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The phosphatide fraction from brain called “cephalin”
(1) was formerly
accepted as a definite compound of glycerophosphoric
acid with 2 molecules
of fatty acids and 1 of ethanolamine.
Folch and Schneider (2) have recently shown, however, that cephalin prepared by standard methods has
40 to 70 per cent of its nitrogenous constituent not in ethanolamine but
in Z(+)-serine.
A phosphatide has been separated from cephalin that has
all of its nitrogen as a /?-hydroxyamino acid and the latter has been isolated
as pure I(+)-serine.
This phosphatide
has been given the name of
phosphatidyl serine (3).
In a recent note (4) it has been shown that brain “cephalin” contains still
other phosphatides, and that part. of it consists of one or more phosphatides
containing inositol.
The present paper contains detailed proof of this statement and description of a method for separation from cephalin of three different fractions.
The method is based on the fact that the individual phosphatides, the mixture of which is called brain cephalin, exhibit marked differences in their
respective so!:ibilities in mixtures of chloroform and alcohol.
The separation was achieved by adding to a chloroform solution of brain cephalin
increasing amounts of alcohol and collecting separately material precipitated at different concentrations
of alcohol in the mixture.
Cephalin
prepared from brain by the classical methods has thereby been separated
into three fractions: (a) phosph.utidyZ ethanolamine so called because it has
its nitrogen as ethanolamine and its P as glycerophosphoric
acid; it appears
to have the composition previously attributed to the entire cephalin; (h)
phosphatidyl serine; and (c) a mixture of phosphatides of which at least
one contains inositol.
The inositol-containing
fraction itself is a mixture characterized,
as
compared with phosphatidyl
ethanolamine and phosphatidyl
serine, by
relatively low solubility in alcohol, low carbon content, high phosphorus
content and P:N ratio, and the presence of inositol.
Part of the nitrogen
ties
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is in the form of serine, and there is glycerol as well as inositol.
Of serine
and glycerol, one or both may be due partly or entirely t’o the presence of
phosphatidyl
serine mixed with the inositol phosphatide.
Phosphatidyl ethanolamine,
probably isolated in a relative state of purity
for the first time, is freely soluble in alcohol. Its constituent fatty acids
are different from those in phosphatidyl serine as shown by its iodine number of 78 as compared to 33 for phosphatidyl serine. As isolated from brain
without acid treatment, it is free of ash, while phosphatidyl serine thus
isolated is a salt, mostly of potassium. It seems desirable to call this
substancephosphatidyl ethanolamine rather than cephalin, because the latter name hasfor decadesbeen applied to a mixture of different composition,
and of different properties. Thus “cephalin” indicates a phosphatide
mixture insoluble in alcohol, whereas the separated phosphatidyl ethanolamine is freely soluble in alcohol.
That cephalin which appears to be such a crude mixture has not been
fractionated before is probably due to the fact that it has been customary
to free cephalin from water-soluble impurities by treatment with HCl.
This treatment removes potassium and sodium with which the acidic
phosphatides, namely phosphatidyl serine and most of the constituents
of the mixture referred to as inositol phosphatide fraction, are combined,
and leaves all three cephalin fractions in the form of free acids. This mixture is difficult to fractionate.
Our methods of fractionation have succeededpartly because,of the initial cephalin mixture used, the phosphatidyl
ethanolamine was present as the free ampholyte, while the other two
fractions were in the form of potassium and sodium salts.
That phosphatidJ4 ethanolamine is not the result of postmortem decarboxylation of phosphatidyl serine was shown by the fact that cephalin
prepared from brain removed from an anesthesized dog and minced immediately with acetone cooled at -72” contained the same amounts of
ethanolamine and of serine as cephalin prepared in the usual way.
EXPERIMENTAL

Analytical Methods-Manometric
methods were routinely used for the
estimation of C (5), P (6), N (7), NH2-N (S), and carboxyl N (9). Inositoll
was estimated by Woolley’s microbiological met’hod (lo), iodine numbers
by Yasuda’s method (II), and glycerol by the Blix method (12). Barium
was estimated by weighing it as BaS04.
In some casesin which elementary composition has been used for identification of compounds, C and H were estimated by dry combustion, lead
chromate being used in compounds that had ash, and N by the Dumas
method. It has been found that C values by the wet combustion method
1 Inositol

analyses were carried out by Dr. D. W. Woolley.
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of Van Slyke and Folch (5) agreed with those obtained by dry combustion.
In the case of some lipid fractions it was also found that values for total
N estimated by the Dumas method were about 1.01 times those obtained
by manometric micro-Kjeldahl determination (7).
Ashing was carried out by heating a weighed sample of material in a
silica crucible at 500” in an electric furnace to constant weight. Overnight
heating has been found sufficient. On some ashes,estimations of Ca (13),
Mg (14), K (15), and Na (16) were carried out.2
Preparation
of Brain
Ccphali?l--By
introducing into t.he preparation
of brain cephalin the use of a mechanical mincer, the use of dialysis to
remove water-soluble impurities, and the use of freezing and drying in a
high vacuum as a means of removing water, it has been possible to obtain
cephalin from brain with a higher yield, in a shorter time, and by a milder
treatment than before.
Fresh ox brains are freed of membranes
and the tissue minced
with acetone
in a
Waring
blendor.
About
100 gm. of tissue at a time are introduced
into the cup, the
blades set in motion,
and 300 cc. of acetone
added slowly.
The mincing
is let go on
for about
2 minutes.
After
the entire
material
has been minced,
the portions
are
combined
and acetone
is added so that there are at least 3.8 cc. of acetone
per gm. of
tissue.
With less acetone
the separation
of acetone-insoluble
material
takes place
very slowly or not at all.
With more than 3.8 cc. per gm. of tissue, on the other hand,
the acetone-insoluble
material
precipitates
out very
quickly
and filtration
can
be st.arted within
a few minutes.
The precipitate
is extracted
in sucThe acetone
is filtered
off and discarded.
cession,
a second time with acetone,
once with alcohol,
and twice withpetroleum
ether
(b.p. 30-60’7,
some 4 cc. of each solvent
being used per gm. of original
tissue.
The two petroleum
ether
extracts
are combined
and concentrated
to dryness
by
vacuum
distillation.
It is important
to carry the removal
of petroleum
ether to completion.
The residue
is then dissolved
in ethyl
ether,
some 200 cc. of ethyl
ether
Only
part of the residue
is soluble
in
being used for each kilo of original
tissue.
ether, but all of it will go into suspension;
at this point the suspension
would
resist
centrifugation.
Howcvcr,
if it is transferred
to a glass-stoppered
cylinder
and let
stand in the ice box, the suspended
material
starts to settle
out after a day or two.
When a clear supcrnatant
solution
appears
in the upper quarter
of the cylinder,
the
It is then spun down and washed
suspension
can be separated
by ccntrifugation.
twice with cold ether,
the washings
being added to the ether extract.
The combined
cthcr extracts
are concentrated
to dryness
by vacuum
distillation
at room temperature
and the residue
is dissolved
in ether,
50 cc. being used for each
kilo of initial
brain tissue.
The ethereal
solution
is let stand in a cylinder
in the ice
box overnight.
Any precipitate
that
forms
is discarded.
The ether
solution
is
diluted
with an equal volume
of ether, and 5 volumes
of alcohol
are added slowlywith
stirring
to precipit,at,e
the cephalin.
The mixture
is let stand at room temperature
until a clear supernatant
is formed,
which usually
takes less than an hour.
The crude
cephalin
precipitate
is collected
on a Buchner
filter and suspended
in acetone,
100
2 Ca and Mg
tions were made
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cc. being used per kilo of original
brain tissue.
The suspension
to dissolve
acetone-soluble
impurities.
The clear supernatant
acetone added to the precipitate,
and the procedure
repeated.
is then collected
on a Buchner
filter and dried.

is shaken 40 minutes
is discarded,
fresh
The cephalin
powder

The product is a tan powder.
The yield is about 15 gm. per kilo of initial
tissue.
A typical preparation on analysis yields C 55.2, P 4.13, N 1.59,
NH,-N 1.51, carboxyl N 0.76 per cent, NHS-N:N
0.96, P:N 1.17.
Fractionation of Brain Cephalin by the Ch.loroform-Alcohol Method-The
procedure must be applied to cephalin that has not been treated with
dilute HCl.
1 gm. of the above preparation
of cephalin
is dissolved
in 8 cc. of CHCL
and to the
clear solution
are added 9.1 cc. of absolute
alcohol
(1.135 as much alcohol
as chloroform by volume).
A turbidity
develops
and on standing
or by centrifugation
the
mixture
resolves
itself into a viscous underlying
layer (Fraction
I) and a clear supernatant.
The supernatant
is decanted
and mixed
with 2.7 cc. of alcohol.
From
the
alcoholic
mixture
a second
underlying
layer
separates
out (Fraction
II).
The
supernatant
is decanted
and to it are added 25 cc. of alcohol.
A precipitate
appears
which is collected
on a Buchner
filter (Fraction
III)
and dried.
The filtrate
is concentrated
to half its volume
in a vacuum
and let stand in the ice box for 2 or 3 days.
A precipitate
that forms (Fraction
IV) is separated
by filtration
in&he cold and dried.
The filtrate
is concent,rated
to 1 cc. and to it 5 cc. of acetone
are added.
After
the
mixture
has stood in the ice box for 1 day, an acetone-insoluble
material
is precipitated (Fraction
V).
It is filtered
and dried.
To the viscous solutions
that constitute
Fractions
I and II, alcohol
is added.
Solid precipitates
are formed
that can be collected on Buchner
filt,ers and dried.
All five fractions
are then freed of water-soluble
impurities
by dialysis.
Of each
fraction
a 3 per cent aqueous emulsion
is prepared
by adding 30 cc. of water per gm. of
material
and shaking
until homogeneous.
The emulsion
is then transferred
to a cellophane casing and dialyzed
at 4” against
distilled
water for 4 days with several
changes
of the outside
liquid.
After this the emulsion
is transferred
to a round bottom
flask,
frozen by partly
immersing
the flask in a mixture
of alcohol
and solid COZ, and while
frozen
dried in a high vacuum
(0.1 mm. of Hg or better).
The product
is a white
powder
too fluffy
to be handled
conveniently.
To remedy
this, the material
is suspended in acetone,
collected
on a Buchner
filter, and dried.

Analysis
of Fractions Obtained from Brain’ Cephalin by ChlorojormAlcohol Method-The
results of chemical analysis of the different fractions
are tabulated in Table I. From inspection of the results it is seen that
Fractions II and IV, which together account for less than one-fourth of
the parental cephalin, are mixtures of fractions adjoining them.
On the
other hand, Fractions I, III, and V exhibit striking differences in composition. Fraction I contains inositol, which is absent from Fractions III and
V. Fraction III is phosphatidyl
serine having over 90 per cent of its
nitrogen as amino acid nitrogen.
Fraction V, phosphatidyl
ethanolamine,
has practically no amino acid nitrogen and on further study is shown to
have most of its nitrogen as ethanolamine.

J.
FRACTION

39

FOLCH

CONTAINING

INOSITOL

PHOSPHATIDE

This fraction appears as a loose white powder that may or may not acquire a slight tan color on standing in vuc’uo over calcium chloride or on
being recovered from solut’ions in organic solvents.
Over calcium chloride
in an evacuated desiccator at room temperature it retains about 1.6 per
cent water which it loses at 80” and regains when stored away in the
desiccator, even in vacua.
The chemical composition is given in Table I. The large amount of
ash probably indicates that a large part of the phosphatide material is
strongly acidic in character.
TABLE
Analysis

of Fractions

Isolated

from

Components
(1)

c .......................
P .......................

N ......................
Amino
N*. .............
Carboxyl
Nt ............
Inositol,
................
Iodine
No ...............
Ash. ....................
Yield

in gm. per 100 gm. cephalin

* By the nitrous
acid manometric
t By the ninhydrin-COz
method
Hamilton
(9).

I

Brain

Cephalin

Fraction
(inositol
phosphatide)

I

by Chloroform-Alcohol

Fraction

I

raction II I
Fraction
:phosphadyl swine )I

(2)

(3)

per cent

per cent

55.0
4.25
1.15
1.15
0.70
6.8
65.0
16.7

59.0
3.86
1.36
1.36
0.80
3.4

60.2
3.58
1.62
1.64
1.47
<0.20
39.8
12.8

22.0

10.0

27.0

method
(8).
of Van
Slyke,

fier

pe7 Gent

-

Method
1Fraction
‘Phgr$+

IV

6)

(4)

Dillon,

-

V

ethanolamine)
--

cent

per

6)
cent

63.0
3.60
1.75
1.60
0.60
<0.20

66.1
3.65
1.78
1.50
<0.02
<0.20
78.0
2.5

8.0

15.0

MacFadyen,

and

Among the products of hydrolysis inositol, glycerophosphoric
acid, and
serine have been isolated.
Inositol-The
isolation of inositol has already been described (4). The
amount isolated was 60 per cent of the amount found by analysis (Column
2, Table I).
Isolation of

Glycerophosphoric

Acid

from

Inositol

Phosphatide

Fraction

To remove
ash, 4 gm. of Fraction
I (Table
I) were emulsified
with 200 cc. of water
and 50 cc. of 6 N HCI were added to the emulsion.
The precipitate
that was formed
was
spun down, washed
once with N HCI, and hydrolyzed
with 6 N HCI for 40 minutes
under
a reflux.
This treatment
hydrolyzes
off nitrogenous
constituents
and fatty
acids, but leaves phosphoric
acid bound to glycerol.
Whether
this treatment
splits
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POa from inositol
is uncertain.
After
cooling,
the fatty
acids were filtered
off, and
the filtrate
concentrated
to dryness
by vacuum
distillation.
The dry residue
was
taken up in water,
and the solution
decolorized
with ash-free
charcoal
and concentrated
to a volume
of about 4 cc.
To this 36 cc. of alcohol
were added and the whole
let stand overnight
in the ice box to precipitate
mat.erial
o&r
than glycerophosphoric
acid.
The next day the precipitate
was spun down and the clear supernatant
collected and concentrated
to dryness
by vacuum
distillation.
The residue
was dissolved in water and AgtO and acetic acid were added to the solution
to remove
Cl+
and PO,+++.
The excess Ag was removed
by HSS, the filtrate
concentrated
to dryness
by vacuum
distillation,
and the residue
dissolved
in water.
To precipitate
glycerophosphoric
acid neutral
lead acet,atc
(25 per cent aclueous solution)
was added until
no more precipitate
formed.
The lead glycerophosphate
was washed
with mater by
centrifugation.
It was then suspended
in water,
and decomposed
with H,S, the
glycerophosphoric
acid passing into solution.
The filtered
solution
was concentrated
in WCUO, brought
to about 15 cc., and nlkalinized
to pH 10 by addition
of saturated
aqueous
Ba(OH)z
solution.
An equal volume
of alcohol
was added and the solution
was let stand overnight
in the ice box to precipitate
barium
glycerophosphate.
The
latter
was spun down, washed
twirc with cold 50 per cent, alcohol,
and dried at 140”
in a vacuum
to consta.nt
weight.

The product, weighed 510 mg. and on analysis proved t,o be barium
glycerophosphate.
It, was free of inositol and of nitrogen.
It accounted
for 30 per cent of the phosphorus present in the starting material.
The
results were as follows:
GHTOGPBa.

Isolation

Calculated.
Found.

C 11.73,
“ 11.61,

P 10.1, Ba 44.5,
“ 9.95, “ 45.3,

of Swine from Inositol

Phosphatide

glycerol
“

29.2
27.7

l+action

To remove
ash, 3.5 gm. of Frnct,ion
I (Table I) were emulsified
with 150 cc. of water
and acidified
with 12 cc. of concentrated
HCI.
A precipitate
of the knositol-containing fraction
formed
and was spun down,
washed
once with N HCl, and hydrolyzed
with boiling
6 N HCl for 30 minutes
under a rcflux.
After cooling,
the fatty acids were
filtered
off.
The filtrate
was concentrated
to dryness
by vacuum
distillation.
The
residue was dissolved
in 15 cc. of water and decolorized
with ash-fret
charcoal.
To
precipitate
the scrine,
1.1 gm. of p-hydroxyazobenzene-p-sulfonic
acid,3 a reagent
introduced
into amino acid chemistry
by Stein, Moore,
Stamm,
Chou, and Bergmann
(17), were added and dissolved
with heat.
The solution
was let stand in the ice bos
for 2 days.
Crystals
appeared
which were spun down in the cold and washed
three
times with 4 cc. portions
of cold water.
The dry crystals
weighed
318 mg.
The supcrnatant
and the washings
were combined,
concentrated
to a volume
of 6
cc., and let stand in the ice box.
A second crop of crystals
was thus obtained.
They
were collcct,cd
and ~~Yashcd twice with cold water.
They weighed
198 mg.

On analysis both crops proved to be serine p-hydroxyazobenzene-psulfonate.
They accounted for 76.5 per cent of carboxyl N in t’he starting
material.
The results are given in Table II.
3 p-Hydroxyazobenzene-p-sulfonic
Bergmann.

acid

was provided

by the kindness

of Dr.

Max

J.
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The preparation was a slightly sticky white powder.
On standing in a
vacuum in the dark in a desiccator it acquired in a fortnight a tan color that
turned later into a deep brown.
With the change in color there was a
progressive increase in stickiness
which made the material difficult to
handle. The change in physical appearance was not accompanied by any
observable change in elementary composition.
The material, either fresh or colored, retained 1.7 per cent water.
Drying at 80” in a vacuum removed this water, but when the material was
replaced in a desiccator over calcium chloride it regained its former weight
even in 2’acuo.
As seenfrom Table I, the composition accords with the formula assigned
to cephalin in classical biochemistry. The absence of ash is to be expected
from a compound having both an acidic and a basic group free. Among
II

TABLE

Analysis

of Swine

p-Hydroxyazobenzene-p-sulfonate
Inositol
Phosphatide
Found

components

for 1st

crop of crystals

per cent

c ....................

...........

H ...................
NHt-N .
.............
Carboxyl
N (cf.(g)).
Ash. .................

...........
...........
...........
...........

46.8
4.37
3.71
3.71
0.09

Isolated from
Found

Fraction

for 2nd

crop of crystals

Containing

Calculated
for
mine p-hydroxyam
benzene-p-sulfonate (GsH1707NaS)

cent

)er cen1

per

46.9

47.0
4.44
3.66
3.66
0.00

4.37
3.68
3.69
0.10

its cleavage products ethanolamine and glycerophosphoric acid have been
isolated with high yields. Its iodine number is 78, which shows the presence of two double bonds for each atom of I’. Therefore its fatty acids are
different from those in phosphatidyl serine.
All the analytical figures in Table I (Column 6) were determined by
direct analysis of the phosphatide or its ash, except t,he amino nitrogen
determined by the nitrous acid method. Using water emulsions of phosphat,idyl ethanolamine, we obtained results which were low and inconsistent,
presumably because the emulsion coagulated in the nitrous acid mixture
and becamepartly inaccessibleto the reagent. Consequently, to determine
the NH2 nitrogen, the phosphatide was hydrolyzed for 4 hours with boiling
4 N HCl under a reflux. After cooling, t,he mixture was made up to volume
and filtered free of separated fatty acids. The amino nitrogen was determined (8) on aliquot portions which were neutralized before the analysis.

42

BRAIN

CEPHALIN

Isolation of Ethanolamine

jron; Phosphatidyl

Ethanolamine

To remove
ash and water-soluble
impurities,
4.5 gm. of Fraction
V (Table I) were
emulsified
with 300 cc. of water
and 25 cc. of concentrated
WC1 were added to the
emulsion.
The precipitate
that formed
was spun down,
washed
once with N HCl,
and hydrolyzed
with boiling
4 N HCl for 5 hours
under
a reflux.
After
cooling,
the hydrolysate
was filtered
to remove
the fatty
acids and the filtrate
concentrated
to dryness
by vacuum
distillation.
The residue was taken up in 25 cc. of water,
the
solution
decolorized
with ash-free
charcoal,
and 2.5 gm. of p-hydroxyazobenxene-psulfonic
acid,3 a reagent
for ethanolamine
introduced
by Stein, Moore,
Stamm,
Chou,
and Bergmann,
added to it and dissolved
with heat.
This reagent
forms insoluble
salts both with serine and ethanolamine.
It could be used in this case to precipitate
ethanolamine
for analysis,
because
the amount
of serine
present
was shown
by
carboxyl
N (9) determination
to be negligible.
The solution
was let stand overnight
in the ice box.
Crystals
that formed
were spun down in the cold and washed
three
times with 7 cc. portions
of cold water.
The dry crystals
weighed
870 mg.
The supernatant
and the washings
were combined,
concentrated
to a volume
of 8
cc., and let crystallize
overnight
in the ice box.
The second crop of crystals
was spun
III

TABLE

Analysis

of Ethanolamine

p-Hydroxyazobenzene-p-sulfonate
Phosphatidyl
Ethanolamine
Found for 1st
crop of crystals

components

49.37
5.20
4.07
0.00
0.12

H ................................
NH*-N ...........................
Carboxyl
N .......................
Ash, ..............................
twice

with

2 cc. each

time

from

Calculated
for
ethanolamine
pydroxyazobenzene+sulfonate
(G4HnOaNsS)

Found for 2nd
crop of crystals

per cent

c .................................

down in the cold and washed
crystals
weighed
368 mg.

Isolated

cent

)er cent

per

49.42
5.22
4.10
0.00
0.15

49.55
5.19

of cold

4.13
0.00
0.00
water.

The

dry

On analysis both crops of crystals proved to be ethanolamine p-hydroxyazobenzene-p-sulfonate.
They accounted for 74 per cent of NHZ-N in
the starting material.
The results are given in Table III.
Isolation

of Glycerophosphoric

Acid from Phosphatidyl

Ethanolamine

To remove
ash, 2 gm. of Fraction
V (Table I) were emulsified
in 150 cc. of water
and
10 cc. of concentrated
HCI were added to the emulsion.
The precipitate
that formed
was spun down,
washed
once with 0.6 N HCl,
and boiled
for 30 minutes
with 6 N
HCl under a reflux to split off the ethanolamine
and fatty acids from the glycerophosphoric acid.
After cooling,
the fat,ty acids were filtered
off, t,he filtrate
concentrated
to dryness
by vacuum
distillation,
and the residue
taken
up in 25 cc. of water.
To
4 Stein,
results.

W. H., Moore,

S., Stamm,

G., Chou,

C. Y., and Bergmann,

M.,

unpublished
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the solution
were added 0.5 cc. of concentrated
remove
Cl+ and Pod+++.
From
here on the
described
for the isolation
of glycerophosphoric
fraction.

acetic
acid and 1.5 gm. of Ag,O to
procedure
followed
was exactly
that
acid from the inositol
phosphatide

The material obtained weighed 437 mg. On analysis it proved to be
barium glycerophosphate.
It was free of N. It accounted for 61 per cent
of P in the st,arting material.
The results were as follows:
CsHTOaPBa.

Calculated.
Found.

C 11.73,
“ 11.68,

P 10.1, Ba 44.5, glycerol
“ 10.1,
“ 44.5,
“

29.2
28.3

The writer is indebted to Dr. D. D. Van Slyke for const’ant advice and
helpful criticism.
SUMMARY

1. The “cephalin” fraction of brain phosphatides, formerly accepted as
a definite compound, is shown to be a mixture of phosphatides.
The
individual phosphatides in the mixture exhibit differences in their respective solubilities in mixtures of chloroform and alcohol. This fact is made
use of for the separation from cephalin of three different fractions; namely,
(a) phosphatid y 1 serine (3), (b) a compound which has the composition
formerly attributed to the whole cephalin, and which is called phosphatidyl
ethanolamine,
and (c) a mixture of phosphatides one or more of which
contain inositol as a constituent (4).
2. The fraction containing inositol phosphatide is lesssoluble in alcohol
than either phosphatidyl serine or phosphatidyl ethanolamine; from it have
been isolated, besidesinositol, glycerophosphoric acid and serine, the presence of which indicates the probable presence of phosphatidyl serine in
the mixture.
3. Phosphatidyl ethanolamine, unlike the cephalin to which its composition was formerly assigned, is freely soluble in alcohol. From it have
been isolated ethanolamine and glycerophosphoric acid.
4. With the exception of phosphatidyl ethanolamine, the phosphatides
in the cephalin fraction of brain lipids are strongly acidic in character and
are isolated from brain as salts of potassium and sodium when treatment
with mineral acid is avoided in the isolation. Treatment with HCl removes
the alkali cations. The method described for separating the phosphatides
of cephalin is effective only when applied to material that has not had its
mineral bases removed.
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