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Abstract—[**C] Calamn fed 10 the detached stem of calamondin (Citrus reticulata var. austera x Fortunella sp)

seedlings was metabolized to cyclocalamin,

INTRODLCTION

Limonoids are a group of chemically related triterpene
dervatives found in the Rutaceae and Meliaceae. There
are 37 limonoids known to be present 1n Crtrus and 1ts
hybrids Limontn (3) 15 a bitter member of the group and
the major cause of hmonoid bitterness 11 a variety of
citrus jurces. This bitterness has significant negative econ-
omic impact on the world-wide citrus industry.

Calamondin (Citrus reticulata var. austera X Fortunella
sp}, a citrus hybnd, possesses, in addition to cttrus limon-
oids, calamin-type limonoids. This group includes cal-
amin (I), cyclocalamin (2), retrocalamm, 6-keto-7p5-
deacetylnomilol, 1socylocalamin and methyl 1soobacuno-
ale diosphenol [1—4] This group of imonoids differs
from the citrus limonords 1n that the carboxyl group at
C-3 is methylated and the B-ring 1s oxygenated at C-6.
The genes for their formation are most likely mherited
from Fortunella We have shown that kumquat {Fortu-
nella sp) possesses the calamin-type group as the major
Iimonoids [2]

The biosynthetic pathways of calamin-type limonoids
in calamondin have been proposed [2, 4] The objective

of the present study was to demonstrate how calamin (1)
13 metabolized 1n calamondin.

RESULTS AND DISCUSSION

Citrus stems are the site of limonoid biosynthests
starting from acetate [5, 6] Detached stems of young
citrus seedlings are excellent tools for studies of the
biosynthesis and biodegradation of limonoids [6] In
radioactive tracer work, the major advantage of using
detached stems over attached slem is that radioactive
metaboliles can be very efficiently recovered. Therefore,
i this study, we used the detached stems of young
calamondin seedlings

Labelled calamin (1) was fed to a 3cm long detached
stem and incubated at 22° for three days The TLC
tadiochromatogram of the extract 15 shown in Fig. 1
Peak A was identified as the substrate About 50% of the

substrate was metabolized under the conditions. Peak B,
which consisted of about 50% of the total metabolites,
had an R identical to that of cyclocalamin (2) when the
TLC plate was developed with solvent system a (see
Experimental). Peak B was scraped off from the plate and
the labelled compound was extracted with ethyl acetate
to give a radtochromatographically pure compound. The
punified compound was further analysed by TLC with
solvent systems b, ¢ and d (Table 1). The R values of the
metabolite were 1dentical to those of cyclocalamin (2)
with four solvent systems. Therefore, the metabolic pro-
duct was 1dentified as 2.

We demonstrated in this study that 1 was converted to
2 in the detached stem of calamondin seedlings, and
confirmed the previous suggestion that 1 1s a precursor of
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Fig ! Radiochromatogram of the extract obtained from the

detached stem of a calamondin seedling fed with [**C] calamin

Peaks A and B were 1dentified as calamun and cyclocalanun,
respectively.
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The conversion of calamin to cyclocalamin 1s appar-
ently catalysed by calamin A'-ring hydrolase This work
shows for the first time the presence of hydrolase activity
1 citrus or its hybrids which s directly involved n the
A'-ning of hmonoiwds. This suggests that citrus also pos-
sesses this type of hydrolase activity. Therefore, ichangin
(4) could be a precursor of limonin (3}

EXPERIMENTAL

Materials Calamondin seedlings (about 15¢m 1n height with
10 feaves) were grown in the greenhouse [1-'*C] Sodium acet-
atc (36 mCiy/mmol) was purchased from the DuPont New
Products, Billerica, Massachusetts

['*C] Calamin (1) was prepared biologically wth calamondin
seedlings and labelled acetate [1-'*C] Acetate (25 uCr) was fed
to the stem of a calamondin seedling by the procedure descnibed
previously | 6] After 3 days incubation, radwactive matenals
were extracted from the stem by the procedure of ref {6]
Labelled 1 was 1solated from the extracts on a silica gel column
(07 x 10cm} The column was eluted, stepwise, by mureasing
concentrations of EtOAc 1n hexane The fractions contamming

Table 1 Identification of the metabolite by TLC

RJ‘*
Compound Solvent system
a b ¢ d
Peak B 075 053 093 041
Cyclocalamin 075 053 041

093

*Solvent key see Experimental
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labelled calamuin were further fractionated with TLC using the
solvent b to give 130000 — 150000 cpm of radivactively pure 1

Feeding experiments An ag soln of ['*C] 1 (120000 cpm) wus
fed to a detached 3 em long stem which was placed 1n a small V-
shaped wvial After 3 days of incubation at 22, radwactive
matertals were extracted by the procedure designed to extract
mainly lactones and acids [6] The extract was spotted on silica
gel TLC plates The plates were developed with the solvent
systems (a) EtOAc--cyclohexane (3 2), (b} CH,C1, — McOH
97 3), {¢) EtOAc—-CH,Cl, (2 3} and (d} toluene-FiOH-—-
H,0-HOAc (200 47.15 1, upper layer} Radiochromato-
grams were scanned with a Berthold Automatic TLC-lincar
Analyzer LB 2832 ‘Total radioactivity was counted with a
Beckman Liquid Scintillation system [8-3133P
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