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The present paper offers evidence that from 40 to 70 per cent
of the nitrogen in preparations of cephalin can be identified in an
amino acid, which is probably serine.
This evidence is at variance
with the accepted belief that all the nitrogen is in the form of
ethanolamine.
Early authors disagreed concerning the nature of the nitrogenous
constituent.
Thudichum
(1) and Cousin (2) thought
it was
choline, while Koch (3) and Fraenkel and Neubauer (4) failed to
find any choline in their preparations.
Parnas (5), Baumann
(6), and Renal1 (7), however, ascribed all of the cephalin nitrogen
to ethanolamine, and this view has attained general acceptance
(8). Only McArthur
(9) claimed that an amino acid was present
in the cephalin molecule.
To demonstrate
the presence of an
amino acid among the products of acid hydrolysis
of cephalin,
McArthur
used the method of Kober and Sugiura (10) which is
based on the solubilizing
action of amino acids on Cu from
The
method
lacks
specificity and no other evidence
Cu(OH)s.
of the presence of an amino acid was offered.
Probably for
these reasons MeArthur’s
work seems to have received little
attention.
In the course of work on blood plasma lipids (11) the writers
were brought to reconsider the nature of the nitrogenous
constituent of cephalin.
Material was prepared that agreed in properties and composition with the accepted criteria for cephalin.
This material, without hydrolysis, was analyzed for a-amino acids
by the ninhydrin-CO!?
method of Van Slyke and Dillon (13) as
*Fellow in Biochemistry of the Rockefeller Foundation.
1 For a review of the reaction of ninhydrin with amino acids see Calvery
(12).
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modified by Van Slyke, Dillon, and MacFadyen (14). It was
found in four different preparations of cephalin that from 40 to
70 per cent of the nitrogen present reacted with ninhydrin to
evolve CO2 in the manner characteristic
of a-amino acids.
Ethanolamine
and oleic acid were found not to evolve CO2 when
treated with ninhydrin under the conditions of the determination.
After acid hydrolysis of cephalin 97 per cent of the amino acid,
determinable by the ninhydrin-CO2 reaction in the intact cephalin,
could be determined by the same reaction in the water-soluble
products of hydrolysis.
Further evidence of the amino acid nature of the substance
was shown by the fact that the reaction with ninhydrin was accompanied by liberation, with the Cog, of an equimolar amount
of NH3, under conditions devised by MacFadyen (15) for quantitative determination
of the NH3 evolved from amino acids by
this reaction.
The liberation of both CO2 and NH3 by the reaction with ninhydrin appears to be characteristic of a-amino
acids; so far as is known to the authors no other class of substances
yields equimolar amounts of NH3 and CO2 under the conditions
employed.
That the amino acid is a hydroxyamino acid was made probable
by its reaction with periodate, which was introduced into amino
acid chemistry by Nicolet and Shinn (16). When treated with
alkaline periodate, the amino acid from cephalin yielded a molecule of ammonia, which is a reaction of amino acids that possess
NH2 and OH groups on adjacent carbon atoms (16, 17).
That the hydroxyamino acid is probably serine was shown by
isolating glycolic aldehyde from the products of the reaction with
ninhydrin, which has been shown without apparent exception to
change the R. CH(NH2). COOH of a-amino acids to R. CHO
(18). From such a reaction only serine could yield glycolic
aldehyde.
The aldehyde was isolated as the dimedon compound
in yield and properties identical with that obtained in control
experiments from serine.
Confirmatory evidence was obtained by identifying glycolic aldehyde as a reaction product of the amino acid with chloramine-T,
which Dakin (19) has shown to yield, like ninhydrin, the aldehyde
with 1 less carbon atom each from glutamic acid, leucine, alanine,
and glycine. The glycolic aldehyde from our product was isolated
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as the phenylosazone, which was obtained in low yield, but analytically pure. No osazone was obtained from ethanolamine by the
same procedure.
It appears that the hydroxyamino
acid in cephalin is attached
to the rest of the phosphatide molecule by ester linkage through
the hydroxyl group, because reactions of the intact cephalin with
nitrous acid and with ninhydrin show that the NH2 group and
the COOH group of the amino acid are both free.
That the amino acid of the cephalin is not an adsorbed impurity,
but is an integral part of the lipid, may be concluded from the
large amount of the amino acid found in the cephalin preparations, and from the fact that, in purification
the cephalin was
flocculated from dilute water suspensions,
in a manner which
presumably separated it from water-soluble
impurities.
Concerning the presence of both ethanolamine
and serine in
cephalin, two explanations
seem possible.
There may be two
“cephalins”
preformed
in the brain; or the ethanolamine-containing cephalin may be an artifact, originating post mortem by
decarboxylation
of the serine constituent.
Isolation of the amino acid in pure form has not yet been accomplished; hence its identity as serine is presented as probable
but not final. The results are presented at this stage because the
work must be temporarily
interrupted.
EXPERIMENTAL

Analytical
Methods-Unless
otherwise
stated,
manometric
micromethods
were used for C (20), P (21), N (22-24), and NH2
(24, 25) estimations.
Cephalin amino nitrogen was estimated
by the manometric nitrous acid method as applied to lipids (24).
Preparation of Cephalin-Cephalin
was prepared by the technique described below, which is a combination of the methods used by Parnas (5),
Fraenkel and Neubauer (4), and Levene and Rolf (26).
10 pounds of fresh ox brains were hashed in a meat grinder and thrown
into 10 liters of acetone and let stand overnight to extract non-phosphatide
lipids. The next morning the acetone was filtered off and discarded.
The
procedure was repeated a number of times with use in succession of acetone
twice (10 liters each time) and absolute ethyl alcohol once (7 liters).
The
solid residue was then extracted with petroleum ether twice (7 liters each
time) to dissolve the cephalin.
The two petroleum ether extracts were
combined and concentrated in a vacuum to a volume of 800 cc. To the
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concentrated extract were then added 4 liters of absolute ethyl alcohol.
A precipitate of crude cephalin appeared which was collected by centrifuging, and was then redissolved in 1 liter of ethyl ether. A little water
had to be added to the ether to obtain a clear solution.
The ether extract
was let stand overnight in the ice box. A precipitate appeared which was
removed by centrifuging.
The clear supernatant solution was added to
4 liters of absolute ethyl alcohol.
A precipitate
of crude cephalin was
again formed. It was centrifuged and washed once with alcohol. The
supernatant was discarded.
To remove water-soluble
impurities,
the crude cephalin was emulsified
by rubbing with a small volume of water and then diluting gradually to 6
liters, and was then flocculated out by adding 750 cc. of N HCl. The precipitate was collected by centrifuging,
washed with 0.1 N HCI, and then
with acetone. The precipitate,
dried at room temperature
to constant
weight in a vacuum, was 46 gm. It was analyzed with the following results:
C 63.0 per cent, total N 1.59 per cent, amino N (with nitrous acid) 1.39 per
cent, P 3.45 per cent, N:P atomic ratio 1.02, NH2 to total N ratio 0.871.
As the NH2:N ratio lower than 1 showed the presence of a phospholipid
other than cephalin in our preparation,
purification was carried further.
17 gm. were dissolved in 140 cc. of ethyl ether and the solution let stand
overnight a,t -6”; the precipitate that had formed was centrifuged and the
clear supcrnatant poured into 5 volumes of acetone. A yellowish sticky
precipitate appeared which became granular on standing overnight in the
ice box and then was centrifuged and washed with acetone. After being
dried in a vacuum, the material weighed 8.5 gm. It-had a pronounced cod
liver oil odor. On analysis, the following results were obtained: C 61.4
per cent, N 1.56 per cent, P 3.90 per cent, NHS-N 1.58 per cent, N:P atomic
ratio 0.816, NH2 to total N ratio 1.015.
6 gm. of this material were further purified.
It was dissolved in 75 cc.
of petroleum ether and the solution let stand for 72 hours at -6”.
A slight
precipitate formed which was centrifuged and discarded.
The clear supernatant was poured into 5 volumes of acetone. 5.1 gm. of a yellowish material were obtained.
A cod liver oil odor was still pronounced.
This
preparation
was labeled A-3 and analyzed, with the following results:
C 60.0 per cent, N 1.605 per cent, P 3.89 per cent, NH2-N 1.605 per cent,
N:P atomic ratio 0.916, NH2 to total N ratio 1.00.
A second preparation, labeled C, was made from another batch of fresh
brains according to the same steps used for Preparation
A-3.
Two samples of calcium-cephalin
were prepared
according
to
the method of Wadsworth,
Maltaner,
and Maltaner
(27).
One,
labeled Preparation
Ca-A, was prepared
starting
from Preparation A-3; a second one, labeled Preparation
Ca-B, was prepared
starting from fresh brain tissue.

Reaction of Cephalin with Ninhydrin-To
estimate amino acid
in cephalin, samples of about 10 mg. were weighed and introduced
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into tubes for carboxyl estimation.
1 cc. of water was added to
each tube. From then on the ninhydrin
method of Van Slyke
and Dillon (13), as applied to small amounts of material by Van
Slyke, Dillon, and MacFadyen
(14), was followed.
Blanks were
run to determine CO2 evolved (a) by boiling the cephalin with
acid citrate alone, and (b) by boiling ninhydrin.
The percentages
of amino acid carboxyl carbon in cephalin determined by the
ninhydrin-CO2
method are multiplied by 14/12 to give values
for a-amino acid nitrogen.
The results are given in Table I.
Reaction of cephalin with ninhydrin
was completed by immersing the tubes in boiling water for 6 minutes, the same length
of time required by a-amino acids.
For Preparation
A-3 the
results obtained, given as content of amino acid nitrogen in the
I

TABLE

Presence
Preparation

of or-Amino
Total

N

Acid

in Ox Brain
--

a-Amino

Cephalin
acid nitrogen
Ratio

per cent
A-3
C
Ca-A
Ca-B

1.605
1.58
1.60
1.59

to total

N

per cent
0.965

0.654
1.092
0.757

0.601
0.414
0.682
0.476

cephalin, were as follows: 6 minutes, 0.965 per cent; 24 minutes,
0.962 per cent; 36 minutes, 0.966 per cent.
The amino acid content of cephalin was not affected by precipitation from aqueous solution; in the case of Preparation
C, the
amino acid content was estimated before and after flocculating
the cephalin out of its emulsion in water, by addition of HCl.
The amino acid nitrogen determined
by the ninhydrin-CO2
method before and after flocculation was respectively
0.640 and
0.665 per cent of cephalin, the difference not being significant.
Oleic acid and ethanolamine were tested to ascertain whether
they formed CO2 under the conditions of the Van Slyke-DillonMacFadyen
(14) reaction with ninhydrin.
100 mg. of oleic
acid (10 times the amount of cephalin used) did not give any
increase above the blank value.
Ethanolamine
reacted to a significant extent only when the reaction time was increased to 4
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hours, in which time it yielded 0.01 mole of COa. It appears
that neither oleic acid nor ethanolamine
interferes measurably
with the determination
of a-amino acids by ninhydrin under the
conditions used in our analyses.
Measurement

of NH,

Accompanying
CO2 Released by Action
Ninhydrin
on Cephalin

of

The NH3 produced in the ninhydrin reaction with amino acids
under ordinary conditions combines with the unchanged ninhydrin
and the hydrindantin
formed during the reaction.
In order to
prevent this combination and permit measurement of the NHS,
p-alanine was used according to the method of MacFadyen (15).
1 co. of H20, 50 mg. of citrate buffer, 70 mg. of p-alanine, 0.8 cc. of 1 N
H2SOI, and 35.10 mg. of intact cephalin (Preparation
A-3) were placed in
one of the tubes used for the ninhydrin reaction.
In two similar tubes,
for controls, the same reagents were placed, except that in one the ninhydrin, and, in the other, the cephalin was omitted.
After evacuation at
the pump the tubes were placed in the boiling water bath for the usual 6
minutes and the carboxyl carbon measured as CO* as usual. It was found
that the ninhydrin had liberated 24.2 micromoles of CO, from 35.10 mg. of
cephalin containing 39.9 y atoms of N. The contents of the tubes were
then washed into 50 cc. centrifuge tubes and H&l bubbled through for 20
minutes to precipitate
unchanged ninhydrin
as hydrindantin.
Air was
passed through for 30 minutes to remove HzS. The precipitate
was removed and washed by centrifuging.
Filtrate and washings were combined
and made up to a volume of 15 cc. Aliquots were taken for ammonia analysis by aeration (27,28) after 10 cc. of saturated K&03 solution were added.
The ammonia was caught in 0.1 N HzS04 and determined manometrically
with hypobromite (22,23).

After correction for the ammonia yielded by the blanks it was
found that the ninhydrin-cephalin
reaction had liberated 0.96
mole of NH3 per mole of carboxyl COZ. In a second experiment
similarly conducted a ratio of 0.92 was obtained.
Distribution of Cephalin Nitrogen in Products of Acid Hydrolysis
242.5 mg. of cephalin Preparation A-3 were hydrolyzed by boiling under
a reflux with 15 cc. of 4 N HCl for 6 hours. Fats were removed by three
successive extractions with chloroform.
The combined chloroform extracts were washed once withdilute
HCl and the washingwas added to the
The chloroform solution was made
original extracted aqueous solution.
fraction.”
The aqueous
up to 25 cc. and labeled “chloroform-soluble
fraction was taken to dryness in a. vacuum and the dry residue taken up in
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25 cc. of water and labeled “water-soluble
fraction.”
In both cases 1 cc.
of solution corresponded to 9.7 mg. of parent cephalin.
5 cc. aliquots of
“chloroform-soluble
fraction”
were taken for total N. On the “watersoluble fraction” the following determinations
were performed: on 1 cc.
aliquots amino acid N, on 2 cc. aliquots total N, on 4 cc. aliquots ammonia
N. The samples from which ammonia had been removed by aeration were
carefully acidified with HCl and transferred to 30 cc. volumetric flasks
quantitatively.
5 cc. aliquots of these solutions were used for amino N
estimations by the nitrous acid method (23). The results are given in
Table II.

From these results it can be seen that of 0.965 gm. of amino
acid N determinable by the ninhydrin-CO2 reaction in 100 gm. of
Distribution

TABLE
II
of Cephalin N Following Hydrolysis
with .J N HCl for 6 Hours

by ReJEuxing

Fraction

Chloroform-soluble
fraction ....................
Water-soluble fraction ..........................
Ammonia N ..................................
Total NH2-N (by HN02). ....................
Amino acid HNa-N (by ninhydrin-CO1
tion). ......................................
Unidentified NHa-N*. ........................
* This nitrogen was probably
by other observers.

reac-

ethanolamine,

0.134
1.445
0.108
1.308

8.45
91.10
6.81
82.50

0.932
0.376

58.80
23.70

which has been identified

parent cephalin, 0.932 gm., or 97 per cent, was determinable by
the same reaction in the water-soluble fraction of the acid hydrolysate.
Identification of Aldehyde Resulting from Action of Ninhydrin
Cephalin Hydrolysate

on

259.7 mg. of cephalin (Preparation A-3), containing 0.965 per
cent of a-amino acid N (by the ninhydrin-CO2 method), were hyFats
drolyzed by refluxing for 6 hours with 15 cc. of 4 N HCl.
were extracted with chloroform and the water-soluble fraction
was taken to dryness in a vacuum.
This material was then
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taken up in 4 cc. of HzO, transferred to a test-tube, and buffered
to pH 2.5 with citrate buffer (50 mg.).
70 mg. of ninhydrin were
added and the test-tube immersed in a boiling water bath for 6
Upon cooling, insoluble material was filtered off and to
minutes.
the deep purple solution were added 100 mg. of dimedon in 5 cc.
of alcohol. Water was added to make a total volume of 30 cc.
The solution was made slightly alkaline with dilute NaOH and
then acidified with acetic acid. The test-tube was then placed
in the refrigerator
for 2 days at which time 24 mg. of the white
crystalline dimedon were filtered off. Further standing yielded
only a few more crystals.
Upon recrystallization
from dilute alcohol the derivative melted
at 226”. According to Vorlander (29) the dimedon compound of
glycolic aldehyde melts at 227”. Carbon was estimated in this
material by the wet combustion method of Van Slyke and Folch
(20), C 70.80, 70.83 per cent. The theory for C&HZ404 is 71.1
per cent carbon.
From the amount of serine indicated by amino
acid N determination
on the cephalin used the theoretical yield
of dimedon derivative
of glycolic aldehyde was 54.3 mg. The
actual yield of 24 mg. was therefore 45 per cent of theory.
20 mg. of dl-serine, when dissolved in 4 cc. of water and treated
as above, yielded 28 mg. of the dimedon derivative of glycolic
aldehyde, melting point 226’. The yield was 50 per cent of theory.
When mixed with the dimedon compound from the amino acid
of cephalin there was no depression of the melting point.
IdentiJication of Aldehyde Resulting from Action of Chloramine-T
on Amino Acid of Cephalin According to Dakin (19) after
Hydrolysis Products Other Than Amino Acid Had Been
Removed As Completely As Possible
A water-soluble
hydrolysate
from approximately
5.5 gm. of
cephalin (cephalin C) was used. The hydrolysate
was freed of
NH3 by aeration after being made alkaline with Ba(OH)t.
Ethanolamine
was removed by butyl alcohol extraction
of the
same alkaline solution,
Barium was then removed with CO2
and glycerophosphoric
acid was precipitated
with lead acetate.
Excess lead was removed with H& and HzS by boiling. The amino
acid in the solution was then precipitated
by adding mercuric
acetate and sodium carbonate until no more white precipitate
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appeared. Alcohol was added to 25 per cent by volume and the
solution allowed to stand overnight.
The precipitate was filtered
off through a pad of charcoal and the mercury was removed from
the precipitate by suspending in water and treating with H&J.
The filtrate was concentrated in a vacuum to 25 cc. The ninhydrin-CO2 analysis indicated that the solution contained a concentration of a-amino acid which corresponded to 10 mg. of serine
per cc.
5 cc. of this solution were made slightly alkaline with dilute
NaOH and 134 mg. of chloramine-T
in 5 cc. of water were added
(1 mole of chloramine-T per mole of amino acid). The solution
was allowed to remain at room temperature overnight and was then
acidified with acetic acid. 400 mg. of phenylhydrazine
hydrochloride and 600 mg. of sodium acetate in 5 cc. of water were
added plus a few drops of a saturated solution of sodium bisulfite.
Upon heating in the water bath for half an hour, the yellow osazone
of glyoxal appeared and was filtered off. It melted at 156” but
upon recrystallization several times from dilute alcohol containing
sodium acetate the melting point rose to 167”. Carbon was
estimated by the manometric
wet combustion method (20),
C 70.25, 70.26 per cent. The theory for CldH14N4 is 70.45 per
cent carbon, Glyoxal phenylosazone was prepared under identical
conditions from 50 mg. of dl-serine and was found to melt at 167”.
When mixed with the derivative from the amino acid of cephalic,
there was no depression of the melting point.
The same procedure
was applied to 46.5 mg. of ethanolamine-chloride
in 5 cc. of water.
No osazone was formed.
Reaction of Amino

Acid of Cephalin

with Periodate

261.7 mg. of cephalin Preparation
A-3 were hydrolyzed by
refluxing for 6 hours with 15 cc. of 4 N HCI. Fats were removed
by extraction with CHCh and the water-soluble hydrolysate taken
to dryness in vacua. It was then taken up in water and made up
to a volume of 25 cc. Analysis showed that this solution contained, per cc., 151 y of total nitrogen, 87.5 y of carboxyl nitrogen,
28.5 y of ammonia nitrogen, and 35 y of unidentified amino nitrogen (determined by the nitrous acid reaction (25)), which was
presumably ethanolamine
nitrogen.
According to the method
of Van Slyke, Hiller, MacFadyen,
Hastings, and Klemperer
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(17), a 2 cc. aliquot of the hydrolysate was placed in a large testtube and to it were added 1 cc. of 0.2 M periodic acid, 50 mg. of
glycine (to prevent the NH3 from combining with the aldehyde
simultaneously
formed), and water to make a total volume of
6 cc. Then 1 cc. of 2 N NaOH was added and finally 10 cc. of
saturated KzCO~ solution.
Blanks without the hydrolysate and
without the periodate were similarly prepared.
The solutions
were aerated for 45 minutes and the ammonia trapped in 0.1 N
H&04.
Ammonia was determined gasometrically
(23). After
correction for the blanks and preformed ammonia, it was found
that periodate had liberated
219 y of ammonia
nitrogen.
MacFadye+ has shown that under the above conditions ethanolamine will yield 85 per cent of its nitrogen as ammonia.
Assuming
that the unidentified NH2 nitrogen was in ethanolamine,
it was
estimated that 70 X 0.85 = 59.5 y of ammonia nitrogen were
formed from ethanolamine, and 219 - 59.5 = 159.5 y from the
amino acid. Compared with the carboxyl nitrogen of the sample
as determined by ninhydrin analysis, 175 y, this calculation indicates that 91 per cent of the amino acid nitrogen was liberated
as ammonia by periodate.
Repetition of the experiment yielded
90 per cent of the amino acid nitrogen as ammonia.
SUMMARY

1. Cephalin prepared from ox brain has been found to contain
from 40 to 70 per cent of its nitrogen as an a-amino acid. Intact
cephalin reacts with ninhydrin like a-amino acids, releasing for
each mole of CO2 produced 1 mole of NHS. After acid hydrolysis
of cephalin, all the amino acid is determinable by the same reaction in the water-soluble part of the hydrolysate.
2. The amino acid has the reactions of a hydroxyamino
acid.
It has not been isolated, but is tentatively identified as serine
(a)
by the following reactions of the water-soluble hydrolysate.
Treatment with ninhydrin under the conditions of the ninhydrinCO2 determination
has yielded glycolic aldehyde, which was
isolated and analyzed as the dimedon derivative, in the same
yields given by control experiments with serine; (b) Treatment
with chloramine-T under Dakin’s conditions also yielded glycolic
2 MacFadyen,

D. A., unpublished

data.
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aldehyde, which was isolated as the phenylosazone.
(c) Treatment with alkaline periodate yielded ammonia.
After correction
for ammonia from the unidentified nitrogen fraction, the remaining
ammonia was approximately
1 mole per mole of the amino acid
determinable by the ninhydrin-CO2 reaction.
3. The hydroxyamino
acid is apparently
attached to the
cephalin molecule by an ester linkage with the hydroxyl, since
both the NH2 and the COOH groups have been found to be free
in the intact cephalin.
The writers are glad to acknowledge their indebtedness to Donald
D. Van Slyke and Douglas A. MacFadyen for advice and for the
use of unpublished methods.
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