5 IV 1-Leucyiglycyiglycine

Phosphatase5 (alkaline) IVt Phosphoric acid monoesters

Esterase5 0.02. IV-6 4.5 Acetylcholine, cthylbutyrate

Metal-combining fl,-Pseudoglob- 2.. IV-7 Iron and copper

ulin: crystallized

High molecular weight $,-glob-

ulins (lipid-poor)

S7 III-o

S=2.0 I III-o

Iodoprotein5� IV-6
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478 INTERACTION OF PLASMA PROTEINS

TABLE s-Continued

Estimated
Amount in Concen- Approxi.

Protein Component 100 g. trated in mate , Specific Chemical Interaction
Plasma Fractionf Isoelectric
Protein oin

grams

Thyrotropic hormone5 IV-4

Glycoproteins

as-Glyco-pseudoglobulin 0.7 1V6 4.9

a2-Mucoid globulin o.5 IV-6 4.9

Lipoproteins

�3�; 75% lipid-containing “X”- � III-o Estriol, carotenoids, and

protein other steroids

ai; 35’� lipid-containing protein 3 IV-o 5.2. Steroids

Blue-green pigment a-globulin IV-2.

Bilirubin-containing a,-globulin� 0.05 V-s 4.7 Diazo-reaction

Albumin: crystallized with mer- V � Mercury, decanol

cury

Albumin:crystallized with decanol 50 V 4.9 Fatty acids, bile salts, many

dyes and drugs

* These components represent but small proportions of the fraction and subfraction, and their

properties cannot, therefore, be deduced from those of the concentrates in which they have been

separated.

f These components have not been tested for since revision of the fractionation process.

� Albumin binds more bilirubin than the bilirubin pigment globulin in Fraction V-i and more

iodine than has been found in Fraction IV-6.

§ When purified chemical components have been separated from fractions they have not been

given new fraction numbers. In that case, the fraction number refers to the starting material for

the separation of the component.

bacterial studies58 and has led to its identification in a plasma fraction, to its

further purification and characterization, and recently to its crystallization in

collaboration with Bernhard A. Koechlin,596’ in our laboratory. Physiologic studies

of the role of the separated protein injected into man have begun6264 with a view

to determining its function and possible value in therapy.

Specificity of Chemical Interactions. The multivariable method for the fractionation

of plasma that we have developed not only separates protein components in terms

of their molecular properties, but also in terms of the very specific chemical con-

figurations upon which their interactions depend. Insofar as the system of fraction-

ation is successful each protein component responsible for a specific chemical

reaction and physiological function is separated from those of different properties

and concentrated. Thus one fraction should be positive with respect to any test

to which the whole plasma is positive; all others should be negative. The extent
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EDWIN J. COHN 479

to which this end has been accomplished may be demonstrated by the following

studies upon protein interactions.*

i. Interaction of Napbtbaquinone (M1523t), Caprylate, and Serum Albumin

Solutions

Five per cent solutions of the following proteins are used. Volume of each solution, 300 cc.

7-Globulin (Fraction II) in acetate buffer pH� 5.7 I’/i = 0.05

�9,-Globulin (Fraction IV-7) =
Albumin (Fraction V) =
Albumin (Fraction V) in caprylate =
An acetate buffer blank ““ =
Albumin control in acetate buffer as above, but with naphthoquinone added about 6-IL hours in

advance of the demonstration time.

Reagent

Naphthaquinone, MIS2.3*

Method of Demonstration

To beakers containing each of the above solutions a small amount of finely reprecipitatcd naphtho-

quinone is added, stirred, and let stand io-�o minutes. A beautiful red color develops in the albumin

solution containing acetate, but is blocked in the albumin solution containing caprylate. The other

solutions and blank give fainter colors.

2.. Binding of Bile Salts by Serum Albuminll

Solutions

Serum Albumin, a� per cent solution.

Reagents

Bile Salts, 2. per cent solution.

Red cells, as.an indicatQr.

0.15 M sodium chloride solution.

Method of Demonstration

Two beakers each containing a suspension of 3 cc. packed human red cells in 6oo cc. 0.15 M NaCI solu-

tion, are prepared in advance. To one beaker, 6o cc. of a 2.5 per cent solution of serum albumin is added

with stirring. Next, 45 cc. of a 2. per cent solution of bile salts is added to each beaker, stirred and let

stand.

In Io-15 minutes the suspension of cells containing bile salts only is hemolized; the other, containing

albumin, is essentially unchanged.

* These demonstrations have been prepared by L. H. Larsen in collaboration with various members

of this Department, especially L. E. Strong, and in the case of Demonstration I, H. A. Saroff; II, W. L.

Hughes, Jr.; III, B. A. Koechlin; IV, N. H. Martin and B.J. Livingstone; and V,J. D. Ferry and P. R.

Morrison.

t L-hydroxy-3-isopcntyl-x-naphtho�u1none, an antimalarial obtained from L. F. Fieser.

� If the pH is higher, all solutions and buffer blank will give a reaction, but color in the one albumin

solution will always be most intense.

§ The reaction is more rapid if the naphthoquinone is freshly prepared as a paste by dissolving in

alcohol and reprecipitating with water. It must be washed alcohol free, otherwise it will give a reaction

when added to any of the solutions.

This experiment was suggested by B. D. Davis and R. J. Dubos. �‘

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/5/471/573854/471.pdf by guest on 19 M

ay 2023



480 INTERACTION OF PLASMA PROTEINS

3. Binding of Copper and iron by �9i-Globulin (Fraction IV-”)

Solutions

2. per cent solutions of the following proteins are used. Volume of each solution, 300 cc.

Fibrinogen (Fraction!)

7-Globulin (Fraction II)

flu-Globulin (Fraction IV-7) All are dissolved in pH 8.st P/i. = o.o5 barbiturate buffer

Albumin (Fraction V)

i9i-Globulin (Fraction IV-7) control5

Reagents

i. CuSO4.5 H20

Four bottles each containing 0.02.7 Gm. CuSO4 ,� H20 dissolved in 2.0 cc. H20.

i.. FeSO4 .(NH4)�4 . 6H20

Four bottles each containing 0.048 Gm. FeSO4 . (NH4)2S04 ‘6 H20 dissolved in i.o cc. o.coi M acetic

acid.

3. One bottle containing 2.7 cc. i M acetic acid.

4. One bottle containing 2.7 cc. M NaOH.

Method of Demonstration

All solutions must be stirred during addition of reagents.

i. Copper Binding

Add copper solution to all protein solutions. flu-Globulin is the only protein solution that will give

a positive reaction. A yellow-green color develops in 3-5 minutes. pH is about 8-8.i

2.. Iron Binding

Add iron solution to all protein solutions. i9,-Globulin again gives the only positive reaction. A red

color develops in 3-S minutes as the copper is replaced by the iron. pH is about 8-8.i

3. Splitting Iron off the Proteins

Add the acetic acid. The protein solution regains its original appearance. pH is about �

4. Recombining the Iron

Add the sodium hydroxide. The red color reappears. pH is about 8-8.s

Note. The yellow-green color of the copper and the red color of the iron become samewhat more

intense with time.

4. Modified van den Bergb Reaction’3 for Identification of Bilirubin

Solutions

i per cent solutions of the following plasma fractions are used. Volume of each, ii.o cc.

Fraction II

Fraction IV-i.

Fraction IV-7 All solutions are made up in pH = 8.6, v/i. = 0.02.5 §barbiturate buffer.

Albumin

Fraction V-i-B

* The reagents listed below are added to the control about 4-6 hours in advance of the demonstration

rime.

t This pH is lowered slightly upon the addition of the copper and iron salts, due to acidity of the

salts themselves, and because 0.00! M acetic acid is used to dissolve the FeSO4’(NH4)2S04.6 H20.

� It is necessary only to add acid and base to the flu-Globulin solution since it alone gives a positive

eaction to the iron.

§ The ionic strength of Fraction II is adjusted to 0.04 with i M NaCI to keep it from precipitating

on addition of reagents. If higher ionic strength for IV-i. and V-i-B is used, they will precipitate on

adding reagents.
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Reagents

i. Solution A.

i g. Sulfanilic acid dissolved in i� cc. concentrated HCI and diluted to i liter with water.

a. Solution B.

o.5 per cent NaNO2

3. Diazo reagent prepared fresh by adding solution B to solution A in the following ratio: 0.3 cc.

B to so cc. A.

4. Absolute methanol.

The reaction mixture to be added to the protein solutions is prepared about an hour before the demon-

stration, as follows:

Add � cc. solution B to 190 cc. solution A. Add 190 cc. of this diazo reagent to 950 cc. absolute

methanol .�

Method of Demonstration

Add i8o cc. of the above reaction mixture to each of the protein solutions with vigorous stirring.

A precipitate may form, but will redissolve.

The V-i-B solution will develop a pink color almost instantaneously. The other solutions give a

negative reaction.

�. Coarse and Fine Types of Fibrin Clotst

Solutions

A 2. per cent solution of Fraction I is prepared for this demonstration.

Note: The Fraction I used is dried from the frozen state from a 2. per cent isotonic solution in sodium

citrate, volume 300 cc. and it is only necessary to add 300 cc. distilled water to reconstitute it. pH =
about 6.3-6.6

After the Fraction I is dissolved it is clarified, by filtering successively through D-D and D-5 Horman

filter pads. These pads may be first washed with 0.! M acetic acid, then with water to free them of acid.

After filtration the solution is divided into two ia� cc. portions. One remains as it is at pH 6.3-6.6,

the other is adjusted to about pH 8 by the addition of i8.8 cc. i M NaHCO3 solution.

Reagent

The only reagent necessary is a thrombin solution made by dissolving two small bottles of thrombin

(about �oo units each) in 50 cc. o.15 M NaCl solution.

Note.’ If this solution is cloudy it is clarified by filtration through a small D-5 Horman filter pad.

Method of Demonstration

Coarse Clot.’ To the pH 6.3 portion of Fraction I, ia.� cc. thrombin solution are added and stirred

qtiickly to mix the two solutions.

In about minutes a clot forms firmly enough to permit inversion of the container. This clot is opaque.

Fine Clot: To the pH 8 portion, ia.5 cc. thrombin solution are added and stirred quickly.

In about minutes or slightly longer, a firm clot forms, so that the container can be inverted. This

clot is clear. Note: This clot forms a little more slowly than the coarse clot.

SUMMARY

The chemical methods that have been developed for the separation, concentra-

tion and purification of the protein, glycoprotein, mucoprotein, and lipoprotein

� Reaction mixture should not develop a color. If a color develops it is probably due to an impurity

in one of the reagents. Therefore, fresh reagents should be prepared.

t This demonstration depends upon the experiments of J. D. Ferry and P. R. Morrison.m
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components of any biologic system, by fractionation in alcohol-water mixtures at

controlled pH, salt, and protein concentration, at the subzero temperatures neces-

sary to prevent denaturation, have thus far led to the recognition and concentra-

tion of over twenty-five different protein components of human plasma. These

include albumins of more than one kind; immune globulins which differ in their

physical properties and interactions with antigens: lipoproteins which differ in

their physical properties and interactions with steroids; enzymes with protease,

peptidase, lipase, phosphatase and esterase activity; thrombin, fibrinogen, and the

antihemophilic globulin concerned with blood coagulation; iodoprotein and the

recently crystallized metal-combining protein which interacts with both copper

and iron and is presumably concerned with transport in the plasma.

This number of plasma proteins is far greater than can be detected electrophoreti-

cally or in the ultracentrifuge. Chemical fractionation has yielded at least four

/3,-globulins and at least two a1-and three a2-globulins. The a2-globulins include a

mucoprotein and glycoproteins of more than one kind; the a1-globulins, the bili-

rubin-containing globulin in Fraction V-i and the lipoprotein in Fraction IV-i.

The /31-globulins include the carotene-rich euglobulin which combines with three

times its weight of lipid as well as a high molecular weight lipid-free /3,-globulin,

both of which are concentrated in Fraction Ill-c. Fraction III also contains /3i-

globulins of different molecular properties. The iron-binding component of the

plasma, crystal ized from fraction TV-7, is a lipid-free (31-globulin and is more

closely related to the albumins than to other globulins from the point of view of

osmotic activity. Electrophoretically indistinguishable, these different /31-globulins

have no other common property. The lipid-binding plasma component is a /3,-

euglobulin, the iron-binding /3,-component a pseudoglobulin. They differ in size,

shape, in solubility, in chemical composition and interaction, and in physiological

function.

The separation and concentration of the various proteins of human plasma was

undertaken during this war in order to render as many as possible available as

therapeutic agents and thus to increase our knowledge and control of the com-

position of the blood in health and in disease. Many more have been separated and

are being studied chemically than have thus far been brought to clinical trial.

Their study renders possible the further investigation of the chemical specificity of

the interactions of the plasma proteins, which are responsible for many of the tests

that have in the past, or may in the future, prove of value in the clinic in the study

of pathological sera and the understanding of the specific protein component that is

either elevated or deficient in this condition.
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