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Summary:  4D-Hydroxysphinganine[(2S5,35,4R)-
1,3,4-trihydroxy-2-aminooctadecane] has three cen-
ters of chirality at carbon atoms 2, 3 and 4. They
are introduced sequentially. The first center (25) is
introduced by the condensation, with decarboxy-
lation, of palmitoyl-CoA and (S)-L-serine to 3-
dehydrosphinganine, the second by the stereo-
specific reduction of (25)-3-dehydrosphinganine to
(2S,3R)-sphinganine.

In this communication we have shown that Hanse-
nula ciferri uses 1) [3-3H ; 3-14C]sphinganine as sub-
strate for the 4-hydroxysphinganine biosynthesis
and that the hydroxy group at carbon atom 4 is

Zusammenfassung: Stoffwechsel von Sphingosin-
basen, XVI: Untersuchungen iiber die Stereospezifi-
tit der Einfithrung der Hydroxylgruppe an 4D-
Hydroxysphinganin ( Phytosphingosin). 4-Hydroxy-
sphinganin[(25,35,4R)-1,3,4-Trihydroxy-2-amino-
octadecan] besitzt drei chirale Zentren an den Koh-
lenstoffatomen 2, 3 und 4. Sie werden nacheinander
errichtet. Das erste Zentrum (25) entsteht in der
decarboxylierenden Kondensation von Palmitoyl-
CoA und (§)-L-Serin zu 3-Dehydrosphinganin. Das
zweite optische Zentrum resultiert aus der stereo-
spezifischen Reduktion der 3-Ketogruppe des 3-
Dehydrosphinganins. In dieser Arbeit wird gezeigt,
daB Hansenula ciferri [3-3H; 3-11C]Sphinganin als

introduced into sphinganine itself and 2) that the
3-keto derivative is not the substrate. 3) We
further studied the utilization of (R)- and (S)-
[2-3H]palmitic acid in the synthesis of sphinganine
by this yeast. The hydrogen isotope on carbon
atom 4 of the sphinganine molecule, which results
from the condensation of (R)-[2-3H]palmitic acid
and serine with subsequent reduction, is eliminated
completely in the transformation of sphinganine to
4-hydroxysphinganine, that of the S isomer on the
other hand is fully retained. This finding excludes
the formation of an intermediate carbonyl group
at C-4 of sphinganine.

Substrat fiir die 4-Hydroxysphinganin-Biosynthese
verwendet und daB der Einbau der Hydroxygruppe
am Kohlenstoffatom 4 des Sphinganins und nicht
des 3-Dehydrosphinganins erfolgt.

(R)-und (§)-[2-3H]Palmitinsédure werden von dieser
Hefe fiir die Synthese von Sphinganin verwendet.
Das Wasserstoffisotop am Kohlenstoffatom 4 des
Sphinganins mit R-Konfiguration wird bei der Um-
wandlung von Sphinganin in 4-Hydroxysphinganin
vollstindig eliminiert, das des S-Isomeren bleibt
erhalten.

Diese Befunde schlieBen das Auftreten einer inter-
medidren Carbonylgruppe am Kohlenstoffatom 4
des Sphinganins aus.

* Address: Prof. Dr. Dr. W. StoFfeL, D-5 K&In 41, Joseph-Stelzmann-StraBe 52.

Enzymes:

3-Dehydrosphinganine synthase, acyl CoA :serine C-2-acyl transferase (decarboxylating) (EC 2.3.1.?; not yet listed)

3-Dehydrosphinganine reductase, D~

hi ine: NADP oxidored

(EC 1.1.1.7; not yet listed)

Sphinganine-1-phosphate aldolase, sphinganine-1-phosphate alkanal-lyase (EC 4.1.2.?; not yet listed)
Sphinganine kinase, ATP:sphinganine phosphotransferase (EC 2.7.1.7; not yet listed).

1 XV. Commun.: W. StorreL and G. AsSMANN, this journal 351, 1041 [1970].
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1t is well established that the initial step in the bio-
synthesis of sphinganine consists of the condensa-
tion of palmitoyl-CoA and (25)-L-serine yielding
(25)-3-dehydrosphinganine?-8 catalyzed by a pyri-
doxal phosphate dependent synthase. This reaction,
which proceeds with retention of the optical center
at C-2 of serine, is followed by the stereospecific
NADPH reduction of the 3-keto group yielding the
second center of chirality at C-3 with 3R configura-
tion37. The hydride ion is transferred from the
B-side of the pyridine nucleotide, as demonstrated
with A and B-NADP3H using a purified reductase
isolated from rat or beef liver microsomal frac-
tion.

With regard to the biosynthesis of 4-hydroxy-
sphinganine, Law and his collaborators® establish-
ed the precursor function of palmitic acid and
serine. Our experiments? and those reported by
Weiss and StiLLErRY? demonstrated that sphinganine
is the direct precursor. THorpE and SweeLEY!!
tried to determine the origin of the 4-hydroxy group
using 1803 and H2'80. However the oxygen seemed
to be derived from neither source.

We demonstrated that the degradation of 4-hydro-
xysphinganine follows the same route as that
elaborated for sphinganine and 4r-sphingenine. The
primary hydroxy group is first phosphorylated. The
C-C linkage between C-2 and C-3 is cleaved in an
aldolase-type reaction yielding phosphorylethanol-
amine and 2-hydroxypalmitaldehyde!?. This may
be oxidized to 2-hydroxypalmitic acid and even-
tually decarboxylated to pentadecanoic acid. Penta-

2 W, StorreL, D. LEKIM and G. STicHT, this journal
349, 664 [1968].

3 W, StorreL, Chem. Physics Lipids 5, 139 [1970].

4 P, E. Braun and E. E. SneLL, J. biol. Chemistry 243,
3775 [1968].

5 R. N. Brapy, S.J. DiMar1 and E. E. SneLr, J. biol.
Chemistry 244, 491 [1969].

6 E. E. SNELL, S. J. DiMaRr and R. N. Brapy, Chem.
Physics Lipids 5, 116 [1970].

7 W. StorreL, D. LEKiM and G. STicuT, this journal
349, 1637 [1968].

8 M. L. GReenE, T. Kanesniro and J. H. Law, Bio-
chim. biophysica Acta [Amsterdam] 98, 582 [1965].

9 W. StorreL, G. SticuT and D. LEKM, this journal
349, 1149 [1968].

10 B, Werss and R. L. StiLLER, J. biol. Chemistry 242,
2903 [1967].

11§ R. TuorpE and C. C. SweeLEy, Biochemistry
[Washington] 6, 887 [1967].

12 W, StorFeL and G. AssMANN, this journal, in prepa-
ration.
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decanoic acid has been described as a degradation
product by BaArenHoLZ and GATT!2,

In this paper we want to report the results of experi-
ments which we carried out to determine

1) the direct precursor for the introduction of the
hydroxy group yielding 4-hydroxysphinganine. We
reinvestigated whether the 4-hydroxy group is
introduced prior to the condensation to 3-dehydro-
sphinganine, or into the 3-keto intermediate itself,
or whether sphinganine is the direct precursor.
The use of [3-3H; 3-14Clerythro-sphinganine as
substrate should answer this question.

2) The stereochemical event in the formation of the
center of chirality at C-4 due to the introduction of
the hydroxy group into sphinganine was studied.
Since C-4 of 4-hydroxysphinganine corresponds to
C-2 of palmitoyl-CoA, the substrates in the con-
densation reaction with serine to 3-dehydrosphin-
ganine, (R)-, and (S)-[2-*H]palmitic acids should
be most suitable for studying the stereochemistry
of this process.

Sphinganine, the direct precursor of 4-hydroxy-
sphinganine

The introduction of the 4-hydroxy group of the
final 4-hydroxysphinganine could occur at more
than one stage of the biosynthesis. We have demon-
strated before that the hydroxy group is introduced
into the complete Cig-skeleton of the long chain
bases. We now wanted to determine, whether the
hydroxylation follows directly the condensation of
palmitoyl-CoA and serine to 3-dehydrosphinganine
or whether the reduction of the 3-keto group pre-
cedes the hydroxylation to sphinganine. The crucial
experiment would involve the use of [3-3H; 3-14C]-
sphinganine as substrate and the determination of
the isotope ratio in 4-hydroxysphinganine. We car-
ried out this experiment by supplementing the cul-
ture medium of Hansenula eiferri with [3-3H ; 3-11C]-
sphinganine with a 3H/*C-ratio of 52: 1, under the
usual conditions. N-Acetyl-4-hydroxysphinganine
and N-acetylsphinganine were isolated from the
medium and the sedimented yeast as described
under “Experimental”. Fig. | represents the radio
thin-layer chromatogram of the N-acetylated long
chain base fraction. About 60%, was recovered as
N-acetyl-4-hydroxysphinganine (A) and 407, as
N-acetylsphinganine (B). N-Acetyl-4-hydroxysphin-

13y BarenHorz and S. Garr, Biochem. biophysic.
Res. Commun. 27, 319 [1967].
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ganine and N-acetylsphinganine, isolated in pure

form as judged by thin-layer and gas chromato-

graphy (Fig. 2), had identical and unchanged iso-
tope ratios.
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Fig. 1. Radio thin-layer chromatogram of N-acetylated
long chain base fraction.

A: N-Acetyl-4-hydroxysphinganine, B: N-acetylsphin-

ganine.
Silica gel H; solvent system: chloroform/methanol 8; 1.
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Stereospecificity of the introduction of the 4-hydroxy
group into sphinganine

In separate experiments Hansenula ciferri was
grown in 1/ cultures, the medium of which was
supplemented with 40 pmol of (R)-[2-2H; 1-14C]-
palmitic acid with a 3H/MC-isotope ratio of 73:1
and (8)-[2-H; 1-14C]palmitic acid with an isotope
ratio of 58:1. After four days, when the stationary
phase was reached, N-acetyl-4-hydroxysphinganine
and N-acetylsphinganine were obtained after mild
alkaline hydrolysis of the O-esters'd. They were
separated by preparative thin-layer chromato-
graphy on silica gel H (solvent system: chloroform/
methanol 8:1) and proved to be pure by radio
thin-layer chromatography. The two compounds
were further characterized by combined gas-liquid
chromatography-mass spectroscopy of their tri-
methylsilyl derivatives. The mass spectrum of the
fully acetylated 4-hydroxysphinganine exhibited
typical fragments!'! at m/e 84, m/e 144, m/e 485,

Hansenula ciferri grown in the medium supplement-
ed with (§)-[2-H; 1-MClpalmitic acid yielded a
chromatographically pure N-acetyl-4-hydroxy-

4 H. E. CArTER and D. SHAPIRO, J. Amer. chem. Soc,
75, 5131 [1953].
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Fig. 2. Radio thin-layer chromatogram of purified
A) N-acetyl-4-hydroxysphinganine, B) N-acetylsphinga-
nine.

Silica gel H; solvent system: chloroform/methanol 8:1.

'-..4,.‘.

sphinganine fraction with a total radioactivity of
3.98 x 108dpm3H and 7.37 % 104dpm “Cand there-
fore with an isotope ratio of 54:1, nearly identical
with that of the substrate (5)-[2-3H ; 1-4C]palmitic
acid (3H/1C-ratio 58:1). On the other hand N-
acetyl-4-hydroxysphinganine recovered from the
Hansenula culture grown in a medium containing
(R)-[2-3H; 1-1C]palmitic acid (isotope ratio 73:1)
contained very little tritium 2.96 > 105 dpm 3H, but
almost the same amount of 4C radioactivity
6.57 %107 dpm C as in the parallel experiment
with the 25 isomer. The isotope ratio had dropped
from 73:1 in the substrate palmitic acid to 4.5:1 in
the product 4-hydroxysphinganine. The small resi-
dual 3H radioactivity (6.1%) may be explained by

arises
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from an incomplete inversion of the tosyl ester of
(S)-2-hydroxyhexadecyl acetate or methyl (S)-2-
hydroxypalmitate during the LiAlH, reduction,
An identical experiment in which (R)-[2-3H; 1-4C}-
palmitic acid (3H/1C 49:1), synthesized under dif-
ferent conditions evia & different intermediate (see
“Experimental”), was used as substrate confirmed
the results of the experiment described earlier.
The elimination of the 2R hydrogen isotope and
the retention of the 25 tritium was consistently ob-
served in three subsequent experiments using diffe-
rent isotope ratios.

From these experiments we draw the following con-
clusions:

1) {R)-[2-3H]palmitic acid, which is utilized for the
biosynthesis of sphinganine by Hansenula ciferri,
loses the 3H label almost completely whereas the
3H of (28)-patmitic acid is fully retained after
condensation and the introduction of the 4-hydroxy
group into sphinganine.

2) The mechanism by which the 4-hydroxy group is
introduced cannot involve a 4-keto intermediate,
because 4-hydroxysphinganine synthesized from
(5)-[2-3H]palmitic acid retains the total tritium
activity of the substrate.

1t should be mentioned, that the (25,3R,4R)-[4-3H ;
3.14CJsphinganine, formed by Hansenula ciferri
when (R)-[2-8H; 1-1Clpalmitic acid was used as
substrate, showed a remarkable increase in the
SH /M C-ratio. Whereas the substrate had a ratio of
3H/14C 57:1 that of N-acetylsphinganine increased
to 280: 1. This isotope ratio also remained constant
in hexadecanal, obtained from sphinganine after
hydrolysis of N-acetylsphinganine and periodate
oxidation of the free base. On the other hand (S)-
[2-3H; 1-14C]palmitic acid was incorporated into
sphinganine and 4-hydroxysphinganine without any
change in the isotope ratio. The strong isotope
effect in the displacement of the R-tritium by a
hydroxy group may provide guidance for further
studies of the mechanism of this reaction.

1805 studies

The source of the oxygen being introduced at C-4
of sphinganine, thus forming 4D-hydroxysphinga-
nine, was reinvestigated by growing FHansenula
ciferri in an atmosphere of 98 % 1803 for a period
of four days. The yeast was harvested by centrifuga-
tion. The acetylated long chain bases were extracted
from the supernatant and from the sediment with

W, Storeer and E. BINCZEK

Bd. 352 (1971)

hexane. The N-acetylated bases were isolated and
separated as outlined before and described under
“Experimental”. The isolation and identification
of the two products were facilitated by the addition
of [1-C]palmitic acid to the growth medium prior
to the growth of the yeast in the 180s-atmosphere.
N-Acetyl-4-hydroxysphinganine was proved to be
pure by gas-liquid chromatography of the trimethyl-
silyl ether derivative. The structure and the mass of
the compound was determined by combined gas-
liquid chromatography mass spectroscopy. Themass
spectrum of the tris-O-trimethyisily! ether of N-ace-
tyl-4-hydroxysphinganine (Fig. 3) exhibited typicaf
fragments such as mfe 103 [CH2—OSi(CHa)sl:
me174[HsC—CO—~NH—CH —CHp—OSi(CHy)s);
mfe 299 [CHy(CHg)y3— CH—OSi(CHa)al;

mje 401 | CH3(CH2)3—~CH—CH

|

(CHg3Si0  OSi(CH3)a )| .

Also the mass spectrum of tetraacetyl-4-hydroxy-~
sphinganine was recorded (Fig. 4). There was no
fragment containing the 180-atom at C-4 such as
mfe 144 [CH3CO—0—CH—CH—0—CO—CHa]
which would indicate incorporation of 1805, Also
the molecule peak m/e 485 was identical with that
of tetraacetyl-4-hydroxysphinganine isolated from
Hansenula ciferri grown under normal aeration.
These results confirm the previous finding of THoRPE
and SweeLeyll, which ruled out molecular 1805 as
the source of oxygen.

Discussion

The present paper describes the results of experi-
ments which were corncerned with aj the nature of
the immediate precursor of 4-hydroxysphinganine
and b) the stereospecific introduction of the center
of chirality at C-4 of sphinganine, which arises
from the hydroxylation to 4-hydroxysphinganine.

Qur resuits obtained from repeated experiments
with [3-3H; 3-14Clerythro-sphinganine prove that
Hansenula ciferri transforms the double labelled
sphinganine to 4-hydroxysphinganine without the
foss of the 3H isotope. These results prove that
sphinganine, and not 3-dehydrasphinganine, is the
direct precursor of 4-hydroxysphinganine. WEIss
and StiLLEr!? also demonstrated that Hamsenwla
ciferri utilizes sphinganine present in the medium
for the synthesis of 4-hydroxysphinganine. How-



Bd. 352 (1971)

ever, their substrate, [4,5-Hz]sphinganine, did not
allow a conclusion to be drawn regarding the
immediate precursor of 4-hydroxysphinganine.

It should be possible to study the stereospecificity
of the introduction of the hydroxy group in posi-
tion 4 of sphinganine with the 4R- and 4S-anti-
podes of (25.3R)-[4-*H]sphinganine as substrates.
A chemical synthesis of these two enantiomers
could be achieved, in principle, starting with (S)-
and (R)-[2-3H]palmitic acids. However it appeared
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a more feasible approach to supplement growing
cultures of Hansenula cif. with (R)- and (5)-[1-14C;
2-3H]palmitic acids and then to isclate sphin-
ganine and 4-hydroxysphinganine formed from
these precursors. The 3H/MCaatio of the 4-hy-
droxysphinganine would then indicate conclu-
sively whether the introduction of the hydroxy
group leads to the elimination or retention of
the 3H isotope of the enantiomeric forms. The re-
sults of these experiments were unambigous. The:

a/
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Fig. 3. Mass-spectra of tris-O-trimethylsilyl ether of N-acetyl-4-hydroxysphinganine of Hansenula cif.
a) Normal aerobic growth; b) growth in 80s-atmosphere.
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Fig. 4. Mass-spectra of tetraacetyl-4-hydroxysphinganine of Hansenula ciferri
a) Normal aerobic growth; b) growth in 180s-atmosphere.

isotope of the 45 isomer was retained, whereas the
4R-*H was eliminated during hydroxylation. The
experiments also proved that no keto intermediate
at C-4 is formed as the precursor of the hydroxy
group since this would be accompanied by a com-
plete loss of tritium of the molecule.

There are other examples of stereospecific hydroxy-
lations. The z-oxidation of long chain fatty acids in
pea leaves passes through «-hydroxy intermediates
having 2R (= D) configuration with retention of the
configuration®. Studies of the stereochemistry of

15 L. J. Mornis and C. Hrrcucock, Europ. . Biochem.
[Berlin] 4, 146 [1968].

hydroxylations of steroids to bile acids!'® or to
hydroxylated Cg;-steroids indicate that the hydro-
gen at the carbon atom is directly displaced with
retention of the configuration!?.

We confirmed the experimental results of THORPE
and SweeLey!l, who reported that no molecular
oxygen is introduced in the 4-position of sphinga-

16 S. BERGSTROM, S. LINDSTREDT, B. SAmuELson, E. J.
Corey and G. A. GREGORIOU, J. Amer. chem. Soc. 80,
2337 [1958].

17 M. Havano, M. Gur, R, 1. DoREMAN, A. SCHUBERT
and R. SieserT, Biochim. biophysica Acta [Amsterdam]
32, 269 [1959].



Bd. 352 (1971)

nine. The source of oxygen and the mechanism of
the hydroxylation are still unknown.

Regardless of the answer to this question our experi-
ments complete our knowledge regarding the stereo-
chemistry of the sequential introduction of the cen-
ters of chirality at C-2, C-3 and C-4 leading to the
25,35.4R or the ribo-form of 4-hydroxysphinganine.
Fig. 5 summarizes these results.

1. Condensation reaction

% “, ¥ Ay
i Synthase |
Y C~SC0A + ofe ul Pyridoral-P P‘/ﬁ]’( H
Crutog % tym S T
2R 25 25, 4R

2. Reduction of carbonyl group

7

o NH, 2-ehydrosphinganine W o Mo
E reductase [ .“W
bty 4 lifhy Dl
25, 4R 25,30, 4R

3. Introduction of hydroxy group at C-4

Fig. 5. Sequence of the three stereospecific reactions in
the biosynthesis of 4-hydroxysphinganine.

C. C. SweeLEY came to the same conclusion from
mass spectroscopic studies of 4-hydroxysphinga-
nine using 2S- and 2R-deuterated palmitic acid
(private communication, submitted to J. biol. Che-
mistry).

in a subsequent paper we wiil report on the stereo-
chemical aspect of the introduction of the 4t-double
bond of sphingenine in rat brain using the stereo-
specifically double labelled forms of [2-3H]- and
[3-3H Jpalmitic acid as substrates1s,

We gratefully acknowledge the support of this work by
the DEUTSCHE FORSCHUNGSGEMEINSCHAFT and the FONDs
DER CHEMISCHEN INDUSTRIE,

18 W. StorreL, G. AssManN and K. BisTer, this journal,
in preparation.
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Experimental

Chemical syntheses: [3-*H; 3-14ClpL-erythro-sphinga-
nine has been synthesized in this laboratory®. (R)- and
(5)-[2-*H)palmitic acids were synthesized according to
the following reaction sequence?0: ethyl hydrogen (S)-
and (R)-2-acetoxy succinate were condensed with myris-
tic acid by anodic coupling according to Horn et al.2L.
Alkaline hydrelysis yizlded (S)-and (R)-2-hydroxy pal-
mitic acids, which were separated by silicic acid chro-
matography from the hydrocarbon by-product of the
anodic coupling reaction, The methyl esters ([x]}:
+6.2%and — 6.2%) were transformed into the brosylates.
Reduction with LiAlHy gave the (R)- and (5)-[1,2-3Hz]-
hexadecanols, with inversion22. Chromic acid oxidation
of the labelled hexadecanol yielded (R)- and (S)-[2-3H]-
palmitic acids. The products were radiochemically pure
as demonstrated by thin-layer and gas-liquid chromato-
graphy of their methyl esters®.

The reduction was also carried out with LiA1?Ha. The
methyl esters of the § and R forms showed the molecular
ion at m/fe 271 in mass spectrometry.

Fansenula ciferri, kindly provided by Dr. L. J. WICKER-
HAM, was grown on the YM medium (3 g each of yeast
and malt extract, 5 g of peptone, 20 g of glucose and 1/
of distilled water). The long chain base (25 zmol) and
the ammonium salts of the labzlled fatty acids (50 pzmol)
were added as a clear solution in 50% aqueous ethanol.
The yeast was grown at 25°C under aerobic conditions
and harvested after 4 days by centrifugation. The super-
natant and the yeast were extracted three times with
petrolenm ether (30— 60°C). The extracts were concen-
trated under vacutin and the residue treated with 0,058
methanolic KOH for 12 h at room temperature. The
N-acetylated long chain bases were extracted with
chloroform, concentrated and separated by preparative
thin-fayer chromatography (silica gel H, solvent system
chloroform/methanol 8:1).

The purity of N-acetylsphinganine and N-acetyl-4-hydro-
xysphinganine was monitored by thin-layer chromato-
graphy in the same solvent system and by gas chromato-
graphy of the trimethylsilyl derivatives on SE 30 columns
(3.8% SE 30 on Chromosorb).

* (5)- and (R)-[2-8H]palmitic acids were also synthesized
following the sequence: starting with methyl (§)- and
{R)-2-hydroxypalmitate -> methyl 2-benzyloxypalmitate
— 2-benzyloxyhexadecanol —- 2-benzyloxyhexadecyl
acetate — 2-hydroxyhexadecyl acetate — 2-p-bromo-
phenylsulfonyl ester of 2-hydroxyhexadecyl acetate —
[2-8H}hexadecanol — [2-8H]palmitic acid2’.

19 W. StorreL and G. SticHT, this journal 348, 1561
[1967].

20 W, StorreL and K. BIsTER, unpubl,

21 D. H.S. HornN and Y. Y. PreTorius, J. chem. Soc
[London] 1954, 1460.

22 GG, J, ScHROEPFER and K. BrocH, J. biol. Chemistry
240, 54 [1965].



1072

For the 1803 experiment a 250 m/ culture was grown in
an incubation flask (400 m/) as described by HayaisH123,
98% 1802 was purchased from Miles-Yeda Labora-
tories.

The separated N-acetylated bases were also characterized
by degradation: hydrolysis of the N-acetyl group being
carried out according to GAVER and SwEELEY2S, The free

23 0. Havaisul, Oxygenases, p. 7, Acad. Press, NewYork
1962.

24 R, C. Gaver and C. C. SweeLey, J. Amer. Oil Che-
mists’ Soc. 42, 294 [1965].
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bases were oxidized with periodate® and the resulting
aldehydes analysed by gas-liquid chromatography (15%
ethylenglycol succinate polyester on Chromosorb).
Thin-layer chromatograms were scanned in a radio
chromatogram scanner Packard, model 7201, or a
Berthold scanner model LB 2722. A Tricarb liquid
scintillation counter, Packard model 3214, was used.
Combined gas-liquid chromatography-mass spectro-
scopy was carried out with the Varian GLC-MS system,
model CH 5.

25 C, C. SweeLEY and E. A. MoscateLLl, J. Lipid Res.
1, 40 [1959].



