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The fundamental isonrene rule in the biogenesis of terpenes
namely Ruziclka's theory (1), includes the condensation of acetate
rolecules to mevalonic acid, transformation of the latter to
isonentenyl pyronhosphate and condensction of these isoprenic
units to ternenes,

In the nreliminary study on the pathways leading to the
forrmation of marrubiin, Ruzicka's theory was ap»lied by admini-
stration of 140 labelled acetate and mevalolactone to flovering

plants of Marrubium vuleare L. Further it was considered of interest

to investigate the vpossible narticipation of succinic acid in the
biosynthesis of the terpene in acrordance with the biogenesis of
other natural substances (Z,%,4).

The flowerinr Marrubium vulgare was cut at the barse of the

stem at root level and 5CC rr of fresh tisrve was grovn in 5C ml
radiocactive colution and “C ml distilled water added every 10 hours,
After a set period of metabolisr, the marrubiin was extracted from
the dried plants ir accordsnce ~with rrevious work (3).
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The degradation of marrubiin to the corresponding ketolactone
ir order to determine the distribution of radiocactivity between
the naphthalenic and furanic moieties, was made according to the

published sechnique (5).

CH CO-0 CH, C0-0
GH., By
CHy (3D° CH,
5
rarrubiin ketolactone

The radiochemical measurements were made with a scintillation
counter surnlied by S.u.L.0. for liquid phase scintillators.
2,5-Diphenyloxazole (PPO) as primary scintillator and 1,4-bis-
-c-(5~phenyloxazolyl)-benzene (POPOP) as secondary scintillator
were used in toluene solution,

The efficercy of the instrument was determined by measuring standard
samples of [BH,lQC] n-hexadecane using identical experimental cor-
ditions. The radiocactivity data are revorted to the 100; efficency.
The error for the standard deviation is %%, The radicchemical

vurity was confirmed by isotope dilution analysis, usin~ stable
marrubiin,

Table 1 shows the specific activity in /AC/mM and the specific
incorporation, at different times, in samnles of marrubiin obtaired ’
from [1,4—140] sucecinic acid.

Table III shows the value of the radioactivity, obtained from
the degradstion of marrubiin,

The effective incorporation of used precursors is evident from
the data ard the rule of acetate condensation to mevalolactone is
confirmed sccording to Tchen's theory (&) (Table II),

In this opreliminary comunication the kinetics of incorvoration
of [1,4—140] succinic acid in marrubiin (Table I) is correlated
with the kineties of other prrecursors in a further evaluatio»

of the intcrmediate steps in marrubiin biogenesis,
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Degradation of the marrubiin labelled froux[z—luc] mevalolactone
&nd from [1,4150 ] succinic acid, yields a ketolactone with a specific
activity (d.p.m./mM) of 70% and 68% respectively referred to the
terpene.
On the basis of a molecular structure regarding marrubiin as a
diterpene, it must contain four isoprenic units.
' The radiocactivity data on the incorporation of [1,4-14Q]succinic
" acid and [2,3-3H] succinic acid (Table II), suggest that at least
three carbon atoms of each succinic acid unit are involved in the
marrubiin biogenesis. In fact, both labelled compounds are incorporated.
Moreover, it is suggested that the pathway of incorporation of
h’4_140] succinic acid into marrubiin via isoprenic units could

14COOH of the acid for each isoprenic unit, Ih such

14 14

involve only oné -

a way we could have four ~ C in the marrubiin and three C in the
ketolactone, a 75 of the total incorporated radiocactivity.
.In table III it is shown that the remaining activity in the keto-~
lactone is 682 in good agreement with the above suggested data,

Also in the degradation product of marrubiin from [2-14d mevalo-

140 carbon atoms should remain with 75% of the total

tactone, three
radioactivity in agreement with the found radioactivity as shown in
_Table TIIT,

Other experiments on the kinetics of incorporation of [2—140] -
mevalolactone, [1—140] acetic aciﬁ, [2—140] acetic acid, [l-lqclpyruvic
acid, [1,5-1*C] succinic acid, [2,3-1*C] succinic acia, [ 1,4-1%C] fumaric
acid, [5-1”0] ketoglutaric acid and [2,5—1401 citric acid as fundamen-~

tal components of the "Krebs cycle" are in progress.
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Table I

Precursor Metabolism Spec.act, Spec.act. Svecific

time rarrubiin precursor incorpo-

MC/mM MC/mM ration. (%

[1,2-1%c] succinic acid 12 hr 3,00.1070  0,58,102  0,51.107%
" " 24 hr 3,00,10™> " 0,51.107%

" B % hr  7,50,1077 " 1,70.107%

" " 48 hr 10,590,107 " 1,00.107%

u " 72 hr  17,10.107° " 3,00,107%

x

" " 96 hr  27,10,107° " 4,50,10”

(¥) The specific incorporation is defined as the ratio between the
specific activity of the samples and the specific activity of

the precursors.

Table II
Precursor Metabolism  Spec.act. Spec.act, Specific
tine marrubiin  precursor  incorpo- ,
MC/mM JMC/m}M ration.(x,
[2-2E] acetate 72 hr 0,17 1,00,10°  1,30.107%
[1-1%c] acetate 72 hr 1,70.107° — ' —_—
[2-1*c] mevalolactone 4 hr 3,860.107°  0,60,10° 5,733,107
[«-1%C 1 mevalolactone 22 hr 0,70.10™°  0,60.10°  1,17.10™%
[=,3-70] sucsinic acid 72 br 0,70 5,00.10°  1,20,10%"

(%) The snezific incormoraticn is defined as the ratio between the
srecifis activity of the samnles and the specific activity of

the nro-surcors.
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Table IIT
Precursor Spec.act, Spec.act. Remaining
marrubiin ketolactone radioactivity

MC/mM MC/mM found calculated

[1,5-Yc] suceinic acid  £,0.1072 1,50.1072 68 ¢ 75 o

[2-1*c] nevalolactone 5,80.1072 2,65.107% 20 % 75 %
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