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Summary: The relationship between the biosynthesis
of the phospholipids, the degradation of sphingo-
sine and the metabolism of serine has been studied.
[1-3H2]pL-erythro-sphingosine and [3-'4C]pL-serine
were used as substrates. Long term experiments
with young rats (14th—21st day after birth) and
short term experiments with adult rats yielded the
following similar results:

The total 3H-radioactivity was localized in the
ethanolamine and choline moieties of phosphatidyl-
ethanolamine and phosphatidylcholine. [14C]Serine
was incorporated, although in minute amounts,
into the bases and the glycerol of the phospholi-
pids. 3H-labeled phosphorylethanolamine, free
[*HzJethanolamine, [**C]serine and [**C]phospho-
rylethanolamine were identified as water soluble
compounds.

Even after the injection of large amounts of

Zusammenfassung: Beziehungen zwischen der Bio-
synthese der Phospholipoide, dem Sphingosinabbau
und dem Serinstoffwechsel. Die Bedeutung des
Sphingosinabbaus und des Serinstoffwechsels fiir
die Biosynthese der Basen der Phospholipoide
wurde vergleichend untersucht. Als Substrate dien-
ten [1-3Hz]oL-erythro-Sphingosin und [3-1CloL-
Serin. Sowohl in Langzeitexperimenten (7 Tage)
an 14—21 Tage alten Ratten als auch in Kurzzeit-
experimenten mit erwachsenen Ratten (3 Std.)
fanden wir folgende iibereinstimmenden Ergeb-
nisse:

Die gesamte Tritiumaktivitit von Kephalin und
Lecithin war nur im Athanolamin bzw. im Cholin
nachweisbar. Sphingomyelin war mit 3H im Cer-
amid und im Cholin markiert. 14C-Radioaktivitit

[3-14C]pL-serine (100 umoles) only a very small in-
corporation of 14C into the liver lipids was observed.
The considerable labeling of the glycerol moiety
of the phospholipids, di- and triglycerides is re-
markable. In addition to glycerol the bases of the
phospholipids were labeled and to a minor extent
the sphingosine bases of ceramide and sphingomy-
elin. Phosphorylethanolamine was the main radio-
active compound in the aqueous extract of the
liver and in the urine. It is also formed in high
yield from [3-14C]pL-serine after incubation with
rat liver microsomes.

The results demonstrate that the bases of the phos-
pholipids are predominantly derived from sphingo-
sine when serine and the long-chain base are avail-
able for the biosynthesis of phosphatidylethanol-
amine and phosphatidylcholine.

des Serins wurde, wenn auch in geringen Mengen,
zu verschiedenen Anteilen in die Basen und in das
Glycerin der Phospholipoide eingebaut. Als wasser-
16sliche Verbindungen wurden 3H-markiertes Phos-
phorylithanolamin und freies Athanolamin sowie
1C-Serin und 4C-Phosphorylithanolamin iden-
tifiziert.

Auch nach Injektion groBerer Mengen [3-4ClpL-
Serin (100 »Mol) wurde wiederum nur wenig 1C-
Aktivitit des Serins in die Leberlipoide inkorpo-
riert. Bemerkenswert war die hohe Markierung des
Glycerins in Phospholipoiden, Di- und Triglyceri-
den. Die Hauptmenge der Radioaktivitét der Phos-
pholipoide trugen die Basen. Geringe Aktivititen
wurden in der Sphingosinbase der Sphingolipoide
Ceramid und Sphingomyelin gefunden.

Enzyme:

Phospholipasz C, phosphatidylcholine cholinephosphohydrolase (EC 3.1.4.3).
* Address: Prof. Dr. Dr. W. StorreL, D-5 Kéln-Lindenthal, Joseph-StelzmannstraBe 52.
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Phosphoryldthanolamin war das Hauptprodukt
unter den wasserldslichen radioaktiven Verbin-
dungen. Auch bei In-vitro-Inkubationen mit Rat-
tenlebermikrosomen und [3-CJ]oL-Serin wurde
Phosphoryldthanolamin in hoher Ausbeute (bis zu
50°,) gebildet.

Recent investigations! 4 in this laboratory have
demonstrated that labeled sphingosine bases are
degraded in the rat liver via the 1-phosphate deri-
vative to a Cyg-fragment, which has been identified
as palmitaldehyde and to a Cg-unit, derived from
carbon atom 1 and 2 of the long-chain base, which
proved to be phosphorylethanolamine. These are
incorporated rapidly and in high yield into the
polar groups of the phospholipids®:.

Many studies have been reported concerning the
formation of the polar groups of the phospholi-
pids®—14, The best defined pathway for the de novo
biosynthesis of phosphatidylethanolamine and
phosphatidylcholine, developed by Kennepy and
WEeiss!3, involves the transfer of phosphorylethanol-
amine and -choline from their CDP-derivatives to
the p-2,3- diglyceride. Also the conversion of
ethanolamine to phosphorylethanolamine!® and

1 W. StorreL and G. SticHT, this journal 348, 941 [1967]
2W. StorreL and G. SticuT, this journal 348, 1345
[1967].

3W. Storrer, G. Sticur and D. LeKim, this journal
349, 1745 [1968].

4W. StorreL, G. SticHT and D. LEKM, this journal
350, 63 [1969].

5 W. StorreL and R. HENNING, this journal 349, 1400
[1968).

%D, STETTEN, jr., J. biol. Chemistry 144, 501 [1942].
7H. R. V. ARNSTEIN, Biochemical J. 48, 27 [1951].

8 L. O. PiLGerAM, E. M. GaL, E. N. SASSENRATH and
D. E. GREENBERG, J. biol. Chemistry 204, 367 [1953].
%M. Levine and H. Tarver, J. biol. Chemistry 184,
427 [1950].

10 M. J. Nemer and D. ELwyn, J. biol. Chemistry 238,
2070 [1960].

11, D. Wison, K. D. GissoN and S. UDENFRIEND,
J. biol. Chemistry 235, 3539 [1960].

12 J, BreMer, P. H. Figarp and D. E. GREENBERG,
Biochim. biophysica Acta [Amsterdam] 43, 477 [1960].
13 L. F. BoreENHAGEN, E. P. Kennepy and L. Fier-
DING, J. biol. Chemistry 236, PC 28 [1961].

14 G. HUsscHER, Biochim. biophysica Acta [Amster-
dam) 57, 555 [1962].

15 E, P. KeNnNepy and S. B. Weiss, J. biol. Chemistry
222193 [1956].

16 G. B. AnseLL and R. M. C. DawsoNn, Biochem. J.
50, 241 [1951].
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Die Ergebnisse zeigen deutlich, daB die Ausgangs-
produkte fiir die Biosynthese der Basen der Phos-
pholipoide bei gleichzeitigem Angebot von Sphin-
gosin und Serin nahezu ausschlieBlich aus dem
Sphingosinabbau stammen.

the formation of phosphorylcholine in kinase re-
actions!” and the stepwise methylation of phos-
phatidylethanolamine!8 are well known reactions,
The CDP-derivatives are formed in reversible re-
actions catalyzed by the phosphorylethanolamine
cytidyl transferase and phosphorylcholine cytidyl
transferase respectively!®.

The conversion of serine into ethanolamine or into
phosphorylethanolamine is an obscure reaction.
SterTeEN® demonstrated that serine is the common
precursor of ethanolamine and choline. Further
observations!!-12 indicate that the decarboxylation
of serine may take place within the phospholipid
molecule. However, at the present time the precise
reactions and enzymes of the animal cell involved
in the decarboxylation of serine are unknown.
Only an exchange reaction between serine and the
ethanolamine moiety of phosphatidylethanolamine
has been described!?.

On the basis of our previous experiments we sug-
gested a close relationship between the degrada-
tion of the sphingosine bases and phospholipid
biosynthesis.

In this paper we want to report experiments con-
cerning the utilization of sphingosine bases and of
serine for the biosynthesis of phospholipids in the
rat liver.

Results

In a long term experiment with four weanling rats
the labeling of lipids after simultaneous injections of
[1-3Hz]oL-erythro-sphingosine hydrochloride and
[3-14C]pL-serine was investigated (*H/MC ratio of
specific activities 10.8). The labeled compounds
were injected five times intraperitoneally at inter-
vals of 36h starting on the 14th day. On the
21th day the livers and the brains were pooled
separately and the total lipids extracted. After the
separation by silicic acid column chromatography

17 J. WrtTenserG and A. KORNBERG, J. biol. Chemistry
202, 431 [1953].

18 J_ Bremer and D. E. GREENBERG, Biochim. biophysica
Acta [Amsterdam] 46, 205 [1961].
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Table 1. *H and '4C uptake into the lipids of the liver and the brain of 4 weanling rats. Intraperitoneal injection
of [1-*Ha]pL-erythro-sphingosine hydrochloride (67.2 umoles, 85.6uC) and of [3-14CJpr-serine (67.2 umoles,

7.9 uC) (*H/YC ratio = 10.8).

Liver Brain
1072 - 3H-Activity* 103 C-Activity** 3H/MC [ 102 - 3H-Activity***
[dpm] [%] [dpm] (%] [dpm] [%]
Ceramide 1879 10.3 1.21 6.6 1555 2.1 21
Phosphatidylethanolamine 7847 430 9.79 541 801 626 458
Phosphatidyicholine 6864 37.6 6.02 330 1141 673.45 492
Lyso-phosphatidyicholine 47 0.3
Sphingomyelin 1663 9.1 1.15 6.3 1452 356 26

* Total incorporation: 1412,  ** Total incorporation: 0.18%,

*** Total incorporation: 2%,

Table 2. *H and #C incorporation into the liver lipids of an adult rat. Intraportal injection of [1-*Ha]pL-erythro-
sphingosine hydrochloride (6.74 umoles, 8.6 1C) and of [3-14C]pL-serine (35 pmoles, 17.5 2C) (*H/4C ratio — 0.49).

103 - 3H-Activity* 1073 - MC-Activity**

[dpm] %) [dpm] %] PHPAC
Ceramide 428 11.6 1.36 13 314
Phosphatidylethanolamine 2056 56.8 31.56 30.6 65
Phosphatidylcholine 682 184 65.87 64.0 103
Lyso-phosphatidylcholine 21.7 0.6
Sphingomyelin 464.7 12.6 4.1 4.1 113

* Total incorporation: 21.6%.  ** Total incorporation: 0.37%.

the radioactivity of each lipid fraction was deter-
mined. Quantitative data on the separations of
liver and brain lipids are given in Table 1.

By far the greatest amount of radioactivity in-
corporated into the total lipids of liver and brain
was derived from sphingosine. The liver lipids con-
tained 14.1% and the brain lipids 2 % of the injected
3H-radioactivity. Less than 0.3% of [3-14Cserine
was found in the total lipids of the liver and the
brain. The 3H-distribution in the lipid classes
clearly shows, that the maximum incorporation
was into the phospholipids of the liver (=80%)
and of the brain ( > 90°,). The sphingolipids of the
liver are significantly more highly labeled than
those of the brain. The 4C-distribution of the lipids
in the liver is similar to that of *H. In brain the
MC-radioactivities of the isolated lipid fractions
were too low (0.09 %) to be determined exactly. The
considerable increase in the 3H/!4C-ratios starting
from 10.8 up to about 1000 for the phospholipids

;m\d to approx. 1500 for the sphingelipids demon-

strates strikingly the importance of sphingosine for
the biosynthesis of these substances.

The data of a short term experiment with an adult
rat support the results described above. in this
investigation a #H/MC ratio of 0.49 was taken, the
molar ratio of sphingosine/serine being 0.19. Both
compounds were administered into the portal vein
of an adult rat. This technique provides the most
effective incorporation of labeled material into the
liver lipids. After 3 h the total liver and brain lipids
were extracted and separated by column chromatog-
raphy. Table 2 shows the distribution of the iso-
topes in the lipid classes. Similar to the long term
experiment sphingosine represents the most impor-
tant source for the radioactivity supply for lipid
synthesis. 21.1%, of the total ?H radioactivity was
present in the liver and 0.39 in the brain. Except
for the low incorporation into phosphatidyicholine
the distribution of H-labeled lipids is similar to
that of the long term experiment.

Again more than 75°, of the 3H-radioactivity was
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incorporated into the phospholipids, the rest
mainly as sphingosine into the sphingolipids. Free
labeled long-chain bases could not be detected.
The '4C-radioactivity derived from serine in the
lipids did not exceed 0.4 %,. The distribution pattern
of the identified lipids resembled closely the results
of the long term experiment. The small uptake of
sphingosine into the sphingolipids is very striking.
Here 00, the ratios of 3H/'4C increased from 0.49
up to 10—60 for the phospholipids and 100—300
for the sphingolipids respectively.

Further information on the localisation of the label
in the lipid molecules was obtained by the enzymic
hydrolysis of the phospholipids with phospho-
lipase C. This treatment yielded phosphorylserine,
phosphoryl ethanolamine and phosphorylcholine
as water soluble products. They were separated and
identified by paper electrophoresis. The ether solu-
ble products were analysed by radio-thin-layer
chromatography. The results are summarized in
Table 3.

Table 3. Intramolecular distribution of *H- and MC-
radioactivity in rat liver phospholipids, determined by
enzymic hydrolysis with phospholipase C.

Phosphate esters  Diglyceride
of bases

Radioactivity [ %]
Phosphatidyl- (*H) 96 4
ethanolamine | (*4C) 53.5 464

Phosphatidyl- (*H) 98 2
choline { (MC) 62.4 37.6
Sphingomyelin  (*H) 25 775
(ceramide)

The total 3H-radioactivity of phosphatidylethanol-
amine and phosphatidylcholine was localized in the
phosphorylethanolamine and phosphorylcholine
moiety, respectively. Ceramide was the main radio-
active hydrolysis product of sphingomyelin. The
distribution of ¥C in the phospholipid molecules
was similar to that described in the [3-14C]serine
experiment and will be reported jointly below. The
total uptake of both isotopes into the brain lipids
did not exceed 0.29, and therefore the isotope
distribution was not further investigated.

The loss of 3H-radioactivity in the urine was 2.7%,
90% of which was phosphorylethanolamine and
-choline and the rest was free ethanolamine and
choline. p
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In another experiment [3-14C]serine was administe-
red in higher amounts (100 umoles) in order to
obtain more detailed information on its metabolic
fate. The results indicate that within a 3 h experi-
ment 149, of the radioactivity appeared as 14COs,
89 in the urine and 29 in the aqueous extract of
the liver, whereas only 0.6 %, of the injected radio-
activity was incorporated into the liver lipids.

Fig. 1 and Table 4 show the distribution of 14C in
the total lipids after chromatographic separation.
More than 75% of the radioactivity was found in
the phospholipids. The high uptake of 14C into the
triglycerides should be mentioned. The transfer of
serine into the sphingolipids however did not
exceed 47, of the total radioactivity in the lipid
extract.
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Fig. 1. Silicic acid chromatography of the total lipid
mixture from rat liver after the administration of 100
umoles (50 «C) of [3-'4C]pL-serine.
Fractions: A: triglycerides; B: ceramide; C: phospha-
tidylethanolamine; D: phosphatidylserine; E: phos-
phatidylcholine; F: sphingomyelin.

The investigation of the intramolecular localisation
of the label (see Table 4) was carried out by two
different methods of hydrolysis. After mild alkaline
hydrolysis of the triglycerides the total radioactivity
was found in glycerol identified by radio-thin-layer
chromatography.
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Table 4. Incorporation of *4C into liver lipids after the intraportal injection of [3-14CJoL-serine (100 umoles, 50 »C)
showing the specific activities and the intramolecular distribution of radioactivity in the purified lipids.

103 - Activity Radioactivity* Specific activity

Radioactivity [%]

[dpm) [%] [dpm/mole] glycerol  polar groups
Triglycerides 111.65 16.6 1010 100
Diglycerides 6.45 09
Ceramide 7.45 1.2
Phosphatidylserine 74.2 11 4605 6 94
Phosphatidylethanolamine 102.25 15 681 47.8 522
Phosphatidylcholine 355.55 528 1162 264 73.6
Sphingomyelin 16.9 25 844 59.5 40.5

(ceramide)

* 0.6 of the injected radioactivity was incor d in the liver lipids.

Enzymic hydrolysis of the phospholipids with
phospholipase C yielded labeled diglycerides and
water soluble compounds. Further hydrolysis of the
diglycerides by mild alkaline hydrolysis showed
only glycerol to be radioactive and not the fatty
acids. The water soluble products phosphoryl-
serine, phosphorylethanolamine and phosphoryl-
choline were identified by paper electrophoresis and
by scanning. Enzymic hydrolysis of sphingomyelin
released labeled ceramide and the less radioactive
phosphorylicholine. The quantitative data of these
procedures are summarized in Table 4.

The fate of [3-1%C]pL-serine not incorporated into
lipids was investigated by paper electrophoretic
analysis of the aqueous phase of the liver and of
the urine collected during the 3 h period of the
experiment. The data are given in Table 5. Atten-
tion is drawn to the high amount of the administered
radioactivity present in the aqueous extract of the
liver and in the urine and to the predominant occur-

Table 5. Distribution of '4C-labeled compounds in the
aqueous phase of the liver and in the urine after the in-
jection of [3-'4CJpr-serine (100 umoles, 50 uC).

Radioactivity [%]
Aqueous extract Urine®*
of liver*
Serine 282 486
Phosphorylethanolamine 540 36.5
Phosphoryicholine 17.3 144
Ethanolamine + choline 0.5 0.5

* Total incorporation: l%dlkwm
** Total incor ion: 8% of the i

rence of ethanolamine and choline as phosphate
esters.

In preliminary experiments rat liver microsomes
transformed [3-14C]pL-serine mainly into phospho-
rylethanolamine (Fig. 2), identified by electropho-
resis and as its dinitrophenyl derivative by radio-
thin-layer chromatography.

B A B e
Fig. 2. Distribution of radioactivity after paper electro-
phoresis of the aqueous phase of rat liver microsomes
after incubation with 10 umoles (5 uC) of [3-14CloL-
serine.

W. B: serine. (Staining by
n spray).

The results of our experiments indicate a close
relationship between the degradation of sphingosine
bases and the biosynthesis of phospholipids. After
the simultaneous parenteral administration of
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[1-8Hg]pL-erythro-sphingosine and [3-14C]pL-serine,
the 3H-incorporation into the phospholipids ex-
ceeds the incorporation of 4C by a factor of 50 in
the adult and by a factor of 80 in the young rats.
Enzymic hydrolysis of phosphatidylethanolamine,
phosphatidylcholine and sphingomyelin  with
phospholipase C showed that all tritium activity
was associated with phosphorylethanolamine and
phosphorylcholine. This result is in full agreement
with our previous observations® 3. The radioactive
carbon derived from serine could be detected in the
phosphorylethanolamine and in the phosphoryl-
choline moiety as well as in the diglyceride moiety
of the phospholipids.

The utilization of *H-labeled sphingosine for the
biosynthesis of the phospholipids is much more
favoured than that of serine. This is obvious from
the approximate 100fold increase of the *H/MC
ratio in the phospholipids over the ratio of the
isotopes of the injected compounds. In the present
experiments sphingosine is incorporated into
sphingolipids without any breakdown of the mole-
cule. During the interval between the 10th and
20th day after birth, brain sphingolipids of young
rats have a very low turnover rate!®. This might
explain the different distribution pattern of radio-
active lipids in liver and brain of these animals. The
low incorporation of serine into the lipids led us to
the assumption that an extensive dilution of the
injected serine by the endogenous serine pool and
by the de novo formation of serine from glycine or
other precursors might have occurred. To over-
come this possible dilution and to obtain more
detailed information on the metabolic fate of serine
100 umoles were injected. The large amounts of
radioactivity found in the respiratory air (14 %), in
the urine (8%) and in the aqueous extract of the
liver (2%) compared to the small incorporation into
lipids (0.6 %) point to the minor role of serine as a
direct precursor in lipid biosynthesis.

Four pathways for the utilization of serine in
lipid biosynthesis could be envisaged. The conver-
sion of [3-14C]pL-serine into the glycerol moiety
of the triglycerides is very striking and so far no
experimental data have been reported concern-
ing this transformation except a short report of
ANSELL and SPANNER?? dealing with the incorpora-

19 G. B AnseLL and J. N. HAwWTHORNE, Phospholipids,
B.B.A. Library, Vol. 3, p. 326, 327, Elsevier Publ.
Comp. Amsterdam 1964.

20 G. B. AnseLL and S. SPANNER, Biochem. J. 84, 12 P
[1962].
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tion of serine into the glycerol moiety of phospho-
lipids. The intramolecular ratios of the radio-
activities of the polar groups and of the diglyceride
groups of the different phospholipids make the
assumption unlikely that phosphatidylethanol-
amine and phosphatidylcholine are predomi-
nantly formed by the conversion of phosphatidyl-
serinel2 20,

The high specific radioactivity of the triglycerides
suggest different sources of the p-2,3-diglycerides
for the biosynthesis of both the triglycerides and
the phospholipids, especially if one considers that
the major amount of radioactivity in the phospho-
lipids derived from serine was localized in their
ethanolamine or choline moiety. Similar results
were obtained by MArINETTI?!. He incubated rat
liver homogenates with [1¥C]glycerol and observed
after esterification with different fatty acids diffe-
rent conversion rates of the newly synthesized
diglycerides into triglycerides and phospholipids.
Another important pathway is the incorporation of
the total serine molecule into phosphatidylserine,
its conversion into the ethanolamine and choline
moiety of phosphatidylethanolamine and phospha-
tidylcholine and the formation of the methyl
groups of choline from the C-3-atom of serine.

A further possibility is the condensation of serine
with acyl-CoA to 3-oxo-dihydrosphingosine?2:23,
Taking all these pathways into account we found in
a typical experiment the following utilization of
[3-14C]pL-serine radioactivity: 39.4% as glycerol,
58 % as polar groups of the phospholipids and 2.4 %,
as sphingosine bases of the sphingolipids.

The large amounts of phosphorylethanolamine
derived from serine, found in the aqueous extract
of the liver as well as in the urine, obviously suggest
that this compound is a direct degradation product
of serine. Also in studies in vitro with rat liver
microsomes up to 50% of the total serine is con-
verted into phosphorylethanolamine. However at
the moment no mechanism for the direct decarb-
oxylation of serine to ethanolamine is known nor
can be derived from these experiments. The ex-
change reactions between serine and phosphatidyl-
ethanolamine to form phosphatidylserine and free
ethanolamine, described by BORKENHAGEN and

21 G, V. MArINETTI, M. GriFfiTH and T. SmitH, Bio-
chim. biophysica Acta [Amsterdam] 57, 543 [1962].
22 W, StorreL, D. LEKim and G. SticHT, this journal
348, 1570 [1967).

23 W, StoFFEL, D. LEKiM and G. SticuT, this journal
349, 664 [1968].
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KEeNNEDY!?, cannot be considered to produce suffi-
cient amounts of ethanolamine in the mammalian
cell.

Evidence for a defined reaction sequence for the
formation of phosphorylethanolamine has been
obtained on the basis of our experiments2~3 on the
degradation of sphingosine bases. By this mecha-
nism it is possible to supply the de novo synthesis
of phosphatidylethanolamine with the respective
CDP-derivatives required for its formation!5.
Under our experimental conditions phosphoryl-
ethanolamine is formed in sufficient amounts for
the biosynthesis of the phospholipids from the two
precursors serine and sphingosine. Since the path-
way from phosphorylethanolamine via the CDP-
intermediate is well established!® the question
arises by which mechanism the cell prefers phos-
phorylethanolamine derived from sphingosine to
that formed by the degradation of serine. This phe-
nomenon can be explained in the following ways:

1. Sphingosine bases are metabolized in the cell by
two pathways. They are either used intact for the
biosynthesis of the sphingolipids or they are de-
graded. Because of the low incorporation rates of
the sphingolipids'? only small amounts of sphingo-
sine bases are used. Every excess of long chain
bases immediately after phosphorylation will be
degraded and provides free phosphorylethanol-
amine. Serine, however, is rapidly metabolized by
many pathways according to the experiments
reported here and to observations described by
Nemer??, who worked with rat liver slices and
[3-1*CJpr-serine. These authors found a negligible
utilization of serine for the biosynthesis of lipids
(2%) compared to the loss into the extracellular
space (37%,), C;-metabolism (47 %), gluconeogene-
sis (7%) and protein biosynthesis (5%).

2. Sphingosine, once introduced into the cell, will
be located in the membranes due to its hydrophobic
nature. The sphingosine-degrading enzymes are
bound to the membranes of the endoplasmic reti-
culum and the mitochondria, which are also the
site of phospholipid biosynthesis. The close spatial
relationship between these two systems therefore
favours an easy and rapid transfer of phosphoryl-
ethanolamine to the sites of the biosynthesis of the
phospholipids and the extensive and preferred
utilization of the phosphorylethanolamine liberated
at these sites.

24 M. J. Nemer, E. M. Wisk, jr., F. M. WASHINGTON
and D. ELwyn, J. biol. Chemistry 235, 2063 [1960].
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Experimental

[1-*Hs]oL-erythro-Sphingosine hydrochloride was syn-
thesized as previously described:25 (specific radio-
activity 1.28 mC/mmole). The compound proved to be
pure in thin-layer chromatography. The erythro-con-
figuration was established by gas-liquid chromatography
of the N-acetyl-di-O-trimethyl silyl derivative2®, [3-14C]-
pL-Serine (specific activity 53 mC/mmole, diluted to
0.5 mC/mmole) was purchased from the Radiochemical
Centre, Amersham, Great Britain.

In vivo procedures

Simultaneous injections of [I-*Hsa)erythro-pL-sphingo-
sine hydrochloride and [3-1*C]pi-serine: Eight weanling
rats, 14 days old were treated with five subsequent
intraperitoneal injections (0.2 m/) at intervals of 36 h.
0.2 m/ of the injection solution contained the following
components: 3.36 umoles (4.2 uC) of [1-*Hz]oL-erythro-
sphingosine hydrochloride, 3.36 umoles (0.38 2C) of
[3-14CJpL-serine, 1.8 mg of NaCl, 10 mg of albumin and
0.5 mg of Triton WR 1339. Four rats survived and were
killed on the 21th day after birth. The livers (8.35 g)
and the brains (4.33 g) were immediately removed,
pooled and extracted as described under extraction

procedures.

Also an adult rat was injected via the portal vein after
abdominal incision with 1 m/ of the following solution:
6.7 umoles (8.6 uC) of [1-3Hs]oL-erythro-sphingosine
hydrochloride, 35 pmoles (17.5 £C) of [3-1*C]pL-serine,
9 mg of NaCl, 1 mg of Triton WR 1339 and 20 mg of
albumin. The injection was carried out under ether
anaesthesia.

Similarly 1 m/ of a solution containing 100 pmoles
(50 1C) of [3-14C]pL-serine and 9 mg of NaCl was in-
jected into the portal vein of two adult rats. After 3h
the livers were removed and the lipids extracted.

In vitro incubations

Rat liver microsomes were prepared in the usual man-
ner®”. Protein was determined by the biuret method.
10 zmoles (5 2C) of [3-*ClpL-serine were incubated
for 2 h at 37°C in a total volume of 2 m/ 0.25M sucrose
and 0.1m phosphate buffer, pH 7.4, containing 23 mg of
protein, 10 umoles of ATP, 1 umole of CoA, | umole
of pyridoxal phosphate, 5 umoles of MgCls, 5 umoles
of thioglycol, 5 umoles of CMP.

25 D. SHaPRO, K. H. SeGaL and H. M. FLOWERS,
J. Amer. chem. Soc. 80, 1194 [1958].

20 H. E. Carter and R. C. GAVER, J. Lipid Res. 8, 391
[1967].

27 P, SiEKeviTZ, Methods in Enzymol. 5, 61 [1962].
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Extraction, separation and identification of the labeled
products

Livers and brains were homogenized with an Ultra-
Turrax. The homogenates and the lyophilized incuba-
tion mixtures were extracted twice by refluxing in
20 volumes of chloroform/methanol 2:1 (v/v). The
pooled extracts were washed three times with half a
volume of water. In addition the delipidized residue was
washed three times with water. The aqueous extracts
were pooled, acidified with HCI and concentrated under
reduced pressure. The water-soluble labeled compounds
were separated and identified by paper electrophoresis
and paper chromatography. The water-washed lipid
extracts were concentrated in a nitrogen atmosphere
under reduced pressure at 37°C. The residue was dried
over P20j3, dissolved in chloroform and applied to a
column of activated silicic acid (Mallinckrodt 100 to
200 mesh) (1 g silicic acid/5S mg of lipid). The elution
with chloroform and increasing amounts of methanol
was carried out as described before!. 10 m/ fractions
were collected automatically. Aliquots of the fractions
were used for the measurement of radioactivity. The
labeled compounds were identified by thin-layer chro-
matography with authentic samples.

Thin-layer chromatography

The thin-layer chromatography was carried out on
activated silica gel G plates (250 i« thickness). Depending
on the compounds the following solvent systems were
used:

long chain bases: chloroform/methanol/NH4OH (2N)
40:10:12%8;

neutral lipids: petroleum ether (30— 60°C)/ether/acetic
acid 90:10:1 or 70:30:2;

ceramide: chloroform/methanol 15:1;

phospholipids: chloroform/methanol/water 65:25:4 and
chloroform/methanol/acetic acid/water 25:15:4:2%%;

glycerol: chloroform/acetone/NH4OH (5x) 10:80:10%;

dinitrophenyl-derivatives of serine and phosphorylethanol-
amine on silica gel H plates: butanol/acetic acid/water
80:20:20.

The 2,4-dinitrophenyl derivatives of serine and phospho-
rylethanolamine were synthesized according to Levy®!,
Dinitrophenyl-serine was separated from the water-
soluble dinitrophenyl-phosphorylethanolamine by ex-
tracting the acidified reaction mixture with ether. The
separated labeled dinitrophenyl-derivatives were identi-

28 R. H. McCrLuer and K. SAMBASIVARAO, J. Lipid Res.
4, 106 [1963].

29V, P. Skipski, R. F. PetersoN and M. BARCLAY,
Biochem. J. 90, 374 [1964).

30 H. GANsHIRT, D. WaALDI and E. StauL in E. Stahl,
Diinnschichtchromatographie, p. 369, Springer-Verlag,
Berlin 1962.

31 A. Levy, Methods biochem. Analysis 2, 360 [1955].
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fied by chromatography on silica gel H plates together
with inactive authentic samples and scanned with a
radiochromatogram scanner, Packard, Model 7201.
Paper chromatography

Phosphorylcholine was separated from phosphoryl-
ethanolamine by ing paper chromatography
(Schleicher & Schiill 2045b) with the solvent system
phenol (freshly distilled)/water/formic acid 90:10: 112
(Ry values for phosphorylethanolamine 0.4 and for
phosphoryl choline 0.85).

Paper electrophoresis
25 xScm paper strips (Mwherey & Napl MN 214)
were used in a Gel hamber with

the buffer system: 0.4m formic acnd and 0.53m acetic
acid (pH 2)*2. Under these conditions ethanolamine and
choline were separated together from the slowly running
labeled compounds, phosphorylethanolamine, phos-
phorylcholine and serine in a 1.5h run (12 V/em).
Serine and phosphorylserine could be separated in the
same buffer system from phosphorylethanolamine and

(running together) in a 4 h electro-
at 12 Vicm. The Ry values relative to serine
(1.0) ‘phosphorylethanolamine and phosphoryl-
choline (0.5) and phosphorylserine (0.25-0.3).

Enzymic hydrolysis of phospholipids and sphingomyelin
with phospholipase C

Phospholipase C (EC 3.1.4.3) was obtained from a
culture filtrate of Bacillus cereus. The preparation of a
crude enzyme extract was carried out according to
HAVERKATE and van Deenen®. Lipid fractions (3 to
5 mg), dissolved in 2 m/ of ether, were hydrolyzed at
room temperature with 1 m/ of the crude enzyme
extract. The two-phase system was stirred vigorously
over a period of 4—6 h. The hydrolysis was followed by
thin-layer chromatography (solvent system: chloro-
form/methanol/water 65:25:4). The ether layer con-
tained the diglycerides or ceramides respectively and (he‘
aqueous phase the phosphate esters of the bases. Both
phases were concentrated under vacuum and the di-
glycerides identified by thin-layer chromatography and
the phosphorylated water-soluble hydrolysis products
by paper electrophoresis or paper chromatography. ‘
Specific radioactivities

The specific radioactivities of the phospholipids were
determined by a modified BARTLETT procedure®* 3 and
32 GeLmaN Technical Bulletin Nos. 101109, p. 2,
Advanced Electrophoresis Techniques for Sepraphore
111 Cellulose polyacetate.

33 F, HAverkATE and L. L. M. van Deenen, Biochim.
biophysica Acta [Amsterdam] 106, 78 [1965].

34 G. R. BARTLETT, J. biol. Chemistry 234, 466 [1959]).
3 W. StorreL and A. ScHEID, this journal 348, 205
[1967).
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that of the triglycerides, purified by thin-layer chroma-
tography, by the determination of ester groups accord-
ing to SNyper and STEPHENS®®; the radioactivities were
measured with Bray's®? solution as scintillator; the
counting efficiency was determined by the internal
standard method.

Radioactivity measurements

For radioactivity measurements a liquid scintillation
counter model 3214 Packard, La Grange, USA. was
used and the following scintillation liquids: 5 g of PPO
(2,5-diphenyloxazole), 0.3g of POPOP (1.4-bis[4-
methyl-5-phenyl-2-oxazolyl-benzene]) in 1 / of toluene.
Bravy’s solution was used for counting radioactive bands
obtained from thin-layer plates as well as for water
containing solutions. Respiratory COz was collected

36 F. SNyDER and M. StepHENS, Biochim. biophysica
Acta [Amsterdam] 34, 244 [1959].

37 G. A. Bray, Analyt. Biochem. [New York] 1, 279
[1960].

#8 H, Jerray and J. ALVAREZ, Analytic. Chem. 33, 612
[1961].
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and measured by a procedure previously described!
with a scintillator® containing ethanolamine. The thin-
layer plates and paper strips of the electrophoresis and
paper chromatography were scanned in a Packard
chromatogram scanner, model 7201.

Spraying reagents for chromatography

For the identification of compounds in thin-layer chro-
matography the charring technique (5% Cr03/50%,
H2504), or staining with iodine vapour were used.
Compounds containing amino groups were detected
with ninhydrin reagent, phosphate groups with a reagent
according to Drrtmer and Lester®. Glyeerol was
identified by a specific identification procedure described
by CrroNeLLl and SmiTH0, Mild alkaline hydrolysis of
the triglycerides and diglycerides was carried out
according to Dawsond!,

3], C. DirrmMer and R. L. LESTER, J. Lipid Res. 5,
126 [1964].

40 3. A. CrroNeLul and F. Smits, Analytic. Chem. 26,
1132 [1954].

41 R. M. C. Dawson, Biochem. 1. 75, 45 [1960].



