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is estimated at 50-56 kcal/mol.12 Suppression of the 
radical chain reaction by incorporating the dialkyl 
substituents in a ring can be seen in the spiroheptadienes 
3 1 3 and 4.14 Both of these compounds give reactions 
characteristic of cyclopropanes: loss of ring stereo
chemistry for 31 3 and H migration for 4.14 Spiro 
nona- and decadienes 5 and 6 both contain virtually 
strain-free fused alicyclic rings, and give reaction 

o{ C^ cP cPcf} 
products and rates which are sensible only in terms of a 
concerted reaction. The activation energies are lower 
(35 and 45 kcal/mol for 5 and 6) than any estimated 
bond homolysis step by a substantial amount.16 The 
most cogent argument for a concerted path is provided 
by the observation of a high stereosopecificity in the 
(1,5) sigmatropic shift of cis- and trans-1.16 

In summary, the thermal chemistry of 5,5-disub-
stituted cyclopentadienes now provides examples or 
radical, diradical, and concerted rearrangements. 
Future experiments and interpretations must be de
signed with some attention to these possibilities. 
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Stereospecificity of Proton Uptake in the Enzymatic 
Conversion of Sphinganine 1-Phosphate to 
Ethanolamine 1-Phosphate1 

Sir: 
Sphingolipid bases are major constituents of a variety 

of biologically important classes of compounds includ
ing ceramides, sphingomyelins, gangliosides, cerebro-
sides, and other glycosphingolipids. The enzymatic 
degradation of one of the sphingolipid bases, sphing
anine (I, C18-dihydrosphingosine, Figure 1), has been 
shown to be initiated by an ATP-dependent phosphoryl
ation to yield sphinganine 1-phosphate (II).2'3 Stof-

(1) Supported by grants in aid from the National Heart and Lung 
Institute (HL 09501 and HL 15376). 

(2) W. Stoffel, G. Assmann, and E. Binczek, Hoppe-Seyler's Z. 
Physiol. Chem., 351, 635 (1970). 

(3) C. B. Hirschberg, A. Kisic, and G. J. Schroepfer, Jr., / . Biol. 
Chem., 245, 3084 (1970). 

VIl VIII IX 

Figure 1. Enzymatic degradation of sphinganine. Stereospeci
ficity in the conversion of sphinganine 1-phosphate to ethanolamine 
1-phosphate (R = Q5H31). 

fel, et a/.,4'5 have reported the degradation of II involves 
conversion to palmitaldehyde and ethanolamine 1-
phosphate (III). Recent results from the same labora
tory indicate that the enzyme responsible for this cataly
sis (sphinganine 1-phosphate lyase) is specific for the 
D-erythro-(2S,3R) isomer of II.6 We have directed our 
attention to the following questions. First, is a hy
drogen atom from the solvent incorporated into III in 
the enzymatic degradation of II, and, second, if this is 
the case, is the incorporation of the hydrogen atom also 
stereospecific? 

Accordingly, we have incubated II (2.5 pmol, pre
pared by chemical synthesis7) with rat liver microsomes 
in the presence of HTO (2 Ci).8 3H-Labeled III was 
isolated by chromatography on a Dowex-1-formate 
column, preparative paper chromatography, and re-
chromatography on a Dowex-1-formate column. Iden
tity and radiopurity of the labeled III was established by 
paper radiochromatography and gas-liquid radio
chromatography (of the trimethylsilylated product). 
In two separate incubations, the recovery of labeled III 
was 2.76 X 105 and 3.24 X 105 cpm. Treatment of 
[3H]-III with alkaline phosphatase9 gave [3H]ethanol-
amine (IV) (~44% yield) which was purified by pre
parative paper chromatography and its identity and 
radiopurity was established by paper and thin-layer 
radiochromatography. Treatment of [3H]-IV with 
benzoyl chloride in pyridine gave (~77% yield) [3H]-
A^O-dibenzoylethanolamine (V) which was isolated by 
silicic acid column chromatography and whose radio
purity was established by thin-layer radiochromatog
raphy. [3H]-V was converted to [3H]-/V-benzoyl-
ethanolamine (VI) by mild alkaline hydrolysis and the 

(4) W. Stoffel, G. Sticht, and D. Lekim, Hoppe-Seyler's Z. Physiol. 
Chem., 350, 63 (1969). 

(5) W. Stoffel, D. Lekim, and G. Sticht, Hoppe-Seyler's Z. Physiol. 
Chem., 350, 1233 (1969). 

(6) W. Stoffel and K. Bister, Hoppe-Seyler's Z. Physiol. Chem., 354, 
169 (1973). 

(7) B. Weiss, / . Amer. Chem. Soc, 79, 5553 (1957). 
(8) Incubations were carried out at 37° in the presence of 40 m.M 

sodium fluoride, 0.4 mM pyridoxal phosphate, and 0.108 M potassium 
phosphate buffer (pH 7.4). 

(9) Sigma Chemical Co., Type IV. 
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product was isolated (~70% yield) by silicic acid 
column chromatography. The radiopurity of VI was 
established by thin-layer radiochromatography. [3H]-
VI, upon oxidation with CrO3 in 90% acetic acid, gave 
[3H]-A''-benzoylglycine (VII) (~40% yield) which was 
purified by DEAE cellulose acetate column chromatog
raphy and showed a single radioactive component upon 
thin-layer radiochromatographic analysis. Cocrys-
tallization with authentic VII from acetone-hexane 
showed no significant change in specific radioactivity.10 

[3H]-VI, upon acid hydrolysis,11 gave [3H]glycine (VIII) 
which was purified by chromatography on a Dowex-1-
acetate column ( ~ 9 8 % yield) and whose radiopurity 
was established by paper and thin-layer radiochromatog
raphy. 

The stability of the label of [3H]-IV through all of the 
reactions and procedures utilized in the conversion of 
[3H]-IV through [3H]-VIII was established in indepen
dent experiments.12 

The [3H]glycine derived from the [3HJethanolamine 
1-phosphate formed enzymatically and [2.RS-3HJgIy-
cine derived from [2i?S-3H]ethanolamine12 were each 
mixed with [l-14C]glycine and incubated with D-amino 
acid oxidase,13 an enzyme which, in the catalysis of the 
conversion of glycine to glyoxylic acid, specifically re
moves the hydrogen in the S configuration at carbon 
atom 2 of glycine.14 Glycine and glyoxylic acid (IX) 
were isolated by Dowex-1-OH column chromatography 
and paper chromatography. The ratios of 3H/14C in 
the glycine and glyoxylic acid are presented in Table I. 

Table I. Enzymatic Conversion of Glycine to Glyoxylic Acid" 

3HZ14C Ratios in glycine and 
glyoxylic acid recovered 

after incubation 
Substrate Glycine Glyoxylic acid 

[2-3H,l-14C]Glycine 
(derived from [3H]-
ethanolamine 1-phos
phate) 
Experiment 1 0.97 
Experiment 2 1.06 0.88 

[2^-8H1I-11C]GIyCiHe 
(derived from [2RS-
3H]ethanolamine) 
Experiment 1 0.51 
Experiment 2 

(no enzyme) 0.97 

" For ease of comparison, the ratios presented in this table have 
been calculated in reference to an assigned value of unity in the sub
strate, i.e., measured 3H/14C ratio in compounds after incubation 
divided by the measured 3H/ 14C ratio of the substrate. 

The glyoxylic acid derived from the [2JR5-3H, 1-14C] 
glycine showed the expected 3H/14C ratio of ~0 .5 . The 
glyoxylic acid derived from the labeled glycine (obtained 
from the [3H]ethanolamine 1-phosphate) showed ratios 
of 0.88 and 0.97, indicating that the configuration of the 

(10) Specific activities: initial, 33.9 ± 0.6 cpm/mg; after one re-
crystallization, 34.9 ± 0.5 cpm/mg; after two recrystallizations, 32.6 ± 
0.3 cpm/mg. 

(11) 2 NHCl, 100°, 2hr. 
(12) [2i?S-3H]-IV, Amersham/Searle Co., (292 cpm/Mmol) was con

verted successively, by the reactions outlined above, to [3H]-V (288 
cpm/Mmol), [3H]-VI (297 cpm/Mmol), [3H]-VII (279 cpm/Mmol), and 
[3H]-VIII (288 cpm/Mmol). 

(13) Sigma Chemical Co. Incubations were carried out at 37° in the 
presence of FAD, catalase, and sodium pyrophosphate buffer (pH 8.3). 

(14) D. Wellner, / . Amer. Chem. Soc, 92, 2307 (1970). 

Journal of the American Chemical Society j 96:3 j February 6, 

labeled hydrogen in the glycine, and hence in the [3H]-
ethanolamine 1-phosphate, is R. The 3H/14C ratio in 
the glycine recovered after incubation was essentially 
unchanged indicating the absence of a significant isotope 
effect under the conditions studied. 

Thus, the enzyme-catalyzed conversion of (2S,3R)-
sphinganine 1-phosphate to ethanolamine 1-phosphate 
involves the stereospecific incorporation of one atom of 
solvent hydrogen at carbon atom 2 of the latter com
pound. 
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Reactivity Characteristics of Cytochrome c(HI) Adduced 
from Its Reduction by Hexaammineruthenium(II) Ion 

Sir: 

Extensive interest in the redox properties of mam
malian cytochrome c, a particularly well-studied com
ponent of the mitochondrial respiratory system,1-3 has 
been buttressed by X-ray determinations of the oxidized 
and reduced structures of this4 and a related5 protein 
in the crystalline state. Recent kinetic studies indicate 
that one pathway for the homogeneous reduction of 
horse heart cytochrome cni by simple reagents in 
aqueous solution can be governed by a rate-limiting 
event (fc ~ 30-60 sec-1) within the protein, which has 
been plausibly interpreted as involving the opening of 
the heme crevice and/or substitution on the iron center, 
followed by a rapid redox conversion.6 The suggestion 
has been advanced that the physiological reduction of 
cytochrome c might be related mechanistically to this 
event.6b 

While some physiological evidence is consistent with 
this suggestion,6b recent results with improved models 
are suggestive of a considerably more rapid physio
logical reduction of cytochrome c.7 It seems possible 
that the observed rate-limiting event might be accelerated 
in vivo, e.g., through the assistance of heme crevice 
opening by the reductase. Alternatively, reduction 
could occur via what has been called6 a "remote" 
pathway, a description which is apparently intended to 
include all possible reactions at the periphery of the 
protein whether they occur by simple outer-sphere, 
electrostatic complex outer-sphere,2 or substitution 
mechanisms. In this communication we report evi-

(1) E. Margoliash and A. Schejter, Adcan. Protein Chem., 21, 113 
(1966). 
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95,1131(1973); (b) C. Creutz and N. Sutin, Proc. Nat. Acad. Sci. U.S., 
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Md., in press; see also (b) reference 3, p 65; (c) B. Chance and G. R. 
Williams, Advan. Enzymol. Relat. Subj. Biochem., 17, 65 (1956); (d) E. 
Margoliash, R. E. Dickerson, and A. D. Adler in "Molecular Basis of 
Electron Transport" (Miami Winter Symposia), Vol. 4, Academic 
Press, New York, N. Y., 1972, p 153. 
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