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1. Intreduct ion.  

The large scale fractionation of the proteins of blood plasma was directly 
a product of the needs of military medicine in the United States during the 
war. Fundamentally, however, this development rests on a long series of 
advances in protein chemistry which have occurred over the last forty years 
in many laboratories, notably in England, Scandinavia, and the United 
States. The methods used for the fractionation of proteins depend on the 
laws governing the solubility of these substances. Our understanding of 
these laws has been derived, not only from the work of the protein and amino 
acid chemists themselves, but also ffrom other fundamental studies in the 
field of pure physical chemistry. All the advances of the last quarter century 
have been profoundly influenced by two fundamental studies, both published 
in t923: the interionic attraction theory of DEBYE and I~f3CKEL (4t) and the 
convincing demonstration by BJERRUM (tl) that amino acids and peptideS 
and, therefore, proteins also exist as dipolar ions in the neutral state. The  
theory of DEBYE and HOCKEL, as  originally given, provided a basis for cMC~" 
lating the thermodynamic activities and hence the solubilities of electrolytes' 
as a function of ionic strength, dielectric constant, and temperature. The 
subsequent extensions of the theory by SCATCHARD and KIRKWOOD (t26) 
and by KIRKWOOD (87) gave the basis for the treatment of dipolar ions along 
the same lines. Between 1930 and t940 a large body of experimental evidenCe 
was obtained concerning the solubilities of amino acids, polypeptides, and 
related compounds in relation to their structure. This great body of empirical 
material could then be" evaluated in relation to the theoretical treatments 
already indicated above, with the additional aid of some empirical generali" 
zations that emerged from the data [for a summary of the work in this field, 
see the monograph of COHN and EDSALL (35)]. 

In addition to these achievements, the study of protein chemistry had 
been revolutionized since t920 by the introduction of new physical methods 
for which we are above all indebted to the Upsala laboratories. The deve" 
lopment of the ultracentrifuge by SVEDBERG (!,45), of the modern techniq tie 
of measuring diffusion constants by LAMM and others in SVEDBERGs laboratOrY 
(14~), and of the electrophoresis apparatus by TISELIUS (15t) have provided 
indispensable physical tools for the study of every step in the processes ol 
protein fractionation. No one of these tools alone is adequate for the ch~" 
racterization of a protein, nor indeed are all of them together. A protei~ 
preparation which appears homogeneous on sedimentation in the u ltra" 
centrifuge may be resolved into several components by study in the 
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electrophoresis apparatus% and vice versa. Proteins which are homogeneous by 
both these tests and perhaps by others as well may still be found to consist 
of Several components when tested by the delicate solubility test of NOR- 
~IRop, KUNITZ, HERRIOTT, and their associates (114). 

This brief introduction is intended to emphasize what must never be 
forgotten: the role of a long period of progress in fundamental science for 
the development of a conspicuous advance in applied science. The rapid 
advance of the plasma fractionation program was determined partly by the 
Circumstances of war, but such progress would not have been possible without 
this fundamental background. It was of necessity a co-operative enterprise 
involving chemists, medical men, general surgeons, neurosurgeons, immuno- 
logists, pathologists, pediatricians, and others. The general story of the 
Progress of these developments has been well told by EDWIN J .  COHN (32), 

Who was primarily responsible for the initiation and direction of the program. 
In this article I shall not attempt to cover more than a few aspects of the 
developments involved; and I shall stress the fundamental chemistry of 
blood plasma and the methods used in separating it into its components. 

Before considering these developments in detail, however, one thing 
should probably be emphasized above all: namely, the complexity of plasma, 
regarded as a system of chemical components. This is of course natural 
Since blood plasma is the great highway of transport which carries many 
molecules from their point of origin in the tissues to other points where they 
can exert specific action. A partial list o f the  components of human plasma 
and some of their properties is given in Table I. Even this table is very much 
S~aplified with relation to the known facts. For example, more than 20 anti- 
bodies are now known to be present in the 7-globulin fraction of human 
Plasma, and it is ahnost certain that many other antibodies can be detected 
if suitable tests are applied. Presumably, all hormones must, be present in 
Plasma, although often in concentrations so low as to make their detection 
~aPossible, unless the: Component in question is first separated and concen-. 
trated by fractionation. It is this vast complexity of plasma as a physico 
chemical system which makes necessary the use of many different tools of 
a~alysis in the study of the process of protein fractionation. By electro- 
Phoresis, for example, one may resolve human plasma into approximately 7 
different components, denoted respectively as albumin, ~1" and ~2-globulin, 
/~i" and fl2-globulin,-fibrinogen (0 component) and 7-globulin1, in order of 
decreasing mobility. To a first approximation, each of these appears to move 
~ . . a  single component in the. electric field . By other tests, however, a 

1 Several authors also concluded tha t  the N-globulin should be subdivided into 
?t" and y~-globulin. 
a" * However, recent work of ALB~RTY (2) indicates clearly tha t  the y-globulin peak, 
l though not subdivisible into other peaks, is still so broad tha t  it must correspond to 
~ a  components of quite widely differing individual mobilities. 
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Table  I .  Protein Components o] Human Plasma sbparated and concentrated 

Protein Component 

F ib r inogen  . . . . . . . . .  

Non-Clo t t ab le  Pro te in ,  inso- 
luble a t  low t e m p e r a t u r e  , 

An t ihemoph i l i c  Globulin x 

A n t i b o d y  7-Globul ins :  
D i p h t h e r i a  An t ibod ies  1 . . 
Measles An t ibod ie s  t 
M u m p s  Ant ibod ies  1 
S t rep tococc i  A n t i t o x i n  x . . 
In f luenza  Ant ibod ies  1 
Per tuss i s  An t ibod ie s  1 
T y p h o i d  "H" Agglut in ins  1 

A n t i b o d y  Euglobu l ins  
T y p h o i d  " 0 "  Agglu t in ins  1 

I soagglu t in is  : 
Ant i -A,  An t i -B  x . . . . .  
A n t i - R h  An t ibod ie s  x �9 �9 �9 

C o m p l e m e n t  C o m p o n e n t s  : 

C't . . . . . . . . . .  } 
C'2 . . . . . . . . . .  

E n z y m e  Precur so r s  : . 
P r o t h r o m b i n  . . . . . . .  
P l a sminogen  . . . . . . .  

Se rum E n z y m e s  : 
T h r o m b i n  x . . . . . . . .  
P l a smin  x . . . . . . . . .  
Am yla se  1 . . . . . . . . .  
L ipase  1 . . . . . . . . . .  
P e p t i d a s e  x . . . . . . . .  
P h o s p h a t a s e  1 (alkaline) 

E s t e r a s e  1 . . . . . . . . .  

Meta l -Combin ing  fix-Pseudo- 
globul in:  c rys ta l l i zed .  , . 

H i g h  Molecular  W e i g h t  
/~j-Globulins (Lipid-poor) :  

S =  7 . . . . . . . . .  
S = 2 0 .  : . . . . . . . .  

Iodoprotein~,  a . . . . . . .  

T h y r o t r o p i c  H o r m o n e  x . . 

Glycopro te ins :  
�9 z- Glyco-pseudoglobul in  
%-Mucoid  Globul in  . . . .  

in Diverse Fractions (31). 

E s t i m a t e d  

A m o u n t  Concen-  
in 1o0 g. t r a t e d  in 
P l a s m a  F r a c t i o n  a 
P ro te in  

gms  

Approx- 
imate ! 

Isoelectric 
Point 

i 

Specific Chemical 
Interaction 

4 

0. t5 

(ooo0 

t l  

(0.03) 

0.4 

3.3 

0.02 

2.5 

2 
t 

0.7 
0.5 

I-2 

I-i 
I 

I I  

IV-6 

IV-7 

I I I - 0  
I I I -0  

IV-6 

IV-4 

IV-6 
IV-6 

4.8 

4.5 

5.6 

4.9 
4.9 

T h r o m b i n  

Ant igens  

Ant igens  

I n c o m p a t i b l e  Red  D l~ 

Cells 

A n t i g e n - A n t i b o d y  
Complex  

T h r o m b o p l a s t i n  
S t r e p t o k i n a s e  

F ib r inogen  
P ro t e i n s  
S t a r ch  
L ip id  
l -Leucylglycylglycine  
Phosphor i c  Acid Mo~o" 

es te rs  
Ace ty l  Choline,  F~tlayl" 

b u t y r a t e  

I ron  a n d  Copper  
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Table I (Continuation). 

Protein Component 

Lipoproteins: 
/71; 75% Lipid-Containing 
"X"-Protein 
%; 35 % Lipid-Containing 

Protein 
I~hle- Green Pigment 

a-Globulin . . . . . . . .  
Bilirubin-Containing 

0q-Globulin ~ . . . . . . . .  
Albumin: 

Crystallized with M e r c u r y . .  
Crystallized with Decanol . . 

Estimated I 
Amount I 
in 100g. / Concen- 
Plasma I trated in 
Protein Fraction 4 

gms 

0.05 

5O 

III-0 

IV-o 

IV-2 

V-I 

V 
V 

Approx- 
imate 

Isoelectric 
Point 

5.6 

5,2 

4.7 

4.9 
4.9 

Specific chemical 
Interaction 

These components represent but small proportions of the fraction and subfraction, 
~ad their properties cannot, therefore, be deduced from .those of the concentrates in 
~Vhieh they have been separated. 

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 

0-nd more iodine than has been found in Fraction IV-6. 
4 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. 

drastic resolution of some of these components  can be obtained. For  example,  
at least four chemically separable protein components  are known, all of which 

~aOve in the electric field wi th  the characterist ic mobi l i ty  of ill-globulin. One 
of these is a very  large l ip~176 molecule containing far more lipid ma- 

teriaI than  amino acid residues. Another  is a much smaller molecule quite 

free of lipid, characterized by  its specific capaci ty  to bind iron. These are 

readily separated by  chemical �9 fract ionation,  once the proper conditions for 

SeParation are known. This  is only  one of m a n y  examples of the great var ie ty  

COmponents in the blood plasma which are beginning to be resolved from 
~r~e another  by  increasingly discr iminat ing methods  of fractionation.  

2, Some  G e n e r a l  A s p e c t s  of  F r a c t i o n a t i o n  by  M e a n s  of E t h a n o l  a t  L o w  
T e m p e r a t u r e  a n d  L o w  I o n i c  S t r e n g t h .  

In the past  the most  widely used general method  of separat ing proteins 

ftora complex mixtures  has been sal t ing out  in concentra ted solutions of 
~eUtral salts, such as ammon ium sulfate,  sodium sulfate, or potassium phos- 

Phate buffers 1. In the sal t ing out  method,  the sys tem m a y  be characterized 

For a general review of this background, see for example EDSALL (52). 

Diazo-reaction 

Mercury, Decanol 
Fatty Acids, Bile Salts, 

many Dyes and Drugs 

Estriol, Carotenoids, 
and other Steroids 

Steroids 
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by four major variables: namely, salt concentration, protein concentration' 
pH, and temperature. A wide range of possible combinations of these variables 
is obtainable in any given fractionation process, which gives a great deal of 
scope for the separation of numerous components from the complex systenaS 
existing in nature. Restrictions on the range of variation of these variables 
are of course imposedby the requirement that the protein components of the 
system shall be separated in a form as nearly undenatured as possible. 
Nevertheless, the possible range of experimental condition is wide. 

However, salting out methods have certain limitations. The action of 
concentrated salt solutions in precipitating proteins is largely a function of 
the general size and shape of the protein molecule; whereas at low formic 
strengths the dipole moment of the molecule and other characteristics deter" 
mined by the number and distribution of the electrically charged and un" 
charged amino acid residues have a profound and often highly specific in" 
fluence, varying greatly from one protein to another. Separations at low 
ionic strengths, therefore, can frequently be made sharper and more specific 
than those carried on at high ionic strength by salting Out. However, in 
order to work at low ionic strength it is necessary, in order to precipitate 
proteins like the albumins, to lower the dielectric constant of the medium 
by the addition of some organic solvent such as methanol, ethanol, or acetone" 
These reagents, however, act as powerful denaturing agents for many proteins 
at ordinary temperatures. In order to make fractionation, therefore, as s afe 
as possible with the use of these reagents, it is necessary to work at low 
temperatures, generally below 0 o C. 

Fractionation by a procedure of this sort permits, in many respectS, a 
wider range of possible conditions than those obtainable with the salting 
out methods. Instead of four variables, at least five are now required to 
determine the state of the system: namely, pH, temperature, ionic streng th' 
protein concentration, and concentration of ethanol or other organic 'preCi" 
pitant. The introduction of a fifth variable into the system increases enor;" 
mously the possible range of variation in experimental conditions for separation' 
This increased freedom is partly counterbalanced by the strict requirenae~t 
of maintenance of low temperature. However, the scope of the method is 
so wide that it has permitted in many cases the separation of protein coN" 
ponents which had not been resolved by the salting out techniques, and tl~e 
range of possible future fractionation procedures, ~ot only on blood plasro~ 
but also on many other tissues, appears to be much greater than anything 
yet achieved 1. 

1 The discussion given here is necessarily brief. Various other aspects of the sig~i" 

of the plasma proteins in disease has recently been given by  GUT~tAN (74). 
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For large scale fractionation of proteins, the low salt-ethanol "method has 
another advantage over the salting-out procedures. In the latter, the high salt 
COncentrations necessary for protein precipitation can be diminished only 
by dialysis, a procedure which is time consuming and involves much work 
When a large volume of liquid is to be dialyzed. Furthermore, during the  
later steps of dialysis when the salt concentration is diminished, conditions 
become favorable for bacterial growth, a n d  the protein solution is likely to 
beCOme contaminated. If ethanol or acetone is used as a precipitant, instead 
of salt, it may be readily removed because of its volatility. By far the safest 
raethod for such removal appears to be the rapid freezing Of the solution at 
Very low temperature with subsequent drying from the frozen state in a 
Vacuum. The cooling produced by evaporation maintains the frozen protein 
Solution at low temperature through almost the whole of the process, a n d  
the temperature begins to rise only when the protein is nearly dried. Under 
these circumstances, most of the plasma proteins, and a great many other 
proteins, are found to be completely soluble in water or dilute salt solutions 
after drying is complete, and they may be preserved in the dry state without 
alteration for long periods of time. Certain proteins indeed - - i n  blood plasma 
these include particularly the lipoproteins - -  can not be dried without dena- 
turation, and for their purification dialysis may be necessary at certain steps 
ia the procedure. However, serum albumin, fibrinogen, and most of the 
g]obu]in components o f  plasma can be dried from the frozen ~tate without 
ilUpairing their solubility or their specific properties ~. 

Combined with these advantages, the method also has certain definite 
dangers. Although variation in temperature can often be used to separate 
Certain components with a large heat of solution, the upper limit of the tem- 
Peratures employed in such a system must be low, in order to avoid dena- 
turation of the protein. In all systems of plasma protein fractionation em- 
ployed since t940 at the Plasma Fractionation Laboratory, the tempera- 
ture at every step has been held at or below 0 ~ C. As soon as sufficient 
alcohol has been added, the temperature is reduced below o ~ C. ; and in aH 
Steps at which the alcohol concentration is greater than 20 % by volume, the 
temperature is maintained at or below --50 C. Special precautions are needed 
to insure that the temperature is held at these assigned levels at every stage 
during the process. The mixing of alcohol and water is attended with evolution 
of heat. I t  is therefore important, not only that  the ethanol addition should 
be carried out in cold surroundings, but it is further necessary to insure 
additional cooling during the mixing of ethanol and water. If the process is 

1 The technique of dry~ilg proteins from the frozen state cannot be discussed here 
for lack of space. The following references may be consulted: FLOSDORF and MUDD (67), 
I~LOSI)ORF, STOKES, and MUDD (68), GREAVES and ADAIR (73), HILL and PFEIFFER (80), 
STRuMIA, MCGRAW, and REICHEL (141), STRUMIA and McGRAw (140). 

l~rgebnisse der Physiologie, Bd. 46. 21 
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carried out 'on  a small scale, this may be done by immersing the container 
in a low temperature bath, and stirring constantly to attain temperature 
equilibrium between the liquid in the container and the bath outside. Con- 
tainers made of stainless steel are advantageous for this purpose because of 
their high heat conductivity.' When large scale processing is carried on, the 
precipitations are usually carried out in large glass lined tanks in a cold room. 
Cooling during the addition of ethanol can be achieved in such cases by the 
circulation of refrigerant through a spiral coil of stainless steel tubillg, im- 
mersed in the plasma solution. Here again, constant stirring is necessary 
during the addition of ethanol, which must in all cases proceed slowly, usu- 
ally by inflow through capillary tubing. Rapid stirring is essential here in 
order to prevent any element of the protein solution from attaining, even 
temporarily, an unduly high ethanol concentration which might denature 
the protein. 

These precautions concerning temperature and the method of the addition 
of ethanol are of major importance. It  has been found by experience in this 
laboratory during processing that  even a brief rise of temperature to a few 
degrees above 0 ~ for a f~.w minutes may have definite and undesirable effects 
on the stability of the end product obtained by fractionation. While it is 
true that certain proteins appear to resist exposure to considerable ethanol 
concentrations, even at room temperature, with little or no sign of dena" 
turation, it must still be considered that  such proteins are the exception 
rather than the rule. Even when denaturation is undetectable by most testS, 
sufficiently careful observations' may indicate that  some of the protein mole" 
cules have become altered. Rigorous precautions should be taken to insure 
the maintenance of low temperatures, in any protein system involving such 
reagents as ethanol or acetone, until clear and definite proof has been ob" 
tained that the proteins under investigation can be safely precipitated in 
such media at a higher temperature. The necessity for these precautions in 
fractionation by the low temperature, low salt, ethanol method makes it in 
many respects a more difficult process to carry out than is fractionation by 
salting-out with ammonium sulfate. The necessary precautions are funda" 
mentally simple, but they must be strictly maintained and not relaxed in 
any step in the process. Once the proper design of apparatus and equipment 
has been obtained, however, and provided the workels operating the proceSS 
understand the necessity for these precautions, it is possible to carry through 
a quite elaborate fractionation procedure with a group of workers with a 
relatively rudimentary knowledge of science and technology, provided 
that their director be a competent supervisor. This has been abundantly 
proved by the success of the large scale fractionation of blood plasma 
during the war, utilizing these methods in a group of seven different pharma" 
ceutical houses. 
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8. Choice of Conditions in the Frac t iona t ion  of P lasma.  

Alcohol, acetone, ether, and other related reagents had, of course, been 
constantly employed, beginning early in the nineteenth century, by protein 
Chemists to precipitate proteins, to wash them free of impurities, and prepare 
them for analytical study. For the analytical chemist the accompanying 
denaturation of the protein was not generally a matter of concern, provided 
no Small fragments of the native protein molecules were split off and washed 
away by the treatment, before analysis was begun. For preparation of 
Undenatured proteins by such reagentsl however, precautions of the sort 
described above were essential, and these were seldom taken. One of the 
first relatively successful uses of alcohol in this connection was the concen- 
tration of diphtheria antitoxin by ethanol precipitation in the cold, as em- 
Ployed by MEI.LANBY (t01) in 1908. This was also one of the earliest publi- 
cations in which the protein nature of an antibody was definitely claimed. 
Two years later, HARDY and GARDINER (75) published a brief account of 
experiments of fundamental importance, involving the precipitation of plasma 
Proteins with ethanol (or acetone) at low temperature, and their subsequent 
Washing with ethanol and ether to remove lipids. The resulting dried protein 
Preparations readily redissolved to give clear and stable solutions in water 
or physiological saline. The achievement of such dried preparations re- 
l~resented a major advance in protein chemistry; however, later studies w i t h  
the ultracentrifuge have revealed that the removal of lipids by the alcohol- 
ether techniques is accompanied by marked changes in the sedimentation 
diagram [MCFARLANE (94, 95)]; PEDERSEN (t19), especially pp. 43--51 incl.]. 
]'he alterations in the lipoproteins of native plasma which this treatment 
bust produce would be expected to be drastic, in the light of our present 
knOWledge, so that these findings are not surprising 1. 

Wu (t 54) successfully employed low temperature-ethanol precipitation in 
the preparation of undenatured proteins; and FERRY, COHN, and NEWMAN (64, 

65) employed ethanol-water, at --5 o C., at low ionic strengths, as a medium 
!~r Studying the solubility of egg albumin and horse hemoglobin in solvents of 
tow dielectric constant. They showed that the solvent action of neutral salts 
u~der these conditions was much greater than in water; and that both these 
PrOteins could be successfully recrystallized, after exposure to t5--25 per 
cent ethanol at --5 o for long periods, provided the ethanol was removed 
before the temperature was raised. 

The first report on a systematic fractionation of plasma by the low tem- 
Perature-low salt-ethanol procedures was made in t 940 by COHN, LUETSCHER, 

O}r165 AI~MSTRONG, and. DAVIS (37). During the war, these methods were 
~lassed as confidential, and a very long series of plasma fractionation runs 
~ S m a d e ,  using human blood, collected by the American Red Cross, in 

1 Concerning the lipoproteins of plasma, see p. 344. 

21" 
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connection with the development of plasma fractionation products for use 
by the Armed Forces 1. Much information concerning the nature  of the pro- 
ducts obtained, and their clinical uses, was released during the wa r2, but 
the first detailed report  of the methods used was given in t946 by CorlN, 
STRONG, HUGHES, MULFORD, ASHWORTH, MELIN, and TAYLOR (39)" An 
earlier report (38) [see also (t 53)] gave many  details concerning the properties 
of the plasma fractions. 

The methods of plasma fractionation, as developed at the present time, 
represent a gradual evolution, based on the a t t empt  to develop an inclusive 
process which should yield all the components of plasma in active, conceW 
trated, and undenatured form. This goal, of course, is still far from achieve 
ment ,  but  the later processes have represented .a great advance over the earlier 
ones, both with respect to the number  and specificity of the active fractions 
separated, and with respect to the preservation of components in undenatured 
form. 

Certain properties of the protein components  of human  plasma have 
been recognized, as experience was accumulated,  and formed the basis of the 
plasma fractionation process employed at present. Some of them may be 
stated as follows: (1) Most of the fibrinogen is readily precipitated at verY 
low ethanol concentrations (8 to 10 % by volume), at temperatures betVCee~ 
0 ~ and --30 C, and PH values near 7. The fraction so obtained is knoWn as 
Fraction I. (2) Virtually all the y-globulin, and a large portion of the fl.glo" 
bulin, including the fll-lipoprotein (X-protein), is precipitated on raising the 
e thanol  concentration to 25% by volume, while lowering the temperature 
to --50 C at pH near 7. This fraction, designated as I I  + I I I ,  also contains 
prot.hrombin and the isoagglutinins. These various components  are separated 
by methods  described later. (31 A large portion of the ~r much of 
it a~ tipoprotein containing about 35% lipid (cholesterol, fa t ty  acid, phOS- 
phatide), can be separated from the supernatant  of Fraction II  + I I I  bY 
lowering the ethanol concentration to 18% and the Pa to 5.2. This fraction 
is denoted as IV-t.  Another component  of this fraction is a blue-green P ig~ 
ment ,  previously described by LUETSCHER (93) and others. In the earlier 
procedures employed for fractionation [see (39)] the ,r was largely 
denatured,  and the lipid removed from its a t tachment  to the protein co#" 
ponent,  by carrying out the precipitation at higher alcohol concentration 

x This work was originally supported by grants from the Rockefeller Found~ti~ 
and from funds of Harvard University. It was aided early in t94t by grants fror~ t~r 
Committee on Medicine of the National Research Council, which included a grant f ~  
the American College of Physicians. From August, t941, to July, 1946, it was carried ~e 
under contract, recommended by the Committee 'on Medical Research, between t 
Office of Scientific Research and Developmenf and Harvard University. 

See particularly a series of papers in the Journal of Clinical Investigatio~ ~$' 
417~606 incl. (t944); 24, 657, 662, 671,698, 704, 793, 802, (1945)' Many of these P ~pe~s 
are referred to separately in the bibliography. 
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(40%) and PH 5"5--5-81" It  was found, however, tha t  the protein could be 
prepared in a distinctly more soluble form in which the lipid was still at tached 
to the protein if this material was never exposed to ethanol concentrat ions 
higher than  25 %, its precipitation being readily brought  about in t 8 % ethanol 
because of its rapidly decreasing solubility with decrease of Pn between 6 
and 5.2. (4) The supernatant  from Fract ion IV-I contains other or-globulins, 
virtually lipid-free, certain fl-globulins, and nearly all the albumin. To sepa- 
rate the globulins, while leaving the albumin in solution, the ethanol concen- 
tration is raised to 40% (0.t63 tool fraction ethanol) and the Pa to 5.8. The 
resulting precipitate (Fraction IV-4) contains some albumin and ~- and 
fl'globulins. The latter include serum esterase and a specific iron binding 
globulin of plasma. (5) The protein in the supernatant  from Fraction IV,4 is 
almost entirely albumin.  I t  is now separated by lowering the PH to 4.8, with 
Pa 4 acetate buffer 2, while maintaining the ethanol concentration at 40%. 
The albumin is practically isoelectric, under  these conditions, and precipitates 
almost quant i ta t ively as Fraction V. The albumin in the resulting precipitate 
contains about 4 % of ~- and 1% of fl-globulin, which are less heat-stable than  
the albumin. They can be largely removed by redissolving the precipitate 
ia water, and adding ethanol to a volume concentrat ion of t0 % at --3 ~ at 
Pa 4.6, and ionic s trength 0.0t The resulting small precipitate is filtered 
off, and the filtrate contains albumin of 97--99% purity,  as judged from 
electrophoresis in PH 8.6 barbiturate buffer. The globulin content  can be 
reduced to a few tenths  of one per cent', or less, by crystallization of the 
albumin, as described later. 

The supernatant  solution from Fraction V, when concentrated by evapo- 
ration at low tempera ture ,  is known as Fraction VI. I t  contains a very small 
araount of albumin and ~-globulin (less than 2 % of the total protein in plasma), 
large amounts  of salt, and some of the low molecular weight non-protein 
Substances found in plasma. 

The condit ions for separation of the principal fractions of human plasma, 
and the electrophoretic data  concerning them, are summarized in Table II.  
]'he procedure for separat ion here described is known as method 6; it has 
evolved from a Series of earlier methods described in detail elsewhere (39), 

x Some evidence very recently obtained, however, indicates tha t  the ~-lipoprotein 
as separated in Fraction IV-t by this procedure has been altered from its original state 
iu plasma and coulct not  be properly called undenatured.  Work on this problem by 
Professor CO:IN and his associates is now in progress. 

The p~[ values are not  measured directly on the solution of high ethanol content, 
but are determined on the glass electrode after diluting the solution with water, or pre- 
Ierably dilute sodium chloride solution (0.02 M), to a final content of about 4 % ethanol. 
Acetate buffer is used, rather than acetic acid, so that  the protein solution is never 
e~posed, even momentarily, to PvI values more acid than 4. The preparation of acetate 
buffers, of a given PIt and ionic strength, is conveniently made with the aid of the nomo- 
gram given by BoYD (13). 
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and  is obv ious ly  subjec t  to  fu r the r  modi f ica t ion  and  improvemen t �9  Moreover, 

i t  should  be  emphas ized  t ha t  the  m e t h o d  as described,  and  the  d a t a  obtained, 

a p p l y  specifically only  to h u m a n  plasma�9 P l a s m a  f rom o ther  species in- 

va r i ab ly  shows charac te r i s t i c  differences which  will be ref lec ted  in the frac" 

t ionat ion.  The  fll-l ipoprotein (X-pro te in  of PEDERSEN (t 19)] found in Fraction 

II + III,  for instance,  has  been recognized only  in h u m a n  p l a sma ;  a protein 

of this t y p e  has  been  found  only  in t races ,  if a t  all, in the  an imal  plasmas 

h i the r to  examined .  T h e  detai ls  of the  p l a s m a  f rac t iona t ion  procedure  may 

therefore  require  i m p o r t a n t  modif ica t ions ,  depending  on the  species of plasma 

be ing  f rac t iona ted .  

Table II .  Separation and Electrophoretic Composilion o/ .Principal Fractio~S 
o/ Human .Plasma by Method 6. 

Condi t ions  of S e p a r a t i o n  

|  

Plasma 

I 

II + l l I  
I V - - t  
IV- -4  

V 
WI 

Total 

PH 

7.4 
7.2 
6.8 
5.2 
5.8 
4,8 
4.8 
�9 * . .  

F/2 

.16 

.14 

.09 

.09 

.09 

. 1 t  

.1t 

. . .  

T e m p .  
oC. 

. ~  

- - 3  
- - 5  
- - 5  
- - 5  
- - 5  
- - 5  

Mole./  
F r a c t i o n  
E t h a n o l  

�9 ~176 

.027 

.o91 

.062 
,t63 
.163 
.163 
. . .  

m 

:otei: 
in 

,sterr 
g.ll. 

50.3 
51.1 
30.0 
15.8 
10. t 

7.5 
0.2 

E l e c t r o p h o r e t i c  Compos i t i on  
g. per  L i t e r  of P l a s m a  E s t i m a t e d  in plastna 

Albu-  
min  

36.3 
0.2 
0.8 
0 
0.9 

29.9 
0.8 

32.6 

�9 �9 nogen  

9.2 1o.6 7.2 
0.3 0.5 0.3 
t.1 9.1 7,o 
4.5 0.5 o.1 
2.7 2.2 0 
t.3 0.3 o 
0 . 2  < . I  0 

I0,I 12.6 7.4 

2.5 
2.1  

t . 0  

0 

o 
o 
0 
3.1 

J 

Total 

65,8 
3.4 

t9.o 
5.t 
5.8 

3t.5 
t.0 

65,8 

Data from COHN,  STRONG,  H U G H E S ,  M U L F O R D ,  A S H W O R T H ,  MELIN and TAYLOR (39); 
see specially Tables I I  and IX  of their paper. Electrophoretic figures in the top row 
are for measurements directly on plasma; those in the bottom row are summations 
from the distribution in the plasma fractions, multiplying by the appropriate factor 
for the percentage of total plasma protein represented in the fraction. 

Electrophoretic components of plasma with mobilities close to  that of fibrinOgen 
are resolved with difficulty. The value of 2.5 g./1, for fibrinogen in whole plasma is 
derived from E D S A L L ,  FERRY and ARMSTRONG (53 ) ,  who base their estimates on the 
amount of protein clottable with thrombin [see also MORRISON (109)]�9 The remainder 
of the protein with the same mobility is included with the fl-globulins. A similar situatiO~ 
occurs with Fraction I I  + I I I .  

Satisfactory resolution of the ~l-globulin from albumin in Fraction IV-t has laot 
been accomplished, and since probably less than 25 % of the fraction is albumin, any 
components with mobilities similar to that of albumin have been included with tl~o 
~-globulins. Further studies on this point are in progress. 

Fo r  some  purposes  the  pr inc ipa l  f rac t ions  can be employed  as such. For 

ins tance ,  F r ac t i on  I is a su i tab le  s t a r t i ng  ma te r i a l  for the  p repa ra t ion  of 

f ibrin foam and  fi lm; and  F rac t ion  V, a f te r  a single reprec ip i ta t ion ,  as already 

described,  can be  dissolved in a solut ion conta in ing  a sui table  stabilizing 

agen t ,  such as the  sod ium sal t  of a c e t y l - t r y p t o p h a n  a t  0.04 M,  t o  give a 

concen t ra t ed  solut ion of h igh  s tab i l i ty  which has  found extende~l clinical use, 
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HOWever, for many purposes further subfractionation of the principal fractions 
is essential, in order to obtain separately the many important components 
they contain. 

4. The  Subf rac t iona t ion  of F rac t ion  I: F ib r inogen  and  the  
Anti-Hemophilic Globulin. 

Fraction I as first separa~ted from human plasma contains approximately 
60 to 65 % fibrinogen 1. This factor is determined more  specifically by meas- 
Uring the amount of protein from the fraction which will form a fibrin clot 
With thrombin. To give reliable results for fibrinogen assay, the clot must 
be formed under suitably chosen conditions of PH, ionic strength, and fibrinogen 
and thrombin concentration. A systematic study of these factors has been 
~lade by MORRISON (t 09) 2. 

Fraction I, although very far from being pure fibrinogen, has served as 
an excellent starting material for the preparation of many fibrinogen and 
fibrin products, such as fibrin foam and fibrin film (t0, 61, 62, 63). However, 
for a deeper understanding of the clotting process, and for chemical studies 
of the fibrinogen molecule, a much more highly purified fibrinogen is essential. 
t~ecent studies (tt0) have shown that  two characteristics of the protein in 
l~raction I are particularly important for this separation: (1) The solubility 
of fibrinogen decreases more rapidly with decrease in p , ,  between p .  5 and 7, 
than that of the non-clottable protein of Fraction I. {2) The temperature 
coefficient of solubility is very large, both for fibrinogen and for the non- 
clottable protein. However, there is one portion of the non-clottable protein 
With an extremely high temperature coefficient of solubility, which can be 
COnveniently separated by lowering the temperature of a concentrated Frac- 
tion I solution from t0 ~ or above to approximately 0 ~ A Certain amount 
of fibrinogen is lost in this separation, but the residual more soluble material 
has a much higher fibrinogen content than the original Fraction I. Making 
Use of these observations, human fibrinogen preparations containing 98 % of 
clottable protein, or better, have been obtained. 

1 The fibrinogen content  of bovine Fract ion I is generally 75 % or better ,  reflecting 
the much higher concentrat ion of fibrinogen in bovine p lasma (45, 8t). 

Misleading resuIts can, of course, be given if o ther  p lasma proteins are occluded in 
the clot as i t  forms..MORRISONS studies have shown tha t  the  l ipoprotein Fract ions I I I -0  
arid IV-I have especially high tendencies to occlusion; the non-clot table protein of 
~'raction I is also occluded more than  most  of the other p lasma protein components.  
Albumin is v i r tua l ly  not  occluded a t  all. MORRISONS findings on occlusion have an 
obvious significance for the assay for fibrinogen in whole plasma, par t icular ly  in some 
Pathological plasmas containing higll concentrations of lipids and lipoproteins. 

3 The properties of this non-clottable protein, which we have ten ta t ive ly  d e n o t e d  
as cold insoluble globulin, have been studied by  EDSALL, GILBERT, and SCHERAGA (55), 
The molecule appears to be of approximate ly  the same length as fibrinogen but  with 
larger cross section and approximate ly  twice the  molecular weight, 
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Human fibrinogen is a very large elongated molecule with a length of 
the order of 700 A, as judged by double refraction of flow studies (54). Its 
sedimentation constant s2o, is approximately 9 S as reported by both ONCLI~' 

SCATCHARD, and BROWN (tt7) (see Table V, p. 347) and HOLMBERG (82)' 
HOLMBERG estimates the molecular weight as near 700,000 from sedimentation 
and diffusion, while ONCLEY gives a figure of approximately 400,000, based 
on sedimentation, viscosity, and double refraction of flow. EDSALL, FOSTEI% 

and SCHEINBERG (54) have made a critical comparison of all the data on 
human fibrinogen and conclude by giving an approximate molecular weight of 
the order of 460,000. Within the present limits of experimental error, this 
may be taken as in close agreement with ONCLEYs estimate. ~XlANNINGA (tt2) 
has studied bovine fibrinogen by osmotic pressure and viscosity measurementS' 
He deduces a molecular weight of 440,000 and a length of approximately 
725 A, in remarkably close agreement with the values on human fibrinogell" 

Fraction I of normal plasma contains a high concentration of another 
component, at present recognizable only through its influence in shortening 
the clotting time of hemophilic blood, even when added at very high dilutiOn" 
This factor is also present in Fraction 11I-2,3 which contains prothronabin 
and plasminogen, but the concentration is far higher in Fraction I. pre- 
parations of Fraction I, dried from the frozen state in sterile form, have been 
used clinically by a number of investigators to shorten clotting time in hernO" 
philic patients who were about to undergo an operation, or who were suffering 
from internal bleeding. In many cases, the treatment has proved strikingly 
effective. The results are, of course, only temporary and are essentially 
identical with those which can be obtained by injections of compatible whole 
blood or plasma (t07, t49). A few hemophitic patients, who respond to whole 
plasma, are not benefited by Fraction I injections. 

As yet all attempts to separate the antihemophilic factor from fibrinogen 
by chemical means have proved unsuccessful. The two are clearly distinct; 
fibrinogen, for instance, is readily heat coagulated in 5 minutes at 53 o, where~S 
the antihemophilic activity of Fraction I is still high after this heat treatment, 
although it is rapidly lost at 65--70 o C. Further research on the chemical 
nature of the antihemophilic factor is clearly necessary. 

5. Subfract ionat ion of Fract ion II + III. 

This fraction contains virtually all the antibodies of plasma, as well ~s 
prothrombin, the isoagglutinins, plasminogen, and the component C'1 of 
complement. The separation of these various components is, of course, of 
major importance, and a systematic procedure has been developed by O~c L~'~' 
MELIN, CAMEROI% RICI~ERT, and GRoss (1t6). Briefly, it is based on the 

following observations: 
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t. The fl~-lipoprotein (X-protein) is soluble a t  PH 7.2--7.6 even a• relat ively 
high ethanol concentrat ions (t 7--20 %), whereas near ly  all other  components  

of this fraction are insoluble under  these conditions if the ionic s t rength is 

sufficiently low. The removal  of the lipoprotein, as the first step in the sub- 
ffactionation process, enables it  to be separated wi thout  denatura t ion,  and 

allows the subsequent  separat ion of all the other components  of Fract ion I I  + 
III in vi r tual ly  lipid-free condition. 

2. Prothrombin,  plasminogen, and  t h e  fibrinogen not  a l ready precipi tated 
in Fraction I, are very  insoluble at  p ,  5.2--5.4, even in the absence of alcohol 

and at modera te ly  high ionic strengths.  This fraction is denoted as III-2,  
or III-2,3. 

3. The isoagglutinins are also insoluble at  Pa 5.2--5.4 a t  very  low ionic 
Strengths, b u t  dissolve readi ly  at  this PH on sl ightly increasing the ionic 
Strength to a value insufficient to dissolve prothrombin,  fibrinogen, or plas- 
~inogen. The p .  of min imum solubili ty for the isoagglutinins is near  6.3; 

they are readi ly  precipi tated at  this p . ,  a t  low salt  and  low ethanol  concen- 
trations, the result ing fract ion being known as III-1.  

4. Most of the y-globulins are least soluble a t  PH values near  7. At  PH 5.---5.4 
they are very  soluble, probab]y more soluble than  any  other  component  of 

Plasma at  this  PH and at  low ionic s trength.  One port ion of the y-globulins 
(ttraetion I1-3) is precipi tated in this  Pa region by  a modera te  increase of 
ionic s t rength;  it  thus  belongs to the class of proteins which are salted out, 
even at  low ionic s trength,  on the acid side of the isoelectric point.  The 

remainder - - t h e  major  par t  of the y-globulin (Fraction I I - l ,  2) - - i s  preci- 

Pitated most  readily near to, or sl ightly above, p .  7, a t  e thanol  concentrat ions 
%at 20 % at  --5 o C. 

5. Plasminogen is s t rongly adsorbed on a fibrin clot, if the clot is formed 
in a solution conta in ing plasminogen. 

The steps in the subfract ionat ion of Frac t ion  I I  + I I I  (!16) will not  be 
d iscussed in detai l  here, but  are shown diagrammat ica l ly  in F ig .  t .  

To give some notion of details of procedure, the first step in the process shown in 
l~igure t has been described as ~ollows: 

"Each kilogram of precipitate II + I I I  is suspended in 2 kilograms of water con- 
taining ice (about one-quarter of the water should be frozen, in the form of verv fine ice 
CrYStals). When this suspension is fairly uniform, add 3 kilograms of 0 ~ water'to which 
~12 ce. of 0.5 M Na,HPO, (Pa 9.2) has been added. This suspension should be stirred 
slowly and kept at a temperature of 0 ~ C. until all lumps are dissolved, and a nearly 
%raplete solution is obtained. After the suspension is complete, add it to 20 kilograms 
0I 00 water and stir slowly at 0 ~ for 30--60 minutes. The P~t of this suspension should 
read 7.2 < 0.2. Then bring to 20 % ethanol by adding t 5 liters of 53.3 % ethanol, keeping 
the temperature as low aspossible until --50 C. is reached. This suspension should 
~t~ad at --50 C. with slow stirring for several hours before centrifuging. Centrifuge at a 
t~te of about 30 liters/hour. 

"Precipitate I I  + I I I W  consists of practically all of the y-globulins, isoagglutinins 
atl prothrombin originally present in the Fraction II + III. It  contains very little 
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cholesterol or carotenoid pigment. From a pool of normal plasma, it should represent 
by about 60% of the original I I  + I I I  paste, and will contain 50--55% of y_globulin 

clectrophoresis at  PrI 8.6) '  (Description prepared by the Plasma Fractionation Labora" 
tory, Harvard Medical School, dated July  27, t945.) 

Sephration o/ Prothrombin, Isoagglutinins, Plasminogen, a~d y-Globulins. Method 9" 

Fraction I I  + I I I  

ethanol 20 % 
1/2 0.005 
p/~ 7.2 
temp. --5 o C 
protein 1% 

I 
Supernatant Fraction I I  + I I I  W 

ethanol 25% ethanol 17% 
1"/2 0.005 / / 2  0.015 
Pif 5.7 Pll 5.2 
temp. --50 C temp. - - 6  o C 
protein 0.4% protein 1.2% 

I I. 

Fraction I I I -0  
~l-Lipoprotein 

Fraction 111-3 
Plasminogen 

Supernatant Fraction I I1  Supernatant 

Fraction 111-2,3 

ethanol 0 % 
/~/2 O. t 
p~ 7.0 
temp. 0 ~ C 
protein 8 % 
thrombin3 u/cc 

t 
Supernatant 

Fraction III-2 
Prothrornbin 

ethanol 1% ethanol 17 % 
/'/2 0.08 1"/2 0.05 
PH 5.4 PK 5.2 
temp. 0 o C temp. - - 6  o C 
protein 2.4 % protein 0.8 % 

Supernatant Supernata~t Fraction I I~ 
4 ~ v_Globulin 

ethanol t 5 % ethanol 25 % 
172 0,06 f / 2  0.05 
p~  6.3 PvI 7.4 
temp. - - 5  ~ temp. - - 5  o C 
protein 0.5 % protein 0.4 % 

J 
Fraction III-~ Supernatant Fractio~ II'I'*" 
Isoagglutinin 

Fig. 1. Separation of Prothrombin, Isoagglutinins, Plasmmogen, and 7-Globulins. 
From L. E. STRONG (139). 

Fraction 111-2,3 - -  the euglobulin fraction with min imum solubility near 
Pa 5.2 - - con t a in s  prothrombin,  the midpiece (component  C'x) of complement' 
and plasminogen~ the precursor of the proteolytic enzyme of plasma. 

Prothrombin and Thrombin. Prothrombin is somewhat unstable at s~cg 
an acid p~ as 5.2, and this fraction therefore should be prompt ly  redissolved 
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at higher salt concentration and at a Pd of 6 or higher. Human prothrombin, 

as obtained in this fraction, has been generally converted to thrombin by  the 
action of calcium ions and placental thromboplastin (~3); the conversion is 
Very slow at PH values acid to 6, but  goes rapidly above 6.3 at room tem- 
Perature (56). The resulting thrombin is much more s taNe than the pro- 
thrombin from which it is formed, although it loses most of its activity within 
a few days on standing in solution. When dried from the frozen state, it is 
Very stable and retains its full ac t iv i ty  for a period of years (56). 

The human prothrombin preparations so obtained are still very impure, 
containing ordinarily 20 or 30 prothrombin units per rag. of protein1: As a 
result of a long period of research, SEEGERS and his associates (t 32, t33) have 
recently obtained bovine prothrombin in what appears to be pure form. Their 

~lethod involves an initial precipitation of diluted beef plasma with acid at 
P~ 5.1. This is followed by  adsorption on Mg(OH)2 suspension. The adsorbed 
l~rothrombin is eluted by  decomposing the Mg(OH)2 under pressure with CO S. 
The eluate is fractionated with ammonium sulfate in the cold, and finally 
the prothrombin is separated by  isoelectric precipitation. The final product 
contains approximately 1500 prothrobin units per mg. dry weight. I t  behaves 
as a chemical individual by  the solubility test. [For the principles involved 
in the solubility determination, see Northrop (t14) and HERRIOTT (79).] It  
contains t4.5% N, 4.3% carbohydrate (as judged by  tile orcinoI test), 
end is present in a concentration of approximately 200 mg./l, in bovine 
Dlasma. 

Highly active thrombin has also been prepared by  MILSTONE (t06), by  a 
Drecedure differing considerably from that of SEEGERS. 

The Proteolytic Enzyme System of Plasma (Plasmin and Plasminogen). 
It has long b e e n k n o w n  that fibrin clots commonly dissolve after a few hours 
or days, even in the complete absence of bacterial contamination. It  was 
i~ferred that  this lytic action was due to an enzyme. 

In t903, DELEZENNE and POZERSKI (43) reported that  serum became 
!~ when shaken with chloroform, a phenomenon which has been 
StUdied in detail by  a series of later investigators [see, for instance, TaGNON "~__~_ 
I~ 1 The prothrombin unit was originally defined by SEEGERS, SMITH, WARNER, and 
b.l~l~KHOtlS (134) as that amount of prothrombin which, when fully converted to throm- 
l~, will clot I cc. of fibrinogen solution in 15 seconds at room temperature. The exact 

~l~tting time obtained" can vary considerably with the fibrinogen preparation used and 
~a ith conditions such as P~t and salt concentration. In the more recent work in this 
~horatory, a given preparation of thrombin was taken as a standard, and unknown 
DreParations were assessed with a given fibrinogen preparation, using serial dilutions 
~f both standard and unknown thrombin. The activity of the known preparations was 
thus directly given by determining the dilution which gave the same clotting time as 
%e unit of the standard. Such standard thrombin preparations are now distributed 
hy the National Institutes of Health, Bethesda, Maryland. I have recently discussed 
thi~ problem in more detail in another review (51). 
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(147)1. This later work indicated that  the proteolytic activity induced by 
chloroform was concentrated in a euglobulin fraction with a minimum solu- 
bility near PH 5.2 ( t48,  85). 

In the mean time, the study of fibrinolytic activity had been carried on 
from what at first appeared to be a totally different point of view. It was 
found by TIEEETT and GARNER (150, 69) that  a very active lyric agent whicl~ 
rapidly dissolved fibrin clots, especially from human plasma, could be ex- 
tracted from cultures of hemolytic streptococci. The lytic action on human 
fibrin clots was much more powerful than on clots from most animal bloods. 
A few years later, MILSTONE (105) showed that the substance from streptococci 
did not act on highly purified human fibrinogelt; it was necessary to add also 
a certain euglobulin fraction from human plasma which had a solubility 
minimum near PH 5.2. The work of CHRISTENSEN (24) and of CHRIST~NS~ 
and MACLEOD (26) further clarified the nature of the reaction. They showed 
by a series of careful and critical experiments that  the streptococcal factor 
served as an activator for an enzyme precursor present in the euglobulin 
fraction of normal human plasma;  they therefore termed the activator 
,,streptokinase", to indicate its origin and its IunctionM relationship to such 
other activators as enterokinase. Streptokinase was found to convert the 
enzyme precursor of plasma into the active enzyme with great rapidity" 
This enzyme was found to act not only on fibrin and fibrinogen, but also on 
gelatin, casein, and other proteins. I t  was therefore a true proteolytic enzYme' 
I ts  action could be inhibited quite markedly by the crystalline inhibitor 
which NORTHROP and KUNITZ (1 t4) had prepared and shown to have a higtl 
inhibitory action on crystalline trypsin. The form of the inbibition curves 
was quite different, however, for crystalline trypsin and for the plasma enzyme, 
indicating their lack of identity. CHRISTENSEN and MACLEOD named the 
plasma enzyme "plasmin" and its inactive precursor "plasminogen", and 
their terminology will be foUowed here 1. They also prepared activated enzY me 

1 The terminology in this field has unfortunately been extremely varied. Fgg etys~ 
(60) has termed the enzyme "serum tryptase" to indicate its general relationship 
try sm as re ards o t lmum However, recent tests b ~ ubhshe~ P ' g Pa  P ' �9 y J. S. FRUTON (unp " r~ 
on material prepared at the Harvard Pilot P lant  by 1RICHERT, MILLER, and l~I)sAr~ 
indicate tha t  the type of peptide linkage split by plasmin is quite different from that 
split by trypsin. This, in conjunction with the evidence of CHRISTENSEN, cited above' 
appears to remove the justification for denoting plasmin by a name suggesting a relY" 
tionship to trypsin. The name "fibrinolysin" has also bee~ used for the  plasma e nz3rtue' 
as for instance by the present author in a previous article (53). This terminology aF.; 
pears undesil:able, since the enzyme is not  specific for fibrin, but  is a general prote~162 ~ 
enzyme capable of splitting a certain type of peptide linkage. Moreover, the factor g e~, ~ 
denoted as streptokinase was referred to in earlier papers as "streptococcal fibrinolySU" ' 
the name here denoting an entirely different substance from the plasma enzyme. ~a 

�9 In  1948 this question of terminology was considered by a committee at a rnee*i~*o 
on "Blood Clotting and Allied Problems" sponsored by the Josiah Macv ] r  Foundati~ 

~ '  ~ " . t  4"~.  t~ 

in February, t948. This committee was unable to reach unanimous agerement ant* - 
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from the euglobulin fraction of plasma by chloroform treatment  without 
Streptokinase. By every test which they applied, the enzyme produced by 
the action of chloroform behaved like that  produced by streptokinase acti- 
vation. 

In the low temperature ethanol fractionation at the Harvard Pilot Plant 
it was found that  plasminogen was highly concentrated in Fraction III-2,3. 
It was desired to separate it as completely as possible from the prothrombin 
With which it was closely associated, and which was very similar in its solu- 
bility characteristics. In D. A. RICHERTs method a considerable degree of 
COncentration was achieved by making use of the fact that  most of the fibri- 
•Ogen, not already precipitated in Fraction I, was concentrated in Fraction 
III-2,3. On the addition of a moderate amount of thrombin, a fibrin c lo t  
Was formed which was then centrifuged off, and was found to carry a great 
deal of plasminogen activity adsorbed on the fibrin clot. On standing in 
the cold for a day or two, or in a few hours at room temperature,  the clot 
lYsed spontaneously, owing to the action of the plasmin which was formed 
from the plasminogen under these conditions. The resulting fraction was 
designated as III-3. On holding the preparation at 0 o for two or three weeks, 
a Slowly progressive activation occurred without the addition of chloroform, 
Streptokinase, or any other activator. The final concentration of plasmin 
Obtained in this way was about one-third of the maximum obtainable on 
Complete activation with streptokinase. Chloroform t reatment  of Fraction 
III-3 did not give any increase in the rate or in the final amount of activation, 
as Compared with the control sample without added activator. This is perhaps 
explainable by the fact that  the lipids present in Fraction II + I I I  were 
Previously separated in Fraction III-0. The function of the chloroform in 
Whole plasma or crude plasma fractions may well be due to its extraction 
of fat soluble inhibitors which normally prevent the spontaneous conversion 
of plasminogen to plasmin 1. 

Even the most active enzyme preparations yet obtained are still very 
i~p..~_~ure. Further  purification will be important,  both in making highly active 

recommendation was made tha t  either the  term "fibrinolysin" or "plasmin" might  be 
Used to denote the active enzyme and "profibr inolysin" or "plasminogen" to denote its 
l~recursor. I t  was also recommended that ,  whichever term was used, the a l ternat ive 
term should be inserted in parenthesis af ter  i t  a t  the  first point  in the paper  a t  which 
these terms were used (see the Proceedings of this conference, published by  the Josiah 
Macy, Jr. FoundatioS,  565 Park  Avenue, New York, N.Y., page 38). 

1 This conclusion has been strengthened by  la ter  work of CHRISTENSEN (25) who 
has shown tha t  chloroform apparent ly  acts on serum or p lasma by  removing the in- 
hibitor of the enzyme which is present in serum. He also found tha t  chloroform t rea tment  
of Serum caused some destruction of plasminogen, and Suggested tha t  the spontaneous 
activation of plasminogen which occurs following removal  of inhibitor might  be auto- 
e~talytic in nature.  He also observed, in agreement with findings from this laboratory,  
that active plasmin in solution appears to destroy both plasmin and plasminogen 
activity. 
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preparations available for possible clinical uses, and in studying the role of 
the  enzyme in the blood coagulation mechanism. Several recent authors, 
notably FERGUSON (59) and TAGNON (147) have stressed its possible im- 
portance in the latter connection. More recently SEEGERS. and Loo~Is (13 t) 
have reported that  plasmin (fibrinolysin) when free of thrombin and pro- 
thrombin does not activate prothrombin or clot oxalated plasma or fibrinogen 
solutions. However, it does inactivate prothrombin at a fairly rapid rate, 
although thrombin is not inactivated by it. 

Isoagglutinin Preparations: Anti-A, Anti-B, and Anti-Rh. The anti-A 
and anti-B isoagglutinins which react with the specific A and B substances 
of red cells are concentrated in Fraction 111-1, which consists of euglobulins 
with minimum solubility neai PH 6.3 (122, t l  5,:t16). In order to obtain tYP e 
specific preparations, it is of course necessary that  the pooled plasma used 
for processing be taken only from blood of the correct type. In considering 
the choice of bloods for obtaining active fractions for typing, certain elemen" 
tary points regarding the nature of blood .groups and their frequency in a 
typical American population must be borne in mind (Table III). 

Table I I I .  

Blood Group A gglutinogen 
Present in Cells 

Agglutinins in Per Cent of Population 
Plasma in Group {in U.S,A.) 

O . . .  an t i -A ,  a n t i - B  45 
A A a n t i - B  4 t  
B B a n t i - A  t0  

A B  A a n d  B . . .  4 

P e r c e n t a g e  f igures f rom W i e n e r  " B l o o d  Groups  a n d  T r a n s f u s i o n " ;  d a t a  of SNV~R" 

It  can be seen from the table that  the preparation of anti-B isoagglutininS 
from donors of type A should be a relatively simple and straight-forward 
problem, granted a suitable method of fractionation. Donors of type A make 
up more than 40 % of the population, and the supplies from this source are 
ample. To obtain adequate quantities of anti-A isoagglutinins is a more 
difficult problem. It  is of course true that these can be prepared by free" 
lionation of pooled plasmas from donors of type B. However, such donors 
make up only t0 % of the population. This raises a serious difficulty, since 
equal amounts of anti-A and anti-B agglutinins are' required as reagents for 
typing. Moreover, the anti-A agglutinins from type B plasma are often 
deficient in their reactions with certain rare sub-types of cells, notably with 
cells of type A2B. The problem of obtaining a large yield of anti-A isoaggluti" 
nins was ingeniously solved by MEi.IN (t00), by combining bloods of type 0 
and type B as they were obtained at a large blood donor center. Plasma 
from type O blood contains both anti-A and anti-B agglutinins; and moreover 
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it is more active than type B plasma in its reactivity with cells containing 
the A.~-agglutinogen (cells of type A s and A2B ). The B cells, on mixture 
With O blood, absorb the anti-B activity almost completely, leaving the anti-A 
activity in the plasma of the mixed bloods. Cells and plasma are then sepa- 
rated, and the plasma is fractionated in the usual manner, the anti-A ag- 
glutinins being concentrated in Fraction III-t .  By this means, the plasma 
available for the preparation of anti-B isoagglutinins from a pool of a typical 
Araerican population is equal to, or slightly greater than, the amount of 
aati-B agglutinin available from donors 0f type A. Furthermore, the anti-A 
iSOagglutinins, thus prepared from combined 0 and B blood, are somewhat 
taOre active, especially against the rare sub-groups A a and AaB, than are 
the isoagglutinins taken from type B donors alone. For a detailed description 
of the procedure, MELINs article should be consulted; it is to be emphasized, 
hOWever, that a very careful testing of all the individual bloods used in pre- 
.Paring the O + B pool is essential. A single sample of type A blood, even 
l~ a very large pool of O + B blood, is enough to reduce the anti-A activity 
~f the resulting isoagglutinin fraction ~ery markedly indeed. 

The assay of isoagglutinin activity proved to raise considerable difficulties, 
~0r 'the techniques employed in different laboratories were so different in 
detail that the results were not quantitatively comparable, and the red cells 
Used to observe the agglutination reaction inevitably varied somewhat from 
~ individual donor to another. To eliminate these complications, Reference 
~taadard preparations of anti-A and anti-B agglutinins were made" up from 
certain preparations of F;action III- l ,  and distributed to all investigators 
testing new preparat ions. .By assay of the activity of a new preparation 
against the reference standard, studying both at a series of dilutions, the 
relative activity of different preparations could be reliably estimated (42). 

Just as Fraction III-2,3 consists of a few per cent of prothrombin, with 
alarge amount of inert protein, so Fraction III-I  consists only of about one 
Der cent of isoagglutinins 1, the rest of the protein in this fraction not being 
~irectly involved in the,reaction with A and B substances. Thus the pro- 
Perties of pure isoagglutinins cannot be deduced from those of the total 
PrOtein in Fraction I I I - t ;  but this fact does not  impair the value of these 
Dreparations as blood typing reagents of high titer and avidity. 

Anti-Rh Isoagglutinins. Although they were discovered only as recently 
~a t940 by LANDSTEINER and WIENER, the Rh factors are now recognized 
~a being comparable in importance with the A and B factors, of which they 
~re genetically independent. Anti-Rh isoagglutinins are not found in normal 
Plasma, but are produced in Rh-negative individuals exposed to Rh-po.sitive ~ .. 

]Is, either by transfusidn, or by passage of minute numbers of cells (or 
~ w n  products containing the Rh factor) from an Rh-positive fetus to 

1 Personal communication from Dr. E. A. KABAT. 



336 Joan T. ]~DSALL: The plasma proteins and their fractionation. 

an Rh-negative mother,  across the placental membrane.  The grave c onse" 
quences which may  ensue, in the form of the disease erythroblastosis /etalis 
and in other respects, have been discussed in many  places 1. 

What  concerns us here is the preparat ion-of  typing reagents�9 Anti .l~h 
agglutinins are present in only a very small fraction of the general population; 
they must  be obtained from sensitized Rh-negative donors, specially selectedt 
On fractionation, these agglutinms, like anti-A and anti-B, are foun0 in 
Fraction 111-1. Fract ionation here has proved particularly useful, since most 
of the whole sere, as collected, are too weak to Use as such for typing purposeS, 
but  are effective when the agglutinins are concentrated in Fraction 111-1. 

The ~-Globulins of Human Plasma. The ~-globulin fractions 11-t,2 and 
11-3 obtained by the procedures outlined on pp.:329--30 can readily be obtained 
as preparations giving practically only a single boundary in electrophoretiC 
measurements�9 Preparations containing 98 % y-globulin or better  are readily 
obtained. However, this  boundary ,  as shown particularly by the work of 
ALBERT Y (2) is far broader than would be expected for a single component' 
This spreading of the boundary progresseswith t ime; moreover, the spreading 
is largely reversible on reversing the direction of, the current. This shoWS 
that  manv  different components  with different isoelectric points are present 
in the preparation. ALBERTY has calculated a heterogeneity coefficient which 
gives a measure of the breadth of this distribution. A small  but  significant 
fraction of the ~-globulin molecules in the preparation have isoelectric points 
at least one pa  unit  more acid and more alkaline than the mean isoelectric 
point  of the preparation. 

There are also other indications of heterogeneity�9 ONCLEYs ultracentrifug~l 
studies (t 17) [see also WILLIAMS et al., (t 53)] have shown tha t  only 75---85 ~176 
of the protein in this fraction sediments with the value S2o= 7 S; the remainder 
consists of one or more faster moving components,  with s20 ---- t0 S apprO~" 
imately. Furthermore,  this fraction has been shown by repeated tests, botll 
immunological and clinical, to contain a large number  of antibodies. Those 
determined by laboratory procedures include antibodies to diphtheria, i~; 
fluenza, mumps,  whooping cough, scarlet fever, poliomyelitis, lymphocy tic 
choriomeningitis, certain streptococci, vaccinia, and typhoid 3. The  evidence' 

1 For a review of the Rh factor, see for instance BOYD (14) ; also the papers by L~V 46 
�9 , ,  . , ,  o l  and by WIENER and SONN, in Annals of the New York Academy of Sciences , v 

(1946). ., . r~l~ef 
The presence of "blocking ant 'bodies in many such ant i -Rh sere (48) 1% b. 

complicates the problem of observing the agglutination reactions. Agglutination of .s 
positive cells by such sere is greatly improved by the addition of whole 91asma or v~ri~ 
plasma fractions. Serum albumin, because of its ready availabflit-v m large quart _, 

�9 ~ . - ' 0 D  ~ 

today, has been found particularly useful as a reagent to aid in Rh typing deterrmn~tl 
(20). 

a The typhoid H agglutinin is found in Fractions I I - t ,2  and I1-3; but  the typ hoid 0 
agglutinin is found predominantly in Fraction I I I - l .  
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derived from studies by many workers, is summarized by ENDERS (57) in a 
comprehensive paper. 

Moreover extensive clinical trials have shown the great utility of such 
preparations in producing temporary passive immunization to measles (118, 
t37), and to infectious hepatitis (138, 70, 76), and have thereby demonstrated 
that antibodies to both these diseases are present in the y-globulin fraction 
of human blood. Unquestionably many  other antibodies are present also in 
this fraction and have not yet  been detected simply because they have not 
been tested for I. 

The y-globulin of Fraction II is readily prepared in aqueous solutions 
Containing 16% or more of protein. The y-globulin and antibody content 
of such solutions, per unit volume, are approximately 25 times as great as 
in the plasma used as starting material. By fractionating plasma derived from 
donors convalescent from a particular disease, the specific antibody content 
of the original plasma is much iro.reased; and the concentrated Fraction I I 
from such plasmas may become a -verful agent in the t reatment  of certain 
diseases. Studies of this Sort, using "nots convalescent from mumps, from 
SCarlet fever, and from other diseases l, tve already beam.  

Studies have been made in the Wisconsin laboratories of the enzyme 
digestion of human y-globulin. BRIDGMAN (19) found that  pepsin digestion 
at Pu 3.5 led chiefly to the production of molecules of approximately half the 
Original size, S=o falling from 7 to 6 S. The optimum conditions for half- 
molecule production involved digestion f6r three days, in the cold, with at 
least 0.05 hemoglobin units of pepsin per g. globulin. Fur ther  digestion led 
to the production of still smaller molecules and eventually of dialyzable 
fragments. On immunological assay of the preparations of half-molecules, 
it Was found that  most of the antibody activities were present in undiminished 
POtency, although the typhoid "o"  agglutinin was destroyed. 

Digestion by  papain or bromelin [PETERMANN (t21)], on the other hand, 
led to the formation of quarter-molecules (s20 = 4.1 S) with only a small 
increase in non-protein nitrogen. Electrophoretically the digestion products 
Were very inhomogeneous, giving a series of different components, in sharp 
contrast to the pepsin digestion products, which were homogeneous in this 
respect and practically identical in mobility with the undigested globulin. 
The quarter-molecules still possessed some antibody activity, although con- 
!iderably less, with.respect to most of the antibodies tested, than was present 
1~ the original globulin. 

1 All the earlier studies were made with Fraction II preparations essentially equi- 
Valent to what is now denote.d as II-t,2. Fraction II-3 represents additional y-globulin, 
~lot recovered in the earlier procedures. Its content of nearly all antibodies (including 
~easles antibody) is virtually identical with that of 11-1,2, at present no opportunity 
has arisen to test its effectiveness in infectious hepatitis. It seems probable that for 
clinical use, the two subfractions can be combined into a total Fraction (y-globulin). 
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DEOTSCH, PETERMANN, and WILLIAMS (47) developed a combined pepsin 
digestion and fractionation system to recover half-size ?-globulin antibodies 
from an initial fraction containing fl- and ?-globulins 1. The half-size anti- 
bodies give less viscous solutions, and diffuse more rapidly, than the original 
molecules, and these modified properties may be valuable for clinical use. 

DEUTSCH, GOSTING, ALBERTY, and WILLIAMS (46) found 'that the less 
soluble fraction of the ?-globulin was best separated from fl-globulin at p~ 5-1 
and at low ionic strength (near 0.ot). Under these conditions, at t7 per cent 
ethanol and ---60, the y-globulin remains in solution while the fl_globulin is 
precipitated. This observation represented one of the important steps leading 
to the separation of Fraction 11-3 in method 9. 

Separation of a globulin with electrophoretic.mobility slightly greater than 
that of ordinary ?-globulin has been reported by DEUTSCH, ALBERTY, and 
GOSTING (44). They denote this new fraction as ?l-globulin (other authors 
have denoted it as fl,) and report on detail methods for its separation irons 
the bulk of the ?-globulin fraction (which they denote as ?s-globulin). 

Separation by the method of electrophoretic convection [NIELSEN and 
KIRKWOOD ( t t 3 ) 3  s e e m s  to have a promising future in the further study of 
the ?-globulins as well as many other protein fractions. CANN, BROWN, and 
KIRKWOOD (20a), have reported a successful subfractionation into three 
subfractions with different mean isoelectric points, and the prospects appear 
promising for further successful subfractionations. A combination of the 
electrophoretic method with further chemical subfractionation may also 
yield important results. 

6. C o m p o n e n t s  o f  F r a c t i o n  I V - 4 2 .  

Fraction IV-4, separated just before the albumins, consists largely of 
0t- and fl-globulins, together with a small amount of albumin. It comprises 
slightly more than 7 % of the plasma proteins. During the subfractionation 
of this complex fraction, several components have been concentrated (144); 
these include plasma choline esterase, a metal-combining globulin, and carbo" 
hydrate-rich ~2-globulins. 

Plasma choline esterase ~ has been concentrated into the subfraction called 
IV-6 (144), from which it has been further purified (142). 

1 This fract ion was denoted  as I I I - t  in an  ear l ier  f rac t iona t ion  m e t h o d  3 C (see 
ONCLEY et all (116)]. The  )J-globulin present  in this  f ract ion was la te r  separated Ln 
Frac t ion  I I -3  in m e t h o d  9. 

I am  indebted  to Dr. DOUGLAS M. SURaENOR for Sect ion 6 of this  review, 
3 This  enzyme  has been called serum esterase or pseudochol ine esterase. I t  d iffers 

in substra te  specif ici ty and  in its in te rac t ion  wi th  var ious  cholinergic substances fror~ 
the  choline esterase of nervous  t issue or  t h a t  associated wi th  the  s t roma  of the  red cell, 
Concernin its s ecificit  see MENDEL and  RUDNIgY "103 MENDEL, MUNDELL, ~,Ild g P Y, , ( ). 
RUDNEY (102); concerning its in teract ion wi th  var ious  inhibitors,  see ZELLE~ ascl 
BlSSEGOER (155) and GOLDSTEIN (7t). 
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Carbohydrate-rich ~2-globulins. Fraction IV-6 not  only contains choline 
eSterase, hut  also is a concentrated source of ~a-globulins, which are rich in 
hound carbohydrate.  These proteins were pseudoglobulins with minimum 
Solubility near pu 4.5. Although homogeneous by electrophoresis at p,~ 8.6, 
they usually showed several components  in the ultracentrifuge. These proteins 
have not been purified, nor has their physiological function been defined 1. 
A new method of plasma fractionation, now being developed, is yielding 
more satisfactory preparations of these and of other labile components of 
Plasma (33). 

In addition to these pseudoglobulin components,  a purified mucoprotein 
has been obtained (t44), isoelectric near Pu 5.0, containing 4.3% carbo- 
hydrate (as galactose and mannose) and 2.8 % glucoseamine. Its ultracentri- 
fugal behavior suggested a highly assymetrical molecule. The mucoprotein 
did not precipitate, on boiling a 2 % solution for four hours, but  was preci- 
Pitated from 7 % trichlor-acetic acid. This protein had a marked accelerating 
effect on the rate of sedimentation of human 6rythrocytes, which, however, 
Was not as pronounced as the effect produced by fibrinogen, the principal 
COmponent of normal plasma affecting erythrocyte sedimentation rates (58, 72). 

An ~2-globulin which separated with the metal  combining globulin into 
l~raction IV-7 has been distinguished from the a2-globulins of Fraction IV-6 
by its ability to bind bilirubin, a property which was not shared by the proteins 
i~ Fraction IV-0 (99). 

flFMetal-Combining globulin. I t  was early recognized by BARKAN (5, 6) 
that serum contains a small amount  of iron which is readly split off on acidi- 
fication. Later  it was found that  this iron-binding power was'associated with 
the globulin fraction of blood (7). The biological assay for this component  
of plasma, based on the iron requirement of certain bacteria (t29), and the 
ObServation tha t  the metalprotein complex was colored (i 28), aided materially 
ia its separation into Fraction IV-7 (t44, 143), and its crystallization from 
ethanol-water mixtures (91). In Fraction IV-7, the metalbinding p r o t e i n  
is 75 % pure, and this fraction has been used for intravenous injection in 
man (123, 22). 

The metal-combining globulin crystallized from human plasma is a fll- 
Pseudoglobulin, isoelectric near p~ 5.9. I t  is otherwise entirely unlike the 
Other ill_globulins of plasma, such as the flx-lipoprotein or the lipid-free 
~rglobulin which separated into Fract ion II  + I I I  (tt6). The crystallized 
Protein was free of lipid, contained t4.7% nitrogen and t.8 % carbohydrate.  
The molecular weight in the ultracentrifuge was 90,000 (so.9,w---- 5.0) (tt7) 
While the min imum molecular weight calculated from the iron content  of 

x Hypertensinogen is present in high concentration in the solution remaining after 
l~recipitation of Fraction IV-I. "Precipitation of Fraction IV-4 . . .  led to the destruction 
~ f hypertensinogen and presumably of otl~er labile components of the fraction without, 
OWever, destroying gross molecular structure." (39). 

Ergebnisse der Physiologie, 46. 2 2 a  



340 JoEN T,  EDSALL: T he  p l a s m a  p ro te ins  a n d  the i r  fractiona, t ion.  

the iron-protein complex was 45,000. The protein is thus capable of binding 

2 atoms of iron per molecule (t43, 91). 
The broad absorption band of the protein-iron complex, measured against 

a metal-free protein blank, had its maximum near 465 m/z, with extinction 

coefficient E 1% _~ 0.570. The reaction with iron was dependent o0 
I c m  

Pa; at PH below 5 the iron could be dialyzed from the colorless solution, 
while above PH 7 the color was maximal, and the protein was capable of 
binding 1.25 y of iron per milligram. Either  ferrous or ferric iron reacted, 
although the latter reacted much more slowly, due to the lower solubility 
and more rapid hydrolysis of ferric salts at neutral PH" Magnetic susceptibility 
measurements by Dr. LEONOR MICHAELIS (10.4) indicated that  regardless of 
whether the iron added was in the ferrous or ferric state, the iron in the 
complex was in the ferric state, and that  the complex was ionic, not covalent" 
I t  was therefore evident that  ferrous iron was oxidized prior to or during the 
formation of the complex. Carbon dioxide is essential for the formation of 
the metal-protein complex (t30). FIALA and BURK (66) have pointed out the 
similarity in the absorption maxima and extinction coefficient (based on 
iron) of the iron-protein complex to those of the iron-aspergillic acid and iron- 
hydroxyl, amine complexes, as well as the iron complexes of other simpler 
model compounds, such as N-hydroxy, 4-methylpyridone-2, all of which 
contain the cyclic hydroxamic acid grouping shown by DUTCHER to be reS" 
ponsible for the binding of iron by aspergillic acid (50). From their obserVa" 
tions, FIALA and BURK postulate that  the group on the protein which is 

involved in the binding of iron might be represented as 
- - N  - -  C - -  

t LL 
HO 0 

The metal-combining globulin 1 has been so named because of its ability 
to interact in vitro, with copper, as well as iron. The interaction with coPP er 
results in the formation of a complex with an absorption maximum near 

435 m# with E t % = 0.45. Maximum binding of copper occurred alkaline 
t c m  

to Pa 8. Iron displaced copper from the compex with a simultaneous c hange 
in color. No conditions were observed where copper would displace iron fro# 
the iron protein complex. 

An iron-binding protein has been isolated from swine serum (92). Obtained 
as the iron-protein complex, the molecular weight was found to be 88,000 and, 
unlike the protein from human plasma, the isoelectric point was found to be 

near Pn 4.4. This protein also combined with copper (83). 

1 This protein has been called siderophilin by SCI~AI~. (130) and transferrin bY 
HOLMBERG a n d  LAURELL (83). 
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7. Proper t ies  and  CrystalHzation of S e r u m  Albumin .  

The serum albumins represent the largest single fraction of the plasma 
Proteins. The most careful and critical electrophoretic studies, such as those 
Of PF-RLMANN and KAUFMAN (120) and of ARMSTRONG, BUDKA,  and MOR- 
~ISoN (3), indicate that  the albumins make up approximately 53 % of the 
total plasma proteins. As shown by the theoretical and experimental investig- 
ations of DOLE (49) and SVEUSSOS (t46), the direct measurements of the 
areas under the electrophoretic peaks in  an ordinary experiment do not give 
the true values for the relative concentrations of the different components. 
As SVENSSON has stated (146, p. 26), "The refractive index increment given 
by the leading ion is enlarged by slower surrounding ions of the same charge; 
it is diminished by faster ions of  the same charge and by ions of the opposite 
charge." According to this rule, the fast moving albumin peak always appears 
relatively too large in an electrophoretic diagram of the plasma proteins, 
~ d  the slow v-globulin peak appears too small. To obtain the true value for 
the relative concentration of the electrophoretic components, measurements 
Should be carried out a t  several different ionic strengths and several different 
PrOtein concentrations. The percentage of the total area under the peak 
COrresponding to any component in the diagram may then be plotted against 
the ratio of protein concentration to ionic strength. Extrapolation of the 
raeasurements to a zero value of this ratio should give a reliable estimate of 
the amount of the component present 1. The figure of approximately 53 % 
albumin in human plasma was derived essentially on this basis. 

Fraction V, as precipitated after the separation of Fraction IV-4, contain s 
85"--90 per cent of the total albumin of plasma [see COHI% STRONG, HUGtIES, 
et al (39), especially their Table IX]. Of the protein in the fraction, approxi- 
raately 95 per cent is albumin; of the remainder, approximately 3 to 4 per 
Cent is v-globulin and approximately 0.5 % is /~-globulin. If the albumin is 
intended for clinical use, only one further step in purification has generally 
been employed. The precipitated Fraction V is redissolved in 6 volumes of 
Water at 0 ~ and ethanol is added over a period of about two hours to a final 
COncentration of approximately 10%, the temperature being reduced to 
between --2 and --3 ~ The resulting turbid solution is stirred gently but 
thoroughly for about two hours, then clarified by filtration. Albumin is then 
Precipitated from the filtrate by raising the ethanol concentration to 40 %, 

I t  should be remembered ,  of course, t h a t  the  concent ra t ion  so es t imated  is ex-  
Pressed in t e rms  of the  re la t ive  ref rac t ive  index increments  of the  var ious  components  
and no t  in t e rms  of the i r  we igh t  concentra t ions .  ARMSTRONG BUDK& MORRISON, and  
FI~'SSON (4) have  de te rmined  the  refract ive  index  increments  of a n u m b e r  of the  ma jo r  
fractions of p lasma.  Most  "of these fract ions give near ly  ident ical  ref ract ive  increments  
"~ about  1.87 • 10 -4 (g./liter) -x for l ight  of w a v e  length  5893 A - -  bu t  the  proteins  
containing a signif icant  a m o u n t  of lipid or  ca rbohydra te  give lower values.  The  lowest  
Value observed was for the  flx-lipoprotein - -  namely ,  1.70 • 10 -4 (g./liter) -1. 
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lowering the temperature to --5 ~ and, in order to minimize absorption of 
acetic acid by the precipitate, raising the PH to 5.2 with sodium bicarbonate' 
The precipitated albumin is centrifuged off and dried from t h e  frozen state 
at as low a temperature as is practical. For clinical use it has been redis- 
solved in a sterile solution at a concentration of 25 %. By the addition of 
suitable stabilizing agents, these albumin solutions can be made very stable 

to heat. Fa t t y  acid anions are remarkably effective stabilizers, as shown 
by the work of Luck  and his associates (15). In the presence of 0.04 M sodium 
caprylate, for example, serum albumin may be heated for 10 or 15 hours or 
even more at 60 o without showing a significant increase in turbidity or any 
other sign of denaturation. The sodium salt of acetyltryptophane has alSO 
proved to be a very effective stabilizing agent, as shown by  the studies of 
SCATCHARD, STRONG, HUGHES, ASHWORTIt, and SPARROW ( t27) ,  and this 
substance at a concentration of 0.04 M has been employed ill all the serum 
albumin preparations put up for clinical use in recent vears. In this mediuna 
the albumin solution may be heated for 10 hours at 600 without significantlY 
altering its chemical stability or its clinical safety or usefulness. This heat 
treatment is effective, not only in destroying any bacteria that might have 
passed the sterilizing filter, but  also in destroying viruses, such as that of 
infectious iaundice, which cannot be removed by  filtration. Thus it has been 
possible to eliminate the mercurial preservative which had earlier been re- 
quired in albumin preparations intended for clinical use and at the same time 
to obtain added security against the possibility of virus infections resulting 

from albumin injection. 

This stabilizing action on serum albumin of certain organic anions is 
closely associated with the remarkable tendency of albumin to bind many 
of these substances more or less tightly. The recognition of the extent and 
the importance of such phenomena is largely due to the classic work of B~NN" 
HOLD (8, 9); and many recent studies have emphasized and extended the 
significance of BENNIIOLDS: conclusions. Thus, for example, DAVIS (40) h~s 
shown that sulfanilimide and other sulfa drugs are bound largely to albumin 

in plasma and do not appear to interact with the globulins; and MARTIN (99) 
has shown that one molecule of albumin binds 2 or 3 molecules of bilirubin' 
SCATCHARD, BATCI-IELDER, and BROWN (t25) concluded from osmotic pressure 
studies that albumin combines with chloride ions (approximately 6 per albumin 
molecule) even when the protein carries a negative net charge 1. ExtensiVe 

quantitative studies of the binding of a number of dyes by  serum albunaiil 
have recently been carried out by KLOaZ and his associates (88, 89, 90). For 

a review of other recent work in this area, see also EDSALL (52). 

1 For  recent accurate measurements of binding of chloride and Thiocyanate bY 
albumin, see G. SCATCHARD, I. H. SCHEINBERG and S. H. ARMSTRONG, JR. j .  a~lTier. 
chem. Soc. 72, 535, 540 (195o). 
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a b 

C d 

l"ig. 2 a - - d .  Crystals of h u m a n  and  bovine  se rum a lbumin .  ]from F.. J. CoItN, \V. L. HUGnI~.S jr., 
a n d  J.H.\u J . a m e r .  chem.  Soc. 69, 1753 (1~)47). 

Both  human and bovine serum albumins have been crystallized from 
ethanol-water mixtures at - - 5  0 (CoHN, ~HuGIIES, and vIrEARE (~6)!. Crystal- 

lization can be carried out  either at low ethanol  concentration (below 25 %) 
i'rgebnisse der Physiologic, Bd. 46. 22l) 



344 JOHN T. EDSALL" The plasma proteins and their fractionation. 

and low ionic strength, or at higher ethanol concentration (up to 40%) and 
higher ionic strength. It  was found particularly in the case of human albumin 
that  the addition of small amounts of long chain aliphatic alcohols such as 
decanol, or of certain other organic substances, was necessary to make possible 
reproduceable crystallization. All the aliphatic alcohols containing 5 or 
more carbon atoms proved effective. So also did n-amyl chloride. The effective 
concentrations for crystallization varied between 0.01 and ! %. Benzene and 
toluene were also found to aid in crystallization; so also did chloroform and 
ethylene dichloride at concentrations near t %. The physical properties of 
the crystallized albumins of human and bovine plasma were reported jr, 
detail by COHN, HUGHES, and WEARE. 

An entirely new method of crystallization of human serum albumin has 
been developed recently by HUGHES (84). This involved the addition of 
mercuric chloride - - app rox ima te ly  one-third mol per tool of albumin I to 
a t 5 % solution of Fraction V, or of human serum albumin previously crystal" 
lized ,aith decanol. Most of the albumin separated within a few days or1 
standing at --5 ~ p~ 5.2, and ionic strength 0.02. Only about two-thirds of 
the total albumin could be crystallized in this fashion; the remaining albumin 
in the mother liquor was not crystallizable on being readjusted to the saroe 
conditions used for the crystallization from the total albumin solution. The 
crystals were found to contain one-half tool of mercury per tool of proteim 
suggesting that two albumin molecules are linked through one atom of mercury 
in the solid state. The crystals were sparingly soluble in water but dissolved 
readily in 0.02 M sodium chloride and could be recrystallized by the addition 
of ethanol. The mercury could be removed by dialysis in the pre, sellce of 
0.001 M cysteine. Ultracentrifuge studies of solutions freshly prepared fro~ 
the crystals revealed two components, one with sedimentation constant 
4.6 S, typical of ordinary serum albumin, and the  other with a sedimentatio~ 
constant of approximately 6.5 E. The latter appeared to be a dimer, preS- 
umably composed of two albumin molecules linked through a mercury atOrO. 
The dimer completely disappeared on addition of cysteine, BAL, or an exceSS 
of mercuric chloride (t mol per tool albumin or more). This use of mercurY 
for the crystallization of serum albumin recalls its use by WARI3URG and hiS 
associates in the crystallization of enolase and other enzymes (152). photO" 
graphs of human and bovine serum albumins crystallized under variooS 

conditions are given in Figure 2a--d.  

8. The Lipoproteins of Plasma. 
The presence of lipids and steroids in close association with certain plasr~a 

protein fractions has often been observed. An excellent brief account of 
some of this earlier work has already been given by CHARGAFF (23). MACI{g" 
BOEUF (97) in 1929 obtained a water-soluble (or salt-soluble) lipoprotei~ 
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from horse serum by precipitating most of the globulin with half-saturated 
(NH4)2SO4, and acidifying the filtrate to PH 3-8 The precipitate so separated 
Was redissolved at Pn 7, and repeatedly reprecipitated at Pa 3.8. The final 
Product contained 17.9% cholesterol esters and 22.7% phospholipids, and 
Was soluble in water to a concentration of 50 g./l. [See also (98).] 

BLIX, TISELIUS, and SVENSSON (12) studied the lipid content of electro- 
Phoretically separated albumin and e-, fl-, and y-globulins from human serum. 
The lipid was associated chiefly with the =- and fl-globulin fractions ~. 

AI)AIR and ADAIR (1) obtained a globulin fraction of low density from human 
serum, by precipitation between 0.5 and 0.6 saturation with (NH4)2SO 4. They 
found 8.~ % phospholipid, t6,5 % cholesterol, and 20.4 % of fa t ty  acids in the re- 
Precipitated protein. The molecular weight from osmotic pressure was 3 70,000. 

In this laboratory, two sharply distinct lipoproteins, both euglobulins 
and both highly soluble in aqueous saline solutions, have been obtained by 
the low temperature - - l o w  salt - - e t h a n o l  fractionation: an e~-lipoprotein 
from Fraction IV-I, and a fll-lipoprotein from Fraction III-o. The former 
has a molecular weight of the order of 200,000, and the latter of the order 
of t , 0 0 0 , 0 0 0  [ONcLEY, SCATCHARD, and BROWN, (t17)]. Some of the pro- 
Perties of these lipoproteins are given in ]'able IV, together with those re- 
POrted by other investigators. It  should be noted that  the fl,-lipoprotein 

Table  IV. Lipoprotei~2s Isolated [rom t~lasma. 

Investigators 

MAcHI~13oxuF, 1928 . . . . . . . .  
t~LIX, TISELIUS, and  SVENSSON, 194t 
I~LIx, TISELIUS, and  SVENSSON, 1941 
At)aI~ and  ADAIR, 1943 . . . . .  
I~I)ERsEI'L 1945 . . . . . . . . .  
Q0ttN, BLANCHARD, and  STRONC,, 

1946 . . . . . . . . . . . . .  
0~CLEV, MELIN, and  GROSS, t946 

Principal 
Electro- 
phoretic 

Component 

�9 . ~ 

Sedimen- 
tation Per Cent 

Constant Nitrogen 
S2o, W 

4.1 8,0 

6.4 
6 . . . .  

6. 
10. 

4. 

g. i)er loog. 
Dry Protein 

CholesteroliTotal Lipid 
,= 

18. i 50 
4.4 . . .  
9 . . . .  

16.5 46 
. . . .  ~  

16. 35 
35. 75 

(involved in the X-protein phenomenon described by PEDERSEN (tt9)] al- 
though containing 75 % lipid, is soluble to the extent of to% or more in 
dilute aqueous salt solutions. It  can be repeatedly reprecipitated at low 
ionic strength, and redissolved by addition of salt, without denaturation. 
t~oth it and the e!-lipoprotein, however, are denatured, with release of lipid, 
oft exposure to high alcohol concentrations, or on freezing to temperatures 
he Jow --250, [see McFaRLA~E (96)]. 

1 BLIX, TISELIUS, and-SVENSSON reported also appreciable amoun t s  of cholesterol 
and phospholipid in their  a lbumin  and  e-globulin fractions. This p robab ly  indicates 
that these fractions were impure,  since COHN, S'rtmI~G, et al. (39) report  < 0.06% chol- 
eSterol in chemically purified )p-globulin, and  < 0.04 % in a lbumin .  
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The carotenoids of plasma are found, for the most  part ,  in the flylipO- 
protein 1, al though some carotenoid is also present in the ~.l-lipoprotein. The 
latter  contains most of the bile pigments of plasma. The steroids of plasma, 
including the estrogens, are found in the fll-lipoprotein (t24). This protein 
is also remarkable in being apparent ly characteristic only of human  plasma, 
in all the species yet investigated. PEDERSEN (1t9) says tha t  it was not 

Fig. 3. Plasma Proteins. Their Natural Functions and Clinical Uses and Separation into FractiOnS' 

detected in any other plasma during his ultracentrifugal studies, and ffac" 
tionation studies in this laboratory and in the Armour Laboratories on several 
animal plasmas are entirely in accord with his statement.  

Recently a detailed s tudy of the fl-lipoprotein of human  plasma has been 
reported by ONCLEY, GURD and MELIN (l14a); and a brief general summary 
of the properties of plasma lipoproteins has been presented by ONCLEY, G v'Ir 
EDSALL and COliN (t 14b). 

The distribution of human plasma proteins into fractions and subfractionS 
is diagrammatically represented in Fig. 3 F for an earlier version, see Coil# 
(28, 30) or ONCLEY el al., (tt5)]. 

1 U n p u b l i s h e d  work  of J .  W.  MEHL in t he  H a r v a r d  P l a s m a  F r a c t i o n a t i o n  Laboratory"  
See ONCLEa', MEL1N, RICHERT, CAMERON, a n d  GRoss  (116). 
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9. Ether  F r a c t i o n a t i o n  of  H u m a n  P l a s m a .  

In England,  during the war, precipitation with ether at low temperature 
Was employed as a method  of separation of fibrinogen and prothrombin 
from plasma [KExwlClq MACI~AY, and RECORD (86)]. Ether  is soluble in 
Plasma, at  0 ~ to --0.5 ~ C., to t t vols. per t oo cc., and on addition of ether 
to this concentration 90% of the total plasma fibrinogen is precipitated. 
The precipitate is only about 40 % fibrinogen, but  can be further purified by 
reprecipitation with ether. The plasma supernatant ,  after precipitation of 
ibrinogen, is adiusted to .p  a 5 .3~5.4 with citric acid. A yellow precipitate 

is formed, containing prothrombin,  which is then converted to thrombin.  
:l'hus the start ing materials for fibrin foam, fibrin film, and other products  
related to fibrinogen are obtained. E ther  is not sufficiently soluble in plasma 
to permit further fractionation ; instead, the residual liquid, after prothrombin 
removal, is frozen with ether below --250 [MCFARLANE (96)], thus largely 
breaking the bonds between protein and lipid in the lipoproteins, the lipids 
are extracted, and the remaining clear fluid can be used for clinical injection 
in shock and other conditions. Presumably,  if used on a large scale, this 
raethod mus t  be employed with special precautions, on account of the inflamm- 
ability of ether. 

Table V ,  

~tro~ h ~,,-v Oretic 
"tpOaen t 

~ burain 
"glObulin 

~l 'glabulin 
)'glObulin 
!~'globulin 
!rglObulin 
~'gl~b~lin 
:t'gl~bulin 
3!~ 
~ b u l i n  
~brinogen 

Protein Components o/ Normal Human Plasma Characterized by Physical 
Chemical Methods [ONcLEY, SCATCHARD and  BROWN (tt7)]. 

~- -~  ~ ~ 
. ' ' ~  ~ ~ ~ 

Fraction i ~ a [ ~  ~ ~/ ~ '~ 

4.6 0.7331 4,2 t . 2 8 6 9 , 0 0 0  150 38 32 I 
2 x 5.0 .84t 6.6 t .38 200,000 300 50 
t 9- .693 9.2 t.  58 (300,000) . . . . . .  
2 5.5 .725 5.5 1-37 90,000 190 37 
2 7. .74 . . .  (150,000) . . . . . .  
t 20, .74 . .  �9 500,000--t ,000,000 �9 . .  185 
2 t 2.9 2 .950 1.7 z t ,300,000 t85 . . .  
2 7 . . . . . . .  (t 50,000) . . . . . .  
5 7.2 .739 t.38 156,000 235 44 
1 t0. .739 . . .  (30o,000) . . . . . .  
2 9 . . . .  1.98 400,000 700 38 

Y 

I V - - t  
IV - - 6  
I V - - 7  

I l l - - O ,  111--2 
III=--o 
I I I - - o  
1 I I - - 1  

I I  
I I  
I - - 2  

x These two globulins are l ipoproteins  con ta in ing  35 % lipid for the  0h-globulin and  
75 % lipid for the  ill-globulin. The other  components  con ta in  l i t t le  or no  lipid. 

2 This  is the  sed imenta t ion  cons t an t  ob ta ined  in 0,5 M sodium chloride solution,  
~Vhen corrected in the  usual  manner ,  The/,//o value given here is the  value for sedimen- 
tation correcting for the  paFrial specific volume of the  hydra t ed  protein  (0.97), us ing 
the equat ion  of KRAEMER (equat ion 124, p. 65, reference t45). A solvat ion of 0.6 g. 
~f Water per  gl of prote in  was used for this  calculat ion,  and  the  molecule was assumed 
~l~hericaL 



348 ]OHN T. EDSALL: T he  p l a s m a  p ro t e ins  a n d  the i r  f rac t iona t ion .  

Io. Size and Shape of Molecules in Plasma Fractions. 

Studies of sedimentation constant, viscosity, osmotic pressure, and partial 
specific volume of plasma fractions have permitted estimation of molecular 

~ weights and axial ratios 

~qgo, W 

O L I ~  F)::'~! 

Praa//ona 

/5 

4~ 

Fig. 4. Distribution of ultracentrifugal components in fractions of 
human plasma. Three bars, and a portion of a fourth, are necessary 
to represent the composition of Fraction V (albumin), which makes 
~lp 48 per cent by weight of the total human plasma protein. From 

ONCLEY, SCATCHARD and BROWN (t17). 

I lr 
Fnac33ns 

[] y-~lobulin 70 

[] o~-U/oSulin "~ 
[] Album~r] E 

FI 

Fig. 5. Distribution of electrophoretic components in fractious of 
human  plasma, arranged on the same plan as Fig. 4. From ONCLEY, 

SCATCIIARD and BROWU (1 t7). 

for many of the comP ~ 
nents involved [ONCL~', 
SCATCHARD,  and BROWN 
(/~ 7)]. The results are 
summarized in Table V, 
and the ultracentriftlgal 
data are also presented 
in Fig. 4. The height of 
each bar in the figure in- 
dicates the weight of that 
fraction obtained during 
fractionation. For FraC" 
tion V several bars are 
placed side by 'side, and 
the heights should be ad- 
ded together, this fraction 
representing 48 % of hu" 
man plasma protein by 
weight. In Fig. 5 a similar 
diagram is shown for the 
electrophoretic comP ~ 
nents from the vario# 
fractions. It is immedia" 
tely apparent that there is 
no simple correspondence 
between the ultracentrl" 
fugal and the electroph~ 
retic components. At 
least four distinct flyglo" 
bulins ha.re been identi" 

fled, and it seems Mmost Certain that other quite distinct ,r and fl_globtfli~ 
components are still to be identified. The shapes 'of the molecules vary fror~ 
that of the fll-lipoprotein, which is very large and practically spherical, to tlle 
long thin molecule of fibrinogen, 700 -s long and about one-twentieth as wide' 

x x. Amino Acid Analysis of Plasma Fractions. 

Accurate data on the amino acid analysis of plasma fractions are ;oVr 
available from the work of BRAND and his co-workers (16, t8), who hsS'r 
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employed chiefly colorimetric and microbiological procedures, while SHEMIN 
(t 35) has determined the content of several amino acids in human and bovine 
Serum albumin by the isotope dilution method. When BRANDs determinations 
Were checked against those obtained by isotope dilution, excellent agreement 
Was obtained. The data, given as per cent amino acid in the hydrolyzate 
from t0o g. protein, are given in Table VI; and for human and bovine serum 
albumin, and human y-globulin, they are given as residues per mol in Table VII 

Table VI. Amino Acid Composition o/ Human Plasma Proteins. 
(gm. per t00 gin. Protein.) 

Albumin Constituent 

Tot tl  N. 
To1 hl S 
l~re Alpha-amino N 
Ari Lde N 
Gh :ine 
hla line 
Val ne 
Lel cine 
Iso ~ucine 
t~ro ine 
l~h~ aylalanine 
C :eine 
I-Ia f-Cystine. 
Me hionine 
Try ?tophan 
Arg inine 
FIis :idine 

the 

Asp ~rtic Acid 
t i t  ~amic Acid. 
Set ne 
Th:-~onine 

t5.95 
t . 9 6  
0.18 
0.88 
1.6 

7.7 
11.0 

t.7 
5.1 
7.8 
0.7 
5.6 
1.3 

(0.2) 
6.2 
3.5 

12.3 
t0.4 
t7.4 

3.7 
5.0 
4.7 2"~ osine . . . . . . . . . . . .  , 

TOtals . . . . . . . . . . . . .  105.9 I 

t6.O3 
1 .02  
0.11 
t.11 
4.2 

9.7 
9.3 
2.7 
8.1 
4.6 
0.7 
2.4 
t.1 
2.9 
4.8 
2.5 
8.1 
8.8 

t l . 8  
t t .4  

8.4 
6.8 

108.3 

15.24 
t .32 

5.6 

7.0 
7.9 
5.0 
7.1 
4.7 

t.7 
:2.0 
6.8 
2.8 
6.6 
9.8 

14.5 
7.1 
6.t 
6.0 

[ tO4.2 [ 

Fibrinogen 

16.9 
t .26 

3.1 5.6 

5.2 4.4 
14.2 7.1 

1.7 4.8 
4.7 5.7 
4.6 4.2 

(t 0 4  1.5 2.3 

1.4 2.5 
1.9 3.3 
7.7 7.9 
2.8 2,8 
8.9 8.3 

9.0 f 13.6 
21.6 t4.3 

5.0 9.2 
4.9 6.6 
4.5 5.8 

t02.7 t08.8 

Albumin (V):No.  42. - -  y-Globulin (II- t ) :  No. 36. - -  fl-Globulin (III-22 fl-): NO. L- 
421. .Alb.  = t%,  y - =  t%,  e-----7%, f l - - - 8 2 % ,  f l ~ - = 9 % ,  Ash = 8 . t 3 % ,  values on 
a~h free basis. - -  e-Globulin (IV-i):  No. Run t46. e- = 94%, /~- = 6%, lipids = 35.2%, 
Values on lipid free basis. - -  Fibrinogen (I): No. 8t Ri,  87 % clottable. - -  Data from 
~hleD, IKAssEI-I, and SAIDEL ( t 8 ) ;  BRAND (16); SHEMIN (t35). 

It will be noted that  human and bovine serum albumin, although strikingly 
similar in composition in most respects, differ significantly in their content 
~I methionine, tryptophan, isoleucine, and certain other amino acids. The 
Very high content of hydroxyamino acids in y-globulin, and the still high 
hut somewhat lower cohtent of these acids in fibrinogen, are notable. Nutri- 
tional studies with rats (2t, 78) have shown that fibrinogen is the most com- 
Plete of these proteins, as a component of the diet. y-Globulin is nearly as 
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good, while h u m a n  a lbumin is deficient in t r y p t o p h a n  and  isoleucine. When 

supplemented  with these two amino acids, a lbumin gives good growth (77). 

Recent ly  STEIN and  MOORE (136) [see also MOORE and  STEIN (t08)] have 

developed a comprehens ive  chromatograph ic  technique for analysis of protein 

hydro lyza tes ,  employing separat ion on a column of po ta to  s tarch  and ana- 

lyzing the  effluent b y  a pho tomet r ic  n inhydr in  method.  T h e y  have  studied 

bovine serum albumin among  other  proteins  b y  this technique.  Their  findings- 

are in general in good accord with those of BRAND. However,  the discrepancies 

Table VII. Amino Acid Content o/ Human and Bovine Serum Albumin and Hurnaa 
)p-Globulin Expressed as Residues Per Molecule o/ Protein. ...-- 

Assumed tool. wt. x t0 -3 
Average Residue wt. 
Residues per tool (approx.) 

Total N atoms/mol 
Free e-amino N 
Amide NH 3 

Arginine 
Histidine 
Lysine 
Total cationic groups 1 

Aspartic Acid 
Glutamic Acid 
Free carboxyl groupsZ 

Total Protein S 

Human 
Serum 

Albumin 

70 
!t9,4 
586 

797 
9 

44 

25 
16 
59 

1o9 

52 
8t 
98 

42 

Bovine 
Serum 

Albumin 

7O 
118,7 
59O 

8O3 
to 
43 

25 
17 
60 

112 

54 
81 

1 0 2  

4 2  

Cysteine 
Half Cystine 
Methionine 
Tryptophan 
Serine 
Threonine. 
Tyrosine 
Glycine. 
Valine 
Leucine. 
Isoleucine 
PhenylManine 
Proline 

4 
32 
6 

(0.6) 
25 
30 
18 
t5 
46 
64 
9 

33 
31 

Total Residues Accounted For . . . . .  55t 

1 Total cationic groups are taken as the sum of the 

6 
32 
4 
2 

3O 
38 
21 
18 
39 
73 
15 
26 
34 

575 

arginine, histidine, 

Human 
Serum 

y-globuli 

t56 
t13,~ 

t373 

t785 
t2 

124 

43 
25 
86 

t66 

to3 
t26 
tl7 

50 
9 

3o 
1t 
22 

t 69 
1t0 

5S 
87 

129 
1tl 
32 
44 

t t0 

t305 

lysine, and 

e-amino residues. 
2 Free carboxyl groups are taken as the sum of the total aspartic andglutarnic 

acid plus free ~-carboxyt (assumed equal to free a-amino) minus the amide nit rogen 
groups. - -  Data for the alanine content of these proteins are not yet available. D~t$ 
from BRAND, KASGELL, and SAIDEL (18) and from BRAND (16). 
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in several cases are beyond the assumed limits of probable error. For iso- 
leucine they report 2.61% as compared with BRANDs figure of 2.9, and for 
valine 5.92 as against BRANDs 6.5. On the whole, however, the results ob- 
tained by this entirely independent method of analysis are in reasonably 
encouraging agreement with those found by BRAND and his associates. [.For 
a later report, see STEIN and MOORE (136a).] 

Iz .  Conclusions .  

The methods of separation here described for blood plasma are obviously 
not restricted to any particular tissue, and the field for their application 
appears to be practically unlimited. Each new tissue studied represents a 
new problem; a system of fractionation using organic solvents at low tem- 
peratures must be worked out afresh in each case. Even for human Blood 
plasma, the system of fractionation described in this review is certainly not 
the only one conceivable, and probably not the best. Further studies on an 
improved method of fractionation are now in progress under the direction 
of E. J. CoH~, but the results are not yet ready for publication 1. Certainly 
the system employed for human plasma is not necessarily the best for plasma 
of any other species. Marked species differences have already become ap- 
parent, even on the basis of the limited knowledge now available. Further 
Progress will require constant experimentation. On proceeding from blood 
Plasma to the fractionation of other tissues, new and complex problems arise. 
Most tissues contain a variety of active enzymes which can rapidly alter or 
inactivate many of the protein components and change them from the state 
in which they exist in the living tissues. In order to take account of these 
difficulties, i t  may be desirable to explore ranges for conditions of fractionation 
rauch wider than those employed with human plasma, decreasing the tem- 
Perature still further and perhaps increasing the concentration of the organic 
Solvent under some conditions. The possible combinations of conditions 
Under which separation of proteins may take place are so numerous that 
they are almost infinite. General theoretical considerations regarding relation 
of solubility to  structure furnish a very rough and approximate guide, but 
actual fractionation procedures on a tissue containing a great number of 
COmponents are still, of necessity, largely empirical. Several years of trial 
oa the part of a large group working under high pressure during the war 
Were required before certain protein components of plasma were separated 
ha undenatured foi-m. Other components have even yet not been separated 
i~ adequate yield or in unaltered form. However, these methods more than 
ar~y others have furnished a basis for the comprehensive fractionation of all, 
or at least many, of the protein components of a given tissue, in contrast 
to most earlier methods which were concentrated on the separation of a 

1 See Appendix, p. 352, 
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single component .  With further experience we may  hope that  a clearer 
pa t te rn  of underlying principles will emerge and that  more systematic 
approach will be possible in considering the choice of conditions for the frac- 
tionation of other tissues not as yet  investigated. 

Appendix (added February 1950). 
Recently impor tant  developments have occurred in the methods of collec- 

t ing blood and separating the formed elements--erythrocytes ,  leucocytes and 
p la te le t s - - f rom the plasma, with the aim of making all these consti tuents  avail- 
able for s tudy and clinical trial in a state as nearly native as possible. Much 
of the work in this field is briefly presented in a I ecent monograph' ,  containing 
reports by more than  a hundred  different workers. Notable new developments 
include the use of vessels coated with silicone, or m a d e  of suitable inert plastics, 
and of plastic tubing, so tha t  the blood does not come into contact  with glaSS 
or rubber; and the taking of the blood into human  iibrinogen (Fraction I) 
solutions, so that  the red cells settle rapidly and without  being injured, under 
the influence of gravity, without  centrifuging. This also permits separation 
of most  of the white cells in a separate layer, if necessary with gentle centri- 
fuging. The many  other contributions discussed in this monograph cannot be 
ment ioned here. Fur ther  active developments are now proceeding. 

The major outlines of a new system of plasma fractionation have been 
presented by COHN, GURD, SURGENOR et al (35a). The chief differences from the 
methods described in the preceding pages of the present review are as folloWS: 

t. Special efforts are made to obtain plasma very rapidly, within a few 
hours after the blood has been taken, with all due precautions to minimize 
alteration of blood components  during the procedure. 

2. Nearly all plasma proteins are precipitated, at low temperature  in the 
presence of ethanol, at or near the very beginning of the process? Subsequent 
steps generally involve fractional extraction of one or more components  from 
a precipitate, rather than fractional precipitation from a solution. Since proteins 
are generally more stable in the solid state than  in solution, the new procedure 
should favor the preservation of the more labile components  of plasma. 

3. Although the presence of ethanol in the system is essential to the proceSS, 
the ethanol concentration remains nearly constant  during the successive steps 
in fractionation, and is never higher than 0.066 tool fraction (t 9 vol. per cent). 
The Pn also is never more acid than  5.5 at any step in the process. 

4. Protein interactions, resulting in mutual  precipitation of components of 
opposite charge under  conditions where either component  would be soluble alone, 
are deliberately utilized in some of the separations. Thus the ~,-globulins and the 
fl-lipoproteins are precipitated by such interaction in the first step of the proceSS" 

1 The Preservation of the Formed Elements and of the Proteins of the J31ood 
(Proceedings of a Conference Held at Harvard Medical School, Boston, Massachtlsetts' 
January  6, 7, 8, 1949), Published by the American National Red Cross, Washington, D.C. 
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5. This first step involves adjusting the plasma to p~ 5.8, with there or four 
Volumes of added reagent, so that  the ionic strength is near 0.04, ethanol 
0.066 tool fraction, and temperature --50 C. Under these conditions, the 
?J'globulins, the /5-1ipoprotein, the isoagglutinins, and virtually all the com- 
POnents concerned with blood coagulation, are precipitated. Serum albumin, 
~rlipoprotein, metal combining /~12globuiin, and e~-glycoproteins remain in 
solution together with small amounts of some other proteins referred to below. 

6. All the major protein components in this solution are precipitated by 
addition of zinc acetate (0.02 m), maintaining the ethanol at 0.066 mol fraction 
and PH at 5.8. Most of what protein still remains is carried down by adjust- 
~aent of Pn to 7.5, when a zinc hydroxide precipitate forms and removes the 
Proteins with it. On readjusting the precipitate to p~ 5.8 the zinc is brought 
into solution at a much higher concentration (near 0.5 m); most of the major 
cOtnponents not originally precipitated at pa 5.8 remain in the precipitate now. 
V~hat goes into solution includes a number of small molecules not separated in 
earlier fractionation procedures. One of the largest is an e-glycoprotein of 
relatively low molecular weight, isoelectric near P~t 3, which is currently being 
investigated by K. ScI~MII) in this laboratory. 

7. The first precipitate, described in paragraph 5 above, can be treated to 
extract the ~-globulins by adding a solution containing glycine (0.6 m) at 
P~ 5.5 and very low ionic strength, and at ethanol O.05t mol fraction (15 per 
Cent by volume). The glycine dissociates the complex between y-globulin and 
/~qipoprotein. The further steps employed in separation of the other eompo- 
Z~er~ts will not be discussed here. 

8. Utilizing a procedure developed by Dr. JOHN G. GIBSON, 2rid, the blood 
n~ay be rendered calcium free by passage through an ion exchange resin 1. 
It is then unnecessary to add citrate to the plasma to prevent clotting. Pro- 
thrombin may then be adsorbed from the plaslrra on to barium sulfate, follow- 
Ing a procedure described by ALE XANI)ER and LANDWEI~R (2a), and then eluted 
from the barium sulfate with sodium citrate solution ~. Subsequent steps in 
fractionation of the prothrombin-free plasma may then be carried out as 
described above; or as a preliminary step, following the BaSO 4 treatment, 
the fibrinogen may first be removed by precipitation at very low ethanol con- 
centration, before the separation of tile other components is begun. 

This discussion of new developments is necessarily preliminary and very 
incomplete. New .developments are now proceeding rapidly, and the search 
for more specific and selective reagents for dissolving certain proteins is being 
actively carried on. Some of the bivalent and trivalent cations of heavy metals 
l~romise to play a role of particular importance in these studies. 

1 Dowex-50 (Dow Chemical Co,), an alkyl  sulfonate resin. I t  is used on tile 
sodium cycle. 

I t  is thus apparent  t ha t  the adsorpt ion with B a S Q  can be successful only when 
Citrate free plasma is used in the first place. 
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