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Fractionation of Amino Acid Mixtures in Acetone by Means of Alkyl Acid 
Phosphates." (17551) 

E. V. MCCOLLUM, AGATHA A. RIDER AND HANNA Suss 
From The Johns Hopkins University, Baltimore, Md. 

I n  a former communication(1) we de- 
scribed the property of soilvating amino acids 
in dry acetone or dioxane, which is possessed 
by 8 organic acids, di- and trichloroacetic 
acids, and cer,taia sulfonic acids. The pur- 
pose of the present communication is to state 
that we have found that several alkyl acid 
phosphattesi also possess the property of 
solvating a dry mixture of lamino acids in dry 
acetone. These may be used for dividing a 
prote'in hydrolysate into a series 04 fractions 
containing one to six or seven amino acids, 
certain of (these composing a high percentage 
of the individual fractions. On adding am- 
monia to acetone solutions of amino acids 
formed by the aid of alkyl acid phosphates, 
both amino acids land the amlmonium salts of 
the reagent-acids precipitate together. This 
property of alkyl acid phosphates contrasts 
strongly with that of many sulfonic acids, 
which, unlder these conditions, form salts with 
ammonia which are readily soluble in acetone, 
perm'itting the precipitated, amino acids to be 
separated from the mlvating agent. The tri- 
ethylamine (T.E.A.) salts of the alkyl acid 
phosp'hates are soluble in acetone. This 
property permits the amino acids to be sep- 
arated from the reagent by means of this base. 

Individual amino acids show marked dif- 
ferences in solubility in an acetone solution of 
octyl, n-amyl, iso-amyl, n-butyl, iso-butyl, n- 
propyl and iso-propyl acid phosphates. Table 
I illustrates the contrasting solvating power 
of 5 reagent acids for 9 amino' acids. We 
designate by the term proline equivalent, the 
ratio of the amount of a reagent necessary to 
dissolve one equivalent of amino acid to the 

* This investigation was supported in part by a 
grant-in-aid f rom Nutrition Foundation, Inc. 

1. McColluin, E. V., and Rider, Agatha &4., 
Science, 1948, ~ 1 0 8 ,  111. 

t The authors are indebted to Monsanto Chemi- 
cal Co., St. Louis, Mo., tlirougli the courtesy of Mr. 
Paul Logue, for the samples of alkyl acid phos- 
phates employed in this investigation. 

amuunt of the same reagent necessary to dis- 
solve one equivalent of pruline. 

The amino acids in a hydrolysate exert 
marked influence on each other's solubility in 
acetone-alkyl acid phosphate solutions. Much 
less acetone-reagent is required to dissolve a 
given weight of dry protein hydrolysate than 
is necessary to dissolve the component amho 
acids of the sample in the isolated state. There 
is, howlever, pronounced selectivity in the 
order in, which certain amino acids are dis- 
sulved when successive ,portions of an acetone- 
reagent are passed through a sample of hy- 
drolysate contained in a filtering crucible. 

Table I1 illustrates same contrasting prop- 
erties of alkyl aciid phosphates in xihating 
power for a casein hydrolysate.': It also shows 
the d3fference.s in extent of precipitation of 
amino acids from their acetone-reagent-hy- 
drolysate systems (after neutralization with 
triethylamine, and the degree of complexity 
of the more difficultly mluIble residues not 
brought into solution in our experiments. 

.4 Procedure for Fractionation of a Protein 
Hydrolysate. A 10 g sample of the dry, finely 
grounld, hydrolysate is thoroughly mixed with 
an equal weight of anhydrous calcium sulfate 
(Drierimte), and the mixture is placed in a sin- 
tered glass crucible equipped with filter flask 
and suction connection. A test tube is placed 
inside the filter flask to collect the filtrate. 
The amino acid-Dr,ierite mixture is thorough- 
ly wet with the reagent (e .g .  a 0.2 N solution 
of an alkyl acid phosphate in acetone), the 
contents of the crucible are stirred for a 
definite time (usually one minute), suction is 
applied, and the solution, in the crucible is 
sucked through into the test tube. Another 
portion of the reagent is then added, and the 

$ The authors are indebted to National Dairy 
Products Corp. Research Laboratories, Oakdale, 
L.I., through the courtesy of Dr. Arnold H. 
Jolinson, for the sample of hydrochloric acid 
caseiii hydrolysate, their ( 'Hyase:  " :I salt-free 
preparation. 
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TABLE I. 
Proline Equi\-alents of Alkyl Acid Phosphates in 0.2 h' Solutions in Acetone. 

Amino acid Oetpl n-Amy1 n-Butyl n-Propyl Isoprop yl 
Proline 1 1 1 1 1 
Isoleuciiie 3 2 4 3 1 
Ph. alaiiine 6 6 7 2 2 
Leucine 6 4 5 13 2 
HO-proline 12 7 14 5 3 
Tryptophan 14 3 2 1 
Threoiiine 16 5 7 4 2 
Serine 42 42 19 9 11 
Glutaiiiic acid .j 8 70 42 2s 8 

r 

TABLE 11. 
Solrating Power of 0.2 S Solutions of Alkyl Acid Phosphates, Precipitates Yielded on Keu- 

tralimtion wit11 Trietliylaniine (T.E.A.), aiid Chromatographs of an rndissolred Residue. 

% of saiiiple of :I $!G of soluble material Results of c1irom:it- 
Alk-1 wid casein hydro lpa  tc! precipitated on ographing the 
pliosplia te readily soluhle: addition of T.E.A. insoluble material Remarks 

- Oe tyl 97 85 
11-8111Fl 4 5 80 
Isu-a111!-1 9 .j 'is 3 spots 
11-E~ t 7 1 9; 68 
Is 0 - 11 u t y 1 97 80 1 spot Tyrosine 
11-Propyl 9; 90 2 spots 
rso-l)rol~J-i 100 43 

* - 

- 

t - 
--- ___ _________ 

The aniyl acid plioslJh:itc~-insc,lul~le inaterial has been pro\-isionally identified as the basic 
aiiiiiio acids, metliionine, tyrosine (aiid lmssibly serine) , alanine, proline, raliiie, and the leucines. 
This insoluble fraction contains all of the tyrosine. The moiety wliich is soluble in amyl acid 
phospliate, and precipitable with triethylamine, has been tentatively identified as a mixture of 
some of each of the basic aiiiiiio acids, aspartic acid, glutamic acid (and possibly serine), 
l~l~eii~-lalaiiiiic, and/or 1-aline, alanine, inethionine, proline, and the leucines. All of the glu- 
tainic and aspartie acids are found in the soluble and precipitable material. The soluble 
material which remains in solution after neutralization with T.E.A. appears to contain almost 
all of the proline. 

t The portion of the Iiydrolysate 11-liich precipitates from solution vi th  iso-propyl acid phos- 
phate after the reagent is neutralized with T.E.A. exhibits 6 spots ivlit~ii exaniiiied by ascending 
cliromatograpliy using i i% ethanol. These spots have been shown to be arginine, histidine, 
lpine,  glutnniic acid (and possibly serine) , aspartic acid, alanine. and the leucines. Glutaniic 
acid, lysine and arginine lmdoiiiinate in this mixtupe. Histidine and aspartic acid are present 
only in  traces. 

process of stirring and filtration by suction is 
repeated until the desired volume of filtratse 
has been collected. The apparatus is then dis- 
assemlbled, the ,tbest tube containing the filtrate 
is replaced by an em'pty one, the apparatus 
reassembled, and the process of fractionation 
continued. The size of tbe filtrate fractions 
taken off will be determined by the number of 
fractions it is desired to make from the hy- 
drolysate sample. lYqe have made as many 
as 50 to 60 fractions in this manner, but ex- 
perience has shown that, for our objectives? 
10 to 20 fractions are all that it is worth while 
to make in the first fractionation. The frac- 
tions thus secured are precipitated by neutral- 
izat'ioln of the solvating aoid reagent by ad? 
dition of triethylarnine, whereupon a certain 

portion of the dissolved amino acids is precipi- 
tated, as shown in Table 11. 

Fractionation with Amy1 Acid Phosphate. 
When a sample of casein, hydrolysate is frac- 
tionated with 0.2 N amyl acid phosphate in 
acetone according to the procedure described, 
the resulting fractions, when chromatographed, 
show that much simplification has occurred 
as compared with the original hydmlysate. 
The first increments of reagent which are add- 
ed dissolve greater weights of hydrolysate per 
cubic millimeter than do later adlditions. These 
facts indicate that the solvating action! of the 
reagent is a selective one, and that the un- 
dissolved fraction of the hydrolysate is conr 
tinuously changing in composition' as the 
fractionation proceeds. 
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S U W ~ Q ~ Y .  Seven alkyl acid phosphates 
have been foundi dble to solvate amino. acids 
inc dry acetone. Marked' differences in solvat- 
ing power are shown by these reagents for 
individual amino acids, and for selective sol- 
vation of amino acids h m  complex mixtures 
such as a protein hydmlysate. Mixtures of 
amino acids greatly influence each others' 
mlulbility when, fractionation is e f k t e d  by the 
method described. 

When systems consisting of acetone-mino 
acidhsslvating reagent, are neutralized with 

trietjhylamline, amino acids are precipitated, 
but never quantitatively. Marked differences 
occur in the extent to which the dissolved 
amino acids precipitate with this treatment; 
e.g. 90% weFe precipitated from the n-propyl, 
as against but 45% from the iwpropyl system, 
when the am'ino aci& were solvated firom a 
dry casein hydrolysate. 

These reagents offer prospects for usefulness 
in ithe fraictionrttion of amino acid mixtures, 
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The Cardiac Output and Circulation Time of Ferrets." (17552) 

J. EMERSON KEMPF AND H. T. CHANG~ 
From the Departme.nt of Bacteriology, University of Illinois College of Medicine, Chicago. 

The ferret was first used as a laboratory 
.animal by Dunkin and Laidlaw for the study 
of canine distemper.( 1) Subsequently it was 
also found to be susceptible, under experi- 
mental conditions, to other viral infections 
such as influenza, ( 2 )  fowlpox, (3)  swineherd's 
disease,(p) Rift Valley fever,(5) a strain of 
poliomyelitis virus, ( 6) and lymphocytic 
chorio-meningitis. ( 7) In  influenza1 infection, 
experimental investigations employing ferrets 
have contributed a great deal to our knowl- 
edge of the pathology(8) and epidemiol- 
ogy(9) of this important disease. Other 

aspects of the infection, such as the problem 
of the toxicity of the virus and the alterations 
in the infected host's physiological functions 
are fields relatively unexplored. It seems that 
the ferret, because of its larger size, might 
serve better than the mouse or other rodents 
for investigations of these problems. Except 
for a general description by Pyle,( 10) we are 
not aware of any detailed report dealing with 
the normal physiology of this animal. The 
present study dealing with the cardio-vascular 
function of normal ferrets was initiated in 
order to obtain such data before investigations 
of pathological physiology were undertaken. 
Cardiac output determined by the direct 
Fick principle, arterial blood pressure, and 
circulation time measurements were selected 

*This investigation was supported in part by a 
research grant from the Division of Research 
Grants and Fellowships of the National Institute 

t Research fellow in Medicine, University of 
of Health, United States public Health Service. 

to depict the status Of the animal's cardio- 
Illinois College of Medicine. 
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vascular functions. 
Materials and methods. 1. Animals: North 

American ferrets (Putorius putorius) 3 of both 
sexes with body weights varying from 700 to 
1100 g were used. The body surface was 
calculated by the formula: ( 11 ) Surface area 
in square meters = (body weight in g)% X 
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zoology, Natural History Museum, Chicago. 


