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STUDIES ON THE BIOSYNTHESIS AND DEGRADATION OF
SPHINGOSINE BASES

WILHELM STOFFEL
Institut fiir Physiologische Chemie der Universitdt zu Koln, Koln, West Germany

Summary

Our studies in vivo and in vitro on the biosynthesis and the degradation of
long chain sphingosine bases allow now to formulate the following reaction
sequences. In the biosynthesis palmitoyl-CoA and L-serine are condensed
with the pyridoxal phosphate dependent 3-dehydrosphinganine-L-serine
synthetase with decarboxylation to yield 2S-3-dehydrosphinganine. The
3-keto-group is reduced by a NADPH dependent D-3-dehydrosphinganine
reductase to D-erythro or 2S,3R-sphinganine. The B-side hydride ion is
transferred to the 3-keto-group. Both enzymes are microsomal lipoprotein
enzymes, of which so far the reductase has been purified 84 fold.

The degradation of sphinganine is initiated with a kinase reaction yielding
the sphinganine-1-phosphate ester. This is cleaved by a pyridoxal phosphate
dependent sphinganine-1-phosphate: phosphoryl ethanolamine lyase to pal-
mitaldehyde and phosphoryl ethanolamine. These cleavage products are
preferably reutilized for the synthesis of phosphatidyl ethanolamine and
alkenyl phospholipids.

Finally the biosynthetic and degradation pathway taken together represent
an additional route of serine transformation for the synthesis of the hydro-
philic part of phospholipids.

The most abundant long chain bases, present as a basic component in all
sphingolipid classes of the animal and plant kingdom are 4s-sphingenine,
sphinganine and 4-hydroxy-sphinganine. Their chemical structures and par-
ticularly their stereochemistry have been conclusively established by Carter
and his collaborators1—4), although a number of valuable contributions from
other laboratories 3-11) had been made over the past 100 years. The chemical
structures of these three long chain bases are given in fig. 1. Another reason
for presenting these structures is to indicate the specific positions of the
radioactive labels *H or !*C in these molecules, which we obtained by
chemical synthesis or biosynthesis12.13).
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The trifunctional structure of sphinganine and the tetrafunctional one of
4t-sphingenine and 4-hydroxy-sphinganine are related to several unresolved
problems with regard to the biosynthesis, degradation, mutual transforma-
tion and incorporation into the more complex structures named after the
common basic component sphingosine, sphingolipids.

ABSOLUTE CONFIGURATION OF SPHINGOSINE - BASES
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Fig. 1. Chemical structures of long chain bases. 3H and 4C labeled positions of synthetic
compounds are encircled.

Aided by the *H and '*C labeled compounds indicated in fig. 1 and the
experiments described below, we undertook investigations in vivo12-20) and
in vitro?-2% in order to get insight into the metabolism of the long chain
bases, into their biosynthesis and degradation.

The origin of carbon atoms 1 and 2 from serine and that of the alkane
chain of the long chain bases from acetate via palmitate is well established
for sphinganine, 4¢-sphingenine 2527} and 4-hydroxy-sphinganine 28). How-
ever the mechanism of the synthesis suggested as a condensation of palmital-
dehyde and serine by Brady ef /.29 39) was incompatible with the mechanism
derived from experiments, carried out independently in Snell’s31-33) and the
author’s laboratory?2!:22), These studies elucidated the biosynthesis of
sphinganine which is outlined in the second part of this paper.

In the first part the results of our studies on the catabolism of the long
chain bases are described, a field, which was fully neglected until we began
our studies.

Degradation of long chain bases13-20)

Studies in vivo

Specifically labeled sphinganine, 4¢-sphingenine and 4-hydroxy-sphinga-
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nine were administered into the portal vein of rats. The surprising result of
these experiments revealed, that [3-'#C] sphinganine in its free form is
rapidly degraded as measured by the respiratory '*CO, collected in time
intervals. More than 25% of the injected radioactivity appeared as *CO,
within the first 4 h.

The subsequent analysis of the complex liver lipids by silicic acid chroma-
tography, fig. 2, indicated that the ester lipids, triglycerides (TG), phospha-
tidyl ethanolamine (PE) and phosphatidyl choline (PC) were heavily labeled,
however among the sphingolipids only the ceramide and sphingomyelin
fractions were radioactive.

After hydrolysis the total radioactivity of the different lipid classes resided
in palmitic acid and 5-10% in stearic acid except the ceramides and sphin-
gomyelins, which were also labeled in the base moiety. Dauben degradation
proved that carbon atom 1 of palmitic acid, representing C-3 of [3-14C]
sphinganine was labeled and that stearic acid carries the label at C-3 indi-
cating, that an elongation of palmitic acid had occurred to some extent.
Like the erythro form, the threo isomer of L-sphinganine and also [7-3H,]
sphingenine yielded labeled palmitate. With these experiments we had ob-
tained convincing evidence, that carbon atoms 3 to 18 are liberated as 16
carbon atom fragment. The results of an experiment with [3-'*C] sphinga-
nine and [7-3H,] 4¢-sphingenine are summarized in table 1.

TasBLE 1

Distribution of radioactivity in lipid classes and their fatty acids after administration of
[3-14C] erythro-D,L-sphinganine and [7-3Hz] erythro-D,L-4t-sphingenine.

[3-14C] sphinganine [7-3H:] sphingenine

Radioactive o/ of total 24 of total

lipids Total radioactivity in Total radioactivity in
radioactivity  1g.0 189 radioactivity  je.q  qg.0

Triglycerides 422800 80 20 1075000 92 8
Ceramides 525000 90 10 624000 73 27
Phosphatidyl

ethanolamines 464000 62 38 340000 75 25
Phosphatidyl

cholines 314000 70 30 670000 72 28
Sphingomyelins 450000 90 10 650000 85 15

In studies in vivo with [3-1#C] erythro cicosasphinganine we observed, that
C-3 to C-20 appeared as [1-1*C] stearic acid and [3-1*C] 4-hydroxy-sphin-
ganine yielded a C,¢-fragment, which was identified as [1-'*C] a-hydroxy-
palmitate.

On the other hand [1-*H,]- or [1-**C] sphinganine and [1-3H,] 4¢-sphin-
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genine used in experiments in vivo, released C-1 and C-2 as an unit namely
as labeled ethanolamine, which was isolated from the aqueous extract of
liver as phosphoryl ethanolamine or liberated from phosphatidy! ethanol-
amine by phospholipase C treatment. A minor part is present in its quater-
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Fig. 2. Distribution of radioactivity in rat liver lipids, separated by silicic acid chromato-

graphy after administration of (a) [3-14C] D,L-sphinganine, and (b) [1-3H; 3-14C] D,L-

sphinganine. C = chloroform, M = methanol, TG = triglycerides, CER = ceramides, PE =
phosphatidyl ethanolamine, PC = phosphatidyl choline, S = sphingomyelin.
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nized form as choline in phosphatidyl choline and sphingomyelin. The
labeled free phosphorylethanolamine and the phosphoryl bases released
from PE, PC and sphingomyelin were characterized by paper electro-
phoresis or as DNP-derivative.

We had synthesized [3-'*C] 3-dehydrosphinganine (3-ketodihydrosphin-
gosine) for studies of the biosynthesis of the long chain bases. When this
3-dehydro-derivative was administered intravenously to rats it behaved
almost identical to sphinganine, except that most of it was recovered as
sphinganine in ceramide and sphingomyelin (see fig. 7, p. 149) (table 2).

TABLE 2

Distribution of radioactivity in rat liver lipids separated by silicic acid chromatography
after administration of [3-14C) 3-dehydrosphinganine

Radioactivity % of total extracted

Fractions* dpm-105 radioactivity

1. triglycerides

cholesterol esters 3.58 36
2. ceramides 1.20 12
3. phosphatidyl ethanolamine 0.91 9
4. intermediate fraction 0.24 3
5. phosphatidyl choline 1.59 16
6. sphingomyelin 2.33 24

Column: 2.5 x 40 cm; prewashed silicic acid Mallinckrodt.

*

% of total radioactivity of long chain bases

. . i . . 3-0O-Methyl-
Fraction Sphinganine Sphingenine sphingenine *
Ceramide (88000 dpm) 27 63 10
Sphingomyelin
(192000 dpm) 12,5 75 12.5

* Arises as a by-product during acid hydrolysis in methanol.

The experiments in vivo with 3-dehydrosphinganine suggested to us, that
this compound might be a common intermediate in the biosynthesis and
degradation. However, when we proceeded to studies in vitro with rat liver
subcellular fractions (homogenate, mitochondria, microsomes and cytosol)
it became immediately evident, that 3-dehydrosphinganine is only an inter-
mediate in the biosynthesis and not in the degradation of sphinganine.
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Studies in vitro

Since the degradation in vivo proceeds very rapidly, studies in vitro were
indicated.

[3-14C] sphinganine was incubated with different subcellular fractions of
rat liver. Degradation to palmitic acid and palmitaldehyde occurred when
the microsomal and mitochondrial fractions were used as enzyme source.
The degradation could be increased by the addition of ATP and Mg*™*,
suggesting that a kinase reaction leads to sphinganine-1-phosphate prior to
its cleavage (fig. 3).

The rate of the degradation was measured by the appearance of labeled
palmitaldehyde and palmitate, which we characterized as dimethylacetal and
methylesters respectively.

The ATP-requirement together with our early observation that C-1 and

Fig. 3. Radio thin-layer scan of reaction products after incubation of [{3-14C] sphinganine

with rat liver microsomal fraction. The incubation mixture contained in a volume of

2.0 ml:0.2 ymoles [3-14C] D,L-sphinganine, 5 umoles ATP, 5 umoles MgClz, 5 mg pro-
tein, 100 umoles phosphate buffer pH 7.4,
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C-2 are released as phosphoryl ethanolamine suggested that sphinganine-1-
phosphate is the primary product in the degradation and the substrate of the
cleavage reaction. We therefore synthesized [1-1#C]- and [3-14C] sphinganine-
1- phosphate. This substrate was rapidly degraded by an enzyme localized in
the microsomal and, to a less extent, in the mitochondrial fraction. The
enzymatic activity is dependent on pyridoxal phosphate, which can be
washed out by prolonged dialysis or inhibited by desoxypyridoxal phosphate.

Palmitaldehyde and not palmitic acid is the primary cleavage product:
when [3-3H ; 3-1*C] sphinganine-1-phosphate was incubated with the enzyme
fraction the palmitaldehyde isolated as product had retained the *H/'*C-
ratio of the substrate, palmitate being derived from palmitaldehyde by the
oxidation.

Complementary [1-14C; 3-3H] sphinganine-1-phosphate yielded stoichio-
metric amounts of *C-phosphoryl ethanolamine and 3H-palmitaldehyde
(figs. 4a and 4b).

fig. 4a
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Fig. 4. TLC-analysis of the aldolase reaction with (a) [3-14C] sphinganine-1-phosphate
and (b) [1-14C; 3-3H] sphinganine-1-phosphate; (4a) A: sphinganine-1-phosphate; B:
position of palmitic acid; C: palmitaldehyde; solvent system: petroleum ether ether/acetic
acid 60:10:1; plasmal reagent; (4b) I: sphinganine-1-phosphate; II:
phosphoryl ethanolamine.

The microsomal and mitochondrial fractions contain a very active sphin-
ganine-1-phosphate hydrolase, the action of which leads to a decrease in
substrate concentration. However NaF in concentration between 2 and
5x107% M inhibits not only the phosphatase but also the palmitaldehyde
oxidase; the cleavage enzyme, which we name sphinganine-1-phosphate:
phosphoryl ethanolamine lyase remained unimpaired.

The lyase has a wide specificity with regard to the chain length and stereo-
chemistry of the substrate: short chain bases e.g. 2-amino-1,3-dihydroxy-
heptane and 2-amino-1,3-dihydroxydodecane are cleaved in the same way
as the long chain bases with either the erythro- or threo isomeric form of
sphinganine-1-phosphate.

The lyase is a pyridoxal phosphate dependent enzyme, which is strongly
inhibited by deoxypyridoxal phosphate. Sulfhydryl reagents such as pCMB,
N-ethylmaleinimide and iodoacetamide lead to a loss of the enzymic activity.
On the basis of these observations we propose the following mechanism of
the aldolase reaction (fig. 5).

The enzyme is present in the microsomal fraction of liver, brain, spleen,
muscle, mucosa and lungs with highest activity of liver and brain.
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Recently we reported on the reutilization of the two fragments, which are
formed on enzymatic cleavage, phosphoryl ethanolamine and palmitalde-
hyde34). In comparative studies in vivo using equimolar amounts and a 25
fold excess of [3-'4C] serine over [1-3H] 4¢-sphingenine we observed, that
the base of phosphatidyl ethanolamine was predominantly supplied from
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Fig. 5. Suggested mechanism of the sphinganine-1-phosphate-phosphoryl ethanolamine
lyase (aldolase) reaction.

C-1 and C-2 of the long chain bases 4s-sphingenine and sphinganine like-
wise in these experiments. Taking the results of the biosynthesis of the long
chain bases into account this means another pathway for serine as precursor
of the base moiety of phospholipids. Palmitaldehyde derived from C-3 to
C-18 is either oxidized to palmitic acid and used for acylation reactions in
the biosynthesis of ester lipids or degraded by f-oxidation.

Furthermore when [3-3H] sphinganine is injected in the brains of young
rats (10-25 days) during the myelinisation period, 94%, of the recovered
radioactivity were found in plasmalogens. Also liver contains a considerable
amount of labeled plasmalogens. The palmitaldehyde was characterized as
its dimethylacetale (table 3).

When doubly labeled [3-*H; 3-'*C] sphinganine with a 3*H/!*C ratio of
10.6 was administered this 3H/!*C ratio was reduced to 5.2 in palmital-
dehyde dimethylacetale isolated from the alkenylethers (plasmalogens).
Since [3-3H; 3-1*C] sphinganine phosphate is cleaved in vitro by the aldolase
to [1-3H; 1-**C] palmitaldehyde without the loss of tritium the further
transformation of palmitaldehyde to the alkenylether must pass a reaction,
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TABLE 3

Utilization of [1-3H] palmitaldehyde liberated from [3-3H] sphinganine for plasmalogen
synthesis in rat brain and liver.

Liver Brain

% of total % of total
(dpm)  adioactivity  @PM)  radioactivity

Total lipid extract 620000 - 220000 -
Total lipid extract

(after rubber dialysis) 600000 100 220000 100
Sphinganine 31000 51.5 13500 6
Palmitaldehyde dimethylacetale 290000 48.5 206500 95

Fatty acid methyl esters - — — _

which leads to the loss of half of the 3H-activity. These observations stimu-
lated experiments with regard to the pathway of palmitaldehyde into plasma-
logens, the results of which will be reported elsewhere 35).

The following scheme (fig. 6) summarizes the reactions leading to the
degradation of sphinganine and the reutilization of degradation products.

CysH37 CH-CH-CHyOH

OH N,
KINASE ( ATP) | OH
CiH37 CH-CH-CH0-P-0”
OH NH o
SPHINGANINE - PHOSPHATE A N\ o
ALDOLASE ( PAL) 0 . o
GsHsCly  +  HyNCHCHs 0-p-0

0
CisHiCHOH ~ l
Ci5Hy COOH ——  PHOSPHOLIPIDS,
PLASMALOGENS

Fig. 6. Summary of reactions leading to the degradation of sphinganine and the
reutilization of degradation products.

Biosynthesis of sphingosine bases 21-24)

In the course of our investigations on the degradation of sphinganine we
studied the metabolic pathway of [3-14C] 3-dehydrosphinganine in vivo (see
p. 149). This 3-keto-derivative was rapidly transformed into sphinganine and
4z-sphingenine as well degraded to palmitate and CO,. Fig. 7 summarizes
the analysis of the long chain bases of ceramides and sphingomyelins after
the administration of [3-1*C]3-dehydrosphinganine. These experiments
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proved that the 3-keto group is reduced to form sphinganine and suggested
that sphinganine biosynthesis proceeds via this 3-keto derivative under
physiological conditions.

These observations demanded studies of the biosynthesis in vitro, which
we carried out in two steps:
1. enzymatic formation of 3-dehydrosphinganine,
2. enzymatic reduction of the 3-keto functional group to yield sphinganine.

Fig. 7. Analysis of long chain bases of (a) ceramides, (b) sphingomyelin after admini-

stration of [3-14C] 3-dehydrosphinganine. (a) Two-dimensional thin-layer chromatography

of long chain bases of ceramide from rat liver after intravenous administration of [3-14C]

3-dehydrosphinganine. Solvent system: chloroform/methanol/2 N NH4sOH 40:10:1.

(b) One-dimensional thin-layer chromatography of the bases of sphingosine. Solvent sys-

tem: chloroform/methanol/water 65:25:4, charred with 5% Na2Cr207 in conc. H2SQ4/
water 1:1. I=1IIL: Test; II. React. product -+ carrier.

1. Condensation reaction

The oxidation level of 3-dehydrosphinganine implied a condensation of
palmitoyl-CoA and serine. We studied this reaction with different enzyme
sources, the most favorable being the microsomal fraction of liver and the
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Fig. 8c

Fig. 8. Radio thin-layer scan of (a) the purified reaction product of the condensation
reaction of palmitoyl-CoA and [3-14C] D,L-serine with rat liver or Hansenula cif. micro-
somal fraction; (b) after N-acetylation of the reaction product; (c) after NaBHa-reduction
of N-acetylated reaction product. The incubation mixture contained in a volume of 2.0 ml:
palmitoyl-CoA (0,5 umoles); [3-14C] D,L-serine (1 umole,spec. act. 1 x 108 dpm/umole);
pyridoxal phosphate (0.5 zumoles); microsomal protein (5 mg); incubation for 2 hr at 37°C.

yeast Hansenula ciferrii. The latter produces large amounts of the fully or
partially acetylated long chain bases 4-hydroxy-sphinganine and sphin-
ganine.

With palmitoyl-CoA or palmitate, ATP, CoASH and [3-1*C] serine as
substrates and these microsomal fractions as enzyme source we were able
to isolate 3-dehydrosphinganine. The reaction product was identified by
comparison with authentic synthetic 3-dehydrosphinganine. After acetyla-
tion the stable N-acetyl derivative cochromatographed with authentic
N-acetyl-3-dehydrosphinganine. NaBH,-reduction transformed this product
into N-acetyl sphinganine, figs. 8a, 8b and 8c.
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The in vitro synthesis of 3-dehydrosphinganine together with the studies
in vivo prove that the biosynthesis of sphinganine begins with the conden-
sation of palmitoyl-CoA and serine with decarboxylation. The 3-dehydro-
sphinganine synthetase (acyl-CoA-serine C-2-acyl transferase) is a micro-
somal enzyme which contains firmly bound pyridoxal phosphate as co-
enzyme. Addition of pyridoxal phosphate leads to the stimulation of the
condensation reaction. The stereospecificity of the reaction will be discussed
at a later point.

2. Reduction of 3-dehydrosphinganine in vitro

In the experiments in vivo described above, we had already observed that
3-dehydrosphinganine is reduced to sphinganine and furthermore trans-
formed into 4z-sphingenine. We screened the cell fractions of rat liver, heart
and Hansenula ciferrii for reductase activity, table 4, and cofactor require-
ment, table 5. It is evident from table 5 that the enzyme is absolutely de-
pendent and specific for NADPH.

TABLE 4

Subcellular distribution of 3-dehydrosphin-
ganine reductase in heart muscle cell

Cell fraction Conversion (%;)
Mitochondria
Microsomes 21
Supernatant

The reaction product is sphinganine according to the following equation:

3-dehydrosphinganine reductase

[3—14C] 3-dehydrosphinganine + NADPH+ H*
[3 —14C] sphinganine + NADP+.

It was characterized by radio-thin-layer chromatography. The free base
cochromatographed with authentic sphinganine, its N-acetyl derivative with
authentic N-acetyl-sphinganine. In GLC the trimethylsilyl-N-acetyl deriva-
tive had a retention time identical with erythro-1,3-di-O-trimethylsilyl-N-
acetyl-sphinganine, fig. 9.
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TABLE 5

Cofactor requirement of reductase.

sphinganine formed

Rat liver enzyme Hansenula cif. enzyme
(dpm) (nmoles) (%) (dpm) (nmoles) (%)
Complete 36600 79 16 74200 158 32
— NADPH 9200 20 4.0 11100 24 4.7
— NADPH + NADH 9450 21 4.1 10750 23 46

Each incubation contained in a total volume of 2 ml:5 mg of enzyme, 0.5 mmole [3-14C]
2-amino-1-hydroxy-octadeca-3-one (2.3 x 105 dpm), NADPH generating system (2.0
umoles NADP+, 20 umoles G-6-P, 12 ug G-6-PDH), 200 gmoles Na*, K+-phosphate
buffer pH 6.8, 10 umoles MgCls, 10 umoles thioglycol, 2h at 37°. The NADH generating
system contained: 2.0 umoles NAD+, 50 ul ethanol, 12 ug ADH.

No threo-isomer is formed. The reductase has a high chain length speci-
ficity for the substrate around C;g with a slower rate for the C,4 and C,,
homologues. Substrates with chain lengths below C,¢, e.g. 2-amino-1-hy-
droxy-tetradecane-3-one or l-amino-1-hydroxy-heptane-3-one are not re-
duced at all. The K, for 3-dehydrosphinganine is 2.5x 10~° and for the
C,, homologue 3.5x 107> M.

The pH optimum of this enzyme is around pH 7.0. The enzymic activity
remains unimpaired even by higher concentration of Triton X-100. The
solubilization of the enzyme by this non-ionic detergent permits to follow
the enzymatic reduction spectrophotometrically at 340 myu and furthermore
to purify the enzyme from the beef liver microsomal fraction. The proce-
dures which led to a 84 fold purification are summarized in table 6.

TABLE 6

Purification steps of 3-dehydrosphinganine reductase.

. . Protein Spec. act. Total . Purification
Purification steps (mg) (unit/mg) activity Yield factor
Microsomal fraction 12500 0.3 3700 100 1
Triton X-100 7450 0.5 3780 100 1.7
(NH4)2S04 3230 1.0 3230 89 33
Ca-apatit adsorption 320 7.5 2400 66 25

Density gradient 37 25 930 25 84
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Fig. 9. GLC-analysis of enzymatically reduced 3-dehydrosphinganine. Upper chromato-

gram: test mixture of TMS-derivatives of (A) N-acetyl-3-dehydrosphinganine (2-aceta-

mido-1-hydroxy octadecane-3-one); (B) threo-N-acetyl-sphinganine; (C) erythro-N-acetyl-

sphinganine. Lower chromatogram: reaction product of reduction of 3-dehydrosphinga-
nine with NADPH after N-acetylation and silylation.
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The enzyme is present in all organs investigated so far with highest activity
in liver, brain, heart and muscle, table 7.

The degree of the reduction of our synthetic 3-dehydrosphinganine never
exceeds 509, because our substrate is racemic at C-2. When the condensation
of palmitoyl-CoA and serine and the reduction with NADPH are combined,
the 3-dehydrosphinganine initially formed, is completely reduced to sphin-
ganine. We studied the stereospecificity of the reductase using as hydride

TABLE 7

Distribution of D-3-dehydrosphinganine reductase in
organs of the rat.

Organ Spec. act. (mU/mg)*
liver 0.73
spleen 0.23
muscle 0.50
heart muscle 0.48
lung 0.43
brain 0.46
kidney 0.125

*1 mU = 1 n mole sphinganine formed by 1 mg of
protein per minute.

donor specifically labeled A-and B-NADPT. 3-NADPT was prepared by a
combined hexokinase-glucose-6-phosphate dehydrogenase reaction with
[1-*H] D-glucose as substrate and A-NADPT after enzymic oxidation of
B-NADPT with lactic dehydrogenase and pyruvate and subsequent reduc-
tion with radioactive glucose-6-phosphate. Table 8 summarizes the results
which prove that only *H — from the B-side is transferred to the 3-keto group.
95% of the theoretical amount of *H were incorporated from B-NADPT.

The reduction of the 3-keto group introduces another optically active
center. In order to prove the configuration of biosynthesized sphinganine
the reaction product from an incubation of 3-dehydrosphinganine with

TABLE 8
Stereospecificity of reductase reaction; transfer of 4B-3H from NADPH.

Specifically labeled Total radioactivity (dpm) % of 3H
NADPH in sphinganine radioactivity transferred
3H 14C
A —NADP3H 1.6 X 105 1.675 x 104 2.8

B —NADP3H 9.9 x 108 1.445 x 104 95



156 W. STOFFEL

B-NADP3H and purified reductase has been isolated and diluted with
authentic erythro-D, L-sphinganine. Addition of D-glutamic acid induced
the crystallization of D-erythro-sphinganine-D-glutamate ([oc]—3ﬁq= +19.2°;
theor.+ 18°). The D-form contained 93%, of the radioactivity, The L-form
was isolated from the mother liquid as L-glutamate and proved to be almost
free of radioactivity. The experiments clearly demonstrated that only the
D-isomer of D,L-3-dehydrosphinganine is enzymatically reduced to D-ery-
thro-sphinganine. On this basis we name the enzyme more specifically D-3-
dehydrosphinganine: NADPH oxido-reductase.

The asymmetric carbon atom 2 of naturally occurring sphinganine which
has the 2S;3R structure is derived from L-serine (= R-serine). Therefore

an inversion of the asymmetric C-2 must occur during the decarboxylating

HO

o =P
- " /
HSCoA p—t—¢
I "
CH.
OH HaTN
CH oH Cl-\! '
CHy R
N -C0,
¢
H
0
B/
R—C—C
| \NH
: . c 2
D-3-o0oxo0-dihydrosphingosine |hb
{S-3-o0xo-sphinganine)
H
]
H
Ry
/C \CH20H
HoN
D-~3-oxo-dihydrosphingosine D-erythro - dihydrosphingosine
(S~3 -oxo-sphinganine) (25 . 3R - sphinganine)

Fig. 10. Stereospecificity of the condensation and reduction reaction in the biosynthesis
of sphinganine.
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condensation. In the subsequent reduction with NADPH the second asym-
metric C-atom of R-configuration at C-3 is introduced. The stereospecificity
of the condensation and reduction reaction in the biosynthesis of 4¢-sphin-
genine is summarized in fig. 10.

Fig. 11 represents a summary of the reactions in the biosynthesis and the
degradation of long chain bases.

ENZYMES REACTIONS
0 COOH
C15H3I C~SCoA + VH?'CH". OH
3-DEHYDROSPHINGANINE~ 1 NH,

SYNTHETASE (PAL)
G5 Hyj G- CH-CHyOH

NH, H
2
REDUCTASE ( NADPH) | — C,3H27C=C—CHCH CHy0H
- CHA H OHNH.
CygHs7 CH-CH-CHyOM 2
OH NH2
KINASE ( ATP) [ on
CygH3 CHCH-CHp0-P=0"
OH NH 0
SPHINGANINE - PHOSPHATE SN
ALDOLASE ( PAL) 0 N oH
c,5H3,-c:H +  H3N-CHyCH5 0-P-0
0
CisHiCHyOH ~_ |
Ci5HyzCOOH ——  PHOSPHOLIPIDS,
PLASMALOGENS

Fig. 11. Reaction sequences and enzymes involved in biosynthesis and degradation of
long chain bases.
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