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«, B-unsaturated ketone, the UV-spectrum of which indi-
cates an extended conjugation consistent with formula
XI1. A compound with a similar chromophore was ob-
tained on analogous treatment of the 16-§-acetyl methyl
ester corresponding to X.

A more direct proof for the presence of a hydroxyl
group at C,; based upon ozonolysis of a 16-unsubstituted
derivative of fusidic acid will be published in a forth-
coming paper.

The arguments for the absence of a methyl group at C,
previously set forth? are no longer valid in view of the new
location of the hydroxyl group. However, the presence of
a hydrogen atom at C, can now be deduced from the for-
mation of the A%-!! compound IX as well as from the pre-
viously reported! experiments on the base catalyzed epi-
merization of derivatives of fusidic acid containing a

UV-spectrum
(EtOH)

Compound M.p. Amax (mp) ¢ [a]D(CHCL,)

VIIT C,H, 0,  183-184° 223 14000  + 44°
IX CyH,0,  143-144° 221 15500 4 26°
X  CuH,0;  153-154° 222 18800  +113°
XI C,H,O,  188-189° 280 17500 —858°

A Group of Fatty Acids with ‘Tetramethylene
Interruption’ in the Double Bond System!?

Lipids from leaves and nuts of the tree Ginkgo biloba
contain several C,y and C,; acids with double bonds in a
1,7 position relative to each other. In analogy to methy-
lene-interrupted double bonds, they may be called “tetra-
methylene-interrupted’. The group of isomers represents
about 109%, of the fatty acids in Ginkgo and includes
nearly all the C,, acids. Oleic, linoleic and linolenic acids
represent the greater part of the C;4 acids; however, the
isomers are present in the C,g series too, while they have
not been found with the C,4 chain length.

DaviporF and Korn? found ¢is,cis-5,11-octadeca-
dienoic acid as a major lipid constituent of the slime mold
Dictyostelium discoideum, and BAGBY ef al.? have reported
¢is, ¢is-5, 13-docosadienoic acid from seed oil of the tree
Limmanthes douglasii. Because several acids with such
an unusual system of double bonds were detected in
Ginkgo, a detailed examination of their structure and
biosynthesis has been undertaken. As a first step in this
direction, we report here the composition and identifica-
tion of the fatty acids of Ginkgo biloba.

The methyl esters were fractionated by liquid-liquid
chromatography* and gas-liquid chromatography %%, and
the individual esters or mixtures of isomers were iden-
tified by ozonization procedures before and after al-
kaline isomerization. One of the structure determina-
tions is outlined as an example. A methyl ester had been
tentatively identified as an eicosatrienoate according to
LLC and GLC retentions. Ozonization-reduction? of this
ester gave a C; aldehyde-ester and a C; aldehyde which
were identified by GLC. Thereby, the position of the ex-
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Experiestia XIX/[I0

carbonyl group in ring C. Fusidic acid is consequently
believed to be represented by formula XIIL

O~

X

Zusammenfassung. Durch Herstellung der zwei Ver-
bindungen IX und XTI wurde erwiesen, dass dic Hydroxyl-
gruppe im Ring C der Fusidinsdure an C; haften muss.
Daraus sowie aus fritheren Experimenten? ldsst sich fiir
die Fusidinsidure die revidierte Konstitutionsformel XII
ableiten.
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treme double bonds at carbons 5 and 14 were demon-
strated. The fragments between these double bonds were
identified by ozonization-oxidation®. After esterification
of the resulting acids, GLC showed dimethyl adipate and
glutarate in equivalent amounts. Malonate was also de-
tected. These results locate the internal double bond at
either position 8 or 11.

The exact location of this double bond can be estab-
lished by alkaline isomerization and subsequent ozoniza-
tion. It was shown that linoleic acid, after alkaline iso-
merization under standard conditions?®, yielded by ozoni-
zation-reduction C; and C, aldehydes and C, and C,,
aldehyde-esters in equivalent amounts. Oleic acid re-
mained unchanged under the isomerization conditions.
Therefore, conjugation of double bonds interrupted with
one methylene group proceeds equally from both sides of
the unsaturated system, while an isolated double bond is
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not disturbed. This procedure was applied to the C20:3
acid of Ginkgo. It was isomerized, recovered, esterified,
ozonized and hydrogenated to yield C; and C, aldehydes
in equivalent amounts, but only C; aldehyde-ester. The
structure of this acid as 5,11, 14-eicosatrienoic was there-
with established. The ultraviolet spectrum of the original
ester showed no absorption while that after isomerization
showed the normal conjugated diene peak at 233 my.

The infrared spectrum of the eicosatrienoate showed
less than 5%, frams double bond. This sample was re-
covered and hydrogenated analytically't. It absorbed
919, of the theoretical value for three double bonds. The
hydrogenated ester was recrystallized and identified as
methyl arachidate by melting point and mixed melting
point.

The fatty acids of Ginkgo biloba

Component 9% of totalin  Double bond Relative amounts of

position isomers in
nut leaf nut leaf
Cl14:0 2.6 1.0
C16:0 11.3 223
Cl6:1 6.2 3.1 7 minor
9 major major
11 minor
C16:2 tr. tr. 7,10 minor major
9,12 major minor
C16:3 4.8 7,10, 13 major
9,12, 16 minor
Ci8:0 0.7
Ci8:1 30.0 6.8 9 major major
11 minor minor
C18:2 42.3 208 a5, 11 minor
9,12 major major
Ci8:3 1.6 320 85,11, 14 major
9,12, 15 major major
11, 14, 17 minor
C20:2 0.9 tr. a5, 11 major major
11, 14 minor minor
14, 17 minor
C0:3 4.1 6.3 &5, 11, 14 major major
C20:4 tr. 1.7 o5, 11, 14,17  major major
9,12, 15,18 minor minor

sTetramethylene interrupted isomer,

On the Origin of the Mgt+-Activated ATPase
of Muscle Mitochondrial Preparations

In contrast to those of the liver, muscle mitochondria
have been found to exhibit a Mg*+-stimulated ATPase
activity, even if freshly prepared and having a good
phosphorylating capacity. It was therefore concluded
that such ATPase must either represent a normal prop-
erty, specific for muscle mitochondria, or derive from
some contaminating material present in the mitochon-
drial preparations of muscle tissue. Such contamination
appears to be fairly possible, because of the existence in
the muscle fibre of distinct Mg*+-stimulated ATPase acti-
vities associated with the myofibrils and the sarcotubular
system.

In order to disclose a possible occurrence of contami-
nating material in muscle mitochondrial preparations,
and to gain information on its origin, the effect of calcium
on the Mgtt-stimunlated ATPase activity has been in-
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Ozonization-hydrogenation, ozonization-oxidation, and
ozonization-hydrogenation after isomerization elucidated
the structure of the eicosatrienoic acid. These procedures
were used also with the other fatty acid fractions and
were given priority in that sequence when the amount of
material did not suffice to carry out all the procedures
mentioned above, Experience in GLC with numerous
authentic isomers showed that shifts of retention time
for isomers encountered in Ginkgo were consistent with
the chemical evidence. The analytical results are listed in
the Table.

The composition of the total fatty acids from nuts of
the Ginkgo was similar to that of the leaves except for
the drastic decrease of linolenic acid. This conforms with
the observation that the presence of this acid is often
associated with that of chlorophyll.

The occurrence of unsaturation in the C; position which
is isolated from the other double bonds points toward bio-
synthetic mechanisms which so far have not been recog-
nized. It may be noted that in spite of the presence of -
5,11,14-C20:3, an acid, 5,8,11,14-C20:4 (arachidonic)
is not formed by this plant.

Correlation of the unusual isomers found in Ginkgo
with its early and unique place in the evolution of plant
life would be most interesting. Work in that direction is
underway in this laboratory 11,

Zusammenfassung. In Blattern und Niissen von Ginkgo
biloba wurde ecine Gruppe ungesittigter Fettsduren ge-
funden, die in ihrer Struktur von der iiblichen Anordnung
der Doppelbindungen in Fettsiuren abweichen. Jede der
ungewdthnlichen Sduren hat die «isolierte» Doppelbindung
in A%-Position, was auf eine neuartige Biosynthese dieser
Dien-, Trien- und Tetraensduren hinweist.
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vestigated in pigeon breast muscle homogenate fractions
obtained by diffcrential centrifugation at various gravi-
tational forces. In the presence of Mg++, calcium does in
fact activate myofibrillar ATPase while strongly inhi-
biting that of the sarcotubular system?. Further, calcium
has long been known to cause structural damage in typical
mitochondrial preparations, such as those of liver, result-
ing in a substantial increase of the Mgt+-stimulated
ATPase.

Matevial and Methods. Mitochondria were prepared
from pigeon breast muscle. The tissue was minced and
homogenized in 6 vol of M sucrose with a lucite Potter
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